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1-1. SCOPE -

This ALTAIR"8800b Documentation
provides a general description of
the various printed circuit cards
contained in the ALTAIR 8800b and
detailed theory of their operation.
Included in the documentation is
an operator's guide which famili-
arizes the operator with the var-
jous switches and indicators on
the ALTAIR 8800b front panel. De-
tailed assembly instructions are
also provided.

1-2. ARRANGEMENT

This manual contains five sections
as follows:

C::1. Section I contains a general
description of the ALTAIR 8800b
computer and associated printed
circuit cards.

2. Section II contains information
on the controls and indicators
which are Tocated on the ALTAIR
8800b front panel.

3. Section III contains a detailed
.theory explanation of the ALTAIR
8800b circuit operation.

4. Section IV contains trouble-
shooting information for the
ALTAIR 8800b.

5. Section V contains the detailed
assembly instructions for the
ALTAIR 8800b.

SECTION I
INTRODUCTION

1-3. DESCRIPTION

The ALTAIR 8800b computer (Figure
1-1) is a general purpose, byte-
oriented machine (8-bit word).

It uses a common 100-pin bus struc-
ture that allows for expansion of
either standard or custom plug-in
modules. It supports up to 64K of
directly addressable memory and
can address 256 separate input and
output devices. The ALTAIR 8800b
computer has 78 basic machine lan-
guage instructions and consists of
a power supply board, an interface
board, a central processing unit
(CPU) board, and a display/control
board.

1-4. POWER SUPPLY BOARD (Figure 1-2)

The Power Supply Board provides two
of the three output voltages to the
ALTAIR 8800b computer bus, a posi-
tive and negative 18 volts. It
includes a bridge rectifier circuit
and associated filter capacitors, a
10-pin terminal block connector,
and the regulating transistors for

the positive and negative 18 volt
supplies.

1-5. INTERFACE BOARD (Figure 1-3)

The Interface Board buffers all
signals between the display/control
board and the ALTAIR 8800b bus. It
also contains eight parallel data
lines which transfer data to the CPU
from the Display/Control board.

Page 1-1
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<:> 1-6. CPU BOARD (Figure 1-4) 1-7. DISPLAY/CONTROL BOARD (Figure
1-5)

The CPU board controls and processes

all instructions and data within The Display/Control Board conditions
the ALTAIR 8800b computer. It con- all ALTAIR 8800b front panel switches
tains the Intel Corporation model and receives information to be dis-
8080A microprocessor circuit, the played on the front panel. It con-
master timing circuit, eight input tains a programmable read only

and eight output data lines to the memory (PROM), switch and display

ALTAIR bus control circuits. coqtro] circuits, and control cir-
 cu1ts to condition the CPU.

Page 1-3
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02-1 . GENERAL

The Operators Guide contains information on the ALTAIR 8800b
computer (8800b) front panel controls and indicators. It includes
general switch operation exercises and a sample program which is
intended to familiarize the operator with the various front.panel
operations. This section does not contain specific information on
the 8800b software; but the Intel 8080 Microcomputer Systems Users
Manual is provided for this purpose. Also, additional programs avail-
able to the user are described in the ALTAIR Software Library. Up-
date information is contained with your unit.

2-2. FRONT PANEL SWITCHES AND INDICATORS
The Front Panel switches permit the. operator to perform various
ALTAIR 8800b operations, and the indicators display address informa-
tion, data information, and primary status control line information.
Refer to Figure 2-1 for the location of the switches and indicators
C::and Table 2-1 for an explanation of each.

/
[ [ ]
R BT " N e RO R Al

a4 A3 a2 a1l AT
A6} (A3 A€ A3 A2

(@) Figure 2-1. Altair 8800b Front Panel



Table 2-1. ALTAIR 38CCh Swiiches ard Incicators
£2n FLaClicn or [o2iianion
SCWER ON/GFF Azplias power L0 the ALTA:IR 28Cib
STOP/RUN The RUN position allows the CPU to process

SINGLE STEP/
SLOW

EXAMINE/
EX NEXT

data and disables all functions on the
front panel except reset. The STOP pos-
ition conditions the CPU to a wait state
and enables all functions on the front
panel.

The SINGLE STEP position allows execu-
tion of one machine cycle or one instruc-
tion cycle (depending upon the option
selected). SLOW position allows execu-
tion of machine or instruction cycies

at a rate of approximately 2 cycles per
second. (Normal speed is approximately
500,000 machine cycles per second.)

The CPU will execute the cycles as long
as the SLOW position is maintained.

The EXAMINE position allows the operator
to examine the memory address selected
on the A0-A15 MEMORY switches. The
contents at that address are displayed
on the DATA D0-D7 indicators. The EX
NEXT position allows the operator to
examine the next sequential memory
address. Each time EX NEXT is actuated,
the contents of the next sequential
memory address are displayed.

N
.
N
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Table 2-1. ALTAIR 8800b Switches and Indicators - Continued

Switch

Function or Indication

!

DEPOSIT/
DEP NEXT

RESET/
EXT CLR

PROTECT/
UNPROTECT*

ACCUMULATOR
DISPLAY/LOAD

The DEPOSIT position stores the contents
of the lower address switches (A0-A7)
into the memory address that is displayed
on the MEMORY address A0-A15 indicators.
The DEP NEXT position stores the contents

of the lower address switches (A0-A7) into

the next successive memory address.

The RESET position resets the program
counter to zero and the interrupt enable
flag in the CPU. The EXT CLR position
produces an external clear signal on the
system bus which generally clears an
input/output.

The PROTECT position conditions the
write protect circuits on the currently
addressed memory board, preventing data
in that block of memory from being
changed. The front panel or the CPU
cannot affect the memory when protected.
UNPROTECT position allows the contents
of memory to be changed.

The DISPLAY position allows the contents
of the CPU accumulator register to be
displayed on the DATA DO-D7 indicators.
The LOAD position allows the Tower

eight address switch (A0-A7) information
to be stored in the CPU accumulator
register.

*Protect switch only applies to memory boards with a protect

circuit.

2-3
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ALY il D ST TN 2S Ant IndNCATors - Lontinued

Address Switches
AD-A15

SENSE switches
A8-A15

MEMORY AO0-A15
PROTECT

INTE

MEMR

INP

M1

ouT

toa o Ladicalor ’ S
IHPUT/ Tha INPUT zosition allows an axternal
QUTPUT device, seiacted on the I/0 AO-A7 switches

(upper eignt addrass switches), to input
data into the CPU accumulator. The
QUTPUT position allows an external de-
vice, selected on the I/0 AO-A7 switches,
to receive data from the CPU accumulator
register.

These switches are used to select an
address in memory or to enter data. The
up position denotes a one bit and the
down position denotaes a zero bit.

The upper eight address switches (A8-
A15) also function as SENSE switches.
The data present on these switches is
stored in the accumulator if an input
from channel 377g (front panel) is exe-
cuted.

Display the memory address being examined
or loaded with data.

Memory is protected.

Interrupts are enabled.

The CPU is reading data from memory.
An external device is inputting data
to the CPU.

The CPU is in machine cycle one of an
instruction cycle.

The CPU is outputting data to an
external device.

2-4




<:> Table 2-1. ALTAIR 8800b Switches and Indicators - Continued

Indicator

Function or Indication

HLTA
STACK

WO

INT

DATA D0O-D7 -

WAIT
HLDA

The CPU is in a halt condition.

The address bus contains the address
of the stack pointer.

The CPU is writing out data to an
external device or memory.

The CPU has acknowledged an interrupt
request.

Data from memory, an external device,
or the CPU }

The CPU is in a wait condition.

The CPU has acknowledged a hold
signal.

2-5
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tors. Perform the operations in a sequential manner as shown in the

following tables.

2-4. POWER ON SEQUENCE (Table 2-2)
The power on sequence resets the CPU program counter to the first
memory address and places the CPU in a wait condition at the beginning

of an instruction cycle.

Table 2-2. Power On Sequence

Step Function Indication
1 Position the POWER ON/ MEMR, M1, and WAIT indica-
. OFF switch to ON. tors are on. Some DATA

DO-D7 indicators may also
be on. Al1 other indicators
are off.

2-5. RUN_OPERATION (Table 2-3)

The run operation releases the CPU from a wait condition, and
allows it to execute a program. When the run operation is enabled,
all other front panel switches are inactive except the RESET switch.

Table 2-3. Run Operation

Step Function Indication

1 Momentarily position the | WAIT indicator is off
STOP/RUN switch to RUN. (or may be dimly 1it).
The machine can now exe-

cute a program.




2-6. STOP OPERATION (Table 2-4)

The stop operation places the CPU in a wait condition and allows
the operator to use the switches on the 8800b front panel.

Table 2-4. Stop Operation

Step

Function

Indication

Position the STOP/RUN
switch to STOP.

WAIT, MEMR, and M1 indicators
are on. The operator now

has control of the front
panel.

2-7. EXAMINE MEMORY OPERATION (Table 2-5)

This ‘procedure allows the operator to select a memory address
and examine its contents.

Table 2-5. Examine Memory Operation

EX NEXT switch to
EXAMINE.

Step Function Indication
1 Position the address
switches A0-Al5
v down.
2 Position the EXAMINE/ A0 through A15 indicators are
EX NEXT switch to off, indicating memory address
EXAMINE. location 0008 is being examined.
DATA DO through D7 indicators
are displaying the contents
of location 0008.
3 Position address
switches Al and A2
up.
4 Position the EXAMINE/ Al and A2 indicators are on,

indicating memory address 0068
is being examined. DATA DO
through D7 indicators are dis-
playing the contents of loca-
tion 0068.
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Table 2-6. Altering Memory Contents

Function

Indication

Position address switch
A5 up and the remaining
switches down.

Position the EXAMINE/

EX NEXT switch to EXAMINE

Position the A0 through

A7 address switches up.

Position the DEPQOSIT/DEP
NEXT to DEPOSIT

A5 indicator is on, indi-
cating memory address 040
DATA DO through D7 indi-

cators are displaying the
contents of location 0408.

8

DATA DO through D7 indi-
cators are on, indicating
the new data that has been
placed in address location
0408.

2-9. EXAMINE NEXT MEMORY LOCATION (Table

2-7)

This procedure allows the operator to examine the next sequential

' memory location, as determined by the address switches.

Table 2-7. Examine Next Memory Location

NEXT switch to EXAMINE

Step Function Indication
1 Position address switches
A0 and A5 up, and the re-
maining switches down.
2 Position the EXAMINE/EX A0 and A5 indicators are

on, indicating memory
address 0418.




Table 2-7. Examine Next Memory Location - Continued

Step

Function

Indication

Position address
switches Al, A4, and

A6 up, and the remain-
ing switches down.
Position the DEPOSIT/
DEP NEXT switch to
DEPOSIT

Position address switch
A5 up, and the remaining
switches down. '
Position the EXAMINE/EX
NEXT switch to EX NEXT

Position the EXAMINE/EX
NEXT switch to EX NEXT

DATA D1, D4, and D6 in-
dicators are on.

A5 indicator is on; in-
dicating memory address
040g. DATA DO through

D7 indicators are on.

| A5 and A0 indicators are

on, indicating address
0418. DATA D1, D4, and
D6 indicators are on.

2-10. ALTER NEXT MEMORY LOCATION CONTENTS (Table 2-8)

This procedure allows the operator to select a memory address
and change the contents of the address that immediately follows.

Table 2-8. Altering Next Memory Contents

Step

Function

Indication

1

Position address switches
A0 and A5 up, and the re-
maining switches down.
Position the EXAMINE/EX
NEXT switch to EXAMINE
Position address switches
A0 through A7 up

A0 and A5 indicators
are on.

2-9
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jon, inagicating 0428.

CATA DO through D7 are
on, displaying the new
contents of location 0428.

Al and A5 indicators are.
on, and DATA DO through
D7 are on.

2-11.

LOADING AND DISPLAYING ACCUMULATOR

DATA (Table 2-9)

This procedure allows the operator to load new data into the

accumulator or check the contents of the accumulator.

