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Logic diagrams represent a symbolic approach to electronic schematics. By 

using symbols to represent building block circuits, the schematic becomes 

easy to read if the reader understands the function of the symbols. In 

CONTROL DATA Corporation logic, two signals, a logical "O" and a logical 
11 111 , are the possible input or output conditions of a circuit. A circuit with 

an output of 11 111 is "up 11 and a circuit with an output of "0 11 is 11 down 11
• De­

tailed desc-riptions of logic symbols and their associated building block 

circuit cards a·re contained in the Printed Circuit Card Manual (Pub. No. 

60042900). 

STANDARD LOGIC SYMBOLS 

Standard logic diagram symbols for CONTROL DATA equipment using 1604-

or 3600-type cards are inverters, flip-flops, control delays, and capacith·e 

and inductive delays. 

Inverters 

An inverter is a logic element which provides an output that is an inversion 

of its input. When more than one input is provided to an inverter, I's take 

precedence over 0 1s and drive the output of the inverter to "o" .. Because any 

11 111 input of several inputs drives the output to a 11 011, an inverter may be 

considered an inverting OR (or NOR) gate when more than one input is pre­

sent. 

Inverters are shown in the logic diagrams as rectangles (Figure 1 l. JOO! 

and .1002 are arbitrarily-assigned term numbers which designate these 

specific inverters. Note that the output of J002 is "O" if input A, or input B 

or input C is a 11 111 • 

e}I OR MORE 
INPUT 4 JODI IDENTICAL 

· OUTPUTS 

INPUT A~}I OR MORE 
INPUT B J002 IDENTICAL 
INPUT C OUTPUTS 

Figure l. Inverter Symbols 

Acceptable conventions for showing multiple OR inputs are given in Figure 2. 

INPUT A ~..--~ 
INPUT B ? J002 
INPUT C --->I 

INPUT A 
INPUTB~ 
INPUTC ~ 

INPUT A~ 
INPUT B JOOZ 
INPUT C 

Figure 2. OR Circuit Conventions 

Flip- Flops (FF) 

The flip-flop (FF) is a storage device with two stable states - designated as 

Set and Clear - and is composed of two or more inverters. The logic 

symbols (Figure 3) art formed by the combination of inverter symbols. By 

convention, Set inputs and outputs are shown in the upper part of the symbol 

and Clear inputs and outputs are shown in the lower part of the symbol. 

{ 
STANDARD FF 

SET INPUTS ~ 

CLEAR INPUTS { -~ 

SET OUTPUTS 

"r" WHEN SET ANO "o" WHEN CLEAR 

CLEAR OUTPUTS 

"1" WHEN CLEAR ANO "o" WHEN SET 

EXTRA-SET FF 

{ K002 

SET INPUTS 
KOOO SET OUTPUTS 

CLEAR INPUTS { KOOi CLEAR OUTPUTS 

Figure 3. Flip- Flop Symbols 
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KEY TO LOGIC SYMBOLS 
(STANDARD 1604 OR 3600 CARD TYPES) 

Figure 4 illustrates the interconnection of inverter symbols to form a flip­

flop symbol. The term numbers assigned to each flip-flop are the term 

numbers of the internal inverters as seen by comparing the terms in 

Figure 3 with those in Figure 4. Notice that the Set output is the output of 

inverter KOOl, and the Clear output is the output of inverters KOOO and K002. 

STANDARD FF 

SET INPUTS 

,--. --1 
I I 

SET OUTPUTS 

I ! 
f I 
L ___ __j 

CLEAR INPUTS CLEAR OUTPUTS 

OUTPUTS 

Figure 4. Internal Inverter Connections for a Flip-Flop 

AND Gate 

An AND gate requires that all its inputs be l's in order that its output be a 
11 111

• If one or more of the inputs to an AND gate are "o", the output is a "01 : 

Figure 5 illustrates conventions for showing AND gates feeding an inverter. 

J9 IO 

JBOO 

J970 

JBOO 
J900 

JBIO~ J910 J991 
J920 

J960 
J970 

JBOO:r 
J900 J99 I 

JBIO 
J910 
J920 

J960 
J970 

Figure 5. AND Circuit Conventions 
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Control Delay 

A control delay is a timing device consisting of an H term which receives the 

input and one or more V, Y, or N terms to provide the outputs. The H term 

is essentially a flip-flop with controlled feedback and occupies an entire 

printed circuit card. The output term(s) are inverter(s) located elsewhere 

on the logic chassis. The 11 1" outputs from a control delay are clocked 

pulses which are delayed one phase time from the"!" inputs. Clock inputs 

are not shown on the logic diagrams for any H, V, Y, or N terms; these 

terms, which control the start and duration of the delayed output pulses, may 

be found in the Equation Summary. Figure 6 illustrates two representative 

forms of the control delay symbol, with possible inputs and outputs labelled. 

