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CHAPTER l 

GENERAL DESCRIPTION 

1.1 INTRODUCTION 

GE-PAC 30 Digital Systems feature easy 
field expansion and easy integration into 
more complex systems. The. GE-PAC 30 
Logic Modules described in this handbook 
are flexible building blocks which may be 
used to implement such expansions or sys­
tem design. The Logic Modules are simple, 
reliable, and economical. In addition to the 
medium speed Series Logic Modules de­
scribed in this manual, a high speed Series 
of Logic Modules is available in many of the 
same logic configurations. 

The Medium Speed Series Logic Modules 
consist of medium speed DTL gates and as­
sociated circuitry. The important elec­
trical features of this series of logic ele­
ments include: operation from a single 
power supply potential, high noise immun­
ity, high fan-out capability, low power 
dissipation, and the capability for "wired­
OR" connections. The DTL logic has 
typical stage delays of 25 nanoseconds. 

The High Speed Series Logic Modules use 
TTL gates and are input, output, and power 
compatible with DTL modules. Because of 
the totem-pole output configuration in TTL 
circuits, the "wired-OR" may not be used. 
The TTL logic has a maximum propagation 
delay of 10 nanoseconds, and somewhat 
higher fanout capability. 

1.2 PHYSICAL DESCRIPTION 

The mechanical packaging of the Logic 
Modules employs a "daughter-board" -
"mother-board" arrangement. The efficient 
use of space realized by this method results 
in very high packaging density. 

The circuit components are placed on the 
daughter-boards. Daughter-boards connect 
via a set of 16 pins into any one of the 40 
locations on a mother-board. 

There are two sizes of daughter-boards: a 
#2 board which plugs onto one mother­
board location, and a #3 board which plugs 
onto two mother-board locations. Each 
mother-board location has mounting pins 
which correspond to the daughter-board 
pins. The mother-board pins have wire­
wrap extensions that protrude through the 
board to the wiring side. The user can 
therefore interconnect the daughter-board 
circuits in any configuration desired. 
There are 138 wire-wrap pins available at 
the back of the mother-board near the 
board connectors to facilitate inter­
connection between mother-boards. The 
mother-boards fit into a standard 19" rack 
mounted cage. The mother-boards are 
9. 75" by 10. 5". Up to 13 mother-boards 
can be inserted into a single card file. 

There are 35 lK ohm resistors distributed 
throughout the mother-board for use in 
logic speed-up applications or as power 
gate loads. One side of each resistor is 
connected to +5 volts. The other side of 
each resistor has wire-wrap terminal for 
convenience. 

The mother-board is drilled to accept up to 
eight trimming potentiometers (GE-PAC 30, 
Part Number 21-003F01 or 21-003F02) in_ 
locations 45 and 47. and up to four SPDT 
reed relays _(GE-PAC 30 1 Part Number 
36-001) in locations 00, 10, 20, and 30. 
The leads of these components all have 
separate wire-wrap terminals. 

Each mother-board location is designated 
by two numbers. The first is the horizontal 
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coordinate, and the second is the vertical 
coordinate. Figure 1-1 shows the mother­
board field numbers printed on the board. 
The daughter-board pin numbers are desig- · 
nated from 00 to 70 for the lower set of pins, 
and from 11 to 81 for the upper set of pins. 
If a daughter-board is the #2 size, meaning 
it covers only one mother-bo:;i.rd location, 
all pin designations are followed by a -0. 
For instance, 60-0. However, on a #3 
daughter-board which covers two mother­
board locations and has four rows of pins, 
the difference between pin 60 on either set 
is indicated by -0 or -1. The -0 identifies 
pin 60 lying in the lower mother-board lo­
cation. A -1 follows the pin 60 lying in the 
higher mother-board location. The -0 and 
-1 terminology is used when referring to a 
daughter-board alone. When referring to 
a particular pin and the mother-board lo­
cation on which it is located, the -0 or -1 
is not necessary since the mother-board 
location number automatically differentiates 
between two different pins on a #3 board. 
An example of a mother-board wire-wrap 
pin number is 11-07. The 11 is the daughter­
board pin number and the 07 is the mother­
board location number. This particular 
mother-board pin is the upper right pin on 
the upper right mother-board location as 

viewed from the component side of the 
mother-board. 

Two connectors are provided at the rear of 
the mother-board. These 69-pin connectors 
link the mother-board to the back panel 

·Wiring. 

Figures 1-1 through 1-3 illustrate the phys­
ical layout described in this section. 

Figure 1-1 shows a mother-board viewed 
from the daughter-board side. The num­
bers 00 to 47 are the mother-board location 
numbers. Each number designates one loca­
tion or #2_ daughter-board location. The wide 
plated land around the edge of the board is 
a low impedance bus which distributes 
ground throughout the board. The reverse 
side of the board has an identical bus to 
distribute +5 volts. At the right side of 
the board are two 69 pin connectors con­
necting the mother-board wiring with the 
back panel wiring. The thin leads running 
vertically the length of the board bring +5 
volts to each field. Therefore, +5 volts 
and ground are automatically connected to 
every daughter-board upon insertion into 
any one of the 40 mother-board locations. 
Figure 1-1.shows 35 lk ohm resistors 
mounted between the fields. One side of 

Figure 1~1. Mother Board Configuration 
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each resistor is connected to +5 volts. The 
other side of each resistor is brought out 
to a wire-wrap pin (such as R04, R24, R41, 
etc.) for connection where needed. The 
principal application for these resistors is 
as load resistors for the P type gates since 
these gates have no internal load connected 
to the output. 

Pairs of feed through holes in the vertical 
columns between daughter-board locations 
are provided for mounting external circuit 
accessories such as diodes, resistors, 
capacitors, etc. Each feed through hole 
is connected to the wire-wrap pin (R04, 
R24, R41, etc.) which connects to +5 volts 
through a lK pull-up resistor. Simple or 
complex networks can be formed by appro­
priate connections between component 
wire-wrap pins and daughter-board wire­
wrap pins. If a pair of feed through holes 
are to be used for mounting a single compo­
nent not requiring the services of the lK 
pull-up resistors, the resistors must be 
removed from the two "R" locations used 
by the component. 

Figure 1-2 shows both sides of a mother­
board. The apparatus (component) side is 
shown on the left. Note the ground bus on 
the perimeter of the apparatus side. Five 
decoupling capacitors from the ground bus 
to the +5 volt bus on the other side of the 
board are also shown. The wiring side of 
the board is shown on the right side of 
Figure 1-2. Note that in addition to the 
Field designation, pin designations are 
also provided. 

Figure 1-3 shows both sides of a typical 
#2 daughter-board. Note the connectors 
and keys on the component side view (left 
side of Figure 1-3). Additional informa­
tion can be found in the Systems Interface 
Manual, GE-PAC 30, Publications Number 
PCP-126 •. 

1.3 ELECTRICAL DESCRIPTION 

GE-PAC 30 logic modules are available in 
Medium Speed 930 Series DTL integrated 
circuits, or High Speed Series using TTL 
integrated circuits. Both series are 
input-output compatible and use +5V and 
ground power levels. Discrete transistors 

Figure 1-2. Typical Mother-Board, Front and Rear Views 
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00 
(GND) 

II 10 

21 20 

31 30 

41 40 

51 50 

61 60 

71 70 

81 
(+5) 

Figure 1-3. Typical Daughter-Board, Front and Rear Views 

are used on certain interfacing modules _for 
level conversion or power. 

All logic gates are inverting AND (NAND) 
gates. Five types are used, and are desig­
nated as G (standard DTL) gates, P (Power) 
gates, B (Buffer, high capacitance drive) 
gates, HG (standard TTL) gates, and HB 
(TTL Buffer) gates. Figure 1-4 lists the 
gate type, its output collector arrangement, 
and minimum logic current levels. Figure 
1-5 gives the logic voltage level limits and 
margins, and Figure 1-6 gives the propaga-
tion delays. ' 

Flip-flop circuits are made up of cross 
co11pled gates or J-K double rank integrated 
circuits. Flip-flops formed by cross coupled 
gates are shown as such, and the gate char­
acteristics apply. The J-K flip-flop truth 
table is given in Figure 1-7. 

Fan-out for both DTL and TTL logic modules 
are detailed in Figure 1-8. When the DTL 
and TTL series are not mixed, the fan-out 
rules are simple and are listed in the Short 
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DESIGNA-
TYPE OUTPUT IlH I1 L IoH IoL 

TION uA ma ma ma 

G gate DTL 2K Pull up 10 1.6 l.8 10.2 

P gate DTL Open Collector 10 1.6 -50uA 36 

B gale DTL Totem Pole 150 Q 10 1.6 2.0 34 

HG gale TTL Totem Pole son 80 2.1 2 20 

H B gate TTL Totem Pole son 120 4.2 4 60 
'---

RULES: 

G gates and P gates may be OR-tied. B, HG and HB gates may 

not be OR-tied. 

P gates may be used to drive non-logic loads such as lamps 

or trans formers. 

Max. IoL = 1 OOma at Vol = l volt 

Max. IoL = 240ma per I .C. 

Caution: when driving lamps toke into account Hcold" resistance 

~!:!'when driving transformers, flyback voltage must not 

exceed 12V. 

.ti£!;; P gate collectors may be paralleled up to 4 collectors. 

