
























































































































































































































































































































































. 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" input. The circuit is de-
signed to switch a currént of the order of 1 ampere ‘ﬂowing‘ in a highly in-',-
ductive load such as a relay coil. A diode clamp connection is pfovided 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 6n_e 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 ""1", Thus if the entire AND group is unused, . |

at least one pih must be grounded. ‘ | -

_ Transistor Q01 is a 2N 404 and Q02 is 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 Q01 at a low negative voitage with respect
to the emitter, so that Q01 conducts relatively little. 'However, a -5.8v '"1"

'fin'put results in a base current sufficiently large so that Q01 conducts heavily;-"~

o ’I‘fansistor Q02 is a grounded emitter stage driven by the emitter follower i

e , QOl-. When Q01 switches on, it attempts to bias the base of Q02 well into

the negative voltage region, so that Q02 also switches on and conducts st
heav11y. Likewise, when QOl switches off, Q02 also switches off and the o
' positive voltage source apphes a reverse bias to the base emlt’cer Junctmn S
-of Q02 so that it is well into the cut off regmn.
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 RELAY DRIVER
e CARD TYRE. 034
',:"'2_$°V TEST POINT

©
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1 ERS . I e

' FD400 -

Q02

‘22K 2NI760

T
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S 420V

L R S CIRCUIT SAME
S : AS ABOVE

" NOTE! I. A =5.8V “I" INPUT ‘CAUSES TRANSISTORS
o " TO SWITCH TO CONDUCTION STATE. |
2 “Losic. mooas ARE HD 2969,




GROUND RULES

1) Any inductive load must be by-pas‘sed by the clamp -
diode. ' : ‘

2) The power supply voltage which drives the load must
not exceed 40 volts. | '

N

3)‘ With a 40v supply, load current can not exceed 0.5
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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I/O SENSE AMPLIFIER
Card Type cs6 -
 FUNCTION |
k »The function of the c:1rcu1ts on this card is to detect, amplify, and shape the
pulse mduced in the sense winding when a magnetlc memory core switches

,;;’state dunng the Read phase of the memory cycle. The pulse produced durmg
the Write portion of the cycle is not detected, = ,

" During the rest state, the circuit output is a logical "1" of approximately -5, Tv. i
. When a core is read, the output switches to a logical ""0" of approximately -0.5v.

;.The circuitsvare restricted to driving AND loads, only. :

 OPERATION . | |

- The Sense Ampllfler circuit consists of a grounded emitter PNP transmtor with S
‘a tunnel diode between base and ground, = The tunnel diode prov1des a noise :
threshold re;ectlon level and results in an essentlally square output frorn the =~ \
~ circuit, ' ' ’

~In its low- -voltage state, the tunnel diode holds transistor Q01 cut off. The circuit
output is then produced by the voltage-dividing action of R02 and R03 and stablhzes
~at approximately -5.7v. The effect of the load is negllglble since the circuitis
‘restricted to drlving' AND loads, only. ‘ ' ' :

The tunnel diode in its high~ voltage state places a forward bias of approxxmately

0. 5v across the base em1tter junction of QO1, causmg QOl to switch on and conduct
: heav11y. The output voltage becomes equal to the collector voltage of Q01 plus the 4
drop across diode CROl and is approx1mately -0. 5v. . ‘

The output produced when a memory core sw‘it‘ches sta’ce is approximately 0.47 mv.
k’ Durmg the Read phase, the core outputs are of a polarl’cy such that pm 4 of the o
input transformer goes negative. The 0. 47 mv mput is mcreased by the 1;:8 voltage
fstep~up of the mput transformer. . '
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1/0 SENSE AMPLIFIER
CARD TYPE C86

l .. SAME AS ABOVE

-20vV T.R
RO2
26.8K CROI
P o
ROI -
: 270 v 2200
2 : @ M y QOl
10T} ¢soT QoL B03
6 J 5 TDOI col '
30 2) : -
: \&/ ,CD—]— GE =
: = TD=1 =
N -
4 o— _ . r——oe
| ' SAME AS ABOVE :
i
5o——l , | .
— = | |
10 o—j : l-.—-'o 12
l SAME .AS ABOVE |
T o--—l . | e
‘13'0——1 '

s

NOTE .

