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PART 7
MEMORY ELEMENT

CHAPTER 1
INTRODUCTION

ca1
1.1 GENERAL

The memory element of the Central ¢ nmpurer is a
mm-controlld largecapacity. randum. access, high-
W storage facility which provides for the semiperma-
pent storage of all information (operating program,
raw data, and processed results) required for or result-
ing from the normal vperation of the ( entral Com-
puter. Since the memory storage dircuit: do not dif-
ferentiate between instruction words and data words
(raw or processed). the theory of operation presented
in this part is based on the two rypes of memory cvcles
that affect memory operations; that is, the memor read-
out and memory store cycles. The memary readour cvele
(eqmivalent to PT, OTA. and BO machine (y ley) results
in the transfer of 2 memory word out uf 4 specific mem-
ory location: the memory store cvcle (equivalent to
OTs and Bl machine C}’Clﬁ) resulrs in (lcarmg the spe(i.
fied memory location and storing the desired memory
word in the cleared location. Each tvpe of memory cvcle
sequires 6.0 ysec for execution.

1.2 BLOCK DIAGRAM ANALYSIS

A block diagram of the memory elerment is shown
figure 7—1. Although the dhree memory address
is acsuaily an insegral part of the asser j.ced memorv
device since it is used to condition the inrernal address
selection circuits within that memory. Lach of the three
m&"kﬁi’aﬂtdﬂoﬁngdiﬁnm( quantities
 of information: core memory 1 has a wirage capacity
of 65,536.1,, memory words, core mematy 2 has a stor-
age capacity of 4,096,,,, memory words, and test memory
has an effective storage capadity of 16, ... memory words.
mwﬁdiﬂeﬁddﬂtore‘mq
. devices is a 3-dimensional ferrite core array. Test mem-
‘mw’.mwwhmdnmﬂly
wised control pamel, two toggie switch regiscers, and a
Bip-flop register. :
Mby&em‘cd&ewmm
to the three memory address segisters, and the subse-

quent application of a1 start-memory pulse o initate
the internal operations in the selected device. Concur-
rently, the memory buffer registers are cleared to pre-
pare them for the temporary storage of data to be
transferred from either the selected memory location or

from an external register, depending upon the rype of
cvcle in process. During the execution of a memory
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Figure 7—1. Memory Element, Block Diagram
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readuvut cycle, the contens of the specified memory loca-
tion are wramferred o the memory buffer register ap-
pmﬁmdy&epudm&ccyckwahit'ned.m
. memory buffer segister conmenes are then transferred to
‘2 specific computer regisser as directed by a computer
conmmand. Since the core sasmory devices operate on the
principle of destructive readout (the information con-
_ tained in the selected care register is erased). the lacter
puthaof!hmywcyckismdms(on
the memory buffer contenes back into the specified core
wylocaion.bm'ngtheexecudonofammory
store cyde, the first 3.0 usec are used to erase the con-
tent of the specified memory location and to transfer
the new word from one of the computer registers to the
memory buffer register. During the latrer portion of
this memory cycle, the === information is stored in
the cleared memory locason.

The parity dircuits asodated with the memory
buffer register provide a2 meaans of checking the accuracy
of information transfer imtn and out of either of the
core memory devices. During each memory store cycle, a
parity bit is assigned to the memory word (33rd bit of
memory word) before it is stored into the specified core

R

memory loc.on During each memon readouz cvdle,
the pariny bi: is (hevhed to determine whether the imnial
transfer intu and the present uamfer out of the core
memon were arately accompinhed. If the parity
check shows that ..ie niemon word is in error. 2 panty-
alarm signa! i «oerated to inform the operating per-
songel of the =..fuaction. o

Since the -emory «torage devices and rhe panty
circuits opera‘e ndependently of each other. the de
tailed analyvsis ot cach of these circuit groups s pre-
sented in scparate independent chapiers of chis part.
Because the operauing characteristics of the two core
memor devices are identical. the principles «of core
mem:  storage are discussed separately in Chaprer 2.
This crapter, which analvzes in detail the characeristics
of ferrite cores and ferrite arrav wiring, contiins only 4

minimum amount of core memory circuit analvsis. Con:
versely, Chapters 3 and 4, which contain the detailed
theory of operation of the 64° and 256 core memory
devices, respectnnelhy, do not include an analysis of the
principles of tertute core storage and are limited to an
analysis of the logic circuits required to produce the
desired results.
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CHAPTER 2
PRINCIPLES OF CORE MEMORY OPERATION

2.1 ANALYSIS OF FERRITE CORES AND FERRITE

CORE ARRAYS

2.1.1 Characteristics of Ferrite Cores

The principal component of a magnetic core mem-
ory storage device is a ferrite core which possesses a
square hysteresis loop, a low coercive force, and a short
flux reversal or switching time. The ferrite core used in
the two core memory devices is composed of a mixrure
of ferric and manganese oxide powders which are
" bonded :ogether in the form of a toroid having an in-
side diameter of 0.050 inch (0.127 an). an outside diam-
eter of 0.080 inch (0.203 cm), and a thickness of 0.025
inch (0.0635 cm). A carefully controlied sintering or
firing process imparts the desired charactenstics to the
core. :
The usefulness of a ferrite core as a binany storage
device depends upon four important characteristics: the
ability of the core to remain in one of twc stable mag-
netic seates. the squaireness ratio, the switching ume. and
the ratio of coercive force to applied field required to
produce the major or saturation hysteresis loop. The
major hrysteresis loop of a typical ferrite core. which 1s «
ploc of flux densiry (B) versus applied magnenc feld
intensity (H), is shown in figure 7—-2.

Seorage ot binarv informatiuc in a ferrite core 1>
dependent on the ability of the core (0 retain a relauvels

% MONNINL. VALUE

large value of residual or remnant flux upon the ternii- |
nation of a dniving or switching puise of current. As
shown in figure "~ two primary states of residual or |
remnant flux density (B, and B ) are possible. and |
thesc have been defined as ihe zeru and one tates |
respecavely. To switch 2 core from one state (o the
other. it is necessary to apply a current pulse of I or 1| :<
ma (depending on the ninal conrent of the core) tn the
drive line that links the core. The resultant applied ficid |
of 820 ma-turns will saturate the core in the desired
direction, causing the Hux stite v reverse by travering
the loop path a-b-v r ¢ d-a. |
I)uring core muinorny aperition. the state of 1 (ore
v determined by apphving i read current rulse (1) to |
the drive line, and detecting the resuirame changes un
flux density by measuring the volisge induced w the
sense winding. If the core was initialiv in the one stae. §
application of the rcad (urrent puI;C (L) wil™ e
the core 0 be switched 1. the zero state (traversing path
ab-cin fig. T—2). with the resule thar 2 relativehy large
change in flux densitn (2B ) wili he detected bv e
sense winding (one output sagnald IF the e wma
initislly in the zer state, applwadon ot the read cutrent
pulse (1) =alh ot swvebh vhe - vw o CR Cbe 3o A
=2 1> tiaversed ), Wuli the cesait that « redativeh um-H
~hange 1n flux den iy will he deweain! T VL cerim e d
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which is defined as the squareness ratio (R, = B,/B.)
of the core. This ratio is imporeant in that it determines
the relationship between the amplitades of the one and

revo output sigmals. The magnitude of the zero output
sigmal decreases as the value of R, approaches 1, with
the result thas the difference between the amplitudes of
the ome and zero output signals becomes greater. Ferrite

Vv (MV)

cores used in the two core memories have a squareness TIME (usgC)
ratio greater than 0.95.
The time required to produce a flux change or flux Figur 7-3. Typical Response of a Ferrite Core
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reversal s of equal or greater importance than the
squaseness ratio. Figure 7—3 shows the rypical output
signals produced as the result of a read current pulse
(L) being applied to a core in the one and zero states.
As noeed in the figure, the 2ero output signal is not only
carlier and is of shorter duration. Since these differences
exist, it would appear that information derecton could
be accosnplished by either a time-amplitude or a differ-
ence-amplitode sampling rechnique. However, in a prac-
tical core memory, a time-amplitude sampling technique
must be used because the noise signals generated in the
memory (discussed in 2.4) make the difference-amplitude
sampling technique unfeasible. The time required for a
core to switch from one state to the other is defined as
the switching time, T.. This time is actually measured
as the elapsed time between the time thar the driving
current pulse reached 50 percent of its amplitude, and
the ume ar which the one output signal has dropped to
10 percent of its peak amplitude. The switching time for
cores used in the memories is approximarely 1.2 usec for
an applied field of 820 ma through a 1-turn drive
winding.

The coercive force (H.) of a magnetic material is
defiped as the maximum value of field intensity that can
be applied without causing a change in flux polarity. The
ratio of coercive force (H,) to saturation field intensity
(H,) is as important to proper memory operation as the
squar:ness ratio (R,) and the switching time (T,). Since
the coercive force (H.) of the memory core in use is

29

[ 4 .4
| w w
| 2 2
4 x
=3 o
> >
] *
b
»
¥
X DRIVER
»
X ODRIVER
1 4 L]

Y ORIVER |

Fervite Core Chasmcteristies
21.1-212

greater thaa ooe-half of the saturacon field intensity
(equivalens to I, 2 and 1.2 mn hyg. 7—4), it is not suf-
fident to cause ti.e core to switch from one state to the
other. As a resuit of tms characterustic, the core switching
function can b+ and is, performed by two separate 1-turn
drive lines, ear™ actuared with !, the drive current re-
quired to swith a core. As noted in figure 7—4. the two
single-turn drive lines. labeled X and Y, are wound
through the core in the same direction so that the in-
dividual magnedic fields set up by these two windings
will 2dd direcuy when the drive lines are energized by
~urreq pulses of the same polariy. Since each drive line
is snrplied with half-amplitude current pulses (1> the
current required to switch the care), both drive lines
must be pulsed tn coincidence in rder to switch 2 core.
A study of the hvsreresis loop reveals that applicatinn
of individual half amplicude current pulses of eicher
polarity does produce small changes in the flux density
of a core (in fact. alternate polanty pulses produce the
four remnant states of the two minor hysteresis loops):
however, uader no conditon wili a half-amplitude cur-
rent pulse cause the core to switch fron ore state o the
other. It 1s this important characteristic of the ferrite
core that makes it possible to design a ferrite memory
array that will operate on a coincident current me:hio !
of address selection.

2.1.2 Characteristics of a Ferrite Core Array

Figure 7—5 shows the square arrangement of fer-

rite cores in 2 memory plane (one of the 33 l.orizontal
layers of a ferrite core array) which contains the simi-
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larly desigmated bit of all the memory words stored in a
core memory device. Although the drawing shows only
the X and Y drive line wiring of 16 cores in 2 4 x 4 ma-
trix, it i representative of the core memory 2 plane,
~ which comtains 4,096 cores in a 64 x 64 matrix, and the
core memory | plane, which contains 65,536 cores in a
256 x 256 martrix. In additioa to being linked by the in-
dividus! X and Y drive Lines, all the cores of 2 memory
plane are Bnked by two additional wires (not shown), a
- senss windzag and an inhibit winding.

In coastructing a fesrize core array, the 33 memory
planes that comprise the array are stacked vertically and
the X and Y drive lines of each plane are connected in
series with che similarly positioned drive lines of adja-
cent planes so that one current driver can be used to
control the associated X or Y drive line of the 33 planes.
That is, che individual X and Y drive fines are series-
coanccted so that one current driver will affect the simi-
larly positioned row or columr of cores in each of the
33 planes. As a result of this wiring scheme, each pair of
mutually perpendicular drice lines (one X and one Y)
intersects a1 the same poiat in each of the 35 planes to
mutually hok the similarly positioned core in each of
the 33 planes of the array. That is, each pair of X and
Y drive lines mutually links a specific vertical column of
33 cores (one in each plane).

During core memory operation, selectiva of a4 spe-

_cific memory register (a verucal column of 33 cores) is
accomplished by conditioning nne X and vne Y current

. driver. Subsequently, the two conditioned drivers are

actuated s thar they will samultaneously generar~ half-
amplitede read and half-amplitude write current pulses
in the sequence aoted in figure 7—4 Since the two drive
lines thas iink a core (ig T—5) are wou.d through the
- core in the same direction (with reference to the asso-
~ciated dirives), the individual magnetic fields set up by
7" these two sedected drivers will add at the point of inter-
- section. Because each currest driver can cnly supply

" half amplitude current pulses, only the cores at the 33
" intersections of the two selected drive lines (one core in

each plane) will be affected by sequentially applied mag-
oetic fields of plus and minus 820 ma-turns (fully se-
lected); afl the other cores on these two drive lines will
be affected by sequentially applied magnetic fields of plus
and minus €10 ma-turns (half-selected). The sequential
. application of magnetic fiedds of plus and minus 410 ma-
*. tarns will sot produce any change in the status of any
= of the halfselecred cores (fig. 7—4). However, the se-
quentis] application of magnetic fields of plus and minus
_ 820 ma-turns to the 33 selerted cores (one core in each
- plane) will cause each of these cores to be switched first
.. to the zero state and then to the one state. Since normal
‘memory opesation may require that individual cores of
theseiecwdmryregm(onecmmeachphne)
_remain in the zero state at the end of a memory cycl
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separate (-ntrol is provided for each plane which when }
actuated ill prevent the minus 820 ma-turn applied
field from switching the associated selected core to the |
one state. Thic _ontrol to inhibit the writing of a 1 in
the selected ¢ r+ of an individual memory plane is ac-
complished by . digit plane driver. When conditioned,
the digit plar._ driver can be actuateci to generate a nega.
tive current julse of 410 ma cn its associated one-turn
inhibit wi:.ding in coincidence with the half-amplitude
write current pulses that are applied to the selected X
and Y driver lines. The inhibit winding. which linl- all
the cores of a single memory plage. is wound s that it
ipphed field opposes the individual magneuc fields set
up b; the X and Y drive lines when the latter ure cner-
gized by half-amplitude write current pulses.

As a result. the coincident application of these three
current pulses to the selected core of a plane wiil pro-
duce a resultant magnetic field of minus 410 ma-turns,
which is not sufficient to switch the selected core from
the zero to the vne state. Although the inhibit current
pulses alsor affect all the other cores of the plane. it will
not produce any change in the status of anv of these
cores. The detailed analysis of how the digut plane
driver is controlled to perform its function is given in
2.2
2.2 CORE MEMORY CYCLE ANALYSIS

During nurmal computer operation, either of the
two core memory devices cin be individualiy selected to
perform either of two distinct functions: to supply 4
previously stored word (o the computer (resdout ¢ydie)
or to store 4 new word supplied by the computer ( oore
cycle) For either of these two cvcles. the Centrai € o
putei nuse specify whebh particular memory  register
(.ertical column of ~nes) s to be involved 1n the ub
sequent memory operation and in wiuch direction intor-
mation is to be transferred. In additcn, the Central
Computer must also generate a start-memory pulse to
actuate the internal memory circuits. As a result, at the
beginning of every core memory cycle, the following se-
quence of events is performed by computer commands:

a. At TP 0, the memory address register, the mem-
ory buffer register, and the internal memory con-
trol circuirs are reset to a neutral or starung
condition.

b. At TP 1 (approximately), the desired address
informadon is transferred to the memory ad-
dress register, which funcrions to condition the
pair of current drivers (one X and one Y) that
are to be actuated during the subsequent portion
of the cycle.

c. At TP 1 (delayed), a start-memory pulse is ap-
plied to the memory pulse distributor (a tapped
5.5-usec delay line) which functions to control all
the internal memory operations required to com-
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In performing its function, the memory pulse dis-
tributor provides delayed start-memory pplses to actuate
the conditioned X and Y current drivers so that they
will both geserate a half-amplitude read and a half-
mﬁn&mwpubeincbemnotedin
figure 7—4 In addition, delayed start-memory pulses
are also supplied to the digit plane driver controls so
that each cenditioned digit plane driver will generate an
inhibit cusrent pulse in the sequence noted in figure
~_4. Because the read, write, and inhibit current pulses
are generated in the same sequence for every core mem-
ory cycle, the analysis of internal memory operations
consists of defining the function of the read and write
portions of the cycle.

Since all memory cores function in the same man-
ner, the following discussion on the details of the mem-
ory readout and store cycles will be based on the single
core shown in figure 7—4, which represents the core at
the intersection of the selected X and Y drive lines of
one memorv plane.

2.2.1 Memory Readout Cycle

The read portion of a core memory readout cycle is
used to determine the status of the selected core. Since
the magnetic fields set up by the selected X and Y drive
lines add st their point of intersection, a magaetic field
of 820 ma-turns will be applied to the selected core
upon the generation of the coincident (X and Y) half-
amplitade read current pulses (1,/2). If the selected core
initially contains a 1, the applied field will cause the
core to swisch its magnetic state and the resultant flux
change (approximately 2B,) will induce a one output
signal (fig. 7—3) in the 1-turn sense winding that ".nks
all the cores of the associated memory plane. This sig-
nal, when amplified by the sense amplifier. will condi-
tion the associated gate tube. The gate tube is sensed by
a sample pulse (delayed start-memory pulse) at a spe-
cific time (that is, at the peak of the amplified 1-output
signal), and the resulting output pulse is used to set the
associated memory buffer register flip-flop to the 1 state.