Figure 1-4. General Information on 
Logic Gates 



FOR Vee' 4.5V TO 5.5V TEMPERATURE o0 c TO 70°c 

0 OUTPUT LIMITS 

+5 .5V} I OUTPUT 
LIMITS 

+ 2.5V 

+. 2. I INPUT THRESHOLD 

+ 0. 0 INPUT THRESHOLD 

( +0.5V 
ov 

DTL CIRCUITS G, P, B, AND F 

+5.5V} I OUTPUT 
LIM ITS 

+ 2.4V 

+l.B I INPUT THRESHOLD 

+o.e 0 INPUT THRESHOLD 

0 OUTPUT LIMITS (+0. 4 V ov 

TTL CIRCUITS HG, HB AND HF 

Figure 1-5. Logic Level Margins 

Form Rule table. When loading includes a 
combination of DTL and TTL series gates 
or flip-flops, it becomes more complex and 
requires summing currents .. 

Figure 1-9 shows fan in and fan out current 
units for DTL, TTL, and flip-flops. These 
apply only within the same IC family. When 
DTL and TTL are mixed, the load and 
drive factors equation is used to determine 
correct loading. 

DEFINED 

INPUT 
l.5V 

OUTPUT 
Td+ 17 

T d- ~-5_v __ ..J I. 5 V 

FOR GATES 

l.5V 

T INPUT 

OUTPUT ---~-~ 

FOR FLIP FLOPS 

Typical Delays for Estimating 

T d- Td+ 
TYPE in in 

nanoseconds nanoseconds 

G, P, or B 10 25 

HG or HB 10 10 

f. 25 so 
HF 10 10 

Limits and Test Conditions. C =Output Capacitance to GND 
R =Output Resistance to +5V. 

Td- Td+ 
TYPE R c Min. Max. Min. Max. 

G 400 . 50pf. 10 30 

G 3.9K 30pf. 15 50 

p 150 lOOpf. l 0 35 

p 510 20pf. 15 50 

B 150 500pf. 15 40 

B 510 500pf. 25 80 

F 400 30pf. 15 55 

F 2K 30pf. 25 75 

HG l 5pf. 3 10 4 12 

HB l 5pf. 3 12 4 12 

HF 25pf. l 0 18 l 0 18 

Figure 1-6. Propagation Delay 
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J.K TRUTH TABLE 

J Input K Input Qn Qn+ 1 

0 0 0 0 
0 0 1 1 

1 1 0 1 
1 1 1 0 

0 1 0 0 
0 1 1 0 

1 0 0 1 
1 0 1 1 

All J-K Flip-Flops ore tdggered on the Negative going edge of the 
clock (T) input. 

Figure 1-7. J-K Flip-Flop Truth Table 

1-6 

(T) input = 40 nanosec min. 

J & K must be steady for 

20 nanosec prior to falling 

edge of (T) 

· Short form rvles (where loads are not mixed DTL and 

TTL) 

DRIVER CAN DRIVE G p B HG HB 

G gate 7 7 7 5 2 

p gate (I 000 Q to +5) 21 21 21 17 8 

B gate 25 25 25 16 8 

HG gate 12 12 12 10 5 

HB gate 36 36 36 30 15 

NOTE: A DTL Or-tie reduces fanout by 2 

For Flip-Flops and nrixtures of DTL and TTL Logic 
calculate fanout with Load and Drive factors equation 
using fonin and fanout current units. 

Load and Drive Factors 

LOAD FACTOR (A/8)-D-(C/D) DRIVE FACTOR 

A= ·High Level Load Factor 

B = Low Leve I Load Factor 

C =High Level Drive Factor 

Current supplied to input when 
high 
Current drawn from input when 
low. 
Current supplied by output when 
high. 

D = Low Level Drive Factor = Current sinked into output when 
low. 

A and Care arbitrary units of current. Band D arbitrary units 
of current not equal to A and C. 

C must be greater than or equal to the summation ·of A's. 

D must be greater than or equal to the summation of B 1 s. 

Figure 1-8. Loading Rules for Flip-Flops 
and DTL-TTL Mixtures 



~ 0 

1/7 DC 114/66 DTL R 0 

~ 
T 2/18 

B 1/7 114/66 
. s 

OS DC 115/73 
TTL 2/18 R 0 

4/36 
T 

200/120 
DC 115/73 1/7 s R OS 

TTL 8/36 
T 

1/7 114/66 
2/18 

~ 
s 

B OS 
2/18 

DTL DTL DTL 

~ 
+5 +5 +5 

470 .n I K J\ 2K .ll. 

. 

DIODE 

~ 0 1000/-80 500/-40 250/-20 115/-20 
I 

RESISToRS OR TIES EQUIVALENT 
DTL. FOR G OR-TIE 

EXAMPLES OF LOAD AND DRIVE FACTOR CALCULATIONS FOR MIXING DTL AND TTL LOGIC: 

__IL_ ACTIVE 115/55___. 

TOTAL DRIVE FACTOR 
= 115+11!HCl1 

55-20(Dl10 

INACTIVE 
r---- --- ------,~~~~~A~f~\loR 
I 115/55 l=1151-20 

-------+-~ 

< : 
<> I 

<: <.. I 
I l I 
I I ! 
L------------.J 

APPL YING FACTOR EQUATION TO ABOVE LOGIC: 
.A. < ..£.= 23 L 330 

TOTAL 
LOAD FACTOR 

23(A) 
= 42(8) r-i-- - - -1 

I 10 G 

I I 
I EXCESSIVE I 

LOAD .L _______ ...J 

B < D 42 ~ 35 
THIS IS NOT PERMISSABLE SINCE BIS LARGER THAN D. IF LAST GATE IS OMITTED, B = 32 

AND ~~ ~ -ff, WHICH MEETS LOADING RULE REQUIREMENTS FOR DTL AND TTL LOGIC 

MIXING. 

Figure 1-9. Fan Out and Fan In Current Units for Flip-Flop, DTL, and TTL Logic 
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CHAPTER 2 

GENERAL PURPOSE LOGIC MODULES 

2.1 INTRODUCTION 

This Chapter describes the General Purpose 
Logic Modules which are used to implement 
most gating logic in GE-PAC 30 Digital 
Systems. A logic diagram, a brief descrip­
tion, and specifications are provided for 
each type of daughter-board. Many boards 
contain two uncommitted lK pull-up 
resistors. To aid in locating data on the 
various modules, each description references 
the GE-PAC 30 part number, and each 
description starts at the top of a page. Fan 
in and fan out capabilities ref er to logic 
within a family. When a pull-up is used, 
deduct four units of fan out. Appendix 1 is 
provided as a quick reference to the Logic 
Module Diagrams. The Systems Interface 
Manual, GE•l'AC 3o..,; Publication Number 
PC'P•l.2~.is helpful as it contains system 
configurations, logic designs, wiring 
information, etc. 

2.2 35-001 QUAD 2 INPUT NANO GATE CDTLl 

The 35-001 Quad 2 Input Nand Gate board, 
shown on Figure 2-1, contains four 2-input 
G type NAND gates. The gates have low 
capacitance, diode type inputs. Each out­
put has an internal 2K load resistor. The 
outputs may be OR tied, but the fan-out 
capability should be decreased by two units 
for each such OR tie, Note that two un­
committed pull-up resistors are also pro­
vided on the 35-001 board. 

2.2.1 Specifications 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

70 60 40 30 

T 
00 50 20 

25 nanoseconds per 
gate 

.24 milliamps @ +5 
volts plus 5 milli-

. amps for each 
resistor in use. 

Number 2 daughter -
board 

41 31 71 61 10 II 

IK IK 

+5 

21 51 

Figure 2-1. 35-001 Quad 2 Input NAND 
Gate, Logic Diagram 
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2.3 35-116 llUAD 2 IN PUT MAND rrtu 
The 35-116 board shown 011 '.Figure 2-2, con ... 
tains four two~input HG type gates. No 
internal load resistor is contained on the 
output, prohibiting an OR tie. Two pull-up 
resistors are also proVided. 

2.3.1 Specificcitiotts: 

Average Propagation 
Delay: 

Power Requirements~ 

Size: 

T 
00 50 20 

1 O nanoseconds per 
gate 

36 millia.mps @ +5 
volts plus 5 milli­
amps for each re­
sistor in use 

Number 2 daughter­
board 

41 31 11 '61 10 II 

IK IK 

+5 

21 51 

Figure 2-2. 35-116 Quad 2 Input NAND 
Gate, Logic Diagram 
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2.4 35~012 ffUPLE 3 lff Pllt HAND GATE CDTL> 

The 35-002 Triple 3 Input NAND Gate board, 
. shoWh in Figure 2-"S 1 contains three 3 .... input 
G type NAND gates. 

2.4.1 Spedfiecitiotts: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

60 41 

10 71 31 01 

T 
00 61 21 

25 nanoseconds per 
gate 

18 milliamps @ +5 
volts plus 5 milli­
arn:ps for each 
resistor in use 

Number 2 daughter­
board 

40 10 II 

50 30 

IK IK 

+5 

81 
20 

Figure 2-3. 35-002 Triple 3 Input NAND 
Gate, Logic Diagram 



2.5 35-003 DUAL 4 INPUT NANO POWER 
GATE CDTL> 

The 35-003 board, shown on Figure 2-4, 
contains two 4-input NAND gates. This 
board has the advantage of access to an ex­
pander node, which allows the user to in­
crease the fan-in capability to any desired 
number by using diodes or expander modules. 
These are P gates, which require external 
pull-up resistors. 

2.5.1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

25 nanoseconds per 
gate 

22 milliamps@ +5 volts 
plus 5 milliamps for 
each resistor in use 

Number 2 daughter­
board 

31 4161 71 51 10 II 

p p 

IK IK 

T +5 

00 20 21 81 

*MUST HAVE DIODE IN PUTS 

Figure 2-4. 35-003 Dual 4 Input NAND 
Power Gate, Logic Diagram 

2.6 35-117 TRIPLE 3 INPUT NANO GATE 
CTTU 

The 35-117 board shown on Figure 2-5, con­
tains three 3-input HG type NAND gates. 
Two lK ohm resistors are provided for ex­
ternal use. 

