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MODEL 2200VP SYSTEM REPAIR
1.  INTRODUCTION

A tester has been designed and built, which along with a series
of DEBUG PROMs, will facilitate repair of 2200VP printed circuit
boards. 1In the future, supplements to this MRG will be published
containing information dealing specifically with the repair procedure
of the individual modules in thé 2200VP. Sections 2 and 3 of this MRG
cover the installation and operatiohal aspects of the tester. Sche-
matics for the tester assembly can be found at the end of this repair

guide.

2. INSTALLATION

. 2.1 EQUIPMENT REQUIRED
Qty. Part # Description
1 190-0718 Tester Assembly with cables

2.2 PROCEDURE

Remove the first Control Memory board (210-6788 PCB in the fourth
PCB location from the heat sink) from the CPU and insert it into the
location provided on the lightboard (Ref. 210-7139 schematic). In-
stall the seven 24 pin lightboard cables into their appropriate
locations on the 210-7138 Interface board (the number on the cable
coincides with the number of the jack that it is to be connected to),
then install the 7138 in the CPU in the location previously occupied
by the 210-6788 PCB. Remove the 210-6790 from the CPU and connect the
16 pin lightboard cable to J1, then reinstall the 6790 in the CPU.
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NOTE:
Pin 1 of each lightboard cable must plug into

pin 1 of each female connector.

Cont. Mem.

Interface

210-7138 CABLE # (PART #) 210-7139
J1 1 (220-3038) J10
J2 2 (220-3037) J6
J3 3 (220-3037) Jo
J4 4 (220-3036) J8
J5 5 (220-3035) J5
J6 6 (220~-3018) J4
J7 7 (220-3018) J7

210-6790
J1 N/A (220-3000) Ji1

Before attempting to operate the system, ensure the power supply
regulated voltages are at their proper levels by checking them at the
lightboard (connectors 1 and 3 of the 210-6788). Reference 6788

schematic for pin locations.

After the lightboard has been installed and the voltages checked,
a simple test should be performed to ensure proper operation. An

example of such a test follows:

SWITCH POSITION
IC/PCovivnnnnn. UP
CM/SWITCHES. ., ..DOWN
COMPARE......... DOWN
RUN/STEP........ UP
Ajg-Ag.eevnnenns DOWN
Ryg=Rpeeevens .. .HEX 5CXXXX

Toggle ROM bit switches R,-R.., one at a time and observe the

2 17
memory address indicators AIS-AO' One and only one indicator




should come on for each ROM bit selected. The ROM bits with the

corresponding address indicators that they activate are:

R: 8 9 10 11 12 13 14 15 16 17 .2 3 4 5 6 7
A: 0 1 2 3 &4 5 6 7 8 9 10 11 12 13 14 15

A 2200VP diagnostic should also be loaded from the system platter
and run to ensure proper operation of the system. For normal opera-
tion of the 2200VP, all the toggle switches on the lightboard should
be down with the exception of the RUN/STEP switch which should be in
the RUN position and the ROM switch (CM/SWITCHES) which should be in
the CM position.

3. OPERATION
3.1 LIGHT INDICATORS

"Each set of light indicators (labeled accordingly) represent the

following:

1) Control memory output (R23-R0)
2) Memory address (A15-A0)
3) K register (K7-K0)

3.2 ROM BIT AND ROM SWITCHES

Indicators R23-R0 (see above) can also represent a manually
set ROM instruction, to be used in lieu of (supersedes) the control
memory outputs. Such manually introduced commands to the CPU are set
on the ROM bit switches located direétly below the indicators.
Placing the switch in the up position activates the corresponding
bit. The ROM switch, labeled CM/SWITCHES, must be in the down
position to allow the ROM bit switches to control the CPU.
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3.3 RUN/STEP AND STEP PUSHBUTTON SWITCHES

With the RUN/STEP switch in the STEP position, the CPU will
complete one cycle each time the STEP pushbutton is depressed. When
the RUN/STEP switch is in the RUN mode, and the STEP pushbutton is

depressed once, the CPU begins to cycle continuously.
3.4 ADDRESS SELECT SWITCH

The memory address indicators (AIS-AD) are capable of
displaying either the Data Memory or the Control Memory address. The
type displayed is determined by the address select switch, labeled
IC/PC, where PC is Data Memory and IC the Control Memory.

3.5 ADDRESS BIT AND COMPARE SWITCHES

The address bit switches located directly beneath indicators
A15~-A0 operate in conjunction with the COMPARE switch. Once the
type of address has been selected (Ref. Sec. 3.4) and any desired ‘

memory address set by placing the corresponding address bit switches

in the up position, the COMPARE switch may be turned‘on (up for
compare) allowing the lightboard to stop the microprogram at the
designated address when it is reached. The microprogram may be
continued by depressing the step pushbutton and it will only STOP if
the designated memory address is accessed again. The compare feature
allows for internal observation at a certain point in the microprogram
without having to step through the preceding instructions of the

program.
3.6 WRITE SWITCH

Not applicable to 2200VP at this time.
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6789 MEMORY CONTROL REPAIR February 21, 1978
1. INTRODUCTION

This MRG covers the repair procedure for the 210-6789 Memory Con-
trol PCB in the 2200VP. Section 2 introduces the use of DEBUG PROMs,
section 3 contains the complete debug microprogram with explanation
while section 4 is an abbreviated form of the program which is very

helpful in troubleshooting.

- NOTE:
It is not necessary to install the 210-6788
Control Memory board in the tester when using
the PROM microcode for testing. The 210-6788
Control Memory need only be inserted when
loading BASIC.

2. GENERAL

A set of DEBUG PROMs is now available which can replace the
BOOTSTRAP PROMs on the 210-6789 PCB. These PROMs, however, are not
capable of allowing the 2200VP to operate normally. Their primary
purpose is to exercise the circuitry of the 6789 memory control board
and, if a failure is present, to provide a microprogram that is simple
and easy to follow and to identify a hardware problem with the aid of
a lightboard. Reference MRG #4 for installation and operational

aspects of the lightboard.

The locations for the DEBUG PROMs are as follows:

PCB Location PROM #

6789 L27 378-2156
6789 128 378-2157
6789 129 378-2158
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The program will start to run at POWER ON and will stop if an

error is detected. To restart the program, key RESET.
3. 210-6789 DEBUG MICROPROGRAM

The program has two major functions. The first concerns the
control memory parity error generation circuit (the entire left half
of the schematic). At locations 8004 and 8005 of the program, a
parity error is purposely generated to insure that error detection is
possible. Other than at the two test locations, the circuitry and
program operate as they normally would, that is, decoding the ROM bits

and setting a hardware trap (address 8000) if parity is incorrect.

There are four valid combinations of ODD 1, ODD 2 and ODD 3. If
one and only one is high, or if all three are high, no parity error is
generated. Test locations 8004 and 8005 generate two different in-
valid combinations of ODD 1-3. If a parity error is not detected at
these locations, the program will hang up by executing a continuous
branch to the incorrect address. If an error is generated at 8004 and
8005, the microprogram will continue on with no error being dis-
played. If at any address other than the test locations parity is
incorrect, a message will be displayed including the address at which
the error occurred. EXAMPLE: **%% PECM 8103 *¥**

In order to find the malfunction, it may be helpful to isolate
the ROM bit latches (L36-140) from the rest of the circuitry. This
can be done by manually setting the ROM bit switches to perform the
instruction that generated the bad parity. The switches are connected
to the outputs of the ROM bit latches, therefore, L36-40 will not be
involved. If the problem cannot be found in this manner, the program
can be rerun and stopped at the address that generated the error and

the circuitry traced (Ref. COMPARE function, Section 3.5).




{

The program's second function is to check the CH, CL register
(L21-L24) along with the data memory parity error generation cir-
cuitry. To accomplish this, HEX (5A) is written into the first ten
data memory locations and then read back into CH, CL. If there is a

parity error, a hardware trap (address 8002) will be executed and the

~address of the bad location displayed. EXAMPLE: %% PEDM 0002 wkk,

If no parity error is detected, the data that is in CH, CL is checked
for integrity. If the data is incorrect, an error message will be
displayed specifying whether CH or CL is bad and what the data was.
EXAMPLE: %% CL ERROR: 5A WAS 5B ***, Upon completion of HEX (5A)
being read correctly, the data is complimented (A5) and the test is

rerun.

