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Core Storage Element

Introduction to Memory Element

A. Function of vMemory

1. The memory element of the Central Computer is a computer-

controlled, large-capacity, randon-access, high speed

storage facility which provides for the semipermanent storage

of all information (operating program, raw data, and pro-
cessed results) required for or resulting from the normal
operation of the Central Computer. The memory storage
circuits do not differentiate between instfuction words and
data words (raw or processed). The memory ""readout"
cycle (equivalent to PT, OTa and BO machine cycles) results
in the transfer of a memory word out of a specific memory
location; the memory '""store' cycle (equivalent to OTB and
BI machine cycles) results in clearing the specified.memory
location and storing the desired memory word in the cleared

location. Each type of cycle requires 6.0 usec for execution.

B. Block Diagram Analysis

1.

The three memory address registers are actually an integral
part of the associated memory device since it is used to
condition the internal address selection circuits within

that memory. Each of the three memory devices is capable
of storing different quantities of information; core memory
1 has a storage capacity of 65, 536(10) memory words, core
memory 2 has a storage capacity of 4, 09_6(10) memory
words, and test memory has an effective storage capacity
of 16(10) memory words. 'The storage medium used in
each of the core memory devices is a 3-dimensional ferrite
core array. Test memory storage is accomplished by the
use of a manually wired control panel, two toggle switch
registers, and a flip-flop register.

During computer operation, each memory cycle is initiated
by the transfer of the desired memory address to the three
memory address registers, and the subsequent application
pf a“start-memory pulse to initiate the internal operations
in the selected memory. Concurrently, the memory buffer
registers are cleared to prepare them for the temporary
storage of data to be transferred from either the selected
memory location or from an external register, depending
upon the type of cycle in process. During the execution of

a memory '"'readout" cycle, the contents of the specified mem-

ory location are transferred to the memory buffer register
approximately 3.0 usec after the cycle was initiated. The
memory buffer register contents are then transferred to a

0050

Refer to Page 0060

specific computer register as directed by a computer command.
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Since the cores operate on the principle of destructive
readout (the information contained in the selected :core
register is erased), the latter portion of the memory
"readout'" cycle is used to store the memory buffer

contents back into the specified core memory location.
During the execution of a memory 'store' cycle, the first
3.0 usec are used to erase the contents of the specified
memory location and to transfer the new word from one of
the computer registers to the memory buffer register. During
the latter portion of this memory cycle, the new information
is stored in the cleared memory location.

3. The parity circuits associated with the memory buffer
register provide a means of checking the accuracy of in-
formation transfer into 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 memory
location. During each memory readout cycle, the parity bit
is checked to determine whether the initial transfer into and
the present transfer out of the core memory was accurately
accomplished. If the parity check shows that the memory
word is in error, a parity-alarm signal is generated to
inform the operating personnel of the malfunction.

4. The memory storage devices and the pa.nty circuits operate
independently of each other.

C. Memory Location Selection

1. By program counter during P. T. Time (except when " Branch
FF" is set)
By ADR Reg. during O, T. Time and during P. T. Time when
"Branch FF'! is set.
By I/O Adr. Ctr. during BI or BO Time.

2. One of the above is sent to the three Memory Address Regs.
which do the actual selecting of the apecified address in memory.

D. Memory Address Assignment .
1. AN/FSQ-7 2562 & 642 Memory
a. Memory Normal-Reverse Switch in Normal Position
0.00000 - 1.77777 Memory I (2562.)
2.00000 - 2.07777 Memory II (648)

2.10000 - 3.77757 Memory II (,642) will be selected
3.77760 - 3.77777 Test Memory



b. Memory Normal-Reverse Switch in Reverse Position

0,00000
0.10000
2.00000
3.77760

Core Storage Element

0.07777 Memory II (64%)

1.77777. Memory II (642) will be selected
3.77757 Memory I1(2562)

3.77777 Test Memory

2. 2. AN/FSQ-8 Two 642 Memories

a. Memory Normal-Reverse Switch in Normal Position

0.00000 - 0,07777 Memory I
. 0.10000 - 0.17777 Memory II
0.20000 - 0,20017 Test Memory
0,20020 - 0,37777 Test Memory will be selected

b. Memory Normal-Reverse Switch in Reverse Position

0.00000
0.10000
0,20000
0,20020

0.07777 Memory I1I

0.17777 Memory 1

0.20017 Test: Memory

0.37777 Test Memory will be selected

c. Clock and Abnormal Selections

0, 60000
*4.00000
1.10000
1.20000
1.40000
1.50000
1.60000

1.70000

0.77777 Clock Reg,

1.07777 Memory I

1.17777 Memory II

1.37777 Test Memory

1.47777 Memory 1

1.57777 Memory I’

1, 67777 Clock Reg.

1.77777 Clock Reg. if CAC, Test Memory
if not CAC.

T, Physical Description

l. AN-FSQ-7

0080

a. One 2562 Memory and one 642 Memory for each computer.

b. 2562 Memory
Units 65, 66 and 67 -

c. 642 Memory
Units 10, 11, and 12

2. AN-FSQ-8

2
a. Twp 64 Memories

b. Units 7, 8 and 9 (642 Mem. ) are used instead
of Units 65, 66 and 67 (256z Mem.)

Refer to Page 009§
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F. Memory Cycle Definition

1.

2.

NOTE:

3.

One complete operation of memory.
Comprised of a read cycle followed by a write cycle.

a. Read Cycle - The time during which information in
the selected memory location is taken from that
location (read) and transferred to the memory buffers,

During OT-B time of a store class instruction, and during
Break-In time of an I/O operation, the information ig read
from the specified memory but is not transferred to the
memory buffers. This is because new information is to be
placed in the memory and the old information is to be
destroyed.

b. Write Cycle - The time during which the information
contained in the memory buffers is placed (written)
into the selected memory location,

Once.a. memory cycle is started it cannot be stopped by
computer action.

G, Summary Questions:

1,

Answer the following True or False:

a. One disadvantage of Core Memory is that it has des- \;\,
tructive readout.

b. The Program Ctr. may condition the MAR. only during \1~
PT Time.

c. Information read out of Core Memory is always transferred =
' to the Memory Buffers.

d. A parity check will check for an odd number of failing bits, T—

e. One advantage of Core Memory is that access to information E
is faster than what it is for drums,

f. Address 2.00000 thru 3.77757 can be used to select Mem. 1. 7\

g. An AN-FSQ-7 computer does not have Units 7, 8 and 9. T

e

h. If the read portion of a memory cycle is ‘started a write /
cycle will also occur, "

i, During a memory "store" cycle, a read cycle occurs first {7\/
to destrov the previous contents of memory. '
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j. Once a memory cycle is started it cannot be stopped by
computer action.

2. Complete the following statements

a. In an AN-FSQ-7 computer the ferrite core arrays will be
contained in units /| and [, (s .

b. Modular units () and/ r do not contain Z modules.

c. The A side of Unit 66 is referréd to as the/éumt side.

II. Basic Fer..te CTore TheOTy
A, Ferrite Core Physical Description

1. The principal component of a magnetic core memory 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 mixture of ferric and
manganese  oxidg powders which are bonded together in the
form of a toroid having an inside diameter of 0.050 inch
(0.127 cm), an outside diameter of 0.080 inch (02203 cm),
and a thickness of 0,025 inch (0.0635 cm). A carefully
controlled sintering or firing process imparts the desired
characteristics to the core.

B: Magnetic Characteristics - Major Hysteresis Loop

1. The usefulness of a ferrite' core as a binary storage device
depends upon four important characteristics; the ability of Refer to Page 0120
the core to remain in one of two stable magnetic states, the
squareness ratio, the switching time, and the ratio of .
coercive force to applied field required to produce the major
or saturation hysteresis loop. The major hysteresis loop of
a typical ferrite core is a plot of flux density (B) versus
applied magnetic field intensity (H).



Major Hysteresis Loop

AL Wlt_ﬂ

Tfpi_co' Response of a Ferrite Core.

0120
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2. Storage of binary information in a ferrite core is
dependent on the ability of the core to retain & relatively
large value of residual or remnant flux upon the termination
of a driving or switching pulse of current. Two primary
states of residual or vemnant flux density (By and -B,) are
possible and these have been defined as the zero and one
states respectively. To switch a core from one state to the
other, it is necesssry to apply a current pulse of I, or I
ma (depending on the initial content of the core) to the
drive line that links the core. The resultant applied field
of 820 ma-turns will saturate the core in the desired
direction, causing the flux state to reverse by traversing
the loop path a-b-c or c-d-a. ‘

3. During core memory operation, the state of a core is Refer to Page 0120
determined by applying a read current pulse (I) to the drive
line, and detecting the resultant changes in flux density
by measuring the voltage induced in a sense winding. If the
core was initially in the one state, application of the read
current pulse(Iy)will cause the core to be switched to the
zero state (traversing path a-b-c) with the result that a
relatively large change in flux density (2B,) will be detected
by the sense winding (one output signal), If the core was
initially in the zero state, applicationrof the read current
pulse (I.) will not switch the core (path t-b-¢ is traversed),
with the result that a relatively small change in flux
density will he detected by the sense winding (zero output
signal). The amplitude of the zero output signal is depend-
ent upon the raio of the residual flux density (B,) to the
saturation flux density (Bg), which is flefined as the square-
ness ratio (Rg = Br/Bg) of the core. This ratio is important
in that it determines the relationship between the amplitudes
of the one and zero output signals, The magnitude of the
zero output signal decreases as the value of Ry approaches 1,
with the result that the difference between the amplitudes of
the one and zero output signals becomes greater. Ferrite
cores used in the two core memories have a squareness ratio
greater than 0.95.

4. The time required to produce a flux change or flux reversal
is of equal or greater importance than the squareness ratio.
The zero output signal is not only smaller in amplitude than
the one signal, but also peaks earlier and is of shorter
duration. Since these differences exist, it would appear that
information detection could be accomplished by either a differ-
ence time or a difference-amplitude sampling technique. How-
ever, in a practical core memory, a difference-time sampling
techhique must be used because the noise signals generated in
the memory make the difference-amplitude sampling techhique
unfeasible.
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The, time required for a core to switch from one state to
the other is defined as the switching time, Tg. This time
is actually measured as the elapsed time between the time
that the driving current pulse reached 50 percent of its
amplitude, and the time at which the one putput signal has
‘dgopped to 10 percent of its peak amplitude. The switching
time for cores used in the memories is approximately 1, 2
usec for an applied field of 820 ma through a l-turn drive
winding. : .

5. Simplifiéd Hysteresis loop sequence for a new ferrite core.

a. Assume the core has never been magnetized. (New Coi-e)
(Intersection of ''B'" & ""H" lines.)

b. Apply 820 mils of Read current. (Core is driven to
saturation, (Point'"b".)

¢, Remove current. Magnetism returns to point "C",

d. Apply 820 mils of Write Current. Magnetism of core
is switched to padnt "'d",

e, Remove Write Current, Magnetism returns to Point %'a".
f. Apply Read Current. Core switches from "a" to'b",
g Remove Read Current. Core falls back to'c'".

h., The switching of the core induces a voltage in the Sense
winding. (Approx. 100 MV),

C. Explanation of Seénsing a 'One ".

1, Core never returns to the non-fnagnetzzed state. Refer to Page 0120
2. If the '"Read " current switches the core from a '"One'",

point "a", to a ""Zero'", point "'C", the induced voltage in the

Sense winding indicates that the core was a one, If the core

was in the Zero state, point ''c¢'", the Read current would

switch the core to point "'b", and then back to point ''c", The

switching of the core from 'c " to"b" to'c" does not induce

the voltage necessatry for a One,

3, The core switching from a '""Zero'" to a '"One'' as a result of
Write current also induces a voltage in the sense winding but
this is not used or sampled to indicate an output from the core,
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4, The switching of a core, when reading a "One ', to the ""Zero"
state of magnetism indicates that CORE Readout is '""Destructive',
A "One " could not be read from the core again unless Write
current had switched the core back to the "One ' state,

D. Summary Questions:
1. Answer the following questions True or False:

a. One of the most important characteristics of a ferrite _—
core is its ability to remain magnetized after the
magnetizing force has been removed.

b. The only difference between a one and a zero in a ferrite F
core is the amount of flux.

.

c. A core is set to a one or a zero depending on the direction’
of magnetizing flux,

d. A core contains a zero immediately after the read cycle T

e. The only difference between a one and a zero pulse on F:
the sense winding is the amplitude..’

-

f. The switching time for ferrite cores is 1,2 usec. T
g. The same amplitude signal is induced into the sense wind-
ing when a core is switched from a zero to a dne'as when l
it is switched from a one to a zero.
2. Complete the following statements:

a. The read current amplitude is g&() ma.

b. The amplitude of a one pulse on the sense winding is
0 mv. ’

c. If a core contains a zero when read current is applied
a signal will be present on the sense winding for .: usec.
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IIl. 642 Core Plane
A. 4096 (10) cores in a 642 plane. 10, 000(8) Refer to Page 0170
1. Each plane has its own Memory Buffer FF.
B."X" and "Y" Windings

1. Used to drive the selected cores during both the read cycle
and the write cycle. Current flows in one direction during
read cycle and opposite direction during write cycle.

2. The "X" winding cdrries oneshalf the current necessary to
switch a ferrite core.

3. The "Y" winding carries one-half the current necessary to
switch a ferrite core.

4, A"X" and "Y" winding pass through the hole in a ferrite core
once. This is effectively ""one-turn" for each windirg.

5, Number of windings (64 each)

a. 64X times 64Y gives total possible selection of
409610 (10,0008) addresses.

b. Each winding (X or Y) passes through 64 cores on
every plane.

c. Only one core,on a;given plane is fully selected (both X
and Y currents passing through it) for any address
selection. 126 cores (63X and 63Y) are half selected
at the same time. A core must be fully selected to change
its state. ) '

6. The "coincident current'" method of selection of a particular
ferrite core (1 of 4096) is accomplished by having all the "X"
windings enter on the ""Left and Right!' sides of a plane, while
all the "X" windings enter on the '""Top and Bottom'" of the
plane (Looking at the illustration).
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a. Only one "X" and one "Y'" winding will be selected for
carrying current at a time,

b. Where the two lines (Y and Y) cross or intersect in the
plane is the fully selected location. (The two currents will
add, applying full switching current to a core.)

C. Sense Winding

1. The sense winding passes through all the cores of a single Refer to Pg. 0170
plane.

2. The sense winding is used to sense the switching of the
selected location.

a. If the fully selected location is switched from the ' one"
state to the '""zero" state, the sense winding will feel
the change (reversal of flux induces voltage on sense
winding). The switching of a core will cause a sense
amplifier circuit to condition a GT., The GT will be
sampled and the output sent to the plane's Memory
Buffer FF. :

b. If the ferrite core was a zero the sense winding will not
feel as much flux reversal. The SA will not condition the
GT for a long enough period of time to allow the GT to
remain conditioned at the time the sample pulse occurs.
The Buffer FF will not be set. This will indicate that
the location contained a zero.

D. Inhibit Winding

1. The Inhibit winding passesthrough all the cores of a plane. Refer to Pg. 0170
2. The Inhibit winding is wound parallel to the !"'Y'" windings.

3. The Inhibit winding prexfents a '""one'" from being written
in a core location.

a. The "X" and "Y" winding always try to write a '"one"
in the selected location.

b. If the Memory Buffer FF contains a ''zero" the inhibit winding
will prevent the storing of a one by canceling out one-half
(410 ma) of the Write current.

c. The Inhibit current is the same as 410 ma of ""Read" current
applied during the "Write" portion of a Memory cycle.

d. When storing a '"zero' in a location the location feels only
one -half write current and does not switch to the '"one'
state.
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E. Total Windings

1, Each ferrite core in memory has 4 windings (X, Y:, Sense
and Inhibit) passing through it.

F, Summary Quegtions:
1. (Answer the following .quns'tiq:nh ‘True-or False:
a. There are 64X and 64Y v;'indinga per core array, 7
b. There are 4096 cores per plane.: 7
c. 64 sense wind,in,_ga'are used per core array, f
d, 33 inhibit windings are used per core array. ~
e. Inhibit windings run parallel to the' X windings. f

f, One sense winding passes through every core of 7-
a particular plane.

2. Complete the following statements:

-

a. The drive current on an X line is 4/ 0 _ma,

b. Inhibit current cancels the effect of 1/2 drive
current during R 7~ time.

{
\

¢, The Digit Plane Driver is conditioned by the dé"f_’l

,&ﬁé QAIFF’
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IV. Half-Selécted Ferrtie Cores

A. Minor Hysteresis Loops
|
1. Each selected X and Y line carries one-half amplitude Refer to By, 0220
current. The core at the junction of a selected X and Y
line receives the full current. A core receiving full
current, therefore, switches to either the 0 or the 1 state,
depending upon whether a read or a write operation is
being carried out. When writing a 0, a third current,
‘called the inhibit current, is present. This current
affects all the cores in the pl.ain'e and has a value of a
nominal half-read current. Therefore, when writing a 0,
all cores recieve the inhibit current. The selected core
receives the full-write current and the inhibit current,
resulting in only half-write current. This flux change
is not sufficient to switch the core to the 1 state. The
half-amplitude currents are insufficient to cause a core
to switch; however, they do cause the state of magnetization
~of a core to change slightly.

2. A core which is in a modified state of magnetization is
considered to be in a disturbed state. In the coincident
current scheme, there are five basic states of magneti-
zation. These are as follows:

a. Read-disturbed 0
b. Write-disturbed 0.
c. Read-disturbed 1
d. Write-disturbed 1
e. Undisturbed or newly weitten 1.