Table 2-9. Loading and Displaying Accumulator Data
Step Function Indication
1 Position address switches
A0, A1, and A2 up, and the
remaining switches down.
2 Position the ACCUMULATOR
DISPLAY/LOAD switch to LOAD
3 Position the ACCUMULATOR DATA DO, D1, and D2

DISPLAY/LOAD switch to
DISPLAY

indicators are on
while "DISPLAY" is
activated.




2-12. LOADING A SAMPLE PROGRAM

The sample program is designed to retrieve two numbers from
memory, add them together, and store the result in memory. The exact
program in mnemonic form can be written as follows:

0. LDA

1. MOV B,A
2. LDA
3. ADD B
4. STA

5. JMP

The mnemonics for all 78 8800b instructions are explained in detail
in the Intel 8080 Microcomputer System User's Manual. However, the
instructions used in this program are explained as follows:
1. LDA--Load the accumulator with the contents of a specified
memory address.
2. MOV B,A--Move the contents of the accumulator into register
B.
3. ADD B--Add the contents of register B to the contents of
the accumulator and store the result in the accumulator.
4. STA--Store the contents of the accumulator in a specified
memory address.
5. JMP--Jump to the first step in the program.
Step 5, the JMP instruction (followed by the memory address of the
first instruction), causes the CPU to "jump" back to the beginning of
the sample program and execute the program repeatedly until the CPU
is halted. Without a JMP instruction, the CPU would continue to run
randomly through memory.

2-13. LOADING THE PROGRAM

To load the program into the 8800b, first determine the memory
addresses for the two numbers to be added and where the result is to
be stored. Store the program instructions in successive memory
addresses, beginning at the first memory address, 0008. In this exam-
ple, the first number to be added will be located at memory address
200g (10 000 000), the second at memory address 2018 (10 000 001),
and the sum will be stored in memory address 2028 (10 000 010). Now
that the memory addresses have been specified, the program can be
converted into its machine language bit patterns (Table 2-10).
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10 C0C 000 tants of ‘zmory addrass 2?68 {2 bytas
00 000 000 required for memory addresses)
MOV B,A 01 000 111 Move Accumulator data to Register B
LDA 201 00 111 010 Load Accumulator with the contents
10 000 001 of Memory address 2018
00 000 000
ADD B 10 000 000 Add Register B to Accumulator
STA 202 00 110 010 Store the Accumulator contents
10 000 010 in'Memory address 2028
00 000 000
JMP 000 11 000 011 Jump to Memory location 0.
00 000 CC0
00 000 000
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The octal equivalent of each bit pattern is also frequently
included in the program listing. It is easy to load octal numbers
on the front panel switches, since it is only necessary to know
the binary equivalents for the numbers 0-7. The resulting program,
including octal equivalents, may be written as shown in Table 2-11:



O

Table 2-11. Addition Program

MEMORY MNEMONIC BIT PATTERN OCTAL EQUIVALENT
ADDRESS '

000 LDA 200 00 111 010 072

001 (address) 10 000 000 200

002 (address) 00 000 000 000

003 MOV B,A 01 000 111 107

004 LDA 201 00 111 010 072

005 (address) 10 000 001 201

006 (address) 00 000 000 000

007 ADD B 10 000 000 200

010 STA 202 00 0N 0]0 062 ®

011 (address) 10 000 010 202

012 (address) 00 000 000 000

013 JMP 000 11 000 011 303

014 (address) 00 000 000 000

015 (address) 00 000 000 000

Using the front panel switches, the program may now be entered
into the computer. To begin loading the program at the first memory
address 000, position the RESET/CLR switch to RESET. The data to be

stored in address 000 is entered on address switches A0 through A7.
After the address switches are set, position the DEPOSIT/DEP NEXT

switch to DEPOSIT to enter the AO-A7 bit pattern into memory address
000. Enter the second byte of data on the address switches and pos-
ition the DEPOSIT/DEP NEXT switch to DEP NEXT. The bit pattern will
be loaded automatically into the next sequential memory address (001).

Continue loading the data into memory for the remainder of the pro-

gram. The complete program loading procedure is shown in Table 2-12:
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1N~

AT
Wity UL

R Y]

(2]

SAITCHES
DATA 0-7
RESET

000 00 111 010 DEPOSIT
001 10 000 000 DEPOSIT NEXT
002 00 000 000 DEPOSIT NEXT
003 01 000 111 DEPOSIT NEXT
004 00 111 010 DEPOSIT NEXT
005 10 000 001 DEPOSIT NEXT
006 00 000 000 DEPOSIT NEXT
007 10 000 000 DEPOSIT NEXT
010 00 110 010 DEPOSIT NEXT
on 10 000 010 DEPOSIT NEXT
012 00 000 000 DEPOSIT NEXT
013 11 000 011 DEPOSIT NEXT
014 00 000 000 DEPOSIT NEXT
015 00 000 000 DEPOSIT NEXT




)

The program is now ready to be run, but first it is necessary to
store data at each of the two memory addresses (2008 and 2018) to be
added together. To load the first address, set address switches AO-

A7 to 10 000 0002 and position the EXAMINE/EX NEXT switch to EXAMINE.
Now load any desired number into this address by using address switches
AO-A7. When the number has been loaded onto the switches, position the
DEPOSIT/DEP NEXT to DEPOSIT to load the data into memory. To load the
next address, enter a second number on the address switches AO-A7 and
position the DEPOSIT/DEP NEXT switch to DEP NEXT. Since sequential
memory addresses were selected, the number will be loaded automatically
into the proper address (10 000 0012). Once the program has been loaded
and the two numbers have been stored in memory locations 2008 and 2018,
the program can be run. Return to address 000 by positioning all A0-A7
address switches down and positioning the EXAMINE/EX NEXT switch to
EXAMINE. Then position the STOP/RUN switch to RUN. Wait a moment and
position the STOP/RUN switch to STOP. Check the answer of your addi-
tion program by selecting memory location 2028 on the address switches
and positioning the EXAMINE/EX NEXT switch to EXAMINE. The result is
displayed on the DATA DO-D7 indicators.
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3-1. GENERAL

This section contains information needed to understand the
operation of the MITS Altair 8800b computer (8800b). It contains
a basic description of the logic symbols used in the 8800b
schematics and detailed theory of the 8800b Central Processing
Unit, Interface and Front Panel circuits.

3-2. LOGIC CIRCUITS

The logic circuits used in the 8800b drawings are presented
as a tabular listing in Table 3-1. The table is constructed to
present the functional name, symbolic representation, and a
brief description of each logic circuit. Where applicable, a
truth table is provided to aid in understanding circuit operation.
Although Table 3-1 does not include every logic circuit used in
the drawings, all unmentioned. circuits (and their symbolic repre-
sentations) are variations of the circuits presented with their
functional descriptions basically the same. The active state of
the inputs and outputs of the logic circuits is graphically
displayed by small circles. A small circle, at an input to a logic
circuit, indicates that the input is an active LOW; that is, a LOW
signal will enable the input. A small circle, at the output of a
logic circuit, indicates that the output is an active LOW; that is,
the output is low in the actuated state. Conversely, the absence
" of a small circle indicates that the input or output is active
HIGH.

After studying Table 3-1, refer to the "Intel 8800 Microcomputer
Systems User's Manual" for information on the 8212, 8216, 8224 and
8080 integrated circuits (ICs). It is recommended that a good under-
standing of the IC operations be developed before continuing this
section.

3-3. ALTAIR 8800b OPERATION

The Altair 8800b operation is explained from a system stand-
point. The 8800b system operation is dependent upon the following
four circuits: an Interface circuit, a Central Processing Unit (CPU)
circuit, a Display/Control circuit, and a Power Supply circuit.
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<:> Table 3-1. Symbol Definitions

| LOGIC DESCRIPTION
NAME SYMBOL

NAND gate A. The NAND gate performs one of the
g ——of \ . R
Ne— —] _ basic logic functions.

. A11 of the inputs have to be enabled

(HIGH) to produce the desired (LOW)
Y=8B ... N output.

NOR gate The NOR gate performs one of the basic
::::3:::::>tr——- logic functions. |
Any of the inputs need be enabled
— (HIGH) to produce the desired (LOW)
output.
&

<:1nverter

The inverter is an amplifier whose
output is the opposite state of the
input.

Non-Inverting

Py A .
Bus Driver

A The non-inverting bus driver is an

amplifier whose output is the same
é state as the input. Data is enabled
® through the device by applying a
N
N TLOW) signal to the E input.

Inverting

fier whose output is the opposite
state of the input. Data is enabled
through the driver by applying a (LOW)
signal to the E input.

—————

=A+B.
___ﬁ;Ef>
Bus Driver ::::@Ei?c}__—_—_: The inverting bus driver is an ampli-



Tabla 3-7 Svrtol Dafiattions - Continuad
» Luaid
HAME SYMBOL DESCRIPTION
|
Edge triggered i
D type flip-flop ? Applying a LOW signal to the preset in-
© c— D
¢ put (P) sets the flip-flop with output
Q HIGH and output Q LOW. Applying a
LOW signal to the clear input (C) re-
—Jck  of— sets the flip-flop with Q LOW and Q

!

Truth Table

Tn Tn+1
D | Q| Q
L L H
H H L

HIGH. This method of setting and re-

| setting the flip-flop is independent

of the clock (asynchronous). If a
signal is applied to the D input, the
flip-flop Q output is directly affect-
ed on the positive edge of the clock
(truth table).

QUAD D flip-flop

The information on the D inputs is
stored during the positive edge of
the clock (CK). The clear (C) input,
when LOW, resets all flip-flops in-
dependent of the clock or D inputs.

4-Bit Binary Ripple
Counter

——0

§

CPa

CPg. .
Ro QAQBQC @D

il

23 122 9 8 1

The 4-bit binary ripple counter oper-

.ation requires that the QA output be

externally connected to input CPB.

The input count pulses (negative edge)
are applied to input CPA enabling a
divide by 2, 4, 8, and 16 at the QA,
QB, QC, and QD outputs. The reset
(RO) input resets the counter regard-
less of the clock input (CPA) when
both inputs are HIGH.
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Table 3-1.

Symbol Definitions - Continued

C

DBg_ DBy DB2 DB3

LOGIC
NAME SYMBOL DESCRIPTION
12-Bit Binary
Counter 0 —Ac The 12-bit counter advances on the neg-
U= Qe ative edge of the clock input (CP). A
MRQ Q0 Q QQQ0QQQQ0 .
I II I | ,l I l J l HIGH on the master reset input (MR)
me7635 324131214151 |clears all counter stages and forces
- all outputs (Q0-Q11) LOW which is in-
dependent of the clock input.
Bi-Directional Output data from a device is present on
Device 47 9122 51114

the DIO-DI3 lines and is enabled when
DTEN and CS are LOW. Lines DB,-DB,
transfer the data to the receiving unit|

Input data to the device is present
on the DBO-DB3 Tines and is enabled
when DIEN is HIGH and CS is LOW.
Input data is transferred to the de-
vice on the D0y-D0, Tines. |

Clock Generator

RESIN RESET —1
RDYIN READY }—4
SYNC STSTB F—7
XTAL2 @92 —10
XTALT @1 —T

The XTAL 1 and 2 inputs allow for an
external crystal connection which pro-
duces a @1 and P2 master clock for the
8800b. The SYNC input from the 8080
(CPU) and internal timing generate a
LOW status strobe (STSTB) signal. The
reset in (RESIN) input generates a RE-
SET output to condition the 8080 (CPU).
A HIGH ready in (RDYIN) input gener-
ates a READY output to enable the CPU.
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Table 3-7.3ymboi Derfinitions - Continued

i RN
¢ e

i

§Data Latch

Tne data latch is use

Di Di
1——-005! 0 7
3 ———Ds2
2 ———eed MD
1n——ST8 DO, DO~

.| inputs. There are several different

RN

4 6 8 10 21 19 17 15

d to stors or
transfer data on the DOO-DO7 outpuis
by affecting the data latch control

ways used to store data or transfer
it to the data latch.