After CH, CL and PEDM have been checked, HEX (5A) is written into
Control Memory at location 0001, and then read back and tested for
data integrity. If the data is incorrect, a PECM will be detected at
0001 or an error message will be displayed (*** WCM OR RCM FAILURE
*k%) gtating that there was a failure when either writing to or
reading from Control Memory. The purpose of this test is to check LOP
(Long Operation). The loop count is incremented after LOP has been

successfully tested.

If a PEDM was detected, L41 pin 3 can be grounded, overriding the
hardware trap, thus allowing the data integrity check to be per-
formed. This may point out a féiling bit in the CH, CL register. If
the test runs successfully with PEDM grounded, the failure is in the

error generation circuitry itself.
4. ABBREVIATED DEBUG MICROPROGRAM

The following is a sectionalized breakdown of the debug program.
Each section is listed in the order that it is performed. The list is
only composed of portions  of the program that are accessed if the unit
is operating correctly (i.e., error routines are not included). The

addresses listed are also in the order that they are accessed.



To locate the step in the program that is failing, the COMPARE
function should be untilized. An address somewhere in the middle of
the program should be selected as the stopping point. TIf the program
does indeed reach and stop at the selected address, it can be assumed
that everything is operating properly up to that point in the pro-

- gram. If the address is not reached, simply back track through the
program using the addresses listed in the abbreviated program as V
stopping points until the last accessed step is found. Once the
éection in which the failure occurs has been found, the complete
listing of the microprogram can be referenced to help determine the

exact failure location.

1. Power on hardware trap (8003)
Reset hardware trap (8001)

2. Clear screen (8059-805B, 804C-8052, 805C-8062)

3. Generate bad parity and test (8004, 8000, 8014-8019)
4. Generate bad parity and test (8005, 8000, 8014-801C)
5. Initialize loop count (8063-8066)

6. Clear CH/CL parity bits (8053-8058, 8067)

7. Display "WRITE 5A" (8068-8078)

8. Write data (8079-807F)

9. Display "READ 5A" (8080-808E)

10. Read data (808F-8095)

11. Write data (8096-809A)

12. Display "WRITE A5" (809B-80AD)

13. Display "READ A5" (80AE-80BB)

14. Read data (80BC-80C1)

15. Test write and read Control Memory (80C2-80CD)

16. Increment loop count and display (80CE-80D8)

17. Repeat sequence #7-#16
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o MODULE REPAIR GUIDE LILY.

EDITED BY CUSTOMER ENGINEERING DIVISION

March 29, 1978
210-6793 TEST PROGRAM

1. INTRODUCTION
210-6793 REGISTERS AND I/O TEST PROGRAM

The 210-6793 registers and I/0 test program was written to be
used as a helpful aid in the troubleshooting and repair of the 6793

module.

The program utilizes "building-block techniques" of testing.
That is, test the module in various steps starting with very basic
testing of registers, source selectors, etc., and advance onward

utilizing what is "known good" to then test other parts of the module

. in more detail.

Visual display is implemented wherever possible.

The test program is designed to be run exclusively out of PROM

for two basic reasons:

1) To eliminate the complexity of having to use the boot-
strap/utility PROMs for initial module troubleshooting.
2) Possible module failures could prevent the loading of the

test program from disk or other media.
2. INSTALLATION/OPERATION

Pleagse refer to the "Module Repair Guide #4" for information
needed to install and operate equipment associated with 2200VP system
repair. The only additional equipment would be the following set of

I debug PROMs associated with the 6793 test program.

Printed in U.S.A.

LABORATORIES, INC.

( i “ ANG ) ONE INDUSTRIAL AVENUE, LOWELL, MASSACHUSETTS 01881, TEL. (617) 851-4111, TWX 710 343-8789, TELEX 84-M421




PROM BOARD LOCATION

#1 378-2187 6789 L27
#2 378-2188 6789 L28
#3 378-2189 6789 L29

3. GENERAL TEST INFORMATION

POWER ON

As power is applied to the system, a micro trap to PROM address

8003 occurs which begins test operation.
START

Inhibit inputs and clear CRT display.
INITIAL TEST SEQUENCE

Initially a "K" is written into the K register and a check is
made to insure that it did in fact get written properly. 1If the K
register = "K" (Hex 4B), the letter "K" is displayed on the CRT. This
technique is used for all file registers as well. At the successful

completion of this test, the following should be displayed on the CRT:

K01234567

If an error is detected during execution of this routine, the
micro program will execute a branch to the beginning of the subtest
that failed, resulting in a continuous looping operation. This is

done in an effort to aid in troubleshooting.

NOTE:
If a register fails in this test phase, no print
out on CRT will occur for that particular regis-

ter and any registers that follow.




EXAMPLE: File register #2 fails

’ Print Out = K 0 1 |

. No "2" is printed because of a failure in register #2. No other
registers will be tested until the register #2 failure is gone.
At this point the program should be looping in a short routine
that puts a "2" in register #2 and does a conditional branch test

to check that the "2'" was written properly.

INPUT SEQUENCE

After K012 3456 7 is printed on CRT, display stops and the
micro program waits for keyboard input. This test is a visual test of
input to the K register and associated logic from the keyboard. For
every key struck, a character is printed on the CRT (echo mode). It
is up to the operator to verify that the key struck is the character
printed. By typing the alphabet and numerics 0-9, most possible bit
combinations will be displayed. This test is terminated by striking
the "RETURN (EXEC)" key. '

TESTO-TEST9

After RETURN (EXEC) key is stfuck, a series of ten tests are run

continuously with visual display on CRT. The sequence of events is as

follows:

1) Print Test# on CRT.
2) Execute test.

3) If failure results, print error. Go to beginning of test
and repeat operation. '
4) If no error results, go to next test.

5) After completion of test 9, restart at test O.

TEST#0 DESCRIPTION

Test 0 is a two-part test. Part 1 tests that the K register and
. all file registers can be cleared (=0). Part 2 tests the same
registers by setting them equal to all ones (FF HEX). 1If a failure



results, the program will print "ERROR" on the CRT and restart at the

beginning of the failing subtest. Prior to part 1, the K register was

cleared and checked in a small routine labeled '"START1". In this '
rsgbtest if K register failed, the program will loop attemptiﬁg to

reclear K.
TEST#1 DESCRIPTION

Test 1 is a test of the K register. The register is first
cleared and then incremented one step at a time (00-FF HEX)
¢ontinuously checking that the operation was successful. The K
regiéter was previously tested to ensure it could be cleared (all 0)
as well as set to all ones (FF). The compare operation uses file
registér 1 to check the K register; the file register was also tested
prior to this test for bits stuék hi or low (set clear). 1If either K

register or file #1 fail, this test will print out "ERROR" and restart.
‘TEST#2 DESCRIPTION

This is a test of all file registers ability to be incremented '.
from 00-FF (HEX). The K register, which is now known to be good (able
to be incremented from 00-FF), is used as the comparison register.
The test operates in a chain mode fashion, that is, the K register is
incremented and moved into FO. Then FO is moved to Fl1, Fl to F2,
etc. Finally, file register 7 is compared to the K register to see if
all registers were written properly. If a failure results, the

program will restart.
TEST#3 DESCRIPTION

This test clears the SH register and the SL register and checks

that both registers are, in fact, clear.

NOTE:
The SH register ready bit (SH=08 HEX) is masked

out because it is randomly set by I/O devices.




TEST#4 DESCRIPTION

This is a test of the SL register's ability to be stepped from 00
to FF (HEX) one step at a time comparing it to file register 2 which

was previously tested. Any error will restart this test.
TEST#5 DESCRIPTION

This is a test of the SH register's ability to be stepped from 00
to FF (HEX) one step at a time, comparing it to file register 0 which
was previously tested. A fairly complex mask compare operation is
performed due to the ready bit problem. Any error will restart this
test.

TEST#6 DESCRIPTION

This test is very similar to Test#2 with the exception that it

incorporates the SL register in the chain mode testing.