3. A sixth state, an undisturbed or newly written 0, does not
exist because a read is always followed by a write operation.
In writing a 0, a half-write current actually passes through
the core, resulting in the write-disturbed 0 condition.
(Actually, there are 14 basic states in the memory. However,

these/l4 states can be reduced to the 5 mentioned if the minor
deviations produced by the other 9 states are neglected.)



LEGEND:

‘m = Drtvﬁg current necessary to sefumle the core

a = Magnetic state of core defined as read disturbed 0
b = Magnetic state of core defined as write disturbed 0

¢ = Magnetic state of core defined as read disturbed 1|

| —8{HALF WRITE}e— d = Magnetic state of core defined as write disturbed 1
je— NI.L-WNYE—D‘ ¢ = Magnetic state of core defined as undisturbed or
ONE newly-written 1

MAGNETIC HYSTERESIS LOOP FOR CORE
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4. A hysteresis loop showing the five basic states is illus- Refer to Pg. 0220
trated. A careful examination of the hysteresis loop reveals
.that there are different paths to be followed, -depending upon
the past history of the core. Specifically, a half-selected
(half-read current applied to a core) read-disturbed 0
traverses the path from point "a" to point "f' and back to
point "a" again, The resultant flux change is therefore
very small. When half-selected, a core initially at the
write-disturbed .1 position traverses the path from point
d to point g to point c. A net flux change results from
traversing this path. Hence, one basic fact is revealed;
i.e., a half-selected write-disturbed 1 induces a greater
voltage into the sense winding than:the half-selected read-
disturbed 0.

5. A half-selected read-disturbed 1 produces a greater flux Refer to Pg, 0220
change than does a half-selected read-disturbed 0. That
this is true is perhaps better understood by comprehending
the fact that applying a half-selected current to a core in
the 1 state tends to desaturate the core, whereas a half-
selected current applied to a core in the 0 state tends to
drive the core into saturation. The output of a core travers-
ing minor loops, such as the read-disturbed 1 and read-
disturbed 0, is dependent only upon the magnitude of the
differential, or incremental, permeabilities. The differential
permeability is known to be least at saturation of the material.
The output of a half-selected read-disturbed 0, which tends
toward saturation, is less than the output of a half-selected
read-disturbed 1. The. difference between the output of a half-
selected 1 and a half-selected 0 is defined as:

0 =hVl - hVo
hV1
nV

Voltagé output of a half-selected 1

0 = Voltage output of a half-selected 0

6. Consider half-selected cores

a. Assume magnetism of core to be point (b). Refer to Pg. 0220

b. Apply 1/2 read current and then remove. Half-selected
core moves on magnetic path (b) - (f) - (a). Core is a
read disturbed zero.

c. Apply and ‘remove 1/2 write current. Path is (a) - (k) -
(b). Core is a write disturbed zero.

d. Assume magnetism of core to be at point (e).

e. Apply and remove 1/2 read current. Magnetic path (e) -
(g) - (c). Core is a read .disturbed one.
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f. Apply and remove 1/2 write current. Magnetic path
(¢) - (1) - (d). Core is a write disturbed one.

7. Cancellation of the half-selected cores half-write by
inhibit current,

a, All cores except the fully selected core will be read
disturbed "1'"s or "0'"s after an inhibit current.

b. The fully selected core will be a write disturbed
core after an inhibit cycle.

8. Effective current pulse sequence applied to cores of
one memory plane, Selected core is to contain a:

1 0

a. Selected core Full-Read -Full-Read,
(1) Full-Write Half-Write

b. Half-selected Half-Read, Half-Read,
Cores Half-Write No Pulse
(126)

c. Nonselected No Pulsé, No Pulse,
Cores No Pulse Half-Read_
(3,969)

B. Summary Questions:
1. Answer the following questions True or False:

a. One half write cugrent will not change the magnetic lines
of flux in a coreF

b, A newly written zero condition is possible immediately
after a read cycle.

c. A properly adjusted memory can read a core in any of the
disturbed one conditions as a one.7\ '

d. All cores will be disturbed after writing a zero into any core.‘r'

e. There can never be more than one undisturbed core in a F
core plane at any one time.

2. Complete the following statements:

a. Point | on the hysteresis loop represents a newly
written 1.
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b. Point é on the hysteresis loop represents a write
disturbed 0.

c. Point /4 on the hysteresis loop represents‘a read
disturbed 0.

d. Point § , on the hysteresis loop represents a read
disturbed 1.

e. Point _ [)  on the hysteresis loop represents a write
disturbed 1.

V. Analysis of Ferrite Core Output Sigaals

A, Effect of Half-Selections

1. Approximate output from a ferrite core: Refer to Page 0260
Full Half
Waveform . Read Selected
1. Write Disturbed ' 0" 22MVY 10MV
2. Read Disturbed " 0" 16MV 5MV
3. Undisturbed "1" 139 MV 14MV
4. Read Disturbed ''1" 131MV ™V
5. Write Disturbed "1" 135MV 12MV
2. The induced voltages caused by half-selection are Refer to Page 0260

0,5 usec. in duration.

3. If all of the half-selected core outputs were added
together it can be seen that a large pulse would be
the result.
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" Outputs of a Typical Ferrite Core

OUTPUT ) OUTPUT WREN
) APPLIED. My 1,/3 8 APPLIED :v.
o, VULL SELECTRD " o' ag" ALY SELECTED .
WRITE DISTURBED ERRO : WRITE DISTURBED ZERO v
oV,~ TULL SRLECTED " Vas" WALF sELECTED .
READ DISTURBED 2ERO’ - READ DETURBED ZERO .
Y- TULL SELECTED 5 - HALF SELECTED "
UNDSTURBED ORE UNDIBTURBED ONE
g%y - FULL SELECTED - ¥ WALP sELECTED .
READ IISTURBED ONE READ DETURBED ONE
o¥)- TULL SELECTED 58 Jn- MALF SELECTED -
WRITE DISTURBED ONE : WRITE DISTURBED ONE »
NoTE
THE AMPLITUDES SROWN WERE
OBTAINED UNDER TEST CONDI-
TIONS AND THEREFORE MAY DIF-
PER FROM THOSE OBTAINED UN-
DER ACTUAL OPERATING CONDI-
TIONS."HOWEVER, THE RELATION-
SHIPS BETWEEN THESE VOLTAGES
WILL REMAIN THE SAME UNDER
BOTH CONDITIONS. it
g
100
3
L
g. :
80+ o
U :
6
° + h ,
0.8 ' 0.8 10
TIME (USEC)
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s  -afo 40 +4§0 G5 MILLI AMP
A
A
N
<
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WRT, o RDS. _
CURRENT 1 H * CURRENT
D
N
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A

4 FULLY SEL. HAIDF SEL.\ )
C - UNDISTURBED ZERO (IMPOSSIBLE) OUTPUTIN MV. OUTPUTINM

"N-RDS DISTURBED ZERO

16 5
L- WRT DISTURBED ZERO 22 o
G- RDS DISTURBED ONE 31 ;
J- WRT DISTURBED ONE 35 2
E- UNDISTURBED ONE 139 4

NOTE. EA?E WIDTH OF A FULLY SELECTED "I" BIT OUTPUT IS APPROXIMATELY TWICE THAT FOR A
0" BIT. )
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Example:
126 X 5 MV (smallest output) = 630 MV { output of selected core.

This cumulative output of the sense winding is undesirable
because ' One" amplitude would be present on the sense winding
during every cycle.

4. Two efforts are made to nullify the effect of half-selections.
Core polarity and the timing of the sample pulse which strobes
the GT conditioned by the SA.

B. Core Polarity

1. When a core is read out (i.e., the core is switched to the

0 state), a signal of a given polarity is induced into the
sense winding. The polarity of the voltage is the same for
either a 1 or a 0 and is determined by the wiring geometry
of the plane. After the polarity of a core in the corner of an
array is established, the geometry of the array is such that
a polarity pattern follows. To determine the polarity, use
should be made of only the right hand rule and Lenz's law.

2. Illustrated is a view of the core at X0, Y7. By grasping Refer to Page 0280
the X or Y line with the right hand and pointing the thumb
in the direction of current flow, the fingers of the right
hand indicate the direction of flux in the core to be counter-
clockwise. Lenz's law states that the current which flows
as a result of an induced voltage is such as to oppose the
buildup of flux. ~ » -

A

3, The direction of the flux in the core has been determined to
be counterclockwise by means of the right hand rule. If the
sense winding is now grasped with the right hand so as to
oppose the flux in the core, then the thumb points in the dir-
ection of the "end" terminal of the sense winding. If the
current induced in the sense winding by an individual core
flows toward the "end" terminal, then by DEFINITION -that
core is said to be a negative core. If the induced current flows
toward the '"start' end, the core inducing the current is con-
sidered to be a positive core.

4. It should be noted that the polarity of a signal in the sense
winding is a relative thing. The item desired as an end re-
sult is the difference of voltage between the two ends of the
winding. To achieve this, the output of the sense winding is
amplified by a differential amplifier and then converted to a
positive voltage that is used as the gating voltage on the
suppressor of a gate tube. This gate tube is sensed by 0.1
-usec pulses at strobe time, thereby emitting a 0.1-usec
pulse when the core contained a 1.
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C. Polarities of Typical Core Plane

1. The (33);( planes in the memory each contain (4096))0 cores
which are located at the intersections of the X and Y lines,
The sense and inhibit windings link every core in a plane.
The direction of the driving currents and the manner in which
the sense winding links the cores determines the the polarity
of the signal induced into the sense winding. A given core
output is only sampled during read-out time, thus the polari-
ties pertain only duiing that time.

2. The output of a given core will have the same polarity .
regardless of whether a core contains a 0 or a 1. Hence
it is seen that the indications from the plane are either
positive or negative and independent of whether the core
contains a 0 or a 1. '

3. An 8 by 8 plane and the polarities associated with the core Refer to Page 0280
outputs are illustrated. Each X and Y line contains an :
equal number of positive and negative polarities. A
larger plane, such as the (64); by (64);(, is merely a
continuation of the polarity pattern corresponding to the
first eight positions in the (64),( by (64),, array,

4. The pattern formed by-the cores (4 of the same polarity
in a group) is referred to as a checkerboard pattern.

D. Core Polarity Summary
1. The sense winding is wound to produce positive and
negative cores so as to have the voltages induced on the

sense winding by the half selected cores tend to cancel.

a. The voltage from positive cores tends to cancel the
voltage from negative cores or vice versa.

b, Both a 1" and ""0" give the same polarity output from
a given core., Only the amplitude varies.

2, The output on the sense winding of a 642 plane consists of:
a. The fully selected core. (1)
b. Plus the half-selected cores of the same polarity. (62)

" c. Minus the half-selected cores of the opposite polarity.
(64)
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Analysis of Sense Winding Output Voltage

1. When the selected X and Y drive lines are energized with
half-amplitude read current pulses (to read out the contents
of the selected core), a total of 127 cores are involved in =~
producing the sense winding output voltage. That is, when
a particular core is selected, the sense winding output re-
presents the summation of the selected core output voltage
and the noise voltages generated by the 126 half-selected.
cores (63 cores on each of the selected X and Y drive lines).
Each X and Y drive line contains a number of positive and ,
negative cores; therefore, in a 64 by 64 core matrix, each
drive line will contain 32 positive and 32 negative cores,
Thus, because of this sense winding polarity pattern, the
application of coincident half-read current pulses to the
selected X and Y drive lines of a memory plane will result
in the generation of 62 (31 cores on the selected X and Y
drive lines) half-selected output voltages whose polarity is
the same as the polarity of the selected core output voltage,
and 64 (32 cores on the selected X and Y drive lines) half-
selected output voltages whose polarity is opposite to the
polarity of the selected core output voltage. As a result,
the half-selected output voltages of 124 of the 126 half-
‘selected cores (62 positive and 62 negative output voltages)
will tend to cancel each other. However, complete can-
cellation of these 62 pairs of half-selected cores (a pair
consists of one positive and one negative half-selected core)
can only occur under specific conditions since the amplitude
of the individual half-selected output voltage depends upon
which flux state the core exhibits prior to the application of
the half-read current pulse. The half-selected output vol-
tages of 2 of the 126 half-selected cores whose polarity is-
opposite to the polarity of th: selected core will not be.
cancelled; therefore, these two half-selected output voltages
will subtract from the selected core output voltage. The
equation to express the sense winding output voltage produced
during the read portion of the memory cycle may be written
as follows:

,  Vout = Vg - 2Vh £ 62Vq

Where:
Vout = the output voltage of the sense winding

Vs

‘the output voltage of the selected core

the average half-selected aitput voltage
whose polarity is opposite to the selected
core output voltage

Vh
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Va = the difference between the awfqe pogi-
tive half-gelected output voltage and the °
average negative half-selected output voltose.

The last term of the equatiom, which deals with the summa~
tion of the half-selected output woltages that tend to
cancel each other, is defined as the delta wvoltage of the
sense winding output. The delta wvaltage may either
positive, negative, or zero, depending upon vhetha.'

the average positive half-selected output wvoltage is
larger than, smaller than, or equal to the average
negative half-gelected output voltage. Since the delta
voltage is obtained from 62 pairs of half-selected cores,
it follows that, if each core of a pair of cores is in
the same flux state and if the characteristics of all
the cores are considered to be exactly the same, the
application of a halr-read current pulse to the half-
selected cores will cause ‘each core of a pair of cores
to generate a half-selected output wvoltage that is
.exactly equal to, but of opposite polarity to, its

mate, If each of the 62 pairs of half-selected cores is

- thus bahnced, thie delta voltage will be equal to zero
‘$0-provide for the maximm cencellation of half-selected

output signals.  In memory maintenance programming, this
condition of maximum cancellation of half-select output
wvoltages is obtained by using either a 1l's or a Q's test

‘pattern wherein all the cores of a memory plane are in

either the one or zero flux state.

A study of the equation reveals that the maximm value

of delta voltage is obtained when all the half-selected
cores of one polarity produce the smallest half-selected
output voltages, while all the half-selected cores of the
opposite polarity produce the largest half-selected output
voltages. The smallest half-selected output voltage is
produced by a core in the read disturbed zero flux state,
and that the largest half-selected output voltage is pro-
duced by a core in the undisturbed one flux state. However,
since it is only possible for one core on an X or Y drive

‘line to exhibit the undisturbed one flux state at any

particular time (an attempt to cause a second core to
exhibit the undisturbed one flux state will cause the
existing undisturbed core to be write disturbed),this
mmstatedoesmtentermkothedeteminationofthe
maximm value of delta voltage. Instead, the maximm
value of delta voltage is obtained when all the half-
selected cores of one polarity are in the read disturbed
zero flux state, and all the half-selected cores of the
opposite polarity are in the write disturbed ome (wl)
flux state.
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8ince the delta wvoltage can be of either polarity, the
maximm value of delta voltage can be produced in two
different ways; that is, by two different test patterns.
The maximm positive delta voltege is produced when all
the plus half-selected cores are in the write disturbed
one (Wl) flux state and all the minus half-selected -
cores are in the read disturbed zero (rz) flux state.

If all the cores of the plane contain the pattern just
described, the plane is saild to contain a re
checkerboard pattern. The maximm negative

voltage 18 when all the plus half-gselected cores
are in the read disturbed zero (rz) flux state and all
the mimis half-selected cores are in the write disturbed
one (V1) flux state. The test pattern that will produce
this oondition is defined as the inverted checkerboard
pattern. Since the polarity of the delta and selected
core output voltages can be individually positive or
negative,. eight separate conditions exist whereby the
maxiyum value of delta voltage will either add to or
subtract from the gelected core output voltage to pro-
duce the mximm d:l.storl'.ion of the selected core output

"voltage.
' MAXTMOM DELTA VOLTAGE COMBINATIONS

POLARTTY AND mu*m FOSITIVE RESULTANT WINDING
Péaitiu 1 T wl i ¢ Larger positive 1
Positive 1 1 rz - Smaller positive 1
Negative 1 Tz vl . Smaller negative 1
M‘ti:ve 1l vl rz ‘- Larger negative 1
Positive O rz vl { - ‘Larger positive O
Positive O ‘Wl £ ] - Smaller positive O
Negative 0 re Wl y Smaller negative O
Fegative O Wl rz - Larger negative O

If all the cores of a plane have identical characteristics,
‘the maximm value of delta voltage produced under the
abovenentiomdoonditmunhsvaapeakmnhm in
excess of 40O mv and a duratior of approximately 0.5 usec.
8ince .the delta voltage and the selected core output voltage
both start at the same time, the delta voltage always
distorts the selected core output signal. If the selected
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HALF-SELECTIONS AFFECT ON FULLY SELECTED FERRITE CORE
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core initially contained a 0, the delta voltage will Refer to Page 033
. completely mask the 0 output voltage since both voltages

have the same duration. However, if the selected core

initially contains a 1, the delta voltage will only distort

the first 50 percent of the 1 output signal and the 135-mv

(approxiamte) peak of the 1 output signal will not be

affected. It is because of this important timing factor

that a time difference sampling technique can be used

(during the execution of a memory readout cycle) to reliably

determine whether the selected core contained a 0 or a 1.

That is, although the peak amplitude of the delta voltage

can be much greater than the amplitude of the selected core

output signal, reliable memory :0operation is obtained by

sampling the sense amplifier output voltage at a specific

time, namely just past the peak of the amplified 1 signal.

Because the contents of the selected core is sampled at a .

specific time, reliable discrimination between a 0 and a 1

output signal depends upon the ability of the sense amplifier

to faithfully reproduce the relative timing of the sense winding

waveform,

6. Example:

Assume all positive cores contain ''1's'' and all negative
cores contain''0's''. Assume all cores are read disturbed.

Read out a core containing a '"'1".

