












































































































































































































































































































































base. Alternate load and unload sync pulses are
applied with the MO line disabled. Refer to NOTE
1. Use care to avoid shorting card connector
terminals when applying test probes.

STEP DESCRIPTION WAVEFORM REMEDY

l16.|L (L/U level) at A5-S, + Check Step 17,
5 v/cm. The voltage [~ t set and reset
falls from a +3.5 volt - ¥ , inputs to card
level. T A5, LU register

rr e e [card A5

1400
T

17.]L at A5-22, 5 v/cm. The |(f - Check Step 16,
voltage is shown , o ] set and reset
falling from a O volt \ I inputs to card
level, * T3 A5, LU

e ] [Tegister card
¥ A5.
- b4
[V EINA

18.|MR clear at A6-1, 2 - Check Load
v/cm. The voltage I~ - gating (L) at
rises from approximately } ¥ A6-Z, IC
+1 volt level. * ={|gating at A6-

it e e |15, timing card.
N\ L and IC
/ T\ levels should
' : be at -6 volts.
E R e




STEP DESCRIPTION  WAVEFORM REMEDY

19. | MR clear at A3-20, Check Step 18,
5 v/cm. The voltage - i input card A3.
is shown rising from i
a +3.5 volt level. 3 1

P HEH ot

20. | Strobe RA at A6-U, T Check timing
5 v/cm. The strobe = i card, Step 16,
rises from a +3.5 ] b IC gating at
volt level. 3 A6-15.

.
- /‘:

21. | Read amplifier output T Check Step 11
at B14-E while unload-| H ¥ to determine
ing a ONE, 5 v/cm. F that a ONE is
The signal rises from T loaded, check
a zero volt level,. H . ¢=*ﬁ%uinr Steps 2, 7,

f{ and 8.
T
22.| Memory Register out- Check Step 21,

-.zero volt level, *

put at B6~1 while
unloading a ONE, 5
v/cm. The voltage is
shown dropping from a

MR card B6.




STEP : DESCRIPTION WAVEFORM REMEDY

23. | Memory Register output
at B6-6 while un- 1
loading a ONE, 5 v/cm. &

Check Step 17
MR card B6.

i IAEN}
FEARNE ANE R

lig
r{

q
I

If failure
occurs in more
than one plane;
check switch
drivers, inhi-
bit timing, X-
Y drive voltag-

24. | Read amplifier input L___\

at Bl4-1 and 2 while

reading ONEs, 20 mv/cm.
Note both positive

and negative turn-over

signals.

The unload sync is shown

\REE RARES REARR]

2ol s e logan by pon oy
\ARE BA T

:

FENEN N
TroevT Y

-
b
-

LA R n

e i a B la iy

i
LARRE RS

on a 1.0 us/cm time es (-16.6).
base.
If failure
occurs on one
plane only;
check applic-
able MR and
inhibit driver
outputs, check
~\ ¥ | matrix plane.
25. | Read amplifier input & If a ONE signal
at ‘B:!.4-"'l and 2 while 5 | appears,
reading ZEROs, 1.0 HHTHHHHTH AR | ostablish that
mv/cm. I a ZERO is load-
The unload sync is | . ed. If exces-
shown on a 1/0 us/cm 3 sive noise,
time base. = check external

sources, note
if noise-is
confined to
specific planes
or addresses,
check matrix.
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STEP DESCRIPTION WAVEFORM REMEDY
26. | The unload sync is ]
shown on a 1.0 us/cm
time base. X drive 7 r ¥
-current, 50 ma/cm, J u ¥
(This waveform was 1 Check card
taken by observing HHH r.:éiﬂau::nu'“':# Al7, Step
the voltage across a ""'"]V"' 3 7.
1 ohm resistor in I ¥
series with the drive I
line connected to L Jii ‘\
Al7-S.) A differential
amplifier is required
for this check.
NOTE 4
NOTE 4 is applicable to Steps 27 through
37. The top waveform is a load sync pulse
at A4~21 which is used as the oscilloscope
sync. All waveforms are shown on a 1.0
us/cm time base., Alternate load and unload
sync pulses are applied with the MO line
enabled, Refer to NOTE 1. Use care to
avoid shorting card connector terminals ~
when applying test probes.
27.| Drive timing at A6-Y, | == ? Check timing
2 v/em. The voltage \ S card, MO level
rises to a +3.5 volt ‘ 4 at A6-18. MO
level. 44 /v.&nz;u,,* it | should be
‘ f | |enabled.
£