TEST#7 DESCRIPTION

This test fills file registers 0-7 with several worst case

patterns and checks to see that they were written properly.

FO=5A F4=AA

F1=A5 F5=A5

F2=5A F6=5A

F3=55 F7=A5

These patterns are generated by multiple shift operations and “%
moved into the appropriate registers. b

TEST#8 DESCRIPTION

This test moves four worst case patterns through all eight file
registers and checks to see that only one register was altered at a

time. The following is an example using FO:



FO initial value=5A. 1In the first move FO goes to an A5, the
second move FO goes to 55, the third move FO goes to AA and
finally the fourth move puts the 5A back in FO. At this time, a

check is performed to see if any other registers were altered.
TEST#9 DESCRIPTION

This test writes one location in control memory and reads the
same location, checking to see that it was written properly. The
purpose of this test is to exercise some previously untested inputs to
the registers through source selectors (on the read control memory
instfuction, registers K, PH, PL are used as input registers and
during the write control memory instruction they are used as output

registers).
PARITY ERRORS

The program has the ability to detect and display both control
memory and data memory parity errors on the CRT. The address that is
displayed on the CRT, when either error occurs, is decremented by 1.
Thus if a parity error occurs, the print out address is the last valid
instruction. The next instruction is the instruction that caused the

error.

After the error is printed on the CRT, the program hangs in a

branch-on-self routine, waiting for reset to be struck on keyboard.
RESET

If at any time during execution the program gets hung, the reset

key may be struck which will restart the program at the very beginning.
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MODULE REPAIR GUIDE N4 3

EDITED BY CUSTOMER ENGINEERING DIVISION

=1

210-6790 TEST PROGRAM May 8, 1978
1.  INTRODUCTION
210-6790 INSTRUCTION COUNTER TEST PROGRAM

The 210-6790 test program was written to be used as a helpful aid

in the troubleshooting and repair of the 6790 module.

The program utilizes many of the same techniques developed in the
210-6793 test program, ie. implementing visual._display of test results

wherever possible.

The program is designed to be run exclusively from PROM for the
same reasons already discussed in the INTRODUCTION section of the
210-6793 test program. Additionally, it is impossible for this pro-
’ gram to be run from Control Memory, because many of the test routines

utilize Control Memory for program execution.

2.  INSTALLATION/OPERATION

The standard 2200VP system repair equipment is utilized for
testing the 6790 module. The only additional equipment required is a

set of debug PROMs located as follows:

PROM # LOCATION

378-2174 6789 - L27
378-2175 6789 - L28
378-2176 6789 - L29

The only installation procedure required is to physically remove
the boot/utility PROMs from the 6789 and replace them with the 6790
debug PROMs.

Printed in U.S.A.

LABORATORIES, INC.
WANG ONE INDUSTRIAL AVENUE, LOWELL, MASSACHUSETTS 01851, TEL. (617) 851-4111, TWX 710 343-6769, TELEX 94-7421




3. GENERAL TEST INFORMATION
POWER ON

As power is applied to the system, a micro trap to PROM address

8003 occurs which begins test operation.
INITIAL O

INITIAL O is a preliminary test to see if it is possible for the
6790 module to execute a POWER ON RESET, forcing the Instruction
Counter to 8003. The Instruction Counter Source Decoder must
multiplex the trap address of 8003 through to the IC. The Instruction
Counter must then load 8003. The IC Register then inputs 8003, and |
increments this value to 8004. The micro program executes a
subroutine branch to the beginning of this test which pushed IC's = to

8004 on the stack.

There are essentially three parts to this test. Part 1 is a test
of the Program Counter's ability to be cleared (set to 0000) and set
to all ones (set to FFFF). Part 2 tests that a Subroutine Branch
pushed the incremented IC onto the stack. In Part 3, the In-
struction Counter is incremented in order to execute the instruction
associated with the program. Therefore, as the program progresses
through various tests, the Instruction Counter is being exercised with
incremental data. A low order IC bit failure will cause unpredictable

results when executing the first series of tests.

If an error is detected in this preliminary test, the program
will do one of two things. A failure in Part 1 will cause the program
to loop on a short series of instructions that either clear or set the
PC's. A failure in Part 2 will cause the program to hang at the
failing test instruction executing a branch to the same location (the
IC doesn't = 8004).




If no error occurs in either test, the CRT is cleared and a "O"

is printed on the screen.

NOTE:
If the CRT is clear, but no "0" is displayed
on the screen, Part 1 was executed properly,
but there is a failure in Part 2. If the CRT
does not clear, Part 1 failed. Once a test fails,
there will be no further execution of other
tests until the failure is cleared. Thus, as
long as the failure is present, the program
will loop on the error for troubleshooting pur-

poses.
INITIAL 1

INITIAL 1 will be executed ten times. The test is basically the
same as Initial O Part 2, except that this test exercises IC address
8005 through 800E checking primarily the trap decoder input to the IC
Source Selectors, the IC itself, the IC register, and the data path to
the stack from the IC Register. As each address is tested, a
character is printed on the CRT until the IC is incremented to 800E.

At the completion of this test, the CRT should display:

"0123456789:"

If a failure occurs during this test, the program will branch to
the same location at which the failure was detected and the CRT

display will be missing characters.
INITIAL 2

INITIAL 2 is a short routine that tests the Control Memory parity
error traps. There are two instruction locations in PROM that are
purposely written to generate bad parity. The program attempts to

execute these instructions which will cause a parity error trap to




PROM location 8000. The program then tests to make sure that the
known bad parity locations were the locations that caused the parity

error.

If an error, other than parity, results from execution of this
test, the program will end up branching to the wrong loecation as a .
result of an incorrect parity error trap decode. Failure results are
unpredictable but will be detected visually because the print out for
the next test will not be displayed on the CRT, but the print out for
the previous test will still be displayed. Thus, "0123456789:" will
be displayed, but "INPUT THE AMOUNT OF CONTROL MEMORY...." will not be.

INTEST

The INTEST routine is used to determine the amount of Control
Memory available to the system. Printed on the CRT will be a state-
ment: "INPUT THE AMOUNT OF CONTROL MEMORY (0=16K 1=20K)". At this
point, the operator must type either a "0" or "1" depending on the
amount of control memory available to the system. Any other character

1"non

will echo a and the program will loop until a valid response is

entered.
TEST#0

Test#0 checks that the PL (low order portion of the PC's) can be
incremented from 00 through FF, one step at a time, without failure.
If an error occurs in this test, "TEST#0" and "ERROR" are displayed on

the CRT and the program will loop until the error is cleared.
TEST#1

Test#1 checks the PH (high order portion of the PC's) in exactly

the same manner as Test#0 checks the PL.




TEST#2 through TEST#5

Test#2 through Test#5 are designed to exercise the memory select
lines and other various functions associated with Control Memory that
are controlled by the 6790 module.

Test#2 writes the last location of a 4K boundary (OFFF) in
Control Memory with a test pattern, then reads back the same location

and checks to see if data written compares with the data read.

This, location "OFFF" is written with "DS5AA55" then read back and
checked. If an error occurs, "TEST#" and "ERROR" are printed then the

test restarts from the beginning.

Test 3 through Test 5 do exactly the same, except for the

addresses they use.

Test 3 uses address "1FFF" (8K boundary, last address)
Test 4 uses address "2FFF" (12K boundary, last address)
Test 5 uses address "3FFF" (16K boundary, last address)

TEST#6

Test#6 is designed to exercise fhe Control Memory by writing the
memory address into the memory location (location 0000 will contain a
0000, location 1023 will contain a 1023, etc.). In order to accom-
plish this, a Write Control Memory (WCM) and a Read Control Memory
(RCM) must be executed (both use the stack in conjunction with the
IC's), to read or write into memory. The successful execution of this
test will ensure that all IC bits can be used to read and write to

Control Memory properly.

This test loads the Instruction Counter and tests that the IC
loaded to the proper value, however, it does not test the IC's ability

to count up properly and also does not test the ripple carry add

through the IC chips and associated logic.



If the incorrect memory size was specified in INTEST, an error
can result in this test because the program will try to write to

non-existent memory.

If an error is encountered during this test, the program will
print out "TEST#6" and "ERROR" and restart at the beginning of the
test.

