


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Analog Multiplexers/ 
Demultiplexers 
High-Performance Silicon-Gate CMOS 

The MC54n4HC4051, MC74HC4052 and MC54n4HC4053 utilize sili
con-gate CMOS technology to achieve fast propagation delays, low ON 
resistances, and low OFF leakage currents. These analog multiplexers/ 
demultiplexers control analog voltages that may vary across the complete 
power supply range (from VCC to VEE). 

The HC4051, HC4052 and HC4053 are identical in pinout to the 
metal-gate MC14051B, MC14052B and MC14053B. The Channel-Select 
inputs determine which one of the Analog Inputs/Outputs is to be connected, 
by means of an analog switch, to the Common Output/Input. When the 
Enable pin is HIGH, all analog switches are tumed off. 

The Channel-Select and Enable inputs are compatible with standard 
CMOS outputs; with pullup resistors they are compatible with LSTTL 
outputs. 

These devices have been designed so that the ON resistance (Ron) is 
more linear over input voltage than Ron of metal-gate CMOS analog 
switches. 

For multiplexers/demultiplexers with channel-select latches, see 
HC4351, HC4352 and HC4353. 
• Fast Switching and Propagation Speeds 
• Low Crosstalk Between Switches 
• Diode Protection on All Inputs/Outputs 
• Analog Power Supply Range (VCC - VEE) = 2.0 to 12.0 V 
• Digital (Control) Power Supply Range (VCC - GND) = 2.0 to 6.0 V 
• Improved Linearity and Lower ON Resistance Than Metal-Gate 

Counterparts 
• Low Noise 
• In Compliance With the Requirements of JEDEC Standard No. 7A 
• Chip Complexity: HC4051 -184 FETs or 46 Equivalent Gates 

HC4052 - 168 FETs or 42 Equivalent Gates 
HC4053 - 156 FETs or 39 Equivalent Gates 

LOGIC DIAGRAM 
MC54n4HC4051 

Single-Pole, 8-Position Plus Common Off 

XO 13 

X1 14 

X2 15 
ANALOG 12 
INPUTS/ X3 MULTIPLEXER! 

OUTPUTS X4 1 DEMULTIPLEXER 

X5 5 

X6 2 

3 X COMMON 
OUTPUT/ 
INPUT 

MC54/74HC4051 
MC74HC4052 

MC54/74HC4053 

J SUFFIX 
CERAMIC PACKAGE 

CASE 620-10 

N SUFFIX 
PLASTIC PACKAGE 

CASE 648-08 

DSUFFIX 
SOIC PACKAGE 
CASE 751 8-05 

DWSUFFIX 
SOIC PACKAGE 
CASE 751G-02 

DTSUFFIX 
TSSOP PACKAGE 

CASE 948F-Q1 

ORDERING INFORMATION 

MC54HCXXXXJ Ceramic 
MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 
MC74HCXXXXDW SOIC Wide 
MC74HCXXXXDT TSSOP 

FUNCTION TABLE - MC54n4HC4051 

Control Inputs 

Select 
Enable C B A ON Channels 

L L L L XO 
L L L H X1 
L L H L X2 
L L H H X3 
L H L L X4 
L H L H X5 
L H H L X6 
L H H H X7 
H X X X NONE 

X7 4 

CHANNEL [ �A�B�.�!�:�~�~�~�T�T�I�-�-�"�t�(� 
SELECT 

Pinout: MC54n4HC4051 (Top View) x = Don't Care 

INPUTS C....;S'--___ ---' 

10195 

ENABLE....;6'---------' 
PIN 16 = VCC 
PIN 7 = VEE 
PIN 8=GND 

© Motorola, Inc. 1995 

VCC X1 XO X3 ABC 

X4 X6 X X7 X5 Enable VEE 

3-615 REV7 
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MC54/? 4HC4051 MC? 4HC4052 MC54/? 4HC4053 

LOGIC DIAGRAM 
MC74HC4052 

Double-Pole, 4-Position Plus Common Off 

ANALOG 
INPUTS/OUTPUTS VO 1 

VI 5 
V2 2 

V3 4 

X SWITCH 

V SWITCH 

13

1 
X COMMON 

-- OUTPUTS/INPUTS 

3 V 

~10~~:r~~--'7~ 
CHANNEL-SELECT [ A 9 PIN 16 = VCC 

INPUTS B--"------' 
PIN 7 = VEE 

ENABLE-S=-------------' 

LOGIC DIAGRAM 
MC54174HC4053 

PIN8=GND 

Triple Single-Pole, Double-Position Plus Common Off 

ANALOG 
INPUTS/OUTPUTS 

CHANNEL-SELECT [ :':';~::'-____ ---' 
INPUTS 9 

C--"------------' 

ENABLE..;s:...-------' 

COMMON 
OUTPUTS/INPUTS 

PIN 16= VCC 
PIN 7 = VEE 
PIN8=GND 

NOTE: This device allows independent control of each switch_ 
Channei-Select Input A controls the X-Switch, Input B controls 
the Y-SwHch and Input C controls the Z-Switch 

MOTOROLA 3-616 

FUNCTION TABLE - MC74HC4052 

Control Inputs 

Select 
Enable B A ON Channels 

L L L YO XO 
L L H YI XI 
L H L Y2 X2 
L H H Y3 X3 
H X X NONE 

X = Don't Care 

Pinout: MC74HC4052 (Top View) 

VCC X2 XI XXO X3 A 

VO VI Enable VEE GND 

FUNCTION TABLE - MC54174HC4053 

Control Inputs 

Select 
Enable C B A ON Channels 

L L L L ZO YO XO 
L L L H ZO YO XI 
L L H L ZO Yl XO 
L L H H ZO YI XI 
L H L L ZI YO XO 
L H L H ZI YO XI 
L H H L ZI YI XO 
L H H 'H ZI YI XI 
H X X X NONE 

X = Don't Care 

Pinout: MC54174HC4053 (Top View) 

VCC V X XI XO ABC 

VI VO ZI ZO Enable 

High-Speed CMOS Logic Data 
DL129-Rev6 



MC54/74HC4051 MC74HC4052 MC54/74HC4053 

MAXIMUM RATINGS' 

Symbol Parameter Value 

VCC Positive DC Supply Voltage (Referenced to GND) -0.5 to + 7.0 
(Referenced to VEE) - 0.5 to + 14.0 

VEE Negative DC Supply Voltage (Referenced to GND) -7.0 to + 5.0 

VIS Analog Input Voltage VEE-0.5to 
VCC+0.5 

Vin Digital Input Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

I DC Current, Into or Out of Any Pin ±25 

PD Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 
SOIC Packaget 500 

TSSOP Packaget 450 

Tstg Storage Temperature Range -65to+150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
Plastic DIP, SOIC or TSSOP Package 260 

Ceramic DIP 300 

• Maximum Ratmgs are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW/'C from 65' to 125'C 
Ceramic DIP: -10 mW/'C from 100' to 125'C 
SOIC Package: - 7 mW/'C from 65' to 125'C 
TSSOP Package: -6.1 mW/'C from 65' to 125'C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter 

VCC Positive DC Supply Voltage (Referenced to GND) 
(Referenced to VEE) 

VEE Negative DC Supply Voltage, Output (Referenced to 
GND) 

VIS Analog Input Voltage 

Vin Digital Input Voltage (Referenced to GND) 

VIO' Static or Dynamic Voltage Across Switch 

TA Operating Temperature Range, All Package Types 

tr,tf Input Rise/Fall Time VCC=2.0V 
(Channel Select or Enable Inputs) VCC=4.5V 

VCC = 6.0 V 

Min Max 

2.0 6.0 
2.0 12.0 

-6.0 GND 

VEE VCC 

GND VCC 

1.2 

-55 + 125 

0 1000 
0 500 
0 400 

Unit 

V 

V 

V 

V 

rnA 

mW 

'c 
'c 

Unit 

V 

V 

V 

V 

V 

'c 
ns 

• For voltage drops across sWitch greater than 1.2V (switch on), excessive VCC current may be 
drawn; i.e., the current out olthe switch may contain both VCC and switch input components. The 
reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 

High-Speed CMOS Logic Data 
DL129-Rev6 

3-617 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND :5 (Vin or Vout) :5 VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 

MOTOROLA 



MC5417 4HC4051 MC74HC4052 MC5417 4HC4053 

DC CHARACTERISTICS - Digital Section (Voltages Referenced to GND) VEE = GND, Except Where Noted 

Symbol Parameter Condition 

VIH Minimum High-Level Input Voltage, Ron = Per Spec 
Channel-5elect or Enable,lnputs 

VIL Maximum Low-Level Input Voltage, Ron = Per Spec 
Channel-5elect or Enable Inputs 

lin Maximum Input Leakage Current, Vin = VCC or GND, 
Channel-5elect or Enable Inputs VEE=-6.0V 

ICC Maximum Quiescent Supply Channel Select, Enable and 
Current (per Packag'e) VIS = VCC or GND; VEE=GND 

VIO=OV VEE=-6.0 

NOTE: Information on typical parametric values can be found in Chapter 2. 

DC CHARACTERISTICS - Analog Section 

Symbol Parameter Condition Vce 

Ron Maximum "ON" Resistance Vin = VIL or VIH; VIS = VCC to 4.5 
VEE; IS S 2.0 rnA 4.5 
(Figures 1, 2) 6.0 

Vin = VIL or VIH; VIS = VCC or 4.5 
VEE (Endpoints); IS S 2.0 rnA 4.5 
(Figures 1, 2) 6.0 

ARon Maximum Difference in "ON" Vin = VIL or VIH; 4.5 
Resistance Between Any Two VIS = 1/2 (VCC - VEE); 4.5 
Channels in the Same Package Is,,2.0mA 6.0 

loff Maximum Off-Channel Leakage Vin = VIL or VIH; 
Current, Any One Channel Via = VCC - VEE; 6.0 

Switch Off (Figure 3) 

Maximum Off-Channel HC4051 Vin = VIL or VIH; 6.0 
Leakage Current, HC4052 Via = VCC - VEE; 6.0 
Common Channel HC4053 Switch Off (Figure 4) 6.0 

Ion Maximum On-Channel HC4051 Vin = VIL or VIH; 6.0 
Leakage Current, HC4052 Switch-t0-5witch = 6.0 
Channel-to-Channel HC4053 VCC - VEE; (Figure 5) 6.0 

MOTOROLA 3-618 

Vee 
V 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

6.0 

6.0 
6.0 

VEE 

0.0 
-4.5 
-6.0 

0.0 
-4.5 
-6.0 

0.0 
-4.5 
-6.0 

-6.0 

-6.0 
-6.0 
-6.0 

-6.0 
-6.0 
-6.0 

Guaranteed Limit 

-55 to 25°C ,;s5°C S125°e Unit 

1.50 1.50 1.50 V 
3.15 3,15 3.15 
4,20 4,20 4.20 

0.3 0.3 0,3 V 
0.9 0.9 0.9 
1,2 1.2 1.2 

±0.1 ±1.0 ±1.0 itA 

ItA 
2 20 40 
8 80 160 

Guaranteed Limit 

-55 to 25.oe ,;s5°C S125°e Unit 

190 240 280 n 
120 150 170 
100 125 140 

150 190 230 
100 125 140 
80 100 115 

30 35 40 n 
12 15 18 
10 12 14 

itA 
0.1 0.5 1.0 

0.2 2,0 4.0 
0.1 1,0 2.0 
0.1 1.0 2.0 

0.2 2.0 4.0 itA 
0.1 1.0 2.0 
0.1 1.0 2.0 

High-speed CMOS Logic Data 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 

AC CHARACTERISTICS (CL = 50 pF, Input tr = tf = 6 ns) 

Vee 
Guaranteed Limit 

Symbol Parameter V -55 to 25°e "Bsoe ,,125°e Unit 

tpLH, Maximum Propagation Delay, Channel-Select to Analog Output 2.0 370 465 550 ns 
tpHL (Figure 9) 4.5 74 93 110 

6.0 63 79 94 

tpLH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 60 75 90 ns 

tpHL (Figure 10) 4.5 12 15 18 
6.0 10 13 15 

tpLZ, Maximum Propagation Delay, Enable to Analog Output 2.0 290 364 430 ns 
tpHZ (Figure 11) 4.5 58 73 86 

6.0 49 62 73 

tpZL, Maximum Propagation Delay, Enable to Analog Output 2.0 345 435 515 ns 
tpZH (Figure 11) 4.5 69 87 103 

6.0 59 74 87 

Cin Maximum Input Capacitance, Channel-Select or Enable Inputs 10 10 10 pF 

ClIO Maximum Capacitance AnalogJlO 35 35 35 pF 

(All Switches Off) Common 011: HC4051 130 130 130 
HC4052 80 80 80 
HC4053 50 50 50 

Feedthrough 1.0 1.0 1.0 

NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2. 

Typical @ 25°e, Vee = 5.0 V, VEE = 0 V 

CPD Power Dissipation Capacitance (Figure 13)· HC4051 45 pF 
HC4052 80 
HC4053 45 

• Used to determme the no-load dynamiC power consumption: PD = CPD VCC2f + ICC VCC. For load considerations, see Chapter 2. 

High-Speed CMOS Logic Data 
DL129-Rev6 
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MC54/74HC4051 MC74HC4052 MC5417 4HC4053 

ADDITIONAL APPLICATION CHARACTERISTICS (GND = 0 V) 

Symbol Parameter Condition 

BW Maximum On-Channel Bandwidth fin = 1 MHz Sine Wave; Adjust fin Voltage to 
or Minimum Frequency Response Obtain OdBm at VOS; Increase fin Frequency 
(Figure 6) Until dB Meter Reads -3dB; 

RL = 50Q, CL = 10pF 

- Off-Channel Feedthrough Isolation fin = Sine Wave; Adjust fin Voltage to Obtain 
(Figure 7) OdBm at VIS 

fin = 10kHz, RL = 600Q, CL = 50pF 

fin = 1.0MHz, RL = 50Q, CL = 10pF 

- Feedthrough Noise. Vin " 1 MHz Square Wave (tr = tf = 6ns); 
Channel-Select Input to Common Adjust RL at Setup so that IS = OA; 
1/0 (Figure 8) Enable = GND RL = 600Q, CL = 50pF 

RL = 10kQ, CL = 10pF 

- Crosstalk Between Any Two fin = Sine Wave; Adjust fin Voltage to Obtain 
Switches (Figure 12) OdBm atVIS 
(Test does not apply to HC4051) fin = 10kHz, RL = 600Q, CL = 50pF 

fin = 1.0MHz, RL = 50Q, CL = 10pF 

THO Total Harmonic Distortion fin = 1 kHz, RL = 10kQ, CL = 50pF 
(Figure 14) THO = THDmeasured - THDsource 

VIS = 4.0Vpp sine wave 
VIS = 8.0Vpp sine wave 

VIS = 11.0Vpp sine wave 

• Limits not tested. Determined by design and verified by qualification. 

MOTOROLA 3-620 

VCC 
V 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

VEE 
Limit' 

V 25'C Unit 

'51 '52 '53 MHz 

-2.25 80 95 120 
-4.50 80 95 120 
-6.00 80 95 120 

-2.25 -50 dB 
-4.50 -50 
-6.00 -50 

-2.25 -40 
-4.50 -40 
-6.00 -40 

-2.25 25 mVpp 
-4.50 105 
-6.00 135 

-2.25 35 
-4.50 145 
-6.00 190 

-2.25 -50 dB 
-4.50 -50 
-6.00 -50 

-2.25 -60 
-4.50 -60 
-6.00 -60 

% 

-2.25 0.10 
-4.50 0.08 
-6.00 0.05 

High-Speed CMOS Logic Data 
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./ / " 
~ -- f. ............ ~55'C 
~- --' I 

o 0.25 0.50 0.75 1.0 1.25 1.5 1.75 2.0 2.25 

VIS. INPUT VOLTAGE (VOLTS), REFERENCED TO VEE 

Figure 1a. Typical On Resistance, Vee - VEE = 2.0 V 
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~---a:: 
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VIS, INPUT VOLTAGE (VOLTS), REFERENCED TO VEE 

Figure 1c. Typical On Resistance, Vee - VEE = 6.0 V 
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I-- -- -;;c - 1--
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VIS. INPUT VOLTAGE (VOLTS). REFERENCED TO VEE 

Figure 1e. Typical On Resistance, Vee - VEE = 12.0 V 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 
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V 
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~ 

I--I-' 1--- -+------~- -55'C .-
1--~-

20 

o o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

VIS, INPUT VOLTAGE (VOLTS), REFERENCED TO VEE 

Figure 1b. Typical On Resistance, Vee - VEE = 4.5 V 
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Figure 1d. Typical On Resistance, Vee - VEE = 9.0 V 

PROGRAMMABLE 
POWER 
SUPPLY 

DC ANALYZER 

3-621 

.----_+==:;- VCC 

DE ICE 
UNDER TEST 

Figure 2. On Resistance Test Set-Up 
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MC54/74HC4051 MC74HC4052 MC54/74HC4053 

Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 

Vcc Vcc 

Figure 5. Maximum On Channel Leakage Current, 
Channel to Channel, Test Set-Up 

O.1J.lF 

fin o-j 1-+---1-1 

VEE CHANNEL SELECT 
VILorVIH ----------' 

dB 
METER 

RL 

'Includes all probe and jig capacitance 

Figure 7. Off Channel Feedthrough Isolation, 
Test Set-Up 

MOTOROLA 

Figure 4. Maximum Off Channel Leakage Current, 
Common Channel, Test Set-Up 

Vcc Vas 

dB 
METER 

RL 

'::' 

'Includes all probe and jig capacitance 

Figure 6. Maximum On Channel Bandwidth, 
Test Set-Up 

TEST 
.-+_>---_--0 POINT 

Vcc 
Vin:;; 1 MHz 

VCC-:r;tf=~ VEE 

GND~ ~ L ---------~--~ 

3-622 

'Includes all probe and jig capacitance 

Figure 8. Feedthrough Noise, Channel Select to 
Common Out, Test Set-Up 
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MC54n 4HC4051 MC? 4HC4052 MC54/? 4HC4053 

CHANNEl~ 50"!. .' ~~---- VCC 
SELECT 0 

~----GND 

tplH Ir \ I tpHl 

ANA~~~ 7f 50% ~'--__ 

Figure 9a. Propagation Delays, Channel Select 
to Analog Out 

ANALOG 
IN 

ANALOG 
OUT 

- VCC 

'------ GND 

Figure 10a. Propagation Delays, Analog In 
to Analog Out . 

1----- Vec 

TEST 
H--..---o POINT 

~ CHANNELSELECT 

'Includes all probe and jig capacitance 

Figure 9b. Propagation Delay, Test Set-Up Channel 
Select to Analog Out 

Vcc 

16 

JLrl ANALOG 1/0 TEST 1--+--_--0 POINT 

'Includes all probe and jig capacitance 

Figure 10b. Propagation Delay, Test Set-Up 
Analog In to Analog Out 

POSITION 1 WHEN TESTING tPHZ AND tpZH 
POSITION 2 WHEN TESTING tpLZ AND tpZl CD 

®~------------~ 
Vce 

- GND VCC 16 1kQ 

ANALOG 
OUT 

Figure 11a. Propagation Delays, Enable to 
Analog Out 

High-Speed CMOS Logic Data 
DL129-Rev6 

HIGH 
IMPEDANCE 

HIGH 
IMPEDANCE 

3-623 

I 
Cl' 

-= 

Figure 11 b. Propagation Delay, Test Set-Up 
Enable to Analog Out 

TEST 
POINT 
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MC5417 4HC4051 MC? 4HC4052 MC5417 4HC4053 

*Includes all probe and jig capacitance 

Figure 12. Crosstalk Between Any Two 
Switches, Test Set-Up 

TO 
I-H~_~--o DISTORTION 

METER 

*Includes all probe and jig capacitance 

Figure 14a. Total Harmonic Distortion, Test Set-Up 

!Xl 
"0 

VCC 

+-+-----0 NC 

VCC 

11 

JLJL _____ ..... 

-10 

-20 

-30 

-40 

-50 

-60 

-70 

-80 

-90 

-100 

Figure 13. Power Dissipation Capacitance, 
Test Set-Up 

~ ~F~NDA~ENTA~FREciuENC~ , 
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, 
, 
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, DEVICE 

\ "- SOURCE 

V 1/\ I\. It'~ 

- . 

.\ 
JW V\J IV" 111\ ~ ,hJlJ". 

I 
1.0 

I T r , I!..,., 
2.0 

FREQUENCY (kHz) 

'''1 , 
3.125 

Figure 14b. Plot, Harmonic Distortion 

APPLICATIONS INFORMATION 

The Channel Select and Enable control pins should be at 
Vee or GND logic levels. Vee being recognized as a logic 
high and GND being recognized as a logic low. In this exam· 
pie: 

Vee = +5V = logic high 
GND = OV = logic low 

The maximum analog voltage swings are determined by 
the supply voltages Vee and VEE. The positive peak analog 
voltage should not exceed Vee. Similarly, the negative peak 
analog voltage should not go below VEE. In this example, the 
difference between Vee and VEE is ten volts. Therefore, 
using the configuration of Figure 15, a maximum analog sig· 
nal of ten volts peak-to-peak can be controlled. Unused 
analog inputs/outputs may be left floating (I.e., not con
nected). However, tying unused analog inputs and outputs to 

MOTOROLA 3-624 

Vee or GND through a low value resistor helps minimize 
crosstalk and feedthrough noise that may be picked up by an 
unused switch. 

Although used here, balanced supplies are not a require-
ment. The only constraints on the power supplies are that: 

Vee - GND = 2 to 6 volts 
VEE - GND = 0 to -6 volts 
Vee - VEE = 2 to 12 volts 

and VEE ~ GND 

When voltage transients above Vee and/or below VEE are 
antiCipated on the analog channels, external Germanium or 
Schottky diodes (Dx) are recommended as shown in Figure 
16. These diodes should be able to absorb the maximum 
antiCipated current surges during clipping. 

High-Speed CMOS Logic Data 
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+5V 

+5V - ~ -7.="'-H 

-5V - ------v 
It-':=~ ~ - +5V 

------v - -5V 

11 J TO EXTERNAL CMOS 
10 CIRCUITRY 0 to 5V 
9 DIGITAL SIGNALS 

L-_--' 
-5V 

Figure 15. Application Example 

a. Using Pull-Up Resistors 

MC54/74HC4051 MC74HC4052 MC5417 4HC4053 

VEE -= 
Figure 16. External Germanium or 

Schottky Clipping Diodes 

+5V - 4:; -'--~H 
VEE -

b. Using HCT Interface 

Figure 17. Interfacing LSTTUNMOS to CMOS Inputs 

High-Speed CMOS Logic Data 
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Figure 18. Function Diagram, HC4051 

3-625 
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Figure 19. Function Diagram, HC4052 

Figure 20. Function Diagram, HC4053 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

14-Stage Binary Ripple 
Counter with Oscillator 
High-Performance Silicon-Gate CMOS 

The MC54/74HC4060 is identical in pinout to the standard CMOS 
MC14060B. The device inputs are compatible with standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. 

This device consists of 14 master-slave flip-flops and an oscillator with a 
frequency that is controlled either by a crystal or by an RC circuit connected 
externally. The output of each flip-flop feeds the next, and the frequency at 
each output is half that of the preceding one. The state of the counter 
advances on the negative-going edge of Osc In. The active-high Reset is 
asynchronous and disables the oscillator to allow very low power consump
tion during standby operation. 

State changes of the Q outputs do not occur simultaneously because of 
internal ripple delays. Therefore, decoded output signals are subject to 
decoding spikes and may need to be gated with Osc Out 2 of the HC4060. 

• Output Drive Capability: 10 LSTTL Loads 
• Outputs Directly Interface to CMOS, NMOS, and TTL 
• Operating Voltage Range: 2 to 6 V 
• Low Input Current: 1 J.lA 
o High Noise Immunity Characteristic of CMOS Devices 
• In Compliance with the Requirements Defined by JEDEC Standard 

NO.7A 
• Chip Complexity: 390 FETs or 97.5 Equivalent Gates 

10/95 

© Motorola, Inc. 1995 

LOGIC DIAGRAM 
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MC54/74HC4060 

JSUFFIX 
CERAMIC PACKAGE 

CASE 620-10 

N SUFFIX 
PLASTIC PACKAGE 

CASE 64B-OB 

DTSUFFIX 
TSSOP PACKAGE 

CASE 94BF-Ol 

ORDERING INFORMATION 

MC54HCXXXXJ Ceramic 
MC74HCXXXXN Plastic 
MC74HCXXXXDT TSSOP 

PIN ASSIGNMENT 

012 

013 

014 
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07 
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GND 
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Ie 
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Vee 
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RESET 

OSelN 

ose OUT 1 

OSeOUT2 

FUNCTION TABLE 

Clock Reset Output State 

J L No Change 
""\... L Advance to Next State 
X H All Outputs are Low 
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MC5417 4HC4060 

MAXIMUM RATINGS· 

Symbol Parameter Value 

VCC DC Supply Voltage (Referenced to GND) -0.5to+7.0 

Yin DC Input Voltage (Referenced to GND) -1.5toVCC+ 1.5 

Vout DC Output Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

lin DC Input Current, per Pin ±20 

lout DC Output Current, per Pin ±25 

ICC DC Supply Current, VCC and GND Pins ±50 

PD Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 
TSSOP Packaget 450 

Tstg Storage Temperature - 65 to + 150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or TSSOP Package) 260 

(Ceramic DIP) 300 

* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW/'C from 65' to 125'C 
Ceramic DIP: -10 mW/'C from 100' to 125'C 

, TSSOP Package: -6.1 mW/'C from 65' to 125'C 
For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter 

VCC DC Supply Voltage (Referenced to GND) 

Yin, Vout DC Input Voltage, Output Voltage (Referenced to GND) 

TA Operating Temperature, All Package Types 

tr,tf Input Rise and Fall Time VCC=2.0V 
(Figure 1) VCC=4.5V 

VCC=6.0V 

Min Max 

2.5** 6.0 

0 VCC 

-55 ,+ 125 

0 1000 
0 500 
0 400 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 

mW 

DC 

'c 

Unit 

V 

V 

'c 

ns 

.. 
** The OSCillator IS guaranteed to function at 2.5 V minimum. However, parametncs are tested at 

2.0 V by driving Pin 11 with an external clock source. 

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 

VCC 
Symbol Parameter Test Conditions V 

VIH Minimum High-Level Input Vout=O.1 VorVcc-O.l V 2.0 
Voltage lIoutl :S 20 ~A 4.5 

6.0 

VIL Maximum Low-Level Input Vout=O.1 VorVCC-O.l V 2.0 
Voltage lIoutl :S 20 ~A 4.5 

6.0 

VOH Minimum High-Level Output Yin = VIH or VIL 2.0 
Voltage (04-010, 012-014) lIoutl:S 20~ 4.5 

'6.0 

Vin = VIH or VIL lIoutl :S 4.0 rnA 4.5 
lIoutl :S 5.2 rnA 6.0 

VOL Maximum Low-Level Output Yin = VIH or VIL 2.0 
Voltage (04-010, 012-014) lIoutl :S 20 ~A 4.5 

6.0 

Yin = VIH or VIL lIoutl :S 4.0 rnA 4.5 
lIoutl :S 5.2 rnA 6.0 

NOTE: Information on tYPical parametnc values can be found In Chapter 2. 

MOTOROLA 3-628 

This device contains protection 
circUitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Yin and 
Vout should be constrained to the 
rangeGND:s (VinorVout):S VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 

Guaranteed Limit 

-55to 
25DC 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

:S 85'C :S 125'C Unit 

1.5 1.5 V 
3.15 3.15 
4.2 42 

0.3 0.3 V 
0.9 0.9 
1.2 1.2 

1.9 1.9 V 
4.4 4.4 
5.9 5.9 

3.84 3.70 
5.34 5.20 

0.1 0.1 V 
0.1 0.1 
0.1 0.1 

0.33 0.40 
0.33 0.40 

High-Speed CMOS Logic Data 
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MC54n 4HC4060 

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) (Continued) 

Guaranteed Limit 

VCC -55to 
Symbol Parameter Test Conditions V 25'C :s; 85'C :s; t25'C Unit 

VOH Minimum High-Level Output Vin = VCC or GND 2.0 1.9 1.9 1.9 V 
Voltage (Osc Out 1, Osc Out 2) 1I0uti :s; 20llA 4.5 4.4 4.4 4.4 

6.0 5.9 5.9 5.9 

Vin=VCCorGNDlloutl:s; 1.0mA 4.5 3.98 3.84 3.70 
1I0uti :s; 1.3 rnA 6.0 5.48 5.34 5.20 

VOL Maximum Low-Level Output Vin = VCC or GND 2.0 0.1 0.1 0.1 V 
Voltage (Osc Out 1, Osc Out 2) 1I0uti :s; 20llA 4.5 0.1 0.1 0.1 

6.0 0.1 0.1 0.1 

Vin = VCC or GND 1I0uti :s; 1.0 rnA 4.5 0.26 0.33 0.40 
1I0utl:S; 1.3 rnA 6.0 0.26 0.33 0.40 

lin Maximum Input Leakage Current Vin = VCC or GND 6.0 ±0.1 ± 1.0 ±1.0 IlA 

ICC Maximum Quiescent Supply Vin = VCC or GND 6.0 8 80 160 IlA 
Current (per Package) lout = 0 IlA 

NOTE: Information on typical parametric values can be found in Chapter 4. 

AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input tr = tf = 6 ns) 

Guaranteed Limit 

VCC -55to 
Symbol Parameter V 25'C :s; 85'C :s; 125'C Unit 

fmax Maximum Clock Frequency (50% Duty Cycle) 2.0 5.0 4.0 3.4 MHz 
(Figures 1 and 4) 4.5 25 20 17 

6.0 29 24 20 

tpLH, Maximum Propagation Delay, Osc In to Q4* 2.0 530 665 795 ns 
tpHL (Figures 1 and 4) 4.5 106 133 159 

6.0 91 114 135 

tpLH, Maximum Propagation Delay, Osc In to Q14* 2.0 1600 2000 2400 ns 
tpHL (Figures 1 and 4) 4.5 320 400 480 

6.0 272 344 408 

tpHL Maximum Propagation Delay, Reset to Any Q 2.0 240 300 360 ns 
(Figures 2 and 4) 4.5 48 60 72 

6.0 41 51 61 

tpLH, Maximum Propagation Delay, QN to QN + 1 2.0 125 155 190 ns 
tpHL (Figures 3 and 4) 4.5 25 31 38 

6.0 21 26 32 

ITLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns 

ITHL (Figures 1 and 4) 4.5 15 19 22 
6.0 13 16 19 

Cin Maximum Input Capacitance - 10 10 10 pF 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

* For TA = 25'C and CL = 50 pF, typical propagation delay from Osc In to other Q outputs may be calculated with the following equations: 
VCC = 2.0 V: tp = [205 + 1 07.5(N - 1)] ns 
VCC = 4.5 V: tp = [41 + 21.5(N -1)] ns 
VCC = 6.0 V: tp = [35 + 18.3(N -1)] ns 

Power Dissipation Capacitance (Per Package)* 

Typical @ 25'C, VCC = 5.0 V 

35 

* Used to determine the no-load dynamic power consumption: PD = CPD VCC2f + ICC VCC. For load considerations, see Chapter 2. 

High-Speed CMOS Logic Data 
DL129-Rev6 
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MC54/7 4HC4060 

TIMING REQUIREMENTS (Input tr = tf = 6 ns) 

Guaranteed Limit 

Vee -55to 
Symbol Parameter V 25°e s 85°e s 125°e Unit 

trec Minimum Recovery lime, Reset Inactive to Osc In> 2.0 100 125 150 ns 
(Figure 2) 4.5 20 25 30 

6.0 17 21 26 

tw Minimum Pulse Width, Osc In 2.0 80 100 120 ns 
(Figure 1) 4.5 16 20 24 

6.0 14 17 20 

tw Minimum Pulse Width, Reset 2.0 80 100 120 ns 
(Figure 2) 4.5 16 20 24 

6.0 14 17 20 

tr, tf Maximum Input Rise and Fall limes 2.0 1000 1000 1000 ns 
(Figure 1) 4.5 500 500 500 

6.0 400 400 400 

NOTE: Information on typical parametric values can be found in Chapter 2. 
> Osc In driven with external clock. 

INPUTS 

PIN DESCRIPTIONS 

OUTPUTS 

Osc In (Pin 11) 

Negative-edge triggering clock input. A high-ta-Iow tran
sition on this input advances the state of the counter. Osc In 
may be driven by an external clock source. 

Reset (Pin 12) 

Active-high reset. A high level applied to this input asynch
ronously resets the counter to its zero state (forcing all Q out
puts low) and disables the oscillator. 

