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Instructions

Incorrect installation of
Interface cables Pl and P2 can

cause damage to several compo-

nents. Refer to page 5-19 to

check for improper cable
assenbly and repair if neces-

sary. Then follow the steps

below:

1)

2)

3)

Check ICs H, K, Bl and T
on the Display/Control
board according to the
instructions on page 4-5.
Turn power off and un-
solder one lead of R74

on the Display/Control
board. Test for a
resistance reading of
2.2K ohms. Resolder

the lead to the board.
Turn power on and check
the +5v voltage regulator
and the -9v voltage regu-
lator on the Display/
Control board as described
on page 4-18, step 1.

If P1 and P2 were correctly
installed, proceed to Step C.

If Incorrect

Replace as necessary.

Replace as necessary.

Repair according to the instructions on page 4-18.
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Instructions If Correct
C. Electrical Problem.
1) With the computer in a Run If pulses are present,
state, check for irregular proceed to Step 2) on page
HIGH pulses at IC M1 pin 4-38.
3 on the Display/Control
board.

If Incorrect

If pulses are not present, check the logic from
IC M1 to IC D1 on the Display/Control board.
HIGH pulses should be present at pins 3, 4 and 5
of IC D1.

a.

If pulses are missing from pin 3 (of IC D),
check pin 4 of IC M on the CPU board for posi-
tive pulses. If absent, check ICs M and F
according to the instructions on page 4-20,
Step 6. If pulses are present at IC M pin 4,
check IC E pin 1 on the CPY board for a con-
stant LOW signal. [If absent, check continuity
from pin 1 to Ground. Check pin 15 (of IC F)
for a LOW PDBIN pulse. If pin 15 1s HIGH,
check IC V on thc CPU board according to the
instructions on page 4-5. [If IC V is working
properly, check ptn 17 of IC M for LOW pulses.
If absent, again check ICs M and F according
to the instructions on page 4-20, step 6.
Check pin 13 of IC E for a HIGH DOS signal.

If present, trace continuity and logic to IC
DY on the Display/Control board. Repair as
necessary.

If the PSYNC pulse is missing at pin 4 of IC
D1, check for a HIGH pulse at pin 19 of IC M
on the CPU board. If absent, check ICs F and
M according to the instructions on page 4-5,
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2)

3)

Instructions

Lift the STOP switch
and check pin 4 of IC
Cl, pin 5 of IC N1 and
pin 2 of IC M1 on the
Display/Control board.
Lift the STOP switch
and chéck pins 4, 1 and
5 of IC M1.

If Correct

Cl pin 4 should be LOW.

N1 pin 5 should be HIGII.
M1 pin 2 should be HIGH.

Proceed to Step 3).

Pins 4 and 1 should be
HIGH; pin 5 should be
HIGH . Proceed to Step 3
on page 4-39.

If Incorrect
step 6. If the HIGH pulse 1s present at pin
19, check continuity and logic from pin 19 to
pin 4 of IC DY. Check ICs, 1f necessary,
according to the instructions on page 4-5.

c. If the BIGH pulse (STSTB) 1s absent at pin §
of IC DY on the Display/Control board, check
for a LOW pulse at pin 7 of IC F on the CPU
board. If absent, check for a HIGH PSYNC
signal at pin 5 of IC F. If absent, trace
continuity to IC M pin 19. If continuity is
present, check ICs F and M according to the
instructions on page 4-20, step 6. If the LOW
pulse is present at pin 7 of IC F, trace logic
and continuity to pin 5 of IC D1 on the Dis-
play/Control board, and repalr as necessary.

Pin 1 of ICs C1 and N1 should be HIGH. If not,

trace continuity to Vcc, and repair as necessary.

Check ICs C1, N1 and Ml according to the instruc-

tions on page 4-5. (Nate: M} pin 2 is HIGH only

when the STOP switch is lifted and held.)

If pin 4 1s LOW, check POC according to the

instructions on page 4-22, step 11. If pin 1 of

IC M1 is LOW, check IC P} according to the instruc-

tions on page 4-5. Pin 1 of IC P1 should be LOM

when the STOP switch is pressed. If not, check
logic at pins 2 and 4 of IC N1 and at pins 5 and

6 of IC C1. If pin 5 of IC M1 is LOW, check pin
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3 SS Circuitry.

A.

6e-v

{Note: IF the JE to JF
Jumper 1s present on the
Display/Control board, it
should be removed for this
check.) Check for LOW going
clear pulses on IC M) pin 13
on the Display/Control board
while the chassis s in a
Run state. A LOW at IC T
pin 8 on the Display/Control
board should produce the LOW
clearing pulse at IC Ml pin
13.

If LOW SB pulses are present,

follow the steps below:

1) Check pin 2 of IC J on
the Display/Control
board fur a CS waveform
(see waveform #5 on
page 4-30).

2) Check pin 13 of IC J
for a constant 1.0V

Jevel.

If Correct

If clear pulses are present
on IC M, the trouble lies in
the SB cirvcuitry. Proceed
to Step B.

If present, proceed to
Step 2).

If absent, check pin 13
of IC A for a CS signal.
If the signal s absent

If Incorrect
2 for a HIGH. If absent, check the logic of ICs
CY and NY. If pin 2 is HIGH,check IC M1 according
to the instructions on page 4-5.

If pulses are absent at M1 pin 13, check for proper
logic at ICs J1 and T1 on the Display/Control
board. If the PSYNC and/or STSTB signals are
absent at the inputs of IC T1, refer to Step C on
page 4-37.

If absent, refer to Section 4-3, Step 13, page
4-23.

If a constant HIGH level is present at IC J pin
13, check continuity to pin 4 of IC A. Check
IC A according to the instructions on page 4-5.
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3) Check pins 2, 11 and
14 of IC A on the
Display/Control board
for HIGH signals.

4) Trace continulty from
pin 1 of IC J to pin 1
of IC A and to pins 12
and 1 of IC P.

Check pin 14 of IC P on the

Display/Control board for a

€8 signal. ~

Check for a MIGH at IC P pin

3 on the Display/Contral

board.

