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RELAY DRIVER 

.Card Type C84 

FUNCTION 

The function of this circuit is to enable a low impedance path from ground 

to the circuit output, upon receipt of a - 5. 8v "1 tI i~put. The ~ircuit is de .. 

signed to switch a current of the order of 1 ampere flowing in a highly in-.·, 

ductive load such as a relay coil. A diode clamp connection is provided at 

the collector of Q02, so that a high-voltage inductive transient induced 

when current is interrupted will not damage the transistor. 

OPERATION 

The two circuits on the card are identical and are labeled A and B. The 

following discussion applies to either circuit, but the ·.component numbers 

mentioned are .those appearing in circuit A. 

The circuit has one logical OR input, and a 3-way AND. An unused OR 

input will have no effect. on the circuit, while an unused AND input, if left 

open,' will act as a steady It 1". Thus if the entire AND group is unused, . 

at least 'on~ pin must be grounded. 

Transistor' QOl is· a 2N 404 and Q02 ~s a 2N 1760. Both are PNP german­

ium, and their characteristics are listed in the component section. : 

A -1. 1v "0" input holds the base of QOl at a low negative voltage with' respect 

. to"the emitter,. so that QO 1 conducts relatively little. However, a - 5 •. 8v "1" 

~, . input results in a base current sufficiently large so that QO 1 conducts h.eavily.: 

Transistor Q02 is a grounded emitter stage driven by the emitter follow~r 

QOl. When QOl switches on, it attempts to bias the base of Q02 well into 

the negative voltage region, so that QO 2 also switches on and conducts 

heavily •. Likewise, when. Q01 swifches. off, Q02 also switches off and the 

'. positive voltage source applies a reverse bias to the base-emitter junction 

.. of Q02 so that it is well·into the cut off region. 
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GROUND RULES 

. ' 

1) Any inductive load must be by-passed by the clamp 

diode. 

2) The power supply voltage which drives the load must' 

not exc~ed 40 volts . 

3) With a ~Ov supply, load current can not exceed O. 5 

ampere; with a 20v supply, load current can not ex­

ceed 1 ampere. 

4) In case an entire AND group is unused, at least one of 

the inputs must be grounded. 
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11'0 SENSE AMPLIFIER 

Card Type C86 

FUNCTION 

The' function of the circuits on this card is to detect6 amplify,and shape the 

pulse induce9 in the sense winding when a magnetic memory core switches 

"state during the Readphase of the memory cycle. The pulse produced during 

the .Write portion of the cycle is not detected.' 

During t~e rest state .. ,the circuit output is a logical "1" of approximately, -5.'7v • 
. When a core is read6 the output switches to a logical "0" of approximately .... 0.5v. 

The circuits are restricted to driving AND loads" only. 
o "" 

OPERATION 

The Sense' Amplifier circuit consists of a grounded emitter PNP transistor with 

a tunnel diode between base and ground. ' The tunnel diode provides a noise 
,J 

threshold rejection le~el and results in an essentially square output from the ' 

circuit. 

In its low-voltage state, the tunnel diode holds transistor QO 1 cut off. The circuit 

output is then produced by the voltage-dividing action of R02 and R03, and stabiliz~s 

at approximately ... 5. 7,v. The effect of the load is negligible, since the circuit is 

'restricted todr~ving AND 10adE?, only. 

The ,tunnel diode in its high~voltage state ,places a forward bi,as of approximately 

, O. 5v across, the base-emitter junction of Q01 .. ~au:sing ~Ol to switch on and 'conduct 

heavily. The output voltage becomes equal to the collector voltage of QO 1 plus the 

drop across diode CROl .. and is approximately ... 0. 5v. 

The output produced when a memory core switches state is approximately 0.47 my. 
During the Read phase, the core outputs are of a polarity such that pin 4 of the 

input transformer goes negative. The 0.47 mv input is increased by the 1 ; 8 voltage 

'step·upof the itlPuttrans.former. 
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Initially~ the tunnel diode is in its low-voltage state and the circuit is providing 
I .. 

a "'1" output... T.he tunnel diode rem~ins in its low-voltage state as current through' 

it increase's~ until it reaches the "peak" of its characteristic curVe where I and V 

are' approximately 1, ma and 65 mv~ respectively. A slight increase in current 

.. puts the tunnel diode in th.e regenerative region and the voltage increases almost 

instantaneously to 500' my. This causes QOl to conduct and the circuit output 
. . 

switches to "O"~ The tunnel diode remains in the high-voltage state until current 

thr<?ugh it d~creases to approximately O. 12 mae This is the characteristic curve, 

Ilvalley"~ and at 'this point .. ' the voltage drops almost instantarieously to approxi .. 

mately zero~ This cuts off transistor' QOl and the circuit output, returns to "1':'. 
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I/O MEMORY DRIV~R 

Card Type C87 

FUNCTION 

The function of this circuit is to provide drive current to a memory unit upon 

receipt of a -5. 8v 1f1" input. The output may be either a half-current of approxi-' 

mately 200 ma from pin 15, or a full current of up to 800 ma from pin 14. In 

order to obtain' a maximum current from pin 14, pin 10 must be grounded. 

