






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































67 MCI4LC5472 
FREQ REF 

54 
FS2 

55 
FSI 

56 
FSO 

-= 
59 BUFXTAL 

64 XTALout 

62 XTALin 

60 
PDout 

63 
PLL CAP 

65 
VDD PLL 

C8 
61 

VSS PLL 

-= 
NOTE: See Table 9 for component values. 

Figure 14. Typical NT Mode Voltage Controlled Crystal Oscillator Schematic 

Table 9. NT Mode Crystal Oscillator Component Values 

Component Description 

C5 0.1 IlF ceramic, 50 V 

C8 0.1 IlF ceramic, 50 V 

C9 0.1 IlF ceramic, 50 V 

CII,C12 0.01 IlF to 0.1 IlF ceramic, 50 V 

R22,R23 270 kQ, 5% 

R9 0.5 MQ to 1.5 MQ, 5% 

V3, V4 MV209 varactor. See complete MC145472 data book for sourcing and specification information. 

Vl 20.48 MHz ± 40 ppm, 18 pF, pullable between 240 to 300 ppm over a capacitance range of 12 to 22 pF. See complete 
MC145472 data book for sourcing. 

NOTE: V3, V4 may be combined Into a single package. 
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LT 67 
MC14LC5472 

FREQUENCY FREQREF 
REFERENCE 54 FS2 

55 FSI 
56 FSO 

59 BUFXTAL 

64 XTALout 

R29 D Y2 
62 XTALin 

60 
PDout 

63 PLLCAP 

65 
VDD PLL 

C17 
61 

VSS PLL 

NOTE: See Table 10 for component values. 

Figure 15. Typical LT Mode PLL Crystal Oscillator Schematic 

Table 10. LT Mode PLL Crystal Oscillator Component Values 

Component Description 

C17 0.1 I1F ceramic, 50 V 

C18 0.1 I1F ceramic, 50 V 

C19 0.1 I1F ceramic, 50 V 

C20 See Table 11 for reference frequency dependent value. 

C21 0.01 I1F to 0.1 I1F ceramic, 50 V 

C22 0.01 I1F to 0.1 I1F ceramic, 50 V 

R18 See Table 11 for reference frequency dependent value. 

R19 270kn,5% 

R20 270kn,5% 

R29 0.5 Mn to 1.5 Mn, 5% 

RB 1 kn 

RC 47kn 

V5, V6 MV209 varactor diode. See complete MC145472 data book for sourcing and specification information. 

Y2 20.48 MHz ± 40 ppm, 18 pF, puUable between 240 to 300 ppm over a capacitance range of 12 to 22 pF. See complete 
MC145472 data book for sourcing. 
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The following output pins are utilized by Motorola to test 
the functionality of the MC145472 during the manufacturing 
process. These pins should be left open circuit for normal 
operation. 

TEST 1, TEST 2, TEST 6 

SCP HIDOM 

The MC145472 U-Interiace Transceiver has the capability 
of forcing all outputs (both analog and digital) to the high im­
pedance state. This feature, known as "the serial control port 
high impedance digital output mode" is provided to allow "in 

circuit" testing of other circuits or devices resident on the 
same PCB without requiring the removal of the MC145472. 

TEST AND DEBUG 

The MC145472 permits an external microcontroller to take 
control of the transmit framer by writing to control bits in Byte 
Register 8. This is very useful for debugging prototypes since 
the MC145472 can be forced to transmit a variety of signals 
regardless of the presence or lack of presence of a signal on 
the receive pins. Table 12 summarizes these signals and the 
control bits. 

Table 11. LT PLL Frequency Select Options and Component Values 

Reference 
Frequency 

(MHz) 

15.36 

10.24 

8.192 

7.68 

4.096 

2.56 

2.048 

20.48 

Frame 
Steering 

15.36 

CLKOUT 

MOTOROLA 

b7 

1 

1 

1 

1 

1 

1 

1 

1 

0 

b6 

0 

0 

0 

0 

1 

1 

1 

1 

R18 C20 
FS2 FSl FSO (n, 5%) (f!F) 

0 0 0 1800 150 

0 0 1 910 330 

0 1 0 2200 150 

0 1 1 3300 100 

1 0 0 2200 150 

1 0 1 3300 100 

1 1 0 3600 68 

1 1 1 360 680 

Table 12. Frame Control Modes 

Frame Control 2:0 Superframe Framer Mode of Operation 

b5 b4 NT LT 

0 0 SNO SLO 

0 1 
Six frames of 10kHz tone 

SLI 
followed by SNI 

1 0 SN2 SL2 

1 1 SN3 SL3 

0 0 10 kHz tone 

0 1 40 kHz tone 

1 0 
Generates a single quat every basic frame which alternates over 
all four of the 2Bl Q symbols. 

1 1 
Superframe Framer free runs the scrambler with no 
synchronization words. 

Don't Care 
The Superframe Framer output is determined by the state of the 
Automatic Activation Controller. 

Figure 16. Waveform for 15.36 MHz Clock Output 
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SERIAL CONTROL PORT REGISTERS 

INTRODUCTION 

This section summarizes all of the MC145472 U-Interface 
Transceiver control and status registers available via the 
SCP Interface. Tables 13 through 15 summarize the regis­
ters. 

The MC145472 SCP Interface is pin-for-pin identical to 
that of the MC145474/75 SIT-Interface Transceiver. Using 
the same interface as the MC145474/75 provides a common 
interface for applications utilizing both the MC145472 and 
the MC145474/75 such as an NT1 and for applications which 
can use either interface device such as line cards or terminal 
equipment. 

In addition to being pin-for-pin compatible, the architec­
ture of the nibble register map and the operation of the SCP 
Interface is similar to that of the MC145474/75. This is 
intended to simplify the code development effort and mini­
mize device driver code size for a microcontroller. 

See the MC145472 data book for a complete description 
of the bits in the register map. 

The Register Map consists of six 4-bit Nibble Registers, 
one 12-bit Register, and sixteen 8-bit Byte Registers, desig­
nated as NRO - NR5, R6 (see Tables 13 and 14), and BRO­
BR15 (see Table 15), respectively. Register R6 appears in 
the nibble register memory map but is a 12-bit register and is 
used to access the embedded operations channel. 

NIBBLE REGISTER DESCRIPTIONS 

This section briefly describes the U-chip nibble registers 
and their uses. The embedded operations channel register 
R6 appears in the nibble register map even though it is a 
12-bit register. 

NRO 

This register contains read/write control bits. All bits are 
cleared on Hardware Reset (RESET, Pin 40), but are unaf-

fected by Software Reset (NRO(b3)). This register is write 
only when the U-Interface Transceiver is in Absolute Power­
Down mode (NRO(b1)). 

NR1 

This register contains device activation status. All bits are 
cleared on Software Reset or Hardware Reset. If any bit in 
this register changes from 0 to a 1, or if Linkup, Superframe 
Sync, or Transparent/Activation in Progress change from a 
one to a zero, an IRQ 3 (NR3(b3)) is generated. 

NR2 

Register NR2 contains activation and deactivation control 
bits. All bits are cleared on Software Reset or Hardware 
Reset. 

NR3 

This is the interrupt status register. The register is read 
only. All bits are cleared on Software Reset or Hardware Re­
set. Each interrupt status bit in the register operates the 
same. If it is a 1, and its corresponding interrupt enable is a 1 . 
in Register NR4, the IRQ pin on the chip will become active. 
IRQ 3 has the highest priority while IRQ 0 has the lowest. 

NR4 

This is the interrupt mask register. All bits are cleared on 
Software Reset or Hardware Reset. Each bit operates the 
same. For example, if bit Enable IRQ 1 is set to 1 by the 
external microcontroller and the IRQ 1 interrupt bit is set to 1 
in NR3, the IRQ pin (Pin 41) becomes active. 

NR5 

This register contains control bits for the IDL Interface. 
More IDL controls are in Registers BR6 and BR7. All bits are 
cleared on Software Reset or Hardware Reset. 

Table 13. Nibble Registers Map 

b3 

NRO SOFTWARE RESET 

NR1 LINKUP 

NR2 ACTIVATION REQUEST 

NR3 IRQ3 

NR4 ENABLE IRQ 3 

NRS RESERVED 

b22 b10 b9 

I R6 eoc eoc eoc 
a1 a2 a3 

MC145472-MC14LC5472 
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b8 

eoc 
dm 

b2 b1 bO 

POWER DOWN ENABLE ABSOLUTE POWER DOWN RETURN TO NORMAL 

ERROR INDICATION SUPERFRAME SYNC TRANSPARENT/ACTIVATION 
IN PROGRESS 

DEACTIVATION REQUEST SUPERFRAME UPDATE CUSTOMER ENABLE 
DISABLE 

IRQ2 IRQ1 IRQO 

ENABLE IRQ2 ENABLE IRQ 1 ENABLE IRQO 

BLOCK 81 BLOCKB2 SWAP B1IB2 

Table 14. Register R6 Map 

b7 b6 bS b4 b3 b2 b1 bO 

eoc eoc eoc eoc eoc eoc eoc eoc 
11 12 13 14 i5 16 17 i8 

MOTOROLA 



Table 15. Byte Register Map, BRO - BR15A 

b7 b6 b5 b4 b3 b2 

BRO M40 M41 M42 M43 M44 M45 

BRI M40 M41 M42 M43 M44 M45 

BR2 M50 M60 M51 febe INPUT RESERVED RESERVED 

BR3 MSO M60 M51 RECEIVED COMPUTED VERIFIED 
febe nebe act 

BR4 febe febe febe febe febe febe 
COUNTER 7 COUNTER 6 COUNTERS COUNTER 4 COUNTER 3 COUNTER 2 

BRS nebe nebe nebe nebs nebe nebe 
COUNTER 7 COUNTER 6 COUNTER 5 COUNTER 4 COUNTER 3 COUNTER 2 

BR6 U-lOOP U-lOOP U-lOOP U-lOOP IDl-lOOP IDl-lOOP 
Bl B2 2B+D TRANSPARENT Bl B2 

BR7 BR15A RESERVED RESERVED IDl IDl IDl 
SELECT INVERT FREE RUN SPEED 

BRB FRAME FRAME FRAME FRAME crc MATCH 
STEERING CONTROL 2 CONTROL 1 CONTROL 0 CORRUPT SCRAMBLER 

FRAME FRAME FRAME FRAME RESERVED RESERVED 
STATE 3 STATE 2 STATE 1 STATE 0 

BR9 eoc eoc M4 M4 M5/M6 M5/M6 
CONTROL 1 CONTROL 0 CONTROL 1 CONTROL 0 CONTROL 1 CONTROL 0 

BR10 RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED 

BR11 ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION 
CONTROL 6 CONTROL 5 CONTROL 4 CONTROL 3 CONTROL 2 CONTROL 1 

ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION 
STATE 6 STATE 5 STATE 4 STATE 3 STATE 2 STATE 1 

BR12 ACTIVATION INTERPOLATE lOAD STEP HOLD JUMP 
CONTROL ENABLE ACTIVATION ACTIVATION ACTIVATION SELECT 

STEER STATE STATE STATE 

EPI18 EPI17 EPI16 EPI15 EPI14 EPI13 

BR13 ENABLE ACCUM ENABLE FAST ACCUM ENABLE 
MEC EC EC EC DFE DFE 

UPDATES OUTPUT UPDATES BETA OUTPUT UPDATES 

EPll0 EPI9 EPI8 EPI7 EPI6 EPI5 

BR14 RESERVED ro/woTO RESERVED FRAMER TO ± 1 TONES RESERVED 
r/w DE FRAMER 

lOOP 

BRIS RESERVED RESERVED RESERVED MASK4 MASK 3 MASK 2 

BRISA FREQ JUMP RESERVED RESERVED ENABLE ENABLE 
ADAPT DISABLE TxSFS 15.36 MHz 

RESERVED RESERVED RESERVED 

MOTOROLA 

bl bO 

M46 M47 

M46 M47 

RESERVED RESERVED 

VERIFIED SUPERFRAME 
dea DETECT 

febe febe 
COUNTER t COUNTER 0 

nebe nebe 
COUNTER 1 COUNTER 0 

IDl-lOOP IDl-lOOP 
2B+D TRANSPARENT 

IDl IDl 
MIS INVERT 8/10 

RECEIVE NT/lT 
WINDOW INVERT 
DISABLE 

RESERVED NTILT 
MODE 

febe/nebe RESERVED 
CONTROL 

RESERVED RESERVED 

ACTIVATION ACTIVATION 
CONTROL 0 TIMER DISABLE 

ACTIVATION ACTIVATION 
STATE 0 TIMER EXPIRE 

RESERVED FORCE 
LINKUP 

EPI12 EPlll 

FAST CLEAR All 
DFEIARC COEFF'S 

BETA 

EPI4 EPI3 

RESERVED ENABLE 
ClKs 

MASK 1 MASK 0 

ENABLE ENABLE EYE 
20.48 MHz DATA AND BAUD 

ClK 

RESERVED RESERVED 
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III 

R6 

This register is 12 bits long to match the length of the eoc 
message. Operation of Register R6 depends on the setting 
of the eoc control bits in BR9(b7:b6) and BR14(b6). This reg­
ister is double buffered. 

In the default mode (BR14(b6) is 0), R6 performs as a read 
only/write only register. Data that is read from R6 by the ex­
ternal microcontroller is the eoc messagl3 that the Super­
frame Deframer stores according to the eoc Control register, 
BR9(b7:b6). Data that is written to R6 is stored in a latch con­
tained in the Superframe Framer and is subsequently trans­
mitted beginning on the next transmit eoc frame boundary. 
The Superframe Framer latches are set to ones on hardware 
or software resets. 

BYTE REGISTER DESCRIPTIONS 

This section briefly describes the U-chip byte registers 
and their uses. 

BRO 

This register contains the M4 channel bits that are framed 
and sent by the Superframe Framer. The bits that are written 
to this register are sent out on the next transmit superframe 
boundary. This register is double buffered. All bits are set to 
ls following a Hardware Reset (RESET, Pin 40) or Software 
Reset (NRO(b3». 

BRl 

By reading this register, the external microcontroller ob­
tains a buffered copy of the M4 bits that are parsed from the 
received superframe by the Superframe Deframer. The val­
ues in the register are valid when Superframe Sync, 
NR1(bl), is a one. BRl is updated based on the mode s.et in 
Register BR9(b5:b4). This register is double buffered. The 
receive M4 channel byte can be read at any time during the 
Superframe prior to the next update. 

BR2 

This register contains the reserved M5 and M6 bits that are 
sent by the Superframe Framer. The bits that are written to 
the register are sent out on the next transmit superframe 
boundary, provided Superframe Updated Disable (NR2(bl» 
is set to O. All bits are set to 1 s following a Hardware Reset or 
Software Reset. The febe input bit is used to indicate how the 
returning febe bit is calculated. Bits b7, b6, and b5 are double 
buffered. The state of the Reserved bits BR2(b3:bO) is incon­
sequential. 

BR3 

This register contains the ANSI Tl.601-1992 reserved M5 
and M6 bits that are received by the Superframe Deframer, 
occurring in basic frames 1 and 2 of the superframe, and four 
other Superframe Deframer status bits. The M5 and M6 val­
ues in the register are valid when the Superframe Sync bit 
(NR1(bl» is a 1. M50, M51, and M60 are updated based on 
the mode set in Register BR9(b3:b2). Bits b7, b6, b5 are 
double buffered. They can be read at any time during the su­
perframe prior to the next update. 
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BR4 

This register contains the current febe count. The counter 
is not cleared by a software or hardware reset. The register 
can be preset to any value by writing to it. If the febe bit is 
active in a superframe, the counter will increment at the end 
of the received superframe. The count does not wrap around 
from FF to 00 The counter will not increment unless Super­
frame Sync (NR1(bl» and Linkup (NR1(b3» are both ls. 

BR5 

This register contains the current nebe count. A nebe oc­
curs whenever the received crc message does not match the 
computed crc or when Linkup (NRl (b3» is a 1 and Super­
frame Sync (NRl (bl» is a O. Superframe timing to increment 

, the nebe counter during times when Superframe Sync is a 0 
is maintained by the Superframe Framer, The counter is not 
cleared by a software or hardware reset. The register can be 
preset to any value by writing to it. If the Superframe Defram­
er detects a crc error in the received superframe, the counter 
will increment at the end of that superframe. The count does 
not wrap around from FF to 00. 

BR6 

This register contains the loopback controls. Loopbacks 
can be directed towards the U-Interface or towards the IDL 
interface. For normal (no loopback) operation all bits should 
be O. BR6 is cleared by a Software Reset, Hardware Reset, 
or when the Return to Normal bit (NRO(bO» is set. When a bit 
is set to a 1 the appropriate loopback is enabled, 

BR7 

This register is used to configure the IDL interface. By set­
ting bits in this register the I DL interface can be configured as 
master or slave, 8- or 10-bit data format, or the IDL clock 
rate can be selected when in master mode. BR7 is cleared 
on Hardware Resetor Software Reset. All bits in this register 
are read/write. 

BRB 

This register contains controls that are used for mainte­
nance operations such as external loopbacks, Superframe 
Framer Control and State information, and NT/LT mode con­
trol. All write capable bits are cleared on a Software Reset or 
Hardware Reset. Bits b7 - b4, and bO, are read only/write 
only. To read the write only bits, it is necessary to set 
BR14(b6) to a one. 

BR9 

This register contains mode control over the Deframer's 
updating of the received maintenance bits. The register is 
cleared on Software Reset or Hardware Reset. 

BR10 

This register is RESERVED. 

BRll 

This register contains activation state and control data. All 
the bits are cleared on Hardware Reset and Software Reset. 
The register is a read only/write only register. Setting 
BR14(b6) to a 1 permits the external microcontroller to read 
back the write portion of the register. 
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BR12 

This register is read only/write only. The write only portion 
controls the U-Interface Transceiver's Central Processing 
Unit (CPU) and activation controller. The read portion 
contains the eight most significant bits of the Error Power In­
dicator (EPI) register in the CPU. By setting BR 14(b6) to a 1, 
the external microcontroller can read back the setting of the 
control bits. These bits are cleared on a Hardware Reset or 
Software Reset. 

BR13 

This register contains several bits that control the internal 
operation of the U-Interface Transceiver. These bits are 
cleared on a Hardware Reset or Software Reset. 

BR14 

This register is used for setting various diagnostic modes. 
This register is cleared on a Hardware Reset or Software 
Reset. When all of these bits are 0, the register map is in the 
default mode. 

BR15 

This register contains the revision nurnber of the particular 
U-Interface Transceiver device in bits 0 - 4. BR15 is 
accessed by an SCP transfer when BR7(b7) is a 0 and the 
byte address In the SCP transfer is 15. 

BR15A 

This register is used to enable clock and test data outputs. 
All writeable bits in this register are cleared to 0 after a reset. 
BR15A is accessed by an SCP transfer when BR7(b7) is a 1 
and the byte address in the SCP transfer is 15. 

ACTIVATION AND DEACTIVATION 

INTRODUCTION 

Activation or start-up is the process that U-Interface 
Transceivers use to initiate a robust full-duplex communica­
tions channel. This process, which may be initiated from 
either the LT or the NT mode U-Interface Transceiver, is a 
well-defined sequence of procedures during which the train­
ing of the equalizers and echo cancelers at each end of the 
transmission line takes place. Two types of activation, cold 
start or warm start, may occur. The MC145472 is capable of 
automatically supporting both types. 

Deactivation is the process used to gracefully end commu­
nication between the U-Interface Transceivers at each end 
of the transmission line. Only the LT mode U-Interface 
Transceiver may initiate a deactivation procedure. 

The internal register set of the MC145472 is detailed in 
Tables 13 through 15. 

ACTIVATION SIGNALS FOR NT MODE 

When configured as an NT, the U-Interface Transceiver 
can transmit any of the signals shown in Table 16. The actual 
procedure undertaken by the device using these five signals 
is described later in this section. 
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ACTIVATION SIGNALS FOR LT MODE 

When configured as an LT, the U-Interface Transceiver 
can transmit any of the signals shown in Table 17. The actual 
procedure undertaken by the device using these five signals 
is described later in this section. 

Table 16. NT Mode Activation Signals 

Information 
Station Description 

TN A 10kHz tone consisting of alternating four + 3 
quats followed by four - 3 quats for a time 
period of 6 frames. 

SNO No signal transmitted. 

SN1 Synchronization word present, no superframe 
synchronization word (ISW), and 2B+D+M ~ 1. 

SN2 Synchronization word present, no superframe 
synchronization word (lSW), and 2B+D+M ~ 1. 

SN3 Synchronization word present, superframe 
synchronization word (ISW) present. M channel 
bits active. Transmitted 2B+D data operational 
when M4 act bit ~ 1. When M4 act ~ 0, 
transmitted 2B+D data ~ 1. 

Table 17. LT Mode Activation Signals 

Information 
Station Description 

TL A 10kHz tone consisting of alternating four + 3 
quats followed by four - 3 quats for a time 
period of 2 frames. 

SLO No signal transmitted. 

SL 1 Synchronization word present, no superframe 
synchronization word (ISW), and 2B+D+M ~ 1 

SL2 Synchronization word present, superframe 
synchronization word (lSW) present, 2B+D ~ 0, 
and M channel bits active. 

SL3 Synchronization word present, superframe 
synchronization word (ISW) present. M channel 
bits active. Transmitted 2B+D data operational 
when M4 act bit ~ 1. When M4 act ~ 0, 
transmitted 28 + D data ~ O. 

ACTIVATION INITIATION 

The U-Interface Transceiver can be activated in either of 
two ways. The external microcontroller can explicitly set the 
Activation Request bit, NR2(b3), to a 1 or the transceiver can 
detect an incoming 10kHz wake-up tone from the far end. 

An LT configured U-Interface Transceiver looks for an NT 
sending the TN wake-up tone. An NT configured U-Inter­
face Transceiver looks for an LT sending the TL wake-up 
tone. In either case, Activation Request being set or a wake­
up tone being detected, the U-Interface Transceiver pro­
ceeds with activation automatically and signals the result of 
the activation to the external microcontroller by setting status 
bits in NR1. 

ACTIVATION INDICATION 

The activation status is indicated in Nibble Register 1. This 
register indicates whether the MC145472 is not activated, is 
in the process of activating or fully activated. This register 
also is used to provide error status. 
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LT DEACTIVATION PROCEDURES 

ANSI Tl.601-1992 specifies that only the LT can deacti­
vate the U-:lnterface. This is done in the MC145472 by set­
ting Deactivation Request (NR2(b2» to 1. 

NT DEACTIVATION PROCEDURES 

ANSI Tl.601-1992 specifies that the NT cannot initiate 
deactivation. The MC145472 deactivates to a warm. start 
condition when Deactivation Request (NR2(b2» is set to 1 
prior to the LT deactivating the U-Interface. This should be 
done in response to the M4 dea bit changing from a 1 to a 0 
at the NT when the loop is active. 

M CHANNEL BITS 

The eoc, M4, M5, and M6 channel bits are available at the 
SCP Interface once activation has been attained. All of the 
maintenance channel bits appear in the register map of the 
MC145472. These bits can be programmed by an external 
microcontroller to operate as defined in the ANSI Tl.601 
specification. The MC145472 has several operating modes 
for the M channel bits including a mode that automatically im­
plements the embedded operations channel function in NT 
mode. Due to the M channel bits being register accessible 
they can also be redefined for proprietary applications. 

SCP INTERFACE INDICATION OF TRANSMIT STATES 

The four SCP bits, FS3 - FSO BR8(b7:b4), indicate the 
current state of the Superframe Framer. See Table 12 for 
frame control modes. 

MAINTENANCE CHANNEL 

INTRODUCTION 

The MC145472 provides a very flexible interface to the 
4 kbps Maintenance Channel (M channel) defined in ANSI 
Tl.601-1992. The M channel consists of 48 bits sent by both 
the LT and NT configured U-Interface Transceivers during 
the course of a superframe. These 48 bits are divided into six 
channels designated Ml - M6, each consisting of eight bits 
per superframe. The Embedded Operations Channel (eoc) 
consists of Ml, M2, and M3. The overhead bits, such as ere, 
febe, act, and dea, are contained in channels M4, M5, and 
M6. 

An external microcontroller can read from or write to the 
M channel via the SCP Interface. Interrupts to an external 
microcontroller can be enabled when an eoc, M4, M5, or M6 
channel register is updated. M channel registers can be con­
figured to update when a new value is detected between 
successive superframes, when a bit changes, or when two or 
three successive superframes of a new value are detected. 
The M4 channel act bit (BR1(b7» can also be configured to 
automatically enable or disable customer data when in NT or 
LT mode of operation. The M4 channel dea bit (BR 1 (b6» can 
also be configured to automatically issue a deactivation re-
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quest in NT mode of operation. The M channel registers are 
updated only when Superframe Sync (NRI (bl» is set to 1. 

Figures 17 and 18 detail Maintenance Channel interrupt 
times with respect to the U-Interface for both NT and LT 
modes. 

EMBEDDED OPERATIONS CHANNEL (eoe) 

The eoc consumes 2 kbps of the 4 kbps Maintenance 
Channel (M4 channel). The eoc channel is used by the cen­
tral office (LT) to initiate maintenance operations at the NT. 
The MC145472 can be configured to automatically perform 
the standard ANSI Tl.601 eoc operations when in NT mode. 
The MC145472 can also be configured to permit an external 
microcontroller to service eoc commands: This permits ex­
tensions of the eoc command set to be implemented as the 
ANSI Tl.601 standard is changed or proprietary solutions 
can be implemented for non-ISDN applications. Byte Regis­
ter BR9 is used to configure the operating mode of the eoc. 
An interrupt is generated when the eoc register R6 is up­
dated and Enable IRQ 2 (NR4(b2» is set to 1. 

M4CHANNEL 

The M4 channel is used for signaling maintenance and 
system status between the NT and the LT. Typical informa­
tion will be power status sent from the NT to the LT or the LT 
letting the NT know that the LT will deactivate the loop. The 
MC145472 provides four different modes·that the M4 chan­
nel can operate in. A system designer can select whichever 
mode best fits the application. The received M4 data from the 
Superframe Deframer is available in BRO. The transmitted 
M4 channel data is written to Byte Register BRI. Byte Regis­
ter BR9 is used to configure the operating mode of the M4 
channel. An interrupt is generated whenBRO is updated and 
Enable IRQ 1, NR4(bl), is set to 1. 

M5 AND M6 CHANNELS 

The M5 and M6 channels are similar to the M4 channel. At 
this time the ANSI Tl.601 specification defines all bits in 
these two channels as reserved bits. The MC145472 pro­
vides full access to these channels so they can be used in 
non-ISDN applications. The received M5 and M6 data from 
the Superframe Deframer is available in BR2. The trans­
mitted M5/M6 channel data is written to Byte Register BR3. 
Register BR9 is used to configure the operating mode of the 
M5/M6 channels. These channels are configured as a pair. 
An interrupt is generated when BR2 is updated and Enable 
IRQ 0 (NR4(bO» is set to 1. 

tebe AND nebe BITS 

The MC145472 has extensive febe (Far End Block Error) 
and nebe (Near End Block Error) maintenance capabilities. 
The state of the received computed nebe and of the received 
febe is available through the SCP Interface. Also, indepen­
dent febe and nebe counters are available for performance 
monitoring purposes. 

MOTOROLA 



QUAT 117 

- TRANSMITIED M4 UPDATED 
FROM BRO 

- TRANSMITIED M5 AND M6 CHANNELS 
UPDATED FROM BR2 

- TRANSMITTED eoe UPDATED FROM R6 
- Tx SFS PULSE OUTPUT ON PIN 25. QUAT 117 

SEE NOTE. - TRANSMITTED re UPDATED FROM R6 

NT 
Tx DATA 4 I 

I 
... ·c--------------- 1 SUPERFRAME (12ms) ------------1 -I -60±2QUATS 

1 .... 1------------ 1 SUPERFRAME (12ms) ----------__ 1 

NT 
Rx DATA 

QUAT 120 

- IRQ 1, IRQ 2 
- BRI UPDATED FROM 

RECEIVED M4 CHANNEL 
- R6 UPDATED FROM 

RECEIVED eoe CHANNEL 

4 

QUAT 120 

- IRQ 0, IRQ2 
- BR3 UPDATED FROM 

RECEIVED M5 AND M6 
CHANNELS 

- febe STATUS BIT UPDATED 
- R6 UPDATED FROM 

RECEIVED eoe CHANNEL 

~ 
QUAT 120 

- IRQ1,IRQ2 
- BRI UPDATED FROM 

RECEIVED M4 CHANNEL 
- nebe STATUS BIT UPDATED 
- R6 UPDATED FROM 

RECEIVED eoe CHANNEL 

NOTE: Due to internal superframe delays the actual sync word marker on the TxP and TxN pins occurs 8 quats prior to the 
Tx SFS pulse. This causes the Tx SFS pulse to appear during Quat 113 at pin 25. Internal to the MC145472 the Tx 
SFS pulse is generated during Quat 117. 

Figure 17. NT Mode Maintenance Channel Updates 
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QUAT 120 

QUAT 120 

- IRQ1,IRQ2 

- IRQ 0, IRQ2 
QUAT 120 

- IRQ 1, IRQ 2 

- BRI UPDATED FROM 

BR3 UPDATED FROM 
RECEIVED M5 AND M6 
CHANNELS 

- BRI UPDATED FROM 
RECEIVED M4 CHANNEL 
nebe STATUS BIT UPDATED 

- R6 UPDATED FROM 
RECEIVED aoc CHANNEL 

RECEIVED M4 CHANNEL 
- R6 UPDATED FROM 

RECEIVED eoc CHANNEL 

teba STATUS BIT UPDATED 
R6 UPDATED FROM 
RECEIVED aoc CHANNEL 

I I 
LT 

RxDATA 2 4 6 7 I 
"~f------------ 1 SUPERFRAME (12 ms) ------------t~1 

~ I--- 60, + 8,-2 QUATS 

1"" .. 0----------- 1 SUPERFRAME (12 ms) -----------I~ I 
LT 

Tx DATA 

1 
QUAT 117 

1 
QUAT 117 

- TRANSMITIED M4 UPDATED 
FROM BRO 

- TRANSMITIED eoc UPDATED FROM R6 

- TRANSMITIED M5 AND M6 CHANNELS 
UPDATED FROM BR2 

- TRANSMITIED eoc UPDATED FROM R6 
- Tx SFS PULSE OUTPUT ON PIN 25. 

SEE NOTE. 

NOTE: Due to internal superframe delays the actual sync word marker on the TxP and TxN pins occurs 8 quais prior to the 
Tx SFS pulse. This causes the Tx SFS pulse to appear during Quat 113 ± 1 at pin 25. Internal to the MC145472 the 
Tx SFS pulse is generated during Quat 117. 

Figure 18. IT Mode Maintenance Channel Updates 

LOOPBACK MODES 

INTRODUCTION 

The MC145472 U-Interface Transceiver supports four dif­
ferent loopback types, each having various modes. The four 
types are: 1) U-Interface Loopback, 2) IDL Interface Loop­
back, 3) Superframe Framer-to-Deframer Loopback, and 4) 
External Analog Loopback. Each of these loopback modes is 
selected by setting bits in the appropriate SCP register(s). 
Any combination of loopbacks may be invoked, including 
simultaneous loopbacks toward the U-interface and toward 
the IDL Interface. These loopbacks are available with trans­
parency or non-transparency. "Transparent" means that a 
loopback passes the data on through to the other side as well 
as looping it back and "non-transparent" means that the data 

MC145472-MC14LC5472 
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is blocked from being passed downstream and is replaced 
with the idle code (all 1 s). 

U-INTERFACE lOOPBACK 

U-Interface Loopback is shown in Figure 19. As the 
shaded portion of the block diagram shows, this loopback 
mode exercises virtually the entire U-Interface Transceiver. 
2Bl0 symbols are received from the far end transmitter, re­
covered, passed through the IDL Interface block, and trans­
mitted back to the far end receiver. 

IDl INTERFACE lOOPBACK 

IDL Interface Loopback is shown in Figure 20. As the 
shaded portion of the block diagram shows, this loopback 
mode takes Band D channel data in at the IDL Rx pin and 
sends the same data back out the IDL Tx pin. 
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IDLRx 

IDLSYNC 
IDLCLK 

IDL Tx 

SCPEN 

SCPCLK 

SCPRx 

SCPTx 

IDLSYNC 

IDLCLK 

SCPEN 

SCPCLK 

SCPRx 

SCPTx 

MOTOROLA 

AUTOMATIC eoc 
PROCESSOR 

Figure 19. U-Interface Loopback Block Diagram 

AUTOMATIC eoc 
PROCESSOR 

Figure 20. IDL Interface Loopback Block Diagram 

XTALin 

XTALout 

TxP 

TxN 

XTALin 

XTALout 
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Superframe Framer-to-Deframer Loopback 

Superframe Framer-to-Deframer Loopback is shown in 
Figure 21. As the shaded portion of the block diagram 
shows, this loopback mode takes Band D channel data in at 
the IDL Rxpin and M channel, data via the SCP, performs all 
of the supertrame framing and subsequent deframingfunc­
tions, and sends the same data back out the IDL Tx pin and 
SCPo This loopback mode is intended primarily for diagnostic 
purposes. 

External Analog Loopback 

External Analog Loopback is shown in Figure 22. As the 
shaded portion of the block diagram shows, this loopback 

AUTOMATIC aoe 
PROCESSOR 

mode takes Band D channel data in at the IDL Rx pin and 
transmits the data oul the Tx Driver pins. The 2B10 signal 
'passes through the external line interface circuitry and back 
into the receiver input pins. The signal is then recovered and 
sent out the IDL Tx pin. Note that the external line interface 
has been physically disconnected from the U-Interface 
twisted wire pair. 

Since the entire 2B10 superframe is being looped back, 
loopback data includes the 2B+D channels and all of the 
M channels .. For instance, data written by an external micro­
controller to the eoc, M4, and MS/M6 registers, (R6, BRO, 
and BR2), is looped back an'd can be read from the eoc, M4, 
and MS/M6 registers, (R6, Eil<l1, and BR3). 

XTALin 

XTALout 

Figure 21. Superframe Framer-to-Deframer. Loopback Block Diagram 
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AUTOMATIC aoc 
PROCESSOR 

Figure 22. External Analog Loopback Block Diagram 

XTALin 

XTALout 
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SEMICONDUCTOR TECHNICAL DATA 

Technical Summary 
ISDN SIT -Interface Transceiver 

This technical summary provides a brief description of the MC145474 and 
MC145475 SIT -Interface Transceivers. A complete data book for the 
MC145474/75 is available and can be ordered from your local Motorola 
Semiconductor Sales Office (order number MCI45474/D). 

The MC145474175 ISDN SIT-Transceiver provides an economical VLSI 
Layer 1 interface for the transportation of two 64 kpbs B channels and one 
16 kpbs D channel between the network termination or NT and terminal 
equipment applications or TEs. Both the MC145474 and the MC145475 
conform to CCITT 1.430 and ANSI Tl.605 specifications. 

The MC145474175 provides the modulation/line drive and demodulation/line 
receive functions required of the interface. In addition, the MC145474/75 
provides the activation/deactivation, error monitoring, framing, bit, and octet 
timing. The MC145474/75 provides the control signals for the interface to the 
Layer 2 devices. Complete multiframe capability is provided. 

The MC145474/75 features to Interchip Digital Link (IDL) for the exchange of 
2B+D channel information between ISDN components and systems. The 
MC145474/75 provides an industry standard serial control port (SCP) to 
program the operation of the transceiver. 

• Conforms to CCITT 1.430 and ANSI Tl.605 Specifications 
• Detects Far-End Code Violations (FECVs) in the NT Mode 

• Incorporates the IDL Interface 
• Pin Selectable NT or TE Modes of Operation 
• Industry Standard Microprocessor SCP Interface 
• Supports 1:1 Transformers for Transmit and Receive 
• Exceeds the Recommended Range of Operation in All Configurations 
• Complete Multiframing Capability Supported (SCI - SC5 and Q Channel) 
• Optional B Channel Idle, Invert, or Exchange 
• Supports Full Range of SIT and IDL Loopbacks 

• Supports Transmit Power Down and Absolute Minimum Power Mode 
• Supports Crystal or External Clock Input Modes 
• MC145475 Bonded Out for NTI Star Mode of Operation 
• CMOS Design for Low Power Operation 
• The MC14LC5494EVK May Be Used to Evaluate the MC145474 

REV2 
8/95 

MOTOROLA 

MC145474 
MC145475 

P SUFFIX 
PLASTIC DIP 
CASE 736B 

DWSUFFIX 
SOG PACKAGE 

CASE 751 F 

ORDERING INFORMATION 
MC145474P Plastic DIP 
MC145475DW SOG Package 
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I 

III 

IDLSYNC 
IDLCLK IDLI/O 

IDL Tx CONTROL 
IDLRx 

DREOIFIX 
DGRNT/FSYNC 

RESET 
TE/NT 

XTAL 
EXTAL 

SCPEN 
SCPCLK 
SCPTx 
SCPRx 

ISET 

RxN 

RxP 

TEiNT 

DGRNT/FSYNC 

ANDin 

VSS 

FSYNC/ANDout 

DREOIFIX 

CLASS/ECHOin 

IDLSYNC 

IDLCLK 

MC145474.MC145475 
2-1046 

IDLRX 

IDL TX 

MC145475 
SOGPACKAGE 

1- 28 

BLOCK DIAGRAM 

ISET 
2B+D 

TxP MODULATE 
M+ABITS CONTROL TxN 

MAIN 
CONTROL 

LOGIC 

DEMODULATION 
S+OBITS CONTROL RxP 

+ 
TIMING RxN 

RECOVERY 

PIN ASSIGNMENTS 

MC145474 
PLASTIC PACKAGE 

RESET ISET 1- 22 RESET 

TxP RxN 21 TxP 

TxN RxP 20 TxN 

XTAL TEiNT 4 19 XTAL 

EXTAL DGRNT/FSYNC 18 EXTAL 

EXTAU2 VSS 17 VDD 

VDD DREOIFIX 16 IRO 

AONT IDLSYNC 15 SCPEN 

IRO IDLCLK 9 14 SCPCLK 

LBACTIVE IDL RX [ 10 13 SCPRX 

SCPEN IDL TX [ 11 12 ~ SCPTX 

SCPCLK 

SCPRX 

SCPTX 
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ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage VDD - 0.3 to + 7.0 V 

Input Voltage (any pin to VSS) Yin - 0.3 to VDD + 0.3 V 

DC Current, any pin (excluding VDD, VSS, I ±10 mA 
TxP, and TxN) 

Operating Temperature TA -40to+85 °C 

Storage Temperature Tstg -85to+ 150 °C 

DIGITAL DC ELECTRICAL CHARACTERISTICS (CMOS MODE, BR13(6) = 0) 
(TA = - 40 to + 85°C, VDD = 5.0 V ± 10%, Voltages referenced to VSS) 

Characteristics 

Input High Voltage 

Input Low Voltage 

Input Leakage Current @ 5.5 V 

High-Impedance Input Current @ 4.5/0.5 V 

Input Capacitance 

Output High Voltage (IOH = - 400 IlA) 

Output Low Voltage (IOL = 5.0 mAl 

XTAL Input High Level 

XTAL Input Low Level 

EXTAL Output Current (VOH = 4.6 V) 

EXTAL Output Current (VOL = 0.4 V) 

IRQ Output Low Current (VOL = 0.4 V) 

IRQ Output Off-State Impedance 

DIGITAL DC ELECTRICAL CHARACTERISTICS (TTL MODE, BR13(6) = 1) 
(TA = - 40 to + 85°C, VDD = 5.0 V ± 10%, Voltages referenced to VSS) 

Characteristics 

Input High Voltage 

Input Low Voltage 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electrical fields; however, it is 
advised that normal precautions be taken to 
avoid applications of any voltage higher than 
maximum rated voltages to this high-imped­
ance circuit. For proper operation, it is recom­
mended that Yin and Vout be constrained to 
the range VSS'; (Vin or Vout) "VDD· 

Reliability of operation is enhanced if unused 
digital inputs are tied to an appropriate logic 
voltage level (e.g., either VSS or VDD). 

Symbol Min Max Unit 

VIH 3.5 - V 

VIL -0.3 1.5 V 

lin - 5 IlA 

Ilkg(Z) - 10 IlA 

Cin - 10 pF 

VOH 2.4 - V 

VOL - 0.5 V 

VIH(X) 3.5 - V 

VIL(X) - 0.5 V 

IOH(X) - -400 IlA 

IOL(X) - 400 IlA 

- 1.7 rnA 

100 - kQ 

Symbol Min Max Unit 

VIH 2.0 - V 

VIL -0.3 0.8 V 

NOTE: The MC145474175 can be programmed to accept TTL levels on all digital input pins (this does not include XTAL and EXTAL). The 
MC145474175 is configured for TTL mode by writing a 1 to BRI3(6). Programming the MC145474175 for TTL mode has no effect on either 
the digital output pins, the crystal circuit, TxPlTxN, or RxP/RxN. Thus, the only dc electrical characteristics that differ, when operating in 
the CMOS mode, are the input voltages accepted on the digital inputs. 

ANALOG CHARACTERISTICS (TA = - 40 to + 85°C, VDD = 5.0 V ± 10%, Voltages referenced to VSS) 

Characteristics Min Typ 

TxPlTxN Drive Current RL = 50 Q 13.5 15 

(TxP - TxN) Voltage Limit - -
Input Amplitude (RxP - RxN) 35 -

MOTOROLA 

Max Unit 

16.5 rnA 

1.17 Vp-p 

- mVp-p 
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POWER DISSIPATION (TA = - 40 to + 85°C, VDD = 5.0 V ± 10%, Voltages referenced to VSS) 

Characteristics Min Typ Max Unit Notes 

DC Supply Voltage (VDD) 4.5 5.0 5.5 V 

Worst Case Power Consumption - - 175 mW 1 

Transmit Power-Down (NR1 (2) = 1) - - 75 mW 2 

Absolute Minimum Power (NR1(1) = 1) - - 40 mW 2 

NOTES: 
1. The worst case power consumption occurs when the MC145474175 is transmitting a 96 kHz test tone (BR11 (0) = 1) into a50 Q load resistor. 

The 15.36 MHz clock is being provided by the crystal as depicted in Figure 1. 
2. The power consumption figures for transmit power-down and absolute minimum power are both determined with the crystal circuit as de­

picted in Figure 1 still connected and operational. 

IDL TIMING CHARACTERISTICS (NT MODE, IDL SLAVE) (TA = - 40 to + 85°C, VDD = 5.0 V ± 10%, Voltages referenced to VSS) 

Ref. No. Characteristics Min 

1 Time Between Successive IDL SYNCs 

2 IDL SYNC Active After IDL ClK Falling Edge (Hold Time) 30 

3 IDL SYNC Active Before IDL CLK Falling Edge (Setup Time) 30 

4 I DL CLK Period 

5 IDL CLK Width High 70 

6 IDL CLK Width Low 70 

7 IDL Rx Valid Before IDL CLK Falling Edge (Setup Time) 30 

8 IDL Rx Valid After IDL CLK Falling Edge (Hold Time) 30 

9 IDL Tx Time to High Impedance -
10 I DL Tx High Impedance to Active State -
11 IDL CLK to IDL Tx Active -

NOTES: 
1. IDL SYNC is an 8 kHz signal. The phase relationship between IDL SYNC and IDL CLK is as described earlier. 
2. IDL CLK input frequency can be run at 1.536 MHz, 1.544 MHz, 2.046 MHz, 2.56 MHz, or 4.098 MHz. 

MC145474.MC145475 
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XTAL 

EXTAL 

30pF I 
10MQ 

Vss 

I 30PF 

VSS 

Figure 1. Crystal Circuit 

15.36 MHz 
D AT CUT QUARTZ 

CRYSTAL 

Max Unit 

Note 1 

- ns 

- ns 

Note 2 

- ns 

- ns 

- ns 

- ns 

30 ns 

70 ns 

70 ns 
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IDl TIMING CHARACTERISTICS (NT MODE IDl MASTER OR TE MODE WITH THE IDl ClK RATE SET TO 2.56 MHz) 
(TA = - 40 to + 85°C, VDD = 5.0 V ± 10%, Voltages referenced to VSS) 

Ref. No. Characteristics Min Max Unit 

1 Time Between Successive IDl SYNCs Note 1 

2 IDl SYNC Active After IDl ClK Falling Edge (Hold Time) 160 230 ns 

3 IDl SYNC Active Before IDl ClK Falling Edge (Setup Time) 160 230 ns 

4 IDl ClK Period Note 2 

5 IDl ClK Width High Note 2 

6 IDl ClK Width low Note 2 

7 IDl Rx Valid Before IDl ClK Falling Edge (Setup Time) 30 - ns 

8 IDl Rx Valid After IDl ClK Falling Edge (Hold Time) 30 - ns 

9 IDl Tx Time to High Impedance 0 30 ns 

10 IDl Tx High Impedance to Active State - 45 ns 

11 IDl ClK to IDl Tx Active - 45 ns 

NOTES: 
1. IDl SYNC is an 8 kHz signal. The phase relationship between IDl SYNC and IDl ClK is as described earlier. 
2. In NT Mode IDl Master or TE Mode, the IDl ClK is generated internally in the MC145474J75. When configured for 2.56 MHz operation, 

IDl ClK is the crystal frequency divided by 6 and has a 50% duty cycle. 

IDl TIMING CHARACTERISTICS (NT MODE IDl MASTER OR TE MODE WITH THE IDl ClK RATE SET TO 2.048 MHz) 
(TA = - 40 to + 85°C, VDD = 5.0 V ± 10%, Voltages referenced to VSS) 

Ref. No. Characteristics Min Max Unit 

1 Time Between Successive I Dl SYNCs Note 1 

2 IDl SYNC Active After IDl ClK Falling Edge (Hold Time) 210 280 ns 

3 IDl SYNC Active Before IDl ClK Falling Edge (Setup Time) 210 280 ns 

4 IDl ClK Period Note 2 

5 IDl ClK Width High Note 2 

6 IDl ClK Width low Note 2 

7 IDl Rx Valid Before IDl ClK Falling Edge (Setup Time) 30 - ns 

8 IDl Rx Valid After IDl ClK Falling Edge (Hold Time) 30 - ns 

9 IDl Tx Time to High Impedance 0 30 ns 

10 IDl Tx High Impedance to Active State - 45 ns 

11 IDl ClK to IDl Tx Active - 45 ns 

NOTES: 
1. IDl SYNC is an 8 kHz signal. The phase relationship between IDl SYNC and IDl ClK is as described earlier. 
2. In NT Mode IDl Master or TE Mode, the IDl ClK is generated internally in the MCI45474/75. When configured for 2.048 MHz operation, 

IDl ClK is the crystal frequency divided by 7.5 and has a 53.3% duty cycle. 

Figure 2. IDl Timing Characteristics 
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SCP TIMING CHARACTERISTICS 

Ref. No. Characteristics 

12 SCPEN Active Before Rising Edge of SCPCLK 

13 SCPCLK Rising Edge Before SCPEN Active 

14 SCP Rx Valid Before SCPCLK Rising Edge (Setup Time) 

15 SCP Rx Valid After SCPCLK Rising Edge (Hold Time) 

16 SCPCLK Period (See Note 1) 

17 SCPCLK Width (Low) 

18 SCPCLK Width (High) 

19 SCP Tx Active Delay 

20 SCPEN Active to SCP Tx Active 

21 SCPCLK Falling Edge to SCP Tx High Impedance 

22 SCPEN Inactive Before SCPCLK Rising Edge 

23 SCPCLK Rising Edge Before SCPEN Active 

24 SCPCLK Falling Edge to SCP Tx Valid Data 

NOTE: 
1. Maximum SCPCLK frequency is 4.096 MHz. 

SCPCLK 

SCPRx 
(NOTE 1) 

SCPTx 
(NOTE 2) 

SCPRx 
(NOTE 3) 

SCPTx 
(NOTE 3) 

NOTES: 
1. During a nibble read, four bits are presented on SCP Rx. 
2. During a nibble read, SCP Tx will be active for the duration of the 4-bit transmission as shown. 

Min Max Unit 

50 - ns 

50 - ns 

35 - ns 

20 - ns 

244 - ns 

30 - ns 

30 - ns 

0 50 ns 

0 50 ns 

- 30 ns 

50 - ns 

50 - ns 

0 50 ns 

3. A byte transaction consists of two 8-bit exchanges. During the first exchange, whether a read or a write, 8 bits (the byte register 
address) are presented on SCP Rx. In the second exchange, 8 bits are presented on SCP Txduring a byte read. During a byte write, 
the second exchange consists of 8 bits presented to SCP Rx. 

MC145474.MC145475 
2-1050 

Figure 3. SCP Timing Characteristics 
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NTl STAR MODE TIMING CHARACTERISTICS 

Characteristics 

Propagation Delay from ANDin to ANDout. while receiving INFO 0 

ANDin -s-® ANDout 

Figure 4. NTl Star Mode 

D CHANNEL TIMING CHARACTERISTICS (TE Mode) 

Ref. No. Characteristics 

26 DREQ Valid Before Falling Edge of IDL SYNC 

27 DREQ Valid After Falling Edge of IDL SYNC 

28 DGRNT Valid Before Falling Edge of IDL SYNC 

DREQ 

IDLSYNC 

Figure 5. D Channel Timing 

IDLSYNC 

DGRNT 

Figure 6. D Channel Timing 
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Min 

30 

30 

390 

Max Unit 

- ns 

- ns 

- ns 
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ISET 
Current Set 

PIN DESCRIPTIONS 

A current programming resistor is connected between this 
pin and ground. 

RxP, RxN 
Receive Positive, Receive Negative 

The SIT -Interface pseudo-ternary signal is input through 
these pins. 

TEINT 
Terminal Equipment/Network Termination 

This pin is an input and selects the TE or NT mode of op-
eration. . 

DGRANT/FSYNC 
D Channel Grant/Frame Synchronization 

This pin is a dual function output and operates as DGRANT 
when TE mode is selected, and FSYNC when NT mode is 
selected. 

DGRANT: The DGRANT output is asserted when the 
MC145474175 has determined that it can access the D chan­
nel. 

FSYNC: FSYNC is asserted when the MC145474/75 has 
achieved frame synchronization. 

ANDin 
NTl Star Mode D Channel AND Gate Input 

This pin is an input to the MC145475 and is used in NTl 
star mode. 

VSS 
Negative Power Supply 

This pin is the most negative power supply pin and digital 
logic ground. It is normally 0 V. 

FSYNC/ANDout 
Frame Synchronization! 
NTl Star D Mode Channel AND Gate Output 

This pin is a dual function output and operates as FSYNC 
when TE mode is selected and ANDout when NT mode is 
selected. This pin is available only on the MC145475. 

FSYNC: FSYNC is asserted when the MC145475 has 
achieved frame synchronization. 

ANDouf This pin is an output from the MC145475 and is 
used in NT1 star mode. 

DREQ/FIX 
D Channel Request/ 
Fixed/Adaptive Timing Select 

This pin is a dual function input and operates as DREQ 
when TE mode is selected and FIX when NT mode is se­
lected. 

DREQ: The DREQ input should be asserted when access 
to the D channel is desired 

FIX: This input is used to select fixed or adaptive timing 
mode in an NT configured MC145474175. 

MC145474.MC145475 
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ClASS/ECHOin 
D Channel Class Selection! 
NTl Star Mode Echo Channel Input 

This pin is a dual function input and operates as CLASS 
when TE mode is selected and ECHOin when NT mode is 
selected. This pin is available only on the MC145475. 

CLASS: This pin selects the desired class or priority to be 
used when transmitting data on the D channel. 

ECHOin: This pin is an input to the MC145475 and is used 
in NT1 star mode. 

IDlSYNC 
IDL Frame Synchronization Signal 

The 8 kHz IDL frame synchronization signal is transmitted 
or received through this pin. When the MC145474/75 is oper­
ating as an IDL slave, this pin is an input to the device. Con­
versely, when the device is operating as an IDL master, this 
pin is an output. 

IDl ClK 
IDL Clock Signal 

The IDL clock signal is transmitted through this pin. When 
the MC145474175 is operating as an IDL slave, this pin is an 
input to the device. Conversely, When the device is operating 
as an IDL master, this pin is an output. 

IDL Rx 
IDL Receive Input 

This pin is an input to the MC145474175. 2B+D data is re­
ceived through this pin and then modulated onto the SIT­
Interface. 

IDL Tx 
IDL Transmit Output 

This pin is an output from the MC145474f75. Demodulated 
2B+D data from the SIT -Interface is transmitted through this 
pin. 

SCPRx 
SCP Receive Input 

The serial control port receive line is used to input con­
trol, status, and data information into the MC145474175 SIT­
Transceiver. 

SCPTx 
SCP Transmit Output 

The serial control port (SCP) transmit line is used to output 
control, status, and data information from the MC145474f75 
SIT-Transceiver. 

SCPCLK 
SCP Clock Signal 

The serial control port clock is used to clock control, status, 
and data information into and out of the MC145474f75 SIT­
Transceiver. 

SCPEN 
SCP Enable Signal 

This signal when held low selects the SCP for the transfer 
of control, status, and data information into and out of the 
MC145474175 SIT-Transceiver. 

LB ACTIVE 
Loopback Active 

This pin is always an output from the device. If any of the 
loopbacks are invoked, or any combination of the loopbacks 
are invoked, then this pin will be held high. 
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IRQ 
Interrupt Request Line 

The interrupt request active low pin is an active low open 
drain output used to signal MPU or MCU devices that an 
interrupt condition exists in the MC145474/75 SIT -Trans­
ceiver. 

AONT 
Active Only NT 

This pin is always an input to the device. The active only 
NT feature is applicable only to the NT mode of operation 
and is available as an output pin on the MC145475 and as an 
SCP control bit (BR7(6» in both versions of the device. 

VDD 
Positive Power Supply 

This pin is the positive power supply input to the 
MCI45474175 and is 5.0 V ± 10% with respect to VSS. 

XTAU2 
7.68 MHz Clock Output 

This pin is always an output from the device. The 
MCI45474175 SIT -Transceiver's 15.36 MHz clock is inter­
nally divided by two and the output of this divider (7.68 MHz) 
presents itself on the XTAU2 pin. 

XTAL and EXTAL 
Crystal Input and Crystal Output 

The MC145474175 SIT-Transceiver requires a 15.36 MHz 
clock source for operation. This can be provided by a 
15.36 MHz resonant crystal circuit using XTAL and EXTAL 
as the terminals of the circuit, or an external 15.36 MHz clock 
source can be input to the device via the XTAL pin. An invert­
er is internally connected between XTAL and EXTAL with 
XTAL as the input to the inverter and EXTAL as the output. 

TxP, TxN 
Transmit Positive, Transmit Negative 

These pins act as differential current limited voltage 
source drive pairs for creating the logical line signals. 

RESET 
MCI45474175 Reset 

When low, a hardware reset is applied to the MCI45474175. 

WIRING CONFIGURATIONS 

INTRODUCTION 

The MC145474/75 ISDN SIT-Transceiver conforms to 
CCITT 1.430 and ANSI Tl.605 speCifications. It is a Layer 1 
SIT-Transceiver designed for use at the Sand T reference 
points. It is designed for both point-to-point and multipoint 
operation. The SIT-Transceiver is designed for use in either 
the network terminating (NT) mode or in terminal equipment 
(TE) applications. Two 64 kpbs B channels and one 16 kpbs 
D channel are transmitted in a full-duplex fashion across the 
interface. 

Suggested wiring configurations follow. These configura­
tions are deemed to be the most common but by no means 
the only wiring configurations. Note that when operating in 
the TE mode, only one TE has the 100 Q termination resis­
tors in the transmit and receive paths. Figures 7 through 10 

MOTOROLA 

illustrate where to connect the termination resistors for the 
described loop configurations. 

POINT -TO-POINT OPERATION 

In the point-to-point mode of operation one NT communi­
cates with one TE. As such, 100 Q termination resistors must 
be connected across the transmit and receive paths of both 
the NT and TE transceivers. Figure 7 illustrates this wiring 
configuration. 

When using the MC145474/75 in this configuration, the NT 
must be in adaptive timing. This is accomplished by holding 
the DREQ/FIX pin low (i.e., connecting it to VSS). CCITT 
1.430 and ANSI Tl.605 specify that the SIT-Transceiver 
must be able to operate up to a distance of 1 km in the point­
to-point mode. This is the distance Dl, shown in Figure 7. 

SHORT PASSIVE BUS OPERATION 

The short passive bus is intended for use when up to eight 
TEs are required to communicate with one NT. TEs can be 
distributed at any point along the passive bus, the only re­
quirement being that the termination resistors be located at 
the end of the passive bus. Figure 8 illustrates this wiring 
configuration. CCITT 1.430 and ANSI Tl.605 specify a maxi­
mum operational distance from the NT of 200 meters. This 
corresponds to the distance D2, as shown in Figure 8. 

EXTENDED PASSIVE BUS OPERATION 

A wiring configuration whereby the TEs are restricted to a 
grouping at the far end of the cable, distant from the NT, is 
shown as the "Extended Passive Bus." This configuration is 
as illustrated in Figure 9. The termination resistors are to be 
positioned as illustrated in the diagram. 

The essence of this configuration is that a restriction is 
placed on the distance between the TEs. The distance D3, 
as illustrated in Figure 9, corresponds to the maximum dis­
tance between the grouping of TEs. CCITT 1.430 and ANSI 
Tl.605 specify a distance of 25 to 50 meters for the separa­
tion between the TEs, and a distance of 500 meters for the 
total length. These distances correspond to the distances D3 
and D4, as shown in Figure 9. 

Note that the "NT configured" MC145474/75 should be 
placed in the adaptive timing mode for this configuration. 
This is achieved by holding the DREQUEST/FIX pin low. 

BRANCHED PASSIVE BUS OPERATION 

A wiring configuration which has somewhat similar charac­
teristics to those of the "Extended Passive Bus" is known as 
the "Branched Passive Bus' and is illustrated in Figure 10. In 
this configuration the branching occurs at the end of the bus. 
The branching occurs after a distance Dl from the NT. The 
distance D5 corresponds to the maximum separation be­
tween the TEs. 

NT1 STAR MODE OF OPERATION 

A wiring configuration which may be used to support multi­
ple T interfaces is known as the "NTI Star Mode of Opera­
tion." This mode of operation is supported by the MC145475. 
This mode is described later. Note that the NTI Star mode 
contains multiple NTs. Each of these NTs can be connected 
to either a passive bus (short, extended, or branched) or to a 
single TE. 
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Figure 7. Point-ta-Point 
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ACTIVATION/DEACTIVATION OF 
SIT-TRANSCEIVER 

INTRODUCTION 

CCITT 1.430 and ANSI T1.605 define five information 
states for the SfT -Transceiver. When the NT is in the fully 
operational state it transmits INFO 4. When the TE is in the 
fully operational state it transmits INFO 3. INFO 1 is trans­
mitted by the TE when it wants to wake up the NT. INFO 2 is 
transmitted by the NT when it wants to wake up the TE, or in 
response to the TEs transmitted INFO 1. These states cause 
unique patterns of symbols to be transmitted over the SfT­
Interface. Only when the SfT loop is in the fully activated 
state are the 2B+D channels of data transmitted over the 
interface. 

TRANSMISSION STATES FOR NT MODE SfT 
TRANSCEIVER 

When configured as an NT, an SfT -Transceiver can be in 
any of the following transmission states shown in Table 1. 

Table 1. NT Mode Transmission States 

Information 
State Description 

INFO 0 The NT transmits 1 s in every bit position. This 
corresponds to no signal being transmitted. 

INFO 2 The NT sets its B1, B2, D, and E channels to O. 
The A bit is set to O. 

INFO 4 INFO 4 corresponds to frames containing 
operational data on the B1, B2. D, and E 
channels. The A bit is set to 1. 

TRANSMISSION STATES FOR TE MODE 
SfT -TRANSCEIVER 

When configured as a TE, an SfT -Transceiver can be in 
any of the following transmission states shown in Table 2. 

ACTIVATION OF SfT LOOP BY NT 

The NT activates the loop by transmitting INFO 2 to the TE 
or TEs. This is accomplished in the MC145474/75 by setting 

2 BAUD TURNAROUND 10.4~s 

NR2(3) to a 1. Note that this bit is internally reset to 0 after 
the internal activation state machine has recognized its ac­
tive transition. 

Table 2. TE Mode Transmission States 

Information 
State Description 

INFOO The TE transmits 1 s in every bit position. This 
corresponds to no signal being transmitted. 

INFO 1 The TE transmits a continuous signal with the 
following pattern: positive zero, negative zero, 
six ones. This signal is asynchronous to the NT. 

INF03 INFO 3 corresponds to frarnes containing 
operational data on the B1, B2, and D channels. 
If INFO 4 or INFO 2 is being received, INFO 3 
will be synchronized to it. 

The TE or TEs on receiving INFO 2 will synchronize to it 
and transmit back INFO 3 to the NT. The NT on receiving 
INFO 3 from the TE will respond with INFO 4, thus activating 
the loop. 

ACTIVATION OF SfT LOOP BY TE 

The TE can activate an inactive loop by transmitting 
INFO 1 to the NT. This is accomplished in the MC145474/75 
by setting NR2(3) to a 1. Note that this bit is internally reset to 
o after the internal activation state machine has recognized 
its active transition. 

The NT upon detecting INFO 1 from the TE will respond 
with INFO 2. The TE upon receiving a signal from the NT will 
cease transmission of INFO 1, reverting to an INFO 0 state. 
After synchronizing to the received signal and having fully 
verified that it is INFO 2, the TE will respond with INFO 3, 
thus activating the loop. 

FULL ACTIVATION 

When the SfT -Interface is fully activated, INFO 3 is trans­
mitted by the TE and INFO 4 by the NT. Figure 11 shows the 
binary organization and phase relationship of these signals 
from the TE's perspective. 

Figure 11. Two Baud Turnaround in TE 

MC145474.MC145475 
2-1056 

MOTOROLA 



THE INTERCHIP DIGITAL LINK 

The interchip digital link (IDl) is a four-wire interface used 
for full-duplex communication between ICs on the board­
level. The interface consists of a transmit path, a receive 
path, an associated clock and a sync signal. These signals 
are known as IDl Tx, IDl Rx, IDl ClK, and IDl SYNC, re­
spectively. The clock determines the rate of exchange of 
data in both the transmit and receive directions, and the sync 
signal controls when this exchange is to take place. Five 
channels of data are exchanged in a 20-bit package every 
8 kHz. These channels consist of two 64 kbps B channels 
and one 16 kbps D channel used for full-duplex communica­
tion between the NT and TE. Figure 12 shows phase align­
ment and order of transmission. 

In addition to these 2B+D channels there are two 8 kbps 
channels. These two additional channels, known as the 
IDlA and IDl M channels, are for local communication only 
(i.e., they are not transmitted from NT to TE or vice versa). 
Use of these channels is optional. The IDl A and IDl M 
channels have no effect on the operation of the SfT - Trans­
ceiver. There are two modes of operation for an IDl device: 
IDl master and IDl slave. If an IDl device is configured as 
an IDl master, ihen IDl SYNC and IDl ClK are outputs from 
the device. Conversely, if an IDl device is configured as an 
IDl slave, then IDl SYNC and IDl ClK are inputs to the de­
vice. Ordinarily the MC145474f75 is configured as an IDl 
slave when acting as an NT, and as an IDl master when act­
ing as a TE. The exception to this rule is the option to config­
ure the NT as an IDl master. Note that an NT configured 
MC145474f75 comes out of reset in the IDl slave mode. 

THE SERIAL CONTROL PORT 

INTRODUCTION 

The MC145474175 is equipped with a serial control port 
(SCP). This SCP is used by external devices (such as an 
MC145488 DDlC) to communicate with the SfT-Trans­
ceiver. The SCP is an industry standard serial control port 
and is compatible with Motorola's SPI used on several single 
chip MCUs. 

The SCP is a four-wire bus with control and status bits as 
well as data being passed to and from the SfT -Transceiver in 
a full-duplex fashion. The SCP interface consists of a trans­
mit path. a receive path, an associated clock, and an enable 
signal. These signals are known as SCP Tx, SCP Rx, 

SCPClK, and SCPEN. The clock determines the rate of ex­
change of data in both the transmit and receive directions, 
and the enable signal governs when this exchange is to take 
place. 

The operation/configuration of the SfT -Transceiver is pro­
grammed by setting the state of the control bits within the 
SfT -Transceiver. The control, status, and data information 
reside in eight 4-bit wide nibble registers and sixteen 8-bit 
wide byte registers. The nibble registers are accessed via an 
8-bit SCP bus transaction. The 16-byte wide registers are 
accessed by first writing to a pointer register within the eight 
4-bit wide nibble registers. This pointer register (NR(7)) will 
then contain the address of the byte wide register to be read 
from or written to, on the following SCP transaction. Thus, an 
SCP byte access is in essence a 16-bit operation. Note that 
this 16-bit operation can take place by means of two 8-bit 
accesses or a single 16-bit access. 

SCP TRANSACTIONS 

There are four types of SCP transactions. These are: 

1. SCP nibble read 
2. SCP nibble write 
3. SCP byte read 
4. SCP byte write 

SCP Nibble Read 

A nibble read is an 8-bit SCP transaction. Figure 13 illus­
trates this process. To initiate an SCP nibble, read the 
SCPEN pin must be brought low. Following this, a Readf 
Write (RIW) bit followed by three primary address bits (AO -
A3), are shifted (MSB first) into an intermediate buffer regiS­
ter on the first four rising edges of SCPClK, following the 
high-to-Iowtransition of SCPEN. If a read operation is to be 
performed then RiW should be a 1. The three address bits 
clocked in after the RiW bit select which nibble register is to 
be read. The contents of this nibble register are shifted out 
on SCP Tx on the subsequent four falling edges of SCPClK 
(Le., the four falling edges of SCPClK after the rising edge of 
SCPClK which clocked in the last address bit, lSB). SCPEN 
should be brought back high after the transaction, before 
another falling edge of SCPClK is encountered. Note that 
SCP Rx is ignored during the time that SCP Tx is being driv­
en. Also note that SCP Tx comes out of high impedance only 
when it is transmitting data. 

IDLSYNC n 
--~ ~-----------------------------------

IDLCLK 

IDLRx 

IDL Tx _.;;;.;;.=.;;.;..:c:....-{ 
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SCPTx ------------~-----
HIGH IMPEDANCE ~ HIGH IMPEDANCE 

NOTES: 
1. RIW ~ 1 for a read operation. 
2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 
3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK, MSB 

first. 

Figure 13. Serial Control Port Nibble Read Operation 

SCP Nibble Write 

A nibble write is an 8-bit SCP transaction. Figure 14 illus­
trates this process. To initiate an SCP nibble write the 
SCPEN pin must be brought low. Following this an RiW bit 
followed by three primary address bits are shifted (MSB first) 
into an intermediate buffer register on the first four rising 
edges of SCPCLK following the high to low transition of 
SCPEN. If a write operation is to be performed then RiW 
should be a O. The three address bits clocked in after the 
RiW bit select the nibble register to be written to. The data 
shifted in on the next four rising edges of SCPCLK is then 
written to the selected register. Throughout this whole opera­
tion the SCP Tx pin remains in high-impedance state. Note 
that if a selected register or bit in a selected register is "read 
only" then a write operation has no effect. 

SCP Byte Read 

A byte read is a 16-bit SCP transaction. Figure 15 illus­
trates this process. To initiate an SCP byte read the SCPEN 
must be brought low. Following this an RiW bit is shifted in 
from SCP Rx on the next riSing edge of SCPCLK. This bit de­
termines the operation to be performed, read or write. If RiW 
is a 1 then a read operation is selected. Conversely, if RiW is 
a 0 then a write operation is selected. The next three bits 
shifted in from SCP Rx on the three subsequent rising edges 
of SCPCLK are primary address bits as mentioned previous­
ly. If all three bits are 1, then nibble register 7 is selected 
(NR7). This is a pointer register, selection of which informs 
the device that a byte operation is to be performed. When 
NR7 is selected, the following four bits shifted in from'SCP 
Rx on the following four rising edges of SCPCLK, are auto­
matically written to NR7. These four bits are the address bits 
for the byte operation. In a read operation the next eight fai­
ling edges of SCPCLK will shift out the data from the se­
lected byte register'on SCP Tx. 

As mentioned previously, an SCP byte access is a 16-bit 
transaction. This can take place in one 16-bit exchange (Fig-
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ure 15) or two 8-bit exchanges (Figure 16). If the transaction 
is performed in two 8-bit exchanges the SCPEN should be 
returned high after the first eight bits have been shifted into 
the part. When SCPEN comes low again the MSB of the se­
lected byte will present itself on SCP Tx. The following eight 
falling edges of SCPCLK will shift out the remaining eight bits 
of the byte register. Note that the order in which data is writ­
ten into the part and read out of the part is independent of 
whether the byte access is done in one 16-bit exchange or in 
two 8-bit exchanges. 

SCP Byte Write 

A byte write is also a 16-bit SCP transaction. Figure 17 il­
lustrates this process. To initiate an SCP byte write the 
SCPEN must be, brought low. As before, the next bit deter­
mines whether the operation is to be read or write. If the first 
bit is a 0 then a write operation is selected. Again the next 
three bits read in from SCP Rx on the subsequent three ris­
ing edges of SCPCLK must all be 1 in order to select th,e 
pointer nibble register (NR7). The following four bits shifted 
in are automatically written into NR7. As in an SCP byte read 
these bits are the address bits for the selected byte register 
operation. The next eight rising edges of SCPCLK shift in the 
data from the SCP Rx. This data is then stored in the se­
lected byte register. Throughout this operation SCP Tx will 
be in a high-impedance state. Note that if the selected byte 
is read only, then this operation will have no effect. 

As mentioned previously, an SCP byte access is a 16-bit 
transaction. This can take place in one 16-bit exchange (Fig­
ure 17) or two 8-bit exchanges (Figure 18). If the transaction 
is performed in two 8-bit exchanges, then SCPEN should be 
returned high after the first eight bits have been shifted into 
the part. When SCPEN comes low again, the next eight ris­
ing edges of SCPCLK shift data in from SCP Rx. This data is 
then stored in the selected byte. Figure 18 illustrates this pro­
cess. 
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SCPTx----------------------------------------------
HIGH IMPEDANCE 

NOTES: 
1. R/W; 0 for a write operation. 
2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 
3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK, MSB 

first. 

Figure 14. Serial Control Port Nibble Write Operation 

SCPTx-----------------------------------{ 
HIGH IMPEDANCE 

NOTES: 
1. RIW; 1 for a read operation. 
2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 
3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK, MSB first. 

Figure 15. Serial Control Port Byte Read Operation 

'------___ -----Irs 

SCPCLKW 

HIGH IMPEDANCE 
SCP~ --------------------------------------------------{ 

HIGH IMPEDANCE 

HIGH 
IMPEDANCE 

Figure 16. Serial Control Port Byte Read Operation (Double 8-Bit Transaction) 
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SCPRx 

SCPCLK ~ 

SCPRx 

SCPTx 
NOTES: 

HIGH IMPEDANCE 

1. RiW = a for a write operation. 
2. Data is shifted out on SCP Tx on the falling edges of SCPCLK. MSB first. 
3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK. MSB first. 

Figure 17. Serial Control Port Byte Write Operation 

'---__ -----'rs 

SCPTx ____________________________________ H~IG_H_IM_P_E_DA_N_C_E __________________________________ __ 

Figure 18. Serial Control Port Byte Write Operation (Double 8-Bit Transaction) 
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NIBBLE MAP DEFINITION BYTE MAP DESCRIPTION 

There are eight nibble registers (NRO through NR7) in the 
MC145474/75. Control and status information reside in these 
nibble registers. These nibble registers are accessed via the 
SCP (see Tables 3 and 4). 

There are sixteen byte registers (BRO through BR15) in 
the MC145474/75. Control, status, and maintenance in­
formation reside in these byte registers. These byte registers 
are accessed via the SCP (see Tables 5 and 6). 

Table 3. SCP Nibble Map for NT Operation 

(3) (2) (1) 

NRO Software Reset Transmit Power Down Absolute Minimum Power 

NR1 Activation Indication (AI) Error Indication (EI) 

NR2 Activation Request (AR) Deactivate Request (DR) Activation Timer #1 Expire 

NR3 IRQ #3 Change in Rx INFO IRQ #2 Multiframe Reception IRQ #6 FECV Detection 

NR4 IRQ #3 Enable IRQ #2 Enable IRQ #6 Enable 

NR5 Idle B1 Channel on SfT Loop Idle B2 Channel on SfT Loop Invert B1 Channel 

NR6 2B+D IDL Non-Transparent Loopback Activate IDL M FIFO Activate IDL A FIFO 

Table 4. SCP Nibble Map for TE Operation 

(3) (2) (1) 

NRO Software Reset Transmit Power Down Absolute Minimum Power 

NR1 Activation Indication (AI) Error Indication (EI) Multiframing Detect 

NR2 Activation Request (AR) Activation Timer #3 Expire 

NR3 IRQ #3 Change in Rx INFO IRQ #2 Multiframe Reception IRQ #1 D Channel 
Collision 

NR4 IRQ #3 Enable IRQ #2 Enable IRQ #1 Enable 

NR5 Enable B1 Channel on SfT Loop Enable B2 Channel on SfT Loop Invert B1 Channel 

NR6 2B+D IDL Non-Transparent Loopback Activate IDL M FIFO Activate IDL A FIFO 

MOTOROLA 

(0) 

Return to Normal 

Frame Sync (FS) 

Invert B2 Channel 

Exchange B1 & B2 at IDL 

(0) 

Return to Normal 

Frame Sync (FS) 

Class 

Invert B2 Channel 

Exchange B1 & B2 at IDL 

MC145474.MC145475 
2-1061 



(7) (6) 

BRO M7 M6 

BR1 A7 A6 

BR2 SC1.1 to SC1.2to 
Loop Loop 

BR3 Q1 trom Loop Q2trom Loop 

BR4 Fr. Viol. Fr. Viol. 
Count B7 Count B6 

BRS BPV Count BPV Count 
B7 B6 

BR6 B1 SfT" LB B1 SfT" LB 
Transparent Non-Trans. 

BR7 Act. Proc. Reserved 
Disabled 

BRS IDL M FIFO IDLA FIFO 
:<; 1/2 Full :<; 1/2 Full 

BR9 SC2.1 to SC2.2 to 
Loop Loop 

BR10 SC4.1 to SC4.2 to 
Loop Loop 

BR11 Do Not Do Not 
React to React to 
INF01 INFO 3 

BR12 Reserved Reserved 

BR13 NT1 Star TTL Input 
Mode Levels 

BR14 

BR1S Reserved Reserved 

MC145474.MC145475 
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Table 5. SCP Byte Map for NT Operation 

(5) (4) (3) (2) (1) (0) 

MS M4 M3 M2 M1 MO 

AS A4 A3 A2 A1 AD 

SC1.3to SC1.4to 
Loop Loop 

Q3trom Loop Q4trom Loop Q Bit Quality INT Every M. 
Indicate Frame 

Fr. Viol. Fr. Viol. Fr. Viol. Fr. Viol. Fr. Viol. Fr. Viol. 
Count BS Count B4 CountB3 Count B2 Count B1 Count BO 

BPV Count BPV Count BPV Count BPVCount BPVCount BPV Count 
BS B4 B3 B2 B1 BO 

B2 SfT" LB B2 SfT" LB IDL B1 LB IDL B1 LB IDL B2 LB IDL B2 LB 
Transparent Non-Trans. Transparent Non-Trans. Transparent Non-Trans. 

Enable Invert E IDL Master IDL CLK Act. Timer #2 
Multitraming Channel Mode Speed LSB 

Act.IDLM Act.IDL A Enable IRQ Enable IRQ IRQ#4IDL IRQ #SIDL 
FIFO HOZ FIFO HOZ #4 #S A FIFO M FIFO 

SC2.3to SC2.4to SC3.1 to SC3.2to SC3.3to SC3.4 to 
Loop Loop Loop Loop Loop Loop 

SC4.3to SC4.4 to SCS.1 to SCS.2to SCS.3to SCS.4 to 
Loop Loop Loop Loop Loop Loop 

Rx INFO Rx INFO Tx INFO Tx INFO EXT SfT" Tx 96 kHz 
StateB1 State BO State B1 State BO Loopback Test Signal 

Reserved Reserved Reserved Reserved Reserved Reserved 

IDLCLK Mute B20n Mute B1 on Force E to 
Speed MSB IDL IDL Zero 

Reserved Reserved Reserved Reserved 

Reserved Reserved Reserved Reserved Reserved Reserved 
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Table 6. SCP Byte Map for TE Operation 

(7) (6) (5) (4) 

BRO M7 M6 M5 M4 

BRI A7 A6 A5 A4 

BR2 Ql 10 Loop Q210 Loop Q310 Loop Q410 Loop 

BR3 SC1.l from SC1.2from SC1.3from SCIA from 
Loop Loop Loop Loop 

BR4 Fr. Viol. Fr. Viol. Fr. Viol. Fr. Viol. 
CountB7 CountB6 Count B5 CountB4 

BR5 BPV Count BPV Count BPV Count BPVCount 
B7 B6 B5 B4 

BR6 Bl SfT LB Bl SfT LB B2 SfT LB B2 SfT LB 
Transparent Non-Trans. Transparent Non-Trans. 

BR7 Act. Proc. D Channel Map Eta 
Ignored Proc. IDL on D 

Ignored Channel 

BR8 IDLM FIFO IDLAFIFO Act.IDLM Act. IDL A 
,; 1/2 Full ,; 1/2 Full FIFO HOZ FIFOHOZ 

BR9 SC2.1 from SC2.2from SC2.3from SC2.4from 
Loop Loop Loop Loop 

BRIO SC4.1 from SC4.2from SC4.3from SC4.4 from 
Loop Loop Loop Loop 

BRll Rx INFO Rx INFO 
State Bl State BO 

BR12 Reserved Reserved Reserved Reserved 

BR13 TTL Input IDL CLK Mute B2 on 
Levels Speed MSB IDL 

BR14 

BR15 Reserved Reserved Reserved Reserved 

o CHANNEL OPERATION 

INTRODUCTION 

The SIT-Interface is designed for full duplex transmission 
of two 64 kbps B channels and one 16 kbps D channel, be­
tween one NT device and one or more TEs. The TEs gain 
access to the B channels by sending Layer 2 frames to the 
network over the D channel. CCITT 1.430 and ANSI T1.605 
specify a D channel access algorithm for TEs to gain access 
to the D channel. The MC145474/75 SIT-Transceiver is fully 
compliant with the D channel access algorithm as defined in 
CCITT 1.430 and ANSI T1.605. The SCP bits and pins direct­
ly pertaining to D channel operation are shown in Tables 7 
and 8. 

D channel data is clocked into the MC145474/75 via IDL 
Rx on the falling edges of IDL CLK. Data is clocked out onto 
IDL Tx on the rising edges of IDL CLK. This is in accordance 
with the IDL specification as outlined earlier. 

GAINING ACCESS TO THE D CHANNEL IN TE MODE 

The pins DREQ and DGRANT are used in the TE mode of 
operation to request and grant access to the D channel. An 
external device wishing to send a Layer 2 frame should bring 
DREQ high, and maintain it high for the duration of the Lay­
er 2 frame. DGRANT is an output signal used to indicate to 
an external device that the D channel is clear. Note that the 
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(3) (2) (1) (0) 

M3 M2 Ml MO 

A3 A2 AI AD 

INT Every 
M Frame 

Fr. Viol. Fr. Viol. Fr. Viol. Fr. Viol. 
CountB3 Count B2 Count Bl Count BO 

BPV Count BPV Count BPV Count BPV Count 
B3 B2. Bl BO 

IDL Bl LB IDL Bl LB IDL B2 LB IDL B2 LB 
Transparent Non-Trans. Transparent Non-Trans. 

IDL Free Run IDL CLK LAPD Pol. 
Speed LSB Cont. 

Enable IRQ Enable IRQ IRQ #4 IDL IRQ#5IDL 
#4 #5 A FIFO M FIFO 

SC3.1 from SC3.2from SC3.3from SC3Afrom 
Loop Loop Loop Loop 

SC5.1 from SC5.2from SC5.3from SC5.4 from 
Loop Loop Loop Loop 

Tx INFO Tx INFO EXT SfT Tx 96 kHz 
StateBl State BO Loopback Test Signal 

Reserved Reserved Reserved Reserved 

Mute Bl on Force IDL 
IDL Transmit 

Reserved Reserved Reserved Reserved 

Reserved Reserved Reserved Reserved 

DGRANT signal actually goes high one received E echo bit 
prior to the programmed priority class selection. DGRANT 
goes high at a count of (n - 1) to accommodate the delay be­
tween the input of D channel data via the IDL interface and 
the line transmission of those bits towards the NT. If at the 
time of the IDL SYNC pulse falling edge, the DGRANT and 
the DREQ signals are both detected high, the TE mode 
transceiver will begin FIFO buffering of the input D channel 
bits from the IDL interface. This FIFO is four bits deep. Note 
that DGRANT goes high on the boundaries of the demodu­
lated E bits. In order for the contention algorithm to work on 
the D channel, HDLC data must be used. The MC145474175 
modulates the D channel data onto the SIT bus in the form 
that it is received from the IDL bus. Thus, the data must be 
presented to it in HDLC format. Note that one of the applica­
tions of the MC145488 DDLC is for use with the 
MC145474/75 in the terminal mode. The MC145488 will per­
form the HDLC conversion and perform the necessary D 
channel handshaking. 

Note that the active polarity of the DREQ and DGRANT 
signals may be reversed by setting the LAPD polarity control 
bit (BR7(1» in the SCPo When BR7(1) is a 0 the active po­
larity is as described above. Conversely, when BR7(1) is a 1 
the MC145474/75 will drive DGRANT to a logic 0 when 
DGRANT is active and to a logic 1 when DGRANT is inac­
tive. Also, when BR7(I) is 1, DREQ will be considered to be 
active low. 
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Table 7. D Channel SCP Bit Description 

MC145474n5 MC145474n5 
NT Mode TE Mode 

SCPBit Description SCPBit Description 

BR7(4) Invert the Echo NR2(0) Class 
Channel 

BR13(2) Force the Echo NR3(1) Interrupt on D Channel 
Channel to '0' Collision 

BR13(7) NTl Star Mode NR4(1) Interrupt Enable for 
NR3(1) 

BR7(1) LAP D Polarity Control 

BR7(4) Map Echo Bits to D 
Timeslots on I DL Tx 

BR7(6) D Channel Procedures 
Ignored 

Table 8. D Channel Operation Pin Description 

Pin No. MC145474 MC145475 

5 DGRANT DGRANT 

7 DREQ ANDin 

8 ANDout 

9 DREQ 

10 CLASS/ECHOin 

GAINING ACCESS TO THE D CHANNEL IN NT MODE 

When configured as an NT the MC145474175 has auto­
matic access to the D channel. This is because the SfT­
Interface is designed for communication between a single 
NT and one or more TEs. As such, the NT does not have to 
compete for access to the D channel. Thus, there are no 
DREQ or DGRANT functions associated with the NT mode 
of operation. Data present in the D bit positions of the IDL 
frame on IDL Rx are modulated onto the D bit timeslots on 
the SfT loop. Demodulated D channel data from the TEfTEs 
is transmitted onto IDL Tx in accordance with the IDL specifi­
cation. The ECHO function of an NT configured SfT - Trans­
ceiver is performed internally in the MC145474175. To assist 
in testing an SfT loop the MC145474175 features the SCP 
test bits BR7(4) and BR13(2). Selling BR7(4) in the NT mode 
will invert the E echo channel (i.e., the logical inverse of the 
demodulated D channel data from the TEfTEs is transmitted 
in the E channel). Setting BR13(2) to a 1 will force the E 
channel to all Os. Refer to Section 8 for a more detailed de­
scription of these test bits. Setting BR13(7) to a 1 puts the 
"NT configured" MC 145474/75 SfT -Transceiver into the NTl 
Star mode of operation. In this mode, the bits to be ECHOed 
back to the TEfTEs are obtained from the ECHOin pin. 

MULTIFRAMING 

A Layer 1 signalling channel between the NT and TE is 
provided in the MC145474/75 in accordance with CCITT 
1.430 and ANSI Tl.605. In the NT to TE direction, this 
Layer 1 channel is the S channel. In the TE to NT direction it 
is the Q channel. The S channel is subdivided into five 
subchannels: SC1, SC2, SC3, SC4, and SC5. The 
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MC145474175 is capable of transmitting and receiving data 
in all S subchannels as well as the Q channel by simply read­
ing or writing to the appropriate SCP registers. Interrupts are 
also available to indicate the reception of multiframe infor­
mation. See the MC145474175 data book for a complete de­
scription. 

NT1 STAR MODE OPERATION 

Appendix B of ANSI Tl.605 describes an example of an 
NT that will support multiple T interfaces. This is to accom­
modate multipoint operation with more than eight TEs. The 
MC145475 can be configured for NTl Star mode of opera­
tion. This mode is for use in wire ORing multiple NT confi­
gured SfT chips on the IDL side. Each NT has a common IDL 
SYNC, IDL ClK, IDl Tx, and IDl Rx, as shown in Figure 19. 
Each NT is then connected to its own individual SfT loop con­
taining either a single TE or a group of TEs. As such, the con­
tention for either of the B channels or for the D channel is 
now extended from a single passive bus to a grouping of 
passive busses. 

ISDN employs the use of HDlC data on the D channel. Ac­
cess to either of the B channels is requested and either 
granted or denied by the user sending layer 2 frames on the 
D channel. In normal operation where there is only one NT, 
the TEs are granted access to the D channel in accordance 
with their priority and class. By counting the required number 
of E channel echo bits being 1, the TEs know when the 
D channel is clear. Thus in the NTl Star mode of operation, 
where there are multiple passive busses competing for the 
same Bl, B2, and D channels, the same E echo channel 
must be transmitted from each NT to its passive bus. This is 
accomplished in the MC145475 by means of the ANDin, 
ANDout, and ECHOin pins. 

Figure 19 shows how to connect the multiple number of 
NTs in the NTl Star mode. Successive connection of the 
ANDout (this is the output of an internal AND gate whose in­
puts are the demodulated D bits and the data on the ANDin 
pin) and ANDin pins, and the common connections of the 
ECHOin pins, succeeds in sending the same E echo channel 
to each group of TEfTEs. To configure a series of NTs for 
NTl Star mode, BR13(7) must be set to 1 in each NT. Data 
transmitted on IDl Tx in NTl Star mode, will have the follow­
ing format: a logic 0 is VSS, a logic 1 causes IDl Tx to go to a 
high-impedance state. This then permits the series wire OR­
ing of the IDl bus. Note that one of the NTs must have its 
ANDin pin pulled high. 

TRANSMISSION LINE INTERFACE CIRCUITRY 

The MC145474175 is an ISDN SfT -Transceiver fully com­
pliant with CCITT 1.430 and ANSI Tl.605. As such it is de­
signed to interface with a four-wire transmission medium, 
one pair being the transmit path, the other pair the receive 
path. TxP and TxN, a fully differential output transmit pair 
from the MC145474/75, are designed to interface to the 
transmit pair of the transmission medium via auxiliary dis­
crete components and a 1:1 turns ratio transformer. RxP and 
RxN are a high-impedance differential input pair used for 
coupling the receive line signal through a 1: 1 turns ratio 
transformer (see Figures 20 and 21). 
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Figure 19. NT1 Star Mode of Operation 
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Figure 20. Transmit Line Interface Circuit 
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Figure 21. Receive Line Interface Circuit 
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SEMICONDUCTOR TECHNICAL DATA 

5 V PCM Codec-Filter 
The MC145480 is a general purpose per channel PCM Codec-Filter with pin 

selectable Mu-Law or A-Law companding, and is offered in 20-pin DIP, SOG, 
and SSOP packages. This device performs the voice digitization and 
reconstruction as well as the band limiting and smoothing required for PCM 
systems. This device is designed to operate in both synchronous and 
asynchronous applications and contains an on-chip precision reference 
voltage. 

This device has an input operational amplifier whose output is the input to the 
encoder section. The encoder section immediately low-pass filters the analog 
signal with an active R-C filter to eliminate very high frequency noise from being 
modulated down to the passband by the switched capacitor filter. From the 
active R-C filter, the analog signal is converted to a differential signal. From this 
point, all analog signal processing is done differentially. This allows processing 
of an analog signal that is twice the amplitude allowed by a single-ended 
design, which teduces the significance of noise to both the inverted and 
non-inverted signal paths. Another advantage of this differential design is that 
noise injected via the power supplies is a common-mode signal that is 
cancelled when the inverted and non-inverted signals are recombined. This 
dramatically improves the power supply rejection ratio. 

After the differential converter, a differential switched capacitor filter band­
passes the analog signal from 200 Hz to 3400 Hz before the signal is digitized 
by the differential compressing AID converter. 

The decoder accepts PCM data and expands it using a differential D/A 
converter. The output of the D/A is low-pass filtered at 3400 Hz and sinXlX 
compensated by a differential switched capacitor filter. The Signal is then filtered 
by an active R-C filter to eliminate the out-of-band energy of the switched 
capacitor filter. 

The MC145480 PCM Codec-Filter accepts a variety of clock formats, 
including Short Frame Sync, Long Frame Sync, IDL, and GCI timing 
environments. This device also maintains compatibility with Motorola's family of 
Telecommunication products, including the MC14LC5472 U-Interface Trans­
ceiver, MC145474175 SIT-Interface Transceiver, MC145532 ADPCM Trans­
coder, MC145422/26 UDLT -1, MC145421/25 UDLT -2, and MC3419/MC33120 
SLiC. 

The MC145480 PCM Codec-Filter utilizes CMOS due to its reliable 
low-power performance and proven capability for complex analog/digital VLSI 
functions. 

• Single 5 V Power Supply 
• Typical Power Dissipation of 23 mW, Power-Down of 0.01 mW 
• Fully-Differential Analog Circuit Design for Lowest Noise 
• Transmit Band-Pass and Receive Low-Pass Filters On-Chip 
• Active R-C Pre-Filtering and Post-Filtering 
• Mu-Law and A-Law Companding by Pin Selection 
• On-Chip Precision Reference Voltage (1.575 V) 
• Push-Pull 300 n Power Drivers with External Gain Adjust 
• MC145536EVK is the Evaluation Kit that Also Includes the MC145532 

ADPCM Transcoder 

REV2 
9195 
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MC145480 

PSUFFIX 
PLASTIC DIP 

CASE 738 

OW SUFFIX 
SOG PACKAGE 

CASE 751D 

VFSUFFIX 
SSOP 

CASE 940C 

ORDERING INFORMATION 

MCl45480P Plastic DIP 
MC145480DW SOG Package 
MC145480VF SSOP 

PIN ASSIGNMENT 

RO+ 

RO­

PI 

PO-

PO+ 

VOO 

FSR 

OR 

BClKR 

POI 

1-

2 

3 

4 

5 

6 

7 

8 

9 

10 

20 ] 

19 0 
18 ] 

17 0 
16 ] 

15 ~ 

14 ] 

13 ] 

12 ] 

11 ] 

VAG 

TI+ 

TI-

TG 

MulA 

VSS 

FST 

OT 

BClKT 

MClK 
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Figure 1. MC145480 PCM Codec-Filter Block Diagram 

DEVICE DESCRIPTION 

A PCM Codec-Filter is used for digitizing and reconstruct­
ing the human voice. These devices are used primarily for 
the telephone network to facilitate voice switching and trans­
mission. Once the voice is digitized, it may be switched by 
digital switching methods or transmitted long distance (T1, 
microwave, satellites, etc.) without degradation. The name 
codec is an acronym from "COder" for the analog-to-digital 
converter (ADC) used to digitize voice, and "DECoder" for 
the digital-to-analog converter (DAC) used for reconstruct­
ing voice. A codec is a single device that does both the ADC 
and DAC conversions. 

To digitize intelligible voice requires a signal-to-distortion 
ratio of about 30 dB over a dynamic range of about 40 dB. 
This may be accomplished with a linear 13-bit ADC and 
DAC, but will far exceed the required signal-to-distortion 
ratio at larger amplitudes than 40 dB below the peak ampli­
tude. This excess performance is at the expense of data per 
sample. Two methods of data reduction are implemented by 
compressing the 13-bit linear scheme to companded 
pseudo-logarithmic a-bit schemes. The two companding 
schemes are: Mu-255 Law, primarily in North America and 
Japan; and A-Law, primarily used in Europe. These com­
panding schemes are accepted world wide. These compand­
ing schemes follow a segmented or "piecewise-linear" curve 
formatted as sign bit, three chord bits, and four step bits. For 
a given chord, all sixteen of the steps have the same voltage 
weighting. As the voltage of the analog input increases, the 
four step bits increment and carry to the three chord bits 
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which increment. When the chord bits increment, the step 
bits double their voltage weighting. This results in an effec­
tive resolution of six bits (sign + chord + four step bits) across 
a 42 dB dynamiC range (seven chords above 0, by 6 dB per 
chord). 

In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal, it must be sampled at a 
frequency higher than twice the Signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, a 
sample rate of a kHz was adopted, consistent with a band­
width of 3 kHz. This sampling requires a low-pass filter to 
limit the high frequency energy above 3 kHz from distorting 
the in-band signal. The telephone line is also subject to 
50/60 Hz power line coupling, which must be attenuated 
from the signal by a high-pass filter before the analog-to­
digital converter. 

The digital-to-analog conversion process reconstructs a 
staircase version of the desired in-band signal, which has 
spectral images of the in-band signal modulated about the 
sample frequency and its harmonics. These spectral images 
are called aliasing components, which need to be attenuated 
to obtain the desired signal. The low-pass filter used to at­
tenuate these aliasing components is typically called a re­
construction or smoothing filter. 

The MC145480 PCM Codec-Filter has the codec, both 
presampling and reconstruction filters, a precision voltage 
reference on-chip, and requires no external components. 
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POWER SUPPLY 

VDD 

PIN DESCRIPTIONS 

Positive Power Supply (Pin 6) 

This is the most positive power supply and is typically con­
nected to + 5 V. This pin should be decoupled to VSS with a 
0.1 J.lF ceramic capacitor. 

VSS 
Negative Power Supply (Pin 15) 

This is the most negative power supply and is typically 
connected to 0 V. 

VAG 
Analog Ground Output (Pin 20) 

This output pin provides a mid-supply analog ground reg­
ulated to 2.4 V. This pin should be decoupled to VSS with a 
0.01 J.lF to 0.1 J.lF ceramic capacitor. All analog signal pro­
cessing within this device is referenced to this pin. If the au­
dio signals to be processed are referenced to V SS' then 
special precautions must be utilized to avoid noise between 
VSS and the VAG pin. Refer to the applications information in 
this document for more information. The VAG pin becomes 
high impedance when this device is in the powered down 
mode. 

CONTROL 

MulA 
MulA Law Select (Pin 16) 

This pin controls the compression for the encoder and the 
expansion for the decoder. Mu-Law companding is selected 
when this pin is connected to VOO and A-Law companding is 
selected when this pin is connected to VSS. 

POI 
Power-Down Input (Pin 10) 

This pin puts the device into a low power dissipation mode 
when a logic 0 is applied. When this device is powered down, 
all of the clocks are gated off and all bias currents are turned 
off, which causes RO+, RO-, PO-, PO+, TG, VAG, and OTto 
become high impedance. The device will operate normally 
when a logic 1 is applied to this pin. The device goes through 
a power-up sequence when this pin is taken to a logic 1 
state, which prevents the OT PCM output from going low im­
pedance for at least two FST cycles. The filters must settle 
out before the OT PCM output or the RO+ or RO- receive 
analog outputs will represent a valid analog signal. 

ANALOG INTERFACE 

TI+ 
Transmit Analog Input (Non-Inverting) (Pin 19) 

This is the non-inverting input of the transmit input gain 
setting operational amplifier. This pin accommodates a differ­
ential to single-ended circuit for the input gain setting op 
amp. This allows input signals that are referenced to the VSS 
pin to be level shifted to the VAG pin with minimum noise. 
This pin may be connected to the VAG pin for an inverting 
amplifier configuration if the input signal is already refer­
enced to the VAG pin. The common mode range of the TI+ 
and TI- pins is from 1.2 V, to VOO minus 2 V. This is an FET 
gate input. Connecting both TI+ and TI- pins to VOO will 
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place this amplifier's output (TG) into a high-impedance 
state, thus allowing the TG pin to serve as a high-impedance 
input to the transmit filter. 

TI-
Transmit Analog Input (Inverting) (Pin 18) 

This is the inverting input of the transmit gain setting op­
erational amplifier. Gain setting resistors are usually con­
nected from this pin to TG and from this pin to the analog 
signal source. The common mode range of the TI+ and TI­
pins is from 1.2 V to VOO - 2 V. This is an FET gate input. 
Connecting both TI+ and TI- pins to VOO will place this ampli­
fier's output (TG) into a high-impedance state, thus allowing 
the TG pin to serve as a high-impedance input to the trans­
mit filter. 

TG 
Transmit Gain (Pin 17) 

This is the output of the transmit gain setting operational 
amplifier and the input to the transmit band-pass filter. This 
op amp is capable of driving a 2 kQ load. Connecting both 
TI+ and TI- pins to VOO will place this amplifier's output (TG) 
into a high-impedance state, thus allowing the TG pin to 
serve as a high-impedance input to the transmit filter. All sig­
nals at this pin are referenced to the VAG pin. This pin is high 
impedance when the device is in the powered down mode. 

RO+ 
Receive Analog Output (Non-Inverting) (Pin 1) 

This is the non-inverting output of the receive smoothing 
filter from the digital-to-analog converter. This output is 
capable of driving a 2 kQ load to 1.575 V peak referenced to 
the VAG pin. This pin is high impedance when the device is in 
the powered down mode. 

RO-
Receive Analog Output (Inverting) (Pin 2) 

This is the inverting output of the receive smoothing filter 
from the digital-ta-analog converter. This output is capable 
of driving a 2 kQ load to 1.575 V peak referenced to the VAG 
pin. This pin is high impedance when the device is in the 
powered down mode. 

PI 
Power Amplifier Input (Pin 3) 

This is the inverting input to the PO- amplifier. The non­
inverting input to the PO- amplifier is internally tied to the 
VAG pin. The PI and PO- pins are used with external resis­
tors in an inverting op amp gain circuit to set the gain of the 
PO+ and PO- push-pull power amplifier outputs. Connect­
ing PI to VOO will power down the power driver amplifiers and 
the PO+ and PO- outputs will be high impedance. 

PO-
Power Amplifier Output (Inverting) (Pin 4) 

This is the inverting power amplifier output, which is used 
to provide a feedback signal to the PI pin to set the gain of 
the push-pull power amplifier outputs. This pin is capable of 
driving a 300 Q load to PO+. The PO+ and PO- outputs are 
differential (push-pull) and capable of driving a 300 Q load to 
3.15 V peak, which is 6.3 V peak-to-peak. The bias voltage 
and signal reference of this output is the VAG pin. The VAG 
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pili cannot source or sink as much current as this pin, and 
therefore low impedance loads must be between PO+ and 
PO-. Connecting PI to VDD will power down the power driver 
amplifiers and the PO+ and PO- outputs will be high imped­
ance. This pin is also .. high impedance when the device is 
powered down by the PDI pin. 

PO+ 
Power Amplifier Output (Non-Inverting) (Pin 5) 

This is the non-inverting power amplifier output, which is 
an inverted version of the signal at PO-. This pin is capable 
of driving a 300 n load to PO-. Connecting PI to VDD will 
power down the power driver amplifiers and the PO+ and 
PO- outputs will be high impedance. This pin is also high im­
pedance when the device is powered down by the PDI pin. 
See PI and PO- for more information. 

DIGITAL INTERFACE 

MCLK 
Master Clock (Pin 11) 

This is the master clock input pin. The clock Signal applied 
to this pin is used to generate the intemal 256 kHz clock and 
sequencing signals for the switched-capacitor filters, ADC, 
and DAC. The internal prescaler logic compares the clock on 
this pin to the clock at FST (8 kHz) and will automatically 
accept 256,512, 1536, 1544,2048,2560, or 4096 kHz. For 
MCLK frequencies of 256 and 512 kHz, MCLK must be syn­
chronous and approximately rising edge aligned to FST. For 
optimum performance at frequencies of 1.536 MHz and 
higher, MCLK should be synchronous and approximately ris­
ingedge aligned to the rising edge of FST. In many ap­
plications, MCLK may be tied to the BCLKT pin. 

FST 
Frame Sync, Transmit (Pin 14) 

This pin accepts an 8 kHz clock that synchronizes the out­
put of the serial PCM data at the DT pin. This input is com­
patible with various standards including IDL, Long Frame 
Sync, Short Frame Sync, and GCI formats. If both FST and 
FSR are held low for several 8 kHz frames, the device will 
power down. 

BCLKT 
Bit Clock, Transmit (Pin 12) 

This pin controls the transfer rate of transmit PCM data. In 
the IDL and GCI modes it also controls the transfer rate of 
the receive PCM data. This pin can accept any bit clock fre­
quency from 64 to 4096 kHz for Long Frame Sync and Short 
Frame Sync timing. This pin can accept clock frequencies 
from 256 kHz to 4.096 MHz in IDL mode, and from 512 kHz 
to 6.176 MHz for GCI timing mode. 

DT 
Data, Transmit (Pin 13) 

This pin is controlled by FST and BCLKT and is high im­
pedance except when outputting PCM data. When operating 
in the IDL or GCI mode, data is output in either the Bl or B2 
channel as selected by FSR. This pin is high impedance 
when the device is in the powered down mode. 
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FSR 
Frame Sync, Receive (Pin 7) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts an 8 kHz clock, which synchronizes 
the input of the serial PCM data at the DR pin. FSR can be 
asynchronous to FST in the Long Frame Sync or Short 
Frame Sync modes. When an .ISDN mode (IDL or GCI) has 
been selected with BCLKR,this pin selects either Bl (logic 0) 
or B2 (logic 1) as the active data channel. 

BCLKR 
Bit Clock, Receive (Pin 9) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts any bit clock frequency from 64 to 
4096 kHz. When this pin is held at a logic 1, FST, BCLKT, DT, 
and DR become IDL Interface compatible. When this pin is 
held at a logic 0, FST, BCLKT, DT, and DR become GCllnter­
face compatible. 

DR 
Data, Receive (Pin 8) 

This pin is the PCM data input, and when in a Long Frame 
Sync or Short Frame Sync mode is controlled by FSR and 
BCLKA. When in the IDL or GCI mode, this data transfer is 
controlled by FST and BCLKT. FSR and BCLKR select the 
B channel and ISDN mode, respectively. 

FUNCTIONAL DESCRIPTION 

ANALOG INTERFACE AND SIGNAL PATH 

The transmit portion of this device includes a low-noise, 
three-terminal op amp capable of driving a 2 kn load. This 
op amp has inputs of TI+ (Pin 19) and TI- (Pin 18) and its 
output is TG (Pin 17). This op amp is intended to be confi­
gured in an inverting gain circuit. The analog signal may be 
applied directly to the TG pin if this transmit op amp is inde­
pendently powered down by connecting the TI+ and TI­
inputs to the VDD power supply. The TG pin becomes high 
impedance when the transmit op amp is powered down. The 
TG pin is internally connected to a 3-pole anti-aliasing pre­
filter. This pre-filter incorporates a 2-pole Butterworth active 
low-pass filter, followed by a single passive pole. This pre­
filter is followed by a single-ended to differential converter 
that is clocked at 512 kHz. All subsequent analog processing 
utilizes fully-differential circuitry. The next section is a fully­
differential, 5-pole sWitched-capacitor low-pass filter with a 
3.4 kHz frequency cutoff. After this filter is a 3-pole 
switched-capacitor high-pass filter having a cutoff fre­
quency of about 200 Hz. This high-pass stage has a trans­
mission zero at dc that eliminates any dc coming from the 
analog input or from accumulated op amp offsets in the pre­
ceding filter stages. The last stage of the high-pass filter is 
an autozeroed sample and hold amplifier. 

One bandgap voltage reference generator and digital-to­
analog converter (DAC) are shared by the transmit and re­
ceive sections. The autozeroed, switched-capacitor 
bandgap reference generates precise positive and negative 
reference voltages that are virtually independent of tempera­
ture and power supply voltage. A binary-weighted capacitor 
array (CDAC) forms the chords of the companding structure, 
while a resistor string (RDAC) implements the linear steps 
within each chord. The encode process uses the DAC, the 
voltage reference, and aframe-by-frame autozeroed 
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comparator to implement a successive-approximation con­
version algorithm. All of the analog circuitry involved in the 
data conversion (the voltage reference, RDAC, CDAC, and 
comparator) are implemented with a differential architecture. 

The receive section includes the DAC described above, a 
sample and hold amplifier, a 5-pole, 3400 Hz switched ca­
pacitor low-pass filter with sinXlX correction, and a 2-pole 
active smoothing filter to reduce the spectral components of 
the switched capacitor filter. The output of the smoothing fil­
ter is buffered by an amplifier, which is output at the RO+ and 
RO- pins. These outputs are capable of driving a 4 kO load 
differentially or a 2 kO load to the VAG pin. The MC145480 
also has a pair of power amplifiers that are connected in a 
push-pull configuration. The PI pin is the inverting input to 
the PO- power amplifier. The non-inverting input is internally 
tied to the VAG pin. This allows this amplifier to be used in an 
inverting gain circuit with two external resistors. The PO+ 
amplifier has a gain of minus one, and is internally con­
nected to the PO- output. This complete power amplifier cir­
cuit is a differential (push-pull) amplifier with adjustable gain 
that is capable of driving a 300 0 load to + 12 dBm. The 
power amplifier may be powered down independently of the 
rest of the chip by connecting the PI pin to VDD. 

POWER-DOWN 

There are two methods of putting this device into a low 
power consumption mode, which makes the device nonfunc­
tional and consumes virtually no power. PDI is the power­
down input pin which, when taken low, powers down the 
device. Another way to power the device down is to hold both 
the FST and FSR pins low. When the chip is powered down, 
the VAG, TG, RO+, RO-, PO+, PO-, and DT outputs are high 
impedance. To return the chip to the power-up state, PDI 
must be high and either the FST or the FSR frame sync pulse 

must be present. The DT output will remain in a high-imped­
ance state for at least two FST pulses after power-up. 

MASTER CLOCK 

Since this codec-filter design has a single DAC architec­
ture, the MCLK pin is used as the master clock for all analog 
signal processing including analog-to-digital conversion, 
digital-to-analog conversion, and for transmit and receive fil­
tering functions of this device. The clock frequency applied to 
the MCLK pin may be 256 kHz, 512 kHz, 1.536 MHz, 
1.544 MHz, 2.048 MHz, 2.56 MHz, or 4.096 MHz. This de­
vice has a prescalerthat automatically determines the proper 
divide ratio to use for the MCLK input, which achieves the re­
quired 256 kHz internal sequencing clock. The clocking re­
quirements of the MCLK input are independent of the PCM 
data transfer mode (i.e., Long Frame Sync, Short Frame 
Sync, IDL mode, or GCI mode). 

DIGITAL I/O 

The MC145480 is pin selectable for Mu-Law or A-Law. 
Table 1 shows the 8-bit data word format for positive and 
negative zero and full scale for both companding schemes 
(see Tables 3 and 4 at the end of this document for a com­
plete PCM word conversion table). Table NO TAG shows the 
series of eight PCM words for both Mu-Law and A-Law that 
correspond to a digital milliwatt. The digital mW is the 1 kHz 
calibration signal reconstructed by the DAC that defines the 
absolute gain or 0 dBmO Transmission Level Point (TLP) of 
the DAC. The 0 dBmO level for Mu-Law is 3.17 dB below the 
maximum level for an unclipped tone signal. The 0 dBmO 
level for A-Law is 3.14 dB below the maximum level for an 
unclipped tone signal. The timing for the PCM data transfer is 
independent of the companding scheme selected. Refer to 
Figure NO TAG for a summary and comparison of the four 
PCM data interface modes of this device. 

Table 1. PCM Codes for Zero and Full Scale 

Level Sign Bit 

+ Full Scale 1 

+ Zero 1 

-Zero 0 

- Full Scale a 

Phase Sign Bit 

niB 0 

3n1B 0 

5n1B 0 

7n1B a 
9n1B 1 

11n1B 1 

13n1B 1 

15n1B 1 
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Mu-Law 

Chord Bits Step Bits Sign Bit 

000 0000 1 

111 1111 1 

111 1111 0 

000 0000 0 

Table 2. PCM Codes for Digital mW 

Mu-Law 

Chord Bits Step Bits Sign Bit 

001 1110 0 

000 1011 0 

000 1011 a 
001 1110 0 

001 1110 1 

000 1011 1 

000 1011 1 

001 1110 1 

A-Law 

Chord Bits 

a 10 

101 

101 

010 

A-Law 

Chord Bits 

011 

010 

010 

011 

011 

010 

010 

011 

Step Bits 

1010 

0101 

0101 

1010 

Step Bits 

0100 

0001 

0001 

0100 

0100 

0001 

0001 

0100 
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FST(FSR) 

BCLI<T (BClKR) 

DT 

DR 

FST(FSR) 

BClKT (BClKR) 

DT 

11 I 2 I I 4 I 5 I 6 7 la~-I 
I DON'T CARE 11 I 2 I 3 I 4 I 5 I 6 7 I al DON'T CARE 

Figure NO TAGa. long Frame Sync (Transmit and Receive Have Individual 
Clocking) 

DR I DON'T CARE I 2 DON'T CARE 

IDl SYNC (FST) 

IDl CLOCK (BClKT) 

IDl TX(DT) 

IDlRX (DR) 

Figure NO TAGb. Short Frame Sync (Transmit and Receive Have Individual 
Clocking) 

B1-CHANNEl (FSR = 0) B2-CHANNEl (FSR = 1) 

Figure NO TAGc. IDl Interface - BClKR = 1 (Transmit and Receive Have Common 
Clocking) 

FSC (FST) n 
DCl(BClKT) 
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Dout (DT) 11 2 I 4 I I 7 la H 4 7 lal 

Din (DR) 
DON'T 

2 4 I I 7 I a I 1 I 4 I 7 lal CARE 

B1-CHANNEl (FSR = 0) B2-CHANNEl (FSR = 1) 

Figure NO TAGd. GCllnterface - BClKR = 0 (Transmit and .Receive Have Common 
Clocking) 

Figure 2. Digital Timing Modes for the PCM Data Interface 

DON'TCAR,E 

MOTOROLA 



Long Frame Sync 

Long Frame Sync is the industry name for one type of 
clocking format that controls the transfer of the PCM data 
words. (Refer to Figure NO TAGa.) The "Frame Sync" or 
"Enable" is used for two specific synchronizing functions. 
The first is to synchronize the PCM data word transfer, and 
the second is to control the internal analog-to-digital and 
digital-to-analog conversions. The term "Sync" refers to the 
function of synchronizing the PCM data word onto or oil of 
the multiplexed serial PCM data bus, which is also known as 
a PCM highway. The term "Long" comes from the duration of 
the frame sync measured in PCM data clock cycles. long 
Frame Sync timing occurs when the frame sync is used di­
rectly as the PCM data output driver enable. This results in 
the PCM output going low impedance with the rising edge of 
the transmit frame sync, and remaining low impedance for 
the duration of the transmit frame sync. 

The implementation of long Frame Sync has maintained 
compatibility and been optimized for extemal clocking sim­
plicity. This optimization includes the PCM data output going 
low impedance with the logical AND of the transmit frame 
sync (FST) with. the transmit data bit clock (BClKT). The op­
timization also includes the PCM data output (DT) remaining 
low impedance until the middle of the lSB (seven and a half 
PCM data clock cycles) or until the FST pin is taken low, 
whichever occurs last. This requires the frame sync to be 
approximately rising edge aligned with the initiation of the 
PCM data word transfer, but the frame sync does not have a 
precise timing requirement for the end of the PCM data word 
transfer. The device recognizes long Frame Sync clocking 
when the frame sync is held high for two consecutive falling 
edges of the transmit data clock. The transmit logic decides 
on each frame sync whether it should interpret the next 
frame sync pulse as a long or a Short Frame Sync. This de­
cision is used for receive circuitry also. The device is de­
signed to prevent PCM bus contention by not allowing the 
PCM data output to go low impedance for at least two frame 
sync cycles after power is applied or when coming out of the 
powered down mode. 

The receive side of the device is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit PCM data word. Thus the 
PCM digital switch needs to be able to generate only one 
type of frame sync for use by both transmit and receive sec­
tions of the device. 

The logical AND of the receive frame sync with the receive 
data clock tells the device to start latching the 8-bit serial 
word into the receive data input on the falling edges of the 
receive data clock. The internal receive logic counts the re­
ceive data clock cycles and transfers the PCM data' word to 
the digital-to-analog converter sequencer on the ninth data 
clock rising edge. 

This device is compatible with four digital interface modes. 
To ensure that this device does not reprogram itself for a dif­
ferent timing mode, the BClKR pin must change logic state 
no less than every 125 lis. The minimum PCM data bit clock 
frequency of 64 kHz satisfies this requirement. 

Short Frame Sync 

Short Frame Sync is the industry name for the type of 
clocking format that controls the transfer of the PCM data 
words (refer to Figure NO TAGb). The "Frame Sync" or "En-
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able" is used for two specific synchronizing functions. The 
first is to synchronize the PCM data word transfer, and the 
second is to control the internal analog-to-digital and digital­
to-analog conversions. The term "Sync" refers to the func­
tion of synchronizing the PCM data word onto or oil of the 
multiplexed serial PCM data bus, which is also known as a 
PCM highway. The term "Short" comes from the duration of 
the frame sync measured in PCM data clock cycles. Short 
Frame Sync timing occurs when the frame sync is used as a 
"pre--synchronization" pulse that is used to tell the internal 
logic to clock out the PCM data word under complete control 
of the data clock. The Short Frame Sync is held high for one 
falling data clock edge. The device outputs the PCM data 
word beginning with the following rising edge of the data 
clock. This results in the PCM output going low irnpedance 
with the rising edge of the transmit data clock, and remaining 
low impedance until the middle of the lSB (seven and a half 
PCM data clock cycles). 

The device recognizes Short Frame Sync clocking when 
the frame sync is held high for one and only one falling edge 
of the transmit data clock. The transmit logic decides on each 
frame sync whether it should interpret the next frame sync 
pulse as a long or a Short Frame Sync. This decision is used 
for receive circuitry also. The device is designed to prevent 
PCM bus contention by not allowing the PCM data output to 
go low impedance for at least two frame sync cycles after 
power is applied or when coming out of the powered down 
mode. 

The receive side of the device is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit PCM data word. Thus the 
PCM digital switch needs to be able to generate only one 
type of frame sync for use by both transmit and receive sec­
tions of the device. 

The falling edge of the receive data clock latching a high 
logic level at the receive frame sync input tells the device to 
start latching the 8-bit serial word into the receive data input 
on the following eight falling edges of the receive data clock. 
The internal receive logic counts the receive data clock 
cycles and transfers the PCM data word to the digital-to­
analog converter sequencer on the rising data clock edge af­
ter the lSB has been latched into the device. 

This device is compatible with four digital interface modes. 
To ensure that this device does not reprogram itself for a dif­
ferent timing mode, the BClKR pin must change logic state 
no less than every 125 lis. The minimum PCM data bit clock 
frequency of 64 kHz satisfies this requirement. 

Interchip Digital Link (IOL) 

The Interchip Digital Link (IDl) Interface is one of two 
standard synchronous 2B+D ISDN timing interface modes 
with which this device is compatible. In the IDl mode, the de­
vice can communicate in either of the two 64 kbps B chan­
nels (refer to Figure NO TAGc for sample timing). The IDl 
mode is selected when the BClKR pin is held high for two or 
more FST (IDl SYNC) riSing edges. The digital pins that con­
trol the transmit and receive PCM word transfers are repro­
grammed to accommodate this mode. The pins allected are 
FST, FSR, BClKT, DT, and DR. The IDl Interface consists of 
four pins: IDl SYNC (FST), IDl ClK (BClKT), IDl TX (DT), 
and IDl RX (DR). The IDl interface mode provides access to 
both the transmit and receive PCM data words with common 
control clocks of IDl Sync and IDl Clock. In this mode, the 
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FSR pin controls whether the B1 channel or the B2 channel 
is used for both transmit and receive PCM data word trans­
fers. When the FSR pin is low, the transmit and receive PCM 
words are transferred in the B1 channel, and for FSR high 
the B2 channel is selected. The start of the B2 channel is ten 
IDl ClK cycles after the start of the B1 channel. 

The IDl SYNC (FST, Pin 14) is the input for the IDl frame 
synchronization signal. The signal at this pin is nominally 
high for one cycle of the IDl Clock signal and is rising edge 
aligned with the IDl Clock signal. (Refer to Figure 4 and the 
IDl Timing specifications for more details.) This event identi­
fies the beginning of the IDl frame. The frequency of the IDl 
Sync signal is 8 kHz. The rising edge of the IDl SYNC (FST) 
should be aligned approximately with the rising edge of 
MClK. MClK must be one of the clock frequencies specified 
in the Digital Switching Characteristics table, and is typically 
tied to IDl ClK (BClKT). 

The IDl ClK (BClKT, Pin 12) is the input for the PCM 
data clock. All IDl PCM transfers and data control sequenc­
ing are controlled by this clock following the IDl SYNC. This 
pin accepts an IDl data clock frequency of 256 kHz to 4.096 
MHz. 

The IDl TX (DT, Pin 13) is the output for the transmit PCM 
data word. Data bits are output for the B1 channel on se­
quential rising edges of the IDl ClK signal beginning after 
the IDl SYNC pulse. If the B2 channel is selected, then the 
PCM word transfer starts on the eleventh IDl ClK rising 
edge after the IDl SYNC pulse. The IDl TX pin will remain 
low impedance for the duration of the POM word until the 
lSB after the falling edge of IDl ClK. The IDl TX pin will re­
main in a high impedance state when not outputting PCM 
data or when a valid IDl Sync signal is missing. 