Q4-Q10, Q12-Q14 (Pins 7,5,4,6,14,13,15,1,2,3) 

Active-high outputs. Each QN output divides the oscillator 
frequency by 2N. The user should note that Q1, Q2, Q3, and 
Q11 are not available as outputs. 

Osc Out 1, Osc Out 2 (Pins 10, 9) 

Oscillator outputs. These pins are used in conjunction with 
Osc In and the external components to form an oscillator. 
(See Figures 4 and 5). When Osc In is being driven with an 
external clock source, Osc Out 1 and Osc Out 2 must be left 
open circuited. With the crystal oscillator configuration in Fig
ure 6, Osc Out 2 must be left open circuited. 

SWITCHING WAVEFORMS 

RESET 
OSCIN 

o 

01 

CLOCK 

Figure 1. 

Figure 3. 

MOTOROLA 3-630 

DEVICE 
UNDER 
TEST 

Figure 2. 

-VCC 

'-----GND 

TEST POINT 

OUTPUT 

> Includes all probe and jig capacitance 

Figure 4. Test Circuit 
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EXPANDED LOGIC DIAGRAM 

ose OUT 2 
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9 -----
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08=PIN14 
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r---------------------, 
I I 

I 
I 
I 
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Figure 5. Oscillator Circuit Using RC Configuration 
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Rt 

~C2 

Figure 6. Pierce Crystal Oscillator Circuit 

Table 1. Crystal Oscillator Amplifier Specifications 
TA = 25°C (Input = Pin 11, Output = Pin 10) 

Type 
Input Resistance, Rin 
Output Impedance, Zout (4.5 V supply) 
Input Capacitance, Cin 
Output Capacitance, Cout 
Series Capacitance, Ca 

Open loop voltage 
gain with output at 
full swing, " 

{ 

3 Vdc supply 
4 Vdcsupply 
5 Vdcsupply 
6 Vdc supply 

Positive Reactance (Pierce) 
60 MQ minimum 
200 Q (see text) 
5 pFtypical 
7 pF typical 
5 pF typical 
5.0 expected minimum 
4.0 expected minimum 
3.3 expected minimum 
3.1 expected minimum 

PIERCE CRYSTAL OSCILLATOR DESIGN 

" ~~ 0---101--0 = c~ 
1 Re Xe 2 

~ 

Values are supplied by crystal manufacturer (parallel resonant crys
tal) 

Figure 7. Equivalent Crystal Networks 

RS[ ~R ]Rload 
jXLs rf-1Xco r 
. Zioad - T Y'VU 4: -jXc Xload 

-IXcs""C...o ~ 

~ o>----,I...----IV-->---------.I-----<o 

_LC _Lc 
Tin Tout 

_L _L 

NOTE: C = Cl + Cin and R = Rl + Rout. Co is considered as part olthe 
load. Ca and Rt typically have minimal effect below 2 MHz. 

Figure 8. Series Equivalent Crystal Load 

MOTOROLA 3--632 

Values are listed in Table 1 . 

Figure 9. Parasitic Capacitances 
of the Amplifier 
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DESIGN PROCEDURES 

The following procedure applies for oscillators operating below 2 MHz where Z is a resistor R1. Above 2 MHz, additional im
pedance elements should be considered: Cout and Ca of the amp, feedback resistor Rf, and amplifier phase shift error from 180°. 

Step 1: Calculate the equivalent series circuit of the crystal at the frequency of oscillation. 

- jXco (Rs + jXLs - jXcs . 
~= =~+~ 

- jXco + Rs + jXLs - jXcs 

Reactance jXe should be positive, indicating that the crystal is operating as an inductive reactance at the oscillation frequency 
The maximum Rs for the crystal should be used in the equation. 

Step 2: Determine 13, the attenuation, of the feedback network. For a closed-loop gain of 2, AvJ3 = 2,13 = 2IAv where Av is 
the gain of the HC4060 amplifier. 

Step 3: Determine the manufacturer's loading capacitance. For example: A manufacturer may specify an external load capaci
tance of 32 pF at the required frequency. 

Step 4: Determine the required Q of the system, and calculate Rload. For example, a manufacturer specifies a crystal Q 
of 100,000. In-circuit Q is arbitrarily set at 20% below crystal Q or 80,000. Then Rload = (2nfoLs/Q) - Rs where Ls and Rs are 
crystal parameters. 

Step 5: Simultaneously solve, using a computer, 

13 = XC· XC2 (with feedback phase shift = 180°) (1) 
R • Re + XC2 (Xe - XC) 

Xe = XC2 + Xc + ReXC2 = Xc load (where the loading capacitor is an external load, not including Co) 
R 

(2) 

RXCoXC2[(XC + XC2) (XC + XCo) - Xc(XC + XCo + XC2)] 
Rload = ----::---------,;:--------::---

X2C2(XC + XCo)2+ R2(XC +XCo + XC2)2 
(3) 

Here R = Rout + R1. Rout is amp output resistance, R1 is Z. The C corresponding to Xc is given by C = C1 + Cin· 131 
Alternately, pick a value for R1 (i.e., let R1 = Rs). Solve Equations 1 and 2 for C1 and C2. Use Equation 3 and the fact that 

Q = 21tfoLsI(Rs + Rload) to find in-circuit Q. If Q is not satisfactory pick another value for R1 and repeat the procedure. 

CHOOSING R1 

Power is dissipated in the effective series resistance of the 
crystal. The drive level specified by the crystal manufacturer 
is the maximum stress that a crystal can withstand without 
damage or excessive shift in frequency R1 limits the drive 
level. 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a func
tion of voltage at Osc Out 2 (Pin 9). The frequency should 
increase very slightly as the dc supply voltage is increased. 
An overdriven crystal will decrease in frequency or become 
unstable with an increase in supply voltage. The operating 
supply voltage must be reduced or R1 must be increased in 
value it the overdriven condition exists. The user should note 
that the oscillator start-up time is proportional to the value of 
R1. 

SELECTING Rf 

The feedback resistor, Rf, typically ranges up to 20 MO. Rf 
determines the gain and bandwidth of the amplifier. Proper 
bandwidth insures oscillation at the correct frequency plus 
roll-off to minimize gain at undesirable frequencies, such as 

High-Speed CMOS Logic Data 
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the first overtone. Rf must be large enough so as to not affect 
the phase of the feedback network in an appreciable manner. 
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TIMING DIAGRAM 

1 '2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16,384 
OSCIN1..f'LrL.n....r"l...J"l...J "l...J"l...J""l..J"l...J"l...J "l...J'"l...J"l...J"l...J "l...J "l...J 
RESET----,L.. ____________________________ _ 

04 ______ r----L L- L-L- L- L-L- L- L- L- L-
05 r----L L-~ L- L-L- L- L- L- L-
06 r----L L- """L..:. ""1- L- L- L- L- L-
07 r----L L- L-L- L- L-.L- L-
08 r----L L-L- L- L- L- L-
09 r----L L- L- L- L- L-

010 r----L L- L- L-L-
011 ~L-L-L-

012 r----L L- L-
013 r----L L-
014 r----L 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

14-5tage Binary Ripple 
Counter With Oscillator 
High-Performance Silicon-Gate CMOS 

The MC54174C4060A is identical in pinout to the standard CMOS 
MC14060B. The device inputs are compatible with standard CMOS out· 
puts; with pullup resistors, they are compatible with LSTIL outputs. 

This device consists of 14 master-slave flip-flops and an oscillator 
with a frequency that is controlled either by a crystal or by an RC circuit 
connected externally. The output of each flip-flop feeds the next and the 
frequency at each output is half of that of the preceding one. The state of 
the counter advances on the negative-going edge of the Osc In. The 
active-high Reset is asynchronous and disables the oscillator to allow 
very low power consumption during stand-by operation. 

State changes of the Q outputs do not occur simultaneously because 
of internal ripple delays. Therefore, decoded output signals are subject to 
decoding spikes and may have to be gated with Osc Out 2 of the 
HC4060A. . 

• Output Drive Capability: 10 LSTIL Loads 
• Outputs Directly Interface to CMOS, NMOS, and TIL 
• Operating Voltage Range: 2 to 6 V 
• Low Input Current: 1 /-lA 
• High Noise Immunity Characteristic of CMOS Devices 
• In Compliance With JEDEC Standard No. 7A Requirements 
• Chip Complexity: 390 FETs or 97.5 Equivalent Gates 

LOGIC DIAGRAM 
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I MC54/74HC4060A I 

Clock 

~ 
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X 

J SUFFIX 
CERAMIC PACKAGE 

CASE 620-10 

N SUFFIX 
PLASTIC PACKAGE 

CASE 648-08 

DSUFFIX 
SOIC PACKAGE 
CASE 7518-05 

DTSUFFIX 
TSSOP PACKAGE 

CASE 748C-03 

ORDERING INFORMATION 

MC54HCXXXXAJ Ceramic 
MC74HCXXXXAN Plastic 
MC74HCXXXXAD SOIC 
MC74HCXXXXADT TSSOP 

FUNCTION TABLE 

Reset Output State 

L No Charge 

L Advance to Next State 

H All Outputs Are Low 

Pinout: 16-Lead Plastic Package (Top View) 

Osc 
Vee 010 08 09 Reset Osc In Out 1 

012 05 07 04 GND 
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MC54/7 4HC4060A 

MAXIMUM RATINGS· 

Symbol Parameter Value 

VCC DC Supply Voltage (Referenced to GND) -0.5 to + 7.0 

Yin DC Input Voltage (Referenced to GND) - 0.5 to VCC +.0.5 

Vout DC Output Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

lin DC Input Current, per Pin ±20 

lout DC Output Current, per Pin ±25 

ICC DC Supply Current, VCC and GND Pins ±50 

PD Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 
SOIC Packaget 500 

TSSOP Packaget 450 

Tstg Storage Temperature Range -65 to + 150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
Plastic DIP, SOIC or TSSOP Package 260 

Ceramic DIP 300 
, 

Mruumum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: - 10 mW/'C from 65' to 125'C 
Ceramic DIP: -10 mW/'C from 100' to 125'C 
SOIC Package: -7 mWI'C from 65' to 125'C 
TSSOP Package: - 6.1 mW/'C from 65' to 125'C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter 

VCC DC Supply Voltage (Referenced to GND) 

Yin, Vout DC Input Voltage .. Output Voltage (Referenced to GND) 

TA Operating Temperature Range, All Package Types 

tr,tf Input Rise/Fall1ime VCC=2.0V 
(Figure 1) VCC=4.5V 

VCC=6.0V 

Min Max 

2.5' 6.0 

0 VCC 

-55 + 125 

0 1000 
0 500 
0 400 

Unit 

V 

V 

V 

mA 

mA 

mA 

mW 

'c 

'c 

Unit 

V 

V 

'c 

ns 

.. 
, The OSCillator IS guaranteed to function at 2.5 V minimum. However, parametncs are tested at . 

2.0 V by driving Pin 11 with an external clock source. 

DC CHARACTERISTICS (Voltages Referenced to GND) 

Vee 
Symbol Parameter Condition V 

VIH Minimum High-Level Input Voltage Vout= 0.1V orVcc-o.1V 2.0 
lIoutl,,20llA 3.0 

4.5 
6.0 

VIL Maximum Low-Level Input Voltage Vout = 0.1V or VCC - 0.1V 2.0 
lIoutl" 20llA 3.0 

4.5 
6.0 

VOH Minimum High-Level Output Yin = VIH or VIL 2.0 
Voltage (04-010, 012-014) lIoutl " 201JA 4.5 

6.0 

Yin =VIH or VIL lIoutl " 2.4mA 3.0 
lIoutl " 4.0mA 4.5 
lIoutl " 5.2mA 6.0 

MOTOROLA 3-636 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit: For proper operation, Yin and 
Vout should be constrained to the 
rangeGND:s (VinorVollt):S Vce. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 

Guaranteed Limit 

-55 to 25'e "S5'C ,,125'e Unit 

1.50 
2.10 
3.15 
4.20 

0.50 
0.90 
1.35 
1.80 

1.9 
4.4 
5.9 

2.48 
3.98 
5.48 

1.50 1.50 V 
2.10 2.10 
3.15 3.15 
4.20 4.20 

0.50 0.50 V 
0.90 0.90 
1.35 1.35 
1.80 1.80 

1.9 1.9 V 
4.4 4.4 
5.9 5.9 

2.34 2.20 
3.84 3.70 
5.34 5.20 
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DC CHARACTERISTICS (Voltages Referenced to GND) 

Symbol Parameter Condition 

VOL Maximum Low-Level Output Vin = VIH or VIL 
Voltage (Q4-Q10, Q12-o14) 1I0uti ::;20j.1A 

Vin = VIH or VIL 1I0uti 
1I0uti 
1I0uti 

VOH Minimum High-Level Output Vin = VCC or GND 
Voltage (Osc Out 1, Osc Out 2) 1I0uti ::;20j.1A 

Vin =VCC or GND 1I0uti 
1I0uti 
1I0uti 

VOL Maximum Low-Level Output Vin = VCC or GND 
Voltage (Osc Out 1 , Osc Out 2) 1I0uti ::;20j.1A 

Vin =VCC or GND 1I0uti 
1I0uti 
1I0uti 

lin Maximum Input Leakage Current Vin = VCC or GND 

ICC Maximum Quiescent Supply Vin = VCC or GND 
Current (per Package) lout = OJ.1A 

NOTE: Information on typical parametric values can be found in Chapter 2. 

AC CHARACTERISTICS (CL = 50 pF, Input tr = tf = 6 ns) 

Symbol Parameter 

fmax Maximum Clock Frequency (50% Duty Cycle) 
(Figures 1 and 4) 

tpLH, Maximum Propagation Delay, Osc In to Q4-

tpHL (Figures 1 and 4) 

tpLH, Maximum Propagation Delay, Osc In to Q14-

tpHL (Figures 1 and 4) 

tpHL Maximum Propagation Delay, Reset to Any Q 
(Figures 2 and 4) 

tpLH, Maximum Propagation Delay, Qn to Qn+1 

tpHL (Figures 3 and 4) 

High-Speed CMOS Logic Data 
DL129-Rev6 

3-637 

2AmA 
4.0mA 
5.2mA 

O.7mA 
1.OmA 
1.3mA 

0.7mA 
1.0mA 
1.3mA 

VCC 
V 

2.0 
3.0 
4.5 
6.0 

2.0 
3.0 
4.5 
6.0 

2.0 
3.0 
4.5 
6.0 

2.0 
3.0 
4.5 
6.0 

2.0 
3.0 
4.5 
6.0 

MC54/74HC4060A 

VCC 
Guaranteed Limit 

V -55 to 25°C ::;S5°C ::;125°C Unit 

2.0 0.1 0.1 0.1 V 
4.5 0.1 0.1 0.1 
6.0 0.1 0.1 0.1 

3.0 0.26 0.33 0.40 
4.5 0.26 0.33 0040 
6.0 0.26 0.33 0.40 

2.0 1.9 1.9 1.9 V 
4.5 404 404 404 
6.0 5.9 5.9 5.9 

3.0 2048 2.34 2.20 
4.5 3.98 3.84 3.70 
6.0 5.48 5.34 5.20 

2.0 0.1 0.1 0.1 V 
4.5 0.1 0.1 0.1 
6.0 0.1 0.1 0.1 

3.0 0.26 0.33 0040 
4.5 0.26 0.33 0040 
6.0 0.26 0.33 0040 

6.0 ±D.1 ±1.0 ±1.0 j.1A 

6.0 4 40 160 j.1A 

Guaranteed Limit 

-55 to 25°C ::;S5°C ::;125°C Unit 

6.0 9.0 8.0 MHz 
10 14 12 
30 28 25 
50 45 40 

300 375 450 ns 
180 200 250 
60 75 90 
51 64 75 

500 750 1000 ns 
350 450 600 
250 275 300 
200 220 250 

195 245 300 ns 
75 100 125 
39 49 61 
33 42 53 

75 95 125 ns 
60 75 95 
15 19 24 
13 16 20 
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AC CHARACTERISTICS (Cl = 50 pF. Input tr = tf = 6 ns) - continued 

Vee 
Guaranteed Limit 

Symbol Parameter V -55 to 25°e S85°e S125°e Unit 

trlH. Maximum Output Transition Time. Any Output 2.0 75 95 110 ns 

trHl (Figures 1 and 4) 3.0 27 32 36 
4.5 15 19 22 
6.0 13 16 19 

Cin Maximum Input Capacitance 10 10 10 pF 

NOTE: For propagation delays with loads other than 50 pF. and information on typical parametric values. see Chapter 2. 
• For TA = 25°C and Cl = 50 pF. typical propagation delay from Clock to other Q outputs may be calculated with the following equations: 

VCC = 2.0 V: tp = [93.7 + 59.3 (n-1)] ns VCC = 4.5 V: tp = [30.25 + 14.6 (n-1)] ns 
VCC = 3.0 V: tp = [61.5+ 34.4 (n-1)] ns VCC = 6.0 V: tp = [24.4 + 12 (n-1)] ns 

l'fpical @ 25°e, Vee = 5.0 V 

Power Dissipation Capacitance (Per Package)' 35 

• Used to determine the no-load dynamic power consumption: PD = CpD VCC2f + Ic;::C VCC. For load considerations. see Chapter 2. 

TIMING REQUIREMENTS (Input tr = tf = 6 ns) 

Vee 
Symbol Parameter V 

trec Minimum Recovery Time. Reset Inactive to Clock 2.0 
(Figure 2) 3.0 

4.5 
6.0 

tw Minimum Pulse Width. Clock 2.0 
(Figure 1) 3.0 

4.5 
6.0 

tw Minimum Pulse Width. Reset 2.0 
(Figure 2) 3.0 

4.5 
6.0 

tr• tf Maximum Input Rise and Fall Times 2.0 
(Figure 1) 3.0 

. 4.5 
6.0 

NOTE: InformatIon on tYPIcal parametric values can be found in Chapter 2. 
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Guaranteed Limit 

-55 to 25°e 

100 
75 
20 
17 

75 
27 
15 
13 

75 
27 
15 
13 

1000 
800 
500 
400 

$85°e S125°e Unit 

125 150 ns 
100 120 
25 30 
21 25 

95 110 , ns 
32 36 
19 23 
16 19 

95 110 ns 
32 36 
19 23 
16 19 

1000 1000 ns 
800 800 
500 500 
400 400 
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PIN DESCRIPTIONS 

INPUTS 

Osc In (Pin 11) 

Negative-edge triggering clock input. A high-ta-Iow tran
sition on this input advances the state of the counter. Osc In 
may be driven by an external clock source. 

Reset (Pin 12) 

Active-high reset. A high level applied to this input asynch
ronously resets the counter to its zero state (forcing all 0 out
puts low) and disables the oscillator. 

OUTPUTS 

Q4-Q10, Q12-Q14 (Pins 7, 5, 4, 6, 13, 15, 1, 2, 3) 

Active-high outputs. Each On output divides the Clock 
input frequency by 2N. The user should note the 01, 02, 03 
and 011 are not available as outputs. 

Osc Out 1, Osc Out 2 (Pins 9, 10) 

Oscillator outputs. These pins are used in conjunction with 
Osc In and the external components to form an oscillator 
(See NO TAG and NO TAG). When Osc In is being driven 
with an external clock source, Osc Out 1 and Osc Out 2 must 
be left open circuited. With the crystal oscillator configuration 
in Figure 6, Osc Out 2 must be 'left open circuited. 

SWITCHING WAVEFORMS 

.J,:----,-- - Vee 
Oscln 

GND 

a 

Figure 1. 

an 1'-t5pO-LO"H-0f.----4 -I Vee 
- ~'tPH-;:-L----GND 

On+l 50% 

Figure 3. 

High-Speed CMOS Logic Data 
DL129-Rev6 

Reset 

a 

Oscln 
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,..----"!!.....--.,+ - - - - - Vee 

'-----GND 

----------,;,;.,:...., --Vee 
trecc 

Figure 2. 

DEVICE 
UNDER 
TEST 

OUTPUT 

50% 

TEST 
POINT 

-Includes all probe and jig capacitance 

Figure 4. Test Circuit 

GND 
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04 05 012 013 

e e 

._---1> e 0 e 0 

Osc Out 2 _9:.-_ ..... 

Osc Out 1 ...;1~0 __ • 

Osc In -'----' 

Reset 

R 

----.-..----..-. 
06=Pin4 
07= Pin 6 
OS= Pin 14 
09=Pin 13 

010= Pin 15 
Vee = Pin 16 
GND= PinS 

Figure 5. Expanded Logic Diagram 

r-----------------, 
Reset ..;.12"----+'----1 I For 2.0V ~ V ee ~ 6.0V 

1 ORtc > RS > 2Rtc 
400Hz ~ f ~ 400Khz: 

MOTOROLA 

, , 
L___ ____ ____ _ __ ~ 

Osc In 11 OscOut 1 10 OscOut2 9 

Rtc 
f = 3 R 1 ('. (f in Hz, Rtc in ohms, etc in farads) 

tC'1C 

RS etc The formula may vary for other frequencies. 

Figure 6. Oscillator Circuit Using RC Configuration 

r-------------------, 
Reset ..;.12"----t'-; I , , 

L___ ________ __~ 

Osc In 11 OscOut 1 10 9 OscOut2 

Rf 

Rl 

el I 

Figure 7. Pierce Crystal Oscillator Circuit 
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TABLE 1. CRYSTAL OSCILLATOR AMPLIFIER SPECIFICATIONS (TA= 25°C; Input = Pin II, Output = Pin 10) 

Type Positive Reactance (Pierce) 

Input Resistance, Rin 60MQ Minimum 

Output Impedance, Zout (4.5V Supply) 200Q (See Text) 

Input Capacitance, Cin 5pFTypicai 

Output Capacitance, Cout 7pFTypicai 

Series Capacitance, Ca 5pFTypicai 

Open Loop Voltage Gain with Output at Full Swing, ex 3VdcSupply 5.0 Expected Minimum 
4VdcSupply 4.0 Expected Minimum 
5VdcSupply 3.3 Expected Minimum 
6VdcSupply 3.1 Expected Minimum 

PIERCE CRYSTAL OSCILLATOR DESIGN 

Value are supplied by crystal manufacturer (parallel resonant crystal). 

Figure 8. Equivalent Crystal Networks 

RS -jXC2 R 
Rload 

jXLs 
Xload 

-jXCs 

O~~----~~~~I--~O 
_1- ~ _1_ 

, -:- Gin -:- Cout 

-'- -'-
NOTE: C = Ct + Cin and R = Rt + Rout. Co is considered as part of 

the load. Ca and Rf typically have minimal effect below 2MHz. Values are listed in Table 1. 

Figure 9. Series Equivalent Crystal Load Figure 10. Parasitic Capacitances of the Amplifier 

High-Speed CMOS Logic Data 
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DESIGN PROCEDURES 

The following procedure applies for oscillators operating below 2MHz where Z is a resistor R1. Above 2MHz, additional 
impedance elements should be considered: Cout and Ca of the amp, feedback resistor Rf, and amplifier phase shift error from 
180°C. 

Step 1: Calculate the equivalent series circuit of the crystal at the frequency of oscillation. 

- jXCo(Rs + jXLs - jXCs) 
Ze = . .. = Re + jXe 

- JXCo + Rs + JXLs - JXCs 

Reactance jXe should be positive, indicating that the crystal is operating as an inductive reactance at the oscillation frequency. 
The maximum Rs for the crystal should be used in the equation. 

Step 2: Determine /3, the attenuation, of the feedback network. For a closed-loop gain of 2,Av/3 = 2,/3 = 2/Av where Av is the gain 
of the HC4060A amplifier. 

Step 3: Determine the manufacturer's loading capacitance. For example: A manufacturer may specify an external load capaci
tance of 32pF at the required frequency. 

Step 4: Determine the required Q of the system, and calculate Rload, For example, a manufacturer specifies a crystal Q of 
100,000. In-circuit Q is arbitrarily set at 20% below crystal Q or 80,000. Then Rload = (21tfoLS/Q) - Rs where Ls and Rs are crystal 
parameters. 

Step 5: Simultaneously solve, using a computer, 

XC· XC2 
/3 = () (with feedback phase shift = 180°) 

R . Re + XC2 Xe - Xc 
(Eq 1 ) 

ReXC2 
Xe = XC2 + Xc + --R- = XCload (where the loading capacitor is an external load, not including Co) ( Eq2) 

RXCoXC2 [(XC + XC2)(XC + XCo) - Xc (XC + XCo + XC2)] 
Rload = -----=--------::----::--------::---

X2C2(XC + XCo)2 + R2(XC + XCo + XC2)2 
( Eq3) 

Here R = Rout + R1. Rout is amp output resistance, R1 is Z. The C corresponding to Xc is given by C = C1 + Cin. 

Alternately, pick a value for R1 (Le, let R1 = RS). Solve Equations 1 and 2 for C1 and C2. Use Equation 3 and the fact that Q = 
2nfoLs/(Rs + Rload) to find in-circuit Q. If Q is not satisfactory pick another value for R1 and repeat the procedure. 

CHOOSING R1 

Power is dissipated in the effective series resistance of the 
crystal. The drive level specified by the crystal manufacturer 
is the maximum stress that a crystal can withstand without 
damage or excessive shift in frequency. R1 limits the drive 
level. 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a func
tion of voltage at Osc Out 2 (Pin 9). The frequency should 
increase very slightly as the dc supply voltage is increased. 
An overdriven crystal will decrease in frequency or become 
unstable with an increase in supply voltage. The operating 
supply voltage must be reduced or R1 must be increased in 
value if the overdriven condition exists. The user should note 
that the oscillator start-up time is proportional to the value of 
R1. 

SELECTING Rf 

The feedback resistor, Rf, typically ranges up to 20MQ. Rf 
determines the gain and bandwidth of the amplifier. Proper 
bandwidth insures oscillation at the correct frequency plus 
roll-off to minimize gain at undesirable frequencies, such as 

MOTOROLA 3-642 

the first overtone. Rf must be large enough so as to not affect 
the phase of the feedback network in an appreciable manner. 
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1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16384 
Clock I.SlJ'lSLrLJ LJ LJ LJLJ LJLJLJ LJ LJLJ LJ LJ 
Reset ----,L...-___________________________ _ 

04 ______ --J~ L_ L_ L_ L_ L_ L_ L_ L_ L_ L_ 

05 ~ L_'L-L_ L_ L_ L_ L_ L_ L_ 

06 ~L_L_L_L_L_L_L_L_ 

07 ~L_L_L_L_L_L_L_ 

08 ~L_L_L_L_L_L_ 

09 ~L_L_L_L_L_ 

010 ~ L_ L_ L_ L_ 

012 ~L_L_L_ 

013 ~L_ 

014 ~ 

High-Speed CMOS Logic Data 
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Quad Analog Switch/ 
Multiplexer/Demultiplexer 
High-Performance Silicon-Gate CMOS 

The MC54174HC4066 utilizes silicon-gate CMOS technology to achieve 
fast propagation delays, low ON resistances, and low OFF-channelleakage 
current. This bilateral switch/multiplexer/demultiplexer controls analog and 
digital voltages that may vary across the full power-supply range (from VCC 
toGND). 

The HC4066 is identical in pinout to the metal-gate CMOS MC14016 and 
MC14066. Each device has four independent switches. The device has 
been designed so that the ON resistances (RON) are much more linear over 
input voltage than RON of metal-gate CMOS analog switches. 

This device is identical in both function and pinout to the HC4016. The 
ON/OFF control inputs are compatible with standard CMOS outputs; with 
pullup resistors, they are compatible with LSTTL outputs. For analog 
switches with voltage-level translators, see the HC4316. 

• Fast Switching and Propagation Speeds 
• High ON/OFF Output Voltage Ratio 
• Low Crosstalk Between Switches 
• Diode Protection on All Inputs/Outputs 
• Wide Power-Supply Voltage Range (VCC - GND) = 2.0 to 12.0 Volts 
• Analog Input Voltage Range (VCC - GND) = 2.0 to 12.0 Volts 
• Improved Linearity and Lower ON Resistance over Input Voltage than 

the MC14016 or MC14066 or HC4016 

• Low Noise 
• Chip Complexity: 44 FETs or 11 Equivalent Gates 

LOGIC DIAGRAM 

XA~YA 
A ON/OFF CONTROL ~ 

XB~YB 
B ON/OFF CONTROL ~ 

XC~YC 
C ON/OFF CONTROL ~ 

XO~YO 

ANALOG 
OUTPUTS/INPUTS 

~ ..... ~~. D ON/OFF CONTROL ANALOG INPUTS/OUTPUTS = XA, XB, XC, XD 
PIN 14= VCC 
PIN7=GND 

10195 
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JSUFFIX 
CERAMIC PACKAGE 

CASE 632-QB 

N SUFFIX 
PLASTIC PACKAGE 

CASE 646-Q6 

DSUFFIX 
SOIC PACKAGE 
CASE 751A-Q3 

DTSUFFIX 
TSSOP PACKAGE 

CASE 94BG-01 

ORDERING INFORMATION 

MC54HCXXXXJ Ceramic 
MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 
MC74HCXXXXDT TSSOP 

PIN ASSIGNMENT 

XA [ 1- 14 o VCC 

YA [ 2 13 
o AON/OFF 

CONTROL 

YB [ 3 12 J DON/OFF 
CONTROL 

XB [ 4 11 o XD 
BON/OFF [ 
CONTROL 5 10 ~ YD 
CON/OFF [ 6 9 ~ Yc 
CONTROL [ 

GND 7 8 D Xc 

FUNCTION TABLE 

On/Off Control State of 
Input Analog Switch 

L Off 
H On 
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MAXIMUM RATINGS· 

Symbol Parameter Value 

VCC Positive DC Supply Voltage (Referenced to GND) - 0.5 to + 14.0 

VIS Analog Input Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

Vin Digital Input Voltage (Referenced to GND) -1.5 to VCC + 1.5 

I DC Current Into or Out of Any Pin ±25 

PD Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 
SOIC Packaget 500 

TSSOP Packaget 450 

Tstg Storage Temperature -65to+150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP, SOIC or TSSOP Package) 260 

(Ceramic DIP) 300 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW/'C from 65° to 125'C 
Ceramic DIP: -10 mW/'C from 100' to 125'C 
SOIC Package: - 7 mW/'C from 65' to 125°C 
TSSOP Package: - 6.1 mW/oC from 65° to 125°C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter 

VCC Positive DC Supply Voltage (Referenced to GND) 

VIS Analog Input Voltage (Referenced to GND) 

Vin Digital Input Voltage (Referenced to GND) 

VIO' Static or Dynamic Voltage Across Switch 

TA Operating Temperature, All Package Types 

tr,tf Input Rise and Fall Time, ON/OFF Control 
Inputs (Figure 10) VCC=2.0V 

VCC=4.5V 
VCC=9.0V 

VCC= 12.0V 

Min Max 

2.0 12.0 

GND VCC 

GND VCC 

- 1.2 

-55 + 125 

0 1000 
0 500 
0 400 
0 250 

Unit 

V 

V 

V 

mA 

mW 

°c 

°c 

Unit 

V 

V 

V 

V 

°c 

ns 

• For voltage drops across the sWitch greater than 1.2 V (switch on), excessive VCC current may 
be drawn; i.e., the current out of the switch may contain both VCC and switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 

DC ELECTRICAL CHARACTERISTIC Digital Section (Voltages Referenced to GND) 

Symbol Parameter Test Conditions 

VIH Minimum High-Level Voltage Ron = Per Spec 
ON/OFF Control Inputs 

VIL Maximum Low-Level Voltage Ron = Per Spec 
ON/OFF Control Inputs 

lin Maximum Input Leakage Current Vin = VCC or GND 
ON/OFF Control Inputs 

ICC Maximum Quiescent Supply Vin = VCC or GND 
Current (per Package) VIO=OV 

NOTE: Information on tYPical parametric values can be found In Chapter 2. 

High-Speed CMOS Logic Data 
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VCC 
V 

2.0 
4.5 
9.0 
12.0 

2.0 
4.5 
9.0 
12.0 

12.0 

6.0 
12.0 

MC5417 4HC4066 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND ,; (Vin or Vout) ,; VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus . 