OPERATION 

The circuit has a f~ur-way logical AND input, meaning that all inputs must be 

'at the -5. 8v "l'lf level in order for an input to be sensed. A 1. Iv "0" on any 

, input will disable the AND. An unused input acts as a steady If 1 If if left open, 

or as a steady "Off' if grounded. 

An input level-shifting action is provided to the base of Q01 by resistors ROl 

and R02, and the 3.5v zener diode CR05., The zener diode CR05 is reverse­

biased so that its operating point is beyond the knee of the breakdown region; 

thus the cathode remains approximately 3. 5v positive with respect to the anode, 

regardless of current fluctuations. 

With -1. Iv "0" inputs, zener diode CROS holds the base of Q01 sufficiently 

positive so that it conducts heavily. Transistor QOI is held out of deep satu" 

, ration by CR06, and its collector voltage is approximately +0. 5v. Thecollector 

vol~age of QO l' is applied to the base of QO 2, , which is connected as an emitter 

'foll,ower. The emitter voltage of Q02 is therefore equal to its base voltage less 

the base-emitter junction drop, and is approximately -0. Iv. The emitter voltage' 

of Q02 is applied to the bases of Q03 ~nd Q04,which are also connected as 

emitter followers. The emitter circuits of Q03 and Q04 thread the memory plane 
. - . . 

and terminate at a Diverter circuit; thus the emitter voltage of Q03 and Q04 is 

approximately +.0. 9v. The -0. Iv input from Q02 therefore b~ck-biases the base­

emitter junctions of Q03 and Q04, cutting them 'off. 
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A - 5. 8v "1" input results in approximately - 2. 3v at the base of QO 1, 'so that QO 1 

is cut off. If the circuit is providing a half- current, pin 10 will not be grounded 

and resistors R05 and R08 limit the current to approximately 200 'mae In addition, 

the voltage drop across R05 holds the collector voltage of the transistors at a 

relatively lowlevel. 'The collector of Q01 rises to approximately +3. 5v, providing 

drive to Q02. The emitter voltage of Q02 becomes approximately +2. 9v,' causing, 

Q03 and Q04, to switch to the conduction state. Transistor Q02 is held out of deep 

saturation by CR07, and Q03 and Q04 are held out of deep saturation by the voltage 

drop across Q02. The emitter voltage of Q03 and Q04 is applied to the drive lines 

and is 'approximately +2. 2v. The emitter currents of Q03 and Q04 combine to' 

provide the memory drive current. 

In order to obtain a peak value of full current from the circuit, pin 10 must be 

grounded. This allows capacitor CO 1 to become charged While the circuit is not . . . ' 

providing drive current. When transistors Q03 and Q04 switch on, COl discharges 

into the drive line, providing an initial high current surge. With QO 1 cut off; its 

collector voltage rises to approximately +19v, providing drive to Q02~ The emitter 

voltage of Q02 rises to approximately + 18. 4v, causing Q03 and Q04 to switch on 

and conduct heavily. The voltage applied to the drive lines is the emitter VOltage 

of Q03and Q04, and is approximately + 17.' Bv during the initial high current surge. 

As capacitor C01~ecomes discharged, the voltage levels within the circui~ decrease 

toward the values given in the preceding paragraph. 
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I/O MEMORY nIVERTER 

Card Type C88 

FUNCTION 

The function of this circuit is to 'enable memory drive current to flow from one 

of the output pins to ground, whenever all inputs are at the 'logical "0" level of. 

"'1. 1 v.The drive lines are energized with half- currents of 200ma or full 

currents of uP. to 800 ma peak by the" circuit contained on a Driver card C 87 •. 

Each drive line terminates at one of the output pins of a Diverter. card, and the 

'circuit i~ completed to grou.nd allowing current to flow when· transistors Q02 . 

and Q03 s,witch to the conduction state. 

OPERATION 

. The circuit has four logical OR inputs, and transistors Q02 and Q03 switch to 

'. the. conduction state only when all inputs are -I. 1v'''0''. A -5. 8v "1" on any' 

input holds Q02 and Q03 in the cut off ,state. ' 

An input level-shifting action is provided to the base of Q01 by resistors R01 

.. and R02, and the 4.1v zener diode CR05. The zener diode CR05 is reverse­

bia~ed ~o. that its operating point· is beyond the knee of the breakdown region; 

thus the cathode remains approximately 4. Iv positive with respect to the anode, 

regardless of current fluctuations. 