Fully selected core £ 131 MV
plus 62 half-selected cores containing ''1's"
(31x & 3ly)

62 X 7 = 434 t 434 MV

Minus 64 half-selected cores containing ''0's"
(32x & 32y)

64 X 5 « 320 - 320 MV
Total £ 245 MV

F. Core Peaking Characteristics'’

1. The cores. in a memory plane, under identical operating
conditions, do not all uniformly peak at the same time,
nor with the same amplitudes. Core peaking may be
classified into four general categories:

Normal

Early peaking

Late peaking

Low amplitude

.Q..O.U‘N
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2. Examples of the four conditions were observed at the G2 Refer to Page 0>_.
test point of the sense amplifier. In each case, allied
circuitry has been eliminated as a possible cause of the
peaking conditions noted, so that the waveforms reflect the
true characteristics of the core itself. Observation of the
conditions shown do not necessarily imply defective cores.,
This is based on the fact that since core characteristics
are known to vary, the criterion to be used to determine
a core's acceptance is proper memory operation; that is,
if margins are good, and reliable memory operation‘is
present, the core is acceptable. Under these .conditions,
it is always .considered good practice to record the location
of the suspect corg(s) for future failure analysis. This
course of action is particularly important because it is,
conceivable that at some future date, under adequate mar-
gins, theee cores will probably be the first to fail. ,

3. Refer to Maintenance Handbook #13 for the proper procedure
to follow if a ferrite core is suspected of causing failures.

G. Summary Questions:
1, Answer the following questions True or False:
a. Half select noise may be much larger than a one 8ignal.

b. The gate conditioned by the one signal is not strobed
until the half select noige pulse is reduced to near zero,

c. The half select noise from positive and negative cores
should completely cancel. '

d. 127 cores can be half selected at one time.

e. There will be 63 positive and 63 negative half selected
cores during the read portion of a memory cycle,

f. The polarity of a core is determined by the direction of
* X and Y drive current thru the core.

g- The sense amplifier must be designed to condition a
gate when either a positive or a negative one is read,

h. If a core peaks too early the gate may not be
conditioned by a one when the sample pulse ogcurs,
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VI. 642 Ferrite Core Array

A. Physical Description

‘s 10

The 642 ferrite core array contained in Unit 11 is the Refer to Page 0380
principal component of core memory 2 since it is the infor-
mation storage center of this memory device.

The storage capacity of the 642 ferrite core array is equal Refer to Logic

to 4,096 words of 34 bits each. Since a single core can 0.1.7

store one bit of information, the array contains 4, 096 x

34 or 139, 264 ferrite cores. These cores are arranged

in a 3-dimensional array in which each horizontal layer or ‘
digit plane contains 4, 096 cores arranged in a 64 x 64 Refer to Page 0400

_square formation. The 34 digit planes of this array are

stacked vertically, and the X and Y selection windings of
these planes are interconnected to form the X and Y
selection windings of the array. Actuation of the current
drivers associated with one X and one Y selection winding ..
will mutually affect the vertical column of 34 cores (one core
in each plane) that represent the selected memory register.
Since only 33 of these digit planes are connected to sense

. amplifier and digit plane drivers, only 33 planes can be

active at any time. The 18th plane of the array, which is
required to provide for the symmetrical wiring of the array,
is used as a spare plane,
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2. Inhibit Winding

a. The inhibit winding of each active digit plane of the 642 Refer to Pg. 0170
ferrite core array is associated with an individual digit :
plane driver. During the execution of a memory cycle
each digit plane driver is controlled so that a read
current pulse will be applied to the associated inhibit .
winding during the write portion of the cycle if it is
required to inhibit the writing of a 1 in the selected
core of the plane.

b, The inhibit winding of each digit plane consists of a Refer to Pg. 0430
1-turn winding which is wound through all the cores and Logic 051, 7
of a plane in parallel with the Y selection windings.

Because the direction of this winding is. alternated

in adjacent rows of cores, the inhibit current pulse
effectively flows in opposite directions through

alternate rows of cores. Since write current pulses Refer to Pg. 0450
(negative) are applied to adjacent Y selection windings '
in opposing directions, the proper connection of the

digit plane driver will cause the individual magnetic
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 this point, consider the following
example, which assumes that the digit plane shown
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
plane. As a result of the internal array wiring (jumper
wires serially connected from pin I1 of the even-
numbered plane to pin I8 of the odd-numbered plane),

the direction of the inhibit winding through the Y-O

row of cores will be from left to right, Since the Y
selection winding write current and the inhibit current
are flowing in opposite directions, the magnetic fields

set up by these two windings.will be in opposite directions
for each core in the Y-O row of cores. The net result

is that these two fields cancel each other in each of the
mutually affected cores.

c., Because the X and Y array selection windings are formed
by serially connecting the similarly numbered drive lines
of adjacent 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.
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 inhibit winding must also be
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reversed in adjacent planes. In the 642 ferrite core
array, the inhibit winding reversal is accomplished

by the physical inversion of alternate planes of the
array. To illustrate the manner in which this is
accomplished, consider the inhibit winding connections
of the odd-even pair of planes shown. From the
previous example, it was determined the inhibit
winding of an odd-numbered plane is wound through the
Y-O row of cores in a left to right direction. Thus,
for an even-numbered plane, the inhibit winding must
be wound through its Y-O row of cores in a right to
left direction. The digit plane driver for an even-
numbered plane is connected to pin Il of the associated
odd-numbered plane. As a result of the intexrnal array
wiring (jumper wires serially connected from pin Il of
an odd-numbered plane to pin I8 ofran even-numbered
plane) and because 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.

3, Sense Winding

a. The sense winding of each active digit plane is as- Refer to Pages 04°°
sociated with a differential input sense amplifier and 0450
which functions to-amplify the induced voltages '
produced by the switching action of each core in the
plane. Each digit plane has two separate sense wind-
ings (labeled 1 and 2) which are connected in series
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
follows a diagonal path in order to minimize the capac-
itive 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 voltage will )

" be amplified, That is, since capacitive-coupled voltages
do not produce a difference voltage between these two
terminals, they will be rejected by the amplifier.
4. The left-half. word bits (S-15 and Parity) are processed in Refer to Logic
Unit 10. The Iphibit and Sense connections for these bits
enter on the left rear corner of the array.

5. The right-half word bits (5-15) are processed in Unit 12.
Thé Inhibit and Sense cpnnections for these bits enter
on the right rear corner of the array,

A
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C. Summary Questions:

1. Answer the following questions True or False:

. a.

b.

C,

d.

e,

One address in memory is a vertical row of 33 cores.
The. 18th plane is a dummy plane.

It is necessary to change only four wires when replacing
a bad plane with the spare.

Odd numbered plane jputput are processed in unit 12,

DPD current from unit 10 enters an even plane,

2. Complete the following statements:

a.

-

b.

There are ferrite core planes in the 642‘
memory array.

Each drive winding goes thru ferrite cores.

Adjacent drive lines have current flowing in
directions.

The sense winding was wired in the present manner for
cancellation of noise,

. Both ends of the sense winding connect to the
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VII. Overall Logic of 642 Memory
A, Selection Section

1. Selection of the 64% core memory register from which in-
formation is to be read, or into which information is to be
stored, is controlled by the selection section. This
section contains the flip-flop memory address register
which is composed of 12 flip-flops. Six of these flip-flops
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 associated with the Y portion.
The two portions operate similarly and are controlled
simultaneously 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.

Note: Bit identification

1. X - MAR - (R10-R15)

2. Y - MAR - (R4 - R9).

3. Odd-Even Bits (R9 and R15)

4. X bits 10-14 are utilized to select one pair of X Use Page 2890 to
lines (i.e. 0-1, 2-3, 4-5, etc.). The odd-even select an address

bit (R15) is then used to determine which of the
two lines is actually selected. If R15is a'l",
the odd line is selected and if a "' 0", the even
line is selected: As opposed to having an AND
circuit for each line, this System allows the
use of fewer diodes. '

2. At the beginning of each memory cycle, the memory address-
register flip-flops are reset by a clear-memory-controls
pulse from the instruction control element. Approximately
0.6 usec later, new address information is transferred to
the memory address register from either the program counter,
the address register, or the IO address counter. "The output
levels from both the 1 and 0 sides of five of the flip-flops
(bits R10 through R14) are supplied to the diode matrix
decoder, and the output of the sixth flip-flop (R15) is fed
to the memory gate generator circuits. The information
which the decoder accepts from the five flip-flops is decoded
in diode negative AND circuits to select one of 32 output
lines. The 31 non-selected lines have an output level of £10V;
the selected line has an output level of -30V. The selected
output level is amplified by two Matrix Output Amplifiers to
partially condition two adjacent core memory drivers, one
for an'even address and one for an odd address. One of these
two drivers is then further selected by the proper memory
gate generator. (MGG)
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NOTE
The memory gate generators are logical AND circuits,
each requiring both a d-c level from the sixth memory
address register flip-flop and a read or a write level
from the timing and gating section. Four memory
gate generators are used, two for reading (read odd,
read even) and two for writing (write odd, write even).

If the sixth memory address register flip-flop is in the
cleared state, the d-c level from its 0 side is at 4 10V
and conditions the read-even and write-even memory gate
generators. When conditioned by a read or a write level
froin the timing and gating section, these generators
activate the read or write lines of the 32 even-core
memory drivers and cause the selected current driver

to generate a read or write current pulse. If the sixth
flip-flop is set, it conditions the read-odd and write-

odd memory gate generators, which,. in turn, activate the
read or write control lines of the 32 odd core memory °
drivers, When these gate generators are conditioned by a
read or a write level from the timing and gating section,
the partially selected current driver 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 matrix de~
coder and the outputs of bit R9 are used to select
the odd or even pair or memory gate generators,

The X and Y COre memory drivers, which are partially
conditioned by the diode matrix decoders through the matrix
output amplifiers, are further conditioned at the proper
time by a read or a write pulse from the selected memory
gate generators described above, The selected X and Y
drivers supply current pulses to an X and a Y line of the
core memory array, These current pulses are of suf-
ficient amplitude and duration to half-select the cores

on the respective lines., At the intersection of the two
lines, the individual half-select current pulses are alge-
braically added to apply a full-amplitude current pulse to
the selected 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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B.'Selection Section Circuits

1. Diode Matrix Decoder (DMD)

NOTE: The following explanatmn can be applied to the X DMD
and/or the YDMD: '

a. Comprised of 4 sets of negative AND circuits, each

having 8 output lines.

b. Used to select one of 32 possible output lines.

c. Inputs - Zero and one levels from the MAR {lip-flops

(#10V or -30V.)

d, Outputs - one selected line at -30V, 31 non-selected

lines at £10V. ~Each line feeds 2 Matrix Output Amplifiers.

2. Matrix Output Amplifier (MOA)

a. Comprised of inverter amplifier and cathode follower,

(MOA is comprised of 1/2 of 2 tubes.)"

. Used to invert and ampiify the DMD :signal.

Input - one line from DMD feeds 2 MOA's.
1) Selected input - -30V
2) Non-selected input - £10V

Output - each MOA feeds both grids of 1 Core Memory
driver.

1) MOA - Input £10 Output £10

2) MOA - Input -30 Output /90

e. 64X MOA's and 64 Y MOA's - 1 per Core Memory Driver,

3. Core Memory Driver (CMD)

a.

Comprised of two triode amplifiers housed in one
envelope.

. When selected, one half of tube supplies current during

read time and other half during write time.

. Inputs

1) Control grid conditioning voltage from MOA
(£90 V selected, Y10V non-selected).

2) Cathode conditioning voltage from Memory Gate
Generator (£100V selected, £180V non-selected).
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Note: "Read MGG" conditions 1 cathode during

read time and the write MGG conditions
the second cathode during w:ite time.

d. Output- Approximately 410 ma to the associated X or
Y winding.

e. 64X CMD's and 64 Y CMD's - 1 per line,
f. 1 "X" CMD and ' "Y" CMD conduct for']l given selection,
4. Memory Gate Generator (MGG)
a. Used to half select all odd or all even CMD's (X or Y),
b. Logically c,ompri,aedof a gate feeding a cathode follower,
c. Inputs (to gate tube)
1) Supressor grid conditioning voltage from
odd-even flip-flops (R9 or'R15). (./10V
selected, -30V non-selected.)
2) Control grid conditioning voltage from Read or
Write FF. It should be noted that this input is
capacity coupled.
d. Output - conditié;xing level to cathode of 32 CMD's,
Note: Cathode resistance of the MGG cathode
follower is variable to be able to adjust
the amount of current through the CMD's.
e. 4 X MGG's and 4 Y MGG's.
Note: The following breakdown can be used to illus-
trate either the X MGG's, the Y MGG's or both.
In the examples given, X MGG's will be assumed..
1) Read Even MGG

-

a) Conditioned when the Read FF is Set and the
Odd-Even FF (Bit 15) is clea:.

b) Conditions the "Read" portion of the 32
even CMD's. .
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2) Read Odd MGG
a) Conditioned when both the Read FF and the Odd-
Even FF (Bit 15) are set.
b) Conditions the '"Read" portion of the 32 odd CMD's..

3) Write Even MGG
a) Conditioned when the Write FF is Set and the Odd- °
Even FF (Bit 15) is clearaConditions the " Write"
portion of the 32 even CMD's,

4) Write Odd MGG
a) Conditioned when both the Write FF and the Odd-
Even FF (Bit 15) are set,
b) Conditions the "Write'" portion of the 32 oddCMD's.

Note: Each MGG conditions 32 cathodes. It should also be

noted, however, that only one of these 32 should have
its grid conditioned at the same time, Therefore,
during read time the read portion of only 1 X CMD
should conduct and during write time the '"write'"
portion of the same CMD should conduct. Since the

Y circuitry is identical, it can be seen that 1X and

1 Y CMD conduct for any given selection. 1 MGG

can supply sufficient current for only 1 CMD, If,

due to some malfunction, an attempt is maie to drive
2 or more TMD's the selection will fail.

C. Sense Section and Memory Buffer Register

1.

The sense section of the 642 core memory consists of 33
amplifiers and 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 input signal -

is applied to and conditions a gate tube circuit. If the
selected core contains a 1 prior to being read out, the gate
tube, when sampled, provides the standard pulse required
to activate the memory buffer register., The gate tube is
sampled by a standard pulse gated by the sample gate gener-
ator. The time relationship between the sense amplifier
output and the sample pulse is adjusted. so that the sample
pulse occurs-at approximately the peak of an amplified 1
output signal. Thus, if a core containing a 1 is read out
during a readout cycle, the sampled gate tube develops an

-output which sets the associated memory buffer register

flip-flop to the 1 state. If the core contains a 0, the flip-
flop remains in the O state.

0510
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3, The output of the 0 side of the memory buffer register flip-
flop conditions an associated digit plane driver in order to
provide the necessary control to subsequently restore the
original content to the selected core. If the core contains’
a 1 prior to readout, the X and Y write current pulses write
a 1 back into the core, However, if the core contains a 0
prior to readout, the associated digit plane driver is con-
ditioned, resulting in the generation of an inhibit current
pulse (coincident with the X and Y write current pulses)
which prevents the writing of a 1, thus effectively writing
a0,

D, Inhibit Section

Note: For most Memory Cycles, the same information that is -
‘read from a location is replaced in that location, Since it
is inherent in this system that, when writing is performed we
always try to write a ''1'', some system must be intro-
duced to allow the retention of a zero where a zero is
desired. This is the function of the Inhibit Section.

1. The digit plane driver section consists of 33 functionally
identical circuits, one corresponding to each active plane
of the core memory array, These circuits function to
supply the inhibit current pulses to the associated planes.

2. The output of a digit plane driver is a negative current

pulse having an amplitude of approximately 410 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. To inhibit the writing of a 1, the inhibit
current pulse (effectively £/ 1/2 amp) adds algebraically

to the X-write current pulse (- 1/2 amp) and the Y-write
current pulse (- 1/2amp) to produce an effective field of

- 1/2amp turns . (4 1/2) # (- 1/2) #(-1/2)=-1/2

3, The input stage of each digit plane driver consists of a  note: Logic 0,1.7
gate tube which is conditioned by the 0 side of the as- should indicate DPD.
sociated memory buffer register flip-flop when the inputs from memozx
selected core contained a 0, The other input to this gate buffer FF come from
tube is supplied by the inhibit gate generator, which is  BgZ pins (clear outpu*
located in the timing and gating section. The output of of FF)
the gate tube supplies a cathode follower, a differential
amplifier, and a d-c power amplifier which drives the
low-impedance, high-current inhibit winding of the core
memory array plane. -

E. Timing and Control Section

1. The timing and gating control section of the 642 core
memory receives ‘the start-memory pulse from the program
element for both types of memory cycles and during the
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execution of a memory ''store' cycle, this section also receives
The inhibit-sample pulse from the instruction control element.
The timing and gating section provides the three gate signals
and the sample pulse to operate the various portmns of the

core memory in proper sequence.

Clear Memory Controls - TP-O .. Refer to Logic 0.1. 4
a. Clear MAR to' all l's Note: The read and
b. Clear Sample FF write FF's (X & Y) and
: the inhibit FF's (left and
Start Memory right) will be clear at
this time as a result of
a. PT-0O delayed the last memory cycle,

b. OT-0 delayed
c. BI-O 'lelayed
d. BO-0O delayed

The start-memory pulse is applied to the memory time pulse
distribuotr, which is a chain of delay lines. The start-
memory pulse delayed 0.1 usec is used to set the read-gate
generator. This is subsequently cleared by the start-memory
pulse delayed approximately 2.2 usec. The l-side output of the
read gate generator, which is a positive pulse, is applied to the
selection section and determines the timing and duration of the.
read-current pulse that is supplied to the selected X and Y
driver lines.