Figure 7 shows the electrical connections for the two forms. 

LOGIC INPUT 

ODD CLOCK 
PHASE) 

RAW CLOCK 
(COO) 

INPUT A 

RAW CLOCK 
(000) 

INPUT B 

RAW CLOCK 
(ODD) 

STANDARD CONTROL DELAY 

OUTPUT IS) 

TIMED "Q" OUTPUT 

(GOES TO "I" ONE CLOCK PHASE 
AFTER AN INPUT OF "1", UNLESS 
OISABLEO BY A CONDITION INPUT, 
ANO REMA<NS A "1" THROUGH ONE 
PHASE TIME.) 

TO OTHER V--- TERMS 
(GOES TO "o" WHEN INPUT 
IS "1" ANO REMAINS "o" 
THROUGH ONE P!tASE 
TIME AFTER INPUT DROPS 

MULTIPLE "OR" INPUT CONTROL DELAY 

tNPUT A 

INPUT B 

OUTPUTS 

Figure 6. Control Delay Symbols 
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RAW CLOCK 
(EVEN) 

L _____ _ 
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} 
CONTROL 
DELAY 
HIOO 

vroo 

} 
CONTROL 
DELAY 
HIOO 

} 
CONTROL 
DELAY 
H200 

-, 
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I 

INVERTERS V 100 
AND V200 PRODUCE 
"1" OUTPUTS ONE 
CLOCK PHASE AFTER 
EITHER INPUT A 
OR B GOES TO "r" 

.._-l--1"1~ VI 00 f---'--<> 

RAW CLOCK 
!EVEN) 

RAW CLOCK 
(EVEN) 

OUTPUTS 

_J 

Figure 7. Electrical Connections for Control Delay 

u 



-·1 ,,--.,1 /-~\I 
.. -., 

1 I 
I r ) r ) \ __ .. ) \ ,_.,.. 

Control delays may have multiple inputs and/ or multiple outputs. When a 

control delay has multiple output terms (i. e. , more than one V, Y, or N 

term), each output term may have a separate conditioning input. 

Capacitive Delays 

A capacitive delay is used to delay the input to a logic element. Capacitive 

delays may be active or passive, depending upon whether or not transistors 

are used as part of the delaying circuit. Delay periods are checked by using 

a dual-trace scope connected to the input and output of the delay-producing 

element. The actual connection points for the scope probes will vary for 

different cards and should be determined by referring to the Printed Circuit 

Manual, Pub. No. 60042900 (Volume 2). 

2C28A --s--
0,2 JLSEC 

FIXED 

3Cl6A-5:10,11 

--8---
0. 7 JLSEC 

PLUGGABLE 

WI TH EXTERNAL 
CAPACITOR(S) 

Figure 8. Active Capacitive Delays 

Active delays may be recognized by the circuit letter always present as part 

of the card location. Pin numbers are also shown when external wiring is 

needed to connect the proper capacitance. In Figure 8, the pluggable delay 

uses this wiring to connect to capacitors on the same card, In the third 

example, this wiring connects to capacitors located on two separate 

capacitor cards. 

3C2B-6,7 

~ 
B JLSEC 

PLUGGABLE 

~ 
I IJL:EJ 

3C2B-61 7 

(OBSOLETED 
REPRESENTATION) 

Figure 9. Passive Capacitive Delays 

All passive capacitive delays (Figure 9) are formed by wiring grounded 

capacitors, located on one or more capacitor cards, as an AND input to the 

affected logic element. For this reason, all passive delays show pin num­

bers to provide this external wiring data. 

2C21A-5'11,12 

~ 
~ 

3C28-12: 1,3 

~ 
ADJUST FOR 
3/4" RECORD GAP 

Figure 10. Adjustable Capacitive Delays 
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Capacitive delays may be adjustable or non-adjustable, depending on the 

card type and/ or the external wiring connections on the card. When it is 

necessary to adjust the delay period in order to obtain specified circuit 

operation (usually done by varying a potentiometer in the RC network), a 

. diagonal arrow is added to the delay symbol as shown in Figure 10. 

