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PREFACE

The logic schematic diagrams of cordwood modules
are entered into these volumes in alpha-numeric
sequence. The logic schematic pages in these
volumes are updated when the LS page of the en-
gineering document (number at top of each logic
schematic) is changed by revision. The revision
letter of the engineering document shown at the top
of each schematic is not changed in this manual
when only parts list pages of the document are re-

vised.
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INTRODUCTION

CIRCUITS

The circuits of most CONTROL DATA* cordwood modules use the inversion property
of transistors to obtain logical OR and AND configurations. Two inverters may also be
cross-connected, input to output, to form flip-flops (FFs) for storing data temporarily.
Special circuits drive twisted-pair or coaxial-cable transmission lines, control storage
or read out of data in the magnetic core memory, amplify and detect magnetic tape or
disk file head signals, and control other functions.

PACKAGING

Circuits are packaged in modules (Figure 1) which use printed circuit wiring. Circuit
components are mounted on and between two printed circuit boards in a method re-
ferred to as '"cordwood packaging''. A double-rowed 30-pin connector fastened at one
end of the module allows electrical access to the circuits. The module connector mates
with a chassis connector; the pins of which are wired to other similar circuits. An
anodized aluminum plate with captive screws is fastened to the module at the end oppo-
site the connector. This plate fastens the module to the chassis mechanically and
carries the identifying number and/or letter for the module and six test point terminals.
The test points are numbered one through six from top to bottom and are connected to

various parts of a circuit to allow circuit operation to be viewed on an oscilloscope.

'~ COOLING

Two modes of cooling are used: freon and air. Although the modules are mounted
differently in each case, any module currently in production may use either mode
simply by changing its face plate. Figure 1(A) shows a freon-cooled module, while
1(B) shows an air-cooled module.

Freon Cooling

Modules are mounted vertically in the chassis in separate compartments. Compart-
ment side walls, the connector (back), and module plate (front) have a black finish.
Rows of modules are separated and supported by metal plates which form the top and
bottom of the compartments. A copper tube imbedded in each bar is connected to a

*Registered trademark of Control Data Corporation
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freon refrigeration system. Component heat from each module is carried to the cold
bars and cooling system by convection and by conduction. Blank module locations are
covered by a plate but if large sections are unused in the chassis,a heat dissipation
module (formerly type XO, now module type WZ) is used about every fourth location
(6400 and 6600 Computer Systems use this type of cooling).

Air Cooling

Modules are mounted vertically but without compartment side walls. They are sup-
ported at the top and bottom by bars at the front of the chassis. Air is forced up
through the modules and may or may not be refrigerated. Blank module locations are
covered with a plate.

—
w
N
~

Figure 1. Cordwood Modules

BASIC CIRCUIT ANALYSIS

The basis circuit is a single NPN silicon transistor connected in a grounded emitter
amplifier circuit (Figure 2). The transistor operates from a +6 vdc supply. The in-

herent 180° phase shift of the transistor provides the basic inversion (or NOT) function.
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The two signal levels and their logical significance are: +0.2v = "1"
+1.2v = "o
B‘Slc' INVERTER LOGICAL REPRESENTATIONS
+6v
1.
POINT
_ N
’ 2.
INPUT OUTPUT o o -
+0.2v"" | +1.2v "o *
_ +1.2v"0" | +02v ™"

*When Loaded by an Input Circuit
Figure 2. Basic Inverter

A +1.2v input turns on the transistor and drives it to saturation. The output signal is
then the drop across the transistor, +0,2v. When a +0,2v input cuts off the transistor
the output rises toward +6v but is held to +1.2v by the voltage-dividing effect of the
collector resistor and the input resistance of the driven load.

The threshold voltage on the base of the transistor is approximately +0, 8v (virtually no
conduction below +0, 7v) which permits the circuit to reject noise signals up to about

+0.5v. Circuit parameters for cutoff and saturation are listed below.

