















































































































































































































































































































































































































































































































































































































































5.

6.

To

8.

9.

10.

Core Sterege Element

Approximately 1.9 usec after the start-memory pulse
was generated, MFD I develops a. sample pulse which

is applied to the sample gale generator tube. If a
memory readout cycle is being executed, the gate tube
will be conditioned so that the eight sample pulses
will be applied to the 33 sense amplifiers. Staggered
sample timing is required because of the delay charac-
teristics of the X-Y drive lines.

Approximately 2 usec (MPD I) after the start-memory
pulse, the Xv and Yv read gute generators are cleared
to termirate the read-current pulses.

Approximately .6 usec later, MPD II generates e pulse
4o clear the Xu and Yu read gate generators to initiate
the write portion of the cycle, The U and V read gate
generators are set and cleared st seperate timss in order
to speed up selaction and also to reduce the nedse gen-
erated in the sense winding. The action of cleaxring the
read gate generators causes the two selected tape cores
(one in each tape core matrix) to be switched back to
the original state; thus generating the write-current
pulses required by the assoclated array drive lines.

Approximately 2; 4 usec efter the sgtart memory pulse the
selected left word inhibit gate generetor is set by a

MPD II pulse which senses the six gate Bubes controlled

by the MAR bit Rll} and R15 flip-flops. About 0.2 usec
later the selected right word inhibit gate generator

i1s set in exactly the same manner. The selected inhibit-
gate pulses (negative pulses from O side output) sense

the 33 digit plane drivers of the associated inhibit region;
only those DPD's that are coaditioned (at a -30-volt level)
by the 1 side of the associated MBR flip-flop will pass the
inhibit gate to activate the associated DFD, which in turn
generates an inhibit-current pulse.

The left and right word inhibit gate generators are
cleared at approximately 4.4 usec and 4.5 usec, respec-
tively, after the stert-memory pulse. Since the inhibit-
current pulse of each plene muat overlap the write-
current pulse, staggered setting and clearing of the left
and right word inhibit gates 1s required because of the
delay characteristics of the X and Y drive lines,

During a memory cycle in which core memory 1l is selscted,
the MAR and IA deselect flip-flop are cleared by a MPD

II pulse which 1s developed approximstely 3.1 usec after
the start-memory pulse was generated. Since the read

gate generators are cleared prior to this time, the
clearing of these controls does not affect the operation

of the selected tape core in each of the tape core matrices.
That is, the write portion of the memory cycle is not

1730



Core Storage Element 1790

affected by this clearing action. The MAR is cleared

at this time in order to provide more time for the
Selection of the next memory address during the next
memory cycle. If core memory 1 is not selected during
a memory cycle , then the MAR and IA deselect flip-flop
are cleared by a delayed TP 0 pulse. A raw RP 0 pulse
is applied to MPD IV during every memory cycle. This
pulseis delayed 1.5 usec and applied to the MPD IV

gate which is controlled by the Yu read gate generator.
Since this gate generator is set only by a delayed-
start-memory pulse, the gate tube (MPD IV) is conditioned
only when core memory 1 is not selected. If this latter
condition exists, a core-memory-not-selected pulse is
routed through MPD II to clear the MAR and IA deselect
flip-flop approximately 1.5 usec after TP 0. The clear
inhibit pulses which are generated by MPD III do not
perform any useful function since none of t:e inhibit

gate generators were set.

E. Swamary Cuestious:

1.

Answer the following questions TRUE or FALSE:
a. The DMD will be cleared at TP-11 time.

b. Tbe four flGG's will be set at the same time.’

~.¢. The MAR is loaded at TP-0 delayed time.

d. There are 8 sample times approximately .04 usec apart.
What is the output current of a selected tape core?

The lagging edge of the read pulse is mainly controlled by
the turn off time of which current in a fully selected tape core.

One CR supplies current to how many SWD's?
A core is located in Sub-Plane 15, the "X' address is 41g.

The "Y'" address is 16g. Determine the octal word designation
for thése. locations.

a. 0.35605
b. 1.63411
c. 0.16345
d. 1.33411
e. 0.35601
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Core Storage Element 1800
The total number of CCD's used with 2562 memory is:

a. 64
b. 256
c. 32
d. 512
e. 1024

When one X CCD is selected, how many X CCD's are
half selected?

a. 32
b. 31
c. 15
d. 30
e. 16

The write current is produced by turning off the V & U current,
True False

The length of the read or write pulse is determined by the
switching time of the tape cores. True False

Two SWD's must be fully conditioned to apply read current to
one "X'" line. True False

There are 510 half-selected cores for each fully-selected core
in the 2562 Memory. True False .

An open "V' winding will effect 4096 addressed in the 2562
array. True False .
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YVTIT, Units 65, 66 and 67 Familiarization

A.

B.

Unit 66 Contents

1.
2,
3.
L,

5

6.

cCD's (Two assemblies each panel) Refer to Pages 1860
and 1870
33 - 2562 planes

- X & Y terminating resistors
'DPD terminating resistors

Various comnectors for lines in and out of array.
Resistor and coil assemblies.

Unit 66 Designations

1.
2.

3.

L,

5.
6.

Panel A-D Refer to Pages 1820,
1830, 1840 and 1850
Row A - 'FP

Suitcase (Left to right any panel) 1§

Pin on Suitcase, A - 8, T is comion. (Mehsure current
A-8 common is T.)
Note: Ocquail address

Left to right - Panels A & D

Right to left - Panels B & C

Note: Use A address and locate X & f term:l.na.tion terminals.

Example: 0.12345 = X 711, Y 050.
X 66 DPPUN, Y 66 APPIC

Tape Core Assemblies, Row B, 4 & 5 aJ.'I.fpan'els.
DPD Termination Resistor Units

a. "B" and "D" panels
b. "A" Row
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c. 1 - 4 Assemblies /&0
d. Pins A - T

Note: Assemblies designated left to right, both panels.
Inhibit region reverses on Panel "B", )

Study other assembly and connector designations on the panels.

240 ohm resistor and CB shown in '"Phantom' logic on

bottom of Panel C, (X & Y Drive lines floating.) ~
The ?.56Z plane's sections are designated 1-4 left to
right facing the panel,

Example: 66AD]1 Region 00
66AD2 Region 01
66AD3 Region 10
66AD4 Region 11

66CD1 Region 11
66CD2 Region 10
66CD3 Region 01
66CD4 Region 00

C. Unit 65 and 67 Contents

1.
2.

3.

1.

5 modules each.

Extra tall modules (Row C - CC) Refer to pages
1890 & 1900

Frame 65 is associated with the X circuitry in

general, the Memory clocks the left word DPD's and

Sense Amps, and Bias Fixing networks.,

Frame 67 is associated in general with Y circuitry,
Memory Clock #4, Right Word DPD's and Right Word S. A, 's.

Physical Location to Unit 66

Note: The SA's in both Units are the circuits next to the array.

Z Module

-450v supply and scope calibrator power source. Refer to page
1910

a. -450v for CR's

. Summary Questions

On which physical drive line and which sub-plane does the
following address enter the array.

a. 0.54631

b. 1.77326

c. 1.66532

d. 0.4532]1

e. 1.00537
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UNIT 67
MODULES
PU A 8 c ) 2 PU
¢ a2, Yo-08 07,10 Yo 00, 07 ver N
o Yon i vvS 805405 8235 w2 o
€ vo¥83% v-385 02 v X503 it £
F Year? INH REGION 2 o) INH_REGION 01001 verie r F
6 Y RGG SPARE SPARE Y CR 6
H SPARE INH REGION 300 * INH REGION 10D SPARE "
J MPD I¥ SPARE 'vmm YuCR v
K _SA's  BITRIS|rnn recsOIUN  BIT RIS |INH REGS(OONOD  BIT RIS Yval'{ﬁ;s,ls,ﬂ X
L Ri4 R14 RI4 YeutOe 2.3 L
M R13 RI3 RI3|  yye04.0506,07 sowER M
N RI2 RI2 RI2 w00.01.02,03 - MODULE N
P RII RII RII Yustots 16,17 P
R RIO - RIO RIO YariOA 12,13 R
S R9 R9 R9 Yu'O:,g,OQO" S
T R® R® RS Yu=00.0002,03 T
v R7 R7 R7| vumar BIT R? v
v R6 RE R6 R6 v
w RS RS RS RS w
x R4 R4 R4 ] R4 ) x
Y R3 R3 R3| Yv AR BIT R3 Y
AA R2 R2 R2 " R2 AA
88 R RI R Y 88
cc g RS RS RS ! RS cc

MODULAR LAYOUT, UNIT 67
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UNIT 65

MODULES -
PU A ) c 0 € U
¢ xuivé%im xui%%'?os xus-'cv)g,sos Xv-gz,%%.no ,xfmjz ¢
0 SPARE x?a'-vg,sn _ xﬁ“o'%})? Xv-so'.‘.?c.;sa.os 25 0
| E SPARE xS 13 xon13 3 Xust 5’33-,02' xeriS.is €
F SPARE ‘x?-‘Ps.rr INH éggnlgev? uo'ﬂ NH_REGION 300 i!‘.‘.’? F
6 DPO SEL GT'S  RHW Xv CR SPARE  seaRe X R GG 6
H DPD SEL GT'S  LHW SPARE v e oo™ oSS o™ SPARE “
J MPO 1 Xu CR INH REGSOONON _ L15 | INH REGSNOIN BIT LiS SAs eTusy 4
K MPO I Mueid 1S, 17 ue ue uslfl x
L MPD I x,,,éf;ﬁ 2.3 L3 L3 ] L
M h SAMPLE GG x,,ogf‘;%_os_o-, L2 L2 “
N 1A DESELECT v 00 b3 02,03 L L N
| SPARE xuetd 25 1607 ‘ Lo LIo )
R Xu-l(g.li'l? 12,13 L9 L9 R
| X404 55.06,07 L8 L8 S
T lL xu-oéﬁ?.oz.os l L7 L7 T
v Xu MAR  BIT RIS L6 Ls v
v RIa ) Ls v
w AI3 Le Le w
x |l RI2 L3 L3 x
Y Xv MAR  BIT Rl L2 L2 Y
AA X-8FN RIO Lt u A
88 SPARE R9 Ls LS 88
cc Y-8FN ] R8 | P ‘ P cc

MODULAR LAYOUT, UNIT 65
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locate the terminating resistors of the "X" and "Y" drive
lines for the following addresses:

Qe 00&31"5

b, 1l.36215

Ce O.M

Ce .

£. 0.47343

8e 1.01007

h. 1l1l.32120

1. 1.k776

“Jo 0.63’053

Locate the CCD P. U. for the following failing "X" addresses:

& 1.25733

b 1.57652

ce  0.76575

4. 1l.61570

(-1 1.25003

Ooqpiete the following quostfom:
Unit 66

a. Panel "A" contains the "Y" even and the
"y terminating resistors.

b. DFD terminating resistors are located on Panels
and .

¢, 'Te "Pulse Shaping Networks" are located on Panel

and are Units .

d. CCD's resistors for Y(v) selections are located on Panel
in Units e L .

e. To locate a defective DPD P. U. we utilize the
of the address. :

For the following addresses and bits designated locate

the DPDconnection necessary in order to observe the Inhibit
Current:

& °oh763° - P

b. 1.7TT77 - R8

co 1.23456 - 115

d. 0.00005 - Lh

e. 0,13570 - R8

/¥ SO
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7.

8.
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Bit R9 is lost on every address. Which of the
following could cause this: .

e
b.
Ce
d.

66AGG3 pin 65 opem 0.2.1.7;
66DGG3 pin 65 open (0.2.1.7

65ER3a not connected (0.2.1.6
67A83a not comnected (0.2.1.6

65ERES open 0.2.1.6

With C shim between 6GAE1-0 and 66AF1-0 missing, how
many addresses would fail? Which addresses (0.2.1.7)

SWD 4 - 67 BC (0.2.1.5 Sheet #2,24A) fails to conduct
which of the following addresses should fail?

8o
b.
Ce
d.
(-1%

0.50164 & 0.50166
0.70164% 0.50166
0.T6l35 & 0.54215
1.00001 & 0.00001
None of the above.

What is the input terminal on the plane for R9 Inhibit

of address 0.25252 (Logic 0.2.1.6)

8
b.
Ce
d.
(-

66BP2-64
66BN2-65
66DFF3-6k
66D6G3-65
66DHHE3-64
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XIX. 256° Special Circuits

A. INTRODUCTION ‘
The special circuits required for operation of the 2562 memory will

be presented in the following order:

Address Section fwndon
" Diode Matrix Decoder / "o

Input Amplifier / 94 @
Switch Driver 2 Q’

(-]
Current Regulator ' ‘a
ALx

Tape Core Matrix
Bias Fixing Network&"' ®

Sense Section -
Sense Amplifier &’ ('Y 0

Inhibit Section

Digit Plane Driver 1 Iﬁ o
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B. Diode Matrix Decoder

1. The four DMD circuits are physically alike, and the only
functional difference between them is the source of input
signals and the destination of the output signals. The input
signals are representative of information contained in the
MAR. Since the circuit groups are alike, the following discussion
| will be based on only one of these; namely, the Xu selection
circuit group.

2. The clear-memory-controls pulse (delayed TP 0 or start- Refer to pg.
memory pulse) resets the MAR flip-flops and the input 2000
amplifier (IA) deselect flip-flop. At TP 0, the IA de-
select flip-flop is set and the desired address is trans-
ferred to the MAR. The bit R12, R13, R14 and R15 flip-
. flop content is decoded by a 16-way-A'ND diode matrix
decoder (DMD) to condition one of the 16 input amplifiers,
The 4-=digit binary numbers associated with each of the
matrix outputs can be selected (-30-volt level) at any one
time; the remaining 15 outputs are at a £10-volt level. The
outputs of the DMD are applied to the input amplifiers which
invert, amplify and change the level of the input signal.
The nonselected input amplifier outputs are at a -240-volt
level (#10-volt input), and thz selected input amplifiet is
at -150-volt level (-30-volt input}.

@t should k2 noted that the ~AND ciicuit vwhose output is desig-

nated by 1111 has an additional input from the IA deselect flip-
flop. This additional input is required because the input ampli-
fiers have capacitive coupling between stages and clamping
circuits to hold their outputs at the nonselect level of -240 volts. a
When an input amplifier is selected, it can maintain its selected w
output level of -150 volts for only a short time, determined by
the time constant of the capacitive coupling network. The output

level will fall to the Weven though the input signal
remains constant at a -30-volt level.
——

4. This means that when the same input amplifier is to be used
during a number of consecutive cycles, it must be deselected
and then selected again for each memory cycle. Deselection of
15 of the 16 input amplifiers is performed automatically when
the MAR is cleared and then set to the new address. The 16th
input amplifier is driven by the -AND circuit whose inputs are
from the 0 sides of the bit R12, R13, R14 and R15 memory address
register flip-flops. When each of these four flip-flops contains 1,
designating the clear condition, four -30-velt conditioning levels
are applied to the -AND circuit. If a number of consecutive
memory cycles are executed in which address hits R12, R13,
R14 and R15 remain cleared {rsntain 1's), the MAR flip-flop
input levels to the ~AND ci:zeit will rema’ . constant. To
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provide the IA deselection in this case, the ~AND circuit:
has five inputs instead of four. The fifth input comes
from the 0 side of the IA deselect flip-flop. The IA deselect
flip-flop is set at TP 0 and applies a -30-volt level to

the -AND circuit, enabling it to act as any other -AND
circuit in the matrix. When the memory address register
is cleared, tne IA deselect flip-flop is also cleared. Its
output to the -AND circuit becomes £10V, effectively
deselecting the -AND circuit and the input amplifier it
drives. Thus, in all cases a -30-volt gate is actually
applied to the selected input amplifier, thereby insuring
proper action.

5. The output of each input. amplifier is applied to an
associated SWD, . A switch driver is a gating circuit
which, when conditioned by a -150-volt level, will pass a
current pulse generated by a current regulator (CR)
to drive the selected U line of the X tape core. The
current regulator is a power amplifier which is acti-
vated by a negative read gate signal to generate a
current pulse in one of the 16 associated SWD's. Only
one SWD can have an output at any one time. The active
SWD is the one receiving both a -150-volt conditioning
level from an input amplifier and a current pulse from
a current regulator.

C. Input Amplifier, Model B
. )
O
1. Function W m.éj_g

a. The Model B input amplifier (bIA), employed in the
2562memory. functions as an inverter, amplifier, and
level setter. The inputs to the blA are standard levels

. of 410 and -30V obtained from'a diode matrix in the
memory address register; the outputs are non-standard
levels of -240 and -150V, respectively. These outputs
are fed to associated switch drivers as conditioning
levels. (A - 240V level will cut off the switch driver;

a -150V level enables the switch driver to conduct.)
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2. Principles of Operati:on

a. The bIA consists of three stages; an input cathode Refer to page
follower (VI), an.amplifier (V2), and an output cathode 2030
follower (V3). The input cathode follower is employed
as a buffer between the high output impedance of the
associated input diode matrix and the low input impe-
dance-of the amplifier.