Guaranteed Limit 

-55to 
25°C ,; 85°C ,; 125'C Unit 

1.5 1.5 1.5 V 
3.15 3.15 3.15 
6.3 6.3 6.3 
8.4 8.4 8.4 

0.3 0.3 0.3 V 
0.9 0.9 0.9 
1.8 1.8 1.8 
2.4 2.4 2.4 

±0.1 ±1.0 ± 1.0 IlA 

2 20 40 llA 
8 80 160 
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND) 

Guaranteed Limit 

VCC -55to 
Symbol Parameter Test Conditions V 25°C :s; 85°C :s; 125°C Unit 

Ron Maximum "ON" Resistance Vin=VIH 2.0t - - - Q 

VIS = VCC to GND 4.5 170 215 255 
IS :s; 2.0 mA (Figures 1, 2) 9.0 85 106 130 

12.0 85 106 130 

Vin=VIH 2.0 - - -
VIS = VCC or GND (Endpoints) 4.5 85 106 130 
IS :s; 2.0 mA (Figures 1, 2) 9.0 63 78 95 

12.0 63 78 95 

ARon Maximum Difference in "ON" Vin =VIH 2.0 - - - Q 
Resistance Between Any Two VIS = 1/2 (VCC - GND) 4.5 30 35 40 
Channels in the Same Package IS:S; 2.0mA 9.0 20 25 30 

12.0 20 25 30 

loff Maximum Off-Channel leakage Vin =V,l 12.0 0.1 0.5 1.0 ~A 
Current, Any One Channel VIO = VCC or GND 

Switch Off (Figure 3) 

Ion Maximum On-Channel leakage Vin =VIH 12.0 0.1 0.5 1.0 ~A 
Current, Any One Channel V'S = VCC or GND 

(Figure 4) 

tAt supply voltage (VCC - GND) approaching 2 V the analog sWltch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 

NOTE: Information on typical parametric values can be found in Chapter 2. 

AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, ON/OFF Control Inputs: tr = tf = 6 ns) 

Guaranteed Limit 

VCC -55to 
Symbol Parameter V 25°C :s; 85°C :s; 125°C Unit 

tPlH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 50 65 75 ns 
tpHl (Figures 8 and 9) 4.5 10 13 15 

9.0 10 13 15 
12.0 10 13 15 

tPlZ, Maximum Propagation Delay, ON/OFF Control to Analog Output 2.0 150 190 225 ns 
tPHZ (Figures 10 and 11) 4.5 30 38 45 

9.0 30 30 30 
12.0 30 30 30 

tPZl, Maximum Propagation Delay, ON/OFF Control to Analog Output 2.0 125 160 185 ns 
tpZH (Figures 10 and 1 1) 4.5 25 32 37 

9.0 25 32 37 
12.0 25 32 37 

C Maximum Capacitance ON/OFF Control Input - 10 10 10 pF 

Control Input = GND 
Analog I/O - 35 35 35 

Feedthrough - 1.0 1.0 1.0 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

Typical @ 25'C, VCC = 5.0 V 

Power Dissipation Capacitance (Per Switch) (Figure 13,. 15 

• Used to determine the no-load dynamic power consumption: PD = CPD VCC2f + ICC VCC. For load considerations, see Chapter 2. 
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ADDITIONAL APPLICATION CHARACTERISTICS (Voltages Referenced to GND Unless Noted) 

Symbol Parameter Test Conditions 

BW Maximum On-Channel Bandwidth or fin = 1 MHz Sine Wave 
Minimum Frequency Response Adjust fin Voltage to Obtain 0 dBm at VOS 

(Figure 5) Increase fin Frequency Until dB Meter Reads - 3 dB 
RL=50Q,CL=10pF 

- Off-Channel Feedthrough Isolation fin == Sine Wave 
(Figure 6) Adjust fin Voltage to Obtain 0 dBm at VIS 

fin = 10 kHz, RL = 600 Q, CL = 50 pF 

fin = 1.0 MHz, RL = 50 Q, CL = 10 pF 

- Feedthrough Noise, Control to Vin s 1 MHz Square Wave (tr = tf = 6 ns) 
Switch Adjust RL at Setup so that IS = 0 A 

(Figure 7) RL = 600 Q, CL = 50 pF 

RL=10kQ,CL=10pF 

- Crosstalk Between Any Two Switches fin == Sine Wave 
(Figure 12) Adjust fin Voltage to Obtain 0 dBm at VIS 

fin = 10 kHz, RL = 600 Q, CL = 50 pF 

fin = 1.0 MHz, RL = 50 Q, CL = 10 pF 

THD Total Harmonic Distortion fin = 1 kHz, RL = 10 kQ, CL = 50 pF 
(Figure 14) THD = THDMeasured - THDSource 

VIS = 4.0 Vpp sine wave 
VIS = 8.0 Vpp sine wave 

VIS = 11.0 Vpp sine wave 

" Guaranteed limits not tested. Determined by design and verified by qualification. 
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Limit" 
VCC 25'C 

V 54n4HC Unit 

4.5 150 MHz 
9.0 160 

12.0 160 

4.5 -50 dB 
9.0 -50 
12.0 -50 

4.5 -40 
9.0 -40 
12.0 -40 

4.5 60 mVpp 
9.0 130 
12.0 200 

4.5 30 
9.0 65 
12.0 100 

4.5 -70 dB 
9.0 -70 
12.0 -70 

4.5 -80 
9.0 -80 
12.0 -80 

% 

4.5 0.10 
9.0 0.06 
12.0 0.04 
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Figure 1a. Typical On Resistance, Vee = 2.0 V 
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Figure 1c. Typical On Resistance, Vee = 6.0 V 

80 

70 

60 

50 

40 

30 

~ - 25'C 
I,...---- ~ - -- J-

55'C 

20 

10 

00 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 

Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO GND 

12 

Figure 1e. Typical On Resistance, Vee = 12 V 
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Figure 1b. Typical On Resistance, Vee = 4.5 V 
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Figure 1d. Typical On Resistance, Vee = 9.0 V 
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+ 

ANALOG IN 

....------1==:::::;-- VCC 
DEVICE 

UNDER TEST 

COMMON OUT 

-= GND 

Figure 2. On Resistance Test Set-Up 
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Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 

fin 0--11---;-1 
O.1IlF 

"Includes all probe and jig capacitance. 

Figure 5. Maximum On-Channel Bandwidth 
Test Set-Up 

VCC/2 Vcc VCC/2 

Vin:51 MHz 
Ir =lf=6ns -= 

Vcc-n n 
GND --l LJ L CONTROL _____ -' 

"Includes all probe and jig capacitance. 

Figure 7. Feedthrough Noise, ON/OFF Control to 
Analog Out, Test Set-Up 
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Vcc 
Vcc 

I-+----N/C 

7 

Figure 4. Maximum On Channel Leakage Current, 
Test Set-Up 

fin 0--11--+--;-1 
O.1IlF 

SELECTED 
CONTROL 
INPUT 

7 

Vas 

"Includes all probe and jig capacitance. 

Figure 6. Off-Channel Feedthrough Isolation, 
Test Set-Up 

'------- GND 

Figure 8. Propagation Delays, Analog In to 
Analog Out 
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S1. TEST 
HI---.--o POINT 

'Includes all probe and jig capacitance. 

Figure 9. Propagation Delay Test Set-Up 

CD 
® 

POSITION CD WHEN TESTING tPHZ AND tPZH 

-= POSITION ® WHEN TESTING tPlZ AND tpZl 

VCC 
VCC 14 1k.Q 

TEST 
POINT 

I 
Cl' 

'Includes all probe and jig capacitance. 

Figure 11. Propagation Delay Test Set-Up 

NlC---+i I-I----NIC 

..f1.IL ONIOFF CONTROL __ ----' 

Figure 13. Power Dissipation Capacitance 
Test Set-Up 
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tf 

tpZl 

tpZH 

Ir=----GND 

HIGH 
IMPEDANCE 

HIGH 
IMPEDANCE 

Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 

VCCORGND 

SELECTED 
'-----1I---i CONTROL 

INPUT 

VCCI2 

'Includes all probe and jig capacitance. 

VOS 

Figure 12. Crosstalk Between Any Two Switches, 
Test Set-Up 

TO 
I-Hr--~-o DISTORTION 

METER 

'Includes all probe and jig capacitance. 

Figure 14. Total Harmonic Distortion, Test Set-Up 
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-20 

-30 I 
-40 

E 
lD -50 -c 

-60 , - - \ - - - --
DEVICE 

Ie:-- SOURCE 
-70 

-80 v J\ A 1\1\ " 
-90 

I 
I 'I' r, , rp " ~ "IF J , 

1.0 2.0 

FREQUENCY (kHz) 

3.0 

Figure 15. Plot, Harmonic Distortion 

APPLICATION INFORMATION 

The ON/OFF Control pins should be at VCC or GND logic 
levels, Vec being recognized as logic high and GND being 
recognized as a logic low. Unused analog inputs/outputs 
may be left floating (not connected). However, it is advisable 
to tie unused analog inputs and outputs to Vec or GND 
through a low value resistor. This minimizes crosstalk and 
feedthrough noise that may be picked-up by the unused 1/0 
pins. 

The maximum analog voltage swings are determined by 
the supply voltages VCC and GND. The positive peak analog 
voltage should not exceed Vec. Similarly, the negative peak 
analog voltage should not go below GND. In the example 

VCC=12V 

+ 12 V - f\ . ANALOG 1/0 

OV-' V 
ANALOG 011 f\ :- + 12 V 

. V- OV 

} 
OTHER CONTROL 

INPUTS 
(VCCORGND) 

Figure 16. 12 V Application 
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below, the difference between Vce and GND is twelve volts. 
Therefore, using the configuration in Figure 16, a maximum 
analog signal of twelve volts peak-to-peak can be con
trolled. 

When voltage transients above Vce and/or below GND 
are anticipated on the analog channels, external diodes (Ox) 
are recommended as shown in Figure 17. These diodes 
should be small signal, fast turn-on types able to absorb the 
maximum anticipated current surges during clipping. An [3J 
alternate method would be to replace the Ox diodes with 3 
MO-sorbs (Motorola high current surge protectors). . 
MO-sorbs are fast turn-on devices ideally suited for precise 
DC protection with no inherent wear out mechanism. 

':" 
VCC SELECTED 

'-----I CONTROL 
INPUT 

7 
} 

OTHER CONTROL 
INPUTS 

(VCCOR GND) 

Figure 17. Transient Suppressor Application 
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+5V +5V 

I 
ANALOG{= 14 -
SIGNALS .= = -

} ANALOG ANALOG { 14 } ANALOG 
SIGNALS SIGNALS SIGNALS 

R' R' R' R' HC4016 
LSnU ~ . ?-
NMOS 5 

6 }=.x 14 INPUTS 

15 7 

r-HCT-' 
HC4016 

LSnU I BUFFER I 
NMOS I I 

..L R' = 2 TO 10 k.Q ..L 
a. Using Pull-Up Resistors b. Using HCT Buffer 

CHANNEL 4 

CHANNEL 3 

CHANNEL 2 

CHANNELl 

MOTOROLA 

Figure 18. LSTTUNMOS to HCMOS Interface 

VDD=5 V VCC=5T012V 

ANALOG { 14 } ANALOG 
SIGNALS SIGNALS 

HC4016 

7 MC14504 2 

9 4 6 }=~ 11 6 14 INPUTS 

10 . 15 . 7 

Figure 19. TTUNMOS-to-CMOS Level Converter 
Analog Signal Peak-to-Peak Greater than 5 V 

1 2 3 4 

CONTROL INPUTS 

(Also see HC4316) . 

COMMON 110 

INPUT 
10F4 

SWITCHES 

>---OUTPUT 

rO.01f!F 

Figure 20. 4-lnput Multiplexer Figure 21. Sample/Hold Amplifier 
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SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
Quad Analog Switch/ 
Multiplexer/Demultiplexer 
High-Performance Silicon-Gate CMOS 

The MC54/74HC4066A utilizes silicon-gate CMOS technology to 
achieve fast propagation delays, low ON resistances, and low OFF
channel leakage current. This bilateral switch/multiplexer/demultiplexer 
controls analog and digital voltages that may vary across the full 
power-supply range (from VCC to GND). 

The HC4066A is identical in pinout to the metal-gate CMOS MC14016 
and MC14066. Each device has four independent switches. The device 
has been designed so that the ON resistances (RON) are much more 
linear over input voltage than RON of metal-gate CMOS analog switches. 

This device is identical in both function and pinout to the HC4016A. 
The ON/OFF control inputs are compatible with standard CMOS outputs; 
with pull up resistors, they are compatible with LSTTL outputs. For analog 
switches with voltage-level translators, see the HC4316A. 

• Fast Switching and Propagation Speeds 
• High ON/OFF Output Voltage Ratio 
• Low Crosstalk Between Switches 
• Diode Protection on All Inputs/Outputs 
• Wide Power-Supply Voltage Range (VCC - GND) = 2.0 to 12.0 Volts 
• Analog Input Voltage Range (VCC - GND) = 2.0 to 12.0 Volts 
• Improved Linearity and Lower ON Resistance over Input Voltage than 

the MC14016 or MC14066 or HC4016A 

• Low Noise 
• Chip Complexity: 44 FETs or 11 Equivalent Gates 

LOGIC DIAGRAM 

XA~YA 
A ON/OFF CONTROL ~ 

XB~YB 
B ON/OFF CONTROL ~ 

XC~YC 
C ON/OFF CONTROL ~ 

XO~YO 

ANALOG 
OUTPUTS/INPUTS 

~ .. , .. ~~. o ON/OFF CONTROL ANALOG INPUTS/OUTPUTS = XA, XB, XC, Xo 
PIN 14= VCC 
PIN 7 = GNO 

MC54/74HC4066A 

J SUFFIX 
CERAMIC PACKAGE 

CASE 632-0B 

N SUFFIX 
PLASTIC PACKAGE 

CASE 646-06 

DSUFFIX 
SOIC PACKAGE 
CASE 751A-03 

DTSUFFIX 
TSSOP PACKAGE 

CASE 948G-01 

ORDERING INFORMATION 

MC54HCXXXXAJ Ceramic 
MC74HCXXXXAN Plastic 
MC74HCXXXXAD SOIC 
MC74HCXXXXADT TSSOP 

PIN ASSIGNMENT 

XA [ 1· 14 ~ VCC 

YA [ 2 13 P A ON/OFF 
CONTROL 

YB [ 3 12 ~ 0 ON/OFF 
CONTROL 

XB [ 4 11 ~ Xo 
BON/OFF [ 

5 10 ~ YO CONTROL 
CON/OFF r 6 9 P YC 
CONTROL 

GNO 7 8 ~ Xc 

FUNCTION TABLE 

On/Off Control State of 
Input Analog Switch 

L Off 
H On 

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

10195 
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MAXIMUM RATINGS· 

Symbol Parameter Value 

VCC Positive DC Supply Voltage (Referenced to GND) -0.5 to + 14.0 

VIS Analog Input Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

Vin Digital Input Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

I DC Current Into or Out of Any Pin ±25 

PD Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 
SOIC Packaget 500 

TSSOP Packaget 450 

Tstg Storage Temperature -65to+150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP, SOIC or TSSOP Package) 260 

(Ceramic DIP) 300 . MaXimum Ratings are those values beyond which damage to the deVice may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: - 10 mW/'C from 65' to 125'C 
Ceramic DIP: -10 mW/'C from 100' to 125'C 
SOIC Package: -7 mW/'C from 65' to 125'C 
TSSOP Package: -6.1 mW/'C from 65' to 125'C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter 

VCC Positive DC Supply Voltage (Referenced to GND) 

VIS Analog Input Voltage (Referenced to GND) 

Vin Digital Input Voltage (Referenced to GND) 

VIO' Static or Dynamic Voltage Across Switch 

TA Operating Temperature, All Package Types 

tr,tf Input Rise and Fall Time, ON/OFF Control 
Inputs (Figure 10) VCC=2.0V 

VCC=3.0V 
VCC = 4.5 V 
VCC=9.0V 

VCC= 12.0V 

Min Max 

2.0 12.0 

GND VCC 

GND VCC 

- 1.2 

-55 + 125 

0 1000 
0 600 
0 500 
0 400 
0 250 

Unit 

V 

V 

V 

mA 

mW 

'c 
'c 

Unit 

V 

V 

V 

V 

'c 
ns 

. For voltage drops across the sWitch greater than 1.2 V (switch on), excessive V CC current may 
be drawn; I.e., the current out olthe switch may contain both VCC and switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 

DC ELECTRICAL CHARACTERISTIC Digital Section (Voltages Referenced to GND) 

VCC 
Symbol Parameter Test Conditions V 

VIH Minimum High-Level Voltage Ron = Per Spec 2.0 
ON/OFF Control Inputs 3.0 

4.5 
9.0 

12.0 

VIL Maximum Low-Level Voltage Ron = Per Spec 2.0 
ON/OFF Control Inputs 3.0 

4.5 
9.0 
12.0 

lin Maximum Input Leakage Current Vin = VCC or GND 12.0 
ON/OFF Control Inputs 

ICC Maximum Quiescent Supply Vin = VCC or GND 6.0 
Current (per Package) VIO =OV 12.0 

NOTE: Information on tYPical parametric values can be found In Chapter 2. 

MOTOROLA :Hl54 

This device contains protection 
cirCUitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND ~ (Vin or Vout) ~ VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus . 

Guaranteed Limit 

-55to 
25'C· 

1.5 
2.1 

3.15 
6.3 
8.4 

0.5 
0.9 
1.35 
2.7 
3.6 

±0.1 

2 
4 

~ 85'C ~ 125'C Unit 

1.5 1.5 V 
2.1 2.1 
3.15 3.15 
6.3 6.3 
8.4 8.4 

0.5 0.5 V 
0.9 0.9 
1.35 1.35 
2.7 2.7 
3.6 3.6 

±1.0 ± 1.0 I1A 

20 40 ItA 
40 160 

High-Speed CMOS Logic Data 
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND) 

Guaranteed Limit 

Vce -55to 
Symbol Parameter Test Conditions V 25°e ,; 85°C :5 125°C Unit 

Ron Maximum "ON" Resistance Vin=VIH 2.0t - - - Q 

VIS = VCC to GND 3.0t - - -
IS ,; 2.0 rnA (Figures 1, 2) 4.5 120 160 200 

9.0 70 85 100 
12.0 70 85 100 

Vin=VIH 2.0 - - -
VIS = VCC or GND (Endpoints) 3.0 - - -
IS :5 2.0 rnA (Figures 1, 2) 4.5 70 85 100 

9.0 50 60 80 
12.0 30 60 80 

ARon Maximum Difference in "ON" Vin=VIH 2.0 - - - Q 
Resistance Between Any Two VIS = 1/2 (VCC - GND) 4.5 20 25 30 
Channels in the Same Package IS'; 2.0 rnA 9.0 15 20 25 

12.0 15 20 25 

loff Maximum Off-Channel leakage Vin = Vil 12.0 0.1 0.5 1.0 llA 
Current, Any One Channel VIO = VCC or GND 

Switch Off (Figure 3) 

Ion Maximum On-Channel leakage Vin=VIH 12.0 0.1 0.5 1.0 llA 
Current, Any One Channel VIS = VCC or GND 

(Figure 4) 

tAt supply voltage (VCC) approaching 3 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 

NOTE: Information on typical parametric values can be found in Chapter 2. 

AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, ON/OFF Control Inputs: tr = tf = 6 ns) 

Guaranteed Limit 

Vec -55to 
Symbol Parameter V 25°C ,; 85°C ,; 125°C Unit 

tPlH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 40 50 60 ns 

tpHl (Figures 8 and 9) 3.0 30 40 50 
4.5 5 7 8 
9.0 5 7 8 
12.0 5 7 8 

tpLZ, Maximum Propagation Delay, ON/OFF Control to Analog Output 2.0 80 90 110 ns 

tpHZ (Figures 10 and 11) 3.0 60 70 80 
4.5 20 25 35 
9.0 20 25 35 
12.0 20 25 35 

tpZl, Maximum Propagation Delay, ON/OFF Control to Analog Output 2.0 80 90 100 ns 

tpZH (Figures 10 and 11) 3.0 45 50 60 
4.5 20 25 30 
9.0 20 25 30 
12.0 20 25 30 

C Maximum Capacitance ON/OFF Control Input - 10 10 10 pF 

Control Input = GND 
Analog 110 - 35 35 35 

Feedthrough - 1.0 1.0 1.0 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

Typical @ 25°C, VCC = 5.0 V 

Power Dissipation Capacitance (Per Switch) (Figure 13)' 15 

• Used to determine the no-load dynamic power consumption: PD = CPD VCC2f + ICC VCC. For load considerations, see Chapter 2. 

High-Speed CMOS logic Data 
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ADDITIONAL APPLICATION CHARACTERISTICS (Voltages Referenced to GND Unless Noted) 

Symbol Parameter Test Conditions 

BW Maximum On-Channel Bandwidth or fin = 1 MHz Sine Wave 
Minimum Frequency Response Adjust fin Voltage to Obtain 0 dBm at VOS 

(Figure 5) Increase fin Frequency Until dB Meter Reads - 3 dB 
RL=50n,CL=10pF 

- Off-Ghannel Feedthrough Isolation fin =0 Sine Wave 
(Figure 6) Adjust fin Voltage to Obtain 0 dBm at VIS 

fin = 10 kHz, RL = 600 n, CL = 50 pF 

fin = 1.0 MHz, RL = 50 n, CL = 10 pF 

- Feedthrough Noise, Control to Vin s 1 MHz Square Wave (tr = tf = 6 ns) 
Switch Adjust RL at Setup so that IS = 0 A 

(Figure 7) 'RL = 600 n, CL = 50 pF 

RL= 10kn, CL= 10pF 

- Crosstalk Between Any Two Switches 'in =0 Sine Wave 
(Figure 12) Adjust fin Voltage to Obtain 0 dBm at VIS 

fin = 10 kHz, RL = 600 n, CL = 50 pF 

fin = 1.0 MHz, RL = 50 n. CL = 10 pF 

THD Total Harmonic Distortion fin=l kHz,RL=10kn,CL=50pF 
(Figure 14) THD = THDMeasured - THDSource 

VIS = 4.0 Vpp sine wave 
VIS = 8.0 Vpp sine wave 

VIS = 11.0 Vpp sine wave 
.. .. 

, Guaranteed limits not tested. Determined by deSign and verified by qualification . 

MOTOROLA 3-656 

Limit' 
VCC 25°C 

V 54174HC Unit 

4.5 150 MHz 
9.0 160 
12.0 160 

4.5 -50 dB 
9.0 -50 
12.0 -50 

4.5 -40 
9.0 -40 
12.0 -40 

4.5 60 mVpp 
9.0 130 
12.0 200 

4.5 30 
9.0 65 
12.0 100 

4.5 -70 dB 
9.0 -70 

12.0 -70 

4.5 -80 
9.0 -80 
12.0 -80 

% 

4.5 0.10 
9.0 0.06 
12.0 0.04 
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TBD 

Figure 1a. Typical On Resistance, Vee = 2.0 V 

TBD 

Figure 1c. Typical On Resistance, Vee = 6.0 V 

TBD 

Figure 1e. Typical On Resistance, Vee = 12 V 
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TBD 

Figure 1 b. Typical On Resistance, Vee = 4.5 V 

TBD 

Figure 1d. Typical On Resistance, Vee = 9.0 V 

PROGRAMMABLE 
POWER 
SUPPLY 

+ 

ANALOG IN 

r---=I;;=;-- VCC 
DEVICE 

UNDER TEST 

DC ANALYZER 

COMMON OUT 

Figure 2. On Resistance Test Set-Up 
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Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 

lin o-j I---t-l 
O.1I1F 

"Includes all probe and jig capacitance. 

Figure 5. Maximum On-Channel Bandwidth 
Test Set-Up 

VCC/2 VCC VCC/2 

Vin~ 1 MHz 
tr=tl=6ns '-= Vcc-n n 

GND -' L.J L CONTROL _____ ---' 

"Includes all probe and jig capacitance. 

Figure 7. Feedthrough Noise, ON/OFF Control to 
Analog Out, Test Set-Up 

MOTOROLA :Hl58 

Vcc 
Vcc 

I-+----N/C 

7 

Figure 4. Maximum On Channel Leakage Current, 
Test Set-Up 

Vs 

lin o-j I--+--t-l 
O.1I1F 

SELECTED 
CONTROL 
INPUT 

7 

Vos 

"Includes all probe and jig capacitance. 

Figure 6. Off-Channel Feedthrough Isolation, 
Test Set-Up 

-Vcc 

'------GND 

ANALOGOI,IT 

Figure 8. Propagation Delays, Analog In to 
Analog Out 
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TEST 
1-+---.--0 POINT 

'Includes all probe and jig capacitance. 

Figure 9. Propagation Delay Test Set-Up 

CD 
® 

POSITION CD WHEN TESTING tpHZ AND tpZH 

-= POSITION ® WHEN TESTING tPlZ AND tPZl 

VCC 
VCC 14 1kQ 

TEST 
POINT 

I 
Cl' 

'Includes all probe and jig capacitance. 

Figure 11. Propagation Delay Test Set-Up 

N/C----H 1-t----NlC 

..J1.J"L ON/OFF CONTROL __ ----' 

Figure 13. Power Dissipation Capacitance 
Test Set-Up 
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11'=-----GND 

tpZl 

tpZH 

HIGH 
IMPEDANCE 

HIGH 
IMPEDANCE 

Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 

VCCORGND 

SELECTED 
1..----1_-1 CONTROL 

INPUT 

7 

VCC/2 

VCC/2 

'Includes all probe and jig capacitance. 

Vas 

Figure 12. Crosstalk Between Any Two Switches, 
Test Set-Up 

TO 
I--~~~"--O DISTORTION 

METER 

'Includes all probe and jig capacitance. 

Figure 14. Total Harmonic Distortion, Test Set-Up 
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-90 
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, - - - - - - - -t- - - j - -
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I' W V\,; WI, W1MAll J.J. lJ~ 
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3.0 

Figure 15. Plot, Harmonic Distortion 

APPLICATION INFORMATION 

The ON/OFF Control pins should be at Vee or GND logic 
levels, Vee being recognized as logic high and GND being 
recognized as a logic low. Unused analog inputs/outputs 
may be left floating (not connected). However, it is advisable 
to tie unused analog inputs and outputs to Vee or GND 
through a low value resistor. This minimizes crosstalk and 
feedthrough noise that may be picked-up by the unused I/O 
pins. 

The maximum analog voltage swings are determined by 
the supply voltages Vee and GND. The positive peak analog 
voltage should not exceed Vee. Similarly, the negative peak 
analog voltage should not go below GND. In the example 

VCC=12V 

+ 12 V - f\ . ANALOG 1/0 

OV-- V 
ANALOG 011 f\ - + 12 V 

. V- OV 

MOTOROLA 

} 
OTHER CONTROL 

INPUTS 
(VCCOR GND) 

Figure 16. 12 V Application 

3-660 

below, the difference between Vee and GND is twelve volts. 
Therefore, using the configuration in Figure 16, a maximum 
analog signal of twelve volts peak-to-peak can be con
trolled. 

When voltage transients above Vee and/or below GND 
are anticipated on the analog channels, external diodes (Dx) 
are recommended as shown in Figure 17. These diodes 
should be small signal, fast turn-on types able to absorb the 
maximum anticipated current surges during clipping. An 
alternate method would be to replace the Dx diodes with 
MO.sorbs (Motorola high current surge protectors). 
MO.sorbs are fast turn-on devices ideally suited for precise 
DC protection with no inherent wear out mechanism. 

-= VCC SELECTED 
'-----I CONTROL 

INPUT 

7 
} 

OTHER CONTROL 
INPUTS 

(VCCOR GND) 

Figure 17. Transient Suppressor Application 
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MC54/74HC4066A 

+5V 

I 
ANALOG {= 14 

SIGNALS .= 
R' R' R' R' HC4016 

LSTTU ?- ?- > 
NMOS 5 

. }am", 
14 INPUTS 

15 
7 

..L R'=2T010kQ ..L 

-= -
} ANALOG 

SIGNALS 

+5 V 

LSTTU 
NMOS 

ANALOG { 14 

SIGNALS 

r-HCT-' HC4016 
I BUFFER I 
I I 

a, Using Pull-Up Resistors b, Using HCT Buffer 

Figure 18. LSTTUNMOS to HCMOS Interface 

CHANNEL 4 

. CHANNEL3 

CHANNEL 2 

Voo =5 V VCC=5TOI2V 

ANALOG { 14 
} ANALOG 

SIGNALS SIGNALS 

HC4016 

5 7 MC14504 1-=2:..-____ ....::...j 

4 
} CONOIDl 

14 INPUTS 

15 7 

11 

14L-~~-1~10~------~~~~~ 

Figure 19. TTUNMOS-to-CMOS Level Converter 
Analog Signal Peak-to-Peak Greater than 5 V 

(Also see HC4316A) 

COMMON 110 

} ANALOG 
SIGNALS 

CHANNEL 1 10F4 >----4>-- OUTPUT 

1 2 3 4 
CONTROL INPUTS 

Figure 20. 4-lnput Multiplexer 
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INPUT SWITCHES 1-.....,.--1 

rO.01/1F 

Figure 21. SamplelHold Amplifier 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Triple 3-lnput OR Gate 
High-Performance Silicon-Gate CMOS 

The MC74HC4075 is identical in pinout to the MC14075B. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 
• Outputs Directly Interface to CMOS, NMOS, and TTL 
• Operating Voltage Range: 2 to 6 V 
• Low Input Current: 1 ~A 
• High Noise Immunity Characteristic of CMOS Devices 
• In Compliance with the Requirements Defined by JEDEC Standard 

No.7A 
• Chip Complexity: 42 FETs or 10.5 Equivalent Gates 

10195 

LOGIC DIAGRAM 

Al 1 

Bl~Yl 
Cl~ 

A2 3 

B2~Y2 
C2~ 
A3 11 

B3~Y3 
C3~ 

PIN 14= Vcc 
PIN 7 = GND 

© Motorola, tnc. 1995 3-662 REV6 

MC74HC4075 

N SUFFIX 
PLASTIC PACKAGE 

CASE 646-06 

DSUFFIX 
sOle PACKAGE 
CASE 751A-03 

ORDERING INFORMATION 

MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 

PIN ASSIGNMENT 

At[ 1- 14 o Vcc 

Bl [ 2 13 ~ C3 

A2 [ 3 12 ~ B3 

B2 [ 4 11 pA3 

C2 [ 5 10 P Y3 

Y2 [ 6 9 ~ Yl 

GND [ 7 8 ~ Cl 

FUNCTION TABLE 

Inputs Output 

A B C y 

L L L L 
H X X H 
X H X H 
X X H H 

® MOTOROLA 



MAXIMUM RATINGS' 

Symbol Parameter Value 

VCC DC Supply Voltage (Referenced to GND) -0.5 to + 7.0 

Yin DC Input Voltage (Referenced to GND) -1.5 to VCC + 1.5 

Vout DC Output Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

lin DC Input Current, per Pin ±20 

lout DC Output Current, per Pin ±25 

ICC DC Supply Current, VCC and GND Pins ±50 

PD Power Dissipation in Still Air Plastic DIPt 750 
SOIC Packaget 500 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 260 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW;oC from 65° to 125°C 
SOIC Package: - 7 mW/oC from 65° to 125°C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Max 

VCC DC Supply Voltage (Referenced to GND) 2.0 6.0 

Yin, Vout DC Input Voltage, Output Voltage (Referenced to GND) 0 VCC 

TA Operating Temperature, All Package Types -55 + 125 

tr,tf Input Rise and Fall Time VCC~2.0V 0 1000 
(Figure 1) VCC ~ 4.5 V 0 500 

VCC~ 6.0V 0 400 

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 

Symbol Parameter Test Conditions 

VIH Minimum High-Level Input Vout~0.1 VorVcc-0.1 V 
Voltage "outl S; 20 IlA 

VIL Maximum Low-Level Input Vout~0.1 VorVcc-0.1 V 
Voltage "outl s; 20 IlA 

VOH Minimum High-Level Output Yin ~ VIH or VIL 
Voltage "outl S; 20 j.IA 

Yin ~ VIH or VIL "outl s; 4.0 mA 
"outl s; 5.2 mA 

VOL Maximum Low-Level Output Yin ~ VIH or VIL 
Voltage "outl S; 20 IlA 

Yin ~ VIH or VIL "outl S; 4.0 mA 
"outl s; 5.2 mA 

lin Maximum Input Leakage Current Yin ~ VCC or GND 

ICC Maximum Quiescent Supply Yin ~ VCC or GND 
Current (per Package) lout~ 0 IlA 

NOTE: Information on typical parametric values can be found In Chapter 2. 

High-Speed CMOS Logic Data 
DL129-Rev6 
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Unit 

V 

V 

V 

mA 

mA 

mA 

mW 

°c 

°c 

Unit 

V 

V 

°c 

ns 

VCC 
V 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

6.0 

6.0 

MC74HC4075 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Yin and 
Vout should be constrained to the 
range GND s; (Vin or Vout) s; VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 

Guaranteed Limit 

-55to 
25°C s; 85°C s; 125°C Unit 

1.5 1.5 1.5 V 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.3 0.3 0.3 V 
0.9 0.9 0.9 
1.2 1.2 1.2 

1.9 1.9 1.9 V 
4.4 4.4 4.4 
5.9 5.9 5.9 

3.98 3.84 3.70 
5.48 5.34 5.20 

0.1 0.1 0.1 V 
0.1 0.1 0.1 
0.1 0.1 0.1 

0.26 0.33 0.40 
0.26 0.33 0.40 

±0.1 ± 1.0 ±1.0 IlA 

2 20 40 j.IA 

MOTOROLA 



MC74HC4075 

AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input tr = tf = 6 ns) 

Guaranteed Limit 

Vee -55to 
Symbol Parameter V 25"e s; 85"e s; 125"e Unit 

tpLH, Maximum Propagation Delay, Input A, B, or C to Output Y 2.0 115 145 175 ns 
tpHL (Figures 1 and 2) 4.5 23 29 35 

6.0 20 25 30 

trLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns 

trHL (Figures 1 and 2) 4.5 15 19 22 
6.0 13 16 19 

Cin Maximum Input Capacitance - 10 10 10 pF 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

Typical @ 25°e, Vee = 5.0 V 

Power Dissipation Capacitance (Per Gate)" 26 

• Used to determine the no-load dynamic power consumption: PD = CPD VCC2f + ICC VCC. For load considerations, see Chapter 2. 