STEP DESCRIPTION WAVEFORM REMEDY
28.|1Cc at A5-1, 5 v/cm. - Check Step 29,
The voltage is shown v o T IC register

rising from a -6 volt  : card, MO level
level.* 3 at A6-18,
rH e | Eiming card.
' 3 | MO should be
% ‘ enabled.
29.|1c at A5-6, 5 v/cm. __ Check Step 28,
The voltage rises from| | 3 IC register
a -6 volt level. ¥ card, MO level
t at A6-18,
t+ it ilos] | timing card..
/1 \ MO should be
I \ enabled.
30.|set Ic at A6-20, 1 Check IC
v/cm. The voltage 3 level at A6~
rises from a +5 volt ) 19, MO at A6-
level. 18, timing
. Eolo L L. ||card. MO and
: MR |22 4 be
o Sy high.
31.| Inhibit timing at A3-C {Check input
(also A4-C for models e card A3 (A4).
with more than 12 bits h‘ Check IC at
per word), 2 v/cm. The ; A5-E, timing
voltage rises from a + prrtedr ] | card.,
zero volt level. 3 L 1[
h 4




DESCRIPTION

STEP WAVEFORM REMEDY
32.] Reset IC at A6-16, Check Step 30,
1 v/cm. The voltage —r— E: ILC at A6-15,
is shown rising from 3 timing card.
- a +5 volt level, * — IC should be
| VY FUVUR FOVIN FVPL FUUY: YUV VUOR PPV U 1O R 2
- ﬂf" ‘v‘l‘\1
33.] X drive voltage at ¥ Check Step 27,
A3-W, 2 v/cm. 1 input card A3.
S aa s AL ; ‘2”::Haﬁﬂﬁﬁ=a
34, | Y drive voltage at

Ad-W, 2 v/cm.,

Same as Step 33.

Check Step 27,
input card A4.

35..

L (L/U level) at A5-S|
5 v/cm. The voltage
rises from a -6 volt
level. '

{inputs to card

Check Step 34,
set and reset

A5, L/U register
card AS5.

5-21



STEP DESCRIPTION WAVEFORM REMEDY

36. | L at A5~22, 5 v/cm. T Check Step 35,
The voltage is shown ¥ set and reset
rising from a -6 volt ¥ inputs to
level .* ' ' card A5, L/U

: i HHH I FRYYE PPV FUOTY YUY register caxd
J - A5,

37. |Read amplifier output - Check Steps 27
at Bl4-E while writing t through 36,
ONEs, 5 v/cm. The 3 ‘ICheck card Bl4.
voltage rises from zero "? [Note if failure
volts. b Heee] Joccurs in other

f\J\_} 3 planes.
| \
NOTE 5
NOTE 5 is applicable to Steps 38 through
45. The top waveform 1s an unload sync
pulse at A4-X which 1is used as the oscil~
loscope sync. All waveforms are shown on
a 1.0 us/cm time base. Alternate load and
unload sync pulses are applied with the MO
line enabled. Refer to NOTE 1. Use care
to avoid shorting card connector terminals
when applying test probes.

38, |L at A5-S, 5 v/cm. ' |Check Step 39,
The voltage falls | |set and reset
‘from a +3.5 volt R 1., .u! inputs to
level. A " "|| {card a5, L/U

register card
' |as.
L]




STEP DESCRIPTION WAVEFORM REMEDY
39.|L at A5-22, 5 v/cm. I Check Step 38,
The voltage is shown T set and reset
falling from a zero - inputs to card
volt level.* : A5, L/U regis-
H-H ””:t“” HHHHHHH | ter card AS.
N p———————h
40.] MR clear at A6-1, - Check Load (L)
2 v/cm. The voltage ¥ gating at A6-Z
rises from a +1 volt T IC gating at
level. + A6-15, timing
el st didin] |card, L and IC
I 4 levels should
[ 3 be -6 volts.
\\‘v-§kr Il
41.| Strobe RA at A6-U, Check Step 38,
5 v/cm. The strobe i IC gating at
rises from a +3.5 ¥ A6-15, timing
volt level. ettt | card., L gating
dood b E L bl at A6-Z. L
T E T and LC should
T / be -6 volts.
N
42.]l Read amplifier output Check Step 11

while reading and re-
storing ONES at Bl4-E,
5 v/cm. The voltage
rises from a zero volt
level.