A SENSE AMPLIFIER IS Resrmc-rso TO DRIVING
“AND" LOADS, ONLY. -
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Initially, the tunnel diode is in its low-voltage state and the circuit is providing ‘
a "1" output, The tunnel diode remains in its low-voltage state as current through
it increases, until it reaches the '"peak'" of its characteristic curve where Iand V.
~ are approximately 1 ma and 65 mv, respectively. A slight increase in current
_puts the tunnel diode in the regenerative region and the voltage increases almost
_instantaneously to 500 mv. This causes Q01 to conduct and ’éhe circuit o’utput .

- switches to "0". The tunnel diode remains in the high-voltage state until current
t‘hrc_)ugh,it' decreases to approximately 0.12 ma., This is the characteristic curve_";_f
"valley", and at this point, the voltage drops almost insta»ntarieouélyk to appmxi?'
j?ma’cel;} zérb,' This cuts off transistor Q01 and the circuit output returns to "_1'_".:' =
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1/0 MEMORY DRIVER
- Card Type c8T

FUNCTION . . , . .

The function of this circuit is to 'provide drive current to a memory unit upon
‘receipt of a =5, 8v '"1" 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 four-way logical AND input, meaning that all inputs must be
“at the -5, 8v ""1" level in order for an input to be sensed. A 1.1v "0" on any
_input will disable the AND. An unused input acts as a steady "1 if left open,
or as a steady "0'""if grounded.

An input level-shifting action is provided to the base of Q01 by resistors RO1
and R02, and the 3.5v zener diode CR05. . The zener diode CRO5 is reverse= |
biased so that its operéting 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. 1v "0" inputs, zener diode CRO5 holds the base of Q01 sufficiently
positive so that it conducts heavily. Transistor Q01 is held out of deep satu~
‘ration by CR06, and its collector voltage is approximately +0.5v. The collector
voltage of Q01 is applied to the base of Q02, which is connected as an emitter :
_'follpwer. The emitter voltage of Q02 is therefore equal to its base voltage less
the base-emitter junction drop, and is approx1ma1:e1y -0.1v. The emitter voltage
~of Q02 is applied to the bases of Q03 and Q04, which are also connected as
fl»:emitter followers., The emitter circuits of Q03 and Q04 thread the memory plane o
. and terminate at a Di\'}érter cifcuit thus the emitter vOltage of Q03 and Q04 is :
. approximately +0. 9v;‘ The -0, 1v input from Q02 therefore back blases the base-
‘ emitter junctions of Q03 and Q04, cutting them off. o
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A -5,8v "1" input results in approximately -2. 3v at the base of Q01, so that Q01
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 ma, In addition,
the voltage drop across R05 holds the collector voltage of the transistors at a
relatively lowlevel, ‘The collector of QO1 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 1ines
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 ciréuit, pin 10 must be
grounded. This allows capacitor C01 to become charged while the circuit is not
providing drive current. When transistors Q03 aﬁd Q04 switch on, CO1 discharges
into the drive line, providing an initial high current surge. With Q01 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 Q03 and Q04, and is approximately +17, 8v during the initial high current surge.
As capacitor CO1 becomes discharged, the voltage levels within the circuit decrease

toward the values given in the preceding paragraph.
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| 1/O MEMORY DIVERTER
. Card Type C88

~ FUNCTION | o
" 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
=1.1v. The drive lines are energized with half-currents of 200 ma or full ‘

 currents of up to 800 ma peak by the- circuit contained on a Driver card C87.

- providing drive for Q02 and Q03 The +0, Tv 1nput from QOl causes Q02 and

- Each drive line terminates at one of the output pins of a Diverter card, and the_
‘circuit 1s completed to ground allowing current to flow when transxstors Q02
 and Qo3 sw1tch to the conduction state. |

OPERATION . » HUEmR O &
_The circuit has four 1oglca1 OR inputs, and transistors Q02 and Q03 switch to
“'the conduction state only when all inputs are -1.1v"'0", A -5, 8v "1_" on any
. input holds Q02 and QO3 in the cut off state, = R

gy‘jliyAn input level‘-'-"shifting action is provided to the base of Q01 by resistors RO1 .
. : ;o.nd R0O2, and ‘the 4, 1\t 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 approx1mate1y 4 v pos1t1ve with respect to the anode,
fﬁ,:-regardless of current ﬂuc’cuat1ons.

A -5.8v'"1" input results in approximately -1, 5v at the base of Q01, This cuts
 off Q01, since its emitter is clarﬁped at approximately -0, 8v by diode CRO7.
The bases of Q02 and Q03 are also clamped at approx1mate1y -0, 6v by dxode
 CROs, and since their emitters are grounded, they are cut off.