Check pin 2 of IC P for a

LOW level. Pin 2 should

pulse HIGH only when a PROM

related switch is pressed.

If Correct
at IC A, refer to Section
4-3, Step 13, page 4-23.
If present, proceed to
Step 4).

If continuity is present,
proceed to Step C.

If present, proceed to

Step D.

If present, proceed to
Step E.

If present, proceed to
Step F.

If Incorrect

If absent, trace coutinuity to VR1 pin 2 and
repair as necessary.

Repair as necessary.

If absent, refer to Section 4-3, Step 15, page
4-24. Check the logic operation of IC Z.

If absent, trace continuity through R49 to VR) pin
2 (on the Display/Control board). Repair as
necessary.

If absent, check for HIGH RC-CLR and POC levels

at pins 12 and 13 of IC Z. If POC is LOW, refer
to Section 4-3, Step 7, page 4-20. A LOW signal
at RC-CLR indicates either no C6 signal at IC L1
pin 1 on the Display/Control board (refer to
Section 4-3, Step 14, page 4-24) or LOW going
pulses on pin 3 of IC L1. LOW pulses at IC L1 pin
3 should occur only when a PROM related switch is
pressed. Check for HIGHs at IC L1 pins 2 and 4.
If absent, trace continuity to VR1 pin 2 and
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F.

Instructions

A C8 signal at IC P pin 14
should cause HIGH going
pulses to appear at pins 8,
9, 11 and 12 of IC P (RAQ-
RA13) on the Display/Control
(Note: The €8 signal
will occur oniy briefly when
a PROM related switch 1is
pressed. )

Check pins 17, 18, 19 and 20

board.

of IC G on the Display/Control
{LOWs should
occur only when the appropriate

board for HIGHs.

PROM related swilches are
pressed.)

Check pins 1, 2, 3, 4, 5, 6,
11 and 12 of IC N on the
Display/Control board for
pulscs.

Check 1C A} pins 1 and 2 on
the Display/Control board
for proper inverting logic.
On the Display/Control board,
compare ihe signal at IC A
pin 1 to that of IC P pin 12.

If Correct

If HIGH pulses are present,
proceed to Step G.

If present, proceed to
Step H.

If preseat, proceed to
Step I.

If IC Al is working properly,
proceed to Step J.

If the signals match,
proceed to Step K.

If Incorrect
repalr as necessary.
If HIGH pulses are not present, check continulty
from pin 1 to pin 12 of IC P. Check power and
Ground at IC P. 1If present, turn power off and
remove IC G. Turn power on and check again for
pulses at pins 8, 9, 11 or 12. [If absent, check
IC P according to the instructions on page 4-5.
Turn power off and reinstall IC G.

If any LOW levels are prasent (but no PROM
related switches are pressed), trace logic
through ICs V1, ZI, U1, F1, Y1 and H1. Pin 1 of
ICs F1, 41, M1 and Y1 should be LOW. If not,
trace continuity to Vcc. Check and replace ICs

i f necessary.

If constant levels rather than pulses are present,
refer to Section 4-3, step 16 on page 4-24. Also

check for shorts and bad socket connections.

If proper inverting logic is not present, check
IC Al according to the instructions on page 4-5.

It the signals do not match, trace continuity to
Vcc and repair as necessary.
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Step

K.

Instructions
Check for pulses at pins 3
and 4 of IC A.

Check for a LOW at 1C N

pin 8 and trace logic to

pin 4 of IC Z on the Display/
Control board. A LOW at Z
pin 4 should prevent the C8
signal from appearing at pin
6 of IC Z and pin 14 of IC

P and should keep IC P from
tncrementing. (Note: Pin 4
of IC Z should be LOW when
the computer is stopped. Pin
4 should pulse HIGH only when
a PROM related switch is
pressed. )

If Carrect
If present, proceed to
Step L.

If a LOW is present at pin
8 of IC N and if proper
logic is present, proceed

to Table 4-6.

If Incorrect
If pulses are absent at pin 3, trace continuity to
pin 4 of IC G and repair as necessary. If the
pulse is absent at pin 4 of IC A, turn power off
and remove pin 4 from the board. Trace logic to
pin 12 of IC J. If the pulse 1s present while pin
4 {s removed from the board, trace continuity and
look for shorts. If the pulse is absent while pin
4 1s renoved from the board, turn power off and
replace IC A with efther IC Bl or IC T. If pulses
are now present at pins 3 and 4, IC A is defective
and should be replaced.
Check any ICs that do not follow their respective
truth tables according to the instructions on page
4-5. Check for continuity and shorts from pin 12
of IC P to pin 2 of IC Z and repair as necessary.
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Problem

Table 4-6. Run Check

When the computer is running, the WAIT light on the front panel should be dim or off, and a HIGH should be

present at pin 23 of IC M on the CPU board. If the computer will not run when the RUH switch is pressed,

Description:
follow the steps below.
Step Instructions If Correct
] Press and hold the RUN switch and  If present, proceed to

check for LOWs at ICs CY pin 6 and Step 2.

Ml pin 2 on the Display/Control

board. Check for WIGHs at ICs N}

pin 4 and P1 pin V (on the Display/

Control board).

The HIGH at pin 1 of IC P1 should If proper logic operation
produce a LOW at pin 1 of IC MI, is present, proceed to Table
causing a LOW at pin 6. A LOW at 4-7.

Ml pin 5 shiould produce a LOW at

IC R pin 12. Trace this active

1.0l FRDY level through the Inter-

face board to IC C pinl3on the

CPU board. (IC C pin13 should be

HIGH when the RUN switch is

pressed.) The resulting HIGH at

pin 3 of IC F should cause a

HIGH at pin 23 of IC M (on the

CPU board).

If absent, trace logic to the RUN/STOP switch.
Check ICs €1 and N1 according to the instructions
on page 4-5.