The sample gate generator of the timing and gating section
deffers from the other gate generators in this section in
“that the O-side output controlsa.gate tube which is sampled
by the sample pulse from the memory time pulse distributor.
During a memory ''readout'' cycle, the inhibit-sample pulse
is not generated, and the sample gate generator remains in:
the o state. In this condition, the gate passes the sample
pulse to the sense section approximately 2.0 usec after the
start memory pulse is initiated. During the memory ''store"
cycle, an inhibit-sample pulse from the instruction control
element is supplied to the sample-gate-generator flip-flop,
setting the flip-flop to the 1 state. Thus, the gate tube is8
deconditioned when sensed by the sample pulse.

a. OT "B'" -3 on Store cglass instruction

b. BI -3 on an I/O operation
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c. Sets Sample FF which inhibits the sample pulse. This
prevents the information read from the selected address
from being placed in the Memory buffers. Therefore, new
information can be placed in the buffers and, during the
write cycle, this new information will be placed into the
selected register.

The write-gate-generator flip-flop receives a set-write

pulse from the memory time pulse distributor approximately
2.8 usec after the start-memory pulse is initiated and receives
a clear-write-gate-generator pulse approximately 1.9 usec
later. The resultant output pulse from the write-gate-generator
flip-flop, which is approximately 1.9 usec in duration, is
applied to the selection section and determines the timing and
duration of the write current pulse that is supplied to the
selected X and Y driver lines.

The inhibit gate generator is similar to the read and write gate
generators in operation and function. The set-inhibit pulse is
supplied by the memory time pulse distributor approximately

2.6 usec after the start-memory pulse is initiated. The clear-
inhibit pulse (from the same source) is received approximately
4.9 usec after the start-memory pulse is initiated. The l-side
output pulse of the inhibit-gate-generator flip-flop is approximately
2.3 usec in duration and overlaps the write-gate-generator output.
The inhibit gate is applied to the 33 digit plane drivers; however,
only the drivers which are conditioned by the associated memory
buffer register flip-flops can generate an inhibit current pulse.

Outputs from clock

a. Set Read X & Y (SM £ .1) Refer to Page 0550
b. Sample Pulse (SM { 2.0) '

c. Clear Read X & Y (SM £ 2.2)

d.  Set Inhibit (SM £ 2. 6)

e. Set Write (SM { 2.8)

f. Clear Write (SM £ 4.7)

g Clear Inhibit (SM / 4.9)

NOTE: Clock is merely a series of delays; once started, it
cannot be ttopped,
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F. Summary Questions:

1. Answer the following questions True or False:

a.

b.

C.

d.

e,

An MGG is conditioned by two -30V levels.
Four MGGs will be fully selected each memory cycle,

After a memory cycle is once started it cannot be
stopped by normal computer operation.

No sample p;llse leaves the memory clock during

a store cycle.

The memory clock is a series of delays.

Complete the following statements:

a.

b.

e,

When selecting a '"Y" address, bits are used.

Bits - determine whether even or odd addresses will
be selected, /

—

. The DMD is used to select one of possible li'nes-and

the selected line output voltage is

-

The output of the DMD will condition two whereby
the DMD output voltage is and amplified.

The CMD will be conditioned by the . and V‘the .

f. Outputs of the Read/Write FF and Odd/Even FF will
condition the . '

g. The will be conditioned by the zero side of the
Memory Buffer FF and will produce ~of current.

h., Approximately . will be induced in the - ’ winding

* when a selected core is switched from a one to a zero.

i, Inhibit current flows through a core in the same direction.
as the current in winding.

j. There are - CMDs in each 642 memory.

k. There are MOAs in each 642 memory.
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VIII. Diode Matrix Decoder
A. Operation

1, The following explanation is for the Y DMD, but, with Refer to Page 0590
the exception of bit designations, it could also apply to
the X DMD. -
a. The "power' and "not power" philosophy (i.e. 27 and 2-7)
1) Bits are labeled from the least significant bit of a
word (R15) towards the most significant bit (R4
in this case.)

2) The "0" power is then used to indicate the least
significant bit and as progression is made toward
the most significant bit, 1 power is added for each
bit (i.e. R15 - "0", R14 -1, R13 =2, R4 ="11"),

3) The "power" (27) and ''not power" (2-7) are used to
indicate respectively the set and clear sides of the
R8 F.F, —

b. DMD is divided into 4 equal Sections which are located
.on the 4 Y driver panels., (YA, YB, YC & YD),

1) YA feeds lines 0-15;¢ (0-178).
2) YB : 16-31;¢ (20-378)
3) YC = 32-47,( (40-57g)
4) YD - 48-63, (60-77g)

2. Load the Y MAR F.F.'s with 345 and develop the negative Refer toPage 05
AND circuit which will condition line 34g - 35g coming
out of the Y DMD. It should be noted that a Y selection
of 35g brings this line up also.

a, With 64 possible Y selections, it can be seen at this
time that, with the use of the Odd-Even bit, there need
only be 32, negative AND cir cuits feeding out of the
DMD since each output feeds 2 Y MOA's which in turn
feed 2 Y CMD's. The one actually used will be determined
by the Odd-Even bit.

3. The action of Open and Shorted diodes. Refer to Page 06+
—~

a, Open diode

1) The line containing the open diode will select -~
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A
TEST CHART FOR DIODE MATRIX DECODER

Matrix Diodes ‘ *Octal Address Groups

al or 27 0,1, 4, 5, 10, 11, 14, 15, 20, 21, 24, 25, 30, 31, 34, 35, 40, 41, 44,
45, 50, 51, 54, 55, 60, 61, 64, 65, 70, 71, 74, 75.

27 or 277 2,3, 6,1, 12, 13, 16, 17, 22, 23, 26, 21, 32, 33, 36, 37, 42, 43, 46, 47,
52, 53, 56, 57, 62, 63, 66, 67, 12, 73, 76, 77.

22 or 28 0,1, 23,10, 11, 12, 13, 20, 21, 22, 23, 30, 31, 32, 33, 40, 41, 42, 43,
50, 51, 52, 53, 60, 61, 62, 63, 70, 71, 72, T3,

220r 278 4,5,6,7, 14, 15, 16, 17, 24, 25, 26, 27, 34, 35, 36, 37, 44, 45, 46; 47,
54, 55, 56, 57, 64, 65, 66, 67, 74, 75, 76, T1.

23 or 2° 0-7, 20-27, 40-47, 60-67.

273 or 279 10-17, 30-37, 50-57, 70-77.

24 or 210 0-17, 40-57.

274 or 2710 20-37, 60-77.

25 or 2ll 0-317.

279 or 2711 40-77,

Note: *In the listed data, a diode is shorted if all the addresses in the group fail except
two, T {ail contains the defective diode,

e




EXAMPLE:

position will fail since this will cause the 2" line to
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properly but will cause a failure when some other
line is selected.

EXAMPLE: Assume the diode connecting line
"10-1" to the 2" F. F. (R4) is open. When a
selection of 0" or "1" is made the circuitry,

operates properly, However, when a selection *

of 40g or 41g is made, this selection plus line
“0-1" will be at -30 volts, this will cause the
selection to fail since the selected MGG will be
trying to drive 2 CMD's and it is not capable of '
oing this.

rted diode
The line containing the shorted diode will select
roperly but will cause a failure when various

other lines are selected.

Assume the diode connecting the ''0-1" line to the

2" F, F, is shorted. When a selection of ""0" or "1"

7

is made, the circuit operates properly. However,

any other selection which has a " 0" in the bit R4

0610

Refer to Page 0590

Refer to Page ~590

go to -30V and will cause the '"0-1" line to be selected.

NOTE: Work several problems with open and shorted diodes.

B. Summary Que stions:

1. Answer the following questions True or False:

a. 2/ represents the clear side of a FF when the FF is set.

b. Five diodes are used on each DMD output line.

c. Each Y driver panel will half select 32 drive lines.

d. Each selected DMD output conditions two MOA circuits.

e. An open diode in the DMD can cause two lines to be
selected at one time.

. l'
f. A negative AND circuit is the same as an OR circuit.

2. Troubleshooting Questions ,

a. Diode feeding X address line 26, 27 from the 2% FF is open.
This will cause what other X address line to be selected

simultaneously with 26, 27?

b. Diode feeding Y address line 52, 53 from the 28 FF is open.
This will cause what other Y address line to be selected

simultaneously with 52, 537
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c. Diade feeding Y address line 42, 43 from the 210 FF ip
open. This will cause what other Y address to be selected
simultaneously with 42,43?

d. Diode feeding X address line 74, 75 from the 2.3 FF. is
open, This will cause what other X address line to be
selected simultaneously with 74,757

A. Power:Cathode Followers

1. Function

a. The power cathode follower (PCF) is a nonlogic circuit

" that amplifies power. It is essentially a modified cathode
follower circuit designed to satisfy the comparatively

"large power requirements of specific types of loads.

Its high<nput and low-output impedance makes the circuit
particularly useful as an isolating device, driving low-
impedance loads from a high impedance source. Circuit -
features are incorporated into the PCF to regulate the
output levels and to maintain or shape the output waveform.

b. There are 25 models of the PCF employed in AN/FSQ-7
and AN/FSQ-8 equipment, each adapted to the driving
requirements of its respective load. For example,



XPCF

NOTE:
X= MODEL DESIGNATION

0630

DIFFERENTIAL CATHODE
NPUY  al AMPLIFIER ——————»  FOLLOWER CELLCLA
SECTION SECTION
.
FEEDBACK | ouTPUT
NETWORK - CLAMPING

Power Cathode Follower, Mogk Diagram

OuUTPUT

INPUT 2
FROM
FEEDBACK
NETWORK

INPUT |

Differential Amph’iior, Simplified
Schematic Diagram
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some PCF's are.specifically designed to amplify pulse Refer to Page 0670
power, others to amplify level power; some PCF's are

employed to drive only resistive loads, others to drive

only capacitive loads, and still others to feed resistive~

capacitive loads. Each of the 25 models belongs to one

of two general groups: standard PCF's and special PCF's.

c. All of the 18 standard PCF's have the same general Refer to Page 0630
circuit configuration; each circuit consists of an input and Logic 0.1.5
differential amplifier section and an output cathode (c PCF's)

follower section. Degenerative feedback is employed
between the sections to stabilize the output voltage.

The output is clamped at its lower level, The most
significant difference between the standard PCF's is
the number of parallel sections in the output cathode
follower section. If the rated plate current of a single
tube is insufficient to provide required power output,
one or more triode sections are added in parallel. The.
next most significant difference between these models
is the value of cathode output resistors. A large cathode
output resistance is desirable when driving a resistive
load; a:.small cathode output resistance would make for
a fast fall time where a capacitive load is fed. A com-
promise value is used for a resistive-capacitive load.

2. Principles of Operation

-a. All PCF's both standard and special, consist of an Refer to Page 0630
input differential amplifier and an output cathode
follower section. Specific models employ degenerative
feedback to stablize.the output voltageand output clamp-
ing to protect subsequent circuits. The feedback is :
applied to the differential amplifier, and in effect, '
“adjusts the voltage applied to the cathode follower section
maintaining the PCF output at a constant level for a '
given input level.

.b. A simplified differential amplifier cpnsists of a cathode Refer to Page 0650
follower (V)) and an amplifier (Vz).' The inputs (input 1)
to the cathode follower section of the differential ampli-
fier are usually £10V and -30V levels. The output of V1
is direct-coupled to the cathode of V2 (common cathode
resistor R] is used.) The other input (input 2) to ampli=
fier V2 is a portion of the output voltage of the PCF.
Amplifier V2 amplifies the difference in potential between
its grid and cathode.

c. If the PCF output voltage should rise for a given input,
the feedback to the grid of V2 becomes more positive and
the plate voltage drops. This decrease in plate voltage in
turn causes the output voltage to drop.
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+1%0vV +250V +9%0V
i {
R2 '
§ ([ 14

" cl v3
o v g | gamssea

vi AMPLIFIER

INPUT

Py @ @ | —O OUTPUT

CR3

—i180v -1s0v

~-isov -30V

Power Cathode Follower, Model A, Schematic Diagram

POWER CATHODE FOLLOWER,
MODEL A, FUNCTION OF DETAIL PARTS

REFERENCE
SYMBOL FUNCTION
(03] Speedup capacitor
) (or] Feedback capacitor (speedup) reduc-

CPCF WAVEFORM
+10V TO ri4V

f_"'—\ CR1, CR2, CR3 Output clamping diodes
R1 Common cathode resistor for V1 and
V2

ing positive and negative overshoot

-20v T0 -30v
RISE TIME -0.5 USEC MAX. R2 Plate load resistor for V2
FALL TIME - 0.5 USEC MAX.
R3, R4 Voltage divider
RS Cathode resistor for V3
R6, R7 Feedback voltage divider network

R8s, R9, R10 Current limiting and equalizing re-
sistors for CR1, CR2, and CR3, re-
spectively
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3. Standard Power Cathode Followers

a. Since all the stan&ard PCF's are basically the same,
only the model A (aPCF) will be discussed in detail.

b. The nominal inputs to the aPCF are £10V and -30V Refer to Page 0650
levels, With the input at £10V the common cathodes
of V1 and V2 are approximately £11V. Assuming that
there is an output voltage of £13,5V at the cathode
of V3, the grid of V2 is set at a voltage (£7V) deter-
mined by the attenuating network composed of resis-
tors R6 and R7.. The resultant voltage at the grid
of V2 holds the tube close to cutoff, fixing the plate
potential at £194V, A proportionate voltage is applied
to the grid of the output circuit through voltage divider
network R3 and R4 (£10V), which causes V3 to conduct
heavily and maintain the output voltage at £13.5V,

c. If the output voltage drifts below /13.5V, the voltage
at the grid of V2 falls, This causes a reduction in plate
potential of V2 and a resultant increase in the plate
potential of V2 and the grid of V3. With a more posi-
tive grid, the plate current through V3 increases ,
causing the output voltage to rise to £13.5V. Similarly,
if the output voltage drifts positive , the grid of V2
becomes more positive, increasing conduction and
lowering the plate potential of V2 and the grid potential
of V3. This reduces the plate current of V3 and causes
the output voltage to fall to £13.5V.

d, Assume tha.t the input level is now -30V; the common
‘cathode potential of V1 and V2 is approximately -26V,
With an output of -32V (balanced condition), the voltage
fed back to the grid of V2 is -28V. The resultant bias
on the grid of V2 fixes the plate voltage of V2 at £100V,
As a result of voltage divider R3 and R5, the grid voltage
of V3 equals -50V and an output voltage of =32V is devel-
oped at the cathode of V3, Changes in this output level
are fed back to the grid of V2, causing the output to be
restored to its normal level in the same manner as
described above. '

e. C‘apalcitor Cl compensates for the transition time loss
caused by voltage divider R3 and R5. Capacitor C2 is
a speedup capacitor in the feedback network which reduces
positive and negative overshoot in the circuit, Clamping
diodes CR1, CR2, and CR3 protect subsequent circuits
should the /90V supply fail and also clamp the lower out-
put level at approximately -32V.



POWER CATHODE FOLLOWER, MODEL-DISTINGUISHING CHARACTERISTICS

OUTPUT LEVELS

INPUT LEVELS STAGE COMPLEMENT
DIFFERENTIAL OUTPUT
AMPLIFIER v SECTION
INPUT INTER- .
UPPER LOWER CATHODE CATHODE .MEDIATE = CATHODE OUTPUT UPPER LOWER

MODEL (volts)  (volts) FOLLOWER FOLIOWER AMPLIFIER DRIVER FOLLOWER  RESISTANCE (volts) (volts)

A +10 —30 — 1 1 — 1 1.8K 412,75 +295 —32.5 +2.5

B +10 —30 — 1 — 1 1.8K 412,75 +2.75 —16 =*1
*C ' 410 —30 1 —_ — — 8 3.7K 412 +2 —25 +5
*E +10 ~ —30 2 2 2 1 3 600 +6.5 1.5 —24 +4

F +10 —30 C— 1 1 — 2 27K +12.75 +2.75 —30.5 +3.5

G +10 —30 — 1 1 — 4 27K +13.4 +3.4 —30 +4

H +10 —30 — 1 1 — 3 © 900 +13.5 *+1.5 —24 +4.0

J +10 —30 — 1 1 — 3 700 +12.0 =20 —32 +2

K +10 —30 — 1 1 —_ 1 450 "413.0 +3.0 —29 +3

N +10 —30 — 1 1 — 4 450 +5.5 +55 = —24.5 =45

P +10 —30 — 1 1 —_ 4 600 +13.0 4.0 —30 +5.0
*Q +10 —30 1 2 2 — 4. 1.8K +1255 125 —30 +3.0

R +10 —30 — 1 1 — 10 200 +5.5 £5.5 —24 +4.0

S 0 —15 — 1 1 —_ 8 900 +3.35 £335 23 +3.0

T +10 —30 — 1 1 —_ 2 980 +12 +20 —26.5 5.5

U ) —24 — 1 1 — 2 3K +5.0 =5.0 —30.5 1.5

\% [) —24 — 1 1 — 2 1.8K +5.0 +5.0 —30.5 *=1.5

W +10 —30 — 1 1 — '3 640 +12 =20 —30.5 +2.5

Y +10 —30 — 1 1 — 6 320 +5.0 =5.0 —16 *1.0

z +10 —18 - 1 1 — 3 900 +8.0 =5.0 —16 +1.0
*AA +10 —30 — — 1 — 1 1.8K +12.5 =25 —31.5 *1.5
*DD +10 —30 —_ 1 1 —_ 4 900 —27 —61.5 *+6.0

FF +10 —30 — 1 1 —_ 2 12K 412.6 +3.0 —30 +2.0
=GG +10 —21 1 - e —_ 1 3.2K T4125 *2.5 —30
sHH +10 —30 — 2 2 1 5 360 +12 +20 —33 +3.0
*Special power cathode followers

“G’:oumf

ed grid amplifier used instead of differential amplifier

0L90
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4. Special Power Cathode Followers

a‘

C.