When data is presented to the DIp-DI7
inputs and the device selection 2
(DS2), mode MD, and strobe (STB) are
HIGH, a LOW device selection 1 (DST)
allows the input data to be present on

the DOO-DO7 outputs.

When data is presented to the DIp-DIy
inputs and MD and STB are HIGH, a

HIGH DS2 and LOW DST allow the input
data to be present on the DOO-DO7 out-
puts.

When data is presented to the DIy-DIy
inputs and DST and MD are LOW, a HIGH
DS2 and STB allow the input data to be
present on the 000-007 outputs.

When data is presented to the DIg-DIy
inputs, and MD and DS2 are HIGH with
DST LOW, the input data is directly
transferred to the DOO-DO7 outputs as
long as these states are present.




D07 D0, DO3 D04 DOg D0g DO; DOg

g8 9

10

Table 3-1. Symbol Definitions - Continued
LOGIC
NAME SYMBOL DESCRIPTION
PROM (programmable
read only memory) When the chip select input (CS) is LOW,

the binary address at input A0 through
A7 is decoded to select one of 256 ad-.
dress locations. The data is present
on the DO] through DO8 outputs.
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ory or external devices, and instigation of front panel functions.

3-4. SCHEMATIC REFERENCING

The detailed schematics of the Interface circuit, CPU circuit,
and Display/Control panel are provided to aid in determining signal
direction and tracing. A solid arrow (-—-j) on the signal line
indicates direction, and the tracing of the signal through the
schematics is referenced as it leaves the page. The reference is
shown as a number - letter number (e.g.2-A3), indicating sheet 2

and schematic zone A3. The reference may be shown alone or in a
bracket. If the reference is bracketed, the signal is going to
another schematic which is referenced outside the bracket. If the
reference is shown alone, the signal is going to another page of
the multisheet schematic.

3-5. 8800b BLOCK DIAGRAM DESCRIPTION (Figure 3-1)

The 8800b computer contains four basic circuits; the Central
Processing Unit (CPU), Memory, an Input/Output (I/0) section, and
the Front Panel. The CPU controls the interpretation and execution
of software instructions, and Memory stores the software information

to be used by the CPU. The I/0 section provides a communication

link between the CPU and external devices. The Front Panel allows
the operator to manually perform various operations with the 8800b.
The 8800b basic block diagram and accompanying text (paragraphs 3-6
and 3-7) explain the CPU's communication with the memory (and 1/0)
circuits and with the front panel. The system clock, power-on oper-
ation and run operation are explained in paragraphs 3-8 through 3-10.

3-6. CPU TO MEMORY OR I/0 OPERATION

The Memory or I/0 section operation repuires several signals
that allow transfer of data to and from the CPU. The ADDRESS bus
(AP-A15) consists of sixteen individual lines from the CPU to Memory
and I/0 devices. The signals on this bus represent a particular




L1-€

O

ADDRESS (Ap-A15).

MEMORY

OR
1/o
DEVICE

STATUS,

RDY
BI-DATA (D@-D7) <}_ DATA IN (DI@-DI7)
g
BC
:_l
™. DATA OUT (DO@-DO7)'

¢ |~ ’

PDBIN

FDI@-FDI7 FRONT
PANEL
BC

__OC_I

Figure 3-1. 8800b Basic Block.
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Data from Memory or I/0 devices is presented on the DATA IN
Tines (DIP-DI7) and applied to eight non-inverting bus drivers. The
drivers are enabled by a PDBIN signal from the CPU and a BC (bus con-
trol) signal. The BC signal is LOW when the Front Panel is not in
operation. The eight non-inverting bus drivers, when enabled, present
the input data to BI-DATA lines (DP-D7) which input the data to the
CPU.

Data outputted to Memory or I/0 devices is presented to the
DATA OUT lines (DOP-D07) from the CPU. The RDY (ready) line either
forces the CPU to a wait state while data is being transferred or
allows the CPU to process data.

3-7. FRONT PANEL OPERATION

The Front Panel Operation is very similar to Memory or I/0
section operation. The Front Panel gains control of the CPU by
producing a HIGH BC signal. The BC signal disables the DATA IN
(DIP-DI7) lines from a Memory or I/0 Device and enables the
FDIP-FDI7 lines. The FDIﬂLFDI7 lines contain Front Panel data
which is transferred to the CPU upon the occurence of the PDBIN
signal. A1l data from the CPU to the Front Panel is applied to
the DATA OUT (DOP-D0O7) lines and displayed on the Front Panel.

3-8. SYSTEM CLOCK

" The system clock (F) for the 8800b is located on the CPU
circuit card (Figure 3-14, zone B7). The system clock generates
phase 1 and phase 2 outputs derived from the external crystal
(XTAL 1). The 91 and P2 outputs operate at a frequency of 2 MHz,
which determines the speed at which the 8080 (M) will operate.
The @1 and P2 clock signals are presented to the bus (zone A7)
through inverter A and inverter bus driver J, respectively. The
@1 clock is used by memory and external I/0 cards, and the P2 clock
is applied to the 24-bit counter on the Display/Control card (Figure




<:>3-16, sheet 1, zone D2) through the Interface card (Figure 3-15,
sheet 2, zone B3).

3-9. POWER ON CLEAR OPERATION
Positioning the ON/OFF switch to ON causes a power on clear

(POC) operation to be performed, resetting the 8800b circuitry.

The POC signal is generated on the CPU card (Figure 3-14, zone A3)

when VCC is applied. With VCC present,'capacitor C4 will charge to

the VCC potential in 100 milliseconds because of the RC time constant

of C4 and resistor R17. The 100 millisecond delay disables (turns

off) transistor Q3, producing a LOW POC signal to the bus (pin 99)

through inverters S and J (zone A2). The POC signal is inverted by

- U on the Interface card (Figure 3-15, sheet 2, zone B2) and presented

to the Display/Control card as a HIGH POC signal (Figure 3-16,

sheet 2, zone D6). The POC input is inverted LOW by T1 (zone C6)

and applied to three circuits on the Display/Control Card. It clears

the M1 flip-flops (zone C7) through NOR gate T1 and inverter JI
c::‘(zone C6), insuring that single step operation is disabled. It

presets the M1 flip-flop (zone C9) and disables NAND gate P1 (zone

B8) to insure that the 8800b is not running. The POC signal (zone

D9) is also present at NOR gate R1 which inverts it HIGH to reset

the PROM counter. The POC signal is present to the external input/

output (I/0) cards and memory for similar initialization operations.

During the POC operation, two other functions are being performed.

On the Display/Control card (Figure 3-16, sheet 1, zone D2),
a 24-bit counter is being clocked by #2 which will condition
circuits on the Disp]ay/Contro] card. The C13 output (zone D1)
from the counter is applied to the clock (CK) input of quad latches
€1, F1, H1, GI, N1, U1, Y1, and W1 (zones B9-B1) through non-invert-
ing bus driver K1 (zones Al and D1) and inverter J1 (zone C1). The
C13 signal clears the quad latches in the following manner to insure
all latches are conditioned after POC. The inputs to quad latches
C1, F1, Hl, and G1 are HIGH because no switches are activated.
After the first TT3 clock, all the Q outputs are LOW and applied

to the inputs of quad latches N1, U1, Y1, and W1 (zones B9-B1).
. 2
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B7). Capacitor C2 will charge to the VYCC potential in 33 micro-
seconds which is the time constant of C2 and resistor R10. The
33 microsecond delay allows the RESET output from F {zone B7)

to clear fhe 8080 M internal circuits. The 8080 remains in this
state because the READY output (zone B7) is LOW from F. The
READY output from F will be affected during the run operation.

3-10. RUN OPERATION

The Run Operation allows the 8080 on the CPU Board to start
processing data to and from memory and external devices. The
Run Operation is activated when the RUN/STOP switch on the 8800b
front panel is momentarily depressed to RUN.

The RUN/STOP circuits are located on the Display/Controi
card (Figure 3-16, sheet 2, zone A9). When the RUN/STOP switch is
momentarily depressed, a LOW is applied to quad latch C1, input
D2. The occurrence of the next C13 clock (zone A1) causes the Q
output at pin 6 of C1 (zone B9) to go HIGH. This HIGH is applied
to quad latch N1, input D2. The next C13 clock causes the Q out-
put at pin 2 of N1 (zone B9) to go HIGH and allows NAND gate P1 to
clear M1 (zone C9). The Q output of M1 generates a LOW RUN signal
and LOW FRDY signal through NOR gate P1 and inverter R1 (zone D9).

The RUN signal is applied to the Interface Card (Figure 3-15,
sheet 2, zone D2) to condition the MD input of data latch G (sheet
3, zone A6). With MD enabled, output data from the CPU'can be
displayed on the 8800b front panel if a STB input is present to
G (discussed in Paragraph 3-40).

The FRDY signal is applied to the Interface Card (Figure 3-15,
sheet 2) to allow the 8080 to start processing data. The FRDY
output is applied to pin 58 of the bus through inverter R and

non-inverting bus driver H as a HIGH (zone Al1). The HIGH on pin
58 of the bus enables NAND gate C, pin 8, LOW on the CPU (Figure
3-14, zone A7) which is inverted HIGH>by B (zone B7) and applied



to the clock generator F RYDIN input. The RYDIN signal enables
the READY output at F HIGH (zone B7) which allows the 8080 M (zone
A8) to start processing data.

3-11. 8800b DATA PROCESSING OPERATION

The 8800b data processing begins when the 8080 IC is enabled
(Paragraph 3-10). With the 8080 IC enabled, the program (P)
counter in the 8080 starts to increment or begins at a predeter-
mined count established by the operator. The count in the P
counter represents a location in memory which is examined by the
CPU before the P counter increments to the next location. To
examine each memory location, the CPU initiates an instruction
cycle operation. Every instruction cycle consists of one, two,
three, four, or five machine cycles. In order to perform a data
processing operation, basic machine cycles are required.

The Instruction Fetch Machine cycle is a basic machine cycle
needed to allow the CPU to fetch an instruction from memory. A
 memory read machine cycle is also a basic machine cycle that
enables the CPU to communicate with a memory or external device
for data transfer operations.

The following paragraphs discuss data transfers from an
external device to the CPU, from the CPU to memory, from memory
to the CPU, and from the CPU to an external device. However, the
instruction fetch and memory read machine cycles used in the data
transfers are discussed first because their operation is identical
in all of the data transfers. It is impoftant to note that there
are many variations of data transfer which are dependent on the
programmer.

3-12. INSTRUCTION FETCH CYCLE

The Instruction Fetch Cycle is the first machine cycle (M1) to
be performed by the CPU in any data transfer operation. The memory
location specified by the P counter contains data that the CPU
interprets as an instruction. The first cycle must be a fetch cycle
because, during the fetch cycle, the CPU is informed as to what
operation will be performed next.
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several signals are generated by the CPU.

A PSYNC output from the CPU is apdiied to memory -to condition
for address decoding. Next the ADDRESS (000 1008), consisting of
sixteen parallel.outputs (AP-A15) from the CPU, is presented to
the Display/Control Card and memory. The AP through Al15 signals
drive the appropriate address buffers, illuminating the 1ight
emitting diodes (LEDs) on the Display/Control Card. The ADDRESS
and PSYNC signals present at the memory from the CPU initiate
decoding of the memory address (000 1008).

The CPU then generates three signals, SM1, SMEMR, and ?1
CLOCK to complete the Instruction Fetch Cycle. The SM1 output is
applied to the Display/Control Card through the Interface Card to
light the M1 (machine cycle 1) LED on the 8300b front panel. The
SMEMR and §1 CLOCK outputs are applied to memory to allow decoding
of the memory address (000 1008). With the memory address decoded,
the 072, data present in that location is transferred to the CPU
on the eight DATA IN (DIP-DI7) lines. The DIG 1 input to the CPU
from the Interface Card is enabled when the 8800b is in the run

mode (see paragraph 3-10). This permits the memory data to be trans-

ferred to the CPU. The SMEMR output is applied to the Display/
Control Card through the Interface Card to light the MEMR (memory
read) LED on the 8800b front panel. This operation is performed
when the P counter is incremented, indicating a new memory address.