The IDl RX (DR, Pin 8) is the input for the receive PCM 
data word. Data bits are input for the B1 channel on sequen­
tial falling edges of the IDl ClK signal beginning after the 
IDl SYNC pulse. If the B2 channel is selected, then the PCM 
word is latched in starting on the eleventh IDl ClK falling 
edge after the IDl SYNC pulse. 

General Circuit Interface (GCI) 

The General Circuit Interface (GCI) is the second of two 
standard synchronous 2B+D ISDN timing interface modes 
with which this device is compatible. In the GCI mode, the 
device can communicate in either of the two 64 kbps B­
channels. (Refer to Figure 2d for sample timing.) The GCI 
mode is selected when the BClKR pin is held low for two or 
more FST (FSC) rising edges. The digital pins that control 
the transmit and receive PCM word transfers are repro­
grammed to accommodate this mode. The pins affected are 
FST, FSR, BClKT, DT, and DR. The GCI Interface consists 
of four pins: FSC (FST), DCl (BClKT), Dout (DT), and Din 
(DR). The GCI interface mode provides access to both the 
transmit and receive PCM data words with common control 
clocks of FSC (frame synchronization clock) and DCl (data 
clock). In this mode, the FSR pin controls whether the B1 
channel or the B2 channel is used for both transmit and re­
ceive PCM data word transfers. When the FSR pin is low, the 
transmit and receive PCM words are transferred in the B1 
channel, and for FSR high the B2 channel is selected. The 
start of the B2 channel is 16 DCl cycles after the start of the 
B1 channel. 
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The FSC (FST, Pin 14) is the input for the GCI frame syn­
chronization signal. The signal at this pin is nominally rising 
edge aligned with the DCl clock signal. (Refer to Figure 6 
and the GCI Timing specifications for more details.) This 
event identifies the beginning of the GCI frame. The frequen­
cy of the FSC synchronization signal is 8 kHz. The riSing 
edge of the FSC (FST) should be aligned approximately with 
the rising edge of MClK. MClK must be one of the clock fre­
quencies specified in the Digital Switching Characteristics 
table, and is typically tied to DCl (BClKT). 

The DCl (BClKT, Pin 12) is the input for the clock that 
controls the PCM data transfers. The clock applied at the 
DCl input is twice the actual PCM data rate. The GCI frame 
begins with the logical AND of the FSC with the DCL. This 
event initiates the PCM data word transfers for both transmit 
and receive. This pin accepts a GCI data clock frequency of 
512 kHz to 6.176 MHz for PCM data rates of 256 kHz to 
3.088 MHz. 

The GCI Dout (DT, Pin 13) is the output for the transmit 
PCM data word. Data bits are output for the B1 channel on 
alternate rising edges of the DCl clock signal, beginning with 
the FSC pulse. If the B2 channel is selected, then the PCM 
word transfer starts on the seventeenth DCl rising edge after 
the FSC riSing edge. The Dout pin will remain low impedance 
for 15-1/2 DCl clock cycles. The Dout pin becomes high 
impedance after the second falling edge of the DCl clock 
during the lSB of the PCM word. The Dout pin will remain in 
a high:-impedance state when not outputting PCM data or 
when a valid FSC signal is missing. 

The Din (DR, Pin 8) is the input for the receive PCM data 
word. Data bits are latched in for the B 1 channel on alternate 
rising edges of the DCl clock signal, beginning with the se­
cond DCl clock after the rising edge of the FSC pulse. If the 
B2 channel is selected then the PCM word is latched in start­
ing on the eighteenth DCl rising edge after the FSC rising 
edge. 

PRINTED CIRCUIT BOARD LAYOUT 
CONSIDERATIONS 

The MC145480 is manufactured using high-speed CMOS 
VlSI technology to implement the complex analog signal 
processing functions of a PCM Codec-Filter. The fully-differ­
ential analog circuit design techniques used for this device 
result in superior performance for the switched capacitor fil­
ters, the analog-to-digital converter (ADC) and the digital­
to-analog converter (DAC). Special attention was given to 
the design of this device to reduce the sensitivities of noise, 
including power supply rejection and susceptibility to radio 
frequency noise. This special attention to design includes a 
fifth order low-pass filter, followed by a third order high-pass 
filter whose output is converted to a digital signal with greater 
than 75 dB of dynamic range, all operating on a single 5 V 
power supply. This results in a Mu-law lSB size for small 
audio signals of about 386 ~ V. The typical idle channel noise 
level of this device is less than one lSB. In addition to the 
dynamic range of the codec-filter function of this device, the 
input gain-setting op amp has the capability of greater than 
35 dB of gain intended for an electret microphone interface. 

This device was designed for ease of implementation, but 
due to the large dynamic range and the noisy nature of the 
environment for this device (digital switches, radio tele­
phones, DSP front-end, etc.) special care must be taken to 
assure optimum analog transmission performance, 
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PC BOARD MOUNTING 

It is recommended that the device be soldered to the PC 
board for optimum noise performance. If the device is to be 
used in a socket, it should be placed in a low parasitic pin 
inductance (generally, low-profile) socket. 

POWER SUPPLY, GROUND, AND NOISE 
CONSIDERATIONS 

This device is intended to be used in switching applica­
tions which often require plugging the PC board into a rack 
with power applied. This is known as "hot-rack insertion." In 
these applications care should be taken to limit the voltage 
on any pin from going positive of the VOO pins, or negative of 
the VSS pins. One method is to extend the ground and power 
contacts of the PCB connector. The device has input protec­
tion on all pins and may source or sink a limited amount of 
current without damage. Current limiting may be accom­
plished by series resistors between the signal pins and the 
connector contacts. 

The most important considerations for PCB layout deal 
with noise. This includes noise on the power supply, noise 
generated by tl:le digital circuitry on the device, and cross 
coupling digital or radio frequency signals into the audio sig­
nals of this device. The best way to prevent noise is to: 

1. Keep digital signals as far away from audio signals as 
possible. 

2. Keep radio frequency signals as far away from the audio 
signals as possible. 

3. Use short, low inductance traces for the audio circuitry 
to reduce inductive, capacitive, and radio frequency 
noise sensitivities. 

4. Use short, low inductance traces for digital and RF 
circuitry to reduce inductive, capacitive, and radio 
frequency radiated noise. 

5. Bypass capacitors should be connected from the VOO 
and VAG pins to VSS with minimal trace length. Ceramic 
monolithic capacitors of about 0.1 ~F are acceptable to 
decouple the device from its own noise. The VOO 
capacitor helps supply the instantaneous currents of the 
digital circuitry in addition to decoupling the noise which 
may be generated by other sections of the device or 
other circuitry on the power supply. The VAG decoupling 
capacitor helps to reduce the impedance of the VAG pin 
to V SS at frequencies above the bandwidth of the VAG 
generator, which reduces the susceptibility to RF noise. 

6. Use a short, wide, low inductance trace to connect the 
V SS ground pin to the power supply ground. The V SS pin 
is the digital ground and the most negative power supply 
pin for the analog circuitry. All analog signal processing 
is referenced to the VAG pin, but because digital and RF 
circuitry will probably be powered by this same ground, 
care must be taken to minimize high frequency noise in 
the VSS trace. Oepending on the application, a double­
sided PCB with a V SS ground plane connecting all of the 
digital and analog VSS pins together would be a good 
grounding method. A multilayer PC board with a ground 
plane connecting all of the digital and analog VSS pins 
together would be the optimal ground configuration. 
These methods will result in the lowest resistance and 
the lowest inductance in the ground circuit. This is 
important to reduce voltage spikes in the ground circuit 
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resulting from the high speed digital current spikes. The 
magnitude of digitally induced voltage spikes may be 
hundreds of times larger than the analog signal the 
device is required to digitize. 

7. Use a short, wide, low inductance trace to connect the 
VOO power supply pin to the 5 V power supply. 
Oepending on the application, a double-sided PCB with 
VOO bypass capacitors to the VSS ground plane, as 
described above, may complete the low impedance 
coupling for the power supply. For a multilayer PC board 
with a power plane, connecting all olthe VOO pins to the 
power plane would be the optimal power distribution 
method. The integrated circuit layout and packaging 
considerations for the 5 V VOO power circuit are 
essentially the same as for the VSS ground circuit. 

8. The VAG pin is the reference for all analog signal 
processing. In some applications the audio signal to be 
digitized may be referenced to the VSS ground. To 
reduce the susceptibility to noise at the input of the AOC 
section, the three-terminal op amp may be used in a 
differential to single-ended circuit to provide level 
conversion from the V SS ground to the VAG ground with 
noise cancellation. The op amp may be used for more 
than 35 dB of gainin microphone interface circuits, which 
will require a compact layout with minimum trace lengths 
as well as isolation from noise sources. It is recom­
mended that the layout be as symmetrical as possible to 
avoid any imbalances which would reduce the noise 
cancelling benefits of this differential op amp circuit. 
Refer to the application schematics for examples of this 
circuitry. 

If possible, reference audio signals to the VAG pin 
instead of to the VSS pin. Handset receivers and tele­
phone line interface circuits using transformers may be 
audio signal referenced completely to the VAG pin. Re­
fer to the application schematics for examples of this 
circuitry. The VAG pin cannot be used for ESO or line 
protection. 

9. For applications using multiple MC145480 PCM Codec­
Filters, the VAG pins cannot be tied together. The VAG 
pins are capable of sourcing and sinking current and will 
each be driving the node, which will result in large 
contention currents, crosstalk susceptibilities, and in­
creased noise. 

10. The MC 145480 is fabricated with advanced high-speed 
CMOS technology that is capable of responding to noise 
pulses on the clock pins of 1 ns or less. It should be noted 
that noise pulses of such short duration may not be seen 
with oscilloscopes that have less bandwidth than 
600 MHz. The most often encountered sources of clock 
noise spikes are inductive or capacitive coupling of 
high-speed logic signals, and ground bounce. The best 
solution for addressing clock spikes from coupling is to 
separate the traces and use short low inductance PC 
board traces. To address ground bounce problems, all 
integrated circuits should have high frequency bypass 
capacitors directly across their power supply pins, with 
low inductance traces for ground and power supply. A 
less than optimum solution may be to limit the bandwidth 
of the trace by adding series resistance and/or capaci­
tance at the input pin. 
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MAXIMUM RATINGS (Voltages Referenced to VSS Pin) 

Rating 

DC Supply Voltage 

Voltage on Any Analog Input or Output Pin 

Voltage on Any Digital Input or Output Pin 

Operating Temperature Range 

Storage Temperature Range 

POWER SUPPLY (TA = - 40 to + 85°C) 

Characteristics 

DC Supply Voltage 

Active Power Oissipation (No Load, PI ~ VOO - 0.5 V) 
(No Load, PI s: VOO - 1.5 V) 

Power-Down Dissipation (VIH for Logie Levels Must be ~ 3.0 V) POI = VSS 
FST and FSR = VSS, POI = VOO 

DIGITAL LEVELS (VOO = + 5 V ± 5%, VSS = 0 V, TA = - 40 to + 85°C) 

Characteristics 

Input Low Voltage 

Input High Voltage 

Output Low Voltage (OT Pin, 10L = 2.5 mAl 

Output High Voltage (OT Pin, 10H = - 2.5 mAl 

Input Low Current (VSS s: Vin s: VOO) 

Input High Current (VSS s: Vin s: VOO) 

Output Current in High Impedance State (VSS ,; OT,; VOO) 

Input Capacitance of Digital Pins (Except OT) 

Input Capacitance of OT Pin when High-Z 
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Symbol 

VOO 

TA 

Tstg 

Min 

4.75 

-
-

-
-

Symbol 

VIL 

VIH 

VOL 

VOH 

IlL 

IIH 

10Z 

Cin 

Cout 

Value Unit 

-0.5t06 V 

VSS - 0.3 to VOO + 0.3 V 

VSS - 0.3 to VOO + 0.3 V 

-40to+85 °C 

- 85 to +150 °C 

Typ Max Unit 

5.0 5.25 V 

23 33 mW 
25 35 

0.01 0.5 mW 
0.1 1.0 

Min Max Unit 

- 0.6 V 

2.2 - V 

- 0.4 V 

VOO - 0.5 - V 

-10 +10 flA 

-10 +10 flA 

-10 +10 flA 

- 10 pF 

- 15 pF 
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ANALOG ELECTRICAL CHARACTERISTICS (VDD = + 5 V ± 5%, VSS = a V, TA = - 40 to + 85°C) 

Characteristics Min Typ 

Input Current TI+, TI- - ±0.1 

AC Input Impedance to VAG (1 kHz) TI+, TI- - 1.0 

Input Capacitance TI+, TI- - -
Input Offset Voltage of TG Op Amp TI+, TI- - -
Input Common Mode Voltage Range TI+, TI- 1.2 

Input Common Mode Rejection Ratio TI+, TI- - 60 

Gain Bandwidth Product (10 kHz) oITG Op Amp (RL" 10 kQ) - 3000 

DC Open Loop Gain of TG Op Amp (RL " 10 kQ) - 95 

Equivalent Input Noise (C-Message) Between TI+ and TI- at TG - -30 

Output Load Capacitance for TG Op Amp a -

Output Voltage Range for TG 
(RL = 10 kQ to VAG) 0.5 -
(RL = 2 kQ to VAG) 1.0 -

Output Current (0.5 V,; Vout'; VDD - 0.5 V) TG,RO+,RO- ±1.0 -
Output Load Re~istance to VAG TG, RO+, and RO- 2 -
Output Impedance (0 to 3.4 kHz) RO+or RO- - 1 

Output Load Capacitance RO+or RO- O -
DC Output Offset Voltage of RO+ or RO- Referenced to VAG - -
VAG Output Voltage Referenced to VSS (No Load) 2.2 2.4 

VAG Output Current with ± 25 mV Change in Output Voltage ±2.0 ±10 

Power Supply Rejection Ratio Transmit 50 80 
(0 to 100 kHz @100mVrmsAppliedtoVDD, Receive 50 75 
C-Message Weighting, All Analog Signals 
Referenced to VAG Pin) 

Power Drivers PI, PO+, PO-

Input Current (VAG - 0.5 V,; PI ,; VAG + 0.5 V) PI - ±0.05 

Input Resistance (VAG - 0.5 V ,; PI ,; VAG + 0.5 V) PI 10 -

Input Offset Voltage PI - -

Output Offset Voltage of PO+ Relative to PO- (Inverted Unity Gain for PO-) - -
Output Current (VSS + 0.7 V,; PO+ or PO-,; VDD - 0.7 V) ±10 -

PO+ or PO- Output Resistance (Inverted Unity Gain for PO-) - 1 

Gain Bandwidth Product (10 kHz, Open Loop for PO-) - 1000 

Load Capacitance (PO+ or PO- to VAG, or PO+ to PO-) a -

Gain of PO+ Relative to PO- (RL = 300 Q, + 3 dBmO, 1 kHz) -0.2 0 

Total Signal to Distortion at PO+ and PO- with a 300 Q Differential Load 45 60 

Power Supply Rejection Ratio Ot04 kHz 40 55 
(0 to 25 kHz @ 100 mVrms Applied to VDD. 4 to 25 kHz - 40 
PO- Connected to PI. Differential or Measured 
Referenced to VAG Pin.) 
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Max 

± 1.0 

-

10 

±5 

VDD-2.0 

-

-
-

-
100 

VDD-0.5 
VDD -1.0 

-
-
-

500 

±25 

2.6 

-

-
-

± 1.0 

-

±20 

±50 

-

-
-

1000 

+ 0.2 

-

-
-

Unit 

rnA 

MQ 

pF 

mV 

V 

dB 

kHz 

dB 

dBmC 

pF 

V 

rnA 

kQ 

Q 

pF 

mV 

V 

rnA 

dBC 

rnA 

MQ 

mV 

mV 

rnA 

Q 

kHz 

pF 

dB 

dBC 

dB 
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ANALOG TRANSMISSION PERFORMANCE 
(VDD = + 5 V ± 5%, VSS = 0 V, All Analog Signals Referenced to VAG, 0 dBmO = 0.775 Vrms = + 0 dBm @ 600 n, FST = FSR = 8 kHz, 
BCLKT = MCLK = 2.048 MHz Synchronous Operation, TA = - 40 to + 85°C, Unless Otherwise Noted) 

End-to-End AID 

Characteristics Min Max Min Max 

Absolute Gain (0 dBmO @ 1.02 kHz, TA = 25°C, VDD = 5.0 V) - - -0.25 + 0.25 

Absolute Gain Variation with Temperature o to + 70°C - - - ±0.03 
-40 to + 85°C - -'- - ±0.05 

Absolute Gain Variation with Power Supply (T A = 25°C) - - - ±0.03 

Gain vs Level Tone (Mu-Law, Relative to - 1 a dBmO, 1.02 kHz) 
+ 3 to - 40 dBmO @ 0 to + 85°C - - -0.25 +0.25 
+ 3 to-40 dBmO @ -40 to O°C - - -0.25 + 0.25 

-40 to- 50 dBmO @ 0 to + 85°C - - -0.8 + 0.8 
-40 to- 50 dBmO @ - 40 to O°C - - -0.8 + 0.8 
- 50 to - 55 dBmO @ 0 to + 85°C - - -1.3 + 1.3 
-50 to- 55 dBmO @ - 40 to aoc - - -1.3 + 1.3 

Gain vs Level Pseudo Noise, CCITT G.712 -10 to-40 dBmO - - -0.25 +0.25 
(A-Law, Relative to -10 dBmO) -40 to -50 dBmO - - -0.60 + 0.30 

-50 to- 55 dBmO - - -1.00 +0.45 

Total Distortion, 1.02 kHz Tone (Mu-Law, C-Message Weighting) 
+3 dBmO - - 34 -

o to- 30 dBmO - - 36 -
- 40 dBmO @ 0 to + 85°C - - 30 -
-40 dBmO @ - 40 to O°C - - 28.5 -

-45dBmO - - 25 -
Total Distortion, Pseudo Noise, CCITI G.714 (A-Law) -3dBmO - - 30.0 -

- 6 to - 27 dBmO - - 35.0 -
-34dBmO - - 34.0 -

-40 dBmO @ 0 to + 85°C - - 28.5 -
-40 dBmO @ - 40 to O°C - - 28.0 -

-55dBmO - - 13.5 -
Idle Channel Noise (For End-to-End and AID, See Note 1) 

(Mu-Law, C-Message Weighted) - - - 18 
(A-Law, Psophometric Weighted) - - - -68 

Frequency Response (Relative to 1.02 kHz @ 0 dBmO) 15 Hz - - - -40 
50 Hz - - - -30 
60 Hz - - - -26 

200 Hz - - -1.0 -0.4 
300 to 3000 Hz - - -0.20 +0.15 

3300 Hz - - -0.35 +0.15 
3400 Hz - - -0.8 0 
4000 Hz - - - -14 

4600 Hz to 100 kHz - - - -32 

In-Band Spurious (1.02 kHz @ 0 dBmO, Transmit and Receive) 
300 to 3000 Hz - -48 - -48 

Out-ol-Band Spurious at RO+ (300 to 3400 Hz @ 0 dBmO in) 
4600 to 7600 Hz - -30 - -
7600 to 8400 Hz - -40 - -

8400 to 100,000 Hz - -30 - -
Idle Channel Noise Selective (8 kHz, Input = VAG, 30 Hz Bandwidth) - -70 - -
Absolute Delay (1600 Hz) - - - 315 

Group Delay Referenced to 1600 Hz 500 to 600 Hz - - - 210 
600 to 800 Hz - - - 130 

800 to 1000 Hz - - - 70 
1000 to 1600 Hz - - - 35 
1600 to 2600 Hz - - - 70 
2600 to 2800 Hz - - - 95 
2800 to 3000 Hz - - - 145 

Crosstalk of 1020 Hz @ 0 dBmO from AID or D/A (Note 2) - - - -75 

Intermodulation Distortion 01 Two Frequencies 01 Amplitudes 
(- 4 to - 21 dBmO lrom the Range 300 to 3400 Hz) - -41 - -41 

NOTES: 
1. Extrapolated Irom a 1020 Hz @ - 50 dBmO distortion measurement to correct for encoder enhancement. 
2. Selectively measured while stimulated with 2667 Hz @ - 50 dBmO. 
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D/A 

Min Max Units 

-0.25 +0.25 dB 

- ±0.03 dB 
- ±a.05 

- ±0.04 dB 

dB 
-0.20 +0.20 
-0.25 + 0.25 
-0.5 + 0.5 
-0.9 +0.9 
-1.0 + 1.0 
-1.8 + 1.8 

-0.25 +0.25 dB 
-0.30 + 0.30 
-0.45 + 0.45 

dBC 
34 -
36 -
30 -

28.5 -
25 -

30.0 - dB 
36.0 -
34.5 -
29.5 -
28.5 -
14.5 -

- 11 dBrncO 
- -78 dBmOp 

-0.5 0 dB 
-0.5 0 
-0.5 0 
-0.5 0 
-0.15 + 0.15 
-0.35 +0.15 
-0.8 0 
- -14 
- 30 

dB 
- -48 

dB 
- -30 
- -40 
- -30 

- -70 dBmO 

- 205 ~s 

-40 - ~s 
-40 -
-40 -
-30 -
- 85 
- 110 
- 175 

- -70 dB 

dB 
- -41 
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DIGITAL SWITCHING CHARACTERISTICS, LONG FRAME SYNC AND SHORT FRAME SYNC 
(VDD = + 5 V± 5%, VSS = 0 V, All Digital Signals Referenced to VSS, TA = -40 to + 85"C, Cl = 150 pF, Unless Otherwise Noted) 

Ref. 
No. Characteristics 

1 Master Clock Frequency for MClK 

1 MClK Duty Cycle for 256 kHz Operation 

2 Minimum Pulse Width High for MClK (Frequencies of 512 kHz or Greater) 

3 Minimum Pulse Width low for MClK (Frequencies of 512 kHz or Greater) 

4 Rise Time for All Digital Signals 

5 Fall Time for All Digital Signals 

6 Setup Time from MClK low to FST High 

7 Setup Time from FST High to MClK low 

8 Bit CI9ck Data Rate for BClKT or BClKR 

9 Minimum Pulse Width High for BClKT or BClKR 

10 Minimum Pulse Width low for BClKT or BClKR 

11 Hold Time from BClKT (BClKR) low to FST (FSR) High 

12 Setup Time for FST (FSR) High to BClKT (BClKR) low 

13 Setup Time from DR Valid to BClKR low 

14 Hold Time from BClKR low to DR Invalid 

LONG FRAME SPECIFIC TIMING 

15 Hold Time from 2nd Period of BClKT (BClKR) low to FST (FSR) low 

16 Delay Time from FST or BClKT, Whichever is later, to DT for Valid MSB Data 

17 Delay Time from BClKT High to DT for Valid Chord and Step Bit Data 

18 Delay Time from the later of the 8th BClKT Falling Edge, or the Falling Edge 
of FST to DT Output High Impedance 

19 Minimum Pulse Width low for FST or FSR 

SHORT FRAME SPECIFIC TIMING 

20 Hold Time from BClKT (BClKR) low to FST (FSR) low 

21 Setup Time from FST (FSR) low to MSB Period of BClKT (BClKR) low 

22 Delay Time from BClKT High to DT Data Valid 

23 Delay Time from the 8th BClKT low to DT Output High Impedance 

MOTOROLA 

Min Typ 

- 256 
- 512 
- 1536 
- 1544 
- 2048 
- 2560 
- 4096 

45 -

50 -

50 -

- -
- -

50 -
50 -

64 -
50 -
50 -

20 -
80 -
0 -

50 -

50 -
- -
- -
10 -

50 -

50 -

50 -
10 -
10 -

Max 

-
-
-
-
-
-
-

55 

-
-

50 

50 

-
-

4096 

-

-
-

-

-

-

-
60 

60 

60 

-

-

-
60 

60 

Unit 

kHz 

% 

ns 

ns 

ns 

ns 

ns 

ns 

kHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 3. Long Frame Sync Timing 
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DIGITAL SWITCHING CHARACTERISTICS FOR IDL MODE 
(VDD = 5.0 V ± 5%, TA = - 40 to + 85°C, Cl = 150 pF, See Figure 5 and Note 1) 

Ref. 
No. Characteristics Min Max Unit 

31 Time Between Successive IDl Syncs Note 2 

32 Hold Time of IDl SYNC After Falling Edge of IDl ClK 20 - ns 

33 Setup Time of IDl SYNC Before Falling Edge IDl ClK 60 - ns 

34 IDl Clock Frequency 256 4096 kHz 

35 IDl Clock Pulse Width High 50· - ns 

36 IDl Clock Pulse Width low 50 - ns 

37 Data Valid on IDl RX Before Falling Edge of IDl ClK 20 - ns 

38 Data Valid on IDl RX After Falling Edge of IDl ClK 75 - ns 

39 Falling Edge of IDl ClK to High-Z on IDl TX 10 50 ns 

40 Rising Edge of IDl ClK to low-Z and Data Valid on IDl TX 10 60 ns 

41 Rising Edge of IDl ClK to Data Valid on IDl TX - 50 ns 

NOTES: 
1. Measurements are made from the point at which the logic signal achieves the guaranteed minimum or maximum logic level. 
2. In IDl mode, both transmit and receive 8-bit PCM words are accessed during the Bl channel, or both transmit and receive a-bit PCM words 

are accessed during the B2 channel as shown in Figure 5. IDl accesses must occur at a rate of 8 kHz (12511S interval). 

IDLE SYNC 
(FSn 

IOL TX 
(On 

IOLRX 
(DR) 
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Figure 5. IDL Interface Timing 
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DIGITAL SWITCHING CHARACTERISTICS FOR GCI MODE 
(VDD = 5.0 V ± 5%, TA = - 40 to + 85"C, Cl = 150 pF, See Figure 6 and Note 1) 

Ref. 
No. Characteristics Min Max Unit 

42 Time Between Successive FSC Pulses Note 2 

43 DCl Clock Frequency 512 6176 kHz 

44 DCl Clock Pulse Width High 50 - ns 

45 DCl Clock Pulse Width low 50 - ns 

46 Hold Time of FSC After Falling Edge of DCl 20 - ns 

47 Setup Time of FSC to DCl Falling Edge 60 - ns 

48 Rising Edge of DCl (After Rising Edge of FSC) to low Impedance and Valid Data of Dout - 60 ns 

49 Rising Edge of FSC (While DCl is High) to low Impedance and Valid Data of Dout - 60 ns 

50 Rising Edge of DCl to Valid Data on Dout - 60 ns 

51 Second DCl Falling Edge During lSB to High Impedance of Dout 10 50 ns 

52 Setup Time of Din Before Rising Edge of DCl 20 - ns 

53 Hold Time of Din After DCl Rising Edge - 60 ns 

NOTES: 
1. Measurements are made from the point at which the logic signal achieves the guaranteed minimum or maximum logic level. 
2. In GCI mode, both transmit and receive 8-bit PCM words are accessed during the B1 channel, or both transmit and receive 8-bit PCM words 

are accessed during the B2 channel as shown in Figure 6. GCI accesses must occur at a rate of 8 kHz (12511S interval). 

FSC 
(FST) 

DCL 
(BCLKT) 

Dou! (DT) 

Din (DR) 

FSC 

(FST) _-+-",+--,~I 

DCl 
(BClKT) 

Dou! (DT) ----€-

Din (DR) 
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Figure 6. GCI Interface Timing 
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Figure 7. MC145480 Test Circuit with Differential Input and Output 
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Figure 8. MC145480 Test Circuit with Input and Output Referenced to VSS 
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Figure 9. Long Frame Sync Clock Circuit for 2.048 MHz 
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Figure 10. MC145480 Analog Interface to Handset with IDL Clocking 
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Figure 11. MC145480 Transformer Interface to 600 Q Telephone Line with GCI Clocking 
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Figure 12. MC145480 Step-Up Transformer Interface to 600 Q Telephone Line 
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Table 3. Mu-Law Encode-Decode Characteristics 

Normalized 
Digital Code 

Encode 
Chord Number Step Decision 1 I 2 I 3 I 4 I 5 I 6 I 7 I 

Number of Steps Size Levels Sign J Chord I Chord 1 Chordi Step I Step L Step J 
8159 

1 a a a a a a 
7903 

8 16 256 
4319 

1 a a a 1 1 1 
4063 

7 16 128 2143 
1 a a 1 1 1 1 

2015 

6 16 64 1055 
1 a 1 a 1 1 1 

991 

5 16 32 511 
1 a 1 1 1 1 1 

479 

4 16 16 239 
1 1 a a 1 1 1 

223 

3 16 8 103 
1 1 a 1 1 1 1 

95 

2 16 4 35 
1 1 1 a 1 1 1 

31 

1 15 2 3 
1 1 1 1 1 1 1 

1 
1 1 1 1 1 1 1 1 1 

a 
NOTES: 

1. Characteristics are symmetrical about analog zero with sign bit = a for negative analog values. 
2. Digital code includes inversion of all magnitude bits. 
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8 

Step 

a 

1 

1 

1 

1 

1 

1 

1 

a 

1 

Normalized 
Decode 
Levels 

8031 

4191 

2079 

1023 

495 

231 

99 

33 

2 

a 
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Table 4. A-Law Encode-Decode Characteristics 

Normalized 
Digital Code 

Encode 
Chord Number Step Decision 1 I 2 I 3 I 4 I 5 I 6 I 7 I 

Number of Steps Size Levels Sign I Chord I Chord I Chord I Step I Step I Step I 
4096 

1 0 1 0 1 0 1 
3968 

7 16 128 : 

2176 
1 0 1 0 0 1 0 

2048 

6 16 64 1088 
1 0 1 1 0 1 0 

1024 

5 16 32 544 
1 0 0 0 0 1 0 

512 

4 16 16 272 
1 0 0 1 0 1 0 

256 

3 16 8 136 
1 1 1 0 0 1 0 

128 
: 

2 16 4 68 
1 1 1 1 0 1 0 

64 

1 32 2 2 
1 1 0 1 0 1 0 

0 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = 0 for negative analog values. 
2. Digital code includes inversion of all even numbered bits. 
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Normalized 
8 Decode 

Step Levels 

0 4032 

: 

1 2112 

1 1056 

1 528 

1 264 

1 132 

1 66 

1 1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
3 V PCM Codec-Filter 

The MC145481 is a general purpose per channel PCM Codec-Filter with pin 
selectable Mu-Law or A-Law companding, and is offered in 20-pin DIP, SaG, 
and SSOP packages. This device performs the voice digitization and 
reconstruction as well as the band limiting and smoothing required for PCM 
systems. This device is designed to operate in both synchronous and 
asynchronous applications and contains an on-chip precision reference 
voltage. 

This device has an input operational amplifier whose output is the input to the 
encoder section. The encoder section immediately low-pass filters the analog 
signal with an active R-C filter to eliminate very high frequency noise from being 
modulated down to the passband by the switched capacitor filter. From the 
active R-C filter, the analog signal is converted to a differential signal. From this 
point, all analog'signal processing is done differentially. This allows processing 
of an analog signal that is twice the amplitude allowed by a single-ended 
design, which reduces the significance of noise to both the inverted and 
non-inverted signal paths. Another advantage of this differential design is that 
noise injected via the power supplies is a common-mode signal that is 
cancelled when the inverted and non-inverted signals are recombined. This 
dramatically improves the power supply rejection ratio. 

After the differential converter, a differential switched capacitor filter 
bandpasses the analog signal from 200 Hz to 3400 Hz before the signal is 
digitized by the differential compressing AID converter. 

The decoder accepts PCM data and expands it using a differential D/A 
converter. The output of the D/A is low-pass filtered at 3400 Hz and sinXlX 
compensated by a differential switched capacitor filter. The signal is then filtered 
by an active R-C filter to eliminate the out of band energy of the switched 
capacitor filter. 

The MC145481 PCM Codec-Filter accepts a variety of clock formats, 
including Short Frame Sync, Long Frame Sync, IDL, and GCI timing 
environments. 

The MC145481 PCM Codec-Filter utilizes CMOS due to its reliable 
low-power performance and proven capability for complex analog/digital VLSI 
functions. 

• Single 3 V Power Supply 
• Typical Power Dissipation of 12 mW, Power-Down of 0.01 mW 
• Fully Differential Analog Circuit Design for Lowest Noise 
• Transmit Band-Pass and Receive Low-Pass Filters On-Chip 
• Active R-C Pre-Filtering and Post-Filtering 
• Mu-Law and A-Law Companding by Pin Selection 
• On-Chip Precision Reference Voltage (0.886 V) for a -5 dBm TLP @ 600 n 
• Push-Pull 300 n Power Drivers with External Gain Adjust 

20 

MC145481 

PSUFFIX 
PLASTIC DIP 

CASE 738 

DWSUFFIX 
SOG PACKAGE 

CASE 751D 

SO SUFFIX 
SSOP 

CASE 940C 

ORDERING INFORMATION 
MC145481P Plastic DIP 
MC145481DW SOG Package 
MC145481SD SSOP 

PIN ASSIGNMENT 

VAG-REF VAG 

RO- TI+ 

PI TI-

PO- TG 

PO+ MulA 

VOO VSS 

FSR FST 

DR OT 

BClKR BClKT 

POI MClK 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Technical Summary 
Dual Data Link Controller 

This technical summary gives a brief overview of the MC145488 Dual Data 
Link Controller. The MC145488 is a two--channellSDN LAPD controller with an 
on-chip direct memory access (DMA) controller. It is intended for ISDN terminal 
and switch applications where one or two channels of data will use HDLC-type 
protocols. The DDLC can also be used in local area, wide area network, and 
bridge router applications. Each serial interface can be clocked at data rates up 
to 10 Mbps. The DDLC can operate with microprocessors using clock 
frequencies up to 20.5 MHz. 

The DDLC is ideally suited for use with the MC145474 SfT-Transceiver. The 
interchip digital link (IDL) easily connects the chips together, providing a 
powerful layer one/layer two ISDN solution. A serial control port is provided to 
efficiently control the MC145474 or other ISDN family devices. The DDLC is 
compatible with 68000 and 80186 bus structures. 

NOTE 
This document is a summary of principal features and operation of 
the DDLC. Please refer to the MC145488 DDLC data book for the 
complete description and electrical specifications. It can be ordered 
from your local Motorola sales office or from the Motorola Literature 
Distribution Center as MCI45488/D. 

• Two Independent Full-Duplex Bit-Oriented Protocol Controllers Support 
HDLC, SDLC, CCITT X.25, CCITT Q.921 (LAPD), and V.120 at Basic and 
Primary Rates 

• Four-Channel On-Chip DMA Controller 
64 kbyte Address Range with Expansion Control 

- Internal Programmable Wait-State Generator 
- Two Buffer Descriptors for Each Receiver Channel 

• Compatible with 68000 and 80186 Bus Structures 
- Non-Multiplexed 16- or 8-Bit Data Bus 
- Frame Sizes up to 4096 bytes 

• Bit-Level HDLC Processing Including: 
Flag Generation/Detection 
Abort Generation/Detection 
Zero Insertion/Deletion 
CRC-CCITT Generation/Checking 
Residue Bit Handler 

• TEI/SAPI Address Comparison 
- Three Address Comparisons 
- Wildcard Bits for Block Comparisons 

• Transparent Mode for Codec Compatibility 
• Programmable Interrupt Vector Generation 
• Two Independent Timers Configurable as a Watchdog Timer 
• Flexible Serial Interface with: 

IDL Interface for Connection to Other ISDN Family Devices 
- Timeslot Interface for Connection to PBX-Type Backplanes 
- Modem Interface for Other Applications 

• Supports CCITT Specification 1.460 
• Supports DMI SpeCification 3.1 Modes 0, 1, 2, and 3 
• Serial Control Port for ISDN Family Device Control 
• Low-Power CMOS with Automatic Power-Down 
• Serial Data Rates up to 10 Mbps 
• DDLC Master Clock up to 20.5 MHz 

MICROWIRE is a trademark of National Semiconductor, Inc. 
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GENERAL DESCRIPTION 

DDLC OVERVIEW 

The MC145488 Dual Data Link Controller (DDLe) is a 
high-performance two-channel protocol controller with an 
on-chip direct memory access controller (DMAC). Each 
channel has a full-duplex transceiver with independent pro­
tocol controllers to handle the bit-level tasks of HDLC-type 
bit-oriented protocols, including LAPB and LAPD. Each 
channel also has dedicated DMA controllers for transmit and 
receive. A transparent mode is provided which bypasses the 
protocol circuitry so that serial data may be directly trans­
ferred between the host processor's memory and the serial 
interface. The DDLC's microprocessor interface is configur­
able to 68000 or 80186 systems and may be used in 8--bit or 
16-bit bus modes. The DDLC's master clock can be 
obtained from microprocessor clocks up to 20.5 MHz. 

Each channel has a serial data interface which operates 
up to and above T1 or E1 primary rate speeds in three 
modes: IDL, Timeslot, and Modem. In the IDL (Interchip Digi­
tal Link) mode for ISDN applications, the IDL bus is sup­
ported. When in the IDL D channel mode, the DREQ and 
DGRNT access control lines to the ISDN D channel, through 
the MC145474 SfT transceiver, are enabled. The timeslot 
mode is used to connect the DDLC to PBX-type PCM high­
way backplanes. Both long-frame and short-frame timing 
are supported as well as synchronous transmit and receive. 
In the modem mode, each channel has its own separate 
transmit and receive clock inputs along with modem control 
lines (RTS, CTS, and CD). The two channels are indepen­
dent and may be in different interface modes. 

A serial control port (SCP) is provided to pass control in­
formation to other devices in a system. The SCP is compat­
ible with Motorola's Serial Peripheral Interface (SPI) and 
National Semiconductor's MICROWIRpM Plus. Two intemal 
timers may be used for general purpose, low resolution tim­
ing of HDLC-type protocols. One of the timers may be con­
figured as a watchdog timer to reset the entire system in the 
event of a hardware or software failure. 

Power consumption is an important aspect of ISDN ter­
minal designs, and the DDLC was designed to use the 
minimum power possible while maintaining maximum func­
tionality. The DDLC keeps power consumption to a minimum 
with an automatic power-down feature that turns off sections 
of circuitry that are not being used. Only those circuits that 
are actually used (e.g., when the CS pin is activated for a 
register read/write or when the DMA controller performs a 
bus transaction) enter the normal power state for the dura­
tion of the access and for any time required for internal pro­
cessing. 

Two intemalloopback functions and special chip and sys­
tem test modes are available. The loopbacks are controlled 
by the host for on-line maintenance. The test modes are 
activated by bits in the master control register and provide 
access to the internal state machines. 

HDLC PROTOCOL OVERVIEW 

HDLC (High-Level Data Link Control) and its descen­
dants, LAPB (Link Access Protocol-Balanced) and LAPD 
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(Link Access Protocol for the D Channel), are bit-oriented 
synchronous protocols which are widely used in data com­
munications systems. LAPB and LAPD share the basic for­
mat of HDLe but differ in minor aspects (see Figure 1). 

In the packet mode, the DDLC transmits and receives data 
in a format called a frame or packet. All frames start with an 
opening flag and end with a closing flag. Between the flags, a 
frame contains an address field, control field, information 
field, and a cyclic redundancy check field (CRC). 

BBITS 

FLAG I 
Figure 1. HDLC Frame Format 

Flag 

The flag is the unique binary pattern (01111110). It pro­
vides the frame boundary and a reference for the position of 
each field of the frame. 

Address Field 

The 8 or 16 bits following the opening flag comprise the 
address field. The address field is used to distinguish be­
tween the various devices in a network. The DDLC has ad­
dress recognition circuitry included, which relieves the host 
from this task. 

Control Field 

The 8 or 16 bits following the address field are the control 
field. Commands and responses between the devices in a 
network are exchanged in this field. 

Information Field 

This field follows the control field and precedes the CRC 
field. The information field contains the data to be transferred 
and may be a null field. 

Cycle Redundancy Check Field 

The 16 bits preceding the closing flag are the Cycle Re­
dundancy Check (CRe) field. This field detects bit errors in 
the address, control, and information fields. Checking is with 
the standard CCITT polynominal x16x12x5 + 1 for both the 
transmitter and receiver. The transmitter calculates the CRC 
on all bits of the frame (except for the flags) and transmits the 
complement of the resulting remainder as the eRC field. The 
receiver performs the similar computation on all bits (except 
for the flags) and compares the result to FOB8. 

Zero Insertion and Deletion 

Zero insertion and deletion, which allows the content of the 
frame to be transparent, is automatically performed by the 
DDLC. A binary 0 is inserted by the transmitter after any suc­
cession of five 1s within a frame (between flags). This elimi­
nates the possibility of data imitating a flag character. The 
receiver deletes all Os that were inserted by the transmitter to 
regenerate the original data. 
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Abort 

The function of prematurely terminating a data frame is 
called an abort. The transmitter aborts a frame by sending 
between seven and fourteen consecutive 1 s. When the 
receiver detects an abort character, it responds by clearing 
the FIFO and clearing the buffer in memory. It then begins 
searching for a new frame. 

In-Frame, Inter-Frame Time Fill, and Idle 

For LAPB and other applications, there are three states 
that the data link may be in: in-frame, inter-frame time fill, 
and idle. In-frame is the period from the beginning of an 
opening flag and the end of a closing flag. Inter-frame time 
fill is the period between frames when continuous flags are 
transmitted. Idle is an out-of-frame period when continuous 
1s are on the link. In LAPD, on the D channel, there are only 
two states: in-frame and idle. Continuous flags are not trans­
mitted between frames. 

BLOCK DIAGRAM DESCRIPTION 

This section is a brief overview of the internal blocks of the 
DDLC. The blocks include two protocol controllers that han­
dle the bit-level aspects of HDLC-like packet protocols and 
four FIFOs that buffer the data, a four-channel DMA control­
ler, and a microprocessor interface block that connects the 
DDLC to the host system. Figure 3 is a simplified block dia­
gram of the DDLC. While the DDLC has two data transceiv­
ers, only one is shown for simplicity. 

TRANSMIT BIT HANDLER 

Two identical bit-level protocol transmitters are provided 
which perform HDLC-type framing. This section describes 
the operation of only one transmitter, but it applies to both. 

Packet Operation 

The transmitter is designed to operate with as little inter­
vention from the host processor as possible. To transmit a 
frame of data, the host merely informs the DDLC of the start­
ing address of the data frame in memory and the length of 
the frame in bytes. The DDLC then transmits an opening flag 
and the data (LSB first) from memory. When the transmitter 
detects that the end of the data buffer has been reached, a 
CRC field and a closing flag are appended. The transmitter 
generates an abort character if the FIFO underruns. During 
inter-frame periods, the DDLC can be configured to transmit 
either continuous flags (7E hex) or continuous marks (FF 
hex). 

State Diagram 

Figure 2 is the state diagram for the transmitter in packet 
operation. 

Abort 

The DDLC can be configured to transmit a standard HDLC 
abort character. It can also transmit an abort character which 
is compatible with DMI 3.1 modes 2 or 3 .for restricted B­
channel applications. An abort character will be transmitted 
when the TX Fifo underruns, when the Force Abort bit is set 
in the Transmit Control Register, or when the CTS pin is 
deasserted. 
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Figure 2. Transmitter State Diagram 
HOLC Operation 

Flow Control Mechanisms 

The DDLC provides two flow control mechanisms: one for 
basic rate ISDN applications and the other for standard mo­
dem applications. The following paragraphs describe the op­
eration of the two schemes. 

ISDN D Channel Contention 

When the DDLC is operating on the D channel with the 
companion MC145474 SIT transceiver, the DREQ and 
DGRNT lines must be used to comply with the basic rate 
D channel contention algorithm. When the DDLC has a data 
frame to transmit, it asserts DREQ (high). When DGRNT is 
detected high from the MC145474 transmission from the 
DDLC begins in the IDL D-bit time slots when DREQ and 
DGRNT are both active. If DGRNT is deasserted (goes low) 
in the middle of a frame, the DDLC automatically aborts the 
frame in progress and prepares to retransmit the entire frame 
when the D channel becomes available again. This is done 
without interrupting the host. 

Modem Flow Control 

The transmitter indicates to a modem that it has data ready 
to transmit with signals similar to D channel operation. In this 
mode, Request-To-8end (RTS) is directly controlled by the 
Transmit Enable (TE) bit. When TE is high, the RTS pin is 
asserted (low). During inter-frame periods, either flags or 
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marks (as selected) are transmitted but the RTS pin remains 
asserted until the user negates the TE bit. Transmission of a 
frame, if one is ready, actually begins when the modem as­
serts Clear-to-Send (CTS low). If CTS is negated for more 
than one Tx ClK period while a frame is in transmission, the 
frame is aborted and the DMA pOinters are reset so that the 
frame can be retransmitted without interrupting the host. 

Interrupts 

There is one interrupt generated by the transmitter state 
machine. Transmit Frame Complete indicates that an entire 
frame and its closing flag have been successfully trans­
mitted. Ordinarily, this interrupt is used for basic rate ISDN 
D channel operation. Two other interrupts associated with 
the transmitter are generated by the DMA controller and are 
discussed in the section describing the DMA controller. 

Transmit FIFO 

The transmitter has a FIFO which buffers it from the DMA 
controller. It is four characters deep and nine bits wide. The 
ninth bit is a Tag bit which is set when the the last byte of a 
frame is read from memory by the DMA controller. After the 
tagged byte, the DDlC sends a closing CRC and flag se­
quence. 

Transparent Operation 

The transmitter has the capability of operating with un­
framed data such as PCM-encoded voice or proprietary pro­
tocols. Raw data may be transmitted from memory with byte 
alignment maintained through the FIFO and transmitter. Byte 
alignment signals must be provided. In the modem mode, the 
alignment signal is externally generated. In IDl and timeslot 
operation, it is internally generated but user programmable. 
The DDlC transmits data continuously as long as there is 
data to transmit. 

Inter-Frame Time Fill 

The bit sequence that is transmitted between frames is de­
termined by the value of the ITF bit in the Transmit Control 

SERIAL CONTROL PORT 
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- TxBIT ~ HANDLER 

SERIAL 
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~ 
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Tx 
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register. The inter-frame time fill can be either the X.25 flag 
character (7E hex) or the LAPD marks (1) idle. 

RECEIVE BIT HANDLER 

The receiver provides the complementary functions to the 
transmitter. This section descrit;>es the operation of one re­
ceiver, but it applies to both receivers. 

Packet Operation 

The receiver is reset and idle until the Receive Enable bit 
is set, at which time it begins searching for a flag character. 
When a flag is found, the selected address field of the frame, 
if desired, is checked and if a match is found, the DDlC 
passes the frame of data to the allocated buffer in memory. If 
no address match is found, the DDlC clears the FIFO, resets 
the DMA pointers, and searches for a new frame. Zeros in­
serted by the transmitter are removed from the data before 
placing the bytes in memory. When the closing flag is de­
tected, the CRC field is checked and if found to be correct, 
the DDlC queues an interrupt indicating that a good data 
frame has been received and is in memory. If the CRC is 
found to be in error, the DDlC automatically resets the buffer 
pointers to the start of the buffer and searches for a new 
frame. 

Each receiver has two receive buffers, A and B. This per­
mits one buffer to be actively receiving a frame while soft­
ware is obtaining the data from and reinitializing the other 
buffer. If an incoming frame is longer than the length defined 
for the active receive buffer, the DDlC will switch to the se­
cond buffer if it is enabled. 

If an abort character is found, the buffer pOinters in the 
DMA controller are reset and the aborted frame is ignored. 
The FIFO is cleared and the receiver begins searching for a 
flag. No interrupt is generated. 

State Diagram 

Figure 4 shows the state diagram of the receiver. 

TIMERS I 

I 
4--

L- DMA ~ MPU t-- MPU BUS 
CONTROLLER INTERFACE 

Rx -FIFO 

~ ~ i 
INTERRUPTS I 

Figure 3. DDLC Block Diagram (One Transceiver Shown) 
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Figure 4. Receiver State Diagram HDLC Operation 

Non-Octet Aligned Packets 

The receiver has the capability of operating in non-octet 
aligned packet systems. The residue bit count indicating the 
number of orphan data bits at the end of the information field 
is placed in the RC bits of the Receive Status register. These 
bits are valid until overwritten by another frame. In non-octet 
aligned systems, the software should check the residue 
count soon after receiving a Receive Buffer Complete Inter­
rupt to ensure that the residue count is not overwritten by the 
next frame. Orphan bits are LSB justified in memory. Note: 
The DDLC does not transmit non-octet aligned frames. 

Address Recognition (Filtering) 

The receiver can filter received frames by comparing their 
address fields to user programmable addresses. Two ad­
dresses may be programmed with another (broadcast, FF 
hex) hardwired into the receiver. Address filtering may be 
performed on either the first OR second octet following the 
opening flag of a frame. Typically, in ISDN terminal applica­
tions, the TEl address (second) field will be of interest. In net­
work applications, the SAPI (first) field will be checked. A 
separate Wildcard register allows selected bits of Compare 
Address 0 to be ignored during the comparison procedure. If 
received frames are rejected by address recognition, the re­
ceiver is reset and searches for a new frame. Address recog­
nition may be disabled by clearing the Address Compare 
Enable bit to O. 

Receive FIFO 

The receiver has a FIFO that is similar to the transmitter's. 
It is four characters deep and ten bits wide (eight bits for data 
and two bits for the Tag). Serial bytes are produced by the 
receiver and converted to parallel. As each byte is formed, it 
is pushed into the FI FO. A comparator in the controller keeps 
track of the occupancy of the FIFO and requests that the 
DMA controller place a word of data (16 bits) in memory 
when there are two or more bytes in the FIFO. In 8-bit opera­
tion, the FIFO requests service when one or more bytes of 
data read are ready to be placed in memory. If the FIFO over­
runs because the DMA controller did not service a request, 
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an interrupt is queued. When a receiver is operating at 
64 kbps in the 16-bit mode, DMA requests from that FIFO 
occur at approximately 250 IlS intervals. 

Transparent Operation 

The DDLC receiver provides a transparent operation 
mode for passing raw octet-aligned serial data to memory 
via DMA. This feature is useful for storing PCM voice or pro­
prietary protocols in memory. When using the DDLC to pass 
PCM voice to memory, maximum buffer size of 4096 bytes 
should be used. The Receive Buffer Overrun Interrupt is 
used in conjunction with Receive Buffers A and B that are 
available for each channel when transparent mode is used. 
Because the transparent mode requires that data be in 
eight-bit quantities, synchronization procedures for defining 
octet boundaries are required. In the modem mode, the sync 
signal is externally generated and input on the eo pin. In IDL 
mode timeslot operation, the sync signal is internally gener­
ated but user programmable. Once byte alignment is ob­
tained in the receiver, it is maintained through the DMA 
controller into memory. 

Interrupts 

There are two interrupts generated by the receiver. The re­
ceiver queues an interrupt when a frame has been success­
fully received. The receive idle interrupt indicates that 15 or 
more consecutive 1s were received. This interrupt is consid­
ered normal operation. The current status of receive idle and 
carrier detect is available in the Receive Status register, but 
the user must remember that they can change immediately 
after being read. The carrier detect pin also generates an in­
terrupt when it changes state. 

DMA CONTROLLER 

In order to relieve the host software from critically timed 
data transfers to or from the protocol controllers, the DDLe 
provides four DMA channels, one for each transmitter and 
receiver. 

DMA Operation 

When the DMA controller detects a service request from 
one of the FIFOs, it prepares the address and data from the 
transfer then requests ownership of the system bus from the 
host. When ownership is granted, the DMA controller as­
sumes control of the bus and transfers data either to or from 
memory. Transfers are 16 bits or 8 bits, depending on the se­
lected bus width. When the number of bytes in a received 
frame is odd, the last byte is placed in the most significant 
byte of the last word. The least significant byte contains un­
known data. The receive byte count contains the correct 
number of bytes received (including the CRC). When odd 
length frames are transmitted, the last word read from 
memory has the last byte transmitted in the most significant 
byte, and the least significant byte of that word is discarded. 

The DMA controller uses a round robin strategy to service 
internal DMA requests. A channel that was just serviced is 
not polled again until all other channels have been polled and 
serviced, if needed. The DOLe services one DMA request 
per bus arbitration cycle. The DOLe does not perform burst 
DMAs, so other devices can have access to the micropro­
cessor bus. This type of operation improves system perfor­
mance and guarantees that the DDLe is well behaved. 
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It is impossible to precisely predict what the DDLC bus oc­
cupancy will be, but worst case with both channels operating 
full-duplex at 64 kbps (aggregate rate of 256 kbps) in a 
16-bit 68000 system with a 12 MHz MCLK, approximately 
0.66% of the host bus bandwidth is consumed by the DDLC. 
Bus occupancy increases linearly with data rate. At very high 
data rates, latency from the bus request to the bus grant and 
interrupt service latency become the limiting factors. It must 
also be kept in mind that the DDLC can generate interrupts 
quickly, especially with a large number of small data packets 
at a high clock rate. 

Buffer Descriptors 

As previously stated, the DDLC has four DMA channels. 
Pointer registers and counters are required so that the DMA 
controller knows where to place or fetch data in memory. 

Transmit Buffer Descriptors 

When the host has a frame of data to transmit, it informs 
the DMA controller where the data resides in memory. A 
16-bit register, the Transmit Base Address register, points to 
the first word of the transmitted frame and provides a 
64 kbyte address range. The host programs the address of 
the first word to be transmitted into this register. The length of 
the data frame must also be given to the DMA controller, so a 
12-bit Transmit Frame Length register is used to indicate the 
length of the frame in bytes. Frames of up to 4096 bytes in 
length may be transmitted. 

Back to back frames can be transmitted by updating the 
transmit buffers when the Transmit DMA Complete interrupt 
is generated. 

NOTE 

Once a transmit buffer descriptor has been pre­
pared, it must not be disturbed until the transmit 
DMA complete or transmit frame complete inter­
rupts are generated. 

Receive Buffer Descriptors 

The receive buffer descriptors have a 16-Bit Receive Buff­
er Base Address register, a 12-Bit Buffer Length register, 
and a 12-Bit Frame Length register. The 16-Bit Base Ad­
dress register provides 64 kbyte address range and contains 
the address of the first word of the data buffer to accept a 
data frame. The 12-Bit Frame Length register indicates the 
length of the memory buffer in bytes. Buffers of up to 
4096 bytes may be built. The DMA controller never places 
data outside of the boundaries set-up by these two registers. 
The Frame Length register indicates the number of bytes (in­
cluding the CRC) received. 

Each channel has a pair of buffer descriptors. These may 
be used alternately so that while one buffer is filling, another 
buffer is ready-in-waiting. If back-to-back data frames are 
received, after the first buffer has been closed the second is 
immediately ready for the next frame. There must be at least 
one buffer ready to accept data when the Rx Enable bit is 
set. Figure 6 describes the activity of the receiver with four 
buffers in memory. 
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If a packet is being received and no buffers are ready, the 
receive FIFO will overrun, the Receiver Enable bit is reset, 
and an interrupt is queued indicating the overrun. If both des­
criptors are ready, then Buffer A is filled first. If a received 
frame is larger than a buffer, the Buffer (A or B) Overrun In­
terrupt is queued, but the receiver continues to receive and 
the DMA controller places the data in the alternate buffer (if it 
is available). If an alternate buffer is not ready, the Rx FIFO 
Overrun Interrupt is generated and the receiver is reset. 

Once a data frame has been completely received, the 
number of bytes received is indicated in the Frame Length 
register. The number in this register is valid only when the 
Receive DMA Complete bit (Buffer A or Buffer B) in the Re­
ceive Status register is set to '1 '. 

NOTE 
As with the transmitter, once a receive buffer des­
criptor has been prepared, it must not be dis­
turbed until the closing flag has been found and 
DMA activity on the buffer has stopped. 

Address Expansion 

The DDLC provides signals for expansion of the 64 kbyte 
address space. The OWN .pins are activated with timing 
identical to the address pins to enable external address ex­
panSion circuitry onto the address bus. Using the OWN pins 
with the RIW pin, the transmit and receive buffers may all be 
on separate 64 kbyte pages in memory. 

Transmit Channel Operation 

Figure 5 is a simplified state diagram of the DMA control­
ler's operation when a transmit channel requests service. 

Four interrupts are produced by the transmitter DMA chan­
nel. Transmit DMA Complete indicates that the last byte of 
data has been transferred from the buffer into the transmit 
FIFO. FIFO Underrun indicates the DMA requests were not 
serviced and the FIFO underran. Bus Error is generated 
when the BERR pin is activated during a DMA cycle. Ad­
dress Error is generated when either lACK or CS are acti­
vated during a DMA cycle. 

Receive Channel Operation 

Figure 7 is a simplified state diagram for operation of the 
DMA controller when a receive channel requests service. 

MICROPROCESSOR INTERFACE 

The microprocessor block interfaces the internal 16-bit 
bus to the host 8- or 16-bit bus. The block also performs all 
timing conversion and buffering. This block has three modes 
of operation described in this section: system slave, system 
master, and interrupt generator. 

System Slave Mode 

When the DDLC is in this mode, it appears as fast memory 
to the host processor. The host can read from or write to the 
registers in the DDLC. This mode is entered when the CS pin 
is activated. Internal address decoding circuitry is selected 
and the desired register is connected to the internal bus for 
access by the host. 

MOTOROLA 



MOTOROLA 

Tx DMA REQUEST 

BUS GRANTED 

BUFFER 
1--- EMPTY 

Figure 5. Transmit DMA State Diagram 
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Figure 6. Alternate Receive Buffer Operation 
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System Master (OMA) Mode 

During DMA operation, the DDLC becomes a system mas­
ter and controls the system bus. When one of the internal 
FIFOs requests a DMA transfer, the DDLC negotiates with 
the system host for ownership of the bus. After successful 
negotiation, one DMA request is serviced, and then the bus 
is relinquished. The DDLC has the capability of reading or 
writing data from or to memory. If the memory system is slow, 
the DDLC inserts wait states (user selectable) until the 
memory is ready to complete the access. The DDLC has the 
capability of recovering from system faults such as address 
or bus errors. 

Interrupt Operation 

The DDLC has 27 vectored interrupt sources to inform the 
host of its status. One group of interrupts is normal operation 
interrupts. These inform the host that a particular task was 
completed and that new tasks are desired. Another group is 
bit handler faults, which inform the host that a DDLC channel 
detected a fault from which it cannot recover without assis­
tance from the host. A third group is the timer and SCP inter­
rupts. The last group of interrupts is the system faults. These 
include DMA bus and address errors. The interrupts are 
presented to the host as a vector number in an interrupt ac­
knowledge cycle. The interrupts are encoded into the low 
four bits so the DDLC vector space consumes 16 out of 256 
locations. Software can program the base vector number, so 
the DDLC vectors can be located anywhere within the vector 
table. For applications not using vectored interrupts, the 
equivalent vector number is accessible in the Master Status 
register. 

SERIAL INTERFACE 

The serial interface block has a variety of configurations 
that make it compatible with most common interfaces. Each 
serial interface is independent, so two different configura­
tions may be active simultaneously. The serial interface has 
an IDL mode, a timeslot mode, and a general purpose mo­
dem mode. The serial interface supports long frame and 
short frame timing. It also supports subrate multiplexing. The 
serial mode is selected by programming the appropriate bits 
in the Serial Interface Control register. 

A full set of serial interface control and handshake pins are 
provided. The name and functionality change to reflect the 
serial mode of operation. Separate receive and transmit 
clock inputs are provided for all modes except IDL and time­
slot modes. 

The serial interface also supports transfer of transparent 
data. Depending on which type of serial interface is used, an 
external synchronization signal must be provided to maintain 
byte alignment. In IDL mode, the byte synchronization is pro­
grammed by the microprocessor. 

SERIAL CONTROL PORT 

A Serial Control Port, similar to the Serial Peripheral Inter­
face (SPI) on Motorola single-chip microprocessors, is pro-

MOTOROLA 

vided to communicate with external devices via a serial link. 
The SCP functions are multiplexed onto other serial pins so 
when the SCP is enabled, certain modem control features 
are lost. Please refer to the MC145488/D Data Book for com­
plete details. 

TIMERS 

Two timers are provided for general purpose low-resolu­
tion protocol uses. The clock to the timer is derived from the 
Master MPU Clock (MCLK). The baud rate generator in the 
SCP block is used to drive the timer divide chain. This clock 
is then divided by 1024 and applied to an eight-bit down­
counter. The counter is readable and writable by the host and 
may be set to any value. The counter counts down toward 
zero from the current value. A non-maskable interrupt is 
generated when the counter underflows from FF to FE. The 
timers continue counting down after reaching FE. The status 
bit from the previous interrupt must be cleared before a new 
interrupt is generated. The timer function and interrupt are 
enabled by setting the Timer Enable bit in the Timer register 
to one. The timer interrupt status bits must be read while set 
before they can be cleared. The timers are intended for low 
accuracy uses such as protocol timers. Figure 8 describes 
the clock selection choices for the timers. 

Watchdog Timer 

Timer 0 may be configured as a watchdog timer for the en­
tire host system. When the Watchdog Enable bit is set, an 
extra divide-by-16 is added to the clock input of the counter. 
When the counter underflows from FF to FE, the Reset pin 
becomes an output for 16 MCLK cycles and a logic low is 
output. This provides a system reset to the host. The host 
can write any value (except FE hex) to the Timer register to 
setup any timeout. Timeouts of up to 5.6 seconds are avail­
able with a 12 MHz MCLK. 

POWER CONSUMPTION 

The DDLC is designed utilizing high-performance CMOS 
technology. As as result, average power consumption is very 
low. However, because there are wide address and data 
buses, peak currents may exceed 150 mA for short periods 
of time (less than 20 ns) while the drivers are charging or dis­
charging the buses. 

REGISTER SET 

The DDLC has many user accessible registers. These reg­
isters control the blocks or indicate status. Other registers, 
used by the DMA section, are used as buffer descriptors and 
counters. For a more detailed description, please refer to the 
DDLe data book. The address for each register is the hexa­
decimal offset from the base address of the chip select. The 
registers may be accessed as 8-bit registers or 16-bit reg­
isters. Table 1 is a map of the registers and their principal 
function. 

MC145488 
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04 
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20 
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26 

28 
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3E 

40 
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46 

48 

4A 
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4E 
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56 
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5C 

5E 

Table 1. Register Memory Map 
SYSTEM CONTROL 

MASTER STATUS 

INTERRUPT ENABLE 

DATA BUS SIZE SELECT 

SCP REGISTER 

CH OTIMER 

CH 1 TIMER 
~~, 

CHANNEL 0 SERIAL INTERFACE CONTROL 

CHANNEL 0 Tx CONTROL 

CHANNEL 0 Rx CONTROL 

CHANNEL 0 Tx STATUS 

CHANNEL 0 Rx STATUS 

CHANNEL 0 ADDRESS COMPARE 

CHANNEL 0 ADDRESS WILDCARD BITS 

CHANNEL 0 CRC ERROR COUNT 

CHANNEL 0 Tx FRAME LENGTH 

CHANNEL 0 Tx BASE ADDRESS 

CHANNEL 0 Tx BYTE COUNT 

CHANNEL ORx BUFFER LENGTH 

CHANNEL 0 Rx BUFFER A BASE ADDRESS 

CHANNEL 0 Rx BUFFER A BYTE COUNT 

CHANNEL 0 Rx BUFFER B BASE ADDRESS 

CHANNEL 0 Rx BUFFER B BYTE COUNT 

CHANNEL 1 SERIAL INTERFACE CONTROL 

CHANNEL 1 TxCONTROL 

CHANNEL 1 RxCONTROL 

CHANNEL 1 Tx STATUS 

CHANNEL 1 Rx STATUS 

CHANNEL 1 ADDRESS COMPARE 

CHANNEL 1 ADDRESS WILDCARD BITS 

CHANNEL 1 CRC ERROR COUNT 

CHANNEL 1 Tx FRAMELENGTH 

CHANNEL 1 Tx BASE ADDRESS 

CHANNEL 1 Tx BYTE COUNT 

CHANNEL 1 Rx BUFFER LENGTH 

CHANNEL 1 Rx BUFFER A BASE ADDRESS 

CHANNEL 1 Rx BUFFER A BYTE COUNT 

CHANNEL 1 Rx BUFFER B BASE ADDRESS 

CHANNEL 1 Rx BUFFER B BYTE COUNT 

en 
a: w 
I-en a 
w 
a: 
C> 

-' w 
z z « :c 
0 

en 
a: 
w 
I-en a 
w 
a: 
~ 

-' w 
z 
z « 
I 
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SEMICONDUCTOR TECHNICAL DATA 

PCM Codec-Filter Mono-Circuit 
The MC145500, MC145501, MC145502, MC145503, and MC145505 are all 

per channel PCM Codec-Filter mono-circuits. These devices perform the voice 
digitization and reconstruction as well as the band limiting and smoothing 
required for PCM systems. The MC145500 and MC145503 are general 
purpose devices that are offered in a 16-pin package. They are designed to 
operate in both" synchronous and asynchronous applications and contain an 
on-chip precision reference voltage. The MC145501 is offered in an 18-pin 
package and adds the capability of selecting from three peak overload voltages 
(2.5,3.15, and 3.78 V). The MC145505 is a synchronous device offered in a 
16-pin DIP and wide body SOIC package intended for instrument use. The 
MC145502 is the full-featured device which presents all of the options of the 
chip. This device is packaged in a 22-pin DIP and a 28-pin chip carrier package 
and contains all the features of the MC145500 and MC145501 plus several 
more. Most of these features can be made available in a lower pin count 
package tailored to a specific user's application. Contact the factory for further 
details. 

These devices are pin-for-pin replacements for Motorola's first generation of 
MC14400/01/02l03/05 PCM mono-circuits and are upwardly compatible with 
the MC14404/06/07 codecs and other industry standard codecs. They also 
maintain compatibility with Motorola's family of MC33120 and MC3419 SLiC 
products. 

The MC145500 family of PCM Codec-Filter mono-circuits utilizes CMOS 
due to its reliable low-power performance and proven capability for complex 
analog/digital VLSI functions. 

MC145500 (This Device is Not Recommended for New Designs) 

• 16-Pin Package 
• Transmit Bandpass and Receive Low-Pass Filter On-Chip 
• Pin Selectable Mu-Law/A-Law Companding with Corresponding Data 

Format 
• On-Chip Precision Reference Voltage (3.15 V) 
• Power Dissipation of 50 mW, Power-Down of 0.1 mW at ± 5 V 
• Automatic Prescaler Accepts 128 kHz, 1.536, 1.544, 2.048, and 2.56 MHz 

for Internal Sequencing 

MC145501 - All of the Above Plus: 
(This Device is Not Recommended for New Designs) 

• 18-Pin Package 
• Selectable Peak Overload Voltages (2.5, 3.15, 3.78 V) 
• Access to the Inverting Input of the Txl Input Operational Amplifier 

MC145502 - All of the Above Plus: 

• 22-Pin and 28-Pin Packages 
• Variable Data Clock Rates (64 kHz to 4.1 MHz) 
• Complete Access to the Three Terminal Transmit Input Operational 

Amplifiers 
• An External Precision Reference May Be Used 

MC145503 - All of the Above Features of the MC145500 Plus: 

• 16-Pin Package 
• Complete Access to the Three Terminal Transmit Input Operational Amplifiers 

MCl45505 - Same as MC145503 Except: 

• 16-Pin Package 
• Common 64 kHz to 4.1 MHz Transmit/Receive Data Clock 

REV 1 
9/95 (Replace. AD11287) 

MC145500 
MC145501 
MC145502 
MC145503 
MC145505 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 
MC145500103/05 

PSUFFIX 
PLASTIC DIP 

CASE 648 
MC145503/05 

_ LSUFFIX 

'

1 CERAMIC PACKAGE 
CASE 726 

18 1 MC145501 

~ LSUFFIX 22"~V ~~RAMIC PACKAGE 
1 CASE 736 

MC145502 

~ PSUFFIX ~ylUI" PLASTIC DIP 

1 CASE 708 
MC145502 

OW SUFFIX 
SOG PACKAGE 

CASE 751G 
MC145503/05 

FN SUFFIX 
PLCC PACKAGE 

CASE 776 
MC145502 
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MC145500/01/02l03/05 PCM CODEC-FILTER MONO-CIRCUIT BLOCK DIAGRAM 

RxO C_----< 

RxG D--;::::::::;vv:;;==:: 

RxOD_--< 

Vrel c::--------------------1H 
RSIC~----------------H 
Txl c::---:-----, 

-Tx C---! 

+Tx D--l 

NOTES: €I Controlled by VLS 
Ax ~ 100 kQ (internal resistors) 

MC145500.MC145501.MC145502.MC145503.MC145505 
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SHARED 
DAC 

RDD 
RCE 
RDC 

CCI 

MSI 

VLS 

PDI 

TDD 

TDE 
TDC 
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MC145500L 

VAG 

RxO 

E 

- Tx 

MC145502L, P 

Vref RSI VAG 

VAG VOO RxO 

RxO ROO 

RxG ACE 

AxO ROC 

+ Tx TDC 

Txl CCI POI 

- Tx TDO 

MulA TDE 

POI MSI 

VSS VLS 

MOTOROLA 

PIN ASSIGNMENTS 
(DRAWINGS DO NOT REFLECT RELATIVE SIZE) 

MC145503L, P 

VOO 

ROO 

RCE 

ROC 

TDC 

TDE 

MC145503DW 

VOO 

2 ROO 

RCE 

AOC 

TDC 

TDE 

MC145505L, P MC145501L 

VAG VOO 

ROO 

RCE 

Txl OCLK 

CCI 

MulA 

POI TDE 

VSS 

MC145505DW MC145502FN 
OCJ- _00 

VAG VOO ><<(~UcnClCl 
a:»ZD:>CI: 

ROO 4 3 2 1282726 

RCE RxG 5 - 25 RCE 
RxO 24 AOC 

Txl OCLK + Tx 23 TOC 
NC 28-PIN PQLCC 22 NC CCI (TOP VIEW) NC 21 NC 
Txl 10 20 CCI 

POI TDE - Tx 11 19 TDO 
12 13 1415 16 1718 

~F5~O(l}U5W 
~a..>z~:2~ 

NC = NO CONNECTION 

MC145500-MC145501-MC145502-MC145503-MC145505 
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ABSOLUTE MAXIMUM RATINGS (Voltage Referenced to Vss) 

Rating Symbol Value Unit 

DC Supply Voltage VDD, VSS -0.5to 13 V 

Voltage, Any Pin to V ss V - 0.5 to VDD + 0.5 V 

DC Drain Per Pin (Excluding VDD, VSS) I 10 mA 

Operating Temperature Range TA -40to+85 "C 

Storage Temperature Range Tstg -85 to + 150 °C 

RECOMMENDED OPERATING CONDITIONS (TA = - 40 to + 85°C) 

Characteristic 

DC Supply Voltage 
Dual Supplies: VDD = - VSS, (VAG = VLS = 0 V) 
Single Supply: VDD to VSS (VAG is an Output, VLS = VDD or VSS) 

MC145500, MC145501, MC145502, MC145503, MC145505 (Using Internal 
3.15 V Reference) 

MC145501, MC145502 Using Internal 2.5 V Reference 
MC145501. MC145502 Using Internal 3.78 V Reference 
MC145502 Using External 1.5 V Reference, Referenced to VAG 

Power Dissipation 
CMOS Logic Mode (VDD to VSS = 10 V, VLS = VDD) 
TTL Logic Mode (VDD = + 5 V, VSS = - 5 V, VLS = VAG = 0 V) 

Power Down Dissipation 

Frame Rate Transmit and Receive 

Data Rate 
MC145500, MC145501, MC145503 
Must Use One of These Frequencies, Relative to MSI Frequency of 8 kHz 

Data Rate for MC145502, MC145505 

Full Scale Analog Input and Output Level 
MC145500, MC145503, MC145505 
MC145501, MC145502 (Vref = VSS) RSI =VDD 

RSI =VSS 
RSI = VAG 

MC145502 Using an External Reference Voltage Applied atVref Pin RSI =VDD 
RSI =VSS 
RSI = VAG 

DIGITAL LEVELS (VSS to VDD = 4.75 V to 12.6 V, TA = - 40 to + 85°C) 

Characteristic 

Input Voltage Levels (TDE, TDC, RCE, RDC, RDD, DC, MSI, CCI, PDI) 
CMOS Mode (VLS = VDD, VSS is Digital Ground) "0" 

"1" 

TTL Mode (VLS ,; VDD - 4.0 V, VLS is Digital Ground) "0" 
"1" 

Output Current for TDD (Transmit Digital Data) 
CMOS Mode (VLS = VDD, VSS = 0 V and is Digital Ground) 

(VDD = 5 V, Vout = 0.4 V) 
(VDD = 10 V, Vout = 0.5 V) 

(VDD = 5 V, Vout = 4.5 V) 
(VDD = 10 V, Vout = 9.5 V) 

TTL Mode (VLS'; VDD - 4.75 V, VLS = 0 V and is Digital Ground) (VOL = 0.4 V) 
(VOH = 2.4 V) 

MC145500-MC145501-MC145502-MC145503-MC145505 
2-1104 

This device contains circuitry to protect 
against damage due to high static voltages or 
electric fields; however, it is advised that 
normal precautions be taken to avoid applica­
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. For 
proper operation it is recommended that Vin 
and Voutbe constrained tothe range V SS,; (Vin 
or Vout) ,; VDD. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., VSS, VDD, 
VLS, or VAG)· 

Min Typ Max Unit 

V 
4.75 5.0 6.3 

8.5 - 12.6 

7.0 - 12.6 
9.5 - 12.6 

4.75 - 12.6 

mW 
- 40 70 
- 50 90 

- 0,1 1.0 mW 

7.5 8.0 8.5 kHz 

- 128 - kHz 
- 1536 -
- 1544 -
- 2048 -
- 2560 -

64 - 4096 kHz 

Vp 
- 3.15 -
- 3.78 -
- 3.15 -
- 2.5 -
- 1.51 xVref -

1.26 x Vref -
- Vref -

Symbol Min Max Unit 

V 
VIL - 0.3 x VDD 
VIH 0,7 x VDD -
VIL - VLS + 0.8 V 
VIH VLS + 2.0 V -

mA 

IOL 1.0 -
3.0 -

IOH -1.0 -
-3.0 -

IOL 1,6 -

IOH -0.2 -
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ANALOG TRANSMISSION PERFORMANCE 
(VDD ~ + 5 V ± 5%, VSS ~ - 5 V ± 5%, VLS ~ VAG ~ 0 V, Vref ~ RSI ~ VSS (Internal 3.15 V Reference), 0 dBrnO ~ 1.546 Vrrns ~ + 6 dBm @ 

600 n, TA ~ - 40 to + 85°C, TDC ~ RDC ~ CC ~ 2.048 MHz, TDE ~ RCE ~ MSI ~ 8 kHz, Unless Otherwise Noted) 

End-to-End AID DIA 

Characteristic Min Max Min Max Min Max Unit 

Absolute Gain (0 dBmO @ 1.02 kHz, TA ~ 25°C, VDD ~ 5 V, VSS ~ - 5 V) - - -0.30 + 0.30 -0.30 + 0.30 dB 

Absolute Gain Variation with Temperature 0 to + 70°C - - - ±0.03 - ±0.03 dB 

Absolute Gain Variation with Temperature - 40 to + 85°C - - - ±0.1 - ±0.1 dB 

Absolute Gain Variation with Power Supply (VDD ~ 5 V, VSS ~ - 5 V, 5%) - - - ±0.02 - ±0.02 dB 

Gain vs Level Tone (Relative to - 10 dBmO, 1.02 kHz) + 3 to -40 dBmO -0.4 +0.4 -0.2 + 0.2 -0.2 + 0.2 dB 
- 40 to - 50 dBmO -0.8 + 0.8 -0.4 + 0.4 -0.4 +0.4 
- 50 to - 55 dBmO -1.6 + 1.6 -0.8 + 0.8 -0.8 + 0.8 

Gain vs Level Pseudo Noise (A-Law Relative to - 10 demO) dB 
CCITTG.714 - 10 to - 40 dBrnO - - -0.25 + 0.25 -0.25 + 0.25 

- 40 to - 50 dBmO - - -0.30 +0.30 -0.30 + 0.30 
- 50 to - 55 dBrnO - - -0.45 + 0.45 - 0.45 + 0.45 

Total Distortion - 1.02 kHz Tone (C-Message) o to - 30 dBmO 35 - 36 - 36 - dBC 
-40dBmO 29 - 29 - 30 -
-45 dBrnO 24 - 24 - 25 -

Total Distortion With Pseudo Noise (A-Law) -3 dBmO 27.5 - 28 - 28.5 - dB 
CCITTG.714 - 6 to -27 dBmO 35 - 35.5 - 36 -

- 34dBrnO 33.1 - 33.5 - 34.2 -
-40dBmO 28.2 - 28.5 - 30.0 -
- 55 dBrnO 13.2 - 13.5 - 15.0 -

Idle Channel Noise (For End-End and AID, See Note 1) 
Mu-Law, C-Message Weighted - 15 - 15 - 9 dBrnCO 
A-Law, Psophometric Weighted - -69 - -69 - -78 dBrnOp 

Frequency Response (Relative to 1.02 kHz @ 0 dBmO) 15t060Hz - -23 - -23 - 0.15 dB 
300 to 3000 Hz -0.3 + 0.3 -0.15 + 0.15 -0.15 + 0.15 

3400 Hz -1.6 0 -0.8 0 -0.8 0 
4000 Hz - -28 - -14 - -14 

<':4600 Hz - -60 - -32 - -30 

Inband Spurious (1.02 kHz @ 0 dBmO, Transmit and RxO) - - - -43 - -43 dBmO 
300 to 3000 Hz 

Out-of-Band Spurious at RxO (300 - 3400 Hz @ 0 dBmO In) dB 
4600 to 7600 Hz - -30 - - - -30 
7600 to 8400 Hz - -40 - - - -40 

8400 to 100,000 Hz - -30 - - - -30 

Idle Channel NOiS~ Selective @ 8 kHz, Input ~ VAG, 30 Hz Bandwidth - -70 - - - -70 dBmO 

Absolute Delay @ 1600 Hz (TDC ~ 2.048 MHz, TDE ~ 8 kHz) - - - 310 - 180 ~s 

Group Delay Referenced to 1600 Hz (TDC ~ 2048 kHz, ~s 

TDE ~ 8 kHz) 500 to 600 Hz - - - 200 -40 -
600 to 800 Hz - - - 140 -40 -

800 to 1000 Hz - - - 70 -30 -
1000 to 1600 Hz - - - 40 -20 -
1600 to 2600 Hz - - - 75 - 90 
2600 to 2800 Hz - - - 110 - 120 
2800 to 3000 Hz - - - 170 - 160 

Crosstalk of 1020 Hz @ 0 dBmO From AID or D/A (Note 2) - - - -75 - -80 dB 

Intennodulation Distortion of Two Frequencies of Amplitudes - 4 to - - - -41 - -41 dB 
- 21 dBmO from the Range 300 to 3400 Hz 

NOTES: 
1. Extrapolated from a 1020 Hz @ - 50 dBmO distortion measurement to correct for encoder enhancement. 
2. Selectively measured while the AID is stimulated with 2667 Hz @ - 50 dBmO. 

MOTOROLA MC145500-MC145501-MC145502-MC145503-MC145505 
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ANALOG ELECTRICAL CHARACTERISTICS (VOO=-VSS =5 Vt06V±5%, TA=-.40to + 85°C) 

Characteristic 

Input Current +Tx, -Tx (Txl for MC145500) 

AC Input Impedance to VAG (1 kHz) +Tx, -Tx 
Txl for MC145500 

Input Capacitance +Tx, -Tx 

Input Offset Voltage of Txl Op Amp 

Input Common Mode Voltage Range +Tx,-Tx 

Input Cornmon Mode Rejection Ratio +Tx, -Tx 

Txl Unity Gain Bandwidth RL;' 10 kQ 

Txl Open Loop Gain RL;,10kQ 

Equivalent Input Noise (C-Message) Between + Tx and - Tx, at Txl 

Output Load Capacitance for Txl Op Amp 

Output Voltage Range Txl Op Amp, RxO or RxO 
RL= 10 kQto VAG 
RL = 600 Q to VAG 

Output Current Txl, RxO, RxO VSS + 1.5 V" Vout" VOO-1.5 V 

Output Impedance RxO, RxO' o to 3.4 kHz 

Output Load Capacitance for RxO and RxO' 

Output dc Offset Voltage Referenced to VAG Pin RxO 
RxO' 

Internal Gainsetting Resistors for RxG to RxO and RxO 

Extemal Reference Voltage Applied to Vref (Referenced to VAG) 

Vref Input Current 

VAG Output Bias Voltage 

VAG Output Current Source 
Sink 

Output Leakage Current During Power Down for the Txl Op Amp, VAG, 
RxO, and RxO 

Positive Power Supply Rejection Ratio, Transmit 
o - 100 kHz @ 250 mV, C-Message Weighting Receive 

Negative Power Supply Rejection Ratio, Transmit 
.a -100 kHz @ 250 mV, C-Message Weighting Receive 

• Assumes that RxG is not connected for gain modifications to RxO. 

MC145500-MC145501-MC145502-MC145503-MC145505 
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Symbol Min Typ 

'in - ±0.01 

Zin 5 10 
0.1 0.2 

- -
- <± 30 

V,CR VSS + 1.0 -
CMRR - 70 

BWp - 1000 

AVOL - 75 

- -20 

0 -

Vout 
VSS + 0.8 -
VSS + 1.5 -

±5.5 -

Zout - 3 

0 -
- -
- -

62 100 

0.5 -
- -
- 0.53VDD+ 

0.47 VSS 

IVAG 0.4 -
10.0 -

- -

45 50 
55 65 

50 55 
50 60 

Max Unit 

±0.2 IlA 
- MQ 
-
10 pF 

- mV 

VOO-2.0 V 

- dB 

- kHz 

- dB 

- dBrnCO 

100 pF 

V 
VDD-1.0 
VDD-l.5 

- mA 

- Q 

200 pF 

± 100 mV 
± 150 

225 kQ 

VOO-1.0 V 

20 IlA 
- V 

0.8 mA 
-

±30 IlA 

- dBC 
-
- dBC 
-
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MODE CONTROL LOGIC (VSS to VOO = 4.75 V to 12.6 V, TA = - 40 to + 85"C) 

Characteristic Min Typ Max Unit 

VLS Voltage for TTL Mode (TTL Logic Levels Referenced to VLS) VSS - VOO-4.0 V 

VLS Voltage for CMOS Mode (CMOS Logic Levels of VSS to VOO) VOO-0.5 - VOO V 

MulA Select Voltage V 
Mu-Law Mode VOO-0.5 - VOO 
Sign Magnitude Mode VAG-0.5 - VAG + 0.5 
A-Law Mode VSS - VSS + 0.5 

RSI Voltage for Reference Select Input (MC145501 and MC145502) 3.78 V Mode VOO-0.5 - VOO V 
2.5 V Mode VAG-0.5 - VAG + 0.5 

3.15 V Mode VSS - VSS + 0.5 

Vref Voltage for Internal or External Reference (MC145502 Only) V 
Internal Reference Mode VSS - VSS + 0.5 

External Reference Mode VAG + 0.5 - VOO -1.0 

Analog Test Mode Frequency, MS = CCI (MC145500, MC145501, MC145502 Only) - 128 - kHz 
See Pin Description; Test Modes 

SWITCHING CHARACTERISTICS (VSS to VOO = 9.5 V to 12.6 V, TA = - 40 to + 85"C, CL = 150 pF, CMOS or TTL Mode) 

Characteristic Symbol Min Typ Max Unit 

Output Rise Time TOO trLH - 30 80 ns 
Output Fall Time tTHL - 30 80 

Input Rise Time TOE, TOC, RCE, ROC, ~C, MSI, CCI trLH - - 4 Ils 
Input Fall Time trHL - - 4 

Pulse Width TOE Low, TOC, RCE, ROC, ~C, MSI, CCI tw 100 - - ns 

OCLK Pulse Frequency (MC145502/05 Only) TOC,ROC,OC fCL 64 - 4096 kHz 

CCI Clock Pulse Frequency (MSI = 8 kHz) fCL1 - 128 - kHz 
CCI is internally tied to TOC on the MC145500101/03, therefore, the fCL2 - 1536 -
transmit data clock must be one of these frequencies. This pin will accept fCL3 - 1544 -
one of these discrete clock frequencies and will compensate to produce fCL4 - 2048 -
internal sequencing. fCL5 - 2560 -
Propagation Delay lime ns 

TOE Rising to TOO Low Impedance TTL tp1 - 90 180 
CMOS - 90 150 

TOE Falling to TOO High Impedance TTL tP2 - - 55 
CMOS - - 40 

TOC Rising Edge to TOO Data, During TOE High TTL tp3 - 90 180 
CMOS - 90 150 

TOE Rising Edge to TOO Data, During TOC High TTL tp4 - 90 180 
CMOS - 90 150 

TOC Falling Edge to TOE Rising Edge Setup Time tsu1 20 - - ns 

TOE Rising Edge to TOC Falling Edge Setup Time tsu2 100 - - ns 

TOE Falling Edge to TOC Rising Edge to Preserve the Next TOO Data tsu8 20 - - ns 

ROC Falling Edge to RCE Rising Edge Setup Time tsu3 20 - - ns 

RCE Rising Edge to ROC Falling Edge Setup Time tsu4 100 - - ns 

ROD Valid to ROC Falling Edge Setup lime tsu5 60 - - ns 

CCI Falling Edge to MSI Rising Edge Setup Time tsu6 20 - - ns 

MSI Rising Edge to CCI Falling Edge Setup Time tsu7 100 - - ns 

ROD Hold Time from ROC Falling Edge th 100 - - ns 

TOE, TOC, RCE, ROC, ROD, ~C, MSI, CCI Input Capacitance - - 10 pF 

TOE,TOC, RCE, ROC, ROD, DC, MSI, CCI Input Current - ±0.01 ±10 itA 

TOO Capacitance During High Impedance (TOE Low) - 12 15 pF 

TOO Input Current During High Impedance (TOE Low) - ±0.1 ± 10.0 IlA 

MOTOROLA MC145500.MC145501. MC145502.MC145503.MC145505 
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DEVICE DESCRIPTIONS 

A codec-filter is a device which is used for digitizing and 
reconstructing the human voice. These devices were devel­
oped primarily for the telephone network to facilitate voice 
switching and transmission. Once the voice is digitized, it 
may be switched by digital switching methods or transmitted 
long distance (Tl, microwave, satellites, etc.) without degra­
dation. The name codec is an acronym from "Coder" for the 
AID used to digitize voice, and "Decoder" for the Df A used for 
reconstructing voice. A codec is a single device that does 
both the AlD.and DfA conversions. 

To digitize intelligible voice requires a signal to distortion of 
about 30 dB for a dynamic range of about 40 dB. This may be 
accomplished with a linear 13-bit AID and DfA, but will far 
exceed the required signal to distortion at amplitudes greater 
than 40 dB below the peak amplitude. This excess perform­
ance is at the expense of data per sample. Two methods of 
data reduction are implemented by compressing the 13-bit 
linear scheme to companded 8-bit schemes. These com­
panding schemes follow a segmented or "piecewise-linear" 
curve formatted as sign bit, three chord bits, and four step 
bits. For a given chord, all 16 of the steps have the same volt­
age weighting. As the voltage of the analog input increases, 
the four step bits increment and carry to the three chord bits 
which increment. With the chord bits incremented, the step 
bits double their voltage weighting. This results in an effec­
tive resolution of 6-bits (sign + chord + four step bits) across 
a 42 dB dynamic range (7 chords above zero, by 6 dB per 
chord). There are two companding schemes used; Mu-255 
Law specifically in North America, and A-Law specifically in 
Europe. These companding schemes are accepted world 
wide. The tables show the linear quantization levels to PCM 
words for the two companding schemes. 

In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal, it must be sampled at a 
frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, a 
sample rate of 8 kHz was adopted, consistent with a band­
width of 3 kHz. This sampling requires a low-pass filter to 
limit the high frequency energy above 3 kHz from distorting 
the inband signal. The telephone line is also subject to 
50/60 Hz power line coupling which must be attenuated from 
the signal by a high-pass filter before the AID converter. 

The DfA process reconstructs a staircase version of the 
desired inband signal which has spectral images of the in­
band Signal modulated about the sample frequency and its 
harmonics. These spectral images are called aliasing com­
ponents which need to be attenuated to obtain the desired 
signal. The low-pass filter used to attenuate filter aliasing 
components is typically called a reconstruction or smoothing 
filter. 

The MC145500 series PCM Codec-Filters have the co­
dec, both presampling and reconstruction filters, a precision 
voltage reference on chip, and require no external compo­
nents. There are five distinct versions of the Motorola 
MC145500 Series. 

MC145500 

The MC145500 PCM Codec-Filter is intended for stan­
dard byte interleaved synchronous and asynchronous appli­
cations. The TOC pin on this device is the input to both the 
TDC and CCI functions in the pin description. Consequently, 
for MSI = 8 kHz, TDC can be one of five discrete frequencies. 
These are 128 kHz (40 to 60% duty cycle) 1.536, 1.544, 
2.048, or 2.56 MHz. (For other data clock frequencies, see 
MC145502 or MC145505.) The internal reference is set for 
3.15 V peak full scale, and the full scale input level at Txl and 
output level at RxO is 6.3 V peak-to-peak. This is the 
+ 3 dBmO level of the PCM Codec-Filter. All other functions 
are described in the pin description. 

MC145501 

7he MC145501 PCM Codec-Filter offers the same fea­
tures and is for the same application as the MC145500, but 
offers two additional pins and features. The reference select 
input allows the full scale level of the device to be set at 
2.5 Vp, 3.15 Vp, or 3.78 Vp. The -Tx pin allows for external 
transmit gain adjust and simplifies the interface to the 
MC3419 SLiC. Otherwise, it is identical to MC145500. 

MC145502 

The MC145502 PCM Codec-Filter is the full feature 
22-pin device. It is intended for use in applications requiring 
maximum flexibility. The MC145502 contains all the features 
of the MC145500 and MC145501. The MC145502 is in­
tended for bit interleaved or byte interleaved applications 
with data clock frequencies which are nonstandard or time 
varying. One of the five standard frequencies (listed above) 
is applied to the CCI input, and the data clock inputs can be 
any frequency between 64 kHz and 4.096 MHz. The Vref pin 
allows for use of an external shared reference or selection of 
the internal reference. The RxG pin accommodates gain ad­
justments for the inverted analog output. All three pins of the 
input gain-setting operational amplifier are present, provid­
ing maximum flexibility for the analog interface. 

MC145503 

The MC145503 PCM Codec-Filter is intended for stan­
dard byte interleaved synchronous or asynchronous applica­
tions. TDC can be one of five discrete frequencies. These 
are 128 kHz (40 to 60% duty cycle), 1.536, 1.544, 2.048, or 
2.56 MHz. (For other data clock frequenCies, see MC145502 
or MC145505.) The internal reference is set for 3.15 V peak 
full scale, and the full scale input level at Txl and output level 
at RxO is 6.3 V peak-ta-peak. This is the + 3 dBmO level of 
the PCM Codec-Filter. The + Tx and - Tx inputs provide max­
imum flexibility for analog interface. All other functions are 
described in the pin description. 

MC145505 

The MC145505 PCM Codec-Fi.lter is intended for byte in­
terleaved synchronous applications. The MC145505 has all 
the features of the MC145503 but internally connects TDC 
and RDC (see pin description) to the DC pin. One of the five 
standard frequencies (listed above) should be applied to 
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CCI. The data clock input (OC) can be any frequency be­
tween 64 kHz and 4.096 MHz. 

DIGITAL 
VLS 

PIN DESCRIPTIONS 

Logic Level Select input and TTL Digital Ground 

VlS controls the .logic levels and digital ground reference 
for all digital inputs and the digital output. These devices can 
operate with logic levels from full supply (VSS to VOO) or 
with TTL logic levels using VlS as digital ground. For VlS = 
VOO, all 1/0 is full supply (VSS to VOO swing) with CMOS 
switch pOints. For VSS < VlS < (VOO - 4 V), all inputs and 
outputs are TTL compatible with VlS being the digital ground. 
The pins controlled by VlS are inputs MSI, CCI, TOE, TOC, 
RCE, ROC, ROO, POI, and output TOO. 

MSI 
Master Synchronization Input 

MSI is used for determining the sample rate of the transmit 
side and as a time base for selecting the internal prescale 
divider for the convert clock input (CCI) pin. The MSI pin 
should be tied to an 8 kHz clock which may be a frame sync 
or system sync signal. MSI has no relation to transmit or 
receive data timing, except for determining the internal trans­
mit strobe as described under the TOE pin description. MSI 
should be derived from the transmit timing in asynchronous 
applications. In many applications MSI can be tied to TOE. 
(MSI is tied internally to TOE in MC145503/05.) 

CCI 
Convert Clock Input 

CCI is designed to accept five discrete clock frequencies. 
These are 128 kHz, 1.536 MHz, 1.544 MHz, 2.048 MHz, or 
2.56 MHz. The frequency at this input is compared with MSI 
and prescale divided to produce the internal sequencing 
clock at 128 kHz (or 16 times the sampling rate). The duty 
cycle of CCI is dictated by the minimum pulse width except 
for 128 kHz, which is used directly for internal sequencing 
and must have a 40 to 60% duty cycle. In asynchronous 
applications, CCI should be derived from transmit timing. 
(CCI is tied internally to TOC in MC145500/01/03.) 

TDC 
Transmit Data Clock Input 

TOC can be any frequency from 64 kHz to 4.096 MHz, and 
is often tied to CCI if the data rate is equal to one of the five 
discrete frequencies. This clock is the shift clock for the 
transmit shift register and its rising edges produce succes­
sive data bits at TOO. TOE should be derived from this clock. 
(TOC and ROC are tied together internally in the MC145505 
and are called OC.) CCI is internally tied to TOC on the 
MC1455001 01/03. Therefore, TOC must satisfy CCI timing 
requirements also. 

TOE 
Transmit Data Enable Input 

TOE serves three major functions. The first TOE rising 
edge following an MSI rising edge generates the internal 
transmit strobe which initiates an AlO conversion. The inter­
nal transmit strobe also transfers a new PCM data word into 
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the transmit shift register (sign bit first) ready to be output at 
TOO. The TOE pin is the high impedance control for the 
transmit digital data (TOO) output. As long as this pin is high, 
the TOO output stays low impedance. This pin also enables 
the output shift register for clocking out the 8-bit serial PCM 
word. The logical ANO of the TOE pin with the TOC pin 
clocks out a new data bit at TOO. TOE should be held high 
for eight consecutive TOC cycles to clock out a complete 
PCM word for byte interleaved applications. The transmit 
shift register feeds back on itself to allow multiple reads of 
the transmit data. If the PCM word is clocked out once per 
frame in a byte interleaved system, the MSI pin function is 
transparent and may be connected to TOE. 

The TOE pin may be cycled during a PCM word for bit in­
terleaved applications. TOE controls both the high imped­
ance state of the TOO output and the internal shift clock. TOE 
must fall before TOC rises (tsu8) to ensure integrity of the 
next data bit. There must be at least two TOC falling edges 
between the last TOE rising edge of one frame and the first 
TOE rising edge of the next frame. MSI must be available 
separate from TOE for bit interleaved applications. 

TOO 
Transmit Digital Data Output 

The output levels at this pin are controlled by the VlS 
pin. For VlS connected to VOO, the output levels are from 
VsstoVoo·ForavoltageofVlsbetweenVoo-4VandVss, 
the output levels are TTL compatible with VlS being the digi­
tal ground supply. The TOO pin is a three-state output 
controlled by the TOE pin. The timing of this pin is controlled 
by TOC and TOE. When in TTL mode, this output may be 
made high-speed CMOS compatible using a pull-up resis­
tor. The data format (Mu-law, A-law, or sign magnitude) is 
controlled by the MulA pin. 

ROC 
Receive Data Clock Input 

ROC can be any frequency frorn 64 kHz to 4.096 MHz. 
This pin is often tied to the TOC pin for applications that can 
use a common clock for both transmit and receive data trans­
fers. The receive shift register is controlled by the receive 
clock enable (RCE) pin to clock data into the receive digital 
data (ROO) pin on falling ROC edges. These three signals 
can be asynchronous with all other digital pins. The ROC in­
put is internally tied to the TOC input on the MC145505 and 
called ~C. 

RCE 
Receive Clock Enable Input 

The rising edge of RCE should identify the sign bit of a re­
ceive PCM word on ROO. The next falling edge of ROC, after 
a rising RCE, loads the first bit of the PCM word into the re­
ceive register. The next seven falling edges enter the remain­
der of the PCM word. On the ninth rising edge, the receive 
PCM word is transferred to the receive buffer register and the 
A/O sequence is interrupted to commence the decode pro­
cess. In asynchronous applications with an 8 kHz transmit 
sample rate, the receive sample rate should be between 7.5 
and 8.5 kHz. Two receive PCM words may be decoded and 
analog summed each transmit frame to allow on-chip con­
ferencing. The two PCM words should be clocked in as two 
single PCM words, a minimum of 31.25 J.!s apart, with a 
receive data clock of 512 kHz or faster. 

MC145500.MC145501.MC145502.MC14550a.MC145505 
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ROD 
Receive Digital Data Input 

RDD is the receive digital data input. The timing for this pin 
is controlled by RDC and RCE. The data format is deter­
mined by the MulA pin. 

MulA 
Select 

This pin selects the companding law and the data format at 
TDD and RDD. 

MulA = VDD; Mu-255 Companding D3 Data Format with 
Zero Code Suppress 

MulA = VAG; Mu-255 Companding with Sign Magnitude 
Data Format 

MulA = VSS; A-Law Companding with CCITT Data Format 
Bit Inversions 

Code 

+ Full Scale 
+ Zero 
-Zero 

- Full Scale 

SIGN 
BIT 

Signl 
Magnitude 

1111 1111 
1000 0000 
0000 0000 
0111 1111 

CHORD BITS 

A-Law 
Mu-Law (CCITT) 

1000 0000 1010 1010 
1111 1111 1101 0101 
0111 1111 0101 0101 
0000 0010 0010 1010 

STEP BITS 

NOTE: Starting from sign magnitude, to change format: 

POI 

To Mu-Law-
MSB is unchanged ·(sign) 
Invert remaining seven bits 
If code is 0000 0000, change to 0000 0010 (for zero 

code suppression) 
ToA-Law-

MSB is unchanged (sign) 
Invert odd numbered bits 
Ignore zero code suppression 

Power Down Input 

The power down input disables the bias circuitry and gates 
off all clock inputs. This puts the VAG, Txl, RxO, RxO, and 
TDD outputs into a high-impedance state. The power dissi­
pation is reduced to 0.1 mW when PDI is a low logic level. 
The circuit operates normally with PDI = VDD or with a logic 
high as defined by connection at VLS. TDD will not come out 
of high impedance for two MSI cycles after PDI goes high. 

DCLK 
Data Clock Input 

In the MC145505, TDC and RDC are internally connected 
to DCLK. 

ANALOG 

VAG 
Analog Ground input/Output Pin 

VAG is the analog ground power supply input/output. All 
analog signals into and out of the device use this as their 
ground reference. Each version of the MC145500 PCM Co-

dec-Filter family can provide its own analog ground supply 
internally. The dc voltage of this internal supply is 6% positive 
of the midway between VDD and VSS. This supply can sink 
more than 8 mA but has a current source limited to 400 !lA. 
The output of this supply is internally connected to the analog 
ground input of the part. The node where this supply and the 
analog ground are connected is brought out to the VAG pin. In 
symmetric dual supply systems (± 5, ± 6, etc.), VAG may be 
externally tied to the system analog ground supply. When 
RxO or RxO drive low impedance loads tied to VAG, a pull-up 
resistor to VDD will be required to boost the source current 
capability if VAG is not tied to the supply ground. All analog 
signals for the part are referenced to VAG, including noise; 
therefore, decoupling capacitors (0.1 llF) should be used 
from VOD to VAG and VSS to VAG. 

Vref 
Positive Voltage Reference Input (MC145502 Only) 

The Vref pin allows an external reference voltage to be 
used for the AID and O/A conversions. If Vref is tied to VSS, 
the internal reference is selected. If Vref > VAG, then the ex­
ternal mode is selected and the voltage applied to Vref is 
used for generating the internal converter reference voltage. 
In either internal or external reference mode, the actual volt­
age used lor conversion is multiplied by the ratio selected by 
the RSI pin. The RSI pin circuitry is explained under its pin 
description below. Both the internal and external references 
are inverted within the PCM Codec-Filter for negative input 
voltages such that only one reference is required. 

External Mode - In the external reference mode (Vref > 
VAG), a 2.5 V reference like the MC1403 may be connected 
from Vref to VAG· A single external reference may be shared 
by tying together a number of Vref pins and VAG pins from dif­
ferent codec-filters. In special applications, the external ref­
erence voltage may be between 0.5 and 5 V. However, the 
reference voltage gain selection circuitry associated with RSI 
must be considered to arrive at the desired codec-filter gain. 

Internal Mode - In the internal reference mode (Vref = 
VSS), an internal 2.5 V reference supplies the reference volt­
age for the RSI circuitry. The Vref pin is functionally con­
nected to VSS for the MC145500, MC145501, MC145503, 
and MC145505 pinouts. 

RSI 
Reference Select Input (MC145501/02 Only) 

The RSI input allows the selection of three different over­
load or full-scale AID and D/A converter reference voltages 
independent of the internal or external reference mode. The 
RSI pin is a digital input that senses three different logic 
states: VSS, VAG, and VDD. For RSI = VAG, the reference 
voltage is used directly for the converters: The internal refer­
ence is 2.5 V. For RSI = VSS, the reference voltage is multi­
plied by the ratio of 1.26, which results in an internal 
converter reference of 3.15 V. For RSI = VDD, the reference 
voltage is multiplied by 1.51, which results in an .internal con­
verter reference of 3.78 V. The device requires a minimum of 
1.0 V of headroom between the internal converter reference 
to VDD. VSS has this same absolute valued minimum, also 
measured from VAG pin. The various modes of operation are 
summarized in Table 2. The RSI pin is functionally connected 
to VSS for. the MC145500, MC145503, and MC145505 
pinouts. 
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RxO,RxO 
Receive Analog Outputs 

These two complimentary outputs are generated from the 
output of the receive filter. They are equal in magnitude and 
out of phase. The maximum signal output of each is equal to 
the maximum peak-to-peak signal described with the refer­
ence. If a 3.15 V reference is used with RSI tied to VAG and a 
+ 3 dBmO sine wave is decoded, the RxO output will be a 
6.3 V peak-ta-peak signal. RxO will also have an inverted 
signal output of 6.3 V peak-ta-peak. External loads may be 
connected from RxO to RxO for a 6 dB push-pull signal gain 
or from either RxO or RxO to VAG. With a 3.15 V reference 
each output will drive 600 Q to + 9 dBm. With RSI tied to VDD, 
each output will drive 900 Q to + 9 dBm. 

RxG 
Receive Output Gain Adjust (MC145502 Only) 

The purpose of the RxG pin is to allow external gain ad­
justment for the RxO pin. If RxG is left open, then the output 
signal at RxO will be inverted and output at RxO. Thus the 
push-pull gain to a load from RxO to RxO is two times the 
output level at RxO. If external resistors are applied from 
RxO to RxG (RI) and from RxG to RxO (RG), the gain of RxO 
can be set differently from inverting unity. These resistors 
should be in the range of 10 kQ. The RxO output level is un­
changed by the resistors and the RxO gain is approximately 
equal to minus RG/RI. The actual gain is determined by tak­
ing into account the internal resistors which will be in parallel 
to these external resistors. The internal resistors have a 
large tolerance, but they match each other very closely. This 
matching tends to minimize the effects of their tolerance on 
external gain configurations. The circuit for RxG and RxO is 
shown in the block diagram. 

Txl 
Transmit Analog Input 

Txl is the input to the transmit filter. It is also the output of 
the transmit gain amplifiers of the MC145501/02l03/05. The 
input impedance is greater than 100 kQ to VAG in the 
MC145500. The Txl input has an internal gain of 1.0, such 
that a +3 dBmO signal at Txl corresponds to the peak con­
verter reference voltage as described in the Vref and RSI pin 
descriptions. For 3.15 V reference, the + 3 dBmO input 
should be 6.3 V peak-ta-peak. 

MOTOROLA 

+Tx/-Tx 
Positive Tx Amplifier Input (MC145502103/05 Only) / 
Negative Tx Amplifier Input (MC145501/02103/05 Only) 

The Txl pin is the input to the transmit band-pass filter. If 
+ Tx or - Tx is available, then there is an internal amplifier 
preceding the filter whose pins are + Tx, - Tx, and Txl. These 
pins allow access to the amplifier terminals to tailor the input 
gain with external resistors. The resistors should be in the 
range of 10 kQ. If + Tx is not available, it is internally tied to 
VAG. If - Tx and + Tx are not available, the Txl is a unity gain 
high-impedance input. 

POWER SUPPLIES 

VDD 
Most Positive Power Supply 

VDD is typically 5 to 12 V. 

VSS 
Most Negative Power Supply 

VSS is typically 10 to 12 V negative of VDD· 
For a ± 5 V dual-supply system, the typical power supply 

configuration is VDD = + 5 V, VSS = - 5 V, VLS = 0 V (digital 
ground accommodating TTL logic levels), and VAG = 0 V 
being tied to system analog ground. 

For single-supply applications, typical power supply con-
figurations inclUde: 

VDD = 10 V to 12 V 
VSS = 0 V 
VAG generates a mid supply voltage for referencing all 

analog signals. 
VLS controls the logic levels. This pin should be connected 

to VDD for CMOS logic levels from VSS to VDD. This pin 
should be connected to digital ground for true TTL logic 
levels referenced to VLS. 

TESTING CONSIDERATIONS (MC145500/01/02 ONLY) 

An analog test mode is activated by connecting MSI and 
CCI to 128 kHz. In this mode, the input of the AID (the output 
of the Tx filter) is available at the PDI pin. This input is direct 
coupled to the AID side of the codec. The AID is a differential 
design. This results in the gain of this input being effectively 
attenuated by half. If monitored with a high-impedance buff­
er, the output of the Tx low-pass filter can also be measured 
at the PDI pin. This test mode allows independent evaluation 
of the transmit low-pass filter and AID side of the codec. The 
transmit and receive channels of these devices are tested 
with the codec-filter fully functional. 
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Figure 1. Test Circuit 

Table 1. Options Available by Pin Selection 

RSI' Vref" Peak-to-Peak Overload Voltage 
Pin Level Pin Level (Txl, RxO) 

VDD VSS 7.56 V p-p 

VDD VAG + VEXT (3.02 x VEXT) V p-p 

VAG VSS 5 V p-p 

VAG VAG + VEXT (2 x VEXT) V p-p 

VSS VSS 6.3 V p-p 

VSS VAG+VEXT (2.52 x VEXT) V p-p 

• On MC145500103/05, RSI and Vref tied Internally to VSS. On MC145501, Vref 
tied internally to V SS. 

Table 2. Summary of Operation Conditions User Programmed Through Pins Vee, VAG, and VSS 

...... ...... Pin 
............ Programmed 

Logic ................................. 
Level ............ MulA 

VDD Mu-Law Companding Curve and D3/D4 Digital 
Formats with Zero Code Suppress 

VAG Mu-Law Companding Curve and Sign 
Magnitude Data Format 

VSS A-Law Companding Curve and CCITI Digital 
Format 

MC145500-MC145501-MC145502-MC145503-MC145505 
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RSI 
Peak Overload 

Voltage VLS 

3.78 CMOS 
Logic Levels 

2.50 TTL Levels 
VAG Up 

3.15 TIL Levels 
VSS Up 
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TDE 

TDC 

• Data output during this time will vary depending on TDC rate and TDE timing. 

RCE 

RDC 

RDD 

MSI 

CCI 
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Figure 2. Transmit Timing Diagram 

Figure 3. Receive Timing Diagram 

Figure 4. MSVCCI Timing Diagram 
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23a. Simplified Transformer Hybrid Using MC145503 
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23b. Universal Transformer Hybrid Using MC145503 

Figure 23. Hybrid Interfaces to the MC145503 PCM Codec-Filter Mono-Circuit 
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Table 3. Mu-Law EncQd~Decode Characteristics 
... 

Normalized 
Encode 

Digital Code 

Chord Number Step Decision 1 I 2 I 3 I 4 I 51 6 I 7 I 
Number of Steps Size Levels Sign I Chord I Chord I Chord I Step I Step I Step I 

8159 
1 0 0 0 0 

7903 
8 16 256 

4319 
1 0 0 0 1 

4063 

7 16 128 2143 
1 0 0 1 1 

2015 

6 16 64 1055 
1 0 1 0 1 

991 

5 16 32 511 
1 0 1 1 1 

479 

4 16 16 239 
1 1 0 0 1 

223 

3 16 8 103 
1 1 0 1 1 

95 

2 16 4 35 
1 1 1 a 1 

31 

1 15 2 3 
1 1 1 1 1 

1 
1 1 1 1 1 1 1 

0 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = 0 for negative analog values. 
2. Digital code includes inversion of all magnitude bits. 
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0 0 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

Normalized 
8 Decode 

Step Levels 

0 8031 

: 

1 4191 

1 2079 

1 1023 

1 495 

1 231 

1 99 

1 33 

0 2 

1 0 
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Table 4. A-Law Encode-Decode Characteristics 

Normalized 
Digital Code 

Encode Normalized 
Chord Number Step Decision 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 Decode 

Number of Steps Size Levels Sign I Chord I Chord I Chord I Step I Step I Step I Step Levels 

4096 
1 0 1 0 1 0 1 0 4032 

3968 
7 16 128 : 

2176 
1 0 1 0 0 1 0 1 2112 

2048 

6 16 64 1088 
1 0 1 1 0 1 0 1 1056 

1024 

5 16 32 544 
1 0 0 0 0 1 0 1 528 

512 

4 16 16 272 
1 0 0 1 0 1 0 1 264 

256 

3 16 8 136 
1 1 1 0 0 1 0 1 132 

128 

2 16 4 68 
1 1 1 1 0 1 0 1 66 

64 

1 32 2 2 
1 1 0 1 0 1 0 1 1 

0 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = 0 for negative analog values. 
2. Digital code includes alternate bit inversion. as specified by CCITT. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

ADPCM Transcoder 
Conforms to G.721-1988 and T1.301-1987 

The MC145532 Adaptive Differential Pulse Code Modulation (ADPCM) 
Transcoder provides a low-cost, full-duplex, single-channel transcoder to 
(from) a 64 kbps PCM channel from (to) either a 16 kbps, 24 kbps, 32 kbps, or 
64 kbps channel. 

• Complies with CCITT Recommendation G.721-1988 
• Complies with the American National Standard (T1.301-1987) 
• Full-Duplex, Single-Channel Operation 
• Mu-Law or A-Law Coding is Pin Selectable 
• Synchronous or Asynchronous Operation 
• Easily Interfaces with Any Member of Motorola's PCM Codec-Filter 

Mono-Circuit Family or Other Industry Standard Codec 
• Serial PCM and ADPCM Data Transfer Rate from 64 kbps to 5.12 Mbps 
• Power-Down Capability for Low Current Consumption 
• The Reset State. an Option Specified in the Standards. is Automatically 

Initiated When the RESET Pin is Released 
• Simple Time Slot Assignment Timing for Transcoder Applications 
• Single 5 V Power Supply 
• 16-Pin Package 
• The MC145536EVK is the Evaluation Platform for th'e MC145532 and Also 

Includes the MC145480 5 V PCM Codec-Filter 
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DEVICE DESCRIPTION 

An Adaptive Differential PCM (ADPCM) transcoder is used 
to reduce the data rate required to transmit a PCM encoded 
voice signal while maintaining the voice fidelity and intelli­
gibility of the PCM signal. 

The transcoder is used on 64 kbps data streams which 
represent either voice or voice band data signals that have 
been digitized by acodl'lc (e.g:, MC145557). The transcoder 
uses a filter to attempt to predict the next PCM input value 
based on previous PCM input values. The error between the 
predicted and the true PCM input value is the information 
that is sent to the other end of the line. Hence the word differ­
ential, since the ADPCM data stream is the difference be­
tween the true PCM input value and the predicted value. The 
term "adaptive" applies to the filter that is performing the pre­
diction. It is adaptive in that its transfer function changes 
based on the PCM input data. That is, it adapts to the statis­
tics of the signals presented to it. 

PIN DESCRIPTIONS 

ENCODER INPUT 

EDI 
Encoder Data Input (Pin 12) 

PCM data to be encoded are applied to this input pin which 
operates synchronously with EDC and EIE to enter the data 
in a serial format. 

EDC 
Encoder Data Clock (Pin 13) 

Data applied to EDI are latched into the transcoder on a 
falling edge of EDC and data are output from EDO on a rising 
edge of this input pin. The frequency of EDC may be as low 
as 64 kHz or as high as 5.12 MHz. 

EIE 
Encoder Input Enable (Pin 11) 

The beginning of a new PCM word is indicated to the 
transcoder by a rising edge applied to this input. The fre­
quency of EIE may not exceed 8 kHz. 

ENCODER OUTPUT 

EDO 
Encoder Data Output (Pin 15) 

ADPCM data are available in a serial format from this out­
put, which operates synchronously with EDC and EOE. EDO 
is a three-state output which remains in a high-impedance 
state, except when presenting data. 

EOE 
Encoder Output Enable (Pin 14) 

Each ADPCM word is requested by a rising edge on this 
input, which causes the EDO pin to provide the data when 
clocked by EDC. One EOE must occur for each EIE. 

MOTOROLA 

DECODER INPUT 

001 
Decoder Data Input (Pin 5) 

ADPCM data to be decoded are applied to this input pin, 
which operates in conjunction with DOC and DIE to enter the 
data in a serial format. 

DOC 
Decoder Data Clock (Pin 4) 

Data applied to 001 are latched into the transcoder on the 
falling edge of DOC and data are output from 000 on the ris­
ing edge of DOC. The frequency of DOC may be as low as 
64 kHz or as high as 5.12 MHz. 

DIE 
Decoder Input Enable (Pin 6) 

The beginning of a new ADPCM word is indicated by a ris­
ing edge applied to this input. Data are serially clocked into 
001 on the subsequent falling edges of DOC following the 
DIE rising edge. The frequency of DIE may not exceed 
8 kHz. 

DECODER OUTPUT 

000 
Decoder Data Output (Pin 2) 

PCM data are available in a serial format from this output, 
which operates in conjunction with DOC and DOE. 000 is a 
three-state output that remains at a high-impedance state 
except when presenting data. 

DOE 
Decoder Output Enable (Pin 3) 

Each ADPCM word is requested by a rising edge on this' 
input which causes the 000 pin to provide the data when 
clocked by DOC. One DOE must occur for each DIE. 

CONTEXT 

MODE 
Mode Select (Pin 1) 

A logic 0 applied to this input makes the transcoder com­
patible with Mu-255 companding and 03 data format. A 
logic 1 applied to this pin makes the transcoder compatible 
with A-Law companding with even bit inversion data format. 

SPC 
Signal Processor Clock (Pin 10) 

This input is typically clocked with a 20.48 MHz clock sig­
nal which is used as the digital signal processor master 
clock. This pin has a CMOS compatible input. 

RESET 
Reset (Pin 7) 

A logic 0 applied to this input forces the transcoder into a 
low power dissipation mode. A rising edge on this pin causes 
power to be restored and the optional transcoder RESET 
state (specified in the standards) to be forced. Valid data is 
available at the output pins four input enables after a rising 
edge on this pin. This pin has a CMOS compatible input. 

MC145532 
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APD 
Absolute Power Down (Pin 9) 

A logic 1 applied to this input forces the transcoder into a 
power saving mode. This pin has a CMOS compatible input. 

POWER SUPPLY 

VDD 
Positive Power Supply (Pin 16) 

The most positive power supply pin, normally 5 V. 

VSS 
Negative Power Supply (Pin 8) 

The most negative power supply pin, normally 0 V. 

FUNCTIONAL DESCRIPTION 

ENCODING/DECODING RATES 

The MC145532 allows for the encoding and decoding of 
data at one of four rates on a sample-by-sample basis. 
Each data sample that is provided to the part is accompanied 
by an indication of the rate at which it is to be encoded or 
decoded. The width of the enable pulse determines the 
encoding/decoding rate chosen for each sample. 

The 64 kbps rate allows for PCM data to be passed directly 
through the part. The 32 kbps rate is either the G.721-1988 
or the T1.301-1987 standard, depending on the state of the 
mode pin. The 24 kbps encoding rate is compliant with 
CCITT G.723--1988 and G.726. The 16 kbps rate is a modi­
fied quantizer from the 32 kbps technique and is not a stan­
dard. 

TIMING 

Figures 1 through 8 show the timing of the input and output 
pins. The MC145532 determines the mode of the timing sig­
nals, either short or long frame, for each enable, independent 
of the mode of any previous enables. A transition from short 
frame to long frame mode or vice versa will cause at least 
one frame of data to be destroyed. Each of the four sets of 
110 pins determines its mode independent of the other sets. 
Thus the encoder input could be operating with long frame 
timing and the output could be operating with short frame tim­
ing. Note that the short frame timing on the input enables can 
only be used with the 32 kbps transcoding rate. The number 
of data clock falling edges enclosed by the input enable line 
(EIE or DIE) determines both the short frame or long frame 
mode and the transcoding rate. The mode of the input or out­
put is determined each frame. In all modes, the data is cap­
tured by the MC145532 on the falling edge of either EDC or 
DDC. 