A - 5. 8v "1" input results in approximately -1. 5v at the base of QO 1. This cuts 

off Q01j since its emitter is clamped at approximately -0. Bv by diode CR07. 
, . 

The bases of Q02 and Q03 are also clamped at approximately -0. Bv by diode 

CROB# and since their emitters are grounded, 'they are cut off • 

.. ;' If all inputs are at the "'1. Iv irO" level, zener diode CR,05 holds the.base of Q01 

. at approximately + 1. 4v. This 'causes Q01 to switch to a' state of heavy conduction, 

but it is held out of deep saturation by diode CROB. Transistor QO 1 is connected 

.. as an emitter follower; thus its emitter voltage rises to approximately +O.7v, 

. providing drive for Q02and Q03. The +0. 7v input from Q01causes Q02 and 
, .,. . . . 

Q03 to switch on and conduct heavily, but they are held out of deep saturation 

by diode CROS. 
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'I/O MEMORY DIVERTER 
CARD TYPE C 88 

* CDC 4200 (HD 2969) 

** C'DC 4211 (FD 4(0) 

NOTES: 

I. CIRCUIT HAS FOUR "OR" INPUTS. 
2.,TRANSISTORS a02 AND a03 SWITCH TO CONDUCTION STATE 

WHEN ALL INPUTS ARE -1.1 V' "0". 
. , 
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FUNCTION 

AMPLIFIER - SHAPER 

Card TypeC89 

, The function of this circuit i~ to convert the sine wave output of a crystal 

oscillator into a .chain of -5. 8v"l" pulses of approximately 0.2 microseconds 

duration. . ~he input is a sine wave about ground with a peak-to-peak amplitude 

of approximately 3v. The -5. Bv "1" pulse output is prod!lc~d inim~diatel:S('aft'err , 

the input crosses the zero axis in the positive-going direction. 

, OPERATION 
~ . ,"',":'. 

The width of the output pulse is approximately.O. 2 microseconds and is deter­

mined by the 220 microhenry inductance L01. The repetition rate of the output " 

'is determined by the frequency of the input signaL 

·The input signal' is applied to the base of transistor Q01, whichis an NPN 

silicon type CDC C04. In this application, it is used as an emitter follower 
. .' 

current amplifier providing drive current for transistor Q02. 

" , 

Transistors Q02 and Q03 are CDC 1321, which is a high speed NPN silicon 

type having a gain-bandwidth of'1 kmc. ' Each of these transistors has a base to 

collector tunnel diode network which produces an essentially square waveform 

and establishes its voltage ,level. 

. The tunnel diodes used are type TD ... 1. This is an ~xial tunnel diode having 

~n Ip=1 ma and a Vfp = 500 mv. Assuming an ideal case, the three tunnel diodes 

connected to Q03 would switch at lma with a composite Vfp ~ 1. 5v.Dueto s~ight ' 

individual differences, no two tunnel diodes will ever switch at exactly the same 

point; but the difference is negligible in this Pigh speed application. 

As shown in the aCQompanying diagram, a pos itive-goiilginput results ina 

.. 5. 8v, "l" output of approximately ,0. 2 microseconds duration. As the input goes 

.posi~ive,. QOl provides drive current to Q02 so that it switches to a state of heavy 

conduction. This results in minimum cu~rent flow through TDOl so that it switches 
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to its lo,w voltage state. The collector voltage' of Q02 is therefore approximately 

. equal·to its'i,b'ase-emitter junction drop of +0. 7v, being a'grounded emitter silicon 

,transistor. Transistor Q02 in its conduction state allows current flow to increase 
through TD02, TD03, and TI:>04, ' so that they switch to their high voltage states. 

This causes conduction 'through Q03 to decrease, and its collector voltage becomes' 

. equal to the surn of the tunnel diode voltages and the base-emitte,r junction drop, 

., a total of +2. 2v. ~his voltage level causes Q04 to switch to a stat~ of minimum 
conduction and the circuit output becomes a -5. 8v "1"~ 

The length of the -5.8v "1" output pulse is determined by the 220 microhenry 
inductance L01. The tunnel diodes are abl~ to switch state almost instantane'ously , 
while current through, the inductance increases exponentially:. After, a ~ime ,of 

. approximately 0.2 microsecond, current through the inductance will have . 

increased to the point that thet~nnel diodes are effectively by-passed and they 
1 return to their low voltage states. This, reduces the collector voltage of Q03 to" 

approximately +q. 7v, which eaUses Q04 to conduct hea.v~ly and returns the circuit 
output to a -1.1 v "0". 