If dbe selected core initially contains a 0, the ap-
plied field cannot cause the core to switch, although a
small flux change will result which induces a zero output
signal (g 7—3) in the sense winding. However, since
this induced signal is small, the associated gate tube will
not be conditioned when sampled, and the memory buf-
fer register flip-flop will remain in the zero state.

Thus, a2 the end of the read portion of the memory
readout cycle, the selected core is in the zero state re-

of the initial contents of the core (destructive
readout), and the associated memory buffer register flip-
' flop contaims the initial contents of the selected core.
The contents of the memory buffer flip-fiop are then
transfeeved to the specified Central Computer register by
the appropriate computer-generated transfer command.

Y-y - - o

| Since a memory readout cycle requires that the initial
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contents of the selected core be preserved for fucure
reference, the write portion of the cycle is used to re-
store the selecied core to its initaal state.

Since the mem- 1y buffer register flip-flop contains
the information t¢ be written into the seiected core, this
flip-flop is used o control whether the selected core will
be switched to the one state or be made to remain in the
sero state. This control is accomplished by supplviag
either a conditioning or a deconditioning level to the
associated digst plane driver which, when actuated, will
generate a ncgative current pulse of 410 ma on the 1-
turn inhibit winding that links all the cores of the as
sociated nemory plane. If the memory buffer register flip-
flop ¢« aims a 1, its zero side output (- 30V level) will
decondition the digit plane driver so that an inhibit cur-
rent pulse will not be generated during the write por-
tion of the cycle. Under this condition, the coincident
(X and Y) half-amplitude write current pulses (I.:2)
supplied to the selected X and Y drive lines, which re-
sult in the application of a magnetic field of - - 820 ma-
curns to the selected core, will cause the selected core to
be switched to the one state.

If the memory buffer register flip-flop contains 2 0.1t
zero side output (4 10V level) will condition the digit
plane driver so that an inhibit current pulse will be
generated in coincidence with the half-amplitude write
current pulses. Since the inhibit winding is xound so
that its applied field will oppose the individual mag-
netic fields set up by the X and Y drive lines when the
latter are energized by half-amplitude write current
pulses, the inhibit current pulse. although actually nega-
tive, has the same effect as a half-amplitude read current
pulse w hich ‘s nositive. Under this condition, the nag:
netic ficlds set up iu the sciezce? core by the three coin-
cident current pulses il add algebraically to produce
a net applied field of —410 ma-turns (eyuivalent to halt-
write), which is not sufficient to switch the core to the
one state. As a result, the selected core remains in the

zero state.
2.2.2 Memeory Store Cycle

The memory store cycle is very similar to the mem-
ory readout cycle in that the read, write, and inhibat
current pulses are controlled and generated in exactly
the same manner. In face, these two types of memory
cycles differ in only two respects. During the executon
of a memory store cycle, the sense-amplifier-gate-tube
sample pulse is not generated (inhibited by a computer
command), and the memory buffer register flip-flop is
loaded from an external source prior to the write por-
tion of the cycle. Since the memory buffer register flip-
flop cannot be made to reflect the status of the selecred
core, the read portion of the cycle effectively erases the

initial contents of the core by ensuring that the selected

core will be in the zero state prior to the write portion
of the cycle. During the write portion of the store cy-




cle, the new infosmation contained in the memory huf.
fer register flip-fop is written into the selected cure in
exactly the same manner described for the memory (ead-
eut cycle.

- 2.3 ANALYSIS OF FERRITE CORE OUTPUY

' SIGNALS

To simplify the previous discussions of the piin-

ciples of ferrite core operation, the simple waveturms

of fgure 7—3 were purposely used as examples ot the
output signals of both the selected ferrite core and the

sense winding of a memory plane. However, since the
semse winding links all the cores of a memory plane,
the sense winding output voltage actually represents
the summation of the selected core output voltage and
the noise voltages geaerated by all the other corev in
that plane. Since the output voltage characteristics (am.
plitude, duration, and polarity) of each core depend un
(1) dhe flux state of the core, (2) the amplitude, dura.
tion, rise and fall dme. and polarity of the curient

pulses that affect the core, and (3) the wiring geomerry

of the sense winding. the resultant amplitude and tim
ing of the noise voltages generated during a speaine
memory cycle depead on many variable operating cueli-
_ tioms. As a result, the sense winding output voltage wave.
form is a complex vanable in which the amplitude «f
noise spikes can exceed (depending on the operating
- conditions) the amphitude of a ONE output signal by a
~ facsox of 3 to 1. The present discussion is limited t.v an
. amalysis of the individual ferrite core output signals
~ produced under various operating conditions; the nuan.
ner in -~ hich the individual cores affect the sense wing.
ing output voltage is discussed in 2.4.

Since the output signal of a selected core i< sampled
during the read portion of 2 memory readour cycle, the
following analysis of ferrite core output signals is hased
on the core response to read-current pulses only. He.
cause the noise voltage generated during this portion

-~ of the memory cyde is produccd by the output signals
. from the half-selected cores (to be discussed in 24),

w this amalysis inclades the core response to both fuii.
. seleczed and half-seleczed cores.
. An examinatioa of the hysteresis loop of figure

" 7—4 shows that under normal core memory operation a
" ferrite core can be made to remain in one of five hagjc

remnsnt flux states. (Actually, the ferrite core exhiliy,
. nine distinct flux states; however, only the five basic
_ flux states will be coasidered in this discussion. The
~ four flux states thar are omitted are actually minor
. deviations of four of the five basic flux smes.) The hve
“ remnant flux states shown in figure 7—4 are identihied
- by symbols which designate the information status of
the core (ont or zero) and the polarity and amplitude
of the last curzent pulse that was applied to the care

prior to the memory cycle in process. (The manner in

which a core is made to exhibit a specific remnant fux
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state i discussed in 2.4.) If the last current pulse applied
to a core was equivalent to 4 full-amphicude current
pulse (summation of X and Y drive line current pulses
applied to a sele '~d core), the core is said 1o be in an
undisturbed st:tc (only the undisturbed one state is
possible). It t lase current pulse applied to a core was
equal to a half implitude current pulse (read. write. or
inhibit). the (ore is said 0 be in 4 disturbed state (r7.
wz. rl. and w1), and the half-amplitude current pulse is
said 1o be .« disturbing pulse. The distirbed fiux states of
a core are referred to as write disturbed or read dis-
turbed. depending on whether the la disturbing pulse
was o« calt amplitude write or 4 halt-amplitude read
currcas pubve. Since the inhibit current pulse is equiva-
lent w a half-amplitude read current pulse, a core that
is disturbed by an inhibir current pulse s considered to

be read disturbed.

The output voitage generated bv a4 core during the
read portion of a memory cycle depends upon the 1mi-
tial magnetic state of the core and the characteristics of
the read current pulse Since each of the five remnant
flux states can be affected by either half-amplitude or
full-amplitude (fuily «elected) read current ‘pufse\. 10
distinct output voltages are possible Figure "—6.lists
these output voltages by name and ssmbol and shows
the general waveshapes and voltage amplitudes thar wiii
be obrained for a typical core. In each case. the output
volrage symbol subscripes fully define the initial state
of the core as well as the amplitude of the read urren:
pulse that produced the voltage: As e example. on-
sider the svmbol |V, | The subscripts r and s cpeafy that
the core was in the read disturbed zec.. ~tate, am the
subscript nspecines thas t.oe core was acteg.ed by a ha'f
amplitude read current ralse. Absence o1 the wubscring
Sp-cifving current pulse amp'itude
core is actuated by a full-amplitude (selected core) read
current pulse.

Crdicates that i

A studv of the hysteresis loop of figure 7—4 reveals
that the remnant flux of a core in the resd disturbed one
{r1) or read disturhed rero (rz) state is not permanenti
changed by the application of a half-awpittude read cur-
rent pulse in that the respective flux path f-)-f or b-d-b
is traversed. As a resulr. the core output volage that s
produced under either of these two half-selected condi-
tions is a result of completely reversible flux changes.
Because these fl 1x changes are reversible. the amplitude
and duration of these two output voltages are directy
related to the rise and fall time of che applied current
pulse and the flux density of the core.

Since the flux density of a core in the read disturbed
zero state (r7) is slightly greater than the flux density of
a core in the read disturbed one state (r1). the amplitude
of the balf-select read disturbed one (-V..) output volr-
age is slightly greater than the half-select read disturbed

zero (V) output voleage (fig. 7—6).
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' A further study of the hysteresis loop of figure 7—4
mveals that the application of a full-amplitude read cus-
eeag pulse t0 a cose i any of the five remnant flux states,
or the application of a half-amplitude read current to a
care in the undisamsbed one (ul), write disturbed ome
(w1), or write diseurbed zero (wz) flux state will resait
#a an irreversible fiux change since the core flux does not
recmrm 0 its initimi state upon the termination of the
driving curtenst pulse. Table 7—1. which refers to the
hyseeresis loop of figure 7—4, specifies the flux path that
s waversed for each of the eight selected conditions that
resmle in an irreversible flux change. Since a reversible
component of flux change is also produced under the
abovementioned selected conditions, the output ‘oltage
generated in the sense winding is actually 2 summacon
of reversible and irreversible components of voltage. Be-
' camse the duration of the irreversible component of the
cutput voltagy is dependent on the total amount of flux
change and the switching time of the ferrite material
(refer 1o 2.1), the duration of the three full-selected
1-output signals (,V . .V, and .V, in fig "—3) s cm-
siderably loager in ame and larger in amplitude than
the five other irreversible output signabs (V... .V_ .,
«Vee «Va and .V, m fig. “—6). Examination of the
hysceresic loop of faguse 7—4 shows that the same amount
of ureversible flux change is produced when a half-
ampiitade read current pulse is appiied 1o a core in either
the wrise disturbed one state (w1) or the write disturb
zero suage (wz). However, since the flux switching rate s
slghtiv slower when the flux density of a core 5 being
decreased than when the flux density is being increased.
the write disturbed hailf selected zero (. V,,) vutpy - sig-
cai = shighdy greaser in amplitude and shorter in dura-
o than the wrue disturbed haif .elected one (,V )
~ owpux sigmel (6g 7—6).
24 SINSE WHEBNIG CONFIGURATION AND
OUTPUT SIGNALS
As staeed in 2.1, the semse winding of a memory
plane in cither of the two ferrite core arrays links all the
coees in thee plane In the core memory 2 array this is
accomplished by passing a single winding through all
the coses of the 64 x 64 core matrix. Since the memory
plane of the core memory array (g ~—7) is essentially
compased of 16 cose memory 2 planes (designated as
. subplanes), the sense winding of s core meinory | plaoe
iw of 16 imdividual semse windings, one in
" eath subplan- s s memory 1 plane, the individual sub-
hmmma-mdnampan&l
" menmer @ form 2 simgle memory plane semse winding,
- Singe che sense windings of both the memory 2 plane
amd the memory 1 subpisne atre emsentially identical, the
foliowing discussiem, which is based on tise memory 2
plene, is applicable 00 both core memwory arrays. The
amalysis of the seose winding output voitage is preceded

by a discussion of the sease winding geometry and che

B o sad dL
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TABLE 7-1. IRREVERSIBLE FLUX CMANGES

INITIAL REMNANT READ CURRENT FLUX PATH

STATE PULSE TRAVERSED
ul Full amplitude h-j-e-a
wl Full amplitude . g]-e-a
rl Full amplitude c-d-e-a
w7 Full amplitude c-d-e-a
rz Full amplicude b-d-e-a
ul Half-amplitude h-j-f
wi Half-amplitude - g-j-f
wz : Half-amplitude = <d-b

manner in which the memory plane cores are affected by
the read, write, and inhibit current puises.

2.4.1 Sense Winding Geometry

The sense winding of a memon plane is wired in a
specific pattern to provide for the opumum canceilation
of the noise voltages generated during the execution of
a memory cvcle. These notse voltages must be minimized
so that the associated sense amplifier can reliabl; dis
unguish whether the selected core corzamned 4 0 vr a |
The present discussion is timited to an analisis of the
sense winding geometry: the manner in which imice
voltages are minimized is presented in 2.4.3.

Figure 7—8, A, which iftustrates an 8 by & poruon
of the G4 \ 64 memon 2 plane matnx_ shows . he arrange-
ment of the ferrite cures and the manner in which the
X. Y. and sense windings are wound through these
cores. Alihoah the inkils mindisp whi ' 15 wound in
parallel to the Y drive unes o htih all the cores in the
plne, 1s referred (0 in subsequec. dirc e 0 has
been omicted in the diagram to improve draming clann
The arrowheads on the X and Y dnve unes indicate
the direction of current flow for rhe haif amplitude
read current pulses. The polarity sign associated wath
each core is used to indicate the polarity of the core out-
put signal that is induced in the sense winding as a re-
sult of a read current pulse. The planny of the core
output signal is determined bv using the right hind
rule to determine the direction of flux change that re.
sults from the application of a read current pulse and
then, using Lenr’s law, to determine the direction of the
induced voliage in the sense winding In aH cases, tke
polarity of the core output signal is refereaced to the
start terminal of the sense winding.

To illustrate the manner in which the sense wind-
ing polarity is determined, consider the ccre shown in
figure 78, B, which is used to represent the core in the
upper left hand corner of figure "—8. A. To determine
the direction of flux change produced in this core bv a
tudcurmtpd«se,gnspthe)(or\’ drive line in the
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Figure 7—7. Comporison of 64° and 256° Core Memory Planes

right hand with the thumb poinang in the direcuon of
cusresnt flow. The fmgers of the nght hund indicate r=.¢
the resultant flux change in the core 13 1n 4 counterd! Ak
wise directioa. Lemz's law seates that the (urrent wnh
flows = 2 result of 2n induced ‘oltage 1s such rhar
will set up 2 field w oppose the original change .t v
Since, in thes ennpk. the directior of e €0 change
has been determuned to be counterclockwise. :he fieid
salpby the semse winding must be in the clockwise di-
rection. To decermine dhe direction of the resultant cur-
rent flow in the semse windiag, grasp the semse winding
in dhe right hand so that the fingers point in the direc
toa of the magnetic field set up by the sense winding
(cdockwise). The chumb of the right hand points twward
the positive termimal of the sense winding. In this spe-
cific example, the end of the sense winding is the positive

terminal and the stare of the sense winding is the nega-

ave termunal. Mace 1he PUIATIIY §gn aswaale Wit 2

cofe s reterenced o the Al eIV T P T seane
windiie the core 1o this example ol coanthe
teaiarinn, The polinr S D . e de-

serraned an the same uanncr As ool oo
the cores induce ¢ oltages 1 the serse L vt ooonding

i $
¢ dennite polanits pattern inowrio the wn her of
posttave signs s equal to the number -t new 0 sigos.
Although the figure only shows an 8 \ 8 core matnix,

this polanie paitern also existy in the 64\ 64 core matnia.

2.4.2 Development of Disturbed Flux States

Prior to analysing the sense winding output volt-
ages produced during the execution of 2 memony read-
out cvcle. it is first necessary to consider the manner in
which the read, write. and inhibit current pulies will af-
fect the cores of a plane. As previously stated. during




the enecstion of cither typeof memory cycle, a specific
. cose is selected for operstisn by the spplication of co-
. incident haif-resd and haif-write carrent pulses to the
mutsally perpendicniar X snd Y dsive lines that link
. the selected core (w0 effecsively produce the full-read
and full-write carvent pulses sequired to switch the se-
lected core). Referemce to fignre 7—8, A, shows that, be-
camse of the coincident current ssethod of core selection,
¥ coses (63 oa an sctual plane) on each of the selecred
fimes will be affecsed by half-sead and half-write cutrent
_ pulses; that is, they will be half-seiected. The remainder
of the cores that ase not linked by the selected X and Y
drive Enes are oot affected by read and write current
pulses; therefore, shese coses are designated as now-
selecsed. Thus, during the sxecstion of a memory cycle,
the individual cores of 2 6 memory plane are designated
as fully selected (1 core), haif-selected (126 cores), or
- ssmselected (3,969 cores).

If che selected core is to comrain a 1 at the end of 2
memory cycle, then during the execution of the memory
cvcle the selected core will effectively be actuared by full-
read and full-write current pmises, and the 126 haif-
selected cores will be acemared bv half-read and half-
write cutrent pulses. The oomselected cores will not be
affeceed wnder this condition. However, if the selecied
cose is to contain a O at the end of 2 memory cyde, then
- s jmbilit catrent puise (egmivalent to 2 haif-read cur-
' remg puise), which is applied o the inhibit winding in
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voitage and the noise voltages generated by the 126

cH 2
cvincidence with the write current puises, will also be
generated during the execution of the: memory cycle.
As a resalt, all cores (full-, half-, and nonselected) will
be affected durir.y the write portion of this memory cy-
cle. Since the nagnetic field set up by an inhibit current
pulse is equal and opposite to the magnetic field set up
by a half-amplitude write current pulse, the simulcane-
ous application of these two current pulses to a core will
result in the effective cancellation of the two fields; that
is, the core will behave as if the two current pulses were
not applied. Thus, if the selected core is to contsin 2 0,
the selected core will be effectively actuated by a full-
read 7d a half-write current pulse, the 126 half selected
core will be effectively actuated by a half-read current
pusse only, and the 3,969 nonselected cores will be ac-
tuated by an inhibit current pulse (effecrive half-read).