If all mputs are at the. 1 1v "0" level, zener dlode CR05 holds the base of Q01 |
at ‘approx1mately +1. 4v. ThlS causes Q01 to sw1tch to a'state of heavy conductlon, =
~ but it is held out of deep saturation by diode CROS6. Transxstor Q01 is connected |
as an emitter follower, thus its emitter voltage rises to approx1mate1y +0, 7v,’

‘f,iQOS to switch on and conduct heavﬂy, ‘but they are held out of deep saturation
f‘;’r: by lede CR()&’ e B , : ; « i ; , I
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I/0 MEMORY DIVERTER

'CARD TYPE C88
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AMPLIFIER SHAPER
t Card Type C89 ‘

~ FUNCTION ; L | SR
; " The function of this circuit is to convert the sine wave output of a cryStal
_osculator into a chain of -5.8v. "1'" pulses of approximately 0.2 microseconds
duration. 'The input is a sme wave about ground with a peak-to~peak amplitude :
of approxlmately 3v. The -5.8v '"'1" pulse output is produced 1mmedlatelyvafterx
';:g:_,.'jthe input crosses the zero axis in the pos1t1ve- going direction. b
g;:};,‘OPERATION | £
The width of the output pulse is approx1mate1y 0.2 mlcroseconds and is deter-f, |
mined by the 220 microhenry inductance LO1. The repetition rate of the output '~
\ijjé,:’fisdetermin/ed by the frequency of the input gignal, - :

‘The input signal is applied to the base of transistor Q01, which is an NPN L
:1?"-5"8111(:011 type CDC C04. In this application, it is used as an emitter follower .
', jcurrent amphﬁer provxdmg drive current for trans1stor Q02

v Tran51stors Q02 and Q03 are CDC 1321, which is a hlgh speed NPN s1hcon .
type having a gam—bandW1dth of 1 kme. Each of these transistors has a base to :
j collector tunnel d1ode network which produces an essentxally square waveform
~and establishes its voltage level. ‘

| '- ' The tunnel diodes used are type TD-1. This is an axial tunnel diode having

~an Ip=1 ma and a pr =500 mv. Assuming an ideal case, the three tunnel diodes .,
connected to Q03 would switch at 1 ma with a composite pr 1. 5v Due to slight =
“individual differences, no two tunnel diodes will ever switch at exactly the same -

'?*i*pomt but the chfference is negligible in thlS high speed apphcatlon

As shown m the accompanying dxagram a positive-going mput results ina’

~5 8v "1" output of approximately 0.2 microseconds duration. As the input goes
: '_pos1t1ve QO1 prov1des drive current to Q02 so that. it switches to a state of heavy v
conduction. Th1s results in minimum current ﬂow through TDOL so that 1t swa.tches ;

' 3'104



©INPUT

Q02
OLLECTOR
VOLTAGE

Q03
OLLECTOR
/OLTAGE

+1.5V .

ov

-15V

+i.2v
+0.7v

C+22v

407V

“l‘“ )
OUTPUT

. i’non

"601-€

-5.8V

=LV

J::::::]

"ﬁ*‘ '}f%é@

Qoli

W] [ [— | R— | - R
CARD TYPE €89

+20V

ROS
2.2K

TEST

Lot
220
ph

coc
04 yrpol
| .CROI ~RO3 .
p—V\V\ -
: HD2969 100 - [
“RO2 - RO4

680

-

,1l

-20V
RI4 RIS RI6
27K 2.7K 470
CRO8
FDI032
R3S
. 2704
* TEST
CrRO4™ POINT
* @
CROS5
" CROS
1 * FD 1032
CRO6 A~//’—§\ Q05
k’/ cbe
25 cro7® o coz
' ‘ CRIO
HD2969
Qo4
coc
col
100 - )
* NOTE: |
?53?; L. TUNNEL DIODES TD—I
1321 2. *HD 4416

Q15 OUTPU



to its low voltage state. The collector voltage'of Q02 is therefore ap'prox’imatelyo i
~equal to itsibase-emitter junction drop of +0.7v, being a’ grounded emitter silicon :
 transistor. Transistor Q02 in its conductlon state allows current flow to mcrease
through TDO02, TDO03, and TD04 so that they switch to their high voltage states.