If a LOW is not present at pin 5 of IC M1, check
the logic of IC P1 and, if necessary, check the
ICs according to the instructions on page 4-5.
Check for @2, Vcc and Ground at IC F. If IC F or
1€ M appears defective, refer to Section 4-3,
Step 6, page 4-20.
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Table 4-7. Single Step/Slow Check

If JE is jumpcred to JF on the Display/Control board, SINGLE STEP/SLOW can be misleading. For example, when

SINGLE STEP/SLOW is pressed for a JMP, a change cannot be detected in the LEDs. Activity can only be detected

If SINGLE STEP will not function,
follow steps A and B below:

A. Wmle pressing the SINGLE STEP

switch, check for LOWs at ICs
Cl1 pin 13 and D1 pin 1 on the
Display/Control board.

B. When the SINGLE STEP switch
1s pressed and held, IC Mi
pin 11 on the Display/Control
board should go HIGH. Check

Problem

Description:
by monitoring pulses on IC M pin 23 (READY) on the CPU board.
exists in the SINGLE STEP/SLOW circuitry.

Step Instructions

I1f Correct

If present, proceed to
Step 6.

If HIGH signals and proper
Jogic are present, proceed
to Step 2.

If pulses are not present at IC M, a problem

Follow the steps below.

If Incorvect

If absent, check for HIGH signals at pin 1 of

ICs C1 and N1 on the Display/Control board. If
absent, trace continuily to VRl pin 2. If the
HIGH signal 1s present, check ICs C1 and M1
according to the instructions on page 4-5.

If IC D1 pin 2 1s LOW, check pin 15 of IC NV for
a LOW. If absent, check pin 9 of ICs CY and NI
for a C13 waveform. If the waveform 1s absent,
refer to Section 4-3, Step 13, page 4-23. If
pin 15 is HIGH, recheck the logic of ICs N1 and
Cl.

Pin 13 of IC N1 should be HWIGH. If not, trace
continuity from pin 13 of IC D1 to pin 12 of IC J
and repair as necessary.

Check IC D1 according to the instructions on page
4-5. Check the logic from pin 8 of IC M} on the
Display/Control board to pin 23 of IC M on the
CPU board. Check any suspected ICs according to
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Step

Instructions
for HIGHs at pins 12, 10 and
13 of IC Ml. (Note: A con-
stant HIGH should be preseat
at pin 13. A LOW pulse, how-
ever, will end the SINGLE STLP
operation.) Trace the LOW
pulse at IC Ml pin 8 to a
HIGH pulse at pin 23 of IC M
on the CPU board.

If SLOW (on the Display/Control
board) will not function, follow
steps A, B and C below:

A.

Check for C18 pulses at pin
10 of IC P1 on the Display/
Control board. -

Holding the SLOW switch
down should produce HIGlHs
at pin 9 of IC Pl and at
pins 1 and 13 of IC D1 on
the Display/Control board.

€18 pulses should occur at
ICs D1 pin 2 and M1 pin 11
on the Display/Control

If Corvect

If present, proceed to
Step B.

If present, proceed to
Step C.

If proper operation is
present, proceed to Step 3.

If Incorrect
the instructions on page 4-5. If problems are
suspected with IC F or IC M, refer to page 4-20,
step 6.

If absent, check the logic from pin 10 of IC P
to jumper JD. (JD is located next to switch Al.)
If pulses are not present at pins 2, 13 and 14
of IC X, refer to Section 4-3, steps 9 and 10

on page 4-22 to check ICs L and X.

If pin 13 of IC D1 is LOW, check IC J pins 1, 2
and 13 as described in Table 4-5, Step 3, page
4-39. If pin 9 of IC PY or pin 1 of IC DY 1is
LOW, check the logic of 1Cs C1 and N1. Check ICs
€l and N1 according to the instructions on page
4-5 1f necessary.

If LOW pulses are absent at pin 13 of IC M1,
refer to step A on page 4-39. Any IC whose

loglc does not follow its truth table should be
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Step

Instructions If Correct
board. LOW going pulses
should be present at IC Ml
pin 13. (Note: A constant
LOW level should never be
present at M1 pin 13.) Pins
12 and 10 of IC M should be
HIGH. Trace the LOW going
pulses at IC M1 pin 8 to
ithe HIGH going pulses on the
READY 1ine (pin 23 of IC M

~on the CPU board).

If SINGLE STEP and SLOW will not
actuate a stopped condition,
follow steps A and B below:

A. Pressing the SINGLE STEP/ If the proper signals
SLOM switch should produce are present, proceed to
LOWs at ICs M1 pin 2 and Step B.

P pin 1 and HIGls at ICs
M1 pin 1 and P1 pin 12 on
the Display/Control board.
Check for a LOW going pulse
at pin 13 of IC M). (Note:
This pulse may be hard to
detect. If so, hit the

RUN switch to produce
several of these pulses

If Incorrect
checked according to the instructions on page
4-5. HIGH pulses should be present at pin 3 of
IC F on the CPU board. If ICs M or F appear
defective, refer to Section 4-3, steps 5 and 6,
page 4-20,

Check any IC whose logic does not follow its
truth table according to the instructions on page
4-5. Pin 1 of ICs C1 and N1 should be HIGH.

If not, trace continuity to VRI pin 2 and repair
as necessary. If pin 13 of IC Ml 1s constantly
LOW, refer to Step A, page 4-39.
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Instructions

Check pin 6 of IC TV on the

Display/Control board for a

HIGH POC signal. HIGH going
pulses should be present at

pins 3 and 4 of IC TI.

If Correct

If present, proceed to
Table 4-8.

If Incorrect

If a HIGH POC signal 1s not present at pin §,
refer to Section 4-3, step 11, page 4-22. If
HIGH going pulses are absent at pins 3 and 4,
check for PSYNC and STSTB pulses at pins 2, 13,
11 and 10 of IC T1. If these pulses are missing,
trace logic to the CPU beard according to the
instructions on page 4-37, step C. Check any
suspected ICs according to the instructions

on page 4-5.
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Note 2:

Problem

Table 4-8. Protect/Unprotect Check

Table 4-8 deals with problems on the Display/Control board only; memory board problems are not included in this
table. :

In order to perform the PROTECT/UNPROTECT check, one memory board that has the PROTECT/UNPROTECT option must be
installed In the chassis. (16K Static boards do not have this function. PROM memory boards, when addressed,
always cause the PROTECT LED to light.)