2.6.1 Specifications: 

Average Propagation 
Delay: 

10 nanoseconds per 
gate 

Power Requirements: 27 milliamps @ +5 
volts plus 5 milliamps 
for each resistor in 
use 

Size: Number 2 daughter­
board 

60 41 40 10 II 

70 71 31 51 50 30 

IK IK 

--
T +5 

81 
00 61 21 20 

Figure 2-5. 35-117 Triple 3 Input NAND 
Gate, Logic Diagram 
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2.l 35-118 DUAL 4 INPUT NANO GATE 
<TTL> 

The 35-118 board shown on Figure 2-6, con­
tains two 4-input NAND gates. The gates 
are of the HG type. Two lK ohm resistors 
are provided for external use. 

2.7.1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

10 nanoseconds per 
gate 

18 milliamps @ +5 
volts plus 5 milli­
amps for each re­
sistor in use 

Number 2 daughter­
board 

70 604030 31 4161 71 10 II 

HG HG 

IK IK • 

-- \ . 

T +5 
00 20 21 81 

I 

Figure 2-6. 35-118 Dual 4 Input NAND 
Gate, Logic Diagram 
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2.8 35-128 DUAL 4 IN PUT BUFFER 
GATE (TTL> 

The 35-128 board shown on Figure 2-7, con­
tains two 4-input HB type NAND gates. Two 
lK resistors are mounted for external use. 

2.8.1 Specifications: 

Average Propagatio~ 
Delay: 

Power Requirement: 

Size: 

10 nanoseconds per 
gate 

32 milliamps@ +5 
volts plus 5 ma for 
each resistor used 

Number 2 daughter­
boards 

70 604030 31 4161 71 10 II 

HB HB 
IK IK 

..::. 

T +5 
00 20 21 81 

Figure 2-7. 35-128 Dual 4 Input Buffer 
Gate Logic Diagram 



2.9 35-013 4 BIT COUNTER CARRY CDTL> 

The 35-013 board, shown on Figure 2-8, 
contains four gates with inputs tied together 
as shovvn. The expander node on one gate is 
brought out through two diodes. The board 
also contains a separate 3 input low-level 
gate. 

2.9.1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

II 21 31 51 61 41 

T 
00 10 30 20 

25 nanoseconds per 
gate 

30 milliamps@ +5 
volts 

Number 2 daughter­
board 

71 4050 

+5 

l 
70 60 81 

Figure 2-8. 35-013 4 Bit Counter. Carry, 
Logic Diagram 

2.10 35-019 l OUT OF 8 DECODER CDTL) 

The 35-019 board, shown on Figure 2-9, 
contains eight P type gates wired to obtain 
a general purpose 1 out of 8 decoder. With 
proper strapping and interconnection, two 
35-019 boards can be used to obtain a 1 out 
of 16 decoder. Four 35-019 boards can be 
used to obtain a 1 out of 32 decoder. Fig­
ure 2-10 illustrates methods of interconnec­
ting 35-019 boards. These are P gates, which 
require external pull-up resistors. 

2.10. 1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

,o '0 0' 0 - 9 ~6 ;:: .!. .!. 0 ' .!. ;; 
iii - ., N "' ... - ... 

~ ;. ~ 

µJ 
p p 

25 nanoseconds per 
gate 

40 milliamps @ +5 
volts plus 5 milli -
amps for each re­
sistor in use 

Number 3 daughter­
board 

0 ;i; 0 9 ' ;i; ;ii ;;; 

t/ ... 
~ t;. ~ t;. ~ 

ru 
[ ] 

)ll w III J1 /li ll 
p p p p p p • 5" 

§ YYY ~ YYYY 
I IK IK IK IK 

~~ 0 

' 
0 0 0 0 

00- "' 
6 0 

iii 0 6 2 ~ 6 0 0 0 ... "' N N ... .... "' "' 

Figure 2-9. 35-019 1 Out of 8 Decoder, 
Logic Diagram 
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2-6 

0 

..!:_~----_:± 
21-01= T 

b 0 

~ "' N 

~ 
' b 41-1~ "' II 
l 

t-"o r-'o t-'o :-o 
0 I 2 3 

.-----~--. 60-1 0 

35~019 } I OUT OF 8 SELECTIOlll 

-0 
' ' = ii 

;- -
0 ' .. = 

o­
' I ;::: ;:: 

20-0 7 

-3 BIT COUN.TER 

a. 1 out of 8 circuit 

0 
35-019 

I OUT 16 SELECTION 

I 
35-019 

o I o o - 9 I 
I ..!., 0 I ..!_ .!. 0 0 co ... = ..... ,... ,_, ..., 1?•09,?1 

=iO~:,;;::;;::SlSl 

- 4 BIT COUlllTER 

b. 1 out of 16 circuit 

I OUT Of 32 SELECTION 

8 15 16 22 

1=_-----_:::L _e_- - - - --=:l 
21-1 r-1 - b 21-1F ' 

;-86 0 0 

H"' N I= ID N 

H- ' I= ' ' 41-ll=j :!: 0 41-1~ 0 

"' "' 1± 1± 

E .--5 BIT COUNTER 

c. 1 out of 32 circuit 

23 31 

1:_------=:l 
21-1,.---, ;- b t::=: ii N 

t::=: 
' t- -

41-1~ = 0 

"' 
J J 

Figure 2-10. 35-019 1 Out of 8 Decoder, Interconnection Diagrams 



2.11 35-064 l OUT OF 8 DECODER BUFFER 
CDTLl 

The 35-064 board shown on Figure 2-11, 
contains eight B type gates wired to obtain 
a one-out-of-eight decoder buffer, The 
35-064 board facilitates the charging of the 
large capacitance created by a high number 
of fan out leads. Figure 2-10 shows pos­
sible expansion to 1 out of 32 selections. 

2.11.1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

66~~'i'6~1 9 
ti'),..,,.._,.._= v w = (\j N 
0 

I 

81-0 
B B • 5 

0----J 

IK~IK lK l 81-1 
lK 00-0 

o~ 0 0 - 0 
' ' 0 ' 0 ' 0 0 

iD 0 

"' " "' N "' 

0 

;;; 

25 nanoseconds per 
gate 

43 milliamps @ +5 
volts plus 5 milli­
amps for each re­
sistor in use. 

Number 2 daughter­
board 

' 9 ? 
;;; "' "' " ;;: 

B B B B B B 

0 0 0 

0 ' Q Q 0 0 0 
r- .... <D "' 

Figure 2-11. 35-064 1 Out of 8 Decoder 
Buffer, Logic Diagram 

2.12 35-020 HEX GATED POWER GATE 
CDTU 

The 35-020 power gate, shown on Figure 2-
12, consists of 6 dual-input power gates with 
two common inputs. This board is useful for 
high-current applications such as bus drivers, 
lamp drivers, etc. For use as a regular 
gate, external load resistors are required. 

2.12.1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

II 10 20 30 

-=- +5 

T l 

40 

00 81 21 31 41 

25 nanoseconds per 
gate 

65 milliamps @ +5 
volts 

Number 2 daughter­
board 

50 60 70 

6 
51 61 71 

Figure 2-12. 35-020 Hex Gated Power 
Gate, Logic Diagram 
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2.13 35-021 :.QUAD GATED NOR GATE CDTL> 

The 35-021 board, shown on Figure 2-13, 
consists of 4 gated NOR circuits operating 
from mutual gate leads. 

2.13.1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

11 31 21 41 

00 10 20 

25 nanoseconds per 
gate 

48 milliamps @ +5 
volts 

Number 2 daughter­
board 

61 51 71 60 50 30 

40 70 81 

Figure 2-13. 35-021 Quad Gated NOR Gate, 
Logic Diagram 
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2.14 35-0U. IN PUT NANO GATE CDTL) 

The 35-022 board, shown on Figure 2-14, is 
a NAND gate which combines high fan in 
capability with a high fan out capability. Ex­
ternal pull-up resistors must be supplied 
on the outputs. 

2.14.1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

25 nanoseconds per 
gate 

23 milliamps @ +5 
volts 

Number 2 daughter­
board 

51 41 61 71 II 21 31 10 20 30 4050 

p 

+5 

T 
00 60 70 81 

Figure 2-14. 35-022 12 Input NAND Gate, 
Logic Diagram 



2.15 35-119 SINGLE B INPUT NANO 
GATE CTTL> 

The 35-119 board shown in Figure 2-15 is 
a HG type NAND gate which combines high 
fan in capability with a medium fan out 
capability. Two lK ohin resistors are 
supplied for external use. 

2.15.1 Specifications: 

Average Propagation 
Delay: 

10 nanoseconds per 
gate 

Power Requirement: 9 milliamps @ +5 
volts plus 5 milli­
amps for each re­
sistor in use 

Size: 

7060 50404151 61 71 

T 
00 21 

Number 2 daughter­
board 

10 II 

IK IK 

+5 

81 

Figure 2-15. 35-119 8 Input NAND 
Gate, Logic Diagram 

2.16 35-023 QUAD GATED BUFFER CDTL> 

The 35-023 board, shown on Figure 2-16, 
consists of four three-input buffer gates 
with two common inputs as shown. 

2.16.1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

0 0 
.., "' - C\I 

00 

0 

"' 

25 nanoseconds per 
gate 

60 milliamps @ +5 
volts 

Number 2 daughter­
board 

0 ,.... 