A negative-going 'cir,cuit input prevents QOl f~om provi~ing drive c~rrent to 

Q02. This allows current through TD~l to increase., cau~ing it to switch to its 
'. high vol~age state. Conduction through Q02 decreases and 'its collector voltage 

becomes equal to,the sum of the tunnel diode ,voltage ~nd the base-emitter Jun':!tion 

drop, a total of +1. 2v. This provides forward 'drive to the base of Q03,· holqing 
; the circuit in the quies,cent state. 

. ' The portion 'Of the cirauit conSisting of Q04, Q05, and their associated 
, ' , ' ','}' 

. biasing network is quite similar to a logical inverter, which is discus.sed else'· 

,where. It fs. capable of driving 8 AND loads,' 8 OR loads, o~ any combination 
'resulting in 8 1,oads tot~i." 
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I/O EMITTER FOLLOWER 

Card Type C90 

FUNCTION 

The function of the circuits on this card is to convert the outputs from the 

brushe~ of a punched card reader into memory drive currents of approximately 

200 mae The circuit output is in series with a memory drive line" which connects , 

to a .. 20v supply. The' circuit input is driven by one of the brushes at a card 

reading station. When the brush senses a hole in the card" 'transistor QOl con­

ducts heavily" enabling memory drive current to flow. 

OPERATION 

Inputs to the circuit are provided by a brush at the card reading station, and 

the signal levels are open circuit and approximately ground. ,The ground signal 

results when a hole in the punched card allows the brush to touch a metallic roller, 

which is at approximately ground potential. If a hole is not present, the insulating 

effect of the card produces an open circuit. 

The ,metallic, roller at the reading station is held' at approximately ground 

potential by a Relay Driver card type C84. The roller is thus at a potential equal' 

to the saturation voltage of the Relay Driver transistor, which is approximately 

-0.6v. ' 

, , 

An open 'circuit, input~ allows the base voltage of Q~O 1 to rise toward -20v. The 

emitter of QOl is ,also at -20v" since it connects through the memory drive line to 
. • . I 

a ,- 20v supply. This puts QO 1 in the cut off condition" and memory drive current 

is prevented from flowing. 

An input' of approximately ground allows QO 1 to switch on and conduct heavily. 
, / , . 

The voltage applied to the drive line is - 20v, less the drop across the Relay Driver' 

transistor and the base~emitter voltage of Q01, a~d is approximately "18.5v. Th~ 

memory drive current is also the emitter current of QO 1 and is limited by resistors 

R02, R03, and R04 to approximately 200 mae 'The base current of QOl is equal tothe 
200 rna. emitt.er current divided by hpE and is approximately 8.5 rna. The brush at, 

, the reading station is therefore required to carry the base current of QO 1 plus enough ' 

addition~l current so that the voltage drop across ROI is approximately 19.4v; a total , 

of approxima~ely 9.5 ma. 
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FUNCTION 

READER LEVEL AMPLIFIER 

Card Type C91 

This card centains two identical circuits, the functien of which is to. cenvert 

selar cell outputs frem a punched card reader into. legical "0" signals ef -I.lv. 

The circuit input is driven by ene ef the selar cells at a card reading statien. 

When the selar cell senses a hele in the card, the circuit eutput switches to. a 

-1. 1 v "0". If no. hele is sensed, the eutput remains a -5. 8v "1". 

OPERATION 

Inputs to the circuit are provided by a solar cell at the card reading station, 

and the signal levels are +O.,4v and epen circuit. ·The +0. 4v signal results when 

light shining threugh a hele in the punched card activates the selar cell. If a 

hele is net present, . light will be prevented from striking the selar cell and its 

high impedance p~educes essentially an epen circuit. Any leakage current will 

net be mere than a few micreamperes. 

The two. circuits,.on·this card are single .inverters having ene OR input which 

is fed by the netwerk censisting ef resisters ROl, R02, and transister QOl. In 

both circuits, the base ef transister QOl is biased threugh resisterROl to the 

-4. 5v ~upply at pin 11. 

An open circuit input allews the - 4. 5v supply at pin 11 to. apply a streng ferward 

bias to. the base ef QOl .. This causes QOl to. cenduct heavily and its cellecter 

petential becemes appreximately, -0. 5v. The lew cellector veltage of QOl is applied 

to. ~he cathode of input diode CROl and causes the inverter to. provide 'a -5.8v "1" output ... 

A +0. 4v input reverse biases thebase-emitterjunctien ef QOI so. that Q01 is 

cut eff. Its 'cellecto.r petential rises teward -20v, but is clamped atappreximately 

-6v by the input impedance of the inverter and the drep acress R02. The -6y 

collecter petential of Q01 is applied as an input to. the inverter and causes its 

. output to switch to a ":1.1 v "0". 