Table 7—2 provides a summary of the sequence of
current pulses that are applied 10 the memory plane for
the two conditons of selected core content. Since the
table is based on the final content of the selected core. the
current pulse sequences noted in the tabte are spplicable
for both the memon readout cvcle and the memory
sture cvcle.

Since the remnant flux state of a core is detesmined
by the polarity and amplitude of the list applied cur-
rent pulse, a2 study of table “—2 and figure ~—4¢ will
show how each core 1s affecred under the tno cndi-
tons of selected core content. If the selected core s to
contain a 1 at the end of the memory oy cle, the selecred
core will be left in the undisturbed voe (') flux seate.
the individual half-selected cores will be left in the wnite
disturbed one (w1) or write disturbed rero (wz) flux
state {depending upnn whether the indv +dual core con-
aans o | Ui 4 U), and the .77 noaselected cores will re-
main stanc: that is, [ tneir ongin' fhey ware I the se-
lected core is 10 contain 4 U at the end of the memory
cycle. the selected core will be left in the anire disturbed
zero (wz) flux state and the individual half seiecsed
cores and noaselected cores will be left in either the
read disturbed zerv (rz) or read disturbed one (r1) flux
state (depending upon whether the individual core con-
tans 4 1 or a 0). From the sbove discussion, it can be
seen that any cores in a plane can be made to exhibit
any one of the five remnant flux states.

2.4.3 Analysis of Sease Winding Output
Voltage

A study of the 64 x 64 core matrix (a part of which
is showa in fig. 7—8, A) reveals that, when the selecred
X and Y drive lines are energized with half-amplitude
read current pulses (to read out the coatents of the se-
lected core), a tomal of 127 cores are involved in pro-
ducing the sense winding output voltage. That is, when
s pasticular core is selected, the semse winding output
represeats the summation of the selected core output
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half-selected cores (63 cores on the selected X and Y
drive lmss). A study of figere 7—8, A, shows that each
X and Y drive line contains 2 sumber of positive and
negative coves; therefore, in a 64 by 64 core matrix, each
drive bee will contain 32 pesitive and 32 negative cores.
Thus, becanse of this sease winding polarity pattern, the
apphicasion of coincident half-read current pulses to the
selected X and Y deive kines of a memory plane will re-
sult in dhe generation of 62 (31 cores on the selected X
and Y deive limes) half-selected output voltages whose
polarity & the same as the polarity of the selected core
outpue volge, and 64 (32 cores on the selected X and
Y deive Emes) balf-seleceed output vohages whose po-
larity is epposite to the polarity of the selected core out-
put volage As a result, the haif-selected output volt-
ages of 124 of the 126 half-selected cores (62 posiuve
and 62 segative cutput voltages) will tend to cancel
each ocher However, compiete cancellation of these 62
pairs of heif-selected cores (2 pair comsists of one posi-
tive snd one scgative hailf-selected core) can oaly occur
under specific condinions since the amplitude of the in-
divsdual balf-selected ouwtput ‘oltages depends upoa
which flux stase the core exhibirs prior w the apphicaton
of the half-read carrems pulse. The half seiected output
voitages of 2 of the 64 half selecied cotes whase polanty
s oppesise w0 the polariey of the selecsed core will oot
be cmcelled; chesefose. these two half-selecred vutput
voleages willl subtract from the selected core ourput
volzage The epuation w express the semse winding out-

memaorn: cycie say be writsen 25 follows:
Ve = V, — 2V, = &2V,
where:
Ve = the output soltage of the seme winding
V, = dhe eutpue voltage of the selected core

V, = the sverage haif-seiected owtput voluage
whese palerivy is opposise o the selecsed
cese eutpae veleage

¥V, = the dificsence between the average poss-
tve haif -ssiacsed output voltage and the
sverage acgative half selected utput volt-
age.

The last ccom of the equadies, which deals with the
sommmtion of the haifeclecsed owtpue woltages that
tend eo amcel ench other, is defined s the deicz voltage
o!dg:l.;.-h‘-‘*'ﬂe&whpmyb
cither positive, scgative, or 200, depending upom
age is lasgee than, smalier dhan, or equai ¢o the sversge
negative helfselocsed cutput voleage. Simce the defes
voltage is ubtzined from &2 pairs of haif-sclersed cores,

_ifollﬂ.lh.ifdap-‘sdm.bhh |
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same flux stase (fig. 7—4) and if the characteristics of all

the cores are considered to be exactly the same, the ap-
plication of a half-read current pulse to the-half-selected
cores will cause ea-h core of a pair of cores to generate
a half-selected output voltage that is exactly equal to,
lntofoppuiapolaﬁtym.iumlfmhofrhe&
pairs of half-sel-cted cores is thus balanced. the deita
voltage will be equal to zero to provide for the maxi-
mum cancellation of half-selected output signals. In
memory maintenance programming, this sondition of
maximum cancellation of half-select output voltages is
obeained by using either a2 1's or a O's rest partern
whereii. all the cores of a memory plane are in either
the vac or zero flux state. ;

A study of the equation reveals that the maximum
value of delta voltage is obeained when alk the half-se-
lected cores of one polarity pruduce the smallest balf-
selected output voltages, while all the haif-selected cores
of the opposite polarity pruduce the largest half-se-
lected output voluages. Reference o figure “—6 shows
that the smallest half-selected sutput voltage is pro-
duced by a core in the read disturbed zero (17) flux
seate. and that the largest half selected output voluage &
produced by a core in the undisturbed one. (ul) flux
state. However, since it is unly pussible for oae core on
an X or Y drive line to exhibit the undisturbed one (ul)
flux state at any particular ume (an attempt to Causc 4
second core to exhibit the undistorbed one flux state
will cause the existing undiseurbed core to be write dis-
turbed. refer to 2.3). this flux state does not enter into
the determination of the maximum \alue of de'ta vole-
sge. Insiead. the maximum atue of delta voltage 1s ub-
rined when au he Naki-: .maied wres o pulanty
are in the read disturbed rer (rz) flux state. and all the
ha.iselected cores of the oppnssee proiassy «.¢ 1 T5®
write disturbed one (wi) flux stace

Since the deita ‘ulage can be of cither polanny,
the maximum value of delta voltage can be produced n

TASLE 7-2. EFFECTIVE CURRENT PULSE SEQUENCE
APPLIED TO CORES OF ONE MEMORY PLANE

SELECTED CORE IS TO CONTAMN A

] (]
Selected Cose Full-Read, Full-Read,
(1) Ful)-Write Half Write
Half -selected Half-Read, Half-Read,
Cores Half-Write No Pulse
(126)
Noaselected No Pulse, No Pulse,
Cores No Pulse Half-Read
(3.99)




- two different wuys; thet is, by two different test pat--
+  terns. The mmuisssm positive deita voltage is produced
" when alt the plus haif sclecsed cores are in the write dis-
.nﬂm—(-l)hmmdmﬁemimhalf-
. seipcted cores sse in the read disturbed zero (z) flux
" state. If all dhe coses of the plane contin the pattern
hmhﬂ-iﬂmMaw

age is produced whes sil the plus balf-selected cores are
in the read dismmsbed 2esp (r2) flux state snd all the
" misus heif-eslesed coses sre in the write disturbed one
. (w1) Sux smee. The st pattera that will produce chis
condition is defiasd as che imverted checkerbosrd pat-
tern. Siace the pulasity of the delta and selected core
output voltages can be imdividuslly positive or negative
(fig. 7-8, A), eight separace conditions exist whereby
the maviswem wise of deita voltage will either add to
or suberact frome the selecsed core output voitage to pso-
duse the mezimmmn distortion of the selected core out-
put voltage. A summarv of the conditivas under which
the delia voimage affeces the selecred core output volage
to produce a smafler or a larger sense winding output
voltage is gives in table 7-3.

Reference s> figure 7—6 shows that. if all the cores
of a plane have identical charactenstics, the maxamom
 walue of dels weleage produced wader the abovemen-

o w———
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toned conditions will have a pesk amplitude in excess | |
of 400 mw and a duration of approximately 0.5 psec. |
Since the delta voltage and the selected core output
woltage both sta«« at the same time. the delea voltage al-
ways diseorss che selected core output signal. If the se-
lected core iritially contained a 0, the delta volaage will
completely mask the 0 output voltage since both volt-
ages have the same duration. However, if the selected
core initiallv contsins a 1, the deira voltage will only
distort the first 50 percent of the I output signal. and
the 135-mv (approximate) pesk of the 1 ourpue signal
will not be affected. It is because of this imporuant m-
ing f ctor that a time-amplitude sampling techmique can
be .. ed (during the execution of 3 memory readout cv-
cie) to reliably determine whether che selected core con-
tained 2 0 or a 1. That s, although the peak amphiude
uf the delta voltage can be much greater than the am-
phitade of the selected core output sagnal, reliabie mem-
ory operstion is obtained by sampling (fig ~—4) the
sense amplifier output voltage at a speaific nme. nameh.
at the peak of the amphfied 1 sigrai Because ine con
tent of the selected core s sampied ar 2 speafic nme.
rehiabie discnmination between a € and 2 | cutpur Mg
nal depends upon the abiliy of the sense amplber o
faichfully reproduce the relative amuay of the swease
winding waveform.

TABRE 7-3. MAXINS uumm COMBINATIONS

RESURTANT OUTPUT

SANCWD COE
FOLABRY ASD NEGATIVE POSITIVE RESULTANT SENSE WINCNG
oY CORES CORES POLARITY VOLTAGE
Posisive 1 rz »l - Larger prmatine §
Pesitive 3 wl = Seai.cr positive !
. Negmive 1 ] wl - Senailer negatne |
';”i’;; Negusive 1 wl a - Larger negative !
Pesitive® ” wl - Larger pasitive 0
Penisive® wi ~ Semalier pumitive €
Negssine® n Y - Senatier negative ¢
. Negmies® L 4] L Lacger negative 0
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CHAPTER 3
THEORY OF OPERATION OF CORE MEMORY 2 (647

SECTION 1
64* FERRITE CORE ARRAY

1.1 GEMERAL
The 6¢ ferrite cose array cootained in unit 11 (fig.
1-10) is the prindipal component of cure memory 2
since it is the information storage ceater of this memon
of the ferriae core arzay w show the arrangement of it
cores aad windings. and to provide a definition of the
terms used in the sulsequent sectivns of this chapeer
The stoeage capacity of the 64 ferrite core array is
equal w 996 words of 34 bits cach. Since 2 ungle cure
n ssmoee one bt of mformation. the arrav cvntam
4.096 x 34 or 139264 fernte cores. These cures are ar-
ranged i 2 3-dimensonal arrav @ which each horzos-
@l laver ar dign plame contains 4,096 cores arranged in
2 64 x 64 smase formucica. The 34 digit plancs of this
arzay ase stacked serncally. and the X and Y selecton
winding: of these plames are interconnected to form
the X and Y wlectioe windings of the *rray. Actustion
uf e cmrvess drivers amociated with one X and e Y
seicnos winding will mutually affect the verncat column
of 34 coses (eme < we n each plane) hat represes the
selecsed memascy regmses. Suac cal, 34 ui thee diget
y_-m»manyﬁmmdﬁg:phu
drivers, omly 33 plames can be active a: amy time The
34ch plane of the asxay, which s required (o psovide for
LN’ wizting of the asray, is wsed as a spare

12 66" MANE WIRING CONMGURATION

All che digit plames used in the 64- ferrite core ar-
ray are sdentical Each plame comtaims 4096 cores in a
64 x 64 formatisn and sll the windings necessars for
memory operation. Figmre 7—9 shows an abbreiated ver-
S?OﬂO{l“"’h*l‘“ha‘x‘fm-
tion. Simce the ishibis windings of 2a odd-even pair of
Mumﬂ(“mmﬁaﬁ)
 this deawing slso shows s portios of the associated even-
wnhamuwm
| of an oddeven pax is locsesd bemesth the odd-
~ cumbered plsne snd & coened upside down in relation
~ to the odd-aumbered place. In gemersl, che odd-oum-
bered planes of the aray represent the individual bics

“*mwmﬁuam_

pl:nes cpresent the individual bits of the night half
mem-r~ word. In all cases, the digit plane drivers and
sense amphifiers associated with the left half-word are
coanected tu the digit planes on the left side of the ar-
ray. Converseh. the digit plane drivers and sense amph-
fiers associated with the right half-word sre connected
to the digit planes on the nght s:de of the array

1.2.1 X ond ¥ Selection Windings

As noted in figure “—9, each X selevtsn winding
wired through « single column of cores. while each Y
selection winding 1< wired thruugh 2 single rom of (e
Selection of 2 partular core b sccomplished by apply:
g concrdent half-amplitude. resd-wnie curient pubes
tv the appropnate X and Y selection windings (thox
that link the desired core) in such 2 dirextiin that the
resuitant magneuc Belds will add at the insersason of
the o windings. As 2 result of thy requirement. and
bexause of the manner 1a which the (ures are porinoncd
(hg ~-v). the direction of the read-mnite current pulses
that aze aDpireu (o a0 X wi b xiiiemt WD g must be
of the «pponite polanty (applied in the vpposte daren
fio..) when compared with e cusicn pols ot 2
applied 1o the adjacent X or Y selection nindings of a
memon plane. Since ail the X and Y current dmen
produce read-write cutrent pulses of the same polann
pattern (fig " —4), the required reversal of current fow
i adjacent selection windings s accompished bv con-
pecting the current drivers to (oasevutive seleton
windings on alternate sides of the array

The munner in which the X and Y drivers are con-
nected to the 64- core arrav to produce the devired re-
sult s discussed in 1.3, Included 12 1 3 s a discusseon of
the manner in which the similarly numbered X and Y
selection windiags of the 34 planes are interconnected
o form the selection windings of the asray.

1.2.2 inhibit Winding

The inhibit windiag of each sctive digit plane of
the 64 ferrite core array is assocated with an individual
digit plane driver. During the execution of a memory
cycle, exch digit plane driver is controlled so that a .
segative current pulse will be applied to the associased



mhibit wioding during the write po.cion of the cydle if

it i reqired to inhibis the writing of 2 | in the selocred

cote of the plase

As noted in figure 7—9, the inhibit winding of each
diga plane comsists of s 1-usn winding which is wound
through all the cores of a plane in parallel with the Y
selection windings. Becasuse the direction of this wind-
ing © alternated in adjacent rows of cores, the inhibit
current pulse effectively flows in opposite directions
through akernate rows of cores. Since write current
pulses (negative) are applied 10 adjacent Y selection
wiodings in opposing directions, the proper connection
of the digit plane driver will cause the individual mag-
netic fields set up by the inhibit current pulse and the Y
selection winding write current pulse in each core of the
selected row of cores to completely cancel each other.
To illustrate chis point, consider the following example,
which assumes that the digit plane shown in figure 7—-9
represents the topmost plane of the array. Under this
condition, a read-write current driver will be connected
to the Y-O selection winding on the right side of the
array so that the direction of this winding through this
plane will be from right to left. The digit plane driver
for this plane is connected to pin I1 of the next lower

EVEN NUMBERED PLANE OF

Ca 3 SECT. 1!

plase. As a re .1 of the internal artay wirnng (jumper
wires seriafly conrected from pin 11 of the even-num-
bered plane tu pin I8 of the odd-numbered plane). the
direction of the inhilu winding through the Y-O row
of cores will be frn..n left to nght. Since the Y selection
winding write cLrrent pulse and the inhibit curreat
pulse are both of (ne same polarity (negative), the mag-
netic fields set up dy these two windings will be in op-
posite directions tor each core in the Y-O row of cores.
The net result 1« chat these two fields cancel each other
in each of the inutually affected cores.

Because the X and Y array selecivn windings are
formed b seriallv connecting the similarly numbered
drive b~ .« of adjacent planes, the direction of read-
write cusrent flow in the similarly numbered drive lines
of adjacent digit planes will always be in mutuilly op-
posing directions. To compensate for the effects of the
winding reversal of the similarly numbered X and Y
drive lines of adjacent planes, the direction of the in-
hibit winding must also be reversed in adjacent planes.
In the 64* ferrite core array, the inhibit winding reversal
is accomplished by the physical inversion of alternate
planes of the arrav. To illustrate the manner in which
this is accomplished. consider the inhibit winding cuui-
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arctions of dhe odd-even peis of planes shown in figure
~—9. From the previous example, it was determined the
nhibit wmnding of an odd-sumbered plane is wound
through the Y-O row of cores in a left to nght direc-
don. Thus, far an even-numbered plane, the inhibit
winding must be wound through its Y-O row of cores
in a right o left direction. Figure "—9 shows that the
digit plane drver for an even-numbered plane is con-
nected to pin 11 of the associazed odd-numbered plane.
As a resait of the internal array wiring (jumper wires
serially coanecred from pin {1 of an odd-numbered
plane to pin I8 of an even-numbered plane) and be-
cause the plane is relatively upside down, the direction
of the inhibit winding through the Y-O row of cores of
the even-numbered plane will be from right to left.

1.2.3 Semse Winding

The sense winding of each active digit plane is as-
sociated with a differential input sense amplifier which
functions so amplify the induced voltages produced by
the switching action of each core in the plane. As noted
in figure 7—9. each digit plane has two separate sense
windings (labeled 1 and 2) which are connected in se-
ries by means of internal and external jumper wires to
form one long winding. Each individual sense winding
which passes through half of the cores of the plane fol-
lows a diagonal path in order to minimize the capacitive
and inductive coupling between itself and the other
windings of the plane. The two ends of the sense wind-
ing (S1 and S2) are connected to the differential input
sense amplifier so that only the induced voitage will be
amplified. That is, since capacitive-coupled voltages do
not produce a difference voltage between these two ter-
minals, they will be rejected by the amplifier.