NIRRT R W
HHH

to determine
that a ONE is
loaded, check
Step 41, read
amplifier card
Bl4, Check 1if
other planes
are failing,




STEP DESCRIPTION |  WAVEFORM REMEDY

43. | MR-0 at B6-1 while | —r— — | Check Steps 42,

reading ONEs, 5 v/cm, | | f f 40, MR card B6.
The voltage falls from | | I
a zero volt level. T 1 1
44, | strobe RA at A6-~U, | T T —71 1 | Check Step 39,
5 v/cm. The strobe —— s I : | | Lc gating at
| rises from a +3.5 volt] | I - A6-15, timing
level. Drive timing ay | R 2 card. IC '
26-Y, 2 v/ecm. The | fsbmsdusdopbiidibiibadisdin] | should be v
-voltage rises to a 4] E/". | +3.5 volts. Check
+3.5 volt level. - | ﬁl " timing card, MO
' — g'}r =1 | 1level at A6-18. -
£ MO should be
enabled.
45. | Read amplifier output - .| Check Step 25,

at Bl14-E while reading| .
and restoring ZEROs,
.05 v/em, The level
is at zero volts. Note| hw
| low transient noise.

read amplifier
card Bl4. Note
1f failure occurs
A in other planes.

-
-

p
<

~
+
3+
I
+ ]
I
X .
+ -
3 .
' ENE L XETE FRE
T

3
T

T
_§ .

46a.| The top waveform is a Das\B Check input pulse
count pulse at A2-A, I i \ at A2-1, input
2 v/cm, 0.1 us/cm. ‘ / £ \ |card A2.
' tHrt Hf ::::;:t:::ﬁ ’\ t
E2N
Y i \
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STEP DESCRIPTION WAVEFORM REMEDY

46b.| The bottom waveform is Check for count
the AR-0 at A7-1 pulse at A7-1
5 v/cm, 0.1 us/cm. (See 46a) input. Check
AR-0 is shown falling A7-1, count
from a zero volt logic cards.
level .*

47. | The 1lst (top) waveform | . Check count
shows count pulses at i logic cards. If
A2-A, the 2nd shows T T T T | count pulses

AR-0 at A7-1, the 3rd | I N I T
AR-1 at A7-22, the 4th || °T "T.'f.:ii:"“
AR-2 at A8-1, the 5th -
AR-3 at A8-22, the 6th
AR-4 at AlOQ-1l. Vertical
scale is 10 v/cm,
horizontal scale is 100
us/cm.

-] | 2Y€ NOt present,

ooTuilnl | check Step 46a.

&

i_)u, T P
TITRVTITRIY

"5-43. MAGNETICS MODULE CHECKS. Continuity through the Magnetics Module,
in addition to signal path wiring through the entire RB system, can be
checked by using the referenced schematic and logic diagrams. The X and
Y drive lines with their associated steeriﬁg diodes are shown on the
Magnetics Module schematics. Inhibit and sense windings are indicated,
but not shown, on sheet 1 of the logic diagram. Magnetics Module failures
are very unusual. - The Magnetics Module should be investigated only when
all other possible failure areas have been checked. A study of the
following paragraphs and the referenced illustrations can contribute to
an understanding of circuit layout.

5-44. TINHIBIT WINDINGS. (See Drawing 12310 and Figure 5-3.) Sheet 1

of drawing 12310, Logic Diagram, shows the common output from each pair
of current switches on an inhibit driver card entering a matrix plane.
Each output is connected to the single inhibit winding within that plane.
Continuity can be measured between an inhibit card output terminal and
the zero volt bus, or between the split-leaf connectors at the digit
plane inputs. When facing the matrix from the assembly rear (end plate
connector side), the inhibit winding inputs are located at the left hand
column of split-leaf connectors.

