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SECTION 9

CIRCUIT SCHEMATICS & DESCRIPTIONS
COMPONENT LOCATORS

9-1. GENERAL 9-4. Unless otherwise specified, the following notes
‘ apply to gll figures in this section.
9-2. Schematics and Component Locators are arranged )

IO |

FIP——

in Section 8. .

by Assembly number (A101, A102, ete.). Circwit descrip- a. Resistance values in chms.
tions and circuit theory are shown on the same or adja-
cent pages. All assembly related drawings and diagrams b. Capacitance values in microfarads ("pf" values in
hawe the same figure number, but have different suffix picofarads). ,
letters (9-BA, 9-6B, etc.). | ' .
: ¢. Connecior reference numbers may not appear on
-8-3.. Parts Lists and Ordering Information will be found part.

d. SAT =8elected &t Taest. Nominal value shown;
part may not be installed. MP = Matched Pair.
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| e e . FIELD INSTALLATION OF CONVERTER ASSEMBLY

1. WITH TOP AND BOTTOM COVERS REMOVED FROM BASIC COUNTER, LOWER CONVERTER INTO POSITION AS
SHOWN TN DIAGRAM, TILT J113 DOWN AND FORWARD THROUGH HOLE IN FRONT PANEL.

2. INSTALL SiX 6-32 SCREWS FROM BOTTOM SIDE OF COUNTER INTO CAPTIVE NUTS ON CONVERTER. ALIGN
1313 CONCENTRICALLY WITH FRONT PANEL HOLE; TIGHTEN SCREWS,

3. PLUG CABLES Wi6, W17, AND Wi8 INTO MATING CONNECTORS OM BASIC COUNTER (SEE CABLE INTER-
CONNECTION GUIDE); REPLACE TOVERS. REVERSE ABOVE PROCEDURE TO REMOVE CONVERTER.

FIELD INSTALLATION OF PRESCALER ASSEMBLY .

1. WITH TOP COVER REMOVED, PLUG PRESCALER (A109) INTO A113-XA109, MOUNT J112 IN FRONT PANEL HOLE.
2. PLUG CABLES W7 AND W11 INTO MATING CONNECTORS PROVIDED ON MODULES {SEE CABLE INTERCONNECTION
GUIDE); REFPLACE COVER.
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BAS|C COUNTER

, LEGEND:
FROM CABLE . . TO : CONVERTER .
ATT007 W1 — ' A101H FROM % T0 x Direc‘t—coupled'f(!_‘lo cable assy)
ATintz W2————A10277- A208J2 Wi6 Al13)3. :
ATHOPI— W3- ATTI2 S~ A108)% : ¥ Ceble - o - Assembly
AVIPI——— Wi ~ A11314 AZDIP3 w17 Ai06ln
# - l— C=ble - to - Assemb!
;' 111‘111'_1‘2"“'—'"“;‘5 m;gi A2022 w18 A10218 4
; - = A122)3 —M— Cahle - to - Cable
A123F we Al13J6 AP W18 ——— A208)1
] ni——w A0S A20101 w20 A207J2
4 REAR PNL-—W§——~JiD] A203P2 w21 A204J2
1 Pomy——Wo A0 A204P1 w22 A208)3
Al08J1 W10 ATOSI]
A10613 A10342 A20213 wz3 -<:;$J3 AUTION: Use care when unplugging ribbon :
Al(P2- w11 A1062 A205P1 W2y AZ07J1 able connectors. Use removal ioo| for extrac-
P04 ———— W12 A10812 A205P2 X A204)1
e TR
A2021 — A2
A1224 w3z A113J7 wal a1z
A ——
A1225 W33 —— A106J5
A206P2 ——— W3l —— AZ04J4 : 371
AZ0EP] W35-— AZ04J3
A122P1 W36 P105 (REAR PNL)
FIGURE 9-1
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COUNT CHAIN 1, 2, AND 3

N

Count Chain Boards 1, 2, and 3 {A101, A102, and A103)
perform most of the attual frequency counting functions
of the direct counter. The main components are: (1} a
counting chain, (2) a storage unit, and (3) the display
multiplexer. -