- 0 "'.,. 

Figure 2-16. 35-023 Quad Gated Buffer, 
Logic Diagram 
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2.17 35-059 QUAD GATED BUFFER (TTL) 

The 35-059 board shown on Figure 2-17, 
consists of four three-input HB type gates 
with two common inputs as shown. 

2.17.1 Specifications 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

0 0 
rt> It) - N 

T +g ~ 
00 81 

0 
N 

10 nanoseconds per 
gate 

35 milliamps @ +5 
volts 

Number 2 daughter­
board 

0 
..... 

-0 ., . 

HS 

Figure 2-17. 35-059 Quad Gated Buffer, 
Logic Diagram 
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2.18 35-060 HEX INVERTER CDTL> 

The 35-060 board, shown on Figure 2-:18, 
consists of 6 inverting gates. Each low 
level gate has a 2.K ohm load resistor inter­
nally connected. The outputs may be tied to­
gether to obtain an OR function, but the 
fan-out capability should be decreased by 2 
for each such OR tie. 

2.18. l Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

70 

= 

II .t 

50 
0 

40 

30 

20 

31 

1 
21 

25 nanoseconds per 
gate 

36 milliamps @ +5 
volts plus 5 milli­
amps for each 
resistor in use 

Number 2 daughter­
board 

51 71 10 II 

r i I 

IK IK 

41 61 81 

Figure 2-18. 35-060 Hex Inverter, 
Logic Diagram 



2.19 35-115 HEX INVERTER CTTL> 

The 35-115 board shown on Figure 2-19, 
consists of six HG type gates. No internal 
load resistor is contained on the output, 
prohibiting an OR tie. Two lK resistors 
connected to +5 volts are pro¥i.ded for 
pullup applications. 

2.19.1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

70 50 30 

1 
00 60 40 20 

31 

21 

10 nanoseconds per 
gate 

54 milliam.ps @ +5 
volts plus 5 milli­
amps for each 
resistor in use 

Number 2 daughter­
board 

51 71 10 II 

i r 

IK IK 

+5 

41 61 81 

Figure 2-19. 35-115 Hex Inverter 
Logic Diagram 

OR 

2.20 35-040 SINGLE-DOUBLE RAIL 
CONVERTER CDTLl 

The 35-040 board, shown on Figure 2-20 
contains four converters which produce a 
double rail output from a single rail input. 
The four converters share common input 
gating. 

2.20.1 Specifications: 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

40 

41 

+5 
0 

00 Bl 21 

51 

0 

II 

25 nanoseconds per 
stage 

40 milliam.ps @ +5 
volts 

Number 2 daughter­
board 

31 30 50 

71 61 70 60 10 20 

Figure 2-20. 35-040 Single-Double Rail 
Converter, Logic Diagram 
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2.21 15--015 F'OURTlll lK RESISTOR 
MODULE 

The 35"'.'045 board, shown on figure 2-21, has 
fourteen lK resistors which may be used as 
load resistors for P type gates. 

2.21.1 Specifications: 

Power Requirement: 5 milliamperes for 
each resistor in use. 

Size: Number 2 daughter­
board 

81 
<;> 

+-+s 

~ IK ~ IK - - - - - - - - - - ~ - - - ~ -- IK IK 

1 0 ( J b J b ! ! J ! ! ! ) 0 
00 70 71 60 61 50 51 40 41 30 31 20 21 II 10 

Figure 2-21. 35-045 Fourteen lK Resistor 
Module, Logic Diagram 
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Z.22 31--899 BUS TERMINATING RESISTOR 
M8Dt1LE 

7he 35-099 board shown on Figure 2-22 
has ten 180 ohm resistors and four lK ohm 
resistors used for termination of bus lines. 

2.22.1 Specifications: 

Power Requirement: 300 milliamps @ +5 
volts 

Size: Number 2 daughter­
board 

T 

81 

Q) Ci a; a> 
0 Q 0 0 

00 70 71 60 61 50 51 40 41 30 31 20 21 II 10 

+5 

Figure 2-22. 35-099 Bus Terminating 
Resistor Module, Logic Diagram 



2.23 35-122 FOURTEEN 220 OHM 
RESISTOR MODULE 

The 35-122 shown on Figure 2-23 has 
fourteen 220 ohm resistors which may be 
used as load resistors for P type gates. 

2.23. l Specifications: 

Power Requirement: 310 milliamps @+5 
volts 

Size: Number 2 daughter­
board 

N N 

81 
0 

t-+5 

N N 
N N - -
0 0 

- - - - - - - - -- - - - - -- N N 
0 0 

T; 6666666666 :. 
00 70 71 60 61 50 51 40 41 30 31 20 21 II 10 

--------' 

Figure 2-23. 35-122 Fourteen 220 Ohm 
Resistor Module Logic Diagram 

2-13 





CHAPTER 3 

REGISTER LOGIC MODULES 

3.1 INTRODUCTION 

This Chapter describes the daughter-boards 
used to form registers in GE-PAC 30 sys­
tems. A brief description, a logic diagram, 
and a list of specifications are provided for 
each type of register module. 

3.2 35-009 4 BIT RS REGISTER WITH 
GATES CDTL) 

The 35-009 board, shown on Figure 3-1, 
consists of 4 flip-flops. The Set-Reset 
Function can be controlled by either the 
Direct Double Rail Inputs or by the Single­
to-Double Rail Conversion Gates. The four 
circuits share each of two gated inputs. 

One output side of each flip-flop contains a 
power gate for high fan out capabilities or 
to drive a 30 MA or 40 MA display lamp. 
The power gates have a common gated 
input. 

3.2.1 Specifications 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

25 .nanoseconds per 
stage 

120 milliamps 
<Qd +5 volts 

Number 3 daughter­
board 

' 
"' 

171711 
r::u;~=rtiN 

0 0 0 
0 ' I 

=;;; N 

4 I -O o+l'------4---U-4-...f--,_,---1--1-...r----i 
40-1 0--1-<~-----..__._.._._, 

+5 

8~ 
81-1 

fi 0 ' 0 
00-0 00-1 0 

"' 
,._ 

"' 

Figure 3-1. 35-009 4 Bit RS Register with 
Gates, Logic Diagram 
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3.3 35-015 4 lfl' JK lltlGfS1Ul lDfL> 

The 35-015 boardf shown on Figure 3-2, 
consists of 4 JK flip .. flops with common 
gating leads and a G gate between the J and 
K leads of each flip-flop. Two separate 
power gates with a common input are also 
provided on the 35-015 board; these gates 
require external pull-up resistors. 

3.3. 1 Specifications 

Average Propagation 40 nanoseconds 
Delay: 

Power Requirement: 110 milliamps 
@ +5 volts 

Size: 

J T K 
DS DC 
I 0 

I 
"' 

00-0 00-1 

Number 3 daughter­
board 

000 -00- I I 

2 ;:. ~ ~ ~ ~ ~ iii r:: 

Figure 3-2. 35-015 4 Bit JK Register, 
Logic ,Diagram 

3-2 

3.4 31-134 FOUR BIT SERIAL PARALLEL 
CONVERTER (DTL> 

The 35-134 board shown on Figure 3-3, is 
a 4-bit buffer and shift register. Provisions 
are made for gated parallel load and clocked 
serial 0"1.tput. Three separate clock inputs 
are provided so that individual clear (pin 51), 
ioad (pin 21), and shift (pin 41) sources may 
be used. Modules may be cascaded to form 
registers of any desired length. 

3.4.1 Specifications: 

Power Requirement: 90 milliamps @ +5 
volts 

Size: 

41 51 71 61 21 20 ' 31 

T t5 
00 81 70 

Number 2 daughter­
board 

10 II 

60 50 40 30 

Figure 3-3. 35-134 Four Bit Serial Parallel 
Converter, Logic Diagram 



3.5 35-016 DUAL JK FLIP-FLOP CDTL> 

The 35-016 board, shown on Figure 3-4, con­
tains 2 clocked JK flip-flops which operate 
on a master-slave principle. Information 
enters the master while the toggle input 
signal is high, and transfers to the slave 
when the toggle goes low. Since operation 
depends only on voltage level, any wave­
shape having the proper voltage levels may 
be used as a toggle signal. Input buffers 
provide isolation between the master and the 
input leads, thereby enhancing noise im­
munity. Set and clear leads are provided to 
allow direct access to the slave flip-flop .. 

Figure 3-5 shows the timing for a 35-016 
board. The flip-flops on this board operate 
on a clocked basis. Information on the J or 
K leads is gated into the master flip-flop 

60 20 10 40 30 61 

T 
00 50 70 

21 11 41 

DC 

31 

fs 
6 

51 71 81 

Figure 3-4. 35-016 Dual JK'.':'Flfp-Flop, 
Logic Diagram 

when the toggle clock lead, T, is pulsed high. 
The clock pulse should be a minimum of 40 
nanoseconds wide. During this period the 
data must not change on the J or K inputs. 
When the clock pulse goes low, information 
transfers from the master to the slave. 
From that point on, the slave flip-flop 
serves as a permanent memory for the 
information. 

· 3.5.1 Specifications 

Average Propagation 40 nanoseconds 
Delay: 

Power Requirement: 30 milliamps 
@ +5 volts 

Size: Number 2 daughter­
board 

INPUT PULSE 

JORK LEAD J 
PIN (20 OR40) 

0 
\_ 

TOGGLE PULSE 
(CLOCK) +5 - -, \ 
PIN 10 194---t; ---~""\ti ~40NANOSECONDS o---' . 