Jb. The inputs supplied by the diode matrix are either

+ 410 or -30 levels. Assume that the prevailing input
level to the bJA is £10V; the voltage appearing at the
grid of the input cathode follower is clamped at #5V
by diode CR1. This clamping potential is obtained
from the voltage divider consisting of resistors R2
and R3, The resulting potential at the cathode of
V1 is 45V, The exponential rise noted in waveform
C is due to the charge curve of capacitor C2. The
grid voltage of V2 is established at -148V by the voltage
divider consisting of resistors R5, R6 and R7 returned
to the cathode of V3 whose potential is at -240V.
Diodes CR2 and CR3 are cut off during this period
of operation. The positive spike noted in waveform
D at the transition time between the two states of
operation for the bIA is due to capacitor C2 charging
to the established dc levels. Since the cathode of
V2 is returned to -150V, the grid of V2 is slightly
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Input Amplifier, Model B,‘ g ')(\

Logic Block Symbol Tﬁ,\? ( ® . i
+150V : +2%0v ’ ov 1
Iwm
5 \ N
) ov =)
i ANQ ow
I
C
I 1N
-39 ov{ilig— -{svow
OIO0E MATAIX 10 ® L I a
(MEMORY 0
rasren ® N
® %11 o
= al
c 1
ov A / Im
' ]
ME:P 4 ]
DEFLECTIONS iSOV =1
1 —{sovn
d o ==y |
G
|
- oo
2e0v l
. . -I50V
+100V MARGIN  —2I5V _/
. Input Amplifier, Model B, Schematic Diagram
NORMAL - 240V
+\00V MARGIN =265V
INPUT AMPLIFIER, MODEL B, FUNCTION OF DETAIL PARTS
REFERENCE REFERENCE
SYMBOL FUNCTION SYMBOL ‘FUNCTION
c1 Bypass capacitor R2,R3 Voltage divider
C2,C3 Coupling capacitors M Cathode load resistor for V1
C4 Bypass capacitor ‘ RS, R6 Part of voltage divider (with R7)
) ) returned o cathode of V3 and
a1 Crysta:, diode, clamps V1 grid at equalizing resistors for CR2 and
:"5 : CR3, respectively
CR2, CR3 Crystal diodes, clamp V2 grid at R? Part of voltage divider (with RS and
upper output level R6) and grid-limiting resistor for :
CR4 Crystal diode, grid current bypass V2 -
for V2 Rs Plate load resistor for V2
CR5,CR6  Crystal diodes, clamp V3 grid at R9, R10 Voltage equalizing resistors for CRS . —
—273V and CRG, respectively
L1 Peaking coil Ri11, R12 Yoliage divider

R1 Grid-limiting resistor R13 Cathode load resistor for V3
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positive with respect to its cathode, causing grid /‘74/0
current to flow. In order to avoid exceeding the

grid dissipation limit of V2, specifically during

the initial period of the C2 charge curve, diode CR4

is placed between the grid and cathode of V2 to absorb
a portion of the grid current flow. As a result of the
bias level established for V2, its plate voltage at

this time is -40V. The voltage divider, comprised of
resistors R11 and R12, sets the grid voltage of V3

at -273V. This voltage is held at this level by
clamping diodes CR 5and CR6. With the grid voltage
at -273V, the resultant cathode potential is -240V.
Thus, with a £10V input level to the bIA, a nonstandard
level of -240V is established at the output.

c. When the input level shifts to =30V, the cathode
potential of V1 decreases toward -5V. The exponential
decrease of this voltage, illustrated in waveform C,
is due to the discharge of capacitor C2. The voltage
change at the cathode of V1 is coupled through C2 to
the grid of V2. The resultant drop in the grid potential

~of V2 causes the plate voltage of V2 to rise from -40V to
#65V. This change of 105V is coupled to the grid of V3
through capacitor C3, causing its grid- potential to
increase to -170V (diodes CR5 and CR6 are cut off at
this time). As a result of this increase, the output
cathode potential of V3 rises to -150V. Thus, with a
-30V input level, a nonstandard level of -150V is
developed by the bIA and applied to the associated switch
drivers. This output level is also fed back to the grid
of V2 through CR2 and CR3 to stabilize this upper output
level. Diodes CR2 and CR3 remain cut off until the
output voltage becomes more positive than the voltage
appearing at the grid of V2. When the diodes conduct,
the output voltage controls the grid voltage of V2. An
increase in the output causes the grid of V2 to become
more positive, decreasing the plate voltage of V2. This
change is coupled to V3 with a resultant decrease in the
grid voltage of V3 and consequently a decrease in the
output level. The converse occurs for a decrease in the
output voltage. It is in this manner that this degenerative
feedback loop stabilizes the upper output level. Diodes
CR2 and CR3 are cut off when the lower output level is
developed. The negative voltage spike at the grid of V2
(See waveform D) is due to the delay in the feedback
signal before CR2 and CR3 are made to conduct.

3. Input Amplifier Outputs

a. The I. A. (input Amplifier) output is -240v to -150v.
These levels are maintained primarily by diodes in a

feedback and clamping circuit. When these diodes go
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bad one of the levels changes. If the =150V level
goes to approximately -50 the result is excessive
drive current on the lines selected by the I.A. If
the 240V level goes more positive it tends to allow
the associated switch driver (SWD) to go into partial
conduction. This means that the SWD stea.ls current
from the selectad circult.

The most efficient method of detecting bad I.A.'s
is thru scoping.

b. On a High PRF the deconditioning level on the output
CF (5998 tube) goes to a more positive valve if the
tube has the bad characteristic of excessive grid
emission.

The 5998 tube is checked for this condition by testing
in the P. U. Lab.

ce The I.A. maxrgin finds defective I.A.'s. The best
test is addressing with a £100 volt excursion. The
resultant printout will show one (if only one is bad)
I.A. failing very few times. This is the defective
one., If more than one is bad the indications are
not conclusive.

Note: Bad IA will have least mmber of errors.

b, Mawgin applied to IA (-300 MC-C 1234) has the folloving Refer to Page 2030
effect on the output: )

8+ Negative margin makes rise time of output appea.r to
come later (in time) to SWD.

b. Positive in makes rise time earlier and 90v sw:l.ns
18 lessened (-215v to -150v).

5¢ All IA outputs ahmﬂdbeexacﬂythe same, a 90v positive
output referenced at -240v. The -240v going more positive
will partially condition a SWD which is not selected to steal
the cwrrent from the selected SWD. The -150v level going
more positive will cause high and ea.rly read currents.

I SWP

a. The switch driver (SWD) is a logic circuit which provides
a nonstandard current pulse, The logic block symbol for
the aSWD is shown on page 2060 .
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ASWD

|

Switch Driver, Model A,
Logic Block Symbol

. TAPE CORE
DRIVE WINDING
THROUGH .
- @ 16 CORES 10 %0 80 80 %0
0 MV\—JV\/\«—T—'\/\/\'—'\/\/\/—'\/\/VTP—’V\N—O + 250V
4 \é
voutace  © L L gl I
INPUT e e e == 0.001UF == 80UF
FROM [A ‘\0 = e T
%
/
—_L =

&

CURRENT
INPUT FROM CR

© ®

(o] —j_?‘._ —¥
.0V 700 TO 800 MA

Switch Driver, Model A, Schematic Diagram
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Presentation Notes

In Central Computer logic, the SWD is used to isolate
the current regulator pulse source from the back
voltage produced by the 16 x 16 tape core matrix of
the expended memory. The SWD also affords a means of
switching the current pulse to difference lines of the
tape core matrix, thereby eliminating the need for
geparate pulse inputs.for each line.

Detailed Operation

The circuit requires two coincident inputs to produce

an output. The input amplifier supplies the SWD with
nonstandard levels of -150V and -240V; the other input

is a nonstandard current pulse from the current regulator.
An output is produced only if a SWD is conditioned by ’
the upper -150V level from its associated input amplifier
and, at the same time, is supplied with a driving current
from the current regulator.

Output usually considered in milliamps since the function

18 to furnish current.

1) If driving U windings cwrrent required is about
mB.e

2) Ir'd.riving V windings cwrrent required is
670 ma. '

Output of SWD supplies half-read current to 16 CCD's.
1) Thus selected SWD must be turned on or conducting.
2) Belected SWD has most positive signal on grid.

3) Deselected Swd must be turned OFF.

Two model switch drivers are used in the computer.

Only the model A is shown on page 2060 . The only
difference is the model B contains only one tube.

Two tubes are necessary to drive a V line and three

are needed to drive a U line. Thus, one model A

svitch drive or two model B switch drivers in parallel
can be used for V drive. One A switch driver in parallel
with one B switch driver will be used for U drive.

Circuit Refinements

The components to the right of the tape core drive Page 2060
winding 18 not a part of the switch driver. These

components are used to improve the leading edge of

the current waveform to the tape cores.

September 1, 1960
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The capacitors will hold the voltage at the termin- /? g0
ation end of the tape core drive winding at a high
value until a short time after the Switch Driver
has started to conduct. "This reduces the affect

of the high initial impeddnce of the tape core
drive winding.

E. Current Regulator

1. Function

a.

The Model B current regulator is a logic circuit
which converts a voltage pulse to a current pulse.

The conditioning level is supplied by the Read
Gate Generator FF.

The output pulse of current will supply all 16 switch
drivers for either U or V. Only one switch dfriver
will conduct in either U or V, which will allow the
total current from the current regulator to flow thru
16 tape cores.

Circuit Requirements

1) Rise time should be adjustable from approximately
0.2 to 0.5 usec.:

2) Amplitude should be variable from 500 to more than
1,000 ma.

3) Fall time should be adjustable from 0.2 usec to
approximately 1 usec.

4) Time stability of the leading 90 -percent point of the
output current should be plus or minus 40 musecat
end of life.

5) Amplitude stability of the output at end of life should
be £ 2.5 percent, with a short time (1, 500 hours)
stability of £ 0.5 percent.

6) The top of the output current pulse should be adjust-
able from zero slope to a positive slope giving an
increase, in the output current pulse, of approximately
20 percent across the width of the pulse. Adjustment
of the output pulse slope is necessary to compensate
for the capacity losses resulting from driving the tape
core matrix. Compensation for capacity losses is
necessary to obtain the flat-topped pulse required to
switch the ferrite core. The tapé core
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output time constant wes sufficiently long so
a8 not to cause any more than 2-percent droop

of the output pulse.

2. Basic Operation

The model B current regulator consists of an amplifier Refer to Page
(V1B, circuit diagram), a buffer cathode follower (V2B), 2100
a driver cathode follower (V2A, V3B and V3A), and an
output stage of three twin triodes in parallel (Vk, V5
ank V6), which are one-half of a cascode amplifier with
feedback to the input of the. input amplifier., The
switch driver circuits are 5998 tubes in parallel which
serve as the upper half of the cascode amplifier formed
by the output stage of the current regulator and the
switch driver. The cwrrent regulator, turned on by
standard leviéis (on by -30V and off by 10V), supplies
a negative, 4.0 usec, 420-to 1200 g pulse through a
switch driver to one side of the 16< tape core matrix.
The avitc.h driver is conditioned by a -150V (rising
from -240V) d-c level received from the input anxpliﬁers

" and applied to the grids of the switch drivers.

3. Detailed Operation

Be

b.

Regative signals cut off the amplifier V1B, causing a
sharp rise in plate voltage. Since only 6V of the. negative
Lov input transition is needed to cut the tube off, the
Input is too fast for the circuit to follow, if the fall
of the input i1s equal to or less than 0.5 usec.

The rise of the plate of V1B 18 coupled through C205 to the
buffer cathode follower V2B. V2B provides buffering for .
the drive necessary for the relatively low input impedance
of the driver cathode follower, V2A, V3B and V3A. The posi-
tive signal on the grid of V2B back-bilases the d-c restoring
diodes, CR205 and CR206. The rising signal on the grid of
V2B causes the cathode voltage to rise which, in turn,
raises the voltages on the grids of the driver cathode
follower (V2A, V3B, V3A). The cathode rise of the driver
cathode follower is coupled to the grids of the final

stage (V4, V5 and V6) by C506. The rise on the grids

of the final stage back~biases the d-c restoring diodes
CR507 and CR508, and, at the same time, raises the output
cathode voltages. Part of this voltage rise is fed back

to the grid of the input amplifier, V1B. The rising feed-
back voltage back-biases CRL03 and forward-biases CR102,

at vhich time the output feedback voltage takes over
control of the amplifier grid.
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Trimmer capacitor T11l1l1 provides a portion of the
feedback voltage to the grid of V1B prior to CR102
becoming forward-biased. This initial feedback has

a tend=ncy to increase the current through V1B (or,
more accurately, to decrease the rate at which the
current is falling), thereby slowing the rise time

of V1B. The plate of V1B, in the absence of feedback,
rises sufficiently fast to produce an output rise time
of approximately 0.1 usec. The feedback not only slows
the rise time, but also makes the rise time of the
circuit independent of the load resistance and plate
voltage of V1B. Terminals are provided across the
trimmer capacitor T11l1l1 (refer to note B in the
circuit schematic) to allow capacitance external to

the circuit to be added in order to change the range

of the rise time control.

The signal required at the amplifier grid for normal
circuit operation is -2V. Prior to the arrival of the
feedback signal through C103, diode CR103 is forward
biased by the current drawn by R103. The plate
voltage of CR103 is normally fixed by the divider
across the Zener diodes CR101J to CR1014 at between
-160V and -180V. Since the voltage drop across
CR103 is small, the voltage at the grid side of C103
is approximately equal to the voltage out of the
divider across the Zener diodes.

If the grid side of C103 is at a potential of -170V,

this point is 20V negative with respect to the cathode

of VIB. An 18V positive signal fed back through C103
would raise the grid of V1B to a potential of 2V

negative with respect to its cathede. This 18V signal

then would determine the output current, which would

be 18V divided by the cathode resistance of the final stage.

The time constant resulting from C103 chargingthrough
R103 and the forward impedances of CR102 and R104 have
been selected so that C103 will, during the width of a
pulse, lose sufficient charge to increase the grid-cathode
potential of V1B. The discharge of C103 decreases the
voltage applied at the junction of CR102 and CR103. This
voltage fall lowers the amplifier grid voltage, causing
the plate voltage to rise. The voltage rise is coupled

to the output, giving the output a positive slope across
the top of the pulse. Terminals are provided across
C103 (see note B) in order that external capacity can be
added to increase the time constant.
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Presentation Noteas

If the time constant produced by Cl03 and R1O3 is

made sufficiently long, the voltage at the grid of

V1B remaing constant during the width of the pulse.
Consequently, the plate voltage of V1B remeains

constant and the output is a flat-topped waveform.
Potentiometers R1147 and R1176 permit coarse and fine
adjustment of the voltage. fed back through Cl03.

As the input signal rises toward §10V, CR101 is forward-
bilased at a time when the input signal becomes more
positive than the cathode voltage of CR10l. At this
time the cathode of CR10l begins to rise, causing the
grid of V1B to rise. The grid rises about 2V to a
point where the grid-cathode potential is equal to zero.
At this point, the grid ceases to rise; however, the
cathode of CR101l continues to rise, changing Cl02. The
changing path for Cl02 is through the plate of the
cathode follower driving the circuit (read gate generator),
CR101, the grid-cathode diode of V1B, and the parallel
diode CRLO4 to -150V. After CRLOL has been forward-
biased, approximately 3V of the input signal are
required to turn the circuit off. Therefore, the turn-
off of the circuit is independent of the positive
transition of the input signsl. As V1B draws grid
current, the plate voltage is decreased by the current
through V1B. This falling voltage cuts off V2B, The
fall time will be determined by the cathode resistance
of VeB)and the capacitence seen by the cathode (refer to
note C).

The output can be adjusted also by changing the cathode
resistor of the output state (Bl - B2). Since the output
current 1s the feedback voltage divided by the cathode
resistance, the range of the output current will be
increased by shorting resistors R730 and R836. The
stability of the circuit is a function of the feedback
voltage and is directly proportional to the amplitude of
the feedback voltage. Therefore, in order to obtain the
same stability with a small output current as would be
achieved with a large output current, the cathode resistance
mist be increased.

The fall time of the circuit is adjustable by adding
external capacitance to ground from the cathode of the
buffer cathode follower (see note C). Increasing the
capacitance to ground from this point will increase the
fall time of the cathode of V2B, thereby increasing the
fall time of the grids of the final stage and the fall
time of the output. Since the input capacity of V2B is
quite small, the grid will fall faster than the cathode,
cutting off V2B, The fall ‘time will be determined by
the cathode resistance of V2B and the capacitance that
may be added externelly to adjust the fall time.

Qavwhamirasw 1
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The circuit is shut off as the input signal goes from
-30V to f10V. With C205 charging through the plate
load of V1B during the time of a pulse, the d-c voltage
must be restored by dlodes CR205 and CR206 when the
circutt is turned off. The d-c voltage across C506

is restored by diodes CR507 and CR508. '

When the input is a £10V, the grid of V1B is held
slightly positive with respect to the cathode by
current flowing from ground through R104 and through
the grid cathode of V1B and CR104 to -150V. CR1O4

was added to decrease the charging current of Cl02
through the grid circuit of V1B in order to keep grid
dissipation within acceptable limits. With the grid
at approximately -150V, CR102 is back-biased since
CR103 is forward-biased by R103 and the voltage at the
center-tap of R1147. The grid of the buffer cathode
follower (V2B) is biased at -30V; therefore, the cathode
is slightly more positive and the cathodes of the
driver cathode follower (V2A, V3B, v&; are still more
positive. The final stage (V4, V5, V6) is biased at
cutoff (approximately 80V) by Zener diode CR509, and
no current flows from the output.

Waveforms for the model B current regulator and switch
driver are shown on the circuit diagram, Page 2100
The input is fed through CR101l to make the circuit in-
dependent of the driving stege. If CRLO1l were not used
Cl02 would discherge through the cathode resistor of the
cathode follower driving the current regulator circuit
during the pulse time., If this occurred, the rise time
would be a function of the driving circuit used and,
therefore, would be imposeible to predict. With the
configuration used, the driving circuit merely triggers
the input, after which CR10l is back~biased and the dis-
charge path is through R10l. The discharge is constant,
regardless of the driving source.

A Zener diode network ie utilized for the feedback reference
supply (voltage between cathcde of V1B and moving contact
of R1147) in order to meet the design stability speci-
fications. The diode network is referenced at -150V to
provide a plate supply sufficiently large to prevent

supply variations from affecting the rise time and amplitude
from V1B, '

The plate of the amplifier is a-c coupled to the grid of the
buffer cathode follower to make the plate-cathode potential of
V2B independent of the quality at V1B, D-c coupling between
V1B and V2B would have two primary disadvantages:

1) A possible loss in signal and consequent reduction in
loop gain and stability.
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2) A change in the plate-cathode potential of V2B
as the characteristics of V1B changed with life.
When V2B is pulsed, grid current will be drawn if
the plate cathode potential has previously been
decreased.

In addition, a-c coupling is required between the driver
cathode follower and the final stage in order to avoid
signal loss, to meke the cutoff voltaege independent of the
tubes and to protect the circuitry from failures which
would allow the circuit to be turned on for long periods
of time, :

The bias voltage -of the final stage is critical because

it will affect the size of the signal necessary to

produce a given current. Furthermore, the bias voltage
will affect the time of the 10 and 90 percent points of
the output rise if the signal has to change to compensate
for a change in the biased voltage. These considerations
prove the necessity of having the bias voltage independent

"of power supplies or resistors. The bias voltage of the

output stege is stabilized with a Zener diode, CR509,

making the amplitude,rise time and the leading 90-percent

point of the output independent of the power supplies.

4, Marginal Checking

8,

b.

Ce.

The model B current regulator is marginal checked by
varying the f£250V plate supply of V1B. The 250 MCV
safe limits are 100V. The circuit is considered to
have failed when the output leading 90-percent point
varies in time by * 4O musec or more, or in amplitude
by+2.5 percent or more. A positive excursion causes .
the output to move earlier in time and to increase in
amplitude. The positive excursion necessery to cause
a circuit with nominal components to fail is 250V.

A negative excursion will cause the output to move
later in time and decrease in amplitude. A negative
T5V margin will cause the output of a nominal circult
to move later in time by 40 musec and to decrease in
amplitude by 2 percent.