Inductive Delays 

An inductive delay is used to delay the input to a logic element or as a tapped 

delay line for timing of operations. The symbol for this delay is an elon­

gated oval with a double vertical line just within the input end of the oval. 

When used as a tapped delay line, the inductive delay is terminated in its 

characteristic impedance. Inductive delays are identified in the same 

manner as capacitive delays (except for the vertical lines) unless they are 

used as delay lines. On multi-section cards where no identifying circuit 

letters are present, pin numbers are shown adjacent to the input and output 

arrows. Figure 11 shows both kinds of inductive delays. 

STANDARD INDUCTIVE DELAYS 

2H34D 2B29 

~ ~ 
0.1 JLSEC 0, 15 JLSEC 

TAPPED INDUCTIVE DELAY 

-{.......__II ~DE-LAY L----.-INE ---.------../~ 
l I l ~) 
10 t I t 2 IN 

TIMED OUTPUTS 

Figure 11. Inductive Delays 

Line Drivers I Receivers 

Voltage levels used to represent l's and O's on cables are different from 

those used for internal logic. The level shift to and from internal logic is 

made by line drivers and line receivers. These cards may be considered 

as inverting the signal electrically, but not logically. The letters commonly 

associated with these cards are L & M (1604) and R & T (3000 Series). 

A .3000 Series Receiver may also be used to perform a logical inversion by 

swapping the twisted pair wires. This usage is indicated by a circle on the 

input side of the symbol. In Figure 12, 1 's and O's have been added to 

clarify the logic states - they are not part of the symbol. 

,_"1"~"1"_ 
~~ 

"1"~"1",. 

~>-
, "1 "_JJ":":"::'l "o"_ 
~~ 

Figure 12. Typical Line Driver/Receiver Symbols 

:\"ON-LOGIC CONTENTION 

The use of the double vertical bar, as in Figure 12, denotes a shift in signal 

\'oltage level from that used in internal logic. The double bar appears on 

the input or output side of the symbol, depending on which side connects to 

the non-logic-level signal. No particular voltage level is implied by the 

double bar; only that it is non-logic. 
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JACK ASSIGNMENTS 

Each numbered term in the logic diagrams contains a jack assignment 

showing the physical location of that hardware element, and the test point 

(circuit section) associated with it. For some card types, the test point 

letter is replaced by a pin number. For these cases, a card extender must 

be used in order to test that section of the card. Also, some single in­

verters show no test point - test point A is assumed in these cases. Figure 

13 illustrates the inverter JOOl, with 2Dl2A representing its jack assignment. 

ORDINATE (ROW) 

*CHASSIS NUMBER 

~ HORIZONTAL (COLUMN) 

I r--- OUTPUT TEST POINT 

2 D 12 A 

~ 
" When most or all jack assignments are located on one chassis, the chassis 

numbers for that chassis are omitted. 

Figure 13. Jack Assignment Scheme 

CABLE IDENTIFICATION 

Cable connections are represented by the MIL STD-15 symbol and identified 

as to connector location and pins used, as shown in Figure 14. 

\ ,··) 
'r 

J '--. ../ ' ) .__. 

SINGLE WI RE 
(COMMON GROUND RETURN) 

2J 12 
M 

-7~ SHOWING PIN "M" 
OF CONNECTOR 2Jl2 

TWISTED -PAIR TRANSMISSION LINE 

3Hl-A9,AIO -7~ 

CONNECTOR _/ I \_ 
NUMBER SECOND PIN NUMBER 

(NEGATIVE -BIASED LINE) 

FIRST PIN NUMBER 
(POSITIVE-BIASED LINE) 

Figure 14. Cable Connections 
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TERM LOCATION PAGE DEFINITION 