INPUT 
A,BORC 

OUTPUTY 

MOTOROLA 

-VCC 

""----- GND 

ITHL 

Figure 1. Switching Waveforms 

EXPANDED LOGIC DIAGRAM 
(1/3 of the Device) 

A---~~""" 

B-----J.~/ 

C-----j 

3-664 

DEVICE 
UNDER 
TEST 

TEST POINT 

OUTPUT 

• Includes all probe and jig capacitance 

Figure 2. Test Circuit 

Y 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

8-lnput NOR/OR Gate 
High-Performance Silicon-Gate CMOS 

The MC74HC4078 is similar to the CD4078B metal-gate CMOS device. 
The device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 
• Outputs Directly Interface to CMOS, NMOS, and TTL 
• Operating Voltage Range: 2 to 6 V 
• Low Input Current: 1 IlA 
• High Noise Immunity Characteristic of CMOS Devices 
• In Compliance with the Requirements Defined by JEDEC Standard 

NO.7A 
• Chip Complexity: 30 FETs or 7.5 Equivalent Gates 

10195 

LOGIC DIAGRAM 

A_.;.2_-\ 
B_.::-3_-I 
C_-;,4_-+-__ 
D_",,5_-\ 

9 
E -'1*"0 --I 

o-....... ---=-Y 
F --!7-----f---
G --;1.;,-1 _-I 
H--!l:o,2_-I 

Y=AtBtCtDtEtFtG+H 
X=A+B+C+D+E+F+G+H 

PIN 14=VCC 
PIN 7 =GND 
PINS 6, 8 = NO CONNECTION 

x 

© Motorola, Inc. 1995 3-665 REV 6 

MC74HC4078 

N SUFFIX 
PLASTIC PACKAGE 

CASE 646-06 

DSUFFIX 
SOIC PACKAGE 
CASE 751A-03 

ORDERING INFORMATION 

MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 

PIN ASSIGNMENT 

X[ 1- 14 ~ VCC 

A [ 2 13 OY 

B[ 3 12 OH 

C [ 4 11 JG 

D [ 5 10 OF 

NC [ 6 9JE 
GND [ 7 8 j NC 

NC = NO CONNECTION 

FUNCTION TABLE 

Outputs 

Inputs A through H y X 

All Inputs L H L 
All Other Combinations L H 

® MOTOROLA 



MC74HC4078 

MAXIMUM RATINGS· 

Symbol Parameter Value 

VCC DC Supply Voltage (Referenced to GND) -0.5to+7.0 

Yin DC Input Voltage (Referenced to GND) -1.5 to VCC + 1.5 

Vout DC Output Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

lin DC Input Current, per Pin ±20 

lout DC Output Current, per Pin ±25 

ICC DC Supply Current, VCC and GND Pins ±50 

PD Power Dissipation in Still Air Plastic DIPt 750 
SOIC Packaget 500 

Tstg Storage Temperature -65to+150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 260 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: - 10 mW/'C from 65' to 125'C 
SOIC Package: - 7 mW/'C from 65' to 125'C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Max 

VCC DC Supply Voltage (Referenced to GND) 2.0 6.0 

Yin, Vout DC Input Voltage, Output Voltage (Referenced to GND) 0 VCC 

TA Operating Temperature, All Package Types -55 + 125 

tr,tf Input Rise and Fall Time VCC = 2.0 V 0 1000 
(Figure 1) VCC =4.5 V 0 500 

VCC=6.0V 0 400 

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 

Symbol Parameter Test Conditions 

VIH Minimum High-Level Input Vout = 0.1 Vor VCC - 0.1 V 
Voltage lIoutl ,;; 20 ItA 

VIL Maximum Low-Level Input Vout=O.1 VorVCC-O.l V 
Voltage lIoutl ,;; 20 ItA 

VOH Minimum High-Level Output Yin = VIH or VIL 
Voltage Iioutl ,;; 20 ItA 

Yin = VIH or VIL lIoutl ,;; 4.0 mA 
lIoutl ,;; 5.2 mA 

VOL Maximum Low-Level Output Yin = VIH or VIL 
Voltage Iioutl ,;; 20 ItA 

Yin = VIH or VIL lIoutl ,;; 4.0 mA 
lIoutl ,;; 5.2 mA 

lin Maximum Input Leakage Current Yin = VCC or GND 

ICC Maximum Quiescent Supply Yin = VCC or GND 
Current (per Package) lout = 0 IlA 

NOTE: Information on typical parametric values can be found In Chapter 2. 

MOTOROLA 3--666 

Unit 

V 

·V 

V 

mA 

mA 

mA 

mW 

'c 
'c 

Unit 

V 

V 

'c 
ns 

Vee 
V 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

6.0 

6.0 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Yin and 
Vout should be constrained to the 
range GND ,;; (Vin or Vout) ,;; VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 

Guaranteed Limit 

-55to 
25'C 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
404 
5.9 

3.98 
5048 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

2 

,;; 85'C ,;; 125'C Unit 

1.5 1.5 V 
3.15 3.15 
4.2 4.2 

0.3 0.3 V 
0.9 0.9 
1.2 1.2 

1.9 1.9 V 
404 404 
5.9 5.9 

3.84 3.70 
5.34 5.20 

0.1 0.1 V 
0.1 0.1 
0.1 0.1 

0.33 DAD 
0.33 DAD 

± 1.0 ±1.0 ItA 
20 40 IlA 
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MC74HC4078 

AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input tr = tf = 6 ns) 

Guaranteed Limit 

Vee -55to 
Symbol Parameter V 25°e s 85°e s 125°e Unit 

tpLH, Maximum Propagation Delay, Any Input to Output Y 2.0 130 165 195 ns 
tpHL (Figures 1 and 3) 4.5 26 33 39 

6.0 22 28 33 

tpLH, Maximum Propagation Delay, Any Input to Output X 2.0 140 175 210 ns 

tpHL (Figures 2 and 3) 4.5 28 35 42 
6.0 24 30 36 

tTLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns 

trHL (Figures 1, 2, and 3) 4.5 15 19 22 
6.0 13 16 19 

Cin Maximum Input Capacitance - 10 10 10 pF 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values ran be found in Chapter 2. 

Typical @ 25'e, Vee = 5.0 V 

Power Dissipation Capacitance (Per (Package)' 29 

• Used to determine the no-load dynamic power consumption: Po = CPO VCC2f + ICC VCC. For load considerations, see Chapter 2. 

Figure 1. 

High-Speed CMOS Logic Data 
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SWITCHING WAVEFORMS 

-Vcc 

11<----GND 

tTLH 

DEVICE 
UNDER 
TEST 

tr 

ANY INPUT 

OUTPUT X 

TEST POINT 

OUTPUT 

• Includes all probe and jig capacitance 

Figure 3. Test Circuit 
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Figure 2. 

:-Vcc 

11'-----GND 

tTHL 
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MOTOROLA 

A ----'~-...... 

B-----:L_-' 

E ----''--'''-...... 

F-----:L_-' 

G 

H-----:L_-' 

EXPANDED LOGIC DIAGRAM 

Jr--., 

3-668 

x 

High-Speed CMOS Logic Data 
DL129-Rev6 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Quad Analog Switch/ 
Multiplexer/Demultiplexer with 
Separate Analog and Digital 
Power Supplies 
High-Performance Silicon-Gate CMOS 

The MC74HC4316 utilizes silicon-gate CMOS technology to achieve fast 
propagation delays, low ON resistances, and low OFF-channel leakage 
current. This bilateral switch/multiplexer/demultiplexer controls analog and 
digital voltages that may vary across the full analog power-supply range 
(from VCC to VEE). 

The HC4316 is similar in function to the metal-gate CMOS MC14016 and 
MC14066, and to the High-Speed CMOS HC4016 and HC4066. Each 
device has four independent switches. The device control and Enable inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. The device has been designed so that the 
ON resistances (RON) are much more linear over input voltage than RON of 
metal-gate CMOS analog switches. Logic-level translators are provided so 
that the On/Off Control and Enable logic-level voltages need only be VCC 
and GND, while the switch is passing signals ranging between VCC and VEE. 
When the Enable pin (active-low) is high, all four analog switches are turned 
off. 

o Logic-Level Translator for On/Off Control and Enable Inputs 
o Fast Switching and Propagation Speeds 
o High ON/OFF Output Voltage Ratio 
o Diode Protection on All Inputs/Outputs 
o Analog Power-Supply Voltage Range (VCC - VEE) = 2.0 to 12.0 Volts 
o Digital (Control) Power-Supply Voltage Range (VCC - GND) = 2.0 to 

6.0 Volts, Independent of VEE 
o Improved Linearity of ON Resistance 
o Chip Complexity: 66 FETs or 16.5 Equivalent Gates 

LOGIC DIAGRAM 

XA~l ________ -.~ 

A ON/OFF CONTROL 15 

XB --'-l--------4-<--I 

B ON/OFF CONTROL 

XC~10~ ________ ~~ 

C ON/OFF CONTROL 6 

XD~13~ ________ ~~ 

D ON/OFF CONTROL 14 

ENABLE 7 

ANALOG 
OUTPUTS/INPUTS 

PIN 16=VCC 
PIN 8=GND 
PIN9= VEE 
GND~VEE 

ANALOG INPUTS/OUTPUTS = XA, XB, XC, XD 

10195 

© Motorola. Inc. 1995 3-669 REV6 

MC74HC4316 

NSUFFIX 
PLASTIC PACKAGE 

CASE 648-08 

DSUFFIX 
SOIC PACKAGE 
CASE 7518-05 

ORDERING INFORMATION 

MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 

PIN ASSIGNMENT 

XA [ 1. 16 VCC 

VA [ 2 15 A ON/OFF 
J CONTROL 

VB [ 3 14 ] DON/OFF 
] CONTROL 

XB [ 4 13 XD 
BON/OFF [ 
CONTROL 5 12 ] VD 

CON/OFF [ 
CONTROL 

6 11 ]Yc 

ENABLE [ 7 10 Xc 

GND [ 8 9 ] VEE 

FUNCTION TABLE 
Inputs State of 

On/Off Analog 
Enable Control Switch 

L H On 
L L Off 
H X Off 

X = don't care 

® MOTOROI.A 



MC74HC4316 

MAXIMUM RATINGS' 

Symbol Parameter Value 

VCC Positive DC Supply Voltage (Ref. to GND) -0.5to+7.0 
(Ref. to VEE) -0.5 to + 14.0 

VEE Negative DC Supply Voltage (Ref. to GND) -7.0 to + 0.5 

VIS Analog Input Voltage VEE-O.S 
to VCC + 0.5 

Vin DC Input Voltage (Ref. to GND) -1.5to VCC + 1.5 

I DC Current Into or Out of Any Pin ±25 

PD Power Dissipation in Still Air Plastic DIPt 750 
SOIC Packaget 500 

Tstg Storage Temperature -65to+ 150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 260 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW/'C from 65' to 125'C 
SOIC Package: -7 mW/'C from 65' to 125'C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Max 

VC~ Positive DC Supply Voltage (Ref. to GND) 2.0 6.0 

VEE Negative DC Supply Voltage (Ref. to GND) -6.0 GND 

VIS Analog Input Voltage VEE VCC 

Vin Digital Input Voltage (Ref. to' GND) GND VCC 

VIO' Static or Dynamic Voltage Across Switch - 1.2 

TA Operating Temperature, All Package Types -55 +125 

tr,tf Input Rise and Fall Time VCC=2.0V 0 1000 
(Control or Enable Inputs) VCC=4.5V 0 500 

(Figure 10) VCC=6.0V 0 400 

Unit 

V 

V 

V 

V 

mA 

mW 

'c 
'c 

Unit 

V 

V 

V 

V 

V 

'c 
ns 

• For voltage drops across the switch greater than 1.2 V (switch on), excessive VCC current may 
be drawn; i.e., the current out olthe switch may contain both VCC and switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high--1mpedance cir
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND s (Vin or Vout) s VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 

DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) VEE = GND Except Where Noted 

Vec 
Symbol Parameter Test Conditions V 

VIH Minimum High-Level Voltage, Ron = Per Spec 2.0 
Control or Enable Inputs 4.5 

6.0 

VIL Maximum Low-Level Voltage, Ron = Per Spec 2.0 
Control or Enable Inputs 4.5 

6.0 

lin Maximum Input Leakage Vin = VCC or GND 6.0 
Current, Control or Enable VEE=-6.0V 
Inputs 

ICC Maximum Quiescent Supply Vin = VCC or GND 
Current (per Package) VIO=OV VEE=GND 6.0 

VEE=-6.0 6.0 

NOTE: Information on tYPical parametric values can be found In Chapter 2. 

MOTOROLA 3-670 

Guaranteed Limit 

-55to 
25'C 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

±0.1 

2 
8 

s 85'C s 125'C Unit 

1.5 1.5 V 
3.15 3.15 
4.2 4.2 

0.3 0.3 V 
0.9 0.9 
1.2 1.2 

±1.0 ±1.0 IlA 

IlA 
20 40 
80 160 

High-Speed CMOS Logic Data 
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MC74HC4316 

DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to VEE) 

Guaranteed Limit 

VCC VEe -55to 
Symbol Parameter Test Conditions V V 25'C :5 85'C :5 125'C Unit 

Ron Maximum "ON" Resistance Vin=VIH 2.0' 0.0 - - - n 
VIS = VCC to VEE 45 0.0 210 230 250 
IS :5 2.0 mA (Figures 1, 2) 4.5 -4.5 95 105 110 

6.0 -6.0 75 85 90 

Vin=VIH 2.0 0.0 - - -
VIS = VCC or VEE (Endpoints) 4.5 0.0 100 110 130 
IS :5 2.0 mA (Figures 1, 2) 4.5 -4.5 80 90 100 

6.0 -6.0 70 80 90 

!>Ron Maximum Difference in "ON" Vin=VIH 2.0 0.0 - - - n 
Resistance Between Any Two VIS = 1/2 (VCC - VEE) 4.5 0.0 20 30 40 
Channels in the Same Package IS :5 2.0 rnA 4.5 -4.5 15 25 30 

6.0 -6.0 10 20 25 

loff Maximum Off-Channel Leakage Vin=VIL 6.0 -6.0 0.1 0.5 1.0 IlA 
Current, Any One Channel VIO = VCC or VEE 

Switch Off (Figure 3) 

Ion Maximum On-Channel Leakage Vin=VIH 6.0 -6.0 0.1 0.5 1.0 IlA 
Current, Any One Channel VIS = VCC or VEE 

(Figure 4) 

• At supply voltage (VCC - VEE) approaching 2 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 

NOTE: Information on typical parametric values can be found in Chapter 2. 

AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Control or Enable tr = tf = 6 ns, VEE = GND) 

Guaranteed Limit 

VCC -55to 
Symbol Parameter V 25'C :5 85'C :5 125'C Unit 

tplH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 50 75 90 ns 
tpHl (Figures 8 and 9) 4.5 10 15 18 

6.0 10 13 15 

tpLZ, Maximum Propagation Delay, Control or Enable to Analog Output 2.0 250 312 375 ns 

tPHZ (Figures 10 and 11) 4.5 50 63 75 
6.0 43 54 64 

tpZl, Maximum Propagation Delay, Control or Enable to Analog Output 2.0 185 220 265 ns 
tpZH (Figures 10 and 11) 4.5 53 66 75 

6.0 45 56 68 

C Maximum Capacitance ONIOFF Control - 10 10 10 pF 
and Enable Inputs 

Control Input = GND 
Analog 1/0 - 35 35 35 

Feedthrough - 1.0 1.0 1.0 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

Typical @ 25'C, VCC = 5.0 V 

Power Dissipation Capacitance (Per Switch) (Figure 13)" 15 

• Used to determine the no-load dynamic power consumption: PD = CpD VCC2f + ICC VCC. For load considerations, see Chapter 2. 

High-Speed CMOS logic Data 
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MC74HC4316 

ADDITIONAL APPLICATION CHARACTERISTICS (GND = 0 V) 

Symbol Parameter Test Conditions 

BW Maximum On-Channel Bal)dwidth or fin = 1 MHz Sine Wave 
Minimum Frequency Response Adjust fin Voltage to Obtain 0 dBm at VOS 

(Figure 5) Increase fin Frequency Until dB Meter 
Reads-3 dB RL= 50 Q, CL= 10 pF 

- Off-Channel Feedthrough Isolation fin == Sine Wave 
(Figure 6) Adjust fin Voltage to Obtain 0 dBm at VIS 

fin = 10 kHz, RL = 600 Q, CL = 50 pF 

fin = 1.0 MHz, RL = 50 Q, CL = 10 pF 

- Feedthrough Noise, Control to Vin s 1 MHz Square Wave (tr = tf = 6 ns) 
Switch Adjust RL at Setup so that IS = 0 A 

(Figure 7) RL = 600 Q, CL = 50 pF 

RL = 10 kn, CL = 19 pF 

- Crosstalk Between Any Two fin == Sine Wave 
Switches Adjust fin Voltage to Obtain 0 dBm at VIS 

(Figure 12) fin = 10 kHz, RL = 600 Q, CL = 50 pF 

fin = 1.0 MHz, RL = 50 n, CL = 10 pF 

THD Total Harmonic Distortion fin = 1 kHz, RL = 10 kQ, CL = 50 pF 
(Figure 14) THD = THDMeasured - THDSource 

VIS = 4.0 Vpp sine wave 
VIS = 8.0 Vpp sine wave 

VIS = 11.0 Vpp sine wave 

• Limits not tested. Determined by design and venfied by qualification. 

MOTOROLA 3-672 

VCC 
V 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

2.25 
4.50 
6.00 

VEE Limit" 
V 25°C Unit 

-2.25 150 MHz 
-4.50 160 
-6.00 160 

-2.25 -50 dB 
-4.50 -50 
-6.00 -50 

-2.25 -40 
-4.50 -40 
-6.00 -40 

-2.25 60 mVpp 
-4.50 130 
-6.00 200 

-2.25 30 
-4.50 65 
-6.00 100 

-2.25 -70 dB 
-4.50 -70 
-6.00 -70 

-2.25 -80 
-4.50 -80 
-6.00 -80 

% 

-2.25 0.10 
-4.50 0.06 
-6.00 0.04 
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Figure 2. On Resistance Test Set-Up 
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011 

Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 

VCC 

TO dB 1-+--...... -_--0 METER 

SELECTED 
CONTROL 

INPUT 

Vcc -= 

'Includes all probe and jig capacitance. 

Figure 5. Maximum On-Channel Bandwidth 
Test Set-Up 

1-1-..--..--0 TEST . 
POINT 

../UL CONTROL ____ ----' 

'Includes all probe and jig capacitance. 

Figure 7. Feedthrough Noise, Control to Analog Out, 
Test Set-Up 

MOTOROLA 3-674 

Vcc 

Figure 4. Maximum On Channel Leakage Current, 
Test Set-Up 

fin O-jl-...... ---lr-l 
O.111F 

Vcc 
16 

TOdB 1-+--_-_--0 METER 

SELECTED 
CONTROL 

INPUT 

'Includes all probe and jig capacitance. 

Figure 6. Off-Channel Feedthrough Isolation, 
Test Set-Up 

'------GND 

Figure 8. Propagation Delays, Analog In to 
Analog Out 
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Figure 9. Propagation Delay Test Set-Up 

G) 

CD 

POSITION G) WHEN TESTING tpHZ AND tpZH 

-= POSITION CD WHEN TESTING tPLZ AND tpZL 

VCC 

16 1 k.Q 

TEST 
t-+--t--o POINT 

I 50PF' 
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Figure 11. Propagation Delay Test Set-Up 

N/C----+-I 

VEE 

I-I----N/C 

SELECTED 
CONTROL 

INPUT 

nJL CONTROL ____ -' 

Figure 13. Power Dissipation Capacitance 
Test Set-Up 
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.J-------f.. }---- VCC 

'--_____ .J '1---- GND 

HIGH 
IMPEDANCE 

Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 

'Includes all probe and jig capacitance. 

Figure 12. Crosstalk Between Any Two Switches, 
Test Set-Up (Adjacent Channels Used) 

TEST 
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TO 
I--H~---<~--o DISTORTION 

METER 

'Includes all probe and jig capacitance. 

Figure 14. Total Harmonic Distortion, Test Set-Up 
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Figure 15. Plot, Harmonic Distortion 

APPLICATION INFORMATION 

The Enable and Control pins should be at Vee or GNO 
logic levels, Vee being recognized as logic high and GNO 
being recognized as a logic low. Unused analog inputs/out
puts may be left floating (not connected). However, it is ad
visable to tie unused analog inputs and outputs to Vee or 
VEE through a low value resistor. This minimizes crosstalk 
and feedthrough noise that may be picked up by the unused 
1/0 pins. 

The maximum analog voltage swings are determined by 
the supply voltages Vee and VEE. The positive peak analog 
voltage should not exceed Vee. Similarly, the negative peak 
analog voltage should not go below VEE. In the example 

+6V-~ ANALOGI/O 

-6V--U 

-6V 

MOTOROLA 

Figure 16. 

VCC=6 V 

ANALOG 011 ~-+6V 
-U_-6V 

} 
ENABLE CONTROL 

INPUTS 
(VCCORGND) 

:H>76 

below, the difference between Vee and VEE is twelve volts. 
Therefore, using the configuration in Figure 16, a maximum 
analog signal of twelve volts peak-to-peak can be con
trolled. 

When voltage transients above Vee andlor below VEE are 
antiCipated on the analog channels, external diodes (Ox) are 
recommended as shown in Figure 17. These diodes should 
be small signal, fast turn-on types able to absorb the maxi
mum antiCipated current surges during clipping. An alternate 
method would be to replace the Ox diodes with MO.sorbs 
(Motorola high current surge protectors). MO_sorbs are fast 
turn-on devices ideally suited for precise dc protection with 
no inherent wear out mechanism. 

VCC 

Dx 

Dx 

Dx 

} 
ENABLE CONTROL 

INPUTS 
(VCCOR GND} 

Figure 17. Transient Suppressor Application 
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Figure 18. LSTTUNMOS to HCMOS Interface 
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Figure 19. Switching a D-to-12 V Signal Using a 
Single Power Supply (GND '# 0 V) 
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Figure 20. 4-lnput Multiplexer Figure 21. Sample/Hold Amplifier 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
Quad Analog Switch/ 
Multiplexer/Demultiplexer with 
Separate Analog and Digital 
Power Supplies 
High-Performance Silicon-Gate CMOS 

The MC74HC4316A utilizes silicon-gate CMOS technology to achieve 
fast propagation delays, low ON resistances, and low OFF--channelleakage 
current. This bilateral switch/multiplexer/demultiplexer controls analog and 
digital voltages that may vary across the full analog power-supply range 
(from VCC to VEE). 

The HC4316A is similar in function to the metal-gate CMOS MC14016 
and MC14066, and to the High-Speed CMOS HC4016A and HC4066A. 
Each device has four independent switches. The device control and Enable 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. The device has been designed so 
that the ON resistances (RON) are much more linear over input voltage than 
RON of metal-gate CMOS analog switches. Logic-level translators are 
provided so that the On/Off Control and Enable logic-level voltages need 
only be VCC and GND, while the switch is passing signals ranging between 
VCC and VEE. When the Enable pin (active-low) is high, all four analog 
switches are turned off. 

• Logic-Level Translator for On/Off Control and Enable Inputs 
• Fast Switching and Propagation Speeds 
• High ON/OFF Output Voltage Ratio 
• Diode Protection on All Inputs/Outputs 
• Analog Power-Supply Voltage Range (VCC - VEE) = 2.0 to 12.0 Volts 
• Digital (Control) Power-Supply Voltage Range (VCC - GND) = 2.0 to 

6.0 Volts, Independent of VEE 
• Improved Linearity of ON Resistance 
• Chip Complexity: 66 FETs or 16.5 Equivalent Gates 

LOGIC DIAGRAM 

XA~1 ________ -.~ 

A ON/OFF CONTROL 15 

XB -'-ll------...,~ 

B ON/OFF CONTROL 

C ON/OFF CONTROL 6 

D ON/OFF CONTROL 14 

ENABLE 7 

ANALOG 
OUTPUTS/INPUTS 

PIN 16= VCC 
PIN 8=GND 
PIN 9= VEE 
GND2!VEE 

ANALOG INPUTS/OUTPUTS = XA, XB, XC, XD 

MC74HC4316A 

N SUFFIX 
PLASTIC PACKAGE 

CASE 648-0B 

o SUFFIX 
SOIC PACKAGE 
CASE 751 8-05 

OTSUFFIX 
TSSOP PACKAGE 

CASE 948G-G1 

ORDERING INFORMATION 

MC74HCXXXXAN Plastic 
MC74HCXXXXAD SOIC 
MC74HCXXXXADT TSSOP 

PIN ASSIGNMENT 

XA 

YA 

YB 

XB 
BONIOFF 
CONTROL 
CONIOFF 
CONTROL 

ENABLE 

GND 

[ 1-

[ 2 

[ 3 

[ 4 

[ 5 

[ 6 

[ 7 

[ 8 

16 

15 

14 

13 

12 

11 

10 

9 

VCC 
A ON/OFF 
CONTROL 
DON/OFF 
CONTROL 
XD 

YD 

Yc 
Xc 

VEE 

FUNCTION TABLE 

Inputs State of 
On/Off Analog 

Enable Control Switch 

L H On 
L L Off 
H X Off 

X = don't care 

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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MAXIMUM RATINGS· 

Symbol Parameter Value 

VCC Positive DC Supply Voltage (Ref. to GND) -0.5to + 7.0 
(Ref. to VEE) -0.5 to + 14.0 

VEE Negative DC Supply Voltage (Ref. to GND) -7.0 to + 0.5 

VIS Analog Input Voltage VEE-0.5 
toVCC+0.5 

Vin DC Input Voltage (Ref. to GND) - 0.5 to VCC + 0.5 

I DC Current Into or Out of Any Pin ±25 

PD Power Dissipation in Still Air Plastic DIPt 750 
SOIC Packaget 500 

TSSOP Packaget 450 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP, SOIC or TSSOP Package) 260 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW/oC from 65° to 125°C 
SOIC Package: -7 mWrC from 65° to 125°C 
TSSOP Package: -6.1 mW/oC from 65° to 125°C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Max 

VCC Positive DC Supply Voltage (Ref. to GND) 2.0 6.0 

VEE Negative DC Supply Voltage (Ref. to GND) -6.0 GND 

VIS Analog Input Voltage VEE VCC 

Vin Digital Input Voltage (Ref. to GND) GND VCC 

VIO' Static or Dynamic Voltage Across Switch - 1.2 

TA Operating Temperature, All Package Types -55 + 125 

tr,tf Input Rise and Fall lime VCC=2.0V 0 1000 
(Control or Enable Inputs) VCC=3.0V 0 600 

(Figure 10) VCC=4.5V 0 500 
VCC=6.0V 0 400 

Unit 

V 

V 

V 

V 

mA 

mW 

°c 

°c 

Unit 

V 

V 

V 

V 

V 

°c 

ns 

• For voltage drops across the sWitch greater than 1.2 V (switch on), excessive VCC current may 
be drawn; i.e., the current out olthe switch may contain both VCC and switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 

MC74HC4316A 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Vin and 
Vout should be constrained to the 
rangeGND s (VinorVout) s VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 
I/O pins must be connected to a 
properly terminated line or bus. 

DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) VEE = GND Except Where Noted 

Symbol Parameter Test Conditions 

VIH Minimum High-Level Voltage, Ron = Per Spec 
Control or Enable Inputs 

VIL Maximum Low-Level Voltage, Ron = Per Spec 
Control or Enable Inputs 

lin Maximum Input Leakage Vin = VCC or GND 
Current, Control or Enable VEE=-6.0V 
Inputs 

ICC Maximum Quiescent Supply Vin = VCC or GND 
Current (per Package) VIO=OV VEE =GND 

VEE=-6.0 

NOTE: Information on tYPical parametnc values can be found In Chapter 2. 
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VCC 
V 

2.0 
3.0 
4.5 
6.0 

2.0 
3.0 
4.5 
6.0 

6.0 

6.0 
6.0 

Guaranteed Limit 

-55to 
25°C s 85°C s 125°C Unit 

1.5 1.5 1.5 V 
2.1 2.1 2.1 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.5 0.5 0.5 V 
0.9 0.9 0.9 
1.35 1.35 1.35 
1.8 1.8 1.8 

±0.1 ±1.0 ±1.0 ~ 

IlA 
2 20 40 
4 40 160 
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to VEE) 

Guaranteed Limit 

VCC VEE -55to 
Symbol Parameter Test Conditions V V 25°C s 85D C S 125D C Unit 

Ron Maximum "ON" Resistance Vin=VIH 2.0* 0.0 - - - Q 

VIS = VCC to VEE 45 0.0 160 200 240 
IS s 2.0 mA (Figures 1, 2) 4.5 -4.5 90 110 130 

6.0 -6.0 90 110 130 

Vin=VIH 2.0 0.0 - - -
VIS = VCC or VEE (Endpoints) 4.5 0.0 90 115 140 
IS s 2.0 mA (Figures 1, 2) 4.5 -4.5 70 90 105 

6.0 -6.0 70 90 105 

ARon Maximum Difference in "ON" Vin=VIH 2.0 0.0 - - - Q 
Resistance Between Any Two VIS = 1/2 (VCC - VEE) 4.5 0.0 20 25 30 
Channels in the Same Package IS s 2.0mA 4.5 -4.5 15 20 25 

6.0 -6.0 15 20 25 

loff Maximum Off-Channel leakage Vin=Vll 6.0 -6.0 0.1 0.5 1.0 IIA 
Current, Any One Channel VIO = VCC or VEE 

Switch Off (Figure 3) 

Ion Maximum On-Channel leakage Vin=VIH 6.0 -6.0 0.1 0.5 1.0 IIA 
Current, Any One Channel VIS = VCC or VEE 

(Figure 4) 

* At supply voltage (VCC - VEE) approachmg 2 V the analog sWltch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 

NOTE: Information on typical parametric values can be found in Chapter 2. 

AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Control or Enable tr = tf = 6 ns, VEE = GND) 

Guaranteed Limit 

VCC -55to 
Symbol Parameter V 25°C s 85D C S 125D C Unit 

tplH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 40 50 60 ns 
tpHl (Figures 8 and 9) 4.5 6 8 9 

6.0 5 7 8 

tpLZ, Maximum Propagation Delay, Control or Enable to Analog Output 2.0 130 160 200 ns 
tpHZ (Figures 10 and 11) 4.5 40 50 60 

6.0 30 40 50 

tpZl, Maximum Propagation Delay, Control or Enable to Analog Output 2.0 140 175 250 ns 
tpZH (Figures 10 and 11) 4.5 40 50 60 

6.0 30 40 50 

C Maximum Capacitance ON/OFF Control - 10 10 10 pF 
and Enable Inputs 

Control Input = GND 
Analog I/O - 35 35 35 

Feedthrough - 1.0 1.0 1.0 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

Typical @ 25DC, VCC = 5.0 V 

Power Dissipation Capacitance (Per Switch) (Figure 13)* 15 

* Used to determine the no-load dynamic power consumption: Po = CpO VCC2f + ICC VCC. For load considerations, see Chapter 2. 
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ADDITIONAL APPLICATION CHARACTERISTICS (GND = 0 V) 

Symbol Parameter Test Conditions 

BW Maximum On-Channel Bandwidth or fin = 1 MHz Sine Wave 
Minimum Frequency Response Adjust fin Voltage to Obtain 0 dBm at VOS 

(Figure 5) Increase fin Frequency Until dB Meter 
Reads-3dB RL = 50 n, CL = 10 pF 

- Off-Channel Feedthrough Isolation fin"" Sine Wave 
(Figure 6) Adjust fin Voltage to Obtain 0 dBm at VIS 

fin = 10 kHz, RL = 600 n, CL = 50 pF 

fin = 1.0 MHz, RL = 50 n, CL = 10 pF 

- Feedthrough Noise, Control to Vin s 1 MHz Square Wave (tr = tf = 6 ns) 
Switch Adjust RL at Setup so that IS = 0 A 

(Figure 7) RL = 600 n, CL = 50 pF 

RL= 10 kn, CL = 10pF 

- Crosstalk Between Any Two fin"" Sine Wave 
Switches Adjust fin Voltage to Obtain 0 dBm at VIS 

(Figure 12) fin = 10 kHz, RL = 600 n, CL = 50 pF 

fin = 1.0 MHz, RL = 50 n, CL = 10 pF 

THD Total Harmonic Distortion fin = 1 kHz, RL = 10 kn, CL = 50 pF 
(Figure 14) THD = THDMeasured - THDSource 

VIS = 4.0 Vpp sine wave 
VIS = 8.0 Vpp sine wave 

VIS = 11.0 Vpp sine wave 
.. .. 