;3-14. INSTRUCTION FETCH CYCLE DETAILED OPERATION

The following paragraphs describe the Instruction Fetch Cycle
operation in detail. Refer to Figure 3-3, Instruction Fetch Cycle
Timing, during the explanation. The Instruction Fetch Cycle
operation (M1) requires four @1 and 92 clock pulses. Each clock
period performs a particular operation as described in the follow-
ing paragraphs.
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Figure 3-2. Instruction Fetch Cycle Block Digaram
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Figure 3-3.

Instruction Fetch Cycle Timing.



<:: During the latter portion of T1, several outputs are gener-
ated by the CPU (M) (Figure 3-14): address data AP through Al5
(zone B8). status data DP through D7, and a SYNC signal (zone

C8). The AP through Al5 data is applied to memory via the bus
through non-inverting bus drivers, U, P, and N (zone B9) on the
CPU. The address data (AP-A15) is also applied through inverters
P, N, and X on the Interface card (Figure 3-15, sheet 1, zone BS)
and presented to the Display/Control card. The AP through A15
signals present on the Display/Control card 1ight the appropriate
AP through A15 LEDs, indicating the memory address.
The DP through D7 data is applied to K (zone B5) on the CPU through
the bi-directional circuits D and E. The status data is enabled
through D and E at this time because CS and DIEN are LOW. The SYNC
output is applied to the clock generator F (zone B7) and memory as
PSYNC via pin 76 (zone D1) on the bus through the non-inverting
bus driver V (zone D8). The PSYNC signal conditions memory to
decode the address data. The SYNC input at F will enable a
(:: signal during T2. } :
| During the beginning of T2, a low STSTB (zone B7) is generated
from F as a result of the HIGH SYNC input and internal timing of
F. The STSTB is applied to the data latch K (zone B5), allowing
the status data DP through D7 to be stored in K. The stétus
data present at the output of K conditions the memory to fetch the
instruction (0728) from its addressed memory )opation(e.g.OOO 1008)
by enabling the following signals. _
A SM1 and SMEMR HIGH output from K'is presented on pins 44
and 47 of the bus (zone A5) through non-inverting bus drivers X
and R. The SM1 and SMEMR signals "are applied” through inverter V
on the Interface card (Figure 3-15, sheet 2, zone B5) and presented
to the Display/Control card as SMT and SMEMR. The SMT and SMEMR
signals present on the Display/Control card light the M1 and MEMR
LEDs (Figure 3-16, sheet 3, zone C3) on the front panel of the
8800b, indicating machine cycle one is performing a memory read
<:> operation. The SMEMR output from the CPU (Figure 3-14, zone A5)
is applied to memory, initiating a data transfer to the CPU during
T3.
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AL tne beginning of T3, the instruction (072,) data is
1

S Selelc arory to M oon the CPY. The merory data (D717
e ' ~ - . . a . . VoA | 7 ER 1 -~ N
chcuch Zo0) tooiupnidad to the P card (Figurs 3-14, zope 1)
TinA -~ N T - 3 - - A { Ay Y N1 - P
SThotaz osus. o2 data is presanted to M.through bi-cirectional

cates D and £ (zone C7), inverter bus drivers L and J (zone B4),
and inverters Y and S (zone B3) by the DBIN signal.

_ At the latter portion of T2 and the beginning of T3, a high
DBIN output (zone C8) is generated by M. The DBIN output is
applied to the DIEN inputs (zone C7) of D and E and pin 4 of NAND
gate C (zone B4) as PDBIN. This signal enables pin 6 of NAND gate
C LOW (DIG1 is high when the front panel is not used). This allows
data input from memory (DIP-DI7) to be enabled through inverting
bus drivers L and J (zone B4) and applied through bi-directional
gates D and E to M (zone C7).

Clock period T4 of machine cycle one allows for 8080 process-
ing of the received instruction data from memory. If the instruc-
tion data present in the CPU requires a data transfer to or from
an external device, a memory read cycle (M2) is initiated.
However, if the instruction data present in the CPU requires a
data transfer to or from memory, two memory read cycles (M2 and
M3) are initiated.

3-15. _ MEMORY READ CYCLE ,
" The Memory Read Cycle (M2) follows the Instruction Fetch
- CyE]e (M1). During a Memory Read Cycle, an address is transferred
-.ta'fﬁe-bPﬁ ff&m memory . Th%s-address is either an external device
- " number or a memory location (depending upon the instructions
received during MI).

-

3-16. MEMORY READ CYCLE OPERATION (Figure 3-4)

The CPU performs one or two Memory Read Cycle operations. If the
CPU is to communicate with an external device, one Memory Read Cycle
is required because the external device number consists of 8 data
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000 4008} that is reguired by the CPU to complete the instruction.
Since one byte (8 bits) of the two byte address is transferred
auring one Memory. Read Cycle, two cycles are required. The first
Memory Read Cycle obtains the least significant bits (LSBs) of the
address (2008) from memory and stores them in the CPU. The second
cycle obtains the most significant bits (MSBs) of the address (0008)
from memory and stores them in the CPU.

The Memory Read Cycles are very similar to the Instruction
Fetch Cycle. They require a memory address location (e.g. 000 1018
and 000 1028) that indicates where the.LSBs and MSBs of the address
(000 2008) are stored. After completion of the Instruction Fetch
Cycle, the program counter in the CPU is incremented to 000 1018
and the first Memory Read Cycie is initiated. Several signals are
generated by the CPU in order to read the LSBs of the address (2008)
from memory.

A PSYNC output from the CPU is applied to memory through the
Interface Card to condition the memory for address decoding. Next
the ADDRESS (000 1018), consisting of sixteen parallel outputs (AP-
A15) from the CPU, is presented to the Display/Control Card and
memory. The AP through A15 signals light the appropriate address

__1ight emitting diodes (LEDs) on the Display/Control Card. The

ADDRESS .and PSYNC signals present at the memory from the CPU 1n1t1-

ate decoding of the address (000 101g).

The CPU then generates three signals, SMEMR, PDBIN, and @1 to
complete the Memory Read Cycle. The-SMEMR, PDBIN, and @1 outputs
are presented to memory to enable decoding of the address (000 1018).
With the address decoded, the 2008 data present in that location is
transferred to the CPU on the eight DATA IN (DIP-DI7) lines. The
DIG1 input to the CPU from the Interface Card is enabled when the
8800b is in the run mode, permitting memory data to be transferred C:’
to the CPU.



The SMEMR output is presented to the Display/Control Card through the
Interface Card to 1ight the MEMR (memory read) LED on the 8800b front
panel. The second Memory Read Cycle operation is identical to the
first. It transfers the MSBs of the address (0008) to the CPU.

3-17. MEMORY READ CYCLE DETAILED OPERATION

The following paragraphs describe the Memory Read Cycle opera-
tion in detail. Refer to Figure 3-5, Memory Read Cycle Timing, dur-
ing the explanation.

The two Memory Read Cycle operations (M2 and M3) obtain the
memory address (e.g. 000 2008) required by the CPU to complete an
instruction. As stated previously, the LSBs of the address (2008)
are transferred to the CPU during M2, and the MSBs of the address
(0008) are transferred to the CPU during M3. There are three clock
periods (T1-T3) required for each Memory Read Cycle operation.

During the latter portion of T1, several outputs are generated
by the CPU (Figure 3-14); Address data AP through A15 (zone BS),
status data DP through D7, and a SYNC signal (zone C8). The A@
thfough A15 data is presented to memory and the 8800b front panel
via the bus through non-inverting bus drivers U, P, and N (zone B9)
on the CPU. The D@ through D7 data is applied to K (zone B5) on the
CPU through the bi-directional circuits D and E. The status data is
enabled through D and E at this time because CS and DIEN are LOW.
The SYNC output is applied to the clock generator F (zone B7) and
memory as PSYNC via pin 76 (zone D1) on the bus through non-inverting

bus driver V (zone D8). The PSYNC signal conditions memory to decode

the address data. T ’
During the beginning of T2, a STSTB (zone B7) is generated (LOW) --

from F as a result of the HIGH SYNC input and internal timing of F.

The STSTB is apb]ied to the data latch K (zone B5), allowing the status

data D@ through D7 to be stored in K. The status data present at the

output of K allows the CPU to read the LSBs of the memory address

- -
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C

location (ex. 000 1018) by enabling the SMEMR signal.

A SMEMR output (HIGH) from K is presented on pin 47 of
the bus (zone A4) through non-inverting bus drivers X and R.

The SMEMR signal is applied through inverter V on the Interface
Card (Figure 3-15, zone B4) and presented to the Display/Control
card as SMEMR. The SMEMR signal present on the Display/Control
card lights the MEMR LED (Figure 3-16, zone C3) on the front panel
of the 8800b, indicating a memory read operation is occurring.

The SMEMR output from the CPU (Figure 3-14, zone A5) is applied to
memory in order to initiate a data transfer to the CPU during T3.

At the beginning of T3, the LSBs of the memory storage
location (2008) are transferred from memory to the 8080 (M) on
the CPU. The memory data in (DI@ through DI7) is applied to the -
CPU card (Figure 3-14, zone B1)" from the bus. The data is presented
to M through bi-directional gates D and E (zone C7), inverter bus
drivers L and J (zone B4), and inverters Y and S (zone B3) by the
PDBIN signal.

At the latter portion of T2 and the beginning of T3, a DBIN
output (zone C8) HIGH is generated by M. The DBIN output is
applied to the DIEN inputs (zone C7) of D and E and pin 4 of NAND
gate C (zone B4) as PDBIN. This signal enables pin 6 of NAND gate
C LOW (DIG 1 is high when front panel is not used). This allows
the data in from memory (DIP - DI7) to be enabled through invert-

ing bus drivers L and J (zone B4) and applied through bi-directional

gates D and E to M (zone C7). The second Memory Read Cycle
operation (M3) transfers the contents of memory address (000 1028)
which contain the MSBs of the memory address number to the CPU.

It is important to note that only one Memory Read Cycle operation ..
is required if the CPU is to communicate with an external device.

3-18. EXTERNAL DEVICE TO CPU DATA TRANSFER

An External Device to CPU data transfer is accomplished when
an input instruction (3338) is fetched from a memory location
during M1, and the external device number (XXX8) is read from a
memory location during M2 by the CPU. The data from the external
device is transferred to the CPU by an Input Read Cycle operation
(M3).
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the completion of the Input Read Cycie. veral signais aras
generated by the CPU in order to obtain data from the external
device. '

The SINP output and external device ADDRESS (XXX8) number,
consisting of the first eight individual outputs (A@-A7) from the
CPU, is presented to the external device input/output channel,
thereby enabling the I/0 card. With the I/0 enabled, a PDBIN
signal from the CPU allows the I/0 to transfer the external
device data to the CPU on the eight DATA IN (DIP-DI7) lines for
storage. The DIG 1 input to the CPU from the Interface is
enabled during the 8800b run mode and allows the external device
data to be stored in the CPU. The SINP and AP through Al5
outputs.are supplied to the Display/Control Card through the Inter-

face Card -to illuminate the INP (input) and ADDRESS LEDs on the
8800b front panel.