The negative excursion on the 250 MCV line will decrease
vhen any component or voltage changes, as i1s shown by
the marginal check curves included in the appendix

(£igs. C-1 to C-39). For example, the £250V margins
will be decreased if the filament supply is low, even
though all of the other parameters are nominal.

If CR1O4 opens, the marginal checking system will not
detect the malfunction. With CR104 open, the grid
dissipation of V1B will exceed the maximum rating and
the life of the tube will be shortensd. Therefore, if
V1B needs to be replaced frequently, CR1O4 is probably
open.

20

Refer to
Maintenance
Handbook
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d. The general reliability of the 2562 memory is-a
funtion of the permissible variation of the drive
currzants. Because of this fact, a marginal check
volta; 2 was added to the model 3 current regulator
to allow output current variation, thereby facilitating
memory tune -up and system evaluation. The -150V
marginal checik supply is introduced in the cathode
return of V1B, thereby affecting the feedback
reference voltage and the output current of the
circuit: With no excursion applied, resistor: R1046,
R528 and R529 are in parallel and appear ac an
equivalent network of 400 ohms to the -150 supply.
Therefore, the circuit is not affected by variations
of the -150V or the -150MCV suppliec 25 long as no
excursions are applied.

The equivalent resistance of R1046, R528 and R529 i-
critical. The equivalent resistance has been chosen
so as to eliminate changes in the output amplitude
when the pulse repetition frequency is changed.

1]

f. A positive excursion increases the output current. The
change in the output current is approximately 15 percent
for 100V excursions. The percentage change is independent
of the output current.

g. The switch drivers are marginal checked by varying the
£250V nlate return. The safe limits are 0V and -50V.
A negitive excursion will decrease the switch drive
olate-cathode voltage, causing grid current to flow. Since
the total cathode current from the switch driver is regu-
lated by the current regulator, grid current will cause a
reduction in plate current. The reduction in plate current
will cause a reduction in the memory drive current resulting
in improper retention of information by the memory.

5. Circuit Characteristics

a. Input Signal

Upper level £10 fé v
Lower level 230 5y
Rise time 0.5 usec, maximum
Fall time 0.5 usec, maximum
‘ Polarity Negative
Pulse width 4.0 usec maximum (at 90-percent point)

PRF 169 kc, maximum



léfomﬁon

F.

1.

2.

Core Storgge Element 2060

Presentation Notes

b. - Load Presented to Driver

I (OR) 3.4 ma (maximum, when circuit is not selected)

I (AND) 0.15 ma (maximum, when circuit is sélected :
at 50-percent duty cycle and maximum PRF)

Capacity 120 uwuf

¢ Output Characteristics:
Amplitude 600 to 1,200 ma, with external jumper
‘ across cathode resistors of V2B

Rise time 0.27 to 0.5 usec, with no external capacity

addéd.,. :

Rise time lag 0,1 usec at the lO-percent point of the
current pulse with respect to the lO-percent
point of the input voltage

Fall time AdJjustable by the addition of extermal cepacity
Pulse top slope  External capacity Pulse slope
0 715 m?usec
0,001 uf 60 ma/usec
0.0025 uf 20 ma/usec
0.00k4 uf 0 ma/usec
0.01 uf -12 ma/usec
PRF 169 ke, maximm

Pulse width  Approximately the same as the input (4.0 usec
maximm at 90-percent points)

Output load  As many as 16 logical switch drivers, each
a8 many as 3 model B switch drivers, or a
model B and a model A switch driver in pa.ra.llel.

T THE CDRE

8. BSelects the correct X or Y
core array.

b. Supplies 400 ma of read and write current to the
ferrite cores.

Basic Operation

a. Page 2170 shows the electrical characteristics of the
tape core used in the tape core matrices. The U, V,
and bias windings produce approximately equal applied

September 1, 1960
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fields; however, the windings are connected in such
a manner that the bias field opposes the U and V
fields. Under nonselected conditions, the U and V
windings are not energized and the bias field will
cause the core to settle at point A of the hysteresis
loop. If a tape core is half selected, that is, if
either the U or V windings is energized singly, the
resultant field will cancel the bias field and the
core will settle at point B. Since only a relatively
small change in flux is produced, the output winding
signal will be an early peaking positive pulse of
approximately 40 ma at its peak. For half selected
tape cores, a similar negative output signal is
obtained when the U or V current pulse is terminated.
If a tape core is fully selected, that is, if beth
the U and V windings are energized simultaneously,
the resultant field will cause the core to switch

to point C, producing a relatively large change in
flux to yield approximately a LOO-ma signal on the
output winding. This signal is the read-current pulse
used to half read select a ferrite core. When the U
end V current pulses are terminated the bias field
will cause the tape core to switeh back to point A,
again producing a relatively large change in flux to
yield approximately a 40O-me signal on the output
winding. This latter signal is the write-current
pulse used to half write select a ferrite core.

Page ;éi);e?showa the arrangement and connection of
the tape cores to form a portion of the tape core
matrix. As previously stated, only one U and V line
can be energized at any one time; therefore, only the
core at the intersection of the selected U and V
line can be switched to produce read-write currents.
Each tape core output winding is connected to one X
or one Y winding; thus, only the selected array drive
line will receive the required half-amplitude current
required by the ferrite cores. The half-selected
tape cores produce smsll noise pulses.

Since all four of the selection circuits groups are
actuated by read gates at approximately the same time,
current pulses will be applied to the selected U and V
lines of each tape core matrix. At the point of coinci-
dence, a tape core is selected in each matrix which, in
turn, supplies the required coincident read-write current
pulses to its assoclated X or U array drive line. Page
2200 , which constitutes the tape core matrix selection
gridwork, identifies the array drive line (in physical and
ocquad notatiocn) associated with the output winding of
each tape core. Since the ocquad address:rotution. pro-
vides aymmetry ir epxccifying the ageloctod X and Y drive
lines, this ‘table reprecuntsiwtk:ithe X and Y tape core -

Sevtember 1. 1960
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U (Octal)

X AND Y TAPE CORE MATRIX OUTPUT.
V (Octal)

00 01 02 03 (1% 3 05 06 07 10 11 12 13 l;‘ 15 16 17 )M’L

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 (3() 5,4-&”

00 000 040 100 140 200 240 300 340 400 440 SO0 540 600 640 700 74'9 Oﬁ;’l
64 68 72 76 80 84 88 92 96 100 104 108 112 116 120 124
01 001 041 101 141 201 241 301 341 401 441 S01 é"l 601 641 701 74}
128 132 136 140 144 148 152 ‘ 156 160 164 168 172 176 180 lﬂ"k 188
02 002 042 102 142 202 242 302 342 402 442 502 542 602 642. 702 742
192 196 200 204 208 212 216 220 224 224 232 236 240 244 248 252
03 003 043 103 143 203 243 303 343 403 443 503 543 G603 G643 703 743
1 5 9 13 17. 21 25 29 33 37 41 45 49 53 ST Gl
04 010 050 110 150 210 250 310 350 410 450 510 550 610 650 710 750
65 69 73 77 81 85 89 93 97 101 105 109 113 117 121 125
05 001 051 111 151 211 251 311 351 411 451 511 551 611 651 711 751
120 133 137 141 145 149 153 157 161 165 169 173 177 181 185 189
06 012 052 112 152 212 252 312 352 412 452 S12 532 612 652 - 712 752
193 197 201 205 209 213 217 221 225 229 233 237 241 245 249 253
07 013 053 113 153 213 253 313 353 413 453 513 553 613 653 713 753
2 6 10 14 18 22 26 30 34 38 42 46 S0 54 S8 62
10 020 060 120 160 220 260 320 360 420 460 520 560 G620 G660 720 760
66 70 74 78 -82 86 90 94 98 102 106 110 114 118 122 126
11 021 061 121 161 221 261 321 361 421 461 ) 521 $61 621 G661 721 761‘
130 134 138 142 146 150 154 158 162 166 170 174 178 182 186 190
12 022 062 122 162 222 262 322 362 422 462 522 562 622 G662 722 762
194 198 202 206 210 214 218 222 226 230 234 238 242 246 250 254
13 023 063 123 163 223 263 323 363 423 463 523 563 623 663 723 763
307 w15 19 23 27 31 35 39 43 47 51 55 59 63
14 030 070 130 170 230 270 330 370 430 470 530 S70 630 G670 730 770
67 71 75 79 83 87 91 95 99 103 107 1l 115 119 123 127
15 031 071 131 171 231 271 331 371 431 4N 53l' 571 631 G671 731 771
131 135 139 143 147 151 155, 159 163 167 171 175 179 183 187 191
16 032 072 132 1727 232 272 332 372 432 472 532 572 632 G672 732 772
195 199 203 207 211 215 219 223 227 231 235 239 243 247 251 255_‘
17 033 073 133 173 233 273 333 373 433 473 533 573 G633 673 733 773
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matrices. As noted in the table, the 2-digit octal
numbers in the leftmost column specify the U input lines,
and the 2-digit octal numbers in the topmost row specify
the V input lines. During memory operation, the tape
core at the intersection of the selected U and V lines
will generate the required read-write current pulses.
The individual tape core cutput windings are connected
to the array X or Y drive lines as shown by the identi-
fication numbers contained in each box. The upper
‘number in each box specifies the physical X or Y drive
line, and the lower number, which is obtained by regrouping
the combined binary equivalent of the selected U and V
lines, designates the ocquad coding of that line.

Detailed Operation

a. All tape cores have L amps (nominal) bias current
applied at all times. This gives a net force of
12 N I (Ampere Turns) which places the core at A
on the hysteresis loop.

b. Switching a Tape Core

1) First apply 6§ ma. (nominal) drive current on 16
turn V winding. This gives 12 N I which’ oppose the

2210

Bias bringing the core to point B on the hysteresis loop.

2) Becond apply 980 ma (nominal) drive current on 12 turn
U winding. This gives 12 N I which will switch the
tape core inducing read current in the output winding.
With V and U both supplying current, tape core will
be at point C on the hysteresis loop.

{ 3) Write current is supplied by:
:

a) First removing V cwrrent allowing tape core
: to go to point D on hysteresis loop.

b) Second removing U current sllowing bias current
to switch the tape core back to point A. This
induces a current of equal magnitude but of
opposite polarity to Read current.

c. Tape Core Half-Selections

1) Consider the case where X ul and X vl are supplied
current.

a) Tape core 1 is fully switched inducing read
current in X line 1.

b) Tape cores 2 and 3 are half switchéd inducing
half selections in X lines 2 & 3.

c) Tape core 4 remains unchanged.

Refer to Page
2170
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2. Consider what is happening in the array.

a. Assume full read current is supplied to
X line 1 and Y line 2.

(1) Ferrite core #8 will be switched to a "0'"',

(2) Ferrite cores #4, 12, 16, 5, 6, 7, will
be half switched.

b. Half selects will be felt on the following
ferrite cores.

(1) V half selects
(a) X line 3 - cores 2, 6, 10, 14
(b) Y line 4 - cores 13, 14, 15, 16
(2) U half selects
(a) X line 2 - cores 3, 7, 11, 15
(b) Y line 1 - cores~1,2,3,4
c. Areas where half-selects can be a problem.

) (1) Wherever a half select tape core output adds on to
a ferrite core which has half read current applied.

(a) Ferrite cores 4, 12 and 16 have half read
current applict on X line 1.

(b) Core 16 has a tape core V-half select from
Y line 4.

(c) Core 4 has a tape core U-half select from y line 1.

(2) Summarizing

(a) Cores 6 and 16 have half read current plus
V-half selects. .

(b) Cores 4 and 7 have half read current plus
U-half selects.

d. Solution to half-select problem.
(1) V-current is turned on .2 micro-seconds before

U thereby allowing V-half selects to die away
before read current is applied.
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(2) The time duration of U-half selects is .
minimized thereby allowing these to die
away before 40O mils of read current is

reached.
8. Bias Fixing Network ﬁ ; W

1. Purpose AM AS

a. Provides a const nt thru the bias winds of the
16 x 16 tape core ma.tr:l.x.

2. Basic Operation

a. Four transistors are used to supply and regulate the Refer to Page
four amps -of current to the bias winding of the tape cores. 2250

be Two emitter followers are used to isolate the current
adjustment circuit from the large base currents that
are drawn from the rog'u.atpr transistors.

3. Detailed Operation

a. The voltage divider network was designed to keep a constant
voltage across the three resistors and the pot unless
margins are applied. It was found that margins would
not predict circuit failure so mnrgins are no longer
applied to this circuit. The five zener diodes will keep
a constant =31V on the left side of the Y diode. The
voltage divider to the right of the Y diode would cause
=27V to be present below the 180~ resistor if the Y diode
was not in the circuit. The -27V on the right side of
the Y diode will cause it to conduct. When the Y diede
starts to conduct the right end ¢f the Y diode will go
to a voltage slightly more positive than -31V. The .
voltaege spreed across the pot will be about -7 to =24.T.
This pot will be adjusted for 4 amps of current thru the
bias winding. After the pot has been adjusted for
correct current thru the winding, the large capacitor
connected to the wiper arm of the pot will hold the
voltage constant when fast changes in base current of
Q6 occur.

be The two emmiter followers Q5 & Q6 are used to isolate
the large base currents of Q1 thru Q4 from the voltage
divider network. Q6 will have small base current due
to the large emitter resistor. More base current will
flow in the Q5 transistor due to the smaller emitter
resistor. Very large base current will flow in Ql
thru Q4. By changing the setting of the pot, the bias
can be changed on QL thru Qk.

September 1, 1960
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c. Q1 thru Q4 are used to adjust and regulate the 9“"0
current thru the bias winding. This current will
be held constant if the -30V power supply voltage
varies or if a current is induced into the bias
winding from the tape core switching. The power
transistors used in this circuit require a large
back bias for cutoff. In normal operation the
emitter is about -15 volts and the base is about
-19V. If the current thru the bias winding increases,
more voltage will be dropped across the 4.7
resistors. This will cause a more negative potential
to be applied to the emitters of Q1 thru Q4. This
decrease in forward bias will result in a decrease
in conduction, returning the current to the correct
value. An increase in current can be caused by
changes in the -30V supply or by a tape core
switching which will induce a current into the
bias winding.

d. Test points F3 and F7 are used when adjusting the
potentiometer for the desired current. The pot
will be adjusted for 4 volts between the test points.

ense Amplifier Model C
1. Purpose ( )

a. When a 1 is read out of the memory cores by a reversal
of their magnetization, voltages are induced in the
sense windings of the cores. The sense amplifier dis-
criminates between these signal voltages and the inherent
noise voltages and amplifies the signals. These signal
voltages are then used to condition a gate circuit which
passes a sample pulse and sets a flip-flop in the memory
buffer register.

b, The programming requirements for the AN/FSQ-7 led to
the development of a core memory plane with 2562 addresses.
Tie output of this expanded memory plane is only one-half
the amplitude of that of the 642 memory plane, with no
decrease in noise level. The model C sense amplifier was
designed to provide the additional selectivity and compact-
ness required with the 2562 core memory plane.

Basic Operation

The model C sense amplifier is a logic element which functions
as a voltage amplifier and a gate circuit. The block diagram

of the sense amplifier, page 2270, is the circuit diagram for

one difference input amplifier stage and associated mixer. Four
identical difference amplifiers are at the input, one for each of
the four sense sections in a memory plane. Each consists of two
transistors which produce an output only when a difference signal
(voltages of opposite polarity) is applied at their input.
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Cammon mode disturbances (noise pulses of equal amplitude

and polarity) cancel each other out. For a given memory.
address, only one of the four sense sections in a plane

may provide a 1 signal to an assoclated difference amplifier.
This is a pulse voltage approximately 1 usec wide at the base
and 40 to 100 millivolts (mv) in amplitude. Each amplifier

is followed by a mixer and the outputs of all four mixers

are connected in parallel into a grounded base amplifier.
Regardless of the polarity of the amplified difference signal,
the mixer supplies a negative pulse to the grounded base
amplifier, which then goes to an emitter follower. The
operation of the grounded base amplifier and emitter follower
is analogous to that of a grounded grid amplifier and a
cathode follower, respectively. The amplified 1 signal from
the emitter follower conditions a gate circuit. The conditioned
gate passes a O.l-usec sampling pulse. The final stage of
the sense amplifier is a vacuum tube pulse amplifier that
supplies the 20-volt pdwer pulse required to drive the coaxial
cable between the memory units and the memory buffer register.

Detailed Operation

a. The difference amplifiers page 2270 (QL and Q2) are
operating clags A. Before a signal is applied from the
sense winding, both transistors are operating near a
mid point between saturation and cutoff. This is made
possible by selecting the correct size components between
. =150V and £150V. The bias for @l apd Q2 will be developed
across R7 and R10. Rl and R2 ere used as termination

resistors for the sense winding. R 3 and R 6 are base current

limiting resistors. When a voltage is induced into the
sense winding due to a core switching from a one to a zero,
one end of the winding goes negative and the other goes
positive. The positive end of the winding will cause the
transistor that is connected to that end to decrease
conduction. The negative end of the winding will cause
the transistor that is comnected to that end to increase
conduction. Assume that the base of QL goes positive and
the base of Q2 goes negative. Q1 will decrease conduction
and Q2 will increase conduction. The decrease in collector
current from Q1 will cause the top of the primary of the
transformer will go negative. The increase in collector
current from Q2 will cause the bottom end of the primary
to go positive. This change in primary voltage will cause
a voltage to be induced into the secondary winding of the
transformer.

The capacitor Cl will maintain a constant voltage at the
emitters of the two transistors. The capacitor is large
enough 80 that it will not charge appreciably during the
time a signal is epplied to the transizic=s. This will
increase the-godi of e inroi% 2o g Ad20cvmcergignal
is prceent,
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Large currents in the X and Y drive lines causes
voltages to be induced into the sense winding that
are in phase at the two ends cf the sense winding.
This is called common md>de noise and can approach
10 volts in amplitude. The sense amplifier has been
designed to completely cancel this noise. When both
Ql and Q2 bases go positive at the same time, the
gain will be less than unity due to the change in
emitter voltage that follows the change in base
voltage. The capacitor Cl will not be charging or
discharging because both plates will be going positive
at the same rate. The current increase thru the
two transistors will be equal., This will cause no
voltage to be induced into the secondary winding of
the transformer. Therefore, any common mode noise
will be canceled.

b The mixer stage is biased by the clipping bias pot.
Both Q3 and will be cut off. The emitters are near
ground potential due to the conduction of Q5. When a
signal is induced into the secondary winding of the
transformer, one of the mixer transistors will be
driven further from cutoff by the positive end of the
geaardary and the other one will be driven into saturmiidn.:
by the negative end. When either Q3 or Q4 starts to conduct,
additional current flows thru the R12 resistor. This will
cause the emitter of Q5 to go negative, which will twrn Q5
off. The collector of Q5 will be a negative Bquare wave
during the time that either Q3 or Q4 are conducting.

c¢s Transistor Q6 is an emitter follower that is used to match Refer to lage
) impedance between the grounded base amplifier and the 2300
gate circuit. ‘

d. The level from the emitter follower is used to condition
the gate circuit. Before a signal is applied to the gate,
Q7 and Q8 are biased cutoff.  When a negative signal -i8 -
applied to the base of either transistors, current will
not flow thru the primary of the pulse transformer until
a negative signal is epplied to both transistor bases
at the same time. Current thru the primary of the pulse
transformer will cause a large positive pulse to be applied
to the grid of the pulse amplifier Yl.

e. The pulse amplifier is the same as that used throughout
the compute

Digit Plane Irive , P
l. Purpose D

a, The digit plane driver, model C, supplies a current pulse,
known as inh:oit current, of epproximstely 2.2 usec and
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370-430 ma to one~fourth of the digit plane windings
of a 2562 ferrite core memory plane. The inhibit
current mainteins a condition in those cores that had
contained O's readoud by opposing the write-current
pulse, thus preventing the writing of l's into these
partioular cores.

b. Four DPD's are used for each of the 33 ferrite core planes,
or a total of 132 DFD's far the 2562 manory system.