VB VC IB IC Average
(min) ; Switching Time
Cutoff 0.2 1.2 0 0
: 4 or 5 nsec
Saturation 0.8 0.2 1 ma 10 ma

AND and OR Combinations

To combine signals from two circuits, the collectors are connected to a common load
resistor, as in Figure 3. This providesK +B = AB as the output signal. This method
of combining signals is sometimes called NAND logic. (The name derives from NOT
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AND since the circuit consists of an AND with phase inversion or negation of the out-

put.) Up to six transistors may be connected to a common collector resistor in this

way.
BASIC COMBINATION LOGICAL REPRESENTATIONS
(NAND)
TEST .
A RI o POINT
R3
1 75
INPUTS OUTPUT
2.
R2
B Q2

INPUT A |INPUT B | OUTPUT

O0=+1.2Vv
[ o | I =+4+0.2v

Figure 3. Basic (NAND) Combination

A circuit showing the basic AND combination appears in Figure 4. When either input

A or input B is +1.2v, Q1 or Q2 is biased to saturation and the potential at point C is
+0.2v. This in turn cuts off Q3 and the output is +1.2v. But when both inputs A and B
are +0,2v, both Q1 and Q2 are cut off, and the potential at point C goes to +1.2v*, With
point C at +1.2v, Q3 conducts into saturation, forcing the output to +0.2v. Hence, the
output is +0.2v only when both inputs A and B are +0.2v,

The circuit of Figure 5 shows the OR combination of two signals A and B, in which a
+1,2v-at either input A or B results in a +0, 2v output.

*It should be noticed that point C is +1.2v only when R4 and Q3 are present as a load to
the circuit. Otherwise point C would rise to +6v. '
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“AND" COMBINATION

LOGICAL REPRESENTATION

+
ANN—>
A

R3 RS
Ql
h! TEST
A $—oas
POINT | outPuT
Q3
= Re
INPUTS C
, INPUT A | INPUT B | POINTC | OuTPUT
02 1 I I o I
R2 = I 0 1 o¥*
8
0 [ 1 o¥*
o o [ 0%
= 0:+1.2V 1= +0.2V

*When loaded by an
input circuit
Figure 4. AND Combination

“OR" COMBINATION
+6v +6v

LOGICAL REPRESENTATION
TEST
POINT

A

O A+ S
UTPUY

»
'Il—Q )-—‘
A ‘ a A 4
«<
|

INPUTS

INPUT A | INPUT B | OUTPUT
| | |

}
| 0 '
= 0 ( '
° : 0 ) o*
, Oc 41.2Y 1 +0.2V

*When loaded by an
input circuit
Figure 5. OR Combination
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Logic Diagram Symbols

The symbols used to represent circuits on logic diagrams are as follows:

Symbol Literal Significance
— -transistor (including its base resistor)
I:] collector load resistor
O collector load resistor

The use of two symbols, circle and square, to represent the combining of signals is a
convenient way to indicate alternating logical levels. This alternation results from the
inversion accompanying each successive combination. Logic is performed by a suc-

cession of steps: invert, combine, invert, combine, invert, combine, etc.

A diagram of such a logical string of steps appears as:

O~ O 10O~

Where possible, diagrams have circles and squares appearing in alternation and in
such a way as to indicate whether the effect of a combination is an AND or an OR.
Consider the logical circuit shown below:

A -
' AB
B
AB + CD
c oo}
D

Its output is AB - CD which simplifies to AB + CD. The square may be thought of as

representing an OR.
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Flip-Flop with Clear/Set Input

The circuit of a flip-flop and its clear/set input is shown in Figure 6. The basic flip-
flop mayhaveuptofive setinputs andfive clear inputs;in this example only one of each are
shown. The set input is fed by a 3-way AND gate, of which one input comes from the
clear/set network.

The clear/set network enables the flip-flop to be cleared and reset by the same gating
pulse. In many cases, this will be a 25 nanosecond clock pulse. Figure 7 shows the
logical representation of this circuit and a timing chart for the clear/set operation.