' This causes conduction through QO3 to decrease, and its collector voltage becomes
.- equal to the sum of the tunnel diode voltages and the base-emitter junction drop,

a total of +2.2v, Th1s voltage level causes Q04 to switch to a state of mlmmum
b conductzon and the c1rcu1t output becomes a -5.8v 1", | ‘

. The length of the -5.8v "1'" output pulse_is determined by the 220 'microhenry

- inductance LOl. The tunnel diodes are able to switch state almost instantaneously e

while current through the inductance increases exponent1ally. After a time of

= ’approxlmately 0.2 mi¢rosecond, current through the inductance will have °

~ increased to the point that the tunnel diodes are effecnvely by-passed and they

; return to their low voltage states. This reduces the collector voltage of Q03 to~

E approximately +0. 7v, which causes Q04 to conduct heavi.ly and returns the clrcuit

- output toa -1.1v "0",

, A negative-going circuit inpﬁt preven‘bs Q01 from providing drive current to

QO02. This allows current through TDO1 to inor‘ease‘, causing it to switch to its _

- high voltage state. Conduction through Q02 decreases and its collector voltage

~ becomies 'equal to the sum of the tunnel diode voltage and the base-emitter j'unction

m{"drop, a total of +1.2v., This provxdes forward drive to the base of Q03, holdmg
- the c1rcuzt in the qulescent state.

'I‘he portion of the cireuit consisting of Q04 Q05 and their assoc1ated ‘ ,
bxasmg network is quite similar to a loglcal inverter, wh1ch is discussed else-
" where. It is capable of driving 8 AND loads, 8 OR loads or any combmanon

B resultmg in8 loads total., S
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1/O0 EMITTER FOLLOWER
Card Type C90

FUNCTION :
J The function of the circuits on this card is to convert the outputs from the
brushes of a punched card reader into membry drive currents of approximately
200 ma, 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 Q01 cori-_
ducts heavily, enabling memory drive current to flow,

OPERATION A , A ,

. Inputs to the circuit are provided by a brush at the card reading statidn, 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 approximat'ély 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 Q01 to rise toward - -20v, The L
emitter of QOl is also at =20v, since it connects through the memory dr1ve line to k
a =20v supply. This puts QOl in the cut off condition, and memory drive current
is prevented from flowing,

An input of approximately ground allows Q01 to switch on and conduct heavily,

 The voltage applied to the drive line is =20v, less the drop acro‘ss\the Relay Driver
transistor and the base-emltter voltage of QO01, and is approximately ~18.5v, The i
- memory drive current is also the emitter current of Q01 and is limited by res1stors
R02, R03, and R04 to approximately 200 ma, The base current of Q01 is equal to the :
200 ma emitter current divided by hFE and is approximately 8,5 ma, The brushat: 5
- the reading station is therefore required to carry the base current of Q01 plus enough
additional current so that the voltage drop across ROI is approximately 19, 4v, a total v

of approx1mate1y 9,5 ma,
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:/o EMITTER FOLLOWER‘j'“‘
~ CARD TYPE C90

| roz,22Q |
| EEEEEA A cesm— » * RO4
: rRO3,338 |

r—-—-—-——-—-’vw--—‘-—-—- 829. ,
: ' '~. . N ‘. \3w g

\ Qre

C NOTES‘
. INPUT SIGNAL. LEVELS ARE:

A OPEN CIRCUIT, QOI CUTS/OFF. e
B, & GROUND, QOI CONDUCTS HEAVILY.

e

. SAME AS ABOVE - - p———o03 .

oUTPUT -

 SAME AS ABOVE . p——o13

SAME AS ABOVE . p———o0.5 e




READER LEVEL AMPLIFIER
Card Type C91

FUNCTION
| This card contains two identical circuits, the function of which is to convert
solar cell outputs from a punched card reader into logical ''0" signals of -1.1v.
The circuit input is driven by one of the solar cells at a card reading station.
. When the solar céll senses a hole in the card, the circuit output switches to a
-1.1v "0". If no hole is sensed, the output 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 +0. 4v and open circuit. .The +0.4v signal results when
light shining through a hole in the punched card activates the solar cell. Ifa
hole is not present, light will be prevented from striking the solar cell and its .
high impedance produces 'essentially an open circuit. Any leakage current will -
not be more than a few microamperes.