The counting chain consists of a string of ten cascaded
decimal counting units {DCUs), precéded by a guinary
{+5) counting unit. The guinary counter is sufficiently
fast to follow the ouiput of the binary ($2) eounter in the
Hiph Frequency Board, forming the first DGU. The re-
maining DGUs are each a standard integrated circuit
having four output lines to indicate the state of the coun-
ter at any given time, '

The storage unit is a string of quad latches, one for each
of the eleven DCUs of the counting chain. An enable sig~
nal to the storage unit ceuses it to load the information
from the DCUs.

The display multiplexer processes the information held
in the eleven elements of the storage unit. The cutput of
the storage unit is coriverted to the seven line code needed
to drive the seven segments of gach display digit. Power
is applied to each digit sequentialty for 25% of the time.

GATE 5
TIME COUNT | B c | D
1 see, 5 o 0 0
100 ms. 4 0 0 | 1
Toms. | 8 11| o
lms. 2 n 1 | o
- T

0 0 0 0

.TABLE -9-3B 2

U15 PRESETS .. ;.-

Physical Organization

The Count Ghain is divided among three PC Beards: A101,
A102, and A103, as follows: .

Board A103 contains the first quinary unit, the following
four DCUs,. quad latches to load the information in the
DCUs, and a multiplexer to place the information in
proper time sequence for the front panel display. A
variable +5 VDC supply for display brightness is also

. provided.

Board Al102 inciludes the six remaining DCU's of the
counting chain, a set of associated gquad latches, and
two multiplexers. Two decoders convert the multiplexer
outputs to the seven line code which drives the visnal
display. . .

Board A161 inc¢ludes the third decoder-driver, buifer
circuits for the front panel RESOLUTION switches, iim-
ing circuits for the multiplexer and display, A101 also
contains circuitry which suppresses zeros to the left
of the first significant digit.

LATCH - DISPLAY DIGIT .PQSIITIQN. ‘ ,
1 2 | 3 | s s | s |7 | s s | 10
) o 10 1 100- | 10 1 100 10 1l 100 | 1n
. GATE TIME GHz GHz MHz MI-I_z i MHz _ kHz kIjIz kHz _ Hz | Hz
_ll‘sec., 1 : ] 2 | VV 3 | 5 g 7 1 8 | o | 10
100 ms. 1 |2 | 3| 4 5 | s 7 | 8 | 10 11
10ms. 1 |2 | s 4 5 8 7 10 11 _
1ms. 1 | 2 3 a | s 8 | 10 u |- -
' ' ' o NUMBER OF DCU SUPPLYING DATA TQO LATCH

: TABLE 9-3A ‘ )
DISPLAY DIGIT POSITION vs. SUPPLYING DGU

FIGURE 9-3A
COMPONENT LOCATOR
COUNT CHAIN 1 (A101)
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COUNT CHAIN 1 {AT01)

Count Chain 1 (Al01) generates the correct timing se-
guence and control commands for the multiplex system,
provides leading zero bianking of the display, and con-
trols shifting of data from DCU to DCU in the counting
chain in response to changes in gate time length.

In addition, A101 accepts the inputs from the front panel
RESOLUTION switches, and processes them inte control
signals for the multiplex system and the Time Base Gen-
erator on Control 1 (A1D5), A101 also containg the third
decoder driver for the dmplay

Multlplex System Op eratmn

The multiplex system is composed of three individual
multiplex channels designated MUX 1, MUX 2, and MUX
3. Each MUX channel ineludes a four-to-seven line de-
coder-driver which drives directly segments of the frunt
panel display. MUX 1 controls the four most-significant
digits of the display (10 GHz, 1 GHz, 100 MHz and 10
MHz). MUX 2 controls the middle three digits and MUX

3 the four least-significant dipits. The input informaticon
for MUX 1, 2, and 3 is obtained from the eleven quad-
latch units on:Count Chains 2 and 3 (A102 and A103).