ENCODER INPUT - SHORT FRAME 

Figure 1 shows the timing of the encoder data clock 
(EDC), the encoder input enable (EIE), and the encoder data 
input (EDI) pins in short frame operation. 

The determination of short frame mode is made by the 
MC145532 based on one falling EDC edge while EIE is high. 

MC145532 
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Note that only a 32 kbps encoding rate can be specified 
when using short frame mode on the encoder input. 

ENCODER INPUT - LONG FRAME 

Figure 2 shows the clock, enable, and data signals for the 
encoder input in long frame mode. In this mode, the data is 
captured by the MC145532 on the falling edge of EDC. 

The determination of the encoding rate is made based on 
the number of falling EDC edges seen by the MC145532 
while EIE is high. Four edges implies a 32 kbps encoding 
rate, three edges implies a24 kbps encoding rate, two edges 
implies a 16 kbps rate, and from five to eight inclusive imply 
a 64 kbps rate. The encoding rate may be changed on a 
frame-by-frame basis. The encoded word is available at 
EDO (via EOE and EDC) from 250 ~s to 375 ~s after it is re­
quested. 

ENCODER OUTPUT - SHORT FRAME 

Figure 3 shows the timing of the encoder output in short 
frame mode. The length of the LSB is always one half of an 
EDC cycle. 

The EDO will provide the correct number of bits for the en­
coding rate that was selected for this frame of data on the 
encoder input pins. The data is loaded into the MC145532 
during one frame, encoded on the next frame, and read dur­
ing the third frame. 

ENCODER OUTPUT - LONG FRAME 

Figure 4 shows the timing of the encoder output in long 
frame mode. The enable must be wider than two falling 
edges of the EDC to be in long frame mode. If the enable falls 
before the correct number of bits have been presented to the 
output (EDO), the transcoder will complete the presentation 
of the bits to the output with the LSB being one half of an 
EDC period wide. If the enable falls after the one half EDC 
period of the LSB, then the LSB will be extended up to the full 
EDC clock period and the subsequent data will be a recircu­
lation of the previous data, which repeats until the enable pin 
falls. This is shown on the second enable for the 16 kbps en­
coding rate example in Figure 4. 

DECODER INPUT - SHORT FRAME 

Figure 5 shows the timing of the decoder data clock, the 
decoder input enable, and the decoder data input pins in 
short frame operation. Note that in this mode only a 32 kbps 
decoding rate can be selected. 

DECODER INPUT - LONG FRAME 

Figure 6 shows the clock, enable, and data signals for the 
decoder input in long frame mode. 

The determination of the decoding rate is made based on 
the number of falling DDC edges seen by the MC145532 
while DIE is high. Four edges implies a 32 kbps decoding 
rate, three edges implies a 24 kbps decoding rate, two edges 
implies a 16 kbps rate, and from five to eight edges inclusive 
imply a 64 kbps rate. The decoding rate may be changed on 
a frame-by-frame basis. 
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DECODER OUTPUT - SHORT FRAME 

Figure 7 shows the timing of the decoder output in short 
frame mode. 

The DDO will provide the 8-bit PCM word for the decoding 
rate that was selected for this frame of data on the decoder 
input pins. The data is loaded into the MC145532 during one 
frame, decoded on the next frame, and read during the third 
frame. 

DECODER OUTPUT - LONG FRAME 

Figure 8 shows the timing of the decoder output in long 
frame mode. Note that at least eight bits are presented to the 
output, provided that at least two falling edges of DDC are 

ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to VSS) 

Rating Symbol Value 

DC Supply Voltage VDD - 0.5 to + 7.0 

seen while DOE is high. The enable can be used to extend 
the LSB to a full DDC period andlor cause the eight bits of 
data to be recirculated to the output pin until the enable falls. 

STANDARDS INFORMATION 

The following standards apply to the MC145532: 

Tl.301-1987 -32 kbps ADPCM 
Tl.303-1988 - 24 kbps ADPCM 
CCITT G.721-1988, G.723-1988, and G.726 - 32 kbps 

and 24 kbps 

CCITT, ITU-T, TIA, and EIA documents may be obtained 
by contacting Global Engineering Documents in the USA at 
(800) 854-7179, or internationally at (303) 397-7956. 

Unit 

V 

Voltage, Any Pin to VSS V - 0.5 to VDD + 0.5 V 

This device contains circuitry to protect 
against damage due to high static voltages or 
electric fields; however, it is advised that 
normal precautions be taken to avoid appli­
cation of any voltage higher than maximum 
rated voltages to this high impedance circuit. 
For proper operation it is recommended that 
Vin and Vout be constrained to the rang e V S S" 
(Vin or Vout) "VDD· 

DC Current, Any Pin lin ±10 rnA 

Operating Temperature TA -40to+85 'c 
Storage Temperature Tstg -85to+150 'c 

RECOMMENDED OPERATING CONDITIONS (TA = - 40 to + 85'C) 

Parameter 

DC Supply Voltage 

Power Dissipation 

DIGITAL CHARACTERISTICS (VDD = 5.0 V, TA = - 40 to + 85'C) 

Parameter 

High Level Input Voltage Mode, DOE, DDC, DDI, DIE, EIE, EDI, EDC, EOE 

Low Level Input Voltage Mode, DOE, DDC, DDI, DIE, EIE, EDI, EDC, EOE 

High Level Input Voltage RESET, APD, SPC 

Low Level Input Voltage RESET, APD, SPC 

Input Current 

Input Capacitance 

High Level Output Voltage (IOH = - 2.0 mAl DDO, EDO 

Low Level Output Voltage (IOL = 2.0 MA) DDO, EDO 

Output Leakage Current (VDD = 5.5 V) DDO,EDO 

SWITCHING CHARACTERISTICS (VDD = 5.0 V, TA = - 40 to + 85'C) 

Parameter 

SPC Frequency 

SPC Duty Cycle 

MOTOROLA 

Symbol 

VDD 

PD 

Symbol 

VIH 

VIL 

VIH 

VIL 

lin 

Cin 

VOH 

VOL 

Ilkg 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., eitherVss 
orVDD)· 

Min Max 

4.50 5.50 

- 0.28 

Min Max 

2.0 -
- 0.8 

0.7 VDD -

- 0.3 VDD 

- ± 1.0 

- 10 

4.6 -
- 0.4 

- ±5.0 

Min Max 

19.990 23 

45 55 

Unit 

V 

W 

Unit 

V 

V 

V 

V 

~A 

pF 

V 

V 

~A 

Unit 

MHz 

% 
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ENCODER INPUT - SHORT FRAME (VDD = 5.0 V, TA = - 40 to + 85°C) 

Parameter Symbol Min Max Unit 

Enable Low Setup Time tsu(EIE)L 15 - ns 

Enable Low Hold Time th(EIE)H 30 - ns 

Enable Valid Time tv(EIE) 15 - ns 

Enable Hold Time th(EIE) 15 - ns 

Data Valid Time tv(EDI) 15 - ns 

Data Hold Time th(EDI) 15 - ns 

EOC 

EIE ~L--________ ---InL... __________ _ 
EDI 

MC145532 
2-1128 

EDC 

EIE 

EDI 

LSB LSB 

~---J*-lsu(EIE)L 

Figure 1. Encoder Input Timing - Short Frame 
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ENCODER INPUT - LONG FRAME (VDD = 5.0 V, TA = - 40 to + 85°C) 

Parameter Symbol 

Enable Low Hold Time th(EIE)L 

Enable Valid Time tv(EIE) 

Dala Valid Time Iv(EDI) 

Data Hold Time Ih(EDI) 

EDC~ 

EIE32kbps ~ 

EIE24 kbps ~ 

EIE16kbps ~ 

EIE64 kbps ~ 
1111111111 

LSB 

EDI 

EDC 

EIE 

EDI 

Figure 2. Encoder Input Timing - Long Frame 
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Min 

30 

15 

15 

15 

Max Unit 

- ns 

- ns 

- ns 

- ns 

111111111 

LSB 
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ENCODER OUTPUT - SHORT FRAME (VDD = 5.0 V, TA = - 40 to + 85°C) 

Parameter Symbol . Min Max Unit 

Enable Low Hold Time th(EOE)L 30 - ns 

Enable Valid Time tv(EOE) 15 - ns 

Enable Hold Time th(EOE) 15 - ns 

Data Valid Time tv(EDO) - 40 ns 

Data Three-State Time (with 150 pF Load) tz(EDO) 1 30 ns 

EDC 

EOE n�__ ______ ......J~I__ ______ ___In 
LSB LSB 

EDO ----{ 

• 32 kbps transcoding rate selected for this frame at EIE @ 64 kbps transcoding rate selected for this frame at EIE 

EDC 

EOE 
tx(EDO) 

tV(EDO)---+II---+lIr-_____ ">.,.... __ -,. 

EDO ---_--------------<1 MSB LSB 

Figure 3. Encoder Output Timing - Short Frame 

MC145532 
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ENCODER OUTPUT - LONG FRAME (VDD = 5.0 V, TA = - 40 to + 85°C) 

Parameter 

Enable Low Hold Time 

Enable Valid Time 

Enable to Data Time (Whichever Edge Occurs Last) 

Clock to Data Time (Whichever Edge Occurs Last) 

EOC 

EOE~ 
32 kbps 

EDO 

EOE~ 
24 kbps 

EDO 

EOE~ 
16 kbps 

EDO 

EOE ~ 
64 kbps 

EDO 

• EDO Driver is controlled by EOE 
# EDO completes the presentation of data 
@ Data recirculates 

EDC 

EOE 

EDO 

u 

Symbol 

th(EOE)L 

tv(EOE) 

tEOE-EDO 

tEDC-EDO 

Figure 4. Encoder Output Timing - Long Frame 
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Min Max Unit 

30 - ns 

15 - ns 

- 40 ns 

- 45 ns 

* I 
'---------

@ 

u 
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DECODER INPUT-SHORT FRAME (VDD= 5.0 V, TA=-40to+ 85°C) 

Parameter Symbol Min Max Unit 

Enable Low Setup Time to Falling DDC tsu(DIE)L 15 - ns 

Enable Low Hold Time from Falling DDC ItJ(DIE)H 30 - ns 

Enable Valid Time to Falling DDC tv(DIE) 15 - ns 

Enable Hold Time from Falling DDC th(DIE) 15 - ns 

Data Valid Time Before Falling DDC tv(DDI) 15 - ns 

Data Hold Time from Falling DDC ItJ(DDI) 15 - ns 

DOC 

DIE II n ~ I~----------~ ~ ____________ _ 

001-----{ 

DOC 

-+f_--th(OIE)--_i+-

DIE 

001 

th(OOI)]c 

MSB 

-----
Figure 5. Decoder Input Timing - Short Frame 

MC145532 
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DECODER INPUT - LONG FRAME (VDD = 5.0 V, TA = - 40 to + 85·C) 

Parameter 

Enable Hold Time from Falling DOC 

Enable Valid Time to Falling DOC 

Dala Valid Time 10 Falling DOC 

Data Hold Time from Falling DOC 

DOC 

DIE~ 
32 kbps 

DDI 

DIE~ 
24 kbps 

001 

DIE~ 

Symbol Min Max Unit 

th(DIE) 30 - ns 

tv(DIE) 15 - ns 

Iv(DDI) 15 - ns 

Ih(DDI) 15 - ns 

16 kbps 

DDI~'----------------------~~~----------------------

DIE~ 
64 kbps 

DDI 

MOTOROLA 

DDC 

DIE 

DDI 

Figure 6. Decoder Input Timing - Long Frame 

u 
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DECODER OUTPUT - SHORT FRAME (VDD = 5.0 V, TA = - 40 to + 85'C) 

Parameter Symbol Min Max Unit 

Enable Low Hold Time th(DOE)L 30 - ns 

Enable Valid Time tv(DOE) 15 - ns 

Enable Hold Time th(DOE) 15 - ns 

Rising Edge of DDC to Valid DDO tv(DDO) - 40 ns 

Delay Time from 8th DDC Low to DDO Output Disabled tz(DDO) - 30 ns 

DOC 

DOE~~ ________________ ~~~ ____________________ _ 

LSB 

DDO-----{ 

DOC 

.... ~-th(DOE)-+--+I 

DOE 

tv(DDO)-+--.!Ir-_____ -'l'r-__ , 

000 -------------------------------------<1 

MC145532 
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Figure 7. Decoder Output Timing - Short Frame 
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DECODER OUTPUT - LONG FRAME (VDD = 5.0 V. TA = - 40 to + 85°C) 

Parameter Symbol 

Enable Low Hold Time th(DOE)L 

Enable Valid Time tv(DOE) 

Rising Edge of DOE to Valid 000 (When DOC is High) tDOE-DDO 

Rising Edge of DOC to Valid 000 (When DOE is High) tDDC-DDO 

Delay Time from 8th DOC Low or DOE Low to 000 Output Disabled tz(DDO) 

DDC 

DOE~ &\\\\\ \~\\\\\~ I 
DDO 

DDC 

DOE 

DDO 

Figure 8. Decoder Output Timing - Long Frame 
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Min Max 

30 -
15 -
- 40 

- 45 

0 30 

Unit 

ns 

ns 

ns 

ns 

ns 

L 
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1.544 MHz 

TSI J 
TS2 

TS3 

TS4 

PCM BUS OUT DDO Y 

PCMY BUS OUT 
TS 1 

ADPCM Z BUS IN 
TS3 

1.544 MHz 

PCM X BUS OUT 
TS3 

TS4 

POWER-DOWN 

MCI45532 

f MODE VDD t--+ 5V 

DDD EDD 
DOE EOE 
DDC EDC 

DDI EDI 
DIE EIE 

- RESET SPC -
.f;" VSS APD -:;!;. 

MCl45532 

f MODE VDD -+5V 

DDO EDO 
DOE EOE 

DDC EDC 

DDI EDI 

DIE EIE 
RESET SPC 

-:f"" VSS APD~ 

DDOx ------------------------------------, 

PCM BUS IN EDI Y ------------------{ 

EDI x 

ADPCM Z BUS OUT 
TS 1 

PCM YBUS IN 
TS3 

TS2 

PCMX BUS IN 

TS 1 
20.48 MHz 

L 

ADPCMBUSOUT EDO~ ~----------------------------------------------------
EDOzx --------------------~~---------------------------------

ADPCM BUS IN DDI ~ -------------------

MC145532 
2-1136 

DDI zx -----------------------------------------------------~ 

Figure 9. ADPCM Transcoder Application 
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MCl45503 ADPCM IN 

VAG -= 
VOD + 5 V 

ANALOG OUT --""::'---1 RxO -= RDD~---~-~~ 

ANALOG IN +Tx RCE TSml TSm 

Txl ROC 1-+--4>+-+---1 
-Tx TDC 1-+---4 

+ 5 V-----I MulA TOO 

POI TOE 

- 5 V L-'VS""S:....-___ V.!:;LS:::..J 

POWER-DOWN 

1.544 MHz = ROC = DOC 
= TOE = EOC 

TSm1 = RCE = TOE ____ ---1 

EDI = TOO ------{ 
'-__ J 

TSm = EIE = EOE 
= DIE: DOE ____ ---l 

AOPCM OUT = EDO -------< '--_-.-./ 

000 = ROD -----~ 

ADPCM IN = 001 -------< ... , 

MC145532 

MODE VDO 

DOO EDO 

DOE EOE 

DOC EDC 
001 EOI 

DIE EIE 

RESET SPC 

VSS APO 

Figure 10. ADPCM Transcoder/Codec Application 
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+5V 

-= 

ADPCMOUT 

TSm 

1.544 MHz 

20.48 MHz 
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-5V 

ANALOG OUT 

+5V 

~ 

MC145557 

VBB VFXI+ -::-
GNDA VFXI-
VFRO GSX 

VCC rnX 

FSR FSX 

DR DX Ff BClKR 
MClKR 

BClKXT MClKX 

2.048 MHz 

ADPCM IN 

POWER-DOWN 

+5V 

MC145532 

MODE VDD -+5V 

DDO EDO 
DOE EOE 

DDC EDC -
DDI EDI 

DIE EIE 
RESET SPC 

.,!;'" VSS APD~ 

2.048 MHz 
= MClKR = BClKR = DDC 
= MClKX = BClKX = EDC 

8 kHz = DOE = DIE = FSR J 
= EOE = EIE = FSX 

EDI = DX -----< 

ADPCM OUT = EDO -----< 

'--_.......J 

DDO = DR -----{ 
'--_-J 

ADPCM IN = DDI-----{ 

J 
ANALOG IN 

TxTIME SLOT 

8kHz 

ADPCMOUT 

20.48 MHz 

Figure 11. ADPCM Transcoder/Codec Application (A-Law) 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Technical Summary 
ADPCM Codec 

This technical summary provides a brief description of the MC145540 
ADPCM Codec. A complete data book for the MC145540 is available and can 
be ordered from your local Motorola sales office. The data book number is 
MC145540/D. 

The MC145540 ADPCM Codec is a single chip implementation of a PCM 
Codec-Filter and an ADPCM encoder/decoder, and therefore provides an 
efficient solution for applications requiring the digitization and compression of 
voiceband signals. This device is designed to operate over a wide voltage 
range, 2.7 to 5.25V and, as such, is ideal for battery powered as well as ac 
powered applications. The MC145540 ADPCM Codec also includes a serial 
control port and internal control and status registers that permit a microcom­
puter to exercise many built-in features. 

The ADPCM Codec is designed to meet the 32 kbps ADPCM conformance 
requirements of CCITT Recommendation G.721-1988 and ANSI T1.301. It 
also meets ANSI T1.303 and CCITT Recommendation G. 723-1988 for 24 kbps 
ADPCM operation, and the 16 kbps ADPCM standard, CCITT Recommen­
dation G.726. This device also meets the PCM conformance specification of the 
CCITT G.714 Recommendation. 

• Single 2.7 to 5.25 V Power Supply 
• Typical 2.3 V Power Dissipation of 43 mW, Power-Down of 15 IlW 
• Differential Analog Circuit Design for Lowest Noise 
• Complete Mu-Law and A-Law Companding PCM Codec-Filter 
• ADPCM Transcoder for 64, 32, 24, and 16 kbps Data Rates 
• Universal Programmable Dual Tone Generator 
• Programmable Transmit Gain, Receive Gain, and Sidetone Gain 
• Low Noise, High Gain, Three Terminal Input Operational Amplifier for 

Microphone Interface 
• Push-Pull, 300 n Power Drivers with External Gain Adjust for Receiver 

Interface 
• Push-Pull, 300 n Auxiliary Output Drivers for Ringer Interface 
• Voltage Regulated Charge Pump to Power the Analog Circuitry in Low 

Voltage Applications 
• Receive Noise Burst Detect Algorithm 

Order Complete Document as MC145540/D 
• Device Supported by MC145537EVK ADPCM Codec Evaluation Kit 

NOT RECOMMENDED 
FOR N DESIGNS 

REPLACED BY MC14LC5540 

MOTOROLA 

MC145540 

P SUFFIX 
PLASTIC DIP 

CASE 710 

OW SUFFIX 
SOG PACKAGE 

CASE 751F 

ORDERING INFORMATION 
MC145540P Plastic DIP 
MC145540DW SOG Package 

PIN ASSIGNMENT 

TG 

TI­

TI+ 

VAG 

RO 

AXO­

AXO+ 

VDSP 

VEXT 

PI 

PO­

PO+ 

PDIIRESET 

SCPEN 

~ 

~ 
~ 
[ 

1-

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

VDD 

FSR 

BCLKR 

DR 

Cl+ 

C1-

VSS 

SPC 

DT 

BCLKT 

FST 

SCP Rx 

SCP Tx 

SCPCLK 

MC145540 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Technical Summary 
ADPCM Codec 

This technical summary provides a brief description of tlie MC14LC5540 
ADPCM Codec. A complete data book for the MC14LC5540 is available and 
can be ordered from your local Motorola sales office. The data book number is 
MC145540/D. 

The MC14LC5540 ADPCM Codec is a single chip implementation of a PCM 
Codec-Filter and an ADPCM encoder/decoder, and therefore provides an 
efficient solution for applications requiring the digitization and compression of 
voiceband signals. This device is designed to operate over a wide voltage 
range, 2.7 t05.25V and, as such, is ideal for battery powered as well as ac 
powered applications. The MC14LC5540 ADPCM Codec also includes a serial 
control port and internal control and status registers that permit a microcom­
puter to exercise many built-in features. 

The ADPCM Codec is designed to meet the 32 kbps ADPCM conformance 
requirements of CCITT Recommendation G.721-1988 and ANSI T1.301. It 
also meets ANSI T1.303 and CCITT Recommendation G. 723--1988 for 24 kbps 
ADPCM operation, and the 16 kbps ADPCM standard, CCITT Recommen­
dation G.726. This device also meets the PCM conformance specification of the 
CCITT G.714 Recommendation. 

• Single 2.7 to 5.25 V Power Supply 
• Typical 2.3 V Power Dissipation of 43 mW, Power-Down of 15 JlW 
• Differential Analog Circuit Design for Lowest Noise 
• Complete Mu-Law and A-Law Companding PCM Codec-Filter 
• ADPCM Transcoder for 64, 32, 24, and 16 kbps Data Rates 
• Universal Programmable Dual Tone Generator 
• Programmable Transmit Gain, Receive Gain, and Sidetone Gain 
• Low Noise, High Gain, Three Terminal Input Operational Amplifier for 

Microphone Interface 
• Push-Pull, 300 n Power Drivers with External Gain Adjust for Receiver 

Interface 
• Push-Pull, 300 n Auxiliary Output Drivers for Ringer Interface 
• Voltage Regulated Charge Pump to Power the Analog Circuitry in Low 

Voltage Applications 
• Receive Noise Burst Detect Algorithm 

Order Complete Document as MC145540/D 
• Device Supported by MC145537EVK ADPCM Codec Evaluation Kit 

REV 1 
9/95 
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MC14LC5540J 

., 
1 

PSUFFIX 
PLASTIC DIP 

CASE 710 

OW SUFFIX 
SOG PACKAGE 

CASE 751F 

ORDERING INFORMATION 
MC14lC5540P Plastic DIP 
MC14lC5540DW SOG Package 

PIN ASSIGNMENT 

TG VOO 

TI- FSA 

TI+ BClKA 

VAG OA 

AO C1+ 

AXO- C1-

AXO+ VSS 

VOSP SPC 

VEXT OT 

PI BClKT 

PO- FST 

PO+ SCP Ax 

POI/RESET SCPTx 

SCPEN SCPClK 
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BLOCK DIAGRAM 

PO+ 

PO-

PI 

RO "'H--<:: 

AXO- +-t-+-?''1 

AXO+ ... H--"'-.....J 

TG 

TI­
TI+ 

VDD 

Vss 

PIN DESCRIPTIONS 

Power Supply Pins 

VSS 
Negative Power Supply (Pin 22) 

This is the most negative power supply and is typically 
connected to 0 V. 

VEXT 
External Power Supply Input (Pin 9) 

This power supply input pin must be between 2.70 and 
5.25 V. Internally, it is connected to the input of the VOSP 
voltage regulator, the 5 V regulated charge pump, and all 
digital 1/0 including the Serial Control Port and the AOPCM 
Serial Data Port. This pin is also connected to the analog out­
put drivers (PO+, PO--, AXO+, and AXO-). This pin should 
be decoupled to VSS with a 0.1 ~F ceramic capacitor. This 
pin is internally connected to the VDD and VDSP pins when 
the device is powered down. 

VDSP 
Digital Signal Processor Power Supply Output (Pin 8) 

This pin is connected to the output of the on-chip VDSP 
voltage regulator which supplies the positive voltage to the 
DSP circuitry and to the other digital blocks of the AOPCM 
Codec. This pin should be decoupled to VSS with a 0.1 ~F 
ceramic capacitor. This pin cannot be used for powering 

MOTOROLA 

DSP 

ADPCM 
TRANSCODER, 
RECEIVE GAIN 

AND 
DUAL TONE 

GENERATOR 

SEQUENCE! 
CONTROL 

DR 

FSR 

BClKR 

BClKT 

FST 

DT 

VDSP 

SPC 

external loads. This pin is internally connected to the VEXT 
pin during power-down to retain memory. 

VDD 
Positive Power Supply Input/Output (Pin 28) 

This is the positive output of the on-chip voltage regulated 
charge pump and the positive power supply input to the ana­
log sections of the device. Depending on the supply voltage 
available, this pin can function in one of two different oper­
ating modes: 

1. When VEXT is supplied from a regulated 5 V (± 5%) 
power supply, VDO is an input and should be externally 
connected to VEXT Charge pump capacitor Cl should 
not be used and the charge pump should be disabled in 
BRO(b2).ln this case VEXTand VODcan sharethesame 
0.1 ~F ceramic decoupling capacitor to VSS. 

2. When VEXT is supplied from 2.70 to 5.25 V, such as 
battery powered applications, the charge pump should 
be used. In this case, VOD is the output of the on-chip 
voltage regulated charge pump and must not be con­
nected to V EXT Vo D should be decoupled to V SS with a 
1.0 ~F ceramic capacitor. This pin cannot be used for 
powering external loads in this operating mode. This pin 
is internally connected to the V EXT pin when the charge 
pump is turned off or the device is powered down. 

VAG 
Analog Ground Output (Pin 4) 

This output pin provides a mid-supply analog ground reg­
ulated to 2.4 V. All analog signal processing within this device 

MC14LC5540 
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is referenced to this pin. This pin should be decoupled to VSS 
with a 0.01 to 0.1 IlF ceramic capacitor. If the audio signals to 
be processed are referenced to VSS, then special precau­
tions must be utilized to avoid noise between VSS and the 
VAG pin. Refer to the applications information in this docu­
ment for more information. The VAG pin becomes high im­
pedance when in analog power-down mode. 

C1-,C1+ 
Charge Pump Capacitor Pins (Pin 23 And 24) 

These are the capacitor connections to the internal voltage 
regulated charge pump that generates the VDD supply volt­
age. A 0.1 IlF capacitor should be placed between these 
pins. Note that if an external VDD is supplied, this capacitor 
should not be in the circuit. 

ANALOG INTERFACE PINS 

TG 
Transmit Gain (Pin 1) 

This is the output of the transmit gain setting operational 
amplifier and the input to the transmit band-pass filter. This 
op amp is capable of driving a 2 kQ load to the VAG pin. 
When TI- and TI+ are connected to VDD, the TG op amp is 
powered down and the TG pin becomes a high-impedance 
input to the transmit filter. All signals at this pin are refer­
enced to the VAG pin. This pin is high impedance when the 
device is in the analog power--down mode. This op amp is 
powered by the VDD pin. . 

TI-
Transmit Analog Input (Inverting) (Pin 2) 

This is the inverting input of the transmit gain setting op­
erational amplifier. Gain setting resistors are usually con­
nected from this pin to TG and from this pin to the analog 
signal source. The common mode range of the TI+ and TI­
pins is from 1.0 V, to VDD - 2 V. Connecting this pin and TI + 
(Pin 3) to VDD will place this amplifier's output (TG) in a high­
impedance state, thus allowing the TG pin to serve as a 
high-impedance input to the transmit filter. 

TI+ 
Transmit Analog Input (Non-Inverting) (Pin 3) 

This is the non-inverting input of the transmit input gain 
setting operational amplifier. This pin accommodates a differ­
ential to single-ended circuit for the input gain setting op 
amp. This allows input signals that are referenced to the VSS 
pin to be level shifted to the VAG pin with minimum noise. 
This pin may be connected to the VAG pin for an inverting 
amplifier configuration if the input signal is already refer­
enced to the VAG pin. The common mode range of the TI+ 
and TI- pins is from 1.0 V to VDD - 2 V. Connecting this pin 
and TI- (Pin 2) to VDD will place this amplifier's output (TG) in 
a high-impedance state, thus allowing the TG pin to serve as 
a high-impedance input to the transmit filter. 

RO 
Receive Analog Output (Pin 5) 

This is the non-inverting output of the receive smoothing 
filter from the digital-to-analog converter. This output is 
capable of driving a 2 kQ load to 1.575 V peak referenced to 
the VAG pin. This pin may be dc referenced to either the VAG 
pin or a voltage of half of VEXT by BR2 (b7). This pin is high 
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impedance when the device is in the analog power-down 
mode. This pin is high impedance except when it is enabled 
for analog signal output. 

AXO-
Auxiliary Audio Power Output (Inverting) (Pin 6) 

This is the inverting output of the auxiliary power output 
drivers. The Auxiliary Power Driver is capable of differentially 
driving a 300 Q load. This power amplifier is powered from 
VEXT and its output can swing to within 0.5 V of VSS and 
VEXT. This pin may be dc referenced to either the VAG pin or 
a voltage of half of VEXT by BR2 (b7). This pin is high imped­
ance in power down. This pin is high impedance except 
when it is enabled for analog signal output. 

AXO+ 
Auxiliary Audio Power Output (Non-Inverting) (Pin 7) 

This is the non-inverting output of the auxiliary power out­
put drivers. The Auxiliary Power Driver is capable of differen­
tially driving a 300 Q load. This power amplifier is powered 
from VEXT and its output can swing to within 0.5 V of VSS and 
VEXT. This pin may be dc referenced to either the VAG pin or 
a voltage of half of VEXT by BR2 (b7). This pin is high imped­
ance in power down. This pin is high impedance except 
when it is enabled for analog signal output. 

PI 
Power Amplifier Input (Ph' 10) 

This is the inverting input to the PO- amplifier. The non­
inverting input to the PO- amplifier may be dc referenced to 
either the VAG pin or a voltage of half of VEXT by BR2 (b7). 
The PI and PO- pins are used with external resistors in an 
inverting op amp gain circuit to set the gain of the PO+ and 
PO- push-pull power amplifier outputs. Connecting PI to 
VDD will power down these amplifiers and the PO+ and PO­
outputs will be high impedance. 

PO-
Power Amplifier Output (Inverting) (Pin 11) 

This is the inverting power amplifier output that is used to 
provide a feedback signal to the PI pin to set the gain of the 
push-pull power amplifier outputs. This power amplifier is 
powered from VEXT and its output can swing to within 0.5 V 
of VSS and VEXT. This should be noted when setting the gain 
of this amplifier. This pin is capable of driving a 300 Q load to 
PO+ independent of supply voltage. The PO+ and Po-·out­
puts are differential (push-pull) and capable of driving a 
300 Q load to 3.15 V peak, which is 6.3 V peak-to-peak 
when a nominal 5 V power supp.ly is used for VEXT. The bias 
voltage and signal reference for this pin may be dc refer­
enced to either the VAG pin or a voltage of half of VEXT by 
BR2 (b7). Low impedance loads must be between PO+ and 
PO-. This pin is high impedance when the device is in the 
analog power--down mode. This pin is high impedance ex­
cept when it is enabled for analog signal output. 

PO+ 
Power Amplifier Output (Non-Inverting) (Pin 12) 

This is the non-inverting power amplifier output that is an 
inverted version of the signal at PO-. This power amplifier is 
powered from VEXT and its output can swing to within 0.5 V 
of VSS and VEXT. This pin is capable of driving a 300 Q load 
to PO-. This pin may be dc referenced to either the VAG pin 
or a voltage of half of VEXT by BR2 (b7). This pin is high 
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impedance when the device is in the analog power-down 
mode. See PI and PO- for more information. This pin is high 
impedance except when it is enabled for analog signal out­
put. 

ADPCM/PCM SERIAL INTERFACE PINS 

FST 
Frame Sync, Transmit (Pin 18) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts an 8 kHz clock that synchronizes the 
output of the serial ADPCM data at the DT pin. 

BCLKT 
Bit Clock, Transmit (Pin 19) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts any bit clock frequency from 64 to 
5120 kHz. 

DT 
Data, Transmit (Pin 20) 

This pin is controlled by FST and BCLKT and is high im­
pedance except when outputting data. 

SPC 
Signal Processor Clock (Pin 21) 

This input requires a 20.48 or 20.736 MHz clock signal that 
is used as the DSP engine master clock. Internally the device 
divides down this clock to generate the 256 kHz clock re­
quired by the PCM Codec. (This clock may be optionally spe­
cified for higher frequencies; contact the factory for more 
information.) 

DR 
Data, Receive (Pin 25) 

ADPCM data to be decoded are applied to this input, 
which operates synchronously with FSR and BCLKR to enter 
the data in a serial format. 

BCLKR 
Bit Clock, Receive (Pin 26) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts any bit clock frequency from 64 to 
5120 kHz. This pin may be used for applying an external 
256 kHz clock for sequencing the analog signal processing 
functions of this device. This is selected by the SCP port at 
BRO (b7). 

FSR 
Frame Sync, Receive (Pin 27) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts an 8 kHz clock that synchronizes the 
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input of the serial ADPCM data at the DR pin. FSR can oper­
ate asynchronous to FST in the Long Frame Sync or Short 
Frame Sync mode. 

SERIAL CONTROL PORT INTERFACE PINS 

POI/RESET 
Power-Down Input/Reset (Pin 13) 

A logic 0 applied to this input forces the device into a low­
power dissipation mode. A rising edge on this pin causes 
power to be restored and the ADPCM Reset state (specified 
in the standards) to be forced. 

SCPEN 
Serial Control Port Enable Input (Pin 14) 

This pin, when held low, selects the Serial Control Port 
(SCP) for the transfer of control and status information into 
and out of the MC14LC5540 ADPCM Codec. This pin should 
be held low for a total of 16 periods of the SCPCLK signal in 
order for information to be transferred into or out of the 
MC14LC5540 ADPCM Codec. The timing relationship be­
tween SCPEN and SCPCLK is shown in Figures 6 through 9. 

SCPCLK 
Serial Control Port Clock Input (Pin 15) 

This input to the device is used for controlling the rate of 
transfer of data into and out of the SCP Interface. Data are 
clocked into the MC14LC5540 ADPCM Codec from SCP Rx 
on rising edges of SCPCLK. Data are shifted out of the de­
vice on SCP Tx on falling edges of SCPCLK. SCPCLK can 
be any frequency from 0 to 4.096 MHz. An SCP transaction 
takes place when SCPEN is brought low. Note that SCPCLK 
is ignored when SCPEN is high ( i.e., it may be continuous or 
it can operate in a burst mode). 

SCP Tx 
Serial Control Port Transmit Output (Pin 16) 

SCP Tx is used to output control and status information 
from the MC14LC5540 ADPCM Codec. Data are shifted out 
of SCP Tx on the falling edges of SCPCLK, most significant 
bit firs!. 

SCP Rx 
Serial Control Port Receive Input (Pin 17) 

SCP Rx is used to input control and status information to 
the MC14LC5540 ADPCM Codec. Data are shifted into the 
device on rising edges of SCPCLK. SCP Rx is ignored when 
data are being shifted out of SCP Tx or when SCPEN is 
high. 
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ADPCM/PCM SERIAL INTERFACE TIMING DIAGRAMS 

FST(FSR) 

BClKT (BClKR) 

DT 11 1 2 1 3 14 1 5 I 6 17 181-1 ------"'-----

DR I DON'T CARE 11 I 2 1 3 1 4 1 5 1 6 1 7 1 8 1 DON'T CARE 

Figure 1. Long Frame Sync (64 kbps PCM Data Timing) 

FST(FSR) 

BClKT (BClKR) 

DT 1 I 21 3141-1 --------------"'--

DR I DON'T CAREl 1 I 21 31 41 DON'T CARE 

Figure 2. Long Frame Sync (32 kbps ADPCM Data Timing) 

FST(FSR) 

BClKT (BClKR) 

DT 11 21 31-1 ----------------...,.... 

DR 1 DON'T CAREl 1 2 1 3 1 DON'T CARE 

Figure 3. Long Frame Sync (24 kbps ADPCM Data Timing) 

FST (FSR) __ ~r-l~ _____________ _ 
BClKT (BClKR) 

DT -------~~------------------------~-----------------------
DR I DON'T CAREl 1 I 2 I DON'T CARE 
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Figure 4. Long Frame Sync (16 kbps ADPCM Data Timing) 
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FST (FSR) 

BClKT (BClKR) 

DT 11 1 21 3 HI----------------

SCP Tx 

SCPClK 

SCP Rx 

SCP Tx 

SCPClK 

SCP Rx 

SCP Tx 

MOTOROLA 

DR 1 DON'T CARE 1 1 2 1 3 1 4 1 DON'T CARE 

Figure 5. Short Frame Sync (32 kbps ADPCM Data Timing) 

--------------HIGH IMPEDANCE ----------------

Figure 6. SCP Byte Register Write Operation Using Double 8-Bit Transfer 

RNi 

------ HIGH IMPEDANCE --------,1 D71 D61 D51 D41 D31 D21 D1 1 DOl--
Figure 7. SCP Byte Register Read Operation Using Double 8-Bit Transfer 

~~--------------------~ 

----------- HIGH IMPEDANCE ------------------

Figure 8. SCP Byte Register Write Operation Using Single 16-Bit Transfer 
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SCPEN ~L-____________________________________________ -J 

SCPCLK 

SCP Rx RIW 

SCPTx ------- HIGH IMPEDANCE --------1 

Figure 9. SCP Byte Register Read Operation Using Single 16-Bit Transfer 

SERIAL CONTROL PORT (SCP) INTERFACE 

The MC14LC5540 is equipped with an industry standard 
Serial Control Port (SCP) Interface. The SCP is used by an 
external controller, such as an M68HC05 family micro­
controller, to communicate with the MC14LC5540 ADPCM 
Codec. 

The SCP is a full-duplex, four-wire interface used to pass 
control and status information to and from the ADPCM 
Codec. The SCP Interface consists of a transmit output, a 
receive input, a data clock, and an enable signal. These 
device pins are known as SCP Tx, SCP Rx, SCPCLK, and 
SCPEN, respectively. The SCPCLK determines the rate of 
exchange of data in both the transmit and receive directions, 
and the SCPEN signal governs when this exchange is to 
take place. 

The operation and configuration of the ADPCM Codec is 
controlled by setting the state of the control and status regis­
ters within the MC14LC5540 and then monitoring these con­
trol and status registers. The control and status registers 
reside in sixteen 8-bit wide Byte Registers, BRO - BR15. A 
complete register map can be found in the Serial Control 
Port Registers section. 

BYTE REGISTER OPERATIONS 

The sixteen byte registers are addressed by addressing a 
four-bit byte register address (A3:AO) as shown in Figures 6 
and 7. A second 8-bit operation transfers the data word 
(D7:DO). Alternatively, these registers can be accessed with 
a single 16-bit operation as shown in Figures 8 and 9. 

ADPCM CODEC DEVICE DESCRIPTION 

The MC14LC5540 is a single channel Mu-Law.or A-Law 
companding PCM Codec-Filter with an ADPCM encoder/de­
coder operating on a single voltage power supply from 2.7 to 
5.25V. 

The MC14LC5540 ADPCM Codec is a complete solution 
for digitizing and reconstructing voice in compliance with 
CCITT G.714, G.721-1988, G.723-1988, G.726, and ANSI 
T1.301 and T1.303 for 64,32,24, and 16 kbps. This device 
satisfies the need for high-quality, low-power, low data rate 
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voice transmission, and storage applications and is offered in 
28-pin Plastic DIP and SOG packages. 

Referring to Figure 10, the main functional blocks of the 
MC14LC5540 are the switched capacitor technology PCM 
Codec-Filter, the DSP based ADPCM encoder/decoder, and 
the voltage regulated charge pump. As an introduction to the 
functionality of the ADPCM Codec, a basic description of 
these functional blocks follows. 

PCM CODEC-FILTER BLOCK DESCRIPTION 

A PCM Codec-Filter is a device used for digitizing and re­
constructing the human voice. These devices were devel­
oped primarily for the telephone network to facilitate voice 
switching and transmission. Once the voice is digitized, it 
may be switched by digital switching methods or transmitted 
long distance (T1, microwave, fiber optics, satellites, etc.) 
without degradation. The name codec is an acronym from 
"COder" for the analog-to-digital converter (ADC) used to 
digitize voice, and "DECoder" for the digital-to-analog con­
verter (DAC) used for reconstructing voice. A codec is a 
single device that does both the ADC and DAC conversions. 

To digitize voice intelligibly requires a signal to distortion of 
about 30 dB for a dynamic range of about 40 dB. This may be 
accomplished with a linear 13--bit ADC and DAC, but will far 
exceed the required signal to distortion at amplitudes greater 
than 40 dB below the peak amplitude. This excess perfor­
mance is at the expense of bits of data per sample. Two 
methods of data reduction are implemented by compressing 
the 13-bit linear scheme to companded 8-bit schemes. 
These companding schemes follow a segmented or "piece­
wise-linear" curve formatted as sign bit, three chord bits, and 
four step bits. For a given chord, all 16 of the steps have the 
same voltage weighting. As the voltage of the analog input 
increases, the four step bits increment and carry to the three 
chord bits, which increment. When the chord bits increment, 
the step bits double their voltage weighting. This results in an 
effective resolution of six bits (sign + chord + four step bits) 
across a 42 dB dynamic range (seven chords above 0, by 
6 dB per chord). There are two companding schemes used: 
Mu-255 Law specifically in North America and A-Law 
specifically in Europe. These companding schemes are 
accepted world wide. 
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In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal, it must be sampled at a 
frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, a 
sample rate of 8 kHz was adopted, consistent with a band­
width of 3 kHz. This sampling requires a low-pass filter to 
limit the high frequency energy above 3 kHz from distorting 
the inband signal. The telephone line is also subject to 
50/60 Hz power line coupling, which must be attenuated 
from the signal by a high-pass filter before the analog-to­
digital converter. 

The digital-to-analog conversion process reconstructs a 
staircase version of the desired inband signal which has 
spectral images of the inband signal modulated about the 
sample frequency and its harmonics. These spectral images 
are called aliasing components which need to be attenuated 
to obtain the desired signal. The low-pass filter used to at­
tenuate these aliasing components is typically called a re­
construction or smoothing filter. 

The MC14LC5540 ADPCM Codec incorporates this codec 
function as one of its main functional blocks. 

ADPCM TRANSCODER BLOCK DESCRIPTION 

An Adaptive Differential PCM (ADPCM) transcoder is used 
to reduce the data rate required to transmit a PCM encoded 
voice signal while maintaining the voice fidelity and intel­
ligibility of the PCM signal. 

The ADPCM transcoder is used on both Mu-Law and 
A-Law 64 kbps data streams which represent either voice or 
voice band data signals that have been digitized by a PCM 
Codec-Filter. The PCM to ADPCM encoder section of this 
transcoder has a type of linear predicting digital filter which is 
trying to predict the next PCM sample based on the previous 
history of the PCM samples. The ADPCM to PCM decoder 
section implements an identical linear predicting digital filter. 
The error or difference between the predicted and the true 
PCM input value is the information that is sent from the en­
coder to the decoder as an ADPCM word. The characteris­
tics of this ADPCM word include the number of quantized 
steps (this determines the number of bits per ADPCM word) 
and the actual meaning of this word is a function of the pre­
dictor's output value, the error signal and the statistics of the 
history of PCM words. The term "adaptive" applies to the 
transfer function of the filter that generates the ADPCM word 
which adapts to the statistics of the signals presented to it. 
This means that an ADPCM word "3" does not have the 
same absolute error voltage weighting for the analog signal 
when the channel is quiet as it does when the channel is pro­
cessing a speech signal. The ADPCM to PCM decoder sec­
tion has a reciprocating filter function which interprets the 
ADPCM word for proper reconstruction of the PCM sample. 

The adaptive characteristics of the ADPCM algorithm 
make it difficult to analyze and quantify the performance of 
the ADPCM code sequence. The 32 kbps algorithm was op­
timized for both voice and moderate speed modems 
(" 4800 baud). This optimization includes that the algorithm 
supports the voice frequency band of 300 - 3400 Hz with 
minimal degradation for signal-ta-distortion, gain-versus­
level, idle channel noise, and other analog transmission per­
formance. This algorithm has also been subjected to 
audibility testing with many languages for Mean Opinion 
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Score (MaS) ratings and performed well when compared to 
64 kbps PCM. The standards committees have specified 
multiple 16000 word test vectors for the encoder and for the 
decoder to verify compliance. To run these test vectors, the 
device must be initialized to the reference state by reselling 
the device. 

In contrast to 64 kbps PCM, the ADPCM words appear as 
random bit activity on an oscilloscope display whether the 
audio channel is processing speech or a typical PCM idle 
channel with nominal bit activity. The ADPCM algorithm does 
not support dc signals with the exception of digital quiet, 
which will result in all ones in the ADPCM channel. All digital 
processing is performed on 13-bit linearizations of the 8-bit 
PCM companded words, whether the words are Mu-Law or 
A-Law. This allows an ADPCM channel to be intelligibly de­
coded into a Mu-Law PCM sequence or an A-Law PCM se­
quence irrespective of whether it was originally digitized as 
Mu-Law or A-Law. There will be additional quantizing degra­
dation if the companding scheme is changed because the 
ADPCM algorithm is trying to reconstruct the original 13-bit 
linear codes, which included companding quantization. 

CHARGE PUMP 

The charge pump is the functional block that allows the 
analog signal processing circuitry of the MC14LC5540 to op­
erate with a power supply voltage as low as 2.7 V. This ana­
log signal processing circuitry includes the PCM 
Codec-Filter function, the transmit trim gain, the receive trim 
gain, the sidetone gain control, and the transmit input opera­
tional amplifier. This circuitry does not dissipate much current 
but it does require a nominal voltage of 5 V for the VDD power 
supply. 

The charge pump block is a regulated voltage doubler 
which takes twice the current it supplies from the voltage ap­
plied to the VEXT power supply pin which may range from 2.7 
to 5.25 V and generates the required 5 V VDD supply. The 
charge pump block receives as inputs the VEXT supply volt­
age, the same 256 kHz clock that sequences the analog sig­
nal processing circuitry, and the Charge Pump Enable signal 
from the SCP block. It also makes use of the capacitor con­
nected to the C1 + and C1- pins and the decoupling capacitor 
connected to the VDD pin. 

FUNCTIONAL DESCRIPTION 

POWER SUPPLY CONFIGURATION 

Analog Signal Processing Power Supply 

All analog signal processing is powered by the VDD pin at 
5 V. This voltage may be applied directly to the VDD pin or 
5 V may be obtained by the on-<:hip 5 V regulated charge 
pump which is powered from the VEXT pin. The VEXT pin is 
the main positive power supply pin for this device. 

For applications that are not 5 V regulated, the on-<:hip 5 V 
regulated charge pump may be turned on and C1 will be re­
quired. VDD will require a 1.0 iJ.F decoupling capaCitor to filter 
the voltage spikes of the charge pump. This allows the VEXT 
power supply to be from 2.7 to 5.25 V. This mode of opera­
tion is intended for hand held applications where three NiCad 
cells or three dry cells would be the power supply. 

The on-<:hip 5 V regulated charge pump is a single stage 
charge pump that effectively series regulates the amount of 
voltage it generates and internally applies this regulated 
voltage to the VDD pin. This 5 V voltage is developed by 
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connecting the external 0.1 ~F capacitor (C1) between the 
VEXT power supply pin and the power supply ground pin, 
VSS. This puts a charge of as much as 2.7 V on C1. The 
charge pump circuitry then connects the negative lead of C1 
to the VEXT, pin which sums the voltage of C1 with the volt­
age at VEXT for a minimum potential voltage of 5.4 V. The 
charge voltage on C1 is regulated such that the summing of 
voltages is regulated to 5 V. This limits all of the voltages on 
the device to safe levels for this IC fabrication technology. 
This charge pumped voltage is then stored on the 1.0 ~F ca­
pacitor connected at VDD and VSS, which filters and serves 
as a reservoir for power. The clock period for this charge 
pump is the same 256 kHz as the analog sequencing clock, 
minimizing noise problems. 

For applications with a regulated 5 V (± 5%) power supply, 
the VDD pin and the VEXT pin are connected to the 5 V power 
supply. These pins may share one decoupling capacitor in 
this configuration as a function of external noise on the 
power supply. The on-chip, 5 V regulated charge pump 
should be turned off via the SCP port at register O. The 
external capacitor (C1) should not be populated for these 
applications. 

Digital Signal Processing Power Supply 

This device has an on-chip series regulator which limits 
the voltage of the Digital Signal Processing (DSP) circuitry to 
about 2.3 V. This reduces the maximum power dissipation of 
this Circuitry. From the VEXT power supply pin, the DSP cir­
cuitry appears as a constant current load instead of a resis­
tive (CV2/2) load for a constant clock frequency. This series 
regulator is designed to have a low drop-out voltage, which 
allows the DSP circuitry to work when the VEXT voltage is as 
low as 2.7 V. The output of this regulator is brought out to the 
VDSP pin for a 0.1 ~F decoupling capacitor. This regulator is 
not designed to power any loads external to the device. 

ANALOG INTERFACE AND SIGNAL PATH 

Transmit Analog 

The transmit analog portion of this device includes a low­
noise, three terminal operational amplifier capable of driving 
a 2 Jill load. This op amp has inputs of TI+ and TI- and its 
output is TG. This op amp is intended to be configured in an 
inverting gain circuit. The analog signal may be applied di­
rectly to the TG pin if this transmit op amp is independently 
powered down. Power-down may be achieved by connect­
ing both the TI+ and Tl- inputs to the VDD pin. The TG pin 
becomes high impedance when the transmit op amp is pow­
ered down. The TG pin is internally connected to a time con­
tinuous three-pole anti-aliasing pre-filter. This pre-filter 
incorporates a two-pole Butterworth active low-pass filter, 
followed by a single passive pole. This pre-filter is followed 
by a single-ended to differential converter that is clocked at 
512 kHz. All subsequent analog proceSSing utilizes fully dif­
ferential circuitry. The output of the differential converter is 
followed by the transrnit trim gain stage. This stage is in­
tended to compensate for gain tolerances of external compo­
nents such as microphones. The amount of gain control is 
0-7 dB in 1 dB steps. This stage only accommodates posi­
tive gain because the maximurn signal levels of the output of 
the input op amp are the same as the transmit filter and ADC, 
which should nominally be next to the Clip levels of this de­
vice's circuitry. Any requirement for attenuation of the output 
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of the input op amp would mean that it is being overdriven. 
The gain is programmed via the SCP port in BR1 (b2:bO). 
The next section is a fully-differential, 5-pole switched-ca­
pacitor low-pass filter with a 3.4 kHz frequency cutoff. Alter 
this filter is a 3-pole switched-capacitor high-pass filter hav­
ing a cutoff frequency of about 200 Hz. This high-pass stage 
has a transmission zero at dc that eliminates any dc coming 
from the analog input or from accumulated op amp offsets in 
the preceding filter stages. (This high-pass filter may be re­
moved from the signal path under control of the SCP port 
BR8 (b4).) The last stage of the high-pass filter is an auto­
zeroed sample and hold amplifier. 

One bandgap voltage reference generator and digital-to­
analog converter (DAC) are shared by the transmit and 
receive sections. The autozeroed, switched-capacitor band­
gap reference generates precise positive and negative refer­
ence voltages that are virtually independent of temperature 
and power supply voltage. A binary-weighted capacitor 
array (CDAC) forms the chords of the companding structure, 
while a resistor string (RDAC) implements the linear steps 
within each chord. The encode process uses the DAC, the 
voltage reference, and a frame-by-frame autozeroed 
comparator to implement a successive-approximation ana­
log-to-digital conversion (ADC) algorithm. All of the analog 
Circuitry involved in the data conversion (the voltage refer­
ence, RDAC, CDAC, and comparator) are implemented with 
a differential architecture. 

The nonlinear companded Mu-Law transfer curve of the 
ADC may be changed to 8-bit linear by BR8 (b5). 

The input to the ADC is normally connected to the output 
of the transmit filter section, but may be switched to measure 
the voltage at the VEXT pin for battery voltage monitoring. 
This is selected by the I/O Mode in BRO (b4:b3). In this 
mode, the ADC is programmed to output a linear 8-bit PCM 
word for the voltage at VEXT which is intended to be read in 
BR9 (b7:bO). The data format for the ADC output is a "Don't 
Care" for the sign bit and seven magnitude bits. The scaling 
for the ADC is for 6.3 V at VEXT equals full scale (BIN X111 
1111). The ADPCM algorithm does not support dc Signals. 

Transmit Digital 

The Digital Signal Processor (DSP) section of this device 
is a custom designed, interrupt driven, microcoded machine 
optimized for implementing the ADPCM algorithms. In the 
full-duplex speech mode, the DSP services one encode in­
terrupt and one decode interrupt per frame (125 ~s). The en­
code algorithm (i.e., 16 kbps, 24 kbps, or 32 kbps ADPCM, or 
64 kbps PCM) is determined by the length of the transmit 
output enable at the FST pin. The length of the FST enable 
measured in transmit data clock (BCLKT) cycles tells the de­
vice which encoding rate to use. This enable length informa­
tion is used by the encoder each frame. The transmit 
ADPCM word corresponding to this request will be computed 
during the next frame and will be available a total of two 
frames after being requested. This transmit enable length in­
formation can be delayed by the device an additional four 
frames corresponding to a total of six frames. These six 
frames of delay allow the device to be clocked with the same 
clocks for both transmit (encode) and receive (decode), and 
to be frame aligned for applications that require every sixth 
frame Signaling. It is important to note that the enable length 
information is delayed and not the actual ADPCM (PCM) 
sample word. The amount of delay for the FST enable length 
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is centrelled in BR7 (b5). If the FST enable gees lew befere 
the falling edge ef BCLKT during the last bit ef the ADPCM 
werd, the digital data eutput circuitry ceunts BCLKT cycles to' 
keep the data eutput (ciT pin) lew impedance for the duratien 
ef the ADPCM data werd (2, 3, 4, er 8 BCLKT cycles) minus 
ene half ef a BCLKT cycle. 

Receive Digital 

The receive digital sectien ef this device accepts serial 
ADPCM (PCM) werds at the DR pin under the centrel ef the 
BCLKR and FSR pins. The FSR enable duratien, measured 
in BCLKR cycles, tells the device which decede algerithm 
(i.e., 16 kbps, 24 kbps, er 32 kbps ADPCM, or 64 kbps PCM) 
the DSP machine sheuld use fer the werd that is being re­
ceived at the DR pin. This algerithm may be changed en a 
frame by frame basis. 

The DSP machine receives an interrupt when an ADPCM 
werd has been received and is waiting to' be deceded intO' a 
PCM werd. The DSP machine performs a decede and an 
encede every frame when the device is eperating in its full 
duplex cenversatien mede. The DSP machine decedes the 
ADPCM werd accerding to' CCITT G.726 fer 32 kbps, 
24 kbps, and 16 kbps. This deceding includes the cerrectien 
for the CCITT/ANSI Sync functien, except when the receive 
digital gain is used. The receive digital gain is anticipated to' 
be user adjustable gain centrel in handset applicatiens 
where as much as 12 dB ef gain or mere than 12 dB ef atten­
uatien may be desirable. The receive digital gain is a linear 
multiply perfermed en the 13-bit linear data befere it is cen­
verted to' Mu-Law er A-Law, and is pregrammed via the SCP 
pert in BR3 (b7:bO). The deceded PCM werd may be read via 
the SCP pert in BR10 (b7:bO). 

Receive Analeg Signal Processing 

The receive analeg Signal precessing sectien includes the 
DAC described abeve, a sample and held amplifier, a trim 
gain stage, a 5-pele, 3400 Hz switched capaciter lew-pass 
filter with sinX/X correctien, and a 2-pele active smeething 
filter to' reduce the spectral cempenents ef the switched ca­
paciter filter. (The receive lew-pass smeething filter may be 
remeved frem the signal path fer the additienal spectral cem­
penents fer applicatiens using the en-chip tene generater 
functien described belew. This lew-pass filter performs the 
sinXlX cempensatien. The receive filter is remeved frem the 
circuit via the SCP in BR2 (b4).) The input to' the smeething 
filter is the eutput to' the receive trim gain stage. This stage is 
intended to' cempensate fer gain telerances ef external cem­
penents such as handset receivers. This stage is capable ef 
o to' 7 dBef attenuatien in 1--<:1B steps. This stage enly ac­
cemmedates attenuatien because the neminal signal levels 
ef the DAC sheuld be next to' the clip levels ef this device's 
Circuitry and any pesitive gain weuld everdrive the eutputs. 
The gain is pregrammed via the SCP pert in BR2 (b2:bO).The 
eutput ef the 2-pele active smeething filter is buffered by an 
amplifier which is eutput at the RO pin. This eutput is capable 
ef driving a 2 kQ lead to' the VAG pin. 

Receive Analog Output Drivers and Power Supply 

The high current analeg eutput circuitry (PO+, PO-, PI, 
AXO+, AXO-) is pewered by the VEXT pewer supply pin. Due 
to' the wide range ef VEXT eperating veltages fer this device, 
this circuitry and the RO pin have a pregrammable reference 
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peint ef either VAG (2.4 V) er VEXT/2. In applicatiens where 
this device is pewered with 5 V, it is recemmended that the dc 
reference fer this circuitry be pregrammed to' VAG. This 
allews maximum eutput signals fer driving high pewer tele­
phene line transfermer interfaces and leud speaker/ringers. 
For applicatiens that are battery pewered, VAG pin will still be 
2.4 V, but the receive analeg eutput circuitry will be pewered 
frem as lew as 2.7 V. TO' eptimize the eutput pewer, this cir­
cuitry sheuld be referenced to' ene half ef the battery veltage, 
VEXT/2. The RO pin is pewered by the VDD pin, but its dc 
reference peint is programmed the same as the high current 
analeg eutput circuitry. 

This device has twO' pairs ef pewer amplifiers that are cen­
nected in a push-pull cenfiguratien. These push-pull pewer 
driver pairs have similar drive capabilities, but have different 
circuit cenfiguratiens and different intended uses. The PO+ 
and PO-- pewer drivers are intended to' accemmedate large 
gain ranges with precise adjustment by twO' external resisters 
for applicatiens such as driving a telephene line er a handset 
receiver. The PI pin is the inverting input to' the PO- pewer 
arnplifier. The nen-inverting input is internally tied to' the 
same reference as the RO eutput. This allews this amplifier 
to' be used in an inverting gain circuit with twO' external resis­
ters. The PO+ amplifier has a gain ef - 1, and is internally 
cennected to' the PO- eutput. This cemplete pewer amplifier 
circuit is a differential (push-pull) arnplifier with adjustable 
gain which is capable ef driving a 300 Q lead to' + 12 dBm 
when VEXT is 5 V. The PO+ and PO-- eutputs are intended 
to' drive leads differentially and net to' V SS er VAG. The PO+ 
and Po- pewer amplifiers may be pewered dewn indepen­
dently ef the rest ef the chip by cennecting the PI pin to' VDD 
er in BR2 (b5). 

The ether paired pewer driver eutputs are the AXO+ and 
AXO- Auxiliary eutputs. These push-pull eutput amplifiers 
are intended to' drive a ringer er leud speaker with imped­
ance as lew as 300 Q to' + 12 dBm when VEXT is 5 V. The 
AXO+ and AXO- eutputs are intended to' drive leads dif­
ferentially and net to' VSS er VAG. The AXO+ and AXO­
pewer amplifiers may be pewered dewn independently ef the 
rest ef the chip via the SCP pert in BR2 (b6). 

SIDETONE 

The Sidetene functien ef this device allews a centrolled 
ameunt ef the eutput frem the transmit filter to' be summed 
with the eutput ef the DAC at the input to' the receive lew­
pass filter. The sidetene cempenent has gains ef -8.5 dB, 
-10.5 dB, -12.0 dB, -13.5 dB, -15.0 dB, -18.0 dB, 
-21 .5 dB, and ,,; - 70 dB. The sidetene functien is centrelled 
by the SCP pert in BR1 (b6:b4). 

UNIVERSAL TONE GENERATOR 

The Universal Dual Tene Generater functien supperts beth 
the transmit and the receive sides ef this device. When the 
tene gene rater is being used, the deceder functien ef the 
DSP circuit is disabled. The eutput ef the tene generator is 
made available to' the input ef .the receive digital gain functien 
fer use at the receive anal6g eutputs. In handset applica­
tiens, this ceuld be used for generating DTMF, distinctive 
ringing er call pregress feedback signals. In telephene line 
interface applicatiens, this tene generater ceuld be used fer 
signaling en the line. The tene generater eutput is alsO' 
available fer the input to the enceder functien ef the DSP 
machine fer eutputting at the DT pin. This functien is useful in 
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handset applications for non-network signaling such as in­
formation services, answering machine control, etc. At the 
network interface side of a cordless telephone application, 
this function could be used for dialing feedback or call prog­
ress to the handset. The tone generator function is controlled 
by the SCP port in BR4" BR5, and BR7. The tone generator 
does not work when the device is operated in 64 kbps mode, 
except when analog loopback is enabled at BRO (b5). 

POWER-DOWN AND RESET 

There are two methods of putting all of this device into a 
low power consumption mode that makes the device non­
functional and consumes virtually no power. PDI/RESET is 
the power-down input and reset pin which, when taken low, 
powers down the device. Another way to power the device 
down is by the SCP port at BRO. BRO allows the analog sec­
tion of this device tobe powered down individually and/or the 
digital section of this device to be powered down individually. 
When the chip is powered down, the VAG, TG, RO, PO+, 
PO-, AXO+, AXa-, DT and SCP Tx outputs are high imped­
ance. To return the chip to the power-up state, POI/RESET 
must be high and the SPC clock and the FST or the FSR 
frame sync pulses must be present. The ADPCM algorithm is 
reset to the CCITT initial state following the reset transition 
from low to high logic states. The DT output will remain in a 
high-impedance state for at least two FST pulses after pow­
er-up. This device is functional after being reset for full-du­
plex voice coding with the charge pump active. 

SIGNAL PROCESSING CLOCK (SPC) 

This is the clock that sequences the DSP circuit. This clock 
may be asynchronous to all other functions of this device. 
Clock frequencies of 20.48 MHz or 20.736 MHz are recom­
mended. This clock is also used to drive a digitally phase­
locked prescaler that is referenced to FST (8 kHz) and 
automatically determines the proper divide ratio to use for 
achieving the required 256 kHz internal sequencing clock for 
all analog signal processing, including analog-to-digital 
conversion, digital-to-analog conversion, transmit filtering, 
receive filtering and analog gain functions of this device, and 
the charge pump. 

The analog sequencing function of the SPC clock may be 
eliminated by reprogramming the device to use the BCLKR 
pin as the direct input for the required 256 kHz analog se­
quencing clock. The 256 kHz clock applied at BCLKR must 
be an integer 32 times the FST 8 kHz clock and be approxi­
mately rising edge aligned with the FST rising edge. This 
mode requires that the transmit and receive ADPCM trans­
fers be controlled by the BCLKT pin. This is reprogrammed 
via the SCP port in BRO(b7). 

DIGITAL 1/0 

The MC14LC5540 is programmable for Mu-Law or A­
Law. The timing for the PCM data transfer is independent of 
the companding scheme selected. Table 1 shows the 8-bit 
data word format for positive and negative zero and full scale 
for both 64 kbps companding schemes (see Figures 1 
through 5 for a summary and comparison of the five PCM 
data interface modes of this device). 
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Long Frame Sync 

Long Frame Sync is the industry name for one type of 
clocking format which controls the transfer of the ADPCM or 
PCM data words (see Figures 1 through 4). The "Frame 
Sync" or "Enable" is used for two specific synchronizing func­
tions. The first is to synchronize the PCM data word transfer, 
and the second is to control the internal analog-to-digital 
and digital-to-analog conversions. The term "Sync" refers to 
the function of synchronizing the PCM data word onto or off 
of the multiplexed serial PCM data bus, also known as a 
PCM highway. The term "Long" comes from the duration of 
the frame sync measured in PCM data clock cycles. Long 
Frame Sync timing occurs when the frame sync is used di­
rectly as the PCM data output driver enable. This results in 
the PCM output going low impedance with the rising edge of 
the transmit frame sync, and remaining low impedance for 
the duration of the transmit frame sync. 

The implementation of Long Frame Sync for this device 
has maintained industry compatibility and been optimized for 
external clocking simplicity. The PCM data output goes low 
impedance with the rising edge of the FST pin but the MSB of 
the data is clocked out due to the logical AND of the transmit 
frame sync (FST pin) with the transmit data clock (BCLKT 
pin). This allows either the rising edge of the FST enable or 
the rising edge of the BCLKT data clock to be first. This im­
plementation includes the PCM data output remaining low 
impedance until the middle of the LSB (seven and a half data 
clock cycles for 64 kbps PCM, three and a half data clock 
cycles for 32 kbps ADPCM, etc.). This allows the frame sync 
to be approximately rising edge aligned with the initiation of 
the PCM data word transfer but the frame sync does not 
have a precise timing requirement for the end of the PCM 
data word transfer. This prevents bus contention between 
similar devices on a common bus. The device recognizes 
Long Frame Sync clocking when the frame sync is held high 
for two consecutive falling edges of the transmit data clock. 

In the full-duplex speech mode, the DSP services one en­
code interrupt and one decode interrupt per frame (125 ~s). 
The encode algorithm (i.e., 16 kbps, 24 kbps, or 32 kbps 
ADPCM or 64 kbps PCM) is determined by the length of the 
transmit output enable at the FST pin. The length of the FST 
enable measured in transmit data clock (BCLKT) cycles tells 
the device which encoding rate to use. This enable length in­
formation is used by the encoder each frame. The transmit 
ADPCM word corresponding to this request will be computed 
during the next frame and be available a total of two frames 
after being requested. This transmit enable length informa­
tion can be delayed by the device an additional four frames 
corresponding to a total of six frames. This six frames of 
delay allows the device to be clocked with the same clocks 
for both transmit (encode) and receive (decode), and to be 
frame aligned for applications that require every sixth frame 
signaling. It is important to note that the enable length in­
formation is delayed and not the actual ADPCM (PCM) sam­
ple word. The amount of delay for the FST enable length is 
controlled by the SCP port at BR7 (b5). The digital data out­
put circuitry counts BCLKT cycles to keep the data output 
(DT pin) low impedance for the duration of the ADPCM data 
word (2, 3, 4, or 8 BCLKT cycles) minus one half of a BCLKT 
cycle. 
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Table 1. PCM Full Scale and Zero Words 

Mu-Law A-Law 

Level Sign Bit Chord Bits Step Bits Sign Bit Chord Bits Step Bits 

+ Full Scale 1 a a a 
+ Zero 1 1 1 1 

-Zero a 1 1 1 

- Full Scale a a a a 

The length of the FST enable tells the DSP what encoding 
algorithm to use. The transmit logic decides on each frame 
sync whether it should interpret the next frame sync pulse as 
a Long or a Short Frame Sync. The device is designed to 
prevent PCM bus contention by not allowing the PCM data 
output to go low impedance for at least two frame sync 
cycles after power is applied or when coming out of the 
power-down mode. 

The receive side of the device is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit PCM data word. Thus the 
PCM digital switch only needs to be able to generate one 
type of frame sync for use by both transmit or receive sec­
tions of the device. 

The logical AND of the receive frame sync with the receive 
data clock tells the device to start latching the serial word into 
the receive data input on the falling edges of the receive data 
clock. The internal receive logic counts the receive data 
clock falling edges while the FSR enable is high and trans­
fers the enable length and the PCM data word into internal 
registers for access by the DSP machine which also sets the 
DSP's decoder interrupt 

The receive digital section of this device accepts serial 
ADPCM (PCM) words at the DR pin under the control of the 
BCLKR and FSR pins.' The FSR enable duration measured 
in BCLKR cycles, tells the device which decode algorithm 
(i.e., 16 kbps, 24 kbps, or 32 kbps ADPCM, or 64 kbps PCM) 
the DSP machine should use for the word that is being re­
ceived at the DR pin. This algorithm may be changed on a 
frame 'by frame basis. 

When the device is programmed to be in the PCM Codec 
mode by BRO (4:3), the device will output and input the com­
plete 8-bit PCM words using the Long Frame Sync clocking 
forrnat as though the FST and FSR pulses were held high for 
a data clock cycles. 

The DSP machine receives an interrupt when an ADPCM 
word has been received and is waiting to be decoded into a 
PCM word. The DSP machine performs a decode and an en­
code every frame when the device is operating in its fUII­
duplex conversation mode. The DSP machine decodes the 
ADPCM word according to CCITT G.726 for 32 kbps, 
24 kbps, and 16 kbps. 

Short Frame Sync 

Short Frame Sync is the industry name for this type of 
clocking format which controls the transfer of the ADPCM 
data words (see Figure 5). This device uses Short Frame 
Sync timing for 32 kbps ADPCM only. The "Frame Sync" or 
"Enable" is used for two specific synchronizing functions. 
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a a a a 1 a 1 a 1 a 1 a 
1 1 1 1 1 1 a 1 a 1 a 1 

1 1 1 1 a 1 a 1 a 1 a 1 

a a a a a a 1 a 1 a 1 a 

The first is to synchronize the ADPCMdata word transfer, 
and the second is to control the internal analog to digital and 
digital to analog conversions. The term "Sync" refers to the 
function of synchronizing the ADPCM data word onto or off of 
the multiplexed serial ADPCM data bus, also known as a 
PCM highway. The term "Short" comes from the duration of 
the frame sync measured in PCM data clock cycles. Short 
Frame Sync timing occurs when the frame sync is used as a 
"pre-synchronization" pulse that is used to tell the internal 
logic to clock out the ADPCM data word under complete con­
trol of the data clock. The Short Frame Sync is held high for 
one falling data clock edge. The device outputs the ADPCM 
data word beginning with the following rising edge of thedata 
clock. This results in the ADPCM output going low imped­
ance with the riSing edge of the transmit data clock, and re­
maining low impedance until the middle of the LSB (three 
and a half PCM data clock cycles). 

The device recognizes Short Frame Sync clocking when 
the frame sync is held high for one and only one falling edge 
of the transmit data clock. The transmit logic decides on each 
frame sync whether it should interpret the next frame sync 
pulse as a Long or a Short Frame Sync. It is not recom­
mended to switch between Long Frame Sync and Short 
Frame Sync clocking without going through a power-down 
cycle due to bus contention problems. The device is de­
signed to prevent PCM bus contention by not allowing the 
ADPCM data output to go low impedance for at least two 
frame sync cycles after power is applied or when coming out 
of a powered down mode. 

The receive side of the device is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit ADPCM data word. Thus the 
PCM digital switch only needs to be able to generate one 
type of frame sync. for use by both transmit or receive sec­
tions of the device. 

The falling edge of the receive data clock (BCLKR) latch­
ing a high logic level at the receive frame sync (FSR) input 
tells the device to start latching the 4-bit ADPCM serial word 
into the receive data input on the following four falling edges 
of the receive data clock. The internal receive logic counts 
the receive data clock cycles and transfers the ADPCM data 
word to a register for access by the DSP. 

When the device is programmed to be in the PCM Codec 
mode by BRO (4:3), the device will output the complete 8-bit 
PCMword using the Short Frame Sync clocking format. The 
a-bit PCM word will be clocked out (or in) the same way that 
the 4-bit ADPCM word would be, except that the fourth bit 
will be valid for the full BCLKT period and the eighth bit will be 
valid for only one half of the BCLKT period. 
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SERIAL CONTROL PORT REGISTER MAP 

The SCP register map consists of 16 byte registers. Regis­
ters BRO - BR5 and BR7 - BR1 0 provide external control of 

and status of the part. Register BR15 holds the value of the 
mask number for the particular MC14LC5540. BR6 and 
BR11 - BR14 are not defined and as such are presently re­

served. 

Table 2. Byte Register Map 

Byte b7 b6 b5 b4 b3 b2 b1 

BRa Ext Mu-/A-law Analog 1/0 Mode 1/0 Mode Charge Analog 
256 kHz Select loopback (1) (0) Pump Power 

ClK Disable Down 

BR1 Reserved Sidetone Sidetone Sidetone Transmit Transmit Transmit 
Gain (2) Gain (1) Gain (0) Mute Gain (2) Gain (1) 

BR2 RO AXO PO Receive ROMute Analog Analog 
Reference Enable Disable Filter Receive Receive 

Select Disable Gain (2) Gain (1) 

BR3 Digital Rx Digital Rx Digital Rx Digital Rx Digital Rx Digital Rx Digital Rx 
Gain Gain (6) Gain (5) Gain (4) Gain (3) Gain (2) Gain (1) 

Enable 

BR4 N.B. Time N.B. Time N.B. Time N.B. Time N.B.Time N.B. Time N.B. Time 
I Tone I Tone /Tone I Tone /Tone I Tone I Tone 
Paramo Paramo Paramo Paramo Paramo Paramo Paramo 

(7) (6) (5) (4) (3) (2) (1) 

BR5 N.B. N.B. N.B. N.B. N.B. N.B. N.B. 
Threshold Threshold Threshold Threshold Threshold Threshold Threshold 

(7)1 (6)1 (5)1 (4)1 (3)1 (2) I (1)1 
Address Address Don't Don't Tone Tone Tone 
Paramo Paramo Care Care Paramo Paramo Paramo 

(1) (0) (11) (10) (9) 

BR6 Reserved Reserved Reserved Reserved Reserved Reserved Reserved 

BR7 Tone N.B. 216 G.7261 Tone Reserved Tone 1 
Paramo Detect Delay Motorola Enable Enable 
Status Enable 16 kbps 

BR8 Software Software Linear Highpass Reserved Reserved Reserved 
Encoder Decoder Codec Disable 
Reset Reset Mode 

BR9 Encoder Encoder Encoder Encoder Encoder Encoder Encoder 
PCM(7) PCM (6) PCM(5) PCM (4) PCM(3) PCM(2) PCM(1) 

BR10 DIA PCM D/APCM D/APCM DIA PCM D/APCM DIA PCM DIA PCM 
(7) (6) (5) (4) (3) (2) (1) 

BRH Reserved Reserved Reserved Reserved Reserved Reserved Reserved 

BR12 Reserved Reserved Reserved Reserved Reserved Reserved Reserved 

BR13 Reserved Reserved Reserved Reserved Reserved Reserved Reserved 

BR14 Reserved Reserved Reserved Reserved Reserved Reserved Reserved 

BR15 Reserved Reserved Reserved Reserved Mask (3) Mask (2) Mask (1) 

NOTE: "Setting" a bit corresponds to writing a 1 to the register and "clearing" a bit corresponds to writing a a to the register. 
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bO 

Digital 
Power 
Down 

Transmit 
Gain (0) 

Analog 
Receive 
Gain (0) 

Digital Rx 
Gain (0) 

N.B. Time 
I Tone 
Paramo 

(0) 

N.B. 
Threshold 

(0)1 
Tone 

Paramo 
(8) 

Reserved 

Tone 2 
Enable 

Reserved 

Encoder 
PCM (0) 

DIA PCM 
(0) 

Reserved 

Reserved 

Reserved 

Reserved 

Mask (0) 
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Figure 11. MC14LC5540 Handset Application 
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Figure 12. MC14LC5540 Transformer Application 
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Figure 13. MC14LC5540 Transformer + Speaker Application 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
2 V ADPCM Codec 

The MC145541 ADPCM Codec is a single chip implementation of a PCM 
Codec-Filter and an ADPCM encoder/decoder. This device provides an 
efficient solution for applications requiring the digitization and compression of 
voiceband signals. The MC145541 is designed to operate over the voltage 
range 1.8 to 3.6 V, and is ideal for battery-powered as well. as ae-powered 
applications. The MC145541 ADPCM Codec also includes a serial control port 
and internal control and status registers that permit a microcontroller to exercise 
many built-in features. The MC145541 ADPCM Codec is designed to meet the 
32 kbps ADPCM conformance requirements of CCITT Recommendation 
G.721-1988 and ANSI T1.301-1987. It also meetsANSI T1.303 and CCITT 
Recommendation G.723-1988 for 24 kbps ADPCM operation, and the 16 kbps 
ADPCM standard of CCITT Recommendation G.726. This device also meets 
the PCM conformance specification of the CCITT G.714 Recommendation. 

The MC145541 package is a 44-pin 10 mm body, Thin Quad Flat Package 
(TQFP). 

• Single 1.8 to 3.6 V Power Supply 
• Typical Active Power Dissipation at 3.0 V of 20 mW 
• ADPCM Transcoding Rates of 32, 24, and 16 kbps 
• Independent Access to the 64 kbps PCM Data 
• Complete Mu-Law or A-Law Companding PCM Codec-Filter 
• Transmit VOX Function to Determine if Speech is Present 
• Comfort Noise Generator for Receive Side 
• Receive Noise Burst Detect Circuit 
• Universal Dual Tone Generator 

MC145541 
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SEMICONDUCTOR TECHNICAL DATA 

PCM Codec-Filter 
The MC145554, MC145557, MC145564, and MC145567 are all per channel 

PCM Codec-Filters. These devices perform the voice digitization and 
reconstruction as well as the band limiting and smoothing required for PCM 
systems. They are designed to operate in both synchronous and asynchronous 
applications and contain an on-chip precision voltage reference. The 
MC145554 (Mu-Law) and MC145557 (A-Law) are general purpose devices 
that are offered in 16-pin packages. The MC145564 (Mu-Law) and MC145567 
(A-Law), offered in 20-pin packages, add the capability of analog loopback and 
push-pull power amplifiers with adjustable gain. 

These devices have an input operational amplifier whose output is the input 
to the encoder section. The encoder section immediately low-pass filters the 
analog signal with an active R-C filter to eliminate very-high-frequency noise 
from being modulated down to the pass band by the switched capacitor filter. 
From the active R-C filter, the analog signal is converted to a differential signal. 
From this point, all analog signal processing is done differentially. This allows 
processing of fin analog signal that is twice the amplitude allowed by a 
single-ended design, which reduces the significance of noise to both the 
inverted and non-inverted signal paths. Another advantage of this differential 
design is that noise injected via the power supplies is a common-mode signal 
that is cancelled when the inverted and non-inverted signals are recombined. 
This dramatically improves the power supply rejection ratio. 

After the differential converter, a differential switched capacitor filter band 
passes the analog signal from 200 Hz to 3400 Hz before the signal is digitized 
by the differential compressing AID converter. 

The decoder accepts PCM data and expands it using a differential D/A 
converter. The output of the D/A is low-pass filtered at 3400 Hz and sinXlX 
compensated by a differential switched capacitor filter. The signal is then filtered 
by an active R-C filter to eliminate the out-of-band energy of the switched 
capacitor filter. 

These PCM Codec-Filters accept both long-frame and short-frame industry 
standard clock formats. They also maintain compatibility with Motorola's family 
of TSACs and MC3419/MC34120 SLiC products. 

The MC145554/57/64/67 family of PCM Codec-Filters utilizes CMOS due to 
its reliable low-power performance and proven capability for complex 
analog/digital VLSI functions. 

MC145554157 (16-Pin Package) 

• Fully Differential Analog Circuit Design for Lowest Noise 
• Performance Specified for Extended Temperature Range of - 40 to + 85°C 
• Transmit Band-Pass and Receive Low-Pass Filters On-Chip 
• Active R-C Pre-Filtering and Post-Filtering 
• Mu-Law Companding MC145554 
• A-Law Companding MC145557 
• On-Chip Precision Voltage Reference (2.5 V) 
• Typical Power Dissipation of 40 mW, Power Down of 1.0 mW at ± 5 V 

MC145564/67 (20-Pin Package) - All of the Features of the MC145554/57 Plus: 

• Mu-Law Companding MC145564 
• A-Law Companding MC145567 
• Push-Pull Power Drivers with External Gain Adjust 
• Analog Loopback 

REV 1 
9/95 (Replaces AD11517) 

MC145554 
MC145557 
MC145564 
MC145567 
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PIN ASSIGNMENTS 

MCl45554, MC145557 MC145564, MC145567 

VBB 1-
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VFRO 

VCC 4 
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DR 

BClKRi ClKSEl 7 

MClKRiPON 

16 U VFXI+ VPO+ 

15 , VFXI- GNOA 

14 GSX VPO-

13 TSX VPI 

12 ~ FSX VFRO 

11 Ox VCC 

10 ~ BClKX FSR 
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BCLKRiCLKSEL 
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DEVICE DESCRIPTION 

A codec-filter is used for digitizing and reconstructing the 
human voice. These devices were developed primarily for 
the telephone network to facilitate voice switching and trans­
mission. Once the voice is digitized, it may be switched by 
digital switching methods or transmitted long distance (T1, 
microwave, satellites, etc.) without degradation. The name 
codec is an acronym from "COder" (for the AID used to digi­
tize voice) and "DECoder" (for the D/A used for reconstruct­
ing voice). A codec is a single device that does both the AID 
and D/A conversions. 

To digitize intelligible voice requires a signal-to-distortion 
ratio of about 30 dB over a dynamic range of about 40 dB. 
This can be accomplished with a linear 13-bit AID and D/A, 
but will far exceed the required signal-to-distortion ratio at 
amplitudes greater than 40 dB below the peak amplitude. 
This excess performance is at the expense of data per sam­
ple. Methods of data reduction are implemented by com­
pressing the 13-bit linear scheme to companded 8-bit 
schemes. There are two companding schemes used: 
Mu-255 Law specifically in North America, and A-Law 
specifically in Europe. These companding schemes are 
accepted world wide. These companding schemes follow a 
segmented or "piecewise-linear" curve formatted as sign bit, 
three chord bits, and four step bits. For a given chord, all six­
teen of the steps have the same voltage weighting. As the 
voltage of the analog input increases, the four step bits incre­
ment and carry to the three chord bits which increment. 
When the chord bits increment, the step bits double their 
voltage weighting. This results in an effective resolution of six 
bits (sign + chord + four step bits) across a 42 dB dynamic 
range (seven chords above zero, by 6 dB per chord). 
Tables 3 and 4 show the linear quantization levels to PCM 
words for the two companding schemes. 

In a sampling environment, Nyquist theory says that to 
properly sample a continuous Signal, it must be sampled at a 
frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, a 
sample rate of 8 kHz was adopted, consistent with a band­
width of 3 kHz. This sampling requires a low-pass filter to 
limit the high frequency energy above 3 kHz from distorting 
the in-band signal. The telephone line is also subject to 
50/60 Hz power line coupling, which must be attenuated from 
the signal by a high-pass filter before the AID converter. 

The D/A process reconstructs a staircase version of the 
desired in-band signal, which has spectral images of the in­
band signal modulated about the sample frequency and its 
harmonics. These spectral images, called aliasing compo­
nents, need to be attenuated to obtain the desired signal. 
The low-pass filter used to attenuate these aliaSing compo­
nents is typically called a reconstruction or smoothing filter. 

The MC145554/57/64/67 PCM Codec-Filters have the 
codec, both presampling and reconstruction filters, and a 
precision voltage reference on-chip, and require no external 
components. 

MOTOROLA 

DIGITAL 

FSR 

PIN DESCRIPTION 

Receive Frame Sync 

This is an 8 kHz enable that must be synchronous with 
BCLKR. Following a rising FSR edge, a serial PCM word at 
DR is clocked by BCLKR into the receive data register. FSR 
also initiates a decode on the previous PCM word. In the ab­
sence of FSX, the length of the FSR pulse is used to deter­
mine whether the I/O conforms to the Short Frame Sync or 
Long Frame Sync convention. 

DR 
Receive Digital Data Input 

BCLKR/CLKSEL 
Receive Data Clock and Master Clock Frequency 
Selector 

If this input is a clock, it must be between 128 kHz and 
4.096 MHz, and synchronous with FSR. In synchronous 
applications this pin may be held at a constant level; then 
BCLKX is used as the data clock for both the transmit and 
receive sides, and this pin selects the assumed frequency of 
the master clock (see Table 1 in Functional Description). 

MCLKR/PDN 
Receive Master Clock and Power-Down Control 

Because of the shared DAC architecture used on these 
devices, only one master clock is needed. Whenever FSX is 
clocking, MCLKX is used to derive all internal clocks, and the 
MCLKR/PDN pin merely serves as a power-down control. If 
MCLKR/PDN pin is held low or is clocked (and at least one 
of the frame syncs is present), the part is powered up. If this 
pin is held high, the part is powered down. If FSX is absent 
but FSR is still clocking, the device goes into receive half­
channel mode, and MCLKR (if clocking) generates the 
internal clocks. 

MCLKX 
Transmit Master Clock 

This clock is used to derive the internal sequencing clocks; 
it must be 1.536 MHz, 1.544 MHz, or 2.048 MHz. 

BCLKX 
Transmit Data Clock 

BCLKX may be any frequency between 128 kHz and 
4.096 MHz, but it should be synchronous with MCLKX. 

Ox 
Transmit Digital Data Output 

This output is controlled by FSX and BCLKX to output the 
PCM data word; otherwise this pin is in a high-impedance 
state. 

FSx 
Transmit Frame Sync 

This is an 8 kHz enable that must be synchronous with 
BCLKX. A rising FSX edge initiates the transmission of a 
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serial PCM word, clocked by BCLKX, out of DX. If the FSX 
pulse is high for more than eightBCLKX periods, the DX and 
TSX outputs will remain in a low-impedance state until FSX 
is brought low. The length of the FSX pulse is used to deter­
mine whether the transmit and receive digital I/O conforms to 
the Short Frame Sync or to the Long Frame Sync conven­
tion. 

TSx 
Transmit Time Slot Indicator 

This is an open-drain output that goes low whenever the 
DX output is in a low-impedance state (i.e., during the trans­
mit time slot when the PCM word is being output) for en­
abling a PCM bus driver. 

ANLS 
Analog Loopback Control Input (MC145564167 Only) 

When held high, this pin causes the input of the transmit 
RC active filter to be disconnected from GSX and connected 
to VPO+ for analog loopback testing. This pin is held low in 
normal operation. 

ANALOG 

GSX 
Gain-Setting Transmit 

This output of the transmit gain-adjust operational amplifi­
er is internally connected to the encoder section of the 
device. It must be used in conjunction with VFXI- and VFXI+ 
to set the transmit gain for a maximum signal amplitude of 
2.5 V peak. This output can drive a 600 Q load to 2.5 V peak. 

VFXi-
Voice-Frequency Transmit Input (Inverting) 

This is the inverting input of the transmit gain-adjust 
operational amplifier. 

VFXI+ 
Voice-Frequency Transmit Input 
(Non-Inverting) 

This is the non-inverting input of the transmit gain-adjust 
operational amplifier. 

VFRO 
Voice-Frequency Receive Output 

This receive analog output is capable of driving a 600 Q 

load to 2.5 V peak. 

VPI 
Voltage Power Input (MC145564167 Only) 

This is the inverting input to the first receive power ampli­
fier. Both of the receive power amplifiers can be powered 
down by connecting this input to VBB. 

VPO-
Voltage Power Output (Inverted) (MC145564167 Only) 

This inverted output of the receive push-pull power ampli­
fiers can drive 300 Q to 3.3 V peak. 

MC145554.MC145557.MC145564.MC145567 
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VPO+ 
Voltage Power Output (Non-Inverted) 
(MC145554167 Only) 

This non-inverted output of the receive push-pull power 
amplifier pair can drive 300 Q to 3.3 V peak. 

POWER SUPPLY 

GNDA 
Analog Ground 

This terminal is the reference level for all signals, both ana­
log and digital. It is a V. 

VCC 
Positive Power Supply 

VCC is typically 5 V. 

VSS 
Negative Power Supply 

VBB is typically - 5 V. 

FUNCTIONAL DESCRIPTION 

ANALOG INTERFACE AND SIGNAL PATH 

The transmit portion of these codec-filters includes a low­
noise gain setting amplifier capable of driving a 600 Q load. 
Its output is fed to a three-pole anti-aliasing pre-filter. This 
pre-filter incorporates a two-pole Butterworth active low­
pass filter, and a single passive pole. This pre-filter is fol­
lowed by a single ended-to-differential converter that is 
clocked at 256 kHz. All subsequent analog processing uti­
lizes fully differential circuitry. The next section is a fully-dif­
ferential, five-pole switched capacitor low-pass filter with a 
3.4 kHz passband. After this filter is a 3-pole switched-ca­
pacitor high-pass filter having a cutoff frequency of about 
200 Hz. This high-pass stage has a transmission zero at dc 
that eliminates any dc coming from the analog input or from 
accumulated operational amplifier offsets in the preceding fil­
ter stages. The last stage of the high-pass filter is an auto­
zeroed sample and hold amplifier. 

One bandgap voltage reference generator and digital-to­
analog converter (DAC) are shared by the transmit and 
receive sections. The autozeroed, switched-capacitor band­
gap reference generates precise positive and negative refer­
ence voltages that are independent of temperature and 
power supply voltage. A binary-weighted capacitor array 
(CDAC) forms the chords of the companding structure, while 
a resistor string (RDAC) implements the linear steps within 
each chord. The encode process uses the DAC, the voltage 
reference, and a frame-by-frame autozeroed comparator to 
implement a successive-approximation conversion algo­
rithm. All of the analog circuitry involved in the data con­
version - the voltage reference, RDAC, CDAC, and 
comparator - are implemented with a differential architec­
ture. 

The receive section includes the DAC described above, a 
sample and hold amplifier, a five-pole 3400 Hz switched 
capacitor low-pass filter with sinXlX correction, and a two­
pole active smoothing filter to reduce the spectral com­
ponents of the switched capacitor filter. The output of the 
smoothing filter is a power amplifier that is capable of driving 
a 600 Q load. The MC145564 and MC145567 add a pair of 
power amplifiers that are connected in a push-pull configu­
ration; two external resistors set the gain of both of the 
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complementary outputs. The output of the second amplifier 
may be internally connected to the input of the transmit anti­
aliasing filter by bringing the ANLB pin high. The power am­
plifiers can drive unbalanced 300 n loads or a balanced 
600 n load; they may be powered down independent of the 
rest of the chip by tying the VPI pin to VBB. 

MASTER CLOCKS 

Since the codec-filter design has a single DAC architec­
ture, only one master clock is used. In normal operation (both 
frame syncs clocking), the MCLKX is used as the master 
clock, regardless of whether the MCLKR/PDN pin is clocking 
or low. The same is true il the part is in transmit half--channel 
mode (FSX clocking, FSR held low). But if the codec-filter is 
in the receive half--channel mode, with FSR clocking and FSX 
held low, MCLKR is used for the internal master clock if it is 
clocking; if MCLKR is low, then MCLKX is still used for the 
internal master clock. Since only one of the master clocks is 
used at any given time, they need not be synchronous. 

The master clock frequency must be 1.536 MHz, 
1.544 MHz, or 2.048 MHz. The frequency that the codec­
filter expects depends upon whether the part is a Mu-Law or 
an A-Law part, and on the state of the BCLKR/CLKSEL pin. 
The allowable options are shown In Table 1. When a level 
(rather than a clock) is provided for BCLKR/CLKSEL, BCLKX 
is used as the bit clock for both transmit and receive. 

Table 1. Master Clock Frequency Determination 

Master Clock Frequency Expected 

BCLKR/CLKSEL MC145554/64 MC145557/67 

Clacked, 1, ar Open 1.536 MHz 2.048 MHz 
1.544 MHz 

a 2.048 MHz 1.536 MHz 
1.544 MHz 

FRAME SYNCS AND DIGITAL I/O 

These codec-filters can accommodate both of the industry 
standard timing formats. The Long Frame Sync mode is 
used by Motorola's MC145500 family of codec-filters and the 
UDLT family of digital loop transceivers. The Short Frame 
Sync mode is compatible with the IDL (Interchip Digital Link) 
serial format used in Motorola's ISDN family and by other 
companies in their telecommunication devices. These 
codec-filters use the length of the transmit frame sync (FSX) 
to determine the timing format for both transmit and receive 
unless the part is operating in the receive half-channel 
mode. 

In the Long Frame Sync mode, the frame sync pulses 
must be at least three bit clock periods long. The DX and TSX 
outputs are enabled by the logical ANDing 01 FSX and 
BCLKX; when both are high, the sign bit appears at the DX 
output. The next seven rising edges of BCLKX clock out the 

remaining seven bits of the PCM word. The DX and TSX out­
puts return to a high impedance state on the falling edge of 
the eighth bit clock or the falling edge of FSX, whichever 
comes later. The receive PCM word is clocked into DR on the 
eight falling BCLKR edges following an FSR rising edge. 

For Short Frame Sync operation, the frame sync pulses 
must be one bit clock period long. On the first BCLKX rising 
edge after the falling edge of BCLKX has latched FSX high, 
the DX and TSX outputs are enabled and the sign bit is pres­
ented on Dx. The next seven rising edges of BCLKX clock 
out the remaining seven bits of the PCM word; on the eighth 
BCLKX falling edge, the DX and TSX outputs return to a high 
impedance state. On the second falling BCLKR edge follow­
ing an FSR rising edge, the receive sign bit is clocked into 
DR. The next seven BCLKR falling edges clock in the re­
maining seven bits of the receive PCM word. 

Table 2 shows the coding format of the transmit and re­
ceive PCM words. 

HALF-CHANNEL MODES 

In addition to the normal full-duplex operating mode, these 
codec-filters can operate in both transmit and receive half­
channel modes. Transmit half--channel mode is entered by 
holding FSR low. The VFRO output goes to analog ground 
but remains in a low impedance state (to facilitate a hybrid 
interface); PCM data at DR is ignored. Holding FSX low while 
clocking FSR puts these devices in the receive half--channel 
mode. In this state, the transmit input operational amplifier 
continues to operate, but the rest of the transmit circuitry is 
disabled; the DX and TSX outputs remain in a high imped­
ance state. MCLKR is used as the internal master clock if it is 
clocking. If MCLKR is not clocking, then MCLKX is used for 
the internal master clock, but in that case it should be syn­
chronous with FS R. If BCLKR is not clocking, BCLKX will be 
used for the receive data, just as in the full--channel operat­
ing mode. In receive half--channel mode only, the length of 
the FSR pulse is used to determine whether Short Frame 
Sync or Long Frame Sync timing is used at DR. 

POWER-DOWN 

Holding both FSX and FSR low causes the part to go into 
the power-down state. Power-down occurs approximately 
2 ms after the last frame sync pulse is received. An alterna­
tive way to put these devices in power-down is to hold the 
MCLKR/PDN pin high. When the chip is powered down, the 
DX, TSX, and GSX outputs are high impedance, the VFRO, 
VPO-, and VPO+ operational amplifiers are biased with a 
trickle current so that their respective outputs remain stable 
at analog ground. To return the chip to the power-up state, 
MCLKR/PDN must be low or clocking and at least one of the 
Irame sync pulses must be present. The DX and TSX outputs 
will remain in a high-impedance state until the second FSX 
pulse after power-up. 

Table 2. PCM Data Format 

Mu-Law (MC145554/64) 

Level Sign Bit Chord Bits Step Bits 

+ Full Scale 1 000 0000 

+Zera 1 111 1111 

-Zero 0 111 1111 

- Full Scale 0 000 0000 
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A-Law (MC145557/67) 

Sign Bit Chord Bits Step Bits 

1 010 1010 

1 101 0101 

0 101 0101 

0 010 1010 
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MAXIMUM RATINGS (Voltage Referenced to GNDA) 

Rating Symbol Value Unit 

DC Supply Voltage VCCto VSS -0.5to+ 13 V 
VCCtoGNDA - 0.3 to + 7.0 
VsstoGNDA -7.0 to + 0.3 

Voltage on Any Analog Input or Output Pin VSS-0.3to V 
VCC+0.3 

Voltage on Any Digital Input or Output Pin GNDA-0.3to V 
VCC+0.3 

Operating Temperature Range TA -40to+85 "C 

Storage Temperature Range Tstg -85to+ 150 "C 

POWER SUPPLY (TA = - 40 to + 85"C) 

Characteristic 

DC Supply Voltage VCC 
VSS 

Active Power Dissipation (No Load) MC145554/57 
MC145564/67 

MC145564/67, VPI = Vas 

Power-Down Dissipation (No Load) MC145554/57 
MC145564/67 

MC145564/67, VPI = VSS 

This device contains circuitry to protect 
against damage due tei high static voltages or 
electric fields; however, it is advised that 
normal precautions be taken to avoid appli­
cation of any voltage higher than maximum 
rated voltages to this high impedance circuit. 
For proper operation it is recommended that 
Vin and Vout be constrained to the range VSS 
,; (Vin or Vout) ,; VDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., VSS, 
GNDA, or VCe). 

Min Typ Max Unit 

4.75 5.0 5.25 V 
-4.75 -5.0 -5.25 

- 40 60 rnW 
- 45 70 
- 40 60 

- 1.0 3.0 mW 
- 2.0 5.0 
- 1.0 3.0 

DIGITAL LEVELS (VCC = 5 V ± 5%, VSS = - 5 V ± 5%, GNDA = 0 V, TA = - 40 to + 85"C) 

Characteristic 

Input Low Voltage 

Input High Voltage 

Output Low Voltage 

Output High Voltage 

Input Low Current 

Input High Current 

Output Current in High Impedance State 

MC1c45554-MC145557-MC145564-MC145567 
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DX or TSX, 10L = 3.2 rnA 

OX, 10H = - 3.2 rnA 
10H =-1.6 rnA 

GNOA,; Vin'; VCC 

GNOA,; Vin'; VCC 

GNDA,; OX'; VCC 

Symbol 

VIL 

VIH 

VOL 

VOH 

IlL 

IIH 

10Z 

Min Max Unit 

- 0.6 V 

2.2 - V 

- 0.4 V 

2.4 - V 
VCC-0.5 -

-10 +10 ~ 

-10 +10 ~A 

-10 +10 ~A 
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ANALOG ELECTRICAL CHARACTERISTICS 
(VCC = +,5 V ± 5%, VBB = - 5 V ± 5%, VFXI - Connected to GSX, TA = - 40 to + 85°C) 

Characteristic Min Typ Max Unit 

Input Current (- 2.5'; Vin ,; + 2.5 V) VFXI+, VFXI- - ±0.05 ±0.2 f!A 

AC Input Impedance to GNDA (1 kHz) VFxl+, VFXI- 10 20 - Mn 

Input Capacitance VFXI+, VFXI- - - 10 pF 

Input Offset Voltage of GSX Op Amp VFXI+, VFXI- - - ± 25 mV 

Input Common Mode Voltage Range VFXI+, VFXI- -2.5 - 2.5 V 

Input Common Mode Rejection Ratio VFXI+, VFXI- - 65 - dB 

Unity Gain Bandwidth of GSX Op Amp (Rload " 10 kn) - 1000 - kHz 

DC Open Loop Gain of GSX Op Amp (Rload " 10 kn) 75 - - dB 

Equivalent Input Noise (C-Message) Between VFXI+ and VFXI- at GSX - -20 - dBrnCO 

Output Load Capacitance for GSX Op Amp 0 - 100 pF 

Output Voltage Range for GSX Rload = 10 kn to GNDA -3.5 - + 3.5 V 
Rload = 600 n to GNDA -2.8 - + 2.8 

Output Current (- 2.8 V,; Vout'; + 2.8 V) GSX, VFRO ±5.0 - - mA 

Output Impedan~e VFRO (0 to 3.4 kHz) - 1 - n 

Output Load Capacitance for VFRO a - 500 pF 

VFRO Output DC Offset Voltage Referenced to GNDA - - ± 100 mV 

Transmit Power Supply Rejection Positive, a to 100 kHz, C-Message 45 - - dBC 
Negative, a to 100 kHz, C-Message 45 - -

Receive Power Supply Rejection Positive, a to 100 kHz, C-Message 50 - - dBC 
Positive, 4 kHz to 25 kHz 50 - - dB 

Positive, 25 kHz to 50 kHz 43 - - dB 
Negative, a to 100 kHz, C-Message 50 - - dBC 

Negative, 4 kHz to 25 kHz 45 - - dB 
Negative, 25 kHz to 50 kHz 38 - - dB 

MC145564/67 Power Drivers 

Input Current (- 1 V,; VPI ,; + 1 V) VPI - ±0.05 ±0.5 f!A 

Input Resistance (- 1 V,; VPI ,; + 1 V) VPI 5 10 - Mn 

Input Offset Voltage (VPI Connected to VPo-) VPI - - ±50 mV 

Output Resistance, Inverted Unity Gain VPO+or VPo- - 1 - n 

Unity Gain Bandwidth, Open Loop VPO- - 400 - kHz 

Load Capacitance (00 n" Rload ,,300 n) VPO+ orVPO-to GNDA a - 1000 pF 

Gain from VPO- to VPO+ (Rload = 300 n, VPO+ to GNDA Level at VPO- - -1 - V/V 
= 1.77 Vrms, +3 dBmO) 

Maximum a dBmO Level for Better than ± 0.1 dB Linearity Over the Rload = 600 n 3.3 - - Vrms 
Range -10 dBmO to + 3 dBmO (For Rload between VPO+ Rload = 1200 n 3.5 - -
and VPO-) Rload = 10 kn 4.0 - -

Power Supply Rejection of VCC or VBB (VPO- Connected to VPI) a to 4 kHz 55 - - dB 
VPO + or VPO- to GNDA 4 to 50 kHz 35 - -

Differential Power Supply Rejection of V CC or VBB (VPO- Connected to VPI) dB 
VPO+ to VPO-, a to 50 kHz 50 - -
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ANALOG TRANSMISSION PERFORMANCE 
(VCC = + 5 V ± 5%, VBB = - 5 V ± 5%, GNDA = 0 V, 0 dBmO = 1.2276 Vrms = + 4 dBm @ 600 n, FSx = FSR = B kHz, 
BCLKX = MCLKx = 2.04B MHz Synchronous Operation, VFXI - Connected to GSX, TA = - 40 to + 85°C Unless Otherwise Noted) 

End-to-End AID D/A 

Characteristic Min Max Min Max Min Max Unit 

.Absolute Gain (0 dBmO @ 1.02 kHz, TA = 25°C, VCC = 5 V, VBB = - 5 V) - - -0.25 -0.25 -0.25 + 0.25 dB 

Absolute Gain Variation with Temperature Oto 70°C - - - ±0.03 - ±0.03 dB 
-40to + B5°C - - - ±0.06 - ±0.06 

Absolute Gain Variation with Power Supply (VCC = 5 V, ± 5%, - - - ±0.02 - ±0.02 dB 
VBB = -5 V, ±5%) 

Gain vs Level Tone (Relative to - 10 dBmO, 1.02 kHz) + 3to- 40 dBmO -0.4 +0.4 -0.2 + 0.2 -0.2 +0.2 dB 
- 40 to -50 dBmO -0.8 + O.B -0.4 +0.4 -0.4 +0.4 
-50 to -55 dBmO -1.6 + 1.6 -0.8 +O.B -O.B + O.B 

Gain vs Level Pseudo Noise CCITT G.712 -10 to-40 dBmO - - -0.25 +0.25 -0.25 + 0.25 dB 
(MC145557/67 A-Law Relative to -10 dBmO) -40 to- 50 dBmO - - -0.30 +0.30 -0.30 +0.30 

-50 to -55 dBmO - - -0.45 + 0.45 -0.45 + 0.45 

Total Distortion, 1.02 kHz Tone (C-Message) +3dBmO 33 - 33 - 33 - dBC 
o to- 30 dBmO 35 - 36 - 36 -

-40dBmO 29 - 30 - 30 -
-45dBmO 24 - 25 - 25 -
-55dBmO 15 - 15 - 15 -

Total Distortion With Pseudo Noise CCITT G.714 -3dBmO 27.5 - 2B - 2B.5 - dB 
(MC145557/67 A-Law) - 6 to -27 dBmO 35 - 35.5 - 36 -

-34dBmO 33.1 - 33.5 - 34.2 -
-40 dBmO 2B.2 - 2B.5 - 30 -
-55dBmO 13.2 - 13.5 - 15 -

Idle Channel Noise (For End-End and AID, Note 1) 
(MC145554/64 Mu-Law, C--Message Weighted) - 15 - 15 - 7 dBrnCO 
(MC145557/67 A-Law, Psophometnc Weighted) - -70 - -70 - -B3 dBmOp 

Frequency Response (Relative to 1.02 kHz @ 0 dBmO) 15 Hz - -40 - -40 -0.15 0 dB 
50 Hz - -30 - -30 -0.15 0 
60 Hz - -26 - -26 -0.15 0 

200 Hz - - -1.0 -0.4 -0.15 0 
300 to 3000 Hz -0.3 0.3 -0.15 +0.15 -0.15 + 0.15 

3300 Hz -0.70 +0.3 -0.35 +0.15 -0.35 + 0.15 
3400 Hz -1.6 0 -0.8 0 -O.B 0 
4000 Hz - -2B - -14 - -14 
4600 Hz - -60 - -32 - -30 

In-Band Spurious 300 to 3000 Hz - -4B - -4B - -4B dBmO 
(1.02 kHz @ 0 dBmO, Transmit and Receive) 

Out-of-Band Spurious at VFRO (300 - 3400 Hz @ 0 dBmO In) dB 
4600 to 7600 Hz - -30 - - - -30 
7600 to B400 Hz - -40 - - - -40 

B400 to 100,000 Hz - -30 - - - -30 

Idle Channel Noise Selective (B kHz, Input = GNDA, 30 Hz Bandwidth) - -70 - - - -70 dBmO 

Absolute Delay (1600 Hz) - - - 315 - 215 fis ~ 

Group Delay Referenced to 1600 Hz 500 to 600 Hz - - - 220 -40 - fis 
600 to BOO Hz - - - 145 -40 -

BOO to 1000 Hz - - - 75 -40 -
1000 to 1600 Hz - - - 40 -30 -
1600 to 2600 Hz - - - 75 - 90 
2600 to 2BOO Hz - - - 105 - 125 
2BOO to 3000 Hz - - - 155 - 175 

Crosstalk of 1020 Hz @ 0 dBmO from AID or D/A (Note 2) - - - -75 - -75 dB 

Intermodulation Distortion of Two Frequencies of Amplitudes - -41 - -41 - -41 dB 
- 4 to - 21 dBmO from the Range 300 to 3400 Hz 

NOTES: 
3. Extrapolated from a 1020 Hz @ - 50 dBmO distortion measurement to correct for encoder enhancement. 
4. Selectively measured while the AID is stimulated with 2667 Hz @ - 50 dBmO. 
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DIGITAL SWITCHING CHARACTERISTICS 
(VCC = 5 V ± 5%, VBB = - 5 V ± 5%, GNDA = 0 V, All Signals Referenced to GNDA; TA = - 40 to + 85°C, Cload = 150 pF Unless Otherwise 
Noted) 

Characteristic 

Master Clock Frequency MCLKX or MCLKR 

Minimum Pulse Width High or Low MCLKX or MCLKR 

Minimum Pulse Width High or Low BCLKX or BCLKR 

Minimum Pulse Width Low FSX or FSR 

Rise Time for all Digital Signals 

Fall Time for all Digital Signals 

Bit Clock Data Rate BCLKX or BCLKR 

Setup Time from BCLKX Low to MCLKR High 

Setup Time from MCLKX High to BCLKX Low 

Hold Time from BCLKX (BCLKR) Low to FSX (FSR) High 

Setup Time for FSX (FSR) High to BCLKX (BCLKR) Low for Long Frame 

Delay Time from' BCLKX High to DX Data Valid 

Delay Time from BCLKX High to TSX Low 

Delay Time from the 8th BCLKX Low of FSX Low to Dx Output Disabled 

Delay Time to Valid Data from FSX or BCLKX, Whichever is Later 

Setup Time from DR Valid to BCLKX Low 

Hold Time from BCLKR Low to DR Invalid 

Setup Time from FSX (FSR) High to BCLKX (BCLKR) Low in Short Frame 

Hold Time from BCLKX (BCLKR) Low to FSX (FSR) Low in Short Frame 

Hold Time from 2nd Period of BCLKX (BCLKR) LoW to FSX(FSR) Low in 
Long Frame 

MOTOROLA 

Symbol Min Typ Max Unit 

fM - 1.536 - MHz 
- 1.544 -
- 2.048 -

tw(M) 100 - - ns 

tw(B) 50 - - ns 

tw(FL) 50 - - ns 

tr - - 50 ns 

tf - - 50 ns 

fB 128 - 4096 kHz 

tsu(BRM) 50 - - ns 

tsu(MFB) 20 - - ns 

th(BF) 20 - - ns 

tsu(FB) 80 - - ns 

td(BD) 20 60 140 ns 

td(BTS) 20 50 140 ns 

td(ZC) 50 70 140 ns 

Id(ZF) 20 60 140 ns 

tsu(DB) 0 - - ns 

th(BD) 50 - - ns 

tsu(F) 50 - - ns 

th(F) 50 - - ns 

th(BFI) 50 - - ns 

MC145554-MC145557-MC145564-MC145567 
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MClKX 
MClKR 

BClKX 

FSx 

DX------------~ 

BClKR 

DR -------------{ 

Figure 1. Short Frame Sync Timing 
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MClKX 
MClKR 

BClKX 

FSx 

DX 
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Fi~ure 2. Long Frame Sync Timing 
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-5V 
16 

VBB VFXI+ 
15 -= 

GNDA VFXI--= 14 
ANALOG OUT VFRO GSX 

+5V VCC TSX 
13 

MC145554157 12 
FSR FSX 

11 
DR DX 

BClKR/ ClKSEl BClKX 

MClKR/PDN MClKX 

MODE VDD 16+ 5 V 

DDO 
15 

EDO 
3 14 

1.544 MHz! DDE EOE 
4 13 

2.048 MHz DDC MC145532 EDC 
12 

ADCPM IN DDI EDI 
11 

DIE EIE 

POWER-DOWN PO/RESET SPC 
10 

VSS ADP 

-= -= 
Figure 3. ADPCM Transcoder Application 
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MC33120 
20 15 

+5V VCC VDD 
19 

EP 12 
PDI/ST2 ] HOOK STATUSI 

FAULT INDICATION 
lB STI + 

BP 5 fIF, 16 V 

VDG 

lN4002 

-4BV 

VAG 
+5V 

0.01 fIF 100 MCI4555417 

50V ± 1/4W 1 k 17 -= CP VCC 
9.1 k 4B.5k 12 

TIP 
16 RXI VFRO FSX 8kHzSYNC 

TSI 
9.1 k 

4.7k FSR 
RING RSI 10 

1 k BCLKX DATA CLOCK 
4 

CN RFO BCLKR MCI45554= 

100 MCLKR 
1.544 MHZ 

1/4W 1 fIF MC145557= 
MCLKX 2.048 MHz 

11 15 11 
0.D1 fIF TXO VFXI- DX 6 TO PCMHWY 14 

50V ± CF GSX DR 
BN 49.0k 16 13 300n VFXI+ TSX 

-= lN4002 l+ 1.0 fIF, 50 V EN VOB GNDA VBB 

VEE 
10 IIF, 50 V -= -5V 

:E 

NOTE: Six resistors and two capacitors on the two-wire side can be 5% tolerance. 

Figure 4. A Complete Single Party Channel Unit Using MC145554157 PCM Codec-Filter and MC33120 SLiC 
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"s" TRANSCEIVER 
+5V MC145474P 

17 
VOO TE/fIT 33 k 

+5V ISET 
S INTERFACE -= SYNC 

7Q 7Q 21 
TX+ CLK 

+5V RX 

-= 7Q 7Q TX 
20 

TX- OREQ 

OGRT 

-= 
1kQ SEL 

RX+ 

+5V 
ClK 

-= RX 
1kQ 1kQ TX 

RX-
IRQ 

VSS RESET 
-= XTAL EXTAL -= 19 

15.36 MHz 
30 pF 

D I 
-= -= 

HANDSET 
RJ-l 

500Q 
MC145554P 

VFRO VCC 

FSX, FSR 
500Q 

10kQ 15 
MClK, BCLK 

+ MIG (RED) VFXI- Ox 
-RGVR 0,1 !iF 14 

GSx (WHITE) 16 
DR 

-MIG (BLK) VFXI+ TSX 

GNOA VBB 

COOEC-FILTER 

Figure 5. ISDN Voice/Data Terminal 
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LAP-OILAP-B CONTROLLER 
+5V +5V MCl45488 

52,2,9 
VOO DO 10 

01 11 
60,44 02 12 

SYNC 0, 1 
59,45 03 13 

CLKO,l 04 14 
10 '55,49 TX 0,1 05 15 
11 56,48 06 16 

RX 0,1 07 17 7 47 
OREQ 1 08 18 

46 
OGNT1 09 19 

010 20 
50 SCPE 1 011 22 

15 53 012 23 
SCPEO 013 24 

14 57 
SCPClK 014 25 

13 54 015 26 MPU SCPTXO 
12 58 Al 8 BUS 

SCP RXO A2 7 
A3 6 
A4 5 
A5 4 
A6 
A7 

30 pF A8 68 

I A9 67 
AlO 66 
Al1 65 
A12 64 

+5V A13 63 

4 A14 62 
A15 61 

12,5 OWNO 42 
10,7,8,9 OWNl 43 

11 MCLK 27 
CS 28 

6 RiW 29 
13 AS 30 

LOS 31 
UOS 32 
RST 33 

-5V lACK 34 
IRQ 36 

OTAGK 37 
BERR 38 

51,36,21 BR 39 
VSS BG 40 

BGACK 41 

-= 
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Table 3. Mu-Law Encode-Decode Characteristics 

Normalized 
Digital Code 

Encode Normalized 
Chord Number Step Decision 1 I 2 I 3 I 4 I 5 I 6 I 7 J 8 Decode 

Number of Steps Size Levels Sign I Chord I Chord I Chord I Step I Step I Step I Step Levels 

8159 
1 0 0 0 0 0 0 0 8031 

7903 
8 16 256 

4319 
1 0 0 0 1 1 1 1 4191 

4063 

7 16 128 2143 
1 0 0 1 1 1 1 1 2079 

2015 

6 16 64 1055 
1 0 1 0 1 1 1 1 1023 

991 

5 16 32 511 
1 0 1 1 1 1 1 1 495 

479 

4 16 16 239 
1 1 0 0 1 1 1 1 231 

223 

3 16 8 103 
1 1 0 1 1 1 1 1 99 

95 

2 16 4 35 
1 1 1 0 1 1 1 1 33 

31 

1 15 2 3 
1 1 1 1 1 1 1 0 2 

1 
1 1 1 1 1 1 1 1 1 1 0 

0 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = 0 for negative analog values. 
2. Digital code includes inversion of all magnitude bits. 
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Table 4. A-Law Encode-Decode Characteristics 

Normalized Digital Code 
Encode 

Chord Number Step Decision t I 2 I 3 I 4 I 5 I 6 I 7 I 8 

Number of Steps Size Levels Sign I Chord I Chord I Chord I Step I Step I Step I Step 

4096 
1 0 1 0 1 

3968 
7 16 128 

2176 
1 0 1 0 0 

2048 

6 16 64 1088 
1 0 1 1 0 

1024 

5 16 32 544 
1 0 0 0 0 

512 

4 16 16 272 
1 0 0 1 0 

256 

3 16 8 136 
1 1 1 0 0 

128 

2 16 4 68 
1 1 1 1 0 

64 

1 32 2 2 
1 1 0 1 0 

0 

NOTES: 
1. Characteristics are symmetrical about analog zero with sign bit = 0 for negative analog values. 
2. Digital code includes alternate bit inversion, as specified by CCITT. 
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0 . 1 0 

1 0 1 

1 0 1 

1 0 1 

1 0 1 

1 0 1 

1 0 1 

1 0 1 

Normalized 
Decode 
Levels 

4032 

2112 

1056 

528 

264 

132 

66 

1 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Technical Summary 
ISDN U-Interface Transceiver 

This technical summary provides an overview of the MC145572 U-Interface 
Transceiver. A complete data booklet with comprehensive technical information 
is available and can be ordered through your Motorola Sales office. 

The MC145572 U-Interface Transceiver is a single chip device for Integrated 
Services Digital Network Basic Access Interface that conforms to the American 
National Standard ANSI T1.601-1992. The device, which can be configured for 
LT (Line Termination) or NT (Network Termination) applications, performs all 
necessary Layer 1 functions while utilizing 2B1 Q line coding. 

The MC145572 is a redesign of the MC145472 and MC14LC5472 
U-Interface Transceivers. The internal signal processing algorithms are the 
same as for the original MC145472 to maintain its industry-leading perfor­
mance. The control and time division multiplex interfaces have been 
significantly enhanced to serve the needs of the growing ISDN marketplace. 
The use of the latest process technologies permits the MC145572 to be made 
available in 44-lead PLCC and PQFP packages. 

The MC145572 is designed to be easily retrofit into existing 
MC145472/MC14LC5472 designs with no software changes and few hardware 
changes. New designs can take advantage of enhanced digital interface 
features of the MC145572, such as the times lot aSSigner and the availability of 
superframe alignment signals. 

The MC145572 can operate in many different modes. The control of these 
various modes is provided via special purpose pins and the Serial Control Port 
(SCP) or the Parallel Control Port (PCP). The SCP conforms to the Motorola 
Serial Control Peripheral Interface standard, an industry standard serial 
microprocessor interface. The PCP is a standard microprocessor bus port. The 
designer may choose between using GCI or the Motorola IDL-type time 
division 2B+D data interface. A timeslot assigner is also provided on the 
MC145572. 

The customer data crossing the U Reference Point consists of two 64 kbps B 
channels and one 16 kbps 0 channel in each direction. Maintenance and 
framing overhead is also included for a total 160 kbps data (80 Kbaud signaling) 
rate. 