, Limits not tested. Determined by design and venfled by qualification . 
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VCC VEE Limit' 
V V 25'C Unit 

2.25 -2.25 150 MHz 
4.50 -4.50 160 
6.00 -6.00 160 

2.25 -2.25 -50 dB 
4.50 -4.50 -50 
6.00 -6.00 -50 

2.25 -2.25 -40 
4.50 -4.50 -40 
6.00 -6.00 -40 

2.25 -2.25 60 mVpp 
4.50 -4.50 130 
6.00 -6.00 200 

2.25 -2.25 30 
4.50 -4.50 65 
6.00 -6.00 100 

2.25 -2.25 -70 dB 
4.50 -4.50 -70 
6.00 -6.00 -70 

2.25 -2.25 -80 
4.50 -4.50 -80 
6.00 -6.00 -80 

% 

2.25 -2.25 0.10 
4.50 -4.50 0.06 
6.00 -6.00 0.04 
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MOTOROLA 

TBD 

Figure 1a. Typical On Resistance, 
Vee-VEE = 2.0 V 

TBD 

Figure 1c. Typical On Resistance, 
Vee- VEE = 6.0 V 

TBD 

Figure 1 e. Typical On Resistance, 

3-682 

TBD 

Figure 1 b. Typical On Resistance, 
Vee - VEE = 4.5 V 

TBD 

Figure 1d. Typical On Resistance, 
Vee- VEE = 9.0V 

PROGRAMMABLE 
POWER 
SUPPLY 

DCANALVZER 

+ 

ANALOG IN 

r--~:;;::::::;-" VCC 
DEVICE 

UNDER TEST 

Figure 2. On Resistance Test Set-Up 
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Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 

TO dB 
1-+--...... - ..... --0 METER 

'Includes all probe and jig capacitance. 

Figure 5. Maximum On-Channel Bandwidth 
Test Set-Up 

Vcc 
16 

TEST 
1-+-..... - ..... -0 POINT 

SELECTED 
CONTROL 

INPUT 

.nn CONTROL ____ ----' 

'Includes all probe and jig capacitance. 

Figure 7. Feedthrough Noise, Control to Analog Out, 
Test Set-Up 
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MC74HC4316A 

VCC 

Figure 4. Maximum On Channel Leakage Current, 
Test Set-Up 

fin 0-11--+---1-1 
O.1I1F 

VCC 

16 
TO dB 

1-+--.... --.--0 METER 

SELECTED 
CONTROL 

INPUT 

'Includes all probe and jig capacitance. 

Figure 6. Off-Channel Feedthrough Isolation, 
Test Set-Up 

'------GND 

Figure 8. Propagation Delays, Analog In to 
Analog Out 
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VCC 
16 

..JL n ANALOG I/O TEST 
I-+-~p--<l POINT 

SELECTED VCC 
CONTROL 1-__ -' 

INPUT 

-Includes aU probe and jig capacitance. 

Vec 

Figure 9. Propagation Delay Test Set-Up 

CD 
® 

POSITION CD WHEN TESTING tPHZ AND tPZH 

-= POSITION ® WHEN TESTING tPLZ AND tpZL 

1kn 

TEST 
1-11----+-0 POINT 

. 50 pF* 
I 

-Includes aU probe and jig capacitance. 

Figure 11. Propagation Delay Test Set-Up 

NlC----H I-t----N/C 

VEE 

.I1.JL CONTROL ____ ----' 

Figure 13. Power Dissipation Capacitance 
Test Set-Up 

MOTOROLA 3-684 

ENABLE ,.}------4 r--- VCC 

'--_____ J ~-__ GND 

HIGH 
IMPEDANCE 

Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 

TEST 
POINT 

-Includes aU probe and jig capacitance. 

Figure 12. Crosstalk Between Any Two SWitches, 
Test Set-Up (Adjacent Channels Used) 

VEE 

TO 
I-HP--"---o DISTORTION 

METER 

-Includes aU probe and jig capacitance. 

Figure 14. Total Harmonic Distortion, Test Set-Up 
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-10 ~ ~F~NOAJENTA[FREciuENC~ , 
-20 
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I , 

II , 
, 

E 
, 

III -50 "0 

-60 

-70 

-80 

-90 

-100 

- - - - - -
, 

- - - - - - - -1- , 
, DEVICE 

\ ~ SOURCE 

V d\ Il. 1\11 II 
I' W IV\,; W" W1MA1\ lhJ LlIL.II 

_L 
r II ,. r , _,~ 't IF'!." ,. , 

1.0 2.0 

FREQUENCY (kHz) 

3.0 

Figure 15. Plot, Harmonic Distortion 

APPLICATION INFORMATION 

The Enable and Control pins should be at Vee or GNO 
logic levels, Vee being recognized as logic high and GND 
being recognized as a logic low. Unused analog inputs/out
puts may be left floating (not connected). However, it is ad
visable to tie unused analog inputs and outputs to Vee or 
VEE through a low value resistor. This minimizes crosstalk 
and feedthrough noise that may be picked up by the unused 
110 pins. 

The maximum analog voltage swings are determined by 
the supply voltages Vee and VEE. The positive peak analog 
voltage should not exceed Vee. Similarly, the negative peak 
analog voltage should not go below VEE. In the example 

+6V-~ ANALOGIIO 

-6V- ----v 

-6V 

Figure 16. 

High-Speed CMOS Logic Data 
DL129-Rev6 

VCC=6V 

ANALOGO/l ~- +6V 

----v--6V 

} 
ENABLE CONTROL 

INPUTS 
(VCCOR GNO) 

3-685 

below, the difference between Vee and VEE is twelve volts. 
Therefore, using the configuration in Figure 16, a maximum 
analog signal of twelve volts peak-to-peak can be con
trolled. 

When voltage transients above Vee and/or below VEE are 
anticipated on the analog channels, external diodes (Ox) are 
recommended as shown in Figure 17. These diodes should 

be small signal, fast turn-on types able to absorb the maxi- 131 
mum anticipated current surges during clipping. An alternate 
method would be to replace the Ox diodes with MO-sorbs 
(Motorola high current surge protectors). MO-sorbs are fast 
turn-on devices ideally suited for precise dc protection with 
no inherent wear out mechanism. 

VCC 

Ox 

Ox 

Ox 

} 
ENABLE CONTROL 

INPUTS 
(VCCOR GNO) 

Figure 17. Transient Suppressor Application 
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VCC= 5 V 

I 
ANALOG{= 16 

SIGNALS -.-
R' R' R' R' R' 

~ ~ ?-
HC4316A 

• 
TTL 7 

} ~E 5 AND 
6 CONTROL 9 

14 INPUTS 
15 8 

..L R'=2T010kn 1-

-}A =. SI 

NALOG 
GNALS 

VEE 
TO-

~ 
=0 
6V 

+5V 

LSTTU 
NMOS 

ANALOG { 16 
} ANALOG 

SIGNALS SIGNALS 

r-Hc"T-' 
HC4016A I BUFFER I VEE=O 

I I TO-6V 

a. Using Pull-Up Resistors b. Using HCT Buffer 

Figure 18. LSTTUNMOS to HCMOS Interface 

CHANNEL 4 

CHANNEL 3 

CHANNEL 2 

CHANNEL 1 

MOTOROLA 

Vc C= 12V 

12V R1 
POWER 

.:!; SUPPLY • R2 

GND=6V 

VE E=OV 

R1 =R2 

VCC 
ANALOG ANALOG 
INPUT R3 OUTPUT 

f\;; 112VPP 
SIGNAL SIGNAL I 

C R4 
R1 =R2 

VEE R3=R4 

Figure 19. Switching a D-to-12 V Signal Using a 
Single Power Supply (GND '" 0 V) 

COMMON 110 

1 2 3 4 

CONTROL INPUTS 

INPUT 
10F4 

SWITCHES 

f\;; 12V 

>----<1_ OUTPUT 

I 0.01 ~F 

Figure 20. 4-lnput Multiplexer Figure 21. Sample/Hold Amplifier 
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SEMICONDUCTOR TECHNICAL DATA 

Analog Multiplexers/ 
Demultiplexers with 
Address Latch 
High-Performance Silicon-Gate CMOS 

The MC54174HC4351, and MC54174HC4353 utilize silicon-gate CMOS 
technology to achieve fast propagation delays, low ON resistances, and low 
OFF leakage currents. These analog multiplexers/demultiplexers control 
analog voltages that may vary across the complete power supply range 
(from VCC to VEE). 

The Channel-Select inputs determine which one of the Analog Inputs/ 
Outputs is to be connected, by means of an analog switch, to the Common 
Output/Input. The data at the Channel-Select inputs may be latched by 
using the active-low Latch Enable pin. When Latch Enable is high, the latch 
is transparent. When either Enable 1 (active low) or Enable 2 (active high) is 
inactive, all analog switches are turned off. 

The Channel-Select and Enable inputs are compatible with standard 
CMOS outputs; with pullup resistors, they are compatible with LSTTL 
outputs. 

These devices have been designed so that the ON resistance (Ron) is 
more linear over input voltage than Ron of metal-gate CMOS analog 
switches. 

For multiplexers/demultiplexers without latches, see the HC4051, 
HC4052, and HC4053. 

• Fast Switching and Propagation Speeds 
• Low Crosstalk Between Switches 
• Diode Protection on All Inputs/Outputs 
• Analog Power Supply Range (VCC - VEE) = 2.0 to 12.0 V 
• Digital (Control) Power Supply Range (VCC - GND) = 2.0 to 6.0 V 
• Improved Linearity and Lower ON Resistance than Metal-Gate Types 

• Low Noise 
• In Compliance with the Requirements Defined by JEDEC Standard 

No.7A 
• Chip Complexity: HC4351 - 222 FETs or 55.5 Equivalent Gates 

HC4353 - 186 FETs or 46.5 Equivalent Gates 

10195 

© Motorola, Inc. 1995 3-687 

MC54/74HC4351 
MC54/74HC4353 

REV6 

20# 
1 

J SUFFIX 
CERAMIC PACKAGE 

CASE 732-03 

N SUFFIX 
PLASTIC PACKAGE 

CASE 738-03 

DWSUFFIX 
SOIC PACKAGE 
CASE 7510-04 

ORDERING INFORMATION 

MC54HCXXXXJ Ceramic 
MC74HCXXXXN Plastic 
MC74HCXXXXDW SOIC 

PIN ASSIGNMENT 
MC54174HC4351 

X4 [ 1. 20 ~ VCC 

X6 [ 2 19 ~ X2 

NC[ 3 18 D X1 

X[ 4 17 ~ xo 
xl[ 5 16 ~ X3 

X5 [ 6 15 ~ A 

ENABLE 1 [ 7 14 D NC 

ENABLE 2 [ 8 '13 DB 

VEE [ 9 12 ~ C 

GND [ 10 11 ~ LATCH 
ENABLE 

NC = NO CONNECTION 

@ MOTOROLA 
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LOGIC DIAGRAM 
MC54f74HC4351 

Single-Pole, 8-Position Plus Common Off and Address Latch 

ANALOG 
INPUTS/OUTPUTS 

CHANNEL-5ELECT { A 
15 

13 
INPUTS B 

C 12 

LATCH ENABLE 11 

SWITCH { ENABLE 1 
7 

ENABLES ENABLE 2 

XO 

Xl 

X2 
X3 
X4 

X5 

X6 

X7 

CHANNEL 
ADDRESS 

LATCH 

MULTIPLEXER! 
DEMULTIPLEXER 

COMMON 
OUTPUT/INPUT 

PIN20= VCC 
PIN 9 = VEE 
PIN 10=GND 
PINS 3,14 = NC 

BLOCK DIAGRAM 
MC54f74HC4353 

FUNCTION TABLE 
MC54f74HC4351 

Control Inputs 
ON 

Enable Select Channel 
1 2 C B A (LE = H)* 

L H L L L XO 
L H L L H Xl 
L H L H L X2 
L H L H H X3 
L H H L L X4 
L H H L H X5 
L H H H L X6 
L H H H H X7 
H X X X X None 
X L X X X None 

X = don't care 
* When Latch Enable is low, the Channel 

Selection is latched and the Channel 
Address Latch does not change states. 

Triple Single-Pole, Double-Position Plus Common Off and Address Latch 

CHANNEL-5ELECT { A 
15 

13 
INPUTS B 

C 
12 

LATCH ENABLE 11 

SWITCH { ENABLE 1 7 

ENABLES ENABLE 2 8 

NOTE: 

CHANNEL 
ADDRESS 

LATCH 

COMMON 
OUTPUT/INPUT 

PIN20=VCC 
PIN9= VEE 
PIN 10=GND 
PINS 3,14 = NC 

This device allows independent control of each switch. Channel-Select 
Input A controls the X Switch, Input B controls the Y Switch, and Input C 
controls the Z Switch. 

MOTOROLA 3-688 

PIN ASSIGNMENT 

Y1 

YO 

NC 

Zl 

Z 

ZO 

ENABLE 1 

ENABLE 2 

VEE 

GND 

[ 

[ 

[ 

[ 

[ 

[ 

1-

2 

3 

4 

5 

6 

7 

8 

9 

10 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

VCC 

Y 

X 

~1 

XO 

A 

NC 

B 

C 
LATCH 
ENABLE 

NC = NO CONNECTION 

FUNCTION TABLE 
Control Inputs 

On 
Enable Select Channel 
1 2 C B A (LE= H)* 

L H L L L ZO YO XO 
L H L L H ZO YO Xl 
L H L H L ZO Y1 XO 
L H L H ·H ZO Y1 Xl 
L H H L L Z1 YO XO 
L H H L H Z1 YO Xl 
L H H H L Zl Yl XO 
L H H H H Zl Yl Xl 
H X X X X None 
X L X X X None 

X = Don't Care 
* When Latch Enable is low, the Channel Selection 

is latched and the Channel Address Latch does not 
change states. 

High-Speed CMOS Logic Data 
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MAXIMUM RATINGS· 

Symbol Parameter Value 

VCC Positive DC Supply Voltage (Ref. to GND) - 0.5 to + 7.0 
(Ref. to VEE) -0.5to 14.0 

VEE Negative DC Supply Voltage (Ref. to GND) -7.0 to + 0.5 

VIS Analog Input Voltage VEE-0.5 
toVCC +0.5 

Vin DC Input Voltage (Ref. to GND) -1.5to VCC + 1.5 

I DC Current Into or Out of Any Pin ±25 

Po Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 
SOIC Packaget 500 

Tstg Storage Temperature -65to+ 150 

TL Lead Temperature, 1 mm from Case for 
10 Seconds (Plastic DIP or SOIC Package) 260 

(Ceramic DIP) 300 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW/"C from 65" to 125"C 
Ceramic DIP: -10 mW/"C from 100" to 125"C 
SOIC Package: - 7 mW/oC from 65° to 125"C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Max 

VCC Positive DC Supply Voltage (Ref. to GND) 2.0 6.0 
(Ref. to VEE) 2.0 12.0 

VEE Negative DC Supply Voltage (Ref. to GND) -6.0 GND 

VIS Analog Input Voltage VEE VCC 

Vin Digital Input Voltage (Ref. to GND) GND VCC 

VIO· Static or Dynamic Voltage Across Switch - 1.2 

TA Operating Temperature, All Package Types -55 + 125 

tr,tf Input Rise and Fall Time, VCC = 2.0 V 0 1000 
Channel Select or Enable VCC = 4.5 V 0 500 
Inputs (Figure 9a) VCC=6.0V 0 400 

Unit 

V 

V 

V 

V 

rnA 

mW 

°c 

"C 

Unit 

V 

V 

V 

V 

V 

"C 

ns 

• For voltage drops across the sWitch greater than 1.2 V (switch on), excessive VCC current may 
be drawn; i.e., the current out of the switch may contain both VCC and switch input components. 
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Vin and 
Vout should be constrained to the 
ranges indicated in the Recom
mended Operating Conditions. 

Unused digital input pins must be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused Analog I/O pins may be left 
open or terminated. See Applica
tions Information. 

DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) VEE = GND, Except Where Noted 

Symbol Parameter Test Conditions 

VIH Minimum High-Level Input Ron = Per Spec 
Voltage, Channel-Select or 
Enable Inputs 

VIL Maximum Low-Level Input Ron = Per Spec 
Voltage, Channel-Select or 
Enable Inputs 

lin Maximum Input Leakage Vin = VCC or GND, 
Current, Channel-Select or VEE=-6.0V 
Enable Inputs 

ICC Maximum Quiescent Supply Channel Select = VCC or GND 
Current (per Package) Enables = Vec or GND 

VIS = VCC or GND VEE=GND 
VIO=OV VEE=-6.0 

NOTE: Information on tYPical parametric values can be found In Chapter 2. 

High-Speed CMOS Logic Data 
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VCC 
V 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

6.0 

6.0 
6.0 

Guaranteed Limit 

-55to 
25"C " 85"C " 125"C Unit 

1.5 1.5 1.5 V 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.3 0.3 0.3 V 
0.9 0.9 0.9 
1.2 1.2 1.2 

±0.1 ±1.0 ±1.0 llA 

llA 

2 20 40 
8 80 160 
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DC ELECTRICAL CHARACTERISTICS Analog Section 

Guaranteed Limit 

Vee VEE -55to 
Symbol Parameter Test Conditions V V 25°C s 85°C s 125°C Unit 

Ron Maximum "ON" Resistance Vin = VIL or VIH 4.5 0.0 190 240 280 Q 

VIS = VCC to VEE 4.5 -4.5 120 150 170 
IS s 2.0 rnA (Figures I, 2) 6.0 -6.0 100 125 140 

Vin = VIL or VIH 4.5 0.0 150 190 230 
VIS = VCC or VEE (Endpoints) 4.5 -4.5 100 125 140 
IS s 2.0 rnA (Figures I, 2) 6.0 -6.0 80 100 115 

ARon Maximum Difference in "ON" Vin = VIL or VIH 4.5 0.0 30 35 40 Q 
Resistance Between Any Two VIS = 1/2 (VCC - VEE) 4.5 "':4.5 12 15 18 
Channels in the Same Package IS s 2.0 rnA 6.0 -6.0 10 12 14 

loff Maximum Off-Channel Leakage Vin = VIL or VIH 6.0 -6.0 0.1 0.5 1.0 itA 
Current, Any One Channel VIO = VCC - VEE 

Switch Off (Figure 3) 

Maximum Off-Channel Leakage Vin = VIL or VIH 
Current, Common Channel VIO = VCC - VEE 

HC4351 Switch Off (Figure 4) 6.0 -6.0 0.2 2.0 4.0 

HC4353 6.0 -6.0 0.1 1.0 2.0 

Ion Maximum On-Channel Leakage Vin = VIL or VIH itA 
Current, Channel to Channel Switch to Switch = VCC - VEE 

HC4351 (Figure 5) 6.0 -6.0 0.2 2.0 4.0 

HC4353 6.0 -6.0 0.1 1.0 2.0 

AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input tr ,;, tf = 6 ns) 

Guaranteed Limit 

Vee -55to 
Symbol Parameter V 25°C s 85°C s 125°C Unit 

tPLH, Maximum Propagation Delay, Channel-Select to Analog Output 2.0 370 465 550 ns 
tpHL (Figure 9) 4.5 74 93 110 

6.0 63 79 94 

tpLH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 60 75 90 ns 
tpHL (Figure 10) 4.5 12 15 18 

6.0 10 13 15 

tpLH, Maximum Propagation Delay, Latch Enable to Analog Output 2.0 325 410 485 ns 
tpHL (Figure 12) 4.5 65 82 97 

6.0 55 70 82 

tpLZ, Maximum Propagation Delay, Enable 1 or 2 to Analog Output 2.0 290 365 435 ns 
tpHZ (Figure 11) 4.5 58 73 87 

6.0 49 62 74 

tpZL, Maximum Propagation Delay, Enable 1 or 2 to Analog Output 2.0 345 435 515 ns 
tPZH (Figure Ii) 4.5 69 87 103 

6.0 59 74 87 

Cin Maximum Input Capacitance - 10 10 10 pF 

CI/O Maximum Capacitance Analog I/O Enable 1 = VIH, Enable 2 = VIL - 35 35 35 pF 

Common Oil: HC4351 - 130 130 130 
HC4353 50 50 50 

Feedthrough - 1.0 1.0 1.0 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

Typical @ 25°C, Vee = 5.0 V 

CpO Power Dissipation Capacitance (Per Package) (Figure 14)' 45 (HC4351) pF 
45 (HC4353) 

'Used to determine the no-load dynamiC power consumption: PD = CPD VCC2f + ICC VCC. For load considerations, see Chapter 2. 
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TIMING REQUIREMENTS (Input tr = tf = 6 ns) 

Vee 
Symbol Parameter V 

tsu Minimum Setup Time, Channel-Select to Latch Enable 2.0 
(Figure 12) 4.5 

6.0 

th Minimum Hold Time, Latch Enable to Channel Select 2.0 
(Figure 12) 4.5 

6.0 

tw Minimum Pulse Width, Latch Enable 2.0 
(Figure 12) 4.5 

6.0 

tr, tf Maximum Input Rise and Fall Times, Channel-Select, Latch Enable, 2.0 
and Enables 1 and 2 4.5 

6.0 

NOTE: InformatIon on tYPIcal parametnc values can be found In Chapter 2. 

ADDITIONAL APPLICATION CHARACTERISTICS (GND = 0.0 V) 

Symbol Parameter Test Condition 

BW Maximum On-Channel Bandwidth or fin = 1 MHz Sine Wave 
Minimum Frequency Response Adjust fin Voltage to Obtain 0 dBm at VOS 

(Figure 6) Increase fin Frequency Until dB Meter 
Reads-3 dB 

RL = 50 n, CL = 10 pF 

- Off-Channel Feedthrough Isolation fin == Sine Wave 
(Figure 7) Adjust fin Voltage to Obtain 0 dBm at VIS 

fin = 10 kHz, RL = 600 n, CL = 50 pF 

fin = 1.0 MHz, RL = 50 Q, CL = 10 pF 

- Feedthrough Noise, Channel Select Vin :s 1 MHz Square Wave 
Input to Common 0/1 (tr = tf = 6 ns) 

(Figure 8) Adjust RL at Setup so that IS = 0 A 
Enable=GND 

RL = 600 n, CL = 50 pF 

RL = 10 kQ, CL = 10 pF 

- Crosstalk Between Any Two Switches fin == Sine Wave 
(Figure 13) Adjust fin Voltage to Obtain 0 dBm at VIS 
(Test does not apply to HC4351) fin = 10 kHz, RL = 600 n, CL = 50 pF 

fin = 1 MHz, RL = 50 n, CL = 10 pF 

THD Total Harmonic Distortion fin = 1 kHz, RL = 10 kn, CL = 50 pF 
(Figure 15) THD = THDMeasured - THDSource 

VIS = 4.0 Vpp sine wave 
VIS = 8.0 Vpp sine wave 

VIS = 11.0 VPP sine wave 

• Limits not tested. Determined by design and verified by qualification. 
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Guaranteed Limit 

-55to 
25"e :s 85"e :s 125"e Unit 

100 125 150 ns 
20 25 30 
17 21 26 

0 0 0 ns 
0 0 0 
0 0 0 

80 100 120 ns 
16 20 24 
14 17 20 

1000 1000 1000 ns 
500 500 500 
400 400 400 

Limit' 

VCC VEE 25"C 
V V 54174HC Unit 

51 52 53 
MHz 

2.25 -2.25 80 95 120 

4.50 -4.50 80 95 120 

6.00 -6.00 80 95 120 

dB 

2.25 -2.25 -50 
4.50 -4.50 -50 
6.00 -6.00 -50 

2.25 -2.25 -40 
4.50 -4.50 -40 
6.00 -6.00 -40 

mVpp 

2.25 -2.25 25 
4.50 -4.50 105 
6.00 -6.00 135 

2.25 -2.25 35 
4.50 -4.50 145 
6.00 -6.00 190 

dB 

2.25 -2.25 -50 
4.50 -4.50 -50 
6.00 -6.00 -50 

2.25 -2.25 -60 
4.50 -4.50 -60 
6.00 -6.00 -60 

% 

2.25 -2.25 0.10 
4.50 -4.50 0.08 
6.00 -6.00 0.05 
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Figure 1d. Typical On Resistance, Vee - VEE = 9.0 V 
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Figure 2. On Resistance Test Set-Up 
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Figure 3. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up 

Vee 

t-t----o N/e 

Figure 5. Maximum On Channel Leakage Current, 
Channel to Channel, Test Set-Up 

Vee Vas 
,..------, 

0.1 J.lF 

fin o--j 1--+---+-1 

7 
B 
9 
10 

'Includes all probe and jig capacitance. 

dB 
METER 

RL 

Figure 7. Off Channel Feedthrough Isolation, 
Test Set-Up 
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Figure 4. Maximum Off Channel Leakage Current, 
Common Channel, Test Set-Up 

Vee Vas ,..-------:. 
dB 
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RL 

'Includes all probe and jig capacitance. 

Figure 6. Maximum On Channel Bandwidth, 
Test Set-Up 

Vee 

Vin $ 1 MHz 
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B 
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10 

TEST 
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Vee 
11 

tr =tf = 6 ns 
VeennVEE 
GND ----~e~H~AN~N~EL~S~E~LE~e~T~ 

3-693 

'Includes all probe and jig capacitance. 

Figure 8. Feedthrough Noise, Channel Select to 
Common Out, Test Set-Up 
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Vcc 
CHANNEL SELECT 

-"'1/-\:..=--..:1-/1=---- GND 

ANALOG OUT 

Figure 9a. Propagation Delays, Channel Select 
to Analog Out 

ANALOG 
IN 

-Vcc 

'-------GND 

Figure 10a. Propagation Delays, Analog In to 
Analog Out 

VCC 
ENABLE 

GND 

HIGH 
ANALOG IMPEDANCE 

OUT 

ANALOG 
OUT 

Figure 11a. Propagation Delay, Enable 1 or 2 
to Analog ,Out 

MOTOROLA 3-694 

TEST 
t-t--...... -o POINT 

n.n.. _-.","::"=::-::=.-:==-.....J 
CHANNEL SELECT 

'Includes aU probe and jig capacitance. 

Figure 9b. Propagation Delay, Test Set-Up Channel 
Select to Analog Out 
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'Includes aU probe and jig capacitance. 
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Figure 10b. Propagation Delay, Test Set-Up 
Analog In to Analog Out 
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Figure 11b. Propagation Delay, Test Set-Up 
Enableto Analog Out 
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CHANNEL 
SELECT 

LATCH 
ENABLE 2 

COMMONO!I 50% 

Figure 12a. Propagation Delay, Latch Enable to 
Analog Out 

'Includes all probe and jig capacitance. 

Figure 13. Crosstalk Between Any Two 
Switches, Test Set-Up 
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Figure 15a. Total Harmonic Distortion, Test Set-Up 
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TEST 
.-+--_--0 POINT 

CHANNEL SELECT 

'Includes all probe and jig capacitance. 

Figure 12b. Propagation Delay, Test Set-Up 
Latch Enable to Analog Out 

CHANNEL SELECT 

Figure 14. Power Dissipation Capacitance, 
Test Set-Up 
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APPLICATIONS INFORMATION 

The Channel Select and Enable control pins should be at 
Vee or GNO logic levels. Vee being recognized as a logic 
high and GNO being recognized as a logic low. In this 
example: 

Vee = + 5 V = logic high 

GNO = 0 V = logic low 

The maximum analog voltage swings are determined by 
the supply voltages Vee and VEE. The positive peak analog 
voltage should not exceed Vee. Similarly, the negative peak 
analog voltage should not go below VEE. In this example, the 
difference between Vee and VEE is ten volts. Therefore, us
ing the configuration in Figure 16, a maximum analog signal 
of ten volts peak-te-peak can be controlled. Unused analog 
inputs/outputs may be left floating (i.e., not connected). How-

+5V-~ ANALOG 

-5V- -U SIGNAL 

+5V 

-5V 

7 
8 
9 
10 

15 
13 
12 
11 

} 
TO EXTERNAL CMOS 

CIRCUITRY 
o TO 5 V DIGITAL 

SIGNALS 

Figure 16. Application Example 

+5V-~ 

VEE- -U 
ANALOG 
SIGNAL 

VCC 

7 
8 
9 
10 

+5V 

1-4-1-H LSTIUNMOS 
1-----4>--H CIRCUITRY 

'2ksRs.10k 

a. Using Pull-Up Resistors 

ever, tying unused analog inputs and outputs to Vee or GNO 
through a low value resistor helps minimize crosstalk and 
feedthrough noise that may be picked up by an unused 
switch. 

Although used here, balanced supplies are not a require-
ment. The only constraints on the power supplies are that: 

Vee - GNO = 2 to 6 volts 

VEE - GND = 0 to- 6 volts 

Vee - VEE = 2 to 12 volts 

and VEE s GNO 

When voltage transients above Vee and/or below VEE are 
anticipated on the analog channels, external Germanium or 
Schottky diodes (Ox) are recommended as shown in 
Figure 17. These diodes should be able to absorb the maxi
mum anticipated current surges during clipping. 

Ox 

Ox 

9 
10 

VCC 

Ox 

Ox 

Figure 17. External Germanium or 
Schottky Clipping Diodes 

b. Using HCT Interface 

Figure 18. Interfacing LSTTUNMOS to CMOS Inputs 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

BCD-to-Seven-Segment Latch/ 
Decoder/Display Driver 
High-Performance Silicon-Gate CMOS 

The MC74HC4511 is identical in pinout to the MC14511 metal-gate 
CMOS decoder/driver. The device inputs are compatible with standard 
CMOS outputs; with pullup resistors, they are compatible with LSTTL 
outputs. 

The HC.4511 provides the functions of a 4-bit storage latch, a BCD-to
seven-segment decoder, and a display driver. It can be used either directly 
or indirectly with seven-segment light--emitting diode (LED), incandescent, 
fluorescent, gas discharge, or liquid-crystal readouts. Lamp test (LT), 
blanking (BI), and latch enable (LE) inputs are used to test the display, to turn 
off or pulse modulate the brightness of the display, and to store a BCD code, 
respectively. 