Description: If pressing the PROTECT switch does not protect the memory board from depositing new data and 1f the UNPROTECT

Step
1

switch does not allow new data to be deposited, follow the steps below.

Instructions If Correct If Incorrect
Pressing the PROTECT (or If proper operation is Check ICs G} and Wl according to the instructions
UNPROTECT) should produce a LOW present, proceed to Step 2. on page 4-5. Check any IC (on the Interface
at pin 13 of IC G on the Dis- board) whose logic does not follow its truth
play/Control board as long as table according to the instructions on page 4-5.

the switch is held. Pressing
the UNPROTECT switch causes the
same operation to occur at pin
12 of IC G1. The LOW at pin
13 of IC GI causes a LOW at
pin 10 of IC W1 (for PROTECT).
The LOW at pin 12 of IC G}
causes a LOW at pin 14 of IC
Wl (for UNPROTECT). Trace the
LOW active PROTECT (or
UNPROTECT) signal to bus pin
20 (or 70}. (Note: The
memory board must be addressed
in order to be protected.)
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Step Instructions

2 A LOW on the PS Yine (bus #69)
should cause the PROTECT LED
to light.

If Correct
If so, proceed to Table 4-9
on page 4-50.

If Incorrect
If the PROTECT LED does not light, refer to
Section 4-3, step 17 on page 4-24.
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Table 4-9.

Sense Switch Check

Description: If the data input from the SENSE switches does not match the settings of AB-A15, follow the steps below.

Problem
Step Instructions
1 Pressing Single Step twice for

the following program should
produce LOW levels at pins 8

and 9 of IC D on the Interface
board. (Note: JE should not

be jumpered to JF on the Dis-
play/Control board for this check.)
A1l address lines (Ap-A15) should

be HIGH.

Location Bit Pattern
000 333
001 7
002 303
003 000
004 000

Note: If this program cannot be
deposited, proceed to Table 11 on
page 4-55 to correct the DEPOSIT

problem.

2 Pin 12 of IC J on the Interface

board should be HIGH.

3 Pin 13 of IC J should be HIGH.
If not, check for a HIGH SINP

signal at bus pin 46.

If Correct
If LOWs are present at pins
8 and 9 when the program is
run, proceed to Step 2.

If so, proceed to

Step 3.

If pin 13 of IC J is HIGH,
proceed to Step 4.

I1f Incorrect
If LOW levels are not present at pins 8 and 9
of IC D, check the logic operation from IC M
(A@-A15) on the CPU board to IC D on the Inter-
face board. Check any suspected ICs according
to the tnstructions on page 4-5.

If pin 12 1s LOW, check IC D according to the
instructions on page 4-5.

If pin 13 of IC J s not HIGH, check IC C
according to the instructions on page 4-5. If
the SINP signal is absent at bus pin 46, trace
logic to pin 6 of IC K on the CPU board. Check
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Pin 11 of IC J on the Interface
board (SSHI) should be LOW.
Checking logic and continuity,
trace this signal to a LOW on
pin 10 of IC Z on the Display/
Control board.

For each address switch (A8-A15)
that is 1ifted, the correspond-
ing output pin of either IC W

or IC U on the Display/Control
board should be LOW.

Trace the LOW level output from
IC Wor IC U to a HIGH on the
corresponding output pin of IC

E or IC M on the Interface board.
Check PDBIN (pin 2 of IC B on the
Interface board and pin 4 of IC
C on the CPU board) for MIGH
levels. ‘

If Correct

If correct, proceed
to Step 5.

If LOWs are present at
the proper IC plns, pro-

ceed to Step 6.

If proper logic is present,
proceed to Step 7.

If present, proceed to
Step 8.

If Incorrect
any suspected ICs according to the instructions
on page 4-5.
Check for WIGHs at pins 2, 11 and 13 of IC K.
If absent, trace continuity to VR1 pin 2 on the
CPU board, and repair as necessary. Press RUN
and check for LOW STST8 pulses on pin 1 of IC K
{see Table 4-10, Step 3 on page 4-53).
Check the logic of ICs J and H on the Interface
board. Check any suspected ICs according to the
instructions on page 4-5.

If these IC pins are HIGH, check for shorts.
Check ICs W and U according to the instructions
cn page 4-5.

Check any suspected ICs according to the instruc-
tions on page 4-5.

If absent, check IC V on the CPU board according
to the instructions on page 4-5. Trace logic to
a MIGH at pin 17 of IC M on the CPU board. Check
any suspected ICs according to the instructions
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Step

Instruciions

A LOW SSUT level should produce
LOWs at pins 6 and 13 of IC B

on the Interface board. Pin 8
of IC B should be HIGH, causing
LOWs to appear at bus pin 57
(DIG1) and pin 6 of IC B. A

LOW at pin 57 should praduce

a HIGH at pin 6 of IC C on the
CPY board. Pins 4, 5, 9 and

10 of IC B should be HIGH.

Refer to schematic 3-14.
Lifting any of the A8-Al5 address
switches should cause the corres-
ponding data line of ICs D, E
and M on the CPU board to go
HIGH.

If Correct
If correct, proceed to
Step 9.

If the proper data lines
are HIGH, proceed to
Table 4-10.

If Incorrect
on page 4-5.
If any of these signals are incorrect or absent,
check continuity and check the ICs according to
the instructions on page 4-5. If HIGHs are not
present at IC B pins 4, 6, 9 and 10, trace con-
tinuity to VRY pin 2 on the Interface board.

Check logic from the outputs of ICs E and M on
the Interface board to ICs D and E on the CPU
board. Check any suspected ICs according to the
instructions on page 4-5.



q0083

LL6l ‘ARl

€S-

L

Problem
Description:

status, follow the steps below.
Step Instructions

Check for HIGHs at pins 2, 13, 11
and 14 of IC K on_the CPU board.
PRESET should be HIGH on the bus.

Check for a LOW going STSTB pulse
at pin 1 of IC K on the CPU boarq
while the computer is running.