3-20. INPUT READ CYCLE DETAILED OPERATION
The following paragraphs describe the Input Read Cycle
operation in detail. Refer to Figure 3-7, Input Read Cycle

Timing, during the explanation. The Input Read Cycle operation
(M3) requires three @1 and P2 clock pulses. During each clock
period, a specific operation is performed as described in the
following paragraphs. -

During the latter portion of T1, several outputs are gen-
erated by the CPU (Figure 3-14); address data A@ through A15
(zone B8), status data DP through D7, and a SYNC signal (zone C8).
The AP through A15 data contains the external device number
(Ap-A7 and A8-A15 contain identical data) and is applied to the
1/0 card via the bus through non-inverting bus drivers U, P, and
N (zone B9) on the CPU in order to enable the I/0 card. The
address data (AP-Al15) is also applied through inverters P, W, and
X on the Interface Card (Figure 3-15, sheet 1, zone B5) and
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presented to the Display/Control card; The A@ through Al15
signals present on the Display/Control card (Figure 3-16, sheet
3, zone A9-A4) light the appropriate AP through A15 LEDs, indi-
cating the address of the external device. (Recall that when
addressing an I/0 device, the address is repeated on the upper
eight and Tower eight address LEDs.) The D@ through D7 data is
applied to K (Figure 3-14, zone B5) on the CPU through the bi-
directional circuits D and E. The status data is enabled through
D and E at this time because CS and DIEN are LOW. The SYNC out-
put is applied to the clock generator F (zone B7), conditioning
F to generate a signal during T2. N

At the beginning of T2, a STSTB (zone B7) is generated LOW
from F as a result of the HIGH SYNC input and internal timing of
F. The STSTB is applied to the data latch K (zone B5), allowing
the status data D@ through D7 to be stored into K. The status
- data present at the output of K conditions the I/0 card to send
data to the CPU by enabling the SINP signal.

. A SINP output from K is presented HIGH on pin 46 of the bus
(zone A4) through non-inverting bus driver R. The SINP signal
is applied through inverter V on the Interface Card (Figure 3-15,
sheet 2, zone B5) and presented to the Display/Control card as
SINP. The SINP signal present on the Display/Control card lights
the INP LED (Figure 3-16, sheet 3, zone C3) on the front panel
of the 8800b, indicating data is being received from an external
device. The SINP output from the CPU is applied to the external
device I/0 card in order to initiate a data transfer to the CPU
~ during T3.

At the beginning of T3, the external device data is trans-
ferred to M on the CPU via the bus. The external device data in
(DIP through DI7) is applied to the CPU card (Figure 3-14, zone
B1) from the bus. The data is presented to the 8080 (M) through
bi-directional gates D and E (zone C7), inverter bus drivers L
and J (zone B4), and inverters Y and S (zone B3) by the PDBIN
signal.

At the latter portion of T2 and the beginning of T3, a DBIN
output (zone C8) HIGH is generated by M. The DBIN output is
' applied to the DIEN inputs (zone C7) of.D and E, pin 4 of NAND
gate C (zone B4) and the bus pin 78 (zone D1) as PDBIN. This
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signal enables pin 6 of NAND gate C LOW (DIG 1 is HIGH when =<ra Fraoat
panel is not used), allowing the data input from the [/0 card {209-
Di7) to be enabied through inverting bus drivers L and g [-ooe D00

-

and applied through bi-dirsctional gates D and £ %0 M {zone O]
The data at the external device is presented on the bus by the

occurrence of PDBIN. After the external device data is stored in
the CPU, the P counter is incremented, thus ending the Input Read

Cycle operation.

3-21. CPU TO MEMORY DATA TRANSFER

A CPU to Memory data transfer is accomplished whenever an
instruction is encountered to perform this operation. For example,
a store accumulator STA (0628) instruction requires the accumu-

Jator in the CPU to transfer its contents to memory. The STA

instruction is fetched during M1 and its storage location
determined in memory read cycles M2 and M3. The accumulator data
is transferred to memory by a Memory Write Cycle operation (M4,

3-22. MEMORY “WRITE CYCLE BASIC OPERATION (Figure 3-8)

The Memory Write Cycle operation will allow the CPU to
transfer data to the memory. Several signals are generated by
the CPU in order to transfer data to the memory .

The SWO output from the CPU is applied to the Display/Con-
trol through the Interface to light the WO (write out) LED on
the 8800b front panel. The ADDRESS (XXX XXXg), consisting of
fifteen individual outputs (AP-A15) from the CPU, is presented to
the Display/Control and memory. The A@ through Al15 signals light
the appropriate address LEDs on the Display/Control. The ADDRESS
and PSYNC signals present at the memory from the CPU can also
initiafe decoding of the mémory address. With the memory con-
ditioned, eight DATA OUT lines (DOP-DO7) transfer the CPU data to
the memory for storage. The PWR and SOUT outputs from the CPU are
applied to the Interface to produce a MWRITE signal which allows
the memory to store the data.
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3-23. MEMORY WRITE CYCLE DETAILED OPERATION

The folleowing paragraphs descrice

(@]
o
[$Y]

/

the Memory UWrite
" Y

[<n I o)

th
operation in detail. Rzfar to Figurs 3-3, Memory Write 1
Timing, during the explanation. The Memory Write Cyclie operaticn
(M4) requires three @1 and P2 clock pulses. Each period performs

a certain operation as described in the following paragraphs.

(T

(@]

During the latter portion of T1, several outputs are
generated by the CPU 8080 IC (Figure 3-14); Address data AP
through A15 (zone B8), status data D@ through D7, and a SYNC
signal (zone C8). The AP through A15 data contains the memory
storage location address (ex. 000 2008) which is applied to the
memory card via the bus through non-inverting bus drivers U, P,
and N (zone B9) on the CPU in order to enable the memory. The
address data (AP-A15) is also applied through inverters P, W, and
X on the Interface Card (Figure 3-15, sheet 1, zone B5) and
presented to the Display/Control card. The AP through Al5 signals
present on the Display/Control card (Figure 3-16, sheet 3, zones
A9-A5) light the appropriate AP through A15 LEDs, indicating the
memory tocation address. The D@ through D7 data is applied to K
on the CPU (Figure 3-14, zone B5) through the bi-directional
circuits D and E. The stgtus data is enabled through D and E at
this time because CS and DIEN are LOW. The SYNC output is
applied to the clock generator F (zone B7), conditioning F to
generate a signal during T2.

During the beginning of T2, a LOW STSTB (zone B7) is generated
from ? as a result of the HIGH SYNC input and internal -timing of-F.
The STSTB is applied to the data latch K (zone B5) allowing the
status data D@ through D7 to be stored into K. The status data
present at the output of K indicates a write output operation is
being performed. However, the distinction of whether the data
from the CPU is being transferred to a memory or an external
device is determined by the status of the SOUT signal (zone AS5).
During a Memory Write Cycle, the SOUT signal is LOW and applied
to the Interface Card (Figure 3-15, sheet 2). The SOUT signal is
inverted HIGH by V and applied to pin 2 of NAND gate A (zone C3).
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The SWO output from K is presented on pin 97 of the bus
(zone Ad) through non-inverting bus driver X as a LOW. [he SW0
signal is appiied through inverter M on the Interface Card
(Figure 3-15, sheet 2, zone B6) and presanted to the Display/
Control card as SWO. The SWO signal present on the Display/
Control card lights the WO LED (Figure 3-16, zone C3) on the
front panel of the 8800b, indicating data is being transferred
to memory from the CPU. .

At the beginning of T3, the CPU data is transferred to the
memory via the bus. The CPU data out (DO® through DO7) is
applied to the bus (zone C1) through bi-directional gates D and
E (CS and DIEN are LOW) and non-inverting bus drivers M and W
(zones C7 and C3). The bus data is presented to memohy and
written in by the MWRITE signal.

After the CPU data is settled on the bus and presented to

" memory, a WR signal (zone C8) is generated LOW by M. The WR

signal is applied to pin 77 (zone D1) of the bus through non-
inverting bus driver V (zone D8) as PWR. The PWR signal is
inverted HIGH by U on the Interface Card (Figd}e 3-15, sheet 2,
zone B3) and applied to pin 1 of NAND gate A (zone C3), enabling
pin 6 LOW (SOUT is HIGH on pin 2). The LOW at pin 6 forces the
output of NOR gate A (zone C2) HIGH which is applied to pin 68

- of the bus through non-inverting bus driver H (zone B2) as MWRITE.

The MWRITE signal allows the memory to store the.CPU data in the
addressed memory location, thus completing the CPU to memory data
transfer.

3-24. MEMORY TO CPU DATA TRANSFER

A Memory to CPU data transfer is accomplished whenever an
instruction is encountered to perform this operation. For example,
a load accumulator LDA (0728) instruction requires the specified
addressed memory location to transfer its contents to the accumu-
lator in the CPU. The LDA instruction was fetched during M1 and
the specified memory location determined during the memory read
cycles, M2 and M3. The memory data is transferred to the CPU by
an additional Memory Read Cycle operation (M4). The M4 operation



<:: requires the CPU to output the specified addressed memory location

to memory, allowing the data in the specified addressed memory
location to be transferred to the CPU in an identical manner as
M2.

For a detailed operation description of the M2 cycle, refer
to Paragraph 3-17. Note as you read the description that the
specified memory address location is presented to memory on the
fifteen individual address lines, allowing that location to
transfer its data to the CPU.

3-25. CPU TO EXTERNAL DEVICE DATA TRANSFER

A CPU to External Device data transfer is accomplished when
an output instruction (323g) is fetched from a memory location
during M1, and the external device number (XXX8) is read from a
memory location during M2 by the CPU. The data from the CPU is
transferred to the external-device by an Qutput Write Cycle
operation (M3).

3-26. OQUTPUT WRITE CYCLE BASIC OPERATION (Figure 3-10)

The Output Write Cycle operation will allow the CPU to
output data to an external device. After completion of the
Memory Read Cycle (M2), the program counter is not incremented
until the completion of the Output Write Cycle. Several signals
are generated by the CPU in order to transfer the data to the
external device. : o

The SOUT and PSYNC external device ADDRESS (XXX8) number,
consisting of sixteen individual outputs (Ap-A7) from the CPU,
is presented to the external device (I/0) to condition the I/0
card. With the I/0 conditioned, a FWﬁ signal from the CPU allows
the 1/0 to transfer the CPU data via the DATA OUT (DO@-D0O7) lines
to the external device. The SWO output from the CPU is presented
to the Display/Control through the Interface to light the WO (write
output) LED on the 8800b front panel. The SOUT and A@ through Al5
outputs are applied to the Display/Control through the Interface

<:> to light the OUT output and ADDRESS LEDs on the 8800b front panel.
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3-36




3-27. OQUTPUT WRITE CYCLE DETAILED OPERATION
<:: The following paragraphs describe the Output Write Cycle
operation in detail. Refer to Figure 3-11, Output Write Cycle

Timing, during the explanation. The Qutput Write Cycle operation
(M3) requires three P1 and P2 clock pulses. Each clock period
performs a certain operation as described in the following
paragraphs.

During the latter portion of T1, several outputs are
generated by the CPU 8080 IC (Figure 3-14); Address data AP
through A15 (zone B8), status data DP through D7, and a SYNC signal
(zone C8). The AP through Al15 data contains the external device
number and is applied to the I/0 card via the bus through non-
inverting bus drivers U, P, and N (zone B9) on the CPU in order
to enable the I/0 card. The address data (A@-A15) is also
applied through inverters P, W, and X on the Interface Card
(Figure 3-15, sheet 1, zone B5) and presented to the Display/
Control card. The AP through Al15 signals present on the Display/

<::§ontro1 card light the appropriate AP through Al15 LEDs, indicating
the address of the external device. The D@ through D7 data is
applied to K (zone B5) on the CPU through bi-directional circuits
D and E. The status data is enabled through D and E at this time
because CS and DIEN are LOW. The SYNC output is applied to the
clock generator F (zone B7) which conditions F to generate a
signal during T2. '

At the beginning of T2, a STSTB (zone B7) is generated LOW
from F as a result of the HIGH SYNC input and internal timing of
F. The STSTB is applied to the data latch K (zone B5), allowing
the status data DP through D7.to .be stored inte K. The status
data present at the output of K conditions the I/0 card to receive
data from the CPU by enabling the SOUT and SWO signals.