I H TRANSFER 
I TIME=30ns 
I 
I 

OUTPUT +sv-..__ _________ ,.. __ _ 

"1"SIDE OF SLAVE I I 
PIN 5Q O ___,_..-! ___ ...._ _____ _ 

.. I 
i---~-~tm------m 

~ts-"" 
tm -Tl ME THAT INFORMATION IS STORED IN 

MASTER FLIP-FLOP. 

ts - TIME THAT INFORMATION IS IN SLAVE 
FLIP-FLOP 

Figure 3-5. 35-016 Dual JK Flip-Flop, 
Timing Diagram 
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3.6 35-151 CLOCKED FLIP-FLOP CDTL> 

The 35-157 board shown on Figure 3-6, con­
tains one clocked-flip-flop operating on the 
master/slave principle. Information enters 
a dual input AND master when the input on 
the toggle (T) is high and then transfers to 
the slave when the toggle signal goes low. 
The DS and DC inputs take precedence re­
gardless of master inputs. The 35-157 
Clocked Flip-Flop can be converted to a 
J-K flip-flop by connecting terminals 31 to 
50 (or 40) and 20 to 51 (or 61). 

Figure 3-7 shows the timing for the 35-157 
board. Information gated into the master 
flip-flop while the toggle input is high may 
be changed up to 40 nanoseconds before the 
toggle input signal goes low. During the 40 
nanosecond period before the toggle falls, 

10 II 30 51 61 60 50 40 41 
9 9 9 Q 

:!: !!: 

_Q 
Cl C2 T SI S2 

Lo DC DsP-

0 

I +5 v 

00 81 31 20 

Figure 3-6. 35-157 Clocked Flip-Flop, 
Logic Diagram 
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information on the DS and DC inputs must 
.remain stable and high. When the toggle 
input goes low, information is transfened 1 

from the master to the slave. 

3.6.1 Specifications: 

Average Propagation 40 nanoseconds 
Delay: 

Power Requirement: 20 milliamps @ +5 
volts plus 5 milliamps 
for each resistor used. 

Size: Number 2 daughter­
board 

TOGGLE PULSE 
(CLOCK) 
PIN 60 0 ·-~ 

INPUT PULSE 
SI 

+5 - - - - - .., - -------
PIN 50 o----1 

I 
I 

INPUT PULSE +5------~-·------... 
S2 I 

PIN40 o----
1 
I 
I 

SID~u6~u;LAVE +5 - - - -; - - - - - -/ 

PIN 20 0 I · 

1'---1m -----ClO 
f.-1s-Cl0 

Im-TIME THAT INFORMATION IS STORED IN MASTER FLIP-FLOP 
ts -TIME THAT INFORMATION IS IN SLAVE FLIP- FLOP 

Figure 3-7. 35-157 Clocked Flip-Flop, 
Timing Diagram 



3.1 35-136 FOUR-BIT COUNTER CDTL> 

The 35-136 board shown on Figure 3-8, is 
two 2-bit counters using JK flip-flops. 
Provisions are made for gated parallel load­
ing. Pin 31 provides for the clearing of all 
four flip-flops on a clocked input. Pins 71 
and 11 allow incrementing the flip-flops by 
pairs with a clocked input. Figure 3-9 is a 
diagram showing how to connect the four 
flip-flops to form a ripple counter circuit. 

70 

Figure 3-8. 35-136 Four-Bit Counter, 
Logic Diagram 

40 51 60 90 21 41 10 30 

71 

r- - II 0----------------' 
1 "!'" 6+5 70 ~~mcPNL.m~~\~~~-
: 00 81 I R IPPL.E COUNTER 

L---------------j 

Figure 3-9. 35-136 Four Bit Counter, 
Wired as a Ripple Counter 

20 i 

Figure 3-10 is a diagram showing how to 
connect the four flip-flops by the use of 
external gates into a fast carry counter 
circuit. Incrementing of a ripple counter 
is done serially by pairs, while in the fast 
carry configuration, incrementing isdone 
in parallel. 

3.7. l Specifications: 

Power Requirement: 

Size: 

61 

71 

3, 

11 

r-- -- -

ADDITIONAL LOGicl 
FDR FAST CARRY I 
CIRCUIT I 

0 -... "' 
I 

' 

r 

90 milliamps @ +5 
volts 

Number 2 daughter­
board 

81 

g ~5 

Figure 3-10. 35-136 Four Bit Counter, 
Wired as a Fast Carry Circuit 
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3.8 35-014 FOUR BIT BY EIGHT WORD 
REGISTER STACK CCTL> 

The 35-014 board is a 32 bit register 
arranged as eight, four bit words as shown 
in Figure 3-11. The memory cells are true 
dual rank non-destructive readout registers 
with isolated input (S) and output (D) buses. 
A register may be interrogated repeatedly 
without disturbing its content. One word 
may be written into while reading another. 
Also, the same information may be written 
into two different words simultaneously. 
It is also permissable to read a word while 
writing new information into that word. 
The data will change on the negative going 
edge of the Write pulse (WO-W7) with bit to 
bit stagger not exceeding 10 nanoseconds. 

The 35-014 board uses Complementary 
Transistor Logic (CTL) which is not gener­
ally compatible 'Yith DTL or TTL circuits. 
The 35-041 board (see Page 3•9 ) is de­
signed to drive the 35-014 Register Stack. 
Figlire 3-12 lists the Drive Voltage and 
Current Requirements for the Register 
Stack and Figure 3-13 gives the Switching 
Times. 

Figure 3-14 shows a typical circuit using 
the 35-014 Register Stack and the 35-041 
Driver to form an eight word, four bit reg­
ister. Figure 3-15 shows how this may be 
extended to a 16 word, 16 bit register stack. 

D.C. TESTS (Vee = 4.5 v. T = 25°c1 

DESCRIPTION CONDITIONS 

Reed Input Current ( R0 -R7l = 2.5V 

Date Input Current (S0-s4 J = 2.5V 

Write Input Current (W0 -W7) = 2.5V 

Output Voltage (D0 -D4) = -10 mA 
(High State) 

Output Voltage (Do-D4l = -1 mA 
(Low State) 

O,utput Leakage (D0-D4l =4V 

Fan out of the B gates on the inputs (SO­
Sl5) and on the 35-041 Driver is sufficient 
to operate the 16 by 16 stack. 

3.8.1 Specifications 

Power Requirements: 250 milliamps 
@ +5 volts 

Size: Number 3 daughter 
boa.rd 

~ 

~ 

~ 

~ 

I T 0 o~ 
;::: 2 I ;o 0 

"' 

So 51 52 53 

11-1 Ro Wo !5 0-1.r. 

21-1 R1 W1 40-1 
-,,. 

31-1 R2 W2 30 - '-o 
R3 32 81T W3 20- I 41-1 REGISTER ~ 

31-0 R4 W4 40-0 
·~ 

41-0 Rs Ws !50-0 
y 

R5 
) 

W5 !St-0 60-0 
-,,. 

61-0 R1 W7 70-0 

Do o, 02 03 

0 T ~ 7 I 0 ;::: .... 0 =o 0 
-~ 

Figure 3-11. 35-014 Four Bit By Eight 
Word Register Stack, Logic Diagram 

LIMITS 
UNITS 

EQUIV 
MIN MAX CT µL LOAD 

4.4 mA ea. 1.5 

4.4 mAea. 1.5 

8.8 mA ea. 3 

2.35 v 

-0.36 v 

5 µA 

INPUT LEVEL: Maximum permissible "low" level = 0.8 V. Maximum required "highn level: 1.25 V. 

Figure 3-12. Drive Voltage and Current Requirements for Register Stack 
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SWITCHING TIME: 

t 1 25nsMIN 

t 2 10 ns MIN 

t 3 10 ns MIN 

t 4 10nsMIN 

t 5 25 ns MAX 

t6 25 ns MAX 

t 7 25 ns MIN 

NOTE: 

1) DOTTED LINES REPRESENT 
CELL STORING "LOW" LEVEL 

2) t1 REPRESENTS TIME INTERVAL 
BETWEEN READ PULSES FOR 
ERROR-FREE READOUT 

l.BV 
WRITE--so_0_Yo·=:.--,--.-, ---*-- 50% 

50°/o 

50% 

's 
=======~GN~D~.~LE~V~E~L==~===1::=::====::::!:===:~==·~5V~==== OUT-----------'--------

l.8V 
17 

--'--.-...-50% 
READ2---------------~---'1 

Figure 3-13. Switching Times for Register Stack 

+5 

Figure 3-14. Typical Circuit Forming an Eight Word Four Bit Register 
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36-041 35-o41 

--------1 --------- l 

!Rs lRO Ks *1 35-014 so 35-014 ~ -- l 1 p i W7 
DO r---1Wt6 

I l lRO 
I 
I 35-014 35-014 

I 
I 

W1 

I l 1RO 
I 
I 35•014 35-014 

I W7 
I 
I lRB JRo 
I 35-014 35-014 
I Sl5 ~ I -- W15 W7 
p 

015 _...._ ____ ... _ ---------
35-041 35-041 

Figure 3-15. Sixteen Bit, Sixteen Register Stack 
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3.9 35-041 EIGHT BIT STACK DRIVER CDTLl 

The 35-041 board, shown on Figure 3-16 
contains 8 driver circuits, 1 differentiator 
circuit, and 3 additional general purpose 
gates. The driver circuits supply a 
positive 3 volt pulse whenever both inputs 
go high. The differentiator circuit gen­
erates a positive 5 volt pulse 25 nano­
seconds wide on pin 11-0, whenever pin 
60-1 goes high, which is generally used 
to generate a "Write" clocking pulse. 
(See Figure 3-14). The 35-041 board 
provides an interface from DTL or TTL 
circuits to CTL circuits. It is designed 
as a driver for the 35-014 Register 
Stack. See 3. 8. 