5-2E



TOP END PLATE TOP END PLATE TOP END
CONNECTOR TERMINALS PLATE

STEERING
DIODES

DIGIT
PLANES

INHIBIT

WINDING

SPLIT - LEAF

CONNECTORS

BOTTOM END PLATE ‘ SENSE WINDING ' BOTTOM
CONNECTOR SPLIT - LEAF CONNECTORS END PLATE

Figure 5-3. Magnetics Module



5-45, The d-c resistance per winding should be about ten ohms.
Inhibit winding resistance may vary with different matrix (digit)
Planes, Each inhibit winding is an open circuit to all other
windings.

5-46. A suspect digit or sense (paragraph 5-47) winding may be
checked by substituting another digit plane for the suspect unit.
Digit plane 0 can be substituted for plane 1 by:

a. removing the four split-leaf connectors at both the sense
and digit winding inputs to plane 1.

b. removing the four split-leaf connectors at the sense and
digit winding inputs to plane 0 and connecting them to plane 1 inputs.

c. connecting the four split-leaf connectors formerly
attached to plane 1 to plane 0.

This test will conclusively establish a defective matrix plane.

CAUTION

Each inhibit winding input consists of a white
lead that carries ~12 volts, and a black lead
for the common bus return. When substituting
windings, observe the wire color coding to
maintain the same input polarities at each
connector pin. ' '

5-47. SENSE WINDINGS. (See Figure 5-3 and Drawing 12310.) Sheet 1
of drawing 12310 shows a pair of leads connecting each matrix plane
to a read amplifier., Each of the leads is connected to one end of
the single sense winding within that matrix plane. Continuity can
be measured between the printed card connector pins shown at the
read amplifier input, or between the split-leaf connectors at the
digit plane input. When facing the matrix fraom the assembly rear
(end plate connector side), the sense winding inputs are located at
the right hand column of split-leaf connectors.

5-48, .. Each sense winding is an open circuit to all other sense
windings. The d-c resistance per winding should be about 12 ohms.
Sense winding resistance may vary with different digit planes.
Paragraph 5-46 describes the procedures necessary to check a suspect
sense or inhibit winding by substituting another digit plane.
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5-49. X AND Y DRIVE LINES. (See Drawings 12310, 11932, 11934 and
Figures 5-4 and 5-5.) The X and Y drive line switches on sheet 2
of drawing 12310 are shown on two identical cards. Card Alé
contains the sixteen switches that function with the Y set and
reset drive lines, card Al7 operates with the X lines. The circuit
logic and trouble-shooting checks described for the Y lines and
their associated.steering diodes will also apply to the X circuits.

CAUTION

Handle the Magnetics Module with care.. The
matrices can be damaged by careless probing
or sharp jolts.

5~50. Resistance checks on the steering diodes and X and Y drive
lines require removing the Magnetics Module from its mounting in
the memory assembly. Make a careful visual inspection for loose
wires, charred components and solder bits. When conclusive tests
indicate a defective module, return the unit to the manufacturer if
a repalr cannot be effected without disassembling the matrix stack.

5-51. The Y switches are segregated into two complementary banks
(groups), AYO through AY7, and BYO through BY7. Four of the B .
switches are gated by ILC and address lines, the remaining four are
gated by IC and address lines. All A switches are gated by address
lines only. Those switches enabled by IC control current flow into
reset drive lines, ., those enabled by IC control current flow into
the set drive lines. A single IC or IC switch in the B bank is
selected (enabled) in conjunction with one of the eight A bank
switches. The selected switches provide a current path from the
X-Y drive current supply, through the set or reset lines, to the
zero volt bus.

5-52. Address 1 selects the B switch associated with output

BY3 at Al6-D and the A switch associated with output AYO0 at
Al6~16 when the IC line is low (load operation). Terminal Al6-D
is connected to P5-~21 and enters the matrix module top end plate
connector on pin 21. Output BY3 is connected to eight diodes,
whose anode leads are each connected to drive lines Y1UE, 5UE, 9UE,
13UE, 17UE, 21UE, 25UE; and Y29UE. All line8 discontinued on the
top end plate schematic enter the first matrix plane to function
as the co-ordinate X and Y drive lines. The X and Y drive lines
pass through each of the series connected digit planes (not shown),
and then enter the bottom end plate schematic. Reference designa-
tors provide cross-referencing between top and bottom end plate
circuits. ’
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5-53. At the bottom end plate schematic, the eight Y drive lines
from BY3 leave the bottom end plate connector and are each connected
to one of eight switches via connector P6. Since address 1 also
selects the A switch associated with output AYO, a circuit through
set (load) drive line Y1UE is completed. The remaining seven YUE
drive lines from the BY3 output are each connected to one of the
remaining seven A bank switches.