The remainder ef the circuit is identical to a logical inverter which is 

discussed elsewhere. It is capable of driving 8 AND loads, 8 OR leads, or ~ny 
cemb~natien resulting in 8 loads totaL 
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General 

O~~:P:r'E'R ~ 

MAGNETIC CORE -MEMORY" 

Magnetic. core storagein the 3600 system is provided by the 3603 Storage 

Module. This module contains two independent units, ' each of which includes 

a magnetic core memory and the logic and control circuits necessary for its 
,~ 

operation. Each memory has a capacity of 16, 384 words, and both units oper-

ate togeth~r during the execution of a. program, giving a total memo~y capacity 

of 32,768 'words. 
~\ 

The length of the word stored in memory is S 2 bits, of Which 48 bits contain 

information, 3 bits are used for parity, and the 1 bit remaining is a spare. 

Information access time for the memory and its associated control and sensing 

circuits is approximately 0.5 'microsecond, and the time for a complete memory 

cycle is approximately 1.S microsecond. 

'"The ~mem.oryoperc:itesjn 'thecdincident current-mode, 'usi:ng 'currents oione 

direction to Read a!ld of the opposite dire,ction to Write. These coincident half­

currents are approximately 340 ma and are produced by the circuits contained 

on the Transformer Card C10, the Gate Card COS, and the Driver Card C03, 

which are individually discussed elsewhere. 

An over-all block diagram of a 16, 384-word, 52-bit memory is shown in figure 1. 

Magnetic Cores 

The magnetic cores have a nominal outside diameter of O • .032 inch. The 'core . ( 

specif.ications and test conditions are listed in table 1, and representative wave~ 

forms arepresent~d in figure 2. 

4-1 ' 





lIJ 
en 
z 
lIJ 
en 

52 
PLANES 

0::: 
ILl 
~ 
0::: 
a 

t-
iii 
% 
~ 

0: 
IIJ 
> 
~ 
0 

t-
m 
i: 
~ 

-' 0.. 
2 
e( 

III .. 
Z 
III .. 

en 
0:: 
O 
t-
en 
ii) 
IIJ 
0:: 

>-
2 
2 
::l, 
0 

t-
iD 
i: 
~ 

>-
2 
2en 
:::)0:: 
ollJ 

> 
t- iE 
iD o 
i: 
~ 

Figure 1. Block Diagram 

4-3 



Table 1 

.~ Cor.e· Spe~ifications .... 

. rV l' disturbed voltage "1", output on sense line 
when CQre in "1" state is read after being . 
disturbed by a Partial Read current 

w.V z' disturbed. voltage ItO", output on sense line 
when core in "0" state is read ,after being 
disturbed bya Partial Write Current 

Ts ' switching time * , 
T p' . peaking time * 

* referred tG i 00/0 of full Read core ~utput'. 

Full Reac;i Current 

Full Write Current 

Partial Read Current 

Partial Write Current 

Tr, ris.e time of full current 

T d' duration of full current 

ConditiG>ns 

Number of Partial Read or Write Disturb Pulses 

Sense Winding Termination 

Temperature 

4-5 

35 mv, min. 

9 my, max. 

, 0.35 to' 0.45 microsecond 

o .'19 to O. 23 microsecond 

5·90 ma !. 10/0. 

590 ma + 10/0 

360 ma +. 10/0 

360 ma :t 10/0 

O. 1 microsecond, linear 

1. 5 microsecond 

32 min., 

50 ohms 

,490 C .:!:. 0.5
0 

" 
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Each core is threaded by four wires, as shown in figure 3; X and Y half- current, 

drive lines, an inhibit line, and a sense line. When information is written into 

a core, it is switched to the" 1" state by two coincident 340 ma currents on the 

X and Y! drive lines. Similarly, when information is read out of a core, it is 

switched to the "0" state by tyvo coincident 340 ma currents of the other polarity. 

, The inhibit line carries a ,current of 340 rna parallel to one of the half- current 

drive lines, but in a direction opposite to the hali-write current., Therefore, if 

: the inhibit current ,Is flowing during the memory Write phase, it will cancel one 

of the half-write currents and will prevent any core through which it passes from 

being switched to, the "1" state. 

The sense line has its two ends' connected to a differential sense amplifier card. 

"When a core switches state in either direction, the seIl$e amplifier card pro .... 

duces a logical HO" output; however, this output is sampled :only ~uring the 

memory Read, phase. 

The memory core material has an approximately rectangular hysteresis loop. 