In order for each muliiplex circuit and decoder to drive
four digits, the multiplex timing sequence is broken
down into four. intervals designated Time Frames 1
through 4 (TE1 - TF4). Only one display digit in eaph ‘
channel is illuminated in a given Time Frame, as deter-
mined by the display digit selectors. The actual number
displayed by the selected digit is determined by segment
drive from the decoder-driver which drives all corre-
spnndin'g segments in that channel in parallel. If one of
the selected digits is nat to be illuminated, its segment
drive is oanceled by e blanking signal to the appropriste
decoder-driver. Table 9-3C shows, for each channel and
for each of the gate times, the relationship of the Time
Frames to MUX address, the DCU addressed, the display
digit selected by the MUX, and whether the drive is
enabled.

For each available gate time, Table 9-3A shows the re-
sulting position in the display at which the information
from- each DCU is presented, The DCUs not displayed
in shorter gate times are those removed from the count-
ing chain, as descrihed in the paragraphs on Gount
Chain 3 (A103).

In addition to blanking digits 9, 10, and 11 of the display
{as shown in Table 9-34), three more digits may be
blanked by depressing the appropriate RESOLUTION
switches. The gate time remains at 1 ms. in these posi-
tions.

The MUX timing sequence is actually three groups of
four time frames. The first two groups occur at a rate of
2.5 MHz, the last at 25 kHz. The fast groups are used only
to gather zero suppression informatien; display occurs
only during the slow group.

Multiplex Seguence Generator

Clock pulses for the multiplexer are obtained from a 2.5
MHz clock signal derived from the 10 MHz Time Base

Oscillator {A116 or Al112), This signal js processed
through a circnit composed of DCUs Ul and U5, #16 U2,
the inverters of Us, and the gates of T711, The. "SET an in-
puts of the DCUs are tied together, so that applying a h_lgh
level to this input pcauses the 2.5 MHz clock to .be fed
through the gates to U2 at a 2.5 MHyz rate.

With a low "SET 9" the input to UZ is one-hundredth the
2.5 MHz rate, or 25 kHz. The "SET 9" inputs to Ul and
U5 are the inverted D output from U2, which is high when
U2 is reset. The clock to UZ is then at a 2.5 MHz rate for
eight pulses after reset. The D output then switches, and
the clock rate drops to 25 kHz for the next four pulses.
The A and B outputs of U2, plus their complements are
combined in the four NOR. gates of U7 to produce the four
MUX timing signals TF1, TFZ, TF3, and TF4. The oufput
TF4 is gombined with U2 output D, and apphed to the
J input of flip-flop U23B. The clock to U23 and U24 is
the same as the input to U2, The end of the fourth slow
clock pulse then triggers U23B which resets U2, The
clock pulses then retiirn tothe 2.5 MHz rate. The next
pulse resete U23B and returns Ul, UZ, and U5 to their
initial states.

The result is to produce a frame consisting of eight MITX
time intervals at the 2.5 MHz rate, followed by four zt the
25 kHy rate. One extrs. clock pulse resets the generator. -
The drive to the front panel display from U10 is gated bff
by the D output of 172 during the eight fast pulses in this
train,

Count Chain Dafa Shift Controls

As the length of the Gate Time is varied by changing the
front panel RESOLUTION switches, the counting-chain on
A103 is alsc modified by removing DCUs from the string.
This is described in the Circuit Description of Count ,
Chain 3 {A103]. In the 1 Hz RESOLUTION setting (1 sec.
Gate Time), all eleven DCUs arg in the counting chain.
With 10 Hz RESOLUTION (100 ms. Gate Time), the seventh
{10 kHz position) DCU is bypassed. With 100 Hz RESOLU-
TION the seventh and eighth DCUs are bypassed, and
with 1 kHz RESOLUTION the seventh through ninth DCUs
are bypassed.

As indicated in Table 3-3A, with shorter gate times, the
informaticgn in the eighth through eleventh DCUs must be
shifted into lower numbered latches (7 through 10) to
read out and be displayed in the proper front panel po-
sition. The data shift controls which accomplish this func-
tion are produced in ICs U8, U13, U14, Uls, and UlE.