A +0.2v ""1" clear/set input to point 1 results in +0,2v "'1" outputs from B and E, This
simultaneously clears the flip-flop while enabling AND gate C to reset it, if ''l" inputs
are present at points 2 and 3. Assuming ""1" inputs, the +1.2v "0" output of C drives

the output of D to a +0.2v ""1", 1In this state, D and E both are producing ''1" outputs and
flip-flop is an indeterminate condition. However, when the clear/set pulse drops, the
"1'" output from A allows E to switch to ''0'"", providing feedback to D which holds the flip-
flop in the set condition. Meanwhile, the "0'" output of B has forced C to remove the set
input from D, but the delay time through B and C will allow the set input to stay up long
enough after the clear input drops so that the flip-flop assumes the set state.

o
m

R RN CLEAR INPUT

T SET BY cLEARED BY !
| hev "o" LevTo |
| = = =

\ .
|
|
(]
(]
[
| [
[ sov ! | 'd 4
ALL INPUTS 3 | SET OUTAUT cLEAR OUTPUT
MUST BE 9 ! +40.2V "1 WHEN SET +1.2v "o" wHEn sET
+0.2v 1" ] I +1.2V "0" WHEN CLEAR 402V 1" WHEN CLEAR
1 (|
|
T
|
|
[
|

+0.2v 1" INPUT

USUALLY A
28 NSEC
cLOCK PULSE

Fr-——--1--------

Figure 6, Basic Flip-Flop with Clear/Set Input
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LOGICAL +0.2v I
REPRESENTATION :

+0.2v "I c D
3
B
E |
CLEAR/SET
PULSE . A
+0.2v "1

SET OUTPUT

CLEAR OUTPUT

(INVERTER DELAY ASSUMED 5 NANOSECONDS)

0 10 20  NSEC
| I | | I |

CLEAR/SET PULSE [

30 40
| I |

A

FF INITIALLY SET

\\ L’,
D Wy «—"0" - GOING SPIKE

FF _INITIALLY CLEAR

D
. |
Figure 7. Flip-Flop Logical Representation and Timing Chart
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Circuit Loading

One circuit, which may be a common collector connection of several transistors, can
drive several other transistors which may be on the same module, on a separate module,

or a combination of the two. Figure 8 shows examples of loading.

A circuit may drive up to five transistors when all transistors (including driver) are on
the same module. This loading limitation is due to variations in base threshold voltage
and corresponding base current demands., For each load configuration, the driver
collector resistor and base resistors of the driven transistors are adjusted to balance
and limit the base currents. This loading arrangement allows ample slave networks

to provide multiple outputs.

The following table lists component variations for circuit loading within a module,

Driver Base Resistor
Collector of Driven
Resistor Transistors
1 Load 680 47
2 Loads 680 100
3 Loads 680 150
4 Loads 560 150
5 Loads 470 : 150
LOGICAL
TYPICAL FAN-0OUT REPRESENTATIONS
150
+6V
y
150
<
4
70 § L o
1 50 —O
AN —O
—O
150 150 ey
150
Figure 8. Base Resistor Loading
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Other load limits apply when the circuit load is on a separate module., A circuit can
simultaneously drive up to two transistors on the same module and up to two transistors
on a separate module, Loading in this case accounts for the loss on the transmission
line connecting the two modules as well as variations in base threshold voltage noted
earlier., The significance of this loading scheme is presented in the discussion on line

drivers.

The following table lists component variations for a transistor driving loads within
the same module, in addition to the twisted-pair line.

Driver Output Base Resistor Output
Number of Collector Line of Driven Shunt to
Local Loads Resistor Resistor Transistors Ground
None 470 56 --- 120 pius diode
1 470 56 100 -——
2 470 56 220 -—

Line Drivers

Modules which are located on the same chassis are connected with twisted pair lines;
modules located on separate chassis are connected by coaxial cable. Line driver

circuits are provided for each type of transmission line,

+ Twisted-Pair Driver: The twisted pair driver is shown in Figure 9. Initially, consider
. Q1 conducting so that its collector is at +0.2v, With Q2 off, the transmission line is

“'terminated in an open circuit.