If the system has 16K of control memory, addresses 0000 through
3FFF are tested. If the system has 20K of control memory, addresses
0000 through 4FFF are tested. '

TEST#7

Test#7 is a test designed to exercise chips L-27, L-28, L-18, and
partially L-29 (Instruction Counter). Previously, the carry during a
count operation (ripple carry add) was untested. This test was

designed to exercise this feature.

The test writes locations 000F, OOFF, and OFFF with a ''NOOP"
instruction, then writes locations 0010, 0100, and 1000 with a SB 8023
(branch to a test routine). The program then forces execution at
locations O000F, OOFF and OFFF respectively. Thus, at location 0OOF,
the instruction "NOOP" is executed. The IC register is incremented to
0010 and the '"'SB CHKTST" (8023) is executed, which pushes an address
of 0011 onto the stack and forces program execution at '"CHKTST".
"CHKTST" pops the stack and checks to see if a valid address was
pushed on the stack in this case "0011". If an error occurs, "TEST#7"
and "ERROR" are displayed then the test restarts. If no error
occurred, the two remaining addresses are tested then control proceeds

to the next test.
TEST#8
Test#8 is designed to be more of a "confidence" type test than an

actual troubleshooting aid. It will however loop on test if an error
occurs and display "TEST#8" and "ERROR".




At the beginning of TEST #8, all even Control Memory addresses
are written with a "NOOP" instruction and all odd locations are
‘ written with a "SB TSTADD" (8054). Beginning at location 0000, each
of two instruction routines are executed, making sure that the IC's

are incremented properly until the end of memory is reached.

NOTE:
This routine also exercises the Program Counter,
using it to compare the test address counter
with the test addresses. All memory selects
and Control Memory functions are being tested
by this routine as well as the refresh circuitry.
The add carry function of the IC chips is tested
heavily during execution of this program as well

as most possible bit patterns through the IC.

RESET

When RESET is keyed, the program reruns the preliminary tests and

asks for the amount of Control Memory available to the system.

ADDITIONAL INFORMATION

Since the program relies very heavily on Control Memory, the Con-—
trol Memory microcode diagnostics on the operating system diskette
should be run prior to set up and execution of this program. Verify
that this test program runs with all "known good" modules in the test
system before attempting to repair boards. While this test is not
intended to repair Control Memory boards, it will fail if the Control
Memory is defective. Therefore, it is important that both Control

Memory modules are good.

Because of the somewhat unpredictable refresh type failures, the
technician should verify visually with an oscilloscope that the
Control Memory and the Data Memory refresh circuitry is operating
properly on the 6790 board under test. This can be dome by observing
the output of L30 pin 3 at the jumper between L50 and L51: a 3 usec

negative pulse occurring every 23 usec.

2
5
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PARITY ERRORS

The program will visually display any unforced parity errors.
The address displayed on the CRT when a failure is detected is
decremented by one. Therefore, the address displayed is the last

valid instruction performed. The next address is the address which

caused the parity error.
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o MODULE REPAIR GUDE ND.AA

EDITED BY CUSTOMER ENGINEERING DIVISION

210-6791 TEST PROGRAM May 19, 1978

1. INTRODUCTION

210-6791 STACK AUXILIARY REGISTER TEST PROGRAM

The 210-6791 test program was writen to be used as a helpful aid

in the troubleshooting and repair of the 6791 module.

This program is similiar in many respects to the 210-6790 test E
program, ie. utilizing preliminary tests, advancing onward to more
detailed tests, and providing visual display of test results wherever

possible.

This program is designed to run exclusively from PROM. It is
. very important to run this program with all KNOWN GOOD MODULES before

attempting to repair any other module.
2. INSTALLATION/OPERATION

The standard 2200VP system repair equipment is utilized for
testing the 6791 module. The only additional equipment required is a

set of debug PROMS located as follows:

PROM # LOCATION

378-2204 6789 - L27
378-2205 6789 - L28
378-2206 6789 - L29

The only installation required is to physically remove the
boot/utility PROMS from the 6789 and replace them with the 6791 debug
PROMS.

Printed in U.S.A,

LABORATORIES, INC

( i ' ANG )ONE INDUSTRIAL AVENUE, LOWELL, MASSACHUSETTS 01851, TEL. (617) 861-4111, TWX 710 343-6789, TELEX 94-7421




3. GENERAL TEST INFORMATION

POWER ON

As power is applied to the system, a micro trap to PROM location

8003 occurs which begins test operation.

START

START should clear the CRT display and locate the cursor at home
position. This, of course, depends on the ability of the 6791 module
to decode and execute both a SB (subroutine branch) and a SR (sub-

“routine return).

There are also several other logic functions occuring during exe-
cution of this small subroutine. If the CRT display is not cleared,

it is because this routine failed to execute properly.
INITIAL

INITIAL is a short routine that tests the ability of the Program
Counter (PH, PL) to be cleared (set to 0000) and set (set to FFFF).
Some of the logic functions tested are: the LPI instruction (LOAD
PC'S IMMEDIATE) instruction, and the XOP instruction (EXTENDED
OPERATION) .

If an error occurs during execution, the program will loop in

this routine until the error is cleared.

If no error occurs in the routine, a "0" should be printed on the

CRT and the program advances to INITIAL O.

INITIAL O

INITIAL O checks that Auxiliary Register 00 can be cleared (set
to 0000) and set (set to FFFF). The TPA (TRANSFER PC'S TO AUXILIARY
REGISTER) instruction is tested for the first time during execution of

" this routine.




(-

If an error occurs, the program will loop until the error is
cleared. If no error occurs, the program will print a "1" on the CRT

and continue on to INITIAL 1.
INITIAL 1

INITIAL 1 checks that Stack Address 0000 can be written with both
all zeros and all ones (0000, FFFF). The TPS (TRANSFER PC'S TO STACK)
instruction, and the TSP (TRANSFER STACK TO PC'S) instruction are

first executed during this routine.

If an error occurs, the program will loop in this test. If no
error occurs, the program prints a "2" on the CRT and continues on to
INITIAL 2.

INITIAL 2

INITIAL 2 checks that the XPA (EXCHANGE PC'S WITH AUXILIARY
REGISTER) instruction works properly. If an error occurs, the program
loops in this test. If no error occurs, the program prints a "3" on

the CRT and goes on to INTEST.
INTEST

INTEST is a routine designed to input via keyboard the amount of
Control Memory available. If the system has 16K of Control Memory,
the operator must type a "0". If the system has 20K of Control
Memory, the operator must type a "1". Any response other than 0 or 1
will cause the program to print a "?" and the input statement "INPUT
THE AMOUNT OF CONTROL MEMORY....." again.

If, however, the operator typed a "1" for 20K of Control Memory
and the system only contained 16K of memory, a Control Memory parity
error at location 4000 (PECM 4000) will result. If the operator typed
a "0" and the system really had 20K of control memory, the IC will
only be incremented to O3FF (hex), resulting in an insufficient test

of the Instruction Counter.




After the proper character is typed on the keyboard, the program
goes to START O.

START 0

START O clears the CRT and homes the cursor then proceeds to TEST
ol

TEST O

TEST O checks the PL (LOW ORDER PC). The PL is first cleared,
then incremented by one, checking that the register incremented
properly. This 'increment then test' procedure is carried on until

the register equals FF (all ones).

An error in this routine will force the program to restart at

TEST 0. 1If no error occurs, the program continues on to the next test.

NOTE: 1If an error occurs in any of these tests, the CRT will
display:

TEST # X

ERROR

Where X = Test number that failed.

TEST 1

TEST 1 tests the PH from 00 to FF (hex) one step at a time,
checking that PH increments properly. The program will restart and

loop on error. If no error occurs, the program continues on to the
next test,

TEST 2

TEST 2 increments the Program Counter from 0000 to FFFF (hex),
one step at a time, checking that the Program Counter did increment
properly. The main difference between this routine and the previous
two tests is that PH and PL are being considered as one register in
this test, rather than seperate registers as in the previous tests.
Thus, the 'carry out' from PL to PH is being exercised during this
test.




0.