To allow the data ghift to take place on A103, presetiable
DCUs are used in the counting chain. The output lines of
the eleventh DCU feed the data input lines of the tenth
DCU. The tentk DCU feeds data to the ninth DCU, -the
ninth feeds data to the eight, and the eighth fseds data
to the seventh. When a LOAD DATA command is applied
to one of these DCUs, it then loads data from and assumes
the same state as the higher numbered DCU to its right.
To chift data cné place left in the highest five DCUs of
the counting chain (DCGUs 7 through 11), it is necessary
to apply the data LOAD pulses in seguence to DCUs 7, 8,
g, 16, and then a reset pulse to DCU 11 {load zero), I the
load pulses were applied simultaneously to all DCUs, they

8-5



would all go immediately to zero. The necessary sequence
of pulses is produced by a 4-10 line decoder on A163
which is driven by a DCU on Al0l. The DCU is stepped
through states @ to 8 by a clock input, with the 1, 38, 5, 7,
and 8 outputs of the decoder zctivating the load inputs of
DCUs 7, 8, 9, 10, and 11 respectively. Every ten inputs
to the data shift DCU on A101 cause the data in the DCUs
on A103 to shift left one position.

To place the counting chain data in the proper position
after the end of gach gale time interval, clock pulses
must be applied te the data shift DCU. With 1 second gate
time, nio pulses are required; with 100 ms. gate time, ten
pulses are required; with 10 ms, gate time, 20 pulses;
and with 1 ms. gate time, 30 pulses. The number of clock
pulses is regulated by presetiable DCU U15 and associ-
ated gates in U13, U4, and U186,

The %5 part of Ul5 is preset during the gate time to the
states shown in Table 9-3B. Data inputs to produce them
are the four gate contrel lines. The 2 part of Uls di-
rectly controls the gate through which the 2.5 MHz clock
is applied to data shift DCU U4. With 1 second gate time,
the binary is not preset, and no data shift clock pulses
ocour. With shorter gate time settings, the ¢2 is set dur-
ing gate time, with data shift clock pulses accuring after
gate time is complete. Every ninth pulse to the data shift
DCU '(U9) produces an output through AND gate UI3
which is applied to the i§ inpit of U15, The input to
U15 is combined with the D output in another AND gate,
and applied to the <2 input. When the +5 count reaches
zero state, the + 2 state is also zero, and the data shift
clock turns off. Depending upon the {5 preset state, either
0, 14, 20, or 30 clock pulses have ogccured, and the count-
ing chain data has shifted 0, 1, 2, or 3 places to the left.

- Additional gates inhibit the Sequence Generator during
data shift. Update Data is also inhibited during this time.

]f)ris:pla'yr Selector Drive Generator

This drive is actually the same as the MUX Time Frame
signals during the slow scan. The signals TF1 - TF4
provide one input to each cof the four NAND gates of U10.
The other four inputs are tied together with the D output
of U2. This D output is high only after the first eight fast
scan signals (first two groups of TF1 - TF4) have occux-
red, and the slow scan (third group of TF1-TF4) is taking
place. The NAND gate outputs are the inputs to the digit
selector drivers on Display Board (A110).

Signal Generators for Blanking and Gate Time Controls

These generators operate on the inputs from the six
front panel RESOLUTION switches. They are processed

in the inverters of U4 and U8, and the NOR gates of U3
ang 112, to produce nine output control signals. Five
of these are used on A101 principally to control display
hlanking. The remaining four are used externally, as well
as on A101, The four lines, one of which is high for each
gate time, are fed to the gate generator on A105, which
then determines the gate time. The signals are also fed to
Count Chain 3 (A103) where they control the length of the
counting chain as the gate time is changed. One of these
four signals, plus the remaining five, ars used on Al01 to
control least significant digit blanking by the RESOLU-
TION switches. Three outputs of U20 produce blanking

9-8

signals in Display Driver 2, by combining MUX timing out-
puts TF2, T¥3, and TF4 with the RESOLUTION switch sig-
nals from U4 and U8. This produces blanking in readout
digit 7 (as indicated in Table 9-3C), plus blanking of di-
gits 5 and 6 in resolution settings for 100 kHz and 1 MHz.
U17 produces the blanking signals in Display Drive 3 (as
indicated in Table 9-3C), plus complete blanking (TF1 -
TF4) in the 100 kHz and 1 MHz resclution settings.