Check for MEMR and M) signals at
IC K pins 4 and 8 on the CPU
board. Check continuity from the
outputs of ICs D and E to the
inputs of IC K on the CPU board.
If pins 4 and 8 of IC K are HIGH,
the M1 and MEMR LEDs on the front
panel should be 1it.

Table 4-10.

If Correct
If present, proceed to
Step 2.
If so, proceed to Step
3.
If present, proceed to
Step 4.

If present, proceed to
Step 5. '

If the correct LEDs are
1it, proceed to Section
4-5 if problems exist with
the EXAMINE/EXAMINE NEXT,
DEPOSIT/DEPOSIT NEXT,
ACCUMULATOR DISPLAY/
ACCUMULATOR LOAD or IN/
OUT switches.

Status Check

1f status {s incorrect when the computer is turned on and 1f pressing the RESET switch fails to achieve proper

If Incorrect
If pins 2, 13, 11 or 14 are LOW, trace continuity
to VRY pin 2 on the CPU bbard. Repair as necessary.
If not, check the loglc for the RESET switch accord-
ing to the instructions in Table 4, page 4-32.
If absent, check continuity from pin 7 of IC F to
pin 1 of IC K. If continuity 1s absent, check IC F
on the CPU board according to the instructions in
Table 5, Step C, page 4-38.
If pins 3 and 7 of IC K are constantly LOW when
the computer is running, look for shorts on the
CPU board and repair as necessary.

If the correct LEDs are not 1it, check for proper
logic operation from IC K on the CPU board to the
front panel LEDs. Check any suspected ICs accord-
ing to the instructions on page 4-5. If the ICs
are working properly, refer to Step 17 on page 4-24
to check the LED circultry.



4-5. PROM RELATED SWITCH PROBLEMS

Section 4-5 contains procedures to solve problems relating to the
EXAMINE/EXAMINE NEXT, DEPOSIT/DEPQOSIT NEXT, ACCUMULATOR DISPLAY/ACCUMU-
LATOR LOAD and IN/OUT switches. Problems involving the RESET, RUN/STOP,
SINGLE STEP/SLOW, PROTECT/UNPROTECT, SENSE and STATUS switches should be
checked before performing the tests in Section 4-5. Refer to Section
4-4 to solve problems of this type.

The text in Section 4-5 is divided into 16 major steps. These are
general procedures that should always be followed when testing the PROM
related switches.

2800b
4-54 © May, 1977
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Instructions
When a PROM related switch is
pressed and held, the upper four
bits (RA7-RA4) uf the beginning
address (as shown in Table 3-2 in

Table 4-11.

the Theory of Operation section)

are produced on the PRGM (IC G on
the Display/Control board) address
Vines. The chart below shows how
the PROM address lines (RA7-RA4)

correspond to the switch.

Address Bit

corresponding switch is
pressed, proceed to Step 2.

RA7 RA6 RAS MM
Corresponding
PROM Pin 17 i3 19 20
Sultch
EXAMINE LOW | HIGH | HIGH NIGH
EXAMINE NEXT | MIGH] LOW | HIGH [HIGH
DEPOSIT HIGIY HIGH | LOW RIGH
DEPOSIT HEXT | HIGH| HIGH | HIGH {LOW
ACCUMULATOR
DISPLAY LOW | LOW | HIGH [HIGH
ACCUMULATOR .
LOAD HIGH] LOW | LOW JHIGH
IN HIGH] HIGH | LOW jLOW
ouT HIGH] LOW | HIGH JLOW

If no PROM related switches are

pressed, RA7-RA4 (pins 17-20 of IC G)

should be HIGH.

PROM Related Switch Problems
If Correct

1f RA7-RA4 go to the appro-

priate levels when the

If Incorrect
If RA7-RA4 are LOW when none of the switches are
pressed, check for LOYW iInput signals at ICs Vi
and 7V on the Display/Control board. Trace con-
tinuity from RAA-RA7 through RP1 to VR1 pin 2
(Vcc), and repair as necessary. If a HIGH input
is found, check the logic operation of ICs F1, U1,
Al and V1. Pin 1 of ICs N1, U1, Y1 and F1 should
he HIGH. If not, trace to VR1 pin 2 on the
bisplay/Control board. Pins 4, 5, 13 and 12 of
1Cs F1 and 1Y should be HIGH when none of the
switches are pressed. If HIGH signals are not
present, trace continulty to VR pin 2 and repair
as necessary.
Press and hold down the suspected switch and
trace logic to Lhe switch from pins 17, 18, 19
and 20 of IC G on the Display/Control board.
Check any suspected ICs according to the instruc-
tions on page 4-5.
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........ If Correct
Check for a HIGI clear pulse (less IF the pulse is present,
than .1 usec. wide) at pin 2 of IC  proceed to Step 3.
P on the Display/Control board each

time a PROM related switch Is

pressed. (Note: In order to

better detect this pulse, turn

the scope's time base to the lowest

frequency setting, or highest time/

cm setting, and turn up the inten-

sity. A logic probe may also be

needed. )

If address lines RA@-RA3
are operating pioperly,
proceced to Step 4.

Refer to schematic 316, sheet }

of 3. Press the PROM related
switch and check for proper oper-
ation (as shown in schematic 3-16)
on the RAB-RAJ address lines of

IC G on the Display/Control bLoard.
For example, the DEPOSIT switch
covers addresses 320-323. Address
1ines RA2 and RA3 {which correspond
to pins 8 and 11, respectively, of
IC P) are never used. Consequently,
when the DEPOSIT switch is pressed,

If Incorrect
If the pulse is absent, check for HIGlHs at pins
2 and 4 of IC L and at pins 1, 2, 11 and 12 of
IC X1 on the Display/Control board. If absent,
trace continuity to VR1 pin 2 on the Display/
Contro) board. Repair as necessary. Pressing
any PROM related switch will cause at least one
LOW on the input pins of IC XV, producing a HIGH
at pin 3 of IC LI. The LOW going pulse at pin 6
(RC-CLR) of IC L1 should cause a HIGH pulse at
rin 2 of IC P. At the same time, pin 5§ (AL-STB)
of 1C LY should pulse NIGH. If this does not
accur, check ICs L1 and Z according to the instruc-
tions on page 4-5.
If proper operation is not present at address
lines RAP-RA3, check IC P according to the
instructions in Table 4-5, Step F, on page 4-4).
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Instructions If Correct
pulses should not be present at
pins 8 and 11 of IC P. VWhen Lhe
switch Is released, pulses may be
present at all outputs of IC P.
The following chart shows the
correct pulse level for each

switch.