1.3 X AND Y CURRENT DRIVER CONNECTIONS

The complete 64° ferrite core array contains 34 digit |

planes (of the type described above) and 2 dummy
planes. Figure 7—10 shows the overall arrungement of
these planes to form the array and the word bit assign-
ment of each plane. Although two dummy planes are
not involved in the array wiring, they are included in
this figure because they affect the plane identification
numbering sequence. The two dummy planes do not
contain any cores or windings and are only used as
spacers in the array assembly. A study of figure 7—10
shows that the odd-numbered planes of the array (3, 5,
7, ..., 35) are associated with the left half memory
word, and the even-numbered planes (4, 6, 8, . . . | 36)
are associated with the right half memory word. Plane
number 18 is designated the spare plane because, being
in the imate center of the array, it requires the
shortest jumpers (for semse amplifier and digit plane
driver connections) if it is used to replace one of the

active planes.

122-13

Because selection of 2 memory word insolves the
simultaneous application of read-write cusrent pulses
to similaily addressed cores in each plane, the cofre-

ing X and Y drive lines in each of the 34 planes
of the array wili he involved in the operation. To pro-
vide a control s that one current driver can supply
read-write curre t pulses o the corresponding X or Y
drive line of eah plane, the similarly numbered X and
Y drive lires of all the planes are connected in series
(by means «f jumpers) so that common selection wind-
ings will be formed. One end of each of the 64 X and
64 Y selection windings is connected to a read-write cur-
rent dr.ver: the other end of each winding is connected
to ground through a terminating resistor. In this ferrite
core array, all the X selection line drivers (64) are con-
nected to the front and back sides of the array and all
the Y selection line drivers (64) are connected to the
left and right sides of the array. Since the input and out-
put connections of the X and Y selection windings are
exactly the same, the following discussion will deal with
Y selection windings only. ‘

As noted in figure 7—10, the 64 Y line current
drivers are divided into four equal groups. Each group
of 16 drivers is contained in a pluggable driver panel
which is connected to the array in a specitic manner. The
16 Y line drivers of driver panel YA are connected (on
the right side of the array) to every fourth Y selection
line of plane 3. starting with line Y-O. Since the simi-
larly numbered Y lines of each of the 34 digit planes are
connected in series (by connecting the similarly num-
bered terminals of adjacent planes on alternate sides of
the array), each of these Y lines will terminate on he
night side of plane 36. Tc crrplete the circuit of each
of tliese windings, the zssoriated terminals of this plare

" are connected to ground through individual terminating

resistors and a common 240-ohm resistor and a circuit
breaker arrangement.

The 16 current drivers of each of the other Y driver
panels are connected to the array in a similar manner:
that is, the current drivers are connected to one end of
the array and the associated terminating resistors are
connected to the other end. Because the Y line current
drivers are connected to the array in the sequence noted
in figure 7—10, the direction of read-write current flow
in the adjacent V lines of each plane will be in mutually
opposing directions.

The 64 X seiection winding current drivers and
terminating resistors are connected to the front and
back sides of the array in exactly the same manner as
described ab.ve. The current drivers contained in driver
panels XA and XD are connected to the front side of
the array, to every fourth X selection line, and the cur-
rent drivers contained in driver panels XB and XC are
connected to the rear side of the array.
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SECTION 2

BLOCK DIAGRAM ANALYSIS

i
7

TABLk 7—-4. SOURCE OR DESTI

A simplified block diagram of the 64 core memory

OF CONTROL

pulses is shown in figure 7—11. As noted in the figure,
various imput snd output pulses and levels are generated
during the execution of 3 memory cycle. The source and
destination of these pulses and levels are wbulated in
table 7—4.

As indicared in figure 7—11, the 64° core memory
is divided imto five sections: the selection section, the
artaysednn.thesemesecdon,thedigitpbnedriver
section, and the timing and gating section. The memory
buffer register, although not exclusively a part of the
642 memory, is also shown in this simplified block dia-
gram since it is the only path by which core memory
can communicate with the rest of the Central Computer
System.

The selection section of the 64° core memory is
composed of two identical portions, an X portion and a
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Y portion. The selection secsion contains circuits which
decode inforsmation received from the program counter,
address regisier, and the JO address ccunter. It also

 contains the address register, the memory gate
. geaerstors, and the 64 X snd 64 Y core memory drivers
which generate the read and write current pulses that
are applied w the selected X and Y lines in the array
section.

As previously stated, the array section contins 33
active digit plames. Each digit plane contains a sense
maﬂuwwhaﬂdidmmdm“x
and the 64 Y drive lines. The sense and inhibit windings
. of each active plane are conmected w the sense amplifier

asd digit plane driver associased with a specific bit of

The sense section comtaims 33 individual sense am-
plifiers, oue foe each of the 33 active pianes. Each sense
amplifier ampliies the signal picked up from its as-
sodiated sense winding and applies it to a sample gate
tube which is sensed at the peak of an amplified 1-core
output signal. The sampling pulse .is developed in the
timing and gating section and simultaneously samples
all 33 gate tubes. If a specific gate tube is conditioned
whea it is sampled, the resulting output pulse will set
the associated memory buffer register flip-flop to the 1
state. If a sease amplifier does not condition its sample
~gate tube, me output iz piuduced when the tube is

o VOL W, PRRY
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sampled; theretore, the associated buffer register flip-
flop remains in the 0 sate. During the execution of a
memory store cycle, the sample pulse is inhibited so that
none of the sample zate tubes can be sensed.

The digit ptene driver secton contains 33 digit
plane drivers. Ea !\ digit plane driver is associated with
a digic plane of :he core memory array section and a
parucular flip-ficp of the memory buffer régister. Each
individual d:ier is conditioned by its associated mem-
ory buffer register Rip-flop and s controlled to generate
an inhibit current pulse if the flip-flop contains a 0. If
a memory buffer register flip-lop contains a 1, the as-
sociated :igit plane driver is not conditioned and there-
fore dne< not generate an inhibit current pulse.

The timing and gating section contains the memory
puise distributor, which is composed of series-connected
delay lines interspersed with pulse amplifiers to amplify
the signal between the output of one delay line and the
input to another. These three types of control flip-flops
contained in this section are used to generate d ¢ gates
which control the operation of the other sections of the
64 memory. These three gates w hick: are obtained from
the 1 side output of the control flip-flops are identified
as the read gate, the write gate, and the inhibit gate.
The input pulses which control the setting and clearing
of these flip-flops are obtained from the memory puise
diszributor.




SECTION 3
ADDRESS SELECTION

Selectinn of the 64 core memory register from
which informmstion is to be read, or into which informa-
ton is to be stored, is comtrolied by the selection sec-
don. This section contsins the flip-flop memory address
register which is composed of 12 flip-flops. Six of these
flip-fiops and a diode matrix decoder are associated
with the X portion of the selection section; the other
six flip-flops and a second decoder are assocated with
the Y portion. The two portions operate similarly and

are controlieal .imultaneously to select one X and one Y
core memory current driver. Since the two. portions of
the selection section are exactly the same, the following
discussion will deal only with selection of an X driver.
Arite beginning of each memory cycle, the memory
addres- ragister flip-flops are cleared by a clear-memory-
controls pulse from the instruction control element. Ap-
proximately 0.6 usec later, new address information is
transferred to the memory address register from either
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the program coumtex, dhe address register, or the IO
address conater (fig. 7—12). The output levels from
both che ) and O sides of five of the flip-flops (biss
Rlowlu)nuppbdwmedwdtm

ooe of 32 owtpur Emes. (See fig. 7—13.) The 31 non-
stiectmdd lines bave am ouwtput level of 10V; the se-
lected fine hes aa ouspmt fevel of —30V. The selected
output level is amplified to partially condition two
adjacent core memory drivers, one for an even address
ydo-htmoﬁMOneofthmtwodrim
Is then further selecred by the proper memory gate
generator.
Note

The memory gase generators, shown in figure

7—-12, are logacal AND dircuits, each requiring

both a d< level from the sixth memory ad-

dress register flip-flop and a read or a write
gate from the tming and gating section. Four
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memory yate generators are used. two for read-
ing (read odd, read even) and (wo for writiag
(write odd, writ= even). ‘

If the sixth memory address register flap-flop it in
the cleared state, h: d level from its O side is at —I1CY
and conditions th: read-even and write-even memory
gate generators (fig. 7—14). When puised by a read or
a write or a write gate from the timing and gating
section, these generators activate the read or cvatrcl
lines of the 32 even-core memory drivers and cause the
selected current driver to generate a read or write cur-
rens pul: If the sixth flip-flop is set, it conditios s the
read-oG. and write-odd memory gate generators, which,
in tura, activate the read or write control lines of the
32 odd core memory drivers. When these gate generaters
are pulsed by a read or a write gate from the timing
and gating section, the partially selected current dnver
will generate a read or write current pulse.

Note

In the Y selection section, the outputs of bits
R4 through R8 are supplied to the diode ma-
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ey .
trix decoder snd the cutputs of bit R9 are used
to select the odd or even pair of memory gate
generators.

The X sand Y core memory drivers, which are
partially conditioned by the diode matrix decoders
through the matrix output amplifiers, are further con-
didoned at the proper time by a read or a write gate
frora the selected memory gate generators described
abxwwe. The selected X and Y drivers supply current

s‘h FF

puhumm&andaYco—ordimm line of the core
memory array. These current pulses are of sufficient
amplitude and duration to half-select the ceres of the
co-ordinate lines. Ax the imtersection of the two co-
ordinate lines, the iadividual half-select curreat pulses
are algebraically »d-ed to apply a full-amplitade current
puise to the selecred core. Overall operation of the core
memory drivers is the same during the read and the
write functions, except that the polarity of the output
is reversed.
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SECTION 4
TIMING AND CONTROL

~ The tming sad gating control section of the 64¢
cofe memory receives the seart-memory pulse from the
- peogrem eclement for bedh types of memory cycles and,
. dasing the excoation of a memary store cycle, this sec-
fim albo receives the imhibit-sample pulse from the
instrection control elememe. The timing and gating sec-
tion provides the three gate signals and the sample pulse
?omduvuinmpmﬁomofdncorememory
in proper sequence. A hinck diagram of the timing and
gating section showing typical timing notations is shown
in figure 7—15.

~ As shown in figure ~—15, the start-memory pulse
is applied to the memury tme pulse distributor, which
is a chain of delay kines. The start-memory pulse de-
.hyd 0.1 psec is used to ser the read-gate generator. This
is subsequently cleared bv the start-memory pulse de-
Iayed approximately 2.3 usec. The 1-side output of the

+0
’201
' :
‘yl_‘

READ SAMPLE INHIS! T

read gate generator, which is a positive pulse is ap-
plied to the sciection section and deteremaes the timing
and duratice of the read-current pulse that 1s supplied
to the selected X and Y driver lines.

The <ampie gate generator of the timing and gating
section -iffers from the other gate generators in this
section in that the 0-side cutput controls a gate tube
which is sampled by the sample pulse from the memory
time pulse distributor. During a memory reaucut cycle,
the inhibit-sample pulse is not generated, and the clear-
and-sample gate generator cemains in the O state. In this
condition, the gate passes the sample pulse to the serse
section approximately 1.9 usec after the start-memory
pulse is initizated. During the memory store «icle, an
inhibit-sample pulse from the instruction control ele-
ment is supplied to the sample-gate-generator flip-flop,
setting the fip-flop to the 1 scate. Thus, the gate tube is
deconditioned when sensed by the sample puise.
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receives a set-

The writs-gate-generator Sip-fop
write puise from the memosy tisme pulse distributor ap-
proximately 2.7 psec sfter the start-memory pulse is
initisted and sreceives a clear-write-gate-generator pulse
approximately 1.9 usec later. The resultant output pulse

from the write-gate-generasor flip-flop, which is approx-
imately 1.9 psec in duration, is applied to the selection
section and determines the timing and duration of the
write curremt pulse that is supplied to the selected X
ard Y driver lines.

The inhibit gate generator, shown in figure 7—13,
is similar to the read and write gate generators in opera-

g WS LeRUe

tion and function. The set-inhibit pulse is supplied by
the memory tume pulse distributor approximately 2.5
psec after che start-memory pulse is initiated: The clear-
inhibit pulse (from the same source) is received ap-
proximately 4.8 usec after the scart-memory pulse is
initiated. The 1-side output pulse of the inhibit-gate-
generator flip-flop is approximately 2.3 ysec in duration
and overlaps the write-gate-generator output. The in-
hibit gate is applied to the 33 digit plane drivers; how-
ever, oaly the drivers which are conditioncd by the
assocated memory buffer register flip-flops can. generate
an inhibit current pulse.
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SECTICN 5
DIGIT PLANE CIRCUITRY

Figure 7-16 illustraces the relationship of the
sense section, the memory buffer register, and the digit
pline driver secrion, which constitute the digit plane
circudtry.

3.1 SENSE SECTION AND MEMORY BUFFER

REGISTER

The sense section of the 64° core memory consists
ot 33 amplifiers aad 33 gate tubes, one set for each
plane of the core memory array. Each individual sense
amplifier amplifies the output voltages induced in the
sense winding of the associated plane.

The output of a sense amplifier — a nonstandard
pulse which is positive regardless of the polarity of the
put signal — is applied to and conditions a gate tube
circuit. If the selected core contains a 1 prior w0 being
read out, the gate tube, when sampled, provides the
standard pulse required to activate the memory buffer
teguter. The gate tube is sampled by a standard pulse
gated sample gate generator. The time relationship be-
tween the sense amplifier output and the sample pulse
is adjusted so that the sample pulse occurs at approxi-
Mately the peak of an amplified 1 output signal. Thus,
if a core containing a 1 is read out during a readout
Cyule, the sampled gate tube develops an output wk.ch
sets the associated memory buffer register flip-dop to
the L state. If the core contains a 0, the flip-flop re-
ains in the 0 state.

The eutput of the 0 side of the memory buffer reg-
ister flip-flop conditions an associated digit plane driver
in order to provide the necessary control to subsequently
testore the original content to the selected coze. If the
Cure contains a 1 prior to readout, the X and Y write

current pulses write a 1 buckh into the core. However,
if the core cnreains a O prior o readout, the associated
digit plane driver is coaditioned, resulting in the
generation of an inhibit current pulse (coincident with
the X and Y write current pulses) which prevents the
writing «: a 1, thus effectively writing a 0.

5.2 DIGiT PLANE DRIVER SECTION

The digit plane driver section consists of 33 func-
tionally identical circuits, one corresponding to each
active plane of the core memory array. These circuits
function to supp!v the inh.bit current pulses to the as-
sociated planes.

The output of a digit plane driver is' a negative
current pulse having ar amplitude of approximately
400 ma. Because of the inhibit winding geometry, the
inhibit current pulse has the same effect.as a half-
select current pulse in the read direction. T inhibit the
wating of a 1, the inhibit current pulse (effectively
+1/2 amp) adds algebraically to the X-write current
pulse (—I/2 amp) and the Y-write current pulse (I/2
amp) to produce an effective field of —I/2 amp turns
[(+1/2) = (=1/2) + (=1 2) = —1/2].

The input stage of each digit plane driver consists
of a d-c gate tube which is conditioned by:the 0 side
of the associated memory batter register iup-flop when
the selected core contains = 1. The other input to this
gate tube is supplicd by the inhibit ate generaror,
which is located in the timing and gating section. The
output of the d-c gate tube supplies a cathode follower,
a differendal amplifier, and a1 dc power amplifier which
drives the low-impedance, high-current inhibit winding
of the core memory array plane.
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CHAPTER 4
THEORY OF OPERATION OF CORE MEMORY 1 (256%)

SECTION 1
256* FERRITE CORE ARRAY

1.1 GENERAL

The 256 ferrite core array contained in Unit 66
(fig 1-9) is the principal component of core memory
1 since it is the information storage center of this mem-
teristics of the ferrite core array to show the arrange
ment of its cores and windings. This description pro-
vides a definition of the terms that are used in the
core memory logic analysis presented in the subwequent
secuons of this chapeer.
) The storage capacity of the 256 ferrite cure array
s equal wmm ?f 33 bits each. Since a single
core can store one bit of information, the array cuntains
63,536 x 33 or 2,162,688 ferrite cores. These vares are
acrranged in a 3-dimensiona! array in which each bori-
zoezal layer or digit plane contains 65,536 cores ar-
ranged in a 256 x 256 square formation. The 33 digit
planes of this array are stacked vertically and the X
and Y sciection windings of these planes are inteecon-
oected to form the X and Y selection windings of the
arrav. Actuation of the current drivers associattd with
' oot X and one Y selection wnding will murually atiect
the vertical column of 33 cores (one core in each digit
plane) that represents the selected memory register.

Each digit plane of the 256* ferrite core array is
composed of 16 ideatical subplanes. Each subplane con-
tains 4,096 cores arranged in a 64 x G4 >square forma-
tion and all of the windings required for memary oper-
ation. vao distinct types of subplanes are used in the
coastruction of this array in order to provide for wir-

sis consists of separate discussions of : the internal wir-

ing of each type of subplane; the interconmection of

subplane« o form the two types of digit planes: and the
inter.ous.ection of the X and Y digit plane windings
to form ihe X and Y selection windings of the array.