A SOUT output from K is presented HIGH on pin 45 of the bus
(zone A4) through non-inverting bus driver X. The SOUT signal is
applied through inverter V on the Interface Card (Figure 3-15, zone
B5) and presented to NAND gate A (zone C3) and the Display/Control

e::hrd as SOUT. The SOUT signal disables NAND gate A to insure that
a MARITE output is not produced when writing data to an external
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device. It is applied to the Display/Control to light the"OUT" LED
(Figure 3-16, sheet 3, zone'BB), indicating data is being trans-
ferred from the CPU to an externa] device. The SOUT output from
the CPU (Figure 3- 14, zone A5) is applied to the externa1 device
I/0 card in order to 1n1t1ateva-data transfer from the CPU during
T3. c

At the beginning of T3, the CPU data is transferred to the
external device via the bus. The CPU data out (DO@ through DO7)
is applied to the bus (zone C]) fhrough bi-directional gates D and
E (CS and DIEN are LOW) and non-inverting bus drivers M and W
(zones C7 and C3). The bus data is presented to the external
device and written in by the PWR signal. .

After the CPU data is settled on the bus, a WR signal (zone
C8) is generated LOW by M. The WR signal is applied to pin 77
(zone D1) of the bus through non-inverting bus driver V (zone D8)
as PWR. The PWR signal allows the external device to store the
CPU data, thus completing the CPU to external device data transfer.

3-28. FRONT PANEL OPERATION

A variety of functions may be performed through the operation
of the front panel: e.g. selecting a starting location for a
program, examining memory locations, single stepping through
a program, depositing and displaying CPU accumulator data, and
depositing data into a specified memery location. Each of the
functions performed on the 8800b front panel are discussed in the
following paragraphs. The run operation was discussed in Para-
graph 3-10.

3-29. FRONT PANEL BLOCK DIAGRAM (Figure 3-12)

The front panel switches allow the operator to assume control
of the CPU. The CPU is controlled by a FRDY signal which is
generated from the front panel display control circuits. The FRDY

signal places the CPU in either a wait condition or a run operation.

The CPU is placed in a wait condition when the Switches and
Decoding circuits sense that the RUN/STOP switch on the front panel
is positioned to STOP. A STOP signal is applied to the Stop/Run
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Control circuits to disable (HIGH) the RUN signal. The RUN signal
forces the CPU to a wait condition by disabling (LOW) the FRDY
line. The CPU will not enter a wait condition until the PSYNC,

D05, and STSTB signals are presented to the Stop/Run Control circuits.

The presence of these signals insures that the CPU will stop during
the first machine cycle of an instruction cycle.

The CPU is placed in a single step (SS) or slow run operation
by the generation of an SS or SLOW signal from the Switches and
Decoding circuits. The SS or SLOW run operation allows the CPU to
perform one instruction cycle. The SS signal is applied to the SS
Control circuit, enabling (LOW) the SS signal. The SS signal allows
the CPU to execute one instruction cycle by enabling the FRDY signal.
Upon the completion of the instruction cycle, the CPU attempts to
perform another instruction cycle, but the PSYNC, DO5, and STSTB
signals reset the SS Control circuits forcing the CPU to a wait
condition. )

3-30. STOP OPERATION

The stop operation allows the operator to use the switches on
the 8800b front panel. The stop operation is activated when the
RUN/STOP switch on the 8800b front panel is momentarily depressed
to STOP.

The RUN/STOP circuits are located on the Display/Control card
(Figure 3-16, sheet 2, zone A9). With the RUN/STOP switch momen-
tarily depressed, a LOW is applied to quad latch Cl1, input D1. The
occurrence of the next C13 clock (zohe'Al) causes the Q output at
pin 3 of C1 (zone B9) to go HIGH which is applied.to quad latch
N1, input D1~ The next C13 clock causes the Q output at pin 7 of
N1 (zone B9) to go HIGH which is applied to the D input of M1. A
HIGH present at D produces a clock pulse to set M1, stopping the
CPU.

The clock pulse that sets M1 is derived from three signals:
D05, PSYNC, and STSTB (zone D8). The signals are enabled during
machine cycle 1 (paragraph 3-14) of an 8800b instruction cycle,
and their presence generates a clock to M1 (zone C9). This insures
that the 8800b stops during the first machine cycle of an instruc-
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tion cycle. The D05 signal is generated by the CPU (Figure 3-14,
zone C1) and presented to pin 39 of the bus as a HIGH through the
bi-directional gate E (zone C7) and non-inverting bus driver W
(zone C3) and applied to the Interface Card (Figure 3-15, sheet 2,
zone C2). The D05 signal is inverted by Y (zone B2) and inverted
again by R1 on the Display/Control Card (Figure 3-16, sheet 2, zone
D8) and applied HIGH to pin 3 of NAND gate D1 (zone C8). The PSYNC
is generated by the CPU (Figure 3-14,zone D1) on pin 76 of the bus
as a HIGH through non-inverting bus driver V (zone D8) and applied
to the Interface Card (Figure 3-15, sheet 2, zone A3). PSYNC is
inverted by U (zone B3) and Rl on the Display/Control Card (sheet 5,
zone B3) and applied HIGH to pin 4 of NAND gate D1 (zone C8).

The STSTB is generated by the CPU (Figure 3-14, zone A4) to
pin 56 of the bus as a LOW through non-inverting bus driver R and
applied to the Interface Card (Figure 3-15, sheet 2, zone A4). The
STSTB is inverted and then inverted again by the Interface Card
(sheet 2, zone A4) and applied to pin 5 of NAND gate D1 on the Display/
Control Card (Figure 3-16, sheet 2, zone C8) as a HIGH. These signals
allow NAND gate D1 to produce a HIGH at gate P1, pin 6 (zone C8),
which sets M1. The Q output of M1 goes LOW and is applied through
K1 (zone A8) to enable all the front panel switches. The Q output is
also presented to gate P1 which keeps a high on the CK input of M1
(zone C9), insuring that M1 remains set after the stop switch is
released. .

Because M1 is set, the Q output of M1 (zone C9) is HIGH,
disabling the RUN and FRDY signals. The FRDY signal is applied to
NAND gate C on the CPU (Figure 3-14, zone A8) through the Interface
(Figure 3-15, sheet 2, zone A1) as a LOW. This inhibits the RDYIN
signal at F (Figure 3-14, zone B7) which disables the READY signal
to M (zone A8), thereby halting the CPU.

3-31. SINGLE STEP OPERATION

The single step operation allows the operator to increment one
instruction cycle at a time. The single step operation is activated
when the SINGLE"STEP/SLOW switch is momentarily positioned to
SINGLE STEP.

The SINGLE STEP circuits are located on the Display/Control
card (Figure 3-16, sheet 1, zone A8). With the SINGLE STEP/SLOW




switch momentarily positioned to SINGLE STEP, a LOW is presented
to pin 1 of gate P1 (zone C8). The LOW input at D1 generates a
clock pulse which sets M1 (zone A7), producing a LOW at the Q
output of Ml. The LOW output is applied to pin 13 of gate Pl
(zone C9), enabling the FRDY signal (zone D9). The CPU performs
one instruction cycle with FRDY enabled. At the completion of the
instruction cycle, the D05, PSYNC, and STSTB input (zone D8) enable
NAND gate T1, pin 12 (zone C6), LOW which produces a LOW at the
output of inverter J1 (zone C6). The LOW clears the M1 flip-flop,
thereby ending the first single step operation. Additional single
step operations are enabled by imomentarily depressing the SINGLE
STEP/SLOW switch to SINGLE STEP.

The D05 input is applied to pin 1 of NAND gate T1 through
jumpers JE and- JF (zone D7). If this jumper is removed, pin 1
of NAND gate is always HIGH. Under this condition, the PSYNC and
STSTB signals would reset M1 after each machine cycle.

3-32. SLOW OPERATION

The slow operation is very similar to the single step operation.

except the slow operation allows the 8800b to execute instruction
cycles at a very slow rate (786 milliseconds vs. 3 milliseconds
normal operation).

The slow circuits are located on the Display/Control card
(Figure 3-16, sheet 2, zone A8). When the SINGLE STEP/SLOW switch
is posifioned to SLOW, a HIGH is presented to pin 9 of NAND gate
P1 (zone B7). The HIGH at pin 9 enables the C18 clock (zone D7)
from a 24-bit counter (sheet 1, zone D1)_through NAND gate P1 .
(sheet 2, zone B7). This clock enables pin 12 of gate D1 (zone Cé)
HIGH, providing a clock pulse to set M1 (zone A7), producing a LOW
at the Q output, M. The LOW output is applied to pin 13 of gate
P1 (zone C9), enabling the FRDY signal (zone D9). With FRDY
enabled, the CPU performs one instruction cycle. At the completion
of the instruction cycle, the D05, PSYNC, and STSTB input (zone D8)
enable NAND gate T1, pin 12 (zone C6), LOW which produces a LOW at
the output of inverter J1 (zone C6). This LOW clears the M1 flip-
flop, ending the first single step operation. If the SINGLE STEP/
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3-33. RESET OPERATION
The reset operation allows the operator to reset the CPU at

anytime during machine operation. The reset is activated when the
RESET/EXT CLR switch on the front panel is positioned to RESET.

The reset circuits are located on the Display/Control card
(Figure 3-16, sheet 2, zone A2). With the RESET/EXT CLR switch
momentarily positioned to RESET, a PRESET signal (zone D3) is
applied to the Interface (Figure 3-15, sheet 2, zone D1) as a
HIGH. The HIGH is inverted by R and applied to pin 75 (zone A1)
of the bus through non-inverting bus driver N (zone B1). The CPU
receives the PRESET signal and inverts it twice through G and B
(Figure 3-14, zone B6). The output of B is applied to the clock
generator F RESIN (reset in) input (zone B7), producing a RESET
output to the 8080 (M).

3-34. PROTECT AND UNPROTECT OPERATION
The protect/unprotect operation either prevents any new data

from being written into a particular region of memory (protect)
or allows new data to be written into a particular region of
memory (unprotect). The protect/unprotect operation is con-

trolled by the positioning of the PROfECT/UNPROTECT switch on

the front panel.

The protect/unprotect circuits are located on the Display/
Control® card (Figure 3-16, sheet 2, zone Al). With the PROTECT/
UNPROTECT switch positioned to either PROTECT or UNPROTECT, a
PROTECT or UNPROTECT signal (zone D3) is applied to the Interface
as a LOW. The LOW is inverted by R (Figure 3-15, sheet 2, zone
B6) and applied to pin 70 and 20 on the bus to condition the
memory. These signals are used to set or reset the protect/
unprotect circuits on the addressed memory board.

o



3-35. PROGRAMMABLE READ ONLY MEMORY (PROM) CIRCUIT

The PROM circuit on the Display/Control Card is used when one
of the following operations is performed: Examine, Examine Next,
Deposit, Deposit Next, Accumulator Display, Accumulator Load,
Accumulator Input and Accumulater Qutput. Each of the functions
requires a program operation that is stored in the PROM. Access to
these programs is determined by the type of function to be performed.
The PROM operation is similar for each function, therefore two func-

tions are discussed in detail.

3-36. PROM BLOCK DIAGRAM (Figure 3-13)

The PROM circuit contains eight individual programs which are
used in conjunction with the following switches: EXAMINE/EX NEXT,
DEPOSIT/DEP NEXT, ACCUMULATOR DISPLAY/LOAD, and ACCUMULATOR INPUT/
. OUTPUT. Activating any of these switches produces a specific
binary number on the RA4, RA5, RA6, and RA7 lines (MSBs) from- the
Switches and Decoding circuit. At the same time the RA4 through
RA7 data is generated, a RESET signal is applied to the 4-Bit
Counter, conditioning the RAP, RA1, RA2, and RA3 outputs (LSBs)
to zero. The RAP-RA7 signals are applied to the PROM, and they
represent an 8-bit starting address location. There are eight

different starting address locations which correspond to the eight
different front panel switch settings (refer to Table 3-2). Any
of the eight different starting address locations are always even
because of the resetting of the 4-Bit Counter.