A +0,2v '"1" input causes the collector of Q1 to rise to +1.2v. This voltage is greater
than the +0. 8v diode threshold, and a part of the resulting current drawn through R2 is -
diverted through R3 and CR1 to ground. The remaining current passes R4 and is placed

on the line.

A finite time later this wavefront reaches the end of the line and appears at the input to
R5, the base resistor for Q2. Since, at this instant, the voltage at the base of Q2 is
+0.2v, this voltage adds to the incoming wavefront to result in a voltage of approximately

-+1,2v at the input to Rb5.
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At the next instant, the Q2 threshold is exceeded and base current flows.

Transmission line theory shows that power is reflected back to the source when the line
is terminated in a load which does not absorb all of the transmitted power. The reflected
current is shunted to ground by diode CR1. In the absence of CR1, the line voltage would

rise to the +6v source,

The low base current, resulting from the line mismatch, retards the build-up of ground
noise which occurs as a result of large ground currents,

The shunt diode and series resistor R3 are replaced by a transistor and its base resistor
when it is necessary to drive a circuit on the same chassis and a circuit on another
chassis., The transistor and diode thresholds are nearly alike so that circuit operation

follows the same principle.

The time required by the wavefront to travel down the line is a function of the type of line
and its length., The twisted pair line provides a delay of 1.3 nsec per foot. The clock
system, for example, uses this feature to establish the 25 nsec duration of clock pulses.

The twisted pair driver is represented on the logic diag‘rams by the standard square or
circle. However, the output of the square or circle is connected to a pin of the module
in question and wired from there to a pin on another module. The ground wire of the

pair is wired to the connector ground bus of each module,
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LA FORWARD WAVE REFLECTED WAVE
oma L
| 3% | | ouTt
1.2V L AAA- r)% Q2
R4 r el a7
= 1508 =

O 11
pd 1L
RI R3 56 ~ AR
Ql 120 Zgo LINE =

LINE DELAY=1.3 NSEC/FT

— T-=.8V CRI

CHASS IS X CHASSIS X
| ] MODULE Q} :MODULE B ( )

Twisted Pair Driver Circuit

2'|  FORWARD WAVE REFLECTED WAVE
ouT
>0 Q3
: i 150
‘ >—'i R4

Figure 9.

KK

RI
Ql
Zo LINE=7380)
LINE DELAY=1.5 NSEC/FT

* R3 is 150 ohms or 120 ohms (120 ohms in newer modules)
%% R4 is 68 ohms or 82 ohms (82 ohms in newer modules).

CHASSIS X CHASSIS Y

MODULE A MODULE B
% % - —— == —

Figure 10, Coaxial Cable Driver Circuit
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Coaxial Cable Driver: The coaxial cable driver is shown in Figure 10, All transmis-

sions between chassis are 25 nsec pulses on coaxial cables.

Initially, Q1 and Q2 are off so that their collectors are at the source voltage, +6v, - No
current flows in either primary winding, When Q1 is turned on, a current flows in the
transformer primary winding to which its collector is connected. The voltage drop
across R3 and step-down action of the transformer (and transformer loss) produce a
voltage pulse on the secondary winding. The pulse duration on the line follows the 25
nsec pulse on the base of Q1. This pulse travels down the coaxial cable and turns
transistor Q3 on. Resistor R4 terminates the line in either 68 ohms or 82 ohms.

Capacitor C1 couples the change in Q1 collector voltage to the base of Q2. Capacitor
C1l, R3, R2, and the base/emitter diode of Q1 will cause Q2 to conduct about 25 nsec
later than Q1. When Q2 conducts, current flows in the primary winding to which the Q2
collector is connected. The resulting signal in the transformer secondary is equal to
but of opposite polarity from the previous signal and lags by 25 nsec. The net effect
of this is to provide an equal and opposite magnetizing force in the transformer for
each pulse. This prevents the transformer from building up a bias on the line which
could occur under the high switching rates.