TEST 3

TEST 3 is the same as test 2, except the PC's are now decre-~
mented. Initially, the PC's are set to FFFF. The PC's are then
decremented and checked until they are equal to 0000.

TEST &

TEST 4 is the Stack Address test. Stack Address 0000 is written
with 0000, Stack Address 0001 jis written with 0101 etc., until 311 the
stack addresses are written. The test then reads and checks that all

the addresses were written properly.

NOTE: The lower order Program Counter (PL) is duplicated in the
high order Program Counter (PH).

TEST 5

TEST 5 first writes all Stack locations with zeroes (0000) and
checks that zeroes were written properly, then writes all ones (FFFF)

and checks that all ones were written properly.

TEST 6

TEST 6 is the Stack exerciser test. This test uses the following

test patterns:

PH PL

1. 0000 0001 0000 0001
2. 0000 0010 0000 0010
3. 0000 0100 0000 0100
4, 0000 1000 0000 1000
5. 0001 0000 0001 0000
6. 0010 0000 0010 0000
7. 0100 0000 0100 0000
8

. 1000 0000 1000 0000

Two other patterns are also used - either all 0's or all 1's

depending upon which pass the routine is executing.

R LI Sy



The Stack is initialized with all O's in all Stack locations.
The first test pattern is written in the first Stack location. The
first Stack location is read and checked. The remaining Stack
locations are read and checked for the "other pattern”. The test
continues in this manner until all eight test patterns have been
written in each location of the Stack and checked to see that no other

location has changed.

Effectively, this test checks the Stack to determine whether each
Stack location will:
a) Hold a particular pattern

b) Have any effect on another Stack location

TEST 7

TEST 7 checks that all 32 Auxiliary Registers can be written and

read back with four different test patterns. The patterns are:

1. 0000 0000 0000 0000
2. 1111 1111 1111 1111
3. 0101 1010 0101 1010
4. 1010 0101 1010 0101

TEST 8

Test 8 is the Auxiliary Register address/incremental data test.
Auxiliary Register 00 is written with '"0000". Auxiliary Register 01
is written with "0101". This continues until Auxiliary Register 1F is
written with "1F1F". At this time, all the registers are read and

compared to see if the correct data was written.

TEST 9

TEST 9 writes to Control Memory location 1000 twice. The first
time it is written with all 0's. The K Register and the PC's are then
filled with "5A's" (alternating 1's and 0's). Location 1000 is then

" read back. The K Register and the Program Counter are then checked to




see that each was overwritten properly. In the second pass, location
1000 is written with "FFFF" and checked in the same manner as the
first. The overall effect of this test is to check the Control Memory

input to the Program Counter via the Program Counter Source Selector.

TEST A

TEST A forces the execution of two instructions, both written
with bad parity. The first instruction is an LPI (LOAD PC'S
IMMEDIATE). The second instruction is an SB (SUBROUTINE BRANCH).
Obviously, both instructions should cause control memory parity
errors, but if the parity error signal (PECM) does not reach the 6791
module or the module does not decode it properly, the instruction that
caused the parity error will still be executed. In the case of the SB
instruction , the program will hang, executing the instruction over

and over again if the parity error is not detected.

TEST B

TEST B tests the Instruction Counter (IC) input to the Stack that
is used during subroutine branches. The program writes all of Control
Memory with two instructions, first a NOOP (NO OPERATION), then with a
SB TSTADD (SUBROUTINE BRANCH TO LOCATION 8260). It then begins
execution at control memory location 0000. The program executes the
NOOP, then executes the SB TSTADD which forces a subroutine branch to
PROM location 8260. The program then checks the Stack to see that the
right location was pushed during the SB instruction, This program

keeps executing in the same manner, until all of Control Memory is

addressed.

TEST C

TEST C is the Data Memory Select 1 and 2 (DMS1, DMS2) test. This
test exercises a small amount of logic on the 6791 module associated
with the selection of a particular Data Memory module. This selection
process is totally address dependent. It is a direct function of the
high order Program Counter Register (PH) bit 7 (PH7). Depending on
the condition of this bit, either DMS1 or DMS2 is asserted.




The micro-program writes two data memory locations with "5A" data
patterns, then reads back the same locations checking that they did
get written properly. One location is on the first memory board

(DMS1), and the other location is on the second memory board (DMS2).
At the completion of this test, the program restarts at Test 0.
RESET

When RESET is keyed, the program re-runs the preliminary tests

and asks for the amount of Control Memory available to the system.
PARITY ERRORS

The program will detect and display any unforced parity errors.
After the error information is printed on the CRT, the program will
hang, branching continuously to the same location. At this point, the

RESET key should be struck to restart the program.
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EDITED BY CUSTOMER ENGINEERING DIVISION

MODULE REPAIRGUIDE - ND.43

June 22,

210-6792 MODULE REPAIR

SECTION 1 INTRODUCTION

A series of test procedures has been deweloped in order to
effectively troubleshoot and repair the 210-6797ALU) module.

If these test procedures are followed the 6792 module will be
tested in a logical fashion which should make repair of the module
quite simple.

These procedures require the use of an oscilloscope (Tektronix
model 465 or equivalent), the standard 2200 VP system repair equipment
(190-0718), and a set of program PROMs.

Since the 6792 module has a large amount of system control and
timing logic associated with it, the first procedure is to test the
ability of the module under test to statically generate the minimum
required control/timing signals.

The second procedure will be to force the module to execute a
Branch instruction continuously, in order to generate T1-T12 (timing
signals) for test analysis.

The third procedure will be to force the module to execute a
Subroutine Return which will generate the remaining timing signals
(T13-T16) for test analysis.

~ Finally, as with all the other 2200 VP modules, the PROM program
i8 run to exercise all other logic functions on the module.

_
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SECTION 2 INSTALLATION/OPERATION

Please refer to the '"Module Repair Guide No. 4A" for information
needed to install and operate the equipment associated with 2200 VP
system repair. The only additional equipment would be the set of test
PROMs associated with the 6792 test program.

PROM BOARD LOCATION
#1 378-2207 6789 L-27
#2 378-2208 6789 L-28
#3 378-2209 6789 L-29
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SECTION 3 GENERAL TEST PROCEDURE INFORMATION
3.1. TEST PROCEDURES IN GENERAL

There are, as previously stated, three test procedures. All of
these procedures follow the same basic format, this format being:

1. Set up the light board in some particular fashion.

2. Set up the oscilloscope.

3. Perform the scope tests referencing pictorial aids.
NOTE:

Initially, a detailed description of how to set
up the light board and oscilloscope is given.
After the inital setup only changes to this pro-
cedure will be given.

3.2. TEST PROCEDURE #1

Turn power off ot the system and set up the light board as
follows:

Set ROM switches = 5C0380

Set CM/SWITCHES = CM

Set Address switches = 8003

Set IC/PC switch = IC

Set COMPARE/NONCOMPARE = COMPARE
Set RUN/STEP = RUN

Place the module under test on an extender module. Apply power
to the system. Note the IC address, it should be = to 8003.

Set RUN/STEP = STEP
A. Check that the STEP switch asserts STOP.
Probe: L 26 pin 9 signal should be low

Set CM/SWITCHES = SWITCHES




B. Check that BRANCH asserts as a result of a branch
instruction.

Probe: L 68 pin 8 signal should be low

Set CM/SWITCHES = CM

Initial scope setup:

VOLTS/DIV 2 DC (CHANNEL 1)
VERT MODE CH 1

HORIZ DISPLAY A

TRIG MODE NORM

COUPLING AC

SOURCE CH 1

SLOPE +

TIME/DIV .05 MICRO SEC. (50mnS)

C. Test that the MASTER CLOCK signal is generated.
Probe: Jumper near L 23 and 20 MHZ crystal.
Refer to Figure #1 for expected signal.
D. Test I/O CLK signal and associated circuitry.
Set CM/SWITCHES = SWITCHES
Set scope: TIME/DIV 1 MICRO SEC.
Probe: L 62 Pin 11
Refer to Figure #2
Set CM/SWITCHES = CM
Refer to Figure #3
Note:
Throughout these procedures references are made
to signals that are being checked on IC pins.
Most of these signals are outputs on this mod-
ule and go to output pins on the motherboard.
It is important that these signals are also

checked on these pins to eliminate the possibil-
ity of having an open etch.
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FIGURE 1
MASTER CLOCK

(2]

FIGURE 2
I/0 CLOCK

FIGURE 3
I/0 CLOCK




Test MARCKL and associated circuitry.