Features 

Single Chip 2B1 Q Echo Canceling Adaptively Equalized Transceiver 
Conforms to ANSI T1.601-1992, Integrated Services Digital Network 
(ISoN)-Basic Access Interface for Use on Metallic Loops for Application 
on the Network Side of the NT (Layer 1 Specification) of the American 
National Standards Institute 
Warm Start Capability 
NT Synchronizes to and Operates with 80 kHz ± 32 ppm Received Signal 
from LT 
Supports Master-Slave, and Slave-Slave Timing Modes 
On-Chip FI FOs for Transmit and Receive Directions 
2B+D Customer Data Provided by the Industry Standard Interchip Digital 
Link 

• General Circuit Interface (GCI) 
• Timeslot Assigner 
• Control, Status, and Extended Maintenance Functions Provided through 

the Serial Control Port (SCP) 
• Microprocessor Bus Compatible Parallel Port Available as Pin Selectable 

Option 

REV 1 
10/95 
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44 

MC145572 

FN SUFFIX 
PLCC PACKAGE 

CASE 777 

PB SUFFIX 
TOFP 

CASE 824D 

ORDERING INFORMATION 
MC145572FN PLCC Package 
MC145572PB TOFP 
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• On-Chip Conformance with Activation and Deactivation as Specified in 
ANSI Tl.601 

• Automatic Handling of Basic Maintenance Functions 
• Automatic Internal Cornpliance with the Embedded Operations Channel 

(eoc) Protocol as Specified in the American National Standard 
• Cornplete Set of Loop-Backs for Both the IDL and U-Reference Point 

Directions 
• Pin Selectable for Line Termination or Network Terrnination Applications 
• On-Chip 2.5 V Transmit Driver Meeting 1992 Requirernent 
• 8 kHz Reference Frequency in LT Mode 
• High Performance CMOS Process Technology 
• 5 V Power Supply 

MC145572FN PIN ASSIGNMENT 

MC145572 
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MAXIMUM RATINGS (Voltages Referenced to VSS) 

Symbol Parameter 

VDD DC Supply Voltage 

Yin Voltage. Any Pin to VSS 

lin DC Current. Any Pin (Except for VDD. 
VSS. TxP. and TxN) 

TA Operating Temperature 

Tstg Storage Temperature 

Value 

-0.5 to 7.0 

- 0.3 to VDD + 0.3 

±10 

-40t085 

-85t0150 

Unit 

V 

V 

rnA 

°C 

°C 

This device contains circuitry to protect 
against damage due to high static voltages or 
electric fields; however. it is advised that 
normal precautions be taken to avoid applica­
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. For 
proper operation it is recommended that Yin 
andVoutbeconstrainedtotherangeVSSS(Vin 
or Vout) S VDD. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g .• VSS. VDD. 
VLS. or VAG)· 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to VSS. TA = - 40 to 85°C) 

Parameter Pins Min Typ Max Unit 

DC Supply Voltage VDD 4.75 5.0 5.25 V 

Current Sourced from CAP 3 V pin @ 2.7 V CAP3V - - 5 rnA 

POWER CONSUMPTION (Voltages referenced to VSS. TA = - 40 to 85°C) 

Parameter Pins Min Typ Max Unit 

DC Supply Voltage VDD 4.75 5.0 5.25 V 

Power Consumption. Activated - 225 275 mW 

Power Consumption. Absolute Power Down - - 5 mW 

PERFORMANCE (VDD = 5.0 V ± 5%. TA = - 40 to + 85°C) 

Parameter Min Typ Max Unit 

Cold Start Time. LT Mode - 9 - s 

Cold Start TIme. NT Mode - 4 - s 

Warm Start Time. LT and NT Modes - 200 - ms 

Transmit Linearity 45 - - dB 

Bit Error Rate. 16.500k It of 26 AWG. 1500 It of 24AWG. + 1 dB NEXT Margin. ANSI - - 10-7 

T1.601-1992 (see Note) 

Differential Receiver Sensitivity 15 20 mV 

NOTE: Bit error rate performance depends significantly on the characteristics olthe line Interface circuit used to couple the MC145572 to the trans­
mission line. This parameter is provided for informational purposes only. 
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DC ELECTRICAL CHARACTERISTICS (VOO = 5.0 V + 5%, TA = - 40 to 85°C) 

Parameter Test Conditions Symbol Min Max 

High-level Input Voltage, except FREQREF and RESET VIH 2.0 -
low-level Input Voltage, except FREQREF and RESET Vil -0.3 0.8 

High-level Input Voltage, FREQREF and RESET VIH 3.75 -
low-level Input Voltage, FREQREF and RESET Vil - 1.25 

High-level Output Voltage (IOH = - 400 ~) VOH 2.4 

low-level Output Voltage (IOl = 5 mAl VOL .5 

High-level Input Current IIH - TBO 

low-level Input Current III - TBO 

High-level Output Current VOH = VOO - 0.5 V IOH TBO -

low-level Output Current VOL = 0.4 V IOl TBO -
IRQ Output Current VOL = 0.4 V IIRQ TBO -
IRQ High Impedance RIRQoff TBO -
Input Capacitance, Digital Pins Cin - 10 

XTAlin High-le~el Input TBO -

XTAlin low-level Input - TBO 

XTAlout Output Current VOH = 3.2 V TBD -
VOl=IV TBD -

NOTE: All digital outputs except XTAlout are three-stateable regardless of their normal operating condition. 

281Q INTERFACE ELECTRICAL CHARACTERISTICS 

PINS TxP AND TxN (VOO = 5.0 V ± 5%, TA = - 40 to 85°C, Rl = 60 Q from TxP to TxN) 

Parameter Min Typ Max 

Output Resistance - Full Power Mode - - 0.05 

Output Resistance - Power Down Mode - 10 30 

Output Resistance - Absolute Power Oown Mode - 10 30 

Output Peak Voltage from TxP to TxN - ±4.0 -

Output load Capacitance - - 47 

Power Supply Rejection - 60 -

Peak Current - 75 -

PINS TxP AND TxN (VDO = 5.0 V ± 5%, TA = - 40 to 85°C) 

Parameter Min Max 

Input Resistance - Full Power Mode 1 -
Input Resistance - Power Down Mode 1 -
Input Resistance - Absolute Power Down Mode 1 -

Input Capacitance - TBO 

Power Supply Rejection - TBD 

Input Voltage Range for RxP or RxN ((VOO - VSS)/2) - 0.5 ((VOD - VSS)/2) + 0.5 

MOTOROLA 

Unit 

V 

V 

V 

V 

V 

V 

~ 

~A 

mA 

mA 

mA 

kQ 

pF 

V 

V 

mA 

mA 

Unit 

Q 

Q 

Q 

Vpk 
-Vpk 

nF 

dB 

mA 

Unit 

MQ 

MQ 

MQ 

pF 

dB 

V 
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IDL2 MASTER SHORT FRAME SYNC TIMING, 8/10 BIT AND TSAC FORMATS 

Ref. 
No. Parameter Min Typ Max Unit Note 

1 FSR or FSX Period 125 125 - fis 1 

2 Delay From the Rising Edge of DCl to the Rising Edge of FSX or FSR - 30 ns 

3 Delay From the Rising Edge of DCl to the Falling Edge of FSX or FSR - 30 ns 

4 DCL Clock Period 391 1953 ns 2 

5 DCL Pulse Width High 512 kHz 878 1074 ns 3 
2.048 MHz 210 265 

2.56 MHz 170 215 
DCL Clock 249 Pulse Width High 2.048 MHz 160 315 

2.56 MHz 120 265 
DCL Clock 59 Pulse Width High 512 kHz 825 1120 

6 DCL Pulse Width Low 45 55 %of 4 
DCL 

Period 

7 Delay From Rising Edge of DeL to Low-Z and Valid Data on Dout - 30 ns 

8 Delay From Rising Edge of DCL to Data Valid on Dout 5 30 ns 

9 Delay From Rising Edgeof DCL to Hi-Z on Dout - 30 ns 

10 Data Valid on Din Before Falling Edge of DCL (Din Setup Time) 25 - ns 

11 Data Valid on Din After Falling Edge of DCL (Din Hold Time) 25 - ns 

12 Delay From Rising Edge of DCL to TSEN Low - 30 ns 5 

13 Delay From Falling Edge of DeL to TSEN High - 30 ns 

NOTES: 
1. FSR or FSX occur on average every 125 fis. 
2. The DCL Frequency may be 512 kHz, 2.048 MHz, or 2.56 MHz. 
3. The duty cycle of DCl is between 45% and 55% when operated in master timing mode. This duty cycle is guaranteed for ali DeL clocks except 

the clock that is used for making timing adjustments in orderto maintain synchronization with the received signal when operating in NT mode. 
In NT master mode the MC145572 conveys timing adjustments over the DCL clock of the device. This is done by adding or subtracting a 
single 20.48 MHz clock period of 48 ns to the high phase of DCL clock on two successive IDL frames once per U-Interface basic frame. The 
total adjustment is 96 ns distributed over the two IDL frames. When DCL is configured for 2.048 MHz or 2.56 MHz the adjustment occurs 
during clock pulse number 249 after FSXlFSR. The count starts at clock pulse 0 for the DCL clock immediately following FSX/FSR. When 
DeL is configured for 512 kHz the adjustment occurs during DCL pulse number 59. It is important to remember this when using the timeslot 
aSSigner since it is possible to program it to transfer 2B or D data during the clock period where the timing adjustment is being made and 
this may affect setup and hold times for other components in a system. 

4. The pulse width during the low phase of the clock varies between 45% and 55% of the nominal frequency. Timing adjustments are not made 
during the low phase of Del. 

5. In IDL 8 and 10 bit formats, TSEN can be valid during the Bl, B2, and D channel timeslots. 
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ISDN BASIC ACCESS SYSTEM OVERVIEW 

ISDN REFERENCE MODEL 

The Integrated Services Dig'ital Network (ISDN) Reference 
Model is shown in Figure 1. This is a general model that can 
be adapted to many different implementations of the ISDN. 
The diagram indicates the position of the U-Reference Point 
between the Line Termination (LT) and the Network Termina­
tion 1 (NT1) blocks in the model. 

The U-Interface is the physical access pOint to the ISDN at 
the U-Reference Point. This interface is a single twisted wire 
pair supporting full-duplex transmission of digital information 
at a rate of 160 kbps. The twisted wire pair can extend up to 
18,000 feet and may include bridge taps. This interface is 
often referred to as a Digital Subscriber Line. 

U-INTERFACE TRANSCEIVER ISDN APPLICATIONS 

'Figure 2 shows some typical ISDN applications of the 
MC145572 U-Interface Transceiver as well as related ISDN 
applications for SIT-Interface terminal equipment using 
Motorola semiconductor solutions. 

The LT example shows the U-Interface Transceiver in a 
line card environment. This line card can be located in an 
ISDN central office switch or other ISDN compatible switch­
ing equipment, including a remote switch or carrier terminal. 
In this application, the Interchip Digital Link (IDL) and Serial 
Control Port (SCP) of the· MC145572 are interfaced to the 

REFERENCE 
POINTS: 

TE2 

Key: 
CCSN: 
CSN: 
ET: 
LT: 

R S 

TA 

NT2 

TE1 

Common Channel Signalling Network 
Circuit Switched Network 
Exchange Termination (C.O. Switch) 
Line Termination (Line Card) 

T 

NT1: Network Termination 1 (OSI Layer 1 Only) 

NT1 

backplane of the switching equipment as required for the 
particular switch architecture. 

The NT1 converts the 2-wire U-Interface to the 4-wire 
srr -Interface as shown. By combining an MC145572 with a 
Motorola MC145574 srr -Interface Transceiver, an NT1 can 
be readily implemented. 

Also shown is a highly integrated U-Interface ISDN termi­
nal, designated NT1/TE1, which implements a complete 
voice and data terminal with aU-I nterface for immediate and 
cost effective access to the ISDN. The MC145572 is shown 
interfaced to the M68000 core based MC68302 Integrated 
Multiprotocol Processor (IMP), which handles Layers 2 - 7 of 
the OSI Reference Model. Voice is supported with a conven­
tional codec-filter device such as the MC145480. 

The network is completed with a Terminal Adaptor (TA) 
and an SIT-interface ISDN Terminal (TE1). Two different ar­
chitectures are shown: the TA is implemented with the 
MC145488 Dual Data Link Controller and a host MCU sys­
tem, and the TE1 is shown implemented with the MC68302 
IMP. 

NON-ISDN U-INTERFACE TRANSCEIVER 
APPLICATIONS 

A typical non-ISDN pair gain application block diagram is 
shown in Figures 3 and 4. Pair gain is a technique to multi­
plex two or more analog phone lines over a single twisted 
pair. 

u v 

LT ET 

NT2: Network Termination 2 (OSI Layers 2 and 3) 
Packet Switched Network PSN: 

TA: 
TE1: 
TE2: 

Terminal Adapter 
Terminal Equipment 1 (ISDN Terminal) 
Terminal Equipment 2 (Non-ISDN Terminal) 

Figure 1. ISDN Reference Model 
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TA 

SCP 

SfT 
CHIP 

IDL 

ANALOG LINE 
TO CENTRAL 

OFFICE 

ANALOG LINE 
TO CENTRAL 

OFFICE 

NT1 LT 

MC145572 
GCI MC145572 .. 

IDL 

SfT U U 
CHIP CHIP CHIP 

SCP 

SWITCHING EQUIPMENT 

LT 

MC145572 
IDL 

lit C~IP SCP 

Figure 2. MC145572 Typical ISDN Applications 

MC34017 
1 RING MC145480 IDL 
- DETECT - 5VCODEC r---< ~ MC145572 -

AND LINE 
U 

INTERFACE 

I SCP 

MC34017 
2 RING MC145480 M6805 
- DETECT I-- 5VCODEC r- MICROCONTROLLER 

AND LINE 
INTERFACE 

Figure 3. Pair Gain Application, Central Office Terminal 
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IDL MC145480 - MC145572 f-~ 5VCODEC U 

I SCP 

M6805 
L-

MC145480 
MICROCONTROLLER 5 V CODEC 

I--
MC33120 

SLiC 

I--
MC33120 

SLiC 

--

I---

CUSTOMER 
ANALOG LINE 1 

CUSTOMER 
ANALOG LINE 2 

Figure 4. Pair Gain Application, Remote Terminal 

FUNCTIONAL OVERVIEW 

A functional block diagram of the MC145572 U-Interface 
Transceiver is shown in Figure 5. This device utilizes mixed 
analog and digital signal processing circuit technology to im· 
plement an adaptively equalized echo canceling full-duplex 
transmitter/receiver or transceiver. 

The 2B+D data is input to the device at the Din pin of the 
time division multiplexed data interface. This data is passed 

AUTOMATIC 
ACTIVATION 

CONTROLLER 

AUTOMATIC 
eoc 

PROCESSOR 

SUPER­
FRAME 

DEFRAMER 

-' w 
z 
::i: 
6 
'" 

through a three frame deep FIFO prior to being formatted 
and scrambled in the Superframe Framer. The resulting 
160 kbps binary data stream is converted to an 80 kbaud 
dibit stream which is subsequently converted to four analog 
amplitudes by the DAC (digital-to-analog converter). The re­
sulting pulse amplitude modulated signal is band limited by 
the Tx Filter prior to entering the Tx Driver which differentially 
drives the line coupling circuit to the twisted wire pair. 

XTALin 

XTALout 

EXTERNAL 
LINE U·INTERFACE 

INTERFACE '--_ 

Figure 5. MC145572 Functional Block Diagram 
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From the twisted wire pair, information from the far end U­
Interface Transceiver is coupled through the external line in­
terface circuit to the differential receiver inputs RxP and RxN. 
(In this two wire environment, the transmitted signal is also 
coupled into the receiver inputs.) This combined analog sig­
nal is converted to a digital word in the ~-t. (sigma--delta) 
ADC (analog-to-digital converter). After filtering, an adap­
tively generated replica of the transmitted signal, calculated 
by the echo canceler, is subtracted from the combined signal 
leaving only the far end signal. In addition, phase distortion 
present in the far end signal is corrected by the Decision 
Feedback Equalizer. The resulting four level signal is de­
coded by the slicer to produce a 160 kbps data stream. Tim­
ing information is also recovered from the far end signal. The 
Superframe Deframer descrambles and disassembles the 
received superframes and passes the received 2B+D data 
through a three IDL frame deep FIFO to the IDL Interface 
where it is available at the Dout pin of the time division multi­
plexed data interface. 

The MC145572 permits the designer to select one of three 
options for control of the device and access to its register set. 
When operating in MCU mode the MC145572 can be config­
ured for either Serial Control Port or Parallel Control Port 
mode of operation. In Serial Control Port mode control and 
status of the device is handled via the Serial Control Port 
(SCP), a standard four wire serial microcontroller interface. 
In Parallel Control Port mode the MC145572 is configured to 
provide an eight bit wide data port with a chip select and 
read/write pin. In either case the internal register set of the 
MC145572 gives an external microcontroller access to the 4 
kbps Maintenance Channel provided across the U-interface. 

When the MC145572 is configured for GCI mode the Com­
mandllndicate channel of the GCI interface is used for con­
trol and status messages. The GCI Monitor channel is used 
to send and receive maintenance channel messages. The 
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Monitor channel also permits the internal registers of the 
MC145572to be read from or written to if it is desired to by­
pass the normal operation of the GCI interface. 

The Embedded Operations Channel (eoc) portion of the 
M-channel can be handled automatically with the internal 
Automatic eoc Processor. In addition, activation and deac­
tivation of the MC145572 is handled by an Automatic Activa-
tion Controller. . 

The MC145572 requires a single 20.48000 MHz pullable 
crystal connected between the XTALin and XTALout pins. 
No other external components are required for the crystal 
oscillator. Internal crystal pulling circuitry adjusts the crystal 
frequency in both the LT and NT rnodes of operation. 

MC1455721MC14LC5472 COMPATIBILITY 

After either a hardware or software reset the MC145572 
maintains basic pin function and register compatibility with 
the MC14LC5472 U-Interface Transceiver when configured 
for MCU mode and using the Serial Control Port interface. 
There are differences between the MC14LC5472 and the 
MC145572 in exact signal requirements and outputs for 
these pins. 

Most software written for the MC14LC5472 will operate the 
MC145572 without requiring any modifications. The 
MC145572 has an extended register set which provides ac­
cess to the on chip timeslot assigner, I/O pin configuration 
bits, the 0 Channel, and internal parameters of the device. 
The extended registers are accessed by setting bits in regis­
ter BR10 that were reserved bits for the MC14LC5472. The 
new registers then overlay the original registers and are re­
ferred to in this document as Overlay Registers ORO through 
OR9, OR12, and OR13. Fiegister BR10 is common to both 
register sets permitting software to switch between the basic 
register set and the overlay register set as required. 
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PIN DESCRIPTION QUICK REFERENCE 

Tables 1 through 5 list the Me 145572 pins in functional 
groups and provide brief pin descriptions. For more detailed 
information, refer to the section indicated in the title. 

Pin Name TOFP 

VDD 27 

VSS 29,5 

VDD Rx, VDD Tx 30,38 

VSS Rx, VSS Tx 31,37 

VDD 110 7,20 

VSS I/O 6,19 

CAP3V 28 

RESET 41 

NT/LT 42 

MCU/GCI 26 

PARISER 40 

Pin Name TOFP 

MIS 43 

FSR/FSC 10 

FSX 11 

DCl 14 

Dout 13 

Din 12 

MOTOROLA 

Table 1. Power Supply and Mode Selection Pins 

Pin No. 

PLCC Pin Description 

Power Supply Pins 

44 Positive power supply, nominally + 5 V. 

2,22 Negative power supply, nominally ground. 

3,11 Positive power supply for analog circuits, nominally + 5 V. 

4,10 Negative power supply for analog circuits, nominally ground. 

24,37 Positive power supply for input and output circuits, nominally + 5 V. 

23,36 Negative power supply for input and output circuits, nominally ground. 

1 Connection for internal 3 V regulator decoup[ing capacitor. 

Mode Selection Pins 

14 Hardware reset when at a logic [ow, normal operation when at a logic high. 
This pin has a Schmitt trigger input. 

15 Hardware selection of LT ([ogic [ow) and NT (logic high) operating mode. 

43 MCU mode versus GC[ mode select input. 

13 Parallel versus serial control port selection. PARISER ~ 1 ([ogic high) for a 
paralle[ port. PARISER ~ 0 (logic low) for serial control port interfacing. 

Table 2. Time Division Multiplex Interface Pins 

Pin No. 

PLCC Pin Description 

Time Division Multiplex Data Interface 

16 Master/S[ave mode select input for the [DL2 or GC[ interface. 
Master mode for Mis~1 ([ogic high). 

27 The MCU 8 kHz Frame Sync for data transmitted on the Dout pin. 
In GCI operation, this pin serves as the FSC pin. 

28 The MCU 8 kHz frame sync for data input to the Din pin. 
This pin is not used in GC[ mode. 

31 MCU bit clock, or GC[ 2x bit clock. 

30 Serial data out of MCU or GC[ interface. 

29 Serial data into MCU or GC[ interface. 
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MCUlSCP 
Mode 

SCPEN 

SCPCLK 

SCP Rx 

SCPTx 

IRQ 

4.096 
CLKOUT 

15.36 
CLKOUT 

BUF XTAL 

EYEOATA 
OCHCLK 

TXBCLK 
OCHin 

RXBCLK 
OCHout 

SYSCLK 
20.48 MHz 

SFAR 
TSEN 

Tx SFS 
SFAX 
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Pin Name 

MCu/PCP GCI 
Mode Mode 

CS INI 

RIW IN2 

00 OUTI 

01 OUT2 

IRQ -

02 4.096 
CLKOUT 

03 15.36 
CLKOUT 

04 BUF XTAL 

05 S2 

06 FREFout 

07 CLKSEL 

SYSCLK SI 
20.48 MHz 

SFAR 
TSEN 

Tx SFS SO 
SFAX 

Table 3. Digital Data Interface Pins 

Pin No. 

TQFP PLCC Pin Description 

4 21 In serial port. MCU mode, SCPEN is the active low SCP enable input. 
In parallel port, MCU mode, CS is the active low chip select. 
In full GCI mode, defined when MCUlGCI = 0, this input is INI. 

3 20 In serial port, MCU mode, SCPCLK is the serial control port clock input. 
In parallel port, MCU mode, RIW is the read versus write indication to the parallel 
port. 
In full GCI mode, defined when MCU/GCI = 0, this input is IN2. 

1 18 In serial port, MCU mode, SCP Rx is the serial control port data input. 
In parallel port, MCU mode, DO is the LSB of the parallel data bus. 
In full GCI mode, defined by MCU/GCI = 0, OUTI is an output reflecting the state of 
bit 5 as set in BR7. 

2 19 In serial port, MCU mode, SCP Tx is the serial control port data output. 
In parallel port, MCU mode, this is signal Olaf the parallel data bus. 
In full GCI mode, defined by MCUlGCI = 0, OUT2 is an output reflecting the state of 
bit 6 as set in BR7 

44 17 Open-drain active low output for microcontroller interrupt. 

17 34 4.096 MHz clock out. 
In parallel port, MCU mode, this is signal 02 of the parallel data bus. 

18 35 15.36 MHz clock out. Not synchronized to recovered clock in the NT mode. 
In parallel port, MCU mode, this is signal 03 of the parallel data bus. 

21 38 This is a square wave output from the 20.48 MHz oscillator and it is not 
synchronized to the recovered clock in the NT mode. 
In parallel port, MCU mode, this is signal 04 of the parallel data bus. 

22 39 In serial port MCU mode, this pin may carry either EYEOATA or OCHCLK. 
In parallel port MCU mode, this is signal 05 of the parallel data bus. 
In full GCI mode, this pin is the S2 input. 

23 40 In serial port MCU mode, this pin may carry either TXBCLK or OCHin. 
TXBCLK is an 80 kHz clock output, aligned and synchronized to the transmitted 
baud. 
OCHin is the 0 channel port serial data input. 
In parallel port MCU mode, this is signal 06 of the parallel data bus. 
In full GCI mode, operating as a GCI slave, this pin provides 2.048 MHz or 512 kHz 
synchronized clock output. 

24 41 In serial port MCU mode, this pin may carry either RXBCLK or OCHout. 
RXBCLK is an 80 kHz clock output, aligned and synchronized to the received baud. 
OCHout is the 0 channel port serial data output. 
In parallel port MCU mode, 07 is the MSB of the parallel data bus. 
In full GCI mode, operating as a GCI master, CLKSEL selects between 512 kHz 
and 2.048 MHz for OCL. CLKSEL = 1 selects 2.048 MHz. 

8 25 In either MCU mode, this pin may carry either SYSCLK, 20.48 MHz, SFAR, or 
TSEN outputs. 
SYSCLK is a 10.24 MHz clock for sampling EYEOATA. 
SFAR is the receive data superframe alignment output in the NT and LT modes. 
TSEN is an active low open-drain buffer enable output, used for enabling abus 
driver to buffer MCU data out from the MC145572, onto a PCM highway. TSEN is 
active only when 00ut is active. 
In full GCI mode, this pin is the SI input. 

9 26 In either MCU mode, this pin may carry either Tx SFS output, or SFAX input/output. 
When this pin is unused connect a 100 kn resistor to VSS in LT mode. 
Tx SFS is provided for compatibility to the MC145472, which provides an absolute 
transmit superframe reference. 
SFAX is the transmit data superframe alignment input in the LT mode, or 
superframe alignment out put in the NT mode. 
In LT mode SFAX can also be an output. 
In full GCI mode, this pin is the SO input. 
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Table 4. 281Q Interface Pins 

Pin No. 

Pin Name TQFP PLCC Pin Description 

TxP, TxN 36,39 9,12 Positive and negative outputs of the differential transmit driver. 

RxP, RxN 32,33 5,6 Positive and negative inputs to the differential receive circuit. 

Vref P. Vref N 35,34 8,7 Positive and negative signals for internal voltage reference. 
Connect a 0.1 ~F ceramic capacitor between VrefP and VrefN. 

Table 5. Phase-Locked Loop and Clock Pins 

Pin No. 

Pin Name TQFP PLCC Pin Description 

FREQREF 25 42 LT mode: 8 kHz reference clock input (Schmit! trigger input). 
NT mode: optional synchronized clock output, selected by control register in 
the MCU mode (MCU/GCI = 1). 

XTALin, XTALout 16,15 33,32 InpLl> and output signals of the 20.48 MHz crystal oscillator amplifier. 

CONTROL INTERFACES 
When operated in MCU mode the MC145572 has two con­

figurations that provide MCU access to its internal register 
set. The Serial Control Port mode is a four wire serial inter­
face that clocks data into or out of the MC145572 at data 
rates up to 4 Mbps. The Parallel Control Port mode config­
ures the MC145572 to have an eight bit parallel data port that 
can be located anywhere in processor memory. 

SERIAL CONTROL PORT MODE 

The MC145572 is equipped with an industry standard Se· 
rial Control Port Interface. The Serial Control Port (SCP) is 
used by an external controller, such as an M68HC05 family 
microcontroller, MC145488 Dual Data Link Controller, or 
MC68302 Integrated Multiprotocol Processor, to communi­
cate with the U-Interface Transceiver. 

The SCP is a full-duplex four wire interface with control 
and status information passed to and from the U-Interface 
Transceiver. The Serial Control Port Interface consists 01 a 
transmit output, a receive input, a data clock, and an enable 
signal. These device pins are known as SCP Tx, SCP Rx, 
SCPCLK, and SCP EN. respectively. The SCP Clock deter­
mines the rate of exchange of data in both the transmit and 
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receive directions, and the SCP Enable signal governs when 
this exchange is to take place. The four wire SCP Interface is 
supplemented with an interrupt request line, IRQ, for external 
microcontroller notification of an event requiring service. 

PARALLEL CONTROL PORT MODE 

In the Parallel Control Port mode the MC145572 is config­
ured to have a single address /byte wide data port for access 
to the internal register set. A read/write pin (RIW) and chip 
select pin (CS) are provided to enable read or write accesses 
to the data port. For an external microcontroller such as the 
MC68302 to access an individual nibble, byte or overlay reg­
ister a sequence of write and read operations is required. 
The first access is always a write cycle that writes a painter 
and internal read/write indicator to the MC 145572. The point­
er byte contains the Nibble or Byte Register address and for 
the case of Nibble Register writes the data to be written. This 
initial write may be followed by up to two read accesses or 
one write access. An open drain IRQ output pin is provided 
for interrupting an external MCU when a change of status is 
detected by the MC145572. Figure 7 shows pin configura­
tions to operate the MC145572 in MCU mode using the Par­
allel Control Port for access to the register set. 

MC145572 
2-1185 



DI 

MC145572 
2-1186 

+5 v 
MC145572FN CAP3V 

VSS 
22 

0.1 ~F 

17 
IRQ VOO 

21 
SCPEN 

20 VSS 
SCPClK 

VOOTx 18 
SCPRx 

11 

19 
SCPTx VSSTx 

34 
VOORx 

4.096 ClKOUT 
35 VSSRx 

38 
15.36 ClKOUT 

VOOI/O 
BUFXTAl 

39 
OCHClK VSS 110 

40 
OCHin 

VOOIIO 

41 
OCHout VSSI/O 

25 
SFAR RESET 

36 

14 
OV/+5V -= 

26 
SFAxrrxSFS NT/IT 

15 

100kn VrefP MCU/GCI 
43 

+5V -= 
0.1 ~F PAR/SER 

-= VrefN 
M/S 

13 

16 -= 
33 -= XTAlin 

FSR 
20.48 MHz C] 

FSX 

8 kHz 

8kHz 
32 

XTAlout OCl 256 kHz ... 4096 kHz 

°out 

8 kHz REFERENCE 
42 

FREQREF °in 
TxP 

TxN COUPLING 

RxP CIRCUIT 

RxN 

NOTE: In LT mode·the 100 kn resistor on SFAXlTxSFS is required when none of these pin functions is 
enabled. 

Figure 6. MCU Mode with Serial Control Port Configuration 
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42 

FREQREF 

VSS 

VOO 

VSS 
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FSX 
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COUPLING 
CIRCUIT 
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R 

NOTE: In LT mode 1he 100 kQ resistor on SFAXfTxSFS is required when none of these pin functions 
is enabled. 

Figure 7. MCU Mode with Parallel Control Port Configuration 

MCU MODE REGISTER DESCRIPTION 
REFERENCE 

This section describes all of the MC145572 U-Interface 
Transceiver control and status registers available via the Se­
rial and Parallel Control Ports. Tables 6 through 8 contain 
Register Maps. 

The internal registers of the MC145572 are used when the 
device is in MCU mode. When in GCI mode, MCU/GCI = 0, 
the MC145572 is controlled via the CII and monitor channels, 
and it is not necessary to access the registers in normal ap· 
plications. 

The MC145572 provides a Parallel Control Port interface 
mode that provides access to all control registers. 

The register map for the MC145572 is nearly identical to 
that for the MC145472 after a hardware or software reset. 
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Reserved bits in the MC145472 register map have been reo 
defined to permit access to new registers in the MC145572. 
Most software developed for the MC145472 will work for the 
MC145572 without modifications. 

The MC145572 Serial Control Port (SCP) Interface is pin­
for-pin identical to that of the MC145474175 SfT-lnterface 
Transceiver. Using the same interface as the MC145474175 
provides a common interface for applications utilizing both 
the MC145572 and the MC145474175 and for applications 
that can use either device, such as line cards or terminal 
equipment. 

In addition to being pin-for-pin compatible, the architec· 
ture of the register map and the SCP Interface is nearly iden­
tical to that of the MC145474175. This simplifies the code 
development effort and minimizes device driver code size for 
the microcontroller. 
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NRO 

NR1 

NR2 

NR3 

NR4 

NR5 

I R6 
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Table 6. Nibble Registers and R6 Map (NRO - NR5; R6) 

b3 b2 b1 

SOFTWARE RESET POWER DOWN ENABLE 
ABSOLUTE POWER 

DOWN 

LINKUP ERROR INDICATION SUPERFRAME SYNC 

ACTIVATION DEACTIVATION SUPERFRAME UPDATE 
REQUEST REQUEST DISABLE 

IRQ3 IRQ2 IRQ1 

ENABLE IRQ3 ENABLEIRQ2 ENABLEIRQ1 

RESERVED BLOCKB1 BLOCKB2 

b11 b10 b9 b8 b7 b6 b5 b4 b3 

eoe eoe eoc eoc eoe eoe eoe eoe eoe 
a1 a2 a3 dm i1 i2 i3 i4 i5 

bO 

RETURN TO NORMAL 

TRANSPARENTI 
. ACTIVATION IN 

PROGRESS 

CUSTOMER ENABLE 

IRQO 

ENABLE IRQO 

SWAPB1/B2 

b2 b1 bO 

eoe eoe eoe 
i6 i7 i8 
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Table 7. Byte Register Map (BRO - BR15A) 

b7 b6 b5 b4 b3 b2 

BRO M40 M41 M42 M43 M44 M45 

BR1 M40 M41 M42 M43 M44 M45 

BR2 M50 M60 M51 febe INPUT RESERVED RESERVED 

BR3 M50 M60 M51 RECEIVED COMPUTED VERIFIED 
febe nebe act 

BR4 febe febe febe febe fehe febe 
COUNTER 7 COUNTER 6 COUNTER 5 COUNTER 4 COUNTER 3 COUNTER 2 

BR5 nebe nebe nebe nebe nebe nebe 
COUNTER 7 COUNTER 6 COUNTER 5 COUNTER 4 COUNTER 3 COUNTER 2 

BR6 U-LOOP U-LOOP U-LOOP U-LOOP IDL2-LOOP IDL2-LOOP 
BI B2 2B+D TRANSPAR· BI B2 

ENT 

BR7 BRI5A GCI GCI IDL2 IDL2 IDL2 
SELECT IN2 IN1 INVERT FREE RUN SPEED 

OUT2 OUT1 

BR8 FR~ME FRAME FRAME FRAME erc MATCH 
STEERING CONTROL 2 CONTROL I CONTROL 0 CORRUPT SCRAM· 

BLER 

FRAME FRAME FRAME FRAME RESERVED RESERVED 
STATE 3 STATE 2 STATE 1 STATE 0 

BR9 eoc eoc M4 M4 M5/M6 M5/M6 
CONTROL I CONTROL 0 CONTROL I CONTROL 0 CONTROL I CONTROL 0 

BR11 ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION 
CONTROL 6 CONTROL 5 CONTROL 4 CONTROL 3 CONTROL 2 CONTROL I 

ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION ACTIVATION 
STATE 6 STATE 5 STATE 4 STATE 3 STATE 2 STATE I 

BR12 ACTIVATION INTERPO· LOAD STEP HOLD JUMP 
CONTROL LATE ACTIVATION ACTIVATION ACTIVATION SELECT 

STEER ENABLE STATE STATE STATE 

EPI18 EPI17 EPI16 EPI15 EPI14 EPI13 

BR13 ENABLE ACCUM ENABLE FAST ACCUM ENABLE 
MEC EC EC EC DFE DFE 

UPDATES OUTPUT UPDATES BETA OUTPUT UPDATES 

EPIIO EPI9 EPI8 EPI7 EPI6 EPI5 

BR14 RESERVED ro/woTO RESERVED FRAMER TO ± I TONES RESERVED 
r/w DEFRAMER 

LOOP 

BR15 RESERVED RESERVED RESERVED RESERVED RESERVED RESERVED 

MASK 7 MASK 6 MASK 5 MASK 4 MASK 3 MASK 2 

BR15A FREQ JUMP RESERVED RESERVED ENABLE RESERVED 
ADAPT DISABLE TxSFS 

RESERVED RESERVED RESERVED 

NOTE: Bits In bold type were reserved bits In the MCI45472/MCI4LC5472 register map. 
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b1 

M46 

M46 

RESERVED 

VERIFIED 
dea 

febe 
COUNTER I 

nebe 
COUNTER I 

IDL2-LOOP 
2B+D 

IDL2 
MIS INVERT 

RECEIVE 
WINDOW 
DISABLE 

RESERVED 

febe/nebe 
CONTROL 

ACTIVATION 
CONTROL 0 

ACTIVATION 
STATE 0 

RESERVED 

EPI12 

FAST 
DFEIARC 

BETA 

EPI4 

RESERVED 

RESERVED 

MASK I 

RESERVED 

RESERVED 

bO 

M47 

M47 

RESERVED 

SUPERFRAME 
DETECT 

febe 
COUNTER 0 

nebe 
COUNTER 0 

IDL2-LOOP 
TRANSPARENT 

IDL2 
8/10 

NT/LT 
INVERT 

NT/LT 
MODE 

RESERVED 

ACTIVATION 
TIMER 

DISABLE 

ACTIVATION 
TIMER 
EXPIRE 

FORCE 
LINKUP 

EPI11 

CLEAR ALL 
COEFF'S 

EPI3 

ENABLE 
CLKs 

RESERVED 

MASK 0 

EYE DATA 
ENABLE 

RESERVED 
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Table 8. Overlay Register Map (ORO - OR13) 

INIT GROUP REGISTER OVERLAY REGISTERS ORO-OR9, ORll, AND OR12 

b7 b6 b5 b4 b3 b2 bl bO 

ORO Dout B1 CHANNEL TIME SLOT BITS (7:0) 

ORI Dout B2 CHANNEL TIME SLOT BITS (7:0) 

OR2 Doui D CHANNEL TIME SLOT BITS (7:0) 

OR3 Din B1 CHANNEL TIME SLOT BITS (7:0) 

OR4 Din B2 CHANNEL TIME SLOT BITS (7:0) 

OR5 Din D CHANNEL TIME SLOT BITS (7:0) 

GCI Slot (2:0) 

OR6 TSAB1 TSA B2 TSAD GCI SELECT GCI MODE RESERVED RESERVED RESERVED 
ENABLE ENABLE ENABLE M4-0RO ENABLE 

OR7 RESERVED RESERVED TSEN DCH IDL2 RATE2 IDL2 CRC febe/nebe M4 TRINAL 
ENABLE LONG FRAME CORRUPT ROLLOVER MODE 

MODE MODE 

ORB D/R MODE 1 D/R MODE a SFAX FREQREF TSEN RESERVED SFAXSFAR DCHANNEL 
OUTPUT OUTPUT ENABLE ENABLE PORT 
ENABLE ENABLE B1, B2 ENABLE 

OR9 RESERVED OPEN ANALOG CLKOUT 4096 2048 1536 4096 
FEEDBACK LOOPBACK 2048 HIRATE DISABLE DISABLE DISABLE 
SWITCHES 

BRIO RESERVED RESERVED RESERVED RESERVED RESERVED SELECT SELECT SELECT 
DUMP DCH INIT 

ACCESS ACCESS GROUP 

D CHANNEL ACCESS SELECT OVERLAY 

OR12 D CHANNEL TRANSMIT BITS (7:0) 

D CHANNEL RECEIVE BITS (7:0) 

DUMP/RESTORE ACCESS SELECT OVERLAY 

OR13 DUMP REGISTER WRITE ACCESS (7:0) 

DUMP REGISTER READ ACCESS (7:0) 

IDL2 TIME DIVISION BUS INTERFACE 

The IDl2 Interface consists of six pins: MIS, FSX, FSR, 
DCl, Din, and Dout. With the M/S pin, the IDl2 Interface can 
be configured as a timing Master (FSR, FSX, and DCl are 
outputs) or a timing Slave (FSR, FSX, and DCl are inputs). 
Master or Slave configuration is independent of NT or IT 
mode selection. The IDl2 Interface receives 2B+D data on 
the Din pin and buffers it through a FIFO to the U-Interface 
Superframe Framer. Simultaneously, this block accepts 
2B+ D data from the U-Interface Superframe Deframer, buff­
ers it through a FIFO, and transmits it out the Dout pin. Refer 
to Figure 5 for a block diagram of the MC145572. 

2B+D Data is transferred over the IDl2 interface at an 
8 kHz rate. Each IDl2 2B+D frame contains 8 bits of B1 
channel data, 8 bits of B2 channel data, and 2 bits of D chan­
nel data. The IDl2 interface supports five different frame for­
mats and a time slot assigner. The frame formats are long 
frame and short frame synchronization each with either a-bit 
or 10-bit 2B+D data formats. The fifth frame format is the 
IDl2 GCI Electrical frame format. In this format only the 
2B+D data bits of the GCI interface are accessible by the 
MC145572. Either the Serial Control Port or the Parallel Con-

MC145572 
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trol Port must be used for access to the internal register set 
of the MC145572 when IDl2 operation is enabled. 

SHORT FRAME OPERATION 

Short frame operation is the same as the IDl interface 
used on the MC145472 and MC14lC5472 U-Interface 
Transceivers with one exception. The MC145572 provides 
for two 8 kHz frame sync pins, FSX and FSR, when operated 
in IDl2 mode. The FSX pin is used to indicate IDl2 frame 

. synchronization for data input into the Din pin for transmis­
sion onto the U-Interface. The FSR pin is used to indicate 
IDl2 frame synchronization for data recovered from the U­
Interface and output to the Dout pin. When configured for 
master mode, the MC145572 drives FSR and FSX simulta­
neously. When configured for IDl2 slave operation, the 
MC145572 FSX and FSR inputs can be driven indepen­
dently. In slave mode, both FSX and FSR can be connected 
together so a single synchronization signal can be used to 
drive both inputs. 

LONG FRAME OPERATION 

When configured for long frame mode the a kHz frame 
sync is active during the 2B+D data transfer. The FSX pin is 
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used to indicate frame synchronization for data input into the 
Din pin for transmission onto the U-Interface. The FSR pin is 
used to indicate frame synchronization for data recovered 
from the U-Interface and output to the Dout pin. When con­
figured for master mode, the MC145572 drives FSR and 
FSX simultaneously. When configured for IDL2 slave opera­
tion, the MC145572 FSX and FSR inputs can be driven inde­
pendently. In slave mode, both FSX and FSR can be 
connected together so a single synchronization signal can be 
used to drive both inputs. 

GCI 2B+D OPERATION 

By setting OR6(b3), GCI Mode Enable, to a '1' the IDL2 
interface is configured to accept GCI interface timing. In this 
mode only 2B+D data is transferred between the MC145572 
and the GCI interface. The other bits in the GCI frame are 
ignored. Four signal pins are available in this mode: DCL, 
FSC, Din, and Dout. Control and status information for the 
MC145572 is provided through the Serial Control Port or the 
Parallel Control Port. DCL is a 2X bit clock, Din accepts data 
from the IDL2 interface to be transmitted onto the U-Inter­
face, Dout transmits data received from the U-Interface onto 
the IDL2 interface, and FSC is the 8 kHz frame synchroniza­
tion pulse. Dout is driven only when 2B+D data is output from 
the MC145572. During all other bit times of the GCI frame 
Dout is high impedance. For applications having a multi­
plexed GCI frame structure, overlay register OR5 bits 2:0 are 
used to program the active GCI channel in the multiplex. 

MCU MODE ACTIVATION AND DEACTIVATION 

Activation or start-up is the process U-Interface Trans­
ceivers use to initiate a robust full-duplex communications 
channel. This process, which may be initiated from either the 
LT or the NT mode U-Interface Transceiver, is a well-de-

fined sequence of procedures during which the training of the 
equalizers and echo cancelers at each end of the transmis­
sion line takes place. Two types of activation, cold start or 
warm start, may occur. The MC145572 is capable of auto­
matically supporting both types. 

Deactivation is the process used to gracefully end commu­
nication between the U-Interface Transceivers at each end 
of the transmission line. Only the LT mode U-Interface 
Transceiver may initiate a deactivation procedure. 

ACTIVATION SIGNALS FOR NT MODE 

When configured as an NT, the MC145572 U-Interface 
Transceiver can transmit any of the signals shown in Table 9. 

ACTIVATION SIGNALS FOR LT MODE 

When configured as an LT, the MC145572 U-Interface 
Transceiver can transmit any of the signals shown in 
Table 10. 

ACTIVATION INITIATION 

The MC145572 U-Interface Transceiver can be activated 
in either of two ways. The external microcontroller can explic­
itly issue Activation Request (NR2(b3) = 1) or the transceiver 
detects an incoming 10kHz wake-up tone. An LT configured 
U-Interface Transceiver searches for an NT sending the TN 
wake-up tone. An NT configured U-Interface Transceiver 
searches for an LT sending the TL wake-up tone. In IDL2 
mode the Activation in Progress status bit (NRl (bO)) is set to 
a 1 when an incoming 10 kHz wake-up tone is detected. In 
either case, Activation Request being set or a wake-up tone 
being detected, the U-Interface Transceiver proceeds with 
activation automatically and signals the result of the activa­
tion to the external microcontroller by setting status bits in 
NRl to $B. 

Table 9. NT Mode Activation Signals 

Information 
Station 

TN 

SNO 

SN1 

SN2 

SN3 

Information 
Station 

TL 

SLO 

SL1 

SL2 

SL3 
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Description 

A 10kHz tone consisting of alternating four +3 quats followed by four -3 quats for a time period of 6 frames. 

No signal transmitted. 

Synchronization word present, no superframe synchronization word (ISW), and 2B+D+M = 1. 

Synchronization word present, no superframe synchronization word (ISW), and 2B+D+M = 1. 

Synchronization word present, superframe synchronization word (ISW) present. M channel bits active. 
Transmitted 2B+D data operational when act n M4 bit = 1. When act n M4 = 0, transmitted 2B+D data = 1. 

Table 10. LT Mode Activation Signals 

Description 

A 10 kHz tone consisting of alternating four + 3 quats followed by four - 3 quats for a time period of 2 frames. 

No signal transmitted. 

Synchronization word present, no superframe synchronization word (ISW), and 2B+D+M = 1. 

Synchronization word present, superframe synchronization word (ISW) present, 2B+D = O. and M = Normal. 

Synchronization word present, superframe synchronization word (ISW) present. M channel bits active. 
Transmitted 2B+D data operational when M4 act bit = 1. When M4 act = 0, transmitted 2B+D data = O. 
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NT DEACTIVATION PROCEDURES AND WARM START 

ANSI Tl .601 specifies that the NT cannot initiate deactiva, 
tion. The MC145572 deactivates to a warm start condition 
when Deactivation Request (NR2(b2)) is set to 1 prior to the 
LT deactivating the U-Interface. This should be done in 
response to the M4 channel dea bit being received as 0 by 
the NT when the loop is active. If Deactivation Request 
(NR2(b2)) is not set to 1 before the LT deactivates the U­
Interface, the MC145572 deactivates to a cold start condition 
and gives an error indication interrupt. Deactivation Request 
is automatically set if the M4 maintenance bits are operated 
with automatic verification of activation and deactivation. See 
BR9(b5:b4) and OR7(bO) for more information. 

LT DEACTIVATION PROCEDURES 

ANSI Tl.601 specifies that only the LT can deactivate the 
U-Interface. This is done in the MC145572 by setting Deac­
tivation Request (NR2(b2)) to 1. 

Prior to deactivating, the LT should notify the NT of the 
pending deactivation by clearing the M4 channel dea bit to­
wards the NT for at least three superframes. Then, deacti­
vate the LT by setting Deactivation Request (N R2(b2)) to a 1. 

MCU MODE MAINTENANCE CHANNEL 
OPERATION 

When configured for MCU mode operation the MC145572 
provides a very flexible interface to the 4 kbps maintenance 
channel (M-channel) defined in ANSI Tl.601-1992. The M­
channel consists of 48 bits sent by both the LT and NT con­
figured U-Interface Transceivers during the course of a 
superframe. These 48 bits are divided into six subchannels 
designated Ml through M6, each consisting of eight bits per 
superframe. The Embedded Operations Channel (eoc) con­
sists of Ml, M2, and M3. The overhead bits. such as ere, 
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febe, aet, and dea, are contained in subchannels M4, M5, 
and M6. 

An external microcontroller can read from or write to the 
M-channel via the SCP or PCP Interfaces. Interrupts to an 
external microcontroller can be enabled when an eoc, M4, 
M5, or M6 channel register is updated. M-channel registers 
can be configured to update when a new value is detected 
between successive superframes, when a bit changes, or 
when two or three successive superframes of a new value 
are detected. The M4 channel aet bit, BRl (b7), can also be 
configured to automatically enable or disable customer data 
when in NT or LT mode of operation. The M4 channel dea 
bit, BRl (b6), can also be configured to automatically issue a 
deactivation request in NT mode of operation. The M-chan­
nel registers are updated only when Superframe Sync, 
NRl (bl), is set to 1. 

GCI MODE FUNCTIONAL DESCRIPTION 

The MC145572 is configurable for General Circuit Inter­
face or GCI operation. GCI is a time divison multiplex bus 
that combines the ISDN 2B+D data and control/status in­
formation onto four signal pins. There are two clocks per data 
bit and a single frame synchronization pulse, FSC. 

In GCI mode the MC145572 supports the full set of com­
mands and indications over the Command/Indicate channel. 
The monitor channel is used for sending and receiving main­
tenance channel messages and accessing the internal 
MC145572 registers. 

As a GCI slave the MC145572 accepts clock frequencies 
between 512 kHz and 8.192 MHz. As a GCI master the 
MC145572 operates at either 512 kHz or 2.048 MHz. Fig­
ure 8 is a typical configuration for the MC145572 in GCI 
mode. The MC145572 is configured for GCI operation when 
the MCUlGCI pin is tied low. The PAR/SER pin is a don't care 
but must be tied either high or low. 

MOTOROLA 



MOTOROLA 

Table 11. CII Channel Commands and Indications 

CII Codeword LTMode LT Mode NT Mode NT Mode 

b4 b3 b2 b1 Command Indication Command Indication 

0 0 0 0 OR -
0 0 0 1 RES OEAC 

0 0 1 0 LT02 -
0 0 1 1 LT01 -
0 1 0 0 - RSY 

0 1 0 1 -
0 1 1 0 -
0 1 1 1 UAR 

1 0 0 0 AR 

1 0 0 1 -
1 0 1 0 ARL 

1 0 1 1 -
1 1 0 0 -
1 1 0 1 -
1 1 1 0 -
1 1 1 1 OC 

NOTES: 
AI Activation indication 
ARL Activation request with local analog loopback 
DEAC Deactivation request accepted 
DR Deactivation request 
LTD1 (LT mode), NTD1 (NT mode) Sets pin "OUT1" 

high when commanp is active. 

RES Reset 
UAI U-Only activation indication 

EI2 

-
UAI 

AR 

-
-
-
AI 

-
-
01 

- OR 

RES -
NTD2 -

NT01 -
- RSY 

- EI2 

- -
- -

AR AR 

- -
- ARL 

- -
AI AI 

- -
- AIL 

01 OC 

AR Activation request 
DC Deactivation confirm 
DI Deavtivation indication 
EI2 Error indication 
LTD2 (LT mode), NTD2 (NT mode) Set 

pin "OUT2" high when 
command is active. 

RSY Loss of sync - resync. requested 
UAR U-Only activation request 
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IRQ 
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4.096CLKOUT 
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15.36CLKOUT 
+5V~NT 
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16 
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CIRCUIT R 
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Figure 8. MC145572 Configuration for GCI Operation 
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SEMICONDUCTOR TECHNICAL DATA 

Technical Summary 
ISDN SIT Interface Transceiver 

This technical summary provides an overview of the MC 145574 SfT interface 
transceiver. A complete data booklet with comprehensive technical information 
is available and can be ordered through your Motorola Sales Office. 

The MC145574 is Motorola's second generation SfT transceiver and is a 
follow-on to the MC145474/75 transceiver. It is intended to provide the 
improved interfacing capabilities and reduced power consumption required by 
today's ISDN applications while maintaining the functionality and extended 
range performance of the MC145474175. 

The MC145574 provides an economical VLSI layer 1 interface for the 
transportation of two 64 kbps B channels and one 16 kbps 0 channel between 
the network termination (NT) and terminal equipment applications (TEs). The 
MC145574 conforms to CCITT 1.430 and ANSI Tl.605 specifications. The 
MC145574 provides the modulation/line drive and demodulation/line receive 
functions required of the interface. In addition, the MC145574 provides the 
activation/deactivation, error monitoring, framing, bit, and octet timing. The 
MC145574 provides the control signals for the interface to the layer 2 devices. 
Complete multiframe capability is provided. 

The MC145574 features the interchip digital link (IDL2) for the exchange of 
the 2B+D channel information between ISDN components and systems. The 
MC145574 provides an industry standard serial control port (SCP) to program 
the operation of the transceiver. As an alternative to IDL+SCP combination, the 
general circuit interface (GCI) is provided. 

The MC145574 is not pin compatible with the MC145474175 but ilis intended 
to have a compatible register set and be fully compatible with current 
application software; however, to rnake full use of the additional MC145574 
features software, modifications will be required. 

• Three Selectable Resolutions: 320 (CGA), 480 (EGA), or 640 (VGA) Dots 
per Line 

• Conforms to CCITT 1.430 and ANSI Tl.605 Specifications 
• Register/Software Compatible with the First Generation MC145474/75 
• Pin Selectable NT or TE Modes of Operation 
• Incorporates the IDL2, with Timeslot ASSigner 
• Industry Standard Microprocessor SCP 
• Features GCI Interface 
• Supports 2.5: 1 Transformers for Transmit and Receive 
• Exceeds the Recommended Range of Operation in all Configurations 
• Complete Multiframing Capability Supported (SCI - SC5 and Q Channel) 
• Optional B Channel Idle, Invert, or Exchange 
• Supports Full Range of SfT and IDL Loopbacks 
• Supports Transmit Power Down, Listening, and Absolute Minimum Power 

Mode 
• Supports Crystal or External Clock Input Mode 
• NT Star and NT Terminal Modes Supported 
• Low Power Consumption 
• Compatible with 3 V Devices 

REV a 
10/95 
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P SUFFIX 
PLASTIC PACKAGE 

CASE 736B 

FTB SUFFIX 
TQFP 

CASE 837A 

ORDERING INFORMATION 

MC145574P Plastic Package 
MC145574FTB TQFP 
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ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to VSS) 

Symbol Parameter Value Unit 

VDD Supply Voltage -0.5 to + 7 V 

Vin Input Voltage VSS-0.3toVDD + 0.3 V 

I DC Current (Any Pin Excluding VDD, ±10 mA 
VDDIO, CAP 3V, VSS, TxP, and TxN) 

TA Operating Temperature Range -40to+85 'c 

Tstg Storage Temperature Range -85to+150 "C 

NOTE: Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the limits in the Electrical Characteris­
tics tables or Pin Description section. 

This device contains protection circuitry to 
guard against damage due to high static volt­
ages or electric fields. However, precautions 
must be taken to avoid applications of any 
voltage higher than maximum rated voltages to 
this high-impedance circuit. For proper opera­
tion, Vin and Vout should be constrained to 
the range VSS :> (Vin or Vout) :> VDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either VSS 
or VDD). Unused outputs must be left open. 

DIGITAL DC ELECTRICAL CHARACTERISTICS (TA = - 40 to + 85"C, VDD = 5.0 V ± 5%, Voltages referenced to VSS) 

Characteristic Symbol Min Max Unit 

Input High Voltage VIH 2.0 - V 

Input Low Voltage VIL - 0.8 V 

Input Leakage Current @ 5.25 V lin - 5 ~A 

High Impedance, Input Current @ 4.5/0.5 V IIkg(Z) - 10 ~A 

Input Capacitance Cin - 10 pF 

Output High Voltage (IOH = - 400 ~A) VOH 2.4 - V 

Output Low Voltage (IOL = 5.0 mAl VOL - 0.4 V 

XTAL Input High level VIH(X) 3.0 - V 

XTAL Input Low level VIL(X) - 0.5 V 

EXTAL Output Current (VOH = 4.6 V) IOH(X) - -400 ~A 

EXTAL Output Current (VOL = 0.4 V) IOL(X) - 400 ~A 

IRQ Output Low Current (VOL = 0.4 V) - 2 mA 

IRQ Output Off State Impedance 100 - kQ 

ANALOG CHARACTERISTICS (TA = - 40 to + 85"C, VDD = 5.0 V ± 5%, Voltages referenced to VSS) 

Characteristic Min Typ Max Unit 

TxPlTxN Drive Current: RL = 50 Q 5.4 6.0 6.6 mA 

(TxP - TxN) Voltage limit - - 1.17 Vpeak 

Rx Input Sensitivity, Normal Mode (RxP - RxN) 90 - - mVpeak 

Rx Input Sensitivity, Sleep Mode (RxP - RxN) 220 - - mVpeak 

Voltage Regulator 3.0 3.2 3.4 V 

POWER DISSIPATION (TA = - 40 to + 85"C VDD = 5 0 V + 5% Voltages referenced to VSS and VDDIO connected to VDD) -

Characteristic Min Typ 

DC Supply Voltage 4.75 5 

Worst Case Power Consumption - -

Transmit Power Down - -

Sleep Mode - -
Absolute Minimum Power Down - -
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Max 

5.25 

90 

70 

4 

2 

Unit 

V 

mW 

mW 

mW 

mW 
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IDl TIMING CHARACTERISTICS (IDl SLAVE) (TA = - 40 to + 85°C, VDD = 5 0 V + 5%, Voltages referenced to VSS) -

Reference 
Number Characteristic Min 

1 Time Between Successive FSRs 

2 FSR Active After DCl Falling Edge (Hold Time) 30 

3 FSR Active Before DCl Falling Edge (Setup Time) 30 

4 DCl Period 

5 DCL Width High 45 

6 DCL Width Low 45 

7 DIN Valid Before DCl Falling Edge (Setup Time) 30 

8 DIN Valid After DeL Falling Edge (Hold Time) 30 

9 DOUT Time to High-Impedance -
10 DOUT High-Impedance to Active State -
11 DCL to DOUT Active -

NOTES: 
1. FSR is an 8 kHz signal. 
2. DCL input frequency can be run from 512 kHz to 4.096 MHz. 

IDl TIMING CHARACTERISTICS (IDl MASTER WITH THE IDl DCl RATE SET TO 2.56 MHz) 
(TA = - 40 to + 85°C VDD = 5 0 V + 5% Voltages referenced to VSS) -

Reference 
Number Characteristic 

1 Time Between Successive FSRs 

2 FSR A.ctive After DCL Falling Edge (Hold Time) 

3 FSR Active Before IDL DCL Falling Edge (Setup Time) 

4 DeL Period 

5 DCL Width High 

6 DCL Width low 

7 DIN Valid Before DCL Falling Edge (Setup Time) 

8 DIN Valid After DCL Falling Edge (Hold Time) 

9 DOUT Time to High-Impedance 

10 DOUT High-Impedance to Active State 

11 DCL to DOUT Active 

NOTES: 
1. FSR is an 8 kHz signal. 
2. DCL output frequency can be programmed at 512 kHz, 2.048 MHz, or 2.56 MHz. 
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Min 

-
-

30 

30 

0 

-

-

Max 

Note 1 

-
-

Note 2 

55 

55 

-
-
30 

70 

70 

Max 

Note 1 

30 

30 

Note 2 

Note 2 

Note 2 

-
-
30 

45 

45 

Unit 

ns 

ns 

%ofDeL 
Period 

%ofDeL 
Period 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MOTOROLA 



SCP TIMING CHARACTERISTICS (TA = - 40 to + 85°C, VDD = 5.0 V ± 5%, Voltages referenced to VSS) 

Reference 
Number Characteristic Min 

12 SCP EN Active Before Rising Edge of SCP ClK 50 

13 SCP Rising Edge Before SCP EN Active 50 

14 SCP Rx Valid Before SCP ClK Rising Edge (Setup Time) 20 

15 SCP Rx Valid Alter SCP ClK Rising Edge (Hold TIme) 20 

16 SCP ClK Period (Note 1) 244 

17 SCP ClK Width (low) 30 

18 SCP ClK Width (High) 30 

19 SCP Tx Active Delay -
20 SCP EN Active to SCP Tx Active -
21 SCP ClK Falling Edge to SCP Tx High-Impedance -

22 SCP EN Inactive Before SCP ClK Rising Edge 50 

23 SCP ClK Rising Edge Before SCP EN Inactive 50 

24 SCP ClK Falling Edge to SCP Tx Valid Data -
NOTE: 

1. Maximum SCP Clock Frequency is 4.096 MHz. 
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Max 

-

-

-
-

-

-

-

50 

50 

40 

-
-
50 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 1. IDL Timing Characteristics 
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SCP ClK 

SCPRx 
(NOTE 1) 

SCPTx 
(NOTE 2) --+-------------<l 

SCP Rx 
(NOTE 3) 

SCPTx 
(NOTE 3) 

NOTES: 
1. During a nibble read, four bits are presented on SCP Rx. 
2. During a nibble read, SCP Tx will be active for the duration of the 4-bit transmission as shown. 
3. During a byte read, eight bits are presented on SCP Rx. A byte transaction consists of two 8-bit ex­

changes. During the second 8-bit exchange, data is either written to the byte from SCP Rx or is read 
from the byte. If the operation is a read operation, then data is presented onto SCP Tx. Refer to "The 
Serial Control Port" section for a detailed description. 

Figure 2. SCP Timing Characteristics 
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GCI TIMING CHARACTERISTICS (GCI SLAVE) (TA = - 40 to + 85°C, VDD = 5.0 V ± 5%, Voltages referenced to VSS) 

Reference 
Number Characteristic Min 

1 Time Between Successive FSCs 

2 FSC Active After DCl Falling Edge (Hold TIme) 30 

3 FSC Active Before DCl Falling Edge (Setup Time) 70 

4 DCl Period 

5 DCl Width High 45 

6 DCl Width low 45 

7 DIN Valid Before DCl Falling Edge (Setup TIme) 30 

8 DIN Valid After DCl Falling Edge (Hold Time) 50 

11 DCl to DOUT Active -

NOTES: 
1. FSC is an 8 kHz signal. 
2. DCl input frequency can be run from 512 kHz to 4.096 MHz. 

GCI TIMING CHARACTERISTICS (GCI MASTER WITH THE GCI DCl RATE SET TO 2.048 MHz) 
(T A = - 40 to + 85°C VDD = 5 0 V + 5% Voltages referenced to V SS) -

Reference 
Number Characteristic 

1 Time Between Successive FSCs 

2 FSC Active After DCl Falling Edge (Hold Time) 

3 FSC Active Before DCl Falling Edge (Setup TIme) 

4 DCl Period 

5 DCl Width High 

6 DCl Width low 

7 DIN Valid Before DCl Falling Edge (Setup Time) 

8 DIN Valid After DCl Falling Edge (Hold Time) 

11 DCl to DOUT Active 

NOTES: 
1. FSC is an 8 kHz signal. 
2. DCl output frequency can be programmed at 512 kHz, 1.536 MHz, or 2.048 MHz. 
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Min 

-
-

30 

50 

-

Max Unit 

Note 1 

- ns 

- ns 

Note 2 

55 %ofDCl 
Period 

55 %of DCl 
Period 

- ns 

- ns 

70 ns 

Max Unit 

Note 1 

30 ns 

30 ns 

Note 2 

Note 2 

Note 2 

- ns 

- ns 

70 ns 
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Figure 3. GCI Timing Characteristics 
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NT1 STAR MODE TIMING CHARACTERISTICS 

NTl STAR MODE OF OPERATION 

A wiring configuration which may be used to support multi­
ple T interfaces is known as the "NTl Star Mode of Opera­
tion." This mode of operation is supported by the MC145574. 
Note that the NTl Star mode contains multiple NTs. Each of 
these NTs can be connected to either a passive bus (short, 
extended, or branched) or to a single TE. 

ANDin ___ ..JX 
_~~-5-

ANDout ~ 

Figure 4. NTl Star Mode 

Table 1. D Channel Timing Characteristics (IDL Mode) 

Reference 
Number Characteristic Min Max 

25 Propagation Delay from ANDin to ANDout - 30 

26 DREOUEST Valid Before Falling Edge of FSR 30 -
27 DREOUEST Valid After Falling Edge of FSR 30 -
28 DGRANT Valid Before Falling Edge of FSR 390 -

DREQUEST 

FSR 

Figure 5. D Channel Request Timing 

Unit 

ns 

ns 

ns 

ns 
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PIN DESCRIPTIONS 

VSSvu (Pin 1) 

This pin provides the signal ground to the PLL circuitry. 
Analog ground for PLL is separated from digital ground for 
optimal performance. 

ISET 

This pin normally performs the ISET function and should 
have an external resistor connected to ground. The resistor 
should have a value of 30 kO ± 5%. 

RxN,RxP 

These two pins form the differential receiver for the srr In­
terface. They are connected to the srr loop via a trans­
former. 

TE/NT 

This pin allows the extemal selection of NT or TE mode. 
When this pin is held low NT mode is selected and when held 
high TE mode. 

This pin is OR'd with an SCP register bit enabling TE/NT 
selection to be made in software. 

MiS 
This pin allows the external selection of mode for the IDL 

and GCI interface. This pin functions in both NT and TE 
modes. When this pin is held low, SLAVE mode is selected 
and when held high, MASTER mode. 

This pin is OR'd with an SCP register bit enabling MAS­
TER/SLAVE selection to be made in software. 

T _INffFSCrrCLKlFIX 

This pin performs four functions dependent on the mode of 
operation. In all NT modes, except NT Terminal mode, this 
pin is the FIX input and enables the device to differentiate be­
tween fixed and adaptive timing modes. When this pin is held 
low, ADAPTIVE timing is selected and when held high, 
FIXED timing. This pin is OR'd with an SCP register bit enab­
ling FIXED/ADAPTIVE selection to be made in software. 

In the NT terminal mode this pin is the T _IN input. T _IN is 
an IDL input port that will accept B1, B2, and D Data. Please 
refer to the NT Terminal section for further details. In the NT 
Terminal mode, the FIX function is controlled via an SCP reg­
ister bit. 

In TE SLAVE mode this pin outputs TFSC. TFSC is an 
8 kHz frame clock that is synchronized to the received srr 
Interface and can be used as the synchronization source in 
the NT -2 slave-slave mode. Alternatively, this pin can output 
TCLK, selected via the SCPo TCLK is a clock, whose fre­
quency can be chosen via the SCP, which is synchronized to 
the received srr Interface. TCLK can be used as an alterna­
tive to TFSC in NT -2 slave-slave mode. 

VSS 

This is the most negative power supply and digital logic 
ground. It is normally a V. 

GCI_SGlDGRANT/ANDout 

This pin performs three functions dependent on the mode 
of operation. In NT Star mode it is the ANDout output function 
for use in NT Star applications. 

MOTOROLA 

In the TE Master and NT Terminal modes, this pin is the 
DGRANT output function used for gaining D-Channel ac­
cess. 

In GCI TE Master, this pin is GCI_SG and indicates Stop/ 
Go access to the D-Channel. 

DREQUEST/ANDin 

This pin performs three functions dependent on the mode 
of operation. In NT Star mode, it is the ANDin input function 
for use in NT Star applications. 

In the TE Master and NT Terminal modes, this pin is the 
DREQUEST input used for requesting D-Channel access. 

In all other modes, this input has no defined function and 
should be tied to VSS. 

CLASS/ECHO_IN 

This pin performs two functions dependent on the mode of 
operation. In NT Star mode, it is the ECHO_IN input function 
for use in NT Star applications. 

In the TE Master mode, this pin is the CLASS input used to 
determine the D-Channel access class. 

In all other modes, this input has no defined function and 
should be tied to VSS. 

FSR/FSC 

This pin is bidirectional, the direction depending on wheth­
er the device is to be a timing master or slave to the IDUGCI 
interface. In either case, this pin should be driven with or 
drive an 8 kHz frame sync Signal. In GCI mode this pin is 
called FSC. In IDL mode this pin is called FSR. 

This pin is also the frame sync signal for the IDL receive 
direction (FSR) when independent frame sync's have been 
enabled via the SCP interface. 

DCL 

This pin is the clock pin for the IDUGCI interface and will 
be either an input or an output depending on whether the in­
terface is operating as a slave or a master. 

Din 
This pin is the data input pin for the I DUGCI. 

Dout 
This pin is the data output pin for the IDUGCI. 

SCPTxlGCLSO/GCI_MO 

This pin has three functions. It is the data output pin, 
SCPTx, in SCP mode. It is a time slot select input pin, 
GCI_SO, in GCI slave mode. It is a mode select pin, GCLMO, 
in GCI master mode. 

SCPRxlGCI_SlIGCI_M1 

This pin has three functions. It is the data input pin, 
SCPRx, in SCP mode. In GCI slave mode it is a time slot se­
lect input pin, GCI_S1, and it is a mode select pin, GCI_M1, 
in GCI master mode 

SCPCLKlGCI_S2IGCI_M2 

This pin has three functions. It is the clock input pin, 
SCPCLK, in SCP mode. In GCI Slave mode, it is a time slot 
select input pin, GCI_S2. In GCI Master mode, it is a mode 
select pin, GCI_M2. 

SCPENlGCIEN 

This pin has two functions. It is the SCP enable pin, 
SCPEN, in SCP mOde. In GCI mode, it is the GCI enable pin, 
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GCIEN. Please refer to the section on GCI for details on how 
the device enters GCI mode. 

TSEN/FSXlBCLJLBA 

This pin is initially high impedance but can be programmed 
to have three separate functions. The TSEN signal is en­
abled via the SCPo This pin then becomes an open drain out­
put that pulls low when data is being output from DOUT. This 
signal can then be used to enable an external driver in ap­
plications where the IDl data goes off board, PBX's, etc. 

In IDl mode it can also be used as the 8 kHz frame sync, 
FSX, for the transmit path. In this mode the pin is bidirection­
al, the direction depending on whether the device is an IDl 
master or slave. FSX only operates when dual frame sync 
mode has been enabled via the SCP. 

In GCI mode this pin is an output clock, BCL. BCl is a bit 
rate clock that is half the frequency of the DCl clock and is 
synchronous with FSC. This clock can be used as the data 
clock for standard devices such as a codec. 

lBA is the default function for both the IDl and GCI 
modes. This pin is initially an output, lBA, loopback Active. 
The lBA pin is normally low but when a loopback is activated 
within the device, this pin will toggle transition to a high dur­
ing the time that the loopback is enabled. This pin can be re­
defined by writing to internal registers within the device. 

IRQ 

This pin is an open drain output that pulls low when the de­
vice wants to inform the flP that a status change has oc­
curred. This pin returns to high impedance after clearing the 
interrupt condition via the SCPo 

CAP3V 

This pin is the 3 V regulated supply output used to power 
the internal digital circuitry. 

VDDIO 

This is the positive supply pin for the output drivers. This 
pin should be connected to VDD if 5 V drivers are required or 
the 3 V regulator output, CAP 3V, if 3 V drivers are required. 
For further information, refer to the section on Power Supply 
Strategy. 

VDD 

This is the positive supply pin and is normally 5 V ± 5%. 
This pin should have a capacitor of 100 nF connected to 

ground. For further information refer to section on Power 
Supply Strategy. 

EXTAL 

This pin should be connected to the external 15.36 MHz 
crystal using the circuit defined in the T1 specification. 

XTAL 

This pin should be connected to an external 15.36 MHz 
crystal using the circuit defined in the T1 specification or al­
ternatively, it can be driven by a 15.36 MHz clock source. 

TxN, TxP 

These two pins form a differential output driver that will 
connect to the SIT interface via a transformer. 
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RESET 

This pin is always an input and is the reset pin for the de­
vice and is active low. When this pin is held low, a hardware 
reset is applied and the device is held in the deactivated 
state. At the initial application of power, the T2 should be re­
set. This pin is a Schmitt-trigger input and could have an ex­
ternal RC circuit connected to perform the power on reset 
function. 

ADDITIONAL NOTES 

Input Levels 

The MC145574 SIT transceiver is always TTLJCMOS level 
compatible on all digital input pins. 

SCP HIDOM 

The MC145574 SIT transceiver has the capability of forc­
ing all outputs (both analog and digital) to the high imped­
ance state. This feature, known as the "serial control port 
high impedance digital output mode," is provided to allow "in 
circuit" testing of other circuits or devices resident on the 
same PCB without requiring the removal of the MC145574. 

The SCP HIDOM mode is entered by holding SCPEN low 
for a minimum of 33 consecutive rising edges of the 
SCP ClK while SCP Rx is high. If SCPEN goes high, or if 
SCP Rx goes low, the device will exit the SCP HIDOM mode 
and return to normal operation. 

WIRING CONFIGURATIONS 

INTRODUCTION 

The MC145574 ISDN SIT transceiver conforms to 
CCITT 1.430 and ANSI Tl.605 specifications. It is a layer 1 
SIT transceiver designed for use at the Sand T reference 
points. It is designed for both point-to-point and multipoint 
operation. The SIT transceiver is designed for use in either 
the network terminating (NT) mode or in terminal endpoint 
(TE) applications. Two 64 kbps B channels and one 16 kbps 
D channel are transmitted in a full duplex fashion across the 
interface. 

The configurations described in this document are 
deemed to be the most common, but by no means the only 
wiring configurations. Note that when operating in the TE 
mode, only one TE has the 100 Q termination resistors in the 
transmit and receive paths. Figures 6 through 9 illustrate 
where to connect the termination resistors for the described 
loop configurations. 

A description of the most commonly used loop configura­
tions is as described below. 

POINT -TO-POINT OPERATION 

In the point-to-point mode of operation one NT communi­
cates with one TE. As such, 100 Q termination resistors must 
be connected across the transmit and receive paths of both 
the NT and TE transceivers. Figure 6 illustrates this wiring 
configuration. 

When using the MC145574 in this configuration, the NT 
must be in adaptive timing. This is accomplished by holding 
the FIX pin low, i.e., connecting it to VSS. CCITT 1.430 and 
ANSI T1.605 specify that the SIT transceiver must be able to 
operate up to a distance of 1 km in the pOint-to-point mode. 
This is the distance D1 as shown in Figure 6. 
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SHORT PASSIVE BUS OPERATION 

The short passive bus is intended for use when up to eight 
TEs are required to communicate with one NT. TEs can be 
distributed at any point along the passive bus, the only re­
quirement being that the termination resistors be located at 
the end of the passive bus. Figure 7 illustrates this wiring 
configuration. CCITT 1.430 and ANSI T1.605 specify a maxi­
mum operational distance from the NT of 200 meters. This 
corresponds to the distance 02 as shown in Figure 7. 

EXTENDED PASSIVE BUS OPERATION 

A wiring configuration whereby the TEs are restricted to a 
grouping at the far end of the cable, distant from the NT, is 
shown as the "Extended Passive Bus." This configuration is 
as illustrated in Figure 8. The termination resistors are to be 
positioned as illustrated in the diagram. 

The essence of this configuration is that a restriction is 
placed on the distance between the TEs. The distance 03 as 

illustrated in Figure 8 corresponds to the maximum distance 
between the grouping of TEs. CCITT 1.430 and ANSI Tl.605 
specify a distance of 25 to 50 meters for the separation be­
tween the TEs, and a distance of 500 meters for the total 
length. These distances correspond to the distances 03 and 
04 as shown in Figure 8. 

Note that the "NT configured" MC145574 should be placed 
in the adaptive timing mode for this configuration. This is 
achieved by holding the FIX pin low. 

BRANCHED PASSIVE BUS OPERATION 

A wiring configuration which has somewhat similar charac­
teristics to those of the "Extended Passive Bus" is known as 
the "Branched Passive Bus" and is illustrated in Figure 9. In 
this configuration, the branching occurs at the end of the bus. 
The branching occurs alter a distance 01 from the NT. The 
distance 05 corresponds to the maximum separation be­
tween the TEs. 

NT ~------------------ 01 ------------------~ TE 

TR I 

TR I 

MOTOROLA 

TxP 

TxN 
MC145574 

RxP 

RxN 

TxP TxN RxP 

MC145574 

TE 

RxN 

Figure 6. Point-to-Point 

02 

TxP TxN RxP RxN TxP TxN RxP 

MC145574 MC145574 

TE TE 

Figure 7. Short Passive Bus 
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04 NT 

3: --- TxP 

TR I 
--- TxN 

MC145574 

TR I 8 - RxP 

- RxN 

TxP TxN RxP RxN TxP TxN RxP RxN 

MC145574 MC145574 

TE TE 

1--03----1 
Figure 8. Extended Passive Bus 

TE 05 01 NT 

RxP 8 r-- TxP I TR I 
RxN r-- TxN 

MC145574 MC145574 

TxP 

I TR I 8 r- RxP 

TxN r- RxN 

TxP TxN RxP RxN 

MC145574 

TE 

Figure 9. Branched Passive Bus 

ACTIVATION/DEACTIVATION 
OF SIT TRANSCEIVER 

INTRODUCTION 

CCITT 1.430 and ANSI T1.605 define five information 
states for the srr transceiver. When the NT is in the fully 
operational state. it transmits INFO 4. When the TE is in the 
fully operational state, it transmits INFO 3. INFO 1 is trans­
mitted by the TE when it wants to wake up the NT. INFO 2 is 
transmitted by the NT when it wants to wake up the TE, or in 
response to the TEs transmitted INFO 1. These states cause 
unique patterns of symbols to be transmitted over the srr in­
terface. Only when the srr loop is in the fully activated state 
are the 2B+D channels of data transmitted over the interface. 

ACTIVATION OF srr LOOP BY NT 

The NT activates the loop by transmitting INFO 2 to the TE 
or TEs. This is accomplished in the MC145574 by setting 
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NR2(3) to a "1". Note that this bit is internally reset to "0" after 
the internal activation state machine has recognized its 
active transition. 

The TE and TEs, on receiving INFO 2, will synchronize to 
it and transmit back INFO 3 to the NT. The NT, on receiving 
INFO 3 from the TE, will respond with INFO 4, thus activating 
the loop. 

ACTIVATION OF srr LOOP BY TE 

The TE can activate an inactive loop by transmitting 
INFO 1 to the NT. This is accomplished in the MC145574 by 
setting NR2(3) to a "1". Note that this bit is internally reset to 
"0" after the internal activation state machine has recognized 
its active transition. 

The NT, upon detecting INFO 1 from the TE, will respond 
with INFO 2. The TE, upon receiving a signal from the NT, 
will cease transmission of INFO 1, reverting to an INFO 0 
state. After synchronizing to the received signal and having 
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fully verified that it is INFO 2, the TE will respond with INFO 
3, thus activating the loop. 

ACTIVATION PROCEDURES IGNORED 

The MC145574 has the capability of being forced into the 
highest transmission state. This is accomplished by setting 
BR7(7) to a "1". Thus when this bit is set in the NT, it will force 
the NT to transmit INFO 4. Correspondingly, in the TE, set­
ting this bit to "1" will force the TE to transmit INFO 3. 

Note that CCITT 1.430 and ANSI T1.605 specifications al­
Iowa TE to be activated by reception of INFO 4, without hav­
ing to go through the intermediate handshaking. This is to 
allow for the situation where a TE is connected to an already 
active loop. 

An NT, however, cannot be activated by a TE sending it 
INFO 3, without going through the intermediate INFO 1, 
INFO 2, INFO 3, and INFO 4 states. 

This "Activation Procedures Ignored" feature is provided 
for test purposes, allowing the NT to forcibly activate the TE 
or TEs. In the TE, the forced transmission of INFO 3 enables 
verification of the TEs operation. 

THE INTERCHIP DIGITAL LINK 

INTRODUCTION 

The Interchip Digital Link of the MC145574, IDL2, is back­
wards compatible with the IDL of the MC145474/75 SIT 
transceiver of first generation. But in addition to the standard 
operating mode, this enhanced interface features some new 
modes that are programmable through the SCPo 

The IDL2 is a four-wire interface used for full-duplex com­
munication between ICs on the board-level. The interface 
consists of a transmit path, a receive path, an associated 
clock, and a sync signal. These signals are known as DOUT, 
DIN, DCL, and FSR, respectively. The clock determines the 
rate of exchange of data in both the transmit and receive 
directions, and the sync signal controls when this exchange 
is to take place. Three channels of data are exchanged every 
8 kHz. These channels consist of two 64 kbps B channels 
and one 16 kbps D channel used for full duplex communica­
tion between the NT and TE. 

There are two modes of operation for an IDL device: IDL 
master and IDL slave. If an IDL device is configured as an 
IDL master, then FSR and DCL are outputs from the device. 
Conversely, if an IDL device is configured as an IDL slave, 
then FSR and DCL are inputs to the device. Ordinarily the 
MC145574 should be configured as an IDL slave when act­
ing as an NT, and as an IDL master when acting as a TE. The 
exception to this rule is the option to configure the NT as an 
IDL master. The TE configured MC145574 also features the 
new option of operating in IDL slave mode. 

THE SERIAL CONTROL PORT 

The MC145574 is equipped with a serial control port 
(SCP). This SCP is used by external devices (such as an 
MC145488 DDLC) to communicate with the SIT transceiver. 
The SCP is an industry standard serial control port and is 
compatible with Motorola'S SPI used on several single--{;hip 
MCUs. 

The SCP is a five-wire bus with control and status bits, 
data being passed to and from the SIT transceiver in a full-
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duplex fashion, and an indicator of the interrupt status regis­
ter. 

The SCP interface consists of a transmit path, a receive 
path, an associated clock, an enable signal, and an interrupt 
indicate. These signals are known as SCPTx, SCPRx, 
SCPCLK, SCPEN, and IRQ. 

The clock determines the rate of exchange of data in both 
the transmit and receive directions, the enable signal gov­
erns when this exchange is to take place, and the interrupt 
signal indicates that an interrupt condition exists and a read 
operation of the interrupt status register, N R3, is required. 

The operation/configuration of the SIT transceiver is pro­
grammed by setting the state of the control bits within the SIT 
transceiver. The control, status, and data information reside 
in eight 4-bit wide nibble registers, sixteen 8-bit wide byte 
registers, and sixteen 8-bit wide overlay registers. The 
nibble registers are accessed via an 8-bit SCP bus transac­
tion. The 16-byte wide registers are accessed by first writing 
to a pOinter register within the eight 4-bit wide nibble regis­
ters. This pOinter register (N R(7)) will then contain the ad­
dress of the byte wide register to be read from or written to, 
on the following SCP transaction. Thus, an SCP byte access 
is in essence a 16-bit operation. Note that this 16-bit opera­
tion can take place by means of two 8-bit accesses or a 
single 16-bit access. 

SCP TRANSACTIONS 

There are six types of SCP transactions. These are: 

1. SCP nibble read. 

2. SCP nibble write. 

3. SCP byte read. 

4. SCP byte write. 

5. SCP merged read. 

6. SCP merged write. 

SCP Nibble Read 

A nibble read is an 8-bit SCP transaction. Figure 10 illus­
trates this process. To initiate an SCP nibble read the 
SCPEN pin must be brought low. Following this, a Read/ 
Write (R/W) bit followed by three primary address bits 
(AO - A3), are shifted (MSB first) into an intermediate buffer 
register on the first four rising edges of SCPCLK, following 
the high to low transition of SCPEN. If a read operation is to 
be performed, then RiW should be a "1". The three address 
bits clocked in after the RiW bit select which nibble register is 
to be read. The contents of this nibble register are shifted out 
on SCPTx on the subsequen~ four falling edges of SCPCLK, 
i.e., the four falling edges of SCPCLK after the rising edge of 
SCPCLK which clocked in the last address bit (LSB). 
SCPEN should be brought back high after the transaction, 
before another falling edge of SCPCLK is encountered. Note 
that SCP Rx is ignored during the time that SCPTx is being 
driven. Also note that SCPTx comes out of high impedance 
only when it is transmitting data. 

SCP Nibble Write 

A nibble write is an eight bit SCP transaction. To initiate an 
SCP nibble write the SCPEN pin must be brought low. Fol­
lowing this, a AMi bit followed by three primary address bits 
are shifted (MSB first) into an intermediate buffer register on 
the first four rising edges of SCPCLK following the high to 
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low transition of SCPEN. If a write operation is to be per­
formed then RiW should be a "0". The three address bits 
clocked in after the RiW bit select the nibble register to be 
written to. The data shifted in on the next four rising edges of 
SCPCLK is then written to the selected register. Throughout 
this whole operation the SCPTx pin remains in high-imped­
ance state. Note that if a selected register or bit in a selected 
register is "read only" then a write operation has no effect. 

SCP.Byte Read 

A byte read is a 16-bit SCP transaction. To initiate an SCP 
byte read, the SCPEN must be brought low. Following this, 
an RiW bit is shifted in from SCPRx on the next rising edge of 
SCPCLK. This bit determines the operation to be performed, 
read or write. 

If RiW is a "1" then a read operation is selected. Converse­
ly, if RiW is a "0" then a write operation is selected. The next 
three bits shifted in from SCPRx on the three subsequent ris­
ing edges of SCPCLK are primary address bits as mentioned 
previously. If all three bits are "1" then nibble register 7 is se­
lected (NR7). This is a pointer register, selection of which in­
forms the device that a byte operation is to be performed. 
When NR7 is selected, the following four bits shifted in from 
SCP Rx on the following four riSing edges of SCPCLK are 
automatically written to NR7. These four bits are the address 
bits for the byte operation. In a read operation, the next eight 
falling edges of SCPCLK will shift out the data from the se­
lected byte register on SCPTx. 

As mentioned previously, an SCP byte access is a 16-bit 
transaction. This can take place in one 16-bit eXChange or 
two 8-bit exchanges. If the transaction is performed in two 
8-bit exchanges the SCPEN should be returned high after 
the first eight bits have been shifted into the part. 

When SCPEN carnes low again, the MSB of the selected 
byte will present itself on SCPTx. The following seven falling 
edges of SCPCLK will shift out the remaining seven bits of 
the byte register. Note that the order in which data is written 
into the part and read out of the part is independent of wheth-

SCPCLK LJlI 

er the byte access is done in one 16-bit exchange or in two 
8-bit exchanges. 

SCP Byte Write 

A byte write is also a 16-bit SCP transaction. To initiate an 
SCP byte write the SCP EN must be brought low. As before, 
the next bit determines whether the operation is to be read or 
write. If the first bit is a "0" then a write operation is selected. 
Again, the next three bits read in from SCP Rx on the subse­
quent three rising edges of SCPCLK must all be "1" in order 
to select the pointer nibble register (NR7). The following four 
bits shifted in are automatically written into NR7. As in an 
SCP byte read, these bits are the address bits for the se­
lected byte register operation. The next eight rising edges of 
SCPCLK shift in the data from the SCPRx. This data is then 
stored in the selected byte register. Throughout this opera­
tion SCPTx will be in a high-impedance state. Note that if the 
selected byte is "read only," then this operation will have no 
effect. 

As mentioned previously, an SCP byte access is a 16-bit 
transaction. This can take place in one 16-bit exchange or 
two 8-bit exchanges. If the transaction is performed in two 
8-bit exchanges, then SCPEN should be returned high after 
the first eight bits have been shifted into the part. 

When SCPEN comes low again, the next eight riSing 
edges of SCPCLK shift data in from SCPRx. This data is 
then stored in the selected byte. 

SCP Merged ReadlWrite 

Merged operations are accomplished by not taking 
SCPEN high between separate SCP instructions. The SCP 
bytes/nibbles are strung together in a continuous bit stream 
and can be a mux or read/write command. The device is able 
to extract the separate instructions and provide the appropri­
ate response. The SCPEN signal goes low at the start of the 
bit stream and goes high again at the end. SCPCLK should 
only be active during valid bit times while SCPEN is low. 

SCPRx 
____ D_o_N_'T_c_AR_E ____ ~ ______ ----------D-ON-'T-C-A-R-E-------------

SCPTx HIGH IMPEDANCE--------{ HIGH IMPEDANCE 

NOTES: 
1. RIW = 1 for a read operation. 
2. Data is shifted out on SCP Tx on the falling edges of SCP ClK, MSB first. 
3. Data is shifted into the chip from SCP Rx on the riSing edges of SCP ClK, MSB first. 
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Figure 10. Serial Control Port Nibble Read Operation 
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Figure 11. 

GENERAL CIRCUIT INTERFACE 

The MC145574 is able to work with a general circuit inter­
face port (GCI). This GCI is a standard four-wire interface 
between devices for the subscriber access in ISDN and ana­
log environments. The principle use, in the these applica­
tions, is to control the subscriber line interface circuitry. 

Some of the benefits of the General Circuit Interface are: 

• Operation and maintenance features. 

• Activation and deactivation facilities (via CII channel). 

• Well defined transmission protocols to ensure correct 
information transfer between GCI compatible devices. 

• Point-te-Point and Multipoint communication links. 

• Multiplexed mode of operation where up to eight GCI 
channels can be combined to form a single data 
stream. 

The GCI interface consists of a transmit path, a receive 
path, an associated clock, and a frame sync signal. These 
signals are known as Dout, Din, DCl, and FSC. 

The clock determines the rate of exchange of data in both 
the transmit and receive directions, and the frame sync sig­
nal indicates when this exchange will start. 

GCI FRAME STRUCTURE 

In a GCI channel, information is in a four byte time-division 
based structure with a repetition rate of 8 kHz. The four bytes 
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are B1 and B2 channels, a Monitor (M) channel, and a Con­
trollindication (C/I) channel. 

The two independent B channels are used to carry sub­
scriber voice and data information. 

The M channel is used for operation and maintenance faci­
lities. 

The C/I channel is further subdivided into two bits for the 
D channel information, four bits for the C/I channel and two 
bits for the A and E channels that are used to control the 
transfer of information on the monitor channel. 

Figure 11 shows the relative positions of these channels. 

NIBBLE MAP DEFINITION 

INTRODUCTION 

There are seven nibble register (NRO through NRS) in the 
MC145574. Control and status information reside in these 
nibble registers. These nibble registers are accessed via the 
SCPo The nomenclature used in this data sheet is such that 
NR2(3) refers to nibble register 2, bit 3. 

The MC145574 nibble register map is compatible to the 
MC145474/475 nibble register map, the only modification be­
ing the removal of bits NRS(2) and NRS(l) related to the IDl 
AIM FIFOs and the addition of bits (NR2(O), NR3(O), and 
NR4(O) for NT mode only). 

Tables 2 and 3 show an SCP nibble map for NT and TE 
operations, respectively. 
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Table 2. SCP Nibble Map for NT Operation 

(3) (2) (1) (0) 

NRO Software Reset Transmit Power Down Absolute Minimum Power Return to Normal 

NRl Act Ind (AI) Error Ind (EI) Frame Sync (FS) 

NR2 ActReq (AR) Deact Req (DR) Act TImer Tl Expire NT Term Class 

NR3 IRQ#3 Ll. Rx Info IRQ#2 Multiframe IRQ#6 FECV Detection IRQ#7 NT Term 0 Col 
Reception 

NR4 IRQ#3 Enable IRQ#2 Enable IRQ#6 Enable IRQ#7 Enable 

NR5 Idle 91 Channel on SIT Idle 92 Channel on SIT Invert 91 Channel Invert 92 Channel 
Loop Loop 

NR6 29+0 IDL Transparent Exchange 91 and 92 at IDL 
Loopback 

Table 3. SCP Nibble Map for TE Operation 

(3) (2) (1) (0) 

NRO Software Reset Transmit Power Down Absolute Minimum Power Return to Normal 

NRl Act Ind (AI) Error Ind (EI) Multiframing Detection Frame Sync (FS) 

NR2 Act Req (AR) ActTimer T3 Expire Class 

NR3 IRQ#3 Ll. Rx Info IRQ#2 Multiframe IRQ#l 0 Channel Collision 
Reception 

NR4 IRQ#3 Enable IRQ#2 Enable IRQ#l Enable 

NR5 En 91 SIT Loopback on SIT En 92 SIT Loopback on SIT Invert 91 Channel Invert 92 Channel 
Loop Loop 

NR6 29+0 IDL Transparent 
Loopback 

BYTE MAP DESCRIPTION 

INTRODUCTION 

There are sixteen byte registers (BRO through BR15) in 
the MC145574. Control, status, and maintenance informa­
tion reside in these byte registers. These byte registers are 
accessed via the SCPo The nomenclature used in this data 
sheet is such that BR2(3) refers to byte register 2, bit 3. 

The byte register map is fully compatible with the byte reg­
ister map of the MC145474, exceptions are: 

1. The functions that were related to the IDL AIM FIFO's 
have been removed, writing to these registers will have 
no effect and reading them will return FFH. 

2. The TTL Input Level bit BR 13 (6) has been removed. The 
digital inputs are both CMOS and TTL compatible. Writ­
ing to this bit has no effect on the circuit, and reading it 
returns "0" or "1" depending on what value, if any, has 
been written. 

MC145574 
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Exchange 91 and 92 at IDL 

3. The only addition to the byte register map is the bit 
BR15 (0), used for enabling the overlay registers. 

Tables 4 and 5 show the byte map for NT and TE modes of 
operation, respectively. 

OVERLAY MAP DEFINITION 

INTRODUCTION 

There are ten nibble register (ORO through ORB and 
OR15) in the MC145574. The overlay registers are a second 
bank of registers available when the overlay register control 
bit BR 15(7) ,is set to a logic "1". These overlay registers are in 
the IDL2 TSA mode used to assign the timeslot used by each 
channel (Bl ,B2 and D) for transmission and reception: (ORO 
through OR5), OR6, OR7 ij.nd·ORB are control registers 
used in the GCI indirect mode and OR15 gives the Revision 
number of the SfT chip. See Table 6 for the overlay register 
map. 
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(7) (6) 

BRO 

BR1 

BR2 SC1.l SC1.2 

BR3 0.1 0.2 

BR4 FV7 FV6 

BR5 BPV7 BPV6 

BR6 Bl srr Bl srr 
lBTP lBNTP 

BR7 ACTPR AONT 
Disabled 

BR8 

BR9 TXSC2.1 TXSC2.2 

BR10 TXSC4.1 TXSC4.2 

BRll Do Nol Reacl Do Nol Reacl 
10 INFO 1 10 INFO 2 

BR12 Reserved Reserved 

BR13 NTl Slar 

BR14 IDl ADJ En Reserved 

BR15 Overlay 
Reg En 

(7) (6) 

BRO 

BRl 

BR2 0.1 0.2 

BR3 SC1.1 SC1.2 

BR4 FV7 FV6 

BR5 BPV7 BPV6 

BR6 Bl srr Bl srr 
lBTP lB NTP 

BR7 ACTPR D Chan Proc 
Disabled Ignored 

BR8 

BR9 RXSC2.1 RXSC2.2 

BR10 RXSC4.1 RXSC4.2 

BRll 

BR12 Reserved Reserved 

BR13 

BR14 IDl ADJ En Reserved 

BR1S Overlay 
Reg En 
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Table 4. Byte Map for NT Mode of Operation 

(5) (4) (3) (2) 

SC1.3 SC1.4 

0.3 0.4 OOual MFlnl 

FVS FV4 FV3 FV2 

BPVS BPF4 BPV3 BP32 

B2 srr B2 srr IDlBl IDl Bl 
lBTP lBNTP lBTP lBNTP 

Enable Invert IDlMS IDlClK 
MFrame E Mode SPDa 

Channel 

TXSC2.3 TXSC2.4 TXSC3.1 TXSC3.2 

TXSC4.3 TXSC4.4 TXSC5.1 TXSCS.2 

Rx INFO Rx INFO Tx INFO Tx INFO 
SIBill SIBila SI Bill SIBila 

Reserved Reserved Reserved Reserved 

IDl ClK Mule B2 MuleBl Force E 
SPDl 10 IDl Tx 10 IDl Tx 10 Zero 

Reserved Reserved Reserved Reserved 

RevS Rev 4 Rev3 Rev 2 

Table 5. Byte Map for TE Mode of Operation 

(5) (4) (3) (2) 

0.3 0.4 

SC1.3 SC1.4 MF Delecl MF Int 

FVS FV4 FV3 FV2 

BPVS BPF4 BPV3 BP32 

B2 srr B2 srr IDlBl IDlBl 
lBTP lB NTP lBTP lBNTP 

Map E IDl IDl ClK 
10D Free Run SPDa 

RXSC2.3 RXSC2.4 RXSC3.1 RXSC3.2 

RXSC4.3 RXSC4.4 RXSCS.l RXSCS.2 

RxlNFO Rx INFO Tx INFO TxlNFO 
StBill SIBila SIBil 1 SIBila 

Reserved Reserved Reserved Reserved 

IDl ClK Mule B2 Mule Bl 
SPDl 10 IDl Tx to IDl Tx 

Reserved Reserved Reserved Reserved 

Rev5 Rev 4 Rev 3 Rev 2 

(1) 

FVl 

BPVl 

IDlB2 
lBTP 

lAPD 
Pol ConI 

TXSC3.3 

TXSC5.3 

Exl srr 
loopback 

Reserved 

Reserved 

Rev 1 

(1) 

FVl 

BPVl 

IDl B2 
lBTP 

lAPD 
Pol ConI 

RXSC3.3 

RXSCS.3 

Ext srr 
loopback 

Reserved 

Force 
IDl Tx 

Reserved 

Rev 1 

(0) 

Fva 

BPva 

IDl B2 
lBNTP 

ACTT2 
EXP 

TXSC3.4 

TXSCS.4 

Tx 96K 
Tesl Signal 

Reserved 

Reserved 

Rev a 

(0) 

Fva 

BPVa 

IDlB2 
lB NTP 

RXSC3.4 

RXSCS.4 

Tx 96K 
Tesl Signal 

Reserved 

Reserved 

Rev 0 
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Table 6. Overlay Registers Map 

(7) (6) (5) (4) (3) (2) (1) (0) 

ORO Dout B1 CHANNEL TIME SLOT BITS (7:0) 

ORl Dout B2 CHANNEL TIME SLOT BITS (7:0) 

OR2 Dout D CHANNEL TIME SLOT BITS (7:0) 

OR3 Din B1 CHANNEL TIME SLOT BITS (7:0) 

OR4 Din B2 CHANNEL TIME SLOT BITS (7:0) 

ORS Din D CHANNEL TIME SLOT BITS (7:0) 

ORS (GCI Indirect Mode) 

OR6 TSAB1 TSAB2 TSAD 
EN EN EN 

OR7 Disable Enable Enable Dual Fr 
3VReg SIGBit TCLK Sync's 

ORB DISStal TE En 

OR15 Overlay RevS Rev 4 
Reg EN 

D CHANNEL OPERATION 

INTRODUCTION 

The SfT interface is designed for full duplex transmission 
of two 64 kbps B channels and one 16 kbps D channel, be­
tween one NT device and one or more TEs. The TEs gain 
access to the B channels by sending layer 2 frames to the 
network over the D channel. CCITT 1.430 and ANSI T1.605 
specify a D channel access algorithm for TEs to gain access 
to the D channel. The MC145574 SfT transceiver is fully 
compliant with the D channel access algorithm as defined in 
CCITT 1.430 and ANSI T1.605. The 0 channel operation is 
handled through the SCP when using the SfT Interface either 
in IOL or GCI indirect mode, and handled through the C/I 
channel when using the SfT Interface GCI direct mode. 

The various bits and pins directly pertaining to D channel 
operation are shown in Tables 7 and 8. 

D channel data is clocked into the MC145574 via OOUT 
on the falling edges of DCL. Data is clocked out onto DOUT 
on the rising edges of DCL in either GCI or IOL2 modes of 
operation. 

IDL2 D CHANNEL OPERATION 

Gaining Access to the D Channel in the TE Mode 

The pins OREQUEST and OGRANT are used in the 
TE mode of operation to request and grant access to the 
o channel. An external device wishing to send a layer 2 
frame should bring OREQUEST high, and maintain it high for 
the duration of the layer 2 frame. OGRANT is an output sig­
nal used to indicate to an external device that the 0 channel 
is clear. Note that the OGRANT signal actually goes high 
once received E echo bit prior to the programmed priority 
class selection. OGRANT goes high at a count of (n - 1) to 
accommodate the delay between the input of 0 channel data 
via the IOL interface and the line transmission of those bits 
towards the NT. If at the time of the FSR pulse falling edge, 
the OGRANT and the OREQUEST signals are both detected 
high, the TE mode transceiver will begin FIFO buffering of 
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Sl S2 S3 

GCUND CLKl CLKO 
EN 

Long 8/10 Bits TSEN TSEN 
Frame Select D_EN 

MSEn FIX En NTTerm Sleep 
Enable 

Rev 3 Rev 2 Rev 1 Rev 0 

the input 0 channel bits from the IOL interface. This FIFO is 
four bits deep. Note that OGRANT goes high on the bound· 
aries of the demodulated E bits. In order for the contention 
algorithm to work on the 0 channel, HOLC data must be 
used. The MC145574 modulates the 0 channel data onto the 
SfT bus in the form that it is received from the IOL bus. Thus, 
the data must be presented to it in HOLC format. Note that 
one of the applications of the MC145488 ODLC is for use 
with the MC 145574 in the terminal mode. The MC145488 will 
perform the HOLC conversion and perform the necessary 0 
channel handshaking. 

Setting the Class for TE Mode of Operation 

Recommendation CCITT 1.430 and ANSI T1.605 specifi· 
cations mandate two classes of operation for a TE, with re­
spect to 0 channel operation. These two classes of operation 
are class 1 and class 2. Each of these classes have two 
associated priorities, high priority and low priority. These 
classes and their associated priorities pertain to the number 
of demodulated E bits required to be "1", before the D chan­
nel is deemed to be clear for use. Using the MC 145574 in the 
TE mode of operation, the user programs the device for 
class 1 or class 2 operation by either NR2(0) or pin 10. 

Table 9 illustrates how to configure the MC145574 for ei­
ther class 1 or class 2 operation. This table also illustrates 
when OGRANT goes high. Note that although DGRANT 
goes high one E bit before the required count, data will not be 
modulated onto the D bit timeslots in the SfT frame until the 
required number of E bits = "1" are received. Thus, data gets 
modulated onto the 0 channel if the E bit following the low to 
high transition of DGRANT is "1". 

The device will automatically switch from high to low prior­
ity and back, within each class of operation, in accordance 
with CCITT 1.430 and ANSI T1.605. 

MULTIFRAMING 

INTRODUCTION 

A layer 1 Signalling channel between the NT and TE is pro· 
vided in the MC145574 in accordance with CCITT 1.430 and 
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ANSI T1.605. In the NT and TE direction, this layer 1 channel 
is the S channel. In the TE to NT direction it is the Q channel. 
The S channel is subdivided into five subchannels: SC1, 
SC2, SC3, SC4, and SC5. In normal operation the NT sets 
its Fa bit (bit 14) to a binary zero every frame. The "wrapping" 
action of the TElTEs, as outlined in CCITT 1.430 and ANSI 
T1.605, causes the Fa bit of the TEfTEs to be a "0" also. This 
is to ensure the existence of two-line code violations per 
frame, enabling fast synchronization. 

Multiframing is activated by the NT by setting the M bit 
(bit 26) in the NT and TE frame to a binary one, once every 
20 frames. In addition to this, the Fa bit (bit 14) in the NT to 
TE direction is set to a binary one, once every five frames. 
When multiframing is enabled, the NT sends its S channel 
data (SC1 through SC5) in the S timeslot (bit 37) every 
frame. Table 10 shows the order in which the S channel data 
is transmitted. Note that the M bit = "1" sets the multiframe 
boundary. Once every five frames the Fa bit is set to "1" in 
the NT to TE direction. This serves as a Q bit identifier for the 
TElTEs, which send their Q data in their Fa bit position in the 
corresponding frames. In order to avoid Q data collision, 
those TEs which have not been addressed for multiframing, 
must send '1s' in the Q bit timeslots. 

DEVICE CONFIGURATIONS 

The MC145574 can be configured in several different 
modes for different applications. 

NT CONFIGURATIONS 

To select NT mode, pin 4 (TE/NT) must be held low. The 
NT device can operate in a mixture of different configura­
tions. How each aspect of the NT's operation is selected will 
be discussed separately in the following sections. However 
for a broad view of the NT's various flavors, the NT family 
tree is shown below. 

NT Fixed or Adaptive Timing 

The receiver/demodulator of the NT can operate in two dif­
ferent modes depending on the type of loop that the device 
is connected to. These modes are called FIXED and 
ADAPTIVE Timing modes. The mode of operation is chosen 
by the state of Pin 6. When this pin is held low, the device is 
in adaptive mode and when held high, the device is in fixed 
timing mode. The choice of mode is dependent on the loop 
characteristics. The intention is that fixed timing should be 
used for short passive bus configurations and adaptive tim­
ing used for all others. However, the performance of the tim­
ing recovery circuit employed in the MC145474/75 and 
hence, also in the MC145574 allows the use of adaptive tim­
ing in all loop configurations. Thus, it is recommended that 
adaptive timing be used in all configurations. 

It is also possible to select fixed timing mode via the SCP 
control bit OR8(2), the FIX pin is internally OR'd with this 
SCP bit, and one should note that in the NTTerm mode this is 
the only way to select fixed timing. 

NT Master or Slave 

In NT mode, the IDL or GCI interface can be selected ei­
ther as a master or a slave. This selection is made with Pin 5. 
When held low slave mode is selected and when held high 
master mode is selected. 
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In slave mode the IDUGCI interface frame sync and clock 
are inputs and the SfT loop interface timing is slaved to these 
inputs. In master mode the IDUGCI interface frame sync and 
clock are outputs, these signals being derived from the 
15.36 MHz XTAL oscillator. The SfT loop interface timing, 
however, is always slaved to the IDUGCI frame sync. 

Therefore, in NT mode the SfT loop interface timing is al­
ways slaved to the IDUGCI frame sync. The source of this 
timing can be selected to be from the IDUGCI driver (Slave 
mode) or from the NT device itself (Master mode). 

NT Master mode will be referred to as NTM, likewise NT 
Slave mode will be NTS. 

It is also possible to select NTM by writing to the SCP con­
trol bit BR7(3). Or alternatively in TE or NT mode, master 
selection can be made via OR8(3), the MiS pin is internally 
OR'd with these SCP bits. 

NT STAR and NT Terminal Modes 

In NT mode two further mode extensions can be selected 
via control bits accessible through the SCPo These NT mode 
extensions have no effect on the IDUGCI interface but alter 
the operation of other pins to perform the desired functions. 
These two modes are called NT Star and NT Term. 

NT Star Mode 

Appendix B of ANSI T1.605 describes an example of an 
NT that will support multiple T interfaces. This is to accom­
modate multipoint operation with more than eight TEs. The 
MC145574 can be configured for NT Star mode of operation. 
This mode is for use in wire ORing multiple NT configured 
SfT chips on the IDL side. Each NT has a common FSR, 
DCL, Dout, and Din. Each NT is then connected to its own in­
dividual SfT loop containing either a single TE or a group of 
TEs. As such, the contention for either of the B channels or 
for the D channel is now extended from a single passive bus 
to a grouping of passive busses. 

ISDN employs the use of HDLC data on the D channel. Ac­
cess to either of the B channels is requested and either 
granted or denied by the user sending layer 2 frames on the 
D channel. In normal operation where there is only one NT, 
the TEs are granted access to the D channel in accordance 
with their priority and class. By counting the required number 
of E channel echo bits being "1", the TEs know when the 
D channel is clear. Thus, in the NT Star mode of operation, 
where there are multiple passive busses competing for the 
same B1, B2, and D channels, the same E echo channel 
must be transmitted from each NT to its passive bus. This is 
accomplished in the MC145574 by means of the ANDin, 
ANDout, and ECHO IN pins. 

Figure 12 shows how to connect the multiple number of 
NTs in the NT Star mode. Successive connection of the 
ANDout (this is the output of an internal AND gate whose in­
puts are the demodulated D bits and the data on the ANDin 
pin) and ANDin pins, and the common connections of the 
ECHO IN pins, succeeds in sending the same E echo chan­
nel to each group of TEfTEs. To configure a series of NTs for 
NT Star mode, BR13(7) must be set to "1" in each NT. Data 
transmitted on IDL Tx in NT Star mode, will have the follow­
ing format: a logic "0" is VSS, a logic "1" causes IDL_Dout to 
go to a high-impedance state. This then permits the series 
wire ORing of the IDL bus. Note that one of the NTs must 
have its ANDin pin pulled high. 
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BRI3(7) = 1 

- DEMODULATED 
o CHANNEL DATA 

ANDout 

ECHOin - DATA TO BE TRANSMITTED TO TEs 

FSR AS E CHANNEL DATA 

DCl 
Din 
Dout 

IC#2 

MCI45574 

ANDin 
BRI3(7)= 1 

- DEMODULATED 
o CHANNEL DATA 

ANDout 

ECHOin - DATA TO BE TRANSMITTED TO TEs 

FSR AS E CHANNEL DATA 

DCl 
Din 
Dnllt 

IC#N 

MCI45574 

ANDin BRI3(7) = 1 

- DEMODULATED 
o CHANNEL DATA 

AN~ut 

r ECHOin - DATA TO BE TRANSMITTED TO TEs 

FSR AS E CHANNEL DATA 

DCl 
Din 
DOllt 

Figure 12. NT Star Mode of Operation 
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SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
3.3 Volt Only 
Driver/Receiver with an 
Integrated Standby Mode 
EIA-232-E and CCITT V.28 

The MC145583 is a CMOS transceiver composed of three drivers and five 
receivers that fulfills the electrical specifications of EIA-232-E, EIA-562, and 
CCITT V.28 while operating from a single + 3.3 or + 5.0 V power supply. This 
transceiver is a high-performance, low-power consumption device that is 
equipped with a standby function. 

A voltage tripler and inverter converts the + 3.3 V to ± 8.8 V, or a voltage 
doubler and inverter converts the + 5.0 V to ± 8.8 V. This is accomplished 
through an on-<:hip 40 kHz oscillator and five inexpensive external capacitors. 

Drivers: 

• ± 5 V Minimum Output Swing at 3.3 or 5.0 V Power Supply 
• 3000 Power-off Impedance 
• Output Current Limiting 
• Three-State Outputs During Standby Mode 

Receivers: 

• ± 25 V Input Range 
• 3 to 7 kO Input Impedance 
• 0.8 V Hysteresis for Enhanced Noise Immunity 

• Three-State Outputs During Standby Mode 

Ring Monitor Circuit: 

• Invert the Input Level on Rx1 to Logic Output Level on RIMON at Standby 
Mode 

MC145583 

VFSUFFIX 
SSOP 

CASE 940J 

ORDERING INFORMATION 

MC145583VF SSOP 

CS+ 

GND 

CS-

RIMON 

Vss 

STB 

Rx1 

Rx2 

Rx3 

Tx1 

Rx4 

Tx2 

RxS 

Tx3 

PIN ASSIGNMENT 

RING 
MONITOR 
CIRCUIT 

(INVERTING) 

C2+ 

VCC 

C2-

C1+ 

C1-

VDD 

001 

D02 

003 

011 

004 

012 

DOS 

DI3 
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MAXIMUM RATINGS (Voltage polarities referenced to GNO) 

Rating Symbol Value 

OC Supply Voltage VCC - 0.5to + 6.0 

Input Voltage Rxl - Rx5 Inputs VIR VSS-15toVOO+15 
011 - 013 Inputs - 0.5 to VCC + 0.5 

OC Current per Pin I ± 100 

Power Oissipation Po 1 

Operating Temperature Range TA -40to+85 

Storage Temperature Range Tstg - 85 to + 150 

RECOMMENDED OPERATING LIMITS 

Parameter 

Power Supply 

Operating Temperature Range 

• Capacitors Cl and C2 are replaced by a 1 ~F capacitor at VCC = 5 V. 

Unit 

V 

V 

mA 

W 

°C 

°C 

Symbol 

VCC 
VCc' 

TA 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of 
any voltage higher than maximum rated volt­
ages to this high-impedance circuit. For proper 
operation, it is recommended that the voltage 
at the 01 and 00 pins be constrained to the 
range GNO " VOl" VCC and GNO " VOO 
"VCC. Also, the voltage at the Rx pin should 
be constrained to (VSS - 15 V)" VRxl - Rx5 
" (VOO + 15 V), and Tx should be constrained 
\0 VSS" VTxl - Tx3" VOO· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., GNO or 
Vec for 01, and GNO for Rx). 

Min Typ Max Unit 

3.0 3.3 3.6 V 
4.5 5.0 5.5 

-40 - 85 °C 

DC ELECTRICAL CHARACTERISTICS (Voltage polarities referenced to GNO = 0 V; Cl - C5 = 1 ~F; T A = 25°C) 

Parameter Symbol Min 

OC Power Supply VCC 3.0 

Quiescent Supply Current (Output Unloaded, Input Low) ICC -

Quiescent Supply Current (Standby Mode; STB = 1, Output Unloaded) ICC(STB) -
Control Signal Input Voltage (STB) VIL -

VIH VCC-0.5 

Control Signal Input Current (STB) IlL -
IIH -

Charge Pumps Output Voltage (VCC = 3 V; Cl, C2, C3, C4, C5 = 1 ~F) VOO 
Output Voltage (VOO) Iload=OmA 8.5 

Iload= 6mA 7.5 

Output Voltage (VSS) Iload = 0 mA VSS -
Iload=6mA -

RECEIVER ELECTRICAL SPECIFICATIONS 
(Voltage polarities referenced to GNO = 0 V; V CC = + 3.3 V ± 10%; Cl - C5 = 1 ~F; T A = 25°C) 

Parameter Symbol Min 

Input Turn-On Threshold (VOOl _ 005 = VOL; Rxl - Rx5) 3.3V Von 1.35 
5.0V 2.00 

Input Turn-Off Threshold (VOOl _ 005 = VOH; Rxl - Rx5) 3.3V Voff 0.75 
5.0V 1.20 

Input Resistance Rin 3 

High-Level Output Voltage (001 - 005) lout=-20~ VOH VCC-O.l 
VRxl - Rx5 = -3 to- 25 V 10ut=-1 mA Vec-0.6 

Low-Level Output Voltage (001 - 005) lout=+20~ VOL -
VRxl - Rx5 = + 3 to + 25 V lout = + 1.6 mA -

Ring Monitor Circuit (Input Threshold) VTH -

High-Level Output Voltage (RIMON) lout = -20 ~A VOH VCC-O.l 
10ut=-1 mA VCC-0.6 

Low-Level Output Voltage (RIMON) lout = + 20 ~A VOL -
lout = + 1.6 mA -

MOTOROLA 

Typ 

3.3 

2.8 

<5 

-
-
-
-

8.8 
7.9 

-8.8 
-7.B 

Typ 

1.8 
2.5 

1.0 
1.5 

5.4 

-
2.7 

0.01 
0.5 

1.1 

-
2.7 

0.01 
0.5 

Max Unit 

3.6 V 

6.0 mA 

10 ~A 

0.5 V 
-

10 ~A 
10 

V 
-
-

-8.5 
-7.0 

Max 

2.35 
3.10 

1.25 
1.80 

7 

-
-

0.1 
0.7 

-
-
-

0.1 
0.7 

Unit 

V 

V 

kO 

V 

V 

V 

V 

V 
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DRIVER ELECTRICAL SPECIFICATIONS 
(Voltage polarities referenced to GNO = 0 V; VCC = + 3.3 V or + S.O V ± 10%; Cl - CS = 1 flF; TA = 2S"C) 

Parameter Symbol Min Typ Max Unit 

Oigitallnput Voltage 011-013 V 
Logic Low VIL - - 0.7 
Logic High VIH 1.8 - -

Oigital Input Current 011 -013 fiA 
VOl =GNO IlL - 7 -
VOl = VCC IIH - - ± 1.0 

Output High Voltage VOH V 
Load on All Txl - Tx3, RL = 3 kO; Cp = 2500 pF, VOll _ 013 = Logic Low 5.0 7.0 -
No Load 8.5 8.8 -

Output Low Voltage VOL V 
Load on All Txl - Tx3, RL = 3 kO; Cp = 2500 pF, VOll _ 013 = Logic High - -7.0 - 5.0 
No Load - -8.8 - 8.5 

Ripple (Refer to VOO - VSS Value) , .. VRF - - ±5% 

Off Source Impedance Txl - Tx3 Zoff 300 - - 0 

Output Short Circuit Current (VCC = 3.3 V or 5.5 V) ISC mA 
Txl - Tx3 Shorted to GNO' - - ± 60 
Txl - Tx3 Shorted to ± 15 V" - - ± 100 

'Specification IS for one Tx output to be shorted at a time. Should all three dnver outputs be shorted simultaneously, deVice power diSSipation 
limits could be exceeded. 

"This condition could exceed package limitations . 
.. , Ripple VRF would not exceed ± 5% of (VOO - VSS). 

SWITCHING CHARACTERISTICS (VCC = + 33 V or + 5 V, ± 10%; Cl - C5 = 1 flF; TA = 25°C) 

I Parameter Symbol Min 

Drivers 

Propagation Oelay Time 
Low-to-High 

(RL = 3 kll, CL = 50 pF or 2500 pF) 

High-to-Low 
(RL = 3 kO, CL = 50 pF or 2500 pF) 

Output Slew Rate (Source R = 300 Q) 
Loading: RL = 3 - 7 kn; CL = 2500 pF 

Output Oisable Time' 

Output Enable Time' 

Receivers 

Propagation Oelay Time 
Low-to-High 

High-to-Law 

Output Rise Time 

Output Fall Time 

Output Oisable Time' 

Output Enable Time' 

, Including the charge pump setup time. 

TRUTH TABLES 
Drivers 

01 STB 

X H 

H L 

L L 

Tx 

Z' 

L 

H 

Txl - Tx3 tOPLH 

-

tOPHL 
-

Txl - Tx3 SR ±4 

tOAZ -

tOZA -

001 - 005 

tRPLH -

tRPHL -

001 - 005 tr -

001 - 005 tf -

tRAZ -

tRZA -

Receivers 

Rx STB 

X H 

H L 

L L 

Typ 

0.5 

0.5 

-

4 

25 

-

-

120 

40 

4 

25 

DO 

Z' 

L 

H 

X = Oan't Care X = Oan't Care 

MC145583 
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Max Unit 

fis 

1 

1 

± 30 V/jJ.s 

10 I1s 

50 ms 

fis 
1 

1 

200 ns 

100 ns 

10 jJ.s 

50 ms 
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PIN DESCRIPTIONS 

VCC 
Digital Power Supply (Pin 27) 

This digital supply pin is connected to the logic power sup­
ply. This pin should have a not less than 0.33 !!F capacitor 
GND. 

GNO 
Ground (Pin 2) 

Ground return pin is typically connected to the signal 
ground pin of the EIA-232-E connector (Pin 7) as well as to 
the logic power supply ground. 

VOO 
Positive Power Supply (Pin 23) 

This is the positive output of the on--<:hip voltage tripler and 
the positive power supply input of the driver/receiver sections 
of the device. This pin requires an external storage capacitor 
to filter the 50% duty cycle voltage generated by the charge 
pump. 

VSS 
Negative Power Supply (Pin 5) 

This is the negative output of the on-chip voltage tripIer/in­
verter and the negative power supply input of the driver/ re­
ceiver sections of the device. This pin requires an external 
storage capacitor to filter the 50% duty cycle voltage gener­
ated by the charge pump. 