Basic Operation

a. The digit plane d#iver, model C, consists of a feedback Refer to Page 2320
amplifier, a cathode follower and a driver. The
emplifier provides the voltage swing necessary to
turn the 5998 driver en and off., The cathode follower
improves the fall time of the negative output and also
supplies the grid current required by the 5998. The
input to the amplifier is the difference between a 2.2~
usec, -30V pulse and a feedback voltage obtained from
the driver output. The cutput current amplitude can be
varied. .

b. The digit plane driver circuit operates only when an inhibit
current 18 needed to prevent the writing of a 1 into a
memory core (thus storing a 0). The inputs to the -AND
cirecuit are a 2.2-usec, -30V pulse from the inhibit gate
generator and a =30V level from the 1l side of one of the
flip-flops in the memory buffer register.

Detailed Operation

a» The input -g circuit, CRl, CR6 and R4 will keep a 41OV
level on the left end of R3 while either input is 1OV,
The grid current from V1 thru R3 will cause the grid to
be slightly more positive than ground. The charge on
ecapagitor G2 will be equal to the volthge drop acreoss-
R3 or #10V. OQurent will be flowing from =150V thru R5
and CR3 to -15V. This will clamp the plate of CR2 to
-15V. CR2 will be out off due to the 15V back bias.
The plate of V1 i8 £70V due to the near ground potential
on the grid. .

be The grid of V 2 is clamped to -215V by wvoltage divider R8
and R9. V2 will be conducting and the grid current will
be flowing thru the forwerd resistance of CR4 and CRS.
The cathodes of V2 will he slightly more positive than
vtge grids, or -212V, This is applied to the grids of

ce V3 cathodes will be at -150 when the grids are at -212V.
V3 will be cut off.
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When a negative signal is applied to both inputs

to -the - ¢ circuit, the right end of the diodes’

will go negative at an exponiental rate determined
by the size of C2 and R3. The right side of R3
will try to go to =10V due to the 10V charge on C2.
This.causes V1 to start toward cutoff, but as the
plate goes positive the change will be applied to V3
thru the cathode followers. This causes a 13V

volt positive change to be applied to the right side
of capacitor C3. This- causes the left side of the
capacitor to go positive by the same amount, The
left side of capacitor C3 was -15V prier to the time
the signal was applied.f13V added to thais will be -2V.
This is the voltage that will now be applied to the
Plate of CR-2. The cathode cannot be much more
negative than the plate, so the grid of V1 will be
near -2, This will not completely cut off Vl.

The plate voltage will now be about £140V,

The 470V change on the plate of V9 will be coupled
thru capacitor C1l to the grid of V2. The cathode of
V2 will go positive at the same rate. The positive
change on the grid of V3 will cause it to conduct.
460 ma will flow thru the cathcde resistors.

of this will flow thru the digit plane winding. The
remaining 20 ma will be grid current.

The output current can be adautedm330matomm.

When either of the two inputs to the - § goes positive,
the capacitor C2 will couple this change to the grid
of V1. As the plate goes negative, the capacitor Cl
will discharge thru the forward resistance of CRL

and CR5. Reeistors R6 and R7 equalize the voltage
acroes the diodes.

The resistors and capacitors below the schematic on
page 2320 are decoupling circuits in the different
voltage lines.

2 A 3O

September 1, 1960
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J. Summary Questions: ARxYo

1.

Diode Matrix Decoder

a. The DMD is made up of circuits.
b. The DMD conditions .

c. The input to the DMD's are from .
d, A selected output line is volts.

e. The 1A deselect FF controls the fifth line into the
- circuit fqr address line ngmber .

f. The IA deselect FF is necessary due to the
in the IA's,

Input Amplifier

a. This circuit is used as an , and

.

b. The input is from the circuit.

c. When the input to the circuit is #10 the output
is .

d. When the input to the circuit is -30 the output

is _ .
e. CR5 and CR6 are used as a path
for C3o

Switch Driver

a. The s‘witcl; driver inputs are from an and
a L]

‘b. This circuit is used to switch from one

tape core drive line to another.

c¢. The amount of current thru the SWD will be controlled
by the .
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d. One SWD supplies current to CCD's. 2 a5

e. The pulse shaping network is used to compensate for
the , of the tape core drive winding.

4. Current Regulator

a. This circuit is used to convert a pulse
to a pulse.

b. The conditioning level is supplied by the FF.
c, One SWD supplies. drive current to tape cores.

d. The Zener diode (CR509) is used to keep a constant
on V4, V5 and V6.

e. By increasing the capacitance at H5, V2A will be turned
off V2B is turned off.

f. Adding capacitance between J3 and J6 will cause the top
of the current pulse to increase at a rate.

g. The pulse slope is used to keep the current thru the
drive line

5. Tape Core Matrix

a. U currents and V currents are applied to the matrix at
different times to decrease the affects of
noise on the ferrite cores.

b. The switching of a tape core is a.ccomplished during read
time with the winding. '

c. The winding overcomes the effect of the
bias current.

d. The number of U windings was decreased from 16 to 12
to. the rise time of the current pulse.

e. One tape core that will not switch will cause
memory addresses to fail. :

6. Bias Fixing Network

a. Develones the driving force to cause current
when U and V drives are removed.

b.. The value of current delivered by the BFN is ‘amps.

c. The two emitter followers are used to the large
base current of Q1 thru Q4 from the voltage divider network.
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d. The pot is adjusted for volts from 2260
F3 to F7.

Sense Amplifier

a. This circuit is designed to " one signals from
ferrite cores.

b. This circuit amplifies a one signal from either a
or a core.

——————

c. The difference amplifiers are operating class

d. The mixer stage is sensitive to either a or
a output from the difference amplifier.

e. The mixer stage is biased by the clipping level pot to
pPrevent bits or from conditioning
the gate circuit. :

f. Q7 and Q8 make up the circuit,

Digit Plane Dirver

a. This circuit supplies ma of current to ferrite
cores in the : . direction during time.

b. The DPD prevents the writing of into ferrite cores. -
c. CR1 and CR6 are used as a circuit.

d. R8 and R9 are used to develope the voltage
for V2.

e. One DPD supplies current to sub planes.
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2562 Logic Analysis

A. -Llogic 0-2.1,4

1.

TP-0 MAR F-F Loading

a. From Address Reg. - Logic 0.4. 1 IP-0 OT gated pulse to
transfer Address Reg. to MAR #1 C/D Zones 14 thru 7.

b. From I/O Address Reg. - Logic 0. 4.1 (Zone 4E) 6GD F1-
pulse from 0. 2.3 6DD (k7) 1, (Zone 4E) TP-0 Gated by
Write FF on, or Read FF on.

c. From Program Cntr. - Logic 0. 4.1 (Zone 4-1C) gated
IP-O, PT (Zone A5) pulse into 6GEH3 out H7 to transfer
P.C. to OR circuits in Address Reg. to MAR.

TP-O + approximately . 5 microseconds - Start Memory

a. Set "V" Read Gate Generators. Logic 0.2.1.4 (Zone 11C)
67AG and (Zone 6C) 65 EG - 30 volts is thus applied to
the X and Y "V" CR's so that the SWD which was grid
conditioned by the IA will now supply X & Y "V'" current
to the CCD's.

Start Memory + . 2 microseconds.

a. Set "U" Read Gate Generators. Logic 0.2. 1.4 (Zones
11 A-C and 7C). The X and Y ""U" CR's are conditioned
as with the ""V".above, and the fully selected CCD's,
(two-one for X and one for Y),, will develop READ current
in a Ferrite core address.

Start: Mempry.nil. 9 microseconds -i''SAMPLE"
a. Eight sample pulses to sense amplifiers started by pulse

from MPD #1, Logic 0, 2. 1.4 (Zone 11A) out of Sample
Gate Generator (Zone 10C) thru progressive delays.

*b., These samples are approximately . 04 microseconds

apart are introduced into the S.A. circuitry on Logic
0. 2. 1. 6 (Left Side) where they strobe transistorized
gate tubes.

1) #1 Parity thru L3
2) #2 L4 thru L7

3) #3 L8 thru L11

4) #4 L12 thru L15
'5) #5 RS thru R3

6) #6 R4 thru R7

7) #7 R8 thru R11

8) #8 R12 thru R15

S22 70
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c. As a result of Read current, the S.A., detecting a ""1"

bit in the selected ferrite core, will set the correspond-
ing Memory Buffer FF.

Start Memory + 2 usec. - CLR Read V

a. Pulse out of MPD #1 Logic 0. 2. 1.4 (Zone 10A) to clear

Yv RGG 67 AG (Zone 11C) and 65 EG (Zone 6C).
b. .= This allows fully selected CCD to return to zero NI state.

Start Memory + 2. 4 usec. - Set Inhibit Left word

a, Pulse from 'MPD #2 Logic 0. 2. 1. 4 (Zone 9A) to DPD Se-
lection Gates (Zone 9-8C) to Inhibit Gate Generators (Zone
9-8D) as gated by Bits R14, 15 from the MAR.

Start Memory + 2. 6 usec - Set Inhibit Right Word

a. Pulse from MPD #2 to DPD Selection Gates Logic
0.2.1.4 (Zone 4-3C).

Start Memory + 2. 6 usecs - Clear Read U

a. Pulse from MPD #2 Logic 0. 2. 1. 4 (Zone 9A) to Yu R.G.G.
(Zone 11C) 67 AG, and Xu RGG (Zone 6C) 65 EG.

b. This is negative logic since setting the U RGG's causes
the removal of all selection current on the CCD's and
permits bias current to reinstate the fully selected CCD
to the quiescent state and in the process producing a
WRITE current on the coincident lines in the ferrite core
array.

Start Memory + 3.1 usec. Clear MAR (to 1's) IA deselect,

.and Sample Gate Generator

a. Logic 0.2.1.4 (Zone 9B) 65AK B1 to 65 AG & 65 AH
(Zone 14B); to 65 AM A3 (Zone 10C).

Start Memory + 4. 4 usecs - Clear Inhibit Left

a. Logic 0.2.1.4 (Zone 8A) clear inhibit left pulse to clear
inhibit gate generators (Zone 9-8D) thereby turning off
DPD's for left word, Logic 0. 2. 1.86.

Start Memory + 4.5 usecs. - Clear Inhibit Right

a. Logic 0.2.1.4 (Zone 8A) clear inhibit right pulse to clear

inhibit gate generators (Zone 4. 3D) thereby turning off
DPD's for the Right Word, Logic 0. 2. 1. 6.
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Note: . The following is the Time Sequence and Affected Logic
with Memory I not selected.

12, TP-0 - Delayed

a, Load MAR F-F's, Logic 0.4.1 - similar with cases under
Part II A except with LS of Address Register set indicating
Memory II. A pulse from Logic 0.4.1, 4 EP H7, (Zone
13B) strobes transfer gates.

b. TP-0 Set IA Deselect F-F Logic 0.2.1.5 (Zone 11E).

c. TP-0 Into Clock IV Logic 0. 2. 1. 4 (Zone 12B) and out
67AJC1 after 1.5 usec, delay.

13. TP-0+1.5

Logic 0. 2. 1. 4 (Zone 9A) - pulse into 65 AKC5 and out 65 AKB1
to Clear MAR, IA Deselect F-F, and Sample Gate Generator FF.

B. Logic 0-2.1.5 (1 & 2)
1. Familiarization

a. MAR & PCA (16A-E)

b. -AND Circuits (15A-E)

c. IA Deselect FF (14E)

d. IA's (15A-E)

e. SWD's (u & v) (12A-E) (11-6A)
f. BFN (12A)

g CR's (u& v) (13A and 5A)

Note; Jumper Bl to B2 uCR
Tilt & Padding on uCR

h. Tape core assemblies

i. Damping Resistors for SWD's, 500 ohms, located between
two bus bars close to output of SWD's on logic.

jo Pulse Shaping Network

1) u-5B
2) v -5E

k. Chokes for BFN (5D & 11A) (Physical location in center
of Unit 66)



. | 2300
Core Storage Element

1. -U8v Interlock (5E) (P.U.'s must be plugged in
to bring up D. C.

m. Explanation chart on tape core Plug Pins. (Middle
of Matrix.)

Note: Chart is for output winding connection to parity
plane. (Input shown on logic).

P. U. Pin
66 D B b D KK
Unit Panel Row @Tape <Conn. Pin
Core or Plug of Conn,.
P.Unit
Plane Pin
66 D D 1 o
Unit Panel Row Section Subplane
or Subplane Pin 0-63
of Panel L L-R

Yo R facing
panel (1)2:3:‘*)

n. Point to point wiring of CR's Charts II and III.
0. Chart I for BFN choke wiring.

P. Connectors between Unit 65 (SWD's) and Unit

66 are
shown on Page 1820. (Mounted on top of Unit 66)

C. Logic 0.2,1.6

1.

2.

s

a. BHample Delays

be Left Word Chart

ce. Right Word Chart

d. Input from Array

e. Output to MEM Buffer

DFD's

8o Inputs from IGG's

b Each PU has two DFD's
ce Explain Charts

d. Output to Array
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Logic 0.2.1.7

1. Sheet #1 used for determining X and Y drive line
connections to specific planes as well as sense winding
output connections.

2. Sheet #2 used for determining CCD plane a.nd termination
resistor locations within the 256é

Sumary Questions:

1. GT2, 65 AH Logic 0=2.1.4. C 5 will not pass a pulse. How
many memory addresses will fail if all zeros are written into
and read from memory?

2, 65BUGL 0-2.1.5. EM4 is open., Which addresses cannot be
selacted in memory?

3. List the P.U. pins where the drive liﬁes ieave the tape
core matrices for each of the following addresses:

a. 0,00137
b. 1.04160
Co 107631"1
a. - 0.73155
(-1 O. ‘I»2032

b. Output winding of the Tape Core for Xy = 1110 and Xv & 0010 is open.
After the following program halts, whd.t are the contents of the accumlator?

1,23454 CAD | 1.23455
1.23455 ADD 1.23456
1.23456 ADD ] 1.23457
1.23457 HLT 1.23460

A. 0.00000 1,72616
Be 0.03100 1.72616
C. 0,00000 0,00000
D. 0.02100 0.47136
E, 0.01040 1.23456
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xxI. 2562 Memory Diagnostic Techniques

A,

Te

2e

3.

" Intror.uction

The 2562 memory is %arger and more complex than its .
predecessor, the 64< memory. Because of these considera-
tions a malfunction, when it occurs, requires a more
constructive approach to effectively isolate the malfunction.

An important prerequisite for effective 2562 memory

maintenance is knowledge of the equipment's operatiohal

characteristics. In this respect it differs little from
the basic maintenance requirements for any piece of
electronic gear, however, it cannot be too strongly
emphasized with regard to this equipment. It will be
assumed, throughout this section, that the reader is
thoroughly familiar with the theory of operation, including
the logic, and individual circuit characteristics. Margins
and the effect of these margins on the applicable circuits
and on the overall system are analyzed in this section.

As with other areas of the. Central Computer, the initial
approach to 256< memory maintenance is with mairtenance

rrogrens. The program, CKA BIG MEM 01, developed for the
256< memory, differs from others in that it provides error
indications in a form that lends itself readily to a more
complete evaluation of the trouble area. The method
employed for this process is data reduction, which is a
compact printout designed to show the number gf errors
encountered in the pertinent areas of the 256< memory

while running the various program test routines such as 1's

and 0's diserimination, addressing, checkerboard, etc. From

this information an interpretation is possible that permits

the nalfunction to be isolated to a specific area of the
equipmente Thereafter, conventional maintenance techniques
should suffice in correcting the deficiency.

NOTE

Data reduction is favored over straight line print
for most diagnostic procedures because of the time
factor involved., This is due to the fact that to
indicate the maximun of ‘200,C204 errors with a
straight lire print using the 1§0 line-per-minute
printer would require irn excess of 7 hours. Data
reduction, by comparison, prints 200,00g errors in
less than 4 minutes. For a small number of errors
the program does permit, through the proper selection
of SEI'SE switches, use of either straight line or
data reduction print, Refer to the program writeup
for details.
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The diagnostic philosophy for the 2562 memory, therefore,
entails a thorough knowledge of the equipment's operation

"in order to best interpret the results obtained with

data reduction, as the two are inseparable. In addition,
the program CKA BIG MEM 1 must be completely understood

so that the tests and options provided therein can be

used to the greatest advantage in achieving the flexibility
desired for evaluating and tracking down any particular
malfunction indication. This latter fact is so important
that the program tests and options are individually
analyzed in this section.

B. CKA BIG MEM 1 Explanation

1.

2.

3.

This program was designed to be a Reliability. Marginal
and tuning program for the 2562 memory.

Program Loading Using Big Memory

a. Place the MEMORY NORMAL-REVERSE switch in the NORMAL
position.

b. Place the M.C. System in CALCULATOR mode.

c. Place a DCS printer board into the line printer.
d. Place BPFX 2,00000 into the A switches (1.05100 0.00000),
e. Place the TEST MEMORY switch to ASSIGNED.

i ‘Place the program deck into the card reader hopper.

The deck consists of 203 cards (000-202) not counting
the MC data cards.

8. Depress the MASTER RESET and LOAD FROM CARD READER push
buttons.

Program lLoading Using Little Memory

a. Repeat steps &, b, ¢ and 4 above.

b. Place TEST MEMORY switch to UNASSIGNED.
.co Place the BIG MEMORY TEST MEMORY plugboard into TEST

MEMORY .

d. Remove the first card from the program deck and place the
deck into the card reader hopper.