• Latch Storage of BCD Inputs 
• Blanking Input 
• Lamp Test Input 
• Output Drive Capability: 10 LSTTL Loads 
• Outputs Directly Interface to CMOS, NMOS, and TTL 
• Operating Voltage Range: 2 to 6 V 
• Low Input Current: 1 ~A 
• High Noise Immunity Characteristic of CMOS Devices 
• In Compliance with the Requirements Defined by JEDEC Standard 

No.7A 
• Chip Complexity: 264 FETs or 66 Equivalent Gates 

LOGIC DIAGRAM 

A (LSB) 13 a 

~( B 
12 b 

INPUTS C 2 DECODER 11 SEVEN-4-BIT 
6 TRANSPARENT 

AND 10 SEGMENT 
D(MSB) OUTPUT d DISPLAY-

LATCH 
CONTROL 9 DRIVER 

15 OUTPUTS 

14 
9 

LE OO~I BI INPUTS 
LT 

PIN 16 = VCC 
PIN B= GND 
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16# 
1 

NSUFFIX 
PLASTIC PACKAGE 

CASE 648-08 

DSUFFIX 
SOIC PACKAGE 
CASE 751 B-<l5 

ORDERING INFORMATION 

MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 

PIN ASSIGNMENT 

B [ 1- 16 VCC 

C [ 2 15 f 

LT[ 3 14 jg 

BI [ 4 13 ]a 

LE [ 5 12 ]b 

D [ 6 11 ] c 

A[ 7 10 ]d 

GND [ 8 9 1 e 

DISPLAY 
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MAXIMUM RATINGS' 

Symbol Parameter Value 

Vee De Supply Voltage (Referenced to GND) -0.5 to + 7.0 

Yin De Input Voltage (Referenced to GND) -1.5toVee+1.5 

Vout DC Output Voltage (Referenced to GND) - 0.5 to Vec + 0.5 

lin DC Input Current, per Pin ±20 

lout De Output Current, per Pin ±25 

ICC DC Supply Current, Vee and GND Pins ±70 

PD Power Dissipation in Still Air Plastic DIPt 750 
SOIC Packaget 500 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 260 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW/oC from 65° to 125°C 
SOIC Package: - 7 mW/oC from 65° to 125°e 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Max 

VCC DC Supply Voltage (Referenced to GND) 2.0 6.0 

Yin, Vout DC Input Voltage, Output Voltage (Referenced to GND) 0 VCC 

TA Operating Temperature, All Package Types -55 + 125 

tr,tf Input Rise and Fall Time VCC=2.0V 0 1000 
(Figure 3) VCC =4.5 V 0 500 

VCC=6.0V 0 400 

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 

Symbol Parameter Test Conditions 

VIH Minimum High-Level Input Vout=O.l VorVCC-O.l V 
Voltage Iioutl s 2Ol1A 

VIL Maximum Low-Level Input Vout=O.l VorVeC-O.l V 
Voltage 1I0uti s 2Ol1A 

VOH Minimum High-Level Output Yin = VIH or VIL 
Voltage 1I0uti s 2Ol1A 

Vin = VIH or VIL lIoutl s 6.0 mA 
1I0uti s 7.8 mA 

VOL Maximum Low-Level Output Yin = VIH or VIL 
Voltage 1I0uti s 2Ol1A 

Yin = VIH or VIL 1I0uti s 4.0 mA 
lIoutl s 5.2 mA 

lin Maximum Input Leakage Current Yin = VCC or GND 

ICC Maximum Quiescent Supply Yin = VCC or GND 
Current (per Package) lout = 0 I!A 

NOTE: Information on tYPical parametric values can be found In Chapter 2. 
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Unit 

V 

V 

V 

mA 

mA 

mA 

mW 

°c 

°C 

Unit 

V 

V 

°c 

ns 

VCC 
V 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

6.0 

6.0 

MC74HC4511 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Yin and 
Vout should be constrained to the 
range GND s (Vin or Vout) s Vec. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 

Guaranteed Limit 

-55to 
25°C s 85°C s 125°C Unit 

1.5 1.5 1.5 V 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.3 0.3 0.3 V 
0.9 0.9 0.9 
1.2 1.2 1.2 

1.9 1.9 1.9 V 
4.4 4.4 4.4 
5.9 5.9 5.9 

3.98 3.84 3.70 
5.48 5.34 5.20 

0.1 0.1 0.1 V 
0.1 0.1 0.1 
0.1 0.1 0.1 

0.26 0.33 0.40 
0.26 0.33 0.40 

±0.1 ± 1.0 ± 1.0 I!A 
8 80 160 I1A 
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MC74HC4511 

AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input tr = tf = 6 ns) 

Guaranteed Limit 

Vee -55to 
Symbol Parameter V 25°e s 85°e s 125°e Unit 

tpLH, Maximum Propagation Delay, Input A, B, C, or D to Output 2.0 600 750 900 ns 
tpHL (Figures 1 and 6) 4.5 120 150 180 

6.0 102 129 153 

tpLH, Maximum Propagation Delay, Latch Enable to Output 2.0 600 750 900 ns 
tpHL (Figures 2 and 6) 4.5 120 150 180 

6.0 102 129 153 

tPLH, Maximum Propagation Delay, Blanking Input to Output 2.0 600 750 900 ns 
tpHL (Figures 3 and 6) 4.5 120 150 180 

6.0 102 129 153 

tPLH, Maximum Propagation Delay, Lamp Test to Output 2.0 600 750 900 ns 
tPHL (Figures 4 and 6) 4.5 120 150 180 

6.0 102 129 153 

ITLH, Maximum Output Transition lime, Any Output 2.0 75 95 110 ns 

ITHL (Figures 3 and 6) 4.5 15 19 22 
6.0 13 16 19 

Cin Maximum Input Capacitance - 10 10 10 pF 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

Typical @ 25°e, Vee = 5.0 V 

Power Dissipation Capacitance (Per Package)" 70 

"Used to determine the no-load dynamic power consumption: PD = CPD VCC2f + ICC VCC. For load considerations, see Chapter 2. 

TIMING REQUIREMENTS (Input tr = tf = 6 ns) 

Vee 
Symbol Parameter V 

tsu Minimum Setup lime, Input A, B, C, or D to Latch Enable 2.0 
(Figure 5) 4.5 

6.0 

th Minimum Hold lime, Latch Enable to Input A, B, C, or D 2.0 
(Figure 5) 4.5 

6.0 

tw Minimum Pulse Width, Latch Enable 2.0 
(Figure 2) 4.5 

6.0 

tr,tf Maximum Input Rise and Fall limes 2.0 
(Figure 3) 4.5 

6.0 

NOTE: Information on typical parametric values can be found In Chapter 2. 

MOTOROLA 3-700 

Guaranteed Limit 

-55to 
25°e 

100 
20 
17 

0 
0 
0 

80 
16 
14 

1000 
500 
400 

s 8soe s 12Soe Unit 

125 150 ns 
25 30 
21 26 

0 0 ns 
0 0 
0 0 

100 120 ns 
20 24 
17 20 

1000 1000 ns 
500 500 
400 400 

High-Speed CMOS Logic Data 
. DL129-Rev6 



MC74HC4511 

SWITCHING WAVEFORMS 

INPUT 
A, B,C,OR D 

tPLH:J; 
ANY 

OPUTPUT 50% 

INPUTSI 

ANY 
OPUTPUT 

Figure 1 . 

Figure 3. 

Vee 

GND 

.k-----Vee 

-GND 
tPLH 

trLH 

INPUT 
A, S, e, OR D J2VALlD~ ---Vee 

:f;% t~ ---- GND 

-Vee 
50% \ 

'--GND 
INPUTLE 

Figure 5. 
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INPUTLE 
Vee 

- GND 

~PLH tpHL 

ANY , 
OPUTPUT 50 y, 

Figure 2. 

J:----Vee 
INPUTLT 

ANY 
OPUTPUT ----'f 

DEVleE 
UNDER 
TEST 

Figure 4. 

TEST POINT 

OUTPUT 

• Includes all probe and jig capacitance 

Figure 6. Test Circuit 

tTHL 
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FUNCTION TABLE 
Inputs Outputs 

LE BI LT D C B A a b c d e f 9 Display 

X X L X X X X H H H H H H H 8 
X L H X X X X L L L L L L L Blank 

L H H L L L L H H H H H H L 0 
L H H L L L H L H H L L L L 1 
L H H L L H L H H L H H L H 2 
L H H L L H H !-l H H H L L H 3 

L H H L H L L L H H L L H H 4 
L H H L H L H H L H H L H H 5 
L H H L H H L L L H H H H H 6 
L H H L H H H H H H L L L L 7 

L H H H L L L H H H H H H H 8 
L H H H L L H H H H L L H H 9 
L H H H L H L L L L L L L L Blank 
L H H H L H H L L L L L L L Blank 

L H H H H L L L L L L L L L Blank 
L H H H H L H L L L L L L L Blank 
L H H H H H L L L L L L L L Blank 
L H H H H H H L L L L L L L Blank 

H H H X X X X . . 
• = Depends upon the BCD code previously applied while LE was at a low level. 

INPUTS 

A, B, C, D (Pins 7,1, 2, 6) 

PIN DESCRIPTIONS 

CONTROL INPUTS 

BI (Pin 4) 

BCD inputs. A (pin 7) is the least significant bit and D (pin 
6) is the most significant bit. Hexadecimal code A-F at these 
inputs causes the outputs to assume a low level, offering an 
alternate method of blanking the display. 

OUTPUTS 

a, b, c, d, e, f, 9 (Pins 13,12,11, 10, 9, 15,14) 

Decoded, buffered seven-segment display-driver out
puts. These outputs, unlike the MC14511, have CMOS driv
ers, which produce typical CMOS output voltage levels. 
These outputs are connected to various displays as shown in 
Figure 7. 

MOTOROLA 3-702 

Active-low display blanking input. A low level on this input 
will cause all outputs to be held low, thereby blanking the dis
play. LT is the only input that overrides the BI input. 

LT(Pin 3) 

Active-low lamp test. A low level on this input causes all 
outputs to assume a high level. This input allows the user to 
test all segments of a display with a single control input. This 
input is independent of all other inputs. 

LE (Pin 5) 

Latch enable input. This input controls the 4-bit transpar
ent latch. A high level on this input latches the code present 
at the A, B, C and D inputs, a low level allows the code to be 
transmitted through the latch to the decoder. 

High-Speed CMOS Logic Data 
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OUTPUT CHARACTERISTIC CURVES (VCC = 5 V) 

-25 

1 
~ -20 
LJ.J 
a: a: 
=> (.') -15 
LJ.J 
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5l -10 
5 
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II 

I//J 
", 

SOURCE CURRENT 

I 
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I /' TA·85"C 

/ \ V- I 
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/ V/ '''l\ I I 
/~ V ~ I I 
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I L 
I I 

4 2 

VO, OUTPUT VOLTAGE (VOLTS) 

• The expected minimum curves are not guarantees, but are design aids. 
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SINK CURRENT 
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EXPANDED LOGIC DIAGRAM 

LE 5 

A 7 DATA A 

LE A 

B 1 DATA B 

LE B 

[3] 

C 2 DATA C 

LE C 

D 6 DATA D I----+-+-...J 

LE D 1>--------1 
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TYPICAL VALUES 
RS=1 MQ 
RT=100kn 
CT= 0.01 ilF 

RS 

Liquid-Crystal Display (LCD) Readout 

LED Readout 

HC4511 

COMMON 
CATHODE LED 

OUTPUT 

COMMON 
ANODE LED 

HC4511 

< 

~, 

\\-
f---
..... 

VCC 

MC74HC4511 

Incandescent Readout 

OUTPUT 
HC4511 

APPROPRIATE 
VOLTAGE 

Gas Discharge Readout 

OUTPUT 
HC4511 

APPROPRIATE 
VOLTAGE 

Figure 7. Connections to Various Display Readouts 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

1-of-16 Decoder/Demultiplexer 
with Address Latch 
High-Performance Silicon-Gate CMOS 

The MC74HC4514 is identical in pinout to the MC14514B metal-gate 
CMOS device. The device inputs are compatible with standard CMOS 
outputs, with pullup resistors; they are compatible with LSTTL outputs. 

This device consists of a 4-bit storage latch with a Latch Enable and Chip 
Select input. When a low signal is applied to the Latch Enable input, the 
Address is stored, and decoded. When the Chip Select input is high, all 
sixteen outputs are forced to a low level. 

The Chip Select input is provided to facilitate the chip-select, demultiplex
ing, and cascading functions. 

The de multiplexing function is accomplished by using the Address inputs 
to select the desired device output, and then by using the Chip Select as a 
data input. 

., Output Drive Capability: 10 LSTTL Loads 
• Outputs Directly Interface to CMOS, NMOS, and TTL 
• Operating Voltage Range: 2 to 6 V 
• Low Input,Current: 1j!A 
• High Noise Immunity Characteristic of CMOS Devices 
• In Compliance with the Requirements Defined by JEDEC Standard 

No.7A 
• Chip Complexity: 268 FETs or 67 Equivalent Gates 

LOGIC DIAGRAM 
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10 Y2 
8 Y3 
7 Y4 

r' 
6 Y5 
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BINARY A1 3 4 
Y6 

4-BIT 4-T0-16 Y7 ACTIVE-l-IIGH 
ADDRESS 21 STORAGE LINE 18 Y8 OUTPUTS 

INPUTS A2 LATCH DECODER 17 Y9 
20 Y10 A3 19 
14 

Y11 

LATCH 1 Y12 

ENABLE 
13 

Y13 
16 

Y14 
15 Y15 

CHIP 
SELECT 

PIN 24= VCC 
PIN 12=GND 
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NSUFFIX 
PLASTIC PACKAGE 

CASE 724-03 

REV 6 

24# 
1 

DWSUFFIX 
SOIC PACKAGE 
CASE 751E-04 

ORDERING INFORMATION 

MC74HCXXXXN Plaslie 
MC74HCXXXXDW SOIC 

PIN ASSIGNMENT 

LATCH 
ENABLE Vee 

AO CHIP 
SELECT 

A1 A3 

Y7 A2 

Y6 Y10 

Y11 

Y4 Y8 

Y3 Y9 

Y1 Y14 

Y2 Y15 

YO Y12 

GND Y13 

® MOTOROI.A 



MAXIMUM RATINGS' 

Symbol Parameter Value 

VCC DC Supply Voltage (Referenced to GND) -0.5to+7.0 

Yin DC Input Voltage (Referenced to GND) -1.5 to VCC + 1.5 

Vout DC Output Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

lin DC Input Current, per Pin ±20 

lout DC Output Current, per Pin ±25 

ICC DC Supply Current, VCC and GND Pins ±50 

PD Power Dissipation in Still Air Plastic DIPt 750 
SOIC Packaget 500 

Tstg Storage Temperature -65 to + 150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP) 260 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Ret;ommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW/"C from 65° to 125"C 
SOIC Package: -7 mW/"C from 65" to 125"C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Max 

VCC DC Supply Voltage (Referenced to GND) 2 6.0 

Yin, Vout DC Input Voltage, Output Voltage (Referenced to GND) 0 VCC 

TA Operating Temperature, All Package Types -55 + 125 

tr, tf Input Rise and Fall Time VCC=2.0V 0 1000 
(Figure 1) VCC=4.5V 0 500 

VCC=6.0V 0 400 

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 

Symbol Parameter Test Conditions 

VIH Minimum High-Level Input Vout=0.1 VorVcc-0.1 V 
Voltage 1I0uti s 20 j.LA 

VIL Maximum Low-Level Input Vout = 0.1 Vor VCC-0.1 V 
Voltage 1I0uti s 2Ol1A 

VOH Minimum High-Level Output Yin = VIH or VIL 
Voltage 1I0uti s 20 j.LA 

Yin = VIH or VIL 1I0uti s 4.0 mA 
1I0uti s 5.2 mA 

VOL Maximum Low-Level Output Yin = VIH or VIL 
Voltage 1I0uti s 20 j.LA 

Yin = VIH or VIL 1I0uti s 4.0 rnA 
1I0uti s 5.2 mA 

lin Maximum Input Leakage Current Vin = VCC or GND 

ICC Maximum Quiescent Supply Yin = VCC or GND 
Current (per Package) lout = 0 j.LA 

NOTE: Information on tYPical parametric values can be found In Chapter 2. 

High-Speed CMOS Logic Data 
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3--707 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 

mW 

°c 

°C 

Unit 

V 

V 

"C 

ns 

VCC 
V 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

6.0 

6.0 

MC74HC4514 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Yin and 
Vout should be constrained to the 
rangeGND s (VinorVout) s VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 

Guaranteed Limit 

-55to 
25"C s 85"C s 125"C Unit 

1.5 1.5 1.5 V 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.3 0.3 0.3 V 
0.9 0.9 0.9 
1.2 1.2 1.2 

1.9 1.9 1.9 V 
4.4 4.4 4.4 
5.9 5.9 5.9 

3.9B 3.84 3.70 
5.4B 5.34 5.20 

0.1 0.1 0.1 V 
0.1 0.1 0.1 
0.1 0.1 0.1 

0.26 0.33 0.40 
0.26 0.33 0.40 

±0.1 ±1.0 ± 1.0 j.LA 

8 80 160 I1A 
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MC74HC4514 

AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input tr = tf = 6 ns) 

Guaranteed Limit 

Vee -55to 
Symbol Parameter V 25°e s 05°e s 125°e Unit 

tpLH, Maximum Propagation Delay, Chip Select to Output Y 2.0 175 220 265 ns 
tpHL (Figures 1 and 5) 4.5 35 44 53 

6.0 30 37 45 

tpLH Maximum Propagation Delay, Input A to Output Y 2.0 230 290 345 ns 
(Figures 2 and 5) 4.5 46 58 69 

6.0 39 49 59 

tpHL 2.0 175 220 265 
4.5 35 44 53 
6.0 30 37 45 

tpLH Maximum Propagation Delay, Latch Enable to Output Y 2.0 230 290 345 ns 
(Figures 3 and 5) 4.5 46 58 69 

6.0 39 49 59 

tpHL 2.0 175 220 265 
4.5 35 44 53 
6.0 30 37 45 

trLH, Maximum Output Transition Time, Any Output 2.0 75 95 110 ns 

trHL (Figures 1 and 5) 4.5 15 19 22 
6.0 13 16 19 

Cin Maximum Input Capacitance - 10 10 10 pF 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

Typical @ 25°e, Vee = 5.0 V 

Power Dissipation Capacitance (Per Package)' 70 

• Used to determine the no-load dynamic power consumption: PD = CPD VCC2f + ICC VCC. For load considerations, see Chapter 2. 

TIMING REQUIREMENTS (Input tr = tf = 6 ns) 

Vee 
Symbol Parameter V 

tsu Minimum Setup Time, Input A to Latch Enable 2.0 
(Figure 4) 4.5 

6.0 

th Minimum Hold Time, Latch Enable to Input A 2.0 
(Figure 4) 4.5 

6.0 

tw Minimum Pulse Width, Latch Enable 2.0 
(Figure 3) 4.5 

6.0 

tr,tf Maximum Input Rise and Fall Times 2.0 
(Figure 1) 4.5 

6.0 

NOTE: Information on tYPical parametric values can be found in Chapter 2. 

MOTOROLA 3-708 

Guaranteed Limit 

-55to 
25°e 

100 
20 
17 

5 
5 
5 

80 
16 
14 

1000 
500 
400 

s 05°e s 125°e Unit 

125 150 ns 
25 30 
21 26 

5 5 ns 
5 5 
5 5 

100 120 ns 
20 24 
17 20 

1000 1000 ns 
500 500 
400 400 

High-Speed CMOS Logic Data 
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CHIP 
SELECT 

OUTPUTY 
----'f 

LATCH 
ENABLE 

OUTPUTY 

Figure 1. 

Figure 3. 
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SWITCHING WAVEFORMS 

..I:-----VCC 

INPUT A 

trHL 

1PLH:F 

OUTPUTY 50% 

INPUT A 

LATCH 
ENABLE 

TEST POINT 

DEVICE 
UNDER 
TEST 

OUTPUT 

• Includes all probe and jig capacitance 

Figure 5. Test Circuit 
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Figure 2. 

Figure 4. 

MC74HC4514 

VCC 

GND 

VCC 

GND 

'-------GND 
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Latch 
Enable 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

X 

L 

MOTOROLA 

FUNCTION TABLE 

Chip 
Address Inputs 

Select A3 A2 A1 AO 

L L L L L 
L L L L H 
L L L H L 
L L L H H 

L L H L L 
L L H L H 
L L H H L 
L L H H H 

L H L L L 
L H L L H 
L H L H L 
L H L H H 

L H H L L 
L H H L H 
L H H H L 
L H H H H 

H X X X X 

L X X X X 

INPUT A 

LATCH ENABLE 

CHIP SELECT 

Selected 
Output 
(High) 

YO 
Y1 
Y2 
Y3 

Y4 
Y5 
Y6 
Y7 

YB 
Y9 
Y10 
Y11 

Y12 
Y13 
Y14 
Y15 

All 

PIN DESCRIPTIONS 

ADDRESS INPUTS 

AO, A1, A2, A3 (Pins 2, 3, 21, 22) 
Address Inputs. These inputs are decoded to produce a 

high level on one of 16 outputs. The inputs are arranged 
such that A3 is the most-significant bit and AO is the least
significant bit. The decimal equivalent of the binary input 
address indicates which of the 16 data outputs, YO-Y15, is 
selected. 

OUTPUTS 

YO - Y15 (Pins 11, 9, 10, 8, 7, 6, 5, 4, 18, 17, 20, 19, 14, 
13,16,15) 

Active-High Outputs. These outputs produce a high level 
when selected (Latch Enable = H, Chip Select = L) and are at 
a low level when not selected. 

CONTROL INPUTS 

Latch Enable (Pin 1) 

Outputs: L 

Latch Enable Input. A low level on this input stores the 
data on the Address data inputs in the 4-bit latch. A high 
level on the Latch Enable input makes the latch transparent 
and allows the outputs to follow the inputs. Note that the data 
is latched only while the Latch Enable input is at a low level. 

Latched 
Data 

Chip Select (Pin 23) 
Chip Select Input. A high on this input produces a low level 

on all outputs, regardless of what appears at the address or 
Latch Enable inputs. A low level on the Chip Select input 
allows the selected output to produce a high level. 

TIMING DIAGRAM 

OUTPUTY n n 1 _-----' '---_I U 

3-710 High-Speed CMOS Logic Data 
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AO 2 DATA 01-----, 

A 1 ....:3:..-_-1--1 

A2 21 

A3 22 

LATCH 1 
ENABLE 

CHIP 23 
SELECT 

LE 

LE 

LE 

LE 
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A12 

A11 

A10 

'" '" <Xl A9 <D .... 
<:> 
:2 AB 

[3] 

MOTOROLA 

MICROPROCESSOR MEMORY DECODING 

YO OOOO-OOFF 
01 00-01 FF 

CHIP 0200-02FF 
0300-03FF SELECT 
0400-04FF 

A3 0500-05FF 
.... 0600-06FF 

A2 ;;; 0700-07FF .... 
<.> OBOO-OBFF ::;; 

A1 090D-09FF 
OAOO-OAFF 

AD OBOO-OBFF 
OCOO-OCFF 
ODOO-ODFF 

+V LATCH OEOO-OEFF 
ENABLE OFOO-OFFF 

YO 1 00D-1 OFF 

HC04 110D-11FF 
1200-12FF 
130D-13FF 
140D-14FF 
150D-15FF 

.... 160D-16FF 
A2 ;;; 170D-17FF .... 

<.> 1 BOD-1BFF :2 
A1 190D-19FF 

1 AOD-1AFF 
AO Y11 1 BOO-1BFF 

Y12 1 COD-1CFF 
Y13 1D0D-1DFF 

+V LATCH Y14 1 EOO-1EFF 
ENABLE Y15 1 FOD-1FFF 

3-712 
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CODE TO CODE CONVERSION - HEXADECIMAL TO BCD 

A3 

A2. 

A1 

AD 

LATCH 
ENABLE 

CHIP 
SELECT 

-
-
-
-

--< 

--< 

ESGENERAL ALLDIOD 
PURPOS EGERMANIUM 

ttV 
YO 
Y1 
Y2 
Y3 
Y4 
Y5 

'" 0 Y6 '" '" ..,. 
Y7 C3 

::;; ya 
Y9 

Y10 
Y11 
Y12 
Y13 
Y14 
Y15 

~GND 

R= 10 k 

High-Speed CMOS Logic Da1a 
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r-t... 
r-t... 

~ 
~ ....,.. r"lIf. 

~ ~ ~ 
r-t... 

r"lIf. 
~ 
....... 
r"lIf. 
r-t... 
r"lIf. ....... ....,.. ....,.. 

-= = -= = 

.....,.... COMMON CATHODE LEDs 

....... I I-I 
I 1=1 = ....... = =-

....... .b .b 
""'-
....... R=2k 

....... 

" ""'- r - ,/ 

L - ......... 
..AA. 

,/ 
A3 ,A 

'v 

---{) L A2. U; ..,. 
0 

Xli 
::;; 

A1 

,A 
AO 

V R=2kn 

-= HC4050 HC4050 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Dual Precision 
Monostable Multivibrator 
(Retriggerable, Resettable) 

The MC54fl 4HC4538A is identical in pinout to the MC14538B. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This dual monostable multivibrator may be triggered by either the positive 
or. the negative edge of an input pulse, and produces a precision output 
pulse over a wide range of pulse widths. Because the device has conditioned 
trigger inputs, there are no trigger-input rise and fall time restrictions. The 
output pulse width is determined by the external timing components, Rx and 
Cx. The device has a reset function which forces the Q output low and the Q 
output high, regardless of the state of the output pulse circuitry. 

• Unlimited Rise and Fall Times Allowed on the Trigger Inputs 
• Output Pulse is Independent of the Trigger Pulse Width 
• ± 10% Guaranteed Pulse Width Variation from Part to Part (Using the 

Same Test Jig) 

• Output Drive Capability: 10 LSTTL Loads 
• Outputs Directly Interface to CMOS, NMOS and TTL 

Operating Voltage Range: 3.0 to 6.0 V 

• Low Input Current: 1.0 IlA 
• High Noise Immunity Characteristic of CMOS Devices 
• In Compliance with the Requirements Defined by JEDEC Standard 

NO.7A . 

• Chip Complexity: 145 FETs or 36 Equivalent Gates 

TRIGGER{ A1 
INPUTS B1 

LOGIC DIAGRAM 

I--..--,\M-VCC 

6 01 

I--..--'\M- VCC 

RESET 1...:..-----' 

PIN 16= VCC 
PIN B=GND 

TRIGGER { A2 
INPUTS B2 

RESET 2 ..,!1::,.3 ___ ---J 

RX AND Cx ARE EXTERNAL COMPONENTS 
PIN 1 AND PIN 15 MUST BE HARD WIRED TO GND 

10195 

© Motorola, Inc. 1995 

10 02 

1---"--02 

3-714 

I MC54/74HC4538A I 

JSUFFIX 
CERAMIC PACKAGE 

CASE 620-10 

N SUFFIX 
PLASTIC PACKAGE 

CASE 648--08 

DSUFFIX 
SOIC PACKAGE 
CASE 7518--05 

ORDERING INFORMATION 

MC54HCXXXXAJ 
MC74HCXXXXAN 
MC74HCXXXXAD 

Ceramic 
Plastic 
SOIC 

PIN ASSIGNMENT 

GND [ 1- 16 ] VCC 

CXllRX1 [ 2 15 ] GND 

RESET 1 [ 3 14 ] CX2lRX2 

A1[ 4 13 ] RESET 2 

B1[ 5 12 ] A2 

01[ 6 11 ] B2 

QT[ 7 10 ] 02 

GND [ 8 9] 02 

FUNCTION TABLE 

Inputs Outputs 

Reset A B Q Q 

H ..r H SL "lS" 
H L "\.. SL "lS" 
H X L Not Triggered 
H H X Not Triggered 

H L,H,"\.. H Not Triggered 
H L L,H,..r Not Triggered 

L X X L H 
"\.. ..r X X Not Triggered 

REV 6 
®IfIIOTOROLA 



MAXIMUM RATINGS' 

Symbol Parameter Value Unit 

VCC DC Supply Voltage (Referenced to GND) -0.5 to + 7.0 V 

Vin DC Input Voltage (Referenced to GND) - 1.5 to VCC + 1.5 V 

Vout DC Output Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

lin DC Input Current, per Pin A, B, Reset ±20 mA 
Cx,Rx ±30 

lout DC Output Current, per Pin ±25 rnA 

ICC DC Supply Current, VCC and GND Pins ±50 rnA 

Po Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
SOIC Packaget 500 

Tstg Storage Temperature -65 to + 150 °c 

TL Lead Temperature, 1 mm from Case for 10 Seconds °c 
(Plastic DIP or SOIC Package) 260 

(Ceramic DIP) 300 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW/oC from 65° to 125°C 
Ceramic DIP: -10 mW/oC from 100° to 125°C 
SOIC Package: -7 mWrC from 65° to 125°C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter 

VCC DC Supply Voltage (Referenced to GND) 

Vin, Vout DC Input Voltage, Output Voltage (Referenced to GND) 

TA Operating Temperature, All Package Types 

tr,tf Input Rise and Fall Time VCC=2.0V 
(Figure 7) VCC=4.5V 

VCC = 6.0 V 

A or B (Figure 5) 

Rx External Timing Resistor VCC < 4.5 V 
VCC? 4.5V 

Cx External Timing Capacitor 

Min 

3.0" 

0 

-55 

0 
0 
0 

-

1.0 
2.0 

0 

MC54/74HC4538A 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND ,; (Vin or Vout) ,; VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 

Max Unit 

6.0 V 

VCC V 

+ 125 °c 

1000 ns 
500 
400 

No Limit 

· kfl · 
· IlF 

'The maximum allowable values of Rx and Cx are a function of the leakage of capacitor Cx, the leakage of the HC4538A, and leakage due to 
board layout and surface resistance. For most applications, Cx/Rx should be limited to a maximum value of 10 IlF/1.0 Mfl. Values of Cx > 1.0 IlF 
may cause a problem during power down (see Power Down Considerations). Susceptibility to externally induced noise Signals may occur for 
Rx> 1.0Mfl. 

"The HC4538A will function at 2.0 V but for optimum pulse width stability, VCC should be above 3.0 V. 
NOTE: Information on typical parametric values can be found in Chapter 2. 

High-Speed CMOS Logic Data 
DL129-Rev6 
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MC54/7 4HC4538A 

DC CHARACTERISTICS FOR THE MC54174HC4538A 

-55to 

VCC 
25°C 

Symbol Parameter Test Conditions Volts Min Max 

VIH Minimum High-Level Vout=0.1 VorVCC-O.l V 2.0 1.5 
Input Voltage "outl s 20 !lA 4.5 3.15 

6.0 4.2 

VIL Maximum Low-Level Vout = 0.1 VorVCC -0.1 V 2.0 0.5 
Input Voltage '''outl s 20!lA 4.5 1.35 

6.0 1.8 

VOH Minimum High-Level Vin = VIH or VIL 2.0 1.9 
Output Voltage "outl s 20!lA 4.5 4.4 

6.0 5.9 

Vin = VIH or VIL 
"outl s -4.0 mA 4.5 3.98 
"outl s -5.2 mA 6.0 5.48 

VOL Maximum Low-Level Vin = VIH or VIL 2.0 0.1 
Output Voltage "outl s 20 !lA 4.5 0.1 

6.0 0.1 

Vin = VIH or VIL 
"outl s 4.0 mA 4.5 0.26 
"outl s 5.2 mA 6.0 0.26 

lin Maximum Input Vin = VCC or GND 6.0 ±0.1 
Leakage Current 
(A, B, Reset) 

lin Maximum Input Vin = VCC or GND 6.0 ±50 
Leakage Current 
(Rx,Cx) 

ICC Maximum Quiescent Vin = VCC or GND 6.0 130 
Supply Current 01 and 02 = Low 
(per package) lout=OflA 
Standby State 

ICC Maximum Supply Current Vin = VCC or GND 
(per package) 01 and 02 = High 25°C 
Active State lout=O flA 

Pins 2 and 14 = 0.5 VCC 6.0 I 400 

MOTOROLA 3-716 

Guaranteed Limits 

s 85°C s 125°C 

Min Max Min Max Unit 

1.5 1.5 V 
3.15 3.15 
4.2 4.2 

0.5 0.5 V 
1.35 1.35 
1.8 1.8 

1.9 1.9 II 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 V 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ± 1.0 !lA 

±500 ±500 nA 

220 350 !lA 

- 45°C to -55°C to 
85°C 125°C 

I 600 I 800 flA 

High-Speed CMOS Logic Data 
DL129-Rev6 



MC54/74HC4538A 

AC CHARACTERISTICS FOR THE MC54174HC4538A (CL = 50 pF, Input tr = tf = 6.0 ns) 

Guaranteed Limits 

-55 to 
25°C :5 85°C :5 125°C 

Vee 
Symbol Parameter Volts Min Max Min Max Min Max Unit 

tpLH Maximum Propagation Delay 2.0 175 220 265 ns 
Input A or B to 0 4.5 35 44 53 

(Figures 6 and 8) 6.0 30 37 45 

tpHL Maximum Propagation Delay 2.0 195 245 295 ns 
Input A or B to NO 4.5 39 49 59 

(Figures 6 and 8) 6.0 33 42 50 

tpHL Maximum Propagation Delay 2.0 175 220 265 ns 
Reset to 0 4.5 35 44 53 

(Figures 7 and 8) 6.0 30 37 45 

tpLH Maximum Propagation Delay 2.0 175 220 265 ns 
Reset to NO 4.5 35 44 53 

(Figures 7 and 8) 6.0 30 37 45 

tTLH Maximum Output Transition Time, Any Output 2.0 75 95 110 ns 
tTHL (Figures 7 and 8) 4.5 15 19 22 

6.0 13 16 19 

Cin Maximum Input Capacitance (A. B, Reset) - 10 10 10 pF 
(Cx, Rx) 25 25 25 

NOTE: For propagailOn delays with loads other than 50 pF, and information on tYPical parametric values, see Chapter 2. 

Typical @ 25°C, Vee = 5.0 V 

Power Dissipation Capacitance (Per Multivibrator)* 150 

• Used to determine the no-load dynamic power consumption: PD = CPD VCC2f + ICC VCC. For load considerations, see Chapter 2. 