1.2 SUBPLANE WIRING

The two types of subplanes used in the 256 ferrite
core array are similar-in that each contains 4.096 cores
in a 64 x 64 formation and all the windings necessary
for memory operation. Figures 7—17 and 7—18. respec-
tively, show an abbreviated version of each type of
subplane using 16 ccres in a 4 x 4 formaton. A com-
parison of the two figures reveals that the only differ-
ence between the two types of subplanes is that in the
Type 1 subplane the inhibit winding is wound parallel
to the X windings, while in the Type 2 subplane the
inhibit winding is wound parallel to the Y windings.

1.2.1 X and Y Selection Windings

As noted in figures 7—17 and 7—18, each X selec-
tion winding is wired through a single row of cores,
while each Y celectica winding is wired through a
single column ot cores. I cither type of subplane,
selection of a particulac core is accomplished by apply-
ing coincident half amplitude, read-write current pulses
to the appropriate X and Y selection windings (those
that link the desired core) in such a direction that the
resultant magnetic fields will add ac the intersection
of the two windings. As a result of this requirement,
and because of the manner in which the cores are
positioned (refer to figs. 7—17 and 7—18), the direc-
tion of the read-write current pulses that are applied
to an X or Y selection winding must be of the oppo-
site nolarity (applied in the opposite direction) when
compared to the current puises that are applied to an
adjacent X or Y selection winding. Since all of the X
and Y current drivers produce read-write current pulses
of the same polarity pattern (fig. 7—4), the required
reversal of current flow in adjacent selection windings is
accomplished by connecting read-write curreat drivers
to consecutive selection windings on alternate sides of
the subplane. The manner in which the X and Y driv-
ers are connected to the 256° core array to produce
the desired result will be discussed in 1.4 of this section.




122 inhibiy Windings
The inhibic winding of ecach subplane of the 256°
ferrise core array is sssocisted with a digit plane driver
(D!‘D).Duhtce-mhaofamycyde,the

(@ht&v&wﬁmdhqﬂe)ﬂkk
to inhibie the writing of a 1 in the selected

noted in figures 7—17 and 7-18, the inhibic
subplane coasists of a single
thtangb alt of the cores of
with either the X or the Y
m wi the two inhibit windings

wiring coafigaration, they both perform ex-
samefmt’nninthatdxeyeachaﬁec:the
cores in exactly the same manner. Reference
dnt'oﬁgmsh-s that the direction of the inhibit
winding is alternated in adjacent rows or columns of
cores; therefore, the inhibit current pulse effectively flows

"8
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in opposite dirccsions through adjacent sows or columns
of cores. Since write-current pulses (negative) are ap-
plied to adjacent X and Y selection windings in op-
posing directions (fur buth types of subplanes) the
proper connection ut the DPD will cause the individual
magnetic fields to be set up by the inhibit-current pulse
and the selected X znd Y write-current pulses (in each
core of the selected row and column of cores). In each
type of subplane, all of the nonselected cores are affected
by the inhibit current pulse in exactly the:same man-
ner.

1.2.3 S:nse Winding *
The sense winding of each subplane of ‘the array is
associated with a differential input sense ampdifier which
functions to amplify the induced voltages that are pro-
duced by the switching action of each core in the sub-
plane. As noted in figures 7—17 and 718, each sub-
plane has two separate sense windings, labeled'i and 2.
(In the digit plane, these individual windings are con-

0-63
—_——— 68 69
[} ~ €9
SEN<E b 58
CONNECTION | o, . o
- — N .
s ‘
- & A\ /"\\ sa-
. L 1
. L
0~63 i
: AN X Fo-ss
b
J
N 2\
. N \
N
-— & 6o
v sELECTIoN i
WiNDING
CONNECTION

Figure 7-17. 256* Subplane Wiring, Type 1
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meceed in series by mesns of internal and external
jutaper wires to form one long winding.) Esch winding
gm&mj:hﬁdﬁemuf&ewbphmfoﬂow
ing diagonal padhs in order to minimize the capacitive
wiundings of the subplane.
1.3 DIGIT PLANE WIRING
As previously stated, each 256° digit plane is com-

Mdlswmmmmm
insercnnnections of these subplanes to form the rwo types
of digit planes are shown in figures 7—19 and 7—20, fold-
outs. As noeed, the 16 subplsnes of cach digit plane
are numbered from O to 17 in octal notation. Since
the subplanes of each digit plane are interconnected
n‘&emm,thefollowingdisumiommap-
piscable to both types of digit planes.

131 Selection Windings
) :\sshowninﬁgmes’l—-l9and7—20,the64x64Y
Emes of each subplane are connected to the similarly
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numbered lines ¢ adjacent subplanes. In this manner,
each of the X ind Y lines becomes a continuous wind-
ing through thc entire digit plane. ;
1.3.2 Inhibit Windings
As noted in Agnres 7—19 and 7-20, the inhibit
windings of four svbplanes in a2 row are connected in
series to form one ~.nding. As a resule, four such inde-
pendent windings are obtained, one for each qf the four
inhibit regioas inin which the digit plane is divided. The
four inhibit region windings of each digit plane are as-
sociated with individual DPD’s. These drivers are con-
trolled so that inbibit current, if required, is omly
geoerated i the inhibit region which contains. the se-
lected cuze The subplane groups which comprise the
four inhibit regions of a digit plane are tabulated in
table 7-5.
As shown in figures 7—19 and 7—20, the subplane
feedthrough wires (internally connected betweea pin 65
on the left and right sides) of each inhibit region are

A ~ 68 69
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WNOING 4 \ €s
connE_TIoN |
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nwherT 65
64 - 64
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X SELECTION
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!
~
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0-63 68 69
Y SELECTION ?e—ﬁs?J
WINDING
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Figure 7—18. 256® Subplane Wiring, Type 2
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TABLE 7-3. SUBPLANE GROUPING IN
HHEDIT RABIONS
REGION SUBPLANES
° 0, 4,10, 14
i 1,5, 11. 15
2 2,6,12. 16
3 3, 7,13, 17

also connected in series o form a long wire. This feed-
~ through wire is connected ® the inhibit region winding
on one side of the digit plane (jumper between pins
64 and 65) so that the DPD input and terminating
connections can both be made oa the opposite side of
the digit plane
The exrernal connections to the inhibit region wind-
ings readily identify the dagir plane as being in either
the left or right half-word For ¢xample. figures 7—19
and 7—20 both cypify a digxx plane of the left half-word
because the input and terminating connections (pins 64
and 65) for dhe inhibit regron windings are 1ocated cn
the left side of the plane, while the feedthrough and
inhibit windiogs are jumpered together (pins 64 and
65) on the right side of the plaue. Conversely, the
mh& winding input and rerminating connections for
xfgb( half-word planes (ot shown) are made on the
nght.side of the digit piames. while the feedthrough
and inhibit windings are jumpered together (pins 64
and 65) ua the left side of the plane.
Because the X and Y array selection winding, are
fot'md by serially connecnng the similarhy numbered
drive lines of adjacent digiz planes, the direction of
read-write current flow in the similarly numbered drive
lines of adjacent digit planes will always be in mutually
~ opposing directions. Since the inhibit-current pulse must
ahq:m the write-carrent pulses that are applied
“to the selected X and Y wimdings of each d:git plane,
- the direction of the inhibit winding must also be re-
‘ .vused ia adjacent digit planes. The required reversal
in the inhibic winding direction of adjacent planes is
a.ccompli.sbed by alternately comnecting the DPD (asso-
ciated .wnth each digit plane) w pins 64 and 65 for each
 successive digin plane of the array. To illustrate the
m in which these connections are made, the fol-
: kmnng disosssion refers to figure 7—21 which indicates
,theovefznwdm 33 digit planes of the
. array. Since the DPD’s associated with the left half-word
are all connecsed to the lefe side of the array, each
DPl?of&ewapuiqplmewﬂlheconnected
to pin 64 on the left side of the plane. kach DPD of
the next lower or LS piane will be connected to pin
65 on the left side of the plane. This alternate pattern
is repeated for the remainder of the left half-word with

'YOL B, PART 7
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the result that each DPD of the L15 plane will be con-
nected to pin 64 on the left side of the plane. Since
the DPD’s associazed with the right half-word are con-
nected to the ris™: side of the array, each DPD of the
RS plane will be wonnected to pin 64 on the right side of
the plane. The . ernate pattern of connecting the DPD’s
is resumed for each successive digit plane comprising
the remainder «f the right half-word. 1

1.3.3 Sense Windings

As noted mn figures 7—19 and 7-20, the subplanes
of each digit plase are grouped into four sense sections
with fc'ir subpianes in each section. The sense windings
in th “our subplanes of each sense section are connected
in a series parallel arrangement to provide common
output peints. These common output points are con-
nected to the front side of the digit plane by means
of the vertical rwisted pair wires that were added to
the subplanes of inhibit regions 0 and 1.

The groupicg of subplanes 1o form the four sense
sections of the digit plane is shown in table ~—¢  As
noted. sense section A consists of subplines 2. 5. 10,
and 1~. The serse windings of subplanes 5 and 10 are
connected in series. and the sense windings of subglines
2 and 17 are alse connected in series. These twe senes-
connected groups of windings are connected wn parallel
(by means of the rwisted pair wires in subplana & and
1) to supply one input to the associated sense amplifier.
The winding connections for sense section A may be
traced on figures "—i9 and 7-20.

Pin 69 at the back of subplane 1 is connected to
pin 69 on the left side of the jumpered connection
into subpiane 3. ihen threagh sense winding 1 of sub-
plane 5 and sense winding 2 of subplane 10 to pin 69
at ‘ront of subplane iv. Pin 69 1, waneted oo pin oR
From pin 68 the path goes through sense winding 1 of
subplane 10 and sense winding 3 of subpiane 5 t: pin
68 at the back of subplane 1. The series connection of
the sense windings of subplanes 2 and 17 is similar to
that for subplanes 5 and 10 with the addition of the
twisted pair connecting link running through subplanes
2, 6, 12, and 16.

From pins 68 and 69 at the back of subplane 1,
the series-parailel connected subplane sense windings

TABLE 7—-6. SUBPLANE GROUPING IN
SENSE SECTIONS

SENSE SECTION SUBPLANES
A 2,5,10,17
B 3,6.11,14
C 0,7,12,15
D

‘9 47 139 16
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! and O to pins 66 and 67 at the front of subplane 0.
These termimals are the extermal connections of the
sense section A semse windings.

The connection of the semse windings of the other
sense sectioas i similar to that just described for section
A Signals from the four sense sections of one digit
plane are applied to the four input preamplifier channels
c{mmqﬁﬁ«.‘lhm,uamkof&iswiﬁng
scleme, a single sense amplifier can detect and amplify
the output signal from any core in a digit plane.

14 ARBRAY WIRING
jl?el&&’futiummy,wﬁdlconuimatomlof
33 digit planes, is composed of 16 Type 1 digit planes
and 17 Type 2 digit planes. Figure 7—-21 indicates the
overall arrangement of these digit planes by identifying
the bit designstion of each digit plane of the array, and
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the inhibit regions and sense sections of each digit
plane. Although not noted in the figure, the 17 odd
planes (parity, L1, L3, . . . RI3) of the array belong
to the Type 2 grou;- of planes, and the 16 even planes
(LS, L2, L4, . . . Ri4) belong to the Type 1 group of
planes.

1.4.1 Interconnection of X and Y Selection
Lines

Selection of a memory register involves: the simul-
taneous application of read-write current pulses to the
similariy addressed core in each digit plane. Therefore,
the corre< ronding X and Y drive lines in each of the 33
digit piav.es of the array will be involved in the opera-
tion. In veder to provide a control so that one curreat
drive can supply read-write current pulses to he cor-
responding X or Y drive line of each digit plane, the
similarly numbered X and Y drive lines of all digit
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plancs are conmected in series (by means of jumpers)
so that commmng selection windings will be formed. One
cod of cach of the 236X and 256Y selection windings is
~ connected o 2 read-write current driver; the other end
of each winding is commected to ground dhrough a
terminating resistor. In chis ferrite core array all of the
X selection Bme drivers (256) are connected to the left
and right sides of the array while all of the Y selection
line drivess (256) ere commected to the front and rear
sides of the stray. ln each case, the selection line drivers
are connecied to the parity plane while the selection
line cermimating resistoss are connected to the bit Ri$S
plane. Since the input and output connections of the X
and Y selection windings are exactly the same, the fol-
lowing discussion will deal with the X selection wind-
ings oaly.

The 256 X read-write current, one for each X
selection hae. are coanected to the array as shown in
figure 7—22. As noted, current drivers for even num-
bered subplane lines (0, 2, 4, =tc.) are connected to the
even numbered pins on the right side of the parity
plane. The even numbered pins on the left side of the
parity plane are jumpered to similarly numbered pins
on the left side of the bit LS plane, the bit LS plane
is similarly comnected to plane L1 on the right side of

»
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the array, ew. Alternate planes are similarly connected
tv include the 33 planes of the array. The rerminating
resistors for these even numbered lines are connected to
the left side of ti-c bit R15 plane and mounted on the
lower left side of the array.

As noted rc figure 4—6. dnvers for odd-numbered
subplane lines (1. 3, 5, . . . 63) are connected to the
odd-numbered pins on the left side of the parity plane.
The odd-nusibered pins on the right side of the parity
plane are jumpered to similarly numbered pins on the
right side of the LS plane. Alternate planes are sizi
larlv connected to include all 33 planes of the array.
The t-rminating resistors for these odd-numbered lines
are c.cnected to the right side of the Ri5 plane.
These terminating resistors are mounted on the lower
right side of the array.

The Y selection windings are connected on the
front and back sides of the array in exactly the same
manner as described above. The even-numbered Y line
drivers are connected to the even-numbered subplane
pins (0. 2. 4, etc.) on the front side of the par:ty plane;
the odd-numbered Y line drivers are connecred to the
odd-aumbered subplane pins (1. 2. 5. etc.) on the rear
side of the parity plane. The terminating resistors for
even-numbered Y lines are mounted on the lower rear
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resiasoes are sowsited o the lower foome side of the
anvgy.

A2 Sonse Winding Sumple Greups

Bucause the X and Y selection windings are clectri-
cally leng, s definite amount of time is required for the
road-weite currant puises t0 appear st amy specified
peint en the line; chee is, these cursecs puises are de-
layed slightly as they emvel through the array. This

141-14.2]

delay is the selectionlinecnrrent pelses affects thel

array readout timing, siace all of the selected cores are]
not being switrhed at the same time. For optimom re-
salts, when a :ure is switched, the sense amplifier output
is at 2 maximum. To insare optimum .results the sense
amplifiers irc grouped to be sampled progressively.
Figure 7—2i indicates the sample time:grouping of the
digit planes of the agray. The time difference berween
these seme group sample pulses is approximately 0.04
psec.
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BLOCK DIAGRAM ANALYSIS

AM*#@QMMBs}mwnm
figave 7—23. A mosed in this figure, the 256* memory
is divided into five sections: the selection section. the
ana'yn;a'm;&'u.l.e@&dnml) section. and
&emmd”m Figure 723 also includes
the MBR since it is the only path by which information
can be transferred imto or out of the memory. This
mghbmapﬁdnzs@mmqsimve‘it per-
forms a common function for all three of the computer
memories.

Not.mal.opuﬁ:_n of the 256 memory consises of
transferring information into or out of specific registers
of the core armay. As a result, o specific types of

memory cycles are ptubk; ie, a readout cycle during
which old informamion is obtained from selected cores.

and a store cycle during which new information is
stored in the selected cores. .
The following sequence of events occurs durizg
execution of a readout cycle:
o The desired address information is. transferred
to the selection circuits tc condition the desired
X and Y line drivers.

b. A start memory pulse is generared. -

c. The MBR is cleared to prepare it for the subse-
quent information transfer.

d. Read-current pulses are applied to the selected
X and Y lines to switch all of the selected cores
to the O state.

e

! SELECTION SECTION I
' BIAS CURRENT |
r i16) - -
BiTS RS ,RI, R2.RY Yv SELECT'ON Y TAPE
CIRCLITS CORE 1256)
MATRIX
| (rex:el l
8ITS R4,RS RE AT Yu SELECTION
CIRCUIT ;
FROM PROGRAS COUNTER. | S B:4S CURRENT
ADDRESS REGISTEN T | v
0 ASBRESS COUNTER <
. meGmTER ) Xt | izse | aRRAY (ysxa, | SENSE
. oTs ltalns.mom'" Xv SELECTION MATRIX | —————-t SECTION P——% SECTION
: CIRCUITS bty | (256 X 256) (335A'S)
Q32 (33 m’
RI2 R {i6)
8ITS RI2,AM4A1S | Xu SELECTION BITS RI4,RIS
CIRCUITS
“
’ wm '1,3 OESELECT I I N READ GATE-
controLs| PULSE GENERATOR _ y
A TS o] TiMiNe @ [UTRUTS DIGIT PLANE MEMORY
START MEMORY 1m DELAYED) GATING . DRIVER | BUFFER
muieir TP -3) SECTION SECTION [ REGISTER
(132 DPD'S) (33 FF)
' CLEAR TP-0
SAMPLE PULSES DELAYED

7-23. 256 Memory Device, Block Diagrom




e. A sample puise is generated to sample the output
of the sense amplifiers. Individual outputs are
used ¢0 set associated bits of the MBR.

f. Write-current pulses are applied to the selected
X and Y lines to rewrite the information just
read out. Aa inhibit-current pulse is applied to
selected inhibit region of each plane, if required
0 prevent the writing of a 1 in the selected core.