RIMON 
Ring Monitor Circuit (Pin 4) 

The Ring Monitor Circuit will convert the input level on Rx1 
pin at standby mode and output on the RIMON pin. 

STB 
Standby Mode (Pin 6) 

The device enters the standby mode while this pin is con­
nected to the logic high level. During the standby mode, 

driver and receiver output pins become high-impedance 
state. In this condition, supply current ICC is below 5!!A (typ). 

C5+,C5-,C2+,C2-,C1+,C1-
Voltage Tripier and Inverter (Pins 1, 3, 28, 26, 25, 24) 

These are the-connections to the internal voltage tripler 
and inverter, which generate the VDD and VSS voltages. 

Rx1, Rx2, Rx3, Rx4, Rx5 
Receive Data Inputs (Pins 7, 8, 9, 11, 13) 

These are the EIA-232-E receive signal inputs. A voltage 
between + 3 and + 25 V is decoded as a space, and causes 
the corresponding DO pin to swing to GND (0 V). A voltage 
between - 3 and - 25 V is decoded as a mark, and causes 
the DO pin to swing up to Vee. 

001,002,003,004,005 
Data Outputs (Pins 22, 21, 20, 18, 16) 

These are the receiver digital output pins, which swing 
from Vee to GND. Output level of these pins is high imped­
ance while in standby mode. 

011, 012, 013 
Data Inputs (Pins 19, 17, 15) 

These are the high impedance digital input pins to the 
drivers. Input voltage levels on these pins must be between 
VCC andGND. 

Tx1, Tx2, Tx3 
Transmit Data Output (Pins 10, 12, 14) 

These are the EIA-232-E transmit signal output pins, 
which swing toward VDD and VSS. A logic 1 at a DI input 
causes the corresponding Tx output to swing toward VSS. 
The actual levels and slew rate achieved will depend on the 
output loading (RL/CLl. 

The minimum output impedance is 300 Q when turned off. 

SWITCHING CHARACTERISTICS 

DRIVER 

011-013 
(INPUT) 

Tx1- Tx3 
(OUTPUT) 

RECEIVER 

001-005 
(OUTPUT) 

MOTOROLA 

} 
If tr 

DRIVER 
- +3V 

STB(INPUT) 

OV 

VOH Tx1- Tx3 
(OUTPUT) 

- VOL 

RECEIVER 
- +3V 

STB (INPUT) 

001-005 
(OUTPUT) 

- VOL 

f+1.5V 

HIGHZ 

IDAZ 10ZA 

f+1.5V 

HIGHZ 

IRAZ tRZA 

t + 1.5 V 

- +3.3V 

OV 

VOH 

VOL -
t+1.5V 

- +3.3V 

OV 
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VOL -
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ESD PROTECTION 

ESD protection on IC devices that have their pins acces­
sible to the outside world is essential. High static voltages 
applied to the pins when someone touches them either 
directly or indirectly can cause damage to gate oxides and 
transistor junctions by coupling a portion of the energy from 
the I/O pin to the power supply buses of the IC. This coupling 

MMBZ15V0LT1 x 8 

~ , ., ~. , if h .., , . ,~. 
A • ~ Il:~ ~ ~A A A ,A~ 

will usually occur through the internal ESD protection diodes 
which are designed to do just that. The key to protecting the 
IC is to shunt as much of the energy to ground as possible 
before it enters the IC. Figure 1 shows a technique which will 
clamp the ESD voltage at approximately ± 15 V using the 
MMBZ15VDLT1. Any residual voltage which appears on the 
supply pins is shunted to ground through the capacitors C1 
and C2. 

- C5+ C2+ t--

- GNO Vcc 

0.1 flF ::!: - C5-- C2- r-
- AlMON C1+ r-
- Vss C1- r- 0.1flF T 
- STS VOO 

C2 

Rx1 001 r-
Ax2 002 r-
Ax3 003 -
Tx1 011 -
Rx4 004 -
Tx2 012 -
Ax5 005 -
Tx3 013 -

Figure 1. ESD Protection Scheme 

MC145583 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
5 Volt Only 
Driver/Receiver with an 
Integrated Standby Mode 
EIA-232-E and CCITT V.28 

The MC145705/06/07 are a series of silicon-gate CMOS transceiver ICs that 
fulfill the electrical specifications of EIA-232-E and CCITT V.28 while operating 
from a single + 5 V power supply. These transceiver series are high 
performance and low power consumption devices that are equipped with 
standby and output enable function. 

A vOltage doubler and inverter convert the + 5 V to ± 10 V. This is 
accomplished through an on-board 20 kHz oscillator and four inexpensive 
external electrolytic capacitors. 

The MC145705 is composed of two drivers and three receivers, the 
MC145706 has three drivers and two receivers, and the MC145707 has three 
drivers and three receivers. These drivers and receivers are virtually identical to 
those of the MC145407. 

Available Driver/Receiver Combinations 

Device Drivers Receivers No. of Pins 

MC145705 2 3 20 

MC145706 3 2 20 

MC145707 3 3 24 

Drivers: 

• ± 7.5 Output Swing 
• 300 Q Power-Off Impedance 
• Output Current Limiting 
• TTL and CMOS Compatible Inputs 
• Three-State Outputs During Standby Mode 
• Hold Output OFF (MARK) State by TxEN Pin 

Receivers: 

• ± 25 V Input Range 
• 3 to 7 kQ Input Impedance 
• 0.8 V Hysteresis for Enhanced Noise Immunity 
• Three-State Outputs During Standby Mode 

Charge Pumps: 

• + 5 to ± 10 V Dual Charge Pump Architecture 
• Supply Outputs Capable of Driving Three Drivers on the MC145403/06 

Simultaneously 
• Requires Four Inexpensive Electrolytic Capacitors 
• On-Chip 20 kHz Oscillators 

MC145705 
MC145706 
MC145707 

.-
24~ 

PSUFFIX 
PLASTIC DIP 

CASE 738 

DWSUFFIX 
SOG PACKAGE 

CASE 751D 

PSUFFIX 
PLASTIC DIP 

CASE 724 

DWSUFFIX 
SOG PACKAGE 

CASE 751E 

ORDERING INFORMATION 
MC145705P Plastic DIP 
MC145706P Plastic DIP 
MC145707P Plastic DIP 

MC145705DW SOG Package 
MC145706DW SOG Package 
MC145707DW SOG Package 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 

REV 1 
8/95 
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MC145705 
2 DRIVERS13 RECEIVERS 

C2+ 1· 20 

GNO 2 19 

C2- 18 

VSS 4 17 
--------

STB 5 
16 

Rx1 15 

Rx2 14 

Tx1 

Rx3 

Tx2 

MC145705.MC14570S.MC145707 
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VCC 

C1-

VOO 

TxEN 

001 

002 

011 

003 

012 

C2+ 

Rx1 

Tx1 

Rx2 

Tx2 

Rx3 

Tx3 

PIN ASSIGNMENTS 

MC145706 
3 DRIVERSJ2 RECEIVERS 

C1+ 

VCC 

C2- C1-

VOO 

STB TxEN 

Tx1 011 

Rx1 001 

Tx2 012 

Rx2 002 

Tx3 013 

MC145707 
3 DRIVERSJ3 RECEIVERS 

C1+ 

VCC 

C1-

VOO 

TxEN 

NC 

001 

011 

002 

012 

003 

013 

NC = NO CONNECTION 
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CHARGE PUMPS 

Vcc 

VOLTAGE 
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RECEIVER 

VDD VDD 

15 kfl 

5.4 kfl 

VSS 

* Protection Circuit 

DRIVER 

VDD 

300 n 
Txo-~~-~---+ 

Vss 
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FUNCTION DIAGRAM 
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MAXIMUM RATINGS (Voltage Polarities Referenced to GNO) 

Rating Symbol Value 

DC Supply Voltage VCC - 0.5 to + 6.0 

Input Voltage Rxl - Rx3 Inputs VIR VSS-15toVOO+15 
011 - 013 Inputs 0.5 to VCC + 15 

DC Current per Pin I ± 100 

Power Dissipation Po 1 

Operating Temperature Range TA -40to+85 

Storage Temperature Range Tstg -85 to + 150 

RECOMMENDED OPERATING LIMITS 

Parameter 

Power Supply 

Operating Temperature Range 

Unit 

V 

V 

mA 

W 

°C 

°C 

Symbol 

VCC 

TA 

This device contains protection circuitry to 
guard against damage due to high static 
voltages or electric fields. However, precau­
tions must be taken to avoid applications of any 
voltage higher than maximum rated voltages to 
this high-impedance circuit. For proper opera­
tion, it is recommended that the voltage at 
the 01 and DO pins be constrained to the range 
GNO :;; VOl:;; VOO and GNO :;; VOO :;; VCC. 
Also, the voltage at the Rx pin should be 
constrained to (VSS - 15 V) :;; VRxl - Rx3 :;; 
(VOO + 15 V), and Tx should be constrained 
to VSS :;;VTxl - Tx3 :;;VOO· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., GNO or 
VCC for 01, and GNO for Rx). 

Min Typ Max Unit 

4.5 5 5.5 V 

-40 - 85 °C 

DC ELECTRICAL CHARACTERISTICS (Voltage polarities referenced to GNO = 0 V; Cl - C4 = 10 ~F; TA = - 40 to + 85°C) 

Parameter Symbol Min 

DC Power Supply VCC 4.5 

Quiescent Supply Current (Output Unloaded, Input Low) ICC -
Quiescent Supply Current (Standby Mode) (Output Unloaded, Input Open) ICC(STB) -
Control Signal Input Voltage (STB, TxEN) Logic Low VIL -

Logic High VIH VCC-0.5 

Control Signal Input Current Logic Low (TxEN) IlL -
Logic High (STB) IIH -

Charge Pumps Output Voltage (Cl , C2, C3, C4 = 1 0 ~F) VOO 
Output Voltage (VOO) Iload = 0 mA 8.5 

Iload = 5 mA 7.5 
Iload= 10mA 6.0 

Output Voltage (VSS) Iload=OmA VSS -8.5 
Iload=5mA -7.5 

Iload= 10mA -6.0 

RECEIVER ELECTRICAL SPECIFICATIONS 
(Voltage polarities referenced to GNO = 0 V; VCC = + 5 V ± 10%; Cl - C4 = 10 ~F; TA = - 40 to + 85°C) 

Parameter 

Input Turn-On Threshold (VOOl _ 003 = VoLl 

Input Turn-Off Threshold (VOOl - 003 = VOH) 

Input Threshold Hysteresis (Von = Voff) 

Input Resistance 

High-Level Output Voltage (001 - 003) 
VRxl-Rx3=-3to-25V 

Low-Level Output Voltage (001 - 003) 
VRxl - Rx3 = + 3 to + 25 V 

MC145705.MC145706.MC145707 
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Rxl- Rx3 

Rxl - Rx3 

Rxl - Rx3 

lout = - 20 ~A 
10ut=-1 mA 

lout = + 20 ~ 
lout = + 1.6 mA 

Symbol Min 

Von 1.35 

Voff 0.75 

Vhys 0.6 

Rin 3 

VOH VCC-O.l 
VCC-0.7 

VOL -
-

Typ Max Unit 

5 5.5 V 

1.7 3.5 mA 

< 10 20 ~A 

- 0.5 V 
- -
- -10 ~A 
- 10 

V 
10.0 11 
9.5 -
9.0 -

-10.0 -11 
-9.2 -
-8.6 -

Typ Max Unit 

1.8 2.35 V 

1 1.25 V 

0.8 - V 

5.4 7 kQ 

- - V 
4.3 -

0.01 0.1 V 
0.5 0.7 

MOTOROLA 



DRIVER ELECTRICAL SPECIFICATIONS 
(Voltage polarities referenced to GND = 0 V; VCC = + 5 V ± 10%; C1 - C4 = 1 0 ~F; TA = - 40 to + 85'C) 

Parameter Symbol Min Typ Max Unit 

Digital Input Voltage D11-D13 V 
Logic Low VIL - - 0.8 
Logic High VIH 2 - -

Input Current D11-D13 ~A 
VDI =GND IlL - 7 -

VDI =VCC IIH - - ±1.0 

Output High Voltage Tx1 - Tx3 VOH 6 7.5 - V 
(VDI1 - DI3 = Logic Low, RL = 3 kO) Tx1 - Tx6" 5 6.5 -

Output Low Voltage Tx1 - Tx3 VOL -6 -7.5 - V 
(VDI1 - DI3 = Logic High, RL = 3 kO) Tx1 - Tx6' -5 -6.5 -

Off Source Impedance Tx1 - Tx3 Zoff 300 - - 0 

Output Short Circuit Current (VCC = 5.5 V) ISC mA 
Tx1 - Tx3 Shorted to GND" - - ±60 
Tx1 - Tx3 Shorted to ± 15 V'" - - ± 100 

• Specifications for a MC14570X powering a MC145406 or MC145403 with three additional drivers/receivers . 
•• Specification is for one Tx oulput 10 be shorted at a time. Should alllhree driver outputs be shorted simultaneously, device power dissipation 

limits could be exceeded . 
••• This condition could exceed package limitations. 

SWITCHING CHARACTERISTICS (VCC = + 5 V, ± 10%; C1 -C4 = 10 ~F; TA=-40 to + 85'C) 

Parameter 

Drivers 

Propagation Delay nme 
Low-to-High 

(RL = 3 kO, CL = 50 pF or 2500 pF) 

High-to-Low 
(RL = 3 kO, CL = 50 pF or 2500 pF) 

Output Slew Rate 
Minimum Load (RL = 7 kO, CL = 0 pF) 

Maximum Load (RL = 3 kO, CL = 2500 pF) 

Output Disable Time 

Output Enable Time 

Receivers 

Propagation Oelay Time 
Low-to-High 

High-to-Low 

Output Rise Time 

Output Fall Time 

Output Disable Time 

Output Enable nme 

TRUTH TABLE 
Drivers 

DI TxEN 

X X 

X L 

H H 

L H 

'VSS s VTx" VOO 

MOTOROLA 

STB 

H 

L 

L 

L 

X = Don't Care 

Tx 

Z' 

L 

L 

H 

Symbol 

Tx1 - Tx3 tpLH 

tpHL 

Tx1 - Tx3 SR 

tDAZ 

tDZA 

001-003 tpLH 

tpHL 

001-003 tr 

001- 003 tf 

tRAZ 

tRZA 

Receivers 

Rx STB 

X H 

H L 

L L 

'GNO"VOOsVCC 

Min Typ Max Unit 

flS 

- 0.5 1 

- 0.5 1 

V/~s 
- ±6 ±30 

- ±5 -

- 4 10 ~s 

- 25 50 ms 

~s 

- - 1 

- - 1 

- 250 400 ns 

- 40 100 ns 

- 4 10 fls 

- 25 50 ms 

DO 

Z' 

L 

H 

X = Oon't Care 

MC145705. MC145706.MC145707 
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PIN DESCRIPTIONS 

VCC 
Digital Power Supply 

This digital supply pin is connected to the logic power sup­
ply. This pin should have a 0.33 IlF capacitor to ground. 

GND 
Ground 

Ground return pin is typically connected to the signal 
ground pin of the EIA-232-D connector (Pin 7) as well as to 
the logic power supply ground. 

VDD 
Positive Power Supply 

This is the positive output of the on---chip voltage doubler 
and the positive power supply input of the driver/receiver 
sections of the device. This pin requires an external storage 
capacitor to filter the 50% duty cycle voltage generated by 
the charge pump. 

VSS 
Negative Power Supply 

This is the negative output of the on-chip voltage doubler/ 
inverter and the negative power supply input of the driver/ 
receiver sections of the device. This pin requires an external 
storage capacitor to filter the 50% duty cycle voltage gener­
ated by the charge pump. 

TxEN 
Output Enable 

This is the driver output enable pin. When this pin is in 
logic low level, the condition of the driver outputs (Tx1 - Tx3) 
are in keep OFF (mark) state. 

STB 
Standby 

The device enters the standby mode while this pin is con­
nected to the logic high level. During the standby mode, 
driver and receiver output pins become high impedance 

state. In this condition, supply current lee is below 10 IlA 
(Typ) and can be operated with low current consumption. 

C2+,C2-,C1+,C1-
Voltage Doubler and Inverter 

These are the connections to the intemal voltage doubler 
and inverter, which generate the VDD and VSS voltages. 

Rx1, Rx2 (Rx3) 
Receive Data Input 

These are the EIA-232-E receive signal inputs. A voltage 
between + 3 and + 25 V is decoded as a space, and causes 
the corresponding DO pin to swing to ground (0 V). A voltage 
between - 3 and - 25 V is decoded as a mark, and causes 
the DO pin to swing up to Vee. 

D01, D02 (003) 
Data Output 

These are the receiver digital output pins, which swing 
from Vec to GND. Each output pin is capable of driving one 
LSTTL input load. 

Output level of these pins is high impedance while in 
standby mode. 

011,012 (013) 
Data Input 

These are the high impedance digital input pins to the 
drivers. Input voltage levels on these pins must be between 
Vcc and GND. 

The level of these input pins are TTUCMOS compatible. 

Tx1, Tx2 (Tx3) 
Transmit Data Output 

These are the EIA-232-E transmit signal output pins, 
which swing toward VDD and VSS. A logic 1 at a DI input 
causes the corresponding Tx output to swing toward VSS. 
The actual levels and slew rate achieved will depend on the 
output loading (RUCL). 

The minimum output impedance is 300 n when tumed off. 

SWITCHING CHARACTERISTICS 

DRIVER 

011-013 
(INPUT) 

Txl- Tx3 
(OUTPUT) 

RECEIVER 

(INPUT) 50% 
RX1-RX3-{ 

D01- 003 
(OUTPUT) 

tf 
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OV 

VOH 

} 
- +3V 

OV 

VOH 

- VOL 
tr 

DRIVER 

STB(INPUT) 

Txl- Rx3 
(OUTPUT) 

10AZ 

RECEIVER 

STB(INPUT) 

001- 003 
(OUTPUT) 

tRAZ 

f+l.5V 

f+l.5V 

+ +1.5V 

+ +1.5V 

- +5V 

OV 

VOH 

- +5V 

MOTOROLA 



ESD PROTECTION 

ESD protection on IC devices that have their pins accessi­
ble to the outside world is essential. High static voltages ap­
plied to the pins when someone touches them either directly 
or indirectly can cause damage to gate oxides and transistor 
junctions by coupling a portion of the energy from the 110 pin 
to the power supply buses of the IC. This coupling will usually 

MMBZ15VDLT1 

C2+ 

GND 

C2-

Vss 

STB 

NC 

Rx1 

Tx1 

Rx2 

Tx2 

Rx3 

Tx3 

MOTOROLA 

occur through the internal ESD protection diodes which are 
designed to do just that. The key to protecting the IC is to 
shunt as much of the energy to ground as possible before it 
enters the IC. The figure below shows a technique which will 
clamp the ESD voltage at approximately ± 15 V using the 
MMBZ15VDLT1. Any residual voltage which appears on the 
supply pins is shunted to ground through the capacitors C1 
and C2. 

1· 

10 

11 

12 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
QPSK Encoder 

The MC145750 is a silicon gate HCMOS device designed to encode 7tl4-shift 
OPSK baseband signals. The device contains two 1O-bit DACs for the I/O 
signal, Root-Nyquist digital filtering, and burst rising and falling edge 
processing for digital RF communication equipment. Primary applications for 
this device are in products that will be used in PHS (384 kbps) and PDC 
(42 kbps). It will perform up to 800 kbps data rate. It also contains PN511 
random pattem generator and timing generator with PLL. 

• Root-Nyquist Digital Filtering (Coefficient = 0.5) 
• Burst Edge Processing Circuitry (Ramp-Up and -Down) 
• Two 10--Bit DACs for I/O Output 
• Operating Voltage Range: 2.7 to 5.5 V 
• PN511 Random Pattern Generator 
• Conformance to RCR Standard for PHS, PDC 
• Variable Data Transmission Rate up to 800 kbps (VDD = 5 V) 
• Timing Generator with PLL 
• OPSK Mode, Burst, and Continuous I/O Signal Output is Performed 
• Companion Device is MRFIC0001 

NC 
PB1 
CF 

PCO 
PLL 

ECLK 
DVDD 
DVSS 
DCLK 

DS/STBY 
TXD 

ERST/PDN 

PIN ASSIGNMENT 

NC = NO CONNECTION 

TB7 
TNOfTB8 
BWfTB9 
NC 

loul 
DAref3 
DAref2 

DAref1 
DAref 
Qoul 
DAVSS 
DAVDD 

MC145750 

VFU SUFFIX 
PLASTIC VOFP 

CASE 932 

ORDERING INFORMATION 
MC145750VFU VOFP 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 

REV2 
10195 
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BLOCK DIAGRAM 

TEST TB7:0 M2:0 QPSK DRATE DAb DAref DAref3:1 

PNOfTB8 lout 

TXD 

DS/STBY 

DCLK 

Qout 

PLL TIMING 
DPLL 

GENERATOR BWfTB9 
ECLK 

DVDD DVSS Cf PCO PB1 PB2 DAVDD DAVSS 

INPUT/OUTPUT TIMING RELATIONS 

,------------~s)r-----~ 
(INP~~~ 

11 
DCLK 

(INPUT) 

TXD 
(INPUT) 

n-1 

1 

1 

~I DON'T CARE 

----------------+-------~~---
.. I 

BW S)~-----------------------+------+-~L 
(OUTPUT) _______ -! FIRST SYMBOL LAST SYMBOL 

1 1 I / I \ 1 

(~~u1~~~ ------------'<~ .l~ :: ~~ I_~ ---p-I--.>l-i
l 
------

RAMP-UP u, ~ ~ "RAMP-DOWN 
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MAXIMUM RATINGS 

Parameter Symbol Value Unit 

DC Supply Voltage VDD - 0.5 to + 7 V 

DC Input Voltage Yin - 0.5 to VDD + 0.5 V 

Power Oissipation Po 500 mW 

Storage Temperature Tstg -65 to +150 °C 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol 

DC Supply Voltage VOO 

DC Input Voltage Yin 

Operating Temperature Range TA 

ELECTRICAL CHARACTERISTICS (TA = 25°C, TXO = L, Normal Mode) 

Parameters Symbol 

DC Supply Current Iddl 
VOO=3V 

ORATE=L Idd2 

ORATE=H Idd3 

ORATE = L Idd4 

ORATE = H Idd5 

ORATE = L Idd6 

ORATE=H Idd7 

DC Supply Current Iddl 
VOO=5V 

ORATE=L Idd2 

ORATE=H Idd3 

DRATE=L Idd4 

ORATE=H Idd5 

DRATE=L Idd6 

ORATE = H Idd7 

"625 ~ burstl5 ms penod (ORATE = L) at OCLK = 384 kHz. 
6.6 ms burstl20 ms period (ORATE = H) at OCLK = 42 kHz. 

"Typical numbers are not guaranteed. 

ANALOG CHARACTERISTICS (T A = 25°C) 

Parameters Symbol 

Output Swing Level I VOO=3V Vout 
1/0 Out 

I VOO=5V 

Output Swing Imbalance Ll.Vout 

Output OC Level I VOO=3V Vort 
1/0 Out 

I VOO=5V 

Output Swing Imbalance Ll.VOO 

Out-ol-Band Noise Level VOO=5V Yin 

DC Output Resistance Rout 

"OArell = H at VOO = 3 V, OArel3 = H at VOO = 5 V 
"Typical numbers are not guaranteed. 

MC145750 
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Condition 

ERST = L 

DS=L 

OS = Burst Input" 

OS = Continual Input 

ERST = L 

DS=L 

OS = Burst Input" 

OS = Continual Input 

Condition 

RL = kil, TXO = L 
Normal Mode 

OS= L 

600 kHz 

900 kHz 

10utiOout 

Min Typ Max Unit 

2.7 3.3 5.5 V 

0 - VOO V 

-20 25 85 °C 

Min Typ" Max Unit 

- 0.25 0.5 rnA 

- 5.0 6.0 

- 1.5 1.8 

- 5.0 6.0 

- 1.5 1.8 

- 8.0 10.0 

- 2.0 2.6 

- 0.5 3.0 rnA 

- 27.0 33.0 

- 17.0 19.0 

- 30.0 33.0 

- 18.0 20.0 

- 33.0 37.0 

- 18.0 20.0 

Min Typ·· Max Unit 

500 550 600 mVp-p 

520 570 620 

-0.5 0 0.5 dB 

800 820 840 mV 

780 800 820 

- - 20 

- -50 - dB 

- -55 -
- 50 100 n 

MOTOROLA 



SWITCHING CHARACTERISTICS (TA ~ 25°C) 

Parameters Symbol Condition Min Typ' Max Unit 

Input Voltage High-Level VIH VDD x 0.7 - - V 

Low-Level VIL - - VDD xO.3 

Output Voltage High-Level VOH BW, PNO VDDX 0.9 - -

Low-Level VOL - - VDD x 0.1 

Data Set-Up Time tsu TXD, DS, STBY 10 - - ns 

Data Hold Time th TXD, DS, STBY 10 - -
Data Output Propagation Delay tpd BW, PNO - 1.5 3 ~s 

I/O Output Propagation Delay TD lout,Oout - 4 6 

Data Rate VDD ~ 3 V DRATE ~ L - - 450 kbps 

DRATE~H - - 55 

VDD~5V DRATE ~ L - - 800 

DRATE~H - - 100 

Clock Input Duty Cycle DCLK 45 50 55 % 

VCO Oscillation F;requency VDD~3V tvC01 - - 20 MHz 

VDD~5V tvC02 - - 32 

• Typical numbers are not guaranteed. 

os 
~--------------------~SS~~~ 

OCLK 

TXO 

BW 

lout/Oout ----+-------------------K" ,-~,,-_____________ t_o _____ ~ 
--

PNO 

MOTOROLA 

Figure 1. Timing Diagram 
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PIN DESCRIPTIONS 

POWER SUPPLY 

VSS 
Digital Ground (Pins 6, 44) 

These are the negative power supply input pins to the digi­
tal portion of the device and are connected to ground (0 V). 

VDD 
Positive Power Supply Input (Pins 7, 43) 

These are the positive power supply input pins to the digi­
tal portion of the device. Typical operating voltage range is 
3.3 V at DAref3 = H, S.O V at DArefl = H. Power should be 
fed simultaneously with DAVDD pin in order to avoid any pos­
sible damage to the device. 

DAVDD 
Positive Power Supply Input for DACs (Pin 13) 

This is the positive power supply input pin to the analog 
portion of the device. Typical operating voltage range is 2.7 V. 
toS.SV. 

DAVSS 
Analog Ground for DACs (Pin 14) 

This is the negative power supply pin to the analog portion 
of the device and is connected to ground. 

MODE CONTROL AND TEST 

MODED - MODE2 
NormaifTest Mode Select (Pins 1, 2, 3) 

These pins must be connected to ground for normal opera­
tion. For system test, PN pattern generation mode will be 
performed when MOD EO = H and MODEl, MODE2 = L. 
PNSll signal is fed to the encoder instead of input data from 
TXD pin. Data shift timing is the same as the normal opera­
tion mode and.burst timing indicated by DS pin is still valid for 
the device. The PNSll signal is monitored at the PNO pin. 

TEST 
Test Mode (Pin 4) 

The device operates normally while this pin is held low. 
When this signal is high, the device enters into factory test 
mode. Only one mode is allowed to be enacted by user for 
PN Mode. 

DRATE 
Data-Rate Select (Pin 9) 

This pin can select high data rate when it is low, such as in 
PHS applications. 

QPSK 
(D)QPSKlrrl4-Shift QPSK Mode Select (Pin 10) 

The device operates as a rrl4-0PSK Encoder when this 
pin is held high. By making this pin low, it functions as non­
shift differential OPSK Encoder. All of the functions are the 
same in both modes. 

MC145750 
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PNOITB8 
PN511 Test Pattern OutputlTest Bus 8 (Pin 23) 

This is the output data of PNSll test-pattern in normal 
mode. When the PN pattern generator outputs to this pin, it 
can be output I/O pins and data from TXD pin may be ig­
nored. If the OS signal is L, I/O pins stop but PN data stream 
may be output. 

TBO-TB7 
Test Bus (Pins 24, 26 - 32) 

These pins are used in factory test and should be con­
nected to ground for normal operation. 

PLL 
Int/Ext PLL Clock Select (Pin 41) 

When this pin is connected to ground, the PLL is active 
and timing will be generated internally. When this pin is con­
nected to VOD, timing should be applied to the ECLK pin. 

DIGITAL INTERFACE PINS 

BWITB9 
Burst Window OutputlTest Bus 9 (Pin 22) 

This output indicates when modulated baseband I/O sig­
nals are output from this device. This pin is used as the trans­
mission control signal for saving power for RF. 

ECLK 
External Clock Input (Pin 42) 

When the internal timing generator with PLL is not used in 
the system, this pin must have lS.36 MHz applied as a sys­
tem clock for this device. This pin is connected to ground for 
normal operation. 

DCLK 
Data Shift Clock Input (Pin 45) 

This is the shift clock input for the transmit data input and is 
typically 384 kHz for the PHS (DRATE Pin = L) and 42 kHz 
for the PDC (ORATE Pin = H) application. The data input oc­
curs at the rising edge of the DCLK. For burst-type systems 
such as the TDMA data transmission applications, this signal 
must be synchronized with the rising/falling edge of the DS 
pin (Data Slot Timing Input). 

DS/STBY 
Data Slot Timing/Standby Input (Pin 46) 

For burst-type, this input signal indicates when transmit 
data are valid for the device. Its duration must be equal with 
the number of input data to the device, and its transition must 
be aligned with the rising edge of the DCLK signal. 

When a logic L is applied to this pin, all digital portions ex­
cept the timing generator are not clocked and the device is in 
a low power dissipation mode. When a logic H is applied con­
tinuously, all input data are encoded as valid data. 

TXD 
Transmit Data Input (Pin 47) 

Data bit streams to be transmitted are input to this pin. The 
data is valid only when the DS (Pin 46) is asserted (high). Its 
transition should be synchronized with rising edge of the 
DCLK (Pin 4S). 

MOTOROLA 



ERSTiPDN 
External Reset/Power Down Input (Pin 48) 

When a logic L is applied to this pin, it forces a complete 
power down. When at start up, VDD goes high, it is recom­
mended that a logic L. then a logic H be applied to this pin to 
start up and reset all digital portions. 

ANALOG INTERFACE PINS 

Qout 
Filtered Quadrature-Phase Output (Pin 15) 

This is the modulated quadrature-phase signal output and 
the amplitude is typically 550 mV p-p at VOO = 3 V in PN test 
mode. The output dc resistance is approximately 50 n. 

lout 
Filtered In-Phase Output (Pin 20) 

This is the modulated in-phase signal output and ampli­
tude is typically 500 mV p-p at VOO = 3 V in PN test mode. 
The output dc resistance is approximately 50 U 

DAC AND PLL SETTING 

DAb 
Reference Bias Setting Pin to DACs (Pin 12) 

A resistor connected to ground from this pin determines 
the reference current value for internal OACs. This resistor's 
value is 200 kn typically. 

DAref 
Ripple Filter Capacitor (Pin 16) 

A capacitor connected to ground from this pin acts as a rip­
ple filter for the internal DACs' reference voltage. This capac­
itor's value is 0.1 ~F, typically. 

DAref1 - DAref3 
Reference Bias Setting to DACs (Pin 17 -19) 

These pins determine the reference voltage for internal 
OACs in conjunction with DAb pin. At 3 V operation, DAref1 
pin should be connected to VDD. OAref2 pin should be con­
nected to VOD at 3.3 V. OAref3 pin should be connected to 
VDD at 5 V. The two other pins for the respective cases must 
be left open. 

PB1, PB2 
PLL Bias (Pins 35, 38) 

This pin determines the bias of the PLL. Its recommended 
values are shown in Table 1 and it depends on operating volt­
age. 

Cf 
Loop Filter Capacitor (Pin 39) 

Input from Cf pin is fed directly as the internal VCO control 
signal. 

PCO 
Phase Comparator Output (Pin 40) 

Connect an LPF as loop filter for the PLL. Refer to the ap­
plication figure for recommended values. 

Table 7. Function Table 

Pin 

3 MODEO 

10 QPSK 

9 DRATE 

17 DArefl 

18 DAref2 

19 DAref3 

41 PLL 

48 ERST/PDN 

SERIAL DATA IN 

MOTOROLA 

L 

Normal Mode 

Non-Shift 

High Speed 

-
-
-

PLL Operation 
Mode 

Power Down 

SERIAL TO 
PARALLEL 

CONVERSION 

H 

PN Pattern 

/4-Shift 

Low Speed 

VDD = 5 V 

VDD 3.3 V 

VDD3.0V 

Ext Clock Mode 

Normal Operation 

Remarks 

These settings are independent of power supply. 

To be determined setting high or low speed data rate. 

These pins should be held high depending on power supply voltage and 
others should be left open. 

In case of external clock mode, TX data rate must be set to a frequency 
of 1/40 when DRATE = L, and must be set to a frequency of 1/320 
when DRATE = H. Max data rate is limited by power supply. 

Digital circuits reset condition will be released by rising edge of this 
input. 

ROLL-OFF 
FILTER TODAC 

Xk 
DIFFERENTIAL 

ENCODING 
Yk 

ROLL-OFF 
FILTER TODAC 

Figure 2. DQPSK Baseband Signal Generation 
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DEVICE DESCRIPTION 

7tl4-Shift QPSK Encoding 

RCR standard (STD-28) specifies the basic configuration 
of this modulation scheme as shown in Figure 2. First, serial 
data input is converted to XklYk parallel streams. Then its 
value is compared with one previous symbol IklQk, respec­
tively, whether or not there is a change of polarity. If there is a 
change, result is coded as 1. This two-bit 1U (di-bit) is called 
symbol, hence symbol rate is just half of the data input rate to 
be modulated. 

Phase transitions are determined as shown in Figure 3, 
with respect to four di-bit values of Xk, Yk. (As is shown, 
there should be at least 1[14 of phase shift in each symbol tim­
ing unlike plain QPSK.) Actual in-phase outputs are fed to a 
quadrature modulator circuit, and it is recommended that a 
2- to 3-order LPF be used, which may be used as a level 
shifter and dc offset compensation circuitry at the same time. 

The reference voltage for the DACs is given by connecting 
either of DAref1:3 to VDD according to the operating voltage 
used. It is preferable not to have this vOltage vary, since I/Q 
output levels are affected. 

Timing Generator 

The PLL is intended in order to generate all required timing 
signals for the devices. The VCO oscillating at the PN511 
pattern rate is utilized when some characteristics are mea­
sured. By pulling MODED pin high, the device generates this 
sequence. It is a useful simple measurement for the occu­
pied power bandwidth and the out-of-band power level. The 
sequence itself can also be monitored at the PNO pin. 

This circuit is reset by an external reset signal while the 
low-state of DS is not valid for initializing the generator. 

Voo 90% 

START-UP SEQUENCE 

To ensure stability and to initialize the internal ROM and 
encoder, the start-up sequence should be done at power­
up. Refer to Figure 4. 

Di-Bit Input 

Xk Yk Phase Shift 

0 0 rr/4 
0 1 3rr/4 
1 0 -rr/4 
1 1 -3rr/4 

Q 

Figure 3. Phase Diagram 

- > 1001's 
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REST/PON 

os 1" 
Figure 4. Start-Up Sequence 
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Figure 5. ORATE Equals L: 5 V Operation 
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MCI45750 

I/O OUTPUT I---'\M,..--+----I 

BALANCE CONTROL 

LEVEL SHIFTL .... _ .... ____ -'V'Rvv-__ --1 

Figure 7. I/Q Output Interface Circuit 1 

MCI45750 

I/O OUTPUT I--'\M,..-.... -~'VV'v--~-I 

R 

1 BALANCE CONTROL 

LEVEL SHIFTL .... _ ..... ____ IV
R
V'v-__ ---1 

Figure 8. I/Q Output Interface Circuit 2 

R 

TO MRFICOOOl 
MODULATOR 

TO MRFICOOOl 
MODULATOR 

IF 
(240 MHz) 

r-------~ ~------~ 

lout 

MCI45750 

Oout 

100 k MODULATION UNIT 
SMHU-58 

(Zin ;50 0) 

Measurement Equipment: Advantest Spectrum Analyzer R3365 
Advantest Modulation Accuracy Analyzer R3541 A 
Rohde & Schwarz Modulation Unit SMHU-58 

Conditions: Internal PLL mode, 384 kbps (PHS), TA = 25°C 

Motorola cannot recommend one supplier over another and in no way suggests 
that this is a complete listing of measurement equipment suppliers. 

Figure 9. Modulation Accuracy Measurement Schematic 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Real-Time Clock plus RAM with 
Serial Interface 
CMOS 

The MC68HC68T1 HCMOS Clock/RAM peripheral contains a real-time 
clock/calendar, a 32K x 8 static RAM, and a synchronous, serial, three-wire 
interface for communication with a microcomputer. Operating in a burst mode, 
successive Clock/RAM locations can be read or written using only a single 
starting address. An on-chip oscillator allows acceptance of a selectable crystal 
frequency or the device can be programmed to accept a 50/60 Hz line input 
frequency. 

The LINE and system voltage (VSYS) pins give the MC68HC68T1 the 
capability for sensing power-up/power-down conditions, a capability useful for 
battery-backup systems. The device has an interrupt output capable of 
signaling a microcontroller of an alarm, periodic interrupt, or power sense 
condition. An alarm can be set for comparison with the seconds, minutes, and 
hours registers. This alarm can be used in conjunction with the power supply 
enable (PSE) output to initiate a system power-up sequence if the VSYS pin is 
powered to the proper level. 

A software power-down sequence can be initiated by setting a bit in the 
interrupt control register. This applies a reset to the CPU via the CPUR pin, sets 
the clock out (CLKOUT) and PSE pins low, and disables the serial interface. 
This condition is held until a rising edge is sensed on the VSYS input pin, 
signaling system power coming on, or by activation of a previously enabled 
interrupt if the VSYS pin is powered up. 

A watchdog circuit can be enabled that requires the microcomputer to toggle 
the slave select (SS) pin of the MC68HC68T1 periodically without performing a 
serial transfer. If this condition is not sensed, the CPUR line resets the CPU. 

• Full Clock Features - Seconds, Minutes, Hours (AM/PM), Day-<>f-Week, 
Date, Month, Year (0 - 99), Auto Leap Year 

• 32-By1e General Purpose RAM 
• Direct Interface to Motorola SPI and National MICROWIRE'· Serial Data 

Ports 
• Minimum Timekeeping Voltage: 2.2 V 
• Burst Mode for Reading/Writing Successive Addresses in Clock/RAM 
• Selectable Crystal or 50/60 Hz Line Input Frequency 
• Clock Registers Utilize BCD Data 
• Buffered Clock Output for Driving CPU Clock, Timer, Colon, or LCD 

Backplane 
• Power-On Reset with First Time-Up Bit 
• Freeze Circuit Eliminates Software Overhead During a Clock Read 
• Three Independent Interrupt Modes - Alarm, Periodic, or Power-Down 
• CPU Reset Output - Provides Orderly Power-Up/Power-Down 
• Watchdog Circuit 
• Pin-for-Pin Replacement for CDP68HC68T1 
• Chip Complexity: 8500 FETs or 2125 Equivalent Gates 
• Also See Application Notes ANE425, AN457, and AN1 065 

MICROWIRE is a trademark of National Semiconductor Inc. 

REV 1 (Supercede. DL130) 
5193 
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MC68HC68T1 

PSUFFIX 
PLASTIC DIP 

CASE 648 

DWSUFFIX 
SOG PACKAGE 

CASE 751G 

ORDERING INFORMATION 

MC68HC68T1 P Plastic DIP 
MC68HC68T1 DW SOG Package 

PIN ASSIGNMENT 

CLKOUT! 1- 16 P VDD 

CPUR! 2 15 P XTALout 

INfI 3 14 P XTALin 

SCK! 4 13 P VBATT 

MOSI! 5 12 P VSYS 

MISO! 6 11 P LINE 

SS! 7 10 P paR 

VSS! 8 9 P PSE 

MOTOROLA 



XTALin 
14 

XTALout 
15 

VSATT 
13 

11 
LINE 

CLKOUT+-H--i 

INT~~H--i 

PSE 

CPUR ~'------' 

SCK ---''----------~ 

MISO +"'-----------i 
MOSI~~---------------~ 

SS~-----~--~ 
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INTERFACE 

BLOCK DIAGRAM 

PIN 16=VDD 
PIN8=VSS 
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ABSOLUTE MAXIMUM RATINGS· (Voltages Referenced to VSS) 

Symbol Parameter Value Unit 

VDD DC Supply Voltage -0.5 to + 7.0 V 

Vin DC Input Voltage (except Line Input") - 0.5 to VDD + 0.5 V 

Vout DC Output Voltage - 0.5 to VDD + 0.5 V 

lin DC Input Current, per Pin ±10 mA 

lout DC Output Current, per Pin ±10 mA 

IDD DC Supply Current, VDD and VSS Pins ±30 mA 

PD Power Dissipation, per Package'" 500 mW 

Tstg Storage Temperature -65to+ 150 °C 

TL Lead Temperature (1 O-Second Soldering) 260 °C 

'Maximum Ratings are those values beyond which damage to the device may occur. 
"See Electrical Characteristics Table. 

'" Power Dissipation Temperature Derating: -12 mW/oC from 65 to 85°C. 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields. However, pre­
cautions must be taken to avoid applications of 
any voltage higher than maximum rated volt­
ages to this high-impedance circuit. For proper 
operation, Vin and VOl qhould be constrained 
to the range VSS ,; (Vin or Vout) ,; VDD. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either VSS 
or VDD). Unused outputs must be left open. 

ELECTRICAL CHARACTERISTICS (TA ~ - 40 to + 85°C, Voltages Referenced to VSS) 

Symbol Parameter Test Condition 

VDD Power Supply Voltage Range 

V(stdby) Minimum Standby (Timekeeping) Voltage' 

VIL Maximum Low-Level Input Voltage 

VIH Minimum High-Level Input Voltage 

Vin Maximum Input Voltage, Line Input Power Sense Mode 

VOL Maximum Low-Level Output Voltage lout~ 0 ~A 
lout~ 1.6 mA 

VOH Minimum High-Level Output Voltage lout~ 0 ~A 
lout~ 1.6 mA 

lin Maximum Input Current, Except SS Vin ~ VDD or VSS 

IlL Maximum Low-Level Input Current, SS Vin ~ VSS 

IIH Maximum Pull-Down Current, SS Vin~VDD 

IOZ Maximum Three-State Leakage Current Vout~VDDorVSS 

IDD Maximum Quiescent Supply Current Vin ~ VDD or VSS, All Input; lout ~ 0 ~A 

IDD Maximum RMS Operating Supply Current 10ut~0~, fXTALin ~ 32 kHz 
Crystal Operation Vin ~ VDD or Vss, all fXTALin ~ 1 MHz 

inputs except XTALin, fXTALin ~ 2 MHz 
Clock Out Disabled, fXTALin ~ 4 MHz 

No Serial Access Cycles 

Maximum RMS Operating Supply Current lout~ 0 ~A, fXTALin ~ 32 kHz 
External Frequency Source Vin ~ VDD or Vss, fXTALin ~ 1 MHz 
Driving XTALin, XTALout Open Clock Out Disabled, fXTALin ~ 2 MHz 

No Serial Access fXTALin ~ 4 MHz 
Cycles 

I batt Maximum RMS Standby Current VBATT ~ 3.0 V, fXTALin ~ 32 kHz 
Crystal Operation VSYS ~ 0.0 V, fXTALin ~ 1 MHz 

VDD~O.OV, fXTALin ~ 2 MHz 
10ut~0~, fXTALin ~ 4 MHz 
Vin ~ Don't Care, all inputs except XTALin, 
Clock Out Disabled, No Serial Access Cycles 

'TImekeepmg function only, no read/wnte accesses. Data In the registers and RAM retamed. 
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VDD Guaranteed 
V Limit Unit 

- 3.0 to 6.0 V 

- 2.2 V 

3.0 0.9 V 
4.5 1.35 
6.0 1.8 

3.0 2.1 V 
4.5 3.15 
6.0 4.2 

5.0 12 V p-p 

4.5 0.1 V 
0.4 

4.5 4.4 V 
3.7 

6.0 ±1 ~ 

6.0 -1.0 ~A 

6.0 100 ~A 

6.0 ±10 ~A 

6.0 50 ~A 

5.0 0.1 mA 
0.6 

0.84 
1.2 

5.0 0.024 
0.12 
0.24 
0.5 

0.0 25 ~A 
250 
360 
600 
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AC ELECTRICAL CHARACTERISTICS (TA = -40to + 85°C, CL = 200 pF, Inputtr= tf = 6 ns, Voltages Referenced to VSS) 

Figure 
Symbol Parameter No. 

fSCK Maximum Clock Frequency (Refer to SCK tw, below) 1,2,3 

tPLH, Maximum Propagation Delay, SCK to MISO 2,3 

tpHL 

tPLZ, Maximum Propagation Delay, SS to MISO 2,4 

tpHZ 

tpZL, Maximum Propagation Delay, SCK to MISO 2,4 

tpZH 

tTLH, Maximum Output Transition Time, Any Output (Measured Between 70% VDD 2,3 

trHL and 20% VDD) 

Cin Maximum Input Capacitance 

TIMING REQUiREMENTS (TA = - 40 to + 85°C, Input tr = tf = 6 ns, Voltages Referenced to VSS) 

Figure 
Symbol Parameter No. 

tsu Minimum Setup Time, SS to SCK 1,2 

tsu Minimum Setup Time, MOSI to SCK 1,2 

th Minimum Hold Time, SCK to SS 1,2 

th Minimum Hold Time, SCK to MOSI 1,2 

trec Minimum Recovery Time, SCK 1,2 

tw(H), Minimum Pulse Width, SCK 1,2 

tw(L) 

tw Minimum Pulse Width, POR 

tr,tf Maximum Input Rise and Fall Times (Except XTALin and PORi (Measured 1,2 
Between 70% VDD and 20% VDD) 
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VOO 
V 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

-

VOO 
V 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

Guaranteed 
Limit Unit 

- MHz 
2.1 
2.1 

200 ns 
100 
100 

200 ns 
100 
100 

200 ns 
100 
100 

200 ns 
100 
100 

10 pF 

Guaranteed 
Limit Unit 

200 ns 
100 
100 

200 ns 
100 
100 

250 ns 
125 
125 

200 ns 
100 
100 

200 ns 
200 
200 

400 ns 
200 
200 

- ns 
100 
100 

- ~s 

2 
2 
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~----~~~----------------~~ 

I+-----trec ------:~ 

SCK 
-VSS 

tw(H) 

- t/fSCK ~th .=1~.tsu 
MOSI ZiX/Wi'RAf: A5 AOXXXXXXX~ __ D60=-----~~D-ON""'X""X""7 - VDD 

~ -VSS 

NOTE: Measurement points are VIL and VIH unless otherwise noted on the AC Electrical Characteristics table. 

Figure 1. Write Cycle 

SS 

SCK 

MOSI 

MISO --------,jL------------.<J 

NOTE: Measurement points are VOL. VOH, VIL, and VIH unless otherwise noted on the AC Electrical Characteristics table. 

DEVICE 
UNDER 
TEST 

TEST POINT 

OUTPUT 

'Includes all probe and fixture capacitance. 

Figure 3. Test Circuit 
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Figure 2. Read Cycle 

DEVICE 
UNDER 
TEST 

TEST POINT 

1 {CONNECT TO VDD WHEN 

!-"O..:.U"'TP-'U...;,T ..... -'I/'I/Ir_ TESTING tPl2 AND tpZL 
1- CONNECT TO VSS WHEN I CL' TESTING tpHZ AND tpZH 

, Includes all probe and fixture capacitance. 

Figure 4. Test Circuit 
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OPERATING CHARACTERISTICS 

The real-time clock consists of a clock/calendar and a 32K 
x 8 RAM (see Figure 5). Communication with the device may 
be established via a serial peripheral interface (SPI) or 
MICROWIRE bus. In addition to the clock/calendar data from 
seconds to years, and systems flexibility provided by the 
32-byte RAM, the clock features computer handshaking with 
an interrupt output and a separate square-wave clock output 
that can be one of seven different frequencies. An alarm cir­
cuit is available that compares the alarm latches with the se­
conds, minutes, and hours time counters and activates the 
interrupt output when they are equal. The clock is specifically 
designed to aid in power-up/power-down applications and 
offers several pins to aid the designer of battery-backup sys­
tems. 

CLOCK/CALENDAR 

The clock/calendar portion of this device consists of a long 
string of counters that is toggled by a 1 Hz input. The 1 Hz 
input is derived from the on--{;hip oscillator that utilizes one of 
four possible external crystals or that can be driven by an ex­
ternal frequency source. The 1 Hz trigger to the counters can 
also be supplied by a 50 or 60 Hz source that is connected to 
the LINE input pin. 

The time counters offer seconds, minutes, and hours data 
in 12- or 24-hour format. An AM/PM indicator is available 
that once set, toggles at 12:00 AM and 12:00 PM. The calen­
dar counters consist of day of week, date of month, month, 
and year information. Data in the counters is in BCO format. 
The hours counter utilizes BCD for hours data plus bits for 
12/24 hour and AM/PM modes. The seven time counters are 
read serially at addresses $20 through $26. The time count­
ers are written to at addresses $AO through $A6. (See Fig­
ures 5 and 6 and Table 1.) 

32 x 8 GENERAL-PURPOSE RAM 

The real-time clock also has a static 32 x 8 RAM. The 
RAM is read at addresses $00 through $1 F and written to at 
addresses $80 through $9F (see Figure 5). 

ALARM 

The alarm is set by accessing the three alarm latches and 
loading the desired data. (See Serial Peripheral Interface.) 
The alarm latches consist of seconds, minutes, and hours 
registers. When their outputs equal the values of the se­
conds, minutes, and hours time counters, an interrupt is gen­
erated. The interrupt output goes low if the alarm bit in the 
status register is set and the interrupt output is activated after 
an alarm time is sensed (see Pin Descriptions, INT Pin). To 
preclude a false interrupt when loading the time counters, the 
alarm interrupt bit in the interrupt control register should be 
reset. This procedure is not required when the alarm time is 
being loaded. 

WATCHDOG FUNCTION 

When Watchdog (bit 7) in the interrupt control register is 
set high, the clock's slave select pin must be toggled at regu­
lar intervals without a serial data transfer. If SS is not toggled, 
the MC68HC68T1 supplies a CPU reset pulse a\ Pin 2 and 
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Watchdog (bit 6) in the status register is set (see Figure 7). 
Typical service and reset times are shown in Table 2. 

CLOCK OUT 

The value in the three least significant bits of the clock 
control register selects one of seven possible output fre­
quencies. (See Clock Control Register.) This square-wave 
signal is available at the CLKOUT pin. When the power­
down operation is initialized, the output is reset low. 

CONTROL REGISTER AND STATUS REGISTER 

The operation of the real-time clock is controlled by the 
clock control and interrupt control registers, which are read/ 
write registers. Another register, the status register, is avail­
able to indicate the operating conditions. The status register 
is a read-only register. 

MODE SELECT 

The voltage level that is present at the VSYS input pin at the 
end of power-on reset selects the device to be in the single­
supply mode or battery-backup mode. 

Single-Supply Mode 

If VSYS is powered up when power-on reset is completed; 
CLKOUT, PSE, and CPUR are enabled high and the device 
is completely operational. CPUR is placed low if the voltage 
level at the VSYS pin subsequently goes low. If CLKOUT, 
PSE, andCPUR are reset low due to a power--<:lown instruc­
tion, V SYS brought low and then powered high enables these 
outputs. 

An example of the single-supply mode is where only one 
supply is available and VDO, V BATT, and VSYS are tied to­
gether to the supply. 

Battery-Backup Mode 

If VSYS is not powered up at the end of power-on reset, 
CLKOUT, PSE, CPUR, and SS are disabled (CLKOUT, PSE, 
and CPUR low). This condition is held until VSYS rises to a 
threshold (approximately 0.7 V) above VSATT. CLKOUT, 
PSE, and CPUR are then enabled and the device is opera­
tional. If V SYS falls below a threshold above VBATT, the out­
puts CLKOUT, PSE, and CPUR are reset low. 

An example of battery-backup operation occurs if V SYS is 
tied to VOD and VOD is not receiving voltage from a supply. A 
rechargeable battery is connected to the VSATT pin. The 
device retains data and keeps time down to a minimum 
VSATT voltage of 2.2 V. 

POWER CONTROL 

Power control is composed of two operations, power­
sense and power-downfpower-up. Two pins are involved in 
power sensing, the LINE input pin and the INT output pin. 
Two additional pins, PSE and VSYS, are utilized during 
power--<:lownfpower-up operation. 

FREEZE FUNCTION 

The freeze function prevents an increment of the time 
counters, if any of the registers are being read. Also, alarm 
operation is delayed if the registers are being read. 
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POWER SENSING 

When power sensing is enabled (Power Sense Bit in the 
interrupt control register), ac/dc transitions are sensed at the 
LINE input pin. Threshold detectors determine when tran­
sitions cease. After a delay of 2.68 to 4.64 ms plus the exter­
nal input RC circuit time constant, an interrupt true bit is set 
high in the status register. This bit can then be sampled to 
see if system power has turned back on (see Figure 8). 

The power-sense circuitry operates by sensing the level of 
the voltage present at the LINE input pin. This voltage is cen­
tered around VOO, and as long as the voltage is either plus or 
minus a threshold (approximately 0.7 V) from VOO, a power 
sense failure is not indicated. With an ac signal present, 
remaining in this VOO window longer than a maximum of 
4.64 ms activates the power-sense circuit. The larger the 
amplitude of the signal, the less likely a power failure would 
be detected. A 50 or 60 Hz, 10 V p-p sine-wave voltage is 
an acceptable signal to present at the LINE input pin to set 
up the power-sense function. When ac power fails, an inter­
nal circuit pulls the voltage at the line pin within the detection 
window. 

Power-Down 

Power-down is a processor-directed operation. The 
power-<lown bit is set in the interrupt control register to initi­
ate power-<lown operation. During power-down, the power 
supply enable (PSE) output, normally high, is placed low. 
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The CLKOUT pin is placed low. The CPUR output, con­
nected to the processor reset input pin, is also placed low. In 
addition, the serial interface (MOSI and MISO) is disabled 
(see Figure 9). 

Power-Up 

There are four methods that can initiate the power-up 
mode. Two of the methods require an interrupt to the micro­
computer by programming the interrupt control register. The 
interrupts can be generated by the alarm circuit by setting the 
alarm bit and the appropriate alarm registers. Also, an inter­
rupt can be generated by programming the periodic interrupt 
bits in the interrupt control register. VSYS must be at 5 volts 
for this operation to occur. 

The third method is by initiating the power sense circuit 
with the power sense bit in the interrupt control register set to 
sense power loss along with the VSYS pin to sense subse­
quent power-up condition (see Figure 10). (Reference Fig­
ure 19 for application circuit for third method.) 

The fourth method that initiates power-up occurs when the 
level on the VSYS pin rises 0.7 V above the level olthe VBATT 
pin, after previously falling to the level of VBATT while in the 
battery-backup mode. An interrupt is not generated when 
the fourth method is utilized. 

While in the single-supply mode, power-up is initiated 
when the VSYS pin loses power and then returns high. There 
is no interrupt generated when using this method (see Fig­
ure 11). 
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HEXADECIMAL 

$00 

32 BYTES GENERAL-PURPOSE USER T 

RAM 
H 
R 

READ ADDRESSES ONLY 
U 

$1F 

$20 

T 
H 

CLOCK/CALENDAR R 
U 

READ ADDRESSES ONLY 

$32 

$33 

T 
H 

NOT USED R 
U 

$7F 

$80 

32 BYTES GENERAL-PURPOSE USER T 
H 

RAM R 
U 

WRITE ADDRESSES ONLY 

$9F 

$AO 

T 
CLOCK/CALENDAR H 

WRITE ADDRESSES ONLY 
R 
U 

$B2 

Figure 5. Address Map 
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SECONDS 

MINUTES 

HOURS 

DAY OF THE WEEK 

DATE OF THE MONTH 

MONTH 

YEAR 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

STATUS REGISTER 

CLOCK CONTROL REGISTER 

INTERRUPT CONTROL REGISTER 

SECONDS 

MINUTES 

HOURS 

DAY OF THE WEEK 

DATE OF THE MONTH 

MONTH 

YEAR 

NOT USED 

SECONDS ALARM 

MINUTES ALARM 

HOURS ALARM 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

CLOCK CONTROL REGISTER 

INTERRUPT CONTROL REGISTER 

HEXADECIMAL 

$20 

$21 

$22 

$23 

$24 

$25 

$26 

$27 

$28 

$29 

$2A 

$2B 

$2C 

$20 

$2E 

$2F 

$30 

$31 

$32 

HEXA DECIMAL 

$AO 

$A1 

$A2 

$A3 

$A4 

$A5 

$A6 

$A7 

$A8 

$A9 

$AA 

$AB 

$AC 

$AD 

$AE 

$AF 

$BO 

$B1 

$B2 
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i .. 

HEX ADDRESS 

READ WRITE 

$20 $AO 

$21 $Al 

$22 $A2 

$23 $A3 

$24 $A4 

$25 $A5 

$26 $A6 

$31 $Bl 

$32 $B2 

NIA $A8 

NIA $A9 

I ~1 _________ W_R_IT_8_RE_A_D_RE_G_IS_TE_R_S ________ ~1 ~I ____ FU_N_CT_IO_N __ ~ 
DB7 

I I I I I 

TENSO-5 UNITSO-9 

I I I I I 
I 

TENSO-5 UNITS 0- 9 

I I I I I 
12 I I 

PJrAM 
I, I 

HR x TENSO-2 UNITSO-9 
24 I I I I I 

I I I I I 

X X X X X UNITS 1-7 
I I I I I 
I I I I I 

TENSO-3 UNITS 0-9 

I I I I I 
I I 

TENSO-l UNITS 0-9 

I I I I I 
I I I I I 

TENSO-9 UNITSO-9 

I I I I I 
I I I I I 

7 6 5 4 3 2 1 

I I I I I 

7 6 5 4 3 2 1 

I I I I I 

WRITE-ONLY REGISTERS 

I I I I I 

TENSO-5 UNITSO-9 

i i i 
I I I I I 

TENSO-5 UNITSO-9 
I I I I I 
I I I I 

DBO 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

0 
I 
I 

0 

I 

I 

I 

I 
I 

SECONDS (00 - 59) 

MINUTES (00 - 59) 

DB7, 1 = 12 HR, 0 =24 HR 
DB5,1 =PM,O=AM 
HOURS (01 - 12 OR 00 - 23) 

DAY OF WEEK (01 - 07) 
SUNDAY = 1 

DATE OF MONTH (01 -31) 

MONTH (01 -12) 
JAN=l 

YEAR (00 - 99) 

CLOCK CONTROL REGISTER 

INTERRUPT CONTROL REGISTER 

SECONDS ALARM (00 - 59) 

MINUTES ALARM (00 - 59) 

NlA $AA X X 
Pt1AM 

I TEN~0-2 
UNITS 0-9 HOURS ALARM (01 - 21 OR 00 - 23) 

DB5,1 = PM, 0 = AM IN 12 HR MODE 
I I I I 

READ-ONLY REGISTER 

$BO NIA I 7 : 6 : 5 : 4 : 3 : 2 : 1 : 0 I STATUS REGISTER 

RAM DATA BYTE 

$OOTO$lF $80 TO $9F I 07 : 06 : 05 : 04 : 03 : D2 : 01 : DO I OATA 

NOTE: 
X = Don't Care for Write 
X = 0 for Read 
NI A = Not Applicable 
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Figure 6. Clock/RAM Registers 
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Table 1. Clock/Calendar and Alarm Data Modes 

Address Location 

Read Write Function Decimal Range BCD Data Range BCD Date' Example 

$20 $AO Seconds 0- 59 00-59 21 

$21 $A1 Minutes 0-59 00-59 40 

$22 $A2 Hours" (12 Hour Mode) 1-12 81 -92 (AM) 90 
A1-B2 (PM) 

Hours (24 Hour Mode) 0-23 00-23 10 

$23 $A3 Day of Week (Sunday = 1 ) 1-7 01 -07 03 

$24 $A4 Date of Month 1-31 01 -31 16 

$25 $A5 Month (Jan = 1) 1 -12 01 -12 06 

$26 $A6 Year 0-99 00-99 87 

N/A $A8 Seconds Alarm 0-59 00-59 21 

N/A $A9 Minutes Alarm 0-59 00-59 40 

N/A $AA Hours Alarm'" (12 Hour Mode) 1 -12 01 -12 (AM) 10 
21 -32 (PM) 

Hours Alarm (24 Hour Mode) 0-23 00-23 10 

N/A = Not Applicable 
'Example: 10:40:21 AM, Tuesday, June 16, 1987. 

"Most significant data bit, D7, is "0" for 24-hour mode and "1" for 12-hour mode. Data bit D5 is "1" for PM and "0" for AM in 12-hour mode . 
••• Data bit D5 is "1" for PM and "0" for AM in 12-hour mode. Data bits D7 and D6 are Don't Cares. 
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Table 2. Watchdog Service and Reset Times 

50 Hz 60 Hz XTAL 

Min Max Min Max Min Max 

Service Time - 10 ms - 8.3ms - 7.8ms 

Reset Time 20ms 40ms 16.7ms 33.3 ms 15.6ms 31.3ms 

NOTE: Reset does not occur Immediately after slave select IS toggled. ApprOXimately two clock cycles later, 
reset initiates. 
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L- SERVICE _~.I._ 
1- TIME 

SERVICE 
TIME 

SS----'n'--------'nL...---~--
SCK---------------------------------------------------------------------

CPUR ------------.... u 
Figure 7. Watchdog Operation Waveforms 

XTALin L ±6 
~ T 

XTALout INT 

{ VOO 

Voo 

Voo rvl:t'" 
o V - - --'W\r----j LINE 

REAL-TIME CLOCK 

MSB 
MC68HC68T1 

LSB 

I I 1 1 1 111 I I 

NOTE: A 60 Hz, 10 V p-p sine-wave voltage is an acceptable signal to present at the LINE input pin. 

MC68HC68T1 
2-1250 

Figure 8. Power Sensing Functional Diagram 

IRQ 

MC68HCOSC4 
CPU 
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MOTOROLA 

PSE 

MSB LSB 

111 1 1 1 1 1 I 
INTERRUPT CLKOUT 

CONTROL 
REGISTER 

CPUR 

VSYS 

-.:. I SERIAL .4 
INTERFACE -;; 

REAL-TIME CLOCK 
MC68HC68T1 

TO SYSTEM 
POWER CONTROL 

1i 
I 

1 
I VDD 

i 
~ATT 

MISO 

MOSI 

OSC 1 

RESET 

MC68HC05C4 
CPU 

Figure 9. Power-Down Functional Diagram 

INT 

REAL-TIME CLOCK 
MC68HC68T1 

NOTE: The VSYS pin must be powered up. 

PSE 

CPUR 

CLKOUT 

I 

-f 
I 
I 
I 

-f 
I 
I 

Ju-

MISO 

MOSI 

Figure 10. Power-Up Functional Diagram 
(Initiated by Internal Interrupt Signal Generation) 
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l1li 

PSE 

CLKOUT 

VSYS 

I 

-f 
I 
I 

-f 
I 
I 

---hI 
~ATT 

__ MISO 

I SERIAL r----o- 0 
INTERFACE ~o-____ -I+---,M;;;;O",S;...I _ 

REAL-TIME CLOCK 
MC68HC68T1 

Figure 11. Power-Up Functional Diagram 
(Initiated by a Rise in Voltage on the VSYS Pin) 

PIN DESCRIPTIONS 

CLKOUT 
Clock Output (Pin 1) 

This signal is the buffered clock output which can provide 
one of the seven selectable frequencies (or this output can 
be reset low). The contents of the three least significant bit 
positions in the clock control register determine the output 
frequency (50% duty cycle, except 2 Hz in the 50 Hz time­
base mode). During power-down operation (Power-Down 
bit in the interrupt control register set high), the CLKOUT pin 
is reset low. 

CPUR 
CPU Reset (Pin 2) 

This pin provides an N channel, open-drain output and 
requires an external pullup resistor. This active low output 
can be used to drive the reset pin of a microprocessor to per­
mit orderly power-up/power-down. The CPUR output is low 
from 15 to 40 ms when the watchdog function detects a CPU 
failure (see Table 2). The low level time is determined by the 
input frequency source selected as the time standard. CPUR 
is reset low when power-down is initiated. 

INT 
Interrupt (Pin 3) 

This active-low output is driven from a,single N channel 
transistor and must be tied to an external pullup resistor. 
Interrupt is activated to a low level when anyone of the fol­
lowing takes place: 

1. Power sense operation is selected (Power Sense Bit in 
the interrupt control register is set high) and a power 
failure occurs. 

MC68HC68T1 
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2. A previously set alarm time occurs. The alarm bit in the 
status register and the interrupt signal are delayed 
30.5 ms when 32 kHz or 1 MHz operation is selected, 
15.3 ms for 2 MHz operation, and 7.6 ms for 4 MHz 
operation. 

3. A previously selected periodic interrupt signal activates. 

The status register must be read to reset the interrupt out­
put after the selected periodic interval occurs. This is also 
true when conditions 1 and 2 activate the interrupt. If power­
down has been previously selected, the interrupt also sets 
the power-up function only if power is supplied to the VSYS 
pin to the proper threshold level above VBATT. 

SCK 
Serial Clock (Pin 4) 

This serial clock input is used to shift data into and out of 
the on-chip interface logic. SCK retains its previous state if 
the line driving it goes into a high-impedance state. In other 
words, if the source driving SCK goes to the high--1mpedance 
state, the previous low or high level is retained by on-chip 
control circuitry. 

MOSI 
Master Out Slave In (Pin 5) 

The serial data present at this port is latched into the inter­
face logic by SCK if the logic is enabled. Data is shifted in, 
either on the rising or falling edges of SCK, with the most sig-
nificant bit (MSB) first. . 

In Motorola's microcomputers with SPI, the state of the 
CPOL bit determines which is the active edge bf SCK. If SCK 
is high when SS goes high, the state of the CPOL bit is high. 
Likewise, if a rising edge of SS occurs while SCK is low (see 
Figure 13), then the CPOL bit in the microcomputer is low, 

MOSI retains its previous state if the line driving it goes 
into high-impedance state. In other words, if the source 
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driving MOSI goes to the high-impedance state, the pre­
vious low or high level is retained by on--{;hip control circuitry. 

MISO 
Master In Slave Out (Pin 6) 

The serial data present at this port is shifted out of the 
interface logic by SCK if the logic is enabled. Data is shifted 
out, either on the rising or falling edge of SCK, with the most 
significant bit (MSB) first. The state of the CPOL bit in the 
microcomputer determines which is the active edge of SCK 
(see Figure 13). 

SS 
Slave Select (Pin 7) 

When high, the slave select input activates the interface 
logic; otherwise the logic is in a reset state and the MISO pin 
is in the high-impedance state. The watchdog circuit is 
toggled at this pin. SS has an internal pulldown device. 
Therefore, if SS is in a low state before going to high imped­
ance, SS can be left in a high-impedance state. That is, if the 
source driving SS goes to the high-impedance state, the 
previous low level is retained by on--{;hip control circuitry. 

VSS 
Negative Power Supply (Pin 8) 

This negative power supply reference pin is connected to 
ground. 

PSE 
Power Supply Enable (Pin 9) 

The power supply enable output is used to control system 
power and is enabled high under anyone of the following 
conditions: 

1. VSYS rises above the VBATT voltage after VSYS is 
reset low by a system failure. 

2. An interrupt occurs (if the V SYS pin is powered up 0.7 V 
above VBAn). 

3. A power--<ln reset occurs (if the V SYS pin is powered up 
0.7 V above VBAn). 

PSE is reset low by writing a high into the power-down bit 
of the interrupt control register. 

POR 
Power-On Reset (Pin 10) 

This active-low Schmitt-trigger input generates an inter­
nal power--<ln reset signal using an external RC network (see 
Figures 18 through 21). Both control registers and frequency 
dividers for the oscillator and line inputs are reset. The status 
register is reset except for the first time-up bit (bit 4), which is 
set high. At the end of the power--<ln reset, single-supply or 
battery-backup mode is selected at this time, determined by 
the state of VSYS. 

LINE 
Line Sense (Pin 11) 

The LINE sense input can be used to drive one of two 
functions. The first function utilizes the input signal as the fre­
quency source for the timekeeping counters. This function is 
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selected by setting the line/XTAL bit high in the clock control 
register. The second function enables the LINE input to de­
tect a power failure. Threshold detectors operating above 
and below VDD sense an ac voltage loss. The Power Sense 
bit in the interrupt control register must be set high, and 
crystal or external clock source operation is reqUired. The 
line/XTAL bit in the clock control register must be low to 
select crystal operation. When Power Sense is enabled, this 
pin, left unconnected, floats to VDD. 

This output has no ESD protection diode tied to VDD which 
allows this pin's voltage to rise above VDD. Care must be 
taken in the handling of this device. 

VSYS 
System Voltage (Pin 12) 

This input is connected to system voltage. The level on this 
pin initiates power-up if it rises 0.7 V above the level at the 
VBAn input pin after previously falling below 0.7 V below 
VBATT. When power-up is initiated, the PSE pin returns high 
and the CLKOUT pin is enabled. The CPUR output pin is 
also set high. Conversely, if the level of the VSYS pin falls be­
low VBAn + 0.7 V, the PSE, CLKOUT, and CPUR pins are 
placed low. The voltage level present at this pin at the end of 
POR determines the device's operating mode. 

VBAn 
Battery Voltage (Pin 13) 

This pin is the only oscillator power source and should be 
connected to the positive terminal of the battery. The VBATT 
pin always supplies power to the MC68HC68T1, even when 
the device is not in the battery-backup mode. To maintain 
timekeeping, the VBATT pin must be at least 2.2 V. When the 
level on the VSYS pin falls below VBATT + 0.7 V, VBATT is 
internally connected to the VOO pin. 

When the LINE input is used as the frequency source, 
the unused VBATT and XTAL pins may be tied to VSS. 
Alternatively, if VBATT is connected to VDD, XTALin can be 
tied to either VSS or VDD. 

This output has no ESD protection diode tied to VDD which 
allows this pin's voltage to rise above VDD. Care must be 
taken in the handling of this device. 

XTALin, XTALout 
Crystal Input/Output (Pins 14, 15) 

For crystal operation, these two pins are connected to a 
32.768 kHz, 1.048576 MHz, 2.097152 MHz, or 4.194304 MHz 
crystal. If crystal operation is not desired and Line Sense is 
used as frequency source, connect XTALin to VDD or VSS 
(caution: see VBATT pin description) and leave XTAout open. 
If an external clock is used, connect the external clock to 
XTALin and leave XTALout open. The external clock must 
swing from at least 30 to 70% of (VDD - VSS). Preferably. this 
input should swing from VSS to VDD. 

Voo 
Positive Power Supply (Pin 16) 

For full functionality, the positive power supply pin may 
range from 3.0 to 6.0 V with respect to VSS. To maintain time­
keeping, the minimum standby voltage is 2.2 V with respect 
to VSS. For proper operation in battery-backup mode, a 
diode must be placed in series with VDD. 

MC68HC68T1 
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CAUTION 

Data transfer tolfrom the MC68HC68T1 must not 
be attempted if the supply voltage falls below 
3.0V. 

REGISTERS 

CLOCK CONTROL REGISTER (READIWRITE) - READ 
ADDRESS $31IWRITE ADDRESS $81 

All bits are reset low by a power-on reset. 

Start-Stop 

A high written into this bit enables the counter stages of 
clock circuitry. A low holds all bits reset in the divider chain 
from 32 Hz to 1 Hz. The clock out signal selected by bits DO, 
01, and 02 is not affected by the stop function except the 
1 and 2 Hz outputs. 

Line/XTAL 

When this bit is high, clock operation uses the 50 or 60 
cycle input present at the LINE input pin. When the bit is low, 
the XTALin pin is the source of the time update. 

XTALSelect 

Accommodation of one of four possible crystals are se­
lected by the value in bits 04 and 05. 

0= 4.194304 MHz 

1 = 2.097152 MHz 

2 = 1.048576 MHz 

3 = 32.768 kHz 

The MC68HC68T1 has an on-<:hip 150 kg resistor that is 
switched in series with the internal inverter when 32 kHz is 
selected via the clock control register. At power-up, the de­
vice sets up for a 4 MHz oscillator and the series resistor is 
not part of the oscillator circuil. Until this resistor is switched 
in, OSCillations may be unstable with the 32 kHz crystal. (See 
Figure 12.) 

r--~~---'--l XTALin 

C2 

R1 

R2 
'-..J\II/\r_--! XTALou1 

10-40 pF 

REAL-TIME CLOCK 
MC68HC68T1 

Figure 12. Recommended Oscillator Circuit 
(C1, C2 Values Depend Upon the Crystal Frequency) 
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Resistor R1 is recommended to be 10 Mg for 32 kHz 
operation. Consult crystal manufacturer for R1 value for oth­
er frequencies. Resistor R2 must be used in 32 kHz opera­
tion only. Use a 200 to 300 kg range. This stabilizes the 
oscillator until the control register is set properly. 

50Hz-60Hz 

50 Hz may be used as the input frequency at the LINE in­
put when this bit is set high; a low accommodates 60 Hz. The 
power sense bit in the interrupt control register must be reset 
low for line frequency operation. 

Clock Out 

Three bits specify one of the seven frequencies to be used 
as the square-wave clock output (CLKOUT). 

o = XTAL 4 = Disable (low output) 
1 = XTAU2 5 = 1 Hz 
2 = XTAU4 6 = 2 Hz 
3 = XTAU8 7 = 50/60 Hz for LINE operation 

7 = 64 Hz for XTAL operation 

All bits in the clock control register are reset by a power-on 
reset. Therefore, XTAL is selected as the clock output at this 
time. 

INTERRUPT CONTROL REGISTER (READIWRITE) -
READ ADDRESS $321WRITE ADDRESS $82 

MSB 
D7 

All bits are reset low by power-<>n reset. 

Watchdog 

When this bit is set high, the watchdog operation is en­
abled. This function requires the CPU to toggle the S8 pin 
periodically without a serial transfer requirement. In the event 
this does not occur, a CPU reset is issued at the CPUR pin. 
The status register must be read before re-enabling the 
watchdog function. 

Power-Down 

A high in this location initiates a power-down. A CPU reset 
occurs via the CPUR output, the CLKOUT and PSE output 
pins are reset low, and the serial interface is disabled. 

Power Sense 

When set high, this bit is used to enable the LINE input pin 
to sense a power failure. When power sense is selected, the 
input to the 50/60 Hz prescaler is disconnected; therefore, 
crystal operation is required. An interrupt is generated when 
a power failure is sensed and the power sense and interrupt 
true bit in the status register are set. When power sense is 
activated, a logic low must be written to this location followed 
by a high to re-enable power sense. 

Alarm 

The output of the alarm comparator is enabled when this 
bit is set high. When an equal comparison occurs between 
the seconds, minutes, and hours time counters and alarm 
latches, the interrupt output is activated. When loading the 
time counters, this bit should be reset low to avoid a false in­
terrupt. This is not required when loading the alarm latches. 
See INT pin description for explanation of alarm delay. 
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Periodic Select 

The value in these four bits (DO, 01, 02, and 03) selects 
the frequency of the periodic output (see Table 3). 

Table 3. Periodic Interrupt Output Frequencies 
(at INT Pin) 

03-00 Frequency Timebase 
Value Periodic Interrupt 
(Hex) Output Frequency XTAL Line 

0 Disable 

1 2048 Hz X 

2 1024 Hz X 

3 512 Hz X 

4 256 Hz X 

5 128 Hz X 

6 64 Hz X 

50 or 60 Hz X 

7 32 Hz X 

8 16 Hz X 

9 8 Hz X 

A 4 Hz X 

B 2 Hz X X 

C 1 Hz X X 

D 1 Cycle per Minute X X 

E 1 Cycle per Hour X X 

F 1 Cycle per Day X X 

STATUS REGISTER (READ ONLY) - ADDRESS $30 

NOTE 
All bits are reset low by a power-on reset except 
the first time-up bit which is set high. All bits ex­
cept the power sense bit are reset after a read of 
the status register. 

Watchdog 

If this bit is set high, the watchdog circuit has detected a 
CPU failure. 

First Time-Up 

Power-on reset sets this bit high. This signifies the data in 
the RAM and Clock is not valid and should be initialized. 
After the status register is read, the first time-up bit is set low 
if the POR pin is high. Conversely, if the POR pin is held low, 
the first time-up bit remains set high. 

Interrupt True 

A high in this bit signifies that one of the three interrupts 
(power sense, alarm, or clock) is valid. 
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Power-Sense Interrupt 

This bit set high signifies that the power-sense circuit has 
generated an interrupt. This bit is not resel after a read of this 
register. 

Alarm Interrupt 

When the contents of the seconds, minutes, and hours 
time counters and alarm latches are equal, this bit is set high. 
The status register must be read before loading the interrupt 
control register for valid alarm indication after the alarm acti­
vates. 

Clock Interrupt 

A periodic interrupt sets this bit high (see Table 3). 

SERIAL PERIPHERAL INTERFACE (SPI) 

The serial peripheral interface (SPI) utilized by the 
MC6BHC6BT1 is a serial synchronous bus for address and 
data transfers. The shift clock (SCK), which is generated by 
the microcomputer, is active only during address and data 
transfer. In systems using the MC6BHC05C4 or 
MC6BHC11 AB, the inactive clock polarity is determined by 
the clock polarity (CPOL) bit in the microcomputer's control 
register. 

A unique feature of the MC6BHC6BT1 is that the level of 
the inactive clock is determined by sampling SCK when SS 
becomes active. Therefore, either SCK polarity is accom­
modated. Input data (MOSI) is latched internally on the inter­
nal strobe edge and output data (MISO) is shifted out on the 
shift edge (see Table 4 and Figure 13). There is one clock for 
each bit transferred. Address as well as data bits are trans­
ferred in groups of eight. 

Table 4. Function Table 

Signal 

Mode SS SCK MOSI MISO 

Disabled L Input Input High-Z 
Reset Disabled Disabled 

Write H CPOL= 1 J Data Bit High-Z 

CPOL=O ~ 
Latch 

Read H CPOL=1 ~ X Next Data 
Bit Shifted 

CPOL=O S Out' 

, MISO remains at a High-Z until eight bits of data are ready to be 
shifted out during a read. MISO remains at a High-Z during the entire 
write cycle. 

ADDRESS AND DATA FORMAT 

There are three types of serial transfers: 

1. Read or write address 
2. Read or write data 
3. Watchdog reset (actually a non-transfer) 

The address and data bytes are shifted MSB first, into the 
serial data input (MOSI) and out of the serial data output 
(MISO). Any transfer of data requires the address of the byte 
to specify a write or read Clock or RAM location, followed by 
one or more bytes of data. Data is transferred out of MISO for 
a read operation and into MOSI for a write operation (see 
Figures 14 and 15). 

MC68HC68T1 
2-1255 



SS 
SHIFT INTERNAL 

CPOL = l' ! r STROBE 1 
SCK 
~--------------~~----

SS 
SHIFT INTERNAL 

CPOL=O' 
! r STROBE 1 

~S~CK~ _____________________________ ~ ______ __ 

MOSI-------------------« MSB X MSB-1 >C 
, CPOL is a bit that is set in the microcomputer's Control Register. 

Figure 13. Serial Clock (SCK) as a Function of MCU Clock Polarity (CPOL) 

SCK' 

MOSI~ A7 A6 A5 A4 A3 A2 A1 AO 1%% 
, SCK can be either polarity. 

SS 

SCK' 

MSB 

MOSI ??1 07 06 

MSB 

MISO~ 07 06 

• SCK can be either polarity. 
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MSB LSB 

Figure 14. Address Byte Transfer Waveforms 

\'-----

LSB 

05 04 03 02 01 OO~ 

LSB 

05 04 03 02 01 OO~ 

Figure 15. ReadIWrite Data Transfer Waveforms 
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Address Byte 

The address byte is always the first byte entered after SS 
goes true. To transmit a new address, SS must first be 
brought low and then taken high again. 

MSB 

A7 A6 A5 A4 A3 A2 A1 

A7 - High initiates one or more write cycles. 
Low initiates one or more read cycles. 

A6 - Must be low (zero) for normal operation. 

A5 - High signifies a clock/calendar location. 
Low signifies a RAM location. 

AD - A4 - Remaining address bits (see Figure 5). 

SS-./ 

LSB 

AO 

SCK 
1111 " II 

WRITE ~SI ~ ADDRESS BYTE 

Address and Data 

Data transfers can occur one byte at a time or in multi-byte 
burst mode (see Figures 16 and 17). After the MC68HC68Tl 
is enabled (SS = high), an address byte selects either a read 
or a write of the Clock/Calendar or RAM. For a single-byte 
read or write, one byte is transferred to or from the Clock/Cal­
endar register or RAM location specified by an address. 
Additional reading or writing requires re-enabling the device 
and providing a new address byte. If the MC68HC68Tl is not 
disabled, additional bytes can be read or written in a burst 
mode. Each read or write cycle causes the Clock/Calendar 
register or RAM address to automatically increment. Incre­
menting continues after each byte transfer until the device is 
disabled. After incrementing to $1 F or $9F, the address 
wraps to $00 and continues if the RAM is selected. When the 
Clock/Calendar is selected, the address wraps to $20 after 
incrementing to $32 to $82. 

\-----

111111 " 

DATA BYTE 

-C0SI ~ ADDRESS BYTE 

READ 

MISO-------------------------«~ _____________ D_A_TA_B_YT __ E ____________ ~)~-------

Figure 16. Single-Byte Transfer Waveforms 

SS~ 

SCK 11111111 11111111 IIIIIIII~ 11111111 

WRITE ~SI :...<:...<:.....::...L....::...J __________ -L.. __________ L-________ .....I \,--________ ---''--'-........ '--'--''-

-'pSI ~ ADDRESS BYTE 

READ b o _________________ -« DATA BYTE 0 X DATA BYTE 1 ~ DATA BYTE n )>-----

-----II 1 WfRADDRESS 
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Figure 17. Multiple-Byte Transfer Waveforms 
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APPLICATION CIRCUITS 

AC 
LINE 

---< ~ 
BRIDGE! 

REGULATOR 

100ka 
-:!:-

NOTE2 
16 10 

VDD POR 

A 
INT 3 

11 
LINE VSYS 

12 

NOTE 1 

A~ MC68HC68Tl 

~ VBATI CPUR 2 

.: 

SS 7 

SCK 4 

MOSI 5 

MISO 6 

XTALin 
14...L 

NOTES: 
1. Clock circuit driven by line input frequency. 
2. Power-on reset circuit included to detect power failure. 

I 0.1~F 

VDD 

NOTE 3 

I 

3. If an MC68HCll MCU is used, delete the capacitor at the RESET pin. 

2 

1 

34 

33 

32 
31 

Figure 18. Power-Always-On System 
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40 

VDD 

IRQ 
39 

61 
T~ 

MC68HC05C4 38 

J.. 

RESET r 

PORT 

SCK 

MOSI 
MISO 
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A~II [ BRIDGE! .. 
REGULATOR 

~, 

~ RCHA~GE 

4-1 vv 

'1' 100ka 

J -= 13 16 10 I 0.1 ~F 40 
,~ 

VBATT VDD POR VDD 
14 

±~ VSYS 
12 

NOTE 2 =9 15 INT 
3 2 

IRQ 
VDD t MC68HC68T1 MC68HC05C4 

11 
LINE CPUR 

2 1 
RESET 

NOTE 1 I NOTE3 

CLKOUT 
1 39 

OSC 1 

SS 
7 28 

PORT (e.g., PCO) 
6 31 

Misa MISO 

MaSI 
5 32 MaSI 

SCK 
4 33 SCK 

NOTES: 
1. The LINE input pin can sense when the switch opens by use of the power sense interrupt. The MC68HC68T1 crystal 

drives the clock input to the CPU using the CLKOUT pin. On power-down when VSYS < VSATT + 0.7 V, VSATT 
powers the clock. A threshold detect activates an on-chip P channel switch, connecting VSATT to VDD· VSATT 
always supplies power to the oscillator, keeping voltage frequency variation to a minimum. 

2. For 32.768 kHz oscillator, see Figure 12. This configuration, when the MC68HC68T1 supplies the MCU clock, usually 
requires a 1 to 4 MHz clock. 

3. If an MC68HC11 MCU is used, delete the capacitor at the RESET pin. 

Figure 19. Externally-Controlled Power System 

POWER-DOWN PROCEDURE 

A procedure for power-down operation consists of the fol­
lowing: 

1. Set power sense operation by writing bit 5 high in the 
interrupt control register. 

2. When an interrupt occurs, the CPU reads the status 
register to determine the interrupt source. 

3. Sensing a power failure, the CPU does the necessary 
housekeeping to prepare for shutdown. 

MOTOROLA 

4. The CPU reads the status register again after several 
milliseconds to determine validity of power failure. 

5. The CPU sets power-down (bit 6) and disables all 
interrupts in the interrupt control register when 
power-down is verified. This causes the CPU reset and 
Clock Out pins to be held low and disconnects the serial 
interface. 

6. When power returns and VSYS rises above VSATT + 
0.7 V, power-up is initiated. The CPU reset is released 
and serial communication is established. 

MC68HC68T1 
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"eo', lilt , L. __ B_RI,DG_8 __ ~---------.--------~--~ REGULATOR 1 

" ,;. ~ ~ NC 

(EPS) 
~ ________ --I" ENABLED 

I- POWER 
SUPPLY 

100~ 
12 

'1' 
VDD 

RCHARGE ± 0.1 I1F 10 
POR 

16 
VSYS VDD 

NOTE 1 
14 

PSE 1-'9'-'1/VIr-t 

MC68HC68Tl MC68HCOSC4 

XTAL CPUR 1-"-2 _____ -+--'41 ~ RESET 

15 VDD NOTE 2 

~ 
INT 1-'3~~ ______ -=,2~ IRQ 

'--______ JI/I,I\r-____ --l1"'1 +I LINE CLKOUT 1 39 OSC 1 

SS 7 28 PORT 

SPII4--------:.;."';....-----~ SPI 
3 Vss VSS 

NOTES: 
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1. See Figure 12 for 32.76B kHz operation. This configuration, where the MC6BHC6BT1 supplies the MCU clock, 
usually requires a 1 to 4 MHz crystal. 

2. If an MC68HC11 MCU is used, delete the capacitor at the RESET pin. 

Figure 20. Rechargeable Battery-Backup System 
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A 
CLOCK 

BUDON 

-L 

12V 

--=- IGNITION ENABLED POWER 

I I ~ 
.... 

--1 sv I .... 
REG 1 

40 I 116 I 12 
r--< 

11 

4 + LINE VDD VSYS VDD 

1 100kO 
PORT ~ 

:r ...!! VBAD 
O.l~FI ~ -POR 

PSE 
9 

= 
NOTE 1 

MC68HC68Tl MC68HC05C4 
14 XTAL = 2 1 

i-=:l 2MHz CPUR RESET 
NOTE 2 

=Q I 
15 

1 39 
CLKOUT OSC 1 

~( INT 
3 2 

IRQ 

SPI SPI 

= 7 ' 3 27 
VSS SS PORT VSS 

8.L 2'U.. 

NOTES: 
1. The V SYS and Line inputs can be used to sense the ignition turning on and off. An external switch is included to activate the 

system without turning on the ignition. Also, the CMOS CPU is not powered down with the system VDD, but is held in a low 
power reset mode during power-<:lown. When restoring power, the MC68HC68Tl enables the CLKOUT pin and sets the 
PSE and, CPUR pins high. 

2. If an MC68HC11 MCU is used, delete the capacitor at the RESET pin. 

Figure 21. Automotive System 
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3.0V 
NON-RE CHARGEABLE 

BA JTERY 
II + 

0.1 flF 

1 kQ .... 1' ... 
~\l 

RLiMIT DBLOCK 

0.1 flF 13 16 12 

VBATT VDD VSYS 
11 

-a LINE 
MISO POR 

5 
3 

MOSI 

7 
INT XTALout 

4 
SS 

SCK 
XTALin 

MC68HC68T1 

CLKOUT 
2 

CPUR PSE 

VSS 

8.1. 

VCC 

I 

100kQ 

! 
10 

15 215kQ' 

c532.768 I 10MQ 
14 T kHz -= 

I 10PP 

1 

9 

• Actual values may vary, depending on recommendations of crystal manufacturer. 

Figure 22. Non-Rechargeable Battery-Backup System 

0.1 flF 

39 pF' 
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TROUBLESHOOTING 

1. The circuit works, but the standby current is well above 
the spec. How can the standby current be reduced? 

OV 

a. If using a 32.768 kHz crystal, include a series resistor 
in the circuit per Figure 12 of the data sheet. A good 
value to start with is 200 kQ. The signals at XTALout 
and XTALin pins should look similar to Figure 23 
when the correct value is selected. The sharp, clean 
edges on the XTALout pin reduces current on the 
totem pole drivers internal to the device. 

APPROXIMATELY 30.52 i!s 

~ SEENOTE 

XTALoul 

1T02V p-p 

XTALin 

NOTE: Refer to item 8. 

Figure 23. XTAL Waveforms 

b. Connect the LINE pin to something other than VDD 
(e.g., VBATT. VSS, VSYS) 

c. Ensure that the Power-On-Reset (POR) has a time 
constant of at least 100 ms. 

d. Ensure that there is a diode from VDD to + 5 V of the 
system, in battery-backup applications. See 
Application Circuits. 

2. When power is applied, the clock does not start up nor 
does it hold data in the control registers. 

Make sure the POR circuit is connected and working. 

3. The clock loses time, but the oscillator is tuned. 

Do not make constant accesses to the clock. When a read 
or write cycle is started, the clock stops incrementing 
time. 

MOTOROLA 

4. When the part is power cycled, the clock loses all time and 
data. 

Check the battery installation and ensure that a diode is 
in the circuit from VDD to + 5 V. 

5. Can a non-rechargeable lithium battery be used? 

Yes, but the battery must have a large capacity. Careful 
attention MUST be given if the end unit needs to be UL 
approved. The circuit of Figure 22 is a good start. 

6. Able to read/write data to the RAM but not to the clock reg­
isters, or vice versa. 

There is a software problem. There is no internal differ­
ence from reading/writing to the RAM or clock locations. 

7. How is the oscillator tuned? 

The best way to tune the oscillator is 10 set the clock out 
bits of the Clock Control Register (bits 0, 1, and 2) to 
output the primary XTAL frequency (000). The frequency 
can then be more accurately measured from the 
CLKOUT pin. This prevents the measuring device from 
loading the oscillator circuit, which may shift the fre­
quency. 

8. What is the accuracy of the oscillator? 

The oscillator accuracy is dependent on the quality of the 
crystal used. For every 1 ppm variance in crystal fre­
quency, the clock gains or loses 2.6 seconds per month. 
25 ppm is a typical spec for a crystal, which translates to 
± 65 seconds per month. 

9. Can the Line pin sense a dc failure? 

Yes, the Line input is threshold triggered in a window from 
one diode drop above and below VDD. If supply is 
removed in the low cycle of a sine wave, the internal 
network pulls ttle line pin to within the threshold in a few 
milliseconds. In the absence of a dc voltage outside the 
VDD ± 0.7 V window, the internal network pulls the signal 
to within the window and triggers the interrupt. 

10. Can the VSYS line be more than 0.5 Vabove VOO? 

No. There is an ESD protection network that causes a 
supply problem with this application. 

11. The CLKOUT, CPUR, and PSE pins do not go inactive 
when VOO and VSYS are removed. The CLKOUT, CPUR, 
and PSE are not active immediately when VOO and VSYS 
is applied. 

The problem is related to the power up procedure 
(battery-backup mode or single-supply mode). See 
these sections in the data sheet for more information. 

MC68HC68T1 
2-1263 



l1li 

MOTOROLA 
- SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 
Telephone Ring Signal Converter 

The TCA3385 is a high efficiency telephone ring signal converter designed for 
use with the TCA3386 (it can also be used stand-alone). These devices, together 
with a microprocessor, form the basis for a high-performance feature telephone 
set. 

The circuit includes a switching regulator which converts the ring signal from the 
telephone line into a DC supply signal suitable for powering the other devices in 
the telephone, e.g. TCA3386 and the MPU, during the ringing phase. 

• High efficiency step-down DC/DC converter with linear input impedance 

• Power derived from rectified AC ring signal or DC voltage 

• Drive output for external PNP transistor 

• System supply voltage determined by external transistor, coils and diodes 

• Two modes of operation: fixed internal or programmable ring detectthreshold 
(7 to 35V) 

• Programmable input impedance between 3K and 15Kohms 

• Ring detect output for microprocessor 

• Lightning and mains protection 

• Applications: telephone set, answering machine, home appliance, etc ... 

TCA3385 

'. DP SUFFIX 
PLASTIC PACKAGE 

CASE 626 

FPSUFFIX 
PLASTIC PACKAGE 

CASE 751G 

ORDERING INFORMATION I 

=s5-DPPI,,', DIP ,I. 

TCA3385-FP SO package ~ 

BLOCK DIAGRAM AND TYPICAL APPLICATION CIRCUIT 
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TCA3385 PIN DESCRIPTIONS 

Pin 1 GND, GROUND 
This is the reference ground for the overall system. 

Pin 2 V cC' POWER SUPPLY 
The output is a current which will establish a voltage 
defined by the load circuit and the voltage regulator 
(typically 5-6 volts for telephone application). 

Pin 3 DRV, DRIVE OUTPUT 
This output directly drives the base of the PNP transis­
tor of the switch mode power supply system. 

Pin 4 CO, CURRENT OUTPUT 
This pin provides constant current output for charging 
the external capacitor Cose' 

Pin 5 LI, LINE INPUT 
This pin can be driven either by a DC voltage or a non 
filtered rectified AC voltage. In a typical telephone 
application, it is connected to the positive side of a 
diode bridge before the twisted pair cable. 

Pin 6 Rin 
An external resistor Rin connected between this pin 
and LI sets the input impedance of the circuit. 

• GNO 1 8 ROO 

Vee 2 7 MS 

DRV 3 6 Rin 

CO 4 5 LI 

OlL8 pins 

MOTOROLA 

Pin 7 MS, MODE SELECT 
An external resistor RL connected between this pin 
and ground sets the value of the ring detect threshold. 

If RL = 0, Mode 1 is selected and a fixed 12 volt level 
is automatically chosen by the internal level sensor 
circuitry. 

Otherwise Mode 2 is selected and RL determines the 
value of the ring detect threshold. In Mode 2 RL also 
affects the input impedance of the circuit. 

Pin 8 ROO, RING DETECT OUTPUT 
This is a digital output for a microprocessor which 
indicates that a ring signal has been detected. This pin 
will shift from low to high each time the input voltage 
passes the preset threshold voltage. 

Depending on its load (resistive or capacitive). the 
signal at this pin can either remain high during the ring 
time, or be a square wave at twice the ringing signal 
frequency. 

GNO 1 

N.C. 2 

Vee 3 

N.C. 4 

ORV 5 

N.C. 6 

CO 7 

N.C. 8 

• 16 

15 

14 

13 

12 

11 

10 

9 

SOIC wide 16 pins 

ROO 

N.C. 

MS 

N.C. 

Rin 

N.C. 

LI 

N.C. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Value Unit 

Line Voltage 120 Vrms 

Input Impedance 3K to 15K Ohms 

Maximum Peak Current (crowbar on) 500 mA 

Storage Temperature Range -65 to +150 °C 

Operating Junction Temperature 150 °C 

Devices should not be operated at or outside these values. Actual device operation should be restricted 
to within the "Recommended Operating Limits". 

RECOMMENDED OPERATING LIMITS 

Parameter 

Operating Ambient Temperature Range 

Line Voltage 

Line Source Impedance 

THERMAL DATA 

Parameter 

Thermal Resistance Junction-Ambient 
Plastic Package Case 626 
SO Package Case 751G 

TCA3385 
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Symbol 

T. 

Vin 

Zs 

Min Typ Max Unit 

0 70 °C 

90 Vrms 

500 Ohms 

Value Unit 

°CtN 
90 

110 
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ELECTRICAL CHARACTERISTICS 

Parameter Symbol Min 

Ring Detect Output Voltage High Voh Vee 
-0.93 

Ring detect Output Voltage Low Vol 

Turn-on Threshold Input Voltage Vd1 11.2 

(Mode 1, RL =0, ILoad=O) 

Threshold Temperature Drift DVd1 
(Mode 1, RL =0) 

On/Off Threshold Hysteresis Hysl 1.2 

(Mode 1, RL =0, ILoad=O) 

Turn-on Threshold Input Voltage Vd2 8 

(Mode 2, limit fixed by ext res RL) 

Threshold Temperature Drift DVd2 
(Mode 2) 

On/Off Threshold Hysteresis Hys2 0.5 

(Mode 2) 

Ring Detect Output Pull-up Current Id up 0.5 

(Vin = 15V) 

Ring Detect Output Pull-down Current Id down 
Low State (V ROO < Vee /2) 60 

I High State (VRDO > Vee /2) 10 

Vee Level (Ring Detector Enabled) Vee on 2.75 

@Vee max = 5.5V 

Vcc Level (Ring Detector Disabled) Vee off 1.40 

@ Vee max = 5.5V 

Ring Detect Output Rise Time tr 
(no capacitor) 

Ring Detect Output Fall Time !t 
(no capacitor) 

Ring Detect Output Ripple Vdrip 
(Crd = 0.471J.F, f = 50Hz, no load) 

MOTOROLA 

Typ 

Vee 
-0.7 

11 

12 

-5 

1.8 

-20 

1.5 

100 

20 

3.1 

1.8 

1 

4 

0.25 

Max 

Vee 
-0.57 

20 

13.0 

2.4 

35 

7 

2.5 

140 

26 

3.45 

2.3 

0.5 

Unit 

V 

mV 

V 

mV{"C 

V 

V 

mV{"C 

V 

mA 

J.IA 

V 

V 

j.lS 

j.lS 

Vpp 

TCA3385 
2-1267 



.. 

SWITCH MODE POWER SUPPLY 

Parameter 

Vee Output Voltage (iload = 36mA) 

Output Power (Vin = 90V rms, f = 50Hz) 

Power Supply Efficiency 

Switching Frequency 

(Vin = 4Ov, Rin = 500Kn) 

Output Voltage Ripple 

(lioad = 36mA, Cload = 220IJ.F, Vin = 90V rms) 

Case Charge Current 

(Vin = 20V, Rin = 500Kn, RL = 0) 

Case Discharge Current 

(Vin = 20V, Rin = 500Kn, RL = 0) 

LINE INPUT AND PROTECTION 

Parameter 

Input Impedance 

Off-state (Vin = 4.5V, Rin = 500Kn, RL = 0) 

On-state (Vin > 25V, Mode 1, RL = 0) 

Fixed by external resistance Rin 
On-state (Vin > 25V, Mode 2) 

Fixed by external resistance Rin and RL 

Non-linearity @ 35 <Vin < 75 V 

Mode 1 

Mode 2 

Overvoltage Protection Threshold (Crowbar on) 

Crowbar-on Input Voltage 

(Crowbar On, Ilimit = 40mA) 

Crowbar-on Power Dissipation 

(Limited by Internal 100 ohms + external res.) 

Crowbar Turn-on Delay (CRD = 0.1 IlF) 

TCA3385 
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Symbol 

Vee 

Pout 

Eff 

Fs 

Vee rip 

leharge 

Idiseh. 

Symbol 

Zin 

NL 

Vov 

Von 

Pd 

Ton 

Min Typ Max Unit 

Fixed by Zener diode 

600 mW 

50 55 % 

25 35 45 KHz 

0.5 0.7 Vpp 

3.1 3.5 4.1 mA 

--
11 18 25 mA 

Min Typ Max Unit 

Kohm 

25 50 

3 ~ 15 

100 

3 Rin+2RL 15 
--,-00 

% 

3 8 

3 8 

120 135 147 V 

4.3 6.5 8.7 V 

1.3 W 

130 IJ.S 
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INTRODUCTION 

The TCA3385 is primarily intended for converting the 
ring signal delivered by a central office or PABX into a 
DC voltage which is suitable for powering the other 
components in an electronic telephone. It will supply 
the power to enable the use of the features of a 
sophisticated telephone, such as MPU control, gen­
eration and amplification of ringing melodies at a 
speaker, display short messages of information, etc ... 
while the telephone is on-hook. 

The circuit combines a high efficiency DC/DC con­
verter and a level sensor device which acts as a 
programmable ring detector and indicator for a MPU, 
thus initiating the operation of the telephone. 

Overvoltage protection is also achieved using a "crow­
bar" technique. 

LINE INPUT AND PROTECTION 

The DC/DC converter has linear input impedance, 
which means that the circuit input impedance is ohmic 
and constant whenever the input voltage varies above 
the turn-on threshold voltage inside the tolerated 
limits. Anyvalue between 3Kand 15Kohmscan be set 
using one or two resistors, depending on the mode of 
operation (see paragraph "RING DETECTOR" below). 
In Mode 1 the circuit input impedance lin is a ratio of 
the resistor Rin between pin 5 and pin 6: lin = Rin/100. 
In Mode 2, lin is a function of Rin and the resistor RL 
between pin 7 and ground: lin = (R in + 2RL)/100. 

On the other hand, the turn-on input circuitry guaran­
tees that the input impedance is high at low voltages 
to avoid perturbing the line. 

The overvoltage protection device consists of two 
thyristors in series which are turned-on at a voltage 
between 120V and 150V. The input current is limited 
by a 100 ohms internal resistor, but an external resistor 
is mandatory to prevent excessive currents. A 500 
ohms series resistor is recommended as minimum. 

RING DETECTOR 

The TCA3385 includes a ring detector (also called level 
sensor) whose function is to provide a digital output for 
a MPU. It only operates when the circuit is sufficiently 
powered, i.e. when the DC/DC converter output (Vee) 
has reached a level greater than 3V. It also has hys­
teresis which powers the level sensor off at 2V. 

MOTOROLA 

Figure 1, Ring Detection Threshold (Mode 2) 
vs Rin and RL 

The digital output shifts from low to high according to 
the line input voltage, a preset level for detection and 
its load at pin 8. 

The level for ring detection may be set using one or 
two modes of operation as previously noted. In Mode 
1, where pin 7 is connected to ground, an internally 
fixed level is set as the ring detect threshold, which is 
typically 12 Volts. In Mode 2 operation, where an 
external resistor RL is connected between pin 7 and 
ground, the ring detect threshold is programmable. Its 
value is a function of RL (see Figure 1). 

It should be noted that due to the I C design structure, 
Mode 1 is not a particular case of Mode 2. In fact, in 
MOdeULmust be chosen high enough so that the 
ring detector works efficiently (the minimum limit is 
fixed by the upper limit of 35V for the ring detect 
threshold; see Figure 1). 

In a telephone application, where the input signal is a 
rectified AC ringing signal. we can choose between 
two output modes at pin 8, pulsed or continuous: 
without a capacitor at pin 8, the ouput voltage will 
change state each time the input crosses the ring 
detect turn-on and turn-off thresholds, thus providing 
information on the frequency of the ring signal; on the 
other hand, if the load at pin 8 is a capacitor, the output 
voltage will shift from lowto high only the first time the 
input crosses the turn-on threshold, and remain high 
until the end of the ringing pulse. This is permitted by 
the internal input circuitry at pin 8, which has an 
emitter-follower transistor for pull-up and a non-linear 
current generator for pull-down (20~ for slow dis­
charge, 1 OO~ for fast discharge; see Figure 2). 

TCA3385 
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SWITCHMODE POWER SUPPLY 

The TCA3385 is basically a DC/DC converter which 
works with external components: a PNP transistor, a 
coil, a zener diode, a capacitor and a holding diode. 

The circuit drives the external PNP for switching the 
current into the coil. This PN P should be a fast switching 
transistor, with a switching time of less than 2% of the 
total pulse time To = 1/fo (where fa is the switching 
frequency). For example, in a 50KHz application (To = 
20115), rise time and fall time should be less than 
400ns; this is mandatory to keep the efficiency of the 
switch mode greater than 50%. Also, the PNP must 
withstand voltages as high as 150V. In the suggested 
application, a MPSA92 (or a BDC06) is used. 

The holding diode should also have a low forward 
voltage drop and fast switching characteristics so that 
high power output is achieved. It must withstand 
voltages as high as 150V. The coil as well should have 
its losses (both magnetic and resistive) minimized. 

The DC/DC converter consists of 3 main blocks: 

- a current mirror which produces a constant current 
for charging the external capacitor. This current is 
dependent on Vin. 

- a comparator to set the switching frequency of the 
power supply. The switching frequency is mainly 
dependent on the input voltage Vin and the input 
impedance Zin' 

- a drive stage for the PNP transistor. 

TCA3385 
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1.5 mA 

Figure 2. Ring Detect Output Stage 

2 

8 

ROO 

EXTERNAL PROTECTION RESISTOR 

This device has been designed to accept overvoltage 
input signals, by switching ON two serial input thyris­
tors, from levels exceeding 120V between pin 5 and 
pin 1. In this case the current is limited by an internal 
100 ohms series resistor with an external resistor Rv 
(nominally 500 ohms). 

al Fast input signals 

If the slew rate of the overvoltage pulse is much 
greater than 500V/ri1s (which is valid for a 11lF series 
capacitor with a current limit of 500mA), then the peak 
current is equal to the applied peak voltage divided by 
the external resistance Ry. 

Under these conditions, the absolute maximum peak 
current is equal to 500mA, no matter how short the 
pulse. 

For example: for 400Vmaximum limit, Ry = 400V/0.5A 
= 800 ohms. 

bl Slow input signals 

For slow signals (eg: ringing signals 25, 50, 100 Hz ... ) 
the maximum current must be limited to 250mA. So, 
for the French standard ringing voltage, Ry is equal to 
120V max/0.25A = 500 ohms. 

If the overvoltage is higher, Ry must be calculated for 
the new maximum input voltage. 
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o 

Figure 3. Input Impedance vs Vin @ Rin = 500K 
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00,-------,--------,-------,-------, 

ro ~------_+--------1---------~------_1 

40 50 60 70 

INPUT VOLTAGE @ Ain = 500 K (volts) 

Figure 4. SMPS Efficiency vs Vin @ Rin = SOOK 

20,------.------,-----~r-----_r--~__. 

40 ~ M ~ n 
INPUT VOLTAGE @ Ain = 500 K (volts) 

80 

Figure 6. Vee vs Vin @ Rin = SOOK (without Zener) 
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Figure 7. Oscillator frequency vs Vin 

TCA3385 
2-1271 



® MOTOROLA 

Advance Information 
Telephone Line Interface 

The TCA3388 is a telephone line interface circuit which performs the basic 
functions of a telephone set in combination with a microcontroller and a ringer. 
It includes dc and ac line termination, the hybrid function with 2 adjustable 
sidetone networks, handset connections and an efficient supply point. 

FEATURES 

Line Driver and Supply 

• DC and AC Termination of the Telephone Line 

• Selectable DC Mask: France, U.K., Low Voltage 

• Current Protection 

• Adjustable Set Impedance for Resistive and Complex Termination 

• Efficient Supply Point for Peripherals 

• Hook Status Detection 

Handset Operation 

• Transmit and Receive Amplifiers 

• Double Anti-Sidetone Network 

• Line Length AGC 

• Microphone and Earpiece Mute 

• Transmit Amplifier Soft Clipping 

Dialing and Ringing 

• Interrupter Driver for Pulse-Dialing 

• Reduced Current Consumption During Pulse-Dialing 

• DTMF Interfacing 

• Ringing via External Ringer 

Application Areas 

• Corded Telephony 

• Cordless Telephony Base Station 

• Answering Machines 

• Fax 
• Intercom 

• Modem 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 

TCA3388 
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TCA3388 

TELEPHONE LINE 
INTERFACE 

SEMICONDUCTOR 
TECHNICAL DATA 

-

RXI 

TXI 

Mic 

LAO 

LAI 

HYL 

HYS 

eM 
IMP 

SAO 

DPSUFFIX 
PLASTIC PACKAGE 

CASE 738 

FPSUFFIX 
PLASTIC PACKAGE 

CASE 7510 

PIN CONNECTIONS 

(Top View) 

RX02 

RX01 

Gnd 

Vee 
Iref 
MUT 

PI 

HSO 

DeM 
SAl 

ORDERING INFORMATION 

Tested Operating 
Device Temperature Range Package 

TCA3388DP DIP 

TCA3388FP 
TA = 0° to +70°C 

sOle 
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Handset 
Earpiece 

Handset 
Microphone 

Simplified Block Diagram 

DC Mask Generation 
AC Termination 

2-4 Wire Conversion 

I _________ .J 

This device contains 1,911 active transistors. 

MAXIMUM RATINGS 

Rating Symbol Min Max 

Maximum Junction Temperature TJ - +150 

Storage Temperature Range Tstg -65 +150 

NOTE: Devices should not be operated at or outside these values. The "Recommended Operating 
Limits" provide for actual device operation. 

RECOMMENDED OPERATING CONDITIONS 

Characteristic 

Operating Temperature Range 

DC ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic 

VOLTAGE REGULATOR 

Regulated Supply at Pin 17 VCC 
ICC=7.0 mA 
ICC=20 mA 

ICC=SO mA 

Current Consumption at Pin 17, Pin PI = High ICC 

DRIVER DC CHARACTERISTICS 

Available Current at LAO 14 
Source Current 
Sink Current 

Amplifier AS Driver Slope SS 

LAO Voltage (PI = High, 14 = 100 I'A) VLAO 

Unit 

°c 

°c 

Internal Offset (Pins 5 to 10) V01-V02 

SPEECH AMPLIFIERS 

IMP Voltage (Pin 9, Closed Loop) VIMP 

Earpiece Amplifier DC Bias (Rext = 100 kQ) 
RXI, Pin 1 VRXI 
RX01 Pin 19 VRX01 
RX02, Pin 20 VRX02 

MOTOROLA 

3.4 
3.45 

3.5 

-

45 
-100 

0.7 

-

30 

-

-
-
-

Line + 

Line-

3.7 
3.75 

3.S 

--

70 
-70 

1.0 

-

SO 

1.6 

1.6 
1.7 

1.45 

4.0 
4.05 

4.1 

600 

100 
-45 

1.2 

270 

140 

-

-

-
-

Vdc 

I'A 

I'A 

I'AlmV 

mV 

mV 

Vdc 

Vdc 
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DC ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C) 

Characteristic 

SPEECH AMPLIFIERS 

Offset (VRXOI - VRX02) 

HYL and HYS DC Bias Voltage 
Normal Mode 
PI = High. 

Microphone Amplifier DC Bias at TXI 

Saturation Voltage at Mic @ 1.0 mA 

Leakage Current into Mic @ 3.7 V 

HOOK STATUS OUTPUT (Pin 13) 

High Level Voltage @ - 5.0 IlA Load Current. Off-Hook. VSAI = Max 

Maximum Load Current 
Normal Mode 
PABXMode 

Low Level Voltage @ + 5.0 IlA Load Current, VSAI = - 5.0 mV 
Normal On-Hook 
PI = High 

Time Delay from On-Hook or Off-Hook 

PULSE INPUT (Pin 14) 

Input Impedance 

DC Bias Voltage 

Input Current 
Make Phase 
Break Phase 

MUTE INPUT (Pin 15) 

Input Impedance 

DC Bias Voltage 

Input Current 
Speech Mode 
Mute Mode 

DC MASK CHARACTERISTICS 

French 
Internal Slope 
Voltage on SAl (12C = 3.6 IlA) 
Voltage on SAl (12D = 4.0 IlA) 
Delta Offset Voltage on SAl (12E = 30 !tA) 

U.K. 
I nternal Slope 
Voltage on SAl (12C = 3.5 IlA) 
Voltage on SAl (l2D = 3.9 IlA) 
Delta Offset Voltage on SAl (12E = 30 IlA) 

Low Voltage Mode 
I nternal Slope 
Voltage on SAl (12C = 13 IlA) 
Voltage on SAl (l2D = 15 ItA) 
Delta Offset Voltage on SAl (12E = 20 IlA) 

Overvoltage Protection Threshold (VLAI - VSAO) 
French and U.K. DC Masks 
Low Voltage DC Mask 

Protection Voltage Level (VLAI- VSAO) 
French and U.K. DC Masks 
Low Voltage DC Mask 

TCA3388 
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VOffset 

VHYI 
VHY2 

VTXI 

VMic 

ILeak 

VHSOH 

IHSOL 
IHSOH 

VHSOL 
VHSOLPI 

TDel 

ZPI 

VPIL 

IplL 
IplH 

ZMI 

VMI 

IMIL 
IMIH 

RI 

Vc 
VD 

VE-VD 

RI 

Vc 
VD 

VE-VD 

RI 

Vc 
VD 

VE-VD 

VClampl 

VClamp2 

- 0.25 0.70 

Vdc 
- 2.4 -
- 1.4 -
- 1.45 - Vdc 

- 250 300 mV 

- - 2.0 ItA , 

2.7 2.9 - Vdc 

!tA 
- - 5.0 
20 - -

Vdc 
- - 0.60 

2.7 2.9 -
- 3.5 - ms 

- 160 - kQ 

- 1.4 - Vdc 

IlA 
-1.0 - 1.0 
-10 - 10 

- 160 - kQ 

- 1.4 - Vdc 

IlA 
-1.0 - 1.0 
-10 - 10 

120 160 200 mViIlA 
0.40 0.47 - Vdc 
- 0.49 0.57 Vdc 
- - 30 mV 

210 260 310 mV/1tA 
0.59 0.70 - Vdc 
- 0.72 0.83 Vdc 
- 20 50 mV 

100 125 150 mViIlA 
1.0 1.2 - Vdc 
- 1.3 1.55 Vdc 
- - 100 mV 

mV 
530 580 650 
280 - 385 

mV 
350 - 440 
280 - 440 
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AC ELECTRICAL CHARACTERISTICS (TA = 25°C) 

Characteristic 

TRANSMIT MODE 

French and U.K. 
Maximum Transmit Gain (12 = 3.0 ~A) K~O 

Line Length Regulation (12 = 30 ~A) 6.KII 
Gain in Protection Mode (12 = 30 ~A) K~p 

Low Voltage Mode 
Maximum Transmit Gain (12 = 3.0 ~A) K~O 

Line Length Regulation (12 = 8.2 ~A) 6.K~ 

Gain in Protection Mode (12 = 8.2 IIA) K~p 

Gain Reduction when Microphone is Muted 6.K~m 

RECEIVE MODE 

French 
Maximum Internal Transconductance (12 = 3.0 ~A) GeO 
Line Length Regulation (12 = 18 ~A) 6.Ge 
Hybrid Weighting Factor (12 = 18 ~A) mr 
Line Length Regulation (HYS @ Vee. 12 = 9.0 ~A) 6.Ge 
Protection Mode (12 = 18 ~A) GElp 

U.K. 
Maximum Internal Transconductance (12 = 3.0 ~A) Geo 
Line Length Regulation (12 = 18 ~A) 6.Ge 
Hybrid Weighting Factor (12 = 13 ~A) mr 
Line Length Regulation (HYS @ Vee. 12 = 9.0 ~A) 6.Ge 
Protection Mode (12 = 18 ~A) Gep 

Low Voltage Mode 
Maximum Internal Transconductance (12 = 3.0 ~) GeO 
Line Length Regulation (12 = 8.0 ~A) 6.Ge 
Hybrid Weighting Factor (12 = 7.0 ~A) mr 
Line Length Regulation (HYS @ Vee. 12 = 4.0 ~A) 6.Ge 
Protection Mode (12 = 8.0 ~A) Gep 

Earpiece Gain Reduction when Muted 6.Gem 

TRANSMIT PABX MODE 

French and U.K. 
Transmit Gain (12 = 3.0 ~A) KpABX 
Variation with Line Length (12 = 30 ~A) 6.KpABX 

Low Voltage Mode 
Transmit Gain (12 = 3.0 ~A) KpABX 
Variation with Line Length (12 = 30 ~A) 6.KpABX 

RECEIVE PABX MODE 

French 
Internal Transconductance (12 = 5.0 ~A) GpABX 
Hybrid Weighting Factor (12 = 5.0 ~A) mr 
Variation with Line Length (12 = 30 ~A) 6.GpABX 

U.K. 
Internal Transconductance (12 = 5.0 ~) GpABX 
Hybrid Weighting Factor (12 = 5.0 ~A) mr 
Variation with Line Length (12 = 30 ~A) 6.GpABX 

Low Voltage Mode 
Internal Transconductance (12 = 3.0 ~) GpABX 
Hybrid Weighting Factor (12 = 3.0 ~A) mr 
Variation with Line Length (12 = 30 ~A) 6.GpABX 

DISTORTION 

French 
Transmit (12 = 10 ~A) THDT 
Receive (12 = 6.0 ~A) VE = 700 mV THDR 

VE = 1250 mV 

NOTE: VE IS the differential earpiece voltage across Pins 19 and 20. 
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11.25 12.5 
5.5 6.5 
10.5 12.5 

11.25 12.5 
4.5 6.0 
10.5 12.5 

60 -

150 180 
2.95 3.7 
0.4 0.5 
1.5 2.1 
145 185 

150 180 
2.8 3.5 
0.4 0.5 
1.4 1.9 
145 185 

150 185 
4.2 5.7 
- 0.5 
- 3.0 

145 185 

60 -

9.25 10.5 
-0.5 -

9.25 10.5 
-0.5 -

120 145 
0.8 0.9 

-0.5 -

120 145 
0.65 0.75 
-0.5 -

120 145 
- 0.9 

-0.5 -

- -
- -
- -

13.75 
7.5 
14.5 

13.75 
7.5 
14.5 

-

210 
4.45 
0.6 
2.5 
230 

210 
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AC ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C) 

Characteristic 

DISTORTION 

Low Voltage % 
Transmit (12 = 10 1lA) THDT - - 3.0 
Receive (12 = 6.0 I1A) VE=700 mV THOR - - 3.0 

VE= 1250mV - - 5.0 

NOTE: VE is the differential earpiece voltage across Pins 19 and 20. 