Set CM/SWITCHES = SWITCHES

Set scope: TIME/DIV .5 MICRO SEC. (500 nS)
Probe: L 40 pin 3

kefer to Figure #4

Set CM/SWITCHES = CM

Refer to Figure #5

FIGURE 4
MARCLK

FIGURE 5
MARCLK
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F. Test CE and associated circuitry.

Set CM/SWITCHES = SWITCHES
Probe: L 39 pin 6
Refer to Figure #6

Set CM/SWITCHES = CM

Refer to Figure #7

FIGURE 6
CE

FIGURE 7
CE




Test REF and associated circuitry.

Set CM/SWITCHES = SWITCHES

Set scope: TIME/DIV .2 Micro Sec
SLOPE
Probe L 37 pPin 6

Refer to Figure #8
Set CM/SWITCHES = CM

Refer to Figure #10

. (200ns)

Set scope: TIME/DIV 5 MICRO SEC.

Refer to Figure #11
Set CM/SWITCHES = SWITCHES

Refer to Figure #9

FIGURE 8 REF
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FIGURE 9 REF

FIGURE 10 REF

FIGURE 11 REF




3.3. TEST PROCEDURE #2

* A power on reset (POR) forced the micro-program to PROM location
8003. 1In the previous procedure, a match stop occurred halting the
program at this location. The instruction at location 8003 will be
executed when the STEP switch is pushed. This small program causes
the CPU to branch waiting for a key to be struck on the keyboard.
Without striking a key on the keyboard, perform the following test
procedure:

Change light board:
CM/SWITCHES = CM
COMPARE /NONCOMPARE = NONCOMPARE
STEP switch -- push once

Change initial scope setup as follows:

VERT MODE ALT
TIME/DIV .1 MICRO SEC. (100nS)

A. Compare Tl to T2, T3 to T4 etc. until finally comparing Tl1
to T12.

Probe: CH 1 L 63 pin 3
Probe: - CH 2 L 64 pin 3
" Refer to Figure #12
NOTE:
There is a 100 nS difference between occurrence
of the low going pulses.
Probe: CH1 L 63 pin 6
Probe: CH 2 L 64 pin 6
Refer to Figure #12
Continue comparing timing pulses in this fashion until finally
comparing T1l to T12. (Refer to schematic for chip and pin locations

of remaining timing signals).

B. Compare Tl to T12 (full cycle)

Set scope: TIME/DIV .2 MICRO SEC.
Probe: CH 1 L 63 pjn 3
Probe: CH 2 L 66 pin 3

Refer to Figure #13

10
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CH1 T1-T11

CH 2 T2-T12

CH1 Tl

CH2 Ti12

n

FIGURE 12 T1 COMPARED TO T2

FIGURE 13 T1 COMPARED TO T12




This procedure checks the occurance of T12 in relation to Tl for
a full cycle (start of Tl to start of next Tl).

3.4. TEST PROCEDURE #3
In order to generate timing pulses T13-T16, a Subroutine Branch
instruction is set up on the light board and forced to execute
continuously., The ALUCLK signal is also checked in this procedure.
Set up light board as follows:
Set ROM switches = 87800F
Set CM/SWITCHES = CM
Set ADDRESS switches = 8006
Set IC/PC = IC
Set COMPARE/NONCOMPARE = COMPARE
Set RUN/STEP = RUN
Turn system power off then back on again to force Power On
Reset. The program should halt at IC address 8006. At this point
continue as follows:
Set CM/SWITCHES = SWITCHES
Set COMPARE/NONCOMPARE = NONCOMPARE

Step -- push once

The system should now be executing a continuous Subroutine Branch
instruction.

A. Test timing pulses T13-T16

Set scope: TIME/DIV .05 MICRO SEC.
Probe: CH 1 L 65 pin 8
Probe: CH 2 L 66 pin 8

Refer to Figuré #14
Note the 50 nS time difference between T13 and T1l4.
Set scope TIME/DIV .2 MICRO SEC.
Note full cycle = 800 nS.

Set scope: TIME/DIV .05 MICRO SEC.

12
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. Probe: CH 1 L 65 pin 11

Probe: CH 2 L 66 pin 11
Refer to Figure #14
Set scope: TIME/DIV .2 MICRO SEC.

Refer to Figure #15

T13 COMPARED TO T14
T15 COMPARED TO T16

o T13 Ti5

CH 2

T14 Ti6

foy

FIGURE 14

13




FULL CYCLE

CH 1 T13 T15

CH 2 T14 Ti6

FIGURE 15

B. Test ALUCLK signal
Probe: CH 1 L 26 Pin 6 (CH 1 only)
Refer to Figure #16
Start program execution:
Set COMPARE/NONCOMPARE = COMPARE
Set CM/SWITCHES = CM
Set RUN/STEP = RUN
Step -— push once
Program should now be running.
NOTE:

If a PECM results, push RESET to begin
program execution.

14




ALUCLK

FIGURE 16
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SECTION 4 TEST INFORMATION
4.1. POWER ON

As power is applied to the system a micro-trap to PROM address
8003 occurs which begins test .operations. The program starts by
disabling Data Memory Parity errors and enabling input from the
keyboard. The program then waits at address 8006 for a key to be
struck before continuing.

4.2, START

This begins a series of preliminary tests which exercise micro-
instructions in a very basic fashion. This particular section is
broken up into two parts, START and START 1. The START section tests
Masked Branch instructions. It is important to note that if the MVI
(Move Immediate) instruction does not function properly, erroneous
results may occur from these preliminary branch tests.

4.3. START 1

This section of the program tests the Register Branch
instructions. At the beginning of the program File Registers 0, 1,
and 2 were initialized to a specific value for test purposes. The
typical test procedure utilizes these registers in different
combinations and with various Branch instructions to test the ability
of the module to execute successful branch operations. If a failure
is detected the program should branch back to the beginning of the
section and restart (loop on error). If no errors are detected the
CRT is cleared and a "0" is displayed on the screen.

4.4, INITIAL 1 -- INITIAL 9

These preliminary tests are very similar. Each test begins by
setting up File Registers with some particular data pattern then
executing a specific instruction several times to produce various
results. After each instruction is executed a test is performed to
check if the results are correct. If an error occurs the program
loops on error, if no error occurs a number will be displayed on the
CRT and the program continues on to the next test. At the completion
of these initial tests the CRT should be display:

0123456789
4.5. TEST 0 —— TEST 8

These are a series of tests that exercise individual
instructions. Previously the preliminary tests performed a very basic
check of the ability to execute various instructions. These tests are
designed to provide a more in-depth check of the instructions. At the
beginning of each test the program displays "TEST #X'" where X is the
number of the test currently be executed. If an error is detected
within any of these tests, "ERROR" is displayed on the CRT and the
program restarts at the beginning of the test that fails. The program
will loop in this fashion until the error goes away.

16
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4.6. TEST 9

This test exercises various Carry Bit functions. Several
different types of instructions are utilized to produce various Carry
Bit conditions.

4.7. TEST A

This test exercises the PH and PL Registers ability to multiplex
onto the B Bus. Various instructions are performed to force different
multiplex conditions.

4.8. TEST B

This test exercises the Data Memory Input Register and Parity
circuitry. Data memory locations 0000-00FF are written with their
address, read back, and checked to see if they did in fact get written
properly. Any single bit failure will cause a parity error (PEDM).

At the beginning of this test the parity error circuitry was
conditioned to allow parity errors. If a parity error occurs the
program will display the failing address on the CRT. If more than one
bit fails, and it does not cause a parity error, the program will
display "ERROR" and restart at the beginning of the test.

4.9. TEST C

This test exercises the two ALU chips by executing groups of
instructions that produce various bit pattern combinations.