8 The memary selection circuits are reset to pre-
pare them for the next memory cycle.

The following sequence of events occurs during

execution of the store cycle:

s The desired address information is transferred
to the selection drcuits to condition the desired
X and Y line drivers.

b. A start-memory pulse is generated.

c. The MBR is cleared.

d New information s transferred to the MBR
from an external source and an inhibit-sample
pulse is generated.

e. Read-curremt palses are applied to the selected
X and Y lines to switch all of the selected cores
o the O state, thus in effect erasing the old
content.

f. Write-current pulses are applied to the selected
X and Y lines 1o write the new information inte
the selected cores. An inhibit-current pulse is
applied to the selected inhibit region of each
olane, if required to prevent the writing of 2 1
in the selecred core.

& The memory selection circuits are reset to pre-
pare them for the next memory cycle.

Acwally, during the opezation of ihe 256° memory,
a chizd type of memory cycle is possible, namely, the
memory not selected cycdle. The only operation per-
formed im the 256 memory during such a condition (i.e.,
a machiae cycle is executed but does not select the 256*
memery) is that the memory selection circuits are reset
to prepase them for the next memory cycle.

As soted above, the operations performed during
the execmtion of either a readout cycle or a store cycle
are very similar, the only difference being that in the
readout cycle a sampie pulse is generated, while in the

 store cycle, the MBR is loaded from an external source.

Since the two cycles sre similar, the following analysis
of figure 7—23 will be based on a readout cycle. This
analysis will not discss the various timing details since
this information is covered in subsequent sections.
AtTPo,hnmdthepmgramcoum,ad-
dress register, or 1O address counter, which specifies the
desited memory address, is transferred 0 the MAR
(which were reset during the preceding memory cycle),

fouxhisofinformdonmmferredtoeuhofdu

four selecticn circuit groups. The portion of the desired
address contained in each selection circuit group is then
decoded to condition one of its 16 tape core drivers; thus
one tape core driver is conditioned in each of the four
selection dircuiz groups.

Also at TP 0, a clear-memory-controls pulse (row
TP 0) is appli< to a 1.5-psec delay line in the uming
and gating secrion. If the 2562 memory is not selected
for operation, then this delayed pulse will be gated to
clear the MAR to prepare it for the next memory cycle.
If the 256° memory is selected for operation, then this
delayed TP O pulse is suppressed and the MAR is
clearec jater in the memory cycle by a delayed start
memorv 1 pulse.

If the 256 memory is selected for operation, then a
start-memory-1 pulse is generated at approxzimateiy TP
0 0.4 psec and applied to the timing and gating sec-
tion. This pulse is applied to the memory pulse distrib-
utor (delay line clock) and also sets the Xv and Yv
read gate generators. The output levels of these read
gate generators are applied to their associated selection
circuit groups to activate the conditioned tape core
driver in each group. As a result, a read current pulse
is generated on one of the 16 Xv and one of the 16 Vv
matrix selection lines to partially seiect one line of 16
tape (ores in each tape core matrix.

Note

The tape core matrix contains 256 tape cores
connected in a 16 by 16 square formatoa.
Selection of a specific core is based on the
coincident current principle. However, becaus<
the cores are affectent by 2 biasing current (a
separate biasing vinding is used), the selected
tape core will generate a positive output when
the coincident read-current pulses are applied
and a negative output when the read-current
pulses are terminated. Details of tape core se-
lection together with a discussion of the re-
sulrant output pulses are contained in Section
3 of this chapter.

If the 256° memory is selected for operation, then
the remaining internal operations are controlled by de-
layed-start-memory-control pulses which are obtained
by tapping the delay line at various points. The first
clock pulse is used to set the Xu and YU read gate
generators to initiate a read-current pulse on the se-
lected XU and YU matrix selection lines. Since the Yv
and Vv read gate generators have already been set, coinci-
dent read-carrent pulses are applied to one U and one
V selection line of each tape core matrix. The tape core
at the intersection of the selected U and V lines is
switched to produce a positive output current pulse of |
sufficient amplitude and duration to read half select the |
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sape core mmttices operafe
Sertite cores on one selection lime of the array. Since the
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33 selocted cores w0 be swiached to the O state. The
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to set the sssociated bits of the MBR which was cleared
at TP 1.
Mmmmm»m»
lected lines of the tape core matrices. Termination of
the read-current puises causes the two selected tape cores
(oanmde)tohew'udndhackmdnitorigi-
nal state. This action prodeces segative output current
pnbaolsnﬁa‘eutmpﬁmdtmddmadonmwﬁtehalf
select the ferrite cores on the selected lines (one X and
one Y) of the array. Simce the two current pulses are
in unison, the ferrite cores at the intersection
of the selected X and Y hine will be switched to the 1

stase. However, the outputs of the MBR combined with
the inhibic gwe generator output
dnatﬁono!the}}D?D‘smodaMwi&thcm
inhibit region of the array. If a particular bit of the
ociﬁmalmyw-rdconuinedao,theuuﬁzmd mem-
ory buffer flip-flcp will contain a 0. Under this condi-
ton the associatd DPD will generate an inhibit-current
puheindtest!'::mdinhihitregionoftheamy.&m
:hcin!ﬁhit—mmmpulseistimedtoaamuymkptbe
write-current pulses applied to the array, the selected
core of the i<sociated plane will not be switched to the
1 state, but will remain in the O state.

During the latter portion of the memory cycie, a
duirulseismedtoresctthzmemoryaddr&regism
(eact; selection circuit group contains 4 of the MAR
flip-Gops) in preparation for the next memory cycle.
Since the output levels of the MAR are only used duning
the first half of the memory cycle (to specify which
npecoredximmtobeacu’vawd).ﬁ:isrwacéon
does not affect the remaining internal operations of the
memory cycle being executed.




3.7 ADDRESS DESIGNATION

The memory address register (MAR) of the 256°
memory clement, which specifies the selected memory
address, has been previously identified (refer o Part 4
of this manusl) 2s s 16-bit register consisting of bits RS
through R15. Since the digit plane used in this memory
consists of a 256 by 256 array of cores, which are
selected by a coincident cusrent method (the selected
core is defined as the core at the intersection of mutually
perpendicular X and Y drive lines), the MAR content
aciually specifies one X and ooe Y drive line to select
the desired core. Because the digit plane is symmetrical,
the 16 binary bits of the MAR are divided into two
equal groups, bits RS through R7 and bits R8 through
R15. These two groups of binary bits are used to specify
the selected Y and X drive lines respectively. Since the
MAR content is usually designated by a 6-digit octal
rumber, a conversion scheme is employed to convert the
octal address designation into a short symmetrical sys-
tem of X and Y drive line designation,

As shown in figure 724, the MAR bits have been

relabeied according to an X and Y notation, and re-
grouped io form two 3-digit numbers, bused on an uctal-

quadral system of notation. The first two digits of ~ach

of these numbers are in octal notation (radix of 8),
and the third digit is in quadral now:ion (radix of 4).
To determine the X and Y linc octal-quadral designation
(ocquad) of an octal address, or vice versa, the binary
equivalent of the given number must be regrouped to
form the six digits of the desired notation.

Example:

Octal Address 0 1 2 3 4 5

Binary Equivalent

Octal-Quadrant Equivalent 0 S o0 7 1 1
Y X

0001010011100101

Nolte

Since the third digit of an ocquad (octal-quad-
ral) number represents two binary bits, the
mazximum value of this digit is 3. If a 1 is
added to an ocquad number ending in 3, this
maximum is exceeded, and the third digic de-
velops s casty that is sdded to the next signi-
ficane digit; osmely, digie 2.

Example:
“3".‘.n2"' + = ssoluu.nm“

In all cases, numbers to be added to an ocquad
number must also be in ocquad notation.

A noted in figure 7—24, the physical X and Y
drive Yines of each subplane are no longer referenced
to the individual subplanes; rather, for addressing pur-
poses, the X and Y drive lines are numbered in consecu-
tive decimal order from 0 to- 255. it should also be
noted (from the ocquad designation shown for the as-
sociated physical lines) that consecutive X lines are
contained in consecutive inhibit regions, and consecu-
tive Y lines are contained in consecutive columns of
subplanes. The relationship of the physical line notation
to the ocquad line designation obtained from the octal
address designation is shown in tabie 7—7. Since the
MAR is grouped in a symmetrical system. the table
is applicable for both X and Y line designation.

In using the table to determine the physical line
specified by an ocquad number, the least significant
digit (3rd) of the ocquad number should be exam-
ined first to pin-point the applicable columns as follows:

CONTENT OF PHYSICAL LINE
3RD DIGIT CCLUMNE

0 1

1 2

2 3

3 4

Since the first two digits of the ocquad numbers
in each pair of columns are listed in consecutive order
from 00 to 77, a brief search will yield the desired

results.

Example:
Ocquad number 612 = physical line 177
The third 1igit of the example specifies that the ocquad
number is contained in column 3 of table 7—7.
Reference to the table shows that the ocquad number

specifies physical line 177.
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%Y x-Y ) & 4 X-Y
PNYS ocQuad PHYS OCQUAD PHYS OCQuUAD PHYS -OCQUAD

° 000 64 001 128 002 192 003
1 010 65 o11 129 012 193 013
2 a20 66 021 130 022 194 023
3 030 67 031 131 032 195 033
4 040 68 o41 132 042 196 043
5 050 69 051 R 052 197 053
6 060 70 061 134 062 198 063
7 070 71 071 135 072 199 073
8 100 72 101 136 102 200 103
9 110 73 111 137 i12 201 113
10 120 74 121 138 122 202 123
11 130 75 131 139 132 203 133
12 140 76 141 140 142 204 143
13 150 77 151 141 152 205 153
i4 150 78 161 142 162 206 163
15 170 79 171 143 172 207 173
16 200 80 201 144 202 208 203
17 210 81 11 145 212 209 213
18 220 82 221 146 222 210 223
19 230 83 231 147 232 211 233
20 240 84 241 148 242 212 243
21 250 85 251 149 252 213 253
22 260 86 261 150 262 214 263
23 270 87 271 151 272 215 273
24 300 88 301 152 302 216 303
25 310 89 311 153 312 217 313
26 320 90 321 154 322 218 323
27 330 91 331 155 332 219 333
28 340 92 341 156 342 220 343
29 330 93 351 157 352 221 353
30 360 94 361 158 362 222 363
31 370 98 n 159 372 223 373
32 400 9 401 160 402 224 403
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TASS 7-7. QRANGNSNP OF PUVSICAL LINES 7O OCQUAD LINE DESIGNATION (cont'd)

2 4 XY X-¥ XY
o) ¢ ] COQUAD PHYS OCQUAD PHYS ocQuAD PHYS OCQUAD

UNE ADR UNE ADR UNE ADR UNE _ADR

33 410 97 411 161 412 225 413

34 Q0 98 421 162 422 26 423

35 <30 99 431 163 ' 432 227 433

36 440 100 441 164 442 228 443

37 450 101 451 168 452 229 453

38 460 102 461 166 462 230 463

39 470 103 471 167 472 231 473

40 500 104 501 168 502 232 503

41 510 105 511 169 512 233 513

42 520 106 521 170 522 234 523

43 $30 107 531 171 532 235 533

- 44 540 108 541 172 542 236 543

45 550 109 551 i73 552 23" 553

46 550 110 561 174 562 238 563

47 ' 570 11t 571 175 572 239 573

48 600 112 601 176 602 240 603

® 610 113 611 177 612 241 61>
50 620 114 621 i78 622 242 623
L 630 115 631 179 632 243 633
T s 640 116 641 180 642 244 643
117 651 181 652 245 653

660 18 661 182 662 246 663

670 119 671 183 €72 24~ 673

36 700 120 701 184 702 248 703

N 57 710 121 711 185 712 249 713

5 S8 720 122 721 186 722 250 723
é -9 730 123 731 187 732 251 733
v 6o 740 124 741 188 742 252 743
6t 750 125 751 199 752 253 753

62 760 126 761 190 762 254 763

63 770 127 ™m 191 772 255 773
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is always the same withis 8 colemn of subplases. As 2
result, the oceal subplese designstion cocsssponds to
and i resdily idemtified by regrouping the bimary
md:&&iﬂﬂiﬂ&ghdhw@ﬂ
conrise of MAR bits Y,, Y,. X,, and X, are regrouped
so thae che first digit of the octal subpisae designation is
Whythecom:dﬁxY,,wh’dcdnmnddi@t
is specified by the sum of bits Y., X,, and X,. Table
7—8 lists che four bit combinations required e select each
of the 16 subplanes. Since the first two digits of the X
and Y line ocquad designation specify consecutive physi-
cal X and Y lines (in octal notation) within s subplane,
it s omly mecessary to determine which subplane is se-
lected in order to completely identify the selected X
and Y drive lines. The following example will serve to
. illustrate this fact.
Ocguad address
Binary equivalent of third and 1101
sixth digits

Ocquad equivalent of third and 15
sixth digits

Thus, ocquad address 123 451 selects the core at the
intessection of Y = 12, (19,,) and X = 45,

(37.,) of subplane 15..
TABLE 7-8. SUBPLANE SELECTION

123 451

MA22 BIT GROUPING SELECTED SUBPLANE

Y, Yo X, Xo (OCTAL)
o 0 0 0 o
o 0o 0 1 1
0 4] 1 o 2
o 4] 1 1 3
o 1 o o 4
© 1 0 1 5
o 1 1 0 6
0 1 1 1 7
1 0 0 o 10
1 0 0 1 11
1 (4] 1 o 12
1 0 1 1 13
) | 1 0 0 14
1 1 0 1 15
1 1 1 0 16
1 1 1 1 17

S T

11-321

Numbess sdded to or subtracted from an ocquad
sumber must of necessity be in ocquad notation. Thus,
if it is desired to 2dd the index register content to &
memory sddress -pecified in ocquad notation, it is
necessary to Arsc convert the index register content into
ocquad nutati; .. In performing the actual addition, it
must be noted that the chird and sixth: digits of the
ocquad number are actually in quadral natation (radix
of 4); therefore, the maximum number that can be
expressed by these digits is 3. If this value is exceeded
during the addition of quadral digits, a 4 is subtracted
from the digit sum to develop a carry of 1 to the next
most sign.ficant digit. The numerical difference represents
the vaiue of the quadral digit. When subtracting ocquad
numbess (e.g.. modification of the index register content
by the index interval), these same precautions must be
observed. The following examples serve to illustrate the
addition and subtraction processes.

OCTAL OCQUAD
NOTATION NOTATION
(1) Memory Address 0.03163 012 343
Index Register 0.01234 . 002 470
Sum 0.04417 021 033
(2) Index Register 0.01234 02 70
index Intervai 0.00452 001 122
Difference 0.00562 001 342

3.2 ADDRESS SELECTION CIRCUITS

¢ addross selaction nrocess consists of decoding
the contents ot the emory address register and de-
termining, on the basis of the informarion thus ob-
tained, which X line and which Y line in the ferrite
core array is to be driven in the subsequent reading
and writing process. When read- and -write-current
pulses are applied to the selected array lines, the read
and write processes take place in the cores of the se-
lected address: that is, in the cores at the junctions
of the selected X and Y lines. .

3.2.1 Block Diagram Analysis

A simplified block diagram of the 256° memory
address selection and X-Y driving circuitry is shown
in figure 7—25. As noted in the figure, the MAR
content — which is transferred from either the program
counter, address register, or 10 address counter —is
decoded by four groups of selection circuits. Two of
these circuit groups are used to drive the U and V
selection lizes of one tape core (CCD) matrix. Each
circuit group decodes four bits of the address to select
one of its 16 switch drivers (SWD). When a read-gate
signal is applied to the assodated current regulator
(CR), the selected switch driver delivers a .current pulse
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core (CCD) masrix. Each matrix recsives s cutrent pulse
‘oa both s U and V fine and, as & result, a current pulse
is gemerased on one of its 256 output lines. This cucrent
puise dvives one selection Bine of the ferrite core array.
One rape core matrix drives an X line, and the other

Cnq SECT. 3
drives a Y liec v complete che selection and driving
process.
3.2.2 Yape Core Mstrix
Figure 7—26 shiws the electrical (hu:a\teﬁstia of
the tape core used in the tape core matrices. The U, V,
and bias winding; produce approximately equal applied

l Xu SELECTION CIRCUITS

I

' I ’ x
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Figure 7—25. 256 Memory Selection Circuits, Block Diagram

BIAS WINDING
3 TURNS

+ 400mo

WINDING
21 TURNS
D 400 ma
(APPROX)

QUTPUT WINDING

TAPE CORE MYSTERESIS LOOP

WRT

T




o 4 T3

%W.QOWQME-QA
manner that the biss field the U snd V fielda
Under noaselecsed conditions, the U and V windings
to settie at poime A of the hysteresis loop. If a tape core
is half selected, thae s, if cither the U or V windings is
ecergized singly, the sesultant field will cancel the bias
tield and the core will settle at point B. Since oaly a rela-
Gvely small change in flux is produced, the output wind-
ing signal will be an early pesking positive pulse of ap-
proximately 40 ma st its peak. For half selected tape
cores, a similar negative output signal is obtined when
the U or V cnzzent pulse is terminated. If a tape core is
fully selected, chat is, if both the U and V windings

322

cause the core to switch to point C, producing a rela-
tively large change in lux to yield approximately a 400-
current pulse used to half read select a ferrite core
When the U and %" current pulses are terminated the
bias field will caus- the tape core to switch back to point
A, again producing a relatively large change in flux to
yield approximately a 400-ma signal on the output wind-

"ing This lactec signal is the write-current pulse used to

half write select a ferrite core.