3.9.1 Specifications 

Average Propagation 
Delay: 

Power Requirement: 

Size: 

25 nanoseconds 
per gate 

100 milliamps 
@+5 volts 

Number 3 daughter 
board 

Figure 3-16. 35-041 Eight Bit Stack 
Driver, Logic Diagram 
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CHAPTER 4 

TIMING LOGIC MODULES 

4.1 INTRODUCTION 

This Chapter describes the daughter­
boards used to provide relatively wide 
tolerance timing functions in GE•P.Ae :3-0 
Digital Systems. 

The circuits are intended for use where 5% 
to 10% variation can be tolerated. 

The 35-027 and 35-053 are differentiator 
type timing circuits and should not exceed 

50% duty cycle. The temperature coeffi­
cient is typically .125%/C 0 and delay varies 
2% to 3% with ±10% variation in +5 volts. 
The 35-008 is a one shot multivibrator 
useable to a duty cycle of 80%. Delay 
variation is less than 3% for supply voltage 
+5 volts ±10% over the temperature range 
of 0 ° C to 50 ° C with the internal timing 
capacitor. Absolute delay accuracy re­
quires trimming the delay resistance to 
compensate for transistor junction 
variations. 
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4.2 35-021 DUAL DIFFERENTIATOR CDTL> 

The 35-027 Logic Module, shown on Figure 
4-1, contains two independent differentiator 
circuits which may be used any of three ways: 

1. They may be used to develop two dif­
ferent pulses of arbitrary widths. 

2. They may be interconnected to produce 
a delay with a variable run time and a 
variable output pulse width. 

3. They may be cross-coupled to form a 
variable frequency clock generator. 

External capacitors and resistors determine 
the differentiator time constants. The 
capacitors are connected from pin 30 to pin 
40, and pin 31 to pin 41. Resistors must be 
connected from pin 40 to +5 volts and pin 41 
to +5 volts. The capacitor and resistor 
form a differentiation circuit which turns 
off the following gate. The 35-027 is not 
a precision delay element. The output 
pulse width is typically o. 9RC seconds 
using the internal Buffer gate input. 
Delay depends however on the high output 
voltage of the B gate which varies over a 
considerable range. from unit to unit. 
Output pulse width is more predictable if 
the capacitor is driven by an external 
DTL Power (P) gate since the high state 
output voltage is nearer the supply 
voltage. Jn any case delay is a function 
of supply 'VOltage ana 1t ts recmrrmendea­
biat Uie resisTor R be a potentiometer to - • 
ailow adjustment for circuit parameter!/, 
For small capacitor values delay is less 
predictable because of the effect of stray 

capacitance. Maximum and minimum 
values for R and C are listed in Table 
4-1. Note _the minimum values of Rand C 
may not be used simultaneously as it 
would result in a 2 nanosecond delay. 

Run time from 200 nanosecond to several 
seconds is obtainable (e.g. C = 250 µ.f, 

and R = 47 K gives approximately 12 
second delay.) 

Tin must exceed Trun and recovery time 
is 500C or 200 nanoseconds whichever is 
greater. If the input capacitor is driven 
by a DTL power gate with a pull up resistor 
R1 , Recovery Time is approximately 3R1 C 
or 200 nanoseconds. To produce a vari­
able frequency clock circuit, pin 70 is 
connected to pin 21, and pin 71 is con­
nected to pin 10. Typical waveforms of 
the 35-027 board when used as a differ­
entiator are shown in Figure 4-2. 

< CONNECT TO PIN 81 OF THIS BOARD 

... I. r-----
A A C 

"' 

·r· r.-f~ 
2.2 ., 

II 00 ,, 

Figure 4-1. 35-027 Dual Differentiator, 
Logic Diagram 

Table 4-1. Differentiator Data 

Value Minimum Maximum 

Resistance in Ohms (R) 200 lOOK 

Capacitance in Picofarads (C) 10 Note 1 

Time in Nanoseconds (T) 200 Note 2 

NOTES: 1. C may be any value as long as leakage current is less than 20 microamperes. 
2. Values of T up to several seconds are practical 
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4.2.1 Specifications 

Power Requirement: 27 milliamps 
@ +5 volts 

Duty Cycle: 

Size: 

50% 

Number 2 daughter­
ooard 

INPUT +5V--r----------­
SIGNAL 

(II) OV 

+5V 
PIN 31 

+l.5V 
PIN 41 OV 

OUTPUT +!IV ____/ 

<7 1l ov 
, ___ r 

TRUN 3: RC 

TR ~ 500C OR 200 NANO­
SECONDS 

TIN ~ TRUN 

Figure 4-2. 35-027 Dual Differentiator, 
Timing Diagram 

\...'-,...,- \ 

,.... \Ji 
I 

1-w 
L-----:..---

- u 
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4.3 35-008 VARIA~LE DELAY 
GENERATOR <DTU 

The 35-008 Logic Module, shown on Figure 
4-3, provides a delay generator with provi­
sions for external controL Both input, and 
output gating are provided. A positive going 
100 nanosecond output pulse, which starts 
after the delay time, is provided from pin 
50. Pin 71 provides a positive going signal 
for the duration of the delay. A negative 
spike on pin 71 will terminate the delay. 
Pin 71 should not be used without buffering. 
A spare G Gate is also provided on the 
35-008 board. 

The length of the delay is determined by the 
value of a capacitor connected between pins 
10 and 20, and a resistor connected from 

pin 11 to +5 volts. The total delay is ap­
proximately equal to • 8RC seconds.. The 
minimum delay of 50 nanoseconds is ob­
tained by applying +5 volts directly to 
pin 11. The delay generator can be run 
at duty cycles up to about 80%. The input 
pulse duration may be greater or less 
than the delay. Recovery time from the 
end of Tp should be at least 25% of Tp + 
Ta. Figure 4-4 shows the timing rela­
tionships on the 35-008 board. Table 
4-2 lists the maximum and minimum 
values for R and C. 

4. 3. 1 Specifications 

Power Requirement: 45 milliamps@ +5 volts 

Duty Cycle: 80% 

Size: Number 2 daughter­
board 

Table 4-2. Delay Generator Data 

Value Minimum Maximum 

Resistance in Ohms (R) 1000 Internal 15K external 

Capacitance in Picofarads (C) 47 Internal See Note 

Time in Nanoseconds (T) 50 RC +50 

NOTE: C may be any value as long as leakage current is less than 20 microamperes. 

II 

00 30 51 7150 

0.. 
I 

I 

60 

i 
+5V 

Figure 4-3. 35-008 Variable Delay 
Generator, Logic Diagram 

4-4 

! TR~ 
0 

: T1 = INPUT PULSE WIDTH 
I I 

H 30 NANOSECOND MAXIMUM 

+GATE +S· 

' I 

(71) 0 ----4 

+PULSE +S 
150) 0 ___ i_on_•_--1.;.r 

DELAY FORMULA 

{
MIN-0.!l 

Rext MAX-15Kil 

;...,.._ 

Td = DELAY TIME (VARIABLE) 

Cext 
+5 

10 20 

35··008 

C {MIN - 0 pf 
ext MAX -c• 

C* - ANY VALUE OF C PROVIDED THE LEAKAGE CURRENT 
DOES NOT EXCEED 20 MICROAMPERES 

Figure 4-4. 35-008 Variable Delay 
Generator, Timing Diagram 



4.4 35-053 DUAL ADJUSTABLE 
TIMING NETWORK <DTL> 

The 35-053 board as shown on Figure 
4-5, contains two identical circuits that 
provide a variable delay pulse of variable 
width. The delay of the pulse is controlled 
by an internal RC network and an externally 
mounted potentiometer connected between 
+5 volts and pin 11 (or 30). The pulse width 
is controlled by an internal RC network and 
an externally mounted potentiometer con­
nected from +5 volts to pin 50 (or 41). A 
minimum pulse delay and pulse width of 80 
nanoseconds is controlled by the internal 
RC networks of each circuit. Circuit con• 
figurator allows for the input pulse to be 
shorter in duration than the delay. Table 

71 30 41 61 II 50 

•lf-o 00 

40 10 70 

Figure 4-5. 35-053 Dual Adjustable 
Timing Network, Logic Diagram 

4-3 lists the minimum values for R and 
C. Figure 4-6 shows the timing relation-
ship on the 35-053 board. 

NOTE 

This circuit is a non-precision 
delay element recommended for 
use with potentiometers to trim out 
circuit variations. In addition, the 
external resistor leads should be 
short and should be returned to pin 
81 of this daughter board. 

4.4.1 Specifications: 

Power Requirements: 58 milliamps 
@ +5 volts 

Duty Cycle: 50% 

Size: 

INPU.T 
(61) 

Number 2 daughter­
board 

+5~~~~~ 
i..-1
1 Td ... , Tw Td =DELAY TIME (VARIABLE) 

OUTPUT O--"'---
( IO) Tw: PULSE WIDTH (VARIABLE) 

Td MINIMUM 80 NANOSECONDS 
Tw MINIMUM 80 NANOSECONDS 
RECOVERY TIME 

TR 2'. 250 NANOSECONDS AND Ti+ TR >Td 

Figure 4-6. 35-052 _ Dual Adjustable 
Timing Network, Timing Diagram 

Table 4-3. Dual Adjustable Timing Network Data 

Pulse Width Control Pulse Delay Control 
Value 

Minimum Maximum Minimum Mrudmum 

!Resistance in Ohms (R) lK Internal lOK External lK Internal lOK External 
Capacitance in Picofarads (C) 100 100 100 100 
TimeinNanoseconds (T) Approx. 80 O. 9RC* 80 O. 9RC* 

*Where R =External resistance plus the internal 1000 ohms. 
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CHAPTER 5 

DRIVERS AND RECEIVERS 

5.1 INTRODUCTION 

This Chapter describes the daughter­
boards used as drivers and receivers for 
GE-PAC 30 Digital System bus and com­
munication lines. A brief description, a 
logic diagram, and technical description 
are provided for each type of module. 