5-54. The end plate schematics depict the steering diodes that are
inserted between the switches and matrix drive lines; théy do not
show the drive line circuits through the digit planes. Continuity
between the top end plate connector pins and the top end plate
terminals (see Figure 5-3) is illustrated on the top end plate
schematic. Continuity between the bottom end plate connector pins
and the bottom end plate terminals is indicated, but not shown on
the bottom end plate schematic.

5-55. The inhibit winding and sense winding associated with each
matrix plane do not appear on the end plate schematics.

5-56. Drive line continuity through the digit (matrix) planes can
be measured from the printed terminals mounted on the periphery of
the bottom end plate to the printed terminals mounted on the
periphery of the top end plate. Figures 5-~4 and 5-~5 identify those
drive lines connected directly to a printed terminal at the end
plate periphery. Those drive lines containing a diode in series
with their separate connections to this printed terminal can be
identified by using the associated diodes as a cross reference to
the applicable end plate schematic (diode CRl on Figure 5-5 is
shown connected to drive line Y1UE on the top end plate schematic).
Magnetics Modules containing less than 1024 word address structure
will contain fewer drive line connections and steering diodes

than indicated on the end plate schematics and assembly instruct-
ions. They will otherwise be identical to the 1024 word

structure shown on the illustration.

5-57. Drive line resistance through a single digit plane is
approximately 0.3 ohm. Total resistance through the matrix will be
determined by the total number of planes. Discrepant resistance
measurements should always be evaluated against system performance.

5-58. Because many of the drive lines are connected together at
either of the end plates, resistance measurements will generally not
be effective in locating shorted lines. A shorted drive line
circuit can usually be located within a comparatively narrow area

1
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by determining which drive line switches are selected by the failing
address (addresses). Resistance measurements between those lines
connected together at their top end plate can be taken from their
bottom end plate. Measurements between those lines connected
together at their bottom end plate can be taken from their top end
plate. The d-c resistance between any two lines joined at their
opposite end plates should be about 0.6 ohms per matrix plane. D-C
resistance between those lines not connected together should be at
least 2200 ohms.

5~59, Suspect steering diodes can be checked without being dis-
connected from their circuits. Unless the diode is open, an ohm-
meter check is usually not conclusive: a diode tester should be
used. Step 8 in Table 5-4 illustrates a waveform check that can
indicate a defective steering diode in the Y circuits. If the
diode is open or presents a high forward resistance, the waveform
in Step 8 will show a marked increase in amplitude. A defective
drive line switch, or an open drive line can also present this
symptom. Step 7 illustrates a similar waveform check for the

- X circuits,
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SECTION VI
DRAWINGS

6-1. INTRODUCTION.

6~2. This section contains logic and schematic drawings, and
assembly illustrations pertinent to the RB General Purpose Memory
and its components. A complete listing of all drawings in Section
VI is given in the List of Illustrations at the front of this
manual.

6—-3. PRINTED CIRCUIT CARD DRAWINGS. Each printed circuit card is
depicted by a schematic drawing and an assembly illustration. The
assembly illustration provides component location information for
its associated schematic. Every schematic contains a NOTES column
that includes component information and a cross-reference to its
assembly illustration. Signal leads entering or leaving a printed
circuit schematic can be traced by referring to the logic diagrams.
The card is shown as a dotted line enclosure and is identified by
its card cage position.

6-4. LOGIC DIAGRAMS.

6-5. GENERAL. Drawings 12310, sheets 1 and 2, and N12491, sheets

1 and 2 are logic diagrams of the RB memory system that depict
printed circuit cards as dotted line enclosures., Circuitry mounted
on the card is illustrated by logic symbols. A dotted line enclosure
that does not contain logic symbols is an identical replica of a
card shown elsewhere on the drawings. Each enclosure includes a
reference to the printed card cage position. Figure 1-~2, Card Cage
Configuration, identifies the card at each cage position. Drawing
N12491 should be used for serial numbers 1337 and 1339 through

1345, Drawing 12310 for all other serial numbers.