The high remanent magnetization of the core- enables it to function as a i memory 
. ' 

. ' , 

element. The magnetic properties ofacore are repres~nted by its hysteresis , 
~~ 

loop shown in figure 4, in which magnetic flux density B' is plotted as a function 

of field intensity H. . If current flow sufficient to cause a field intensity of + H , , . m 
is applied to the core, the flux density increases to saturation + B • When current ' " . s 
is removed, the flux drops to the residual value + B ' and stays there. , , ,r 

" Application of} ~urrent flow in the opposite direction sufficient to cause a field 

'intensity of ~Hm reverses the flux density to -Bs • When current is removed,;' 

, thei flux' density drops to the residual value, -,B, • 
. . , , r 

The basic memory cycle is composed of 340 rna half-current pulses capable ot 
, . 

producing' a field intensity of 1/2H .'A half- current pulse ~s insufficient to . m ,'. 
switch a core; however, the ~oincidence of two half- curre'nts. results in an 

effective current of 680 ma, producing a net field intens~ty which ~s sufficient' 

to switch the core .. 

. . 
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M'emory Plane 

The wires threading the memory cores are strung across the center area of, 

square mounting fram'es. The wires used to drive and sense the cores also hold, 
( 

them in place. Each frame contains 16, 384 cores in a two'" dimensional arrange'" 

ment called a memory plane. 

The cores in each plane are divided into four quadrants of 64 x 64 cores. ' The 

four quadrants are effectively the sense quadrants; each quadrant contains 'its 

own separate sense line. 

A represent~tive memory plane is presented in figure 5. The X and Y dimensions 

and, sense ,quadrant orientation are as they appear in the 3603 Module when ,viewed 

from above, with the top 'of the page toward the front of the module. 

, , For purposes of reference, the four sides of the plane al;'~ designated "North,j, 

"Southtl, "Eastlf, ,and "West"., In the 3603 Module, the memory stack is placed 

with the "North'" sides of the pl~nes to the back. "South" is the side of the stack 

nearest the card 'connectors and backboard wiring. The other dimensions are 

as shown in figure 5. 

Memory Stack 
, , 

A memory plane contains only one bit. of each computer word" and the 16" 384 core 

, locations cor'respond to the 16, 3,84 word memory capacity. 'Thus" 52 planes are 

, needed to contain the 48 bits ofinf~rmationl the 3 bits of parity, ,and the spare 

bit. The 52 pl,anes, are mounted one above the other in a "cubic" arrangement 

called a memory'stack, as shown in figures 6 and 7 • 

. The· planes are riumbered sequentially from bottom to top,' beginning with plane 

00 ~nd e.ndirigwith plane 51. The 48 bits of information are contained in planes 

00 through 47. The 3. bits of parity are containe~ in planes_ 48, ~9.. ~nd 50, and,' 

the spar~ bit of' each word is in plane 51. 

The half-current ,drive lines enter the st~ck at the 'bottom and progress from' 

plane to plane to·the top, where they are terminated by t'esistors,app~oximately 
equal to their characteristic impedance. The drive lines are en~rgized in the 

I • " 

manner of transmission lines;. th~s each line exhibits a velocity of signal propa-, 

gation dependent upon its line constants and distributed parameters. 



. MEMORY PLANE ORIENTATION 
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. . 
'The time required for a drive current to pass through the 52-plane stack is 

approximately 120 nanoseconds. Timing is provided by a tapped delay line.. so 

that the sense quadrants and inhibit windings will be enabled in synchronism 
, , 

with. the progression of the drive currents through the 52 planes. 

Windings 

" A, simplified representation of a memory 'plane sense quadrant is shown in 

~figure 8. 1For purposes of illustration, the number of cores has been reduced 

. fro~ 4, 096 .to 16, but all other elements are as shown. 

Two coincident 340 ma currents on an'X and a Y drive line will intersect at one, 

me:rnory 'core in each plane, causiq,g it to switch state. The remaining cores,; 

t~rough which only one of the ,-drive currents passes, will merely shift slight~y 

'along the hysteresis loop and will not switch state. 

The rapid flux change when a core switches induces a voltage on the sense line 

. of appr~ximately35 mv •. This appears across the differential amplifier inputs 

. of the Sense Amplifier card type COB", and results in a logical "0" o'utput. This 

output occurs when any core 'in the sense quadrant switches state in either 

direction,' but the output is sampled only during the' Read phase of the memory 

cycle. 