F013 E38C 4 Bit 2 F Register 

FlOO E34 4 XXXXOO ~ 

FlOl E33 4 XXXXOl 

F112 E29 4 XXlOXX 

Fl23 E25 4 llXXXX 

F200 D33B 
---- ? Function Translators 5 Indirect 

F230 COSA 5 73 
F246 C43C 5 72 
F248 C102C 5 75 

--
F302 ElllC 6 Bit 0 

F303 ElllA 6 Bit 0 

F311 Fl27 6 Bit 1 

F312 F118A 6 Bit 1 

F313 Fl13C 6 Bit 1 

F320 F126A 6 Bit 2 

F323 C119A 6 Bit 2 

F330 F125A 6 Bit 3 

F331 F125C 6 Bit 3 F 1 Register 

F333 F129C 6 Bit 3 

F340 F124A 6 Bit 4 

F341 F124C 6 Bit 4 

F343 B129A 6 Bit 4 
--

F350 F123A 6 Bit 5 
--

F352 E64A 6 Bit 5 

F362 E105A 6 Bit 6 

F363 E105C 6 Bit 6 

F402 D05C 6 xxoo 
F502 F111C 6 ooooox 

---
F503 FlllA 6 ooooox 
F507 A129C 6 OOOOOX 4th quarter ---
F522 B17C 6 xxoos 
F539 B06C 13 Indirect 

F540 D86B 6 Specific ADD 

F554 C116A 6 Bit 2 

F570 B112B 6 xxxo8 
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J225 C86A 2 C Cycle 
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-
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TOOO ElOlA 14 XXOX, XX4X 

TOO! ElOlC 14 XXIX, X.XSX 

T002 ElOOA 14 XXZX, XX6X 

T003 ElOOC 14 XX3X, XX7X 
>- Vertical Translators 

'1'010 E99A 14 XXOX-XX3X 

TOU E99C · 14 XX4X-XX7X 

T012 Cll7A 14 XXOX-XX3X 
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NOTE: Terms not in complete alphanumeric order. 

TERM LOCATION PAGE DEFINITION 

F213 D24B 5 73 
F214 D08C 5 73 
F220 D19C 5 72 
F221 C25A' 5 72 
F234 D12A 5 75 
F235 D12C 5 75 
F238 DlOC 5 72, 73 
F239 COBA 5 73 
F240 AOBA 5 "i5 
F241 C09C 5 72 
F243 AOBC 5 76 
F237 'DlOA 5 72,73 
F535 E02B 6 7677 

H903 A26 2 Odd Resync Timing 

I571 F20A 20 Buffer Cable To Input 

I573 F19A 20 Buffer Cable To Input 

I581 F56C 20 Storage Sequence Interrupt 

I588 A21A 20 Buffer Step 

I596 B23A 20 Buffer Cycle 

JOOO E22B. 2 E-1 quarter 
J005 E72A 2 1 quarter 
J021 B26B 2 3 quarter 
J032 C34B 2 4 quarter 
J034 C33A 2 4 quarter 
J036 E04C 2 E-4 quarter 
J038 E19C 2 4 quarter 
J040 DOlC 2 E-4 quarter 
JlOO C45C 1 Step Or Run 
J207 D23C 3 74 
J208 C26A 3 74 
J217 C41B 3 A = 0 
J218 C40B 3 AL= 0 . 
J221 BOBB 2 C 1& Buffer Cycle 
J226 E21C 2 C Cycle 
J233 EOBA 2 D Cycle 
J245 E15A 2 B Cycle 
J246 E15C 2 A & B Cycles 
J247 E04A 2 B & D Cycles 
J250 Bll6C 2 B Cycle 
J311 6A08A 18 . z-o 
J401 E39C 17 Select PER 
J418 D07A 17 F. H. PER Input 
J915 B18A 1 Load 
J923 C28C 1 Load 
J926 B16A 17 Select PER Or Load 
J930 COBC 1 MC 
J931 D06A 17 Per and Load 
J939 C21C 1 MC 

K211 A30C 2 B Cycle 

K308 6C07A 18 Select HSP 

K405 C07C 17 Load Mode Control 

K407 COBC 17 Clutch Control 

K412 C05A 17 Select PER 

K801 A23C 2 Resync Counter 
K802 A22A 2 Resync Counter 
K811 A20C 2 Resync Counter 
K812 A19A 2 Resync Counter 

M438 E44C 17 Feed Hole 

M440 FllB 17 Clear Load Mode Stop 

M512 F14A 20 Output Resume 

M513 Fl4B 20 Input Ready 

M514 F14C 20 Input Disconnect 

NOll D56 1 Clear A1 

N320 B27B 1 EXternal Probe 

N321 E37B 1 D Cycle X5 

N322 A09B 2 B Cycle 7 5 Instruction 

N801 A18C 2 RKl - RK2 Resync Counter 

vooo A46B 1 
TXO} VOOl A45A 1 TXl Timing Chain 
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