The two circuité;_.on“thi's card are single inverters having one OR input which
is fed by the network consisting of resistors R01, R02, and transistor Q0l1. In
- both circuits, the base of transistor QO1 is biased through resistor ROl to the
: -4 5v supply at pin 11, ' '

An open circuit input allows the -4. 5v supply at pin 11 to appiy a strong forward
bias to the base of Q01. This causes Q01 to conduct héavily arﬁd its éolléctor |
 potential becomes approximately,-o. 5v. The low collector voltage of Q01 is applied
“ to the cathode of input diode CRO1 and causes the inverter toprovidea -5.8v "'1" output. -

A +0 4v input reverse biases the base-emitter junction of Q01 so that Q01 is
cut off. Its collector potential rises toward -20v, but is clamped at. approx1mate1y
-6V by the input impedance of the inverter and the drop across R02. The -6v. . ,
, collector potential of Q01 is applied as an mput to the inverter and causes its - e
_ output to switch to a -1.1v "0". ‘

_ The remainder of the circuit is identical to a logical inverter which is
discussed elsewhere. It is capable of driving 8 AND loads, 8 OR loads, or any
combination resulting in 8 loads total.
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CHAPTER 4 |
MAGNETIC CORE MEMORY -

, ,‘ General

Magnetic core storage in the 3600 system is prov1ded by the 3603 Storage
Module. This module contains two mdependent 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 together durmg the execution of a program g1v1ng a total memory capacity
of 32,768 words.

The lengt_h of the word stored in memory is 52'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 1.5 microsecond,

The ~1'1‘1<—::moryjopera;'tes ‘in‘the coincitent current ‘mode, ‘using currents of one
direction to Read and of the opposite direction 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 C05 and the Driver Card CO03,
which are individually discussed elsewhere. R

An over-all block diagram of a 16, 384-word, 52-bit mern‘ory is shown in figureyl-./

Magnetic Cores , . .
| The magnetlc cores have a nominal outside diameter of 0.032 inch. ‘The core :

'« ’spec1f1cat10ns and test conditions are llsted in table 1 and representat:we wave~

| forms are presented in figure 2,000k
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Table 1

. .Core Specifications -

’ lrvl, disturbed voltage "1", output on sense line :
| when core in '"1" state is read after being -~~~ 35 mv, min,
disturbed by a Partial Read current S

- WV, disturbed voltage "0", output on sense line

%' When core in "0" state is read after being. -
' disturbed by a Partial Write Current 9 mv, max. .
T, switching time *. - : - 0.35 to 0.45 microsecond
Tp" peaking timé * | | o ' 0.19 to 0.23 microsecond
* refer:ed te 10% of full Read coré §utput'. " | o
' ._ Conditions
- 'F“iilliReéd Current R .- 590 ma j_-_ 1%.
'Full Write Current o " ; ‘ - 590 ma + 1%
Partial Read Current - - | o 360 ma + 1%-
Partial Write Current S .. 360 mat 1%
Tr' rise tirrie of fgll current L o 0.1 microsecond, l‘inearr
Ty duration of full current e . . . 1.5 microsecond |
Number of Partial Read or Write Disturb Pulses 32 min, ‘
Se‘nsle Winding Termination AR G .50 ohms |
| Témperature - :‘i - y ‘; | - 40°C + 0.5° i

tdy . e
bt
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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 i
‘a cere, 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 two coincident 340 ma currents of the other polarity. "

~The inhibit line carries a current of 340 ma parallel to one of the half-current
drive lines, but in a direcfion opposite to the half-write current. Therefore, if
‘the inhibit cux;re-njfeis 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, | A '

The sense line has its two ends connected to a differential sense amplifier card,
. When a core switches state in either direction, the sense amplifier card pro- '
duces a logical ""0" output; however, this output is sampled only during the
‘memory Read phase, '

The mefnory core material has an approiimately rectangular hysteresis loop.

The high remenent magnetization of the core enables it to function as a memory
element. The magnetic properties of a core are represented by its hysteresis |

‘ loop shown in figure 4, in which magnetic flux dens1ty B is plotted as a function
of field 1ntens1ty H, If current flow sufflcz.ent to cause a field intensity of +H

is applied to the core, the flux density increases to saturation +B ~ When current '
is removed, ‘the flux drops to the re31dua1 value +B and stays there. |

- Apphcation of current flow in the oppos.lte direction sufflclent to cause a field
~ intensity of -H_| ‘reverses the flux density to “Bg. When current is removed, -