TYPICAL TEMPERATURE PERFORMANCE 

Characteristic Typical Value @ 25°C Typical Change - 20 to + 60°C 

VCC Regulated Supply @ Pin 17 3.7 -0.8mVrC 

Current Consumption at Pin 17, Pin PI = High 400 IlA -0.55I1ArC 

Amplifier A8 Driver Slope 1.0 l1A!mV - 0.0035 11A!mV/oC 

Voltage on SAl Vc French = 0.47 Vdc 0.35mV/oC 
U.K. = 0.70 Vdc 

VD French = 0.49 Vdc 
U.K. = 0.72 Vdc 

Internal Slope for Low Voltage Mode 125 mViI1A 0.07 mV/I1A!°C 

Transmit Gain KilO 12.5 dB 0.01 dB/oC 

Line Length Regulation AKI1 French 6.5 dB < 0.3 dB Variation 
U.K. 6.5 dB < 0.3 dB Variation 
L.V. 6.0 dB - 0.05 dB/oC 

Internal Transconductance GeO 180 !lAN < 1.0 dB Variation 

Line Length Regulation AGe French 3.7 dB < 0.5 dB Variation 
U.K. 3.5 dB < 0.5 dB Variation 
L.V. 5.7dB -0.04dB/oC 

NOTE: Temperature data is typical performance only, based on sample characterization, and does not provide guaranteed limits over temperature. 

Pin 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
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Symbol 

RXI 

TXI 

Mic 

LAO 

LAI 

HYL 

HYS 

CM 

IMP 

SAO 

SAl 

DCM 

HSO 

PI 

MUT 

Iref 

VCC 

Gnd 

RX01 

RX02 

PIN FUNCTION DESCRIPTION 

Description 

Earphone Amplifier Input 

Microphone Amplifier Input 

Microphone Bias Current Sink 

Line Driver Amplifier Output 

Line Driver Amplifier Input 

Hybrid Network Input for Long Lines 

Hybrid Network Input for Short Lines 

DC Mask Signal Filtering 

Reference Voltage 

Line Current Sense Amplifier Output 

Line Current Sense Amplifier Input 

DC Mask Select 

Hook Status Output, PABX Mode Select 

Pulse Input 

Mute Input 

Reference Current 

Supply Voltage 

Ground 

Earphone Amplifier Output 

Earphone Amplifier Inverted Output 
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DESCRIPTION OF THE CIRCUIT 

Concept 
With a TCA3388, a microcontroller and a ringer, a basic 

telephone set can be built according to the concept depicted 
in Figure 1. 

In off-hook position, the application is in speech mode. 
The line current flows through transistor T2 and supplies the 
externals (microcontroller) at the supply point VCC which is 
stabilized by the TCA3388. The Vline, lline characteristic is 
adjusted by the external components ZO, Z1, Z21 and R1 
which are in a regulator loop, acting on transistor T2. The ac 

impedance is generated in a similar way. The handset can be 
connected directly to the TCA3388. Via a logic level interface, 
the microcontroller drives the TCA3388 to perform the 
DTMF/pulse-dialing. The user keyboard has to be connected 
to the microcontroller. In on-hook position, a ringing melody 
can be generated with a ringer application. 

Line + 

The block diagram of the TCA3388, in Figure 2, shows the 
basic blocks of the device plus the essential external compo­
nents. 

Figure 1. Telephone Concept with TCA3388 

Z1 ZO 

Z21 

TCA3388 

Handset 

R1 Gnd 

Figure 2. Block Diagram of the TCA3388 with Essential Components 

Z2 C16 ZO 
DTMF 

R12 

7 16 
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R6 
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R9 C5 

31 TCA3388 1... _____ _ 

SAl 

DC Mask Generation 
AC Termination 

2-4 Wire Conversion 
Line Length AGC 
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PABX 

11 12 
PI 
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ZDCM R22 
To/From 

Microcontroller 
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Stabilizer 

References 
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R1 
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DC CHARACTERISTICS AND STARTUP 

The dc mask has the general form as depicted in Figure 3. 
The TCA3388 offers the possibility to adjust the dc charac­

teristics of all 4 regions via mask selection and hardware 
adjustments. 

The selection of the 3 masks, France, United Kingdom 
and Low Voltage; can be done via the lDCM network at Pin 
DCM as shown in Figure 4. For French and U.K. masks, the 
region 3 with the high slope is within the normal dc feeding 
conditions. For Low Voltage mask the region 3 will be outside 
this and the dc mask is mainly determined by regions 1 
and 2. 

Figure 3. General Form of the DC Mask 
of the TCA3388 

VLine 

-------'-1-----, 

I 
I 
I 

_______ .J __ 

-+_+-_____ J...... __ '-_-'-... ILine 

Region 1: Startup, Low Line Current, High Slope 
Region 2: Mid-Range Line Current, Low Slope 
Region 3: High Line Current, High Slope 
Region 4: Overload Protection 

Figure 4. Selection of the Country Mask via Pin DCM 

IDCM (itA) 

14 

11 

4 

FR 

----------~ 
U.K. /' I I 

------::..~ II 
// I I I I 

LV // I I I I 
I I I I 
I I I I 

-+--,-------jr---r--t-t--- VDCM(V) 
0.5 2.0 2.5 3.0 3.2 

DCM 

L.V. 

lDCM for the L.V., U.K. and FR Mask 

VCC 

R23 
56 k 

R24 
47 k 

U.K. 

DCM 

C21 

110 1' 

DCM 

R25 
1.0M 

FR 

C18 

1470n 

The capacitor in the U.K. network is to ensure a stable 
selection of the mask during all working modes and transi­
tions. The capacitor in the French network is used to create a 
startup in Low Voltage Mask. 

The adjustment possibilities will be discussed below with 
the aid of the block diagram of Figure 5. 

Figure 5. DC Part of the Block Diagram of the TCA3388 

Line+O"O----..... ---------------------<J_-------.....,. 

Z2 Zl 

C16 IMpr--------, 

~ I 
____ ...1 1.~V 1- I 

+ I 

RX 

I 
I 

ZO 

____ .!!9.!.... __________ .i'~ __ 1 

SAl 
TCA3388 Rl 

R5 

VCC 

+ 
C7 

Line- O------------+---------------..l\/'V\r----.... ---. 
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The TCA3388 offers the possibility to connect 2 sidetone 
networks Zl and Z2. For correct dc operation, the dc imped­
ance of these networks must be equal. When only 1 sidetone 
network is used, Pin HYS has to be connected to HYl. All for­
mulas below are based on a single sidetone network, so only 
Zl appears. When 2 sidetone networks are used, Zl has to 
be replaced by Zl//Z2. 

In region 1, the transfer of the amplifier G at the HYUHYS 
inputs equals zero. The voltage difference between SAO and 
SAl will equal VOl. The slope REl of the VUne, IUne charac­
teristic will equal: 

REl = Rl x (1 + ~~) 
In region 2, the output current of the amplifier G will be 

proportional to the input current. As a result the voltage 
between SAO and SAl will increase with the line voltage. 
Speech signals on the line are of no influence on this 
because they are filtered out via capacitor C16. The slope 
RE2 of the VUne, IUne characteristic will equal: 

RE2 = Rl x [1 +Bl 1 ID] 
Zl + ZO 

In region 3, the output current of the amplifier G is kept 
constant. As a result the slope in region 3 will equal the slope 
of region 1. 

The transfer from region 2 to 3 occurs at the pOint VLK, ILK 
defined by: 

VLK = Zl x 12CD + 2 VBE + VCD + V02 

~01 x (Zl x 12CD + 2 VBE) + VCD 
ILK = Rl 

With: 12CD = 12C ~ 120, and V CO 

and 2 VBE "'" 1.4 V, V02 "'" 1.1 V 

When the French or U.K. mask is selected, this transfer 
takes places for line currents of 30 mA to 40 mA depending 
on the components settings. With the Startup and Low Volt­
age mask, the transfer lies outside the normal operating 
range with line currents of 90 mA or more. In most applica­
tions the transfer from region 1 to 2 takes place for line cur­
rents below 10 mAo 

With proper settings, region 4 is entered only during an 
overload condition. In this mode, the power consumption in 
the telephone set is limited. In order to detect an overload 
condition, the voltage between the Pins LAI and SAO is moni­
tored. When the voltage difference is larger than the thresh­
old VClampl, the protection is made active. The relation forthe 
line voltage VLP at this point is given as: 

ZO 
VLP = Z2l x VClampl + VCO + V02 

When the protection mode is entered, the line current is 
reduced to a lower value ILP of: 

I _ V Clamp2 + (VOl - V02) 

LP - Rl 

MOTOROLA 

When the line voltage becomes lower than VLP, the over­
load condition is removed and the TCA3388 will leave region 
4. 

The current drawn from the line by the dc part is used to 
supply the TCA3388 and peripheral circuits. The excess loop 
current is absorbed by the voltage regulator at Pin VCC, 
where a filter capacitor is connected. The reference for the 
circuit is Pin Gnd. 

Startup of the application is ensured by an internal startup 
circuit. When the line current flows, the hook status output 
pin HSO goes high. This informs the microcontroller that the 
set is off-hook. When the line current is no longer present the 
pin will go low again. Because the line current is monitored, 
and not the line voltage, also an interrupt of the exchange 
can be recognized. 

AC CHARACTERISTICS 
Impedance 

In Figure 6, the block diagram of the TCA3388 performing 
the ac impedance is depicted. As can be seen it is partly com­
mon with the dc mask block diagram. The part generating the 
dc mask is replaced by a dc voltage source because for ac, 
this part has no influence. 

Figure 6. AC Stage of the TCA3388 

Line + 0---....--------___, 

Vee 

Z21 

Line- o---4-----'I/I/v----..... ---' 

When calculating the ac loop, it can be derived that the set 
impedance Zin equals 

Z. =VUne =Rl(l+~)=Rl ZO 
In IUne Z2l x Z21 

As can be noticed, the formula for the ac impedance Zin 
equals the formula for the dc slope in regions 1 and 3. How­
ever, because for the dc slope the resistive part of ZO and 
Z21 are used, the actual values for Zin and the dc slopes do 
not have to be equal. 

A complex impedance can be made by making either ZO 
or Z21 complex. When ZO is made complex to fit the set 
impedance the transmit characteristics will be complex as 
well. The complex impedance is therefore preferably made 
via the Z21 network. Because Z21 is in the denominator of 
the Zin formula, Z21 will not be a direct copy of the required 
impedance but a derivative of it. Figure 7 gives this derived 
network to be used for Z21. 
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Figure 7. Derived Network for Z2l in Case of 
Complex Set Impedance 

Rv Rv 
SAO ---A,}VIr-_--'\IV\,~- LAI 

Rw 

Cb ---. 

Gnd 

R - R1 x ZO 
v - 2( Ra + Rb - R1 ) 

R1 x ZO (Ra- R1) 
Rw = --,---'---''---~ 

4 Rb( Ra + Rb - R1 ) 

2 
4 Rb x Cb 

Cw = R1 x ZO 

TRANSMIT 
When a current is injected on Pin LAI, via the loop 

depicted in Figure 6, a signal is created on the line. In this 
way the microphone signals and DTMF signals (from an 
external source) are transmitted. It can be derived that the 
signal voltage on the line (VUne) depends on the signal cur­
rent injected in LAI (fLAI) according to: 

ZO x lUne 
VUne = -I LAI x lin + lUne 

With this relation, a simplified replacement circuit can be 
made for the transmit amplifier (see Figure 8). Here the prod­
uct of ILAI and lO is replaced by one voltage source. 
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Figure 8. Replacement Diagram for 
the Transmit Amplifier 

lin 

+ 

t 
-ILAl'lO VUne lUne 

The microphone signal current is derived from the micro­
phone signal according to the schematic in Figure 9. 

Figure 9. Microphone Amplifier Input Stage 

r------------
,-..... ------;;--0 vCC TCA3388 

I 
I 
I 
I lu LineAGC 

X ILAI 

I Mic t 
Mute L ___________ _ 

The input stage of Figure 9 consists of a current amplifier 
with transfer Ku. an input impedance of 1.Ok (RTXI). plus an 
allenuator which reduces the signal current at high line cur­
rents (AGC). This attenuator can be switched onloff via the 
microco,ntroller. The input current lu within the telephony 
speech band is derived from the microphone signal according 

With: Vu = signal of the microphone only loaded with RMic 

The overall gain from microphone to line (ATX) now follows 
as 

A = VUne 
TX Vu 

Ku ZO x lUne 

Ru x lin + lUne 

Practically. the gain can be varied only with lO, Ru and 
RMic· 

The TCA3388 offers the possibility to mute the micro­
phone, also called privacy mode. by making the MUT Pin 
high. During pulse-dialing, the microphone bias is switched 
off, Pin Mic will be made high impedance, shutting off the 
microphone dc current. This reduces the current consump­
tion of the circuit during pulse-dialing. 
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Figure 10. Receive Part of the TCA3388 
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RECEIVE 
The receive part of the TCA3388 is shown in Figure 10. 
The receive signal is picked up by the amplifiers at the 

HYUHYS inputs. These are the same amplifiers present in 
the dc loop of Figure 5. The signal is first converted to current 
by the transconductance amplifier with transfer Ge. The mul­
tiplier placed after performs the line length AGC. It switches 
over between the 2 signals at HYS and HYL according to the 
line current via a modulation factor m. Afterwards, the current 
is converted back to voltage via the external feedback net­
work ZLoad. The resulting voltage is available at output 
RX01, and inverted at RX02. 

From the diagram of Figure 10 the receive gain (ARX) can 
be derived as: 

ARX = ~RXO = Ge x R1 x ZLoad x (i- +-t) 
Line H In 

W· h 1 R20. f·d It : Z = R1 x Z1 In case 0 1 Sl etone network and 
H 

HYS connected to HYL, or 

1 R20 R19 
ZH = m x R1 x Z1 + (m -1) R1 x Z2 in case of 

2 sidetone networks 

More information on ZH and the modulation factor m can 
be found under the sidetone characteristics. 

The earpiece can either be connected as a single ended or 
as a differential load. The above calculated gain is valid for the 
single ended case. When connecting as a differential load, the 
gain is increased by 6.0 dB. The TCA3388 offers the possibil­
ity to mute the signal coming from the line to the earpiece. This 
can be useful during pulse- and DTMF-dialing. 

MOTOROLA 

SIDETONE 
When a transmit signal is transmitted to the line, a part of 

the signal is returned to the receive channel due to the archi­
tecture of the 2 to 4 wire conversion of the hybrid. During 
transmit, the signal on the line will be -ILine x ZLine. During 
receive, the signal on the line will be ILine x Zin. When replac­
ing Zin in the formula for the receive gain, it follows that the 
signal on the earpiece output due to a sending signal on the 
line will be: 

Vear = Ge x R1 x Z x (..1... __ 1_) 
V Line (transmit) Load ZH ZLine 

In applications with 1 sidetone network where HYS is con­
nected to HYL, it follows: 

..1...=~ =_1_ 
ZH R1 x Z1 ZHL 

ZH has to be chosen according the average line imped­
ance, and the average linelength of the countries involved in 
the application. A complex sidetone network can be made via 
a complex Z1 which is preferred above making R20 complex. 
The coupling capaCitor C17 in series with R20 is meant only 
to block dc. 

For applications with 2 sidetone networks it follows: 

1 R20 R19 
ZH = m R1 x Z1 + (m -1)R1 x Z2 = 

m _1_ + (m _ 1) _1_ 
ZHL ZHS 

The ZH thus exists as ZHL for long lines with low line cur­
rents and as ZHS for short lines with high line currents. This 
can be useful in applications such as DECT and handsfree 
where the sidetone has to be minimized to reduce the effect 
of delayed echoing and howling respectively. The TCA3388 
will automatically switch over between the 2 hybrid networks 
as a function of line current. This is expressed in the factor m. 
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The relation between the line current and the factor m is 
depicted in Figure 11. 

Figure 11. Modulation Factor m as a Function 
of Line Current 

m 

1.0+---""1 
1 

1 

0.5 
____ L __ 

1 

1 

1 
-If-----j----+-----"--. IUne 

ILstart ILstop 

For low line currents below ILstart, thus long lines, the fac­
tor m equals 1. This means the hybrid network ZHL is fully 
used. For high line currents above 'Lstop, thus short lines, the 
factor m equals O. This means the hybrid network ZHS is fully 
used. Both networks are used 50% for the intermediate line 
current 11m. 

The switch over between the 2 networks takes place in 
region 3 for the French and U.K. mask and in region 2 for the 
Low Voltage mask. 

LINE LENGTH AGC 
The TCA3388 offers the possibility to vary the transmit and 

receive gain over line length in order to compensate for the 
loss in gain at longer line lengths. In the block diagrams of the 
transmit and receive channels (Figures 9, 10) the line AGC is 
drawn. The line AGC can be switched off by connecting a 
150 kQ resistor between HSO and Gnd. In this case, the 
transmit and receive gain are lowered by 2.0 dB with respect 
to the value calculated in the formulas above. 

The line AGC characteristics for both transmit and receive 
channel have the general shape depicted in Figure 12. 

Figure 12. General Line AGC Characteristics 

Nominal 
Gain 

Gain 

I 
I 
I 
I 

Gain = Nominal Gain 
IL -ILstart 

1 + ---­
I Lrange 

Reduced 
Gain ----1---1 

I I 
I I 
I i----i,;.====.;t-,----'une 

ILstart ILrange 

For low line currents, and thus long lines, the gains are 
nominal. When the line current has increased above ILstart 
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with a current ILrange, the gain is reduced by 6.0 dB. Due to 
·the general characteristics of the line AGC curve, the gain will 
be decreased further for higher currents. 

For France and U.K., the line AGC will be active in region 
3 of the dc characteristics. The ILstart is approximately equal 
to the ILK- The range is calculated from: 

I = Z1 x (12R - 12CD) 
Lrange RE3 

For Low Voltage mask, the line AGC is active in region 2. 

DIALING 
Pulse-dialing is performed by making pin PI high. As a 

result the output LAO goes low and the loop will be discon­
nected. Internally the current consumption of the circuit is 
reduced and the current through the microphone is switched 
off. 

DTMF-dialing is performed by supplying a DTMF signal 
current to Pin LAI. This is the same node where the micro­
phone signal currents are internally applied. Therefore, for 
the DTMF gain the same formulas apply. Because the micro­
phone preamplifier is bypassed, there is no influence on 
DTMF signals by the line length AGC. 

A DTMF confidence tone can be generated on the ear­
piece by injecting a signal current at the RXI pin. Because 
only the earpiece amplifier itself is used, there are no effects 
from AGC or hybrid switch over. 

For correct DTMF-dialing the pin MUT has to be made 
high. This mutes both the microphone and earphone pream­
plifier. In this way signals from the microphone will not be 
amplified to the line and signals from the line are not amplified 
to the earpiece. 

The complete interfacing of the DTMF generator with the 
TCA3388 is shown in the typical application. 

SUPPORT MATERIAL 

Device Specification: Brief description of the TCA3388, 
block diagram, device data, test 
diagram, typical application 

User manual TCA3388: Extended description of the circuit 
and its concept, adjustment 
procedure, application hints and 
proposals 

Demonstration board: Shows performance of the TCA3388 
in its basic application 

TYPICAL APPLICATION 
The typical application below is based on the demoboard 

of the TCA3388. It contains the speech transmission part, 
diode bridge, hook switch and microcontroller interfacing. 
The dc mask setting on the bottom left is given for France, 
U.K. and Low Voltage applications. The component values 
are given in the table of Figure 13. The line driver is extended 
with Tl, D5 and R3 which increases the signal swing under 
low line voltage conditions. 
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s:: Figure 13. Typical Application 
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Item 

Rl 

R3 

R5 

R6 

R7 

R8 

R9 

Rll 

R12 

R13 

R14 

R15 

R16 

R17 

R18 

R19 

R20 

R21 

R22 

R23 

R24 

R25 

R26 

R27 

R28 

R29 

Rp 

Cl 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

Cl0 

Cll 

C12 

C13 

C14 

C15 

C16 

C17 

C18 

C19 
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Location 
on Board 

Line Driver 

Line Driver 

Line Driver 

Receive Gain 

Transmit Gain 

DTMFGain 

Transmit Gain 

DTMFGain 

Irej, Pin 16 

ZO 

ZO 

Zl 

Zl 

Z2 

Z2 

Sidetone Bal 

Sidetone Bal' 

Z21 

PABX 

Mask Setting 

Mask Setting 

Mask Setting 

Pin 19 

Pin 20 

Z21 

Transmit Gain 

Line+ 

AlB 

Line Driver 

Receive Gain 

DTMFGain 

Transmit Gain 

Transmit Gain 

Pin 17 

DTMFGain 

ZO 

Zl 

Z2 

Z21 

Sidetone Bal 

Sidetone Bal 

Pin 8 

Sidetone Bal 

Mask Setting 

Pin 19 

Figure 13. List of Components for Typical Application TCA3388 

Application 
Remarks 

BasicL.V. France U.K. 

16 16 18 

10 k 

loOk 

150 k 

2.2 k 

470 k 

39 k 

56 k 

121 k 1.0% 

580 k 560 k 330 k 

- 680 k 620 k 

620 k 1.2m 1.8m l 
130 k 300 k 330 k 

- 620 k 820 k 

- 820 k 1.5m 

- 18 k '39 k 

7.5 k 15 k 22 k 

16k 16k 18 k 

150 k 

- - 56 k 

- - 47 k 

- 1.0m -
10 Stability 

10 Stability 

0 

1.0 k VMic 

0 22 22 

10 n EMC 

470 p 

220 p 

10 n 

10n 

6.8n 

220 I' VCC,10V 

10 n 

- 4.7n 330 p 

220 P 120 P 150 P 

- 82 P 150p 

470 P 

470 p Stability 

- 470 P 470 P Stability 

680 n 680 n 2.21' DC Mask 

680 n 

- 470 n -
100 n Stability 
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Location 
Item 

on Board 

C20 Pin 20 

C21 Mask Setting 

C22 Pin 17 

C23 Z21 

C24 Transmit Gain 

C25 Pin 2 

C26 Pin 16 

T1 Line Driver 

T2 Line Driver 

T3 Line Driver 

D1-D4 Bridge 

D5 Line Driver 

Z1 AlB 
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Figure 13. List of Components for Typical Application TCA3388 
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SEMICONDUCTOR TECHNICAL DATA 

Advance Information 
Universal Programmable 
Dual PLL Demo Board 

The LK45162EVB is a demo board for the 2.5 to 5.5 V, 60 MHz Universal 
Dual PLL (MC145162). This demo board implements the front~nd receiver of 
a 1.7/47 MHz base set cordless phone per the United Kingdom standard. It 
contains three main parts: MCU, FM-IF receiver, and UDPLL. Also, the demo 
board supports demonstrating reception of additional RF signals encompassing 
standard cordless phone frequencies of other countries. This is accomplished 
with proper DIP switch settings and by modifying a capacitor value on the demo 
board. 

LK45162EVB Features 

• Front-End Receiver for 1.7/47 MHz Base Set CT -0 per the United 
Kingdom Standard 

• Configurable to One of Seven Different Countries' CT -0 Standard by 
Proper DIP Switch Setting. The Configurable Country Standards are 
France, Spain, New Zealand, Australia, United Kingdom, United States, 
and Korea. 

• Eight-Position DIP Switch to Program the On-Board MC145162 for 
Different Programming Schemes and Different MC145162 Configurations 

• Provides MC145162 TEST and NORMAL Mode of Operation 
• Two 7-Segment LED Displays Included for Channel Number Indication 
• Single 5.0 V Power Supply 

MC145162 Features 

• Dual Phase Detectors with Programmable Receive, Transmit, Reference, 
and Auxiliary Reference Dividers 

• 2.5 to 5.5 V Operating Voltage Range 
• 200 mV p-p Input Sensitivity 
• 3 mA @ 2.5 V Operating Current 
• Maximum Operation Frequency Up to 60 MHz 
• 3- or 4-Pin Serial Interface to External MCU 

• Standby Mode 

LK45162EVB 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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LK45162EVB 
3-4 

200mV/DIV 
500 J.ls/DIV 

FM GENERATOR 

D 
DIP 

MC3362 SW3 

0 
MC145162 

MC68HC805C4 

CARRIER: 47.45625 MHz 
SIGNAL: 1 kHz 
Yin: 100 J.lV 
FREQ. DEV.: 2 kHz 

D OJ DIP 
SW4 7-SEGMENT 

LED 

CJ 
CJ 

CHANNEL RESET 
SWITCH SWITCH 

0 0 

Figure 1. Configuration of LK45162EVB Demo Board 
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SEMICONDUCTOR TECHNICAL DATA 

Advance Information 
Low-Voltage Universal 
Programmable Dual PLL 
Demo Board 

The LK45165EVB is a demo board for the 1.8 V, 60 MHz Universal Dual PLL 
(MCI45165). This demo board implements the front-end receiver of a 
45/48 MHz base set cordless phone per the Chinese standard. It contains four 
main parts: MCU, adjustable voltage regulator, FM-IF receiver, and UDPLL. 
Also, the demo board supports demonstrating reception of additional RF 
signals encompassing standard cordless phone frequencies of other countries. 
This is accomplished with proper DIP switch settings and by modifying a 
capacitor value on the demo board. 

LK45165EVB Features 

• Front-End Receiver for 45/48 MHz Base Set CT --0 per the Chinese 
Standard 

• Controllable Voltage Regulator to Supply 1.8 to 3.6 V to On-Board 
Low-Voltage UDPLL MC145165 and FM-IF Receiver MC13135 

• Configurable to One of Eight Different Countries' CT -0 Standard by Proper 
DIP Switch Setting. The Configurable Country Standards are France, 
Spain, New Zealand, Australia, United Kingdom, United States, Korea, and 
China. 

• Eight-Position DIP Switch to Program the On-Board MC145165 for 
Different Programming Schemes and Different MC145165 Configurations 

• Provides MC 145165 TEST and NORMAL Mode of Operation 
• Two 7-Segment LED Displays Included for Channel Number Indication 
• Single 5.0 V Power Supply 

MC145165 Features 

• Dual Phase Detectors with Programmable Receive, Transmit, Reference, 
and Auxiliary Reference Dividers 

• 1.8 to 3.6 V Operating Voltage Range 
• 200 mV p-p Input Sensitivity 
• 1.5 mA @ 1.8 V Operating Current 
• Maximum Operation Frequency Up to 60 MHz 
• 3- or 4-Pin Serial Interface to External MCU 

• Standby Mode 

LK45165EVB 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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LK45165EVB 
3-ti 

7-SEGMENT LED 
MCU 

RESET 

I 0 

D 
COUNTRY 
JUMPER 
JP4 

0"" MC68HC805C4 

SWl 

o CHANNEL 
SWITCH 

100mVlDIV 
1 ms/DIV 

0 
ADJ 

MCl45165 

D 

AUDIOO/P 

o JPll 

I MC13135 

RF INPUT 

FM SIGNAL GENERATOR 

CARRIER: 48.250 MHz 
AUDIO SIGNAL: 400 Hz 
FM FREQ. DEV.: 2 kHz 
RFoul: 100!1V 

Figure 1. Configuration of LK45165EVB Demo Board 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Technical Summary 
MC145190, MC145191, 
MC145200 and MC145201 
Evaluation Board Manual 
INTRODUCTION 

MC145190EVK 
MC145191EVK 
MC145200EVK 
MC145201EVK 

The MC145190EVK, '191 EVK, '200EVK, and '201 EVK are versions of one board with a few component 
changes. They allow users to exercise features of the four devices and to build PLLs which meet individ­
ual performance requirements. The control program works with any board and can be used with other 
Motorola PLL devices (MC145192, MC145202, MC145220*). (NOTE: The MC145220 is not available 
with Rev. 3.0 software.) It will select frequency defaults that apply to each. All board functions are con­
trolled through the printer port of an IBM PC. Up to three different EVKs may be controlled at the same 
time from one printer port. The functional block diagram is given in Figure 1 . 

This manual is divided into two sections. Section 1 describes the hardware and Section 2 covers the 
software control program. 

External Reference Input 

PDout 
Current Control Voltage 

Frequency I \ 
.... ~C~on~tr~ol~D~ru~a~I~~~::~ MC145190/191' Loop Filter 

MC145200/201 
VCO 

733-751 MHz .------1 PLL 

Out A, OutB 
Lock Detect 

Isolation Resistor 

2nd Harmonic 
Filter, Amplifier 

Logic Control Switches 

L74_HC_B:~_~~'~~O~L:...-i;1_26J~" _____ ---1"1 ~ ~ ~ ~ ~ ~ ~ ~ I 

f Parallel Port Connector 

............ ............. 
Figure 1. Evaluation Kit Block Diagram 

RFOutput 

All brand names and product names appearing in this document are registered trademarks or trademarks of their respective holders, 
REV 0 
9/95 
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SECTION 1 - HARDWARE 

FEATURES 

1. The EVK is a complete working synthesizer, including VCO. 

2. Control program is written in Turbo Pascal. 

3. Board is controlled by an IBM PC-compatible computer through the printer port. 

4. Up to three boards can be operated independently through one printer port. 

5. A prototype area and mounting holes are provided for VCOs, mixers, and amplifiers. 

6. External reference input can be used. 

7. Five element loop filter is included. 

8. Frequency range of operation, step size and reference frequency can be changed in the control 
program. 

9. Lock Detect, Out A, and Out B on any single board are accessible through the printer port. 

CONTENTS OF EVALUATION KIT 

1. Assembled evaluation board. 

2. Nine-foot flat cable with four DB-25 male connectors. 

3. MC145190/191/200/201 EVK manual. 

4. 3.5" PC-compatible disk containing compiled program. 

5. PLL device data sheets. 

GETTING STARTED 

To perform basic functions, do the following: 

1. Plug in 12 volts at J6, observing the polarity marked on the board. 

2. Short circuit section 1 of the DIP switch (S1) and open circuit all other sections. 

3. Connect the supplied flat cable between the computer printer port and the DB-25 connector on 
the board (J5). 

4. Type PLLDEMO at the DOS prompt. Then press enter. 

5. Type the number that corresponds with the type of board given in the on-screen menu. Then 
press Q. 

You should now see the main menu displayed. There should be a signal present at J8 on the current 
output frequency given in the main menu. If the signal is not on the correct frequency, check to see if your 
printer card address is $278 (hexadecimal 278). If not, then select the P menu item and enter the correct 
address. After returning to the main menu, select the I menu item to send data to the board. You should 
now be on frequency. 

MODIFICATIONS 

The user may modify the hardware, such as utilizing a different VCO, by using the prototyping area of the 
board. After such modifications are made, the default values in the software may need to be changed. 
This is facilitated from screen #2 'Select from the available options' screen. 

Note that the on-board voltage regulators allow for maximum control voltage to the VCO of approximate­
ly 7.8 V for the MC145190EVK and MC145200EVK. The maximum VCO control voltage is approximately 
4.3 V for the MC145191 EVK and MC145201 EVK. The minimum voltage for all four devices is 0.5 V. 

MC145190EVK 
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TYPICAL PERFORMANCE 

Common to all four kits, unless noted. 

Supply Voltage (J6) 11.5-12.5 V 

Supply Current (J6) (Note 1) 120 mA 

Available Current (Note 2) 60mA 

Frequency Range ('190) 741 -751 MHz 

Frequency Range (,191) 733-743 MHz 

Frequency Range ('200) 1482 -1502 MHz 

Frequency Range ('201) 1466 -1486 MHz 

Reference Frequency 14.4 MHz 

Temperature Stability (- 30°C to + 85°C) < ±2 ppm 

TCXOAging < ± 1 ppm I year 

Step Size (,190, '191) 100 kHz 

Step Size (,200, '201) 200 kHz 

Power Output 5-8 dBm 

2nd Harmonic Level (,190, '191) < -18 dB 

Fundamental Level ('200, '201) <-28 dB 

3rd Harmonic Level < -18 dB 

Frequency Accuracy (,190, '191) ± 1.5 kHz 

Frequency Accuracy (,200, '201) ± 3.0 kHz 

Reference Sidebands -70d8 

Phase Noise (100 Hz, '190, '191) - 69 d8c/Hz 

Phase Noise (100 Hz, '200, '201) - 64 dBc/Hz 

Phase Noise (10 kHz, '190, '191) (Note 3) - 99 d8c/Hz 

Phase Noise (10 kHz, '200, '201) (Note 3) - 92 d8c/Hz 

Switching Time (Note 4) 2.6 ms 

NOTES: 
1. Supply current is current the board requires without user modifications. 
2. Available current is the sum of currents available to the user (in the prototype area) from the 5 V and 8.5 V supply. The 12 V supply is not 

regulated. Current at 12 V is limited by the external power supply. If the on-board VCO and amplifier are disconnected from the power bus, 
more current can be drawn in the prototype area. The current flowing into U3 (the 8.5 V regulator) should not exceed 180 mA. This will limit 
temperature rise in U3. 

3. 10kHz phase noise is limited by the PLL device noise. For low noise designs, the loop bandwidth is made more narrow and the VCO is relied 
upon to provide the 10 kHz phase noise. This can be seen on the EVKs since the VCO has much lower noise. 

4. 10 MHz step, within ± 1 kHz of final frequency (,190, '191). 
20 MHz step, within ± 2 kHz of final frequency (,200, '201). 

MOTOROLA MC145190EVK 
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SUPPORT MATERIAL 

To provide further information, the following documents are included: 

1. Schematic diagram of '190/191/200/201 EVK. 

2. Separate Bill of Materials for each board. 

3. Parts layout diagram. 

4. Mechanical drawing of board. 

5. MC145190/191 and MC145200/201 data sheets. 

6. Printer port diagram. 

7. Typical signal plots for each type of EVK. 

PRODUCTION TEST 

After assembly is complete, the following alignment and test is performed on '190 and '191 EVK ('200 and 
'201 EVK): 

1. The control program is started in single board '190EVK (,200EVK) mode. 

2. L menu item is selected. 

3. Power is applied to the board. DIP switch section 1 is closed circuit with all others being open 
circuit. 

4. After attaching computer cable, menu item I is selected. 

5. Trim resistor VR1 is adjusted to obtain an output frequency at J8 of 740.999 -741.001 MHz 
(1481.998 - 1482.002 MHz). 

6. Voltage at the control voltage test point is measured. It must be 2.8 - 3.6 V. 

7. When testing more than 1 board, steps 3 - 6 are repeated. 

If in step 5 it isn't possible to obtain a signal on frequency, menu item P should be selected and the cor­
rect printer port address entered. Menu item I would then be selected to reload the data. 

BOARD OPERATION 

A computer is connected to the D8-25 connector J5. Data is output from the printer port. The printer card 
is in slot 0 using the default address in the control program. Data is sent to the PLL device (U 1) through 
the DIP switch (S1), and 74HCT241 buffer (U5). A '190/191/200/201 PLL has three output lines which 
are routed through a 74LS126 line driver (U2) to the computer. 

U5, the 74HCT241, provides isolation, logic translation and a turn-on delay for PLL input lines. Logic 
translation is needed from the TTL levels on the printer port to the CMOS levels on the '190/191 inputs. 
Turn-on delay is used to ensure the power-on reset functions properly. The clock line to the PLL must be· 
held low during power up. 

A 12 V power supply should be used to power the board at J6 (Augat 2SV-D2 connector). The 2SV-02 
will accept 18-24 AWG bare copper power leads. No tools are needed for connection. If power is proper­
ly connected, LED D2 will be lit. 

Power passes from J6 to U3 (78M08 regulator) configured as an 8.5 V regulator. D1 increases output 
voltage of the regulator by 0.6 V. In the '190 and '200 boards, 8.5 V is routed through J3 to the charge 
pump supply, VCO, and RF amplifier. The '191 and '201 boards use 8.5 V to power the VCO and RF 
amplifier. J3 is a cut-trace and jumper. If it is desired to power the 8.5 V circuits directly, the trace under 
J3 can be cut, J3's shorting plug is removed, and 8.5 V is applied through J7 (2SV03 power connector). 

MC145190EVK 
3-10 

MOTOROLA 



Power for the 5 V logic is provided by U4 (78M05). U4 steps down the 8.5 V from U3. Output voltage from 
U4 passes through J4, the 5 V cut-trace and jumper. To supply separate power to logic, the trace under 
J4 is cut, J4 shorting plug is removed, and 5 V is applied to J7. U3 and U4 are cascaded to lower their 
individual voltage drops. This lowers the power dissipated in the regulators. 

The PLL loop is composed of the PLL device (U1), 733 -751 MHz VCO (M1), passive loop filter (R11, 
R12, C4, C5, C6) and second harmonic filter amplifier (U6). A passive loop filter was used to keep the 
design simple, reduce noise, and reduce the quantity of traces susceptible to stray pickup. About 56 dB 
rejection of fundamental and 23 dB gain is provided by the harmonic filter amplifier. This allows the '200 
or '201 to lock at 1466 - 1502 MHz. The harmonic filter amplifier is bypassed on the '190 and '191. 

A single VCO model is used for all boards. It is an internal Motorola part which is not sold for other ap­
plications. The '190 and '191 have different frequency ranges. This is due to the lower charge pump sup­
ply voltage of the '191. A common 10 MHz tune range allows the same loop filter components to be used. 
For the same reason, the '200 and '201 tune range is 20 MHz with double the step size of the '190 or 
'191. RF is fed to the PLL chip Fin input through a voltage divider. These two resistors terminate the PLL 
chip RF input with 50 ohms and provide isolation. 

All boards use a phase detector current of 2 mAo J1 and J2 are removable jumpers and cut traces. They 
are used as connection points for a current measurement of VPD or VCC. J11 and J12 are wire jumpers 
that select 5 V or 8.5 V for VPD. A potentiometer VR1 is used to set M2 (14.4 MHz TCXO) on frequency. 

COMPONENTS UNIQUE TO EACH EVK 

Components that are not the same on all EVKs are given in the following table: 

'190 EVK '191 EVK '200 EVK '201 EVK 

U1 MC145190 MC145191 MC145200 MC145201 

R2 47 kn 22 kn 47 kn 22 kn 

R8 on on not used not used 

C22 not used not used 1.0 pF 1.0 pF 

J11 connected not used connected not used 

J12 not used connected not used connected 

EXTERNAL REFERENCE INPUT 
As shipped, all boards are configured for a 14.4 MHz TCXO (supplied). To use an external reference, 
disconnect J13 and connect J9. Use a reference signal at J1 0 which complies with data sheet require­
ments. Then modify the reference frequency in the program main menu to reflect the changes made ( [F] 
menu item). 

DATA TRANSFER FROM COMPUTER TO EVK 

To control the serial input EVK with the parallel printer port, a conversion is done. Printer cards are de­
signed to output 8 bits through eight lines. A bit mask is used to obtain the bit combination for the three 
required output lines (Data, Clock, Load). As bytes are sent to the printer card in sequence, it appears to 
be a serial transfer. The printer port was used because data transfer using the serial port would have 
been much slower. A standard IBM PC can support a parallel port data rate of 4.77 MHz. 

MOTOROLA MC145190EVK 
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IBM PCs and compatibles can accept up to three printer port cards. These ports are called LPT1, LPT2 
and LPT3. Each printer card has jumpers or DIP switches on it to set a unique address. Two sets of 
addresses are in common use. One set applies to IBM PC XT, AT, and clones. The other is for the PS 2 
line. To load data into the EVK, the correct address must be selected. The program default is $278, which 
is LPT1 in a clone. If $278 is not the address in use, it must be modified by entering the 0 menu item in 
the main menu. All allowed addresses given in hexadecimal are as follows: 

Label IBM PC and Clones PS2 

LPT1 278 3BC 

LPT2 378 378 

LPT3 3BC 278 

Up to three EVK boards can operate independently from one printer port. All lines on the printer port are 
connected to every EVK. Even with three boards operating, only three output lines (Clock, Data and 
Load) from the printer card are used. If two boards are controlled together, data for the second board is 
received from the Output A of the first. Output A is a configurable output on 190/191/200/201 devices, 
which in this case is used to shift data through chip 1 into chip 2. Output A and Data are connected using 
a printer port input line. This was done to avoid connecting extra wires. Fortunately not all port input lines 
are needed for computer input. Load and Clock are common to both boards. 

A three-board cascade is handled similarly to a two-board cascade. Out A on the first board is fed to 
Data on the second. Out A on the second connects to Data on the third. Instructing the program on the 
quantity of boards connected together allows it to modify the number of bits sent. 

All boards have a DIP switch S1 which gives each a unique address. The configuration menu is used to 
tell the program what type of board is connected at a board address. Switch positions for all possible 
addresses are given in Figure 2. 

MC145190EVK 
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Single Board Operation 

1 2 3 4 5 6 7 8 
Closed 

~~~~~~DD Open 

Two- or Three-Board Cascade 

Board A 

2 3 4 5 6 7 8 
Closed 

~~~~~DDD Open 

Board B 

1 2 3 4 5 6 7 8 
Closed 

~~~~~DDD Open 

Board C 

1 2 3 4 5 6 7 8 
Closed 

~~~~~DDD Open 

Figure 2. Switch Positions 

In Figure 2, DIP switch sections 6, 7, and 8 allow the computer to read Out A, Out B or Lock Detect from 
the PLL device. Each of the inputs can only be read on one board at a time. But each item could be read 
on a different board. In a three-board cascade, Out A could be read from the first board, Out B from the 
second, and Lock Detect from the third. There is no way to determine in software the board address of a 
particular input. The control program doesn't make use of these inputs. Pin assignment on the printer 
port connector is: 

Label 

Out A 

OutB 

Lock Detect 

MOTOROLA 

Pin Number 

12 

13 

15 
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PRINTER PORT CONFIGURATION 

Printer port outputs on an IBM PC or clone use TTL-LS logic levels. Inputs are one ITL-LS load. Signal 
lines can be used for any purpose. The standard names, direction of data flow, true and inverted data are 
shown in Figure 3. 

Signal Name Pin Number 

-Strobe 1 

+ Data Bit 0 2 

+ Data Bit 1 3 

+ Data Bit 2 4 

+ Data Bit 3 5 

+ Data Bit 4 6 

+ Data Bit 5 7 
+ Data Bit 6 8 

Printer + Data Bit7 9 

- AcknowledQe 10 

+ Busv 11 
+ P. End (out of paper) 12 

+ Select 13 

-Auto Feed 14 

- Error 15 

- Initialize Printer 16 

- Select Input 17 
Ground 18-25 

Figure 3. Printer Port Data Lines 

Pin numbers for the port connector are shown in Figure 4. 
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SECTION 2 - SOFTWARE SUMMARY 

The MC145xxx EVK control program (PLLDEMO) is used to program all PLL evaluation kits. It will simul­
taneoulsy control up to three different boards independently from one printer port. All features of the PLL 
device may be accessed. Default frequencies can be modified to allow us of different channel spacings 
and VCOs. 

User input errors are detected and appropriate messages are displayed. 

To show the format of PLLDEMO, one of the eighteen program screens is shown below: 

Screen #2 'Select from the available options' 

Welcome to MC145xxx EVK Demonstration Program, rev 3.0 
Select from the available options 

Available Boards - Current target board is: A, MC145190 EVK 
Brd [AJ!: MC145190 EVK Brd [- J !: N/A Brd [- J !: N/A 

MC145xxx Frequency Commands - Current 
[LJ! Set to low freq 741 MHz 
[MJ! Set to med. freq 746 MHz 
[HJ! Set to high freq. 751 MHz 
[UJ! Step frequency up by step size 
[DJ! Step frequency down by step size 

MC145xxx Additional Commands 

Output Frequency is 746 MHz 
[WJ Change default low freq. 
[YJ Change default med. freq. 
[zJ Change default high freq. 
[OJ Set PLL output frequency 
[FJ Set REFin freq. & channel spacing 

[EJ Set function of output A [NJ Change C register and Prescale 
[RJ Set crystal/reference mode - Current mode is Ref. mode, REFout low 

Initialization/System Setup Commands: 
[PJ Set output port address - Current address is $278 
[GJ Change board definitions 
[IJ Initialize board(s), Write all registers 

[X]! Terminate demonstration program. [?J! View help screen. 

MOTOROLA MC145190EVK 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Advance Information 
MC145192EVK 
MC145202EVK 

PLL Frequency Synthesizer 
Evaluation Kits 

Evaluation kits are available for the MC145192 (100 MHz - 1.1 GHz) and MC145202 (500 MHz - 2 GHz) PLLs. These are low 
voltage devices that operate down to 2.7 V. 

Features 
• PLL is Controlled Through the Printer Port of an IBM PC or Clone. PLLDEMO (the Control Program) Operates Both 

Boards. 
• User Input is Checked for Errors by PLLDEMO and the Specific Problem is Indicated 
• Three EVKs Can Be Independently Controlled from One Printer Port 
• The Control Program Can Be Used to Modify Any Feature of the PLL Device 
• A Prototype Area and Supply Voltages are Provided for an Optional User-Supplied VCO 
• All Frequency Defaults are Easy to Modify 
• A Common Printed Circuit Board is Used that Allows One Type of EVK to be Converted into the Other with a Few 

Component Changes 
• A Motorola Saber TCXO and Low Noise VCO are Included 

All brand names and product names appearing in this document are registered trademarks or trademarks of their respective holders . 

• This document contains information on a new product. Specifications and information herein are subject to change without notice. 

REV 0 
9/95 

MOTOROLA MC145192EVK 
3-16 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Advance Information 
Calling Line I.D. Receiver 
Evaluation Kit 

The MC145460EVK is a low-cost evaluation platform for the MC145447 
Calling line 1.0. Receiver with Ring Detector. The MC145460EVK will facilitate 
development and testing of products that support the Bellcore customer 
premises equipment (CPE) data interface, which enables services such as 
Calling Number Delivery (CND). The MC145447 can be easily incorporated into 
any telephone, FAX, PBX, key system, answering machine, CND adjunct box or 
other telephone equipment with the help of the MC 145460EVK development kit. 

MC145460EVK Features 
Easy Clip-On Access to Key MC145447 Signals 
Generous Prototype Area 
Configurable for MC145447 Automatic or External Power-Up Control 
EIA-232 and Logic Level Ports for Connection to Any PC or MCU 
Development Platform 
Carrier Detect, Ring Detect and Data Status LEOs 
Component Layout for Input Protection Circuit 
Documentation: MC145460EVK User Guide, MC145447 Data Sheet 
Additional MC145447 Sample 

MC145460EVK 

MC145460EVK BLOCK DIAGRAM 

TIP 
RING 

INPUT 
PROTECTION 

CIRCUIT 

MC145460EVK 

MC145447 
CALLING LINE 10 

RECEIVER! 
RING DETECTOR 

EIA·232 LEVEL 
I---t-. OUTPUT 

CD, RD, DATA 

LOGIC LEVEL 
1-.1----.----+ ... OUTPUT 

CD, RD, DATA 

This document contains information on a new product. Specifications and informatIon herein are subject to change without notice. 
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Calling Line 1.0. Simulator 

EIA·232 
I MC145407 I 

DRIVER/RECEIVER I 

t INPUT - ~ DEMODULATOR ~ 
PROTECTION INPUT CIRCUIT 

+ TIP CIRCUIT MC145447 
CALLING LINE 10 

RING RECEIVER/ 
RING DETECTOR 

~ 
AUTOMATIC ~ RING DETECTOR E POWER UP 

INPUT CIRCUIT CIRCUIT 

I I 
MC145460EVK I CRYSTAL I 

NETWORK 

MCU Development System 

Figure 1. Calling Line I.D. Product Development System 
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EIA·232 LEVEL 
OUTPUT 
CD, RD, DATA 

LOGIC LEVEL 
OUTPUT 
CD, RD, DATA 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

MC145536EVK 
Advance Information 
Codec-Filter/ADPCM Transcoder Evaluation Kit 

The MC145536EVK is the primary tool for evaluation and demonstration of the MC145480 Single + 5 V Supply PCM 
Codec-Filter and the MC145532 ADPCM Transcoder. The MC145536EVK provides the user with the hardware needed to 
evaluate the many separate operating modes under which the MC145480 and MC145532 are intended to operate. 

General 
• Provides Stand Alone Evaluation on Single Board 
• + 5 V Only Power Supply 
• Easily Interfaced to Test Equipment, Customer System, Second MC145536EVK or MC145537EVK 
• Convenient Access to Key Signals 
• Generous Prototype Area for Application Development 
• The Kit Provides Analog-to-Analog, Analog-to-Digital (64 kbps PCM; 32, 24, or 16 kbps ADPCM) or Digital- (64 kbps 

PCM; 32, 24, or 16 kbps ADPCM) to-Analog Connections 
• Handset Included 
• Schematics, Data Sheets, and User's Manual Included 

MC145480 
• Single + 5 V Power Supply 
• Typical Power Dissipation of 25 mW, Power Down of < 1 mW 
• Conforms to CCITT and Bell Specifications 
• Mu-Law or A-Law Companding 
• Differential Analog Circuit Design for Lowest Noise 
• 20-Pin Plastic Package 
• Production in 1.5 Micron CMOS Process 
• UDR Design Layout Rules for Core Cell Applications 

MC145532 
• Single-Chip Full-Duplex PCM-to-ADPCM Encoder and ADPCM-to-PCM Decoder 
• Achieves High Audio Quality at Reduced Bit Rates 
• PCM Data Rate of 64 kbps 
• ADPCM Data Rates of 32, 24, or 16 kbps 
• Conforms to CCITT and ANSI ADPCM Standards 
• Custom DSP Engine Optimized for ADPCM Algorithm 
• Volume Production in 1.5 Micron CMOS Process 
• UDR Design Layout Rules for Core Cell Applications 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

MC145537EVK 
Advance Information 
MC14LC5540 ADPCM Codec Evaluation Kit 

The MC145537EVK is the evaluation platform for the MC14LC5540 ADPCM Codec. This board provides the clock generator 
circuitry and microcontroller interface to facilitate the evaluation of the MC14LC5540. 

MC145537EVK Hardware Features 
• Supports MC14LC5540 + 5 V or + 3 V Operation 
• Handset Interface/Handset Included 
• Easy Access to All Analog and Digital Data, Clock, and Enable Signals 
• EIA-232-D/ V.28 Terminal Control 
• Analog-ta-Digital (64 kbps PCM; 32, 24, or 16 kbps ADPCM) Path 
• Digital- (64 kbps PCM; 32, 24, or 16 kbps ADPCM) ta-Analog Path 
• Supports Hardware Loopbacks 

Analog-to-Analog 
Digital-to-Digital 

• Ability to Connect Two MC145537EVKs Back-to-Back 
• Ability to Connect MC145537EVK and MC145536EVK Back-to-Back for + 5 V Operation Only 

MC145537EVK Software Features 
• MC68HC705C8 Resident Monitor 
• Stand Alone or Terminal Operation 
• Device Driver for Serial Control Port Interface 
• Ability to ReadlWrite SCP Registers in MC14LC5540 
• Registers Can Be Individually Displayed and Modified 
• Help Menu 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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GENERAL OVERVIEW 

The MG14lC5540 ADPCM Codec is a single-chip imple­
mentation of a PCM Codec-Filter and an ADPCM Encoder! 
Decoder, and therefore provides an efficient solution for 
applications requiring the digitization and compression of 
voiceband signals. This device is designed to operate over a 
wide voltage range, 2.7 to 5.25 V, and as such is ideal for 
battery powered as well as ac powered applications. The 
MC14lC5540 ADPCM Codec also includes a serial control 
port and internal control and status registers that permit a mi­
crocomputer to exercise many built-in features. 

The MC14lC5540 ADPCM Codec is designed to meet the 
32 kbps ADPCM conformance requirements of CCITT Rec­
ommendation G.721 and ANSI T1.301. It also meets ANSI 
T1.303 and CCITT Recommendation G.723 for 24 kbps 
ADPCM operation, and the 16 kbps ADPCM standard, 
CCITT Recommendation G.726. This device also meets the 
64 kbps PCM conformance specification of the CCITT G.714 
Recommendation. 

The MC145537EVK is the evaluation board for the 
MC14lC5540 ADPCM Codec. This board provides the clock 
generation that controls both the transfer of PCM and 
ADPCM data into and out of the MC14lC5540, as well as 
determining the data compression rate (16 kbps ADPCM, 24 
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kbps ADPCM, 32 kbps ADPCM, or 64 kbps PCM) for the 
ADPCM transcoder fURction. This data compression rate is 
determined by the duration of the transmit and receive frame 
synchronization pulses measured in data clock cycles, which 
are programmed by an 8-position DIP switch. This evalua­
tion board has voltage level shifters that allow the 
MC14lC5540 to operate at a voltage lower than the + 5 V 
supply required for the clock generator and microcontroller. 

This MC145537EVK has an MC68HC705C8P microcon­
troller, which is running a monitor routine that interfaces the 
MC14LC5540 to a 9600 bps EIA-232, port for access by a 
computer terminal. The microcontroller provides access to 
the programming registers of the MC14LC5540 for read and 
write operations. This facilitates exercising both the hard­
ware options for trim gain, sidetone, analog signal routing 
and charge-pump operation. and the software options of the 
dual tone generator, noise burst detect and receive gain con­
trol. The evaluation board is designed to 'Configure the 
MC14LC5540 after reset such that the charge-pump is oper­
ating and the device is encoding and decoding analog at the 
rate determined by the clock circuitry. This allows the 
MC145537EVK to be functional without a computer terminal. 
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MC145572EVK 
Technical Summary 
ISDN U-Interface Transceiver Evaluation Kit 

The MC145572EVK U-Interface Transceiver Evaluation Kit provides Motorola ISDN customers a convenient and efficient 
vehicle for evaluation of the MC145572 ISDN U-Interface Transceiver. The approach taken to demonstrate the MC145572 
U-Interface Transceiver is to provide the user with a fully functional NTl (Network Termination Type 1) connected to an LT (Line 
Termination). An NTl provides transparent 2B+D data transfer between the U- and SfT -Interfaces. In addition, it provides for 
network initiated maintenance procedures. The MC145572EVK does not terminate any ISDN call control messages. It also does 
not terminate any maintenance messages received over the SfT -Interface. 

The MC145572EVK U-Interface Transceiver Evaluation Kit can be functionally separated into two "halves". The left half of the 
card is the NT1, while the right half of the card is the LT. Alternately it can be thought of as having both ends of the two-wire 
U-Interface, extending from the customer premise (NT1) to the switch line card (LT) on a single, stand-alone evaluation board. 

The kit provides the ability to interactively manipulate status registers in the MC145572 U-Interface Transceiver as well as in 
the MC145474 SfT-lnterface Transceiver with the aid of an external terminal. A unique combination of hardware and software 
features allows for standalone or terminal activation of the U-Interface, and as such provides an excellent platform for NTl and 
LT hardware/software development. The NTl function can be disabled by pulling DIP switch S3-3 in the NTl DIS position. 

A complete data sheet for the MC145572EVK is available from the MOS Digital-Analog IC Division Service Center. 

General 

• Provides Standalone NTl and LT on a Single Board 
• Board Can Be Broken Apart Providing Separate NTl and LT 
• On-Board 68HC05 Microcontrollers with Resident Monitor Software 
• Convenient Access to Key Signals 
• NTl and LT Software Development Platform 

Hardware 

• '+ 5 Volt Only Power Supply 
• "Push-Button" Activation of U-Interface from NTl or LT 
• Standalone Operation for Bit Error Rate Testing 
• Gated Data Clocks Provided for Bit Error Rate Testing 

• Interfaces to ADS302 Evaluation Board 
• Can Be Used as a U- or SfT -Interface Terminal Development Tool 
• On-Board 5 ppm LT Frequency Reference 
• EIA-232 (V.28) Serial Port(s) for Terminal Interface 

Software 

• Standalone or Terminal Operation 
• Resident Firmware Monitor for User Control of Board 

• Activation and Deactivation Menus 
• Embedded Operations Channel 
• Microcontroller Controlled or Automatic Activation/Deactivation 

• Access to All Maintenance Channels 
• MC68HC05 Assembly Language Source Code Available 

REVO 
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BLOCK DIAGRAM 
Following is a basic functional block diagram for the 

MC145572EVK U-Interface Transceiver Evaluation Kit (Fig­
ure 1). Note that the dotted line represents the physical and 
logical separation between the NT1 and the LT sides of the 
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evaluation board. While the board is capable of activating 
"standalone", the user may decide to use a single ASCII ter­
minal to gain total control of the MC145572EVK's activities. 
Or, the user may choose to split the board, allowing the NT1 
and LT entities to be physically located in separate areas. 
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Figure 1. MC145572EVK Functional Block Diagram 
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Figure 2. Motorola Silicon Applications and the MC145572EVK 

MICROCONTROLLERS 

The MC145572EVK is a MC68HC705C8 microcontroller­
based system. Two microcontrollers reside on the board, U2 
on the NT1 side, and U16 on the LT side. Hardware RESET 
push-buttons are located above each microcontroller. When 
the board is operating in the combined NT/LT mode, the NT1 
and the LT are controlled via software residing in the NT1 
side microcontroller EPROM. The monitor in the LT side mi­
crocontroller is used when the boards are physically sepa­
rated and it becomes necessary to have one microcontroller 
to coordinate activities for each individual half. Both U2 and 
U 16 must be populated for the display LEDs to operate prop­
erly. 

The U-Interface may be activated using an ASCII terminal 
connected to the EIA-232 (V.28 ) port marked J3 on the NT1 
side, when the board is together. When the board is sepa­
rated, the EIA-232 connectors on both sides are used to 
monitor and control activities on their respective sides. Final­
ly, the board may be activated as it "stands alone" with the 
push of a button. The default activation mode for the Acti­
vate/Deactivate push-buttons, PB1 and PB4 located near 
the front of the board, is as an NT1, with INF01 continually 
transmitted on the SIT-Interface until it receives INF02. 
When DIP switch 83-3 is in the NT1 DIS position, the NT1 
functionality is disabled. The LT side initiates activation on 
the U-Interface. Eight status LEDs are continuously updated 

MOTOROLA 

by the MC68HC705C8s to provide the user a visual update 
of the U-Interface activation status. 

NOTE 
The LT side microcontroller (U16) must remain 

populated to guarantee proper operation olthe LT 
NR1 status LEDs. The firmware version for U2 
and U16 must be the same. 

When the MC145572EVK is reset, it defaults to NT1 func­
tion enabled and automatic handling of M4 maintenance 
channel on the LT side U-transceiver. The NT1 function can 
also be disabled by entering the "NaP' command. The LT 
maintenance can be disabled by entering the "LOF" com­
mand. 

STATUS LEOs 

Fifteen status LEDs are provided on the MC145572EVK to. 
offer the user a quick visual update to critical status parame­
ters. 

Two red LEDs, D12 on the NT1 side and D38 on the LT, 
are located near the power connectors and are illuminated 
when + 5 V is applied to the board. D12 indicates power is 
being applied to the NT1 side of the board while D38 indi­
cates power is being applied to the LT side. 

One green LED (D34) marked SIT ACT located near the 
SIT-Interface Transceiver, U10, illuminates to indicate that 

MC145572EVK 
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the MC145474 when configured as an NT has achieved 
frame synchronization. 

Located on both sides of the board are four LEDs repre­
senting Nibble Register 1 (NR1) of each U-Interface 
Transceiver. The LEDs in each bank are each marked with 
LINKUP, EI, SFS, and TP/AIP. They map directly to the regis­
ter contents as shown below: 

b3 b2 bl bO 

NRI Linkup Error Superframe Transparent! 
Indication Sync Activation in 

Progress 

LED LINKUP EI SFS TP/AIP 
Silkscreen 

NOTE 
The received data is not transmitted on the IDL 

Interface until Linkup is a one, SFS is a one, TP/ 
AlP is a one, and either CustEn (see NR2 in 
MC145572 U-Interface Transceiver data sheet) 
or VerifAct is a one (see BR9 in MC145572 U­
Interface Transceiver data Sheet). 

Two red lEDs, Dl0 and Dl1 on the NT1 side, 
are located in the lower left corner of the printed 
circuit board. They indicate the status of the 
OUT1 and OUT2 pins of the MC145572 when it 
is configured for GCI operation. 

Two red LEDs, D36 and D37 on the LT side, are 
located in the lower right corner of the printed cir­
cuit board. They indicate the status of the OUT1 
and OUT2 pins of the MC145572 when it is con­
figured for GCI operation. 

COMMAND SET 

A summary of the MC145572EVK software command set 

ACT: Activation/Deactivation Menu 

BRL: ReadlWrite LT U-Interface Transceiver Byte 
Register 

BRN: ReadlWrite NT U-Interface Transceiver Byte 
Register 

BRS: ReadlWrite SIT-Interface Transceiver Byte Register 

BRT: ReadlWrite SIT-Interface Transceiver Byte Register, 
Alternate Form 

CLR: Clears febe/nebe, Re-Enters BR4 and BR5 in Both 
LT and NT Side U-Transceivers 

DEA: Activation/Deactivation Menu, Alternate Form 

DIS: Display Formatted Registers 

EOC: Embedded Operations Channel Menu 

HEL: Help Menu 

LOF: Disable LT M4 Handler 

LON: Enable LT M4 Handler 

LPU: U-Interface Transceiver Analog Loopback 

MM: Modify Memory 

MC145572EVK 
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NOF: Disable NTI 

NON: Enable NT1 

NRL: ReadlWrite LT U-Interface Transceiver Nibble 
Register 

NRN: ReadlWrite NT U-Interface Transceiver Nibble 
Register 

NRS: ReadlWrite SIT-Interface Transceiver Nibble 
Register 

NRT: ReadlWrite SIT-Interface Transceiver Nibble 
Register, Alternate Form 

ORL: ReadlWrite LT U-Interface Transceiver Overlay 
Register 

ORN: ReadlWrite NT U-Interface Transceiver Overlay 
Register 

RES: Reset SIT-and/or U-Interface Transceivers 

LOOPBACK OPTIONS 

The activate command provides five different points on the 
MC145572EVK board where loopbacks are permitted when 
one or both U-Interface Transceivers are activated. At any 
given time only one loopback point can be enabled. This per­
mits user equipment to be connected to the opposite side of 
the MC145572EVK. For example, if a loopback is selected 
on the NTI half of the board, user equipment can be con­
nected to the I DL I nterface on the L T side of the 
MC145572EVK. 

The LT side U-Interface Transceiver can be activated with 
2B+D loopback to the U-Interface. This mode enables the 
received digital data from the U-Interface to be looped back 
to the LT side U-Interface Transceiver transmitter, and re­
transmitted onto the U-Interface. The loopback point occurs 
in the IDL Interface block internal to the U-Interface Trans­
ceiver. 

The LT side U-Interface Transceiver can also be activated 
without any loopbacks initially enabled. A loopback is then 
implemented simply by shorting JP26-21 to JP26-23. 

The NT1 side U-Interface Transceiver can be activated 
with 2B+D loopback enabled in the SIT-Interface Transceiv­
er IDL Interface. Received data from the NT1 side U-Inter­
face Transceiver is transmitted on the IDL Interface to the 
SIT-Interface Transceiver where it is looped back to the IDL 
Interface and re-transmitted by the NT1 U-Interface Trans­
ceiver towards the U-Interface. 

The NT1 side U-Interface Transceiver can be activated 
with the SIT-Interface Transceiver disabled. This causes the 
SIT-Interface Transceiver to three-state its IDL Interface 
transmitter. This provides the NT1 side U-Interface Trans­
ceivers IDL Interface direct access to the NT1 side IDL Inter­
face. This permits the user to connect their own equipment to 
the NT1 side IDL Interface without any possibility of bus con­
tention with the SIT-Interface Transceiver. 

The NT1 side U-Interface Transceiver can also be acti­
vated without any loopback. This permits the NT1 side U-In­
terface Transceiver to communicate with the SIT-Interface 
Transceiver over the IDL Interface. A loop back is implement­
ed by shorting JP7-21 to JP7-23. 
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Application Notes and Product Literature 

In Brief... 
Motorola's Applications Literature provides guidance to the effective use of its 

semiconductor families across a broad range of practical applications. Many 
different topics are discussed - in a way that is not possible in a device data 
sheet - from detailed circuit designs complete with PCB layouts, through 
matters to consider when embarking on a design, to complete overviews of 
product families and their design philosophies. 

Information is presented in the form of Application Notes, Article Reprints, 
and detailed Engineering Bulletins. 

Abstracts of all the applications documents are provided as a guide to their 
content; each abstract also shows the number of pages in the document, plus 
the origin of the article in the case of Article Reprints. 
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ORDERING INFORMATION 

The application literature listed in this section has been 
prepared to acquaint the circuits and systems engineer with 
Motorola communications devices and their applications. To 
obtain copies of the notes, you may order them by one of the 
methods given below. Note that not all literature is available 
through the Literature Distribution Center, but that archived 
materials will be available via MFAX. 

Motorola Literature Distribution 
P.O. Box 20912 
Phoenix, Arizona 85036 
(800) 441-2447 or (602) 303-5454 

MFAX: 
RMFAXO@email.sps.mot.com 
Touchtone (602) 244-6609 

INTERNET: http://Design-NET.com 

APPLICATION NOTE ABSTRACTS 

AN806A Operation of the MC14469 

The MC 14469 is an addressable asynchronous receiver 
transmitter that finds applications in control of remote de­
vices, transfer of data to and from remote locations on a 
shared wire, and as an interface from remote sensors to a 
central processor. (7 pages) 

AN872 MC14402 Mono-Circuit Applications 
Information 

This application note is intended to ease customer evalu­
ation of the Motorola MC14402 PCM mono-circuit, particu­
larly when using the Motorola mono--drcuit evaluation board. 
Schematics and artwork of this board are given, as well as 
layout guidelines for designing the mono-circuit into a cus­
tom PC board. Analog testing considerations are mentioned 
to help sidestep some of the troublesome aspects of codec/ 
filter evaluations. (5 pages) 

AN893 Understanding Telephone Key Systems 

This application note is intended to give an understanding 
of key systems and how they differ. A theoretical architecture 
based loosely on many of the sixteen station key systems 
now in existence are presented. Possible variations and the 
impact on overall design are also discussed. (7 pages) 

AN933 A Variety of Uses for the MC34012 and 
MC34017 Tone Ringers 

The MC34012 and MC34017 electronic tone ringers were 
developed to replace the bulky electromechanical bell 
assembly of a telephone, while providing the same basic 
function. When used in conjunction with a piezo ceramic 
transducer, these circuits will output a warbling sound in re­
sponse to the applied ringing voltage. With some imagina­
tion, however, the circuits can be used in a variety of ways, 
including non-telephone applications, wherever an alerting 
sound or indication is required. Applications include ap­
pliance buzzers, burglar alarms, safety alerting functions, 
special sound effects, visual ringing indicators, and others. 
The circuits in this application note show how a variety of 
effects can be obtained. (9 pages) 
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AN937 A Telephone Ringer Which Complies with 
FCC and EIA Impedance Standards 

The MC34012 and MC34017 tone ringers are designed to 
replace the bulky bell assembly of a telephone, while provid­
ing the same function and performance under a variety of 
conditions. The operational requirements spelled out by the 
FCC and the EIA, simply stated, are that a ringer circuit 
MUST function when a ringing signal is provided, and MUST 
NOT ring when other signals (speech, dialing signals, noise) 
are on the line. This application note discusses how the ICs 
operate, the specific operational requirements to be met, and 
how they are met. Only "on hook" requirements are dis­
cussed since off-hook operation is not applicable. (7 pages) 

AN940 Telephone Dialing Techniques Using the 
MC6805 

Telephones and associated ancillary equipment providing 
intelligent features are fast becoming commonplace. Often, it 
is necessary for the microprocessor providing the intelli­
gence to also dial a telephone number. The MC6805 family 
microcomputers (MCU), with their proven hardware/software 
versatility, are ideal candidates for such applications. Illus­
trated here are two cost-effective methods of telephone dial­
ing. Hardware and software are given for both Dual Tone 
MUlti-Frequency (DTMF) and rotary-pulse type dialing. 
(18 pages) 

AN943 UDLT Evaluation Board 

To help meet the demands for a cost effective solution to 
the ever-growing voice/data world within the digital tele­
phone and PBX realm, Motorola has created the Universal 
Digital Loop Transceiver (UDLT) voice/data circuit family. 
The purpose of this application note is to render an under­
standing of the UDLT voice/data family and show a typical 
application for these CMOS parts. This is an evaluation of 
the application and performance of the MC145422/26 UDLT 
demonstration board, which was designed and built for cus­
tomer evaluation. (10 pages) 

AN946 Limited Distance Modem 

The introduction of the Universal Digital Loop Transceiver 
(UDLT) family of integrated circuits aids the design of a high 
speed Limited Distance Modem (LDM). With an external 
clock, the LDM will transmit asynChronous data at rates up to 
80 kbps. As shown with an internal clock, the LDM can send 
as much as 38.4 kbps of asynchronous full-duplex data up to 
two kilometers on 26 AWG twisted-wire pair. The data trans­
fer is controlled by the following RS-232C handshake sig­
nals: request to send (RTS), clear to send (CTS), data set 
ready (DSR), and carrier detect (CD). If the data link is oper­
ating, CTS goes active in response to RTS going active. 
DSR is active if the LDM is powered up. If synchronization is 
lost, the CD signal goes inactive. The application note in­
cludes a block diagram of the LDM, photostats of the LDM 
demonstration board (front and back), and a parts list for the 
slave and master LDM. (10 pages) 

AN948 Data Multiplexing (Using the Universal Digital 
Loop Transceiver and the Data Set Interface) 

This application note describes the design of a short-haul 
multiplexer for asynchronous data at rates up to 9600 baud. 
The mux combines eight full-duplex data channels along 
with eight end-to-end RS-232 control signals onto a single 
pair of telephone wire for distances up to 2 km. Motorola's 
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UDLTs (MC145422/26) master/slave high-speed synchro­
nous data transceivers and data set interface (MC145428) 
full-duplex asynchronous to synchronous converter form the 
heart of this multiplexer. A few MSI CMOS ICs complete the 
design. (10 pages) 

AN949 A Voice/Data Modem Using the MC145422126, 
MC145428, and MC14403 

This voice/data application allows an analog telephone 
system to support simultaneous voice and data across a 
single twisted-wire pair. To use the voice/data modem, the 
analog telephone line must be intercepted at the telephone 
system by one modem (the PBX-CPU interface). The analog 
signals are then converted to digital signals, combined with 
data, and transmitted down the remaining line as a digital 
loop. The second modem (the Telset-Terminal interface) ter­
minates the digital loop, reconstructs the analog signals, and 
sends this information to the telephone that is plugged into 
the modem. The digital data is removed from the digital loop 
information and routed to the endpoint terminal. Any signal­
ing information (hookswitch status and ringing) is handled by 
a second data channel, and it too is combined with the data 
and digitized voice for transmission on the digital loop. 
(6 pages) 

AN957 Interfacing the Speakerphone to the 
MC34010111113 Speech Networks 

Interfacing the MC34018 speakerphone circuit to the 
MC34010 series of telephone circuits is described in this 
application note. The series includes the MC340101, 
MC34011, MC34013, and the newer "A" version of each of 
those. The interface is applicable to existing designs, as well 
as to new designs. (12 pages) 

AN958 Transmit Gain Adjustments for the MC34014 
Speech Network 

The MC34014 telephone speech network provides for 
direct connection to an electret microphone and to tip and 
ring. In between, the circuit provides gain, drive capability, 
and determination of the ac impedance for compatibility with 
the telephone lines. Since different microphones have differ­
ent sensitivity levels, different gain levels are required from 
the microphone to the tip and ring lines. This application note 
discusses how to change the gain level to suit a particular 
microphone while not affecting the other circuit parameters. 
(2 pages) 

AN959 A Speakerphone with Receive Idle Mode 

The MC34018 speakerphone system operates on the prin­
ciple of comparing the transmit and receive signals to deter­
mine which is stronger, and then switching the circuit into that 
mode. (2 pages) 

AN960 Equalization of DTMF Signals Using the 
MC34014 

This application note describes how to obtain equalization 
(line length compensation) of the DTMF dialing tones by us­
ing the MC34014 speech network. (2 pages) 

AN968 A Digital Voice/Data Telephone Set 

This design provides standard analog telephone functions 
while simultaneously transmitting 9600 baud asynchronous 
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data. It is based on Motorola's MC145422/26 UDLTfamily of 
voice/data ICs which provide 80 kbps full-duplex synchro­
nous communication over distances up to 2 km. The circuit 
includes a codec/filter, data set interface, and pulseltone 
dialer. (7 pages) 

AN980 VHF Narrowband FM Receiver Design Using 
the MC3362 and the MC3363 Dual Conversion 
Receivers 

Motorola has developed a series of low-power narrow­
band FM dual conversion receivers in monolithic silicon inte­
grated circuits. The MC3362 and the MC3363 are 
manufactured in Motorola's MOSAIC process technology. 
This process develops NPN transistors with fT = 4 + GHz, 
which allows the MC3362 and the MC3363 to have excellent 
very high frequency (VHF) operation with low power drain. 
They are ideal for application in cordless phones, narrow­
band voice and data receivers, CB and amateur band radios, 
radio frequency (RF) security devices, and other applications 
through 200 MHz. (14 pages) 

AN1002 A Handsfree Featurephone Design Using the 
MC34114 Speech Network and the MC34018 
Speakerphone ICs 

This is a comprehensive application note which develops a 
full featurephone circuit using the MC34114 speech network, 
the MC34018 speakerphone IC, and the MC145412 dialer. 
Functions include 10-number memory pulse/tone dialer, 
tone ringer, microphone mute, and line length compensation 
for both handset and speakerphone operation. Options in­
clude line-powered circuit, line-powered circuit with booster 
for long lines, and external supply-powered. Includes glos­
sary of telephone terms. (18 pages) 

AN1003 A Featurephone Design, with Tone Ringer 
and Dialer, USing the MC34118 Speakerphone 
IC 

This application note describes how to add a handset, dial­
er, and tone ringer to the MC34118 speakerphone circuit. 
Although anyone of several speech networks could be used 
as an interface between the MC34118 and the phone line, 
this application note covers the case where sirnplicity and 
low cost are paramount. Two circuits are developed in this 
discussion: line-powered and supply-powered versions. 
(13 pages) 

AN1004 A Handsfree Featurephone Design Using the 
MC34114 Speech Network and the MC34118 
Speakerphone ICs 

Complete designs for a featurephone providing 10-num­
ber memory, pulse or tone dialing, tone ringer, microphone 
muting, and line length compensation for both handset and 
speakerphone operation. Includes line-powered, line-pow­
ered plus long-line booster, and supply-powered versions. 
The MC34114 interfaces with tip and ring and provides 
2-t0-4 wire conversion. (18 pages) 

AN1006 Linearize the Volume Control of the MC34118 
Speakerphone 

This application note describes how a single resistor add­
ed to the volume control potentiorneter in an MC34118 
speakerphone application will almost perfectly linearize the 
control law. (1 page) 
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AN1016 Infrared Sensing and Data Transmission 
Fundamentals 

Many applications need electrical isolation, remote control, 
or position sensing, Infrared light provides an excellent solu­
tion due to its low cost, ease of use, availability of compo­
nents, and freedom from the licensing and interference 
concerns of RF techniques, This application note is a brief 
but informative reference on the design principles for IR sys­
tems, including a selection of receiver circuits, (6 pages) 

AN1077 Adding Digital Volume Control to 
Speakerphone Circuits 

This application note describes how to control speaker­
phone volume from UP and DOWN switches in place or the 
more usual potentiometer, Includes a fully annotated circuit 
using only three standard CMOS ICs and no critical compo­
nents, (4 pages) 

AN1081 Minimize the "Pop" in the MC34119 Low 
Power Audio Amplifier 

Sometimes a "pop" is heard in the loudspeaker when the 
MC34119 audio amplifier is re-enabled, There are several 
possible causes, but this application note offers a simple and 
low-cost remedy to satisfy the most demanding user, 
(3 pages) 

AN1126 Evaluation Systems for Remote Control 
Devices on an Infrared Link 

The availability at low cost of remote control devices and 
infrared communication links provides opportunities in many 
application areas, This application note gives information for 
constructing the basic building blocks to evaluate both IR 
links and the most popular remote control devices, Schemat­
ics and single-side PCB layouts are presented that should 
enable the designer to quickly put together a basic control 
link and evaluate its suitability for a given application in terms 
of data rate, effective distance, error rate, and cost Sources 
for special parts are also given, (10 pages) 

AN1510 A Mode Indicator for the MC34118 
Speakerphone Circuit 

In most applications involving a normal conversation, the 
operating mode (receive, transmit, idle) of the MC34118 
speakerphone IC is obvious to the users of the speaker­
phone, There are some applications, however, where it is 
beneficial to have an indication of the operating mode, This 
indication may have to be visual, or logic levels to a micro­
processor or other circuitry, This application note describes 
how to create a mode indicator for use with the MC34118 
speakerphone circuit (2 pages) 

ARTICLE REPRINT ABSTRACTS 

ARTICLE 1 Telephone Quality CVSD Codecs Using 
New Bipolar Linearl12L IC 

Principles of continuously variable slope delta modulation 
for communications systems are discussed, including an 
S plane model for a simple delta modulator with adjustable 
gain, A new bipolar 12L circuit for implementing CVSD sys-
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tems is presented, System performance and design tech­
niques for a basic voice band codec and a telephone quality 
coded are included, Double integration and active compand­
ing ratio control techniques for improving codec performance 
is discussed, The emphasis is on a practical, mass-produc­
ible telephone codec, (6 pages) 

ARTICLE 4 LSI for Telecommunications (A One-Chip 
Telephone) 

The MC34010 ETC incorporates 300 bipolar transistors 
and 520 12L gates on a 125 x 146 mil die, The chip is fabri­
cated using a two-layer metal, Linear/12L process, and pack­
aged in a 40-pin plastic package, Combining a dialer, 
speech network, and tone ringer on a single Chip represents 
a major step forward in the modernization and cost reduction 
of analog telephones, (Telecommunications Magazine, April 
1984) (4 pages) 

ARTICLE 5 IC Trio Simplifies Speech Synthesis 

Despite the emergence of special-purpose speech chips, 
the details of adding voice output to a system are still foreign 
to most designers, This article shows that highly intelligible 
speech is possible using a low-cost microprocessor and 
three readily available integrated circuits, (Electronic Design, 
Vol, 30, No, 11, 1982) ( 4 pages) 

ARTICLE 6 Turn 110 Data Port Into Speech Port 

The low-cost, low-power ~P peripheral circuit converts an 
8-bitl/O data port into a high-quality speech port, using con­
tinuously variable slope delta (CVSD) modulation to encode 
and decode waveforms per ~P direction, (EON, May 26, 
1982) (1 page) 

AR239 Implementing Integrated Office 
Communications 

Motorola's wide variety of integrated circuits offer flexibility 
to the design engineer, If low-cost voice/data communication 
is the top priority, the UDLT/DSI system provides a lot of 
functionality for a minimal cost If higher data rates are need­
ed, the ISDN UDLT is a solution to consider, And of course, 
Motorola plans to introduce an SIT transceiver chip and a 
LAP-D controller chip to provide the extensive features 
ISDN has to offer, (5 pages) 

ENGINEERING BULLETIN ABSTRACTS 

EB111 The Application of a Duplexer 

The purpose of this document is to explain the application 
and operation of a duplexer circuit, to show how to balance a 
duplexer, and to discuss the duplexer's operation analysis 
when used with two different transformers and with variable 
components, (2 pages) 

EB112 The Application of a Telephone Tone Ringer 
as a Ring Detector 

Telephone ringers are driven by high-voltage, low-fre­
quency ac signals which are superimposed on the 48 V tip­
ring feed voltage, An electronic ring detector must sense the 
presence of an ac signal on the line and produce a dielectri­
cally isolated logic level to the system processor, (2 pages) 
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PRODUCT LITERATURE 

The following data books and selection guides also pro­
vide helpful information on other related Motorola conimu­
nications devices. 

DL 11 OlD Volume 1 and 2, RF Device Data 

DL 111/D Bipolar Power Transistor Data 

DL 1181D Optoelectronics Device Data 

ABSTRACTS 
4-6 

DL1221D 
DL126/D 

DL128/D 
DL150/D 

SG73/D 

SG96/D 
SG127/D 

SG169/D 

MECL Device Data 
Small-Signal TransistorslFETslDiodes 
Volume 1 and 2, Linear and Interface ICs Data 
TVS/Zener Device Data 
Master Selection Guide 
Linear and Interface ICs Selector Guide 
Surface Mount Products Selector Guide 
MOS Digital-Analog IC Quarterly Update 
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AN535 
Application Note 

Phase-Locked Loop 
Design Fundamentals 

Prepared by 
Garth Nash 
Applications Engineering 

The fundamental design concepts for phase-locked 
loops implemented with integrated circuits are outlined. 
The necessary equations required to evaluate the 
basic loop performance are given in conjunction with a 
brief design example. 
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Phase-Locked Loop Design Fundamentals 

Introduction 

The purpose of this application note is to provide the elec­
tronic system designer with the necessary tools to design and 
evaluate Phase-Locked Loops (PLL) configured with inte­
grated circuits. The majority of all PLL design problems can be 
approached using the Laplace Transform technique. There­
fore, a brief review of Laplace is included to establish a com­
mon reference with the reader. Since the scope of this article is 
practical in nature all theoretical derivations have been 
omitted, hoping to simplify and clarify the content. A bibliogra­
phy is included for those who desire to pursue the theoretical 
aspect. 

Parameter Definition 
The Laplace Transform permits the representation of the 

time response f(t) of a system in the complex domain F(s). 
This response is twofold in nature in that it contains both tran­
sient and steady state solutions. Thus, all operating conditions 
are considered and evaluated. The Laplace transform is valid 
only for positive real time linear parameters; thus, its use must 
be justified for the PLL which includes both linear and nonlin­
ear functions. This justification is presented in Chapter Three 
of Phase Lock Techniques by Gardner. 1 

The parameters in Figure 1 are defined and will be used 
throughout the text. 

Filter 

Bi(S) 

Bi(S) Phase Input 
Be(s) Phase Error 
Bo(s) Output Phase 
G(s) Product of the Individual Feed 

Forward Transfer Functions 
H(s) Product of the Individual Feedback 

Transfer Functions 

Figure 1. Feedback System 

Using servo theory, the following relationships can be 
obtained.2 

_ 1 
8e(s) - 1 + G(s) H(s) 8i(S) 

8 (s) - G(s) 8 ( ) 
o - 1 + G(s) H(s) i s 

(1 ) 

(2 ) 

These parameters relate to the functions of a PLL as shown 
in Figure 2. 

Bo(s) 
1---_-- fo 

Programmable 
Counter (+N) 
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Figure 2. Phase Locked Loop 
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The phase detector produces a voltage proportional to the 
phase difference between the signals 8i and 80 /N. This voltage 
upon filtering is used as the control signal for the VCONCM 
(VCM - Voltage Controlled Multivibrator). 

Since the VCONCM produces a frequency proportional to 
its input voltage, any time variant signal appearing on the con­
trol signal will frequency modulate the VCONCM. The output 
frequency is 

fo = Nfi ( 3) 

during phase lock. The phase detector, filter, and VCONCM 
compose the feed forward path with the feedback path con­
taining the programmable divider. Removal of the program­
m,able counter produces unity gain in the feedback path (N = 
1 ). As a result, the output frequency is then equal to that of the 
input. 

Various types and orders of loops can be constructed 
depending upon the configuration of the overall loop transfer 
function. Identification and examples of these loops are con­
tained in the following two sections. 

Type-Order 
These two terms are used somewhat indiscriminately in 

published literature, and to date there has not been an estab­
lished standard. However, the most common usage will be 
identified and used in this article. 

The type of a system refers to the number of poles of the 
loop transfer function G(s) H(s) located at the origin. Example: 

let 10 
G(s) H(s) = s(s + 10) (4) 

This is a type one system since there is only one pole at the 
origin. 

The order of a system refers to the highest degree of the 
polynomial expression 

1 + G(s) H(s) = 0 ~ C.E. (5 ) 

which is termed the Characteristic Equation (C. E.). The 
roots of the characteristic equation become the closed loop 
poles of the overall transfer function. 

Example: 

then 

10 
G(s) H(s) = s(s + 10) 

1 + G(s) H(s) = 1 + __ 1_0_ = 0 
s(s + 10) 

therefore 

C.E. = s(s +10) +10 

C.E. =s2 + 10s+ 10 

(6 ) 

(7) 

(8) 

( 9) 

which is a second order polynomial. Thus, for the given G(s) 
H(s), we obtain a type 1 second order system. 

MOTOROLA 

Error Constants 
Various inputs can be applied to a system. Typically, these 

include step position, velocity, and acceleration. The response 
of type 1, 2, and 3 systems will be examined with the various 
inputs. 

8e(s) represents the phase error that exists in the phase 
detector between the incoming reference signal 8i(S) and the 
feedback 80 (s)/N. In evaluating a system, 8e(s) must be 
examined in order to determine if the steady state and tran­
sient characteristics are optimum and/or satisfactory. The 
transient response is a function of loop stability and is covered 
in the next section. The steady state evaluation can be simpli­
fied with the use of the final value theorem associated with 
Laplace. This theorem permits finding the steady state system 
error 8e(s) resulting from the input 8i(S) without transforming 
back to the time domain.3 

Simply stated 

Lim [8(t)] = Lim [s8e(s)] 

00 s 0 
(10 ) 

Where 

1 
8e(s) = 1 + G(s) H(s) 8i(S) (11 ) 

The input signal SitS) is characterized as fOllows: 

Step position: Silt) = Cp t 2: 0 ( 12) 

Or, in Laplace notation: 8i(S) = ~ ( 13) 

where Cp is the magnitude of the phase step in radians. This 
corresponds to shifting the phase of the incoming reference 
signal by Cp radians: 

Step velocity: Silt) = Cvt t 2: 0 ( 14 ) 

Or, in Laplace notation: SitS) = ~ (15 ) 

where Cv is the magnitude of the rate of change of phase in 
radians per second. This corresponds to inputting a frequency 
that is different than the feedback portion of the VCO fre­
quency. Thus, Cv is the frequency difference in radians per 
second seen at the phase detector. 

Step acceleration: Silt) = Cat2 t 2: 0 (16) 

2C 
Or, in Laplace notation: 8i(S) = s3 a ( 17 ) 

Ca is the magnitude of the frequency rate of change in radians 
per second per second. This is characterized by a time variant 
frequency input. 

TypicalloopG(s) H(s)transferfunctionsfortypes 1, 2, and3 
are: 

Type 1 K 
G(s) H(s) = s(s + a) ( 18) 
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Type 2 

Type 3 

G(s) H(s) = K(s + a) 
s2 

G(s) H(s) = K(s + a)(s + b) 
s3 

(19 ) 

(20) 

The final value of the phase error for a type 1 system with a 
step phase input is found by using Equations 11 and 13. 

Se(s) = (1+ :(S~J (~) 
(s + a)Cp 

(s2 + as + K) 
(21 ) 

Se(t = 00) = Lim[s( s + a ) Cp] = 0 ( 22 ) 
s 0 s2+as+K 

Thus, the final value of the phase error is zero when a step 
position (phase) is applied. 

Similarly, applying the three inputs into type 1, 2, and 3 sys­
tems and utilizing the final value theorem, the following table 
can be constructed showing the respective steady state 
phase errors. 

Table 1. Steady State Phase Errors for Various System 
Types 

Type 1 Type 2 Type 3 

Step Position Zero Zero Zero 

Step Velocity Constant Zero Zero 

Step Continually Constant Zero Acceleration Increasing 

A zero phase error identifies phase coherence between the 
two input signals at the phase detector. 

A constant phase error identifies a phase differential 
between the two input signals at the phase detector. The mag­
nitude of this differential phase error is proportional to the loop 
gain and the magnitude of the input step. 

A continually increasing phase error identifies a time rate 
change of phase. This is an unlocked condition for the phase 
loop. 

USing Table 1, the system type can be determined for spe­
cific inputs. For instance, if it is desired for a PLL to track a ref­
erence frequency (step velocity) with zero phase error, a 
minimum of type 2 is required. 

Stability 
The root locus technique of determining the position of sys­

tem poles and zeroes in the s-plane is often used to graphi­
cally visualize the system stability. The graph or plot illustrates 
how the closed loop poles (roots of the characteristic equa-
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tion) vary with loop gain. For stability, all poles must lie in the 
left half of the s-plane. The relationship of the system poles 
and zeroes then determine the degree of stability. The root 
locus contour can be determined by using the following guide­
Iines.2 

Rule 1 - The root locus begins at the poles of G(s) H(s) 
(K = 0) and ends at the zeroes of G(s) H(s) 
(K = 00), where K is loop gain. 

Rule 2 - The number of root loci branches is equal to the 
number of poles or number of zeroes, whichever 
is greater. The number of zeroes at infinity is the 
difference between the number of finite poles and 
finite zeroes of G(s) H(s). 

Rule 3 - The root locus contour is bounded by asymptotes 
whose angular position is given by: 

(2n + 1) 
#P _ #Z 3'1; n = 0, 1,2, ... ( 23 ) 

Where #P (#Z) is the number of poles (zeroes). 

Rule 4 - The intersection of the asymptotes is positioned 
at the center of gravity C.G.: 

_ l:P - l:Z 
C.G. - #P _ #Z (24 ) 

Where I:P (U) denotes the summation of the 
poles (zeroes). 

Rule 5 - On a given section of the real axis, root loci may 
be found in the section only if the #P + #Z to the 
right is odd. 

Rule 6 - Breakaway points from negative real axis is 
given by: 

dK = 0 
ds 

(25 ) 

Again, where K is the loop gain variable factored from the 
characteristic equation. 

Example: 

The root locus for a typical loop transfer function is 
found as follows: 

G(s) H(s) = s(s ~ 4) (26) 

The root locus has two branches (Rule 2) which begin at 
s = 0 and s = -4 and ends at the two zeroes located at infinity 
(Rule 1). The asymptotes can be found according to Rule 3. 
Since there are two poles and no zeroes, the equation 
becomes: 

2n + 1 3'1 = 
2 

{ 
~ forn = 0 

33'1 forn = 1 
2 

(27) 
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The position of the intersection according to the Rule 4 is: 

s = LP - LZ = (- 4 - 0) - (0) 
#P - #Z 2 - 0 

s =-2 (28 ) 

The breakaway point, as defined by Rule 6, can be found by 
first writing the characteristic equation. 

C.E. = 1 + G(s) H(s) = 0 

= 1 + __ K_ = s2 + 4s + K = 0 
s(s + 4) 

Now solving for K yields 

(29 ) 

(30) 

Taking the derivative with respect to s and setting it equal to 
zero, then determines the breakaway point. 

or 

dK = i!..(_ s2 - 4s) 
ds ds 

dK = _ 2s - 4 = 0 
ds 

s =-2 

(31 ) 

(32 ) 

(33 ) 

is the point of departure. Using this information, the root locus 
can be plotted as in Figure 3. 

The second order characteristic equation, given by Equa­
tion 29, has be normalized to a standard form2 

(34 ) 

where the damping ratio ~ = COS cp (0°"; cp,,; 90°) and (On is the 
natural frequency as shown in Figure 3. 

K 00 jOJ 

ASYMPTOTE = nl2 

OJn 

CENTER OF GRAVITY 

K=O ~ (J 

The response of this type 1, second order system to a step 
input, is shown in Figure 4. These curves represent the phase 
response to a step position (phase) input for various damping 
ratios. The output frequency response as a function of time to 
a step velocity (frequency) input is also characterized by the 
same set of figures. 
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Figure 4. Type 1 Second Order Step Response 

The overshoot and stability as a function of the damping 
ratio ~ is illustrated by the various plots. Each response is 
plotted as a function of the normalized time (Ont. For a given ~ 
and a lock-up time t, the (On required to achieve the desired 
results can be determined. Example: 

Assume ~ = 0.5 
error < 10% 
fort> 1ms 

-4 -2 K = 0 From ~ = 0.5 curve error is less than 10% of final value for all 

BREAKAWAY POINT 

ASYMPTOTE = 3][/2 

K 00 

Figure 3. Type 1 Second Order Root Locus Contour 
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time greater than (Ont = 4.5. The required (On can then be found 
by: 

(Ont = 4.5 

or 

4.5 4.5 45k d/ "'n = t = 0.001 = . ra s 

(35 ) 

(36 ) 
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~ is typically selected between 0.5 and 1 to yield optimum 
overshoot and noise performance. 

Example: 

Another common loop transfer function takes the form: 

G(s) H(s) = (s + a)k 
s2 

(37) 

This is a type 2 second order system. A zero is added to pro­
vide stability. (Without the zero, the poles would move along 
the jro axis as a function of gain and the system would at all 
times be oscillatory in nature.) The root locus shown in Figure 
5 has two branches beginning at the origin with one asymptote 
located at 180 degrees. The center of gravity is s = a; how­
ever, with only one asymptote, there is no intersection at this 
point. The root locus lies on a circle centered at s = -a and 
continues on all portions of the negative real axis to left of the 
zero. The breakaway point is s = -2a. 

jro 

K 00 

Figure 5. Type 2 Second Order Root Locus Contour 

The respective phase or output frequency response of this 
type 2 second order system to a step position (phase) or veloc­
ity (frequency) input is shown in Figure 6. As illustrated in the 
previous example, the required ron can be determined by the 
use of the graph when ~ and the lock-up time are given. 

Bandwidth 

The -3dB bandwidth of the PLL is given by: 

ro _ 3dB = oon(1 - 2~2 + ./2 - 4~2 + 4~4)'/2 (38) 

for a type 1 second order4 system, and by: 

W-3dB = oon( 1 + 2~2 + ./2 + 4~2 + 4~4)'/2 (39) 

for a type 2 second order1 system. 

Phase-Locked Loop Design Example 

The design of a PLL typically involves determining the type 
of loop required, selecting the proper bandwidth, and estab­
lishing the desired stability. A fundamental approach to 

AN535 
4-12 

1.8 

1.7 

1.6 

1.5 

~ 1.4 
z 
~ 1.3 

~ 1.2 
LL 

~ 1.1 
t-
is 1.0 
c:J 
i!:l 0.9 

~ :;; 0.8 
II: 

~ 0.7 

~ 0.6 

'" 0.5 

0.4 

0.3 

0.2 

0.1 

ItfT 
IIIIm 
n 

\~=0.1 

I i\ / 
({ f(\/ 
f/"l K / 
1-'\ ~ /' 
b: tx/ 
t-): ~ 

I [":l. 

0.8 

1.0 
'--r-

rO.2 

r J·3 
.n4 

n. 

·0.6 f \ 
·0.7 II 

'/ r-.... .\ 
v I-- ."\: 

"- ....- ~ - pj 

.' V \ II 
1\ / ....." 

\ 
\ I 

f" 

00 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 13 14 

ron! 
Figure 6. Type 2 Second Order Step Response 

these design constraints is now illustrated. It is desired for the 
system to have the following specifications: 

Output Frequency 

Frequency Steps 

Phase Coherent Frequency Output 

Lock-Up Time Between Channels 

Overshoot 

2.0MHz to 3.0MHz 

100KHz 

1ms 

<20% 

NOTE: These specifications characterize a system function 

similar to a variable time base generator or a frequency syn­

thesizer 

From the given specifications, the circuit parameters shown 
in Figure 7 can now be determined. 

The devices used to configure the PLL are: 

Frequency-Phase Detector 

Vottage Controlled Multivibrator (VCM) 

Programmable Counter 

MC4044/4344 

MC4024/4324 

MC4016/4316 

The forward and feedback transfer functions are given by: 

G(s) = Kp Kf Ko H(s) = Kn (40) 

where Kn = 1/N (41 ) 

The programmable counter divide ratio Kn can be found 
from Equation 3. 
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Ii 

Programmable 
Counter Kn 

I---~-- 10 

Figure 7. Phase-Locked Loop Circuit Parameters 

N . - fomin _ fomin _ 2MHz - 20 
min - -f-i - - fstep - 100KHz -

N - fomax _ 3M Hz - 30 
max - fstep - 100KHz -

1 1 
Kn = 20 to 30 

(42 ) 

(43) 

(44) 

A type 2 system is required to produce a phase coherent 
output relative to the input (See Table 1). The root locus con­
tour is shown in Figure 5 and the system step response is illus­
trated by Figure 6. 

The operating range of the MC402414324 VCM must cover 
2M Hz to 3M Hz. Selecting the VCM control capacitor accord­
ing to the rules contained on the data sheet yields C = 100pF. 
The desired operating range is then centered within the total 
range olthe device. The input voltage versus output frequency 
is shown in Figure 8. 

5.5 
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co 
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VCC = 5.0 Vdc +125'C-7 ldfl 
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+ 25'C 

~ 

-55'C, 
~ ~ 
~ -.... +125'C 

+25'C 

1.0 2.0 3.0 4.0 5.0 

lout. OUTPUT FREQUENCY (MHz) 

Figure 8. MC4324 Input Voltage versus Output 
Frequency (100pF Feedback Capacitor) 

The transfer function of the VCM is given by: 

c--

6.0 

Kv 
Ko ='S (45 ) 

MOTOROLA 

Where Kv is the sensitivity in radians per second per volt. 
From the curve in Figure 8, Kv is found by taking the reciprocal 
of the slope. 

K - 4MHz - 1.5MHz 2n rad/s/V 
v - 5V - 3.6V 

Kv= 11.2 x 106 rad/sN (46 ) 

Thus 

Ko = 11.2 sx1 06 rad/s/V (47) 

The s in the denominator converts the frequency character­
istics of the VCM to phase, i.e., phase is the integral of fre­
quency. 

The gain constant for the MC4044/4344 phase detector is 
found by5 

K = DFHigh - UFLow = 2.3V - 0.9V = 0111V/ d 
P 2(2n) 4n' ra 

(48 ) 

Since a type 2 system is required (phase coherent output) 
the loop transfer function must take the form of Equation 19. 
The parameters thus far determined include Kp, Ko, Kn leaving 
only Kf as the variable for design. Writing the loop transfer 
function and relating it to Equation 19 

G(s)H(s) = Kp Kv Kn Kf = K(s + a) 
s s2 (49) 

Thus, Kf must take the form 

Kf=s~a (50) 

in order to provide all olthe necessary poles and zeroes forthe 
required G(s) H(s). The circuit shown in Figure 9 yields the 
desired results. 

Figure 9. Active Filter Design 
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Kf is expressed by 

R2CS + 1 
Kf = R 1 Cs for largeA 

where A is voltage gain of the amplifier. 

(51 ) 

R1, R2, and C are then the Variables used to establish the 
overall loop characteristics. 

The MC4044I4344 provides the active circuitry required to 
configure the filter Kf. An additional low current high ~ buffering 
device or FET can be used to boost the Input Impedance, thus 
minimizing the leakage current from the capacitor C between 
sample updates. As a result,' longer sample periods are 
achievable. 

Since the gain of the active filter circuitry in the 
MC4044/4344 is not infinite, a gain correction factor Kc must 
be applied to Kf in order to properly characterize the function. 
Kc is found experimentally to be Kc = 0.5. 

K = K Kc = 0.5 (R2CS + 1). 
fc f R1CS (52) 

(For large gain, Equation 51 applies.) 

The PLL circuit diagram is shown in Figure 11 and its 
Laplace representation in Figure 1 O. 

The loop transfer function is 

G(s) H(s) = Kp Kfc Ko Kn ( 53 ) 

G(s)H(s) = Kp(0.5) (R2~SC: 1) (~v) (~) ( 54 ) 

0.5 Kp Kv _ 2 
R1CN - oon 

(57 ) 

0.5 Kp Kv R2 
and R1N = 2toon (58) 

With the use of an active fiRer whose open loop gain (A) is 
large (Kc = 1), Equations 57 and 58 become 

Kp Kv 
-- = oon2 
R1 CN 

Kp Kv R2 
R1N = 2toon 

(59) 

(60) 

The percent overshoot and settling time are now used to 
determine ron. From Figure 6, it is seen that a damping ratio ~ = 
0.8 will produce a peak overshoot less than 20% and will.settle 
within 5% at oont = 4.5. The required lock-up time is 1 ms. 

Rewriting Equation 57 

The characteristic equation takes the form (0.5) (0.111) (11.2 x 106) 

= (4500)2 (30) 
C.E. = 1 + G(s) H(s) = 0 

_ s2 0.5 Kp Kv R2 0.5 Kp"Kv 
- + R1N s + R1CN (55) 

Relating Equation 55 to the standard form given by Equa­
tion34 

s2 0.5 Kp Kv R2 0.5 Kp Kv 
+ R1N s + R1CN 

= s2 + 2~oons + oon2 

Equating like coefficients yields 

8j(S) Kp =0.111V/rad 1----1 

(56) 

R1C = 0.00102 

(Maximumovershootoccursat Nmaxwhich is minimum loop 
gain) 

Let C= 0.5j.lF 

Then 

Use 

R1 = 0.00102 = 2.04kQ 
0.5 x 10-6 

R1 =2kn 

Ko = 1~2 *106 rad/s/V 1---_- 80 (s) 

Figure 10. Laplace Representation of Diagram In Figure 11 
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PO P1 P2 P3 PO P1 P2 P3 

Figure 11. Circuit Diagram of Type 2 Phase-Locked Loop 

R 1 is typically selected greater than 1 kO. 

Solving for R2 in Equation 58 

2(0.8) 

(0.5 x 10-6)(4.5k) 

=7110 

Use R2 =6800 

All circuit parameters have now been determined and the 
PLL can be properly configured. 

Since the loop gain is a function of the divide ratio Kn, the 
closed loop poles will vary its position as Kn varies. The root 
locus shown in Figure 12 illustrates the closed loop pole varia­
tion. 

The loop was designed for the programmable counter 
N = 30. The system response for N = 20 exhibits a wider 
bandwidth and larger damping factor, thus reducing both 
lock-up time and percent overshoot (see Figure 14). 

MOTOROLA 

N =20 
(On = 5.64krad/s 

1;=0.961 \ 

/ 
I 

N =30 
(On = 4.61 krad/s 

1; = 0.785 

1---...... , 
" , 

\ 
\ 

_---.l---_o------'~I-----
\ -294k \ . 

\ / 

~--_//// 

Figure 12. Root Locus Variation 

NOTE: The type 2 second order loop was illustrated as a 
design sample because it provides excellE\nt performance for 
both type 1 and 2 applications. Even in systems that do not 
require phase coherency, a type 2 loop still offers an optimum 
design. 
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Experimental Results 
Figure 13 shows the theoretical transient frequency 

response of the previously designed system. The curve 
N = 30 illustrates the frequency response when the program­
mable counter is stepped from 29 to 30, thus producing a 
change in the output frequency from 2.9MHz to 3.0MHz. An 
overshoot of 18% is obtained and the output frequency is 
within 5kHz of the final value one millisecond after the applied 
step. The curve N = 20 illustrates the output frequency 
change as the programmable counter is stepped from 21 to 
20. 

Since the frequency is proportional to the VCM control volt­
age, the PLL frequency response can be observed with an 
oscilloscope by monitoring pin 2 of the VCM. The average fre­
quency response as calculated by the Laplace method is 
found experimentally by smoothing this voltage at pin 2 with a 
simple RC filter whose time constant is long compared to the 
phase detector sampling rate, but short compared to the PLL 
response time. With the programmable counter set at 29 the 
quiescent control voltage at pin 2 is approximately 4.37 volts. 
Upon changing the counter divide ratio to 30, the control volt­
age increases to 4.43 volts as shown in Figure 14. A similar 
transient occurs when stepping the programmable counter 
from 21 to 20. Figure 14 illustrated that the experimental 
results obtained from the configured system follows the pre­
dicted results shown in Figure 13. Linearity is maintained for 
phase errors less than 21t, i.e. there is no cycle slippage at the 
phase detector. 

N 3. 0 
I 
~ 
>-
() 
z 2. w 9 
:::> a w 
a: 
u. 
I- 2. :::> 1 
Il.. 
I-
:::> 
0 

2. 0 

7,A 
... 

L30l 

( N STEPPED FROM ~9 TO 30 

-- Slep Input 

1\ 
0.5 

N STEPPED FROM 21 TO 20 

1.0 

TIME (ms) 

t20~ 
I 

1.5 2.0 

Figure 13. Frequency-Time Response 
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4.37 V 

3.89 V 

, •••••• 1 4.43 V 

iiiiiiii 3.83 V 

V = 0.05 V/cm 
H = 0.5 msicm 

Figure 14. VCM Control Voltage (Frequency) 
Transient 

Figure 15 is a theoretical plot of the VCM control voltage 

transient as calculated by a computer program. The computer 

program is written with the parameters of Equations 58 and 59 

(type 2) as the input variables and is valid for all damping ratios 

of 1;::; 1.0. The program prints or plots control voltage transient 

versus time for desired settings of the programmable counter. 

The lock-up time can then be readily determined as the vari­

ous parameters are varied. (If stepping from a higher divide 

ratio to a lower one, the transient will be negative.) Figures 14 

and 15 also exhibit a close correlation between experimental 

and analytical results. 

Summary 

This application note describes the basic control system 

techniques required for phase-locked loop design. Criteria for 

the selection of the optimum type of loop and methods for 

establishing the desired performance characteristics are 

presented. A design example is illustrated in a step-by-step 

approach along with the comparison of the experimental and 

analytical results. 
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The Technique of Direct Programming by 
Using a Two-Modulus Prescaler 
Prepared by: PLL Applications 

The theory in this application note is still applicable, but 
some of the products referenced may be discontinued. 

INTRODUCTION 

The MC12009, MC12011, or MC12013 can be used as 
part of a variable modulus (divisor) prescaling subsystem 
used in certain Digital Phase-Locked Loops (PLL). 

More often than not, the feedback loop of any PLL con­
tains a counter-divider. Many methods are available for 
building a divider, but not all are simple, economical, or con­
venient in a particular application. 

The technique and system described here offer a new 
approach to the construction of a phase-locked loop divider. 
In addition to using either the MC12009, MC12011, or the 
MC12013 variable modulus prescaler, this system requires 
an MC12014 Counter Control Logic Function, together with 
suitable programmable counters (e.g., MC4016s or 
SN74LS716s). Data sheets for these additional devices 
should be consulted for their particular functional descrip­
tions. 

DESIGN CONSIDERATIONS 

The disadvantage of using a fixed modulus (+ P) for 
frequency division in high-frequency phase-locked loops 
(PLL) is that it requires dividing the desired reference 
frequency by P also (desired reference frequency equals 
channel spacing). 

The MC12009/11/13 are especially designed for use with a 
technique called "variable modulus prescaling". This tech­
nique allows a simple MECL two-modulus prescaler to be 
controlled by a relatively slow MTTL programmer counter. 
The use of this technique permits direct high-frequency 
prescaling without any sacrifice in resolution since it is no 
longer necessary to divide the reference frequency by the 
modulus of the high-frequency prescaler. 

The theory of ''variable modulus prescaling" may be ex­
plained by considering the system shown in Figure 1 . For the 
loop shown: 

fout = N. P • fref (1) 
where P is fixed and N is variable. For a change of 1 in N, the 
output frequency changes by P • fref. If fref equals the 
desired channel spacing, then only every P channel may be 
programmed using this method. A problem remains: how to 
program intermediate channels. 

One solution to this problem is shown in Figure 2. A + P is 
placed in series with the desired channel spacing (fre-

ORIGINALLY PRINTED 5181 
REFORMATTED 1 0/95 
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quency) to give a new reference frequency: channel spac­
ing/P. 

Another solution is found by conSidering the defining 
Equation 1 for fout of Figure 1. From the equation it may be 
seen that only every P channel can be programmed simply, 
because N is always an integer. To obtain intermediate chan­
nels, P must be multiplied by an integer plus a fraction. This 
fraction would be of the form: AlP. If N is defined to be an 
integer number, Np, plus a fraction, AlP, N may be expressed 
as: 

N = Np + AlP. 

Substituting this expression for N in Equation 1 gives: 

fout = (Np + AlP) • p. fref (2) 

or fout = (Np P + A). fref (3) 

fout = Np. p. fref + A. fref. (4) 

Equation 4 shows that all channels can be obtained directly if 
N can take on fractional values. Since it is difficult to multiply 
by a fractional number, Equation 4 must be synthesized by 
some other means. 

REFERENCE 
FREQUENCY 

(freil 

Figure 1. Frequency Synthesis by Prescaling 

REFERENCE 
FREQUENCY 

(fret) 

Figure 2. Frequency Synthesis by Prescaling 
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Taking Equation 3 and adding ± AP to the coefficient of the 
fref, the equation becomes: 

fout = (Np. P + A + A • P - A • P) fref. (5) 

Collecting terms and.factoring gives: 

fout = [(Np-A)P+A(P+l)]fref (6) 

From Equation 6 it becomes apparent that the fractional 
part of N can be synthesized by using a two-modulus 
counter (P and P + 1) and dividing by the upper modulus, A 
times, and the lower modulus (Np - A) times. 

Equation 6 suggests the circuit configuration in Figure 3. 
The A counter shown must be the type that counts from the 
programmed state (A) to the enable state, and remains in 
this state until divide by Np is completed in the program­
mable counter. 

REFERENCE 
FREQUENCY 

(fref) 

PROGRAMMABLE 
COUNTERS 

+Np 

TWO-MODULUS 
PRESCALER 

P, P+ 1 

PROGRAMMABLE 
COUNTERS 

+A 

Figure 3. Frequency Synthesis by 
Two-Modulus Prescaling 

fout ~ Nfref 

In operation, the prescaler divides by P + 1, A times. For 
every P + 1 pulse into the prescaler, both the A counter and 
Np counter are decremented by 1. The prescaler divides by 
P + 1 until the A counter reaches the zero state. At the end of 
(P + 1) • A pulses, the state of the Np counter equals (Np -
A). The modulus of the prescaler then changes to P. The 
variable modulus counter divides by P until the remaining 
count, (Np - A) in the Np counter, is decremented to zero. 
Finally, when this is completed, the A and Np counters are 
reset and the cycle repeats. 

To further understand this prescaling technique, consider 
the case with P = 10. Equation 6 becomes: 

fout = (A + 10 Np). fref (7) 

If Np consists of 2 decades of counters then: 

Np = 10Npl +NpO 

(Npl is the most significant digit), 

and Equation 7 becomes: 

fout = (100 Npl + 10 NPO + A) fref. 

To do variable modulus prescaling using the variable mo­
dulus prescalers (MC12009/11/13) and programmable divide 
by N counters (MC4016, MC4018) one additional part is 
required: the MC12014 (Counter Control Logic). 

In variable modulus prescaling the MC12014 serves a dual 
purpose: it detects the terminal (zero) count of the A counter, 
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to switch the modulus of the MC12013; and it extends the 
maximum operating frequency of the programmable count­
ers to above 25 MHz. (See the MC12014 data sheet for a 
detailed description of the Counter Control Logic). 

Figure 4 shows the method of interconnecting the 
MC12013, MC12014, and MC4016 (or MC4018) for variable 
modulus prescaling. To understand the operation of the 
circuit shown in Figure 4, consider division by 43. Division by 
43 is done by programming Npl = 0, NpO = 4, and A = 3. 

Waveforms for various pOints in the circuit are shown in 
Figure 5 for this division. From the waveforms it may be seen 
that the two-modulus prescaler starts in the divide by 11 
mode, and the first input pulse causes point A to go high. 
This positive transition decrements the Np counter to 3, and 
counter A to 2. 

After 11 pulses, point 0 again goes high; the Np counter 
decrements to 2 and the A counter to 1. The "2" contained in 
the Np counter enables the inputs to the frequency extender 
portion of the MC12014. After 11 more pulses point 0 goes 
high again. 

With this position transition at 0, the output (fout) of the 
MC12014 goes low, the Np counter goes to 1, and the A 
counter goes to o. The zero state of the A counter is detected 
by the MC12014, causing point ® to go to 1 and changing 
the modulus of the MC12013 to 10 at the start of the cycle. 

When fout goes low, the programmable counters are reset 
to the programmed number. After 11 pulses (the enable went 
high after the start of the cycle and therefore doesn't change 
the modulus until the next cycle), point 0 makes another 
positive transition. This positive transition causes fout to 
return high, release the preset on the counter, and generates 
a pulse to clear the latch (return point ® to 0). 

After 10 pulses the cycle begins again (point ® was high 
prior to point 0 going high). The number of input pulses 
that have occurred during this entire operation is: 11 + 11 + 
11 + 10 = 43. Figures 6 and 7 show the waveforms for divide 
by 42 and divide by 44 respectively. 

The variable modulus prescaling technique may be used 
in any application as long as the number in the Np counter is 
greater than or equal to the number in the A counter. Failure 
to observe this rule will result in erroneous results. (For 
example, for the system shown in Figure 4, if the number 45 
is programmed, the circuit actually will divide by 44. This is 
not a serious restriction since Np is greater than A in most 
applications. ) 

It is important to note that the A counter has been com­
posed of only one counter for discussion only; where re­
quired, the A counter may be made as large as needed by 
cascading several programmable counters. Figure 8 shows 
the method of interconnecting counters. Operation is pre­
viously described. The number of stages in the A Counter 
should not exceed the number of stages for the Np counters. 
As many counters as desired may be cascaded, as long as 
fan-in and fan-out rules for each part are observed. 

The theory of "variable modulus prescaling" developed 
above, examined a case in which the upper modulus of the 
two-modulus prescaler was 1 greater than the lower modu­
lus. However, the technique described is by no means limited 
to this one special case. There are applications in which it is 
desirable to use moduli other than P/(P + 1). 
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It can be shown that for a general case in which the moduli 
of the two-modulus prescaler are P and P + M, Equation 6 
becomes: 

fout = [(Np - A) P + A (P + M)] • fref 

or 

fout = [Np. P + M • A] • fref. (8) 

CD L., E MTILout 1- C1 
MC12013 

From Equation 8 it may be seen that the upper modulus of 
the two-modulus prescaler has no effect on the Np counter, 
and that the number programmed in the A counter is simply 
multiplied by M. 

There is no one procedure which will always yield the best 
counter configuration for all possible applications. Each 
designer will develop his own special design for the counter 
portion of his PLL system. 
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Figure 4. Direct Programming Utilizing Two-Modulus Prescaler 
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Figure 7. Waveforms for Divide by 44 

'-------'I 

MOTOROLA 



'-- E MTILoul 

fin- Cl 
MC12013 

~ .--~ ~-00010203 03 B 03 

~ICMC401~ MC401~ CMC401~ 
PE PE PE 

1111' 
"- AO 

t filf 11 
I I I , , , , , 

Al 

V 
A COUNTER 

A=100A2+10Al +AO 

A2 ) 

ZO 

Zl 

Z2 Eo r--
Z3 

82 
f. MC12014 
In 

PO 

Pl - 1'2 fout 

:---- 1'3 

[81 

1 r-~~J 54,----~,-, I 00010203 03 B 03 

L ' C MC401~~ ~ C MC401~ C MC401~ CMC401~ 
~ Pt PE PE PE 

ilTT f f • ff ff t f f ff t 
I I I I I , I , , , I I , I , I 

"- NpO Npl Np2 ) 

"V 
NpCOUNTER 

Np = 100 Np2 + 10 Npl + NpO 

Figure 8. Method of Interconnecting Counters 

MOTOROLA 

fout 

--"1-
.-_..l_ 

_ ..... -, I lr 
[' t 

03 I 
CMC4016 B I J 

PEt 
~ITTr 
LLU.J __ 
I I I I 

AN827 
4-23 



.. 

MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

AN1207 

The MC145170 in Basic HF and VHF Oscillators 
Prepared by: David Babin and Mark Clark 

Phase-locked loop (PLL) frequency synthesizers are com­
monly found in communication gear today. The carrier oscil­
lator in a transmitter and local oscillator (La) in a receiver are 
where PLL frequency synthesizers are utilized. In some cel­
lular phones, a synthesizer can also be used to generate 90 
MHz for an offset loop. In addition, synthesizers can be used 
in computers and other digital systems to create different 
clocks which are synchronized to a master clock. 

The MC145170 is available to address some of these 
applications. The frequency capability of the MC145170 is 
very broad - from a few hertz to 160 MHz. 

ADVANTAGES 
Frequency synthesizers, such as the MC145170, use digi­

tal dividers which can be placed under MCU control. Usually, 
all that is required to change frequencies is to change the di­
vide ratio of the N Counter. Tuning in less than a millisecond 
is achievable. 

The MC145170 can generate many frequencies based on 
the accuracy of a single reference source. For example, the 
reference can be a low-cost basic crystal oscillator or a tem­
perature-compensated crystal oscillator (TCXO). Therefore, 
high tuning accuracies can be achieved. Boosting of the ref­
erence frequency by 100x or more is achievable. 

ELEMENTS IN THE LOOP 
The components used in the PLL frequency synthesizer of 

Figure 1 are the MC145170 PLL chip, low-pass filter, and 
voltage-controlled oscillator (VCO). Sometimes a voltage­
controlled multivibrator (VCM) is used in place of the VCO. 
The output of a VCM is a square wave and is usually inte­
grated before being fed to other sections of the radio. The 

REFERENCE 
OSCILLATOR 

Figure 1. PLL Frequency Synthesizer 
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VCM output can be directly used in computers and other digi­
tal equipment. The output of a VCO or VCM is typically buff­
ered, as shown. 

As shown in Figure 2, the MC145170 contains a reference 
oscillator, reference counter (R Counter), VCONCM counter 
(N Counter), and phase detector. A more detailed block dia­
gram is shown in the data sheet. 