5.2 35-046 NEGATIVE TO POSITIVE 
CONVERTER CDTLl 

The 35-046 board shown on Figure 5-1 con­
verts logic signals in the 0 volts to -12 volts 
range to logic levels of +5 volts to 0 volts. 
Each 35-046 daughter-board contains six 
identical circuits for logic level conversion 
and a 1000 ohm resistor connected to +5 
volts for general use as a logic node pullup. 
The common bias at pin 10 can be set at 
ground or some negative level to establish 
an input threshold. 

NOTE 

In order to work directly into DTL 
logic, this common bias should not 
exceed -o. 75 volts. Larger nega­
tive bias values require some lim­
iting resistance or voltage shift 
network on the output or the DTL 
load package may be damaged. 

5.2.1 Specifications: 

Power Requirements: 3 milliamps@ +5 volts 
plus 5 ma. if R3 is used. 

Size: Number 2 daughter­
board 

21 

Ql.O 

20 

RIO 
IK 

II 

5 r R3 

~ +5 81 

£1 
2.2 
oF 

()() 

Figure 5-1. 35-046 Negative to Positive 
Converter, Logic Diagram 
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5.3 35-079 MULTIPLEXED BUS 
DRIVER CDTU 

The 35-079 board shown on Figure 5-2 con­
sists of two identical circuits each capable 
of gating one of three true signals to a com­
mon bus lead. The three enable inputs, 
pins 51, 31, and 30, are common to both 
circuits as is the output enable, pin 41. 
Both inputs may be expanded to gate more 
than three signals to the bus by using inputs 
on pins 60 and 10. 

5.3.1 Specifications: 

Power Requirements: 50 milliamps@ +5 
volts 

Size: Number 2 daughter­
board 

5-2 

20-0 21-0 11-0 30-070-0 3!-071-0 51-0 61-0 

r 

+5 

! 1 
40-0 50-0 00 81 

Figure 5-2. 35-079 Multiplexed Bus 
Driver, Logic Diagram 

60-0 

5.4 35-154 360 BUS RECEIVER CDTU 

The 35-154 board shown on Figure 5-3, 
provides two receivers for converting IBM 
360 input logic to GE•PAC 30 standard 
logic. IBM logic is characterized by 1. 7 
volts or more considered as a logic one 
and inputs of . 7 volts or less considered 
as a logic zero. Both voltage levels are 
relative to ground of the receiver circuit. 

5.4.1 Specifications: 

Power Requirement: 35 milliamps @ +5 
volts 

2 milliamps @ -5. 5 
volts 

Size: Number 2 daughter­
board 

NOTE 

The -5. 5 volts is not a standard 
GE-PAC 30 voltage and must be 
derived from the -16 volt (15 to 
18. 5) memory power supply. 

21 

2() 

R 1.0 

.f 6BK 

? 

-F Ql.O 

R4.0 
-

-5.5 4.7K 

_J." 

_L~-

10 

A 

+5 
R2.0 

---Wv 
IK 

R3.0 
680 

03.0 IK 
0 

II 

+5 

l 
81 

T 
00 

Figure 5-3. 35-154 360 Bus Receiver, 
Logic Diagram 



5.5 35-155 360 BUS DRIVER CDTL> 

The 35-155 board shown on Figure 5-4, 
contains four identical line driving circuits 
to interface with an IBM 360 system. 
GE-PAC 30 input logic levels of +5 volts 
and 0 volts are changed to logic levels 
standards of 1. 7 volts and above considered 
as logic one and • 7 volts or less considered 
as a logic zero. 

5.5.1 Specifications: 

Power Requirement: 310 milliamps@ +5 
volts 

Size: 

10-021-0 

A 

+ll 

0 

11-0 81 

Number 2 daughter­
board 

Figure 5-4. 35-155 360 Bus Driver, 
Logic Diagram 

5.6 35-162 TRIPLE BIPOLAR 
DRIVER CDTL> 

The 35-162 board shown on Figure 5-5, 
consists of three circuits for driving com­
munications lines in compliance with EIA 
standard RS-232B or other applications 
requiring bipolar output levels. An GE•PAC 

30 logic level input of +5 volts outputs a 
-6 volts signal while a logic level input of 0 
volts outputs a signal of a +6 volts. The 
2. 5V bias network may be bypassed ex­
ternally, if necessary. Use of resistors 
to +5 volts and/ or ground can modify the 
value of the bias. 

5.6.1 Specification: 

Power Requirements: 6 milliamps@ +5 volts 
30 milliamps @ + 15 volts 
30 milliamps @ -15 volts 

Size: 

+lllV 

10-0 

Bl 

+ll + 2.5V 

R3 
470 

50-0 

-lllV 

11-0 71·0 

470 

R4 1' 

00 70-0 

Number 2 daughter­
board 

21-0 31-0 

60-0 61-0 

Figure 5-5. 35-162 Triple Bipolar 
Driver, Logic Diagram 



6.1 36.;163 QUAD BIPOLAR 
RECEIVER CDTL> 

The 35-163 board, shown on Figure 5·6, 
·consists of four circuits for receivtng bi­
polar input signals and converting them to 
GE•l.ACL 30. _ standard logic levels. These 
circuits are designed to meet specifications 
as covered in EIA standard RS232B. A 
signal more positive than +3 volts produces 
a logic zero output and a signal more neg­
ative than -3 volts produces a logic one 
output. 'Pins 71, 70, 11, and 10 facilitate 
addition of external capacitors for reduc­
tion of a line noise. These pins can also 
be used to provide a slight negative bias 
( 47K at -15v) for fail safe lines. 

5.7.1 Specifications: 

Power Requirements: 20 milliamps@ +5 
volts 

Size: 

70-0 60-0 

CLO 
1000 
PF 

R2.0 
2.2K 

Rl.0 
IK 

Number 2 daughter­
board 

Figure 5-6. 35-163 Quad Bipolar 
Receiver, Logic Diagram 
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CHAPTER 6 

MECHANICAL COMPONENTS 

6.1 INTRODUCTION 

This Chapter descr~bes several general pur­
pose components available for custom appli­
cations. Included are a utility daughter­
board designed to mount discrete component 
circuits, a general purpose mother-board, 
and a card file. A brief description and a 
photograph of each unit is provided. Addi­
tional information may be found in the Sys­
tems Interface Manual, GE-PAC 30 
Publications Number PCP-1260 

a. 35-085 Board-Discrete Components 

6.2 35-084, 35-085, and 35-038 UTILITY 
DAUGHTER-BOARDS 

Blank number 2 size (1.1" by O. 25") 
daughter-boards are available. The 35-085 
board, shown on Figure 6--la, is designed 
to mount discrete components. The 35-084 
board, shown on Figure 6-lb, is designed 
to mount dual in-line integrated circuit 
modules. The 35-038 Board is a Strap 
Board in which the daughter-board pins 
can be cross connected in any desirable 
configuration. The 35-038FOO version 
contains pins for wire-wrapping; the 35-
038F01 is used for soldered cross connec­
tions. Typical applications are as address 
strap boards in core memory blocks and 
I/O controllers. Each board is equipped 
with 16 pins for electrical connection, and 
1 guide pin to assure proper mechanical 
alignment on the mother-board field. 

• • • 
• • • 
• • • 
• • • 

,, 
«'.''· 

, . 
• • 
• • 

• •' • °'<,~·i <\,fa;~ , , • • 
• • >1o,1] 

• • • 
b. 35-084 Board-Integrated Circuits 

Figure 6-1. utility Daughter-Boards 
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6.3 35-050 GENERAL PURPOSE 
MOTHER-BOARD 

The 3 5-050 General Purpose Mother-Board 
provides locations for up to 40 number 2 
daughter-boards, up to 20 number 3 daughter­
boards, or any combination of the two sizes. 
The 35-050 board is supplied with wire wrap 
pins installed, printed wiring supplying 
ground and +5 volts to each field, 16 test 
points on the outer end of the Mother-Board, 
thirty-five lK pull-up resistors connected to 
+5 volts, and two 69-pin connectors. The 
size of the mother-board is 9. 75" by 10. 5" 
by o. 5". 

Pairs of feed through holes in the vertical 
columns between daughter-board locations 
are provided for mounting external circuit 
accessories such as diodes, resistors, 
capacitors, etc. Each feed through hole is 
connected to the wire-wrap pin (R04, R24, 
R41, etc.) which connects to +5 volts through 
a lK pull-up resistor. Simple or complex 
networks can be formed by appropriate con­
nections between component wire-wrap pins 
and daughter-board wire-wrap pins. If a 
pair of feed through holes is to be used for 
mounting a single component not requiring 
the services of the lK pull-up resistors, the 
re si stars must be removed from the two ''R'' 
locations used by the component. 