Switch Address Bit
RA3. RA2 RAl RAO

EXAMINE NP P p P

EXAMINE

NEXT NP NP P

DEPOSIT NP NP

DEPOSIT

NEXT NP P P P

ACCUMULATOR

DISPLAY P P P P

ACCUMULATOR

LOAD p P P

IN P

out P P P P

NP = No pulses

P = Pulses

(Note: This chart §s valid only
when the switch {s pressed and
held. When the switch 1s released,
pulses may appear at all of the
address lines.)
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Instructions If Correct
For each data line, check contin- If continuity {s present,
uity (with an ohmmeter set at XIK proceed to Step 5.
or higher) from the output pins of
ICs N and F on the Intevface board
to the appropriate pins of ICs D
and E on the CPU board.

If a pulse counter 1s available, 1f correct, proceed to
check for the appropriate number Step 6.

of clock pulses at IC Ml pin 11

on the Display/Control board as

listed below:

Switch Number of Pulses
EXAMINE 3
EXAMINE NEXT 1
DEPOSIT 0
DEPOSIT NLXT 1
ACCUIMULATOR

DISPLAY 6
ACCUMULATOR

LOAD 6
INPUT 6
QUTPUT 6

(Note: Each number corresponds to
the number of S8 pulses set in
Table 3-2.)

If Incorrect
if continuity 1s absent, check for opens or a
had connection in the CPU to Interface board
cable. An open will cause the same bit to be
deposited no matter what condition the Ap-A7
switches are in. The EXAMINE switch will show
that the address bit {s HIGH along with the
corresponding bit in addresses A8-A15. Resolder
the cable 1f necessary and solder over opéns.
If the corrvect number of pulses 1s not present
at IC M1 pin 11, check IC G on the Display/Control
board. Also check CS, €8, C13, C6 and M1 (refer
to pages 4-23 step 13, 4-24 step 15, 4-22 step
10, 4-24 step 14 and 4-37 step C, respectively).
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Step

Instructions
If the C13, C6, C8 and CS signals
have not been checked, refer to
page 4-22 step 10, page 4-24
step 14, page 4-24 step 15, and
page 4-23 step 13, respectively,
to check these signals.
The PROM functions usually cause
each PROM data output to change
levels at least once. Bit 7 of
EXAMINE NEXT s the only excep-
tion to this rule. Press each
PROM related switch while mon-
ttoring the output pins of IC G
on the Display/Control board
for pulses.
Check for HIGH signals at pins
2, 14 and 11 of IC A on the
Display/Control board. Check
continuity from pins 1 and 12
of IC P to pin 1 of IC A and
to pin 2 of IC Z on the Display/
Control board.
One second after the switch is
pressed, the final address (as
shown in Table 3-2) should
appear on lines RAP-RA7 and
remain there until the switch

1F Corvect
If these signals are func-
tloning properly, proceed
to Step 7.

If constant levels are not

present, proceed to Step 8.

If HIGH signals and cont-
nuity are present, proceed
to Step 9.

If correct, proceed to
Step 10.

If Incorrect
Repair according to the instructions on the
appropriate page.

If a constant LOW or HIGH signal is present on
pins 4, 6,6, 7,8, 9, 10 or 11 of IC G on the
Display/Control board when a switch s pressed,
check cantinuity with an ohmeter and look for
shorts and bad socket connections. Repalr as
necessary.

If HIGH signals and/or continuity are absent,
check continuity from the suspected pin to VRI
pin 2 on the Display/Control board and repair as
necessary.

If the final address is not 177, check IC G
according to the Instructlons on page 4-24, step
16. Also look for shorts and repair as necessary.




Step Instructions
is released. 177 should also be
present at IC G on the Display/
Control board.

10 Refer to the following chart and
check for S pulses at pins 4, 6,
8, 10, 15, 17, 19 or 21 of ICA
on the Display/Control board.
Switch S Pulse
EXAMINE s1, $2, S5, S7, S8
EXAMINE NEXT S5, S7, S8
DEPOSIT S1, S6, S7
DEPOSIT NEXT SV, S6, S7, S8, S5

ACCUMULATOR
DISPLAY $3, 54, S5, S7, s8

ACCUMULATOR  SI, S3, sS4, S5, S7
LOAD S8

IN $¢2, §3, 54, 85, S7,
S8

out S2, $3, 54, S5, S/,
S8

n The S pulses listed in Step
10 should produce the following
results:
A. For each Ag-A7 switch that
is up, S1 should produce a

09-v

HIGH pulse on the corres-
ponding output pin of IC E

iLEL ‘Aey
Q0082

If present, proceed to
Step 11.

If present, proceed to
Step B.

If Incorvect

If the proper pulses are absent, or {f the
improper pulses are present at IC A, check IC A
according to the instructions on page 4-5. Also
look for shorts and repair as necessary.

If these HIGH pulses are absent, trace continuity
from pin 21 of IC A to the input pins of ICs Y
and W on the Display/Control board. Also trace
continuity from the output pins of ICs Y and W
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Step

Instructions If Correct
or IC M on the Interface board.
To check for S1, press the
DEPOSIT switch.

A HIGH S2 pulse should cause If LOW pulses are present,
LOW pulses at the outputs of proceed to Step C.

ICs W and U on the Display/

Control board (1f the corres-

ponding switch is up).

HIGH $3 and S$4 pulses siould If HIGH signals are present

produce HIGHs at ICs Bl pin at 8) pin 13 and T pin 13,
13 and T pin 13 on the Dis- proceed to Step D.
play/Control board.