€. Depress the MASTER RESET and START FROM TEST MEMORY push
buttons.

f. Place TEST MEMORY to ASSIGNED after the deck has started
to load.
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Note: In both cases above the normal reverse switch
" 48 in the Normal position. The BIG MEMORY
plugboard will load the program into little memory.

4, Program Modes
B¢ m A

1) Complete Reliability Rum of the progrem thru
all test routines.

2) 'This Mode is selected by loading all B switches
in the "0" position.

3) Continuous running of the program will be indicated
by the stepping of the Right Test Register which
is used as a pass counter. The time for one pass
thru the program is 2 minmutes.

4)" The program has no error HLT's.

5) Less than 10 errors will be printed in straight
line print. More than 10 errors will use date
reduction.

b. Mode B

1) Non-Marginal Check run of the program with selected
test routines,

2) At least one of the Right B switclies from R2 thru
R15 must be in the one position. I8 and Ll must
both be in the zero position.

Instead of the program running thru the entire program
as in Mode A, oﬂ.ytbeﬁou:tineselactedbytheRightB
switches will be run.

(&Y
~-

k) The type of error print will be selected with the
sense switches.

a Bypass all errors 88 3 ACTIVE

‘b S8traight line print 88 1 ACTIVE

c Data reduction 88 2 ACTIVE

a least error print No SENSE Switches
Less than 10 Straight line print
10 or more Data reduction

5) Individual subplanes can be. selected. with 111 thru
L15 B switches.
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a) To test all subplanes, place B switch
111 = 0,

b) To test selected subplanes, place B switch
L1l = 1 and select the subplane with B
switches L12-L15 as follows:

EXAMPLE ; 111 112 L 1k 115
aum—'u—r——c—ai 0 0
SUBPL 1 1 0 0] 0 1
SUBPL 2 1 0 0 1 0
- * * * * * *
SUBPL 17 1 1 1 1l 1l

6) If the program runs successfully and data reduction
is ‘selected, the program will cause a success
printout.

7) Prior to running margins the program will make
one reliability pass through every test routine.
If any errors are encountered the appropriate error
printout will be obtained.

a) No Bense Switch-Least Exrror
b; Bense Bwitch 1 ~ Straight Line Print
Sense Switch 2 = Data Reduction

Note After the error printaut the following lines
' will print: "Reliability Pass ronled Auto
Margins Should Not Be Run".

8) The M. C. System must be plp.cedinCaJ.qu.atornodz
prior to running margins. :

9) Error Indications

a) Printout of the MC word causing the failure, -
along with the number of the routine failing,
upder INFO.

b) If the failure was caused by bad parity, under
INFO will be "O.TT7T7OL" for Test No. 1, etc. for
the other test.

c) = LEASBT-ERROR printout of information failures for
: the first routine that fails if running to prescribed.
Ce Mode C
1) In this mode, all memory margins are tested. Margins
may be mn to scribed, failure, or failure-minus-
one. No test routines may be selected.
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2)

3)

k)

5)

1)

2)

Core Storage Element

This Mode is selected by setting 1S of the B
switches to a 1. All other B switches must
be in the zero position. Place MC data caxrds
in the reader. ’

Three different types of margins may be

selected.
a) SS I ACTIVE Run prescribed margins
b) 88 3 ACTIVE Run failure-minus-one

v margins (FMD)
c) 883 &4 ACTIVE Run to failure

A successful printout will be determined by the
type of margin selected.

Running to: Buccess Indication
ag Prescribed No Printout
b») FWD TOK" printed for lines that
fail at FMO
¢) Failure "OK" printed for lines that fail

a.‘:f;ove prescribed

The time required to run the program will be
determined by the type of qlnrg:l.n selected,

Prescribed - 18 minutes; m - 18 minutes; Failure -
25 minutes. ;
This mode allows runningbf selected margind with
selected error printouts. Margins may be run to
prescribed, failure or failure minus one. No test
routines may be selected. '

This mode is selected by first leaving IS of the
B switches cleared and insexrting the "Ident" nmumber
of the desired marginal check line in R8 thru R15
of the B switches. After the MC System is placed in

232¢0



2370

Core Storage Element

3) Three different types of margins may be run.

a 88 1 ACTIVE Run prescribed margins
b 88 3 ACTIVE Run failure-minus-one
margins (FMD)

c) B85 3 &k ACTIVE Run to failure
4) Types of error print selections:

All Sense Switches OFF Lasest-Error printout
Sense Switch #l Active Straight-Line printout
Sense Switch #2 Active Data Reduction printout
aa" v " Least~Exrror "
only " " #4384 " No info error "

o0 OP

5) A successful margin will be indicated by an "OK"
' printout or no "Fail" printout.

(-1 Mode E

1) This mode provides tuning routines for scoping and
fine tuning of memory. No test routines may be
selected. -

2) 'This mode is selected by Ll of the B switches and
any other B switch from L2 thru L15 to select the
desired tuning routine.

Note: If more than one B switch from 12 thru 115
are ones, the tuning will be selected by the
switch nearest Ll.

5. Program Test Routines

a, There are many weaknesses to serial type equipment such as
a memory device. This means to properly test this equipment,
many different stringent type conditions must be put on
this equipment to insure that it is functioning properly.
Bome of these more stringent tests, however, are not
advantagedus for trouble shooting’basic catastrophic
type troubles. For this type, we have basic tests such
a8: Ones discrimination, Zeroes discrimination, and
addressing. Once these basic type test are running
properly we approach the more stringent type test.

Some of these utilize several stringent applications
such as, pattern and frequency, to provide a more
effective test and to hold the number of tests to a
minimm. Some of the conditions that must be tested in
the 2562 memory are as follows: '

1; The ability for each core to read a one-fnes disch
2) The ability for each core to read a zero{zeros disgs
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3)
L)

5)

6)

7)
8)

9)

10)
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The ability for each eddress to be properly
selected-addressings

The ability to contimwously read from a
particular address at a 6 u s rate - Regular
and Inverted checkerboard beat test.

The ability to send successive addresses at a
6 u 8 rate in a burst type condition with a
stringent pattern - Regular and Inverted maximum
voltage test.

The ability to read successive addresses at a
6 u 8 rate in a burst type condition with a

' stringent alternate pattern - Regular and Inverted

maximm voltage elternate pattern,

The ability to read stringent patterns that create
noise on the sense amplifiers -~ test 12 and 13.
The ability to perform I/0 Memory cycles and
computer memory cycles with differences in start
memory timings - I/O Compatibility.

The ability to perform test under the most stringent

patterns such as the worst pattern.

The ability to perform test which create core
history such as Test 6 through 1ll.

Test Routine 1 - Ones Discrimination

1)

2)
3)
k)
5)
6)

7)

This tests the memory's ability to read Ones from
each core. This is done by writing Ones into each
address and then attempting to read Ones back from
each address., ) '
Records all errors.

Useful for isolating failures.

@m 8A's for dropping bits

Checks DPD's for continuous conduction.

Does not prove address selection system is
functioning correctly.

Does not check parity,

Test Routine 2 - Zeros Discrimination

FWPH

2380

This is similar to Test No. 1 except it tests for zeros.

Checks DFD for non-conduction.
Checks SAs for continuous conduction.
Will run successfully with memory units power off.
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de Test Routine 3 = Addressing

(1) This routine places a constant equal to the
address in both left and right half memory words.

(2) This may be the only test routine that fails when
an addressing malfunction is present.

(3) Address 0.00000 does not fail if power goes down.
e. Test Routine 4 - Regular Checkerboard Begt Test

(1). This Test loads the regular checkerboard pattern
into memory and then locks the I/0 ADR CTR on to
each address and writes 40g words into the I/0 reg.
After each address is treated inh this manner, the
program then checks the contents of memory for
information failures.

(2) The regular checkerboard pattern puts all ocnes into
each address that is made up of positive cores and
zeros into each address that is made up of negative
cores. Positive or Negative cores are identical
except that they induce a different nolarity voltage

, into the sense winding vhen they are switched irom a
one to a zero. All of the cores in one address will
be the same polarity.

(3) The primary cause of failure is the repctitive
selection of the same address rather than the use
of the checkerboard pattern. This pattern will
cause some failures that would not be detected
by all ones or all zeros due to the lack of
cancellation between .half. select noises in the
checkerboard, ’

fo. Test Routine 5 = Inverted Checkerboard Becat Test

(1) same as test 4 except the positive cores are loaded
with zeros and the negative cores are loaded with ones,

g. Test Routine 6 = Regular Checkerboard laximum Voltage Test

(1) This test loads the checkerboard pattern into the
subplanes in such a manner as to create a maximum
voltage across the sense windings. Prior to loading
this pattern the memory is cleared at a 6 usec rate,
tuice to create stringent conditions upon the memory.
Cnce the pattern is loaded the memory contents are
written into the I/0 REG at a 6 usec rote. The test,
then senses for a memory parity .error. If it senses one,
it then checks the contents of memory for an error. If
there is no memory parity, it assumes no error.
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2) This pattern is loaded in such a manner to
cause a maximm voltage to be induced into a
gense winding. The SA's must recover before
the next address is selected or a zero may be
read as a one,

Test Routine 7 - Inverted Checkerboard Voltage Test.

1) 'This is the same as Test Routine 6 except the
maximm voltage is in the opposite direction.

Test Routines 10 & 11 - Maximm Voltage Alternate Checker-

‘board Regular.

1) This test is identical to Tests 6 & T except the
way in vhich voltege is developed across the
sense windings. This test is designed to check
for cross-talk between planes.

Test Routines 12 & 13 - Regular and Inverted Checkerboard
lhxim Voltage Parity Test. :

1) !Iheu tests are of similar| tanct:lon a8 Test No. 6
and 7. However, it tests for meximm voltage of
the parity bit. In doing to, it utilizes such a
word make up as to test for noise on the sense
-amplifier ground bus and cincentrate on bit positions
L7, 18 and R7, R8 to pick {p the'noise.

~Note: These BA's seem to e more sensitive to noise
than any others. Thprefore, the test pattern
used in this routing was chosen so as to
irritate this eond.:l; _‘.I;on. The tendeney is to.'
pick bits. P

Test Routine 1k - I/0 cmatibﬂity y

1) This test interleaves I/0 a.nd computer memory cycles
at a 6 u 8 rate to test the difference in start
memory cycles (OT & BO) effects on memory operation.
This test is antomqtica.'l.‘l.y bypaued if main drums are
in MANUAL TEST.

Test Routine 15 - Worst Pattern Weak Ones Test.

1) This test, by utilizing checkerboerd pattern, and
disturbing cores in a logical sequence, causes the
addition of the cores outputs along a selected line
to subtract from that of the fully selected core,
causing a weak One. This tests the weakest and
sometines 'lghe earliest peaking cores.

2400
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Test Routine 16 - Worst Pattern Fast Pass

1) This test is the same as test 15 except only a
portion of memory is checked.

Tuning Routines

b.

d.

‘£,

8e

The tuning options have been desizned primarily

to be used as an aid in tuning memory. Their use

should not be limited to tuning, however, they

can be very useful in scoping and isolating malfunctions.

To select any of these routines Ll of the B switches
mst contain’'a 1.

Start Memory Timings (BSw. L2)

1) Belects memory for the five different types of
memory cycles. (PT, OTA, OTB, BO and BI

" 2) Used to set memory end MAR timings,

Diagonal of Array (B Sw. L3)

1) This routine provides read/write current on every

X and Y line on the array. This is done by full
storing 1.7TT77, along & diagonal in the array.

2) Provides read/write current to every drive line.

3) Used for scoping read/write waveforms.

Diagenal of Tape Cores (B Sw. L)

1) ‘This routine selects tape cores in each tape core
matrix along a diasgonal. The routine uses a series
of FAT instructions. 1.TTTIT, lTTTTT is stored in
each memory address selected.

2) Used for scoping SWD and IA outputs.

Scope Any Address (B Sw. L5)

1) Reads 1's from the 1/0 register into the address
specified by the right B switches. )

Read-Write current (B 8w. L6)

1) This routine pulses three selected addresses
80 that the Read/Write currents and the half
select noise from u and v can all be seen on one
drive line from the tape core matrix,
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DPD Adjustment (B Sw. L7)

1)

2)

3)

This routine loads memory with all 1's. The

entire memory is then written into the IO

‘register 16 times. Memory is then reloaded

and the process repeated as long as B switch
L-7 remains down.

To adjust a DFD, the SA input is shorted (across
input ce.pacitor5. This will place O's in one
Sense Section in one plane during the read in
cycle of the program. This will give a clean
inhibit current waveform for the four DFD's
associated with one plane. To adjust the next
plane, move the shorting lead.

This routine is also useful in scoping the SA
test point while writing ls into the IO '
register from every memory location. This shows
the 8A test point with a sample and a 1 waveform.

8A Adjust With Scope (B Sw. 18)

1)
2)

3)

This routine reads 1.77T77, l.TT777 into address
16140 from the IO register at a 6-usec rate.

Shows a "1" platform without a sample pulse at the
8A test point.

Used for adjusting the width of the "1" output using
the clipping level.

S8A Adjust by Ear Zeros (B 8w L9)

1)

This tests the memory's ability to read ZERQES,

at a 8ix microsecond rate and with a negative
margin applied to £90 B3, without picking ONES.

If a bit failure occurs it will be displayed in the
LIVE TEST register and an sudible tone will be heard

from the Duplex Maintenance Console speaker.,

Note: To check all bits - A switches -- BFX 2,00000
0.00000 0.00000

L.TITTT LTTTTT

To check individusl bits = Clear the A switches and
then select that bit in the same switches.

BA Adjust By Ear Ones (B Sw L10)

1)

This is identical to the 19 selection except that it
checks for ONES dropping. This routine should run
successfully with e #25V margin on the £90 B3 line,
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8A Adjust By Ear Parity (B 8w Lll)

1) Thi$ doutine should only be run when routines L9
-and L10 have been brought up to a desired margin.
The error indication for this bit is an audible
tone vhich may ocour with a positive or negative
margin applied to £90 B3 line,

CR Adjust By Ear (B 8w L12)

1) This routine reads ONES and ZEROES from memory and
causes an audible beep if bits are picked or
dropped. This routine is used in conjunction with
the tuning procedures utilizing margins - 150 Cl234
on the CR's.

Automatic Margins to Failure (B Sw Ll13)

1) This routine will automatically run margins to failure
with selected routines on f£90 B3 SA - and -90 B3 8A -
and £150 routines on 90 B3 and - excursions, and
=150 C1234f and - excursions. One line of octal print
can be obtained on each excursion failure by depressing
SERSE switch 1. The option of running just B3, C123k4,
or both is as follows: ’

113 ON - Automatic margins to failure - B3
and C123L
113 & L1k ON - Automatic margins to failure - B3
113 & 115 ON - Automatic margins to failure - Cl23k
Data Reduction

b.

Ce

d.

" Is used to provide the operator with a complete and compact
picture of the error pattern occurring in the 2562 memory.
This is not a diegnostic printout, in the sense that it
points to the exact pluggeble unit that is faulty, but is an
attempt to give the operator as complete of a picture as
possible of the errors encountered so that he can decide
vhich unit is at fault. Utilizing common sense and logical
deductions, this feature can be used as a vital tool in

maintaining the 2562 memory.

This feature compiles 200000 errors in approximately L
minutes in contrest to eight to nine hours to print each
error separately as in a straight line print.

It displays this reduction of errors in a readsble form.

Each error is broken down into the following categories and
stored until the selected routine is finished.

13 BITS PICKED or dropped.
2 Address - into appropriate switch drivers.
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'3 Subplanes
k) Inhibit regions
e. When the routine is finished it accumilates all the
stored information and prints this out in a readable
- form (Data Reduction format).

fBT N0 (Note 1) ’ Total Mumber of Errors (Note 2)

“wps W W XV XU BIT DROP LE PICK DROP KH PICK
b 8
0ol 1
2 2
é (No1= 3) g ‘ (RoT® &)
10 Z
é 9
10
3 n
4 12
E ﬁ
7 15
TRHIBIT REG 3 -B «C -D -A
bEEr REG 2 A -B -C -D
(nozE 5)
\HIBIT REG 1 -D -A -B -C
farerr K 0 -C <D -A -B

GEND

"Note 1  An octal mmber will be printed here that is indicative of the test
routing ‘bommatthetm‘ottd.lm.

Rote 2 An octal mmber will be printed here that is indicative of tlhie
cumlative total of errors depicted in the individual inhibit regions
shown at the bottom of the form. The errors represent address
failures not bit failures. '

Note 3 The information in this area for the individual Yv, Yu, Xv, and Xu
8WD selections reflects the errors counted, in octal notation, on the
wvidml!andxdrivennuotthomymthatutmum
applicable SWD line selections.
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Note 4  The information in this area represents the result of examining the
left and right half-word digit planes for dropping and picking l's.
If either is present, the total number is depicted, on octal notatien,
in the appropriate column adjacent to the affected bit.

Note 5 The information in this area reflects a running count, in octal notation,
of the mmber of errors in each subplene. Since the f x 4 configuration
of subplanes for each digit plane is identified by inhibit region and sense
section in the arrangement shown, the resultant printout information
establishes a logicel pattern for analyzing failures pecuyliar to DFD and
SA cucuitryo

f. Typical Data Reduction Printout

TEST NO. 1 TOTAL NUMBER OF ERRORS - 40000
SWDS v YU BIT DROP IH PICK DROP RH PICK
00 2000 2000 2000 2000 8- 0 0 0 0
0ol 2000 2000 2000 2000 1 0 0 0 0
02 2000 2000 2000 2000 2 0 0 0 0
03 2000 2000 2000 2000 3 0 0 0 0
ol 2000 2000 2000 2000 &4 0 0 0 0
05 2000 2000 2000 2000 5 0 0 o} 0
06 2000 2000 2000 2000 6 0 0 0 0
o7 2000 2000 2000 2000 7 0 0 0 0
10 2000 2000 2000 2000 8 0 0 0 0
n 2000 2000 2000 2000 9 0 o} 0 o
12 2000 2000 2000 2000 10 0 0 0 0
13 2000 2000 2000 2000 11 0 0 0 0
11 2000 2000 2000- 2000. 12 0 0 0 0
15 2000 2000 2000 2000 13 0 0 40000 0
16 2000 2000 2000 2000 1k 0 0 0 0
17 2000 2000 2000 2000 15 0 0 0 0
NN NN KNI NI H DI NN Mo NHNH D NI NN
INHIBIT REG 3 0-B 0=C 10000=D 0=A
INHIBIT REG 2 0-A 0-B 0-C 10000-D
INHIBIT REG 1 10000-D 0-A v-B 0-C
INHIBIT REG O 0-C 10000-D O-A 0-B

l) 1In this example, a 1l's test (Test No. 1) has been
run that produces 40,000 errors. Exemination of
area 1 reveals there:.are 2,000 errors indicated
for each u and-v'selection line. There is nothing
significently different here since the errors are
common, however, in area 2 there are 40,000 dropped.
1's indicated for digit plane R13 whereas the
rerpeining diglt plancs. ghow . er>ois-of.any kind.,
In area 3-thert"are 10,000 errors indicated for each
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of the subplanes in sense section D; all other
sense sections are unaffected. From the foregoing,
the significant differences are found in both

area 2 and ares 3. Analyzation of this information
shows that 40,000 1's from digit plane R13 are
being dropped. Usually this type of trouble is
associated with the SA, however, if the SA for

R13 was inoperative it would be impossible to read
out any 1l's thereby producing 200,000 errors.
Area 3 supplies the answer since the problem :I.s
further isolated to the four subplanes (10,000

errors apiece) incorporating the sense section D
winding. Since a single sense section represents
one of four inputs to & SA, the most likely d.ia@osis
for this malfunction would be a loss of sense
section D input to the SA for R13. Actually the
trouble was induced by shorting out the capacitor
on the sense section D input to the 8A for R13.