The PROM circuit outputs a DATA OUT (RD@-RD7) signal, consisting
of eight individual lines, to either the Control Latch or the non-
inverting bus driver F: “The DATA OUT is transferred to one of
these two circuits by the status of the RAP signal from the 4-Bit
Counter. When the RAP signal is LOW, representing a PROM even
address, the Control Latch receives the data. The even addresses of
the PROM contain data that is used to enable the Control Latch
output lines (S1-S8). After the Control Latch receives the PROM
data, a CLOCK signal increments the 4-Bit Counter to an odd PROM
address location. During an odd PROM address cycle, the CPU will
execute one machine cycle (assuming the S8 bit has been set in the

Control Latch). If the cycle is a memory read cycle, an instruction
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TABLE 3-2.

PROM Programs

Front Panel PROM PROM Function
Operations Address DATA
Examine 160* 013* Set S5, S7, S8
161 303 Jam Jump Instruction to CPU
162 203 Set S1, S7, S8
163 000 Jam Ap-A7 switch data to CPU
164 103 Set S2, S7, S8
165 000 Jam A8-A15 switch data to CPU
166 000 Clear control latch
167 177 Stop
Examine Next 260 013 Set S5, S7, S8
261 000 Jam NOP instruction to CPU
262 000 Clear control latch
263 177 Stop
Deposit . 320 206 Set S1, S6, S7
321 000 Put Ap-A7 switch data and
MWRITE pulse on bus
322 000 Clear control latch
323 177 Stop
Deposit Next 340 013 Set S5, S7, S8
- 341 000 Jam NOP instruction to CPU
342 206 Set S1, S6,:S7
. 343 000 Put AP-A7 switch data and
MWRITE pulse on bus
344 000 Clear control latch
345 177 Stop
Display 060 013 Set S5, S7, S8
Accumulator 061 323 Output Instruction
062 013 Set S5, S7, S8

*A1l PROM address and data information is octal.
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TABLE 3-2.

PRCM Programs - Continued

| . .
i front Panei

PREY PRCM Function

Ooeraticons Address CATA
063* 377* Jam front panel address to CPU
064 001 Set S8
065 000 Data in accumulator is

transferred to the DP-D7 LEDs

066 013 Set S5, S7, S8
067 303 Jam jump instruction to CPU
070 043 Set S3, S7, S8
07 000 Jam AP-A7 latch data to CPU
072 023 Set S4, S7, S8
073 000 Jam A8-A15 latch data to CPU
074 000 Clear control latch
075 177 Stop

Accumulator 220 013 Set S5, S7, S8

Deposit 221 333 Jam input instruction to CPU
222 013 Set S5, S7, S8
223 377 Jam front panel address to CPU
224 001 Set S8
225 000 Data in accumulator is transferred to CPU
226 013 Set S5, S7, S8 ‘
227 303 Jam jump instruction to CPU
230 043 Set S3, S7, S8 -
231 000 Jam AP-A7 latch data to CPU
232 023 Set S4, S7, S8 ,
233 000 Jam A8-A15 latch data to CPU
234 000 Clear control latch
235 177 Stop

Input from 300 013 Set S5, S7, S8

3?2§r2:}eg§;d 301 333 Jam input instruction to CPU

by ADDRESS 302 103 Set S2, S7, S8

switches A8-AT5[ 353 000 Jam A8-A15 switch data to CPU

*A11 PROM address and data information is octal.
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TABLE 3-2.

PROM Programs - Continued

Front Panel PROM PROM Function
Operations Address DATA
304* 001* Set S8
305 000 Data in accumulator is transferred
to specific I/0 device
306 013 Set S5, S7, S8
307 303 Jam jump instruction to CPU
310 043 Set S3, S7, S8
311 000 Jam Ap-A7 latch data to CPU
312 023 Set S4, S7, S8
313 000 Jam A8-A15 latch data to CPU
314 000 Clear control latch
315 177 Stop
Output from 240 013 Set S5, S7, S8
5?§§r2§}eg§;d 241 323 Jam output instruction to CPU
by ADDRESS 242 103 Set S2, S7, S8
Switches AS- 1 243 000 Jam A8-A15 switch data to CPU
244 001 Set S8 .
245 000 Data is transferred from specific
1/0 device to accumulator
246 013 Set S5, S7, S8
247 303 Jam jump instruction to CPU
250 043 Set S3, S7, S8
251 000" Jam A@-A7 latch data to CPU
252 023 Set S4, S7, S8
253 Q00 Jam A8-A15 latch data to CPU
254 000 Clear control latch
-255 177 Stop

*A11 PROM address and data information is octal.
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byte is supplied to the CPU.on the FDI2-FDI7 lines.

The instruction data at the odd PROM address is transferred to
tne CPIE thnrougn ine interface from five differont sourcos.  Tho
source is determined by the output control lines S1 throuagn S5 from
the Control Latch.

Tne S1 and S2 control Tines enable the front panel switch data,
A@ through -A15, to the Interface. The S3 and S4 control lines
enable the Address Latch data, AP through A15,'to the Interface.
The S5 control line enables the DATA OUT (RDP-RD7) from the PROM
to the Interface.

The data present at the Interface is applied to the CPU by
output control lines S7 and S8 from the Control Latch. The S7
control line allows the Interface to apply the instruction data
to the CPU, and the S8 control line enables the FRDY signal. The
FRDY signal allows the CPU to receive the instruction data and
execute one machine cycle. After the completion of the machine
cycle, the PSYNC and STSTB signals from the CPU reset the SS
Control circuit. The S6 control line iseenabled from the Control
Latch to allow data to be deposited into memory. Upon the comple-
tion of a PROM program, a HALT signal is generated by the PROM,
disabling the CLOCK signal to the 4-Bit Counter.

3-37. EXAMINE OPERATION

The examine operation allows the opekator to examine a memory
location by using the ADDRESS switches on the front panel. Refer to
Table 3-2 during the explanation. The examine operation is activated

. when the EXAMINE/EXAMINE NEXT switch-is momintarily positioned to - +

EXAMINE.

The EXAMINE circuit is located on the Display/Control card
(Figure 3-16, sheet 2, zone B7). With the EXAMINE/EXAMINE NEXT
switch momentarily positioned to EXAMINE, a LOW is generated at
pin 6 of inverter V1 (zone B7) and a HIGH at the output of the
remaining V1 and Z1 inverters (zones B6 through B3). The LOW
output is applied to pin 6 of gate X1 which generates a HIGH to
set L1 (zone D4). The RC-CLR (LOW) and AL-STB (HIGH) outputs



from L1 reset a 4-bit binary counter to zero (sheet 2, zone

A9) and strobes the current address data into data latches B1 and
T1 (zone B6). The L1 latch is cleared by the C6 signal from the
24-bit binary counter (sheet 1, zone D3). The LOWs and HIGHs
from the inverters are presented as RA7 through RA4 inputs to the
PROM (sheet 1, zone B9).

The RAP through RA7 inputs to the PROM (zone B9) represent an
address location (1608). This location is the beginning of the
examine program stored in the PROM. The data in address location
1608 is presented on the RDOP through RDO7 outputs (0138) and
applied to data latch A (zone D8). After the 4-bit binary counter
(zone B9) is LOW during the even addresses (RAP=0), and a control
strobe (CS) to DS2 (zone C8) is generated, the data present at
latch A is stored by the A output.

The CS strobe is produced by the 24-bit counter outputs C6, C7,
and C8 (zone D3). When the C6, C7, and C8 counter outputs are
HIGH, NAND gate V (zone D5) is enabled LOW, and CS (zone D6) is
applied HIGH to the DS2 input of data latch A (zone C8). With
DS2 and DST enabled, the RDP through RD7 data (0138) is latched
into A. The 0138 data enables outputs S5, S7, and S8 (zone D7)
HIGH. OQutput S5 is inverted LOW by Al (zone A6), enabling inverting
bus drivers R and S. OQutputs S7 and S8 are applied to pins 3
and 13 of NAND gates J (zone D6). With the PROM data stored in
latch A and the associated circuits conditioned, NAND gate Z
(zone A7) produces a clock pulse to INP A of the 4-bit counter

- (zone. A8).. .When C8 goes HIGH from the 24-bit counter (zone D3),
the 4-bit counter, A output, goes HIGH which addresses PROM
location 1618.

The data in address location 1618 is present on the RD@
through RD7 outputs 3038. The 3038 data is transferred to the
Interface on the FDIP-FDI7 (zone C2) outputs through enabled
inverting bus drivers R and S (zone A6). The data is not stored
in Latch A because the A output (zone B9) of the 4-bit counter is
HIGH (odd address RAP=1), disabling the DST input (zone C7). The

A output is applied to pins 1 and 5 of NAND gates J (zone D6).
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released from the wait conditicn generated when the CPU was stopped.

The following operation allows the CPU to receive the jump instruc-
tion. :
When the C6, C7, and C8 outputs of the 24-bit counter on the
Display/Control (Figure 3-16, sheet 1, zone D3) are HIGH, another
CS signal (zone D6) is generated. The CS signal allows NAND gate
J, pins 6 and 12, to produce SB (zone D4) and FDIGZ2 (zone C2)
signals.

The SB signal is applied to pin 13 of gate D1 (sheet 2, zone
C8) as a LOW, produbing a HIGH clock pulse to set M1 (zone C7).
The Q output of M1 is applied to pin 13 of NOR gate P1 and inverter
R1 (zone D9), allowing the FRDY signal to release the CPU from its
wait condition.

The FDIG2 signal is applied to pin 12 of NOR gate B (Figuree
3-15, sheet 2, zone C7) on the Interface as a LOW which enables
NAND gate B, pin 6, LOW (PDBIN is HIGH because the CPU is in a
wait condition). The LOW enables the non-inverting drivers F
(zone B7), allowing the PROM data (3038) to be applied to M on the
CPU through bi-directional gates D and E on the CPU (Figure 3-14,
zone C7). Because the READY line to M (zone A8) is HIGH, the CPU
inputs the 3035 data which is interpreted by the CPU as a jump
instruction. After the completion of the machine cycle, the PSYNC
and DO5 signals (sheet 2, zone D8) are inverted by R1 and applied
to pins 11 and. 10 of NAND gate T1 (zone D6). These signals and
SB (zone D8) enable T1 which generates a clear to M1 (zone C7),
halting the CPU. ] a

The CPU contains a jump instruction but no information as to
where to jump. The remaining part of the examine operation allows
the ADDRESS switch data to be read into the CPU from the front
panel in order for the CPU to jump to that address. NAND date Z
(sheet 1, zone A7) produces another clock pulse to INP A of the
4-bit counter. When C8 goes HIGH and returns LOW (zone D3), the
4-bit counter increments to an even PROM address 1628.

o



The data in address location 1628 is present on the RD@
through RD7 outputs (2038) and applied to data latch A (zone D8).
The data present at latch A is stored by the LOW A output (zone
B9) during even addresses (RAP=0) and the generation of the CS -
strobe (C6, C7, and C8 HIGH). The 203 data enables outputs S1,
S7, and S8 (zone D7) HIGH. Output S1 is applied through inverters
Y and W (zone C4) to the AP through A7 switches (open switch HIGH,
closed switch LOW), and the switch information is presented to
the Interface as FDIP through FDI7. Outputs S7 and S8 are applied
to pins 3 and 13 of NAND gate J (zone D6) and are used to generate
the FDIGZ and SB signals as described in the jump instruction
transfer. With the data presented to the Interface Card and the
associated circuits conditioned, NAND gate (zone A7) is enabled

(C8 HIGH), producing a clock pulse to INP A, incrementing the 4-bit

counter (zone A8) to address 163g.

The data in address 1638 is not stored in latch A because it
is an odd address. However, the A output (zone B9) is applied to
pins 1 and 5 of NAND gates J (zone D6) as a HIGH, allowing the CS
signal to produce the SB and FDIGZ2 outputs. The SB and FDIGZ
§ignals allow the transfer of the first eight address data bits
(address switches Ap-A7) to the CPU, and the operation is identical
to the jump instruction.