'The inhibit lines provide a means for preventing a core from being switched to ,;. 

the ft lit state quring the Writ~ phase of the memory 'cycle. The drive 'currents, '. 

if allowed to act freely, will switch all 52 cores to the til" state, represeriting' 

'a computer word in which each bit is a,tll". Each of the m'emory planes is 

therefore provided with inhibit lines,' so 'that the core in that plane can be pre­

vented from switching, in case that particular bit:· of the word is to 'be a "0" CI The 

"magnitude of th~ inhibit current is approximately '340 rna" and th~ direction of 

, flow is o~posite to one of the half-writ'e currents. Thus, one half-write current' 

is effectively canceled and the core does not change state. ' 

The approximate timing of a memory cycle is presented in figure 9, with repre'" 

sentative' waveforms. ' ,Infor~ation access' time is app'roximately O. 5 microsecond, 

and the time for a complete Read~Write .cycle is approximately 1.~, ~icrosecondo' 

However, these times apply only to the memo~ stack and associated drive and . 

sense circuit$.. arid do' not include time required by the log~c of the 3 603 Module 9 
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ln' a Write "0" 6per~tion, the flow of inhibit current will induce an appreciable 

amount of noise on the sense line. Therefore the following Read operation must 

. be delayed until the noise has died away s'ufficiently to allow a. '.'0" to be sensed. 

, Sense Line 

A simplified example of a sense line is shown in figure 8. One sense line 

threads all 4, 096 cores in a sense quadrant; thus each memory plane contains 

4 sense lines. Each sense line is continuous and the two ends are brought out 
. . 

at terminals near a corner of the· plane. 

The resistance of a s~nse line isapproxim'ately 22 ·ohms. It is esseritial that 

thetotal resistance of the sense line and amplifier input leads be kept small# . 

in order to avoid excessive signal attenuation. 

Inhibit Line 5 

The inhibit lines in each plane are a~ranged in 8 groups, or" stripes". Each 

. stripe is 16 cores wide and extends all the way, across the plane; thus each 

'inhibit stripe controls 16 x 128 = 2, 048 cores. The stripes are energized in 

groups of 2, so' that 1/4 of a p~'ane, 4, 096 . cores, will be inhibited simultaneously. , 

However; th'e 2 stripes are. located it?- opposite halves ,of the plane, so that only 

1/2 of 1 stripe, 1, 024 cores, is within any one sense quadrant. This is shown 

. in figure s 10 and 11,. 

To diminish induced noise, the direction of the inhibit tines is r~tated 900 from 

plane to plane. In odd numbered planes (1, 3, 5" ---47,49, 51), the inhibits run 

parallel to theY drive'lines and oppose: the Y half-write currents~ In, even 

numbered planes (0, 2,4, ---46, 48, 50), the inhibits run parallel to the X drive 

'lines and oppose the X half-write currents. . ,:' 

Typical ~ircuits of inhibit lines for odd and even planes, are presehted in figure,S 

12 ,and 13~' All externalwiril?-g is twisted pair, and the 120-ohm terminating 

resistor is non-inductive. The d- c res{stance of an inhibit line is approximately 

,13 ohms. . . 
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. T'o minimi~e effects of capacitive coupling between the inhibit lines and the drive 

lines which parallel theml the inhibit lines are energized in a manner such that 

the direction of voltage change is the same as thcr direction of voltage change in 

.the parallel drive lines carrying half-write currents. 

The inl:libit lines are energized by a power supply of +40v. In' even numbered 

planesl current flow is controlled by an Inhibit Generator card type C041 which 

. switches the end of the irihibit line to ground so that the voltage change within 

the plane is from +40'v toward ground. In odd numbered. planes, .current flow is' 

. controlled by an·Inhibit Generator card type COO, which switches the +40v into 

the inhibit line so that the direction of voltage change within ·theplane is from 

ground toward +40v"In a manner sh.nilar to the X and Y drive lines the . inhibit 
. . 

lines are also treated as transmission lines. The characteristic impedance of 

, an inhib~t line is approximately 140 ohms.· A terminating resistor of 120 ohms .. 

is in series with each inhibit line. Although this v'al1;le produces a slight impedance 

mis,match l the resulting current,flow from a 40v supply is approximately the, 

required 340 ma. 

4-22 



Drive Lines· 

A 52":bit computer word· consists of 1 bit in each of the 5 2 planes in the memory 

stack. The bit in each plane is located at the intersection of the X half;.. current 

line and the Y half- current line. These drive lines are jumpered from plane to 

plane, forming continuo~s windings which thread the entire stack, as shown in 

figure 14.· 

A typical drive line circuit is ,shown in figure 15. Detailed discussions of the 

printed circuit card types may be found elsewhere in this manual. External 

wiring from card type· C10 to the memory stack is twisted pair, and the 130-ohm 

terminating resistor is non-inductive. The d-c resistance of a drive line threading 

the entir~ 52-plane stack is approximately 29. 5 ohms. 