2) The common 2,000 error indication noted in area 1
reflects the mmber of errors counted on the memory
array Y and X drive lines 'hhat are selected by the
applicable u and v lines. All the u and v selections
are involved because the four affected subplanes
(1, &, 13, 16) in R13 are in separate locations in
each of the four inhibit regions, therefore, one

example should suffice in explaining the 2,000 error count

for all lines. Consider Yuy = 06; this selection drives
20Y-0dd drive lines in aubpiane 13 (as well as 12,

11 and 10). Since these Y drives in the affected
subplane 13 are intersected by 100 X-drive lines the
maximum number of errors is! 12,000 (100 x 20). This
amount is then reflected on'the applicable selection
line Yu = 06,

Ts Straight Line Print

b.

This option is especially usefu.l Fhen only a few errors.
are encountered. In order to determine which info
pattern is being used it is necessary to be familiar with
the selected test being run. '

Utilizing the Straight Line print in conjunction with

data reduction can be especially useful in the case where
there are two shorted drive lines or a weak drive line.
This is because of the ocquad-address printout which can

be readily interpreted into the exact X or Y lines effected.
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C. Data Reduction Printout Analysis
1. The following examples of induced failure print-
outs should be analyzed for the failing circuit

before the analysis portion is read.

2. The Logic Diagram on Page290¢ should be used
as an aid in analyzing the printouts.

DATA REDUCTION PRINTOUT, EXAMPLE #1

Test No. 1 TOTAL NUMBER OF ERRORS - 200000

SWDS YV YU XV XU  BIT DROP LH PICK  DROP RH PICK

00 10000~ 10000 10000 10000 S- © 0 0 o0

01 10000 10000 10000 10000 1 O 0 0 o0

02 10000 10000 10000 10000 2 O 0 . 0 0

03 10000 10000 10000 10000 3 O 0 0 0

04 10000 10000 10000 10000 4 O 0 0 0

05 10000 10000 10000 10000 5 O 0 0 o

06 10000 10000 10000 10000 6 O 0 0o o

07 10000 10000 10000 10000 7 O 0 00 0

10 10000 10000 10000 10000 8 O 0 200000 O

11 10000 10000 10000 10000 9 O 0 200000 O

12 10000 10000 10000 10000 10 O 0 200000 O

13 10000 10000 10000 10000 11 O 0 200000 O

14 10000 10000 10000 10000 12 O 0 200000 O

15 10000 10000 10000 10000 13 0O 0 200000 O

16 10000 10000 10000 10000 14 O 0 200000 O

17 10000 10000 10000 10000 15 O 0 200000 O

a5 af¢ ok ok ajc afc afe aje e e e 2k afe e 2 2 35 2 25 2 2 3k 3k 2k e e 3 2 e 3je 25 3k 4¢3 2k e e S 2k 2 3§ 3 2§ 3k 24 25 2 e 2 2k 2k 24 25 35 3 3k e 2 e 2 3 2k 3¢ 35 e 3k 5 3 e e ke e e e e s e
INHIBIT REG 3 10000-B 10000-C 10000-D 10000-A
INHIBIT REG 2 10000-A 10000-B 10000-C 10000-D
INHIBIT REG 1 10000-D 10000-A 10000-B 10000-C
INHIBIT REG 0 10000-C 10000-D 10000-A 10000-B

Test No. 2 SUCCESS
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Identify the test(s) causing the errors.

For this particular malfupction two tests were run; test 1, (1's dis-
crimination) caused 200, 000 errors; whereas test 2 (0's discrimina-
tion), produced no errors and printed success.

Evaluate the three areas for significant differences.

Area ] - uniform errors (each 10, 000), not significant

Area 2 - 200,000 errors for each of the digit planes R8-R15. This is
significant because it.is not a uniform indication affecting
all planes.

Area 3 - uniform errors (each 10, 000), not significant.

Interpret the significant indications
Droppage of 200,000 1's means every location of digit planes
R8-R15 is affected.

Diagnose the probable trouble

Usually 200, 000 dropped 1's in a plane indicates a defective SA,
however, since there are eight planes involved, it is unlikely that the
eight associated SA's are inoperative. A missing sample pulse will
give the same indication as a bad SA. Since there are eight sample
times in the 2562 memory, examine the delay taps for the one which
would affect the subject plane3s. Examination revealed the sample
tap for planes R8-R15 had been removed. '

Remarks

The common 10, 000 errors in area 1 reflect the number of errors counted on

the memory array Y and X drive:lines that are selected by the applicable u and
For example, consider Yu = 05; this selection drives 20Y-o0dd drive
lines through subplanes 7,6,5, and 4. The intersection of these Y drives with
the 100 X-drive lines in each of the four subplanes results in 2,000 (20 x 100)
‘errors per subplane or a total of 10,000 (4 x 2,000) errors for the four subplanes.
Test number 2 printed success because in a 0's test, 0's cannot be dropped.

2430



Core Storage Element 2490

DATA REDUCTION PRINTOUT, EXAMPLE #2

TEST NO. 2 TOTAL NUMBER OF ERRORS - 200000

SWDS YV YU YV YU BIT DROP LH PICK DROP RH PICK
00 10000 10000 10000 10000 S- 0 200000 0 0
01 10000 10000 10000 10000 1 0 200000 0 0
02 10000 10000 10000 10000 2 0 200000 0 0
03 10000 10000 10000 10000 3 0 200000 0 0
04 10000 10000 10000 10000 4 0 200000 0 0
05 10000 10000 10000 10000 5 0 200000 0 0
06 10000 10000 10000 10000 6 0 200000 0 0
07 10000 10000 10000 10000 7 0 200000 0 0
10 . 10000 10000 10000 10000 8 0 200000 0 0
11 10000 10000 10000 10000 9 0. 200000 0 0
12 10000 10000 10000 10000 10 0 200000 0 0
13 10000 10000 10000 10000 11 0 200000 0 0
14 10000 10000 10000 10000 12 0 200000 0 0
15 10000 10000 10000 10000 13 0 200000 0 0
16 10000 10000 10000 10000 14 0 200000 0 0
17 10000 10000 10000 -10000 15 0 200000 O 0

393 o5 af af e o 2 o 3 af e e e e 2 3 ke e 2 e o o e ke e 2 3 2 3 e e e e 3 e e 2 o s s afe o e e 3 o 3 af e o o af e e 2 o 3 3 afe e oe 2 3 ae o o ok ke

INHIBIT REG 3 10000-B 10000-C 10000-D 10000-A

INHIBIT REG 2 10000-A 10000-B 10000-C 10000-D
INHIBIT REG 1 IOOQb-D 10000-A 10000-B 10000-C

INHIBIT REG 0 10000-C 10000-D 10000-A 10000-B-



<500

Core Storage Element

1. Identify the test(s) causing the errors
For this particular malfunction two tests were run; test 1 printed
success, however, test 2 caused 200,000 errors.

2. Evaluate the three areas for significant differences.

Area 1 - uniform errors (each 10,000), not significant.

Area 2 - 200,000 errors for each digit plane in the entire left-
hand word (LHW). This is significant because the right-
hand work (RHW) is not affected similarly.

Area 3 - uniform errors (each 10, 000), not significant.

3. Interpret the significant indications.
The malfunction is detected on a 0's test whereby the entire 200, 000
locations on each digit plane'in the LHW cobntain 1's instead of 0's.

4. Diagnose the probable trouble. _
Picked bits usually indicates the absence af inhibit current. The 2562
memory requires four DPD's per plane to ‘generate the inhibit current
for each of the four inhibit regions, there ore, for the 16 planes af-
fected there are 64 DPD's. The DPD's a.re eliminated as the possible
‘cause since the quantity involved, makes it more likely to be a mal-
function that is common to all of them. This could be either the LHW
inhibit gate generators or the DPD select#on gates, however, since
there are four each it is unlikely that a gipup of four would be de-
fective at the same time. A loss of the spt-inhibit- LHW pulse from
the clock, however, would affect all DPD’ election gates. Examination
revealed that this clock pulse had been reﬁnoved

Remarks —

Refer to remarks for the previous example, Moer 1, it is also applicable
to indication in area 1 here. Test 1 (1's test) pr inted success because this
malfunction affects 0's only.
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Core Storage Element

DATA REDUCTION PRINTOUT, EXAMPLE 3

TEST NO. 2 TOTAL NUMBER OF ERRORS - 40000

SWDS YV YU XV XU BIT DROF LH PICK DROP RH PICK

00 2000 2000 2000 .° O s- 0 0 o0 0
01 2000 2000 2000 10000 1} 0 0o o0 0
02 2000 2000 2000 0o 2 0 c o 0
03 2000 2000 2000 0o 3 0 o o0 0
04 2000 2000 2000 0 4 0 0o o0 0
05 2000 2000 2000 .- 10000 5 0 0o o 0
06 2000 2000 2000 0 6 0 o o 0
07 2000 2000 2000 0o 7 0 o 0 0
10 2000 2000 2000 0o 8 0 o o0 0
11 2000 2000 2000 10000 9 0 0, 0 0
12 2000 2000 2000 0 10 0 o o 0
13 2000 . 2000 2000 0 11 0 o o0 0
14 2000 2000 2000 0 12 0 0o o0 0
15 2000 2000 2000 10000 13 0 o o0 0
16 2000 2000 2000 0 14 0 o o0 0
17 2000 2000 2000 0 15 0 40000 O 0

3 e e b 28 o ae e e i 3 2 e e o 3 3 ae e ek s e e e 3 3 e ae o ke ke o ae e e e 3 o o o e b a3 e 2 0 23 2 o e e 2 b ok o 3 e e ke o o oe oo e ok ok

INHIBIT REG 3 0-B 0-C 0-D 0-A
INHIBIT REG 2 0-A 0-B 0-C 0-D
INHIBIT REG 1 10000-D 10000-A 10000-B 10000-C

INHIBIT REG 0 0-C 0-D 0-A 0-B



Core Storage Element

2520

ANALYSIS

Identify the test(s) causing the errors.
For this malfunction two tests were run; test 1 printed success,
however, test 2 caused 40, 000 errors.

Evaluate the three areas for significant differences.

Area 1 - 10,000 errors for Xu = 01, 05, 11 and 15; this is significant
gsince all other Xu selections contain no errors,

Area 2 - 40,000 errors for digit plane L15; this is significant since
all other planes are errorless.

Area 3 - 10,000 errors in each subplane of inhibit region 1; this is
significant because all the other inhibit regions show no
errors. '

Interpret the significant indications

The malfunction is detected by a 0's test whereby 40,000 locatxona on
digit plane L15 are shown to contain 1's instead of 0's. The significant
indications in area 1 and area 3 isolate the 40, 000 errors on plane L15
to the four subplanes (each with 10,000 errors) comprising inhibit
region 1.

~ Diagnose the probable trouble

Picked bits usually indicate the absence of inhibit current. Since the
symptoms are isolated to one inhibit region in one specific digit plane,
the most likely source of trouble is the applicable DPD. Examination
revealed that the L15 DPD for inhibit region 1 was defective.

Remarks

The Xu = 01, 05, 11 and 15 represent the selection lines for the 100 X-drive lines
in inhibit region 1, therefore, each reflects the maximum of 10,000 errors. The
other Xu lines show no errors because they select the X-drive lines in the re-.
maining three inhibit regions which were unaffected. The errors shown for each
of the Yv, Yu, and Xv represent the intersection of the 20 memory array drive
lines each selects with the affected 100 X-drive lines in the subplanes of inhibit
region 1. As a result there are 2y 000 errors (20 x 100) reflected on these lines
in area 1. -

1

\
bl



TEST NO. 1
SWDS YV
00 20
0l 20
02 20
03 20
04 20
05 20
06 20
07 20
10 20
11 20
12 20
13 20
14 20
15 20
16 20
17 20

INHIBIT REG 3

INHIBIT REG 2

INHIBIT REG 1

INHIBIT REG 0

OCQUAD YV YU XV
OCQUAD YV YU XV

773
772
771
770
763
762
761
760
753
752
751
750
. 743
742
741
740
733

411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411
411

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

16

Core Storage Element

DATA REDUCTION PRINTOUT, EXAMPLE 4

L5 30

Presentation Notes

DROP LH PICK

OO0 O0OO0OO0OO0OO0O0OOCOO0OOO OO

0

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

TOTAL NUMBER OF ERRORS - 400
YU XV XU BIT DROP LH PICK
20 .0 0 S- 400 0 400
20 0 0 1 400 0 400
20 O 0 2 400 0 400
20 0 0 3 400 0 400
20 0 0 4 400 0 400
20 0 400 5 400 0 400
20 0 0 6 400 0 400
20 0 0 7 400 0 400
20 400 0 8 400 0 400
20 0 0 9 0 0 400
20 0 0 10 400 0 400
20 0 0 11 400 0 400
20 0 0 12 400 0 400
20 0 0 13 400 0 400
20 0 0 14 400 0 400
20 0 0o 15 400 0 - 400
ke e 2 2k 2k 2 35 3k 35 ok 3 3 3k 3k k k ke 3k e e 3k 3 3 3k ok 2k ok 2 sk 2k 3k s 2k sk 2 3 2 2§ k¢ e 23 2k k¢ e ak 3 A ke e e e e s 2k sk 2 2k 2 3k afe ok 3k 35 k¢ 3¢ ke ok ok ¢ 3¢ A
0-B 0-C 0-D 0-A
0-A 0-D 0-C 0-D
100-D 100-A 100-B 100-C
0-C 0-D 0-A 0-B
XU TEST LEFT HAND WORD RIGHT HAND WORD
XU
17 10 05 1 0000 000 001 000 000 0000 000 000
16 10 05 1 0000 000 001 000 000 0000 000 000
15 10 05 1 0000 000 001 000 000 0000 000 000
14 10 05 1 0000 000 001 000 000 0000 000 000
13 10 05 1 0000 000 001 000 000 0000 000 000
12 10 05 1 0000 000 001 000 000 0000 000 000
11 10 05 1 0000 000 001 000 000 0000 000 000
10 10 05 1 0000 000 001 000 000 0000 000 000
07 10 05 'l 0000 000 001 000 000 0000 000 000
06 10 05 1 0000 000 001 000 000 0000 000 000
05 10 05 1 0000 000 001 DOO 000 0000 000 000
04 10 05 1 0000 000 001 000 000 0000 000 000
03 10 05 1 0000 000 001 000 000 0000 000 000
02 10 05 1 0000 000 001 000 000 0000 000 000
01 10 05 1 0000 000 001 000 000 0000 000 000
00 10 05 1 0000 000 001 000 000 0000 000 000
17 10 05 1 0000 000 001 000 000 0000 000 000
16 10 05 1 0000 000 001 000°000 0000 000 000

732

411

16

000

000
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Core Storage Element

ANALYSIS

1. Identify the test causing the errors

Test 1 caused 400 errors as shown in the upper data reduction print.
The lower.format is a partial straight line print of the same malfunction.

2. Evaluate the three data reduction areas for significant differences.

Area 1l - 400 errors each on Xv » 10 and Xu = 05; this is significant
since all other Xv and Xu lines contain no errors. .

Area 2 - No droppgge on digit plane L9; this is significant because the
other digit planes in both the LHW and RHW show 400 errors.

Area 3 - 100 errors in each subplane comprising inhibit region 1; this
is significant because the other inhibit regions are errorless.

3. Interpret the significant indications

The manfunction is detected by a 1's test which identifies L9 as the
source of trouble (area 2). The indications in area 3 serve to show that
the 400 dropped bits in every plane but L9 are the result of totaling the
individual 400 dropped errors in each of the four subplanes comprising
inhibit region 1. Finally, the information in area 1 pinpoints the trouble
within inhibit region 1 to the drive line selected by Xv = 10 ;and Xu = 05.
This is ocquad 411, and is confirmed in the straight line print.

4, Diagnose the probable trouble

Because of the small number of errors the trouble most likely is isolated
to the single drive line (411) in digit plane L9. This is due to the fact that
if any of the allied circuitry failed solidly there would be considerably
more drive lines affected and consequently more errors. Examination
revealed that the X-drive line (411) was opened by removal of the C shim
at the input to digit plane L9.

Remarks

The 100 errors in each subplane (area 3) is due’to the intersection of 100 Y-drive
lines with the open X-drive line (100 X1). The 400 errors in area 1 reflect the
total number of errors counted along the X-drive line (ocquad 411) in the four
subplanes (100 X4). The 20( errors for the Yv and Yu lines reflect the error
count due to the intersection of the 20 drive lines each selects with the open X-
drive line (20 X1). The 400 ‘dropped bits in every plane but L9.