TIMING CHARACTERISTICS FOR THE MC54174HC4538A (Input tr = tf = 6.0 ns) 

Symbol Parameter 

trec Minimum Recovery Time, Inactive to A or B 
(Figure 7) 

tw Minimum Pulse Width, Input A or B 
(Figure 6) 

tw Minimum Pulse Width, Reset 
(Figure 7) 

tr,tl Maximum Input Rise and Fall Times, Reset 
(Figure 7) 

AorB 
(Figure 7) 

High-Speed CMOS Logic Data 
DL129-Rev6 
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-55to 
25°C 

Vee 
Volts Min Max 

2.0 0 
4.5 0 
6.0 0 

2.0 60 
4.5 12 
6.0 10 

2.0 60 
4.5 12 
6.0 10 

2.0 1000 
4.5 500 
6.0 400 

2.0 
4.5 
6.0 

Guaranteed Limits 

:5 65°C :5 125°C 

Min Max Min Max Unit 

0 0 ns 
0 0 
0 0 

75 90 ns 
15 16 
13 15 

75 90 ns 
15 16 
13 15 

1000 1000 ns 
500 500 
400 400 

No Limit 

MOTOROLA 



MC54/74HC4538A 

OUTPUT PULSE WIDTH CHARACTERISTICS (CL = 50 pF)t 

Conditions Guaranteed Limits 

-55to 

VCC 
25°C " 85°C " 125°C 

Symbol Parameter Timing Components Volts Min Max Min Max Min 

t Output Pulse Width* Rx = 10 kQ, Cx = 0.1 ~F 5.0 0.63 0.77 0.6 0.8 0.59 
(Figures 6 and 8) 

- Pulse Width Match - - ±5.0 
Between Circuits in the 
same Package 

- Pulse Width Match - - ±10 
Variation (Part to Part) 

* For output pulse widths greater than 1 00 ~s, typically t = kRxCx, where the value of k may be found in Figure 1. 

'l0.8 
o 
a:: 
~ 
I- 0.7 
z 
~ en z 
8 0.6 
:r: 
5 
~ 0.5 
~ 
::::l 
a. 
!::; 0.4 
a. 
I
::::l 
o 
-'" 0.3 

1 

TA = 25°C _ I--

V 
f 

I 
I 

J 

2 3 4 7 

Vcc, POWER SUPPLY VOLTAGE (VOLTS) 

IDs 

1 s 

~ 100 ms 

~ 
~ 10ms 
w 
~ 1 ms 
::::l 
a. 
!::; 100 ~s 

~ o 10~s 

1 ~s 
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.1 I .1 I I 
- VCC=5V, TA = 25°C 

...... V 
/' V" ...... V 

lMQ 
I ./ 

,..... 
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I V V 

V V 
10kQ , 

V 1 kQ 

",/' 

V ./ 
./ 

V ./ 
/' 

",V ....- /' 

./ V 

0.00001 0.0001 0.001 0.01 0.1 

CAPACITANCE (~F) 

Max 

0.81 

./ 
/' 

./ 
/' 

./ 
/' 

./ 
/' 

10 

Figure 1. Typical Output Pulse Width Constant, k, 
versus Supply Voltage 

Figure 2. Output Pulse Width versus 
Timing Capacitance 

(For output pulse widths> 100 lis: ~ = kRxCx) 

1.1 

;xl 
~ 
:r::2 
b~ 0.9 
~> 
w.,., 

~f2 0.8 
::::lo 
a.w 
I-N 
::::l:::; 
a."" 0.7 
!::;~ 
00 

S 0.6 

0.5 

Rx=100kQ TA = 25°C _ 

Cx = 1000 pF /' ::::.. -
/ / -

1/ 

/ 
I 

Rx=1 MQ 
I Cx =O.1 ~F 

I 
I 

II 

1 2 4 5 

VCC, POWER SUPPLY VOLTAGE (VOLTS) 

Figure 3. Normalized Output Pulse Width 
versus Power Supply Voltage 
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1.1 
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Figure 4. Normalized Output Pulse Width 
versus Power Supply Voltage 
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PIN DESCRIPTIONS 

INPUTS 

Al, A2 (Pins 4,12) 

Positive-edge trigger inputs. A rising-edge signal on 
either of these pins triggers the corresponding multivibrator 
when there is a high level on the B1 or B2 input. 

Bl, B2 (Pins 5,11) 

Negative-edge trigger inputs. A falling-edge signal on 
either of these pins triggers the corresponding multivibrator 
when there is a low level on the A 1 or A2 input. 

Reset 1, Reset 2 (Pins 3,13) 

Reset inputs (active low). When a low level is applied to 
one of these pins, the 0 output of the corresponding multi
vibrator is reset to a low level and the Q output is set to a high 
level. 

tors (see the Block Diagram). Polystyrene capacitors are 
recommended for optimum pulse width control. Electrolytic 
capacitors are not recommended due to high leakages 
associated with these type capacitors. 

GND (Pins 1 and 15) 

External ground. The external timing capacitors discharge 
to ground through these pins. 

OUTPUTS 

Ql, Q2 (Pins 6, 10) 

Noninverted monostable outputs. These pins (normally 
low) pulse high when the multivibrator is triggered at either 
the A or the B input. The width of the pulse is determined by 
the external timing components, RX and eX. 

Ql, Q2 (Pins 7,9) 
CX1/RX1 and CX2IRX2 (Pins 2 and 14) Inverted monostable outputs. These pins (normally high) 

External timing components. These pins are tied to the pulse low when the multivibrator is triggered at either the A or 
common points of the external timing resistors and ,capaci- the B input. These outputs are the inverse of 01 and 02. 

High-Speed CMOS Logic Data 
DL129-Rev6 
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CIRCUIT OPERATION 

Figure 12 shows the HC4538A configured in the retrigger
able mode. Briefly, the device operates as follows (refer to 
Figure 10): In the quiescent state, the external timing capac
itor, Cx, is charged to V CC. When a trigger occurs, the Q out
put goes high and Cx discharges quickly to the lower 
reference voltage (Vref Lower,., 1/3 VCC). Cx then charges, 
through Rx, back up to the upper reference voltage (V ref Up
per,., 2/3 VCC), at which point the one-shot has timed out 
and the Q output goes low. 

The following, more detailed description of the circuit op
eration refers to both the logic detail (Figure 9) and the timing 
diagram (Figure 10). 

QUIESCENT STATE 

In the quiescent state, before an input trigger appears, the 
output latch is high and the reset latch is high (#1 in Fig
ure 10). Thus the Q output (pin 6 or 10) of the monostable 
multivibrator is low (#2, Figure 10). 

The output of the trigger-control circuit is low (#3), and 
transistors M1, M2, and M3 are turned off. The external tim
ing capacitor, Cx, is charged to VCC (#4), and both the upper 
and lower reference circuit has a low output (#5). 

In addition, the output of the trigger-control reset circuit is 
low. 

TRIGGER CYCLE 
(AINPUn 

TRIGGER OPERATION 

The HC4538A is triggered by either a rising-edge signal at 
input A (#7) or a falling-edge signal at input B (#8), with the 
unused trigger input and the Reset input held at the voltage 
levels shown in the Function Table. Either trigger signal will 
cause the output of the trigger-control circuit to go high (#9). 

The trigger--control circuit going high simultaneously initi
ates two events. First, the output latch goes low, thus taking 
the Q output of the HC4538A to a high state (#10). Second, 
transistor M3 is turned on, which allows the external timing 
capacitor, Cx, to rapidly discharge toward ground (#11). 
(Note that the voltage across Cx appears at the input of both 
the upper and lower reference circuit comparator). 

When Cx discharges to the reference voltage of the lower 
reference circuit (#12), the outputs of both reference circuits 
will be high (#13). The trigger--control reset circuit goes high, 
resetting the trigger-control circuit flip-flop to a low state 
(#14). This turns transistor M3 off again, allowing Cx to begin 
to charge back up toward VCC, with a time constant t = RxCx 
(#15). Once the voltage across Cx charges to above the low
er reference voltage, the lower reference circuit will go low 
allowing the monostable multivibrator to be retriggered. 

TRIGGER CYCLE 
(8 INPUT) RETRIGGER 

--I trr I--
~ __________ ~n~ __ ~~~ ____ _ CD 

TRIGGER INPUT A I 
(PIN 4 OR 12) __ ----l 

TRIGGER INPUT 8 -----------'LJ 
(PIN50R11) ® 

TRIGGER·CONTROL CD 
CIRCUIT OUTPUT '-":~_..J 

~ 
~ ______ ~n~ ______ ~n~ __ ~r!Jl ____ __ 

RX/CX INPUT 12 

(PIN 2 OR 14) . 
VrefUPPER 

Vref LOWER / ® 
UPPER REFERENCE 0 II@ II n 

CIRCUIT ~------' 1-____ -' 1-__ --' 

® 
LOWER REFERENCE _....;®,--_--,n@ n n u CIRCUIT '-='----------' 1-______ --' L..-___ --' '------

RESET INPUT --------------------®-:::20:-'1U,...---------
(PIN30R 13) 

RESET LATCH 

MOTOROLA 

® 
QOUTPUT _...;0:;..2 _...J1IL:'@:;..9 ___ --1 r-1 1 I 

(PIN60R10) . - 1.-____ 1 L--J L--
I-~-I f--~-I I-- ~+trr---i 

Figure 10. Timing Diagram 
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When Cx charges up to the reference voltage of the upper 
reference circuit (#17), the output of the upper reference cir
cuit goes low (#18). This causes the output latch to toggle, 
taking the Q output of the HC4538A to a low state (#19), and 
completing the time-out cycle. 

POWER-DOWN CONSIDERATIONS 

Large values of Cx may cause problems when powering 
down the HC4538A because of the amount of energy stored 
in the capacitor. When a system containing this device is 
powered down, the capacitor may discharge from VCC 
through the input protection diodes at pin 2 or pin 14. Current 
through the protection diodes must be limited to 30 mA; 
therefore, the turn-off time of the VCC power supply must not 
be faster than t = VCC.C x/(30 mAl. For example, if 
VCC = 5.0 V and Cx = 151lF, the VCC supply must turn off no 
faster than t = (5.0 V).(15IlF)/30 mA = 2.5 ms. This is usually 
not a problem because power supplies are heavily filtered 
and cannot discharge at this rate. 

When a more rapid decrease of VCC to zero volts occurs, 
the HC4538A may sustain damage. To avoid this possibility, 
use an external damping diode, Ox, connected as shown in 
Figure 11. Best results can be achieved if diode Ox is chosen 
to be a germanium or Schottky type diode able to withstand 
large current surges. 

RESET AND POWER ON RESET OPERATION 

A low voltage applied to the Reset pin always forces the Q 
output of the HC4538A to a low state. 

The timing diagram illustrates the case in which reset oc
curs (#20) while Cx is charging up toward the reference volt
age of the upper reference circuit (#21). When a reset 

A 

B 

RESET 

MC54/74HC4538A 

occurs, the output of the reset latch goes low (#22), turning 
on transistor M1. Thus Cx is allowed to quickly charge up to 
VCC (#23) to await the next trigger signal. 

On power up of the HC4538A the power-on reset circuit 
will be high causing a reset condition. This will prevent the 
trigger-control circuit from accepting a trigger input during 
this state. The HC4538A's Q outputs are low and the Q not 
outputs are high. 

RETRIGGER OPERATION 

When used in the retriggerable mode (Figure 12), the 
HC4538A may be retriggered during timing out of the output 
pulse at any time after the trigger-control circuit flip-flop has 
been reset (#24), and the voltage across Cx is above the low
er reference voltage. As long as the Cx voltage is below the 
lower reference voltage, the reset of the flip-flop is high, dis
abling any trigger pulse. This prevents M3 from turning on 
during this period resulting in an output pulse width that is 
predictable. 

The amount of undershoot voltage on RxCx during the 
trigger mode is a function of loop delay, M3 conductivity, and 
VOO. Minimum retrigger time, trr (Figure 7), is a function of 
1) time to discharge RxCx from VOO to lower reference 
voltage(T discharge);2)loopdelay(T delay);3)timetocharge 
RxCx from the undershoot voltage back to the lower refer
ence voltage (Tcharge). 

Figure 13 shows the device configured in the non-retrig
gerable mode. 

An Application Note (AN1558/D) titled Characterization of 
Retrigger Time in the HC4538A Dual Precision Monstable 131 
Multivibratoris being prepared. Please consult the factory for 
its availability. 

DX 

Vee 
RX 

1---0 

1---0 

Figure 11. Discharge Protection During Power Down 
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TYPICAL APPLICATIONS 

RX 

1----0 

0---0 
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RX 
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RESET = VCC 
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TRIGGER 
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Figure 12. Retriggerable Monostable Circuitry Figure 13. Non-retriggerable Monostable Circuitry 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Quad 2-lnput Exclusive 
NOR Gate 
High-Performance Silicon-Gate CMOS 

The MC74HC7266 is identical in pinout to the LS266 and the HC266. The 
HC7266 has standard CMOS outputs instead of open-drain outputs. 

The de~lce Inputs are compatible with standard CMOS outputs; with 
pullup resistors, they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 
• Outputs Directly Interface to CMOS, NMOS, and TTL 
• Operating Voltage Range: 2 to 6 V 
• Low Input Current: 1 I-!A 
• High Noise Immunity Characteristic of CMOS Devices 
• In Compliance with the Requirements Defined by JEDEC Standard 

NO.7A 

• Chip Complexity: 56 FETs or 14 Equivalent Gates 

10/95 

LOGIC DIAGRAM 
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81 
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A3~0 9 Y3 
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PIN 14= Vee 
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MC74HC7266 

• 'YI~ 
14 'nTl111 

N SUFFIX 
PLASTIC PACKAGE 

CASE 646-06 

REV6 

14~ 
D SUFFIX 

SOIC PACKAGE 
CASE 751A-03 

ORDERING INFORMATION 

MC74HCXXXXN Plastic 
MC74HCXXXXD SOIC 

PIN ASSIGNMENT 

A1 

81 

Y1 

Y2 

A2 

82 

[ 1-

2 

( 3 

[ 4 

5 

6 

14 P 
13 P 
12 

11 

10 

9 

GND 7 8 

Vee 

84 

A4 

Y4 

Y3 

83 

A3 

FUNCTION TABLE 

Inputs Output 

A B Y 

L L H 
L H L 
H L L 
H H H 
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MAXIMUM RATINGS· 

Symbol Parameter Value 

VCC DC Supply Voltage (Referenced to GND) -0.5to + 7.0 

Yin DC Input Voltage (Referenced to GND) -1.5to VCC + 1.5 

Vout DC Output Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

lin DC Input Current, per Pin ±20 

lout DC Output Current, per Pin ±25 

ICC DC Supply Current, VCC and GND Pins ±50 

PD Power Dissipation in Still Air Plastic DIPt 750 
SOIC Packaget 500 

Tstg Storage Temperature -65to+150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 260 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: -10 mW/oC from 65° to 125°C 
SOIC Package: -7 mW/oC from 65° to 125°C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Max 

VCC DC Supply Voltage (Referenced to GND) 2.0 6.0 

Yin, Vout DC Input Voltage, Output Voltage (Referenced to GND) 0 VCC 

TA Operating Temperature, All Package Types -55 + 125 

tr,tf Input Rise and Fall Time VCC=2.0V 0 1000 
(Figure 1) VCC=4.5V 0 500 

VCC=6.0V 0 400 

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 

Symbol Parameter Test Conditions 

VIH Minimum High-Level Input Vout=O.1 VorVcc-O.l V 
Voltage lIoutl " 2Ol1A 

VIL Maximum Low-Level Input Vout=O.1 VorVcc-O.l V 
Voltage lIoutl " 20 !!A 

VOH Minimum High-Level Output Yin = VIH or VIL 
Voltage lIoutl " 2Ol1A 

Yin = VIH or VIL lIoutl " 4.0 rnA 
Iioutl " 5.2 rnA 

VOL Maximum Low-Level Output Yin = VIH or VIL 
Voltage lIoutl " 20 !!A 

Yin = VIH or VIL lIoutl " 4.0 rnA 
lIoutl " 5.2 rnA 

lin Maximum Input Leakage Current Yin = VCC or GND 

ICC Maximum Quiescent Supply Yin = VCC or GND 
Current (per Package) lout = o !!A 

NOTE: Information on tYPical parametric values can be found In Chapter 2. 

MOTOROLA 3-726 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 

mW 

°c 

°C 

Unit 

V 

V 

°c 

ns 

VCC 
V 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

6.0 

6.0 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Yin and 
Vout should be constrained to the 
range GND " (Vin orVout) " VCC. 

Unused inputs must always be 
tied to an appropriate logic voltage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 

Guaranteed Limit 

-55to 
25°C 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

±0.1 

2 

" B5°C " 125°C Unit 

1.5 1.5 V 
3.15 3.15 
4.2 4.2 

0.3 0.3 V 
0.9 0.9 
1.2 1.2 

1.9 1.9 V 
4.4 4.4 
5.9 5.9 

3.84 3.70 
5.34 5.20 

0.1 0.1 V 
0.1 0.1 
0.1 0.1 

0.33 0.40 
0.33 0.40 

±1.0 ±1.0 !!A 
20 40 I1A 
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MC74HC7266 

AC ELECTRICAL CHARACTERISTICS ( CL = 50 pF, Input tr = tf = 6 ns) 

Guaranteed Limit 

Vee -55to 
Symbol Parameter V 25°e s 85°e s 125°e Unit 

tpLH, Maximum Propagation Delay, Input A or B to Output Y 2.0 120 150 180 ns 
tpHL (Figures 1 and 2) 4.5 24 30 36 

6.0 20 26 31 

tTLH, Maximum Output Transition lime, Any Output 2.0 75 95 110 ns 
tTHL (Figures 1 and 2) 4.5 15 19 22 

6.0 13 16 19 

Cin Maximum Input Capacitance - 10 10 10 pF 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

Typical @ 25°e, Vee = 5.0 V 

Power Dissipation Capacitance (Per Gate)' 33 

• Used to determine the no-load dynamic power consumption: PD = CPD VCC2f + ICC VCC. For load considerations, see Chapter 2. 

INPUT 
AORB 

OUTPUTY 
10% 

- VCC 

"'---- GND 

Figure 1. Switching Waveforms 
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APPLICATION INFORMATION 

Bi q,-L is defined as biphase-Ievel code. Also known as 
Manchester Code, this technique utilizes binary phase shift 
keying (PSK). The Bi q,-L output shown in Figure 3 carries 
both data and synchronization information; therefore, sepa
rate data and clock lines are not required to transfer informa
tion. A positive-going transition in the middle of the bit 
interval indicates a logic zero; a negative-going transition in-

1/4 

dicates a logic one (see Figure 4). 
NRZ-L shown in Figure 3 is non-return-to-zero level 

code. This is simply serial data out of a shift register, such as 
the HC597. 

The Bi q,-L signal must be phase coherent (i.e., no 
glitches). Therefore, NRZ-L and clock transitions must be 
coincident. 

HC7266 

NRZ-L=JD-
BI <l>-L 

CLOCK 

MOTOROLA 

NRZ-L --' 

CLOCK 

Blq,-L 

POSITIVE 
LOGIC DATA 

Figure 3. Biphase--Level Encoder (Manchester Encoder) 

BIT 
INTERVAL 

Figure 4. Timing Diagram 
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MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

Product Preview 
MC74HC7266A 

Quad 2-lnput Exclusive 
NOR Gate 
High-Performance Silicon-Gate CMOS 

The MC74HC7266A is identical in pinout to the LS266 and the HC266. 
The HC7266 has standard CMOS outputs instead of open-drain outputs. 

The device inputs are compatible with standard CMOS outputs; with 
pullup resistors, they are compatible with LSTTL outputs. 

• Output Drive Capability: 10 LSTTL Loads 
• Outputs Directly Interface to CMOS, NMOS, and TTL 
• Operating Voltage Range: 2 to 6 V 
• Low Input Current 1 J.lA 
• High Noise Immunity Characteristic of CMOS Devices 
• In Compliance with the Requirements Defined by JEDEC Standard 

NO.7A 
• Chip Complexity: 56 FETs or 14 Equivalent Gates 

LOGIC DIAGRAM 

. 3 ~ Al~1 
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A2~5 4 Y2 
82 6 

8 
A3~0 9 Y3 
83 

A4~12 11 Y4 
84 13 

PIN 14= Vee 
PIN 7 =GND 

Y=A$8 
=A8+AB 

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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NSUFFIX 
PLASTIC PACKAGE 

CASE 646-{)6 

DSUFFIX 
SOIC PACKAGE 
CASE 751A-{)3 

DTSUFFIX 
TSSOP PACKAGE 

CASE 948G-{)1 

ORDERING INFORMATION 

MC74HCXXXXAN Plastic 
MC74HCXXXXAD SOIC 
MC74HCXXXXADT TSSOP 

PIN ASSIGNMENT 

Al[ 1· 14 ~ Vee 
8t[ 2 13 ~ 84 

Yl[ 3 12 ~A4 
Y2[ 4 11 ~ Y4 

A2[ 5 10 ~ Y3 

82[ 6 9 ~ 83 

GND[ 7 8 ~ A3 

FUNCTION TABLE 

Inputs Output 

A B Y 

L L H 
L H L 
H L L 
H H H 
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MAXIMUM RATINGS· 

Symbol Parameter Value 

VCC DC Supply Voltage (Referenced to GND) -0.5to+7.0 

Yin DC Input Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

Vout DC Output Voltage (Referenced to GND) - 0.5 to VCC + 0.5 

lin DC Input Current, per Pin ±20 

lout DC Output Current, per Pin ±25 

ICC DC Supply Current, VCC and GND Pins ±50 

PD Power Dissipation in Still Air Plastic DIPt 750 
SOIC Packaget 500 

TSSOP Packaget 450 

Tstg Storage Temperature -65to+ 150 

TL Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP, SOIC or TSSOP Package) 260 

• Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 

tDerating - Plastic DIP: - 10 mW/oC from 65° to 125°C 
SOIC Package: -7 mW/oC from 65° to 125°C 
TSSOP Package: -6.1 mWrC from 65° to 125°C 

For high frequency or heavy load considerations, see Chapter 2. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Max 

VCC DC Supply Voltage (Referenced to GND) 2.0 6.0 

Yin, Vout DC Input Voltage, Output Voltage (Referenced to GND) 0 VCC 

TA Operating Temperature, All Package Types -55 + 125 

tr,tf Input Rise and Fall TIme VCC=2.0V 0 1000 
(Figure 1) VCC = 4.5 V 0 500 

VCC=6.0V 0 400 

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 

Symbol Parameter Test Conditions 

VIH Minimum High-Level Input Vout=O.l VorVcc-O.l V 
Voltage 1I0uti s 20 I1A 

VIL Maximum Low-Level Input Vout=O.l VorVCC-O.l V 
Voltage lIoutl s 20!!A 

VOH Minimum High-Level Output Yin = VIH or VIL 
Voltage lIoutl s 20!!A 

Yin = VIH or VIL lIoutl s 2.4 rnA 
lIoutl s 4.0 rnA 
1I0uti s 5.2 rnA 

MOTOROLA 3-730 

Unit 

V 

V 

V 

rnA 

rnA 

rnA 

mW 

°C 

°C 

Unit 

V 

V 

°c 

ns 

VCC 
V 

2.0 
3.0 
4.5 
6.0 

2.0 
3.0 
4.5 
6.0 

2.0 
4.5 
6.0 

3.0 
4.5 
6.0 

This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance cir
cuit. For proper operation, Yin and 
Vout should be constrained to the 
rangeGND s (VinorVouV s VCC. 

Unused inputs must always be 
tied to an appropriate logic vol.tage 
level (e.g., either GND or VCC). 
Unused outputs must be left open. 

Guaranteed Limit 

-55to 
25°C 

1.5 
2.1 

3.15 
4.2 

0.5 
0.9 
1.35 
1.8 

1.9 
4.4 
5.9 

2.48 
3.98 
5.48 

s 85°C s 125°C Unit 

1.5 1.5 V 
2.1 2.1 

3.15 3.15 
4.2 4.2 

0.5 0.5 V 
0.9 0.9 
1.35 1.35 
1.8 1.8 

1.9 1.9 V 
4.4 4.4 
5.9 5.9 

2.34 2.20 
3.84 3.70 
5.34 5.20 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 

Guaranteed Limit 

Vee -55to 
Symbol Parameter Test Conditions V 25'e s 85'e s 125'e Unit 

VOL Maximum Low-Level Output Vin = VIH or VIL 2.0 0.1 0.1 0.1 V 
Voltage lIoutl s 20llA 4.5 0.1 0.1 0.1 

6.0 0.1 0.1 0.1 

Vin = VIH or VIL lIoutl s 2.4 mA 3.0 0.26 0.33 0.40 
lIoutl s 4.0 mA 4.5 0.26 0.33 0.40 
lIoutl s 5.2 mA 6.0 0.26 0.33 0.40 

lin Maximum Input Leakage Current Vin = VCC or GND 6.0 ±0.1 ±1.0 ±1.0 IlA 

ICC Maximum Quiescent Supply Vin = VCC or GND 6.0 1 10 40 IlA 
Current (per Package) lout = 0 IlA 

NOTE: Information on typical parametric values can be found in Chapter 2. 

AC ELECTRICAL CHARACTERISTICS ( CL = 50 pF, Input tr = tf = 6 ns) 

Guaranteed Limit 

Vee -55to 
Symbol Parameter V 25'e s 85'e s 125'e Unit 

tpLH, Maximum Propagation Delay, Input A or B to Output Y 2.0 100 125 150 ns 
tpHL (Figures 1 and 2) 3.0 80 90 110 

4.5 20 25 25 
6.0 17 21 19 

tTLH, Maximum Output Transition lime, Any Output 2.0 75 95 110 ns 

trHL (Figures 1 and 2) 3.0 30 40 55 
4.5 15 19 22 
6.0 13 16 19 

Cin Maximum Input Capacitance - 10 10 10 pF 

NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 2. 
2. Information on typical parametric values can be found in Chapter 2. 

Typical @ 25'e, Vee = 5.0 V 

Power Dissipation Capacitance (Per Gate)" 33 

"Used to determine the no-load dynamic power consumption: PD = CpD VCC2f + ICC VCC. For load considerations, see Chapter 2. 

INPUT 
AORB 

OUTPUTY 
10% 

trLH--

- VCC 

-=---- GND 

Figure 1. Switching Waveforms 
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DEVICE 
UNDER 
TEST 

TEST POINT 

OUTPUT 

" Includes all probe and jig capacitance 

Figure 2. Test Circuit 
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MC74HC7266A 

A 

B 

LOGIC DETAIL 
(1/4 of Device) 

APPLICATION INFORMATION 

y 

Bi cJr-L is defined as biphase-Ievel code. Also known as 
Manchester Code, this technique utilizes binary phase shift 
keying (PSK). The Bi cJr-L output shown in Figure 3 carries 
both data and synchronization information; therefore, sepa
rate data and clock lines are not required to transfer informa
tion. A positive-going transition in the middle of the bit 
interval indicates a logic zero; a negative-9oing transition in-

dicates a logic one (see Figure 4). 
NRZ-L shown in Figure 3 is non-return-to-zero level 

code. This is simply serial data out of a shift register, such as 
the HC597. 

The Bi cp-L signal must be phase coherent (Le., no 
glitches). Therefore, NRZ-L and clock transitions must be 
coincident. 

MOTOROLA 

NRZ-L~ 

CLOCK 

BI <P-l 

POSITIVE 
LOGIC DATA 

114 
HC7266A 

NRZ-L=n=>-
BI <P-l 

CLOCK 

Figure 3. Biphase-Level Encoder (Manchester Encoder) 

BIT 
INTERVAL 

o o 

Figure 4. Timing Diagram 

3-732 

o 
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High-Speed CMOS Data 

This section contains the High-Speed CMOS 
device nomenclature for ordering ease. It also 
contains the technical case outlines for al/ of the 
available packages for High-Speed devices. 

CONTENTS 
Device Nomenclature ...................... 4-2 
Case Outlines ............................. 4-2 
Motorola Distributor and Worldwide 
Sales Offices ............................ 4-14 
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Ordering Information 

Ordering Information 141 
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High-Speed CMOS Family 
Device Nomenclature 

Me vv WWW xxxx y 
"""'L-

_ro" I I Circuit Identifier 

Temperature Range 
• 74 Series (-55 to +125°C) 
• 54 Series (-55 to + 125°C) 

High-Speed CMOS 
Specification Identifier 

• HC = Buffered High-Speed CMOS 
• HCU = Unbuffered High-Speed CMOS' 
• HCT = High-Speed CMOS TTL Compatible 

<Not Available On All Devices 

Package Type 
• N for Plastic (74 Series Only) 
• J for Ceramic (54 Series Only) 
• 0 for 150 mil Plastic SOIC (74 Series Only) 
• OW for 300 mil Plastic SOIC (74 Series Only) 

Function Type 

Case Outlines 

14-Pin Packages 

J SUFFIX 
CERAMIC DIP PACKAGE 

CASE 632-08 
ISSUEY 

• XXIX) Same Function and Pin Configuration 
as LSTTL 

• 4XXX Same Function and Pin Configuration 
as CMOS 14000 

• 7XX(X) Variation of LSTTL or CMOS 14000 
Device 

NOTES: I" l±l "I [::::::Il 1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DlMESNION F MAY NARROW TO 0.76 (0.030) 

WHERE THE LEAD ENTERS THE CERAMIC 
BODY. C 

MOTOROLA 

It 
b 
u 

JL J14PL 

"';1$:":1 :::":0.2~5 "'-(0."--01"'-0) -=®""'I-'T I-B--:®"'s 1 

4-2 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 0.750 0.785 19.05 19.94 
e 0.245 0.280 6.23 7.11 
C 0.155 0.200 3.94 5.08 
o 0.015 0.020 0.39 0.50 
F 0.055 0.065 1.40 1.65 
G 0.100BSC 
J 0.008 0.Q15 
K 0.125 0.170 
L 0.300 esc 
M 0° 15" 
N 0.020 0.040 

High-Speed CMOS Logic Data 
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N SUFFIX 
PLASTIC DIP PACKAGE 

CASE 646-06 
ISSUE L 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751A-Q3 
ISSUE F 

4--3 

Case Outlines 

NOTES: 
1. lEADS WITHIN 0.13 (0.0051 RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION l TO CENTER OF lEADS WHEN 
FORMED PARAllEl. 

3. DIMENSION B 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 3.69 469 
D 0.015 0.021 0.38 0.53 
F 0.040 0070 102 1.78 
G 0.100BSC 2.54BSC 
H 0052 0095 132 241 
J 0.008 0.015 0.20 038 
K 0.115 0.135 292 3.43 
l 0.300BSC 7.62 BSC 
M 0° 10° 0° 10° 
N 0.015 0039 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 (0.0061 

PER SIDE. 
5. DIMENSION D DOES NOT INCLUDE DAMBAR 

PROTRUSION. AllOWABLE DAMBAR 
PROTRUSION SHAll BE 0.127 (0.0051 TOTAL 
IN EXCESS OF THE D 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.D16 0.049 
G 1.27BSC 0.050 BSC 
J 0.19 0.25 0.008 0.009 
K 0.10 025 0.004 0.009 
M 00 70 00 70 

P 5.80 620 0.228 0.244 
R 0.25 0.50 0.010 0.019 

MOTOROLA 



Case Outlines 

MOTOROLA 

so SUFFIX 
PLASTIC SSOP PACKAGE 

CASE 940A-Q3 
ISSUE B 

11-- 14X K REF 

I 1e-10.12(0.005)@ITIU®lv®1 0.25 (0.01 0) 

ffi.. I 
L l ----- B 

PIN 1 
IDENT A~--L 

I-v-I 

DETAILE 

SECTION N-N 

4-4 

N01ES: 
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 8 DOES NOT INCLUDE INTERLEAD 
FLASH OR PROTRUSION. INTERLEAD FLASH OR 
PROTRUSION SHALL NOT EXCEED 0.15 (0.006) 
PER SIDE. 

5. DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSION/INTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHAll BE 0.13 (0.005) TOTAL IN 
EXCESS OF K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. DAM8AR 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-. 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
Jl 
K 
Kl 
L 
M 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
6.07 6.33 0.238 0.249 
520 5.38 0.205 0.212 
1.73 1.99 0.068 0.078 
0.05 0.21 0.002 0.008 
0.63 0.95 0.024 0.037 

0.65 BSC 0.026 BSC 
1.08 1.22 0.042 0.048 
0.09 0.20 0.003 0.008 
0.09 0.16 0.003 0.006 
025 0.38 0.010 0.D15 
025 0.33 0.010 0.013 
7.65 7.90 0.301 0.311 

0" 8" 0" 8" 

High-Speed CMOS Logic Data 
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OTSUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 9488-03 
ISSUE A 

~--A---I 

PIN 1 
IDENTIFICATION 

J1 ~ 
ITO 

SECTION A-A 

High-Speed CMOS Logic Data 
DL129-Rev6 

4-5 

Case Outlines 

NOTES: 
I. DIMENSIONING AND TOlERANCING PER ANSI 

YI4.5M,1982. 
2. CONTROLLING DIMENSION: MilLIMETER. 
3. DIMENSION A DOES NDT INCLUDE MDLD 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 DAM BAR 
PROTRUSION. AllOWABLE DAMBAR 
PROTRUSION SHALL BE 0.08(0.003) TOTAL 
EXCESS OF THE K DlMENSIDN AT MAXIMUM 
MATERIAL CONDITION. 

6. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSIONS A AND B ARE TO BE DETERMINED 
AT DATUM PLANE -U-. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A - 5.10 - 0.200 
B 430 4.50 0169 0.177 
C - 120 - 0047 
D 0.05 025 0.002 0.010 
F 0.45 0.55 0018 0.022 
G 0.65BSC 0026 BSC 
H 050 0.60 0.020 0.024 
J 009 0.24 0004 0.009 
Jl 0.09 0.18 0004 0.007 
K 0.16 0.32 0.006 0013 
Kl 0.16 0.26 0.006 0010 
L 630 6.50 0248 0.256 
M 0° 10° 0° 10° 

MOTOROLA 



Case Outlines 

. MOTOROLA 

DTSUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948G-01 
ISSUE 0 

:J~l 
DETAILE 

L;~ J J1 

t --SECTION N-N 

lr------. 
~hrt~tDnn~l dJ I ~) F-VR 

D . --I GI.- -I H DETAIL E ~ 

16-Pin Packages 

J SUFFIX 
CERAMIC DIP PACKAGE 

CASE 620-10 
ISSUE V 

1$10.25(0.010) ® ITI A® I 

4-6 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,19B2. 
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 
(O.OOS) PER SIDE. 

4. DIMENSION B DOES NOT INCLUDE INTER LEAD 
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 O.OB (0.003) TOTAL IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

S. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSION A AND B ARE TO BE DETERMINED 
AT DATUM PLANE -W-. 

MILUMETERS INCHES 
DIM MIN MAX MIN MAX 
A 4.90 5.10 0.193 0.200 
B 4.30 4.50 0.169 o.m 
C 1.20 0.047 
D 0.05 0.15 0.002 0.006 
F 0.50 0.75 0.020 0.030 
G 0.65BSC o 02SBSC 
H 0.50 0.60 0.020 0.024 
J 0.09 0.20 0.004 O.OOB 

J1 0.09 0.16 0.004 O.OOS 
K 0.19 0.30 0.007 0.012 
K1 0.19 0.25 0.007 0.010 
L 6.40BSC 0.252 BSC 
M 0° BO 0° BO 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER 

ANSI Y14~M, 19B2. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEl. 
4. DIMENSION F MAY NARROW TO 0.76 (0.030) 

WHERE THE LEAD ENTERS THE CERAMIC 
BODY. 

DIM 
A 
B 
C 
D 
E 
F 
G 
J 
K 
L 
M 
N 

INCHES MILLIMETERS 
MIN MAX MIN MAX 
0.750 0.7B5 19.05 19.93 
0.240 0.295 6.10 7.49 
- 0200 - 5.0B 

0.015 0.020 0.39 O~O 
0.050BSC 1.27BSC 

0.055 0.065 1.40 1.S5 
0.1OOBSC 2.54 BSC 

O.OOB 0.D15 0.21 0.38 
0.125 0.170 3.1B 4.31 

0.300BSC 7.62 BSC 
0" 15" 0" 15" 

0.020 0.040 0.51 1.01 

High-Speed CMOS Logic Data 
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N SUFFIX 
PLASTIC DIP PACKAGE 

CASE 648-08 
ISSUE R 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 7518-05 
ISSUE J 

S~ tjCJJL:::JAqct=dl=H 
PLANE D 16 PL 

\r..$o'-i\""O."::2S:-::(O--:::-.Ol:-:CO)--;;;@,,""\r::T,\ ::-B ®""S '\--:::-A"®"\ 
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Case Outlines 

NOTES: 
1. DIMENSIONINGANDTOLERANCING 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 CORNERS OPTIONAL. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 0740 0.770 1B.BO 1955 
B 025{) 0.270 6.35 685 
C 0.145 0.175 369 4.44 
D 0.015 0.021 0.39 0.53 
F 0040 070 1.02 177 
G 0.100BSC 2.54 BSC 
H 0050BSC 1.27BSC 
J 0.008 0.015 021 0.38 
K 0.110 0130 2.80 3.30 
L 0.295 0305 7.50 7.74 
M 0° 10° 0° 10° 
S 0020 0.040 0.51 101 

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 DAMBAR 

PROTRUSION. ALLOWABLE DAM BAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D 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 1.35 175 0054 0.068 
D 035 0.49 0.014 0019 
F 0.40 1.25 0.016 0.049 
G 1.27BSC 0.050BSC 
J 0.19 0.25 0.008 0009 
K 0.10 0.25 0.004 0009 
M 0° 7° 0° 7° 
P 80 620 0.229 0.244 
R 025 050 0.010 0.019 

MOTOROLA 



Case Outl.ines 

16XKREF 

OW SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751G-02 
ISSUE A 

OTSUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948F-01 
ISSUE 0 

r-r-::-c-::--::--:-::r::-r:-:-;", I ~$! O.10(Q.004)@!T! u ®I v®1 

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 (O.OOS) PER 

SIDE. 
5. DIMENSION D DOES NOT INCLUDE DAM BAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN 
EXCESS OF D DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 10.15 10.45 Q.4oo 0.411 
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 0.019 
F 0.50 0.90 0.020 0.035 
G 1.278SC 0.050BSC 
J 0.25 0.32 0.010 0.012 
K 0.10 0.25' 0.004 0.009 
M 0" 7" 0' 7' 
P 10.05 10.55 0.395 0.415 
R 0.25 0.75 0.010 0.029 

1 l=-fi7"79iJ NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M,1982. 

B 
88 

PINl 
IDENT. 

ffl;==;=;=;=r=ni'F'i"F'fll J 
r-r----r-+---=-r--~ A ~ 

BB 

MOTOROLA 
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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 
(O.OOS) 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 IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 

S. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

7. DIMENSION A AND B ARE TO BE DETERMINED 
AT DATUM PLANE -W-. 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
Jl 
K 
Kl 
L 
M 

MILUMETERS INCHES 
MIN MAX MIN MAX 
4.90 5.10 0.193 0.200 
4.30 4.50 0.169 0.177 

1.20 0.047 
0.05 0.15 0.002 O.OOS 
0.60 075 0.020 0.030 

0.S5BSC O.02SBSC 
0.18 0.28 0.007 0.011 
0.09 0.20 0.004 0.008 
0.09 0.16 0.004 0.006 
0.19 0.30 0.007 0.012 
0.19 0.25 0.007 0.010 

MOBSC 0.252BSC 
0" 8" 0' 8' 

High-Speed CMOS Logic Data 
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20-Pin P ______________ ~~==a:C:KkiageS 

14 [±] 

f~:::::::::h 

J SUFFIX 

CERA~l~EDIP PACKAGE 
732-03 

ISSUE E 

N SUFFIX 
PLASTIC DIP PACKAGE 

CASE 738-03 
ISSUE E 

c 

Case Outlines 

NOTES: 
1. DIMENSIONING A 2 CY14.5M,1982. NDTDLERANCINGPERANSI 

. ONTROLLING 
3. DIMENSION L Tg'MENSION: INCH 

4 D
FO IMRMED PARALL~LENTER OF LEliD WHEN 

. ENSIDN . FLASH. B DOES NOT INCLUDE MOLD 

1-$-1 0.25 (0.01 0) ® 1 T 1 A ® 1 
1-$-10.25 (0.010) ® 1 T 1 8 ® 1 
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.Case Outlines 

DWSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 7510-04 
ISSUE E 

------*l ill0PL I 11r: $"1'0.-01-0 ('--0.2--'5)-::@"-'-1 B-::@~I 
~~rrr~~rrr~~~ 

--II-- D 20 PL 

1~$~1-0.-01-0(-0.2-5)-::@~I'T~I-A®=s~I-B-::®~1 

L±J 
SEATING 
PLANE 

SDSUFFIX 
PLASTIC SSOP PACKAGE 

CASE 940C-D3 
ISSUE B 

1 !-- 20X K REF 

I 1$10.12(0.005)@ITIU®lv®1 
0.25 (0.010) 

DETAILE 

SECTIONN-N 

MOTOROLA 4-10 

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 MOLO PROTRUSION 0.150 

(0.006) PER SIDE. 
5. DIMENSION 0 DOES NOT INCLUDE 

DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 013 
(0.005) TOTAL IN EXCESS OF 0 DIMENSION 
AT MAXIMUM MATERIAL CONDrTlON. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 12.65 12.95 0.499 0.510 
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 0.019 
F 0.50 0.90 0.020 0.035 
G 1.27BSC 0.050BSC 
J 0.25 0.32 0.010 0.012 
K 0.10 0.25 0.004 0.009 
M 0° 7° 0° 7° 
P 10.05 10.55 0.395 0.415 
R 0.25 0.75 0.010 0.029 

NOTES: 
3. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M,1962. 
4. CONTROLLING DIMENSION: MILLIMETER. 
5. 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. 

6. DIMENSION B DOES NOT INCLUDE 
INTERLEAD FLASH OR PROTRUSION. 
INTERLEAD FLASH OR PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

7. DIMENSION K DOES NOT INCLUDE DAMBAR 
PROTRUSION/INTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.13 (0.005) TOTALIN 
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. 

8. TERMINAL NUMBERS ARE SHOWN FOR 
REFERENCE ONLY. 

9. DIMENSION A AND B ARE TO BE 
DETERMINED AT DATUM PLANE -W-. 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
J1 
K 
K1 
L 
M 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
7.07 7.33 0.278 0.288 
5.20 5.38 0.205 0.212 
1.73 1.99 0.068 0.078 
0.05 0.21 0.002 0.008 
0.63 0.95 0.024 0.037 

0.65 BSC 0.026BSC 
0.59 0.75 0.023 0.030 
0.09 0.20 0.003 0.008 
0.09 0.16 0.003 0.006 
0.25 0.38 0.010 0.015 
0.25 0.33 0.010 0.013 
7.65 7.90 0.301 0.311 

0 0 8 0 0 0 8 0 

High-Speed CMOS Logic Data 
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DTSUFFIX 
PLASTIC TSSOP PACKAGE 

CASE 948E-Q2 
ISSUE A 

SECTION N-N 

DETAILE 

4-11 

Case Outlines 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M.19S2. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSION A DOES NOT INCLUDE MOLO 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 INTER LEAD 
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 IN 
EXCESS OF THE K DIMENSION AT MAXIMUM 
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 6.40 6.60 0252 0260 
B 430 4.50 0.169 o.m 
c - 120 - 0.047 
0 0.05 0.15 0.002 0.006 
F 050 0.75 0.020 0.030 
G 0.65BSC 0.026 BSC 
H 027 0.37 0.011 0.015 
J 0.09 0.20 0.004 0.008 
J1 0.09 0.16 0.004 0.006 
K 0.19 0.30 0.007 0.012 

K1 0.19 0.25 0.007 0.010 
L 6.40BSC 0252 BSC 
M 0° 8° 0° 8° 

MOTOROLA 



Case Outlines 

24-Pin Packages 

J SUFFIX 
CERAMIC DIP PACKAGE 

CASE 758-02 
ISSUE A 

[::::::::]iB ~fP 
I~ GA:J .1 J 

~M .. JL G ~lF ---4 f 
1$10.25 (0.010)@1 T I A @I 

MOTOROLA 

N SUFFIX 
PLASTIC DIP PACKAGE 

CASE 724-03 
ISSUE E 

4-12 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M.1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A 1.240 1.285 31.50 32.64 
B 0.285 0.305 7.24 7.75 
C 0.160 0.200 4.07 5.08 
D 0.015 0.021 0.38 0.53 
F 0.045 0.062 1.14 1.57 
G 0.100BSC 2.54BSC 
J 0.008 0.013 0.20 0.33 
K 0.100 0.155 2.64 4.19 
L 0.300 0.310 7.62 7.87 
H 0.020 0.050 0.51 1.27 
P 0.360 0.400 9.14 10.16 

NOTES: 
1. CHAMFERED CONTOUR OPTIONAL 
2. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 
3. DIMENSIONING AND TOLERANCING PER ANSI 

YI4.5M.1962. 
4. CONTROLLING DIMENSION: INCH. 

IlIM 
A 
B 
C 
D 
E 
F 
G 
J 
K 
L 
M 
N 

INCHES MILLIMETERS 
MIN MAX MIN MAX 
1230 1.265 31.25 32.13 
0250 0.270 6.35 6.85 
0.145 0.175 3.69 4.44 
0.015 0.020 0.38 0.51 

0.050BSC 1.27BSC 
0.040 0.060 1.02 1.52 

O.I00BSC 2.54BSC 
0.007 0.012 0.18 0.30 
0.110 0.140 2.80 3.55 

0.300 SSC 7.62BSC 
0° 15° 0° 15' 

0.020 0.040 0.51 1.01 
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DWSUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751E-Q4 
ISSUE E 

4-13 

Case Outlines 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

V14.5M.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 DAMBAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN 
EXCESS OF D 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 0.019 
F 0.41 0.90 0.016 0.035 
G 1.27BSC 0.050 BSC 
J 0.23 0.32 0.009 0.013 
K 0.13 0.29 0.005 0.011 
M 0" 8" 0" 8" 
P 10.05 10.55 0.395 0.415 
R 025 0.75 0.010 0.029 

MOTOROLA 



MOTOROLA DISTRIBUTOR AND WORLDWIDE SALES OFFICES 
AUTHORIZED NORTH AMERICAN DISTRIBUTORS 

UNITED STATES 
ALABAMA 

Huntsville 
ArrowlSchweber Electronics (205)837-6955 
Future Electronics . . . . . . . . . . .. (205)830-2322 
Hamiijon Hallmark ............ (205)837-8700 
Newark. . . . . . . . . . . . . . . . . . . .. (205)837-9091 
Time Electronics ............ 1-800-789-TIME 
Wyle Laboratories ............ (205)830-1119 

ARIZONA 
Phoenix 

Future Electronics .......•.... (602)968-7140 
Hammon Hallmark ............. (602)437-1200 
Newark Electronics. . . . . . . . . .. (602)864-9905 
Wyle Laboratories. . . . . . . . . . .. (602)437-2088 

Tempe 
Arrow/Schweber Electronics .... (602)431-0030 
Time Electronics ............ 1-800-789-TIME 

CALIFORNIA 
Agoura Hills 

Time Electronics Corporate .... 1-800-789-TIME 
Belmont 

Richardson Electronics ....... (415)592-9225 
Calabassas 

ArrowlSchweber Electronics .... (818)880-9686 
Wyle Laboratories ............ (818)880-9000 

Chatsworth 
Future Electronics ............ (818)865-0040 
Time Electronics ............ 1-800-789-TIME 

Costa Mesa 
Hamiijon Hallmark ............ (714)641-4100 

Culver City 
Hamiijon Hallmark. . . . . . . . . . .. (213)558-2000 

Irvine 
Arrow/Schweber Electronics ... (714)587-0404 
Future Electronics ............ (714)250-4141 
Wyle Laboratories Corporate .... (714)753-9953 
Wyle Laboratories ............ (714)863-9953 

Los Angeles 
Wyle Laboratories. . . . . . . . . . .. (818)880-9000 

Mountain View 
Richardson Electronics ....... (415)960-6900 

Orange 
Newark. . . . . . . . . . . . . . . . . . . .. (714)634-8224 

Rocklin 
Hamilton Hallmark ........... (916)624-9781 

Sacramento 
Newark ..................... (916)721-1633 
Wyle Laboratories. . . . . . . . . . .. (916)638-5282 

San Diego 
Arrow/Schweber Electronics ... (619)565-4800 
Future Electronics ............ (619)625-2800 
Hamiijon Hallmark ............ (619)571-7540 
Newark .. . . . . .. . . . . . .. .. . . .. (619)569-9877 
Wyle Laboratories ............ (619)565-9171 

San Francisco 
Newark ..................... (415)571-5300 

San Jose 
Arrow/Schweber Electronics .... (408)441-9700 
Arrow/Schweber Electronics .... (408)428-6400 
Future Electronics ............. (408)434-1122 

Santa Clara 
Wyle Laboratories ............ (408)727-2500 

Sunnyvale 
Hamiijon Hallmark ............ (408)435-3500 
Time Electronics ............ 1-800-789-TIME 

Torrance 
Time Electronics ............ 1-800-789-TIME 

Tustin 
Time Electronics ............ 1-800-789-TIME 

West Hills 
Newark ..................... (818)888-3718 

MOTOROLA 

Woodland Hills 
Hammon Hallmark ............ (818)594-0404 
Richardson Electronics ....... (615)594-5600 

COLORADO 
Lakewood 

Future Electronics. . . . . . . . . . .. (303)232-2008 
Colorado Springs 

Newark ..................... (719)592-9494 
Denver 

Newark ..................... (303)757-3351 
Englewood 

Arrow/Schweber Electronics .... (303)799-0258 
Hamilton Hallmark ........... (303)790-1662 
Time Electronics ............ 1-800-789-TIME 

Thornton 
Wyle Laboratories. . . . . . . . . . .. (303)457-9953 

CONNECTICUT 
Chesire 

Future Electronics. . . . . . . . . . .. (203)250-0083 
Hamilton Hallmark .....•..... (203)271-2844 

Southbury 
Time Electronics ............ 1-800-789-TIME 

Wallingfort 
ArrowrSchweber Electronics .... (203)265-7741 

Windsor 
Newark .......... .. .. .. . . ... (203)683-8860 

FLORIDA 
Altamonte Springs 

Future Electronics ............ (407)767-8414 
Clearwater 

Future Electronics. . . . . . . . . . .. (813)530-1222 
Deerfield Beach 

ArrowlSchweber Electronics .... (305)429-8200 
Wyle Laboratories. . . . . . . . . . .. (305)420-0500 

Ft. Lauderdale 
Future Electronics. . . . . . . . . . .. (305)436-4043 
Hammon Hallmark ............ (305)484-5482 
Time Electronics ............ 1-800-789-TIME 

Lake Mary 
ArrowlSchweber Electronics .... (407)333-9300 

LargolTampalSt. Petersburg 
Hammon Hallmark ............ (813)541-7440 
Newark ..................... (813)287-1578 
Wyle Laboratories. . . . . . . . . . .. (813)576-3004 

Orlando 
Newark. . . . . . . . . . . . . . . . . . . .. (407)896-8350 
Time Electronics ............ 1-800-789-TIME 

Plantation 
Newark ......... . .. .. .. .. ... (305)424-4400 

Winter Park 
Hamilton Hallmark ........... (407)657-3300 
Richardson Electronics ....... (407)644-1453 

GEORGIA 
Atlanta 

Time Electronics ............ 1-800-789-TIME 
Wyle Laboratories ............ (404)441-9045 

Duluth 
ArrowlSchweber Electronics .... (404)497-1300 
Hamilton Hallmark ........... (404)623-5475 

Norcross 
Future Electronics ............ (404)441-7676 
Newark ..................... (404)448-1300 
Wyle Laboratories ............ (404)441-9045 

ILLINOIS 
Addison 

Wyle Laboratories . . . . . . . . . . .. (708)620-0969 
Bensenville 

Hammon Hallmark ............ (708)860-7780 
Chicago 

Newark Electronics Corp ...... (312)784-5100 
Hoffman Estates 

Future Electronics ............ (708)882-1255 
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Itasca 
Arrow/Schweber Electronics ... (708)250-0500 

LaFox 
Richardson Electronics ....... (708)208-2401 

Schaumburg 
Newark. . . . .. . . . . .. .. . .. .... (708)310-8980 
Time Electronics ............ 1-800-789-TIME 

INDIANA 
Indianapolis 

Arrow/Schweber Electronics .... (317)299-2071 
Hamilton Hallmark ........... (317)872-8875 
Newark ..................... (317)259-0085 
Time Electronics .....•...... 1-800-789-TIME 

Ft. Wayne 
Newark ..................... (219)484-0766 

IOWA 
Cedar Rapids 

Newark.. . . . .. .. . . . . . .. .. . .. (319)393-3800 
Time Electronics ............ 1-800-789-TIME 

KANSAS 
Lenexa 

Arrow/Schweber Electronics .... (913)541-9542 
Hamilton Hallmark ........... (913)888-4747 

Overland Park 
Future Electronics ............ (913)649-1531 
Newark. . . .. .. .. .. .. . . .. .... (913)677-0727 
Time Electronics ............ 1-800-789-TIME 

MARYLAND 
Beltsville 

Newark ..................... (301)604-1700 
Columbia 

Arrow/Schweber Electronics .... (301 )596-7800 
Future Electronics. . . . . . . . . . .. (410)290-0600 
Hamilton Hallmark ........... (410)988-9800 
Time Electronics ............ 1-800-789-TIME 
Wyle Laboratories. . . . . . . . . . .. (410)312-4844 

MASSACHUSETTS 
Boston 

Arrow/Schweber Electronics .... (617)271-9953 
Bolton 

Future Corporate. . . . . . . . . . . .. (508)779-3000 
Burlington 

Wyle Laboratories. . . . . . . . . . .. (617)271-9953 
Methuen 

Newark. . . . . . . . . . . . . . . . . . . .. (508)683-0913 
Norwell 

Richardson Electronics ....... (617)871-5162 
Peabody 

Time Electronics ............ 1-800-789-TIME 
Hamiltion Hallmark ........... (508)532-3701 

MICHIGAN 
Detroit 

Newark. . . . . . . . . . . . . . . . . . . .. (313)967-0600 
Grand Rapids 

Future Electronics. . . . . . . . . . .. (616)698-6800 
Livonia 

ArrowlSchweber Electronics .... (313)462-2290 
Future Electronics ............ (313)261-5270 
Hamillon Hallmark ........... (313)347-4020 
Time Electronics ............ 1-800-789-TIME 

MINNESOTA 
Bloomington 

Wyle Laboratories ............. (612)853-2280 
Eden Prairie 

ArrowlSchweber Electronics .... (612)941-5280 
Future Electronics ............ (612)944-2200 
Hamilton Hallmark ........... (612)881-2600 
Time Electronics ............ 1-800-789-TIME 

Minneapolis 
Newark ..................... (612)331-6350 

Earth City 
Hamilton Hallmark ........... (314)291-5350 
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AUTHORIZED DISTRIBUTORS - continued 

UNITED STATES - continued 
MISSOURI 

St. Louis 
Arrow/Schweber Electronics .... (314)567·6888 
Future Electronics ............ (314)469·6805 
Newark . . . . . . . . . . . . . . . . . . . .. (314)298·2505 
lime Electronics ............ 1·800·789-TIME 

NEW JERSEY 
Cherry Hill 

Hamilton Hallmark ............ (609)424-0100 
Fairfield 

Newark . . . . . . . . . . . . . . . . . . . .. (201 )882·0300 
Marlton 

Arrow/Schweber Electronics .... (609)596-8000 
Future Electronics ........... . (609)596·4080 

Pinebrook 
Arrow/Schweber Electronics .... (201 )227-7880 
Wyle Laboratories ............ (201 )882-8358 

Parsippany 
Future Electronics. . . . . . . . . . .. (201 )299-0400 
Hamilton Hallmark ........... (201)515-1641 

Wayne 
lime ElectronicS .........•.. 1-800·789-TIME 

NEW MEXICO 
Albuquerque 

Alliance Electronics 
Hamilton Hallmark ........... . 
Newark .................... . 

NEW YORK 
Commack 

Newark .................... . 
Hauppauge 

Arrow/Schweber Electronics ... . 
Future Electronics ........... . 
Hamilton Hallmark 

Konkoma 
Hamilton Hallmark 

Melville 

(505)292-3360 
(505)828-1058 
(505)828-1878 

(516)499-1216 

(516)231-1000 
(516)234-4000 
(516)434-7400 

(516)737-0600 

Wyle Laboratories. . . . . . . . . . .. (516)293-8446 
Pittsford 

Newark .. . . . . . . . . . . . . . . . . . .. (716)381-4244 
Rochester 

Arrow/Schweber Electronics •... (716)427-0300 
Future Electronics ............. (716)272-1120 
HamiHon Hallmark ............ (716)475-9130 
Richardson Electronics ........ (716)264-1100 
lime Electronics ............ 1-800-789-TIME 

Rockville Centre 
Richardson Electronics ....... (516)872-4400 

Syracuse 
Future Electronics. . . . . . . . . . .. (315)451-2371 
lime Electronics ............ 1-800-789-TIME 

NORTH CAROLINA 
Charlotte 

Future Electronics ............ (704)455-9030 
Richardson Electronics ....... (704)548-9042 

Greensboro 
Newark ..................... (919)292-7240 

Raleigh 
Arrow/Schweber Electronics .... (919)876-3132 
Future Electronics ............. (919)790-7111 
Hamilton Hallmark ........... (919)872-0712 
lime Electronics ............ 1-800-789-rIME 

OHIO 
Centerville 

Arrow/Schweber Electronics .... (513)435-5563 
Cleveland 

Newark. . . . . . . . . . . . . . . . . . . .. (216)391-9330 
lime Electronics ............ 1-800-789-TIME 

Columbus 
Newark. . . . . . . . . . . . . . . . . . . .. (614)431-0809 
lime Electronics ............ 1-800-789-TIME 

Dayton 
Future Electronics. . . . . . . . . . .. (513)426-0090 
Hamilton Hallmark ........... (513)439-6735 
Newark ..................... (513)294-8980 
lime Electronics ............ 1-800-789-TIME 
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Mayfield Heights 
Future Electronics. . . . . . . . . . .. (216)449-6996 

Solon 
Arrow/Schweber Electronics .... (216)248-3990 
Hamilton Hallmark ............ (216)498-1100 

Worthington 
Hamilton Hallmark ........... (614)888-3313 

OKLAHOMA 
Tulsa 

Hamilton Hallmark ............ (918)254-6110 
Newark. . . . . . . . . . . . . . . . . . . .. (918)252-5070 

OREGON 
Beaverton 

Arrow/Almac Electronics Corp. .. (503)629-8090 
Future Electronics. . . . . . . . . . .. (503)645-9454 
Hamilton Hallmark ........... (503)528-6200 
Wyle Laboratories ............ (503)643-7900 

Portland 
Newark ..................... (503)297-1984 
lime Electronics ............ 1-800-789-TIME 

PENNSYLVANIA 
King of Prussia 

Newark ... . . . . . . . ... . . . . . . . .. (215)265-0933 
Mt. Laurel 

Wyle Laboratories ............. (609)439-9110 
Montgomeryville 

Richardson Electronics ....... (215)628-0805 
Philadelphia 

lime Electronics ............ 1-800-789-TIME 
Wyle Laboratories ............. (609)439-9110 

Pittsburgh 
Arrow/Schweber Electronics .... (412)963-6807 
Newark ..................... (412)788-4790 
lime Electronics ............ 1-800-789-TIME 

TENNESSEE 
Franklin 

Richardson Electronics ....... (615)791-4900 
Knoxville 

Newark. . . . . . . . . . . . . . . . . . . .. (615)588-6493 

TEXAS 
Austin 

Arrow/Schweber Electronics (512)835-4180 
Future Electronics ............ (512)502-0991 
Hamilton Hallmark ........... (512)258-8818 
Newark. . . . . . . . . . . . . . . . . . . .. (512)338-0287 
lime Electronics ............ 1-800-789-TIME 
Wyle Laboratories. . . . . . . . . . . (512)345-8853 

Carollton 
Arrow/Schweber Electronics .... (214)380-6464 

Dallas 
Future Electronics ............ (214)437-2437 
Hamilton Hallmark ........... (214)553-4300 
Richardson Electronics ....... (214)239-3680 
lime Electronics ............ 1-800-789-TIME 
Wyle Laboratories. (214)235-9953 

Ft_ Worth 
Allied Electronics. . . . . . . . . . . .. (817)336-5401 

Houston 
Arrow/Schweber Electronics .... (713)530-4700 
Future Electronics ............. (713)785-1155 
Hamilton Hallmark ........... (713)781-6100 
Newark. . . . . . . . . . . . . . . . . . . .. (713)270-4800 
lime Electronics ............ 1-800-789-TIME 
Wyle Laboratories. . . . . . . . . . .. (713)879-9953 

Richardson 
Newark. . . . . . . . . . . . . . . . . . . .. (214)235-1998 

UTAH 
Salt Lake City 

Arrow/Schweber Electronics (801 )973-6913 
Future Electronics ............ (801)467-4448 
Hamilton Hallmark ............ (801 )266-2022 
Newark. . . . . . . . . . . . . . . . . . . .. (801 )261-5660 
Wyle Laboratories ............ (801)974-9953 

West Valley City 
lime Electronics ............ 1-800-789-TIME 
Wyle Laboratories ............ (801)974-9953 
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WASHINGTON 
Bellevue 

Almac Electronics Corp. 
Newark .................... . 
Richardson Electronics ...... . 

Bothell 

(206)643-9992 
(206)641-9800 
(206)646-7224 

Future Electronics. . . . . . . . . . .. (206)489-3400 
Redmond 

Hamilton Hallmark ............ (206)881-6697 
Time Electronics ............ 1-800-789-TIME 
Wyle Laboratories ............. (206)881-1150 

Seattle 
Wyle Laboratories .............. (206)881-1150 

Spokane 
Arrow/Almac Electronics Corp. .. (509)924-9500 

WISCONSIN 
Brookfield 

Arrow/Schweber Electronics .... (414)792-0150 
Future Electronics ............ (414)879-0244 

Milwaukee 
lime Electronics ............ 1-800-789-TIME 

New Berlin 
Hamilton Hallmark ........... (414)780-7200 

Wauwatosa 
Newark ..................... (414)453-9100 

Waukesha 
Wyle Laboratories. . . . . . . . . . .. (414)879-0434 

CANADA 
ALBERTA 

Calgary 
Electro Sonic Inc. (403)255-9550 
Future Electronics. . . . . . . . . . .. (403)250-5550 
HamiitonlHalimark ............ (800)663-5500 

Edmonton 
Future Electronics. . . . . . . . . . .. (403)438-2858 
Hamilton/Hallmark ........... (800)663-5500 

Saskatchewan 
Hamilton/Hallmark ........... (800)663-5500 

BRITISH COLUMBIA 
Vancouver 

Arrow Electronics ............ (604)421-2333 
Electro Sonic Inc. . ............ (604)273-2911 
Future Electronics ............. (604)294-1166 
Hamitton/Hallmark ............ (604)420-4101 

MANITOBA 
Winnipeg 

Electro Sonic Inc. 
Future Electronics .....•. _ ... . 
HamilloniHalimark ........... . 

ONTARIO 
Ottawa 

Arrow Electronics ........... . 
Electro Sonic Inc. . .......... . 
Future Electronics ........... . 
HamittoniHalimark ........... . 

Toronto 

(204)783-3105 
(204)944-1446 
(800)663-5500 

(613)226-6903 
(613)728-8333 
(613)820-8313 
(613)226-1700 

Arrow Electronics ............ (905)670-7769 
Electro Sonic Inc ............. (416)494-1666 
Future Electronics. . . . . . . . . . .. (905)612-9200 
Hamillon Hallmark ............ (905)564-6060 
Newark ..................... (519)685-4280 

(905)670-2888 
(800)463-9275 

Richardson Electronics ....... (905)795-6300 
FAI ......................... (905)612-9888 

QUEBEC 
Montreal 

Arrow Electronics ............. (514)421-7411 
Future Electronics ............ (514)694-7710 
HamiHon Hallmark ............ (514)335-1000 
Newark. . . . . . . . . . . . . . . . . . . .. (800)463-9275 
Richardson Electronics ....... (514)748-1770 

Quebec City 
Future Electronics ............ (418)877-6666 
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UNITED STATES 
ALABAMA, Huntsville ...... (205)464-6800 

ALASKA, ................. (800)635-8291 

ARIZONA, Tempe .......... (602)302-8056 

CALIFORNIA, Agoura Hills ... (818)706-1929 

CALIFORNIA, Los Angeles .. (310)417-8848 

CALIFORNIA, Irvine ........ (714)753-7360 

CALIFORNIA, San Diego .... (619)541-2163 

CALIFORNIA, Sunnyvale .... (408)749-0510 

COLORADO, 
Colorado Springs .......... (719)599-7497 

COLORADO, Denver ....... (303)337-3434 

CONNECTICUT, 
Wallingford ............... (203)949-4100 

FLORIDA, Maitland ......... (407)628-2636 

FLORIDA, Pompano Beach! 
F1. Lauderdale ............ (305)351-6040 

FLORIDA, Clearwater ...... (813)538-7750 

GEORGIA, Atlanta ......... (404)729-7100 

IDAHO, Boise .............. (208)323-9413 

ILLINOIS, Chicago! 
Hoffman Estates .......... (708)413-2500 
Shaumburg .............. (708)413-2500 

INDIANA, Fort Wayne ...... (219)436-5818 

INDIANA,lndianapolis ...... (317)571-0400 

INDIANA, Kokomo ......... (317)455-5100 

IOWA, Cedar Rapids ....... (319)378-0383 

KANSAS, Kansas City! 
Mission .................. (913)451-8555 

MARYLAND, Columbia ..... (410)381-1570 

MASSACHUSETTS, 
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