The special PCF's are modified standard PCF's.
Therefore, since the fundamental building block
of thede PCF's is a standard PCF, the special
PCF's will only be discussed in terms of their
modifications with respect to the aPCF,

NOTE: cPCF used in conjunction with MAR FF's.

The cPCF consists of an input cathode follower
which feeds a PCF output section made up 'of
eight parallel cathode followersi:. The cPCF does
not employ an input differential amplifier section
and therefore does not contain a feedback loop.

NOTE: ePCF used in conjunction with IGG FF's,

The ePCF is employed as a pulse power amplifier
instead of a level power amplifier, The input
stage is an isolation cathode follower comprising
two triodes in parallel whose output is capacitively
coupled to a differential amplifier. The output

of the differential amplifier is applied to the out-
put cathode follower section through an interme-
diate driver stage.
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B, Matrix Output Amplifier
1e¢ Function

ae The matrix output amplifier (MOA) is a logic DC
anplifying circuit which provides signal inversion
and a shift in output signal level to either par-
tially condition or decondition a core memory
driver., There are 128 MOA circuits used in
each 64~ core memory element.

2+ Principles of Operation

a. The circuit consists of a d-c amplifier (V1), Refer to Page 0700
a cathode follower (V2) and associated circuits. and Logic Oe1e5

be The input signal is applied to the voltage divider
network consisting of R1 and R2. When the
input signal level ie at +10V, the divider net-
work functions to lower the signal level applied
to the grid of V1., Because of a high postive
grid bias on V1, grid current flows in this tube,
causing it to conduct heavily and resulting in
the plate voltage dropping from +90V to approxi-
mately +10V,

c. When the input signal is a =30V level the grid
signal applied to V1 is -50V. Consequently,
no plate current flows in this tube, making
the ocutput rise to approximately 490V,
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\
\ AMPLIFIER

+90Vo- AN\, <
Sre Ll
. IMH

-300V . -30v -180v
(NS | T
@ ' oy @ 1\ Beet/o
5 | Az T

Matrix Qutput Amplifier, Schematic Dlnnm‘

"MATRIX OUTPUT AMPLIMER,
FUNCTION OF DETAIL PARTS

REFERENCE

SYMBOL "FUNCTION
R1,R2 Voltage divider network
R3 Part of plate load (with L1).
R4 Damping resistor
RS V2 cathode load’ -
C1 Input compensating capacitor
i Choke serving as penku‘g coil in V1
plate load
CR1 Crystal diode preveats Vz grid from

becoming more than 1V positive -
with respect to cathode.




Core Storage Element 0710
Information

d. The operation of V2 is that of a standard. cathode
follower circuit. .

Ce Core Memory Driver
1. Function

a. The core memory driver (CMD) is a logic AND circuit
which is capable of generating bidirectional output
current pulses. There are 128 CMD's used in the core
memory element. Each CMD supplies read and write current
pulses to one X ar“Y line of a core memory afray. The
nominal value of these current pulses is equal to one~
half the current needed to switch a ferrite core. Only
one X and one Y core memory driver is fully selected at
any one time,

2. Principles of Operation

a. The circuit consists of a dual triode (V1) one half of  Refer to page
which drives read pulses and the other half of which 0720 and logic
drives write pulses. The plates of the tube are connected 0.1.5
to a center-tapped pulse transformer.

b. An umselected matrix output amplifier applies ap~
proximately +10V to the grids of V1. The cathodes are
held at #180V by the memory gate generator outputs to
which the cathodes are connected. As long as these
cathodes are held at +180V, the CMD tubes will not
conduct since the input from the matrix output ampli-
fier is not sufficient to overcome the positive cathode
potential,

ce When a read pulse is applied to the read memory gate
generator, the output of the generator falls toward
=300V but is caught at about +90V, This lowers the
bias on the CMD, permitting the read side of V1 to
conduct. When the read side of V{1 is conductiong a
current flows in the pulse transformer secondary. The
polarity of this gurrent is defined as the read direction.
The current ratio: of the polse transformer is 2.5 to 1.
Consequently, a primary current of 16C ma produces a
current of 4§0 ma in the secondary. A:.current of this
magnitude is necessary to drive a core to the coincident

_current method of core selection used in the memory element,

.

d. When a write pulse is applied to the write cathcde of
V1, the other half-tube conducts; since this current is
in the opposite direction in thle pulse transformer pri-
mary, the secondary current is of opposite polarity to
equal to the read pulse, depending on how the _memory gate
generator output is adjusted.

Sevtember 1, 1960
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Core Memory Driver,
Logic Block Symbol

INPUT O—— - -

€S

). D-CLEVEL OF

FILAMENT IS

. +100V
@ PULSE INPUTS '
READ WRITE
vi
//
@ N\ ’ _A S0V/0IV
0.5 USEC/0IV 7 . T -

N
@ / \ H ’J,’:é)’o,v ° ‘[ - \\
f :

. U ] 1.2 usec fhe
, w
: i
© ] | )
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Core Memory Driver, Schematic Diagram
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D. Memory Array Floating Ground - Odd Voltage CB

1. The drive-line paralleled 10-ohm terminating resistors Refer to Page 0730
@I@Eﬁs—)’are\not returned directly and Logic 0.1.7
0 groun ause it was found that such a connection
" introduced noise on the drive lines, resulting’in lowered
a¥gins. Hence, an accidental ground such as may be
introduced during‘!‘roubleshooting (solder splash or other

foreign matter) will adversely affect margins.

2. The inclusion of the ODD V circuit breaker (CB) was
dictated by good design practice. Sinee the memory
array operates better withot a ground connection, a
safety hazard condition arose based on the possibility
of a short developing between the primary (250V) and
secondary windings of the CMD transformer. Under these
conditions, the memory array would be hot and maintenance
personnel working on it would be endangered. Protection
against this possibility is afforded by the CB. The 240-
ohm resistor, in addition to limiting the current through
the CB, further isolates the memory array from ground.

3. Summarizing: for best operation, the memory array must
be maintained above ground. In addition, for safety reasons,
the memory array must be returned to ground. Both con-
ditions are satisfied by the use of the 240-ohm resistor and
the CB (which has an inherent resistance of approximately
130 ohms) in a floating-ground arrangement.

E. Memory Gate Generator
1. Function

a. The memory gate generator (MGG) is a logic vacuum tube Refer to P, 0750
AND circuit and power amplifier which controls the read K
or write pulses of @ one of 32 core memory drivers in the
Central Computer

2. Basic Operation

a. The input signal to the suppressor grids of V1 and V2 is Refer to page 0770
a d-c level of either £10V or -30V. When the suppressor and Logic 0.1,
grid is at the -30V level, the tubes are completely cut
off, regardless of the signal applied to the control grid.

When the suppressor grid is at the £10V level, the tubes

are partially conditioned and plate conduction will occur
when a positive pulse signal is applied to the control grids.
The voltage divider consisting of R1 and R2 keeps the plates
of V1 and V2 at £180V when the tube is cut off and at £40V
when the tubes are conducting. The output voltage of V1 and
V2 is fed to the control grids of V3 and V4.
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3. Detailed Operation

a.

With no inputs to tubes V1 and V2, the voltage at both

the suppressor grid and the control grid is -30V, insuring
that the tube is below cutoff. When partially selected,

the suppressor grid is at the £10V level. The input to

the control grid of these tubes is a-c coupled through
capacitor Cl and the combination of resistors R4, and

.crystal diodes CR1 and CR2. This input supplies a

positive pulse to the grid when a particular memory
gate generator is selected. When the input signal goes
positive from the -30V level to the £10V level, the
capacitor cannot charge instantaneously and therefore
the 40V signal is applied to the control grids of tubes
V1 and V2. Because the input signal is positive, crystal
diodes CR1 and CR2 do not conduct. Therefore, the .
effective resistance.coupling the input is R4 and R5 in
series. Thus for a positive pulse input, the time con-
stant of the coupling network is Cl times R4 plus R5,
giving a resultant time constant of approximately 102
usec. Since the normal input pulse length is 2 to 3
usec, the time constant is very much larger than the
pulse duration and very little charge is built on Cl.

When the input signal goes from the £10V level to the
-30V level, the signal on the control grids of V1 and

V2 falls 40V, However, during the time that the input
signal is at £10V, the capacitor picks up some charge,
and a small negative overshoot will be obtained as the
grid signal falls toward -30V. When this happens, the
time constant of the resistor-capacitor coupling will

be greatly reduced because the forward resistance of
CR1 and CR2 will come into play, since a positive voltage
will be applied to the plates of the diodes with respect

to the cathodes. The plate voltage of the diodes is
stabilized at -30V; however, if some negative overshoot
exists, the vQltage on the cathodes of the diodes will be
in a position to conduct. Resistars R4 and R5, which
parallel the diodes, are effectively shorted out, and the
resultant time constant is slightly greater than 0,1 usec.

' The time constant now is a very small percentage of the

overall pulse duration and therefore Cl will charge very
very rapidly, to stabilize the control grid input signal
at -30V, ’

The output voltage of V1 and V2, which is normally at the

#180 level, is supplied to the control grids of cathode fol-
lowers V3 and V4 which are connected in parallel, Under
these conditions, the cathode current, flowing through the
common cathode resistor in the cathode follower circuit,
produces an output of approximately £180V, because, since the
tube is at maximum conduction, very little cathode bias builtup
is present.
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+90V +250V  +90V oz‘s’ov
RI
66K
INPUT FROM MARO=— ] (- =
: Qrw v2 \ ~yYV3 va\—
GATE AMPLIFIERS CATHODE FOLLOWERS
cl [
INPUT FROM READ S8OUUF =
OR WRITE GATE O- ) re R9 RH
GENERATOR 6.6K 10K 10K
NOTES: : Re
I. ALL SERVICE VOLTAGES ARE DECOUPLED ::;3
IN THE PLUGGABLE UNIT. .7.:“ on )
2. PARASITIC SUPPRESSORS HAVE BEEN OMITTED, g{‘ sl
3
3. THE EQUIVALENT RESISTANCE IN PARALLEL ’3‘,’“ 2 als
“TH R6 AND RT FOR THE VARIOUS SETTINGS l .
S1 ARE LISTED BELOW: ‘ cR2 O .
I. 9K 50 ]
2. 4K o %
3. 3.3k « 9
4. 29K 3 A é
5. 25K -30vV -30vV -300v

Input

+I0V TO +iev

=20V TO -30V

Memory Gate Generator, Schematic Diagram

MEMORY GATE GENERATOR,
FUNCTION OF DETAIL PARTS

RISE TIME -0.9 USEC MAX.
FALL TIME -0.9 USEC MAX.

- X-Y READ AND X-Y WRITE

Output

+170V TO +i82V

+95Vv TO IGSV

REFERENCE
SYMBOL FUNCTION
R1,R2 Voltage divider
R3 V1 and V2 suppressor grid isolation
resistor .
R4, RS Equalizing resistors for CR1 and
CR2
R6,R7,R8,R9  Resistor network which determines
R10, R11 value of cathode resistance; with
R7 as potentiometer which pro-
vides for adjustment of cathode
' resistance to vary current flowing
through selected CMD
C1 Input coupling capacitor
CR1, CR2 Input clamping diodes
S1 Selects portions of resistor network

"for cathode resistance

0770
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d..When the input to V3 and V4 falls to the £40V level,. Refer to Pg. 077
the cathodes tend to follow that fall, However, since
the memory gate generator is used to supply current
to one of 32 core memory drivers and the input to the
selected CMD is at approximately a £90V level, the
cathode of the MGG is caught at a level in the vicinity
of /90V. As the MGG output falls, the core memory
driver conducts, a current pulse is generated in the
core memory driver, and the cathode follower switches
plate control from the plates of tubes V3 and V4 to the
to the plate of the core memory driver. Tubes V3 and
V& are cut off, and all current flowing through the
cathode resistors of the memory gate generator is
under direct control of the selected core memory driver.

F, Digit Plane Driver, Model A
1. Function

a. The digit plane driver (DPD) is a logic circuit which "
functions as a negative current pulse generator. Model
A is used in Central Computer memory 2.

2, Basic Operation

a. A block diagram of the aDPD is shown. The input Refer to page 0790
stage of the DPD consists of a d-c gate tube. The and Logic 0.1, 6
input from the memory buffer has standard levels
of -30 and £10V., When the DPD is not to be selected
this input is at the -30 level. When the DPD is to
generate an inhibit pulse on its associated memory
plane, the input is at the £10V. level. The other input
to the d-c gate tube also has standard levels of -30 and
#10V. When the DPD is used to generate a current
pulse, the inhibit pulse is used to control the current
pulse width. If the memory buffer FF is set when the
inhibit pulse is applied, no output is generated. However,
if the memory buffer FF is clear, application of the
inhibit pulse to the d-c gate causes a negative pulse to
be applied to the cathode follower. ' The output of the
cathode follower is fed into the difference amplifier,

Because of the feedback loop from the driver stage of

the DPD, the output pulse of the difference amplifier

is a negative signal. The negative signal is applied to

‘the pulse amplifier which performs amplification, a

shift in level and inversion. The output of the pulse

amplifier is applied to the driver stage and conditions

it, causing a current pulse to be generated by this stage.

The current pulse developed in the inhibit winding is a

negative pulse of approx. 410 ma, controlled in duration and of
approx. 2,5 usec duration at the 10-percent point.



DIGIT PLANE DRIYER, MODEL A,
FUNCTION OF DETAIL PARTS

REFERENCE :

SYMBOL FUNCTION

R1, R2 Part of divider network between- V1
grid and —150V supply (with
CR1)

R3 V1 plate load resistor

R4 V2A grid-return resistor

RS Common cathode resistor for V2A
and V2B

R6,R7,R8 Form voltage divider in V2B gri

"~ dircuit .

R9 V3A plate load resistor

R10 V3B grid resistor

R V3B plate load resistor

Ri12 V4 plate load resistor

R13 Equalizing resistor

R14, R15 Voltage divider connected between
—300 and —150V supplies

R16 Damping resistor

CR1 " Part of divider network in V1 grid

circuit (with R1 and R2)

CR2,CR3  Clamp VZA grid at 410V in quies-

CR4

c
c
C3
c4
Cs
cs

cent state
Grid-clamping diode for V4A and
V4B

Coupling capacitor
Shunting capacitor
Shunting capa‘citqr
. Coupling capacitor
Coupling capacitor
Bypais c‘apacitor

0790

ADPD
MEM . . f
FR ' DIFF
o1 of [ of ra |ofomven
. INHIBIT
GATE GENEFKRATCOR . ]

PULSE

Digit Plane Driver, Model A,
8lock Diagram

=20V TO-30V

RISE TIME -0.3 USEC MAX.
FALL TINE- 0.3 USEC MAX.

INHIBIT LHW -RHW ONLY

WHEN MEASURING AT THE INPUT TO THE OPD.T
MEMORY BUFFER LEVEL SHALL BE DOWN' o

=13V BEFORE THE 10% RI F T
GATE GENERATOR 3¢ OF ‘The inminT

MEM BFR LEVEL

INHIBIT
GATE

-15V OCCURS BEFORE I0% RisE

THE INHIBIT CURRENT SHALL START AT LEA
0.13 USEC SEFORE WRITE CURRENT AT AEL,T
CORRESPONDING POINTS OF THE AULSE BE-
TWEEN THE 10% ANO 90% POINTS. THE ENOD
OF INHIBIT MUST OCCUR AT THE SAME TIME OR
LATER THAN THE END OF WRITE, 8uT

) NO
LATER THAN 6.6 USEC - -
CONTROLS FROM CLEAR-MEMORY
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3. Detailed Operation

a. The circuit consists of a d-c gate tube (V1), a cathode Refer to page 0810
follower (V2A), a difference amplifier (V2B and V3A),
a pulse amplifier (V3B), and a driver tube (V4A and
V4B connected in parallel).

b. The memory buffer input line to V1 is normally at the
-30 V level. If the level on this line is at {10V when
the inhibit pulse is applied to the input grid of V1, the
tube conducts, thereby lowering its plate voltage from
the normal {15V supply to a £60V level. The output
of ‘Vl,‘ which is coupled to the ggid of cathode follower
V2A, is a negative pulse of approximately 90V in
amplitude, and, since the inhibit pulse is approximately.
2.5 isec in duration, the output of V1 is also of that
duration.

c. In the quiescent state, the grid of V2A is held at approxi-
mately the £10V level by the action of resistor R4 and
crystal diodes CR2 and CR3. When the output of V1 is
coupled to the control grid of V2A, it causes this tube
to be cut off, and the voltage on the cathode starts to
fall from £10V to -80V. It does not reach -80V, how-
ever, but is caught by the cathode of V2B. The cathodes
of V2B and V3A are connected to the V2A cathode and
under steady-state conditions, all three cathodes are
at the £10V level. When V2A conducts, the cathodes
of V2B and V3A maintain these tubés at cutoff. When
"V2A is cut off, the current through the common cathode
resistor utilized by these three tubes drops and the
cathode of V3B becomes more negative. This causes
V3B to conduct, lower its plate voltage and the negative
signal thus generated is applied to the grid of V3B
through a coupling capacitor,

d. Under steady-state conditions, V3B is conducting heavily,
with the result that the plate is at a low level. Therefore,
when the negative signal is transmitted from V3A to the
grid of V3B, this tube is driven toward cutoff and the
output pulse from its plate is coupled to the grids of V4A
and V4B. These tubes are normally at cutoff with the
cathode voltage being supplied by the -150 supply and
the grids obtaining their voltage from the top point of a
voltage divider connected between -150V and -300V. When
the positive signal is transferred from the plate of V3B
to the control grids of V4A and V4B, crystal diode CR4
is cut off, representing a very high resistance path. As
a result, the'driving path of coupling capacitor C5 is
through grid resistor R13. Because of the values of
these two components, the
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Core Storage Element 0820
time constant is very long compared to the pulse duration
of the signal supplied by V3B, This signal causes the bias
on the grids of V4A and V4B to decrease; resulting in a
heavy conduction through the tubes, causing a nominal
current pulse of approximately 410ma to flow through a
dropping resistor. in the plate circuit, resulting in a.20V
drop. This 20V drop represents itself as a negative signal
tothe grid of V3A, Thus, the earlier negative signal gen-
.erated by the plate of V3A which is transferred to the grid
of 'V3B ip reduced in magnitude with the result that V3B
will not cut off, Instead, a negative bias is applied to"it
and the positive signal transferred to the grids of V4A
and V4B, is not quite so positive. The amount of current
flowing through the inhibit winding is a direct result of
the voltage supplied to the :grid of V3B. As this voltage
is made more negative, a‘higher value of current flows
through the inhibit winding; conversely, as this voltage
'is made more positive, the inhibit winding current is
decreased. The initial current pulse magnitude sent to
the inhibit winding is larger 80 .as to overcome the react-
ance of the highly inductive inhibit winding. The negative
feedback restores the current jpulse magnitude to a nomm&
value once the reactance has lbeen overcome,

G, DPD Decoupling

1. A problem which has the effect of producing spurious oscilla-
tions (noise) on the -150V ox 150V lines is invariable due to
“a defect in the DPD decoupling circuitry located in the Z module.
The specific indications of fawlty DPD decoupling are:
a, Memory operates erratically,. '
b, The /150 DPD DECOUPLER and -150 DPD DECOUPLER
' lights on the Z module are not lit, although the bulbs are good.