Figure "—27 shows the arrangement and connection
of the tap: cores to form a portion of the tape core ma-
trix. As previously stated, only one U and V line can be
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energized 2t any ene came; cheesfore, only the core st
the insessertion of the selected U and V line can be
switched o produce read-write currents. Each tape core
output winding is coasecsed t one X or one Y wind-
the requised half-amplswde current required by the fer-
rite cores. The half-selected tape cores produce small
noise pulses.
3.2.3 Selection Cirenit Analysis

As aneed in figure 7—235, the four groups of selec-
tion cscwits are physically slike, and the only func-
tional difference between them is the source of input sig-
uals and dhe destination of the output signals. The input
signals are representative of information contained in
the MAR. The distribution of these signals is skown in
table 7—9. Simce the arcait groups are alike, the follow-
ing discussion will be based on only one of these;

samely, the Xv selection circuit group which is showa in
figure 7-28.

As noted in figure 7—28 the clear-memory-controls
pulse (delayed TP 0 or start-memory pulse) resets the
MAR flip-flops and the input amplifier (IA) deselect

TABLE 7-9. DISTRIBUTION OF MAR BITS

DIODE MATRIX
CIRCUIT GROUP DECODER INPUTS
Yv RS-R3
Yu R4-R~
Xv _ R8-R11
Xu Ki2-R15

F O F A T

@ IA |—< SwD
ﬂ 4

J 001C
IA P SWh
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Figere 7—28. Xe Selection Circuits
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desired sddress is transferred to the MAR. The bit R12,
R13, R14 sad R1$ flip-flop content is decoded by a 16-
way-AND dinde matrix decoder (DMD) to condition
one of the 16 input amplifiers. The 4-digit binary num-
bers amociased with each of the matrix output lines
represent the coatents of MAR bits R12, R13, Ril4,
and R1S sespectively. Only one of the diode matrix
outputs can be selected (—30-volt level) at any one
time; the remaining 15 outputs are at a +10-voit level.
The ottputs of the DMD are spplied to the input am-
pliﬁesvlichinvett,mli!y,mdchmpthelmlof
the input sigmal The nonselected input amplifier out-
puts are at a —240-volt level (+10-volt input), and
the selecred input amplifier is at — 150-volt level (—30-
volt input).

It shosid be noted that the —AND drcuit whose
output is desigmated by 1111 has an additional input
from the IA deselect flip-flop. This additional input is
required becamse the input amplifiers have capacitive
coupling between stages and clamping circuits to hoid
their cutputs at the nonselect level of —240 volts. When
an inpus amplifier is selected, it can maintain its selected
output level of —150 volts for only a short dme, deter-
mined by the time constant of the capacitive coupling
network. The output level will fall to the —24C-volt
level even though the input signal remains constant at a
—30-voit level.

This means that when the same input amplifier is
to be used during a number of consecutive cycles, it
must be deselected and then selected again for each
me=mory cycle. Deselection of 15 of the 16 input ampli-
fiers is performed automatically when the MAR is
cleared and then set to the new address. The 16th input
amplifier is driven by the — AND circuit whose inputs
are from the 0 sides of the bit R12, R13, R14, and R15
memory address register flip-flops. When each of these
four flip-flops contains 1, designating the cleared condi-
tion, four —30-volt conditioning levels ace applied to
the —AND crcuit. If a number of consecutive memory
cycles are executed in which address bits R12, R13, R14,
and R15 remain cleared (contain 1's), the MAR flip-
flop input levels to the — AND circuit will remain con-
stant. To provide for IA deselection in this case, the
—AND dircuit has five inputs instead of four. The fifth
input comes from the 0 side of the IA deselect fiip-flop.
The IA deselect flip-flop is set at TP 0 and applies a
— 30-volt level o the —AND circuit, enabling it to act as
any other —AND circuit in the matrix. When the mem-
ory sddeess register is cleared, the IA deselect flip-flop
is also cleated. Its output to the — AND circuit becomes
410V, effectively deselecting the —AND dircuit and the
input amplifier it drives. Thus, in all cases 3 —30-volt
gate is w—ny applied to the selected input amplifier,
thereby insuring proper action.

As shown in figure 7—28, the cutput of each input
amplifier » applied to an associated SWD. A switch
driver is a gating circuit which, when conditioned by a
—150-volt level, <.ill pass a current pulse_generated by
a current regul:ior (CR) to drive the selected U line of
the X tape cor=. The current regulator is a power ampli-
fier which is awtivated by a negative read gate signal to
generate a current pulse in one of the 16 associated
SWD’s. Figuce 7—28 shows that ooly one SWD can
have an output at any one time. The active SWD is the
one receiving both a —150-volt conditioning ‘level from
an input amplifier and a current pulse from a curieat
regulaor.

Sicce all four of the selection circuits groups are
aciuated by read gates at approximately the same time,
current pulses will be applied to the selected U and V
lines of each tape core matrix. At the point of coinci-
dence, a tape core is selected in each matrix which, in
turn, supplies the required coincident read-write current
pulses to its associated X or U array drive line. Table
7—10, which constitutes the tape core matrix selection
gridwork, identifies the array drive line (in physical and
ocquad notarion) associated with the output winding of
each tape core. Since the ocquad address notation pro-
vides symmetry in specifying the selected X and Y drive
lines, this table represeats both the X and Y taje core
matrices. As noted in the table, the 2-digit octal num-
bers in the leftmost column specify the U input Lnes,
and the 2-digit octal numbers in the topmost row
specify the V input lines (fig. 7—24). During memory
operation, the tape core at the intersection of the selected
U and V lines will generate the required read-write cur-
cent pulses. The individual tape core oucput windings
are connected to the arr.y X or Y drive lines as shown
by the identification numbers containeJd in each box. Tt
upper number in each box specifies the physical X or Y
drive line, and the lower number, which is obtained by
regrouping the combined binary equivalent of the se-
lected U and V lines, designates the ocquad coding of
that line.

As noted in table 7—7, consecutive ocquad addresses
are contained in consecutive columns; thus- one method
to determine the selected U and V lines (switch drivers)
for a given ocquad address consists of searching the
table column by column for both the X and Y porticas
of the address. A second method consists of regrouping
the binary equivalent of the ocquad address into V and
U line notation for each tape core matrix directly (fig.
7—24). If the selected X or Y lime is specified by physical
line notation, then reference to table 7—10 will yield
the associated ocquad line designation, which can then
be converted according to one of the two methods noted
above.




U (Octal)

TRV RS TR

TABEE 7-7C. X AND ¥V TAPS CORE MATEIR OUTPUT

V (Octal)

00 e 0 03 o6 05 06 o0 10 11 :=2 13 14 15 16 I

© & 8 12 16 20 24 28 32 36 40 44 48 52 56 60

00 OO0 O 100 140 200 240 300 340 400 440 300 540 600 G40 700 40
64 @ 72 76 80 84 88 92 96 100 104 108 112 116 120 124

01 001 ©61 101 141 201 241 301 341 401 4<: S01 541 601 G41 7Ol 741
128 132 136 3140 144 148 152 156 160 164 168 172 176 180 184 188

02 002 O42 102 142 202 242 302 342 40~ 442 502 542 602 642 702 742
192 196 200 204 208 212 216 220 224 224 232 236 240 44 248 252

03 003 ©43 103 143 203 243 303 343 403 443 503 543 GO3 (43 03 743
1 5 9 13 17 21 25 29 33 37 41 45 49 53 5T 6l

04 010 050 110 150 210 250 310 350 410 450 S10 550 G610 650 710 750
65 (2 73 77 81 85 89 93 97 101 105 109 113 117 121 125

05 001 oO51 111 151 211 251 311 351 411 451 SI1 551 6il1 651 ~11 751
129 133 137 141 145 149 153 157 161 165 169 173 177 181 185 -

06 012 052 112 152 212 252 312 352 412 452 SI2 552 G612 652 712 752
193 19° 201 205 209 213 217 221 225 229 233 237 241 245 249 253

07 013 053 113 153 213 253 313 353 413 453 513 353 613 653 713 753
2 6 10 14 18 22 26 30 34 38 42 46 50 54 S8 G2

10 020 060 120 160 220 260 320 360 420 460 526 SLO £22 G660 "D 760
66 T 74 78- 82 8 90 c4 98 102 106 '14 114 1R 122 126

11 021 061 121 161 221 261 321 361 421 461 521 S61 621 G661 721 761
130 134 138 142 146 150 154 158 162 166 170 174 178 182 186 190

12 022 ©6 122 162 222 262 322 362 422 462 522 562 622 G662 722 762
194 198 202 206 210 214 218 222 226 230 234 238 242 246 250 254

13 023 063 123 163 223 263 323 363 423 463 523 563 623 G663 723 763
3 7 11 15 19 23 27 31 35 39 43 47 S1 55 59 63

14 030 070 130 170 230 270 330 370 430 470 530 570 630 670 730 770
67 M 75 79 8 8 91 95 99 103 107 111 115 119 123 127

15 031 O71 131 171 231 271 331 371 431 471 S31 S71 631 671 731 771
131 135 139 143 147 151 155 159 163 167 171 175 179 183 187 191
16 032 072 132 172 232 272 332 372 432 472 532 S72 632 G672 732 172
195 199 203 207 211 215 219 223 227 231 235 239 243 247 251 255
‘17 033 O73 133 173 233 273 333 373 433 473 S33 S73 633 673 733 773
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SECTION 4
SENSE SECTION

The sease section of the 256 memory element con-
sists of 33 sense amplifiers, one for each memory plane.
As already discussed in Section 1 of this chapter, the
semse windings of the 16 subplanes of a2 memory plane
aze connected in four sease sections of four subplanes
each.
in order to reduce the effects of half-select noise that is
generated during the read portion of the memory cycle.
In selecting any given address in a plane, 255 X and
255 Y cores are disturbed by half select current pulses.
If the resultant noise generated by these 510 disturbed
cores was allowed to add during the read portion of the
memory cycle, the resultant noise level could not be
rejecred by the sense amplifier.

To minimize the effects of noise signals, the sub-
plane sense windings of each sease section have been
connected in a series-parallel manner. Table 7—11 lists
the subplanes in each group and also shows the series
. pasallel grouping.

As noted in the memory plane shown in figure 7—29,
if dhe core shown at the intersection of the X and Y lines
is selected, then half-selected noise will be picked up on
sense winding C7, AS, D4, A2, C12, and D16. It should
be noted that the only noise generated in sense section
b is that which s generated in subplane B6. Trus. even
though 510 cores are half sciecred, sense section B will
ocaly pick up the noise from the 63X and 63Y half-
selected cores in sense winding B6. Under these condi-
tioms, the amount of half-select noise added to or sub-
tracted from the selected core output does not differ from
the amount of noise generared in the cxisting 642
memories (refer to Ch 2).

TABLE 7--11. SENSE WINDING CONNECTIONS

The output of each sense section (see fig. "—29) is
connected 0 one of the four input sections of a sense
amplifier: thus each sense amplifier consises of four sepa-
rate input sections and a commoa section. The common
section of the sense amplifier contains a ganing circuit
wlich is sensed by a sample pulse to determine the output
of U selected core. During a readout cycle, if the
selected core contained a one, the associated MBR flip-
flop. which is cleared at the beginning of the cycle, will
be set to the | stare. If the core contained a 0 the
associated MBR flip-flop will remain in the 0 state.

As noted 1n figure 7—29, the sample pulse does not
sense all 33 sense amplifiers at the same time. bur rather
is delaved in steps of approximately 0.04 psec to sample
groups of sense amplifiers. This delay in sample ame
berween the first group and subsequent groups of sense
amplifiers (tabie 7—12) is required because of the delay
inherent in the X and Y selection lines. For optimum
resules if a 1 is read out of a plane, it 15 prcescary to
sample the amplified output pulse when it is at its peak.
The use of eight sample pulses compensates for the
selection line delays and permits maximum memory
reliabiliry.

During a store cvcle, the sample pulse generated by
the memory clock must not be applied to the semse am-
piifiers. What such 2 cycle is exacuted. an inhibic sample
Fulse is supplied tc the memory element at the beginning
of the cycle. This pulse clears the sample gate generator,
thereby deconditioning the sample gare sc that the sample
pulse will be inhibited during this cycle. The sample
gate generator is set at the beginning of -each memory
cycle; thus a readout cycle is executed if an inhibit
sample pulse is not supplied to the memory.

TABLE 7—12. SAMPLE PULSE GROUPING

SENSE SECTION SUBPLANES SAMPLE GROUP PLANES
A S&10; 2&17 1 P-L3
B 3& 6,11 & 14 I L4-L7
C 0&15 7&12 1 . L8-L11
D 1& 4;13&16 v o L12-L15
Nete: The semse windings of subplames 5 and 10 ave comsected v "‘ R5-R3
in ome sevies loep, and the semse windings of subplanes 2 \Y | : R4-R7
and 17 ave commected in & sepavate sevies loop. The two
sevies loops (3 and 10; and 2 and 17) eve commected in vl R&-R11
Vil R12-R15

pavaliel to the semse section extpms terminals. The otber
senss sections-ave counnecied im & similer maumey.
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The DPD section of the 256 memory element con-
tains 132 DPD’s, which are used to supply inhibit cur-
rent pulses ¢ the memory pianes of the array. Although
the omput of a DFD is a negative current pulse of
approximately 400 ma, the winding geometry of the
array essures that this cutput will have the same effect
as a haifgelect read current pulse. An inhibit current
pulse is wsed during the write portion of a memory cycle
to prevest the writing of a one by cancelling the effect

INHIBIT
REGION O

(L 11: g
REGION |

of one of the write-current pulses applied to the selected
core of the plane. .

As discussed in Section 1 of this Chapter, the
memory plane is divided ine four inhibit regions, each
region _oataining four sebplanss. The individual sub-
plane uigit windings of an inhibit region are connected
in series to form a common inhibit region digit winding.
One DPD is used to supply an inhibit-current pulse to
one inhibit region digit winding; thus, four DPD’s are

4 SUB - PLANE

IN®18'T WINDINGS
INHIBI® 7
REGIO* 2

L L11-1h)
REGION 3

———— DPD

LP

FF

aand

OPD OoPD

.

—q DPD

.wxu,l*\

}

DPD

LS

TS
W
o
BITS Li-L14

SDENTICAL

'l}‘uusJ

DPD DPD DPD

i“—wu'

DPD

Lt

o FF |

LEFT MBR
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(LEFT WORD)
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DPD
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required per momoey plane. The iour DPD's of each
plane are comsralied o supply an inhibitcurrent pulse,
if reguired. w che inhibit region which cootains the
selected core.

Because of the method of addressing used in the
256 memory, comsecutive memory addresses are cos-
tained in comsecative inhibit regions (see Sect. 2 of
this Chapeer). Since four inhibit regions are available,
the two lemst sigmificant biss of a2 memory address con-
_ ‘ained in MAR biss R14 and R15 are used t0 determine

which inhibit region is selected. Table 713 lises the
four compenens of each inhibit region as well
as the binary code of MAR bits R14 and R15 that will
designate the inkibit region selected. :
| ~ Figure 7—30 s a block diagram of the DPD control
circuits that are used to control the generation of inhibit-
current pulses for the left half-word. Since the right
half-word is comerolled in exactly the same manner by
2 second set of control circuits, the following circuit
analysis is spplicable to both half-words. As noted in
figure 7—30 the inhibit gate generators are in the cleared
state at the beginming of each memory cycle. If the 256
memaory is seleceed for operation, a start-memory pulse
is applied to che memory clock to initiate memory
operation. During the read portion of the memory cycle,
_information is transferred to the MBR from either the
selected memory add.ess {readout cycle) or from an
" external source (store cycle). In either case, during the
write portien of the memory cycle, the information con-
tained in the MBR is written into the selected address.
If specstic bits of the MBR contain 0's then an inhibit

cusrent musr e generated in the selecesd inhibit region
of the assouiated memory planes 0 overlap the write-
cutrent pulse, thereby preventing the writing of a 1 in
the selected core. s noted in figure “—20 a set-inhibit
pulse is generaicc by the memory clock which senses
the gate tubes controlled by MAR bits R14 and RI15
to set the inhibit gate generator for the selected inhibit
region. The setected inhibit gate gemerator develops a
negative pulse (+10 to —30) on its O-side output which
is applied to the - AND input circuis of each associated
DPD. If a particular MBR flip-lop contains a 0 it
1-sidz output will be at a .- 30-volt level and the nega-
tive int ihit gate will activate the associated DPD circuit.
An i-iibit-current pulse will thus be generaced in the
selectod inhibit region of the assocated plane.

The selected inhibit gate generator ‘is cleared
approximately 2.0 usec after it was et thus the inhibit-
current pulse (2.0 usec in duration) will properly over-
lap the write-current pulses.