4.10. TEST D

This test writes 16K of Control Memory, reads all previously
written locations, and verifies that these locations did in fact get
written properly. The address of the location is written into the
location,

Location 0000 = 0000
Location 03AF = 03AF

At the completion of TEST D the CRT should display:

TEST#0
TEST#1
TEST#2
TEST#3
TEST#4
TEST#5
TEST#6
TEST#7
TEST#8
TEST#9
TEST#A
TEST#B
TEST#C
TEST#D

17




The program will restart at TEST O after TEST D has been
completed.

4.11. RESET
I1f for any reason the program gets hung up or a parity error

occurs the RESET key may be struck which will restart the program at
the beginning of the preliminary tests (START).

18




SECTION 5 ALU 210-6792 THEORY OF OPERATION

This section provides detailed information concerning the
operation of individual circuits within the 210-6792 module.

5.1. Simplified Block Diagram
5.1:1. FUNCTION DECODER

The Function Decoder (L9) specifies the function the ALU is to
perform by providing the ALU with a 'word' decoded from instruction
bits R14-16, 17-22.

5.1.2. 'C' BUS SOURCE SELECTOR

The 'C' Bus Source Selector (L47, L48, L60, 161) selects the
output of one of the ALU sections for output onto the 'C' bus.

5.1.3. BRANCH DECODER

The Branch Decoder (127, 128, L29, L41, L42, L43, L44, L54, L55,
L56, L57, L67, L68, L69, L70) decodes all mask branch and conditional
branch functions for the system.

5.1.4. 'B' BUS SOURCE SELECTOR

The 'B' Bus Source Selector (L4, L5, 16) selects either the PL or
PH register for output onto the 'B'Bus.

5.1.5. SYSTEM TIMING

The System Timing utilizes a number of gates, latches, clocks,
shift registers and counters to provide all of the basic system clock

pulses. All clock signals are derived from a 20 MHz crystal
oscillator.

5.1.6. DATA MEMORY INPUT REGISTER

The Data Memory Input Register (L71, L72, L73, L74) latches the
output of the 'C'Bus Source Selector. A hardware generated parity bit
is determined from the 8 bits of data from the 'C' Bus selector and
latched into this register.

5.1.7. ALU

The system ALU is divided into three sections. Binary (L19, 120,
L21, L22), Decimal (L34, L35) and Multiply (L7, L45, L46, L58, L59).
The binary section performs the arithmetic and logical functions
except as follows. The decimal section is used for DAC and DACI when
the resultant sum of the low or high order 4 bits from the binary
section is greater than 10, and for DSC and DSCI when the resultant
difference from the binary section is less than zero (negative). The
decimal section converts the output of the binary ALU to BCD. The
multiply section is used for M, MI and SHFT instructions and is
utilized to establish some system pointers and for control of
subscripted variables. The ALU is not utilized for branch
instructions or the following mini instructions:  LPI; CIO; SR, WCM;
SR, RCM.

19
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5.2. Detailed Theory of Operation
5.2.1. FUNCTION DECODER

The Function Decoder utilizes a 745188 PROM to decode instruction
bits R14-16, 18-20 into ALU functions or words (see figure 4-20).
Words 0-15 are self explanitory. Words 16-19 (TRANSFER) enable the
binary ALU to pass the 'B' bus data on to the 'C' bus. Words 24-27
(SHIFT) enable the multiply ALU to pass the high or low 4 bits of the
A and B register to the 'C' Bus Source Selector.

The C Bus Source Selector utilizes four-74LS257 quad 2 to 1
multiplexers for selecting the binary, decimal or multiply ALU
sections for output to the Data Memory Input Register or 'C' bus
latch. L47 and L48 are enabled for binary and decimal functions
except the multiply and shift instructions. For these, L60 and L61
are enabled. Source selector inputs are selected as follows: 'A'
inputs of L47 and L48 are selected for all binary and decimal
operations as explained above except for DAC, DACI, DSC and DSCI when
the sum is greater than 10 or the difference is less than zero
(negative) at which time the B input are selected. The 'A' inputs of
L60 and L61 are selected for mutiply operations by DOP being low (and
ALU-OP being high). The B inputs (SHO-7) are selected for shift
operations (DOP and AL11-OP high).

5.2.2. BRANCH DECODER

The Branch Decoder has two sections. One section for decoding
the mask branch instructions and the other for decoding the register
branch instructions. Instruction bits R19-22 are decoded by a BCD to
Decimal decoder (L67) which decodes the desired branch condition to be
tested.

The mask branch section test the condition of the high or low 4
bits of the selected register against the mask field. Instruction bit
R18 is used to determine if the high or low 4 bits of the register are
to be used. R18 low selects the low 4 bits at pin 1 of L29. 1If BEQ
is decoded, the 4 mask bits are compared with the 4 register bits by
L27. If they are equal, pin 6 goes high and with L54 pin 13 already
high, BEQ goes low initiating a branch to the specified address. If
BNE is decoded, L27 is still used for the compare, and if not equal
pin 6 will be low but inverted at L30 pin 2 and with L54 pin 1 high a
branch to the specified address occurs. For the BT instruction, the
register bits are logically AND'ed with the masked bits by L28. If
the result from 128 is equal to the mask field when compared by L42, a
branch to the specified address occurs. The BF instruction is similar
to BT except that the AND'ed results of the 4 register bits and the
mask bits are OR'ed and if none of the register bits coincide with the
mask (AND'ed result equals 0000) then BF is enabled and a branch

occurs. Any one of BF, BT, BEQ, BNE going active causes 168 pin 8
(BRANCH) to go high.
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The register branch section tests the conditions between two 8
bit registers, or two 16 bit registers (8 bit register pairs) on an
extended operation. Extended operations can be performed only for BLR
and BLER instructions. For all of the register branch instructions, a
comparison of the registers is performed by L43 and L44. The status
of the register comparison is at L44 pins 6 and 7. If the 'A' and 'B'
bus registers are equal, pin 6 will be high. If the 'A' bus register
is less than the 'B' bus register, pin 7 will be high. If the 'A' bus
register is greater than the 'B' bus register, pin 6 and 7 are low.
L55 pin 6 will go low when BNR is decoded and register A frregister
B. L55 pin 8 will go low when BER is decoded and register A =
register B. 140 pin 8 will go low when BLR is decoded and register
A {register B. L56 pin 8 will go low when BLER is decoded and
register A € = register B. For the BLRX (register pair) instruction,
BLR will be high at L40 pin 9. If register A € register B, L40 pin 8
will go low causing BRANCH to go high. At T4, L70 pins 3 and 11 are
clocked causing 157 pin 11 to go high. At T6 when the register
addresses are incremented, the registers are immediately tested by L43
and L44. 1If register A is again  register B, L40 pin 8 remains low.
If register A = register B, L57 pin 10 goes high causing pin 8 to go
low which also generates BRANCH. If register A ) register B, L57 pin
10 remains low and L40 pin 10 goes low to turn BRANCH off. At T8
BRANCH is used in the instruction counter to load the branch address.
For the BLERX (register pair) instruction, BLER will be high at L56
pins 5, 9 and 13. 1If register A € register B, L56 pins 1 and 10 will
go high. As L56 pin 1 goes high, pin 12 goes low to enable BRANCH.

At T4, L70 pin 11 is clocked which makes L57 pin 3 go high to make pin
6 go low, also enabling BRANCH. At T6 the next two registers are
compared. If register A<register B, L56 pin 12 remains high to keep
BRANCH enabled. If register A ) register B on the second test, 156
pin 1, pin 4 and pin 10 go low to turn BRANCH off before it can be
used by the instruction counter.