TEST NO. 1
SWDS YV
00 40
01 40
02 40
03 40
04 40
05 40
06 40
07 40
10 40
11 40
12 40
13 40
14 40
15 40
16 40
17 40

Core Storage Element

DATA REDUCTION PRINTOUT, EXAMPLE #5,

YU

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

INHIBIT REG 3

INHIBIT REG 2

. INHIBIT REG 1

INHIBIT REG 0

TOTAL NUMBER OF ERRORS - 1000

XV XU BIT DROP LH PICK DROP RH PICK
0 0 s 1000 0 1000 0
0" 0o 1 1000 0 1000 0
0 0o 2 1000 (] 1000 O
(] 0o 3 1000 0 1000 O
0 0 4 1000 0 1000 0
0 0o 5 1000 0 1000 ©
0 400 - 6 1000 0 1000 O
0 0o 7 1000 (] 1000 O
0 0o 8 1000 0 1000 0
0 0 9 1000 0 1000 O
(] 0 10 1000 0 1000 O
0 0 11 1000 (] 1000 O
0 0 12 1000 (] 1000 O
0 0 13 . 1000 0 1000 O
0 400 14 1000 0 1000 ©
1000 0 15 1000 0 1000 O
e 2 2 2je 2e 2 afe aje afe afe afe afe afe aje ale afs e afe 3fe afe sl aje 3 3 2je 298 2 2 34 3¢ 3¢ 3¢ 34 3fc 3k 2 2 3 e 2je 2je 3 3¢ aje 3 3 3¢ 3 3 2k ake e fe e 3 3 3§ 2 3 3¢ aje 3 afe 2 3¢ 3 3je 3¢ 3¢ 3 2 ofe 3k
0-B 0-C 0-D 0-A
200-A 200-B 200-C 200-D
0-D 0-A 0-B 0-C
0-C . 0-D 0-A 0-B
\

TEST NO. 2 SUCCESS
YV YU XV. XU TEST

OCQUAD
773 772
773 772
772 172
772 1752
771 772
771 752
770 772
770 752
763 772
763 752
762 772
762 752
761 772
761 752
760 772

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

17
17
16
16
15
15
14
14
13
13
12
12
11
11
10

17
17
17
17
17
17
17
17
17
17
16
17
17
17
17

16
06
16
06
16
06
16
06
16
06
16
06
16
06
16

1

Gt Gt Pt Pt D Pt Pt Pud Pt ud Pud Pud Pud  Pd

LEFT HAND WORD |

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

000
000

000:

000
000
000
000
000
Q00
000
000
000
000
000
000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

000
000
000
000
000
000
000

000 -

000
000
000
000
000
000
000

00

0000 000
000
000
000
000
000
000
000
000
)\ 000
0000\000
0000 000
0000 000
0000 000
0000 000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

RIGHT HAND WORD

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
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Core Storage Element

ANALYSIS

1. Identify the test causing the errors.
Test 1 caused 1,000 errors as shown in the upper data reduction
print. The lower format is a partial straight line print of the same
malfunctions. Test 2 printed success.

2. Bvaluate the three data reduction areas for significant differences

Area 1 - 400 errors each on Xu = 06 and Xu = 16; this is significant

' because the other Xu lines contain no errors. 1,000 errors
on Xv = 17; this is significant because the other Xv lines are
errorless.

Area 2 - Uniform errors (1,000 dropped bits) for each digit plane
are usually indicative of a selection circuit malfunction
although for this example the trouble is elsewhere.

Area 3 - 200 errors in each subplane comprising inhibit region 2;
this is significant because the other inhibit regions are
unaffected.

3. Interpret the significant indications
In area 1 the combination of Xv = 17 and Xu = 16 selects X-drive
752 (ocquad); and the combination of XV = 17 and Xu = 16 selects X-drive
line 772 (ocquad). These lines represent two X-odd drive lines that feed
each of the four subplanes in inhibit region 2 for all of the digit planes.
The 200 error indications in area 3 confirm the fact that there are two
lines involved (100 errors per line). The straight line print further
identifies the two affected drive lines as being 772 and 752.

4. Diagnose the probable trouble
The malfunction cannot be due to a solid selection circuit defect because
such a deficiency would normally affect a minimum of 20 drive lines.
Since two drives represented by 752 and 772 are physically adjacent to
each other it is likely that the lines are shorted together, which was
found to be the actual malfunction.

Remarks

Since Xv = 17 is common to both Xu line selections, if reflects the total of the
individual 400 error counts indicated for these ‘lines, that is, 1,000 (400 x 2).
The other error counts are double those found in example number 4 because
they represent the involvement of two lines instead of one.



Core Storage Element

2570 .
DATA REDUCTION PRINTOUT, EXAMPLE #6
TEST NO. 1 TOTAL NUMBER OF ERRORS - 10000
SWDS YV YU XV XU BIT- DROP LH PICK DROP RH PICK
00 400 400 400 100000 S 10000 0 10000 0
0l 400 400 400 0 1 10000 0 10000 0
02 400 400 400 0 2 10000 0 10000 0
03 400 400 400 0o 3 10000 0 10000 0
04 400 400 400 0 4 10000 0 10000 0
05 400 400 400 0 5 10000 0 10000 0.
06 400 400 400 0 6 10000 0 10000 0
07 400 400 400 0 7 10000 0 10000 0
10 400 400 400 0o 8 10000 0 10000 0
11 400 400 400 o 9 10000 0 10000 0
12 400 400 400 010 10000 0 10000 0
13 400 - 400 400 011 10000 0 10000 0
14 400 400 400 012 10000 0 10000 0
15 400 400 400 013 10000 0 10000 0
16 4000 400 400 0 14 10000 0’ 10000 0
17 400 400 400 0 15 10000 0 10000 0

3 a6 afe e e o 2 afe o ke e aje 3 2 o e e o 3 e b 2 2 o afe e 2 3 e e b o af o b s 3 s ok e e e 3 ok o ok e 3 2 af e e 3 o 3 e e de o 23 e e 2 e o o o ke e e e

INHIBIT REG 3 0-B 0-C 0-D 0-A
INHIBIT REG 2 0-A 0-B 0-C. 0-A
INHIBIT REG 1 © 0-D 0-A 0-B 0-C
INHIBIT REG 0 2000-C 2000-D 2000-A  2000-B

TEST NO. 2 SUCCESS



Core Storage Element

2530
ANALYSIS

1. Identify the test causing the errors
Test 1 caused 10,000 errors. Test 2 printed success

2. Evaluate the three data reduction areas for significant differences

Area ]l - 10,000 errors for Xu = OO;gthis is significant because the
remaining Xu lines contain no errors.

Area 2 - Uniform 10,000 errors for each digit plane is usually indi-
cative of a selection circuit malfunction.

Area 3 - 2000 errors in each subplane comprising inhibit region 0;
this is significant because the other inhibit regions are unaffected.

3. Interpret the significant indications.

The malfunction is detected by a 1's test whereby 10, 000 locations

_in each of the digit planes contain 018 instead of 1's, The latter type
of common error indications implies trouble in the selection circuitry,
A check of the selection circuit results obtained in area 1 highlights
the fact that the malfunction may be associated with the highly signi-
ficant indication for selection line Xu = 00. If this selection was unavail-
able 20 x-drive lines in the memory array would be affected. - Since these
drives are fed to the four subplanes of inhibit region 0 for each of the
digit planes, there would be an error produced for each intersection
with 100-Y-drive lines for a total of 2, 000 (100 x 20).per subplane or
10,000 (2, 000 x 4) for four subplanes in the same inhibit region. This
reasoning is confirmed by the results obtained in area 3, v

4. Diagnose the probable txouble

The selection circuitry consists of the tape core matrix, the SWD's the
IA's and the MAR. Starting with the tape core matrix and working back-
wards the malfunction can be due to an open winding for Xu « 00, however,
this is not as likely as a defective PU in the other circuitry, which merits
first consideration. Since the SWD (Xu = 00) feeds the tape core matrix,
it should be;investigated next. Substitution of this unit corrected the
malfunction.

Remarks

The 40C errors for the selection lines in area 1 reflect the errors counted on
the respective drive lines in the memory array, that is, each selection accounts
for 20 lines which are affected by the 20 lines due to the defective SWD, hence
400 errors result (20 x 20).



Core Storage Element 2590

ANALYSIS
Identify the test causing the errors
Test 1 caused 70,000 errors, Test 2 printed success
Evaluate the thrge data reduction areas for significant differences

Areal - 10,000 errors each for Xv = 04, 05,06,07, 14, 15, and 16;
this is significant because the remaining Xv selections are unaffected.

Area 2 - Uniform errors (70,000 dropped bits) for each digit plane is
usually indicative of a selection circuit malfunction.

Area 3 - Uniform errors (each 3, 400), not significant
Interpret the significant indications

The malfunction is detected by a 1's test whereby 70, 000 locations in
each of the digit planes contain 0's instead of 1's. This implies trouble
in the selection circuitry which, if it exists, should be apparent by
analyzing area 1. The one important thing that may be construed as a
pattern in area 1 is the 10,000 errors groupings consisting of Xv = 04,
05, 06, and 07; and of Xv - 14, 15 and 16. Taken indivually each of these
selections, if unavailable, would affect four X-drive lines in each of the
four inhibit regions (for a total of 20 (4 x 4) X-drive lines). The inter-
section of these four lines in any of the inhibit regions with the 100 Y-
drives would produce 400 (4 x 100) errors in each subplane will be 3, 400
(7 x 400). This latter quantity is confirmed by the results obtained on
area 3. The total number of errors per digit plane is the sum of all 20
subplanes or 70, 000 (3400 x 20) shown in area 2.

Diagnose the probable trouble

The predominant clues are the Xv groupings. The logical approach is

to examine the selection circuitry that is common to these groupings.
Starting with the tape core matrix, eliminates it as a possible source.

Next the SWD PU groupings are examined and none:correspond. There

is an IA PU, however, that generates the grouping Xv = 04, 05, 06 and

07, and another IA PU that comes close with Xv = 14, 15, 16 and 17. Since
it is apparent that-at'least two PU's are involved, it is not likely that

both will be defective at the same time and moreover the second PU doesn't
entirely satisfy the condition observed since X¥ = 17 produced no errors.
The input to the IA's is next examined, this is the diode matrix decoder,
see figure 4-4. It is found that the 0-side of the R9 flip-flop is common to
the Xv grouping affected, however, it includes Xv = 17 which is not affected
The latter condition can occur if the diode connecting the R9 flip-flop to line
to line 17 was shorted since this would permit proper selection of Xv = 17
but not the other lines. Examination revealed that this diode was shorted.



DATA REDUCTION PRINTOUT, EXAMPLE #7

Core Storage Element

TOTAL NUMBER OF ERRORS - 70000

2600

DROP RH PICK

OO0 O0OO0DO0ODO0OO0OO0OO0O0ODO0ODODOOO

TEST NO. 1
SWDS YV YU XU XU BIT DROP LH PICK

00 3400 3400 0 3400 S- 70000 0 70000
01 3400 3400 0 3400 1- 70000 0 70000
02 3400 3400 0 3400 2- 70000 0 70000
03 3400 3400 0 3400 3- 70000 0 70000
04 3400 3400 10000 3400 4 70000 0 70000
05 3400 3400 10000 3400 5 70000 0 70000
06 3400 3400 10000 3400 6 70000 0 70000
07 3400 3400 10000 3400 7 70000 0 70000
10 3400 3400 0 3400 8 70000 0 70000
11 - 3400 3400 0 3400 9 70000 0 70000
12 3400 3400 0 3400 10 70000 .0 70000
13 3400 3400 0 3400 11 70000 0 70000
14 3400 3400 10000 3400 12 70000 0 70000
15 3400 3400 10000 3400 13 70000 0 70000
16 3400 3400 10000 3400 14 70000 0 70000
17 3400 3400 0 3400 15 70000 0 70000
e 939 e 3 b a3 6 o 0 oo B e o o 9 e b b ok oo e e sk b ae ke ae o e a3 e e e e ke s b e s e o b oo ke o i oo e ok o e o o e ok ke ok 3 o sk o ok ok
INHIBIT REG 3 3400-B 3400-C 3400-D 3400-A
INHIBIT REG 2 3400-A 3400-B 3400-C 3400-D
INHIBIT REG 1- 3400-D 3400-A 3400-B 3400-C
INHIBIT REG 0 3400-C 3400-D 3400-A 3400-B

TEST NO. 2 SUCCESS
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Core Storage Element

XXII. 2562 Memory Twuning Procedare

A. General

1.

2.

3.

b,

6.

A memory, once tuned, should not be retuned unless all
other efforts fail to establish what caused the detuning
of the memory,

Tuning is used to peak performance from the Memory. The

biggest problem encountered in tuning is that all troubles

have not been cleared from the Memory. There is no
guaranteed method of eliminating all troubles, but one
good approach is to scope all non adjustable circuits to
be sure their outputs are correct. The waveform checks
may be taken care of by P. M. but it is 8till necessary ’
to check before ‘tuning. The necessity for this has been
proven time and sgain. The following are examples of
inadequate treubleshooting:

a. Open sense winding. One half of the sense winding
"D" for 1-1l was open causing picked bits. This
trouble was "tuned out" but kept re=occurring until
finally through extensive troubleshooting it was found.'

b. MAR cathode with very slow rise time (negative
transition) was tuned out.

c. Defective SWDs, CRs, DPDs and BFNs have also been tuned
away. It should be obvious from the preceeding that.a
man cen, using the 171 adjustments available, tune
away almost any trouble. It is not possible to stress
too strongly the idea of meking sure the mechine is in
good condition before tweaking or tuning.

The tuning procedure given here is designed to prevent as

mach as possible "tuning out" troubles. A great number of
methods have been employed to date but none of them specified
particular settings for the circuits. This procedure specifies
abgsolute gettings for all but 35 of the 171 adjustable circuits
in the memory. We lmow that if this method does not work there
18 a defective camponent in the memory.

In this procedure the BFNs, CRs and DPDs are set to predetermined
values. Slight adjustments are made to the SAs and V CRs only.
If proper margins cannot be obtained, then the troubles in the
memory should be found. '

Throughout the core memory tuning procedure reference will be
made to the test equipment required for the specific memory
adjustment under discussion. The requirements will vary de-
pending on the test performed, however, they will include one
or more pleces of test gear. In order to eliminate any undue
delays in obtaining equipment while in the process of tuning
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Core Storage Element

the memory, it is recommended that the following test
equipment and accessories be provided before a memory
tune is initiated:

a. Oscilloscope - Tektronix 545 3034735 or 5kl.

b. It may be desirable to have an extension ecord for -
the scope. Oscilloscope Plug-In-Unit Preamplifier -
Tektronix 53/54G (3034757).

c. Graticule (3033583).
d. Differential Voltmeter-Fluke 801 (3033786).

e. X10 Oscilloscope Probes (2 required) - Tektronix 510A
(3033788) equipped with alligator clip and regular hook
tips. If available, the Hewlett Packard probes (3116884)
may be substituted for the Tektronix type. These probes
must be equipped with ground jumpers.,

f. Test leads - (2 required) equipped with alligator clips
for use with the differentiael voltmeter. ILead types
3116503 and 3116504 may be used.

g+ Jumper lead to be constructed by site personnel, Dimension
is 6-inches, equipped with alligator clips on both ends,

‘he Bync lead for oscilloscope (at least 1l2-feet long) - to

be constructed by site personnel using coaxial cable and
X10 probe body. '

i, Hood-Tektronix H510 (303331;3).-

Je Long screwdrivers (2required) - one equipped with a very
narrow blade,

k, Head set for commmication with the maintenance console,
l, Wrench to "snug up" pot locking nirts.

B, Check and Adjustment of BFNs

1.

2.

This check must be made initially to insure that the tape
cores are receiving the proper bias current. It is a critical
test and must be made under statie conditions, that is,
without a progrem running. . In addition, it should not be
attempted unless the memory has been operative for a minimm
period of 60 minutes.

The BFN check consists of meapuring the voltage drop that
occurs due to the tape core bias current flowing through a 1
ohm test resistor. - This voltage iBs dvailable across test-point
pins for each of the BFNs:
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X EFN 65ABEL21 and 125
Y BFN 65ABBL29 end L25
NOTE

65ABBL25 is a common ground connection for both
BFNs. The BFNs are located as follows:

65AAA X
65ACC Y

The adjustment is in the V4 position of each P. U.

2630

Make sure that BFN P.U. latches are properly adjusted.

The voltase obtained across the test resistor is to be 4V 4

.01V,

If the measured value differs from 4.0V / .01V, the

BFN must be adjusted to comply.

To perform the BFN check, and adjustment, if necessary,
requires the highly accurate differential voltmeter, P/N
3033786, The only tool needed is a long narrow-blade type
screwvdriver for making bias adjustments. Ensure that the
differential voltmeter has been on for at least 30 minmutes
and proceed to calibrate it as follows:

Calibration check of the differential voltmeter should be

done
e

b.

d.

€.

t.

h.

by the man who will make all meter readings:
Connect the test leads to-the £ and - terminal posts.

Turn the NULL control knob until the designation VIVM
is displayed in the window.

Place the VOLTS RANGE switch in the CAL position.

urp the controls designated A, B, C, D and E until
a O appears in each of the respective windows.

Short the test leads together throughout the cali-
bration check.,

Depress the CAL PUSH lknodb and at the same time adjust
the ADJ CAL control until the meter pointer is
exactly on O.

Set the VOLTS8 RANGE switch to 5, and ensure that the
NULL control is still set to VIVM.

Adjust the variable control designated ZERO until the
meter pointer is exactly on O. There are two ZERO
controls, adjust the one labeled VIVM-10V-1lV.
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Twun the NULL control to display the designation 10V
in the window and repeat step 8.

Tan the NULL control to display 1V and repeat step 8.
Tuwrn the NULL contrel to display, 1V and adjust the
ZERO control (labeled .1V - .OJ.V,S until the meter
pointer is exactly on O.

Set the NULL control to VIVM.

Measurement of BFN voltage for the X EFN

Qe

b.

Co

d.

eo‘

The setting for the front penel controls should be:

VOLTS RANGE 5
NULL VIVM
A 4
B, C, D, E 0

Connect the voltmeter leads for the X EFN as follows:

Negative Lead 65ABEL21  Negative Voltage Terminal

Positive lead 65ABBL25 Ground
NOTE

If the leads are properly connected,
the meter needle will deflect to the

right )

The wvoltmeter should be positioned so that the man
making adjustments also reads the meter.

Set the NULL control to the 10V setting and observe
the meter. If the meter deflects from the O, it is
necessary to adjust the potentiometer on the front
panel of the EFN pluggable unit for a O meter reading.
Bug up the pet locking nut before adjusting.

NOTE

The BFN reacts slowly to any
adjustment; this should be taken
into consideration when making

any type of adjustment.

Increase the sensitivity of the voltmeter by setting
the NULL control to 1V. If the meter deflects off O,
readjust the BFN again for a meter reading of O.

2640
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For a final check, increase the voltmeter sensitivity
to the 0.1V NULL range. If the meter deflects off O,
readjust the EFN for a meter reading of O. This 1is
the final setting. Do not use the .01V range because
the increased sensitivity only produces erratic
operation with inconclusive results.

Set the Voltmeter to the NULL VIVM range.

Move the Positive Voltmeter lead to 65ABBL29 and
repeat steps 3 thru 7. .

Check and Adjustment of DFDs

1.

2.

3.

This check consists of measuring and adjusting, if necessary,
inhibit current. All 132 DFDs will be set to this value.
This procedure is written for 1L15. The entire check pro-
cedure accorded bit Ll15 is then repeated for each of the
other 32-bits in the data word.