HF SYNTHESIZER 
The basic information required for designing a stable high­

frequency PLL frequency synthesizer is the frequencies 
required, tuning resolution, lock time, and overshoot. For the 
example design of Figure 3, the frequencies needed are 
9.20 MHz to 12.19 MHz. The resolution (usually the same as 
the frequency steps or channel spacing) is 230 kHz. The lock 
time is 8 ms and a maximum overshoot of approximately 
15% is targeted. For purposes of this example, lock is con­
sidered to be when the frequency is within about 1 % of the 
final value. 

HF SYNTHESIZER LOW-PASS FILTER 

In this design, assume a square wave output is accept­
able. To generate a square wave, a MC1658 VCM chip is 
chosen. Per the transfer characteristic given in the data 
sheet, the MC1658 transfer function, KVCM, is approximately 
1 x 108 radians/second/volt. The loading presented by the 
MC1658 control input is large; the maximum input current is 
350 ~. Therefore, an active low-pass filter is used so that 
loading does not affect the filter's response. See Figure 3. In 
the filter, a 2N7002 FET is chosen because it has very high 
transconductance (80 mmhos) and low input leakage (100 
nA). 

REFERENCE 
OSCILLATOR 

FROM 
VCONCM 

DIVIDE VALUE 

MULTIPLYING VALUE 

Figure 2. Detail of the MC145170 
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Figure 3. HF Synthesizer 

In order to calculate the average divide value for the N 
Counter, follow this procedure. First, determine the average 
frequency; this is (12.19 + 9.2)/2 = 10.695 MHz or approxi­
mately 10.7 MHz. Next, divide this frequency by the resolu­
tion: 10.7 MHzl230 kHz = about 47. 

Next, reference application note AN535 (see book 
DL 136/D Rev 3 or 4). The active filter chosen takes the form 
shown in Figure 9 of the application note. This filter is used 
with the single-ended phase detector output of the 
MC145170, PDout. The phase detector associated with 
PDout has a gain K$ = VDD/41t. For a supply of 5 V, this is 5/41t 
= 0.398 V/rad. The system's step response is shown in Fig­
ure 4. To achieve about 15% overshoot, a damping factor of 
O.B is used. This causes frequency to settle to within 1 % at 
Illnt= 5.5. 

The information up to this point is as follows. 
f ref = 230 kHz 
fVCM = 9.2 to 12.19 MHz; the average is 10.7 MHz, 

average N = 47 
power supply = 5 V for the phase detector 
KVCM = 1 x 108 radlsIV 
overshoot = approximately 15%, yields a damping 

factor = 0.8 
lock time t = 8 ms settling to within 1 %, Illnt = 5.5 
K$ or Kp = 0.398 V/rad. 

From the application note, equation 61, Illn = 5.5/t = 
5.5/0.00B = 687.5 radls. 

Equation 59 is R1C = (Kp Kv)/llln2 N 
= (0.398 x 1 x 108)/687.52 x 47 
= 1.79 

Equation 59 is used because of the high-gain FET. 
Next, the capacitor C is picked to be 1 f.lF. Therefore, 

R1 = 1.79/C which is 1.79 M!l. The standard value of 1.8 MQ 
is used for R1. 

Equation 63 is R2 = (2~)/C Illn 
= (2 x 0.8)/(1 x 10-6 x 687.5) 
= 2.33 kQ. 

A standard value for R2 of 2.4 kQ is utilized. 
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Figure 4. Type 2 Second Order Step Response 

Hi: SYNTHESIZER PROGRAMMING 

Programming the MC145170 is straightforward. The three 
registers may be programmed in a byte-oriented fashion. 
The registers retain their values as long as power is applied. 
Thus, usually both the C and R Registers are programmed 
just once, right after power up. 
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The C Register, which configures the device, is pro­
grammed with $CO (1 byte). This sets the phase detector to 
the proper polarity and activates PDout. This also turns off the 
unused outputs. The phase detector polarity is determined 
by the filter and the VCM. For this example, the MC1658 data 
sheet shows that a higher voltage level is needed if speed is 
to be increased. However, the low-pass filter inverts the sig­
nal from the phase detector (due to the active element con­
figuration). Therefore, the programming of the polarity for the 
phase detector means that the POL bit must be a "1." 

The R Register is programmed for a divide value that 
results in the proper frequency at the phase detector refer­
ence input. In this case, 230 kHz is needed. Therefore, with 
the 4.6 MHz source shown in Figure 3, the R Register needs 
a value of $000014 (3 bytes, 20 in decimal). 

The N Register determines the frequency tuned. Tuning 
9.2 MHz requires the proper value for N to multiply up the 
reference of 230 kHz to 9.2 MHz. This is 40 decimal. For 
12.19 MHz, the value is 53 decimal. To tune over the range, 
change the value in the N Register within the range of 40 to 
53 with a 2-byte transfer. Table 1 shows the possible fre­
quencies. 

Table 1. The HF Oscillator Frequencies 

N Value Frequency, MHz 

40 9.20 
41 9.43 
42 9.66 
43 9.89 
44 10.12 
45 10.35 
46 10.58 
47 10.81 
48 11.04 
49 11.27 
50 11.50 
51 11.73 
52 11.96 
53 12.19 

EXTRA FILTERING FOR THE HF LOOP 

When the HF oscillator was built, the proper frequencies 
could not be tuned. The output of the MC1658 was examined 
with an oscilloscope and the switching edges were discov­
ered to be "ragged." That is, the output did not appear to be a 
square wave with clean transitions. 

The fin input of the MC145170 is sensitive to 500 mV p-p 
signals, and the ragged edges were being amplified and 
counted down by the N Counter. Therefore, the edges need­
ed cleaning up. One method would have been to add a low­
pass filter between the MC1658 and MC145170. However, 
because an additional buffer was needed elsewhere in the 
circuit, an MC74HCU04 inverter was used in place of the fil­
ter. This inverter's frequency response is low enough to 
clean up the ragged edges. That is, filtering of the ragged 
edges occurred, and the output had smoother transitions. As 
mentioned previously, one of the elements in the inverter 
package was used to buffer the output of the VCM before 
feeding it to the outside world. See Figure 3. 
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VHF SYNTHESIZER 
The MC145170 may be used in VHF deSigns, also. The 

range for this next example is 140 to 160 MHz in 100 kHz 
increments. 

VHF SYNTHESIZER LOW-PASS FILTER 

To illustrate design with the doubled~nded phase detec­
tor, the «\>R and «\>V outputs are used. This requires an opera­
tional amplifier, as shown in Figure 5. From the deSign 
guidelines shown in the MC145170 data sheet, the following 
equations are used: 

_J~KVCO (1) 
Oln - N C Rl 

damping factor 1; = Oln R2C 
2 

(2) 

where, from the data sheet, the equation for the «\>R and «\>V 
phase detector, 

VDD 5 K«\>= -=- =0.796V/rad (3) 
21t 21t 

and 

1; = 0.707, 

Oln = 21tfR = 21t x 100 kHz = 12,566 rad/s 
50 50 

KVCO 21t L\ fVCO 
L\ VVCO 

21t x (160 -140 MHz) 

10-2 

(4) 

= 1.57 x 107 radlslV (5) 

The control vOltage range on the input to the VCO is 
picked to be 2 to 10 V. 

The average frequency = (140 + 160)/2 = 150 MHz. There­
fore, the average N = 1500. 

The above choices for 1; and Oln are rules of thumb that are 
a good design starting point. A larger Oln value results in fast­
er loop lock times and higher reference frequency veo 
sidebands for similar sideband filtering. (See Advanced 
Considerations.) 

Choosing Cl to be 4700 pF, Rl is calculated from the 
rearranged expression for Oln as: 

Rl= ~KVCO = (0.796 V/rad)(1.57 x 107 rad/slV) 

C1~N (4700 pF)(12,566 radls)2 (1500) 

= 11.23 kg 

Therefore, chose an 11 kg standard value resistor. 
R2 is determined from: 

R2 = 3.. = (2)(0.707) 
OlnC1 (12,566)(4700 pF) 

= 23.94 kn or 
24 kn (standard value) 

VHF SYNTHESIZER EXTRA FILTERING 

(6) 

(7) 

For more demanding applications, extra filtering is some­
times added. This reduces the VCO sidebands caused by a 
small amount of the reference frequency feeding through the 
filter. One form of this filtering consists of spitting R1 into two 
resistors; each resistor is one-half the value of R1, as indi­
cated by Rl/2 in Figure 5. Capacitors Cc are added from the 
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Y1 
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+5V 

MC145170 

4x5.6kl1 
2x1500pF 
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1 kl1 

T Cc 

TEST POINT 
(lOCK DETECT) 

24 kl1 4700 pF 

+12V 

24kl1 

I 4700pF 

'--------0 DATA OUT 
'--------0 ClK 

~-------o~ '-----------0 DATA IN 

+5V +5V 

MC1648 

1000 PF1 

20nH 2 x MV2115 
R14 

10kl1 

I O.1 I'F 
390pF I C5 

Figure 5. VHF Synthesizer 

midpoints to ground to further filter the reference sidebands. 
The value of Cc is chosen so that the corner frequency of 
this added network does not significantly affect the original 
loop bandwidth WB. 

The rule of thumb for an initial value is Cc = 4/ ( R1 WRC), 
where wRC is the filter cutoff frequency. A good value is to 
choose wRC to be 10 x wB, so as to not significantly impact 
the original filter. 

(8) 

= 12,566V1+(2)(0.707)2+ 12+(4)(0.707)2+ (4)(0.707)4 

= 25,760 radls 

WRC = 10 wB = (10)(25,760) = 257,600 radls (9) 

4 4 
CC=--= --------

R1wRC (11.23 kQ)(257,600 rad/s) 
(10) 

= 1383 pF = 1500 pF 

There is also a filter formed at the input to the VCO. Again, 
this should be selected to ensure that it does not significantly 
affect the loop bandwidth. For this example, the filter is domi-
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nated by R14 with C5. The capacitance of the varactors (in 
series with the rest of the circuit) is much smaller than C5 
and can therefore be neglected for this calculation. 

As above, let wRC = 257,600 radls be the cutoff of this filter. 
R1 was previously chosen to be 10 kQ. Therefore, 

1 1 
C5=---= (11) 

WRCR14 (257,600)(10 kQ) 

= 388 pF = 390 pF 

THE VARACTOR 

The MV2115 was selected for its tuning ratio of 2.6 to 1. 
The capacitance can be changed from 49.1 pF to 127.7 pF 
over a reverse bias swing of 2 to 30 volts. Contact your Moto­
rola representative for information regarding the MV2115 va­
ractor diode. 

For example, three parameters are considered. 
CT = Nominal capacitance 
CR = Capacitance ratio 
fR = Frequency ratio 

CR= Cvmin = (Vmax)P 
Cvmax Vmin 

where p = the capacitance exponent 

(12) 
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Therefore, 

( 30V 
CR=2.6 = "2) 

log(2.6) = plog(15) 

p = log(2.6)/log(15) = 0.3528 

Using the nominal capacitance of 100 pF at 4 volts: 

100 pF = (~)0.3528 
Cvmax 4 V 

100 pF = 1.382 
Cvmax 

Solving for Cvmax: 

100 pF = 72.4 F 
1.382 P 

Solving for Cvmin: 

THE veo 

2.6 = Cvmin 
49.1 pF 

Cvmin = (2.6)(49.1 pF) 

Cvmin = 127.7 pF 

(13) 

(14) 

(15) 

(16) 

(17) 

For convenience, the MC1648 VCO is selected. The tun­
ing range of the VCO may be calculated as 

where 

fmax = (Cdmax + Cs)O.5 

fmin (Cdmin + Cs)O.5 

fmin = 1 
2n[L(Cdmax + Cs)]0.5 

(18) 

(19) 

As shown in Figure 8 of the data sheet, the VCO tank cir­
cuit is comprised of two varactors and an inductor. Typically, 
a single varactor might be used in either a series or parallel 
configuration. However, the second varactor has a two-fold 
purpose. First, if the 10 kO isolating impedance is left in 
place, the varactors add in series for a smaller capacitance. 
Second, the added varactor acts to eliminate distortion due 
to the tank voltage changing. 

Therefore, with the two varactors in series, Cdmax' = 
Cdmaxl2. The shunt capacitance (input plus external capaci­
tance) is symbolized by Cs. 
Therefore, solving for the inductance: 

L = 1 19.9 nH ~ 20 nH (20) 
(2nfmin)2(Cdmax' + Cs) 

The Q of the inductor should be more than 100 for best per­
formance. 

f . = 1 =135MHz (21) 
mm 2n[(19.9 nH)(69.85 pF)]O.5 
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fmax 1 = 173 MHz (22) 
2n[(19.9 nH)(42.2 pF)]0.5 

The frequency ratio is 1.5 to 1 and is impacted by the tun­
ing range of the MV2115 varactor diode used in the tank cir­
cuit. Therefore, the required range of 140 to 160 MHz is not 
limited by this VCO design. 

A pc board should be used to obtain favorable results with 
this VHF circuit. The lead lengths in the tank circuit should be 
kept short to minimize parasitic inductance. The length of the 
trace from the VCO output to the PLL input should be kept as 
short as possible. In addition, use of surface-mount compo­
nents is recommended to help minimize strays. 

VHF SYNTHESIZER PROGRAMMING 

Again, programming the three registers of the MC145170 
is straightforward. Also, usually both the C and the R Regis­
ters are programmed only once, after power up. 

The C Register configures the device and is programmed 
with $80 (1 byte). This sets the phase detector to the correct 
polarity and activates the <PR and <PV outputs while turning off 
the other outputs. Like the HF oscillator, the phase detector 
polarity is determined by how the filter is hooked up and the 
VCO. 

The R Register is programmed for a divide value that 
delivers the proper frequency at the phase detector refer­
ence input. In this case, 100 kHz is needed. Therefore, with 
the 1 MHz crystal shown, the R Register needs a value of 
$OOOOOA (3 bytes, 10 in decimal). 

The N Register determines the frequency tuned. To tune 
140 MHz, the value required for N to multiply up the refer­
ence of 100 kHz to 140 MHz is 1400 decimal. For 160 MHz, 
the value is 1600 decimal. To tune over the range, simply 
change the value in the N Register with a 2-byte transfer. 

ADVANCED CONSIDERATIONS 
The circuit of Figure 5 may not function at very-high tem­

perature. The reason is that the MC145170 is guaranteed to 
a maximum frequency of 160 MHz at 85°C. Therefore, there 
is no margin for overshoot (reference Figure 4) at high tem­
perature. There are two possible solutions: (1) use the 
MC145170-1 which is rated to 185 MHz, or (2) limit the tun­
ing to less than 160 MHz. 

Operational amplifiers are usually too noisy for critical ap­
plications. Therefore, if an active element is required in the 
integrator, one or more discrete transistors are utilized. 
These may be FETs or bipolar devices. However, active filter 
elements are not needed if the VCO loading is not severe, 
such as is encountered with most discrete VCO deSigns. Be­
cause active elements add noise, some performance param­
eters are improved if they are not used. On the other hand, 
an active filter can be used to scale up the VCO control volt­
age. For example, to tune a wide range, the control voltage 
may have to range up to 10 V. For a 5 V PLL output, this 
would be scaled by 2x via use of active elements. 

Some applications have requirements that must be met in 
the areas of phase noise and reference suppression. These 
parameters are in conflict with fast lock times. That is, as lock 
times are reduced, reference suppression becomes more 
difficult. Both reference suppression and phase noise are ad­
vanced areas that are covered in several publications. As an 
example, consider that the VCO input voltage range for 
the above VHF loop was merely picked to be 8 V. Advanced 
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techniques demand a trade off between this voltage range 
and the spectral purity of the VCO output. This is because 
the lower the control voltage range, the more sensitive the 
VCO is to noise coming into its control input. 

A VCO IC may not offer enough performance for some 
applications. Therefore, the VCO may have to be designed 
from discrete components. 

Figure 6 shows the performance of the VHF Oscillator 

I 

I 
I 
/ 
J 

fI I 
H J' 

I 

prototype on a spectrum analyzer. Note that the reference 
sidebands appear at 100 kHz as expected, and are 50 dB 
down. 

REFERENCES 
CMOS App/ica/ion-Specific Standard ICs, book DL 130/D, 

Motorola, 1990, MC145170 data sheet and AN535 applica­
tion note. 
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Figure 6. VHF Oscillator Performance 
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AN1253 

An Improved PLL Design Method Without ron and ~ 
Prepared by: Morris Smith 

INTRODUCTION 
This paper is a design guide for PLL synthesizers used in 

wireless products. It focuses on compact, low current and 
low cost synthesizers. Natural frequency and damping are 
not used in the calculations. The topics covered are: 

a) PLL-related limitations on receiver and transmitter per­
formance. 

b) A simple measurement of charge pump spurious cur­
rent at the reference frequency has been developed. It 
will be included on future datasheets. Formulas have 
been developed relating the spurious current at one ref­
erence frequency to other frequencies. 

c) Optimal loop filter component values and PLL perfor­
mance where design criteria include reference modula­
tion bandwidth, veo modulation bandwidth, switching 
time, overshoot after switching time period, reference 
sideband level, and noise within loop bandwidth. 

d) Circuit and charge pump design compromises. Also de­
sign tolerance to changes in loop gain can be deter­
mined. 

Topics are divided into three sections: system limitations 
and spurious current measurement; formulas and related 
tradeoffs; and a worked out and tested example. 

SYSTEM LIMITATIONS AND 
SPURIOUS CURRENT MEASUREMENT 

THIRD ORDER INTERMODULATION 
This is mixing in a receiver front end which causes two ad­

jacen: strong undesired signals to mix onto a weak desired 
signal. Intermod dynamic range is defined as the difference 
between noise floor and undesired signal level that causes 
third order products to be mixed at the noise floor level. Third 
order products are shown below: 

Example: f = desired signal, fl, f2 = undesired signal 
fl = f+~ 
f2 = f+2~ 
~ = channel spacing 

3rd order product falling on f: 
2fl-f2 

PHASE NOISE 

2(f+~) - (f+2~) 
2f+2~-f-2~ 

f 

veo phase noise can mix with strong adjacent channel 
signals to cover up a weak desired signal. The level of trans­
lated noise would depend on IF filter bandwidth and veo 
noise density at a one channel offset from center frequency. 
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Phase noise dynamic range is defined as the difference be­
tween noise floor and input signal level that causes phase 
noise to be mixed at the noise floor level. The formula is: 

DR0 101- 10 log B 
DR0 - Phase noise dynamic range (in dB) 

o - Phase noise power density at adjacent 
channel offset (in dBc/Hz) 

B - IF Bandwidth (in Hz) 

REFERENCE SIDEBANDS 
Sidebands cause the same effects as phase noise. They 

are however represented as a power level rather than power 
density. Also the product on the desired channel can be de­
modulated. Reference sideband dynamic range is the dB ra­
tio between veo carrier level and first sideband level. 

e 

OPTIMAL DESIGN 
Optimal receiver design requires that 3rd order intermod 

dynamic range be equal to both the phase noise dynamic 
range and reference sideband dynamic range. Two unde­
sired signals can simultaneously cause intermod, mix with 
veo phase nOise, and mix with reference sidebands. 

SIGNAL TO NOISE RATIO 
Signal to noise ratio in an FM or AM system can be esti­

mated from the phase noise at the lowest offset frequency 
that contains information and the IF filter bandwidth. 

SNR = 101- 10 log B, where 101 = phase noise at lowest 
offset frequency 

Actual signal to noise is better due to the noise decrease 
as offset frequency is increased. In an FM system, preem­
phasis and deemphasis provide additional SNR improve­
ment. A good telephone line has a SNR of 40 dB and a 
cassette tape is 60 dB. Digital communications need better 
phase noise closer in. 

WHY USE A CURRENT SOURCE CHARGE PUMP? 
The current source charge pump has advantages over 

both the switching (pull up/pull down) and sample and hold 
types. Switching types have nonlinear gain over their output 
voltage range, which also depends on the direction the veo 
is being pulled. The output FETs have a fixed on resistance. 
As a supply rail is approached, current the FET supplies 
when turned on decreases. This effect could mean a 10:1 
variation of loop gain. The current source has a constant out­
put current over its operating range. Sample and hold types 
have a transient output pulse present when state changes 
from sample to hold. This moves the veo off frequency. 

CHARGE PUMP LINEARITY 
Pull up and pull down current must be equal for loop linear­

ity. Current must be constant over the operating voltage 
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range and from unit to unit over temperature. Loop gain 
changes proportionate to changes in charge pump current. 

As an example of what can happen, a 25 ms switching 
loop was analyzed with a reduction in loop gain of 40%. 
Switching time increased to 41 ms, an increase of 64%. 
Transmitters which modulate the VCO or reference rely on 
constant current to maintain desired modulation roll-{)ff fre­
quencies. To reduce current consumption and noise, the filter 
of Figure 1 has been widely adopted. 

Higher Order Sections 

SPURIOUS CURRENT MEASUREMENT 
The spurious current measured is the RMS current com­

ponent at the reference frequency passing through a two­
element filter. The PLL must be phase locked. Current 
source charge pumps produce current components at least 
up to the 30th harmonic of reference frequency. Levels do 
not decline rapidly from harmonic to harmonic. 

Through a current probe with 50 ohm output, and possibly 
a low noise amplifier, the spectrum analyzer can make a di­
rect measurement. Many modern analyzers can convert the 
units of measure and add a correction factor. Try to use the 
current transformer with one turn through the core and in­
crease the signal with the LNA. This will reduce the induc­
tance in series with the loop filter. Inductance has not been a 
problem as long as the hole in the core isn't filled with wire. 
The test setup is shown in Figure 2. 

- Used for extra filtering if needed 
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- Usually doesn't change transient response 

Phase 
Detector 

PDout 

,- ., 
I I 

/ltj 
First Section of Loop Filter 
- Determ ines transient response 
- Converts PDout current into 

voltage 
- Reference frequency impedence 

has large impact on sideband 
levels 

~ ,,----------1 
Control .-----.... 

Voltage 

Saturation Capacitor 
- Keeps transient voltages on PDout 

within linear operating range of 
charge pump 

- Improves sideband suppression 
- Determines transient response 

VCO 

Figure 1. Standard Loop Filter 
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PDout 

PLL 

Current Transformer 
Tektronix CT1, CT2 or 
equivalent' 

r- .., 
I I 
I I 
I I 
I I 
L_ .J 

Control ,...-----, 
Volta e 

VCO 

- -, 50 ohms Low Noise 
Amplifier 

Spectrum 
Analyzer 

, Motorola cannot recommend one supplier over another and in no way suggests thatthis is a complete listing of transformer manufacturers. 
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Figure 2. Spurious Current Measurement 

Table 1. Sample Measurements tor the Motorola MCl45190 PLL 

Reference Frequency Current 
(kHz) (nA) 

10 1.95 

20 4.5 

25 11.0 

50 28.4 

100 141 
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FORMULA SUMMARY FOR 
SECOND ORDER PLL 

DEFINITION OF VARIABLES 
Where rand c are referred to, they are the first section re­

sistor and capacitor of the loop filter. The loop analyzed has 
a second order response. Also described is a way to add 
additional higher order sections. All variables use base units. 
Bandwidth relations assume the use of optimal component 
values for maximum reference suppression. Log[x] is natural 
Log of x. Log[10,x] is base 10 Log of x. '190 and '191 are the 
Motorola MC145190 and MC145191 devices. 

kv 
kp 
a 
n 
t 

w 

r 
c 

VCO Gain (Radians/Second)/Volt 
Phase Detector gain (Amps/Radian) 
kp*kv 
Feedback divide ratio from VCO 
time variable or switching time 
depending on formula (Seconds) 
frequency variable or 3dB cutoff 
frequency depending on formula 
(Radians/Second) 
resistor value (Ohms) 
capacitor value (Farads) 

deviation 
b Log[----------] 

tune_range 

deviation = Allowed frequency deviation 
(absolute value) from final 
frequency after switching time 
has elapsed (Hz) 

tune_range = Output Frequency Range of VCO 
(Hz) 

Closed loop gain in 5 plane is: 

CG 

a 
a r s + -

VCO_Phase c 

a 
--- + 

n c 

a r S 

n 

2 
+ S 

To satisfy switching time, overshoot requirements, 
provide best reference suppression and lowest thermal 
noise, resistance r and capacitance care: 

2 n b 
r -(-----) 

a t 

2 
a t 

c 
2 2 

n (b + Pi ) 
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Normalized phase or frequency step response as a 
function of time (t) is: 

1/2 2 1/2 
a (4 n - a c r ) t 

Cos [------------------------] 
1/2 

2 c n 
nsr 1 - ----------------------------- + 

(art)/(2n) 
E 

1/2 2 1/2 
1/2 1/2 a (4 n - a c r) t 

a c r Sin[------------------------] 
1/2 

2 c n 

(a r t) / (2 n) 2 1/2 
E (4 n - a c r ) 

The step response gives a final value of 1 and can be 
scaled for any frequency step. 

Impedance of the optimal loop filter as a function of 
radian frequency (w) is: 

4 224 222 
b + 2 b pi + pi + 4 b t w 1/2 

n (--------------------------------) 

z 

4 2 
t w 

a 

veo MODULATION VOLTAGE 

1 RMS leakage current component at 
reference frequency 

lx RMS leakage current component at 
highest frequency 

f Reference Frequency 
fx Highest reference frequency 
Vrms = RMS modulation voltage 

Over at least a 10kHz to 100 kHz reference frequency 
range, leakage current can be predicted from a measure­
ment at the highest frequency. Accuracy is better than 3 dB 
in sideband level. 

Charge pump leakage current (Ix) is measured using a 
Tektronix' CT -1 or CT -2 probe and spectrum analyzer. The 
probe is placed in the ground leg of loop filter. The spectrum 
analyzer measures RMS voltage into 50 ohms at the refer­
ence frequency. Using the probe calibration factor, current is 
computed. It is important that during measurement, the 
ground lead of loop filter be connected at the point where it 
ordinarily would be attached. Currents are in the nano-amp 
range and can be affected by digital circuit ground currents in 
other parts of the board. Leakage current is: 

1 
f 2 

(--) lx 
fx 
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VCO modulation voltage is: Vrms = 1 z SIDEBAND SUPPRESSION IN dBs 

where Vrms 
Psb 
kv 
f 

RMS volts modulating voltage on VCO tune line 
Reference sideband suppression in dB (stated as positive number) 
VCO tuning sensitivity in (radians/second)/volt 
Modulation (reference) frequency in Hz 

kv 
Psb = 3.01 + 20 Log[10, f] - 20 Log[10, ----] - 20 Log[10, Vrms] 

2 pi 

To increase sideband suppression, without changing other performance traits, an extra resistor-capacitor section can be add­
ed. The corner frequency should be at lOx the closed loop gain (- 3 dB) frequency and the resistor value should be lOx the loop 
filter resistor. A high resistor value helps isolate the two filter sections. On a functioning PLL it may be possible to lower both the 
corner frequency and resistor value of the added section. An extra section will add 20 dB/decade reference suppression above 
its corner frequency. 

CLOSED LOOP GAIN 

Closed loop gain as a function of radian frequency (w) is: 

VCO frequency deviation 
Closed loop gain (cgw) 

Reference frequency deviation 

4 2 4 2 
n (b + 2 b pi + pi + 4 b t w) 1/2 

cgw (------------------------------------------------------) 
4224222 22244 

b + 2 b pi + pi + 2 b t w - 2 pi t w + t w 

DC gain is n. At infinite frequency it is O. For cgw in Hz make the substitution for w (w = 2 pi f). When stated in dBs, closed 
loop gain is the phase detector noise multiplication factor. In dBs: 

cgwdB = 20*Log[10,cgw] 

The following three formulas relate switching time, overshoot and the - 3 dB frequency of closed loop gain using an 
optimal filter. 

The - 3 dB (relative to dc) frequency is: 

2 1/2 4 4 1/2 1/2 
(3 b + Pi + 2 (5 b + 4 b Pi + pi) ) 

w 
t 

Overshoot is: 

2 2 2 1/2 2 2 1/2 1/2 
b = -(-Pi - 3 t w + 2 t w (2 Pi + 5 t w) ) 

Switching time is: 

2 2 1/2 4 2 4 1/2 1/2 
(3 b + Pi + 2 (5 b + 4 b pi + pi) ) 

t 
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MODULATION RESPONSE 

Modulation response as function of radian frequency (w) is: 

(If modulation response is needed in Hz, use Kv / (2 pi) to replace Kv and (w 

VCO frequency Change 

2 pi f) to replace w.) 

Modulation Response (mr) 
Control voltage change 

mr 

2 2 
kv t w 

4 2 2 4 2 2 2 2 2 2 4 4 1/2 
(b + 2 b pi + pi + 2 b t w - 2 pi t w + t w) 

In dBs: mrdB 20*Log[10,mr] 
At infinite frequency mr = kv and at dc mr = O. 

The following three formulas relate switching time, overshoot, and the - 3 dB frequency of veo modulation response 
using an optimal filter. 

The - 3 dB frequency is: 

2 2 1/2 4 4 1/2 1/2 
(b - pi + 2 (b + pi) ) 

w 
t 

Overshoot is: 

2 2 1/2 
+ 2 

2 2 2 1/2 1/2 
b -(-Pi - t w t w (2 Pi + t w) ) 

Switching time is: 

2 2 1/2 4 4 1/2 1/2 
(b - Pi + 2 (b + pi) ) 

t ----------------------------------
w 

CHARGE PUMP DYNAMIC RANGE 
The charge pump output vOltage range must cover veo 

tune range, twice the overshoot, and twice the voltage spikes 
caused by correction pulses. When switching from low to 
high channel or high to low channel, there will be a point 
where correction pulses ride on top of peak overshoot. The 
voltage spike magnitude is given by ohms law where (i) is 
charge pump current and (r) is loop filter resistor. For a maxi­
mum value of r in a given circuit there is a minimum switching 
time. 

CHARGE PUMP CURRENT 
Increasing charge pump current will reduce thermal noise 

from the loop filter resistor, but it won't change the minimum 
switching time. It will also increase the capacitor value pro­
portionately. 

MOTOROLA 

REDUCE SWITCHING TIME BY INCREASING 
VCO SENSITIVITY 

The 25 ms loop given as an example was the minimum 
switching time for the tuning range and veo used with the 
'190 and a 8.5 volt charge pump supply. Increasing veo 
sensitivity reduces switching time somewhat more than pro­
portionately. Sideband levels would remain the same for the 
same switching time. This is because increasing Kv de­
creases loop filter resistor to exactly compensate. Noise 
within loop bandwidth will stay the same but thermal noise 
from the loop filter resistor gets worse. Thermal noise modu­
lation voltage is proportional to square root of r. For a lOx in­
crease in Kv, r drops by a factor of 10 and thermal noise 
level increases by 10 dB. It is possible to have spurious pick­
up problems outside loop bandwidth with high Kv. Also main­
taining Q in the veo while increasing coupling between 
varicap diodes and tuned circuit, and obtaining high value 
high tolerance loop filter capacitors can be difficult. Thermal 
noise will probably not be a problem in common high volume 
applications of PLLs. 
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SOURCE/SINK CURRENT MATCH CHANGES 
SWITCHING TIME 

Lack of source/sink match makes it difficult to achieve de­
sign values of switching time. For some value of mismatch 
and switching in one direction, the design value should be in 
between the source and sink, and closer to the one which is 
on for the most time. The position of the design value relative 
to source and sink should be inversely proportionate to the 
relative on times during the switching period. In the example 
circuit, for a low to high channel jump, the design value was 
2 mA, optimal source current was 1.97 mA, and sink was 
2.14 mAo Measured switching time was 27.4 ms. Switching in 
the opposite direction took 34.3 ms. The 8.5% source sink 
mismatch caused worst case switching time to be 37% slow­
er than the design value. 

EFFECTS OF USING STEP SIZE WHICH IS 
SUB-MULTIPLE OF CHANNEL SPACING 

The same sideband suppression can be obtained with the 
same switching time at any sub-multiple step size of the 
channel spacing. This assumes the loop is linear. Since r is 
proportionate to the feedback divider ratio, the loop will only 
be linear for longer switching times. Thermal noise gets 
worse proportionate to square root of r. Noise in loop band­
width gets a little worse over a wide range of step sizes. The 
'190 phase detector at 10Hz offset with 10kHz step size had 
noise of -156 dB/Hz and at 100 kHz step size, it was 
-141 dBc/Hz. Because of noise multiplication, there would 
be a 5 dB benefit to using the 100 kHz step size. 

VCO SENSITIVITY CHANGE AS MODULATION 
FREQUENCY VARIES 

Above the - 3 dB frequency of modulation response, the 
output frequency will deviate the same amount for the same 
modulation voltage regardless of modulation frequency. 
However, the sidebands created will be greatest in magni­
tude at the lowest frequency. Sidebands will decline in value 
at a 20 dB/decade rate as modulation frequency increases. 
Due to the sideband slope, thermal noise, if it is a problem, 
will appear as a bump at the - 3 dB frequency of modulation 
response. 

HIGHER CHARGE PUMP SUPPLY VOLTAGES 
REDUCE SWITCHING TIME AND NOISE 

Using a higher supply voltage on the charge pump allows 
correction pulses to be larger with the loop remaining linear. 
The loop filter resistor can increase in value. Minimum 
switching time can decrease. Also VCO gain (kv) could be 
reduced. Lower VCO gain results in less thermal noise, less 
tendency to pick up noise outside loop bandwidth, higher os­
cillator Q and smaller value tighter tolerance capacitors in 
loop filter. 
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PRODUCTION SENSITIVITY 

2 n b 
r -(-----) 

a t 

2 
a t 

c 
2 2 

n (b + pi ) 

There are two extrema of performance variation with com­
ponent change. Only one need be calculated. One is: 

n = n_max; a = a_min; r = cmin; c = c_max; 

n in most applications varies by up to ± 10%. It isn't a prob­
lem if charge pump current can be ramped up and down (in 
software) to compensate (although the '190 and '191 devices 
presently do it in 10% steps). (a/n) ratio must be kept 
constant for all output frequencies. (a=kp*kv) is the major 
production problem. kv for a Motorola 'V17 VCO varies ± 5%. 
kp of the 14519X PLLs varies ± 40%. Total variation of (a) 
could be ± 47% using the above. A second order loop de­
signed with a 40% tolerance of (a) had a 64% tolerance of 
switching time. 

r can have up to 1 % tolerance, with 5% being standard. c 
can be 1% tolerance, up to 5,000 pF (COG dielectric) with 
5% standard. Above 5,000 pF, dielectric changes to X7R 
which has 5% or 10% tolerance. X7R dielectric is available 
up to about 0.5 j.!F in 5% tolerance. Above 0.5 j.!F tantalum, 
polystyrene or polypropylene can be used. Polypropylene 
and polystyrene are too large for compact wireless circuits. 
The only choice left, tantalum, is available only in 10% toler­
ance. Charge pump current should be set to keep capacitor 
in high tolerance range. 

Conclusion: To build an optimal loop, high tolerance of kv 
and kp is needed. 
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CAN (a) BE REDUCED TO LOWER SIDEBAND LEVELS AFTER LOOP LOCK? 

r i'---
w I m z 
0 
a.. o. 
m 
w 
a: 
a.. 
w o. I-
m 
0 
w 
N o. :J « 
:::;;: 
a: 
0 o. z 

0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 

TIME (SECONDS) 

Figure 3. Step Response for a GSM Loop Designed for a = 6300 
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Figure 4. Step Response With All Parameters the Same Except a = 630 

Note that time scales for the two graphs are different! 
In most instances reducing (al upsets loop dynamics too much. Even when locked. the veo experiences disturbances; i.e. 

vibration. Overshoot can pull the PLL off frequency. Natural frequency is also much lower. so response is slow. 
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SATURATION CAPACITOR AND 
EXTRA FILTER SECTIONS 

The calculated values for rand c have appeared exper­
imentally to be optimum, with or without the saturation ca­
pacitor. To design the loop filter, rand c should first be 
selected. It is all right for the resistor to cause loop nonlineari­
ty if the saturation capacitor has not been added. The satura­
tion capacitor is added and adjusted for minimum switching 
time. A good initial value is 5 - 25% of c. Loop linearity is 
checked by making both small and large frequency jumps. If 
the loop isn't linear then the filter must be designed for a 
longer switching time. Extra filter sections are added to roll­
off sidebands and PLL device noise, but should not modify 
transient response. 

EXAMPLE: 
PLL THAT SWITCHES IN 25 ms 

The PLL uses a MC145190 with 2 rnA of charge pump cur­
rent. Thus: 

0.002 
kp = -----; 

2 pi 

The Motorola custom VCO used (a V17) has a sensitivity of 
3.0 - 3.3 MHz/volt. So converting to (radians I second) I volt: 

6 
kv = 2 Pi 3.15 10 ; 

The design constant a is: a = kp kv = 6300 
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the veo operates 739.3 - 749.3 MHz. Channel spacing is 
100 kHz. The median feedback divide ratio (n) is: 

744.3 
n = ----- = 7443. 

.0.1 

Switching time t given by system specification is 25 ms. 
Thus: 

25 
t ---; 

3 
10 

Frequency deviation tolerance is set at 1 kHz. Tune range is 
10 MHz. b is: 

0.001 
b = Log[-----] = - 9.21034 

10 

Resistor and capacitor values are: 

2 n b 
r -(-----) = 870.509 

a t 

2 
a t 

c 5.58628 10 
2 2 

n (b + pi ) 

-6 
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Figure 5. Normalized Step Response 
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D 

Loop filter impedance at 100 kHz is: 

5 25 
w 2 pi 1 10 ; t 

z 

3 
10 

4 224 222 
b + 2 b pi + pi + 4 b t w 1/2 

n (--------------------------------) 
4 2 

t w 

a 

veo MODULATION VOLTAGE 

870.509 

1 RMS leakage current component at reference frequency 
Ix RMS leakage current component at highest frequency 
f Reference Frequency 
fx Highest reference frequency 
Vrms = RMS modulation voltage 

Over at least a 10 kHz to 100 kHz reference frequency range, leakage current can be predicted from a measurement at the 
highest frequency. Accuracy is better than 3 dB in sideband level. 

3 3 
f = 100 10 ; fx = 200 10 ; Ix = 

f 2 
1 (--) Ix 

fx 

-7 
1. 41 10 

veo modulation voltage is: Vrms 

SIDEBAND SUPPRESSION IN dBs 

564 

9 
10 

1 z 0.000122742 

where Vrms = RMS volts modulating voltage on veo tune line 
Psb Reference sideband suppression in dB (stated as positive number) 
Kv veo tuning" sensitivity in (Radians/Second)/volt 
f Modulating frequency in Hz 

kv 
Psb 3.01 + 20 Log[10, fl - 20 Log[10, ----l - 20 Log[10, Vrmsl; 

2 pi 

51.2639 dB 
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CLOSED LOOP GAIN AS A FUNCTION OF FREQUENCY 

This also gives phase detector noise multiplication when stated in dBs. For cgw in Hz, make the substitution for 
w (w ~ 2 pi f). 

vco frequency deviation 
Closed loop gain 

Reference frequency deviation 

4 4 2 
n (b + 2 b Pi + Pi + 4 b t w) 1/2 

cgw (------------------------------------------------------) 
4 224 2 44 

b + 2 b pi + Pi + 2 b t w - 2 pi t w + t w 

cgwdB ~ 20*Log[10,cgw]; 

80 

en 
~ 

70 w 
(f) 
z 
0 

'"', 
'~ 
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(f) 60 w 
IT: 
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U z 

50 w 
:::> 
0 
w 
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I'.. 

1'"" 
IT: 
LL 40 "-
0 
0 
-' " 0 30 w 
(f) 

0 
-' u 

20 
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FREQUENCY (Hz) 

Figure 6. Closed Loop Gain 

The - 3 dB frequency of closed loop gain is: 

2 2 1/2 4 2 4 1/2 1/2 
(3 b + Pi + 2 (5 b + 4 b pi + Pi) ) 

w 933.956 
t 

w 
f 148.644 Hz 

2 pi 

MOTOROLA 

" "I' 
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veo MODULATION RESPONSE 
If modulation response is needed in Hz use Kv / (2 pi) to replace Kv and (w 2 Pi f) to replace W.' 

kv kv/ (2*Pi) 3.15 10 
6 

2 2 
kv t w 

mr -----------------------------------------------------------
4224222 2 2 2 4 4 1/2 

(b + 2 b pi + pi + 2 b t w - 2 pi tw+tw) 

mrdB = 20*Log[10,mr]; 

130 
".-

CD 12S 
~ 1/ 
w 
en z 120 
0 a.. 
en 
w 

I 
/ 

ex: 115 z 
0 

~ 
....I 110 => 

/ 
Cl 
0 
:2 
0 105 u 
> 

100 

/ 
/ 

10. 50. 100. 500. 1000. 

FREQUENCY (Hz) 

Figure 7. Modulation Response 

The - 3 dB frequency of modulation response is: 

2 2 1/2 4 4 1/2 1/2 
(b - Pi + 2 (b + Pi) ) w 

W = ----------------------------------i where f ----i 

f 89.0672 Hz 
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PRODUCTION SENSITIVITY - A TOLERANCE ONLY 

a=kp*kv is decreased by 40% to account for charge pump current tolerance in the '190 or '191 PLL. Thus a = 0.6*a = 3780. 
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0 z 0. 

v -~ / ---I 
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Figure 8. Normalized Step Response (a = 3780) 
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Figure 8a. Normalized Step Response - Expanded View (a = 3780) 

The reduction in (a) of 40% has caused switching time to change from 25 ms to 41 ms. This is an increase of 64%. 

MOTOROLA AN1253 
4-43 

.. 



.. 

PRODUCTION SENSITIVITY - CUMULATIVE TOLERANCE 

a was decreased previously by 40% to account for tolerance. rand c 5% tolerances are assumed. Therefore: 

-6 
c = 1.05*c = 5.86559 10 r = 0.95*r = 826.983 
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D-en w 
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Figure 9. Normalized Step Response 

~TS 
I ~ 

\ 
\ 
\ 

\ 
~ 

o . 35 O. 45 o.u" u. ,~~ 0.06 O. 

TIME (SECONDS) 

Figure 9a. Normalized Step Response - Expanded View 
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Switching time is 45 ms with resistor capacitor and charge pump variation. Original design value was 25 ms. Switching time is 
80% worse. 
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CAN (a) BE REDUCED TO LOWER SIDEBAND LEVELS AFTER LOOP LOCK? 
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Figure 10. Normalized Step Response When a is Reduced by Factor of 10 
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Figure 11. Normalized Step Response When a is Reduced by Factor of 100 
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AR254 
Article Reprint 

Phase-Locked Loop 
Design Articles 

• "Analyze, Don't Estimate, Phase-Locked Loop 
Performance" 

• "Optimize Phase-Lock Loops to Meet Your Needs - Or 
Determine Why You Can't" 

• "Suppress Phase-Lock-Loop Sidebands Without 
Introducing Instability" 

• "Programmable Calculator Computes PLL Noise, Stability" 
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Analyze, don't estimate, phase-lock-loop 
performance of type-2, third-order systems. You can do the 
job with a programmable-calculator in 48 steps, or less. 

Phase-lock loops certainly have many uses, especially in 
frequency synthesizers, but exact mathematical calculation 
of their transfer functions is difficult. This is particularly true 
for type-2, third-order systems (Figure 1), which don't 
produce steady-state phase errors for step-position or 
velocity signal inputs. However, a small programmable 
calculator, the HP-25, easily - and exactly - determines 
the complete loop transfer function in 413 steps. In addition, 
the program data reveals the noise reduction you can expect 
for the loop's voltage- controlled oscillator (VeO), as well as 
the loop's stability. 

Most other design approaches must resort to second-or­
der loop approximations to simplify calculations; a more 
exact method manually would take too long. 

Unlike a type-1 loop, a type-2 loop has two true 
integrators within the loop - a veo and an integrator/filter 
after the phase detector. Replacing the integrator/filter with a 
passive-Re, low-pass filter results in the more common 
type-1 response, which doesn't have the phase coherence 
for step and velocity inputs between the two signal inputs to 
the phase comparator that the type-2 has. 

Moreover, a third-order loop - the order is usually 
determined by the transfer function of the integrator/filter (FS) 
- can reduce veo noise substantially, without increasing 
reference-frequency sidebands in the output signal. These 
sidebands hamper simpler loop-circuit performance. 

The transfer function of a generalized phase-lock loop can 
be represented as follows (Figure 2): 

80 (s) 

8i (s) 
G(s) 

where, from Figure 

and 
G(s) = (Kp) (F(s)) (Kv/s) 
H(s) = 1/N 

(1 ) 

(2) 
(3) 

The phase comparator transfer function is Kp and N is a digital 
counter/divider factor. 

A typical integrator/filter built around an op amp (Figure 3) 
has a transfer function determined by the amplifier-circuit's 
closed-
loop gain, 

Andrzej B, Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 

From Crystal 
Reference 
Oscillator in 
Synthesizers 

Figure 1. A type-2 phase-lock loop has two true integrators -
the integrator/filter (F(s)) and the VCO (Kv). Replacing the 
integrator/filter with a passive-RC network converts the circuit to 
a type- t system. 

'I')~_::::-~ 
80 (s) 

Figure 2. The phase-lock loop's generalized open­
loop transfer function, G(s) H(s), has a third-order denominator 
- from which the circuit's name is derived. 

C2 

Figure 3. An integratorlfilter circuit can be built with a wideband 
op amp and RC feedback network. 

Reprinted with permission from Electronic Design, May 10,1978 (Vol. 26, No. 10). Copyright ©1978, Hayden Publishing Co., Inc. 
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Table 1. Third order type-2 PLL 

..J . .ora!>."y.p· J .r":l(ey'" 'i..r .•.... w";" m fldltluks/ 
;;,n~~ l{Cfdet . "if~!ltr~li): )',,/ }/g 

00 RO 
01 1573 (g)1< 
02 61 x 
03 02 2 R1 T1 
04 61 x 
05 2307 ST07 

06 2403 RCl3 R2T2 
07 61 x 
08 01 1 
09 1509 (g) P R3 T3 
10 2304 ST04 

11 22 RJ, 
12 2402 RCl2 R4 
13 2407 RCl7 
14 61 x 
15 32 CHS 

R ~ 
16 01 1 5 N 
17 32 CHS 
18 1509 (g) P R6 
19 2404 RCl4 
20 71 + 

21 2405 RCl5 R7 
22 61 x 
23 2401 RCl1 
24 71 
25 2407 RCl7 

26 1502 (g) x2 
27 71 ~ 

28 2304 ST04 
29 1408 (f) log 
30 02 2 

31 00 0 
32 61 x IGjwHjwl 
33 74 R/S 
34 22 RJ, 
35 21 x"'Y 

36 41 ~ .i8 
37 74 R/S 
38 2404 RCl4 
39 1409 (f) R 
40 01 1 

41 51 + 
42 1509 (g) P 
43 1522 (g) 1/x 
44 1408 (f) log 
45 02 2 

46 00 0 e/en 

47 61 x 
48 1300 GTOOO 
49 

where Zl = R1 (4 ) 
Zf = impedance of feedback network 

The transform of the feedback network is 
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S(C1 + C2) + t, 
Zf(s) = , 

SC1 (SC2 + t,) 
(5 ) 

and the integrator/filter transfer function is then 

S(C1 + C2) + t, 
F(s) = - , 

C1 R1(SC2 + t,) 
(6 ) 

Multiply Equation 6 by R2/R2, then 

or 

where 

S(C1 R2 + C2R2) + 1 

F(s) = - SC1 R1 (SC2R2 + 1) , 

sT2 + 1 
F(s) = - sT1(sT3 + 1)' 

T1 = R1C1 
T2 = R2(C1 + C2) 
T3 = R2C2 

(7) 

(8 ) 

The open-loop transfer function of Figure 2 is G(s) H(s); 
therefore, from Equations 2, 3 and 8 

s(T2)(KvKp) + KvKp 
G(s)H(s) = ( 9 ) 

s3NT1T3 + s2NT1 
Note the third-order denominator, from which the circuits 

name - third-order-Ioop - is derived. Note also the 
deletion of the minus sign: the circuit configuration (a phase 
inverter) provides the negative feedback. Both Kp and Kv are 
positive. 

If you substitute jOJ for s in Equation 9, you can get the 
equation for plotting the magnitude and phase of the circuit's 
open-loop gain as a function of frequency: 

jw(T 2)(KvKp) + KvKp 
G(J' )H(j ) - (10) 

w OJ - jw3NT1T3 + w2NT1 

',!PUI .. PD~r~1 . 
Sl~p InstrucliQns Datal Keys 

Units :; .. . Units 

1 Enter program 

2 Store Tl Rl ENTER 

Cl X 5TO 1 

T2 C1 ENTER 

C2 + 

R2 X 5TO 2 

T3 R2 ENTER 

C2 X 5TO 3 

(KpKv)/N Kp ENTER 

Kv X 

N = 5TO 5 

3 Calculate F (f) PRGM R/5 GJOlHJOl 

R/5 La 
R/5 (e/en) 

4 Repeat step 3 

for other values 

of frequency. F 
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Table 2. Third order type-2 PLL 

Frequency Open-Loop Response Loop Response 
toVCONolse (Hz.) dB La (dB) 

100 116.01 -179.94 -11601 
1000 76.01 -179.44 -76.01 

10,000 3606 -174.44 -35.92 
94,650 o· -139.85 3.27 
100,000 -0.71 -138.58 3.30" 

1,000,000 -26.25 -139.59 0.32 
10,000,000 -63.21 -174.68 0.01 

Unity-gain POint .. Maximum overshoot 

A servo-loop damping factor that appears in lower-order 
loops is not defined in third-order loops. Instead you deter­
mine stability by the phase margin between -180° and the 
phase at a frequency where the gain is unity in the open-loop 
gain function, GjwHjw- The larger the phase margin, the more 
stable the system. A phase margin of about 4SO produces an 
adequately damped loop. More than 4So means greater stabil­
ity and, of course, the system may oscillate when the margin 
approaches zero. 

Feedback also reduces noise 

Not only does feedback determine the system's stability, but 
it also delineates its noise-output characteristics. When run­
ning free, the VCO is considerably more "noisy" than is the cir­
cuit's reference crystal oscillator. But the circuit's feedback 
loop substantially reduces the VCO's output-noise spectrum, 
especially, at low frequencies. This particular reduction is for­
tunate, because the VCO's noise output has l/f characteris­
tics: high-frequency noise tends to falloff without outside 
help, but the low frequency needs help. 

An approximate expression for the loop's output phase 
noise is 

j [ (I e/enl )(ev) ]2 + [ (N)(ex) ]2, ( 11 ) 

where ex = crystal oscillator noise 
ev = VCO noise 
(e/en) = loop's response to VCO noise. 

And the loop's response to the VCO noise is 

(e/e ) - 1 
n - 1 + G(s)H(s) (12 ) 

Although G(s)H(s) determined from Equation 9 is complex, 
only the magnitude of (e/en) from Equation 12 is used in Equa­
tion 11. Note: The greater the open-loop transfer function, 
G(s)H(s), the smaller the (e/en), and the lowerthe loop's output 
noise. However, note also that the reference crystal oscilla­
tor's noise contribution is multiplied by the divider constant, N, 
though, hopefully, the crystal-oscillator noise is low. 

In addition, you can get a check on the system's stability by 
plotting the loop's response to the VCO noise (e/en), obtained 
from Equation 12, versus frequency. You'll find that the curve 
has a high-pass response with a 12dB/octave slope. For best 
stability, any overshoot at the cutoff frequency should be less 
than 6dB. Of course, lower overshoot represents higher stabil­
ity. 

MOTOROLA 

Clearly, the loop's mathematical analysis depends mainly 
upon calculation of G(jw) H(jw) in Equation 10. 

Now comes the program 

To make the calculator program simpler, rewrite Equation 
10 as follows: 

[ -jWT2- 1] 
(13 ) 

jwT3 + 1 

contains the program that solves Equation 13. It provides 
both the magnitude and phase angle, L8, of the open-loop 
response, G(jw) H(jw), givenT 1, T2, T3, KpKv/N andfrequency, 
f(w=2nf). The open-loop response magnitude is given in dB 
and its phase in degrees. Also, the magnitude of the loop's 
VCO noise response (Equation 12) is given in dB. If answers in 
dB aren't required, however, seven steps can be eliminated. 

To see how the program works, consider a 960 MHz 
transmitter recently proposed for a Navy application. It calls 
for a phase-lock loop with the following characteristics to 
generate the 960 MHz: 

N = 64 
Rl = 10,000n 

Cl = 4700 x 10-12F 
R2 = 330U 
C2 = 470 x 10-12F 
Kp = 0.2SV/rad 
Kv = 3 x 109 (rad/s)/V 

The stable crystal-oscillator reference frequency used is 
15MHz. The frequency divider and phase comparator are 
built with ECl logic. From the circuit component values and 
transfer constants we obtain: 

Tl = 4.7x lO-Ss 
T2 = 1.706 x 10-6s 
T3 = I.S51 x 1O-7s 

(KvKp)/N = 11.72 x 106/s 

The calculator program provided the results in 2. Note that 
the phase margin at unity gain corresponding to 94,650Hz is 
40.15°; thus, the loop is fairly stable. Further, the loop's 
response to VCO noise shows a maximum overshoot of 
3.30dB at 1 OO,OOOHz, which confirms the loop's stability (less 
than 6dB overshoot). If the phase margin is too small or you 
want overdamped loop operation, the program allows you to 
check the effects of parameter changes and get the perfor­
mance you want, quickly. However, keep all additional circuit 
poles above the area of interest, since they reduce phase mar­
gin apd stability. In addition, don't ignore the effects of stray 
capacitances. And use a high-gain op amp with a wide fre­
quency response and a VCO with a wide modulation band­
width .•• 
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Optimize phase-lock loops to meet 
your needs - or determine why you can't 

The time constants of a PLL's integrator/filter are the keys 
to controlling a loop's performance. I n the integrator/filter, you 
can trade off circuit parameters most easily to meet your 
needs. The other loop components (Figure 1) have simple, 
real-valued tra(lsfer functions (Kv, Kp, N) that can't be 
changed as easily. But the integratorlfilter's transfer function 
(Fs), detailed in Figure 1c is the source of the high-order 
complex function in the following equation for open-loop 
gain: 

where 

[
-jWT2 - 1] 
jwT3 + 1 

(1 ) 

T1, T2, T3 = time constants defined in Figure 1c, 
seconds 

Kp = phase-detector gain constant, volts/ 
radian 

Kv = voltage-controlled-<lscillator (VeO) 
sensitivity, radians/second/volt 

N = frequency divisor 

Ol = (21tf) frequency, radians 

Usually, Kp, Kv and N are given, but you can choose T1, T2 
and T 3 to give you the loop performance you want. Generally, 
of course, you want the loop to be stable, to attenuate the 
reference frequency and to reduce veo noise. But stability, 
being an absolute necessity, gets priority. The other two 
reqUirements, unfortunately, are inversely dependent and 
must be traded off against each other .. 

A damping factor to control stability as in simpler second­
order loops can't be readily defined in the third-<Jrder loop of 
Figure 1. Instead, the phase margin - the difference 
between 1800 and the phase of the open-loop transfer 
function, where the gain is one - becomes the criterion for 
stability. Figure 2 is a typical open:-Ioop response curve 
showing both amplitude and phase response, and the phase 
margin. 

In ED No. J O. May J 0, J 978, p. 120, A. B. Przedpelski advised: 
"Analyze, don't estimate, phase-lock-loop performance." He 
showed how to calculate the performance of a given type-2, 
third-order PLL system with a 48-step program for an HP-25 

programmable calculator. This article will show you how to opti­

mize such a PLL to your requirements. But you will discover that 
,you may not be able to get all requirements simultaneously. Com­
promises may be necessary. 

Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, eo 80301. 

'i(')~_::::_~ 
80 (s) 

Ili (s) 

From Crystal 
Reference 
Oscillator in 
Synthesizers 
(Ir) 

G(s) 

1 + G(s)H(s) 

® 

10=Nlr 

® 

C2 

C1 R2 

Integrator Finer 

® 

80 (s) 

Figure 1. A phase-lock loop (a) with two integrators (b) is 
classilied type 2. And the order - third, in this case - is 
established by the characteristics 01 the integratorlfilter (C). Time 
constants T 1, T 2, and T 3 determine the integratorl lilter's detailed 
performance. 

Reprinted with permission lrom Electronic Design, September 13,1978 (Vol. 26, No. 19). Copyright ©1978, Hayden Publishing Co., Inc. 
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OPEN-LOOP RESPONSE - [G(s) H(s)] 

__ ---,-18o' 

L-------------~L-------~----~--~o' 

FREQUENCY 

Figure 2. This open-loop gain/phase plot shows a typical phase 
displacement from -180'. When the frequency, fo, which 
corresponds to OdS gain, is made to align with the maximum phase 
displacement, calculating Tl, T2 and T3 is simplified. 

FREQUENCY 

OVERSHOOT 

I 
elen = I + G(s) H(s) 

Figure 3. Increase fo and you increase the noise-reduction 
region - the shaded area bounded by the OdS line and the 
noise-attenuation curve. 

The asymptotic slope of the amplitude curve is fixed at 
40dB per octave by the loop's integrator/filter and veo. The 
phase delay would be constant at -180°, except for the 
phase lead introduced at the middle frequencies by the 
transfer function F(s). This phase lead provides the phase 
margin that ensures loop stability. 

45° - a good compromise 
The phase margin should be between 30° and 70° for most 

applications. The larger the phase margin, the more stable 
the loop. But a large phase margin not only slows the 
response, it also increases output sidebands and reduces 
the loop's VeO-noise suppression capability. Thus, a phase 
margin of about 45° is a good compromise between desired 
stability and the other generally undesired effects. 

MOTOROLA 

Ideally, a phase comparator provides an error signal that is 
proportional to the phase difference between its two inputs, 
and nothing else. But in practice, some of the reference 
frequency, fr, always leak through the comparator, which 
frequency modulates the output signal to produce undesir­
able sideband frequencies. Shifting the open-loop gain-am­
plitude curve of GUm) HUm) Figure 2 to the left would attenuate 
fr and the sidebands. But such a shift also would weaken the 
circuit's VeO-noise suppression capability. 

A typical veo noise-reduction plot is shown in Figure 3. 
Noise attenuates in the region that lies to the left of the curve 
and below the OdB line (shown cross-hatched). The 
unity-gain frequency, fo, defines the noise reduction: It's 
directly proportional to fo· Clearly, then, shifting the GUm) HUm) 
curve to the right by increasing fo will also increase the veo 
noise-reduction region - which is opposite the requirement 
for reducing the sidebands. Thus, as so often happens, you 
must compromise. Locate the point of minimum phase shift 
(inflection point of the phase response, Figure 2) exactly at 
fo, the unity-gain value. 

The inflection point is strategic 
Locating fo at the phase inflection point is strategically 

valuable, because it will help solve for the value of T 1. But 
first you must determine T3. Accordingly, from Equation 1 the 
phase margin, <[>, is 

<[> = tan-1 mT2 -tan-1 m T3 + 180°. (2) 

Differentiate <[> with respect to m and set the result equal to zero 
to locate mo, and the result is 

Solving Equation 3 then gives you 

mo = _1_. (4) 
JT2 T3 

And substituting Equation 4 into Equation 2 gives you 

T2 - T3 tan</> =---. (5) 
2JT2 T3 

Finally, plug Equation 4 into Equation 5 and re-arrange to get 

T _ sec</> - tan</> 
3 - mo . 

Then re-arrange Equation 5 to get 

T2 = _1_ 
m02T3 

(6) 

(7) 

Since you want the gain to be one at the phase-inflection 
pOint, solve for T 1 in Equation 1 with GUm) HUm) = 1; as a 
result, 

(8) 
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Figure 4. This plot of a PLL's open-loop transfer function confirms the design-parameter choices - a 45° phase margin at an fo of 1 DDHz 
and unity gain. The loop is stable, but some adjustments may be desirable. 

The 41 steps 

The program in the table solves Equations 6, 7 and 8 in 41 
steps with an HP-25 programmable calculator. Of course, 
the program can be adapted to other programmable calcula­
tors. 

To illustrate the program's procedure, consider a PLL that 
must produce an output of 16.95MHzfrom a 5kHz reference, 
fro The phase comparator, VCO and divider transfer fuctions 
are as follows: 

Kp = 0.19V/rad 
Kv = 10.6 x 106 radlslV 
N = 3390 

For stability, start with a phase margin of 45° and an fo of 
about 1/50 of fro Thus, with 

and 

C/l= 45° 

fo = 5000/50 
= 100Hz, 

calculate T 1, T2 and T3 with the program: You get 

AR254 
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T 1 = 3.63 x lO-3s 
T2 = 3.84 x 10-3s 
T3 = 6.59 x l0-4s 

But with those time constants you would need components 
with nonstandard values. However, if you select standard 
capacitors and resistors as follows: 

C1 = 0.33IlF, 
C2 = 0.068IlF, 

you get the following time constants: 

Tl = 3.96 x 10-3s 
T2 = 3.98 x 10-3s 
T3 = 6.8 x lO-4s 

which are close enough for a first try. 

Verfylng the results 

Rl = 12kQ 
R2 = 10kQ 

To verify the results, the open-lOOp transfer function, G(joo) 
H(joo), and noise response, elen, were calculated with the 
program provided in the previous article and plotted in 
Figure 4 and Figure 5. The curves confirm that the design is 
stable with a maximum phase margin of 45° at a frequency 
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00 RO 
01 2407 RCL7 
02 1406 (I) tan 
03 32 CHS R1 
04 2407 RCL7 
05 1405 (I) cos 

06 1522 (g) l/x R2 
07 51 + 
08 2406 RCL6 
09 1573 (g) 71 R3 
10 61 x 

11 02 2 
12 61 x R4 
13 2304 ST04 
14 71 
15 2303 ST03 3 R ~ 5 N 
16 74 R/S 
17 2404 RCL4 
18 1502 (g) x2 R6 10 
19 61 x 
20 1522 (g) l/x 

21 2302 ST02 T2 R7<P 
22 74 RlS 
23 2404 RCL4 
24 61 x 
25 01 1 

26 1509 (g) P 
27 2403 RCL3 
28 2404 RCL4 
29 61 x 
30 01 1 

31 1509 (g) P 
32 21 x~y 
33 22 RJ, 
34 71 
35 2404 RCL4 

36 1502 (g) x2 
37 71 
38 2405 RCL5 
39 61 x 
40 2301 ST01 
41 1300 GTOOO 

where the open-loop gain is about unity. And the veo noise­
reduction curve shows a moderate 3.2dB overshoot with 
noise frequencies below about 70Hz in the attenuation region. 

Still, adjustments may be desired. For instance, if you 
want more reference-frequency (fr) attenuation, the GUw) 
HUw) curve can be shifted to the left. Move fo one decade (to 
about 10Hz) and you'll increase the fr attenuation by 40dB. 
Or, if noise frequencies above 70Hz are bothersome, you can 
shift the GUm) HUm) curve to the right by increasing fo. 

If you still aren't satisfied, you can change the phase 
margin. Reduce the margin and you improve both fr and 

MOTOROLA 
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Figure 5. The noise response calculation corresponding to 
Figure 4 shows that VCO noise is attenuated below about 70Hz. 

VeO-noise attenuation - but then you loose some stabil­
ity . •• 
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Suppress phase-lock-loop sidebands 
without introducing instability 

Phase-lock-loops: Part Three 
The first two parts of this series showed how to analyze and then 

optimize type-2, third-order PLL systems and provided simple cal­
culator programs for an HP-25 to do the otherwise tedious com­
putations. 1,2 This article takes you a step further and shows how to 
suppress sidebands, especially undesired when the PLL is used in 
frequency-synthesis systems. 

Frequency synthesis, a major application of the phase­
lock loop (PLL), always involves PLL-periormance compro­
mise: keeping loop bandwidth as wide as possible to reduce 
acquisition time and voltage-controlled oscillator noise, and 
at the same time suppressing reference-frequency side­
bands that can pass through wide bandwidths (Figure 1). 

Fortunately, reference frequency is considerably above the 
required loop bandwidth in most cases, which alleviates the 
sideband problem to some extent. But for heavy suppression 
of undesired sidebands, extra filtering is necessary. How­
ever, it must be done carefully so as not to introduce loop 
instability. Three filtering circuits, none of which reduce 
bandwidth or VeO-noise attenuation can help solve the 
problem. In fact, an active LP-filtering technique, the most 
versatile and efficient of the three, is programmed on an 
HP-25 to speed the design. 

All methods assume the the PLL, a type-2 third-order 
100p,1 meets all requirements2 except adequate reference­
frequency sideband suppression. The three approaches 
include Re, active-notch and active-LP filtering. The PLL's 
phase margin serves as a measure of loop stability, since the 
damping-factor concept isn't applicable to third-order 
100ps:2 phase margins between 30° and 45° are minimum 
criteria for stable operation. And the filter's action in reducing 
the feedforward gain, GUw), althe sideband frequencies is the 
criterion for the suppression effectiveness. 

Since HUw) is equal to I/N, a constant, then the open-loop 
gain, GUw) HUw) in Equation 1, can be used as a measure of 
this sideband-suppression effectiveness: 

KvKp [-jWT2 - 1] 
G(jw)HUw) = NT1W2 jwT3 + 1 ,( 1 ) 

Kp = gain constant of the phase detector, 
Kv = veo sensitivity, 
N = counter divide ratio, 

T 1, T 2, T 3 = integrator/filter time constants. 

Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, eo 80301. 

Reference .----, 
Frequency 

FR 
(5kHz) 

Integrator/Fitter 

G Oro) 

H (jro) 

C2 

Output 
Frequency 

fo=Nfr 
(16.95Mfiz) 

Cl 

0.047I1F 

R2 Kp=0.19V/rad 
Kv = 10.6 x 106 radsN 
N=3390 

Rl 
10K 

Tl = RloCl = 2.2 x 10--38 
T2=R2(CI +C2) 2.67 x 10--38 
T 3 = R2oC2 = 0.47 x 10--38 

NOTE: Similar to example in PhasHock Loops: 
Part Two (ED 19. Sept. 13. 1978. pi 134) 
only time constants T 1, T 2 and T 3 have been 
changed, to improve margin and over-all performance. 

Figure 1. A phase-lock loop frequency synthesizer 
(a) generates 16.95MHz from a crystaklscillator reference fre­
quency of 5kHz. To help suppress sidebands, a sideband-sup­
pression filter is added in tandem with the output olthe loop's origi­
nal integratorlfilter circuit (b). 

Table 1. Filter suppression/phase margin tradeoffs 

Phase 
Margin First Second 

Phase Deterio- Sideband Sideband 
Circuit Margin ration Reduction Reduction 

Original 44° - - -
RC low-pass 32 12° 20dB 26dB 
RC=3x 
10--4 

Notch filter 
0=10 44 0 ~. 0 
0=1 43 1 ~. 1.5 
0=0.1 31 13 ~ 

. 16.5 

Second-
order active 
d = 0.707 34 10 2B 40 
d =0.1 42 2 2B 40 

*Theoretical - actual value about 40dB 

Reprinted with permission from Electronic Design, September 13,1979 (Vol. 27, No. lB). Copyrtght ©1979, Hayden Publishing Co., Inc. 
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Table 2. Third order type-2 PLL with two-pole low-pass filter 

00 
01 2400 
02 1502 
03 2407 
04 1502 
05 41 

06 2304 
07 2403 
08 61 
09 2406 
10 2400 

RCLO 
(g)X2 
RCL7 
(g) x2 

ST04 
RCL3 

x 
RCL6 
RCLO 

11 61 x 
12 51 + 
13 2407 RCL7 
14 61 x 

RO roo 

1-1 ..... 5-1_...::.24_0_4---1I-_R ... C.:...L.:...4--+------I1 R5 KpKv 
16 2406 RCL6 N 
17 2403 RCL3 
18 61 x 
19 2400 RCLO 
20 61 x 

21 2407 
22 1502 
23 61 
24 41 
25 32 

26 1509 
27 21 
28 2407 
29 2402 
30 61 

31 32 
32 01 
33 32 
34 1500 
35 22 

36 51 
37 74 
38 22 
39 71 
40 2405 

41 61 
42 2401 
43 71 
44 2407 
45 1502 

46 71 
47 2400 
48 1502 
49 61 

Simple but limited 

RCL7 
(g) x2 

x 

CHS 

(g) P 
x±+y 
RCL7 
RCL2 

x 

CHS 
1 

CHS 
(g) P 

RJ. 

+ 
RIS 
RJ. 

RCL5 

x 
RCL1 

RCL7 
x2 

RCLO 
(g) x2 

x 

R6 2d 

LO Phase-margin 

The simplest approach adds in series with the Integrator! 
Filter an RC low-pass section (Figure 2a), whose cutoff 
frquency is larger than the upper end of the loop's bandwidth. 
For illustration, let the value of RC be 3 x 1O-4s for the 
frequency-synthesizer example outlined in Figure 1. (A 
larger value would reduce the sidebands more, but would 
also decrease the phase margin too much.) With a value of 3 
x 10-4s, the phase margin remains within a "safe" 
300 -t0-45° . 

MOTOROLA 

Store 

d 

Enter 

4 Calculate 

Repeat step 3 

for other values 
1-_---1I-_+_-IIG(S) H(s)1 

The open-loop transfer function then becomes: 

KvKp [ -jOlT2 - 1 ] 
G(jOl)HUOl) = NT10l2 jOl(T3 + T4) + 1 + w2T3T4 ' (2) 

where T 4 is the additional RC time constant. 

Solving Equation 1 at frequencies of 5 and 10kHz shows 
that the first sideband (at 5kHz) is reduced a respectable 
20dB and the second sideband (at 10kHz) even more to 
26dB. But the phase margin is also reduced to a marginal 32° 
(1). 

However, an active RC notch filter3 (Figure 2) gives much 
more attenuation at the first sideband (5kHz) and is more 
flexible in some applications. Its gain is 

where 

A(jw) = ---'----­

jW[-Q(-.;-"'-wo-2J + 1 

Wo = the notch frequency (2"'0)' 
Q = the circuit Q. 

(3) 

The open-loop transfer function, the product of Equations 1 
and 3, is 

Although the notch frequency Wo must be fixed at the 
reference frequency, the value of Q can vary. Theoretically, 
the reference frequency receives infinite attenuation. Actu­
ally, only about 40dB can be realized, even under ideal 
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RCLOW-PASS ACTIVE RC NOTCH FILTER 

R 

C2=~ 
moR 

C1 = __ 1 __ 

(21tIoR)2 C2 

fO = Reference Frequency 

SECOND-ORDER ACTIVE LOW-PASS FILTER 

R 

d = rg 
VC1 

OJn = __ 1_ 
R J C1C2 

Figure 2. Many filter configurations can be used to supress sidebands. The simplest is a low-pass RC circuit (a). Somewhat more flexible 
,Is an active RC notch filter (b). But of all filters, a seeond-order active low-pass filter (e) is most versatile, since two of its parameters are 
independently adjustable. 

conditions. Evaluation of Equation 4 for a's of 10, 1 and 0.1 
shows that high a values produce negligible phase-margin 
deterioration, but attenuation of the second harmonic of the 
reference frequency is small or zero (1). At a a of 0.1, how­
ever, the second harmonic is reduced 16.5d~, but then the 
phase margin suffers. 

Most versatile, however, is a second-order, active, low­
pass filter with variable damping (Figure 2c). Its gain (with "s" 
functions of its more familiar form replaced by jOl) is:3 

where 

Oln2 
AijOl) '" , (5) 

- 012 + 2djOlOln + Oln2 

Oln = the filter's natural pole frequency, 
d = the filter's damping factor. 

This time, multiplying Equations 1 and 5, the overall open­
loop transfer function bcomes 

KvKp 
GijOl)H(jOl) = --2 x 

NT10l 

If Oln is chosen to be 6283 (27t x 1000) at damping factors 
of 0.707 (Butterworth response) and 0.1 (16dB peak 
Chebyshev), Equation 6 gives the same sideband attenua­
tion for both damping factors, but the high-ripple Chebyshev 
deteriorates the phase margin least (1 and Figure 3). 

Since both the pole frequency and the damping factor can 
be varied in Equation 5, the circuit it represents is most 
versatile. Therefore, Equation 6 is programmed for easy 
solution on an HP-25 (2) in 49 steps. However, for easier 
stability evaluation, the program solves directly for the phase 
margin - the difference between 1800 and the open-loop 
transfer-function angle - rather than the phase angle itself. 
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Figure 3. A plot of open-loop gain and phase response of the 
system in Figure 1 compares sideband suppression at 5 and 10kHz 
without and extra filter with that of a simple RC and an active, 
second-order filter. 

Clearly, the simple RC circuit is least effecient. It gives the 
least sideband attenuation andthe largest phase-margin 
deterioration. The notch filter, although theoretically capable 
of very high attenuation of the sidebands only with very small 
phase-margin deterioration, generally requires component 
tolerances too critcal for other than some special applica­
tions. The more complex, active, second-order low-pass 
filter, however, can be tailored to most applications -
illustrating an often observed design phenomenon: the more 
complex the circuit the better the performance. Of course, 
then, more complex filter circuits than those used in the 
examples may offer even better solutions to sideband 
reduction. __ 
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Calculate the noise spectral density and short-term frequency stability in a 
PLL with a programmable calculator, and vary the parameters to trade off 
the noise/functional performance requirements. 

Programmable calculator 
computes PLL noise, stability 

This article is the fourth by the author on phase locked loops, 
starting with "Analyze, Don't Estimate, Phase-Lock-Loop Pe~for· 
mance" (May /0, 1978, p. 120); then "Optimize Phase-Lock­
Loops to Meet Your Needs" (Sept. 13, 1978, p. 134); followed by 
"Suppress Phase-Lock-Loop Sidebands without Introducing Insta­
bility" (Sept. 13, 1979, p. 142). 

The circuit constants of a phase-lock loop can be 
optimized not only for performance requirements (acquisition 
time, sideband levels, step response, and stability, among 
others), but also for noise output and the resulting short-term 
(or "instantaneous") frequency stability. Because most other 
frequency generation methods lack this versatile perfor­
mance and noise and stability control, phase-lock loops 
(PLLs) are preferable for frequency synthesis. Moreover, a 
programmable HP-19C (or 21C) calculator with the proper 
program makes the design tradeoffs between noise effects 
and functional performance requirements relatively easy to 
determine. 

A properly designed frequency synthesizer derived from a 
PLL (Figure 1, top) will offer a high degree of flexibility and 
long-term frequency stability. In a PLL, the frequency of the 
stable reference oscillator (say, a quartz-crystal circuit) can 
be multiplied by a precisely controlled factor over a very wide 
range. Although the PLL may seern more complicated than 
the conventional so-called frequency-multiplier circuit 
(Figure 1, bottom), in practice, the PLL is more efficient, more 
compact, and considerably wider in bandwidth. All the 
advantages increase as the multiplication factor increases. 

In most PLL frequency synthesizers, the primary concern 
is the functional performance-a problem that has been 
treated extensively.1 Even the theoretical aspects of phase 
noise in low-noise signal sources have been extensively 
covered.2,3,4 However, specific methods for calculating the 
noise and short term frequency stability and details of the 
tradeoffs are generally not available, except for some recent 
work by the National Bureau of Standards on low noise signal 
sources. 5,6, 7 

Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 

XTAL 
OSC • 

PLL and conventional frequency multiplier 

Figure 1. Although the PLL frequency multiplier (top) looks 
more complex than the conventional multiplier (bottom), it is in fact 
more compact and more flexible, and can handle a much wider 
frequency range. 
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Figure 2. Short-term frequency stability can be far worse 
(bottom) than the long-term average of a PLL system (top). 

Reprinted with permission from Electronic Design, March 31, 1981 (Vol. 29, No.7). Copyright ©1981, Hayden Publishing Co., Inc. 
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Short-term (or "instantaneously" sampled) frequency sta­
bility, in the millisecond range, is particularly important for 
accuracy in position-finding applications, as in LORAN 
navigation and various radar and sonar Doppler systems. 
Even though frequency drift over a short time generally is 
less than the average long-term frequency drift, instanta­
neously measured samples show much wider variations in 
the frequency swings caused by phase noise in the signal 
source (Figure 2). 

The overall phase-noise, or spectral-density output, 
S4>(ro)O, of a PLL8 is found by 

S<jJ(ro)O = S<jJ(oo)VCOI1 + G~)H(OO) 12 + 

1 
G(oo) 12 

S<jJ(oo)REF 1 + G(oo)H(ro) , 

where S4>(oo)VCO is the open-loop spectral density of phase 
fluctuations in the PLL's voltage-controlled oscillator (VCO) 
and S4>( ro)REF is the equivalent spectral density of fluctuations 
in the reference oscillator. These phase fluctuations are mea­
sured in rad2/Hz, but generally plotted in dBc, which is 10 1091 0 
S4>(oo)' More commonly, however, vendor-supplied phase­
noise data, designated .1',(ro) , and also measured in dBc, are 
for single-sideband noise. (The dBc designation is defined as 
10 1091 0 of the ratio between the output from a spectrum ana­
lyzer with a 1-Hz bandwidth and the signal's carrier leveL) 

C2 

RI 

TO = 1/21<10 T 2 = R2(CI + C2) 
T1= RICI T3= R2C2 
Ao = op amp dc gain; 10 = frequency at -3d8 gain 

Figure 3. For a fifth-order PLL, four of the time constants are 
determined by the integrator/filter circuit, and the fifth is determined 
bytheVCO. 

Accordingly, 
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.1',(ro) = 10 1091 0 (1/2)S4>(ro) (per rad2), 

assuming that 

.1',(-00) = .1',(ro). 

Therefore, to convert .1',(00) data to "straight" S4>(oo), data, add 
3dB to the .1',(00) data and take the antilog. 

An HP-19C program (see "Noise in a 5th-:-order PLL") 
calculates this single-sideband noise, where G(ro)H(ro) is the 
open-loop gain of the PLL 1. The feedback path, H(ro), is 
simply 1/N; and G(ro) equals 

Optimized for functional performance, the following circuit 
constants are used for a typical PLL (Figure 3): 

Ao =320,000 
To = 7.96 x 10-4s 
Tv = 1.59 x 1O-7s 
T 1 = 2.408 x 1O-5s 
T 2 = 2.491 x lO-6s 
T3 = 4.700 x 1O-7s 
Kp = 314 x 106 V/rad 
Kv = 0.16 radN 
N =20 

The single-sideband phase noise, when calculated by the 
program for a range of so-called Fourier frequencies (offsets 
from a carrier, f = roI21l), can be plotted as in Figure 4 (dotted 
line). Although this output phase noise can be reduced by 
varying circuit constants to increase the loop's bandwidth, 
proceed with caution, because other desirable operating 
characteristics (such as circuit stability or speed of response) 
could be compromised. The program, however, offers an 
easy way to determine how systematic changes in the 
parameters affect noise. 

Oscillator noise should be low 

In addition to the calculated PLLcnoise, Figure 4 shows a 
plot of the SSB-noise characteristics of the circuit's VCO and 
crystal-reference oscillator. The oscillators are the main 
source of phase noise in a PLL. The information for plotting 
their noise can be obtained from the manufacturers of the 
oscillators, or from measurements made by the user. 

Where noise reduction is of prime importance select 
oscillators that generate minimum noise and have noise 
spectral densities that complement each other (as in 
Figure 5). The point at which the two curves cross is called 
the crossover frequency (fc) This freq\lency is an important 
parameter for optimizing a PLL's noise characteristics. 

In Figure 5, the VCO noise-distribution plot is divided into 
three characteristic regions. High-quality oscillators gener­
ally exhibit this spectrai-density relationship. In region I, S4>(f) 
is typically proportional to 1113, so-called flicker-frequency 
noise; in region II, S4>(f) is proportional to 1112, so-called 
white-frequency noise; and in region III, S4>(c) is constant, 
so-called white-phase noise. Beyond region III, the band­
width limitation of the circuit attenuates the noise to negligible 
levels. 
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Noise in 5th order PLL 
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Figure 4. A PLL is optimized for performance characteristics. such 
as stability. response time, and sideband levels; but the noise 
characteristics generally fall where they may, as exemplified in this 
plot of a fifth-order PLL. 
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Figure 5. The "optimum" PLL output-noise characteristic is the 
one that coincides with the PLL's intersecting reference crystal 
oscillator and VCO-oscillator noise characteristics (heavy lines). A 
high damping-factor value (such as d=10) makes the best 
correspondence with this criterion. 

Region I noise stems from fluctuations in oscillator---<:ircuit 
frequency---<:ontrol components; region II, from thermal noise 
in the oscillator's gain element; and region III, from additive 
thermal noise from other elements of the circuit (including the 
gain element). 

A plot of the optimum phase-noise characteristic of a PLL 
would coincide with the lower parts of the two oscillator 
curves (heavy lines in Figure 5). 

The type-2, second-order PLL circuit in Figure 6 helps to 
illustrate how closely this condition can be approached. This 
circuit can be generalized by. relating the integrator's time 
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constants (Tl and T2) and the veo's and phase compara­
tor's transfer coefficients (Kv and Kp) with a damping factor 
(d), and with the reference and veo crossover frequency (lc 
= OJc/21t), as follows: 

d = (T/2) "KpKvlT 1; d » 1 
T2 = 4d2/OJc 
Tl = T2KpKv/OJc· 

When these circuit parameters are considered together 
with the circuit's open-loop gain (note: H(OJ) = 1), 

and substituted in the phase-noise equation for 8<1>(00)0 the 
PLL's spectral density becomes 

8<1>(00)0 = 8<1>(00)Veo[ (1 

( -'- )2 ( ~)2 (~)2 
[

2d "+,,,] 
8<1>(00) REF (1 - ';;:'2 ) + ( ~ )2 

The "Optimizing PLL Phase Noise" program, with its 
subroutine 0, solves this equation for any Fourier frequency (f 
= 00/21t). In Figure 5, solutions are shown for damping-factor 
values (d) of 0.5,1.0, and 10. 

The largest damping factor (d = 10) causes the noise curve 
to approach the "optimum" noise characteristic most closely­
when it lies completely between the VeO/reference- oscilla­
tor lines and as closely as possible to the lower lines. To 
satisfy this criterion, the curve generally passes through the 
frequency crossover point previously mentioned. Larger 
damping values than 10 will provide little further improve­
ment. In fact, a larger damping value would slow response 
more than it would lower the noise output. 8pecial cases may 
require low damping factors - a value of 1 or even 0.5 - to 
get a faster response or the special noise-distribution 
shapes that these lower damping factors produce. 

After the phase-noise characteristics (based on the fc of 
the oscillators and a selected damping factor) have been 
calculated, a second part of the optimizing program (subrou­
tine 1) can then be used to calculate the time constants Tl 
and T 2 for the given Kp and Kvof a type-2 second-order PLL. 

Determining a PLL's short-term frequency stability 
requires integration of the spectral density of the phase 
fluctuations to obtain the so-called Allan variance (a 
dimensionless measure of stability, where cry2 is f,f in a 
short sample period). Thus 

ffn 

o 8<1>(f) sin 4 (nft)df, 
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Optimizing PLL phase noise 

Calculate time 
constants 

Tl 
T2 

NOTE: S~co, S$ref and S$o in dB. Subroutine 0 must be periorrned before the time constants can be calculated with subroutine 1 
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where t is the sampling time (in seconds), \l is the long-term 
average frequency (in Hz), and fh is the bandwidth,.or maxi­
mum excursion of the offset from the carrier (the maximum 
Fourier frequency). . 

Figure 7 (top) shows the relationship between frequency or 
phase and the frequency spectral-noise densities, along with 
the resultant short-term frequency stabilities, for several 
distinct types of phase or frequency noise. A typical complex 
signal source such as a PLL) could have a combined 
short-term frequency stability as in Figure 7 (bottom). But 
such noise types generally do not obey simple integer-power 
curves and, therefore, pose a problem: The Allan equation 
does not have a closed-form solution for fractional powers, 
so it cannot be used directly. Nevertheless, very accurate 
answers can be obtained with Simpson's Rule and a 
programmable calculator. 

Although the Allan equation requires integration over the 
Fourier frequency range of 0 to fh, the low-frequency limit of 
OHz cannot be used in a log-log Simpson's Rule integration. 
Fortunately, frequencies below (21tth)-1, where th is the 
longest sampling time, do not contribute appreciably to the 
value of the Allan variance. The longest sampling time for 
short-term effects is generally ls; therefore, for a measur­
ing-system bandwidth of 1000Hz, just the Fourier frequen­
cies between about 0.16 and an fh of 1000Hz need be 
considered. (Since the manufacturer did not supply data 
below 2Hz for the reference oscillator and veo used in 
Figure 5; a new oscillator with data to 0.1 Hz was substituted 
in Figure 8, top.) 

KpKv 
G(w) = -- (-jwT-l) 

Tlw2 

T 2 = 4d2/wc, T 1 = T 2KpKv/wc 

Figure 6. The phase-output noise in this type-2 second- order 
PLL can be optimized by adjusting the damping factor (d) in relation 
to the oscillator-noise crossover frequency (fel. 
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Figure 7. The distribution ofthe different types offrequency and 
phase noise can be expressed as line segments that represent 
powers of frequency or time (top), and the overall distribution of a 
system can be shown by combining appropriate segments (bottom). 

As shown in Figure 7 (bottom) and Figure 8, (top), the 
phase-noise curves can be approximated with straight-line 
segments. The segments are plotted on semilog paper with 
S<I>(f) measured in dBc on the vertical axis. Therefore, the 
segments, 

y = axb, 

can be established from the end points on their phasenoise 
curves - where S<I>(fl) and S<I>(f2) correspond to the low-fre­
quency (fl ) and the high-frequency (f2) end points, as follows: 

and 

a = 10 
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Allan variance calculations 
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With coefficients a and b established for each line segment 
the contributions of each segment to the overall .Allan 
variance cry2 can be calculated with the approximate Allan 
equation, 

by a modified Simpson's Rule program supplied by Hewlett­
Packard (HP-19C/29C Applications' Book, 1977). The Simp­
son's Rule is incorporated into the complete program for an 
HP-19C calculator- "Allan Variance Calculations." With a, b, 
ll, and 't estahlished, the only decision 
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SHORT-TERM FREQUENCY STABILITY 

Figure 8. The phase-noise characteristics of the reference 
oscillator and the veo can be expressed with three straight-line 
segments (I, II, and III); and the PLL output by two (top). The 
short-term stability in the terms of the Allan variance can then be 
calculated by keying the required coefficients as determined from 
the coordinates ofthese line-segement ends into the calculator (see 
Table) and plotting the results (bottom). 
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remaining, is the number of intervals, n, into which the seg­
ments must be divided. The more intervals chosen, the more 
accurate the calculation, but the longer the calculation takes. 
A good choice for a minimum n value (which must be an even 
number) is 

The calculation time, then, is 0.056n + 0.15min. 

To illustrate an application of the Allan variance calcula­
tions, the (a and b) program coefficients for the straight-line 
segments making up the veo, reference oscillator, and 
overall output noise were determined from Figure 8 (top). 
The coefficients are listed in the "Calculated Short-term 
Stability" table. Sample times of 1. 10, 100, and 1000ms and 
end frequencies of 0.1, 10, and 1000Hz were employed. 

With these inputs, cry2 was determined with the Allan 
variance program. The frequency stability 

cry{-t:) = -.J"Lcry2 (1, fh) , 

was calculated, after summing the individual crl contributions 
of each segment. A plot of cry vs sampling time for the VCO, 
reference, and output is shown in Figure 8 (bottom). __ 
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Glossary of Terms and Abbreviations 

The list contains terms found in this and other Motorola publications concerned with Motorola Semiconductor 
products for Communications. 

A-Law - A European companding/encoding law commonly 
used in PCM systems. 

AlB Signaling - A special case of 8th-bit (LSB) signaling 
in a ~-Iaw system that allows four logic states to be multi­
plexed with voice on PCM channels. 

AID (analog-to-digital) converter (ADC) - A converter that 
uniquely represents all analog input values within a specified 
total input range by a limited number of digital output codes, 
each of them exclusively representing a fractional part of the 
total analog input range. 

Aliasing Noise - A distortion component that is created 
when frequencies present in a sampled signal are greater 
than one-half the sample rate. 

Answer Back - A signal sent by receiving data-processing 
device in response to a request from a transmitting device, 
indicating that the receiver is ready to accept or has received 
data. 

Anti-aliasing Filter - A filter (normally low pass) that band 
limits an input signal before sampling to prevent aliasing 
noise. 

Asynchronous - A mode of data transmission in which the 
time occurrence of the bits within each character or block of 
characters relates to a fixed time frame, but the start of each 
character or block of characters is not related to this fixed time 
frame. 

Attenuation - A decrease in magnitude of a communication 
signal. 

Bandwidth - The information-carrying frequencies between 
the limiting frequencies of a communication line or channel. 

Baseband - The frequency band occupied by information­
bearing signals before combining with a carrier in the modula­
tion process. 

Baud - A unit of signaling speed equal to the number of dis­
crete signal conditions or events per second. This refers to 
the physical symbols/second used within a transmission 
channel. 

Bit Rate - The speed at which data bits are transmitted over 
a communication path, usually expressed in bits per second. 
A 9600 bps terminal is a 2400 baud system with 4 bits/baud. 

Blocking - A condition in a switching system in which no 
paths or circuits are available to establish a connection to the 
called party even though it is not busy, resulting in a busy tone 
to the calling party. 

BORS(C)HT - Battery, Overvoltage, Ringing, Supervision, 
(Codec), Hybrid, Test; the functions performed by a subscrib­
er line card in a telephone exchange. 

MOTOROLA 

Broadband - A transmission facility whose bandwidth is 
greater than that available on voice-grade facilities. (Also 
called wide band.) 

C Message - A frequency weighting that evaluates the ef­
fects of noise based on its annoyance to the '1ypical" subscrib­
er of standard telephone service or the effects of noise 
(background and impulse) on voice-grade data service. 

Carrier - An analog signal of fixed amplitude and frequency 
that combines with an information-bearing signal by modula­
tion to produce an output signal suitable for transmission. 

CCITT - Consultative Committee for International Telephone 
and Telegraph; an international standards group of European 
International Telecommunications Union. 

CCSN - Common Channel Signaling Network. 

Central Office (CO) - A main telephone office, usually within 
a few miles of a subscriber, that houses switching gear; com­
monly capable of handling about 10,000 subscribers. 

Channel Bank - Communication equipment commonly 
used for multiplexing voice-grade channels into a digital trans­
mission signal (typically 24 channels in the U.S. and 30 chan­
nels in Europe). 

CIDCW - Calling Identity Delivery on Call Waiting; a sub­
scriber feature which allows for the display of the time, date, 
number, and possible other information about the caller to the 
called party while the called party is off-hook . 

CLASS - Custom Local Area Signaling Service; a set of 
services, enhancements, provided to TELCO customers 
which may include CND, CNAM, Message Waiting, and other 
features. 

CLlD- Calling Line IDentification; a subscriber feature which 
allows for the display of the time, date, number, and possible 
other information about the caller to the called party. 

CNAM - Calling Name Delivery; a subscriber feature which 
allows for the display of the time, date, number, and name 
of the caller to the called party. 

CND - Calling Number Delivery; a subscriber feature which 
allows for the display of the time, date, number, and possible 
other information about the caller to the called party. 

CODEC - COder-DECoder; the A/D and D/A function on a 
subscriber line card in a telephone exchange. 

COFIDEC - COder-Filter-DECoder; the combination of a 
codec, the associated filtering, and voltage references 
required to code and decode voice in a subscriber line card. 

Common Mode Rejection - The ability of a device having 
a balanced input to reject a voltage applied simultaneously 
to both differential-input terminals. 

Companding - The process in which dynamic range com­
pression of a signal is followed by expansion in accordance 
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with a given transfer characteristic (companding law) which 
is usually logarithmic. 

Compander - A combination of a compressor at one point 
in a communication path for reducing the amplitude range of 
signals, followed by an expander at another point for restoring 
the original amplitude range, usually to improve the signal-to­
noise ratio. 

Conference Call - A call between three or more stations, 
in which each station can carry on a conversation simulta­
neously. 

CPE - Customer Premise Equipment; this could be a POTS 
phone, answering machine, fax machine, or any number of 
other devices connected to the PSTN. 

Crosspoint - The operating contacts or other low-imped­
ance-path connection over which conversations can be 
routed. 

Crosstalk - The undesired transfer of energy from one sig­
nal path to another. 

CSN - Circuit Switched Network. 

CTS - Clear to send; a control signal between a modem and 
a controller used to initiate data transmission over a commu­
nication line. 

CVSD - Continuous Variable Slope Delta (modulation); a 
simple technique to converting an analog signal (like voice) 
into a serial bit stream. 

03 - D3 channel bank; a specific generation of AT&T 
24-channel PCM terminal that multiplexes 24 voice channels 
into a 1.544 MHz digital bit stream. The specifications 
associated with D3 channel banks are the basis for all PCM 
device speCifications. 

DIA (digital-to-analog) converter (DAC) - A converter that 
represents a limited number of different digital inpuicodes by 
a corresponding number of discrete analog output values. 

Data Compression - A technique that provides for the 
transmission of fewer data bits than originally required without 
information loss. The receiving location expands the received 
data bits into the original bit sequence. 

dB (decibel) - A power or voltage measurement unit, re­
ferred to another power or voltage. It is generally computed 
as: 

10 x log (P1/P2) for power measurements, and 

20 x log (V1N2) for voltage measurements. 

dBm - An indication of signal power. 1.0 mW across 600 
n, or 0.775 volts rms, is defined as 0 dBm. Any other voltage 
level is converted to dBm by: 

dBm = 20 x log (Vrms/0.775), or 

dBm = [20 x log (Vrms)] + 2.22. 

dBmO - Signal power measured at a point in a standard test 
tone level at the same point. 

i.e., dBmO = dBm = dBr 
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where dBr is the relative transmission level, or level relative 
to the point in the system defined as the zero transmission 
level point. 

dBmOp - Relative power expressed in dBmp. (See dBmO 
and dBmp.) 

dBmp - Indicates dBm measurement made with a psopho­
metric weighting filter. 

dBrn - Relative signal level expressed in decibels above ref­
erence noise, where reference noise is 1 pw. Hence, 0 dBrn 
= 1 pW = - 90 dBm. 

dBrne - Indicates dBrn measurement made with a C-mes­
sage weighting filter. (These units are most commonly used' 
in the U.S., where psophometric weighting is rarely used.) 

dBrncD - Noise measured in dBrnc referenced to zero trans­
mission level. 

Decoding - A process in which one of a set of reconstructed 
analog samples is generated from the digital character signal 
representing a sample. 

Delay Distortion - Distortion that occurs on communication 
lines due to the different propagation speeds of signals at dif­
ferent frequencies, measured in microseconds of delay rela­
tive to the delay at 1700 Hz. (This type of distortion does not 
affect voice communication, but can seriously impair data 
transmission.) 

Delta Modulation - A simple digital coding technique that 
produces a serial bit stream corresponding to changes in ana­
log input levels; usually utilized in devices employing continu­
ously variable-slope delta (CVSD) modulation. 

Demodulator - A functional section of a modem that con­
verts received analog line signals to digital form. 

ON - Directory Number. 

Digital Telephone - A telephone terminal that digitizes a 
voice signal for transmission and decodes a received digital 
signal back to a voice signal. (It will usually multiplex 64 kbps 
voice and separate data inputs at multiples of 8 kbps.) 

Distortion - The failure to reproduce an original signal's 
amplitude, phase, delay, etc. characteristics accurately. 

DPSK - Differential Phase Shift Keying; a modulation tech­
nique for transmission where the frequency remains constant 
but phase changes will occur from 90°, 180°, and 290° to 
define the digital information. 

DTMF - Dual Tone Multi-Frequency. It is the '10ne dialing" 
system based Of1 outputting two non-harmonic related fre­
quencies simultaneously to identify the number dialed. Eight 
frequencies have been assigned to the four rows and four col­
umns of a typical keypad. 

Duplex - A mode of operation permitting the simultaneously 
two-way independent transmission of telegraph or data sig­
nals. 

Echo - A signal that has been reflected or returned as a 
result of impedance mismatches, hybrid unbalance, or time 
delay. Depending upon the location of impedance irregu­
larities and the propagation characteristics of a facility, echo 
may interfere with the speaker/listener or both. 
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Echo Suppressor - A device used to minimize the effect 
of echo by blocking the echo return currents; typically a voice­
operated gate that allows communication one way at a time. 

Encoder (PCM) - A device that performs repeated sam­
pling, compression, and A/D conversion to change an analog 
signal to a serial stream of PCM samples representing the 
analog signal. 

Equalizer - An electrical network in which phase delay or 
gain varies with frequency to compensate for an undesired 
amplitude or phase characteristic in a frequency-dependent 
transmission line. 

ET - Exchange Termination (C.O. Switch). 

FDM - Frequency-Division Multiplex; a process that permits 
the transmission of two or more signals over a common path 
by using a different frequency band for each signal. 

Four Wire Circuit - The portion of a telephone, or central 
office, that operates on two pairs of wires. One pair is for the 
transmit path (generally from the microphone), and one pair 
is for the receive path (generally from the receiver). 

Frame - A set of consecutive digit time slots in which the 
position of each digit slot can be identified by reference to a 
frame alignment. The frame alignment signal does not neces­
sarily occur, in whole or in part, in each frame. 

Full Duplex - A mode of operation permitting simultaneous 
transmission of information between two locations in both 
directions. 

Gain - The change in signal amplitude (increase or de­
crease) after passing through an amplifier, or other circuit 
stage. Usually expressed in dB, an increase is a positive num­
ber, and a decrease is a negative number. 

Gain Tracking Error- The variation of gain from a constant 
level (determined at 0 dBm input level) when measuring the 
dependence of gain on signal level by comparing the output 
signal to the input signal over a range of input signals. 

HDLC - High-Level Data Link Control; a CCITT standard 
data communication line protocol. 

Half Duplex - A transmission system that permits com­
munication in one direction at a time. CB ratios, with "push-to­
talk" switches, and voice-activated speakerphones, are half 
duplex. 

Handset - A rigid assembly providing both telephone trans­
mitter and receiver in a form convenient for holding simulta­
neously to mouth and ear. 

Hookswitch - A switch that connects the telephone circuit 
to the subscriber loop. The name derives from old telephones 
where the switch was activated by lifting the receiver off and 
onto a hook on the side of the phone. 

Idle Channel Noise (ICN) - The total signal energy mea­
sured at the output of a device or channel under test when 
the input of the device or channel is grounded (often a wide­
band noise measurement using a C-message weighting filter 
to band-limit the output noise). 
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Intermodulation - The modulation of the components of a 
complex wave by each other (in a nonlinear system). 

Intermodulation Distortion - An analog line impairment 
when two frequencies interact to create an erroneous fre­
quency, in turn distorting the data signal representation. 

IRED - Infrared. Used as a wireless link for remote control 
or to transfer data. 

ISDN - Integrated Services Digital Network; a commu­
nication network intended to carry digitized voice and data 
multiplexed onto the public network. 

Jitter - A type of analog communication line distortion 
caused by abrupt, spurious signal variation from a reference 
timing position, and capable of causing data transmission er­
rors, particularly at high speeds. (The variation can be in am­
plitude, time, frequency, or phase.) 

Key System - A miniature PABX that accepts 4 to 10 lines 
and can direct them to as many as 30 telsets. 

~-Iaw - A companding law accepted as the North American 
standard for PCM based systems. 

LAN - Local Area Network; a data-only communication net­
work between data terminals using a standard interface to the 
network. 

Line - The portion of a circuit external to an apparatus that 
consists of the conductors connecting the apparatus to the 
exchange or connecting two exchanges. 

Line Length Compensation - Also referred to as loop 
length compensation, it involves changing the gain of the 
transmit and receive paths, within a telephone, to compensate 
for different signal levels at the end of different line lengths. 
A short line (close to the CO) will attenuate signals less, and 
therefore less gain is needed. Compensation circuits gener­
ally use the loop current as an indication of the line length. 

Longitudinal Balance - The common-mode rejection of a 
telephone circuit. 

Loop - The loop formed by the two subscriber wires (Tip 
and Ring) connected to the telephone at one end, and the cen­
tral office (or PBX) at the other end. Generally it is a floating 
system, not referred to ground, or ac power. 

Loopback - Directing signals back toward the source at 
some point along a communication path. 

Loop Current - The dc current that flows through the 
subscriber loop. It is typically provided by the central office 
or PBX, and ranges from 20 to 120 mA. 

LT - Line Termination (Line Card). 

MCU - MicroComputer Unit (also MicroControlier Unit). 

MPU - MicroProcessor Unit. 

Mu-Law - A companding/encoding law commonly used in 
U.S. (same as fl-Iaw). 

MUX - Multiplex or multiplexer. 

Modem - MOdulator-DEModulator; a unit that modulates 
and demodulates digital information from a terminal or com-
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puter port to an analog carrier signal for passage over an ana­
log line. 

Multiplex - To simultaneously transmit two or more mes­
sages on a single channel. 

NTl - Network Termination 1 (OSI Layer 1 Only). 

NT2 - Network Termination 2 (OSI Layers 2 and 3). 

Off-hook - The condition when the telephone is connected 
to the phone system, permitting loop current to flow. The cen­
tral office detects the dc current as an indication thatthe phone 
is busy. 

On-hook - The condition when the telephone's dc path is 
open, and no dc loop current flows. The central office regards 
an on-hook phone as available for ringing. 

PABX - Private Automatic Branch Exchange; a customer­
owned, switchable telephone system providing internal and! 
or external station-to-station dialing. 

Pair - The two associated conductors that form part of a 
communication channel. 

Pass-band Filter - A filter used in communication systems 
that allows only the frequencies within a communication chan­
nel to pass, and rejects all frequencies outside the channel. 

PBX - Private Branch Exchange; a class of service in stan­
dard Bell System terminology that typically provides the same 
service as PABX. 

PCM - Pulse Code Modulation; a method of transmitting 
data in which signals are sampled and converted to digital 
words that are then transmitted serially, typically as a-bit 
words. 

Phase Jitter - Abrupt, spurious variations in an analog line, 
generally caused by power and communication equipment 
along the line that shifts the signal phase relationship back 
and forth. 

PLL - Phase-Locked Loop. 

PLL Frequency Synthesizer - Phase-locked loop frequen­
cy synthesizer. A frequency synthesizer utilizing a closed 
loop, as opposed to DDS (direct digital synthesis) which is 
not a closed loop. 

POTS - Plain Old Telephone Service. 

Propagation Delay - The time interval between specified 
reference points on the input and output voltage waveforms. 

Psophometric Weighting - A frequency weighting similar 
to C-Message weighting that is used as the standard for Euro­
pean telephone system testing. 

PSN - Packet Switched Network. 

PSTN - Public Switched Telephone Network. 

Pulse Dialer - A device that generates pulse trains corre­
sponding to digits or characters used in impulse or loop-dis-
connect dialing. . 
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Quantizing Noise - Signal-correlated noise generally 
associated with the quantizing error introduced by AID and 
D/A conversions in digital transmission systems. 

REN - Ringer Equivalence Number; an indication of the im­
pedance, or loading factor, of a telephone bell or ringer circuit. 
An REN of 1.0 equals about a kQ. The Bell system typically 
permits a maximum of 5.0 REN (1.6 kQ) on an individual sub­
scriber line. A minimum REN of 0.2 (40 kQ) is required by the 
Bell system. 

Repeater - An amplifier and associated equipment used in 
a telephone circuit to process a Signal and retransmit it. 

Repertory Dialer - A dialer that stores a repertory of tele­
phone numbers and dials anyone of them automatically on 
request. 

Ring - One of the two wires connecting the central office 
to a telephone. The name derives from the ring portion of the 
plugs used by operators (in older equipment) to make the con­
nection. Ring is traditionally negative with respect to Tip. 

RTS - Request To Send; an EIA-232 control signal between 
a modem and user's digital equipment that initiates the data 
transmission sequence on a communication line. 

Sampling Rate - The frequency at which the amplitude of 
an analog signal is gated into a coder circuit. The Nyquist 
sampling theorem states that if a band-limited signal is 
sampled at regUlar intervals and at a rate equal to or greater 
than twice the highest frequency of interest, the sample con­
tains all the information of the original signal. The frequency 
band of interest in telephony ranges from 300 to 3400 Hz, so 
a sampling rate of a kHz provides dc to 4000 Hz reproduction. 

SCU - Subscriber Channel Unit; the circuitry at a telephone 
exchange associated with an individual subscriber line or 
channel. 

Sidetone - The1sound fed back to the receiver as a result 
of speaking into the microphone. It is a natural consequence 
of the 2-to-4 wire conversion system. Sidetone was recog­
nized by Alexander Graham Bell as necessary for a person 
to be able to speak properly while using a handset. 

Signaling - The transmission of control or status information 
between switching systems in the form of dedicated bits or 
channels of information inserted on trunks with voice data. 

Signal-to-Distortion Ratio (SID) - The ratio of the input sig­
nallevel to the level of all components that are present when 
the input signal (usually a 1.020 kHz sinusoid) is eliminated 
from the output signal (e.g., by filtering). 

SLiC - Subscriber Line Interface Circuit; a circuit that per­
forms the 2-to-4 wire conversion, battery feed, line supervi­
sion, and common mode rejection at the central office (or 
PBX) end of the telephone line. 

SOG package - Small-Outline Gull-wing package; formerly 
SOIC with gull-wing leads. This package has leads which fold 
out from the body. 

SOJ package - Small-Outline J-Iead package; formerly 
SOIC with J leads. This package has leads which are tucked 
under the body. 

Speech Network - A circuit that provides 2-to~4 wire conver­
sion, i.e., connects the microphone and receiver (or the trans-
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mit and receive paths) to the Tip and Ring phone lines. 
Additionally it provides sidetone control, and in many cases, 
the dc loop current interface. 

Subscriber Line - The system consisting of the user's tele­
phone, the interconnecting wires, and the central office equip­
ment dedicated to that subscriber (also referred to as a loop). 

Switch hook - A synonym for hookswitch. 

Syn (Sync) - (1) A bit character used to synchronize a time 
frame in a time-division multiplexer. (2) A sequence used by 
a synchronous modem to perform bit synchronization or by 
a line controller for character synchronization. 

Synchronous Modem - A modem that uses a derived 
clocking signal to perform bit synchronization with incoming 
data. 

T1 Carrier- A PCM system operating at 1.544 MHz and car­
rying 24 individual voice-frequency channels. 

TA - Terminal Adatper. 

Talkdown - Missed signals in the presence of speech. Com­
monly used to describe the performance of a DTMF receiver 
when it fails to recognize a valid DTMF tone due to cancella­
tion of that tone by speech. 

Talkoff - False detections caused by speech. Commonly 
used to describe the performance of a DTMF receiver when 
speech, emulating DTMF, causes the receiver to believe it has 
detected a valid DTMF tone. 

Tandem Trunk - See trunk. 

Telephone Exchange - A switching center for interconnect­
ing the lines that service a specific area. 

TEl - Terminal Equipment 1 (ISDN Terminal). 

TE2 - Terminal Equipment 2 (Non-ISDN Terminal). 

TELETEX - A text communication service between entirely 
electronic work stations that will gradually replace TELEX with 
the introduction of the digital network. (Not to be confused with. 
teletext.) 

TELETEXT - The name usually used for broadcast text (and 
graphics) for domestic television reception. (Not to be con­
fused with teletex.) 
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Time-Division Multiplex - A process that permits the trans­
mission of two or more signals over a common path by using 
a different time interval for each signal. 

Tin Cans and String - A crude analog communications 
system commonly used to introduce voice communications 
to children. 

Tip - One of the two wires connecting the central office to 
a telephone. The name derives from the tip of the plugs used 
by operators (in older equipment) to make the connection. Tip 
is traditionally positive with respect to ring. 

Tone Ringer - The modern solid state equivalent of the old 
electromechanical bell. It provides the sound when the central 
office alerts the subscriber that someone is calling. Ringing 
voltage is typically 80-90 volts rms, 20 Hz. 

Trunk - A telephone circuit or channel between two central 
offices or switching entities. 

TSAC - Time Slot Assigner Circuit; a circuit that determines 
when a CODEC will put its 8 bits of data on a PCM bit stream. 

TSIC - Time Slot Interchange Circuit; a device that switches 
digital highways in PCM based switching systems; a "digital" 
crosspoint switch. 

Twist - The amplitude ratio of a pair of'DTMF tones. (Be­
cause of transmission and equipment variations. a pair of 
tones that originated equal in amplitude may arrive with a con­
siderable difference in amplitude.) 

Two Wire Circuit - Refers to the two wires connecting the 
central office to the subscriber's telephone. Commonly re­
ferred to as Tip and Ring, the two wires carry both transmit 
and receive signals in a differential manner. 

UDLT - Universal Digital Loop Transceiver; a Motorola origi­
nated name for a voice/data transceiver circuit. 

VCO - Voltage-controlled oscillator. Input is a voltage; output 
is a sinusoidal waveform. 

VCM - Voltage-controlled multivibrator. Input is a voltage; 
output is a square wave. 

Voice Frequency - A frequency within that part of the audio 
range that is used for the transmission of speech of commer­
cial quality (i.e., 300-3400 Hz). 

Weighting Network - A network whose loss varies with fre­
quency in a predetermined manner. 
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ANSI American National Standards Institute 
11 West 42nd Street 
New York. NY 10036 
USA 

Bellcore Bell Communications Research 
Customer Service 

CCITT 

EIA 
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60 New England Avenue 
Piscataway, NJ 08854-4196 
USA 
Phone: (201) 699-5800 

Consultive Committee of the International 
Telephone and Telegraph 
International Telecommunications Union 
Place Des Nations' . 
CH-1211 Geneva 
Switzerland 
Phone: (011) 4122 730 5851 

Electronic Industries Association 
1722 Eye Street. NW 
Suite 440 
Washington, DC 20006 
USA 
Phone (Headquarters): (202) 457-4936 
Phone (Standards): (202) 457-4966 

ETSI 

IEEE 

TIA 

European Telecommunications Standards 
Institute 
06921 Sophia Antipolis Cedex 
FRANCE 
Phone: 33 92 94 42 00 
Fax: 33 93 65 4716 

Institute of Electrical and Electronics 
Engineers 
Headquarters: 

345 East47th Street 
New York, NY 10017 
USA 
Phone (212) 705-7900 

Standards Office: 
IEEE Service Center 
PO Box 1331 
Piscataway, NJ 00855 
USA 
Phone: (201) 981-0060 

Telecommunications Industry Association 
2001 Pennsylvania Avenue, NW 
Suite 800 
Washington, DC 2006-1813 
USA 
Phone: (202) 457-5430 
Fax: (202457-4939 
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Handling and Design Guidelines 

HANDLING PRECAUTIONS 

All CMOS devices have an insulated gate that is subject to 
voltage breakdown. The high-impedance gates on the de­
vices are protected by on-chip networks. However, these on­
chip networks do not make the IC immune to electrostatic 
damage (ESD). Laboratory tests show that devices may fail 
after one very high voltage discharge. They may also fail due 
to the cumulative effect of several discharges of lower poten­
tial. 

Static-damaged devices behave in various ways, depend­
ing on the severity of the damage. The most severely dam­
aged are the easiest to detect because the input or output has 
been completely destroyed and is either shorted to VDD, 
shorted to VSS, or open-circuited. The effect is thatthe device 
is no longer functional. Less severe cases are more difficult to 
detect because they appear as intermittent failures or de­
graded performance. Static damage can often increase leak­
age currents. 

CMOS devices are not immune to large static voltage dis­
charges that can be generated while handling. For example, 
static voltages generated by a person walking across a waxed 
floor have been measured in the 4-15 kV range (depending 
on humidity, surface conditions, etc.). Therefore, the following 
precautions should be observed. 

1. Do not exceed the Maximum Ratings specified by the 
data sheet. 

2. All unused device inputs should be connected to VDD 
or VSS. 

3. All low-impedance equipment (pulse generators, etc.) 
should be connected to CMOS inputs only after the de­
vice is powered up. Similarly, this type of equipment 
should be disconnected before power is turned off. 

4. A circuit board containing CMOS or devices is merely 
an extension of the device and the same handling pre­
cautions apply. Contacting connectors wired directly to 
devices can cause damage. Plastic wrapping should be 
avoided. When external connections to a PC board ad­
dress pins of CMOS integrated circuits, a resistor should 
be used in series with the inputs or outputs. The limiting 
factor for the series resistor is the added delay caused 
by the time constant formed by the series resistor and 
input capacitance. This resistor will help limit accidental 
damage if the PC board is removed and brought into 
contact with static generating materials. For con­
venience, equations for added propagation delay and 
rise time effects due to series resistance size are given 
in Figure 1. 

5. All CMOS devices should be stored or transported in 
materials that are antistatic. Devices must not be in­
serted into conventional plastic "snow", styrofoam or 
plastic trays, but should be left in their original container 
until ready for use. 

Figure 1. Networks for Minimizing ESC and Reducing CMOS Latch Up Susceptibility 

MOS 
TO OFF·BOARD R1 INPUT 
CONNECTION OR 

OUTPUT 

Advantage: Requires minimal board area. 

Disadvantage: R 1 > A2 for the same level of 

protection, therefore rise and fall 

times, propagation delays, and 

output dnves aTe severely affected. 

VDD 

D1 

TO OFF-BOARD R2 

CONNECTION 

D2 

-= VSS 

Advantage: R2 < R 1 for the same level of 

protection. Impact on ae and de 

characteristics is minimized. 

Disadvantage: More board area, higher initial cost. 

MOS 
INPUT 

OR 
OUTPUT 

NOTE: These networks are useful for protecting the following: 

where: 

EQUATION 1 - PROPAGATION OELAY VS 
S,ERIES RESISTANCE 

R=_t_ 
C·k 

A. digital inputs and outputs 

B. analog inputs and outputs 

C. 3-state outputs 

D. bidirectional (1/0) parIs 

R = the maximum allowable series resistance in ohms 
t; the maximum tolerable propagation delay in seconds 

C ; the board capacitance plus the driven device's 
input capacitance in farads 

k; 0.33 for devices with TTL input levels (switch point = 1.3 V) 
k; 0.7 for devices with CMOS input levels (switch pOint = 50% 

VOO)· 
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where: 

EQUATION 2 - RISE TIME vs 
SERIES RESISTANCE 

R=-'­
C.k 

R; the maximum allowable series resistance in ohms 
t ; the maximum tolerable propagation delay in seconds 

C ; the board capacitance plus the driven device's 
input capacitance in farads 

k; 0.7 for devices with TIL input levels (switch point = 1.3 V) 
k; 2.3 for devices with CMOS input levels (switch point = 50% 

Voo)· 

HANDLING AND DESIGN GUIDELINES 
6-3 



6. All CM.oS devices should be placed on a grounded 
bench surface and operators should ground themselves 
prior to handling devices, since a worker can be statically 
charged with respect to the bench surface. Wrist straps 
in contact with skin are strongly recommended. See Fig­
ure 2. 

7. Nylon or other static generating materials should not 
come in contact with CM.oS circuits. 

8. .If automatic handling is being used, high levels of static 
electricity may be generated by the movement of de­
vices, belts, or boards. Reduce static build-up by using 
ionized air blowers or room humidifiers. All parts of ma­
chines which come into contact with the top, bottom, and 
sides of IC packages must be grounded metal or other 
conductive material. 

9. Cold chambers using C.o2 for cooling should be 
equipped with baffles, and devices must be contained 
on or in conductive material. 

10. When lead-straightening or hand-soldering is neces­
sary, provide ground straps for the apparatus used and 
be sure that soldering ties are grounded. 

11. The following steps should be observed during wave sol­
der operations. 

a. The solder pot and conductive conveyor system of 
the wave soldering machine must be grounded to an 
earth ground. 

b. The loading and unloading work benches should 
have conductive tops which are grounded to an earth 
ground. 

c . .operators must comply with precautions previously 
explained. 

d. Completed iissemblies should be placed in antistatic 
containers prior to being moved to subsequent sta­
tions. 

12. The following steps should be observed during board 
cleaning operation. 

a. Vapor d.egreasers and baskets must be grounded to 
an earth ground. .operators must likewise be 
grounded. 

b. Brush or spray cleaning should not be used. 
c. Assemblies shou.ld be placed into the vapor degreas­

er immediately upon removal from the antistatic con-
tainer. . 

d. Cleaned assemblies should be placed in antistatic 
containers immediately after removal from the clean­
ing basket. 

e. High velocity air movement or application of solvents 
and coatings should be employed only when module 
circuits are grounded and a static eliminator is di­
rected at the module. 

13. The use of static detection meters for line surveillance 
is highly recommended. 

14. Equipment specifications should alert CJsers to the pres­
ence of CM.oS devices and require familiarization with 
this specification prior to performing any kind of mainte­
nance or replacement of devices or modules. 

15. Do not insert or remove CM.oS devices from test sockets 
with power applied. Check all power supplies to be used 
for testing devices to be certain there are no voltage tran­
sients present. 

16. Double check the equipment setup for proper polarity 
of voltage before conducting parametric or functional 
testing. 

RECOMMENDED READING 
''Total Control of the Static in Your Business" 
Available by writing to: 

3M 
Static Control Systems 
Building A 145-3N-01 
P . .o. Box 2963 
Austin, TX 78769-2963 

.or calling: 
1-800-328-1368 

Figure 2. Typical Manufacturing Work Station 

NOTES: 
1. 1/16 inch conductive sheet stock covering bench top work area. 
2. Ground strap. 
3. Wrist strap in contact with skin. 
4. Static neutralizer. (Ionized air blower directed at work.) Primarily for use in areas where direct ground­

ing is impractical. 
5. Room humidifier. Primarily for use in areas where the relative humidity is less than 45%. Caution: 

building heating and cooling systems usually dry the air causing the relative humidity inside ·of build­
ings to be less than outside humidity. 
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CMOS LATCH UP 
Latch up will not be a problem for most designs, but the de­

signer should be aware of it, what causes it, and how to pre­
vent it. 