The coaxial cable driver circuit is represented on logic diagrams as shown in Figure 10,
The time delay on the 75 ohm coaxial cables is 1.5 nsec per foot, All coaxial cable
lengths are standardized at 10 feet to allow synchronous timing signals on all chassis,
Coaxial cables pass directly through a chassis feed-through connector (without soldering)
and connect directly to the transmitting or terminating circuit.
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STORAGE
MODULE
FUNCTION PIN
Address
so 22
s! 20
s2 8
s3 10
sé 12
s® 14
slo 18
st 16
Store
yA 6
z3 26
pAS 28
z7 4
AL 30
yAY 2
Read
2° [
20 3
2! 27
2! 29
24 5
24 7
2% 23
2% 25
28 19
28 21
2° 9
29 1l
Inhibit
s 24
Power
+5 Tolnhibit 13
+5 To Inhibit |7
Ground 15

20

21

22

23

24

25

26

27

28

29

30

JACK

PIN

LG

FUNCTION

Inhibit
54
55
sio

Control

Read Enable
Write Enable

Power

+8 To Drive
+6 To Drive
Ground

24
26
10
12
20
22

15
17
19

23
21

I8
14
16

20

21

22

23

24

25

26

27

28

29

30

JACK PN LG
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LS 63040000
ASSY

RE

P5

P7

P&

P8

P12

PI4

Pl

P13

PIS

PI7

P16

Pi8

P22

P24

P2l

P23

P2

2
19
18
21 16
0, 15
17
PIO
22 —
5
. - P26
47 80
46 49 63 P28
43 50
48
_]——> PI9
45 )
P25
35 4
54 59
57 ]
52 64 P27
56 51 ‘
3 —>P20
Z -

AA

10

1

12

13

14

15

16

17

19

20

21

22

23

24

25

26

27

JACK

CIRCUIT SPECIFICATION

60042700 Rev, J
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11827600

LG



LS 63040100 AB )
ASSY REV

P5 15 ——>pPi0

20 18

1]
P8 O—>| R PI2

10

1

12

13

14

15

16

17

18

19

20
Pl4

21

22

23

P16

24

25

26

27

28

JACK PIN LG
CIRCUIT SPECIFICATION 11827600
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LS 63040200

ASSY REV
P2 P3 pig
Pa P 4
3 i 8 Vs 48
19 4
P6 5 2 4 20 ] PIl
;
9 e
P27
P8 A PI2
60 1"
16 1.}
P9
14
il 12
P10 l—s>p7
10
AP—>P5
PI9
P20 54
53
56
——>P2I
58
P22 88
——>>P23
3
l—> P24
P25 59
62
63
P26
[ 1]
|3 P28
PI4
45
PI8

PI7

AC

CIRCUIT SPECIFICATION

-

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

JACK .
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LS 63040300

ASSY

Pl

REV

PIS

Pi4

AD

PI9

P20

P28

P2|

F—>p22

Pi3

l—-—)PZ? '

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

JACK PIN LG
CIRCUIT SPECIFICATION 11827600
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LS 63040400
ASSY REV

Pl
P7

Pl4

Pl12

PI5

PI3

P24

P22

P2l

P23 £

s9
P28

‘P26

33
Pi6

P19
PI7

AE

87

2
18
17
—> PlO
19
B8
27 20
22
—> P9
21 24
Cc
48
a7
P20
a5
a7 46
s
——>PI8
41 42
Cc
56
53
P25
s
B
8 52
62
P27
54
c
i Y
3| B

CIRCUIT SPECIFICATION - 11827600

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28|

“JACK
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LS 63040500

ASsSY

by v
» n
)]

v
(2]

v
o

PIO

PI2

Pi8

ok

P20

P22

P24

o
©

P26

5O

117

REV

N
N

PI4

44
Pi6

0
(3]

5

o
(¢ ]
o

21

]
~
>

Pl

»
L

PI7

bbbl

PIS

P2|

X

P23

P25

:

=0
i

100

43

PIN

AF

P13

PIS

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

JACK  PIN

CIRCUIT SPECIFICATION 11327600
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