The half" current drive lines are 'energized in the manner of transmission lines. 
. l 

The characteristic impedance of a drive line is approximately ·130 ohms, there-

fore each line is terminated with·a 130-ohm resistor. The lines are energized 

by pulses of about 54 volts, so that the resulting half- currents are about 340 mae 

As shown in figure 15, the drive lines may be energized with currents of either 

direction, corresponding to the memory Read-Write cycle. Current from the 

+ 20v source is switched by one of the C05 cards into the center-tapped primary 

windings of two of the transformers on card type C,10.' ·The current may then flow 

in either direction through the primaries to ground,· as controlled by the C03 

cards. It is seen that the transformers each have two secondary windings con­

nected in series with the half- current drive lines. Also, one pair of windings 

is connected oppositely from the othe:t;', so that under any set of conditions of 

current flo.w in ,the 'primaries, one set of se~ondary voltages adds while the other 

set cancels. Thus it is possible to produ~e current floY' in either direction on 

either drive line by enabling the proper combination of ~ircuits on the C03 cards. 
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Dummy'Drive and Inhibit 

In order to hold a constant load on the' memory power supplies, ' dummy load 

circuits are enabled during times when the memory drive or inhibit circuits are 

~ot carrying current.; The arrangement of these dummy load circuits is presented 

in figures 16' and I 7. 

'The drive line circuits contain dummy loads in the Gate selection scheme: of 

both the X and Y coordinates. Each coordinate contains 8 Gate cards, each of 

~hich carries a' current of approxi'm'ately 900 rna. However,onlyone Gate card 

is s,elected at a -time, and when all 8 are turned off, the dummy load is enabled. 

The dummy load consists of a Transformer Driver card type C03,each half of 

. which drives a current of approximate~y 400 rna through a 50-ohm, 10-watt" tnon .... 

inductive load resistor. 

'. 
The inhibit circuits contain a'dummy load for each plane,in the Inhibit Generato:r 

selection scheme •. Four Inhibit Generator circuits are requi~ed per plane, ,and 

a fifth c~rcuit is included asa dummy. This fifth circuit, is a Dummy In.hibit 

Generator and is contained on card type CO 9. ,The Inhibit Generators are selec:-
. ". ' 

ted one at a time, and 'when all four are turned off, the dummy is enabled. The.' 

dummy circuit drives 'approximately 340 ma of current through a l33-ohm, :25-

,watt,,~on-inductive resistor. The l~3-ohm resistor is approximately equal to " 

the sum of the l3-ohm d-c resistance and the l20-o'hm terminating resistance of 

an inhibit line. 

. . 
, Transposition of Drive Lines' 

. ~;.~ 
*.' 

The drive lhies enter the stack at the, bottom" progressing upward from plane 

.to plane,with the terminating resistors at the top. ,Referring tOifigure 5,it is 

seen that'the four sides of the stack are referr<?d to as "North", "South", "East".; 

, and· "W ~stf1; as shown" 

.. The even (0, 2, 4, 6, etc.) X'drive lines enter on the "N<?rth" Side, and the odd 
.(1; 3, 5,' 7,'. etc.') X drive lines enteron the rtSouth" side. ~ Similarly, the ,even. and " 

odd Y drive lines' enter on the "West" andHEast" sides, , respe,ctively. 
~: . . .. .. 

,. 



DUMMY DRIVE' SCHEME­
x OR Y COORDINATE 

TRAN.SFORMER DRIVERS 
CARD TYPE: C03 

GATES 
CARD TYPE C05 

~ ,_------------------A~----------------~, 
+20V 4---------.----+--------+---~~--~--~~--~----+_--~--~ 

RESISTO.RS 
50.D.,IOW 

NON-INDUCTIVE 
TO' TRANSFORM ERS 

DUMMY INHIBIT SCHEME 
TYPICAL FOR EVEN PLANE(O,2,4.ETCJ 

DUMMY· 
.INHIBIT GENERATOR 

CARD TYPEC09 

INHI.BIT GENERATORS 
CARD TYPE C04 

r_-------A~------, 
+40V4-----------~--------~---+----.-----~~ 

'RESISTOR 
1·33.D.~25W 
NON- INDUCTIVE 

. INHIB.IT STRIPES 

.. ~ ...• ~ ..• ~~. 

Figure 14 

4-27 

. RESISTORS ' 
120.a, lOW 
NON-INDUCTIVE 
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To l!1inimize induced noise in. adjacent drive lines, a drive line transposition 

qccurs at intervals of 13 planes. Thus a given pair of drive lines run side by 

side for only 13 planes, and 'are 'transposed 3 times in traversing the 52-plane 

stack. 

The following charts list the drive line transpositiohs for the 4 sides of the 

,stack. Because 13 is an odd number, a line entering on the "South" side will 

emerge on the, "North" side, and vice versa. 
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