5.2.3. SYSTEM TIMING

The system timing originates from a 20 MHz crystal controlled
oscillator. There are two speeds for system timing which are
developed by L14B. The system operates at the fast speed (20 MHz)
whenever ROMS is inactive. This is because pins 1 and 4 of L14B are
driven at opposite polarities by the 20 MHz crystal output. This
causes L39 pin 11 to be clocked at 20 MHz. The system operates at the
slow speed (10 MHz) whenever ROMS is active. This causes pins 1 and 4
of L14B to go high and pin 3 to be clocked at 20 MHz. The output at
pin 5 now clocks L39 pin 11 at 10 MHz instead of 20 MHz. The outputs
of L39 at pins 8 and 9 are at half the frequency of the input clock.
The clock signals at L38 pins 2, 4, 6 and 8 are used for clocking the
various counters, latches and gates which develop the system clock and
timing signals (refer to the 6792 timing diagram). Note that the time
and frequency given for the signals is when the system is operating at
the fast speed. Signal relationships remain the same but the time is
doubled when the system operates at the slow speed.
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5.2.4. DATA MEMORY INPUT REGISTER

The Data Memory Input Register has two functions. L72 and L73
latch the data from the 'C' bus selector at T5 for input to Data
Memory. At the same time L74 monitors the output of the 'C' bus
selector to generate a parity bit. 0dd parity is generated from L71
pin 6 at T5. That is, DIP will be clocked low if there is an odd
number of high's at the inputs of L74 and clocked high if there is an
even number of high's at the inputs of L74. During an LPI
instruction, L71 pin 9 is clocked low at T3 which clears the output of
the registers to zero, and sets DIP on. If a write is specified in an
LPI instruction, the data written will always be zero and will be
written at the intial address contained in the PC's.

5.2.5 ALU

The ALU performs arithmetic or logic functions as specified by
the decoded 'word'from the function decoder. The 8 bit data inputs
from the A and B bus are operated on by the ALU and the resultant 8
bits are output to the 'C' bus selector. L19 and L20 are used for all
binary functions and most decimal functions except M, MI and SHIFT
instructions (see Fig 4-20). L34 and L35 are used for decimal
functions when the resultant sum is greater than 10 or when the
resultant difference is less than zero (negative). 1Its function is to
convert the binary result from L19 and L20 to BCD. While the binary
and/or decimal ALU sections are being used, the multiply ALU section
output is inhibited. When the multiply section is being utilized the
binary and decimal outputs are inhibited. The SHFT instruction
combines the high or low 4 bits of the 'A' and 'B' Bus for output onto
the 'C' bus. The multiply ALU performs binary with multiplication on
the high or low 4 bits of the 'A' and 'B' Bus for output onto the 'C'’
Bus.

During MASK BRANCH, REGISTER BRANCH and BRANCH instructions as
well as SR, RCM, SR, WCM, CIO and LPI MINI instructions the ALU
outputs are ignored.

Function 53-50 o A (AS-AO) B ('3-‘0) Ca (Cin/Bin) 4 (!'3- 0) Co+h (C out/B out)
add Low = Carry in A Plus B Plus 1 b'lG Caté = Low (carry out)
(binary oaly) | HLLR L Augend Addend ]
Bi = Mo Carry in APlus B '5-'16 Caté = Bigh (no carry out)
Subtract LHHL L Minuend Subtrshend A>B Cotbé = Low (oo borrow out)
Low = No borrow {n| A Minus B A<B Cotd = High (borrow out)
A>B CnHl « Low (0o borrow out)
4 = borrow in A Minus B Minus 1]A<B Coté = High (borrow out)
or HHHL A B X A3 (A or B) X
X0 LHHL A B X A+B X
and HLHH A B X AB (A and B) X
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SECTION 6 REPAIR AIDS
6.1. TROUBLESHOOTING EXAMPLE

To familiarize the repair technician with the operation of the
2200VP tester, a fault will be introduced onto a board, then a step by
step procedure for finding the fault described.

Perform the following steps to set up system initially:
1. Install the program PROMS on the 210-6789 module.
2. Remove the 6792 module from the test system.

3. Insert a module extender in the 6792 slot and plug the test
module into the extender board.

Perform the following steps to set up the light board:
1. Set CM/SWITCHES = CM

2. Set RUN/STEP = RUN

3. Set IC/PC = IC

4, Set COMPARE/NONCOMPARE = NONCOMPARE

To begin this example it will be necessary to cut pin #1 of I.C.
L-25 (74S08) on a previously known good module.

Turn power on to the system. The screen on the CRT should
contain "'garbage". The IC address should be 8006. The program will
be in a loop waiting for a key to be struck on the keyboard.

Strike a key on the keyboard. Normally the first visual response
from the program is to clear the CRT and begin printing out test

information. In this example the module fails before any CRT activity
occurs,

By looking at the IC address lights it can be noted that the
program is in a tight loop because the LED's seem to constantly
contain the same pattern. By referring to the TEST INFORMATION
section of this MODULE REPAIR GUIDE, it becomes apparent that the
failure must be occuring within the START or START 1 sections of the
program because no "0" is displayed on the CRT.

Set the RUN/STEP switch = STEP and observe the IC address. Push
the STEP switch and note the change in the IC address LED's. Continue
to push the switch and note the address changes. The program is
running in a loop starting at PROM address 8010 and continuing to 8018.

Refer to the listing of the 6792 microprogram found in the back
of the "MODULE REPAIR GUIDE". Page 1 contains the program code
applicable to this example. The left hand column contains the IC
address. Locate IC address 8018. This is the beginning of the Masked

Branch Instructions section. The name of the this particular test is
START.
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Step the program through the loop again by pushing the STEP
switch. This allows the execution of one instruction each time the

' switch is pushed. By writing down the IC addresses the following
sequence should result:

8010
8011
8012
8013
8015
8017
8018

Referring to the program listing, read the instruction mnemonics
and comments for each of the IC addresses to become familiar with the
test.

File Registers 0 and 1 are cleared (= to 00). File Register 2 is
set = to FF (all 1's). A series of branch operations are performed
testing the various Branch instructions.

In this example, the last IC address before the program restarts
is 8018. The instruction at this location caused a branch to START
which restarts the test (loop on error). The comment field for this
instruction states that an error occured. The actual error occured
during execution of the instruction at address 8017. This instruction
(BFL) Branch if false (low four bits of register) should have caused
the program to branch to location 8019 instead of allowing the branch

‘ to START to occur.

The instruction compares it's immediate data field (00 in this
case) to File Register 2 which should = all 1's (FF). 1If the low four
register bits specified by corresponding one bits in the immediate
data field (M field) are all 0, a branch to the address specified by
the instruction occurs. In this example, the instruction should have
forced a branch to location 8019. Since this did not occur it can be
assumed that the BFL instruction failed.

Set RUN/STEP = RUN
Push STEP switch

The program should be running in a continuous loop again. Refer
to the 210-6792 shematic diagram. At coordinates G-3 there is a nand
gate L-54. The output of L-54 (pin 6) is labeled BF. With the
program looping scope L-54 pin 6. In this example pin 6 stays high
(+4v). 1If the module were functioning properly pin 6 would go low
(ov) in this 1loop.

At the beginning of the program loop the File Registers are
initialized to their test values. It is possible to force execution
of the BFL instruction using the light board. Doing this makes
troubleshooting much easier because only the failing instruction is
being executed rather than several instructions when the program is
looping on error.
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The actual microcode for the BFL instruction that fails can be
extracted from the program listing at IC address 8018 (681902). To
force single instruction execution set up the light board as follows:

Set RUN/STEP = STEP

Set R switches = 681902

Set CM/SWITCHES = SWITCHES

Set RUN/STEP = RUN

Push STEP switch

The BFL instruction should be running continuously.
Probe L-54 pin 6

BF stays high (branch never will occur)

Probe L-54 input pins 4 and 5.

Pin 4 is low
Pin 5 is high
Pin 4 being low is the problem.

Trace pin 4 of L54 back to L16 (74S260) pin 5
This pin should be high, but is actually low.

Check input pins on 116

Pin 1 is low
Pin 2 is low
Pin 3 is high
Pin 13 is low
pin 3 being high is the problem

Trace pin 3 of L-16 to pin 3 of L-28

L-28 pin 3 should be low at this time but is actually high.
Check input pins 1 and 2.

Pin 1 is floating high (app. 2v) (this pin was cut)
Pin 2 is high
Obviously pin 1 is the problem.

This pin being cut simulates a bad input to L-28 pin 1.
Logically this gate sees R5 being high all the time. The logic uses R
bits 4, 5, 6, and 7 of the instruction as the Mask field for the
comparison. So when the compare of File Register 2 (= F) and the mask
field occurs, instead of seeing the mask field = 0, the logic sees a
mask field of 2. A BFL instruction comparing F to 2 will not meet the
conditions necessary for a branch to occur.
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