6~6. CIRCUIT CONFIGURATION. Both logic diagrams show the circuit
configuration for a 12-bit word. System configurations compatible
with words of greater bit length (16, 20 and 24 bits), require an
additional connector, J4, and a larger number of cards and matrix
planes. The cards and matrix planes illustrated for bits 1 through

~ also apply to bits 13 through 24. Those circuits required to
increase the system bit~per-word capacity abdve 12 bits are indicated
by an alternate card-cage position reference within the dotted
enclosure. Figure 1-2 defines the specific card associated with
each matrix plane.
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6-7. The logic diagrams illustrate continuity through the matrix
planes (sense and inhibit windings only) and signal paths through
the entire RB system. D-C operating voltages appearing on the
pPrinted card connectors are not shown. They are identified on the
circuit schematics. The logic symbols used in this diagram
indicate logic functions only; they do not indicate circuitry.

6~8. REFERENCING. Signal leads discont:inued on sheet 1 and contin-
ued on sheet 2 are cross-referenced by a card and pin number
designator. Discontinued leads are always continued on the adja-
cent sheet of the logic diagram.

6-9. Leads entering or leaving on the J1, J3, and J4 input-—-output
connectors can be traced to the external equipment via the mating
connector and pin number. Leads entering or leaving on the P5 and
P6 connectors are respectively connected to the top and bottom end
plates of the Magnetics Module. The pin numbers can be found on
the applicable matrix schematic where the mating connector is
identified.

6~10. SYMBOLS. Figure 6~l1l, Logic Symbols, identifies the symbols
used in the logic diagrams. Their functions are briefly defined in
the following descriptions. The RB memory uses positive true logic
~exclusively and all symbols are appropriately referenced to high
inputs and outputs. In the following descriptions, the terms
~"high" and "low" are used when defining circuit inputs and outputs,
A "high" is construed as the more positive of two possible voltages.
A "low" is construed as the less positive of two possible voltages.
Each symbol indicates a specific function; it is not intended to
convey specific circuitry.

6-11. AND GATE. This circuit produces a high output only when all
‘inputs are high. Any low input results in a low output. .

. 6-~12, OR GATE. A high applied to any input of this gate producés
~.a high output. Its output is low only when all inputs are low.

- 6=13. INVERTING AMPLIFIER. A high input to this circuit develops
‘a low output;a low input develops a high output. The asterisk,
.when present, indicates the circuit may be used as either an
inverting amplifier or a non-inverting amplifier. The printed
circnit card containing the amplifier provides an input selector
whose position determines whether the circuit will invert.

'~ 6-~14, UNIVIBRATOR. This circuit (UNI) generates a sharp rising
pulse of approximately one microsecond duration when triggered by
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either a positive or negative~going input voltage. Any time delay
between input and output pulses is indicated in microseconds.

6-15. FLIP-FLOP. This circuit furnishes two pairs of complementary
levels., One level in each pair is high, the other is low. Input
‘'voltages control the flip-flop to establish which level in each
complementary pair of outputs is high. In the symbol, the extremes
of the dashed line indicate the set input and the true output.

6-~16. CURRENT SWITCH. A current switch controls the flow of
comparatively high amplitude, short duration currents into a low
impedance load. The state of the switch i8 controlled by input gating
levels. . A high input is required to turn a switch ON.

6~17. EXCLUSIVE OR. The required high output from this gate is
developed only when one of its two inputs is low, and the other is
high. Two high inputs develop a low output.

6-18. DIFFERENTIATOR. A differentiator produces a pulse whose
duration is proportional to the rise or fall time of the input signal
level. Either a pulse, or a changing d-c level can produce a
comparatively short duration output vnltage from the differentiator.

6-~19, TNEGATOR. This term expresses a negation of the signal with
which it is associated. An OR gate, followed by a Negator, develops
a required high (signal) output only when all of its input legs are
low. An AND gate, followed by a Negator, develops a required high
(signal) output when any of its input terms are low.

6-20. AMPLIFIER. This circuit amplifies positive or negative input
signals. Outputs are the same polarity as inputs, '
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Timing-A Card, Assembly 11927
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Register-A Card, Assembly 11921

/

Transpose Register-A Card, Assembly 11925
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Count Logic-A Card, Assembly 11923
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