- the flux vdensity drops to the residual value. -.Br

' The basic memory cycle is composed of 340 ma half-current pulses capable of

, producmg a field mtensrcy of 1/2H m* A half-current pulse is 1nsuff1c1ent to
- switch a core; however, the co1n01dence of two half-currents results in an
- effective current of 680 ma, producmg a net field intensity which is sufficient
to sw1tch the core. o ' '
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Memory Plane

The wires threadmg the memory cores are strung across the center area of

square mountmg frames. The wires used to drive and sense the cores also hold i
.. them in plaCe. Each frame contams 16, 384 cores in a two-dxmensmnal arrange-
; ment called a memory plane. LN e

Thé cores in each plane are divided into four quadrants of 64 x 64 cores. . The e
four quadrants are effectlvely the sense quadrants, each quadrant contains ‘its it
;“Ef}’;'own separate sense hne. ‘ :

C A representative mernory plane is presented in figure 5. The X and Y dimensions
_ and sense .quadrant orientation are as they appear in the 3603 Module when vmwed
7’ Mfrom above, with the top of the page toward the front of the module. i

- For p‘urposes'of reference',v the four sides o_f the plane are designated "North"'_,
"South", "East", and "West'". - In the 3603 Module, the memory stack is placed
 with the "North' sides of the planes to the back. "South" is the side of the stack
~ nearest the card connectors and backboard w1r1ng. The other dimensions are .. y
. as shown in figure 5. RE Rt

Memory Stack

- A memory plane contains only one bit of each computer word ~and the 16, 384 core
locations correspond to the 186, 384 Word memory capacity. Thus, 52 planes are : )
k‘f*.‘ ‘needed to contain the 48 bits of information, the 3 bits of par1ty, and the spare

‘bit. = The 52 planes are mounted one above the other in a "cubic" arrangement .

Lo ‘called a memory stack, as shown in flgures 6 and 7. | o

;The planes are numbered sequentially from bottom to top, beg‘inning with planek -
00 and ending with plane 51. The 48 bits of information are contained in planes
00 through 47. The 3 bits of parlty are contained in planes. 48 49 ‘and 50 and j
the spare bit of each word 1s in plane 51. TR ' :

The half-current drrve hnes enter the stack at the bottom and progress from g

plane to plane to the top, where they are terminated by resistors approxxmately
i equal to their characteristic impedance. The drive lines are energized m the | ’
' manner of transmlssa.on lmes, thus each line exhibits a veloc:1ty of signal propa- '
i gatlon dependent upon its line constants and d1str1buted parameters. ol
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‘The time requzred for a drive current to pass through the 52- plane stack is :
approx1mately 120 nanoseconds. Tlmmg is prov1ded by a tapped delay line, so i{j )
that the sense quadrants and inhibit wmdmgs W111 be enabled in synchronism S

- with the progress:mn of the dmve currents through the 52 planes. o

 Windings o | | | |
A simplified‘i‘epresenta'tion of a memory ‘plane sense quadrant is shown in =~ - =
Z-ks,;,jjkfigur'e 8. 'For purposes of illustration, the number of cores has been reduced Sk
from 4, 096 to 16, but all other elements are as shown, )

"I‘wo coincident 340 ma currents on an'X and a Y drive line will intersect at one
o memory core in each plane, causing it to switch state. The remaining cores, ,
ff‘through which only one of the drive currents passes, will merely shift shghtly ’
-,;;along the hysteresis loop and w111 not switch state. :

f»ﬁf’ The rapid flux eh»ange when a core switches induces a voltage on the sense line .
of approximately 35 mv. . This appears across the differential amplifier inputs
. of the Sense Amplifier card type C06, and results in a logical "'0" output. This.}f
output occurs when any core in theusense 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 switohed to
the "1" state during the Write phase of the memory cycle. The dr1ve currents,."j":k{_-;f
Cif allowed to act freely, will switch all 52 cores to the "1 state, representmg Ji
y“a computer word in which each bit is a-""1". Each of the memory planes is ‘
"itherefore prov1ded with inhibit lines, so that the core in that plane can be pre-

_ vented from switching, in case that partlcular bit: of the word is to be a "0", The
‘magnitude of the inhibit current is approxlmately 340 ma, and the direction of
f10w is opposite to one of\the half-write currents. Thus one half-wmte current
is effectlvely canceled and the core does not change state. 4

The approx1mate t1mmg of a memory cycle is presented in figure 9, with repre-
sentative waveforms. Informatwn access time is approximately 0. 5 mlcrosecond
- and the time for a complete Read-Write cycle is approximately 1.5 mlcrosecondo. .
. However, these 'times apply‘ .only to the memory stack and associated drive and .