A HIGH S5 pulse should pro- If LOY signals are present,

duce LOWs at IC R pins 1 and proceed to Step E.
15 and IC S pin 1 on the
Display/Control board.

A HIGH S6 pulse should produce If HIGH pulses are present,
a HIGH MWRITE pulse at bus pin  proceed to Step F.

68 and a HIGH DIGY pulse at

bus pin 57.

to the input pins of ICs E and M on the Interface
board with the corresponding switch up. Repair
as necessary. Check logic operation from the
input pins of ICs Y and W on the Display/Control
board to the output pins of ICs E and M on the
Interface board. Check any suspected ICs accord-
ing to the instructions on page 4-5.

If LOW pulses are absent, check the logic of ICs
Al, Z, Wand V. Test the ICs according to the
fnstructions on page 4-5, if necessary.

If HIGH pulses are absent, check continuity with
an olumeter and repair as necessary.

If LOW signals are absent, check continuity from
pin 10 of IC A to pin 9 of IC Al on the Display/
Control board. If the logic on IC Al 1s incor-
rect, check the IC according to the instructions
on page 4-5,

If a HIGH MHRITE pulse ts absent at bus pin 68,
check for a LOW DEP pulse at pin 8 of IC J. If
absent, check pin 10 of IC J on the Display/
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Instructions
If the MWRITE signal is
absent, "1's" will appear
in the data lights (for cach
Ap-A7 sultch that is up) for
as long as the DEPOSIT switch
is held. When the DEPOSIT
switch is released, the data
Tights will return to their
original pattern. The
DEPOSIT NEXT switch will act
as EXAMINE NEXT, 1.e. 1t will
increment an address, but
fail to deposit 1t in memory.

A HIGH $7 pulse should pro-

15 and IC N pin 15 on the
Interface board, and a HIGH
at pin 6 of IC C on the CPU
board.

If Correct

If present, proceed to
duce LOWs at IC F pins 1 and Step 6.

If Incorrect
Control board when the switch 1s pressed. If
absent, check continuity from pin 10 of I1C J to
pin 13 of IC A, pin 2 of IC Z, and pins 12 and
1 of IC P. MRepair as necessary. Pins 2 and 14
of IC A should be IGH. If not, trace continuity
to Vcc. If the DEF pulse 1s sti11 absent, check
IC J according to the instructions on page 4-5.
If 1C J is working properly, and 1f continuity
is present, check ICs A and H on the Interface
board for proper logic operation.
If a HIGH DIGY pulse does not occur at bus pin 67,
trace logic from IC C pin 5 on the Display/Control
board to a LOW pulse at pins 6 and V2 of IC B on
the Interface board. Trace the WIGH pulse from
IC B pin 8 to a HIGH at pin 6 of IC C on the CPU
board. Pin 2 of IC B should pulse HIGH simul-
taneously with IC C pin 6. If not, check the
logic from pin 2 of IC B to pin 17 of IC M on
the CPU board. Check the ICs, 1f necessary,
according to the instructions on page 4-5.
If absent, check for a €S signal at pin 4 of IC J
and for HIGH pulses from IC P pin 12 to pin 5 of
IC J on the Display/Control board. If the signals
are absent, trace continuity and repair as neces-
sary. Trace logic to IC B pin 12 on the Inter-
face board. Pins 4, 5, 9, 10, 13 and 2 of IC B
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Instructions

If Correct

If Incorrect
should be HIGH. If pins 4, 5, 9 or 10 are LOW,
trace continuity to VRl pin 2 on the Interface
board. If pin 2 of IC B is LOW, trace loglc
and continuity to pin 17 of IC M. IC M pin 17
should be HIGH. If not, look for shorts and check
IC V according to the instructions on page 4-5.
If pin 13 of IC B is LOW, check IC J on the
Interface board according to the instructions
on page 4-5. Pins 12 and 13 of IC J should be
LOW. If not, check ICs C and D on the Interface
board according to the instructions on page 4-5.
$7 should produce a LOW pulse at pin 12 of IC B,
causing a ilIGH pulse at pin 1 (of IC B). If a
HIGH pulse 1s not present at pin 1, check IC B,
according to the instructions on page 4-5. Trace
the HIGH pulse from IC B pin 1 to IC € pin 5 on
the CPU board. (Pin 4 of IC C should be HIGH.)
Absence of a LOW pulse at pin 6 of IC B will
cause all "1's" to be deposited into memory (no
matter how the AP-A7 switches are set) when the
DEPOSIT switch is pressed. Pressing the EXAMINE
switch will cause HIGIs only at A3, A4 and A5
(no matter how the AP-A15 switches are set),
since the CPU receives an RST 7 {377) instruction
and jumps to location 070.



79-v

LL61 CAey

Q0088

Step

12

Instructlon
G. A HIGH SB pulse should pro-
duce a HIGH READY pulse on
pin 23 of IC M on the CPU
board.

Check the DEPOSIT switch for
proper operation; it should
deposit each bit separately.

If Correct
If present, proceed to
Step 12.

.Proceed to Step 13.

If the READY pulse is absent at pin 23, check for
a HIGH pulse (from IC P) at pin ¥ of IC J.on the
Display/Control board and for a CS signal at pin
2 (of IC J). If the pulse is absent at pin 1,
check continulty to pins 1 and 12 of IC P. Repair
as necessary. If the CS signal 1s absent at pin
2, refer to Step 13 on page 4-23. Trace logic
from pin 12 of IC J to a HIGH pulse on pin 11 of
IC M1. Check any suspected ICs according to the
instructions on page 4-5. Pins 12 and 10 of IC
M1 should be HIGIl. If not, trace continuity to
Vcc. Pin 13 of IC M should be HIGH. If a con-
stant LOM 1s present, check logic at ICs J1 and
TV and replace, if necessary. Trace logic from
IC M1 pin 8 to IC M on the CPU board. Replace
ICs and repair shorts or opens 1f necessary.

If ICs M or F appear defective, refer to Section
4-3, Step 6 on page 4-20.