2. Circuit Descnptlon

a: The decoupling cu-cu;try utilizes six relays whzch are Refer to page 0830
connected to the -48V d-c source. These relays are of & page 0840
the instantaneous type except for Kl whxch is a 10-second '
thermal delay relay,

b, When d-c voltage is applied, -48V dc picks K3 and K4. This

permits £150V to charge the decoupling capacitors Cl, C2,
C5 and C6, and -150V to charge the decouphng capacitors

' C3, C4, C7 and C8. The charging path is through the respec-
‘tive current-limiting resistors designated Rl1, Thege resistors
prevent the charging current from ez:ceedxng the ratings of the
circuit breakers 1223 -J13, -J19, ¢Ll, and -L2, After 10

'séconds, relay Kl is energized and picks K2, K5 and K6, Relay
K2 holds K5, K6 and K2, and drops Kl. Relay K2 also com-
pletes the -150V lamp circuit, Relays K5 and K6 short out
their respective current-limiting resistors (R1) thus permit-
ting the capacitors Cl through C8 to decouple any spurious
information present on'the -150V and {150V lines.
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When the -48V is removed, the decoupling capacitors
are discharged respectively through a path consisting
of: the current-limiting resistors designated R2,
the K3 and K4 relay points shown, and the curreant -
limiting resistors designated Rl.

Ho Sense Anplifier, Model B

l. Function

The model B sense amplifier (bSA) is a logic cir-
cuit wvhich develops a positive output signal regardless
of the polarity of the input signal.

2. Principles of Operation, Basic

[ ¥9

Two inputs are supplied to the first stage of the Refer to Page 0860
emplifier from a sense winding in the array. The

difference stages of .the amplifier have balanced inputs,

and half of the signal induced in the sense winding is

‘applied to each input of the first stage; these input
~signals are 180 .degrees out of phase with each other.

The first three stages amplify the difference signal
existing between these two inputs and generate difference
8ignals on two output lines. The difference signal on

“the output lines from the third stage is epplied to a
‘detector and is also returned to the first stage to

provide negative feedback. Although the twd input
s8ignals to the detector are of equal amplitude but 180

“degrees out of phase, the detector is actuated by the

positive input only, producing a single line oupput
pulse of negative polarity. The negative signal 1s
amplified and inverted by the inverter-amplifier stage
to produce a positive pulse output which is fed to. a
cathode follower. The positive output pulse from the
cathode follower is applied to the guppressor grid of

a model A gate tube, thereby conditioning the gate tube..

3. Principles of Operation, Detailed

8e

The first three stages, V1, V2 and V3, form a con- 'Refexr.to Page 0880
ventional class A difference amplifier, with negative  and Logic 0.1.6
feedback from the third difference-amplifier plates ap= ' ‘
plied to the grids of the input stage. Tube V1 is a low-

noise tube which is used to decrease microphonic noise.

With no signal applied to the inputs, the level of both

grids ie at approximately f1V, with the result that the

common cathodes are at approximately f4V. The plates

of V1A and V1B are both at approximately 4100V, Since

both sides of the tube are identical, the plate voltages
are equal. If a 100-mv signal 1s induced in the sense
winding, a 50-mv signal to ground is applied to each -
input, However, the signal on one grid is 180 degrees .
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_ SENSE AMPLIFIER, MODIEL B, FUNCTION OF DITAIL PARTS
REFERENCE REFERENCE '

SYMBOL FUNCTION SYMBOL - FUNCTION .
R, R2 Input load resistors for V1 R27 Part of voltage divider between
R3, R4 C limiting resistors j-l-SoV and ground (with R30)
RS, R6 Feedback resistors R2s, R29 Bqualizing resistors for CR2 and CR3

. R3e Part of voltage divider between
R7,Rs Plots lond m‘“ w —150V and ground (with R27)
R9 Cathods sesiows for V3 R31 Cathode resistor for VSB
Rio "a;" stabilization network (with CR1 Part of VSA grid clamping (with

hE . . R24 and R25)
Ri1, R12 Form part of RC coupling networks . ..
. i V1 and V2 (with C2 and CR2,CR3 V5B grid-clamping diodes

C3) [o Part of stabilization network with
Ri3,R14  Plate load resistors for V2 (R10)

' C2,C3 Part of RC coupling network be-
R15 - Cathode resistor for V2 tween V1 and V2 (with R11 and
R16,R17 Form part of RC coupling network R12)

'é‘;;"“ V2 and V3 (with C4 and C4,Cs Part of RC coupling network be.
‘ tween V2 and V3 (with R16 and
R18,R19 Plate load resistors for V3 R17)
R20 Cathode resistor for V3 Cs, C7 Coupling capacitors between V3 and
R21 Place losd for V4 (with L1) v4 ‘
R22 Part of cathode bias network for V4 Cs Bypess capacitor in V4 cathode cir
(with C8)
: ' Coupli tor between V4 and
R23 Grid return for V4B @ wpllg capacitor -
R24,R23  Part of grid-clamping circuit for Cio Coupling capacitor between VSA and
'VSA (with CR1) ' VsB
R26 _ Plate load for VSA (with L2) cu Bypass capacitor
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out of phase with that on the therg:id therefore,
one grid rises by 50 mv whereas the other falls by
50 mv. The grid signal causes ocne plate to fall while
the other rises. ;Since operation is based on the linear

and the total cathode cwrrent will remain the same,
The signals from the two plates are resistance-capacitance
coupled to the second stage.

The second and third stages further amplify the signal
enf furnish two equal and opposite output signals to .

the detector stage. Regardless of the polarity of the
input pulse, a positive pulse is generated at one of

the outputs of the third stege. Detector stage Vi
is a mixer circuit biased at ebout 4V, or near cutoff.
Bothhalvesotthetﬁntriodavhichumdaaadctee-
torahareaoomonphteloadandamechhodem
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]
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%
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Inverter-amplifier stage V5A is a triode amplifier with
a gain of approximately 10. The stage is operated at
zero bias in order to.allow a larger negative inmput
signal to be attained before cutoff. Diode clamp CR1

'8 used across the grid resistor to prevent base-line
.ghift., Shunt-peaking is used in the plate cirocuit to

decrease the rise and fall time of the signal. Since the
amplifier drives a cathode follower (VSB) that has a low
input capacity, a relatively small inductance is used.
For a 100-mv input to the difference amplifier, the output
of the inverter-amplifier is about 52V,

Cathode follower V5B receives a positive pulse from
inverter-amplifier V5A, and provides a low lmpedance
source for conditioning the gate tube, The input to

the cathode follower i1s clamped to prevent base-line
shift., Two diodes, CR2 and CR3, are used in series
because of the high back voltage developed. The grid

is bilased by means of a voltsge divider network connected

to a =150V marginal checking line, The grid, and therefiore

the cathode, is normally at ~26V. The gate tube suppxressor
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be Degenerative feedback is used to atabilize
Gooﬁ«ﬂu«!wg

Ce »E%ggﬁgﬂoﬁ
eapacitive loads.

d. 9?5.«8.8% Qqau.ugn....uu.z—o

cireuit.
e. Wn»%mmﬂnﬁwgﬁog%
2.. Matrix Output Amplifier
8. The MOA inverts and amplifies the output

of the DMD.
be There are 128 MOA's in memory §2.
ce The output of a seleeted MOA is £102.
d, The output of an MOA supplies the necessary

conditioning voltasge to cause an MiG ‘o oconduct

3. gggﬁ

a. One CMD supplies both read and write
currents to a drive line thru the array.

be The direction of current thru a drive line
is determined by an MOA output.

c. Only one CMD will be cenditioned at any
one time,

da. ?ggﬂoﬁgg&a&»ﬁ
current to the array.

IIIII
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e. 400 ma of current flows thru the CMD
when it is conducting.

. Memory Array Floating Ground

a. Drive current from one CMD will flow
thru all 64 drive lines.

b. 400 ma of current will flow thru the circuit
breaker each time a drive line is selected.

c. The circuit breaker protects against a
short between the primary and secondary
of the CMD transformer.

d. The floating ground isolates noise on the
ground bus from the .drive lines.

. Memory Gate Generator

a. One MGG supplies current to 32 drive
lines in the array.

b. The length of time that the odd-even FF
(R9 or R15) is set will determine the time
that current is flowing in a drive line.

c. The maximum voltage swing out of an
MGG is 90V.

d. The MGG adjustments control the amplitude
of drive current thru the array.

e. Two CMD's and two MGG's will be cond1t1oned
during each memory cycle.

. Digit Plane Driver
a. One DPD supplies current to 4096 cores.
b. A DPD is conditioned by two £10V levels.

c. The DPD supplies 410 ma of current in the
read direction during write time.

d. Two inhibit FFs are necessary because the
left and right half words are inhibited at
different times.’

e. All DPD's will be cut off when writing posxtzve
zeros in both half words.

0910
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7. Sense Amplifier

a. Either a negative or positive core will cause
a positive output from the sense amplifier.

b. The first three difference amplifiers operate
at cutoff.

c. Detector stage V 4 will be controlled by a
negative level.

d. V 5A is an inverter amplifier.

RN

e. The detector stage V4 also an amplifier.
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X. 642 ‘Memory Unit Fhysical Characteristics
A, Drive Line Connections

1. Selection of a memory word involves the simultaneous
application of read-write current pulses to similarly
addressed cores in each plane, The corresponding X and
Y drive lines in each of the 34 planes of the array will be
involved in the operation. To provide a control so that
one current driver can supply read-write current pulses
to the corresponding X or Y drive line of each plane, the
similarly numbered X and Y drive lines of all the planes
are connected in series (by means of jumpers) so that
common selection windings will be formed. One end of
each of the 64 X and 64 Y selection windings is connected tc¢
a read-write current driver; the other end of each winding
is connected to a terminating resistor. In the ferrite core
array, all the X selection line drivers (64) are connected
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 output con-
nections of the X and Y selecting windings are exactly
the same, the following discussion will deal with Y
selection windings only.

2. The 64 Y line current drivers ar e divided into four equal Refer to page 0400
groups. Each group of 16 drivers is contained in a pluggable
driver panel which is connected to the array in a specific
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 similarly numbered Y lines of each of the 34 digit
planes are connected in series (by connecting the similarly
numbered terminals of adjacent planes on alternate sides
of the array), each of these Y lines will terminate on the
right side of plane 36, To complete the circuit of each of
these windings, the associated terminals of this plane are
connected to individual terminating resistors and a common
240-ohm resistor and a circuit breaker arrangement.

3. 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, the direction
of read-write current flow in the adjacent Y lines of each
plane will be in mutually opposing directions.



004 —-~

Q04=~

Y8

XB

YA

g704-

0704—~-

0¥b0

XA

@‘

®

vEx  Ho®

Su% Hoe

®

®

30

®

[0

w > @@

£98 BO

ouwg @@

r@@

®

(6))

~

@ .

w % —Heg

Qg ®

®

6)]

@@

®

®

,R@
owe&

< M_@

r@@

@

@®

TAB

ST3NVd DA B 8A 40 )IV8 31SVd
440 1nD A NOT

- avs

YD XC YC

XD

{ERONT)

OCTAL ADDRESSES, NOT C.MD.

TUBE NUMBERS

-] NOTE: NUMBERS INDICATE .

TaB



ry
N Y
. I A = oa \J-)
7, “ ~ Y
/ / W VAW
A ¥ ) A/\,..‘
o <4 0 N : ‘X( l )
B i e r./v ¥ A " N L)\}
MOA MOA AW, (LA (1 AV
I—————ocm. ADDRESSES XA OR u—l W | er v W P
O 2 4 & o 2 4 . LU L LA AV N &
-8 Cls. T wWoOoB B8 w0 ~ \ — W by A
| ] I | | I ! ] [ Vs Sl
1 ! I | ! ! | | J o "‘\’\\ N
i + t 1 ¥ T g | T/ == . LR V.
o | ] R 4 = _.f.__ o ’

e

REAR VIEW

MEMORY DRIVER PANEL » ADDRESS LOCATIONS

*
Note: The memory driver panel circuitry demonstrated is similar for

}
XB or YB (octal addrésses 37-20)
XC or YC (octal addresses 57-40)

XD or YD (octal addresses 60-77)



0960

e
m ——// o
(\)
Ty YIAI] AMONTYY 59 5 — 5
o] O
8300230 X1V 300I0] o T o
BEEE 7
© (\Y . :
. > ° : .
M M - -
[ 4 n ] .
e -o ol e
 J [ ] [ & -® { J [ ] - :
o ® ° . ®
2 Svssoos w ® -  J ) W Wl\
i2'ce fe'22 Zve 2w Eoe Cx T N R
v'oy sv'zy so'sy ._'w * 505 ' %'y 8'9%6
0 o e e o wa W . uw
670 907 — w3003 xauvyy 001G
2 2% 2 R 2 22 2
\.ﬁ o @ P W. LL b
o X A A | H #
o ¢ A A A « 11808 S1M) M) ('K 'K U DX VX )
s[ n_.” ” £ A £ A LA ' My KNG
o D4 | A A A | A MWIOSSIN0) | M) SISIX LT Sy ONY
L w222 |~ # 1 — 10 #s07 np maowg s 11 sy
um wwo @ Lﬂ “ 4 w\x‘ \ \ 430023( Xiuvyy 30010 K| AIMLIG
woo @ . . AOUYTRGD) 4] SIUVULSNTI] LWVHD SIN]
Yy yyRy



Address Address g&?«at no. so%?(et nos._

0 0 | 24 16a 15

1" a | 32 16h 15b

2 (& |2 14a 13a

4 3 43 | 3 14b 13b

v o4 4 1 22 12a 11a

S5 45 io30 12 11b
2 o ! 40 i 21 10a9@
T & 29 | 100 9
< \3\/" 10 {750 20 8a 7a
3 § 11 Bs51 | 28 8b 7
CU®12 Es2 |19 6a 5a
' B i3 6b 5b
14 54 18 4a 3a
1 15 55 | 26 ab 3h
16 50 § 17 2a la
—lr 51| 2 2b 1b
20 ] 60 25 2b 1b
.20 o6l i7 2a la
2 | 6 2% 4b 3b
2 63 | 18 4a 3a
4 64 | 2 6b 5
g 2% 65 | 19 6a 5a
2 66 | 28 8 7b
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31 |71 | a 10a 9a
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4. The 64 X selection winding current drivers and termi- Refer to page 0940
nating resistors are connected to the front and back sides
of the array in exactly the same manner as described
above. The current drivers contained in driver panels
XA and XD are connected to the front-side of the array,
and the current drivers contained in driver panels XB
and XC are connected to the rear side of the array.

B. Core Memory Driver Panels ’

1. Eight Driver Panels

a. XA thru XD Refer to page 0950
b. YA thru YD & Logic 0.1.5
c. X on front and rear
d. Y on left and right sides of array
e. 16 CMD's per Driver Panel
f. 16 MOA's per Driver Panel
g. 1/4 of a DMD per Panel Refer to page 0960
h. Each panel has 16 X or Y drive lines coming
from it. (Logic 0.1.5t0 0.1.7)
i. Each panel drives every fourth line in array Refer to page 0400
j. Terminating Resistor and Fuses for each drive Refer to page 0400
line on same side of array as Driver Panel that
the line came from. (Even number of planes -
counting Spare Plane. ) s

2. Tube Location

a. Physical numbering of CMD and MOA tubes Refer to pages 0970
& 0980
- b. Octal (address) numbering of CMD and MOA tubes. ‘

3. Component Location

a. MOA and CMD Circuits Refer to page 0990

4, Connections to Unit 8 or 11

a, Pl - inputs and service voltages . Refer to page 0980
b. P2 - Filaments & Logic 0.1, 5
c. P3 - OQutputs

C. Summary Questions
1. Answer the following questions TRUE or FALSE.

a. The 64 Y line current drivers are divided into
four equal groups.

b, Two memory driver panels are located on each
side of Unit 11.
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c. Drive line terminating resis‘l':.ors are located
on the same side off the array as the driver
of those lines. ‘

d. All lines are driven from the top of the
array to the bottom.

ee. Panels A and D conta:l.ﬁ X drivers

f. DMD's, MOA's and CMD's are located in the
driver panels.

g+ One DMD is located in one driver panel.

h. One physical tube on the driver paﬁel
contains one MOA,

i, All input and output signals enter and
leave the driver panel through the same plug.

j. Some MOA components are located in Unit 10,

XI. Array Connections from Units 10 and 12

A. Physical Location"

1. SA's
a. Left half word Refer to page 1020
b. Righthalf word
c.. Parity

2. DPD's
a. Left half word Refer to page 1020
b. Right half word
c. Parity

NOTE: Left half wond in Unit 10, Right half word in Unit 12.