- sense circuits, and do not include time required by the logic of the 3603 Module,

14
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| REPRESENTATIVE MEMORY CYCLE WAVEFORMS
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‘In'a Write "0" operation, the flow of inhibit current will induce an appréciable _
- amount of noise on the sense line. Therefore the following Read operation must
' be delayed until the noise has died away sufficiently to allow a "'0" to be sensed.

- Sense Line

" A simplified example of a sense line is shown in flgure 8. One sense line
threads all 4, 096 cores in a sense quadrant thus each memory plane contams
4 sense lines. Each sense hne is continuous and the two ends are brought out

~ at terminals near a corner of the plane.

- The resistance of a sense line is approximately 22 ohms. It is essential that .
the total resistance of the sense line and amplifier input leads be kept small, -
in order to avoid excessive signal attenuation. |

Inhibit Lmes , . : : S

"The inhibit lines in each plane are arranged 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 energiied in
groups of 2, so that 1/4 of a plane, 4, 096 cores, will be inhibited simultaneously.
However; the 2 stripes aré located in opposite halves of the plané, so that only '
1/2 of 1 stripe, 1,024 cores, is within any one sense quadrant This is shown

in flgures 10 and 11.

-To di-minish induced noise, the direction of the inhibit lines is rotated 90° from

plane to plane. In odd numbered planes (1, 3, 5, ---47,49, 51), the inhibits run
“parallel to the Y drive lines and opposé the Y half-write currents, In even »
numbered pl'anes' (0, 2, 4, ---46, 48, 50), the inhibits run parallel to the X drive

:~11nes and oppose the X half-wrlte currents. Co

Ty‘p1cal c1rcu1‘cs of 1nh1b1’c lines for odd and even planes are presented in flgures E
S12 and 13, All external w1r1ng is twisted pair, and the 120- ohm terminating , 4
~ resistor is non-mductlve. The d-c res1stance of an inhibit lme is approxlmately

;‘.13 ohms.

e
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 EVEN MEMORY PLANE
| *SOuUTH"

177

P
iRk

e ——————
JCOUNOIRSS—— W

3 -
16 LINES

- i6 LINES

16 LINES®
16 LINES

100

16 LINES
{
16 LINES

"T““YE’ASTH:.
\l
~
“WEST 1}

o
16 LINES
0 .
16 LINES

37
~ 20

’,00»

77
— 160
— 157
—+— 140
—] 137
—~ 120
—— 17
—— 00

100
77

. 60 -
—— 57

3 / N "NORTH"
i,'NOTE. ~ L , |
l‘ DIRECTION OF lNHIBlT LINES IS" ROTATED 90° FROM PLANE TO PLANE S

2. INHIBIT CURRENT OPPOSES Y HALF-WRITE IN ODD NUMBERED PLANES; |,3,5, ETC. -
A 3. INHIBIT CURRENT OPPOSES X HALF*WRITE {IN  EVEN NUMBERED PLANES 0,2, 4, ETC( :

Flgure 9



"easT"

\\W ; OCTAL
: , ’ , 3 77 =

INHIBIT STRIPE CONFIGURATION
" souTH"

ODD MEMORY PLANE

T

16 LINES — —_
— {60 -

2 167

16 LINES

140

137

|
16 LINES

120

1z

]
16 LINES

100

3 77
16 LINES —

i
Tl

2
16 LINES

40
37—

|
16 LINES

20

0
16 LINES

00

e B ~ ool7r | - ool

o

- "NORTH"
NOTE: ~ - AT
. DIRECTION OF INHIBIT LINES IS ROTATED 90° FROM PLANE TO PLANE:
2. INHIBIT CURRENT OPPOSES Y HALF-WRITE IN ODD NUMBERED PLANES; I,3,5, ETC.
3. INHIBIT CURRENT OPPOSES X HALF-WRITE IN EVEN NUMBERED PLANES;O, 2,4, ETC.