If the switch cannot deposit the bits separately,
try different bit combinations. A bit that
cannot be deposited separately may be dependent
on another bit; check for shorts with an ohimmeter
set at X1K or higher. A LONW resistance reading
between two data lines indicates a short. Repair
as necessary.
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step
13

14

15

Instructions
Lower address switches AB8-Al1S5 in
order to isolate any effect they
may have on the clrcuitry. The
switch symptoms should not
change.
ICs BY and T on Lhe Display/
Control board are not needed
for the EXAMINE, EXAMINE NEXT,
DEPOSIT and DEPOSIT NEXT
functions. If problems occur
with these functions, turn
power off and remove ICs Bl
and T from the board. Removal
of Bl and T will isolate any
effects these ICs may cause.
However, the switch symptoms
should not change.
Examine the IC outputs in
order to test the Display/
Contral board's open collec-
tors (ICs Y, W and U), the
address switches and contl-
nuity to pull-up resistors
R41-R48 by 1ifting up each
address switch (Ag-A15)
separately.

If Correct
If there 1s no change in
the symptoms, proceed to
Step 14.

If the symptoms do not
change, make sure power is
off and reinstall 1Cs B1
and T. Proceed to Step 15.

Proceed to Step 16.

If the symptoms change when A8-A15 are lowered,
check the logic operation of ICs W, U, Z, Al and
A. If necessary, check the ICs according to the
instructions on page 4-5.

If the symptoms change, check pins 1 and 2 of
both ICs for LOWs. If absent, trace continuity
to the Ground pin of the 7805 voltage regulator
on the Display/Control board. Pin 13 of both ICs
should be LOW. If not, trace continuity to pin
17 (for IC B1) or 15 (for IC T) of IC A. Repair
as necessary. Pin 13 of both ICs should never
pulse HIGH for the EXAMINE/EXAMINE NEXT or
DEPOSIT/DEPOSIT NEXT functions. Pin 14 of both
ICs should be HIGH. If not, trace continuity

to Vcc (VR1 pin 2).

If any of the outputs fall to go HIGH when the
corresponding address switch 1s 1ifted, check

for a LOW {nput signal. If the input is not LOW,
check for shorts and continuity to pin 21 of IC
A. A LOW input signal indicates that a bad IC
exists or that one of the components is holding
the Yine LOW. Check Vcc and Ground to the IC.
Pin 13 of both ICs B) and T should be LOW. If
not, trace continuity back to IC A and check IC
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Instructions 1f Correct
A bad open collector can cause
the switch data to be examined
or deposited improperly. If
an address switch is down, the
corresponding open collector
output is disconnected from
Vce and will float as a LOW.
Lifting the address switch
should rafse the output of
the open collector to approx-
imately 4v. (Note: The
common Inputs of ICs Y, W and
U should be LOW when the com-
puter is stopped and no
switches are pressed.)
A. If the ACCUMULATOR

DISPLAY switch will not

function, follow the steps

below:

1) Check the ground strap  Proceed to Step 2).

from VR1 on the Display/
Control board to the
computer; 1t must be
connected ¥n order for
the ACCUMULATOR DISPLAY
suitch to function pro-
perly.

If Incorrect
A according to the instructions on page 4-5. Pins
1 and 15 of IC R and pin 1 of IC S {on the Dis-
play/Control board) should be HIGH. If not,
trace logic to pin 10 of IC A. Test any suspected
ICs according to the instructions on page 4-5.
Check for shorts on both the Display/Control
board and the Interface board along the FDIO-FDI7
1ines.

Repair as necessary.
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2)

3)

4)

5)

Instructions If Correct
Make sure jumper JD to  Proceed to Step 3).
JC is present on the

Interface board.

Check for LOWs at pins Proceed to Step 4).
2 and 1 of ICs Bl and

T on the Display/Con-

trol board. (A constant

HIGH should be present

at pin 14 of both 1Cs.)

As long as the ACCUMU- Proceed to Step 5).
LATOR DISPLAY switch

is held, pin 2 of IC G

on the Interface board

should be LOW. Pins

13 and 14 of IC G

should be HIGH and pin

1 should be LOM.

Pressing the ACCUMULATOR Proceed to Step B.
DISPLAY switch should

produce LOW pulses at

pins 8 and 9 of IC D

on the Interface board.

As a result, pin 10 of

IC D should pulse HIGH.

Pins 10 and 11 of IC K

should also pulse HIGH.

Repair 1f necessary.

If pins 2 and 1 are HIGH, trace continuity to
Ground (pin 3 of VR1) on the Display/Control
board. If pin 14 is LOW, trace continuity to
VR1, pin 2. Repair as necessary.

If pin 2 {s HIGH, trace Yogic from IC G to IC Y]
on the Display/Control board. Check any suspected
ICs according to the instructions on page 4-5.

If pins 13 and 14 of IC G are LOW, trace con-
tinuity to VR pin 2 (on the Interface board)

and repair as necessary.

Since pulses are usually too rapid to detect
visually, run the following program to generate
several pulses.

Location Bit Pattern
000 333
001 77
002 303
003 000
004 000
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Instructions

If jumper JE to JF is
present on the Inter-
face board, a IIGH
pulse should be present
at pin 9 of IC K. The
resulting LOW at pin B
(of 1C K) should pro-
duce a HIGH pulse at
pin 11 of IC G;

If the ACCUMULATOR DEPOSIT
switch will not function,
check the inputs of ICs Bl
and T as described in Step
14 on page 4-65.

If the IN switch will not
function, check the SENSE
switch operation as shown
in Table 4-9, starting on
page 4-50.

If the OUT switch will

not function, check the
sense switch operation

as shown §n Table 4-9,
starting on page 4-50.

If Incorrect
(Note: Jumper JE to JF on the Display/Control
board must be absent for the following check.)
To check the levels of ICs D, J and G pin 4,
stop the computer and examine to location 000.
Lift the SINGLE STEP switch twice with the above
program deposited into memory. If pin 10 of IC K
is LOW, trace the SOUT logic to the CPU board.
If pin 11 of IC K is LOW, trace the PHR signal
to IC M on the CPU board. Check any suspected
ICs according to the instructfons on page 4-5.