TABLE 7—13. INHIBIT REGION SELECTION

INHIBIT MAR BITS
REGION SUBPLANES R14 AND RIS
0 - 0,4,10, 14 00
1 1,5, 11,15 01
2 2,6,12, 16 10

3 3,7,13,17 1

CR 4 $E515




SECTION 6
TIMING AND GATING

The vatious operations performed during a memory
cycle must be executed according to & very stringent
schedule. It is the function of the timing and gating
section of the 256* memory to provide this rigid control
in the form of control polses and gate signals.

The timing and control section consists of a memory
pulse distributar (MPD) and the entire complement
of gate generators controlled by it. The MPD is actually
a long delay kine (approximately 6.0 psec) which receives
a start-memory pulse at the beginning of each 256*
memory cycle. The delay kine is tapped at several points,
and the various delayed pulses are used to control the
gating circuits. These gating circuits consist of flip-flops,
whose output levels control the various memory circuit
functions.

A simplified block diagram of the timing and gating
circuits of the 256 memory is shown in figure 7—31,
foldout. As noted in the figure, four different input sig-
nals are supplied from rhe Central Computer System to
condition and activate these circuits. These inputs are
identified as follows:

a. TP O pulse

b. MAR bit R14 and R15 output levels

c. Start-memory pulse (TP 0 delayed)

d. Inhibit sample pulse (TP 2)

The first two signals are always supplied to the
256 memory, regardless of its selection status. If the
256 memoty is not selected, the TP 0 pulse initiates

TIME (usec) 0 \ 2
TP [+] 2 4

action to reset cae MAR and IA deselect flip-flop. If the
2562 memory is selected for operation, the third pulse,
start memery. is also generated to control the timing
of the read-, write- and inhibit-current puises required
during "¢ execution of both the readout cycle (OTB
or BI: .ad the store cycle (PT, OT or BO). During
execunsn of the store cycle, the fifth pulse, inhibit
sample, is also generated to inhibit the sampling of the
sense amplifier, thereby erasing the content ot the spec-
ified memory location during the read portion of the
cycle. (Refer to Sect. 4 of this Chapter.)

Figure 7—32 is a timing chart showing the sequence
of events for the memory-selected condition. As noted,
the read and inhibit gate generators are set for this
condition to control the generation of read, write, and
inhibit-current pulses. Figure 7—31 shows that the V
gate generators are set by the start-memory-delayed
pulse (approximately TP & + 0.4 psec) to supply a
negative gate to the conditioned Xv and Yv current
regulators, which in turn control the generation of the
current pulses supplied to the specified V selection lines
of the tape core matrices. The TP 0 pulse is also applied
to MPD IV; however, in this sample the MPD IV gate
tube is conditioned when sensed, so that no action results.
Anproximately V.2 pisec aite: tite suarl e y pulse was
generated, the U read gate generators are set to supply
cur.ent pulses to the specified 1] seiection hne of the
tape core matrices. As a result, each tape core matrix
is now supplied with U and V current pulses and the

RGG,,

RGGY

SAMPLE

INK GB L

NH GG R

Figere 7-32. 256 Memery

Selected, Timing Chart
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selected tape cose of each smgrix will swisch to provide
read-current pubes ® chy sssociated X and Y drive
lines of the arrsy.

Approximasely 1.4 usec after the start-memory pulse
‘mgmaad%lmaampkpuhwhicb
is applied to the sample gase geaerator tube. If a mem-
‘oqchkisbé;mad,dlegawmbewill
be conditioned so that the eight sample pulses will be
applied to the 33 semse amplifiers. Staggered sample
timing is required becawse of the delay characteristics
of the X-Y drive lines.

Approximasmly 1.5 psec (MPD 1) after the start-
memory puise. the Xv and YV read gate generators are
cleared to terminate the read-current pulses.

Approximately 1.1 usec later, MPD II generates a
pulse to clear the XU and YU read gate generators to ini-
tiate the write portion of the cycle. The U and V read
gate generamrs are set and cleared at separate times in
order to speed ap selection and also to reduce the noise
generated in the sense winding. The action of clearing
the read gate generators causes the wo selected tape
cores (one in each tape core matrix) to be switched back
to the original state, thus generating the write-current
pulses reguired by the associated array drive lines.

Approximately 2.2 nsec after the start memory pulse
the selecred lefr word ichibiz gate generator is set by
a MPD H pulse which senses the six gate tubes con-
trolled by the MAR bit R14 and R15 flip-flops. About
0.2 usec later the selected right word inhibit gate
geaerator rs set in exactly the same manner. The selected
inhibi:-gate pulses (negative pulses from 0 side out-
put) sense the 33 digit plane drivers of the associated
inhibit region: oaly those DFD's that are conditioned
(at a —30-volr level) by the 1 side of the associated
MBR flip-flop will pass the inhibit gate to activate the

associated DPY’, which in tum generatos an inhibit.

The left and right v.ord inhibit gate peneratin are
cleared at approximacely 4.2 usec and 4.4 e, respec-
tively, after the sturi-memory pulse. Since the inhibic-
current pulse of each plane must overlap the wrice-
current pulse, staggcred setting and clearing of the left
and right word ichibit gates is required because of the
delay characteristics of the X and Y drive linew

During a memory cycle in which core memaoiy 1 s
selected, the MAR and 1A deseiect flip-Hop are (leared
by a MPD 1l pulse which is developed approvmmacely
3.0 usec .frer the startmemory pulse was gencrared
Since the read gate generators are clezred pri\u[ (o thi;
time, the clearing of these controls' does not antae the
operation of the selected tape core in cach ot (he ane
core matrices. That is, the write portion ot the mmm‘ .
ovcle is not affected by this clearing action. The .\lA?I
ts cleared at this ame in order ro provide e time
for the selection of the next memon addrew duting rhe
next memory cvcle. If core memory 1 iy i ‘ﬂ‘t\;éd
during a memory cycle, then the MAR and rhe 1A
deselect flip-flop are cleared by a delaved 18 o 1.,
As shown in figure 7 =32 a raw TP 0 pulw i “{‘P“QJ
to MPD IV during every memorv cvele Thi paie iy
defaved i.5 nsec and applied to the MPD IN g \\"n(:- h
is controlled by the Yu read gate generatn .S'mw ‘;{h
gate generator is set only by a delaved ‘“”"”"""6’
pulse, the gate tube (MPD IV) is conditivned only
wh‘en core memory 1 is nor selected. 1f thiv litter con.
dition exists, a core-memory-not-selected pulse in muged
through MPD II to clear the MAR and ihe {2 dencicdt
‘“.".ﬂ“P approximately 1.5 nsec after 1F 0. Vhe \lear
inhibit pulses which are gererated bv MP'y t11 ., not
perform any useful function since none of the wvhibit
gate generators were set.
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CHAPTER 6
PARITY CHECKING CIRCUTTS

6.1 GENERAL

The basic d=&aition of parity is equality with respect
to an established quantity or standard. More applicably,
parity may be defined as uniformity in either the oddness
or eveaness of oumber. The latter concept, in a slightly
modified version, is used in the AN/FSQ-7 equipment
for detecting errors incurred during the transfer or stor-
age of binary information. Although parity is sometimes
employed to verify the results of computations, it does
not serve this particular function in the AN/FSQ-7
Central Computer System.

In an error detection scheme based on the more
appropriate definition of parity, all words entering, leav-
ing, or circulating within a system must have uniform
parity; that is, every binary word either naturall; exhibits
or must be made to exhibit a parity in common with that
of all other words in the system. Before elaborating on
this principle, 2 further clarification of parity is neces-
sary from rthe standpoint of its application in the Central
Computer System. First, the established parity for all
words in the Central Computer is odd. Second, the parity
does not Linge on the absolute numerical value of 2 word
of inforrsation: rather, it is based on the number of
binarv 1’s contained in a2 word, be it an instruction wrd
or a data word. Since the established parity is odd, each
word in the Central Computer (whici: has parity) must
have an odd number of 1's. Obviously, the parity of
many words will naturally be odd. Those words having
an even parity are given odd parity. This is accomplished,
without changing the information contained in the nor-
mal 3-bit word, by prefixing to it a parity bit. When the
natural parity of a word is even, the parity bit is made
a 1; it is left at 0 when the original parity is odd. Having
assigned an odd parity to all words, every word can then
be checked for conformance with this characteristic. If,
upon subsequent examination, a word is found to have
even parity, it can rightfully be assumed that an error
was geperated either in storing or in transferring the
word from s particular source to a specific destination.
For purposes other than checking the accuracy with
which information is transferred, the parity bit is mean-
ingless and is discarded before a dsta word is entered
into calculation or before an instruction word is decoded.

As a result, a practical spplication of parity requires
circuits that ase capsble of (1) determining whether the
number of binaty 1's in s word of information is odd or

even, (2) assigning s waiform perity to all words, (3)

checking the purity of words to which parity has been
assigned, and (4) generating a signal when a word with
incorrect pariry is detected. The first requirement is
integral to both parity assigning and checking.

6.2 MERORY PARITY CIRCUIT

The memory parity circuit performs a dual function:
it assigns a uniform parity to all words originating within
and without the Central Computer to which no parity
has been previously assigned, and it checks the parity of
words to which parity has been assigned. The latter
function constitutes the test on the accuracy with which
data is transmitted from the core memory array to the
memory buffer register (MBR), and from several of the
input sources to the MBR. Since the MBR is situated a:
the crossroads of all information paths in the Central
Computer System, both parity assigning and checking
take place at the MBR.

Of the several sources of words which are trzas-
ferred through the MBR, only tapes and specific drum
fields have a parity bit assigned. Therefore, words from
these sources need only be checked for correct parity;
all other input sources require that the parity circuits
assign a parity hit. All words read out from memory, of
course, have parity bits and require only parity checking.

A siinplified jugic diagrax cf the memory parity
conttol circuit is shuwr in figere 7—34. Its prin-
cipal elements are a series of gates and OR circuits that
coamstitute a counting circuit, a parity writc flip-flop, a
parity check flip-flop, and a parity check control flip-flop.

The counting circuit senses the parity of the word
contained in the MBR. The parity write flip-flop con-
ditions a gate by means of which the parity bit flip-flop
in the MBR mayv be set at 1 in the event that the count
indicates a word of even parity. The parity check flip-
flop controls a pair of gates through which the parity
alarm circuits are activated. The parity check control flip-
flop controls the operation of the parity circuits during
BI cycles. Note that the input pulses to clear this flip-flop
come from an input source not having parity.

It was mentioned earlier that the parity operations
performed at the MBR are assign and check. An assign
operation mav be considered to consist of a parity count
followed by the writing of a 1 or 0 in the parity bit
flip-flop. The checking operation also begins with a count
but is followed by a parity check. It will be noted that
the counting procedure is common to both parity assign

-y
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« 0 . .
and check. For comvenience, the counting

operation will
be tvested first and will be followed by the overall oper-
az3a0 of the parity control circuits.

6.3 PARITY COUNTING

The counting operation meither counts nor totals
the sumber of 1's in a binary word but only ascertains
wisether the rotal is odd or even. A count is begua with
the application of a pulse v the rwo gates associated
wich che R15 flip-flop in the MBR (fig. 7—34). (Hence-
forth. a register flip-flop and its associated gates and
OR circuits will be termed a stage.) One of the gates is
conditioned bv the 0 side of the flip-flop, the other by
the 1 side. If R15 happens to be a 1, the counting pulse
will pass through the gate conditioned by the 1 side and
wili emerge on the odd line. Conversely, if R15 1s 0,
e count pulse will pass through the gate conditioned
by she 0 side and will exit on the even line. Although the
remaining stages in the register are each complicated by
che inclusion of two additional gates, the operauon at
each stage is identical with that described for K15 and
mrs associated gates. The additional gates are necessary
because the count pulse may arnive at any subsequent
seage on either an odd or even line, whereas at the first
szage only a single input line was encountered.

Upon leaving the first stage, the count puise succes-
szvely samples the gates ct each of the remaining stages.
The line on which it enters a particular stage is dependent
wpon the parity count at the preceding stage. The line
om which it leaves that stage depends on the content of
the zssociated flip-flop. Since the flip-flop mav be set at
e==her 1 or 0, and since the count pulse may airive on
~ither of two lines, the combination of these consider-
smons gives rise to four possible conditions The four
ooaditions and the resultant output line (parity count)
produced by each are listed below and are applicable to
all bat the first stage.

It will be noted that a pulse sampling the gates of a
#pflop containing a 0 leaves the stage on the same line
it entered on. A count pulse arriving on either an odd
Ene or an even line, upon sampling a 1, exits on a line
opposite to that on which it entered a stage. In all cases,
the action is equivalent to a progressive determination
of the parity at each and every stage.

WNPUT LINE CONTENTY OF OUTPUT LINE
(PARITY) MBR FF (PARITY)
Odd (1] 0dd
Odd 1 Even
Even 0 Even
Even 1 Odd

631842

In semary, a panty count pulse determines the
overall parity of 2 word by craversing the entre MBR
and sampling the bic at every stage to sense the pariry of
the word up 10 ..:d inciuding that stage. The final parity
is obtained when the pulse samples and leaves the last
stage in the M3R.

6.4 PARITY ASSIGNING AND CHECKING :

The parity assigning and checking operations differ, |
depending on the tnpe of word rransfer: 7
Ali words being read out of core memory. ‘
b. Words from the arithmetic element being read |}
into core memory. ;
Words from 10O devices berng transferred into
core memors with (1) parity or (2) no parity. |

The discussion of the parity assigning and checking
operations is divided accordingly.

6.4.1 Words Read Out of Core Memory

In this discussion. the paritv check control flip-flop
is of no consequence since its gates are strubed only |
with Bl pulses.

The operation begins with a TP 1 pulsc clearing the
MBR and the parity check flip-flop and serting of the
parity write flip-flop. The parity write: flip-flop is set
at TP 1 for every tvpe ¢f memory transfer operation
in anticipation of the necessity to assign a pzrity bie. In
this case, however, parit- is not to be assigned and the
flip-fiop will be subsequen:ly cleared. The start memory
pulse is also issued at approximately TP 1 and. by TP 6.
the selected word has been transferred from a core regis-
ter t; the MBR.

It is now necessary to check for correct parity and.
accordingiy. the parizy foin: 1z begun with a command
47 generated by au I¥ ~. At the <ame rime, the parity
write flip-flop is cleared and the parity check flip-flop
is cct with a TP 7 pulse. The pariry check flip-flop is set
on the premise that a parity error exists in the MBR. It
can only be cleared by a pulse on one of the odd lines
leaving the gates on the parity bit stage, which indicates -
that the parity is correct. The parity check flip-flop is
sensed at TP 10 (command 55), and if found set the
pulse is channeled to the alarm drcuits to set a memory
parity alarm condition.

5.4.2 Words Read Into Memory from
Ari*hmetic Element o

Computer words are transferred from either the
accumulators ~r the A registers into memory through
the MBR. Since no panity bit exists in these words, it is
necessary to assign parity. Such a transfer always takes
place during an OTB or store cycle.

As before, the MBR and the parity check flip-flop
are cleared and the paritv write flip-flop is set with a
TP 1. The parity count is begun by an OTB 3 pulse. If
the output pulse from the LS stage is even, it is necessary
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. the even fine stzobes the gaee on the 1 side of che parity
~ write flip-flop snd is fed back ® set the parity bit flip-
flop. If the owtput pulse frams che LS stage was odd, the
parity bix flip-flop is property left in the cleared state.

At OTs 7, the perity comnt is started again, and the
parity wrize flip-Sop is cleared o0 prevent a parity write
operation. The second pasity count and check is per-
formed even though parity was just assigned to check the
—;'pfﬁlycmm&n-%gofthepnﬁtychxk
flip-flop is done 2s explained in 6.4.1.

6.4.3 Werds Read into Memory from

10 Devices

The parity check control flip-flop is set at OT 5 of
every SELECT instruction (deselect pulse). It remains
.?aunlesooeofcblomwhichhasnoparitybit
.15 to be read. It is cleared at PT 5 of the SDR (main) in-
struction for certain drum fields and at PT 1 of the RDS
or WRT instraction if the cape or Drum Systems are
not selected. The gates on the parity check control flip-
flop channel BI pulses involved in the parity check.

Assume that an O device baving parity is being
tad(dnp.ritych«kmnolﬂip&)pism),mMBR
and the parity check flip-flop are cleared, and the parity
write flip-flop is set with a TP 1 pulse. A Bl 2 finds the
parity check conizc! flip-flop clear and goes on to clear
the parity write flip-flop. (This will prevent the writing
of parity.) At Bi 3, the parity count is began. At Bl 7,
the parity cherr. flip-flop is sensed. If found set, the
pulse is channeled to the alarm circuits as an 1O parity

alarm.
Now assume the reading of an 10 device which
does not have parity. (The parity check control flip-flop
is clearc1.) As in all cases, the MBR’s and the parity
check Sip-flop are cleared and the parity write flip-flop
is set at VP 1. The BI 2 pulse cannot clear the parity write
flip-flop as before so that parity is to be assigned at the
completion of the count. The count is begun with a BI
3. A BI 7 pulse senses the gate on the clear side of the
parity check control flip-flop and, passing, goes on to
begin the second ccunt. At TP 10, the parity check flip-
flop is sensed. If an incorrect parity is detected, a memory
parity error is generated.