-—

Figure 10

4219

) "WEST 113




~ INHIBIT CIRCUIT
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~ To minimize effects of capacitive cdupling between the inhibit lines and the drive
~ lines which parallel them, the inhibit lines are energized in a manner such that : !
' the direction of voltage change is the same as the direction of voltage change in ,
" the parallel drwe lines carrmng half*wmte currents. . e |

The inhi'bit lines are energized by a power suﬁpply‘of +40v. In even numbered =

. planes, current flow is controlled by an Inhibit Generator card type C04, which
switches the end of the inhibit line to ground so that the voltage change within b
.ffif]the plane is from +40v toward ground. In odd numbered planes, current flow is
~ controlled by an Inhibit Generator card type C00, which switches the +40v into o
theA‘inhibit line so that the direction of voltage charige within the plane is from

- ground toward +40v. In a manner similar to the X and Y drive lines the inhibit
lines are also treated as transmission lines. The characteristic impedance of :

- an inhibit line is approximately 140 ohms. - A terzhinating resistor of 120 ohms

a is in series with each 1nh1b1t line. Although this valpe produces a shght 1rnpedance
nnsmatch the resultmg current flow from a 40v supply is approxlmately the
nf‘requlred 340 ma, o '




:Drive Lines . I '
A 52-bit computer word consists of 1 bit in each of the 52 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 continuous Wmdmgs which thread the en‘ure stack, as shown in -
_ fzgure 14,

A typical drive line circuit is shown in figuré 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 threadmg
the entire 52~plane stack is approx1mate1y 29.5 ohms,

‘The half-current drive lines are energized in the manner of transmission lines, |
The characteristic impedancelof a drive line is épproximatelylSO'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 ma.

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 CO05 cards into the center- tapped primary }
windings of two of the transformers on card type C10." The current may then ﬂow ' i
in either direction through the primaries to ground, as controlled by the C03 ‘
cards. It is seep that the transformers each have two secondary windings con-
nected in series with the half-current drive lines. Aléo, ‘one pair of windings

- is connected‘opposi'tely from the other, so that under any set of conditions of

current flow in the primaries, one set of secondary voltages adds while the other

_ set cancels. Thus it is possnble to produce current flow in either dlrectmn on -
either dr1ve line by enabhng the proper combmatlon of circuits on the C03 cards. =
ity A .

s}

SN
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Durnmy Drive and Inh1b1t

‘In order to hold a constant load on the memory power supphes, dummy load ]
_ c1rcu1ts are enabled durmg times when the memory drwe or inh1b1t circuits are
"not carrying current.’ The arrangement of these dummy load c1rcu1ts is presented
_in figures 16 and 17. |

The drive line circuits contaixi dummy loads in the Gate selection scheme'of .
both the X and Y coordinates. Each coordinate contains 8 Gate vcard's,‘ each of

tji;l'f"whlch carries a current of approximately 900 ma. However, only one Gate card
. is selected 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
'ji_‘»,whlch drives a current of approximately 400 ma through a 50-ohm, 10- watt, ;non- o
inductive load resistor. ' '

The inhibit circuits contain a dummy load for each i)lane, -in-the Inhibit Generator
‘[“f(_ selection scheme,  Four Inhibit Generator circuits are required per plane ‘and =
© a fifth circuit is included as a dummy. This fifth circuit is a Dummy Inhibit L
i Generator and is contained on card type co9. -The Inhibit Generators are selec-
"’if‘l‘qted one at a time, and when all four are turned off, the dummy is enabled. The, "
dummy circuit drives approx1mate1y 340 ma of current through a 133-ohm, 25~
watt, non-inductive resistor. The 133-ohm resistor is approximately equal to .
: the sum of the 13- ohm d-c resistance and the 120- -ohm termmatmg reSJ.stance of

an inhibit line. |

: Transp_os1t10n of Drive Lines

‘iv'The drive lines enter the stack at the ‘bottom, progressmg upward from plane ‘
"l’_to plane with the terminating resistors at the top. -Referring tosfigure 5, it is
. seen that the four sides of the stack are referred to as. "North” "South", "East', "
‘and- "West" as shown. ’ | g

-:".‘The even (0 2, 4, 6 etc.) X drlve lmes enter on the "North" side, and the odd b
{;;:(1 3,5,17, etc.) X dnve lines enter on the "South' side. Slm11ar1y, the even and

tv_{"odd Y dnve lmes enter on the "West" and "East" s1des, respectlvely.

- 428
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-~ TYPICAL FOR ODD PLANE (1,3,5, ETC)
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To minimize induced noise in adjacent drive lines, a drive line transposition

~ occurs 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-p1ax‘1e"
stack. |

The following charts list the drive line transpésitio"ns 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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