Figure 3 shows the layout of a typical CMOS inverter and 
Figure 4 shows the parasitic bipolar devices that are formed. 
The circuit formed by the parasitic transistors and resistors is 
the basic configuration of a silicon controlled rectifier, or SCR. 
In the latch-up condition, transistors 01 and 02 are turned on, 
each providing the base current necessary for the other to re­
main in saturation, thereby latching the devices on. Unlike a 
conventional SCR, where the device is turned on by applying 
a voltage to the base of the NPN transistor, the parasitiC SCR 
is turned on by applying a voltage to the emitter of either tran­
sistor. The two emitters that trigger the SCR are the same 
point, the CMOS output. Therefore, to latch up the CMOS 
device, the output voltage must be greater than VDD + 0.5 Vdc 
or less than - 0.5 Vdc and have.sufficient current to trigger the 
SCR. The latch-up mechanism is similar for the inputs. 

Once a CMOS device is latched up, if the supply current is 
not limited, the device will be destroyed. Ways to prevent such 
occurrences are listed below. 

1. Ensure that inputs and outputs are limited to the maxi­
mum rated values, as follows: 
- 0.5 ~ Yin ~ VDD + 0.5 Vdc referenced to VSS 
- 0.5 ~ Vout ~ VDD + 0.5 Vdc referenced to VSS 
Ilinl ~ 10 mA 
Iioutl ~ 10 mA when transients or dc levels exceed the 

supply voltages. 

2. If voltage transients of sufficient energy to latch up the 
device are expected on the outputs, external protection 
diodes can be used to clamp the voltage. Another meth­
od of protection is to use a series resistor to limit the 
expected worst case current to the Maximum Ratings 
values (see Figure 1). 

3. If voltage transients are expected on the inputs. protec­
tion diodes may be used to clamp the vOltage or a series 
resistor may be used to limit the current to a level less 
than the maximum rating of lin = 10 mA (see Figure 1). 

4. Sequence power supplies so that the inputs or outputs 
of CMOS devices are not powered up first (e.g., re­
cessed edge connectors may be used in plug-in board 
applications and/or series resistors). 

5. Power supply lines should be. free of excessive noise. 
Care in board layout and filtering should be used. 

6. Limit the available power supply current to the devices 
that are subject to latch-up conditions. This can be ac­
complished with the power supply filtering network or 
with a current-limiting regulator. 

Figure 3. CMOS Wafer Cross Section 

VDD 

VDD 
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Figure 4. Latch Up Circuit Schematic 
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Quality In Manufacturing 
QUALITY IN DESIGN 

Motorola's quality activity starts at the product design 
stage. It is Motorola's philosophy to "design in" reliability. At 
all development points of any new design reliability oriented 
guidelines are continuously used to ensure that a thoroughly 
reliable part is ultimately produced. This is demonstrated by 
the excellent in-house reltability testing results obtained for 
all Motorola's semiconductor products and, more importantly, 
byour numerous customers. 

MATERIAL INCOMING CONTROLS 

Each vendor is supplied with a copy of the Motorola Pro­
curement Specification which must be agreed in detail be­
tween both parties before any purchasing agreement is 
made. This is followed by a vendor appraisal report whereby 
each vendor's manufacturing facility is visited by Motorola 
Quality Engineers responsible for ensuring that the vendor 
has a well organized and adequately controlled manufactur­
ing process capable of supplying the high quality material 
required to meet the Motorola Incoming Inspection Specifica­
tion. Large investments have and are continuously being 
made and Quality. Improvement programs developed with 
our main suppliers concerning: 

Masks - Silicon - Piece-parts - Chemical products -
Industrial gas, etc. 

Each batch of material delivered to Motorola is quaran­
tined at Goods-in until the Incoming Quality Organization has 
subjected adequate samples to the incoming detailed in­
spection specification. In the case of masks, this will include 
mask inspection for: 

1. Defect Density 

2. Intermask Alignment 

3. Mask Revision 

4. Device to Device Alignment 

5. Mask Type 

Silicon will undergo the following inspections: 

1. Type "N" or "P" 

2. ReSistivity 

3. Resistivity Gradient 

4. Defects 

5. Physical Dimensions 

6. Dislocation Density 

Incoming chemicals are also controlled to very rigorous 
standards. Many are submitted to in-house chemical analy­
sis where the supplier's conformance to specification is me­
ticulously checked. In many cases, line tests are performed 
before final acceptance. A major issue and responsibility for 
the Incoming Quality Department is to ensure that the most 
disciplined safety factors have been employed with regard to 
chemicals. Chemicals can and are often rejected because 
safety standards have not been deemed acceptable. 

MOTOROLA 

NEW PRODUCT TYPICAL DESIGN FLOW 

PACKAGE 

COMMERCIAL SAMPLE 

THIS BASIC DESIGN FLOW-CHART OMITS 
SOME FEEDBACK LOOPS FOR SIMPLICITY 
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The Six Sigma Challenge 
Motorolit's expressed objective is the achievement of "er­

ror free performance" in products and services. The high 
quality level of the product-line outputs, followed by stringent 
outgoing quality co~ntrol, readily assures this objective. But 
error-free output from the product lines themselves is a mat­
ter that continues to demand full attention at all levels of pro­
duction, design and administration. This far more stringent 
requirement has a two-fold goal: 

1. To further improve ultimate product reliability - experi­
ence has proved that products designed for 100% con­
formance to specifications are far less subject to field 
failure than products selected to a given level of perfor­
mance. 

2. To reduce waste - thereby making the end-product 
more cost competitive. 

Whether or not one-hundred percent perfection is consis­
tently achievable remains subject to conjecture. Motorola's 
already low reject rates, however, warrant a high level of con­
fidence that the goal tan be met, and milestones toward this 
objective have been firmly established. 

Six Sigma Capability - not yet zero defects, but 
99.9999998% perfection in both product and in customer 
services. 

Why Six Sigma? 

Each process attempts to reproduce its characteristics 
identically from unit to unit. Inherent in each process, howev­
er, there are variations in conditions and in materials that are 
uncontrollable and unalterable. In all cases, therefore, the 
unit-to-unit output. characteristics vary somewhat from the 
ideal (design target). 

The performance of a product is determined by how much 
margin exists between the design specifications and the ac­
tual value of that specification. For some processes, such as 
those using real-time feedback to control the output, the vari­
ations can be quite small; for others they may be quite large. 
Many of the parametric data of a given specification tend to 
follow the normal distribution curve shown in Figure 1. ' 

Variation of the process is measured in Standard Devi­
ations (Sigma) from the Mean. The normal deviation, defined 
as process width, is ± 3 Sigma about the mean, representing 
a yield of 99.73%. But is ± 3 Sigma good enough as an over­
all specification? Statistically, with a ± 3 sigma deviation, 
approximately 2700 parts per million still fall outside accept­
able performance limits. Clearly, for a product to be built 
virtually defect free it must be designed with a component 
yield that is significantly better than ± 3 SigmC\. 

SPECIFICATION RANGE USL 

0.001 ppm 
1350 

"" NOMINAL=J.L 

±3cr 

±6cr 

0.001 ppm 

/ 

Figure 1. Standard distribution curve illustrates the Three Sigma and Six Sigma Parametric Conformance. 
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LOWER SPEC 
LIMIT 

-60" -50" -40" -30" 

SPEC LIMIT 
± 1 SIGMA 
± 2 SIGMA 
± 3 SIGMA 
± 4 SIGMA 
± 5 SIGMA 
± 6 SIGMA 

NORMAL DISTRIBUTION 
CENTERED 

-20" -10" X 10" 20" 

PERCENT 
68.27 
95.45 
99.73 
99.9937 
99.999943 
99.9999998 

30" 40" 

UPPER 
SPEC LIMIT 

50" 60" 

DEFECTIVE PPM 
317300 
45500 
2700 
63 

0.57 
0.002 

Figure 2. With a Centered Distribution Between 
Six-Sigma Limits Only Two Devices Per Billion Fail to 

Meet the Specification Target. 

The Six Sigma Latitude 

Product yield is a factor of two variables: Process width 
and design width. If a process iS,adequately controlled so 
that its output is ± 3 Sigma, and if the product is so well de­
signed that ± 3 Sigma deviations still place the products well 
within the specified design limits, then the overall yield is in­
creased. 

The table in Figure NO TAG shows that a design which 
can accept twice the normal ± 3 Sigma variation of the pro· 
cess (design width = ± 6 Sigma) will have a product yield of 
99.9999998%, corresponding to 2.0 defective parts per bil­
lion. Even if the process mean were to shift by as much as ± 
1.5 Sigma from the center df the distribution, the process 
would be expected to have no more than 3.4 parts per million 
defective. 

MOTOROLA 

LOWER 
SPEC 
LIMIT 

SPEC LIMIT 
± 1 SIGMA 
± 2 SIGMA 
± 3 SIGMA 
± 4 SIGMA 
± 5 SIGMA 
± 6 SIGMA 

NORMAL DISTRIBUTION 

SHIFTED 1.5 0" 

20" 

PERCENT 
30.23 
69.13 
93.32 
99.3790 
99.97670 
99.999660 

UPPER 
SPEC 
LIMIT 

30" 40" 50" 60" 

DEFECTIVE PPM 
697700 
308700 
66810 
6210 
233 
3.4 

Figure 3. Effects of a 1.5 Sigma Shift Where Only 3.4 
ppm Fail to Meet Specification. 

The Motorola SPC Program 
• Purpose' Objective' Scope 

The Purpose of this program is to establish a standard ap­
proach toward continued process improvement through sta­
tistical process control. 

Its Objective is to maintain all critical processes under 
tight statistical control in order to enhance quality and reduce 
scrap through identification of process variation, and through 
the reduction of these variations by means of real time cor­
rective action. It is expected to establish the cultural environ­
ment and the organizational support required to achieve the 
Six-Sigma goal. 

Its Scope encompasses a total quality improvement elfort, 
involving design, manufacturing and management of all 
Motorola product groups and their suppliers as well as their 
support departments and vendors. It provides for the estab­
lishment of SPC teams and ensures adequate training. It 
serves as a liaison between teams in order to standardize 
and unify the approach to continuous quality improvement. 
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Continuous Improvement 

4. Action 
oCorrection to 

Implementation 
.Permanency to 

Improvement 
oStandardization 
oCustomer Research 
oBench Mark 
oRedesign 

3. Check 
oMeasure Improvement 
oAssess Effectiveness 
.Review Projects 

t. Plan 
oGoals and Targets 
oSuccess Parameter 

Identify Key Opportun"ies 
Identify Key Processes 

olmprovement Plan 
oSelect ProjecVTeam 

2.00 
oEducation and Training 
olmplement 

Key Factors for Success 

o Management Leadership 
Top Down 
Committed 
Active 

o Clear and Agreed-On Goals 
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o Breakthrough Thinking 
o ProjectITeamwork 
o Training 
o Reinforcing Successes 
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Verification of Statistical Process Control 
Statistical process control programs have two specific 

functions: 

1. as a monitor, to verify that a specific process is under 
control, or to indicate that a process is not in control 
based on interpretation of control-chart abnormalities or 
other indications; 

2. as a quality improvement tool, for the purpose of improv­
ing process capability. 

In either case, documentation must be available that per­
mits the utilization, verification and interpretation of process 
control data, or if necessary, to implement new programs for 
process improvement. 

Evidence of Process Capability 

Capability indices must be established for each critical pro­
cess and there must be evidence that the upper and lower 
specification limits are realistic and not arbitrary. The present 
goal is Cp ~ 2.0 and Cpk ~ 1.5. 

Evidence of a process capability study must be on file. De­
pending on the level of sophistication, the study may include 
a factorial experiment, a nested variance study, summation 
of the results and recommendation for further action. The 
selection of critical process points must be justified. 

Measurement System Capability 

Results of measurement system capability study must be 
on file. Precision-to-Tolerance (PfT) ratio should be less than 
0.10. 

Process Control Specifications 

Process specifications must include procedures to be fol­
lowed in the event of a process requiring corrective action. 

Operator Training 

The operators are normally the first to see the control 
charts. Incorrect interpretation will cause unnecessary and 
time consuming investigations or delay needed studies. Con­
sequently, operator training is a vital function and docu­
mented operator certification must be on file. 

Control Chart Accuracy and Visibility 

Control charts must be current and readily available. They 
shall be maintained by the production operators and upper 
and lower control limits must be calculated according to his­
torical data. 

Control Chart Tracking 

Control charts must be tracked continuously. All out-of­
control points must be highlighted and the apprOpriate cor­
rective action described either on the chart or in a companion 
log. The objective is to view the trend, not simply to obtain a 
snapshot-in-time. 

Supplier/Customer Relationships 
Customers have no desire to control a supplier's process. 

Nor are they interested in the confidential details of a sup­
plier's processes. They only want assurance (data) that a 
supplier has an ongoing program that supports an overall 
statistical process control plan. Primarily, Motorola's cus­
tomers are interested in a supplier's statistical control of the 
critical processes, and his early warning system which keeps 
a process from becoming marginal. Most importantly, they 
are interested in what is being done for continuous improve­
ment. 

What We Offer Our Customers 

It has been adequately demonstrated that a well monitored 
and controlled manufacturing process with minimum varia­
tions will produce a better, more useful and more reliable 
product at a reduced cost. In many instances, customer sat­
isfaction now hinges not so much on a product's ability to 
mee't specifications as on a manufacturer's ability to control 
his processes as evidenced by reduced variability. This is 
used as an indicator of both product quality and projected 
costs. Motorola provides detailed data and inferential statis­
tics that allow customers to make decisions about the prod­
uct they buy. In many instances, we provide a customer 
access to our computer data banks in order to improve com­
munications and reduce turnaround time for product approv­
al. 

MOTOROLA 

What We Expect From Our Suppliers 

Improved quality of incoming material is crucial to success 
in achieving our Six Sigma goals. In order to accomplish this 
goal, we feel it necessary to reduce the number of suppliers 
and to work closely with those remaining as partners to 
resolve quality issues. 

It is the responsibility of Motorola Supplier Quality Control 
to ensure that all suppliers maintain an adequate system of 
process and material controls which provides for prevention 
(as opposed to detection) of defects in their manufacturing 
processes. This includes, but is not limited to, the following: 

• General plan for continuous improvement 

• Detailed product flow 

• Process control plan 

• Equipment and process capability studies 

• Measurement system capability studies 

• Specific action plan for out-of-control conditions 

• Evidence of statistical process control 
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Motorola's Reliability and Quality Monitor Philosophy 
In order to guarantee that the high standards of reliability 

and quality required by the Motorola continue throughout the 
entire production lifetime of each product family, an ongoing 
Reliability Monitor/Audit Program is established. 

Individual product and package family monitors are devel­
oped by identifying the appropriate device(s) for each pro­
cess family (in most cases the same device used to qualify a 
process/producVpackage family). Once identified, the appro­
priate stress test programs are put in place to monitor the on­
going process average of the specific family. This process 
average measurement is made by understanding the reli­
ability and quality results of individual samples. The stresses 
and sampling used vary according to the product technolo­
gies used and the unique requirements of the customer 
base. In all cases the monitors have been defined so as to 
quantify the progress being made toward sector goals of six 
sigma quality and significant reduction in infant mortality, and 
long term failure rates. 

Monitor testing is completed on an ongoing cycle with test 
results made available quarterly. These reports detail all test 
results received for the previous quarter, outlining the reli­
ability data associated with all process/package family types. 

With all of these data. an effective ongoing monitor is es~ 
tablished which is capable of identifying reliability trends as­
sociated with all process/producVpackage families. 

For a complete description, order document BR518/D. 

Reliability Stress Tests 

The following summary gives brief descriptions of the vari­
ous reliability tests included in a reliability monitor program. 
Not all of the tests listed are performed by each product 
group and other tests can be performed when appropriate. In 
addition some form of preconditioning may be used in con­
junction with the following tests. 

HIGH TEMPERATURE OPERATING LIFE 

High temperature operating life (HTOL or HTRB) testing is 
performed to accelerate failure mechanisms which are ther­
mally activated through the application of extreme tempera­
tures and the use of biased operating conditions_ The 
temperature and voltage conditions used in the stress will 
vary with the product being stressed. However, the typical 
stress ambient is 125°C, with the bias applied equal to or 
greater than the data sheet nominal value. All devices used 
in the HTOL test are sampled directly after final electrical test 
with no prior burn-in or other prescreenin9 unless called out 
in the normal production flow. Testing can either be per­
formed with dynamic signals applied to the device or in static 
bias configuration for a typical test duration of 1008 hours. 

TEMPERATURE CYCLE 

Temperature cycle accelerates the effects of thermal 
expansion mismatch among the different components within 
a specific die and packaging system. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with the 
minimum and maximum temperatures being - 65°C and 
+ 150°C. During temperature cycle testing, devices are 
inserted into a cycling system and held at the cold dwell 
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temperature for at least ten minutes. Following this cold 
dwell, the devices are heated to the hot dwell where'they re­
main for another ten minute time period. The system em­
ploys a circulating air environment to assure rapid 
stabilization at the specified temperature. The dwell at each 
extreme, plus the two transition times'of five minutes each 
(one up to the hot dwell temperature, another down to the 
cold dwell temperature), constitute one cycle. Test duration 
for this test will vary with device and packaging system 
employed. Typical test duration is for 1000 cycles with some 
tests extended to look for longer term effects. 

THERMAL SHOCK 

The objective of thermal shock testing is the same as that 
for temperature cycle testing - to emphasize the differences 
in expansion coefficients of the packaging system. However, 
thermal shock provides additional stress in that the device is 
exposed to a sudden change in temperature due to the trans­
fer time of ten seconds maximum as well as the increased 
thermal conductivity of a liquid ambient. This test is typically 
performed per MIL-STD-883 or MIL-STD~750 with minimum 
and maximum temperatures being - 65°C to + 150°C. De­
vices are placed in a fluorocarbon bath and cooled to mini­
mum specified temperature. After being held in the cold 
chamber for five minutes minimum, the devices are trans­
ferred to an adjacent chamber filled with fluorocarbon at the 
maximum specified temperature for an equivalent time. Two 
five-minute dwells plus two ten-second transitions constitute 
one cycle. Test duration is for normally 1000 cycles with 
some tests being extended to look for longer term effects. 

TEMPERATURE HUMIDITY BIAS 

Temperature humidity bias (THB or H3TRB) is an environ­
mental test performed at a temperature of 85°C and a rela­
tive humidity of 85%. The test is designed to measure the 
moisture resistance of plastic encapsulated circuits. A nomi­
nal static bias is applied to the device to create the electrolyt­
ic cells necessary to accelerate corrosion of the metalization. 
Most groups are tested to 1008 hours, with some groups ex­
tended beyond to look for longer term effects. 

AUTOCLAVE 

Autoclave is an environmental test that measures device 
resistance to moisture penetration and the resultant effects 
of galvanic corrosion. Conditions employed during the test 
include 121°C, 100% relative humidity, and 15 psig. Corro­
sion of the die is the expected failure mechanism. Autoclave 
is a highly accelerated and destructive test. Typical test dura­
tions are 48 and 96 hours. This test may be followed by 
HTOL or HTRB for 24 to 48 hours to further accelerate the 
corrosion failure mechanism. 

HAST/PTHB (PRESSURE­
TEMPERATURE-HUMIDITY-BIAS) 

This test is performed to accelerate the effects of moisture 
penetration with the dominant effect being corrosion. This 
test detects similar failure mechanisms as THB, but at a 
greatly accelerated rate. Conditions usually employed during 
this test are a temperature of 121°C or greater, pressure of 
15 psig or greater, humidity of 100% (PTHB) or humidity of 
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85% (HAST), and a bias level that is the nominal rating of the 
device. 

CYCLED TEMPERATURE HUMIDITY BIAS 

This test is used to examine devices ability to withstand 
the combined effects of temperature cycling, high humidity, 
and vOltage (test can be run without bias). This test differs 
from a typical humidity test in its use of temperature cycling. 
A typical test condition used is as follows: humidity = 90 to 
98%, temperature cycle of 25°C to 65°C, and bias applied = 
nominal device rating. This test is usually run for 1008 hours. 

POWER TEMPERATURE CYCLING 

This test is performed on semiconductor devices to deter­
mine the effects of alternate exposures to extremes of high 
and low temperature with operating voltages periodically 
applied and removed. A typical test condition used is as 
follows: temperature cycle range = - 40°C to 125°C, bias 
applied = nominal device rating, and power cycling rate = 5.0 
minutes (ON)/5 minutes (OFF). This test is usually run for 
1000 cycles. 

POWER CYCLING 

This test is performed at a constant ambient temperature 
with operating voltage(s) periodically applied and removed, 
producing a L\. T JA, typically between 50°C and 150°C. Ambi­
ent temperatures range between 25°C and 150°C. A typical 
test condition used is as follows: ambient temperature 25°C, 
L\. T JA = 125°C with nominal bias, power "ON" 5.0 minutes 
and "OFF" 5.0 minutes. This test is usually run for at least 
504 hours. 

LOW TEMPERATURE OPERATING LIFE 

This test is performed primarily to accelerate HCI (hot car­
rier injection) effects in semiconductor devices by exposing 
them to room ambient or colder temperatures with the use of 
biased operating conditions. Threshold shifts or parametric 
changes are typically the basis for failure. The length of this 
test will vary with temperature and bias conditions employed. 

WRITE/ERASE CYCLING OF EEPROMs 

This test is employed to evaluate the effects of repeated 
programming and erasing excursions on EEPROM devices 
without corruption of data. This write/erase cycling will usual­
ly be performed at an elevated operating temperature for 
greater than 10,000 cycles. 

HIGH TEMPERATURE STORAGE/DATA RETENTION 

High temperature storage is performed to measure the 
stability of semiconductor devices, including the data reten­
tion characteristics of EPROM and EEPROM devices, during 
storage at elevated temperatures with no electrical stress 
applied. The devices are typically exposed to an ambient of 
150°C. An acceleration of charge loss from the storage cell 
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or threshold changes are the expected results. All groups are 
typically tested to 1008 hours. 

SYSTEM SOFT ERROR 

System soft error is designed to detect errors caused by 
impact ionization of silicon by high energy particles. This 
stress is performed on a system level basis. The system is 
operated for millions of device hours to obtain an accurate 
measure of actual system soft error performance. This test is 
performed on memory devices only. 

MECHANICAL SHOCK 

This test is typically performed per MIL-STO-883 or 
MIL-STO-750 and is used to examine the ability of the device 
to withstand a sudden change in mechanical stress typically 
due to abrupt changes in motion as seen in handling, trans­
portation, or actual use. A typical test condition would be as 
follows: acceleration = 1500 g, orientation = Y1 plane, t = 
0.5 ms, and number of pulse = 5. 

VARIABLE FREQUENCY VIBRATION 

This test is typically performed per MIL-STO-883 or 
MIL-STO-750 and is used to examine the ability of the device 
to withstand deterioration due to mechanical resonance. A 
typical test condition is: peak acceleration = 20 g, frequency 
range = 20 Hz to 20 kHz, and t = 48 minutes. 

CONSTANT ACCELERATION 

This test is typically performed per MIL-STO-883 or 
MIL-STO-750 and is used to indicate structural or mechani­
cal weaknesses in a device/packaging system by applying a 
severe mechanical stress. A typical test condition used is as 
follows: stress level = 30 kg, orientation = Y1 plane, and t = 1 
minute. 

SOLDER HEAT 

This test is used to examine the device's ability to with­
stand the temperatures seen in soldering over a more ex­
tended period as compared to the typical exposure levels 
seen in a production process. Electrical testing' is the end­
point criterion for this stress. 

LEAD INTEGRITY 

This test is typically performed per MIL-STO-883 or 
MIL-STO-750 and is used to examine the mechanical prop­
erties of a device's leads, welds, and seals. Various condi­
tions can be employed and provide for: tensile loading, 
bending stresses, torque or twist, and peel stress. The failure 
is determined visually under 3X to 10X magnification. 

SALT ATMOSPHERE 

This test is performed per MIL-STO-883 or MIL-STO-750 
and is used to evaluate the corrosive effects of a seacoast 
type atmosphere on deVice and package elements. A failure 
is determined visually under 1 OX to 20X magnification. 
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Package availability for each device is indicated on the front page of the individual data sheets. 
Dimensions for the packages are given in this chapter. 

8-PIN PACKAGES 

P SUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE626~5 

NOTES. 

DSUFFIX 

1. DIMENSIONL TO CENTER OF lEAD WHEN 
FORMED PARALLEL. 

2. PACKAGE CONTOUR OPTIONAL (ROUND OR 
SQUARE CORNERS). 

3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.40 10.16 0.370 DADO 
B 6.10 6.60 0.240 0.260 
C 3.94 4.45 0.155 0.175 
0 0.38 0.51 0.Q15 0.020 
F 1.02 1.78 0.040 0.070 
G 2.S4BSC 0.100 Bse 
H 0.76 1.27 0.030 0.050 
J 0.20 0.30 0.008 0.012 
K 2.92 3.43 0.115 0.135 
L 7.62BSC 0.300 Bse 
M - 10 0 W 
N 0.76 1.01 0.030 0.040 

SOG (SMALL OUTLINE GULL-WING) PACKAGE 
CASE751~5 

~ 
1 r R X_5 0 

/ -1 F l-
Lei (llLt 
"(.MO ' ...... L J 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI V14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETER 
3. DIMENSIONS A AND B DO NOT INCLUDE 

MOLD PRDTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 
5. DIMENSION 0 DOES NOT INCLUDE DAM BAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE 0 DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 

MILLIMETERS 
DIM MIN MAX 
A 4.80 5.00 
B 3.80 400 
C 1.35 1.75 
0 0.35 0.49 
F 0.40 1.25 
G 1.27BSC 
J 0.18 0.25 
K 0.10 0.25 
M 0 0 7 0 

P 5.80 6.20 
R 0.25 0.50 

INCHES 
MIN MAX 

0.189 0.196 
0.150 0.157 
0.054 0.068 
0.014 0.019 
0.Q16 0.049 

0.050BSC 
0.007 0.009 
0.004 0.009 

0 0 7 0 

0.229 0.244 
0.010 0.Q19 

MECHANICAL DATA 
8-3 

III 



14-PIN PACKAGES 

PSUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE 646-06 

NOTES, 

F4~ 
~~ 
I. A· .1 

D SUFFIX 
SOG (SMALL OUTLINE GULL-WING) PACKAGE 

CASE 751A-03 

-lG~ 

~~ T:::-dl-t.f 
C 

PLANE 

1~lo.25(O.010)@ITI s®1 A®I 

MECHANICAL DATA 
8-4 

1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION l TO CENTER OF LEADS WHEN 
FORMED PARALLEL 

3. DIMENSION 6 DOES NOT INCLUDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIONAL 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 0.715 0.770 18.16 19.56 
B 0.240 0.260 6.10 6.60 
C 0.145 0.185 3.69 4.69 
D 0,015 0.021 0.38 0.53 
F .04<1 0.070 1.02 1.78 
G 0.1008 2.S4BSC 
H 0.052 0.095 1.32 2.41 
J 0.008 0.Q15 0.20 0.38 
K 0.115 0.135 2.92 3.43 
L 0.3OO6SC 7.62BSC 
M 0' 10' 0' 10' 
N O.u1S 0.039 0.39 1.01 

NOTES, 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B DO NOT INCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 
5. DIMENSION D DOES NOT INCLUDE DAMMR 

PROTRUSION. ALLOWABLE DAMMR 
PROTRUSION SHAll BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE 0 DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 8.55 8.75 0.337 0.344 
B 3.80 4.00 0.150 0.157 
C 1.35 1.75 0.054 0.068 
D 0.35 0.49 0.014 0.019 
F 0.40 1.25 0.Q16 0.049 
G 1.27BSC 0.050BSC 
J 0.19 0.25 0.008 0.009 
K 0.10 0.25 0.004 0.009 
M 0' 7' 0' 7' 
P 5.80 6.20 0.299 0.244 
R 0.25 0.50 0.010 0.019 

MOTOROLA 



16-PIN PACKAGES 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620-10 

J 16 PL 

1$1025(0.010)® ITI A® I 
1$10.25 (0.010) ® I T I B ® I 

P SUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE 648-08 

~ 
~-r 
~~ 

.L~~U:~~ ,1'1. 
G::I 016 PL 

1"$'1-0.-25-(0-.01--'0)""""®"I'TI'A--;®~I 

MOTOROLA 

NOTES. 

NOTES: 

1. DIMENSIONING AND TOLERANCING PEA ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION l TO CENTER OF LEAD WHEN 

FORMED PARALLEl. 
4. DIMENSION F MAY NARROW TO 0.76 (D.030) 

WHERE THE LEAD ENTERS THE CERAMIC 
BODY, 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 0.750 0.770 19.05 19.55 
8 0.240 0.290 6.10 7.36 
C 0.165 4.19 
0 0.Q15 0.021 0.39 0.53 
E 0.050 Bse 1.27BSC 
F 0.055 0.070 1.40 1.77 
G 0.100 Bse 2.S4BSC 
J 0.009 0.0'1 0.23 0.27 
K 0.200 5.08 
L 0.300 Bse 7.62BSC 
M 0" IS" 0" 15" 
N 0.015 0.035 0.39 O.BB 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION l TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 
4 DIMENSION B DOES NOT INCLUDE MOLD FLASH. 
5. ROUNDED CORNEAS OPTIONAL 

INCHES 
DIM MIN MAX 
A 0.740 0.770 
8 0.250 0.270 
C 0.145 0.175 
0 0.015 0.021 
F 0.040 0.70 
G 0.100 Bse 
H 0.050 Bse 
J 0.008 0.015 
K 0.110 0.130 
L 0.295 0.305 
M 0° 10° 
S 0.020 0.040 

MILLIMETERS 
MIN MAX 

18.80 19.55 
6.35 6.85 
3.69 4.44 
0.39 0.53 
1.02 1.77 
2.54Bse 
1.27 Bse 

0.21 0.38 
2.80 3.30 
7.SO 7.74 

0° 10° 
0.51 1.01 

MECHANICAL DATA 
8-5 

.. 



--------------- 16-PIN PACKAGES 

DSUFFIX 
SOG (SMALL OUTLINE GULL-WING) PACKAGE 

CASE 7518-05 

DWSUFFIX 

NOTES, 
1. OIMENSIONING ANO TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION, MILLIMETER. 
3. DIMENSIONS A AND B 00 NOT INCLUDE 

MOLD PROTRUSION. . 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 
5. DIMENSION 0 DOES NOT INCLUDE OAMBAR 

PROTRUSION. ALLOWABLE OAMBAR 
PROTRUSION SHAlL BE 0.127 (0.005) TOTAl 
IN EXCESS OF THE 0 DIMENSION AT 
MAXIMUM MATERiAl CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.80 10.00 0.386 0.393 
B 3.80 4.00 0.150 0.157 
C 1.35 1.75 0.054 0.068 
D 0.35 0.49 0.014 0.Q19 
F 0.40 1.25 0.016 0.049 
G 1.27BSC O.05OBSC 

0.19 0.25 0.008 0.009 
K 0.10 0.25 0.004 0.009 
M 0° 7° 0° 7° 
P 5.80 6.20 0.229 0.244 
R 0.25 0.50 0.010 0.Q19 

SOG (SMALL OUTLINE GULL-WING) PACKAGE 
CASE 751G-02 

16~9 

~~Io' 1~;r '"""'1$"I-O.-01-0('--O.2-S)""""@"'I-'-s--:;@'"1 

j L 16X D [dIfj 
1$lo.01O(O.2S)@lrIA®ls®1 .!J Fl 

$ ~ ~lC l t l±J 
14X G K SEATING 

PLANE 

MECHANICAL DATA 
8-6 

\ j r- RX45 ° 

JdJfDl6 
~-

NOTES, 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B DO NOT INCLUDE MOLD 

PROTRUSION. 
4. MAXIMUM MOLO PROTRUSION 0.15 (0.006) PER 

SIDE. 
5. DIMENSION 0 DOES NOT INCLUDE OAMBAR 

PROTRUSION. ALLOWABLE OAMBAR 
PROTRUSION SHALL BE 0.13 (0.005) TOTAl IN 
EXCESS OF 0 DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

MILUMETERS' INCHES 
DIU MIN MAX MIN MAX 
A 0.15 10.45 0.400 0.411 
B 7.40 7.80 0.292 0.299 
C 2.35 2.65 0.093 0.104 
0 0.35 0.49 0.014 0.Q19 
F' 0.50 0.90 0.020 0.035 
G 127 BSC O.OOBSC 
J 0.25 0.32 0.010 0.012 
K 0.10 0.25 0.004 0.009 
M 0° yo 0° ,0 
P 10.05 10.55 0.395 0.415 
R 0.25 0.75 0.010 0.029 

MOTOROLA 



PIN1 
IDENTIFICATION 

MOTOROLA 

L 

16-PIN PACKAGES 

SO SUFFIX 
SSOP (SMALL SHRINK OUTLINE PACKAGE) 

CASE 9408-02 
NOTES 

0.25 (0.010) 

SECTION N-N 

OT SUFFIX 
TSSOP (THIN SHRINK SMALL OUTLINE PACKAGE) 

CASE 948C-oa 

1. DIMENSIONING AND TDLERANCING PER ANSI 
V14.5M,1982. 

2. CONTROLLING DIMENSION MILLIMETER. 
3. DIMENSION A DOES NOT INCLUDE MOLD 

FLASH, PROTRUSIONS OR GATE BURRS. 
MOLD FLASH OR GATE BURRS SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE 

4. DIMENSION B DOES NOT INCLUDE 
INTERLEAD FLASH OR PROTRUSION 
INTERLEAD FLASH OR PROTRUSION SHALL 
NOT EXCEED 0.15 (O.OD6) PEA SIDE. 

5. DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSIONJINTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.13 (0.005) 
TOTAL IN EXCESS OF K DIMENSION AT 
MAXIMUM MATERIAL CONDITION. DAMBAR 
INTRUSION SHALL NOT REDUCE DIMENSION 
K BY MORE THAN 0.07 (0.002) AT LEAST 
MATERIAL CONDITION, 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSION AANO B ARE TO BE 
DETERMINED AT DATUM PLANE -W-. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 6.07 6.33 0.238 0.249 
B 5.20 5.38 0.205 0.212 
C 1.73 1.99 0.068 0.078 
D 0.05 0.21 0.002 0.008 
F 0.63 0.95 0.024 0.037 
G 0.65BSC 0.026 BSC 
H 0.73 0.90 0.028 0.035 
J 0.09 0.20 0,003 0.008 

J1 0.09 0.16 0.003 0.006 
< 0.25 0.38 0.010 0.Q15 

<1 0.25 0.33 0.010 0.013 
L 7.65 7.90 0.301 0.311 
M 0 0 8 0 0 0 8 0 

16x K REF NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982 
2 CONTROLLING DIMENSION: MILLIMETER 
3. DIMENSION A DOES NOT INCLUDE MOLD 

FLASH, PROTRUSIONS OR GATE BURRS. 
MOLD FLASH OR GATE BURRS SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

4. DIMENSION B DOES NOT INCLUDE 
INTERLEAD FLASH OR PROTRUSION 
INTERLEAD FLASH OR PROTRUSION SHALL 
NOT EXCEED 0.25 (0.010) PER SIDE. 

5. DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSION, ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0,08 (0,003) TOTAL 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 
DIMENSIONS A AND B ARE TO BE 
DETERMINED AT DATUM PLANE-U-. 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 

J1 
< 

<1 
L 
M 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
- 5.10 - 0.200 
4.30 4.50 0,169 0.177 
- 1.20 - 0047 
0.05 0.25 0.002 0.010 
0.45 0.55 0.018 0.022 

0.65BSC 0.026BSC 
0.22 0,23 0.009 0.010 
0.09 0,24 0.004 0.009 
0.09 0,18 0004 0,007 
0.16 0.32 0.006 0.013 
0,16 0.26 0.006 0.010 
6.30 6,50 0.248 0.256 

0" 10" 0" 10" 

MECHANICAL DATA 
8-7 

.. 



18-PIN PACKAGES 

PSUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE 707-02 

~,::::::::IJ 
I. A J 

MECHANICAL DATA 
8-8 

L SUFFIX 
CERAMIC PACKAGE 

CASE 726-04 

OPTIONAL LEAD 
CONFIGURATION (1, 9,10, 18) 

[{j7[O.25(O.010)@[T[B ®[ 

NOTES: 
1 POSITIONAL TOLERANCE OF LEADS (D). 

SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM 
MATERIAL CONDITION. IN RELATION TO 
SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARAlLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 22.22 23.24 0.875 0.915 
B 6.10 6.60 0.240 0.260 
C 3.56 4.57 0.140 0.160 
D 0.36 0.56 0.014 0.022 
F 1.27 1.78 0.050 0.070 
G 2.54 asc 0.100 BSC 
H 102 1.52 0.040 0.060 
J 0.20 0.30 0.008 0.012 
K 2.92 3.43 0.115 0.135 
L 7.62 BSC 0.300BSC 
M 0' 15' 0' 15' 
N 0.51 1.02 0.020 0.040 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL 
4. DIMENSION F FOR FUll LEADS. HALF 

LEADS OPTIONAL AT LEAD POSITIONS 1, 9, 
1O,AND18. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 0.660 0.910 22.35 23.11 
B 0.240 0.295 6.10 7.49 
C 0.200 5.08 
D 0,015 0.021 0.38 0.53 
F 0.055 0.070 1.40 1.78 
G O.l00BSC 2.S4BSC 
J 0.006 0.012 0.20 0.30 
K 0.125 0.170 3.18 4.32 
L 0.300 asc 7.B2BSC 
u 0° 15° 0° 15° 
N 0.020 0.040 0,51 1.02 

MOTOROLA 



---------------- 20-PIN PACKAGES 

20 11 

~ , -A~ 

H 

L SUFFIX 
CERAMIC PACKAGE 

CASE 732-03 

PSUFFIX 

NOTES: 
1. lEADS WITHIN 0.25 (0.010) DIAMETER, TRUE 

POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL 

3. DIMENSIONS A AND 8 INCLUDE MENISCUS 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 23.88 25.15 O'4{) 0.990 
B 6.60 7.49 0.260 0.295 
C 3.Bl 5.08 0.150 0.200 
D 0.38 0.5£ 0.015 0.022 
F 1.40 1.65 0.055 0.065 
G 2.S4BSC O.100BSC 
H 0.51 1.27 0.020 0.050 
J 0.20 030 0.008 0.012 
K 3.18 4.06 0.125 0.160 
L 7.62BSC 0.300 esc 
M 0" 15" 0" 15" 
N 0.25 1.02 0.010 0.040 

PLASTIC DIP (DUAL IN-LINE PACKAGE) 
CASE 731Hl3 

MOTOROLA 

NOTES: 
1. DIMENSIONING AND TOLERANC[NG PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIMENSION B DOES NOT INCLUOE MOLD 

FLASH. 

DIM 
A 
B 
C 
D 
E 
F 
G 
J 
K 
L 
M 
N 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

1.010 1.070 25.66 27.17 
0.240 0.260 6.10 6.60 
0.150 0180 3.81 4.57 
0.015 0.022 0.39 0.55 

0.050 Bse 1.27Bse 
0.050 0.070 1.27 1.77 

0.100 Bse 2.54BSC 
0.008 0.015 0.21 0.38 
0.110 0.140 2.80 3.55 

0.300 Bse 7.62BSe 
0' 15' 0' 15' 

0.020 0.040 0.51 1.01 

MECHANICAL DATA 
8-9 



2o-PIN PACKAGES ---------------

DWSUFFIX 
SOG (SMALL OUTLINE GULL-WING) PACKAGE 

CASE 7510-04 

~~ .ox D 

1$10.010 (0.25)®1 TI A ® I B ®I 

--I !--18X G [K 

FSUFFIX 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B DO NOT INCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.150 

(0.006) PER SIDE. 
5. DIMENSION D DOES NOT INCLUDE 

DAM BAR PROTRUSION. ALLOWABLE 
DAM BAR PROTRUSION SHALL BE 0.13 
(0.005) TOTAL IN EXCESS OF 0 DIMENSION 
AT MAXIMUM MATERIAL CONDITION. 

MILLIMETERS INCHES 
DIM MIN. MAX MIN MAX 
A 12.65 12.95 0.499 0.510 
8 7.40 7.60 0.292 0.299 
C 2.35 2.65 0.093 0.104 
0 0.35 0.49 0.014 0.019 
F 0.50 0.90 0.020 0.035 
G 1.27BSC O.050BSC 
J 0.25 0.32 0.010 0.012 
K 0.10 0.25 0.004 0.009 
M 0 0 7 0 00 7 0 
P 10.05 10.55 0.395 0.415 
R 0.25 0.75 0.010 0.029 

SOG (SMALL OUTLINE GULL-WING) PACKAGE 
CASE 751J-02 

~---j-A- f------;~ 

D 20 PL L \-=;""':=:::""='::.-'1.--' 
1$1013(0.005) ® ITI 8 ® I A ® I 

MECHANICAL DATA 
8-10 

NOTES, 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B DO NOT INCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 
5. DIMENSION 0 DOES NOT INCLUDE DAM BAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN 
EXCESS OF THE D DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 12.55 12.80 0.494 0.504 
8 5.10 5.40 0.201 0.213 
C 2.00 0.079 
0 0.35 0.45 0.014 0.D18 
G 1.27BSC 0.050BSC 
J 0.18 0.23 0.007 0.009 
K 0.55 0.85 0.022 0.033 
L 0.05 0.20 0.002 0.008 
M 0' 7' 00 70 
S 7.40 8.20 0.291 0.323 

MOTOROLA 



--------------- 20-PIN PACKAGES 

F SUFFIX 
SOG (SMALL OUTLINE GULL-WING) PACKAGE 

CASE 803C-01 

NOTES 

510 PL 

[$[ O.13(O.005)@[B @[ 

[$[ O.13(O.005)@[T[B ®[ A®[ 

MOTOROLA 

H SUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE 804-01 

1$I0.25(O.010)@ITIA @I 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982 

2 CONTROLLING DIMENSION: MILLIMETER 
3. DIMENSIONS A ANO B DO NOT INCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0 15 (0 008) 

PER SIDE. 
5. DIMENSION 0 DOES NOT INCLUDE DAMBAA 

PROTRUSION. ALLOWABLE DAM BAR 
PROTRUSION SHALL BE 0 13 (0 006) TOTAL IN 
EXCESS OF THE 0 DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 12.35 12.80 0.486 0.504 
B 5.10 5.45 0.201 0.215 
C 1.95 2,05 0.077 0.081 
D 0.35 0.50 0.014 0.020 
E - 0.81 - 0.032 
F 12.40' 0488' 
G 1.15 1.39 0.045 0.055 
H 0.59 0.81 0.023 0.032 
J 0.18 0.27 0.007 0011 
K 1.10 1.50 0.043 0.059 
L 0.05 0.20 0.001 0.008 
M 0" 10" 0" 10" 
N 0.50 0.85 0.020 0033 
S 7.40 8,20 0.291 0.323 

'APPROXIMATE 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. DIMENSION B DOES NOT INCLUDE MOLD 

FLASH. 
3. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEl. 
CONTROLLING DIMENSION: INCH. 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 

• N 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

0.930 0.970 23.63 24.63 
0.240 0.2£0 £.10 £.60 
0.150 0.170 3.81 4.31 
0.D15 0.022 0.38 0.56 
0.050 0.070 1.27 1.78 

0.100BSC 2.54BSC 
0.030 NOM 0.76 NOM 

0.009 0,013 0.23 0,33 
0115 0.140 2.93 3.55 

0.300 BSC 7.62BSC 
0" 15" 0" 15" 

0020 0.040 0.51 1.02 

MECHANICAL DATA 
8-11 



MECHANICAL DATA 
8-12 

20-PIN PACKAGES 

VFSUFFIX 
SSOP (SMALL SHRINK OUTLINE PACKAGE) 

CASE 940C-{)3 

1~ 20X K REF 

I i-$iO.12(0.005)®iTiU ®iV®i 
0.25 (0.010) 

DETAILE 

..LrK---J~ 
J w/74 J1 

T I-K1-1 ' 
SECTIONN-N 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

V14.SM,1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSION A DOES NOT INCLUDE MOLD 

FLASH, PROTRUSIONS OR GATE BURRS. 
MOLD flASH OR GATE BURRS SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

4. DIMENSION B DOES NOT INCLUDE 
INTERLEAD FlASH OR PROTRUSION. 
INTERLEAD FLASH OR PROTRUSION SHALL 
NOT EXCEEOO.15 (0.006) PER SIDE. 

5. DIMENSION K DOES NOT INCLUDE DAM BAR 
PROTRUSION/INTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.13 (0.005) 
TOTAL IN EXCESS OF K DIMENSION AT 
MAXIMUM MATERIAL CONDITION. DAMBAA 
INTRUSION SHALL NOT REDUCE DIMENSION 
K BY MORE THAN 0.07 (0.002) AT LEAST 
MATERIAL CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSION A AND B ARE TO BE 
DETERMINED AT DATUM PLANE -W-

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 7.07 7.33 0.278 0.288 
B 5.20 5.38 0.205 0.212 
C 1.73 1.99 0.068 0.Q78 
D 0.05 0.21 0.002 0.008 
F 0.63 0.95 0.024 0.037 
G 0.65 BSC O.026BSC 
H 0.59 0.75 0.023 0.030 
J 0.09 0.20 0.003 0.008 
J1 0.09 0.16 0.003 0.006 
K 0.25 0.38 0.010 0.015 

K1 0.25 0.33 0.010 0.013 
L 7.65 7.90 0.301 0.311 
M 0" 8" 0" 8" 

MOTOROLA 



PIN 1 
IDENTIACATION 

[&10.100 (0.004)1 
-T- SEATING 

PLANE 

MOTOROLA 

2o-PIN PACKAGES 

OTSUFFIX 
TSSOP (THIN SMALL SHRINK OUTLINE PACKAGE) 

CASE 9480-03 

NOTES, 

SECTION A-A 

1. DIMENSIONING AND TOLEAANCING PER ANSI 
Y14.5M,1982. 

2 CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSION A DOES NOT INCLUDE MOLD 

FLASH, PROTRUSIONS OR GATE BURRS. 
MOLD FLASH OR GATE BURRS SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

4. DIMENSION B DOES NOT INCLUDE 
INTERLEAD FLASH OR PROTRUSION. 
INTERLEAD FLASH OR PROTRUSION SHALL 
NOT EXCEED 0.25 (0.010) PER SIDE. 

S. DIMENSION K DOES NOT INCLUDE DAM BAR 
PROTRUSION. ALLOWABLE OAMBAR 
PROTRUSION SHALL BE 0.08 (O.0D3) TOTAL IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

S. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSIONS A AND B ARE TO BE 
DETERMINED AT DATUM PLANE -{J-. 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
Jl 
K 
Kl 
L 
M 

MILUMETERS INCHES 
MIN MAX MIN MAX 

6.60 0.260 
4.30 4.50 0.169 0.177 

1.20 0.047 
0.05 0.25 0.002 0.010 
0.45 0.55 0.018 0.022 

0.658SC O.026BSC 
0.275 0.375 0.011 0.015 
0.09 0.24 0.004 0.009 
O,@ 0.18 0.004 0.007 
0.16 0.32 O.OOS 0.013 
0.16 0.26 0.006 0.010 
S.3O 6.50 0.248 0.256 

0° 10" 0' 10" 

MECHANICAL DATA 
8-13 



v 

DETAIL AD 

MECHANICAL DATA 
8-14 

4X 

2o-PIN PACKAGES 

FTBSUFFIX 
TQFP (THIN QUAD FLAT PACKAGE) 

CASE 976-01 

DETAILY 

B 

B1 
-liEIE3-11 

/ ___ ...... /DETAILAD 

r-------~~~ \ 

\ 
I 

I-G-J 
DETAILY 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DATUM PLANE -AB- IS LOCATED AT BOTTOM 

OF LEAO ANO IS COINCIDENT WrrH THE 
LEAD WHERE THE LEAD EXITS THE PLASTIC 
BODY AT THE SODOM OF THE PARTING 
LINE. 

4. DATUMS-T-,-U-,AND-Z-TOBE 
DETERMINED AT DATUM PLANE --AB-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT 
DATUM PlANE -AC-. 

a. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. ALLOWABLE 
PROTRUSION IS 0.250 (0.010) PER SIDE. 
DIMENSIDNS A AND B DO INCLUDE MOLD 
MISMATCH AND ARE DETERMINED AT DATUM 
PLANE-AB--. 

7. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. OAMBAR PROTRUSION SHALL 
NOT CAUSE THE 0 DIMENSION TO EXCEED 
0.350(0.014). 

8. MINIMUM SOLDER PLATE THICKNESS SHALL 
BE 0.007a (0.0003). 

9. EXACT SHAPE OF EACH CORNER IS 
OPTIONAL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 4.oooBSC O.157BSC 
Al 2.oooBSC 0.079 BSC 
8 4.oooBSC 0.157BSC 
81 2.000BSC O.079BSC 
C 1.400 1.600 0.055 0.063 
D 0.170 0.270 0.007 0.011 
E 1.350 1.450 0.053 0.057 
F 0.170 0.230 0.007 0.009 
G O.650BSC 0.026 BSe 
H 0,050 0.150 0.002 0.006 
J 0.090 0.200 0.004 0.008 
K 0.500 0.700 0.020 0.028 
M 12°REF 12°AEF 
N 0.090 0.160 0.004 0.006 
P O.250BSC O.OtQBSC 
Q 10 50 10 50 

R 0.150 0.250 o.ooa 0.010 
S a.OOOBSC 0.23aBSC 
S1 3.000BSC O.H8Bse 
v 6.000 Bse O. aBSC 
V1 3.000BSC O.118BSC 
W 0.200 REF 0.008 REF 
X 1.000 REF 0.039 REF 

1$10.080 (0.003) ®I ACIT-U®IZ ®I 

SECTION AE-AE 

MOTOROLA 



22-PIN PACKAGES 

P SUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE 708-04 

f~ : : : : : : : : : : IJ 
I- A ~I 

J~il 
PLANE 

MOTOROLA 

LSUFFIX 
CERAMIC PACKAGE 

CASE 731Hl5 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (0), 

SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM 
MATERIAL CONDITION. IN RELATION TO 
SEATING PLANE AND EACH OTHER. 

2 DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEl. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 27.56 28.32 1.085 1.115 
B 8.64 914 0.340 0.360 
C 3.94 5.08 0.155 0.200 
D 0.38 056 0.014 0.022 
F 1.27 1.78 0.050 0.070 
G 2.S4BSC O.100BSC 
H 1.02 1.52 0.040 0.060 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 0.135 
L la.16Bse O.400BSC 
M 0' 15' 0' J50 
N 0.51 1.02 0.020 0,040 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FOAMED PARALLEL 
4. DIMENSION F FOR FULL LEADS. HALF LEADS 

OPTIONAL AT LEAD POSITIONS 1, 11, 12, AND 22. 
5. DIMENSION F MAY NARROW TO 0.76 (0.030) 

WHERE THE LEAD ENTERS THE CERAMIC BODY. 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
M 
N 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

1.060 1.095 26.93 27.81 
0.360 0.390 9.15 9.90 
0.150 0.215 3.81 5.46 
0.015 0.021 0.39 053 
0.050 0.065 1.27 1.65 

0.100 BSC 2.54BSC 
0.008 0.Q15 0.20 0.39 
0.125 0.170 3.18 4.31 

O.400BSC 10.16BSC 
0' 15' 0" 15" 

0.020 0.050 0.51 1.27 

MECHANICAL DATA 
8-15 

.. 



W 
SEATING 

PLANE 

MECHANICAL DATA 
8-16 

22-PIN PACKAGES ---------------

PSUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE 7368-01 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
•. DIMENSIONS A AND B DOES NOT INCLUDE 

MOLD FLASH. MAXIMUM MOLD FLASH 0.25 
(0.010). 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1.060 1.070 26.92 V.l? 
B 0.280 0.300 7,12 7.62 
C 0.150 0.180 3.81 4.57 
D 0.015 0.021 0.39 0.53 
F 0.045 0.055 1.15 1.39 
G Q.100BSC '.S'Bse 
J 0.008 0.012 0.21 0.30 
K 0.125 0.135 3.18 3.42 
L 0.300BSC 7.62BSC 
M 00 W 00 W 
N 0.020 0.040 0.51 1.01 

MOTOROLA 



24-PIN PACKAGES ----------------

PSUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE70!Hl2 

r11 
~~ 
~C~ 
"~1K -l.,~ 

PLANE 

PSUFFIX 

NOTES. 
1 POSITIONAL TOLERANCE OF LEADS IDJ. 

SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM 
MATERIAL CONDITION, If..! RELATION TO 
SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEl. 

3 DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 31.37 32.13 1.235 1.265 
B 13.72 14.22 0.540 0.560 
C 3.94 5.08 0.155 0.200 
0 0.36 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 
G 2.S4BSC 0.100 sse 
H 1.65 2.03 0.065 0.080 
J 0.20 0.38 O.OOB 0.015 
K 292 3.43 0.115 0.135 
L lS.24BSC a.Gocase 
M 0" 15" 0" 15" 
N 0.51 1.02 0.020 0.040' 

PLASTIC DIP (DUAL IN-LINE PACKAGE) 
CASE 724-03 

I" r±l -I-.t 

[~:::::::::::I~ 
NOTES; 

1. CHAMFERED CONTOUR OPTIONAL 
2. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARAllEL. 
3. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
4. CONTROLLING DIMENSION: INCH. 

INCHES MILLIMETERS 

~ ~c -Lfi!i::' 
::Jto 24PL 1$1 O.25(O.010)®ITI B ®I 

DIM MIN MAX MIN MAX 
A 1.230 1.265 31.25 32.13 
B 0.250 0.270 6.35 6.B5 
C 0.145 0.175 3.69 4.44 
0 0.Q15 0.020 0.38 0.51 
E o.osa BSC 1.27BSC 
F 0.040 0.060 1.02 1.52 
G 0.100 Bse 2.54 Bse 
J 0.007 0.012 0.18 0.30 
K 0.110 0.140 2.80 3.55 
L 0.300 SSC 

1$1 O.25(O.o10)®1 TI A ®I 
M 00 15 0 

N 0.020 0.040 

MOTOROLA 

7.62 sse 
00 15" 

0.51 1.01 

MECHANICAL DATA 
8-17 



--------------- 24-PIN PACKAGES 

OW SUFFIX 
SOG (SMALL OUTLINE GULL-WING) PACKAGE 

CASE 751 E-04 

JL 24X D 
"I $"1-0.-01-0 (-0.2-S)"""'@"1 r-rI-A--:O®"'Ir-B--=®"1 

m-~~ 
SEATING I I ~ 
PLANE --.l I-- 22X G K 

MECHANICAL DATA 
8-18 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B 00 NOT INCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 
5. DIMENSION 0 DOES NOT INCLUOE OAMBAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN 
EXCESS OF 0 DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 15.25 15.54 0.601 0.612 
B 7.40 7.60 0.292 0.299 
C 2.35 2.65 0.093 0.104 
D 0.35 0.49 0.014 0.Q19 
F 0.41 0.90 0.016 0.035 
G 1.27BSC O.050BSC 
J 0.23 0.32 0.009 0.013 
K 0.13 0.29 0.005 0.011 
M 0 0 ,0 0 0 ,0 

P 10.05 10.55 0.395 0.415 
R 0.25 0.75 0.010 0.029 

MOTOROLA 



4X 

DETAIL AD 

MOTOROLA 

24-PIN PACKAGES 

FTA SUFFIX 
TQFP (THIN QUAD FLAT PACKAGE) 

CASE 977-01 

GAUGE 
PLANE 

0.250 (0.010) 

DETAIL Y 

18 r 
=t~-

81 

8 

DETAIL Y 

NOTES. 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982 
2. CONTROLLING DIMENSION: MILLIMETER 
3. DATUM PLANE -AS-IS LOCATED AT BOTTOM 

OF LEAD AND IS COINCIDENT WITH THE 
LEAD WHERE THE LEAD EXITS THE PLASTIC 
BODY AT THE BOTTOM OF THE PARTING 
LINE. 

4. DATUMS -T-, -U-, AND-Z- TO BE 
DETERMINED AT DATUM PLANE -AB-

5. DIMENSIONS S AND V TO BE DETERMINED AT 
DATUM PLANE -AC-. 

6. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION ALLOWABLE 
PROTRUSION IS 0.250 (0.010) PER SIDE 
DIMENSIONS A AND B DO INCLUDE MOLD 
MISMATCH AND ARE DETERMINED AT DATUM 
PLANE-AB-. 

7. DIMENSION 0 DOES NOT INCLUDE DAM BAR 
PROTRUSION. DAMBAR PROTRUSION SHALL 
NOT CAUSE THE 0 DIMENSION TO EXCEED 0 
350(0.014). 

8. MINIMUM SOLDER PLATE THIC~NESS SHALL 
BE 0.0076 (0.0003). 

9. EXACT SHAPE OF EACH CORNER IS 
OPTIONAL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 4.000BSC 0.157BSC 

A1 2.000BSe 0.079BSC 
8 4.000 BSe o 157BSe 

81 2.000BSe 0.079BSC 
C 1.400 1.600 0.055 0.063 
0 0.170 0270 0.007 0.011 
E 1.350 1.450 0.053 0.057 
F 0.170 0230 0.007 0009 
G 0.500BSe 0020BSC 
H 0.050 0.150 0.002 0.006 
J 0.090 0.200 0.004 0008 
K 0.500 0700 0.020 0.028 
M 12°REF 12°REF 
N 0.090 0.160 0.004 0.006 
P 0.250BSe 0010BSC 
a 1" 5" 1" 5" 
R 0.150 0.250 0.006 0.010 
S 6 000 Bse 0.236Bse 

S1 3.000BSC 0.118 BSC 
V 6.000 Bse 0.236BSC 

V1 3.000Bse 0.118Bse 
w 0.200 REF 0.006 REF 
X 1.000AEF OQ39AEF 

1$1 0.080 (0.003)@ 1 AC 1 T -U @I z @I 

SECTION AE-AE 

MECHANICAL DATA 
8-19 

.. 



--------------- 28-PIN PACKAGES ---------------

PSUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE 710-02 

~C~f 
PLANE 

DWSUFFIX 

NOTES. 
1. POSITIONAL TOLERANCE OF LEADS (DI. 

SHAll BE WITHIN O.25mm (D.OtD) AT 
MAXIMUM MATERIAL CONDITION. IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEl. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 36.45 37.21 1.435 1.465 
B 13.72 14.22 0.540 0.560 
C 3.94 5.08 0.155 0.200 
0 0.36 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 
G 2.S4BSC 0.100BSC 
H 1.65 2.16 0.065 0.085 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 0.135 
L 15.24BSC a.600Bse 
M 00 15' 00 15" 
N 051 1.02 0.020 0.040 

SOG (SMALL OUTLINE GULL-WING) PACKAGE 
CASE 751F-04 

J~:-:-:-:-:-~:-~:-:-:-:-:-:-~~ ,~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _) ,it-';'14
Cf-j 0:'c~:-:-10:-:(0::-c.2:c:::5)--;®""1 S::-C®"'"'M 1 

j~ 28xD ~ 
1'"'$"1-0.0-1-0 (-0.2-5)-;®"'""1 T'I-A""®"I-s---:®""s 1 14 M 

~~~m~-.L~L:I:J_RT_X450 \~ f±l ~26HX GHHtjHt;lHHHd..Li t -
-J I-- SEATING '- --t 

PLANE 
K 

J-IP 

MECHANICAL DATA 
8-20 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5M, 1982. 
2 CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSION A AND B DO NOT INCLUDE MOLD 

PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0 1S 

(0.0061 PER SIDE. 
S. DIMENSION D DOES NOT INCLUDE 

DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0 13 
10.0051 TOTAL IN EXCESS OF D 
DIMENSION AT MAXIMUM MATERIAL 
CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 17.80 18.05 0.701 0.711 
B 7.40 7.60 0.292 0.299 
C 2.35 2.65 0.093 0.104 
D 0.35 04' 0.014 0.019 
F 0.41 0.90 0.016 0.035 
G 1.27 BSG O.OSOBSC 
J 0.23 0.32 0.009 0.013 
K 0.13 0.29 0.005 0.011 
M 0" 80 0" 6" 
P 10.05 10.55 0.3'5 0.415 
R 0.25 0.75 0.010 0.029 

MOTOROLA 



28-PIN PACKAGES 

FW SUFFIX 
SOG (SMALL OUTLINE GULL-WING) PACKAGE 

CASE 751M-01 

1------- A -----~ 
W 

1 
B 

[±] 

~~~~~j 

MOTOROLA 

VIEWAB~ 

/" 
( 

E 

VX45" ± 5 ~ c 1 

1<1>[ "'(00"1,"[ 'I' ® I' ®J 

VIEWAB 

NOTES 
1, DIMENSIONING AND TOLERANCING PER ANSI 

Y14.SM,1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. OIMENSIONS A AND B 00 NOT INCLUDE MOLD 

PROTRUSION, MAXIMUM MOLD PROTRUSION 
SHALL NOT EXCEED 0,15 (0.006) PER SIDE. 

4. DIMENSION D DOES NOT INCLUDE:. DAMBAR 
PROTRUSION, DAMBAR PROTRUSION SHALL 
NOT CAUSE THE LEAD WIDTH TO EXCEED 0.65 
(0.026). 

DIM 
A 
B 
C 

C1 
D 
E 
F 
G 
J 
L 
e 
V 
W 
X 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

17.80 18.03 0.701 0.710 
7.40 7,62 0.291 0.300 

2.65 0,104 
2.25 245 0.090 0.096 
0.35 0.51 0.014 0.020 

10.00 10.60 0.394 0.414 
0.40 0.70 0.016 0028 

1.27BSC Q.050BSC 
0.10 0.25 0.004 0.010 
0.635 Bse O.025BSC 

'-8 0 8 0 

0.25 0.75 0.010 0030 
0.05 0.20 0.002 0.008 

1.4QREF O.110REF 

MECHANICAL DATA 
8-21 



28-PIN PACKAGES 

FNSUFFIX 
PLCC (PLASTIC LEADED CHIP CARRIER) PACKAGE 

CASE 776-()2 

BI-$I 0.007 (0.180)@ITI L-M® 1 N ®I 
YBRK 

u 1-$1 0.007 (0.180)@ITI L-M® 1 N ®I 

~. 
1 

1I----=---J:~ 
~t-t D Gll-$1 0.010 (0.250)®1 TI L-M® 1 N ®I 

VIEWD-D 

1+------*-AI-$10.007(0.180)@ITIL-M®IN®1 

i+o--------o+l--.R 1-$1 0.007 (0.180)@ITI L-M® 1 N ®I 

rtE~~.-*-
-lG~ 

LG1-J VIEWS 

1-$10.010 (0.250)®1 TI L-M® 1 N ®I 

MECHANICAL DATA 
8-22 

NOTES: 
1. DATUMS -l-, -M-, AND -N- DETERMINED 

WHERE TOP OF LEAO SHOULOER EXITS 
PLASTIC BOOY AT MOLD PARTING LINE. 

2. OIMENSION G1, TRUE POSITION TO BE 
MEASURED AT DATUM -T-, SEATING PLANE. 

3. DIMENSIONS R ANO U DO NOT INCLUOE 
MOLO FLASH. ALLOWABLE MOLD FLASH IS 
0.010 (0.250) PER SIDE. 

4. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

5. CONTROLLING DIMENSION: INCH. 
6. THE PACKAGE TOP MAY BE SMALLER THAN 

THE PACKAGE BOTTOM BY UP TOO.012 
(0.300). DIMENSIONS RAND U ARE 
DETERMINED AT THE OUTERMOST 
EXTREMES OF THE PLASTIC BOOY 
EXCLUSIVE OF MOLD FLASH, TIE BAR 
BURRS, GATE BURRS AND INTERLEAD 
FLASH, BUT INCLUDING ANY MISMATCH 
BETWEEN THE TOP AND BOnOM OF THE 
PLASTIC BODY. 

7. DIMENSION H DOES NOT INCLUDE DAM BAR 
PROTRUSION OR INTRUSION. THE DAMBAR 
PROTRUSION(S) SHALL NOT CAUSE THE H 
DIMENSION TO BE GREATER THAN 0.037 
(0.940). THE DAMBAR INTRUSION(S) SHALL 
NOT CAUSE THE H DIMENSION TO BE 
SMALLER THAN 0.025 (0.635). 

DIM 
A 
B 
C 
E 
F 
G 
H 
J 
K 
R 
U 
V 
W 
X 
Y 
Z 

G1 
K1 

i- F 1-$1 0.007(0.180)@ITI L-M® 1 N ®I 

VIEWS 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

0.485 0.495 12.32 12.57 
0.485 0.495 12.32 12.57 
0.165 0.180 4.20 4.57 
0.090 0.110 2.29 2.79 
0.Q13 0.019 0.33 0.4B 

0.050 BSC 1.27BSC 
0.026 0.032 0.66 0.81 
0.020 0.01 
0.025 0.64 
0.450 0.456 11.43 11.58 
0,450 0,456 11.43 11.58 
0.042 0.04B 1.07 1.21 
0.042 O.04B 1.07 1.21 
0.042 0.056 1.07 1.42 

0.020 0.50 
2° 10" 2° 10° 

0.410 0.430 10.42 10.92 
0.040 - 1.02 -

MOTOROLA 



MOTOROLA 

28 

28-PIN PACKAGES 

VFSUFFIX 
SSOP (SMALL SHRINK OUTLINE PACKAGE) 

CASE 940J-01 

15 

NOTES: 

14 

1----- A -----I 

I±l 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.SM,1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS A AND B DO NOT INCLUDE 

MOLD PROSTRUSION. MOLD PROTRUSION IS 
0.15 (0.006) MAX PER SIDE. 

MIWMETERS 
01. MIN MAX 
A 10.10 10.20 
B 5.20 5.30 
C 2.00 
0 0.20 0.40 
E 1.75 1.B5 
F 0.45 0.75 
G O.65BSC 
H 0.00 0.15 
J 0.10 0.20 
K O.32SBSC 
L 7.50 7.90 
M 1" 7" 

INCHES 
MIN MAX 

0.398 0.402 
0.205 0.209 

0.079 
0,008 0.016 
0.069 0.073 
0018 0.030 

0.0256 Bse 
0.000 0.006 
0004 0.008 

0.0128 Bse 
0.295 0.311 

1" 7" 

MECHANICAL DATA 
8-23 



r:.LI--L.J......II\ 
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L 

t 
C 

@:] 
SEATING 
PLANE 

* 

MECHANICAL DATA 
8-24 

32-PIN PACKAGES ---------------

FTBSUFFIX 
TQFP (THIN QUAD FLAT PACKAGE) 

CASE 873-{)1 

I+-----L----~ 

17 

DETAILC 

[J @ @ 
0 0 

@ @ 

_ _ ·B· ~ '" .l: 
:c 

B '" V ®J: ® 

~~ ~ 
!2.e.. £ 
~~ 

0 
'" 00 0 

~-1 ~ 

NOTES, 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DATUM PLANE ·H·IS LOCATED AT BOTTOM OF 

LEAD AND IS COINCIDENT WITH THE LEAD WHERE 
THE LEAD EXITS THE PLASTIC BODY AT THE 
BOTTOM OF THE PARTING LINE. 

4. DATUMS -A-. -6- AND -D- TO BE DETERMINED AT 
DATUM PLANE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE -Co. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE PROTRUSION IS 0.25 
(0.010) PER SIDE. DIMENSIONS A AND B DO 
INCLUDE MOLD MISMATCH AND ARE DETERMINED 
AT DATUM PLANE -H-. 

7. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAM BAR PROTRUSION 
SHALL BE 0.08 (0.003) TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXIMUM MATERIAL CONDITION 
OAMBAR CANNOT BE LOCATED ON THE LOWER 
RADIUS OR THE FOOT. 

d-fP 

~.A~,.B.,.D.I 
DETAIL A 

SECTION B·B 
VIEW ROTATED 90" CLOCKWISE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 6.95 7.10 0.274 0.280 
B 6.95 7.10 0.274 0.280 

-*-~'00 
0.055 0.063 

-+- 0.373 0.010 0.015 

e+- 1.50 0.051 0.059 

+ 0.010 
Bse 0.031 BSC 

H 0.20 0.008 
J 0.119 0.197 0.005 0.008 
K 0.33 0.57 0.013 0.022 
L 5.6 REF 0.220 REF 
M 6' 8' 6' 8' 
N 0.119 0.135 0.005 0.005 
P O.40BSC O,016BSC 
a 5' 10' 5' 10' 
R 0.15 0.25 0.006 0.010 
5 8.85 9-15 0.348 0.300 
T 0.15 0.25 0.006 0.010 
U 5' 11' 5' 11" 
V 8.85 9.15 0.348 0.360 
X 1.0 REF 0.039 REF 

MOTOROLA 



--------------- 40-PIN PACKAGES 

~OTOROLA 

P SUFFIX 
PLASTIC DIP (DUAL IN-LINE PACKAGE) 

CASE 711-03 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (D). SHALL 

BE WITHIN 0.25 (0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH 

MILLIMETERS 
DIM MIN MAX 
A 51.69 52.45 
B 13.72 14.22 
C 3.94 5.08 
D 0.36 0.56 
F 1.02 1.52 
G 2.S4BSC 
H 1.65 2.16 
J 0.20 0.38 
K 2.92 3.43 
L 15.24BSC 
M 0° 15° 
N 0.51 1.02 

INCHES 
MIN MAX 

2.035 2.065 
0.540 0.560 
0.155 0.200 
0.014 0.022 
0.040 0.060 

0.100 Bse 
0.065 0.085 
0.008 0.Q15 
0.115 0.135 

0.600BSC 
0° 15° 

0.020 0.040 

MECHANICAL DATA 
8-25 



44-PIN PACKAGES 

FN SUFFIX 
PLCC (PLASTIC LEADED CHIP CARRIER) PACKAGE 

CASE 777-02 

B 1-$-10.007(0.180) ® ITI L-M® I N® I 

u 1_$_10.007 (0180) ® ITI L-M® I N® I 

Gll_$_1 0.010(0.250) ® ITI L-M® I N® I 
VIEWD-D 

N® --.L ----.likH~~iQi]iliIG~IB][]~I-$-1 0.007 (0.180) ® IT I L-M® I N® I 

I1~~~~~ Kl 

K 

1---~~ ~ \-FI-$-10.007(0.180)®ITIL-M®IN®1 

1-$-10.010(0.250) ® I rlL-M® I N® I 

MECHANICAL DATA 
8-26 

NOTES: 
1 DATUMS -L-, -M-, AND -N- DETERMINED 

WHERE TOP OF LEAD SHOULDER EXITS 
PLASTIC BODY AT MOLD PARTING LINE 

2. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM ·T·. SEATING PLANE. 

3. DIM RAND U DO NOT INCLUDE MOLD FLASH 
ALLOWABLE MOLD FLASH IS (0.010) 0.25 
PER SIDE. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982 

5. CONTROLLING DIMENSION: INCH. 
6. THE PACKAGE TOP MAY BE SMALLER THAN 

THE PACKAGE BOTTOM BY UP TO 0.012 
(0.300). DIMENSIONS RAND U ARE 
DETERMINED AT THE OUTERMOST EXTREMES 
OF THE PLASTIC BODY EXCLUSIVE OF MOLD 
FLASH. TIE BAR BURRS, GATE BURRS AND 
INTERLEAD FLASH, BUT INCLUDING ANY 
MISMATCH BETWEEN THE TOP AND BOTTOM 
OF THE PLASTIC BODY. 

7. DIMENSION H DOES NOT INCLUDE DAMBAR 
PROTRUSION OR INTRUSION. THE DAM BAR 
PROTRUSION(S) SHALL NOT CAUSE THE H 
DIMENSION TO BE GREATER THAN 0.037 
(0.940). THE DAMBAR INTRUSION(S) SHALL 
NOT CAUSE THE H DIMENSION TO BE 
SMALLER THAN 0.025 (0.635). 

DIM 
A 
B 
C 
E 
F 
G 
H 
J 
K 
R 
U 
V 
W 
X 
Y 
Z 

G1 
K1 

VIEWS 

INCHES 
MIN MAX 

0.685 0.695 
0.685 0.695 
0.165 0.180 
0.090 0.110 
0.013 0.019 

0.050BSC 
0.026 0.032 
0.020 
0.025 
0.650 0.656 
0.650 0.656 
0.042 0.048 
0.042 0.048 
0.042 0.056 

0.020 
2' 10' 

0.610 0.630 
0.040 

MILLIMETERS 
MIN MAX 

17.40 17.65 
17.40 17.65 
4.20 4.57 
2.29 2.79 
0.33 0.48 

1.27BSC 
0.66 0.81 
0.51 
0.64 

16.51 16.66 
16.51 16.66 
1.07 1.21 
1.07 1.21 
1.07 1.42 

0.50 
2' 10' 

15.50 16.00 
1.02 

MOTOROLA 



IOTOROLA 

44-PIN PACKAGES ----------------

PB SUFFIX 
TQFP (THIN QUAD FLAT PACKAGE) 

CASE 8240-01 

e 
:::> 
>-'-

e 
N 

aJ « 
@ N > 
0;- N 
0 0 
0 0 

8- 8-
1<) :g 

ci 

-$- -l 

+ Md ...... <OETAILAO 

;~;~ 
,,_/ h"",---'----'--' 

y 

VIEWAO 

e 
:::> 

>-'-

e 
N 

(J 

« 
@ 

~ 
0 

8-
0 
N 
ci 

-$-

OETAILAA 

PLATlN~ASEMETAL 

t~=N 
tLo-lf 

1-$-1 0.20 (O.OOB)@I AC I T-U®I z ® I 
SECTION AE-AE 

NOTES: 
1. DIMENSIONING AND TOlERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DATUM PLANE -AB-IS LOCATEO AT BOTTOM OF 

LEAD AND IS COINCIDENT WITH THE LEAD WHERE 
THE LEAD EXITS THE PLASTIC BODY AT THE 
BOTTOM OF THE PARTING LINE. 

4. DATUMS -T-, -U- AND-Z- TO BE DETERMINED AT 
DATUM PLANE -AB-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE -AC-. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE PROTRUSION IS 0.25 
(0.010) PER SIDE. DIMENSIONS A AND B DO 
INCLUDE MOLD MISMATCH AND ARE DETERMINED 
AT DATUM PLANE -A8-. 

7. DIMENSION 0 DOES NOT INCLUDE DAMBAR 
PROTRUSION. DAMBAR PROTRUSION SHALL NOT 
CAUSE THE D DIMENSION TO EXCEED 0.530 
(0.021). 

MILLIMETERS 
DIM MIN MAX 
A 9.950 10.050 

• 9.950 10.050 
C 1.400 1.600 
D 0.300 0.450 
E 1.350 1.450 
F 0.300 0.400 
G 0.800 BSG 
H 0.050 0.150 
J 0.090 0.200 
K 0.450 0.550 
L 8.000 BSC 
M 12° REF 
N 0.090 0.160 
Q 1° 5° 
R 0.100 0.200 
S 11.900 12.100 
V 11.900 12.100 
W 0.200 REF 
X 1.000 REF 
Y 12° REF 

INCHES 
MIN MAX 

0.392 0.396 
0.392 0.396 
0.055 0.063 
0.012 0.018 
0.053 0.057 
o. 12 0.016 

0.031 sse 
{I.oo2 0.006 
0.004 0.008 
0.018 0.022 

0.315BSC 
12° REF 

0.004 0.006 
1° 5° 

0.004 0.008 
0.469 0.476 
0.469 0.476 

0.008 REF 
0.039 REF 
12° REF 

MECHANICAL DATA 
8-27 

.. 



.. 

4X 

4X 

'--'r=AB=I=B'---'-__ ~'\ 
~~/ 

AD-

~
ASEMETAL 

=.t, 
N J 

. ~ 

~~~=r 
1$10.080 (0.003) ®I AC I T-U® I z ®I 

SECTION AE-AE 

MECHANICAL DATA 
8-28 

48-PIN PACKAGES 

VFU SUFFIX 
VQFP 

CASE 932--02 

DETAILY 

NOTES: 
1. DIMENSIONING AND TQLERANCING PEA ANSI 

Y14.5M,1982. 
2. CONTROlliNG DIMENSION: MILLIMETER. 
3. DATUM PLANE -AB-IS LOCATED AT BOTTOM 

OF LEAD AND IS COINCIDENT WITH THE 
LEAD WHERE THE LEAD EXITS THE PLASTIC 
BODY AT THE BOTTOM OF THE PARTING 
LINE. 

4. DATUMS-T-, -U-, AND-Z- TO BE 
DETERMINED AT DATUM PLANE -AS-

S DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE -Av-. 

6. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. ALLOWABLE 
PROTRUSION IS 0.250 (0.010) PER SIDE. 
DIMENSIONS A AND B DO INCLUDE MOLD 
MISMATCH AND ARE DETERMINED AT DATUM 
PLANE -AB-. 

7. DIMENSION 0 DOES NOT INCLUDE DAMBAR 
PROTRUSION. DAMBAR PROTRUSION SHALL 
NOT CAUSE THE D DIMENSION TO EXCEED 
0.350(0.014). 

8. MINIMUM SOLDER PLATE THICKNESS SHALL 
BE 0.0076 (0.()(){)3). 

9. EXACT SHAPE OF EACH CORNER IS 
OPTIONAL. 

MOTOROLA 
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~OTOROLA 

52-PIN PACKAGES 

FB SUFFIX 
PQFP (PLASTIC QUAD FLAT PACKAGE) 

CASE 848B-04 

L---~ 

@) @) 
0 0 

@) @) 
to to 

.l: .l: 
I to U 

® .l: > ® 
a.;- §f a.;-
0 8 0 0 e- e. e-
o "' 0 
N 0 N 
0 0 0 

-$- ~ -$-

[-$-[O.20(O.OOB)@[C[A-B®[D®[ 

DETAILC 

DETAIL A 

BASE METAL 

[-$-[ 0.02 (0.008)@[C[ A-B® [ D®[ 

SECTION B-B 

NOTES, 
1. DIMENSIONING AND TOlEAANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION, MILLIMETER. 
3. DATUM PLANE -H-IS LOCATED AT BOTTOM OF 

LEAD AND IS COINCIDENT WITH THE LEAD WHERE 
THE LEAD EXITS THE PLASTIC BODY AT THE 
BOTTOM OF THE PARTING LINE. 

4. DATUMS -A-, --B- AND -0- TO BE DETERMINED AT 
DATUM PLANE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE-C-. 

6. DIMENSIONS A AND B DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE PROTRUSION IS 0.25 
(0.010) PER SIDE. DIMENSIONS A AND B DO 
INCLUDE MOlD MISMATCH AND ARE DETERMINED 
AT DATUM PLANE -H-. 

7. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAM BAR PROTRUSION 
SHALL BE 0.08 (0.003) TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXIMUM MATERIAL CONDITION. 
DAMBAR CANNOT BE LOCATED ON THE LOWER 
RADIUS OR THE FOOT. 

MILLIMETERS 
DIM MIN MAX 
A 9.90 10.10 
B 9.90 10.10 
C 2.10 2.45 
D 0.22 0.38 
E 2.00 2.10 
F 0.22 0.33 
G 0.658SC 
H 0.25 
J 0.13 0.23 
K 0.65 0.95 
L 7.80 REF 
M 50 100 
N 0.13 0.17 
Q 00 70 
R 0.13 0.30 
S 12.95 13.45 
T 0.13 -
U 00 
V 12.95 13.45 
W 0.35 0.45 
X 1.6REF 

INCHES 
MIN MAX 

0.390 0.398 
0.390 0.398 
0.083 0.096 
0.009 0.015 
0.079 0.083 
0.009 0.013 

0.026BSC 
0.010 

0.005 0.009 
0.026 0.037 

0.307 REF 
50 100 

0.005 0.007 
00 70 

0.005 0.012 
0.510 0.530 
0.005 -

00 
0.510 0.530 
0.014 O.ot8 

0.063 REF 

MECHANICAL DATA 
8-29 
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--------------- 68-PIN PACKAGES ---------------

FN SUFFIX 
PLCC (PLASTIC LEADED CHIP CARRIER) PACKAGE 

CASE 779 ... 01 

BI-$-I 0.007(0.180) @ ITI L-M® I N® I 

-jroo YBRK UI-$-I 0.007(0.180)@ ITI L-M® I N® I 

0 

~ ~ 
T t 

U W 

jp- 0 
G1 

VIEW 0-0 
1-$-1 0.010(0.250) ® I riL-M ® I N® I 

H 
A -$-10.007(0.180)@ ITI L-M® I N® I 1-$-1 0.007 (0.180) @ I TI L-M® I N® I 

Zr"" r-- R -$-1 0.007 (0.180) @ I TI L-M® I N® I 

1 
0 - .~ \/\/\/\/\/\/1111IfUll \/l/lIU .. 

-
c 
j ---------r- - -

I G~ ~-~ t' 
~G----l \.....VI~WS 

1-$-10.010(0.250) ® ITI L-M® I N® I 

4 ~O.OO (0.100) I 
-T- SEATING 

PlANE 

MECHANICAL DATA 
8-30 

NOTES: 
1. DATUMS -l-, -M-, AND -N- DETERMINED 

WHERE TOP OF LEAD SHOULDER EXITS 
PLASTIC BODY AT MOLD PARTING LINE. 

2. OIM G1. TRUE POSITION TO BE 
MEASURED AT DATUM· T·. SEATING 
PLANE. 

3 DIM RAND U DO NOT INCLUDE MOLD 
FLASH. ALLOWABLE MOLD FLASH IS 
0.010 (0.250) PER SlOE. 

4. DIMENSIONING AND TOLERANCJNG PER 
ANSI Y14.5M, 1982. 

5. CONTROLLING DIMENSION: INCH. 
6. THE PACKAGE TOP MAY BE SMAlLER 

THAN THE PACKAGE BOTTOM BY UP TO 
0.012 (0.300). DIMENSIONS R AND U 
ARE DETERMINED AT THE OUTEAMOST 
EXTREMES OF THE PLASTIC BODY 
EXCLUSIVE OF MOLD FLASH, TIE BAR 
BURRS, GATE BURRS AND INTEAlEAD 
FLASH, BUT INCLUDING ANY MISMATCH 
BETWEEN THE TOP AND BOTTOM DF 
THE PLASTIC BODY. 

7. DIMENSION H DOES NOT INCLUDE 
DAM BAR PROTRUSION OR INTRUSION. 
THE DAMBAR PROTRUSION{S) SHALL 
NOT CAUSE THE H DIMENSION TO BE 
GREATER THAN 0.037 (0.940). THE 
DAMBAR INTRUSION(S) SHALL NOT 
CAUSE THE H DIMENSION TO BE 
SMAlLER THAN 0.025 (0.635). 

DIM 
A 
B 
C 
E 
F 
G 
H 
J 
K 
R 
U 
V 
W 
X 
Y 
Z 

(;1 
K1 

K 
..L............ 

INCHES 
MIN MAlI 

0.985 0.995 
0.985 0.995 
0.165 0.190 
0.090 0.110 
0.013 0.019 

0.050 BSC 
0.026 0.032 
0.020 
0.025 
0.950 0.956 
0.950 0.956 
0.042 0.048 
0.042 0.048 
0.042 0.056 

0.020 
2° 10° 

0.910 0.930 
0.04ll 

-l I-F 
1~-$-~1-0-.00-7(-0.-100-)~@~I-TI~L~-M~®~s~IN~®~1 

VIEWS 

MIN MAX 
25.02 25.27 
25.02 25.27 
4.20 4.57 
2.29 2.79 
0.33 0.48 

1.27BSC 
0.66 0.81 
0.51 
0.64 

24.13 24.28 
24.13 24.2B 

1.07 1.21 
1.07 1.21 
1.07 1.42 

0.50 
2" 10° 

23.12 23.62 
1.02 

MOTOROLA 



MOTOROLA 

S8-PIN PACKAGES ----------------

FU SUFFIX 
PQFP (PLASTIC QUAD FLAT PACKAGE) 

CASE 847 ... {)1 

NOTm 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSIONS A, B, N, AND R DO NOT INCLUDE 

MOLD PROTRUSION. ALLOWABLE MOLD 
PROTRUSION FOR DIMENSIONS A AND B IS 
0.25 (0.010). FOR DIMENSIONS NAND R IS 0.18 
(0.007). 

4. DATUM PLANE -W- IS LOCATED AT THE 
UNDERSIDE OF LEADS WHERE LEADS EXIT 
PACKAGE BODY. 

5. DATUMS x·y AND -Z- TO BE DETERMINED 
WHERE CENTER LEADS EXIT PACKAGE BODY 
AT DATUM -Woo 

B. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE, DATUM -T-. 

7. DIMENSIONS A, B, N, AND A TO BE 
DETERMINED AT DATUM PLANE -W-, 

DIM 
A 
B 
C 
D 
G 
H 
J 
K 
L 
M 
N 
R 

V 

INCHES 
MIN MAX 
0.547 0.553 
0.547 0.553 
0.084 0.120 
0.008 0.012 

0.025 sse 
0.004 0.019 
0.006 0.008 
0.020 0.030 

0.400 REF 
0' 8' 

0.697 0.703 
0.697 0.703 
0.675 0.685 
0.675 0.685 

MILLIMETERS 
UIN MAX 

13.90 14.04 
13.90 14.04 
2.14 3.04 
0.21 0.30 

O.64BSC 
0.11 0.40 
0.16 0.20 
0.51 0.76 

10.16 REF 
0' 8' 

17.71 17.85 
17.71 17.85 
17.15 17.39 
17.15 17.39 

MECHANICAL DATA 
8-31 



--------------- 58-PIN PACKAGES 

VIEWY 

MECHANICAL DATA 
8-32 

VIEWP 

FE SUFFIX 
CQFP (CERAMIC QUAD FLAT PACKAGE) 

CASE 8478-01 

__ ----+1== --.t 
~ 

B 

V1EWP 

A1 

NOTES. 

VIEWY 
3 PL 

SECTION J 1-J 1 
68 PL 

PLATING 

1. ALL DIMENSIONS AND TOLERANCES PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 
3. DATUM PLANE -H- IS LOCATED AT SODOM OF 

LEAD AND IS COINCIDENT WITH THE LEAD 
WHERE THE LEAO EXITS THE CERAMIC BODY. 

4. DATUMS l·M AND -N- TO BE DETERMINED AT 
DATUM PLANE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE -T-. 

6. DIMENSIONS A AND B DEFINE MAXIMUM 
CERAMIC BODY DIMENSIONS INCLUDING GLASS 
PROTRUSION AND MISMATCH OF CERAMIC 
BODY TOP AND BOnOM 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 21.85 22,86 0.860 0.900 
S 21.85 22.86 0.860 0.900 
C 3.94 4.31 0.155 0.170 
D 0.204 0.292 0.0080 0.011 
E 2.95 3.71 0.116 5 
F 0.20 0.28 0.008 0.146 
G 1.27BSC O.050BSC 
J 0.13 0.20 0.005 0.008 
K 0.51 0.76 0.020 0.030 
S 27.31 27.55 1.075 1.085 
V 27.31 27.55 1.075 1.085 
W 0.64 0.88 0.025 0.035 

A1 0.64 0.88 0.025 0.035 
B1 0.10 0.15 0.004 0.006 
C1 2.54 REF 0.100 REF 
R1 0.20 REF 0.008 REF 
R2 0.20 REF 0.008 REF ., 0" 8" 0" 8" 
82 0" 8" 0" 8" 

MOTOROLA 
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MOTOROLA AUTHORIZED DISTRIBUTOR & WORLDWIDE SALES OFFICES 
NORTH AMERICAN DISTRIBUTORS 

UNITED STATES 

ALABAMA 
Huntsville 

Arrow/Schweber Electronics 
FAI .. 
Future Electronics. 

(205)837-6955 
· .. (205)837-9209 

HaminonIHalimark ........... . 
· .. (205)830-2322 

(205)837-B700 
· .. (205)837-9091 

..... 1-B00-789-TIME 
................ (205)830-1119 

Newark .. . 
Time Electronics .. 
Wyle laboratories 

ARIZONA 
Phoenix 

FAI 
Future Electronics . . 
HamiltonlHalimark 
Wyle Laboratories. 

Tempe 
Arrow/Schweber Electronics 

· (602)731-4661 
(602)968-7140 

.... (602)437-1200 
(602)437-2088 

..... (602)431-0030 
Newark .. 
PENSTOCK .... 
Time Electronics 

· .. (602)966-6340 
... (602)967-1620 

.................. 1-800-789-TIME 

CALIFORNIA 
Agoura Hills 

Time Electronics Corporate 
Belmont 

Richardson Electronics 
Calabassas 

ArrowlSchweber Electronics 
Wyle Laboratories 

Chatsworth 
Future Electronics 
Time Electronics .. 

Costa Mesa 
HamittonIHalimark 

Culver City 
Hamiiton/Halimark . 

Garden Grove 
Newark 

Irvine 

.1-B00-789-TIME 

....... (415)592-9225 

... (818)880-9686 
· ... (818)880-9000 

...... (818)865-0040 
· 1-800-789-TIME 

... (714)641-4100 

. ...... (213)558-2000 

... (714-893-4909 

Arrow/Schweber Electronics . (714)587-{)404 
FAI . ... (714)753-4778 
Future Electronics.. . ............ (714)250-4141 
Wyle Laboratories Corporate ................. (714)753-9953 
Wyle Laboratories. . .. . ... .. . ... . . (714)863-9953 

Los Angeles 
FAI ...... . 
Wyle Laboratories 

Manhattan Beach 
PENSTOCK. 

Mountain View 
Richardson Electronics 

Newberry Park 
PENSTOCK. 

Palo Alto 
Newark ... . 

Riverside 
Newark ..... 

Rocklin 
Hamiiton/Halimark 

Sacramento 
FAI 
Newark .. 
Wyle Laboratories .. 

San Diego 
Arrow/Schweber Electronics 
FAI ... 
Future Electronics. 
HamiitonlHalimark 
Newark 
PENSTOCK .. 
Wyle Laboratories 

San Jose 
Arrow/Schweber Electronics 
ArrowlSchweber Electronics 

... (818)879-1234 
....... (818)880-9000 

· (310)546-8953 

. . . . . . . . . . . .. (415)960-6900 

· (805)375-6680 

.. (415)812-6300 

(909)784-1101 

.. (916)624-9781 

.... (916)782-7882 
· ... (916)565-\760 
· ... (916)638-5282 

... (619)565-4800 
. ....... (619)623-2888 

.. (619)625-2800 
· " (619)571-7540 

(619)453-8211 
.......... (619)623-9100 

.... (619)565-9171 

.. (408)441-9700 
· .. (408)428-6400 

FAI ............ . 
Future Electronics 

Santa Clara 
Wyle Laboratories. 

Sierra Madre 
PENSTOCK .. 

Sunnyvale 
HamittonlHalimark 
PENSTOCK .. 
Time Electronics , 

Thousand Oaks 
Newark ....... . 

Torrance 
Time Electronics 

Tustin 
Time Electronics 

Woodland Hills 
HamittonlHalimark 
Richardson Electronics 

COLORADO 
Lakewood 

FAI. . ................. . 
Future Electronics .. 

Denver 
Newark 

Englewood 
Arrow/Schweber ElectroniCS 
Hamilton/Hallmark 
PENSTOCK .. 
Time Electronics .. 

Thornton 
Wyle Laboratories 

CONNECTICUT 
Bloomfield 

Newark 
Chesire 

FAI. 
Future Electronics .. 
Hamilton/Hallmark .. ,. 

Southbury 
Time Electronics . 

W:~~~?s~~~eber ElectroniCS 

FLORIDA 
Altamonte Springs 

Future Electronics .. 
Clearwater 

FAI 
Future Electronics .. 

Deerfield Beach 
ArrowlSchweber Electronics 
Wyle Laboratories ...... . 

Ft. Lauderdale 
FAI .. 
Future Electronics .. 
Hamilton/Hallmark ." 
Newark 
Time Electronics ....... . 

Lake Mary 
Arrow/Schweber Electronics .. 

LargoiTampaiSt. Petersburg 
HamilloniHalimark 
Newark . 
Wyle Laboratories 
Time Electronics 

Orlando 
FAI .... 

Tallahassee 
FAI ... 

Tampa 
PENSTOCK 

Winter Park 
Hamilton/Hallmark 
PENSTOCK 
Richardson Electronics .. 

(408)434-0369 
(408)434-1122 

· ... (408)727-2500 

. ....... (818)355-6775 

· . .. (408)435-3500 
· . " (408)730-0300 
· . 1-800-789-TIME 

.... (805)449-1480 

..... 1-800-789-TIME 

........ 1-800-789-TIME 

.......... (818)594-0404 
.... (615)594-5600 

... (303)237-1400 
· .. (303)232-2008 

· ... (303)373-4540 

.. (303) 799-0258 
... (303)790-1662 
. .. (303)799-7845 

1-800-789-TIME 

· ... (303)457-9953 

· ... (203)243-1731 

....... (203)250-1319 
. (203)250-0083 

....... (203)271-2844 

· . 1-800-789-TIME 

· .. (203)265-7741 

. ... (407)767-8414 

. ... (813)530-1665 
.. (813)530-1222 

· ... (305)429-8200 
.......... (305)420-0500 

.. (305)428-9494 
· ... (305)436-4043 

.. (305)484-5482 
(305)486-1151 

" 1-800-789-TIME 

· ... (407)333-9300 

.... (813)541-7440 
.. (813)287-1578 

(813)578-3004 
... 1-800-789-TIME 

· .. (407)865-9555 

.. (904)668-7772 

· .. (813)247-7556 

· .. (407)657-3300 
.. (407)672-1114 
.. (407)644-1453 

For changes to this information contact Technical Publications at FAX (602) 244-6561 



UNITED STATES - continued 

GEORGIA 

AUTHORIZED DISTRIBUTORS - continued 
MASSACHUSETTS' 

Atlanta 
FAI 
Time Electronics .. 
Wyle Laboratories 

Duluth 
Arrow/Schweber Electronics 
Hamilton/Hallmark 

Norcross 
Futu re Electronics . 
Newark .. 
PENSTOCK. 
Wyle Laboratories 

IDAHO 
Boise 

.............. (404)447-4767 
· 1-800-789-TIME 
.. (404)441-9045 

.............. (404)497-1300 
· .. (404)623-5475 

.. (770)441-7676 
· (770)448-1300 

.. (770)734-9990 

.. (770)441-9045 

FAI ... . .. .. .. .. .. .. .. .. . .. . . .. (208)376-8080 

ILLINOIS 
Addison 

Wyle Laboratories 
Bensenville 

Hamilton/Hallmark 

Chicago 
FAI .. 
Newark Electronics Corp. 

Hoffman Estates 
Future Electronics .. 

Itasca 

· . .. (708)620-0969 

· ... (708)860-7780 

· . .. (708)843-0034 
.. (312)784-5100 

· .. (708)882-1255 

Arrow/Schweber Electronics · (708)250-0500 

(708)208-2401 

. . . .. (708)934-8700 

· (708)310-8980 
. ... 1-800-789-TIME 

LaFox 
Richardson Electronics .... 

Palatine 
PENSTOCK .......... . 

Schaumburg 
Newark .......... . 
Time Electronics .. . 

INDIANA 
Indianapolis 

Arrow/Schweber Electronics 
Hamilton/Hallmark ... . 
FAI ............... . 
Future Electronics. 
Newark ... " 
Time Electronics ..... 

Ft. Wayne 
Newark 
PENSTOCK .. 

IOWA 
Cedar Rapids 

Newark .......... . 
Time Electronics 

KANSAS 
Kansas City 

FAI ....... 
Lenexa 

Arrow/Schwaber Electronics 

................. (317)299-2071 
.. ............ (317)575-3500 

.. .. .. .. .. .. .. .... (317)469-0441 
. ....... (317)469-0447 

. . . . . . . .. (317)259-0085 
...... 1-800-789-TIME 

....... " ... (219)484-0766 
. ...... (219)432-1277 

.. .. .. .. .... (319)393-3800 
........ 1-800-789-TIME 

.. ........ (913)381-6800 

... (913)541-9542 
.. (913)888-4747 Hamilton/Hallmark .................. . 

Olathe 
PENSTOCK ...... 

Overland Park 
Future Electronics 
Newark ........... . 
11me Electronics 

MARYLAND 
Baltimore 

FAI ........... .. 
Columbia 

. .. (913)829-9330 

... (913)649-1531 
...... (913)677-0727 

.. 1-800-789-TIME 

. .................... (410)312-0833 

Arrow/Schweber Electronics ................. (301)596-7800 
Future Electronics ......................... (410)290-0800 
Hamilton/Hallmark ... . .. (410)988-9800 
lime Electronics. . ..... 1-800-789-TIME 
PENSTOCK .. (410)290-3746 
Wyle Laboratories.. .. .. ............. (410)312-4844 

Hanover 
Newark.. .. .. .. .. .. .. .................. (410)712-8922 

Boston 
Arrow/Schwaber Electronics 
FAI .... 

Bolton 
Futu ra Corporate 

Burlington 
PENSTOCK ...... 
Wyle Laboratories 

Norwell 
Richardson Electronics 

Peabody 
Time Electronics 
Hamilton/Hallmark 

Woburn 
Newark ..... 

MICHIGAN 
Detroit 

......... (617)271-9953 
. ....... (508)779-3111 

.... (508)779-3000 

. .. (617)229-9100 
.. (617)271-9953 

(617)871-5162 

...... 1-800-789-TIME 
. (508)532-3701 

. (617)935-8350 

FAI ..................... .. .. (313)513-0015 
. . .. (616)698-6800 Futu re Electronics .. , 

Grand Rapids 
Newark .. . 

Livonia 
Arrow/Schweber Electronics 
Future Electronics 
Hamilton/Hallmark 

. .. (616)954-6700 

Time Electronics , ................ . 

.... (313)462-2290 

.... (313)261-5270 
.. (313)347-4020 

. 1-800-789-TIME 

Troy 
Newark....... . ............... . (810)583-2899 

MINNESOTA 
Bloomington 

Wyle Laboratones .. . ......... (612)853-2280 

Burnsville 
PENSTOCK ............................... (612)882-7630 

Eden Prairie 
Arrow/Schweber Electronics ........ .. .. (612)941-5280 
FAI ...................................... (612)947-0909 
Future Electronics ................ " ....... (612)944-2200 
Hamilton/Hallmark..... . ... (612)881-2600 
Time Electronics ....... . ............... 1-800-789-TIME 

Minneapolis 
Newark .. 

Earth City 
Hamilton/Hallmark 

MISSOURI 
St. Louis 

.................. (612)331-6350 

.................... (314)291-5350 

Arrow/Schwaber Electronics ................. (314)567-8888 
Future Electronics.. .. ... . .. (314)469-6805 
FAI ...................................... (314)542-9922 
Newark.......... .. ........ (314)453-8400 
Time Electronics ........................ 1-800-789-TIME 

NEW JERSEY 
Bridgewater 

PENSTOCK .............................. (908)575-9490 

Cherry Hill 
HamiHoniHalimark 

East Brunswick 
................ (609)424-0100 

Newark .................................. (908)937-6600 

Fairfield 
FAI ........................ .. 

Long Island 
FAI. 

Marlton 

(201)331-1133 

. .. (516)348-3700 

Arrow/Schwaber Electronics . (609)596-8000 
FAI ............................ .. (609)988-1500 
Future Electronics ......................... (609)596-4080 

Pinebrook 
Arrow/Schweber Electronics ................. (201)227-7880 
Wyle Laboratones ......................... (201 )882-8358 

Parsippany 
Future ElectroniCS .. ........... . . . . . . .. (201 )299-0400 

..... (201)515-1641 Hamilton/Hallmark .. 

Wayne 
Time Electronics ....... . . ......... 1-800-789-TlME 

For changes to this information contact Technical Publications at FAX (602) 244-6561 
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AUTHORIZED DISTRIBUTORS- continued 
UNITED STATES - continued 

NEW MEXICO 
Albuquerque 

Alliance Electronics 
HamiltonlHalimark ." 
Newark ......... . 

NEW YORK 
Bohemia 

... ... (505)292-3360 
.. ......... .... .. ... (505)828-1058 
.... ....... ...... ... (505)828-1878 

Newark ................................. (516)567-4200 
Hauppauge 

ArrowlSchweber Electronics ............... (516)231-1000 
Future Electronics ......................... (516)234-4000 
HamiitonlHalimark ........................ (516)434-7400 
PENSTOCK .............................. (516)724-9560 

Konkoma 
Hamilton/Hallmark ...... . .. (516)737-0600 

Melville 
Wyle Laboratories ..... . .. (516)293-8446 

Pittsford 
Newark .................... . . ..... (716)381-4244 

Rochester 
Arrow/Schweber Electronics ................. (716)427-{)300 
Future Electronics ......................... (716)272-1120 
FAI ...................................... (716)387-9600 
Hamikon/Halimark ......................... (716)475-9130 
Richardson Electronics .................... (716)264-1100 
lime Electronics ........................ 1-OO0-789-TtME 

Rockville Centre 
Richardson Electronics .................... (516)872-4400 

Syracuse 
FAI ...................................... (315)451-4405 
Future Electronics ......................... (315)451-2371 
Newark .................................. (315)457-4873 
lime Electronics ........................ 1-800-789-TIME 

NORTH CAROLINA 
Charlotte 

FAI ...................................... (704)548-9503 
Future Electronics ......................... (704)455-9030 
Richardson Electronics .................... (704)548-9042 

Raleigh 
ArrowlSchweber Electronics ................. (919)876-3132 
FAI ...................................... (919)876-0088 
Future Electronics ......................... (919)790-7111 
HamiltonlHalimark ........................ (919)872-{)712 
Newark ............................... (919)781-7677 
lime Electronics ........................ 1-000-789-TIME 

OHIO 
Centerville 

Arrow/Schweber Electronics ................. (513)435-5563 
Cleveland 

FAI ...................................... (216)446-<J061 
Newark .................................. (216)391-9330 
lime Electronics ....................... 1-800-789-TIME 

Columbus 
Newark .......... ' ....................... (614)326-<J352 
lime Electronics ........................ 1-800-789-TIME 

D~~O~ ... , ............................... (513)427-8090 
Future Electronics ......................... (513)426-0090 
HamiitonlHalimark ........................ (513)439-6735 
Newark .................................. (513)294-8980 
lime Electronics ........................ 1-800-789-TIME 

Mayfield Heights 
Future Electronics ......................... (216)449-8998 

Solon 
ArrowlSchweber Electronics ................. (216)248-3990 
HamiitonIHailmark ........................ (216)498-1100 

Worthington 
HamiitonlHalimark ........................ (614)888-3313 

OKLAHOMA 
Tulsa 

FAI ................... . (918)492-1500 
Hamilton/Hallmark.............. . ... (918)254-8110 
Newark ........................... (918)252-5070 

OREGON 
Beaverton 

Arrow/A1mac Electronics Corp ................ (503)629-8090 

Future Electronics ................. . 
Hamilton/Hallmark ............ . 
Wyle Laboratories 

Portland 
FAI ........ . 
Newark ...... . 
PENSTOCK ....... . 

· (503)645-9454 
· (503)528-6200 

. ...... (503)643-7900 

..... (503)297-5020 
... (503)297-1984 
.. (503)646-1670 

Time Electronics .. . . ............... 1-800-789-TIME 
PENNSYLVANIA 

Coatesville 
PENSTOCK .. ' .......................... (610)383-9536 

Ft. Washington 
Newark ................. . 

Mt. Laurel 
Wyle Laboratories ........ . 

M~i~~~~':~~I~~~nics ............ . 
Philadelphia 

lime Electronics 
Wyle Laboratories 

P~~~s';,~~r ElectroniCS 
Newark ....... . 
Time Electronics 

TENNESSEE 
Franklin 

· (215)654-1434 

.. (609)439-9110 

(215)628-<J805 

. 1-800-789-TIME 
(609)439-9110 

.. (412)983-6807 
· (412)788-4790 

..... 1-800-789-TIME 

Richardson Electronics .................... (615)791-4900 
Knoxville 

Newark .. . 

TEXAS 
Austin 

. ................... (615)588-6493 

Arrow/Schweber Electronics ................. (512)835-4180 
Future Electronics ......................... (512)502-0991 
FAI ...................................... (512)346-6426 
Hamilton/Hallmark............... . .. (512)258-8818 
Newark... ....... .. .. .... ... .... . . ... (512)338-0287 
PENSTOCK. .. .......... ... .. .. . .. (512)346-9762 
lime Electronics................... .1-600-789-TIME 
Wyle Laboratories ......................... (512)345-8853 

Benbrook 
PENSTOCK .............................. (817)249-<J442 

Carollton 
Arrow/Schweber Electronics ................. (214)380-6464 

Dallas 
FAI ...................................... (214)231-7195 
Future Electronics. . ................ (214)437-2437 
Hamilton/Hallmark ........................ (214)553-4300 
Newark .................................. (214)458-2528 
Richardson Electronics .................... (214)239-3680 
lime Electronics ........................ 1-800-789-TIME 
Wyle Laboratories ......................... (214)235-9953 

EIPaso 
FAI ....................... . . ...... (915)577-9531 

Ft. Worth 
Allied Electronics. . . . . . . . . . . . . . . . ....... (817)336-5401 

Houston 
Arrow/Schweber Electronics .. . ......... (713)530-4700 
FAI ...................................... (713)952-7088 
Future Electronics ......................... (713)785-1155 
Hamilton/Hallmark ........................ (713)781-6100 
Newark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (713)894-9334 
lime Electronics ........................ 1-800-789-TIME 
Wyle Laboratories . . . . . . . . . . . . . . . . . . . . . . . .. (713)879-9953 

Richardson 
PENSTOCK .............................. (214)479-9215 

San Antonio 
FAI ...................................... (210)738-3330 

UTAH 
Salt Lake City 

Arrow/Schweber Electronics ................. (801 )973-6913 
FAI. .................. . ...... (801)467-9896 
Futu re Electronics 
Hamitton/Halimark 

(801 )467-4448 
(801 )266-2022 

Newark... .... ... .. (801)261-5660 
WyleLaboratories...................... (801)974-9953 

West Valley City 
Time ElectroniCS .................. . 
Wyle Laboratories ................... . 

.. 1-800-789-TIME 
(801 )974-9953 

For changes to this information contact Technical Publications at FAX (602) 244-6561 
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AUTHORIZED DISTRIBUTORS - continued 
UNITED STATES - continued 

WASHINGTON 
Bellevue 

Almac Electronics Corp. 
Newark .. . 
PENSTOCK ... 
Richardson Electronics 

Bothell 
Future Electronics. 

Redmond 
Harniltonll-lallmark 
lime Electronics 
Wyle Laboratories 

Seattle 

· . . .. (206)643-9992 
· . . .. (206)641-9800 

· .. (206)454-2371 
· .. (206)646-7224 

. . . . . . . .. (206)489-3400 

.. (206)881-6697 
.. 1-800-789-TIME 

............. (206)881-1150 

FAI .. 
Wyle Laboratories. 

. (206)485-£616 
.................... (206)881-1150 

Spokane 
ArrowlAlmac Electronics Corp. 

WISCONSIN 
Brookfield 

Arrow/Schweber Electronics 
Future Electronics 

Milwaukee 
FAI. 
Time Electronics . 

New Berlin 
HamiitonlHalimark 

Wauwatosa 
Newark 

Waukesha 
Wyle Laboratories . 

CANADA 
ALBERTA 

Calgary 
Electro Sonic Inc. 
FAI ... 

BRITISH COLUMBIA 
Future Electronics 
HamiitorVHalimark 

Edmonton 
FAI. 
Future Electronics. 
Hamilton/Hallmark 

. (509)924-9500 

.....•. (414)792-0150 
............. (414)879-0244 

. .. (414)792-9778 
· .. 1-£00-789-TIME 

.. (414)780-7200 

... (414)453-9100 

..... (414)879-0434 

(403)255-9550 
.. (403)291-5333 

· .. (403)250-5550 
.......... (800)663-5500 

(403)438-5888 
· .. (403)438-2858 
· .. (800)663-5500 

Saskatchewan 
Hamilton/Hallmark 

Vancouver 
Arrow Electronics 
Electro Sonic Inc. 
FAI .. 
Future Electronics .. 
HamiitorVHalimark 

MANITOBA 

W~re~:~e~onic Inc. 
FAI .. 
Future Electronics. 
HamiltorVHalimark 

ONTARIO 
Kanata 

PENSTOCK. 
Mississauga 

PENSTOCK 
Ottawa 

Arrow Electronics 
Electro Sonic Inc. 
FAI ............ . 
Future Electronics 
HamilioniHalimark 

Toronto 

· (800)663-5500 

............ (604)421-2333 
.. . .. .. .. . . ... (604)273-2911 

· (604)654-1050 
(604)294-1166 

.... (604)420-4101 

(204)783-3105 
. ................ (204)786-3075 

'" (204)944-1446 
.. (800)663-5500 

. .. (613)592-6088 

. . . . . . . . .. (905)403-0724 

... (613)226-6903 
(613)728-8333 

· (613)820-8244 
.......... (613)820-8313 

.............. (613)226-1700 

Arrow Electronics .. . .. (905)670-7769 
Electro Sonic Inc. . (416)494-1666 
FAI . . ........................ (905)612-9888 
Future Electronics ... (905)612-9200 
Hamilton/Hallmark .... ' (905)564-6060 
Newark. . . . . . . .. (905)670-2888 
Richardson Electronics (905)795-6300 

QUEBEC 
Montreal 

Arrow Electronics 
FAI ..... . 
Future Electronics ...... . 
HamilloniHalimark . 
Richardson Electronics 

Quebec City· 
Arrow Electronics 
FAI 
Future Electronics . ... 

..... (514)421-7411 
. .. (514)694-8157 

(514)694-77.10 
(514)335-1000 

... (514)748-1770 

· (418)687-4231 
'" (418)682-5775 

(418)877-6666 

For changes to this information contact Technical Publications at FAX (602) 244-6561 
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INTERNATIONAL DISTRIBUTORS 
AUSTRALIA 

AVNET VSI Electronics (Australia) 
Veltek Australia Ply Ltd 

AUSTRIA 
EBV Austria ... 
Elbatex GmbH 
Speerle Austria 

BELGIUM 
Diode Spoe~e .............. . 
EBV Belgium ............. . 

CHINA 

.. (61)2878-1299 
........... (61)3806-7511 

(43) 222 8941774 
(43) 222 86 3211 

(43) 222 31872700 

.. (32) 2 725 4660 
... (32)27160010 

Advanced Electronics Ltd. .. . . . . . . . . . . . . .. (852)2305-3633 
AVNET WKK Components Ltd. . . . . . . . (852)2357-8888 
China EL App. Corp. Xiamen Co 

(86)592 513-2489 
N~~~~' Ei';';t~~~i';'; S'~~~I~ ·Ltd .. : ........... (852) 2 333-5121 
Qing Cheng Enterprises Ltd. . (852) 2 493-4202 

DENMARK 
Avnet Nortec NS 
EBV Denmark . 

FINLAND 
Arrow Field OY 
Avnet Nortec OY . 

FRANCE 
Arrow Electronique .. 
Avnet Components 
EBV France .... 
Future Electronics. 
Newark .... . 
SEI/Scaib ..... . 

GERMANY 
Avnet E2oo0 . 
EBVGermany 
Future Electronics GmbH 
Jermyn GmbH . 
Newark .......................... . 
SascoGmbH 
Spoe~e Electronic. 

HOLLAND 
EBVHoliand 

... (45) 44 880800 

. ... (45) 39690511 

(35) 807 775 71 
... (35) 80613181 

(33) 1 49784978 
(33) 1 49652500 
(33) 1 64688600 

. .. (33)169821111 
. .... (33)1-30954060 

(33) 1 69198900 

.. (49) 89 4511001 
.. (49) 89 456100 

...... (49) 86-957270 
.. (49) 6431-5080 

. .... (49)2154-70011 
.... (49) 89-46110 

(49)6103-304-0 

(31) 3465 623 53 
Diode Spoe~e BV .. (31) 340 291234 

HONG KONG 
AVNET WKK Components Ltd. (852)2357-8888 
Nanshing Clr. & Chem. Co. Ltd ..... (852)2333-5121 

INDIA 
Canyon Products Ltd .................... (91) 80 558-7758 

INDONESIA 
P.T. Ometraco ................... (62)223G-7032 

ITALY 

Avnet Adelsy SpA .. 
EBV Italy ................ . 

.. .. (39) 2 38103100 
. .... (39) 2 660961 

.. (39)2661251 Silverstar SpA .... . 

JAPAN 
AMSC Co., Ltd ..... 
Fuji Electronics Co., Ltd. . .... 
Marubun Corporation 
Nippon Motorola Micro Elec. . .. 
OMRON Corporation ..... . 
Tokyo Electron Ltd. 

KOREA 
Jung Kwang Sa 
Lite-On Korea Ltd. 
Nasco Co. Ltd .. 

NEW ZEALAND 
AVNET VSI (NZ) Ltd. 

NORWAY 
Arrow Tahonic NS .. 
Avnet Nortec NS Norway . 

PHILIPPINES 
Alexan Commercial 

SINGAPORE 
GEIC .... 
Strong Pie. Ltd ... 
Uraco Impex Asia Pte Ltd .. 

SPAIN 
Amitron Arrow . 
EBV Spain 
Selco SA 

SWEDEN 
Arrow-Th:s 
Avnet Nortec AB . 

SWITZERLAND 
EBV Switzerland .... 
ElbatexAG .. . 
Spoerle ...... . 

THAILAND 
Shapiphat Ltd ...... . 

TAIWAN 
Mercuries & Assoc. Ltd .. 
Solomon Technology Corp. 
Strong Electronics Co. Ltd. 

UNITED KINGDOM 
Arrow Electronics (UK) Ltd 
AvnetlAccBss .. 
Future Electronics Ltd. 
Macro Marketing Ltd. 
Newark ................. . 

. ... 81-422;",5_800 
81-3-3814-1411 

. . . . . . .. 81-3-3639-8951 
81-3-328G-7300 
81-3-3779-9053 
81-3-5561-7254 

.. (82)2276-5333 
· .. (82)2856-3853 
.. (82)23772-8800 

(64)9636-7801 

· ... (47)22378440 
· .. (47) 66 846210 

(63)2241-9493 or 9491 

. (65) 298-7633 
· .. (65) 276-3996 

. ............ (65) 545-7811 

(34) 1 304 30 40 
.. (34) 1 358 86 08 
.. (34) 1 63710 11 

· .. (48) 8 362970 
(48) 8 6291400 

.. ........... (41) 1 7456161 
(41) 56 275165 

............ (41) 1 8746262 

(66)2222-9937 or 2224-8767 

· (886)2503-1111 
. . . .. (886)2 786-8989 

.. (886)2917-9917 

(44) 1 234270027 
. .... (44) 1 462480888 

(44) 1 753687000 
.' (44) 1 62860600 

...... (44) 1 420543333 
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MOTOROLA WORLDWIDE SALES OFFICES 
UNITED STATES 

ALABAMA 
Huntsville. 

ALASKA. 
ARIZONA 

Tempe ............ . 

· ... (205)464-6800 
· (800)635-8291 

............. (602)302-8056 
CALIFORNIA 

Calabasas. 
Irvine 
Los Angeles 
San Diego. 
Sunnyvale 

· (818)878-6800 
............................. (714)753-7360 

... (818)878-6800 
.. (619)541-2163 

.... (408)749-0510 
COLORADO 

Denver 
CONNECTICUT 

Wallingford. 
FLORIDA 

Clearwater ........... . 
Mailland .. 

.......... (303)337-3434 

.............. (203)949-4100 

Pompano Beach/Ft. Lauderdale. 

... (813)538-7750 
.. (407)628-2636 

.......... (305)351-6040 

GEORGIA 
Atlanta 

IDAHO 
Boise .. 

.. (404)729-7100 

............................ (208)323-9413 
ILLINOIS 

Chicago/Schaumburg. 
INDIANA 

Indianapolis . 
Kokomo 

IOWA 

............... (708)413-2500 

· (317)571-0400 
.. (317)455-5100 

Cedar Rapids ...................... . (319)378-0383 

.... (913)451-8555 
KANSAS 

Kansas City/Mission. 
MARYLAND 

Columbia........ . .................... (410)381-1570 
MASSACHUSETTS 

Ma~borough . (508)481-8100 
Woburn .................................. (617)932-9700 

MICHIGAN 
Detroit. .. (810)347-6800 
Lileralure ................................ (800)392-2016 

MINNESOTA 
Minnetonka . .... (612)932-1500 

MISSOURI 
SI. Louis ................................. (314)275-7380 

NEW JERSEY 
Fairtield ...................... . · (201 )808-2400 

NEW YORK 
Fairport 
Fishkill. 
Hauppauge 

NORTH CAROLINA 
Raleigh .... 

OHIO 

. . . . . . . . . . . . . . . .. (716)425-4000 
(914)896-0511 

· (516)361-7000 

.. (919)870-4355 

Cleveland..... . ......... (216)349-3100 
ColumbusIWorthington. . ..... (614)431-8492 
Dayton ...................... (513)438-6800 

OKLAHOMA 
Tulsa .. (918)459-4565 

OREGON 
Portland ................................. (503)641-3681 

PENNSYLVANIA 
Colmar .... 
Philadelphia/Horsham ... 

TENNESSEE 
Knoxville. 

TEXAS 
Austin 
Houston 
Plano . . 

VIRGINIA 
Richmond. 

...... (215)997-1020 
........... (215)957-4100 
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..... 886(2)717-7089 

. . . .. 66(2)254-4910 
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