Unit 7 or 10
Modules
PU A B C
C Memory pulse distributor Memory pulse distributor
number 1 (clock) number 2 (clock) MGG
X read odd
D Inhibit gate gen Memory pulse distributor
- left half-word number 3 (clock)
E Clir mem control PA's Spare MGG
sample left half-word X write odd
F Sense ampl bit L15 Digit planedriver bit L15
G L1¢ Ll4 MGG
" L1s L1s Xread even
J L2 . L12 MGG
X L1t . L11 X write even
L L10 uo’ X read gate gen
X write gate gen
M L9 L9 Spare
N L8 L8 Spare
P L7 L7 X MAR 2°
R L8 LS PCF " o |
X MAR 27,2
s ' LS T X MAR 2}
T 7 “ X MAR 2°
L3 LS PCF 9 .3
X MAR 2%, 2
v L2 1 X MAR 2°
u u x mar 2t
b ¢ 18 13 PCF 4 .8
X MAR 27, 2
Y L R v Parity X MAR 2°

Modules
A B [+ ’ PO
—= =
Spare Spare c
MGG
Yread odd Spare Iohibit gate gen D
right half-word
MGG Spare Spare B
Y write odd -
Spare Sample gate gen rl
MGG Digit plane driver bit R15 Sease ampl bit R15 G
Y read even 1 R1¢ T
MGG Rr1s R18 J
Ywrite even Rr1g R12 K
Y read gate gen Rl R1l L
Y write gategen
Spare R10 R10 M
Spare ®"e Re N
¥ MaR 28 ns ns P
PCF 8 ’ 7 »7 =t R
YMAR 2, 2
Y MAR 27 as 7] s
¥ uaR 28 ns s T
PCF »t » 1]
Y MAR 2%, 2°
¥ MAR 2° ns ns v
¥ MAR 2'¢ ‘ma T m w
PCF n \ n
¥ MAR 2'0, 21! ¥
¥ MAR 2!! ' ) v = ¥

'LAYOUT OF MEMORY PLUGGABLE UNITS

0201
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8. Array Connections from SA's and DFD's
1. Units 10, 11 and 12 Arrangement

a. Mtn(mw)mmlqamia.

be Unit 11 Rear side between 10 and 12,

. 1) Front side of Unit 11 corresponds to
witing side of Units 10 and 12.

ce Left half word SA's and DFD comnections on
left rear cormer of array. Right half word
SA's and DFD connections on Right rear ocorner

of array.
NOTE:; Correlate terminal board and edge connector
location in Array Unit layout on Logic OeleT.
EXAMPLES
. 1) DPD wiring for Ll5, lLogic 0.1.6 and Oel.T
DPD lines to Left Rear corner of Plane 4
fram 10 EFF6., Lines Make 90% twm in \
plane & and oome out on rear side of Flane b
They then Jjumper up and into Plane 3 en rear
sids of array.
2) DPD wiring for R15, Logic 0.1.6 and 0s1.7
DFD lines to Right rear ocorner of Plane

{
e
g
E
E
3
§
gk

3. !

1

ﬁ
¢
‘s
I
T

;

3)

2
;
3
1

15}
Egi
3.

i
g%
4
'k

4) 8A for R15. Follow wiring and location the same

as for 1l15.

¢

Other Connections end Locations of Components in Unit 1l.

|
l. Clamping diodes and their location on Unit 1l. Logic
0.1.5 and O.l.T.

2. Service voltage terminal board and RC filters. Logic
0clo7o .

3. Filament Transformers on Logic 0.l.7.

rear side of

¢ 0.1.7 and 00106 8A.

1030

Refer %o Page 1040
and Jogic 0.1.7

Refer to Page 1040

Refer to Page 1050

¢

Refer to Page 1060
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UNIT 11 | UNIT 12
CONNECTOR zogz CONNECTOR
A .
a ) - |
SA _ DPD
|
———————— '_———-———.'
]
XP3)I( YPS ]
;r'; ':"]: )
N
| |
' ]
' _ : :
[ |
| ' |
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. .
) o 4-8
! . |
]
! e
i — BIT
........ A —e 2 9
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EDGE CONNECTOR
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similar analysis is applicable between the corr

planes.

Note: The following legend is based on the anal

1. Connection from DPD for the inhibit winding of plane 6

2. Jumper from plane 5 to the inhibit winding of pline 6.

3. Inhibit winding connection for plane 5 jumpered from plane 6,

4. Sense winding connection for plane 5.

5,6,7. Junipers within plane 5.



240 . RESISTOR USED TO
KEEP THE DRIVE — LINE
TERMINATING RESISTORS
ABOVE GROUND

MEASURE BETWEEN TOP OF
RESISTOR AND GROUND

DECOUPLING
RESISTORS

DC DISTRIBUTION PANEL ASSEMBLY.

( UNIT 11, E8, E9 and E10 )
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D. Summary (Guestions

1.

10.

The SA's, DPD's and the inhibit gate generator

FF for the Left Half word are all located in Unit 10,
. LL15 DPD wires gc§ thru plane 4,
. PU 10AR contains the SA for bit Right 6.
. Tube number 6 in PU'.12 CX is the detector stage.
. All DPD windings go thru two planes.

. All fuses and termination resistors for the left

half word are located on 11E26.

. SA PU pins A2 and A6 are used to decrease PU

pin connection resistance.

. Mem. Buff. FFRS8 is located in PU 3GP.

. The Parity Bit SA is located in Unit 10.

Filament transformers are laoca’: ' in rows A & B.

Memory Testing

A. Purpose

l'

2.

The purpose of memory testing is twofold. to insure that the
memory design is adequate so that it can successfully operate
under all possible conditions; to anticipate equipment failure
due to component deterioration and thus prevent failure during
an operational program.,

In the design and building of a memory, engineering effort

is concentrated on finding and eliminating all the problems
concerned with the operation of a memory from a

1070



3.

Core Storage Element

circuit and analytic point of view., 8ince the memory is
run from a computer and must operate in conjunction with
a program, & series of programs should be used to check
out the final memory design. When the memory operates
with the test program under the prescribed margins it can
be considered a finished product, devoid of all known
problems.

The use of test programs to assist in the solution of
memory problems can be very advantageous for several
reasons:

as The running of a test program with margins is a
nearly infallible evaluation of the nature and
extent of memory design problems and will clearly .
indicate the memory problem areas. The test program
can save time by having the computer print out the
exact area that needs the most work. It is also
entirely possible that the program will indicate an
unsuspected problem area. On the other hand, a
circuit design problem may prove insignificant as
far as the operation of the program is concerned.

be The running of a test program which provides a
thorough analysis and printout of the failure pattermn
gives a mich more caomplete picture of the memory
failure than could be cbtained otherwise. This, alone,
can save many engineering manhours of study when it
comes to defining a problem area.

B. Programming for Field MAintenance

1.

The field program should comprise one master deck which
provides the function of reliability, marginal check and

t‘un:l.ns.

There are three general classifications of maintenance
programs

8&s Reliability - designed to test the equipment as
stringently and frequently as possible in order to
introduce all situations where & failure is possible,

be Diasgnostic - designed to check out individual pieces
of equipment in detaill to provide complete information
as to wvhich circuits are failing. This information
can be obtained effectively with margins.

Ce Marginal Check ~ designed to indicate deteriorating com-
ponents which need replacing.



Core Storage Element

2. In memory testing, all three types are combined into one

3.

5.

program, as it is not possible to write a single program
that will accurately diagnose memory failures.

The purpose of the field program is to find cirauit failures

before they cause a loss of computer time. This is done
by providing a reliability test which creates worse noise

patterns than any other program and a marginal check

portion which anticipates circuit failures by stimulating
-aging conditions and causing the more deteriorated com-
ponents to fail.

In order to produce memories of desired reliability it

is necessary to provide adjustments on various circuits
to compensate for manufacturing variations. The setting
of these adjustments with the program and margins can

be made very efficiently by providing an audible indica-

tion of failure rather than a printed one. Thus the

maintenance personnel can make adjustments and im-
mediately know the results rather than having to return
‘to the console, to select a printout and to wait for it to

be run.

When possible, the test program should not be contained
in the memory undergoing test but in a separate memory.

C. Basic Slow-Speed Tests

1, These tests provide a check which should reveal almost any

2.

solid trouble in memory. They should be very simple and
run at a slow speed to give a simple signal which is easy to
analyze and gives maximum assistance to the debugging of
& newly-built memory.

1's Discrimination, in this test, every location in memory
is loaded with ‘all 1's and then checked to see if all 1's can

be read out. This test shows the memory's ability to write
and read 1's correctly. It checks the following equipment:

a. h{[emorfyf Buffer Register (1's side only)

b. Memo..ii-i_y p};lse distributor except inhibit controls

c. Sense’s Axr;pliﬁers and path to memory buffer register
d. Ferrite core array

e. Driving Circuits

1090
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0's Discrimination, in this test, every location in
memory is loaded with all O's and then checked to see
if all 0's can be read out. This test shows the
memory's ability to write and read 0's correctly. It
checks the following equipment:

a. Memory Buffer Register O side and paths to digit
plane driver

be Digit plane drivers and control circuits

ce Sense amplifier ability to block pulses from the
arxraye.

Addressing Test, in this test each location in memory

is loaded with & constant, identical to the address of

that location. EFach location is then read and checked to
see that .it contains the proper constant. This test shows
whether each location in memory can be distinctly addressed.
The following circuits are checked in addition t0 those
checked by 1l's and O's discrimination:

@s Memory Address Register

b. Address Decoders

ce All memory drivers

By using the addressing test in combination with the 1l's

discrimination and O's diserimination tests, errors can
be isolated to a smaller portion of the memory.

Checkerboard-Complement Test

1.

2.

The checkerboard pattern in memory is a group of 1l's and O's
arranged so that the address (in octal designation) pattern
of 1's and O's resembles a group of rectangles and squares
similar to the physical arrangement of a checkerboard. These
configurations of 1's and O's are used produce smaller 1
outputs and larger O outputs than are possible with other
axrrangements of 1l's and O's. The principal use of the
checkerboard is to check the operation of memory when the
resultant indication of 1l's and O's is the poorest. There
are two types of checkerboards; +the regular checkerboard

-and the inverted checkerboard. The arrangagiths of l's and O's

by address for both checkerboards is illustrated.
Addressing

a. An address in memory is designated by bits RU through
R15. Bits R4 through R9 designate the Y address, and
bits R10 through R1S designate the X address. An address,
then, merely states which X and Y core memory drivers (CMD)

™~

Refexr to Pag¢



Y ADORESS
7700 77720 rrerjrTe0 77T
MINUS PLUS MINUS
o] | - 0
€000 3017/ 6020 s037 le0e0  earr
3700 871715720 9787 | 8760 sr??
PLUS, MINUS PLUS
l 0 [
2000 20171 2020 2097|2060 2077]
1700 Innizao 1787 {1700 177?
MINUS PLUS MINUS
0 | 0
0000 0017|0020 0037 0060 oory
X ADORESS

OCTAL AOQRESSES OF REGULAR GCMNECKERBOARD
(MINUS ANO PLUS INDICATE CORE POLARITIES)

Y ADDRESS

(MINuS

7700 TRRTTZ0 78717780 777
MINUS PLUS MINUS
r 0 |
3000 5C1”' 5020 $097 6060 6C’?
3790 57175720 3757 (3760  8-°7
PLUS MINUS PLUS
(o] | (o]
zboB 29:7 2020 205712060 277
1700 t N9 1787 1760 ?T?
MINUS PLUS MINUS
| Q )
200 90:7!9029 00S? [2060 0077

OCTAL ADORESSES

CHECKERBOARD PATTERNS

OF INVERTED CHECKERSOARG
ANO PLUS INOICATE CORE PQLARITIES)

77
S7

37
17

76
56
36
18 Jpﬁ-

L

T

40
20
-0

N

CORE PLANE

=

Con

L

rk
£ 4

0

20

6l
4|
2 ‘
I
60
40 ' |

60 2 4 6l

- -

2

L

16 __ 56

% 768 37

7 __ 87

X ADDRESS
m

OCTAL ADDRESSES IN MEMORY
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In the memory array, the (100)gor

~(6h)1_°“ and (100)8 or (64)109 Y core memory drivers

t panels, each conmtaining (20)g
or (16);¢ core mmnory drivers.

To_keep wire lengths to a minimm and to make a neat Refer to Page 1.
package, each successive core memory driver is

physically attached to every fourth line ocoming out

of the array. This means that successive addresses -

are four physical lines apart. The octal addressing

by lines in the array is illustrated.

Arrangement of 1l's and O's to form checkerboard

Be

De

The X and Y lines in an array contain a similar mmber

of plus and minus polarities; therefore, cancellation

of the half-selected outputs tends to take place. However,
a half«gelected 1 output is larger than e half-selected

0 output, and this difference is defined as the O-voltage.
An arrangment of 1l's and O's that causes the O-woltage to

be added or subtracted from the desired output is known

a8 the checkerboard.

If O's are placed at the negative polarities and l's at
the positive polarities, the voltages from these half-
selected 0's and 1's will not cancel completely:; Some net
positive voltage will appear in the sense amplifier
winding and will be the sum of all the O~voltages. These
O=volteges can be made to add or subtract from the desired
output.

K9 .
Outputs of Checkerboard

There are eight distinct possibilities for the O-voltage
to combine with the O's and 1l's.

POSSIELE o-VOLTAGE COMBINATIONS
Condition Core Output o-Voltage Resultant Output Voltage
Positive 1 Positive Larger positive 1 output
Positive 1 - Negative Smaller positive 1 output
Negative 1  Positive Smaller negative 1 output

Negative 1 Nege.tiye' Larger negative 1 output

Positive O  Positive  Lerger positive O output
Positive O Negatig"im Smaller positive O output
Negative 0  Positive  Smaller negative O output

o =N O 1 F W v M

Negative O Negative Larger negative O output
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be Conditions 2 and 3
a 1. Conditions 5 and 8 produce larger 0's; i.e.,
output. These conditions are undesirw
able in the operation of the memory. Figure 1 (a)
of the 8 by 8 array, with 1's at
8 at the negative locations.
gular checkerboard. The cere at the
lines contains a'negative polarity
positive o=voltage

in a smaller nega:b:lve l. This is an undesirable
situation because the 1l output is made smaller.

ce To achieve this mmaller 1 output, a 1 mst be written
" at a negative pedequity location. This is a deviation
from the general definition of the regular checkerboard;
therefore, the difficult portion of this test is achieved
whmtheoriginalomtentearemlmnted To descxribe
this test more , the term complemented checkerboard is
used. Figure 1 (b shonhm!huﬂﬁofthe&by&
array. When reading out the positive 1l contained at
this junction, the positive o-voltages now add to the 1
output, resulting in a larger positive 1 output. This is
a desirable situation. When this location is complemented
and the O is reed out, the positive o-voltages combine
with the O output, resulting in a larger positive O output.
This large positive O is not desirable because it tends
to yleld a 1 output vhen a O is desired.

d. Figures 1 (c) and (d) show the conditions for obtaining
the larger negative O and the smaller positive 1,
respectively, vhich are both undesirsble conditions.
It should aleo be noted that these two figures are a
result of having l's at the negative. locations and O's ,
at the positive locations. ‘This is ‘the inverted checkerboard.

B, BASIC HIGH-SPEED TESTS

1.

2.

Basic high-speed tests provide a check of the ability of

& memory to operate properly at its noimal speed when executing
a program. In general, these tests are executed by reading
out of the memory at its operating speed, by reading out all
locations, or by reading out a single location repeatedly.

A basic high-speed test is the checkerboard test at maximum
repetition rate. A checkerboard pattern is loaded into the
memory end then read out at maximum repetition rate. This
test actually assists the 1 and O output because the polarities

produce a smaller indication of n.z.fu"p.g.mo
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-0 -0
2 I ;o

+0 Y5 000’9008
Y4 00000000 -0
-++-0Q+ -0
3. SMALL NEG | +@ I.LARGE POS | 4@
7. SMALL NEG O ,@ 5.LARGE POS 0.+@

-0 X4 -0OXx4

(o) (b}

CONDITIONS FROM ~REGULAR CHECKERBOARD

-9 -@
+0O 10
+O .. 0009

Y4.OO.QOO.‘ -te "~
o LARGE NEoT-@ T Y '6.SMALL POS 0 @
8. LARGE NEG 01O 2smaLL pos| ‘O
\ .0 . SMALL | 0
-@ -®

(<) X4 (4) X4

CONDITIONS FROM INVERTED CHECKERBOARD
LEGEND;
O 2ERO @ ZERO COMPLEMENTED TO ONE FOR TEST
@ ONE ® ONE COMPLEMENTED TO ZERO FOR TEST

FIGURE1 OUTPUTS FROM.CHECKERBOARD PATTERNS
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involved are additive, The test is critical because it
produces the maximm amount of inhibit noises when O is
written. This can be a problem in two respects:

a. The inhibit noise from a cycle vhere O was written
can cause an error during the read portion of the
cycle following.

be The inhibit noise can build up an oscillation in the
sense winding due to the continuous rumning.

3. TIn general, this test will make the sense winding output
look quite unsatisfactory.

PROGRAMMING TECHNIQUES FOR WORST PATTERN TESTING.