The inhibit currents are scoped at the DPFD terminating
resistors located on panels B and D.

Scope Set Up for DFD Check.

8¢

b.

Ce

Set Square Calibrator to dial to 100v. Set the VOLTS/
CM dials to 1. Tune both A and B probes for perfect
square wave, Adjust Diff Balance by plugging both
probes into the CAL OUT jack adjust triggering

STABILITY for a free rumning sweep. Adjust DIFF BAL
control for the narrowest line possible. Plug only

the A probe into the CAL OUT jJack and reduce output

to 50v. Adjust the VARIAELE VOLTS/CM knob to deflect

a square wave across exactly 38 on the special graticule.

Remember that the smallest 4 divisions at top and bottom
of the graticule are 1 mm each and total graduation top
to bottom is 42 mm. After obtaining this adjustment

do not change setting of VARIABLE VOLTS/CM dial. With
controls thus adjusted the correct DPD waveform of 54V
will cover 41 mm as indicated. Note that a set up error
of 1 mm would cause all DPDs to be adjusted out of
8pecs. (1 mn = 103V0)

Depress the L7 of the B Switches. This routine reads

1's from the I/O Register. Under these conditions inhibit
current will not be generated, therefore, it is necessary
to compensate for this condtion by shorting out the
applicable SA input for each bit under test to simlate

the writing of 0's. This is best accomplished by Jumpering
across the 820 uutd capacitor in the sense sectdon "A"
input, using the 6-inch jumper lead. Connect the Jumper
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to back panel pins 1 and 3 on the resistor board
that is appliqable to the particular bit under test.

Using the calibrated oscilloscope and probes, set the
TRIGGER SLOPE to EXT # and cornect the TRIGGER INPUT
sync lead to 65AJA1 or 6TAGF2 (start memory pulse).
(67AU29. )

Set the preamp Input Selector switch to A-B on the DC side.

* Connect the INPUT A probe to 66BAYT (DFD terminating

resistor test point for L15 inkibit region 0), and the
INPUT B probe to 66BAWL (common ground return$

Short out the SA Imput for L15 65EGUL and U3.

Set the ‘.l'IME/cM sweep controls to 2 usec/cm, and use the
TRIGGERING LEVEL control to sync in the inhibit current
waveform. When it is in sync, twrn the 5X MAGNIFIER to ON.
The observed waveform should be similar to that illustrated.

Sweep time is equal to O.l4 usec/cm. °

If the observed waveform does not occupy exactly 4l mm of
deflection, the inhibit region O ad,justment on the DFD
located at 65CJ should be adjusted. With this requirement
satisfied, measure the rise and fall times for conformance
within the limits provided in Figuré 1. If proper amplitude
cannot be obtained, or if the rise and fall time measurements
are out of limits, the affected DPDiphou‘.I.d.-be replaced.

NOTE ;!
If the rise and fall times are mcorirect for all the inhibit
currents within one of the inhibit regions, the trouble is
not in the individual DFD8 but rather in the inhibit gate
generator for that partiocular 1nh:|.b:l.fb region.

Remove the INPUT A probe and reccnnect it to 66BA3T (DED
terminating resistor test point for L15 inhibit region 1),
the INPUT B probes remains at the ground return point. Repeat

ltep 9. ;

Remove the INPUT A probe and recomnect it to 66BA2T (DFD
terminating resistor test point for L15 inhibit region 1),
the INPUT B probes remains at the ground return point.
Repeat step 9.

Remove the INPUT A probe and reconnect it to 66BALT (DPD
terminating resistor test point for L15'inhibit region 3),
the INPUT B probe remains at the ground return point. Repeat
Btep 9.

Remove the short from the SA input for 1l5.
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14, Repeat steps 6 through 13 for each of the remaining bits in
‘the left half-word, moving the INPUT A probe to the
applicable DPD terminating resistor test points..
In each case ensure that the applicable SA
input is shorted out for the individual bit under test.

15. Repeat steps 6 through 13 for each bit, RS through R15,
in the right half-word, moving the INPUT A probe to the appli-
cable DPD terminating resistor test points «
) For the right half-word, the INPUT B probe should be
conuected to 66DAWL, In each case ensure that the applicable
SA input is shorted out for the individual bit under test.

16. Upon completion of all DPD adjustments be sure to remove
the SA shorting jumpers.

D, Check and Adjustment of CRs.
l. Scope Setup for CR Adjustments.

a. The scope should be plugged in so that modules 67D
and 65B can be reached without charging the line cord.
Allow a 10 minute warm-up period for scope to stabilize.
The 53/54G preamp, to be used on all memory circuits,
has two front panel screwdriver adjustments “which should
now be checked.

. be Differential Balance

First, individually tune both probes (6 £t. #3033788)
to a perfect square-wave from the CAL OUT jack. Then
connect both the input A and B probes to the CAL OUT
Jack. Select inputs A-B on DC and set both VOLTS/CM
dials to .2. AdJust SQUARE-AVE CALIBRATOR dials to
obtain 50 volts output. Turn the STABILITY CONTROL
clockwise so that the sweep will be visible. The .
sweep should be a single straight line, the two inputs
exactly cancelling each other. Adjust the DIFF BAL
screwdriver adjustment until the lire ie straightened.

Ce DC Balance

After the probes have been tuned and the DIFF BAL adJjusted,
carefully adjust the DC BAL control so that no vertical
shift of the trace is observed when rotating the VARIABLE
VOLTS/CM dial. While meking this adjustment, the trace
should be free running with no input to the preamp.

d. The next step ies to adjust vertical sensitivity as follows:
Reduce SQUARE-WAVE CALIBRATOR output to 10 volts. Attach
INPUT A probe to CAL OUT jack. Adjust VARIABLE VOLTS/CM
knob to deflect square-wave across 40 mm (LCM).
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NOTE

After obtaining this adjustment do not change
setting of the VARIARLE VOLTS/CM, focus or
astigmatism knobs. The scope is now ready
for use. .

With the Big Memory 1A program previously loaded, set
up as follows:

a. "A" Switches -~ BFX 200,000
b. "B" Switches = 0.42000 1.73546
c. TEST MEMORY ~ Assigned
d. Start from test memory )
NOTE: This selected address in the right "B" switches
will result in less ringing across each of the CR
test points, permitting improved accuracy of amplitude
and rise time measurements. ‘
Scope Points
NOTE ; The probes should be equipped with insulated
aligator clips for attaching to test peints
located on resistor boards.
Terminals are as follows:
xv Input A probe to 65BGULE

Input B probe to 65BaUL2

Xu Input A probe to 65BJUL6
Input B probe to 65BJUL2
xv Input .A probe to 67DAULE
Input B probe to 67DGUL2
w Input A probe to 67DIULE

Input B probe to 67DJUL2
CR AMPLTTUDE ADJUSTMENT :

a. The amplitude of all four CRs should now be Refer to Pages 2800
adjusted. and 2820

b. Center the fine amplitude adjustment (V3) and obtain
approximate desired adjustments using the course pot.
(V1 position.).
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5, Fast Margins

a. Preliminary adjustrgépts having now been completed. Run
fast margins on the ' CRs. Set up is as follows:

NOTE

Big Mem 1A must have been previously loaded into
memory according to the program write-up.

MC System CALC Mode

A" Switches BPX 200, 000

"B' Switche s Depress L1, L13, & L15
Tune MC CR's only

Sense Switches #1 Active

Test Memory ' Assigned

Start from Test Memory

b. The first failing address for each excursion will be
included in the printout. Be aware of the fact that
many more addresses are probably failing and bits may
not be significant.

6. Margin Analysis

a. Upon completing fast margins examine the printout to
determine if an unbalance exists in the CR margins.
It is expected that in some cases the memory will fail
at 0 volts in one direction but have a high margin in
the opposite direction. As a typical example, assume

q the failing CR margins to be £50 and -10. This unbalance
. in the positive direction normally indicates that read

current is low. A positive margin increases CR output
and thus, read current. Always chinge current in the
direction of the biggest margin.

7. Read Current Adjustment

a. Only the V CR's should be adjusted. Using the R/W
CURRENT ADJ. 3 ADR (L1 and L6 of "B' SW.) routine of
Big Memory 1A, adjust both XV and YV in the same dir-
ection, by the same amount. Observe X and Y read
current respectively while making this adjustment. The
terminals for observing read current on the array are as
follows:

X - ADR 30 66BPPSD
Y - ADR 07 66APP1D

K700
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Normally, a 1 volt change is sufficient, however, if
extreme unbalance exists, & 2 volt change in read
current amplitude can be made. To accurately
monitor this adjustment, set up scope as follows:

1) AdJjust square wave calibrator to obtain 20 V.
output. Connect probe A to CAL OUT Jjack.
Adjust the VARIAELE VOLTS/CM knob to deflect
square wave across 4O MM. Switch to external
sync, start memory. Attach probe B to bottam
ground connection on sultcase and probe A to
read current terminal on suitcase. Read on
A-B DC. Using vertical position and horizontal
controls, position top of read waveform in
center of graticule on 2 (M line. Each
vertical minor scale division (2MM) will now
equal 1 volt.

2) Following this adjustment repeat the fast
mergins tuning routine, this time including
the #£90 B3 SA line (Ll and L13 of "B" switches).
Refer to printout and first consider the results
of the CR margin. If the spread between the
absolute value of the positive and negative failing
excursion is more than 15 volts, readjust the X
and Y V CR's in the direction indicated.

EXAMPLE: #50 - 30

The spread in this case is 20 V (50-30 = 20).
Read current must be increased slightly to reduce
this spread.

3) Remember, if unbalance is in the positive directionm,
increase read ocurrent, or if the negative excursion
is the largest, decrease read ourrent. A very small
change in read curxent will have a large effect on
margins., ALWAYS IISCONNECT ALL SCOFE LEADS FROM
FRAME FOLLOWING EACH ADJUSTMENT,

8..' Printout Anelysis

8e

At this time it might be well to stop and consider just
vhat is being accomplished. For instance it is possible
that one or two sense amps may now be restricting the CR
margin, or, the CRs are still out of adjustment. This can
be -determined by analyring the single line printout that
occurred with each failing excursion. If in all cases,
the bit failures are rendom, the CRs require further
adjustment. But, if three or fewer bits are consistently
holding the CR margin down in the weakest directionm,

then these SAs require adjustment.
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E. Sense Amplifier Adjustment

1.

2.

When satisfied that the V CRs are near the desired setting,
on the basis of the preceding analysis, go to the SA "Beep"
routine of Big Mem 1A. Set up is as follows:

MC System - Manual Mode

"A" Switches - BPX 200,000

"B" Switches - Depress L1 and L9 (zeros)
Test Memory - Assigned

Start from Test Memory

Apply a =34 volt excursion to £90B3. By adjusting the volume’
of the computer speaker, an audible indication of bit failures
can be obtained. If the "A" switches are cleared, or contain
BPX 200,000 all bits will be checked and failing bits diaplayed
in the live test register. If desired, bits may be tested one
at a time by clearing the "A" switches and then depressing the

corresponding toggle switch.

a. Seversl methods of utilizing the sudible beep have been
investigated. The following procedure is considered to

be most practical. From frame 12, dial the computer
speaker and connect headphones to jack provided on the
back of frame 12. The man on the console should dial
the same mumber so that he is in direct contact with
the man out on the floor meking adjustments. The beep

level allows normel voice communications. The man on the

console should clear the "A" switches to observe all

failures and then lock on the left most failing bit by

depressing the corresponding "A" switch. The operator

equipped with headphones can then use the beep to guide

him in properly adjusting the individual SA clipping
level. The SAs are located as follows:'

ILHW - P thru L15 - 65ECC thru 65EJ respectively
RHW - RS thru R15 - 67ACC thru 67 AK respectively

If necessary, refer to the PU layout card to make

sure that you are adjusting the desired SA. Do not
over adjust or these same bits will then fall with a
positive excursion. The desired position of this
adjustment is that point at which the beep just

stops. The smallest increment of angular rotation

to stop the beep is required. Alternately lock on
and adjust each of the failing bits until all failures
are cleared with the -34 volt excursion applied.

730



3.

L,

b.

8e

Core Storage Element

Depreass 110 and clear L9 of the "B" switches and
apply a #25 volt excursion to the £90B3 line.

This is the SA beep test for ones routine. Repeat
above procedure, alternately locking on and
adjusting each bit wntil all fallures have cleared.
Then recheck the =34 volt excursion (with 19 of

the "B" sw.) to see if any SAs were adjusted too far.

Parity Roubine

For adjusting the parity bit, a separate tuning
routine of Big Mem 1A 1s used. Both ones and
zeros are cambined into one test. Depress L1l and
clear 1.9 of the "B" switches. Alternately apply
& =34 and 25 volt excursion to the £90B3 line and

edjust as required.

Failure Margins

Qe

be

Ce

d.

After the sense amps have been adjusted, select
the CR and SA margin cards from the deck to run
aubtomatic failure margins on these lines. These
can be determined from MC card indent mumber,
Refer to the program write-up. Set up the machine
as follows:

MC System - CALC Mode
A" Switches - BPX 200,000
"B" Switches -~ Set 18 = 1

Best Memory - Assigned

.8ense Switches - 1, 2, 3 and 4 active

Place the 4 selected MC word cards in the card
reader hopper, ready I/0 units, reset flip flops
and start fram test memory.

It will again be necesmsary to analyze the printouts

to determine if a few SAs are limiting the CR margin

or if read current requires further adjustment.

As a general rule if 3 or fewer bits are restricting
the margin, adjust the SAs but if more than 3 bits,
edjust the VCRs. Remember changes in read current

will be made by adjusting the VCRs only. The UCRs
were set up to 9.8 volt and must remain there.

The marginal balance of the CRs shall be comsidered
complete when the positive failing excursion is one
increment greater than the negative failing excursion.
Try for 4O and -35 which should be possible in all
cases.,

2740
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5. Fine Tuning

b.

Ce

d.

§
Precise adjustment of the clipping level of each
SA is required to obtain adequate CR and SA margins.
The beep test, as previously used, will permit fairly
close adjustment. But, to obtain a fine tume,
analysis of the data reduction printouts and
variations of the beep margin are required. This
is due to the fact that ones and zeros discrimination,
used by the beep routine are not as difficult as most
of the longer tests. Ordinarily the more camplex
teats will fail with a considerably lower margin. It
is possible to fail on the "beat" test (4 or 5) at £16
volts and ones discrimination to run at safe limits (£25).

As we are rastricted by the f£25 wvolt safe limits, the
most practical way to obtain the required "fine tume"
is to shift the beep margin. If a bit is falling
below the ‘desired £25 volt margin (using the entire
program) go to the zeros beep routine (Ll and L9 of
"B" sw.) and determine the point of failure in the
negative direction. Then decrease this manual margin
by approximately 5 volts and adjust the 8A so that
failure will occur at anytaning greater than, but will
run at, the applied margin. As an example, if the
bit is found to fail at -4OV, decrease margin to =35
or =36 volts and readjust at that point. . Care should
be exercised as this is a delicate adjustment. J

If a bit fails to make the -25V program margin
approximately 5 volts in the negative direction.

To determine the results of each adjustment, select
the failing test routine and, using data reduction,
(S8 #2) apply a mamual margin equal to the automatic
margin that failed. ‘he failing test nmumber was
contained in the previous fallure margins printout.
This should only be used to see if margin is shifted
sufficiently to allow this test to run. Always follow
with automatic failure margins.

If unable to obtain the desired ad,jus'i’.ment of a
specific sense amplifier (msurficient margins)
check each of the 4 DPD's for that bit.

NOTE

Accurately set up scope and also compare with neaxdy
bits. If results are 3till negative, try replacing
the sense amp., The ture of memory should be considered
complete when the £90 B3 margin is §25 volts with the
=150 C1234 line at A4O end -35 volts. Note that these
are desired mergins and because of variations between.
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memories, margins somevhat better or worse might
be obtained.

JA Scoping Procedure

1.

2.

3.

The IA (Input Amplifier) output is -150V to -240V. These
levels are maintained prima*ily by diodes in a feedback
and clamping circuit. When these diodes go bad one of
the levels change. The condition of the 5998 tube in
the output stage also affects these levels. If the -150V
level goes to approximately -50 the result is excessive
drive current on the lines selected by the JA. This

gives erratic failures usually traceable thru printout analysis

to the bad circuit. The nmumber of failures may not be
great although it is significant. If the =240V level
goes more positive, it tends to allow the associated
switch driver (swn$ to go into partial conduction. .
This means that the S8WD steals current from the selected
circuit. If only one IA is bad, the printout will show
the failure by the least mmber of errors. If more than
one IA is bad, it will not be possible to f£ind it with

a prm. v

Scope Set Up

Set SQUARE-WAVE CALIBRATOR to obtain 100V squareﬁave output,.
Attach INPUT A probe to Cal Out jacke.

Select input A on DC and set VOLTS/CM dial to 2.

Using horizontal sweep and vertical position controls,
display severel cycles of top of the square-wave across

the center of the graticule.

Tune probe to obtain "flat topped" square-wave.

Adjust vertical position and VARIAELE VOLTS/CM conttols to
deflect square-wave across 40 MM (4CM) as indicated in

Figure h ,

Attach INPUT A probe to the -150V supply line at the IA
module. With the trace free-running adjust vertical position
control only, to position trace on top (M line of gratiocule.
The scope is now calibrated and ready for use.

PROGRAM SET-UP

a. "A" Switches - BPX 200,000

b. "B" Switches - Depress L1 and Ik

<760



G.

b

5.

6.

Te

Core Storage Element L17¢

ce Test Memory - Assigned
d. Start from test memory.

This tuning routine stores "one" bits in a series of
locations so that every IA is gu:l.aed once per loop.

The scope points are Bl, Cl, G1 and Hl of each IA
pluggable unit. The IAs are located us féllows:

SERP
8
g
HEE
EEE
e

Use external sync, start memory. The specirications on the
IA output are as follows:

UPPER LEVEL - /2 or -5V with respect to ~150V supply
LOWER LEVEL - -2hoV f1ov

Failure of the lower level is more common as several components,
when defective, cause similar indications. Normally the trave .
reaches -24OV but then rises rather sharply to near =225V while
deselected. Any 1A having this lower level more positive than

=230, should be replaced.

&m Questions:

1.

2.

3.

k,
Se

6.

Many troubles in memory may appear to be corrected by
but will re-occur later.

The major weak point of this tuning procedure is the necessity
for of test equipment.

The adjustment of the is fixst in the tuning
procedure,

The DPD waveform should be volts in amplitude.

whenadjusting read current only the cRsa.read.]usted
vhile the scope is connected across the drive l:l.ne

If more than one IA is bad the should be
scoped to locate the troubles,
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