Leading Zero Suppression Circuitry

The portion of 4101 related to leading zero suppression is
detailed in Figure 5-3C. This function is accomplished in
two steps. Initially, the circuit determines if any of the .

three channels contains non-zero data. If all data is ZeT0,
it disables the blanking and displays all zeros. If there is
non-zero data, it Iocates the first channel containing t'his_
data. :

The most vital portion of the zero suppression cirenitry is
contained within the decoder-drivers themselves. Thisis
a zero detection circuit which is enabled by the ripple,
blanking input (RBI). If RB]I is enabled (low), the pres-
ence of zero data causes the ripple blanking output ®RBO)
to be energized (low). The decoder-driver also contains

. a blanking input (BI) which blanks the digit when ener-

gized (low). BI and RBO are internally tied together so
that the pin designated BI/RBO serves both-as an ipput
and an output. Thus, if RBI is enabled, zero data will
energize RBO, which is equivalent to energizing BI, dnd
the digit is blaenked. Thus, & digit may be blanked either
by applying a low-level to BI/RBO, ox by the presence
of zero data when RBEI is enabled.

The first circuit function is to determine if any of the three
channels contain rion-zero data. All flip—flops are reset
enabling the RBI on all decoder-drivers. As the multiplex
system rapidly scans through its first four Time Frames,
any non-zero data in a decoder~driver will be indicated
by the RBO going high. This in turn enables the J input
of the correspondirig flip-flop. The next timing pulse sets
that flip-flop and disables the RBI of that decoder-driver,
At the end of the first multiplex group, the presence of
any non-zero data is indicated by a set flip-flop. A set
flip-flop enahles the J input of the following flip-flop. This
insures that non-zero data in any decoder-driver causes
all flip-flops further down the chain to be sgt within two
additional Time Framas.

If all data is zero, then the gating is such as to allow the
eight clock pulse (TF4 of the second fast group) to set the
first two flip-flops and enable the third. The ninth clock
pulse then sets the third flip-flop. This then disables all
ripple blanking inputs so no blanking will occur with all
zero data, .

The remaining task is to determine the first channel with
non-zero data. Gates are arranged so that the ninth clock
pulse will reset the first flip-flop which is in the "set"
state via the K input, and thus enable the corresponding
RBI, prior to the start of the slow scan. The internal ri'_p—
ple blanking circuitry will then blank all zeros until the
first non-zero data is present.
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COUNT CHAIN 2 {A102)

A102 is similar to A108, being simply & continuation of the
counting chain that begins on A103, Six DCUs on A102

-~ (U4, U7, U10, T712, U1k, and Ul8} combine with the five
DCUs on A103,for a total of eleven in the counter.
Each of these six are presettable. They are programmed
by data lines sifher from the Converter (when it is being
used), or from external inputs when IF Offset Gption 06
is used.

Each of the six DCUs has an associated quad-lateh. (U5,
US; U11, U13, U16, and U19) o store the DCU inforimation.
"Anyadditional latgh ([U21) stores the information from the
last DOU on A103 (U1),which does not have & guad-latch

- on that board, Two sets of multiplexers (116 snd. U, apd
‘U14°and U17) transfex the information from the laichesto .

the display drivers. Two decoder-drivers (U1 and U2)
convert the four line BCD information from the two multi-
plexers into the seven-line code nedessary to drive the
. segments of the front panel display. Sepazate inputs ta

these decoders allow the displey. to be blanked, or to
display 21l eights in the Visual Display Test. (A more de-
tailed description will be found in the fiaragraphs titled
"Leading Zery Suppressien Cirocufty™} .- -

FIGURE 9-3A
COMPONENT LOCATOR
COUNT CHAIN 2 (A102)
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