The 35-050 mother-board also has provisions 
for mounting 16 indicating lamps ~E .. PAC 30 
Part Number 33...:011 or Sylvania Part Num­
ber 12ESB) in locations 40 through 47 (in 
locations 45 and 47 if potentiometers are not 
used). Each of these daughter-board loca­
tions has two pairs of feed through holes for 
connecting two lamps. The bottom holes of 
each pair are connected together to a com­
mon wire-wrap pin provided for lamp power. 
The top hole in each pair connects to a test 
point at the outer end of the mother-board. 
P type gates are used to drive these lamps. 

6-2 

Up to eight trimpots can be accommodated 
in locations 45 and 470 GE-PAC 30 Part 
Number 21-003F01 (Bourns Type 2600P-102 
or equivalent, lK ± 10%, lW) andlor Part 
Number 21-003F02 (Bourns Type 2600P-l 03 
or equivalent, 1 OK ± 10%, 1 W) are used in 
these locations. 

Four SPDT reed relays, ¢E-PAC 30 Part 
Number 36-001, can be plugged into loca­
tions 00, 10, 20, and 30 respectively. 
Each location provides appropriate holes 
that will accept the relay pins. The type of 
relay applicable, its specifications, and 
circuit follow. 

Magnecraft Electric - Type Wl 04MPCX-l 
Reed Relay SPDT, True Form C, no 
biasing magnet 

Coil - DC: 5 volts, 70 ohms 
Operate Time: 1 ms. avg. Release 1 ms 

avg. 

Contact Bounce: Less than O. 5 ms avgo -
N. O. contacts 
Less than 2. 0 ms avg. -
N. C. contacts 

Contact Load Rating: 3V max. @ o. 25 A 
max or 
28V max. non-induc­
tive 

Contact Resistance: 150 milliohms avg. 
Capacitance across Contacts: 1. 5 Pf avg. 
Life Expectancy: 10 million cycles at full 

load 
Operating Position: Any 

TYPICAL 

""'"---EXTERNAL COIL SUPPRESSION OIOOE MOUNTEO 
,, BETWEEN TWO RXX LOCATIONS. REMOVE THE 
~WO IK PULL-UP RESISTORS IN THESE LOCATIONS 

" " " [--- - l>f------_J--(+5VI 

ro ~ ---- ~ 

:: ==~~-~~--+---r ___ 30 
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6.4 12-001 CARD FILE 

The 12-001 Card File, and back panel as­
se.mbly, shown on Figure 6-2, motmts in a 
standard 19" rack and requires 10 1/2" of 
front panel space. The back panel will ac­
cept 13 wire-wrap mother-boards and is 
available in intermediate sizes on special 
order. Efficient power distribution is pro­
vided by the use of laminated bus bars. The 
bus bars extend the length of the back panel 
and have wire-wrap pins adjacent to each 
back panel connector to permit connections 
t? appropriate circuits. Bus bars are 
available with 1, 2 or 3 conductors to meet 
other requirements. Cooling fan assemblies 
can be supplied. 

6.5 35-104 STJ.NDARD 1/0 BOARD 

The 35-104 Standard I/O Mother-Board 
which is shown on Figure 6-3, is essen­
tially a mother-board which contains the bus 
com;munication and interrupt circuits used 
on most device controllers. (See System 
Interface ManualPCP .. 126for circuit details) 
The integrated-circuit logic that provides 
these features is mounted directly on the 
mother-board in a field near the lower 
connector (Connector 0). The address 
straps for device number selection are 
wired in a field at location 20. The stand­
ard I/O Board provides 28 daughter-board 
locations, 23 lK pull-up resistors connec­
ted to + 5 volts, and 16 test points on. the 

Figure 6-2. 12-001 Card File 
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outer end of the mother-board. The size 
of the mother-board is 9. 75" by 10. 5" by 
o. 5". 

Pairs of feed through holes in the vertical 
I . 

columns between daughter-board locations 
are provided fqr mounting external circuit 
accessories such as diodes, resistors, 
capacitors, etc. Each feed through hole 
is connected tb the wire-wrap pin (R04, 
R24, R41, etc.) which connects to +5 volts 
through a lK pull-up resistor. Simple or 
complex networks can be formed by ap-

. propriate connections between component 
wire-wrap pins and daughter-board wire­
wrap pins. If a pair of feed through holes 
is to be used for mounting a single com­
ponent not requiring the services of the lK 
pull-up resistors, the resistors must he 
removed from the two "R'' locations 
used by the component. 

Up to eight trimpots can be accommodated 
in locations 45 and 4 7. Generally, 
GE-PAC 30 Part Number 21-003 FOl 
(Bourns Type 2600P-102 or equivalent, lK 

Figure 6-3. Apparatus Side of Standard 1/0 Mother-Board 
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± 10%, lW) and/or Part Number 21-003F02 
(Bourns Type 2600P-103 or equivalent, 1 OK 
± 10%, 1 W) are used in these locations. 

In addition, space to mount up to 24 reed 
relays, GE-PAC 30 Part Number 36-005 
in various daughter-board locations is avail· 
able (Note that the relays for the 35-104 are 
not the same as those used on the 35-050 
board). Each relay location is identifiable 
by six feed through holes. Six clips (in two 
groups of three each) are soldered in the six 
holes. The relay is then inserted into these 
clips. It is recommended that GE-PAC 30 
Part Number 26-043 (Berg Electric 4559 or 

equivalent) clips be used. Each grouping 
of six holes has a guide hole to insure 
correct insertion of the relay. Two 
smaller holes, between terminals 11 and 71, 
in each grouping are for mounting coil sup­
pression diodes. The type of relay appli­
cable, its specifications, and circuit follow. 

IBM Type 7 66060 Reed Relay 1 position, 
Form A, Pick 
Coil - DC: 5 volts, 241 ohms, 25 ma. 
Operate Time: 2 ms 
Release Time: 2 ms 
Contact Rating: 500 ma @ 50 vdc 

25 ma@ 115 vac 
Breakdown Voltage: 300 vdc 
Contact Resistance: 100 milliohms 
Life Expectance: 150 million operations 

-§--- 11. 71(+SV) 

TERNAL COIL SUPPRESSION 
DIODE 

---#-----

---~fYY"'l"'\._ _ _J 

I x 
I 

10 70 

6.6 35-069 BACK PANEL CONNECTOR 

The 35-069 Back Panel Connector is a 
female connector unit with 46 terminals 
that can be inserted over any male back 
panel connector to provide external access 
to a mother-board. All 46 female 
terminals are brought out to 46 wire­
wrap pins for external wiring options. 
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APPENDIX l 

LOGIC SCHEMA TIC SUMMARY 

70 60 40 30 41 31 71 61 10 II 
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50 20 21 51 

35-001 Quad 2 Input NAND Gate, 
Logic Diagram 

60 41 40 10 II 

70 
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31 51 50 30 

IK IK 
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35-002 Triple 3 Input NAND Gate, 
Logic Diagram 
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35-008 Variable Delay _Generator, 
Logic Diagram 
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*MUST HAVE DIODE INPUTS 

35-003 Dual 4 Input NAND Power 
Gate, Logic Diagram 

35-009 4 Bit RS Register with Gates, 
Logic Diagram 
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41 71 4050 

60 

35-013 4 Bit Counter Carry, 
Logic Diagram 
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35-014 4 Bit By 8 Word Register Stack, 
Logic Diagram 
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35-015 4 Bit JK Register, Logic Diagram 
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35-016 Dual JK Flip-Flop, Logic Diagram 
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35-019 1 Out of 8 Decoder, Logic Diagram 

II 10 20 30 40 50 60 

..=. +5 

Tl 
00 81 21 31 41 51 61 

35-020 Hex Gated Power Gate, 
Logic Diagram 
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II 31 21 41 61 51 71 60 50 30 

00 10 20 40 

35-021 Quad Gated NOR Gate, 
Logic Diagram 
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35-022 12 Input NAND Gate, 
Logic Diagram 
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35-023 Quad Gated Buffer, Logic Diagram 
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35-027 Dual Differentiator, Logic Diagram 
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35-040 Single-Double Rail Converter, 
Logic Diagram 
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35-041 8 Bit Stack Driver, 
Logic Diagram 
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35-045 Fourteen lK Resistor Module, 
Logic Diagram 
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IK 
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35-046 Negative to Positive Converter, 
Logic Diagram 
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3 5-053R02 Dual Adjustable Timing 
Network, Logic Diagram 
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35-059 Quad Gated Buffer, Logic Diagram 
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35-060 Hex Inverter, Logic Diagram 
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35-064 1 Out of 8 Decoder Buffer, 
Logic Diagram 
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20-0 21-0 11-0 30-0 70-0 31-0 71-0 51-0 61-0 
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35-079 Multiplexed Bus Driver, 
Logic Diagram 
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35-099 Bus Terminating Resistor Module, 
Logic Diagram 
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35-115 Hex Inverter, Logic Diagram 
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35-116 Quad 2 Input NAND Gate, 
Logic Diagram 
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35"'." 11 7 Triple 3 Input ·NAND Gate, 
Logic Diagram 
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35-118 Dual 4 Input NAND Gate, 
Logic Diagram 
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35-119 8 Input NAND Gate, Logic Diagram 
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35-122 Fourteen 220 Ohm Resistor Module, 
Logic Diagram 
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35-128 Dual 4 Input Buffer Gate, 
Logic Diagram 
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35-134 Four Bit Serial Parallel Converter, 
Logic Diagram 
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35-136 Four-Bit Counter, Logic Diagram 
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35-154 360 Bus Receiver, Logic Diagram 
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35-155 360 Bus Driver, Logic Diagram 
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35-157 Clocked Flip-Flop, Logic Diagram 
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35-162 Triple Bipolar Driver, 
Logic DiagTam 
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35-163 Quad Bipolar Receiver, 
Logic DiagTam 
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