1. As previously stated, there are two undesirable conditions
for reading from core memory. Disregarding polarity,
these conditions are rgading of a O which is made to
approach a 1 value, and reading a 1 which is made to

approach a O value,

2, Considering first the case where the re out of a
weakest 1 is desired, it has been showm a straight
complement checkexrboard test tends towards this condition.
Due to the fact that in complementing the 1 to a O the 1l's
on the selected X and Y lines are left in the read-disturbed
state, the o-voltages produced by the straight complement
checkerboard test is not the largest. The largest o-voltage
is produced by pairing read-disturbed O's with write- ’
disturbed 1's on the selected line, Therefore, if all the
1l's on a selected line are write-disturbed, and &ll the O's
are read disturbed, the o=-voltege is maximm and the worst
possible signal-to-noise ratio is produced.

3. Considering this condition in comnection with the overall Refer to Page
regular checkerboard pattern, the conditions to be
established for any particular core appears as shown in
figure 2, In this figure, if 6370 is the location to be
tested, all the O's on the Y(63) line should be weak 0's
or read disturbed, and all the 1's should be strong l's or
write disturbed. The seme may be said concerning the l's
and 0's on the X(70) line,

ae To acoumplish this test, the procedure is as follows;

1) 1Iloed the regular checkerboard pattern. The status
of the selascted core will be O. The status of half-
selected 1's on the selected line will be indefinite'},
and the status of half-selected O's on the selected !
line will be indefinite O.

i
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7700 TTI|TE0 . 71sT[ites | 77T
0 | |1 0
. 6379
s v a—s — —r —— ensul
. |
6000 6017 6020 69s7|6ce0 6077
3700 3TIT|8T2C 37573760 (7474
| 0 |
E
2000 2017| 2020 2037|2060 2077
1700 1717 1720 787 |(760 777 |
0 . | : 0
0000  ooir|-0020 0037|0060 } oorr

SELECTED LOCATION ¢
WRITE OISTURSED |'S ———eee
READ DISTURBED Q'S ———

FIGURE 2 CHECKERBOARD PATTERN FOR TESTING FOR WEAKEST l's

7700 TTT|TT20 T757|7760 .7777

AREA C | AREA 8 AREA A
o) ' T 0
6000 8017} 6020 6057|6060 6677
8700 - 8717|5720 _ 8$757 S7¢0 sTTY
AREA F | AREA E AREA D
I o I
' 2000 2017/ 2020 2057|2060 2077
1700 1nrjiza0 1787|1760 Yo ad
AREA | | AREA H AREA G
o | o
loooo ___ocoi7foaz0 oas7 Jooso _ aa7

FIGURE 3 DIAGONAL FOR TESTlf{'jG IN AREAS A, C, G, AND I
’ FOR WEAKEST 1 READ-OUT
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2,) Place a diagomal of 1!

3.) Complement the test location.

the 3
The status of half-gelected 0's on the selected
be write-disturbed O's.

4.) Clear and add a location containing &ll O's. The
status of the selected cpre will be a read-distrubed 1.
The status of half-selected 1's on the selected line will
be read-disturbed 1l's. The status of half-selected
0's on the selected line will be read-disturbed O's,

5.) Clear and add all the locations along the chosen

The status of half-gselected 0's on the selected line will
be read-disturbed O's. The test condition is now set
UPe.

6.) Read out the test location and check to ascertain that
i1ts contents are all 1l's. Restore the test location to

its original value.

7.) Bepeat steps 3 through 6 for all locations in areas A,
C, E, G, and I, This will test the read-out of
weakest negative 1l's from these locations.

When testing Area E for weakest 1, place diagonals in  Refer to Page 1180
arouAdnd.Iasahawn.inﬁgwe{&.

The same basic procedure i1s used for testing the reading  Refer to Page
of weak positive 1l's using the inverted checkerboard 1200
pattern, except that the diagonals used are necessarily

different. The diagonals used are shown in figures 5 and 6.

By using both the regular and inverted checkterboard patteims,
the read-out of both weak negative and weak positive 1lis is
acoomplished., '



7700 TT?2|7720 . 7757|7760 777
AREA C AREA B AREA
0. | 0
6000 601716020 6057 060 6077
5700 871715720 5757 | 8760 LYaad
AREA F | AREA E AREA D
| 0 l
2000 201712020 2087|2060 2077
1700 177 1720 1787|1760 1777
'ARE AREA H AREA G
0 | o)
0000 0017{0020 0057 |0060 oorr

FIGURE 4 DIAGONALS FOR TESTING IN AREA E FOR WEAKEST 1

READ-OUT
7700 TT?|7720 7757|7760 77
AREA C AREA B AREA A
! 0 I
6000 6017|6020 6037|6060 6077
8700 871 8720 5787 ,5760 8777
AREA E AREA D
I 0
2000 201712020 2087 060 2077
1700 1nejiz20 178711760 777
AREA | AREA H AREA G
I o) |
0000 001710020 0087 |0060 0077

FIGURE 5 DIAGONALS FOR TESTING IN AREAS B AND H OF
INVERTED CHECKERBOARD .FOR WEAKEST 1 READ-OUT
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B, Testing for Strongest O's

a. The second case to be comsidered is the reading out
of the strongest o's. The conditions necessary for
a4 complement test which yields the strongest O
output are similar to that of the weakest 1, except
that the test areas of the checkerboard are reversed.
This veriation causes programuing of this techm.cme
be more cumbersome., Considexration must be given to
the conditions necessary to yleld the desired read
of the strongest O's. A location from an area of the
checkerboard contairing 1l's must be complemented. All
the 0's on the coincident lines of the '
location mist be weak or read disturbed:. The l's on these
coincident lines mst be strong or write disturbed.

b. - In figure 7, location 7042 is assumed to be the com~ Refer to Page 1200
plemented test location. Consequently, all the 1l's on ' -
the Y(70) line must be write-disturbed and the O's must
be read-disturbed in order to effect a strongest O
read=out. These same conditions are true for the 1's
a.ndO'sontheX(lle)nne

Ce Gmerall’rocednre

1) Ioad the regular checkerboard patterm. The status
of the selected core is indefinite l. The status
of half-selected 1's on the selected line is .
indefinite 1l's.. The status of half-gselected O's
on the selected line is indefinite O's.

2.) Complement the test location. To do this, clear
and subtract the test location and store it back.
The status of the sele=cted core becomes read-
disturbed 0. The status of half-selected l's

The status of half-selected O's on the selected
line is read-disturbed O's.

3). Distwrb a series of lines according to the area of
1's the test location is in. Refer to (d) for an
explangtion of these lines. In distwxrbing scme of
these lines, it becomes necessary to skgp certain
addresses in order to leave the half-selected O's on
the coincident lines in the read-disturbed conditiom.

. Several groups of lines used are shown in figures 8
through 1l. This process leaves all the 1l's on the
selected X and Y lines in the write-disturbed condition.
The status of the test location is read-disturbed O.
The status of half-selected cores on the selected line
is write-distwrbed 1's. The status of ha.'l.f-aelectod
O's on the selecbed line 1s read-disturbed O's.
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4) Read out the test location and check its contents
for all O's.

5) Repeat steps 2, 3 and 4 for all locations in the
test area excluding those necessary for disturd
purposes.

de The disturb lines for the different areas are shown in
figures 8 through 11,

1) In figure 8, assume location 7040 to be the test
location. Consequently, the line of 1l's between
6020 and T720 is disturbed, omitting location 7020,
This is the location which, if it were disturbed,
would ceause the O's on the Y(70) line to become vrite-
disturbed. The line between 0020 and 1720 is also .
disturbed without omission. Finally, the line between
1720 and 1757 is disturbed omitting locatiom 1740.
If this location were disturbed, the O's on the X
(40) 1ine would beccme vrite-disturbed. By disturtying
along the same lines and omitting any location vwhich
contains the X or Y address of the test location, it is
then possible to check all the locations in area B
excluding the lime used for disturbing.

2) In figure 9, assums location 1035 to be the test
location. Consequently, the line of lEg between
0020 and 1720 is disturbed, omitting location 1020,
This 18 the location, which if it were disturbed,
would cause the O's on the Y(10) line to become
write-disturbed. The line between 6020 and 7720 is
also disturbed without omission. Finally, the lines
between 6020 and: 6057 is disturbed, omitting location
6035, If this locaticn were disturbed, the O's on the
X(35) line would become write-disturbed. By distuxrbing

. along the same lines, and omitting amy location which

contains the X or Y address of the test location, it is
then possible to check all the locations in arvea H )
excluding the line used for disturbing.

3) Figure 10 shows the lines used for disturbing when
when testing area D for the strongest O read-out.
The theory expiiined for figures 8 and 9 is idemtical
for this case except for the variation in the chosen
dis‘hn‘bl:l.nel.

4) Figure 11 shows the lines used for disturbing when testing
area F for the strongest O read-out, The theory explained
for figures 8 and 9 1s identical for this case except for the
veriation in the chosen disturd lines.

5.  CONCLUSION

ae The complement checkexboard tests are used to determine the
operational status of memory during a discrimination test.
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The worst pattern tests utilize the complement
checkerboard, but with one important modification;

i.e., theio-voltage is made to be a maximm. As a
result, the discrimination test is the most severe
because the 1's being read out are the smallest possible
and the 0's being read out are the largest.

G. PROELEMS IN MEMORY TESTING
Delte and Inhibit Noise

1.

2.

be

Apsttemisloadedmkomoryandthenaximrepetitm Refer to Pag
rate operation is carried out. The pattern is such that 1250
inhibit noise from the previous cycle and delta noise”’

from the read cycle combine to produce a maximmm of noise

upon readout.

Sgnce inhibit noise oscillates, it is necessary to
determine the exact nature of the inhibit noise at the
following sample time to decide whether a positive or
negative fall of inhibit noise is desired.

be

In general, the projlem of crosstalk is that lines

- carrying pulse curremts couple noise currents into
‘nearby lines. This is a problem wherever most of the

lines in the array and comnecting cables run parallel,

‘especially with respect to the sense lines.
“The problem of crosstalk can be defined, mathematically, Refer to Page "~

by the formula for inductive coupling. When an X ot
Y line is fully selected, it induces a current in the
line adjacent to it. A general expression for this is:

-k A TL <
L= &—t xana
Where: I, » Induced current in adjacent line

I3 = Current in selected line

L = Distance along lines that are parallel
a & Separation of lines

k = Proportionality constant

The minus 1sn (=) indicates that the induced current
flows in the opposite direction to the inducing curremt.
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Crosstalk Between Sense Lines

e

b.

If all data bits in mewory, except one, are 1l's and

the other data bit 18 a 0, it is possible for this 0

bit to turn fnto a 1 bit dus to noise created by all

of the other l's. This noise pickup can occur in
several places: .in the array sense windings, in the con-
necting leads of the arrsy, in the array unit connecting
plugs and in the cables between the array unit and the
sense amplifiers.

Once the signal hag emerged from the sense amplifier

it is a standard signal and, theoretically, no longer a
noise problem since all Cantral Computer signal handling
is designed to eliminate this type of problem. However,
if there is a long cable run bebtween the memory unid
and Central Computer it is still possible to pick up
extra noise.

Crosstalk Between Diglt and Sense Line

The problem of crosstalk between digit plane and sense
lines is similar to that of inhibit noise ringing into
the following cycle, except that the problem is caused

by direct crosgtalk from digit plane wires to sense wires,
If the drive currents were turned off entirely, and only
the digit plane drive operasted, this type of noise would

. 8t1l1l be present. Ringing can be minimized by a termination

which will damp out oscillations as quickly as possible.

Crosstalk Between Driver Lines

Be

b.

The X and Y drive lines run parallel throughout the array, Refer to Page
resulting in a large amount of crosstalk, Examination 1260
of a pair of lines will show how mrtual coupling produces ‘
unequal read and write currents (asymmetrical switching).

Core B sees a half-read current with an additional spike

of current as shown. This can condition the hysteresis

state of the core further than would a half-read current

and, thus, produce an increased noise condition in the

memory.
The magnetic operation in asymmetrical switching is illus- Refer to Page
trated where it is assumed that a series of alternate read 1260

and write currents are applied with the write currents
larger than the read currents. Successive cycles approach
an irveversible magnetic state, each cycle being closer to
an irreversible state by about 90 percent. The changing
or shifting of a core's magnetic state by asymmetrical
switching is known as "walking". Wakked magnetic states
are to be avoided because they can produce more noise than
the read and write disturbed states. For instance, a read-
disturbed 1 which has been walked further in the read
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direction will have an even greater half-read output
since it is further from saturation.

ce The mutually-coupled current exists only as long as
a rate of change in the inducing current takes place.
Thus, to a certain extent, it can be assumed that the
addition of the half-read and the matually-coupled
current do not produce a bit turrent greater than a
half-read current.

However there are two considerations which make this
assunption subject to exrror:

1) Due to the self-inductance and delay of the lines,
it camot be said that the induced current lasts
exactly as long as the inducing rate of change.

2) The induced current is produced by one axis of
the memory drive, while the half-gselect current
to which it 1s adding, is produced by the other
axigs of the memory drive. These two drives are
not fixed in time relation to each other nor are’

they necessarily simultanegus throughout. the array.

6. A test for mrtual coupling effects would be to create ferrite
oore delta noise conditions using the half-select ocurrent,
plus the mrtually-coupled current, in such a way as to produce
& maximm noise similar to the checkerboard-copplement, worst-
pattern test. The detalls of such a test vary, depending on
the memory design. The following ceses will, in general, be
presgent: s

ae During the reading of a 1 or O and during the writing Refer to Page 1280
of a 1 the fowr adjacent cores are pulsed with a half-
'ehct. 0

be During the writing of a 0, the inhibit current combines
with the mxtually-coupled current two lines away, which
is now in the opposite direction to produce noise in the
read direction which combines with the inhibit current and
two mrtually coupled currents in the read direction.

H. FREQUENCY SENSITIVITY TESTS

1. The problem is one of testing the entire system, in all Refer to Page 1300
possible modes of operation, to see that no frequency
insgtability exists. It is difficult to define exactly what
is being aought, except that each circuit should be tested.
The method of testing is to subject the circuit to altexrmating
periods of usage and nonusage. The length of the periods should
be variable. The possible buildup of effects within a circuit
tested at, or near, the resonant frequency is illustrated.
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VARIA!PIdN]N'EET]’MJIBOFS‘.EAMME‘MORY

1. In connection with the problem of interference between Refer to Page 1300
memory cycles, one further situation must be checked; the
situation where the maximm amount of interference is
created, and memory is started at its latest time, followed
by a start at its earliest time. The result of this situation
is an effective shortening of the memory cycle and aggravation
of the interference prcblem because the noise extends later into
the following memory cycle and affects the signal at sample time,

2. Due to the fact that memory cen be started from several
address registers within the machine, there will be variations
in the start memory time with respect to the Central. Computer
machine cycle. The two extremes are illustrated.

EARLY PEAKING CORES

l. When a ferrite core is deficient in ferrite material because
of an alr gap or & hard spot, its 1 oubput does not take as
long to rise as does the 1 output of a normal cox€. In fact,
the 1 output may occur so early that the sample pulse will
miss its peak altogether., There are several ways to detect

these early pesking cores.

2. By increasing the read current, the peaking time of-ell
cores is decreased and failures will begin to occur. A
_Plot can then be made of the mmber of fallures vs. the
read current amplitude from which a decision can be made
to remove some of the worst offenders. It may be apparent
that a few cores are seriously affecting the margins in which

case they should be removed.

3s Another way of detecting early pesking cores is the use of a
test which reads out the same location several times. This
hegts up the core and decreases its amplitude and makes it
peek early.

THE PARITY BIT

1. The parity blt is an obvious ald to memory testing, for it
indicates any memory failure involving an odd mumber of data
bits. With a parity check, the memory test can amit the
checking routine entirely whenever no parity occurs. It can
be argued that an even number of bits might be in error, but
the chances of this holding true for an entire test, are
very small. Alsc, most of the simpler tests must use a checking
routine regerdless of parity indications, so that such types of
failures would be detected in most cases.
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The parity bit is a necessity for the development and

‘debugging of new tests. It is sometimes true that a

nmemory test will fail in some entirely unexpected mamer.
This failure is easily found by stopping on memory parity
and analyzing the situation. Otherwise, this failure may
never be noticed, and a design or operation problem would
be un-noticed for some time.

The parity bit is also an aid in reassuring that the memory
program has not itself been altered. It is important that
the program perform its function exactly as intended. The
parity bit is an important aid to the test debugging, for
memory error printouts should occur if, end only if, a
memory parity occurs.

L. X SEPARATE MEMORY FOR THE TESTING PROGRAM

1.

A separate memory from which the test program can operate
directly has several obvious adventages:

ae It allows testing of all the locations in the memory
at once; otherwise, two programs are required.

be It allows uninterrupted testing. Without a separate
memory, the program must be reloaded when a fallure
causes destruction of the program. If a single
memory must be used, some type of storage, as drums
or cards, in addition to cards should be provided
to minimize reloading time.

ce It allows complete testing of some types of operation
which would not be otherwise possible.

de It allows a more complete breakdown of the error and
thus a more informative printout. Otherwise, error.
data must be printed immediately or, if margins are
used, stored elsewhere until the data can be reliasbly
processed and printed.

e. It allows a simpler operation of a marginal check program
since drum or tape storage is not required.

‘M.  PACILITY FOR THE READOUT OF MEMORY AT MAXTMUM SPEED

1.

This is the facility to read all the information out of a
memory and to rewrite each word as it is read at the maximm
repetition rate. For reference, a parity bit in the data
word is used, each word being checked for good parity and
en alarm indicated if a bad parity word is read out. This
facility allows a quick check for correct operation of the
maximm repet<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>