After the CPU receives the eight address bits, the 4-bit
binary counter is incremented to address 1648. The data in 1648
(01000110 - 1038) is-stored in latch A (zone D7) because it is an
even address. The 1038 data enab]es S2, S7, and S8 (zone D7)
HIGH. Output S2 is app11ed to 1nverter A1 (zone C6), gate Z (zone
C5), and inverters W and u (zone C4) to the A8 through A15 address
sw1tches The sw1tch 1nformat1on is presented to the Interface as
FDIP through FDI7. Outputs S7 and S8 condition NAND gates J .(zone
D6) and are used to generate SB and FDIGZ during the next address.
With the data present to the Interface and the associated circuits
conditioned, NAND gate Z (zone A7) is enabled (C8 HIGH), producing
a clock pulse to INP A, incrementing the 4-bit counter (zone A8)
to address 1658.

Address 1658 operation is the same as address 1638, allowing
the A8 through A15 address data to be stored in the CPU. After
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Tne memory prasents ine2 addressad memory iocation data to the CPU
via data inout lines DI througnh DI7 {zone B1). The data is

enabled through inverters Y, S, L, and J (zone 84) and non-inverters
P, W (zone C3) to the Interface (Figure 3-15, sheet 1, zone B1).

The data is enabled through the G data Tatch (sheet 3, zone B4) to
the Display/Control (Figure 3-16, sheet 3, zone D1) and displayed

on the LEDs. The G latch (sheet 3, zone B4) is enabled because the
RUN signal (zone A6) is HIGH, producing a HIGH at input MD of the
data latch.

While the memory data was being displayed, the 4-bit binary
counter (Figure 3-16, sheet 1, zone A9) is incremented to address
1678. The data in ]678 (011111171 - 1778) is applied to NAND gate
N (zone B7), producing a HIGH at gate Z (zone B8). The HIGH at
gate Z disables NAND gate Z (zone A8), inhibiting any following
clock pulses to the 4-bit binary counter, thus ending the examine
operation.

3-38. ACCUMULATOR DISPLAY OPERATION
The accumulator (ACC) display operation allows the operator
to monitor the contents of the CPU accumulator. Refer to Table

3-1, PROM Programs, during the explanation. The ACC display
operation is activated when the ACC DISPLAY/ACC DEPOSIT switch is
momentarily positioned to ACC DISPLAY. o

"The ACC DISPLAY circuit is located on the Display/Control
card.(Figure 3-16, sheet 2, zone A5). With the ACC DISPLAY/ACC
DEPOSIT switch momentarily positioned to ACC DISPLAY, a LOW is
generated at pins 8 and 10 of inverter V1 (zone B5), and a HIGH .
is generated at the output of the remaining V1 and Z1 inverters
(zones B7 through B3). The LOW outputs are applied to pins 6 and
5 of gate X1 which generates a HIGH to set L1 (zone D4). The
RC-CLR (LOW) and AL-STB (HIGH) outputs from L1 reset a 4-bit
binary counter to all zeros (sheet 1, zone A9) and strobe the
address in the P counter into data latches B1 and T (zone B6).
The P counter address data is stored because the P counter incre-
ments during the accumulator display operation. The original P



count is saved and restored in the CPU after the ACC display
operation is complete. The L1 latch is cleared by the C6 signal
from the 24-bit binary counter (sheet 1, zone D3). The LOW and
HIGHs from the inverters are presented as RA7 through RA4 inputs
to the PROM (sheet 1, zone B9). An ACC DSP signal (zone D3) is
also applied LOW to the Interface (Figure 3-15, sheet 3, zone Al),
producing a LOW to the MD input of data latch G (zone A4).

The RAP through RA7 inputs to the PROM (zone B9) represent
an address location (0608). This location is the beginning of
the ACC display program stored in the PROM. The data in address

location 0608 is presented on the RD@ through RD7 outputs (0138)
and applied to data latch A (zone D8). The data present at latch

A is stored by the LOW A output (zone B9) during the even addresses
(RA@=0) and the generation of a control strobe (CS) to DS2 (zone
c8).

The CS strobe is produced by the 24-bit counter outputs C6,
C7, and C8 (zone D3). When the C6, C7, and E§'cpunter outputs are
HIGH, NAND gate V (zone D5) is enabled LOW, the CS (zone D6) is
applied HIGH to the DS2 input (zone C8). The RD@ through RD7 data
(0138) is latched into A with DS2 and DST enabled. The 0138 data |
enables outputs S5, S7, and S8 (zone D7) HIGH. Output S5 is
inverted LOW by Al (zone A6), enabling inverting bus drivers R and
S. Outputs S7 and S8 are applied to pins 3 and 13 of NAND gates
J (zone D6). With the PROM data stored in latch A and the asso-
ciated circuits conditioned, NAND gate Z (zone A7) is enabled,
producing a clock pulse to INP A of the 4-bit counter (zone A8).
When C8 goes HIGH from the 24-bit .counter (zone D3), the 4-bit
counter A output goes HIGH which addresges PROM location 0618.

The data in address location 0618 is present on the RDP through
RD7 output5<(3238). The 3238 data is transferred to the Interface
on the FDIP-FDI7 (zone C2) outputs through enabled inverting bus
drivers R and S (zone A6). The data is not stored in latch A
because the A output (zone B9) of the 4-bit counter is HIGH (odd
address), disabling the DST input (zone C7). The A output is
applied to pins 1 and 5 of NAND gates J (zone D6).

The FDIP through FDI7 data presented to the Interface (Figure
3-15, sheet 2, zone D8) represents an output instruction to be
stored in the CPU. The CPU cannot receive this instruction and
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avecute it ountil the FDIGY (zone D7) siqnal is LOW, and the (P

i released from the wailt condition generated when the CPI was
stopped.  The folicwing operation alicws the CPU to receive the
Suiput insoruction.

Winen the C6, C7, and C3 outputs of the 24-bit counter on the
Display/Control (Figure 3-16, sheet 1, zone D3) are HIGH, another
CS signal (zone D6) is generated. The CS signal allows NAND gate
J, pins 6 and 12, to produce a FDIGZ (zone C2) and SB (zone D4)
signal. ’

The SB signal is applied to pin 13 of gate D1 (sheet 2, zone
C8) as a LOW which produces a HIGH clock pulse to set M1 (zone C7).
The Q output of M1 is applied to gate P1 and inverter R1 (zone
D9), allowing the FRDY signal to release the CPU from its wait
condition.

The FDIGZ signal is applied to pin 12 of gate 13 (Figure 3-15,
sheet 2, zone C7) as a LOW which enables NAND gate B, pin 6, LOW.
The LOW allows the PROM data (3238) to be applied to M on the CPU
through bi-directional gates D and E on the CPU (Figure 3-14,
zone C7). Because the READY line to M (zone A8) is HIGH, the CPU
inputs the 3238 data which is interpreted as an output instruction.
After the completion of the machine cycle, the PSYNC and DO5 signals
(Figure 3-14, sheet 2, zone D8) are inverted by Rl and applied to
pins 11 and 10 of NAND gate T1 (zone D6). These signals and SB
(zone D8) enable T1 which generates a clear to M1 (zone C7),
halting the CPU.

. .The CPU contains an output instruction but no information as
to.where to output data. The next part of the ACC display opera-
tion allows the CPU to output data to the front panel data LEDs
(DP through D7). NAND gate Z (sheet 1, zone A7) is enabled (C8
HIGH), producing a clock pulse to INP A, incrementing 4-bit counter
(zone A8) to address 0628.

The data in address location 0628 is present on the RD@
through RD7 outputs (0138) and stored in data latch A (zone D8)
in the same manner as address 0608. This insures that the S5, S7,
and S8 outputs (zone D7) are enabled as in address 0608. After

the completion of this operation, NAND gate Z (zone A7) is enabled,
producing a clock pulse to INP A, incrementing the 4-bit counter

NO



(zone A8) to address 063g-

The data in address location 0638 is present on the RD@
through RD7 outputs (377g) which is the I/0 channel number for
the front panel. The 3778 data is transferred to the CPU in the
same manner as the output instruction at address 0618. The 3778
data allows the CPU to address the front panel and output the
accumulator data to the D@ through D7 LEDs on the front panel.
With the output instruction and front panel address number stored
in the CPU, NAND gate Z (zone B7) is enabled, producing a clock
pulse to INP A, incrementing the 4-bit binary counter (zone A8)
to address 0648.

The data in address location 0648 is present to the RDP
through RD7 outputs (0018) and stored in data latch A (zone D8).
The 0014 data enables output S8 (zone D7) HIGH which is used
during address 0658. After the data in address location 0648 is
stored in data latch A, NAND gate Z (zone B7) is enabled, producing
a clock pulse to INP A, incrementing the 4-bit binary counter (zone
A8) to address 065g. _

Address 0658 enables the SB signal (zone D4) as described in
address 0618. The CPU performs one machine cycle with SB enabled.
During the one machine cycle, the CPU outputs address 3778 on the
AP - A7 and A8 - Al15 address lines to the bus (Figure 3-14, zone
B9). The CPU a]sovoutputs accumulator data through bi-directional
gates D and E (zone C7) and non-inverting bus drivers P and W
(zone C3)_to the data out (DOP-DO7) bus. The address data (3778).
enables NAND gates L on the Interface board (Figure 3-15, sheet 3,
zone C6) LOW. The LOWs enable gate D (zone C4) HIGH which is”
applied through jumper JE/JF to pin 9 of NAND gate‘K (zone B4).
During an output instruction, the SOUT and PWR signals (zone B6)
are generated by the CPU which enables NAND gate K (zone B4)
output LOW. The LOW is applied through jumper JD/JC and inverted
HIGH by gate J (zone C3) and presented to the STB input (zone B4)
of latch G.

The data from the CPU is presented to the Interface (sheet 1,
zone C1) and stored in data latch G (sheet 3, zone B4) during the
output instruction because the STB and MD inputs are enabled.
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The outputs o7 data latch G 1ight the appropriate data LED (T
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oroducing a clock oulse to IHP A, incrementing the
4-bit binary counter to address 0668.

The data (0138) in address location 0665 is stored in data
latch A (zone D8) and enables the S5, S7, and S8 outputs (zone
D7) HIGH. After the completion of this operation, NAND gate Z
is enabled, and the 4-bit binary counter is incremented to address
0678. Address 0678 contains a jump instruction (3038) which is
stored in the CPU in the same manner as the previous instructions.
The jump instruction will force the CPU back to the original P
counter address which wa§ stored in data latches Bl and T (zone
B5) at the beginning of the ACC display operation. The remainder
of the ACC display operation will transfer the address stored
(Ap-A7) in B1 and (A8-A15) in T to the CPU. After the jump
instruction is‘stored in the CPU, the 4-bit binary counter is
incremented to address 0708.

The data in address location 0708 is present on the RD@

‘through RD7 outputs.(0438) and applied to data latch A (zone D8).

The data present at latch A is stored by the A output of the

4-bit binary counter (zone B9) being LOW during even addresses and
the generation of the CS strobe (C6, C7, and C8 HIGH). The 0438
data_enables outputs S3, S7, and S8 (zone D7) HIGH. Output S3 is
applied to the DSZ input of data latch B1 (zone C5), presenting
the output data (Ap-A7) to the Interface as FDIP through FDI7.
Outpufg 57 and-Sb‘afe applied to‘ﬁihs 3 and 13 of NAND gate J

" (zone D6) and are used to generate the SB and FDIG2 signals as

described in the previous instruction transfers, With the data

present to the Interface and the associated circuits conditioned,

NAND gate Z (zone A7) is enabled, producing a clock pulse to

INP A, incrementing the 4-bit counter (zone A8) to address 071g.
The data in address 07'l8 is not stored in latch A because it

is an odd address. However, the A output (zone B9) is applied

to pins 1 and 5 of NAND gates J (zone D6) as a HIGH, enabling the

CS signal to produce the SB and FDIGZ outputs. The SB and FDIG2

signals allow the transfer of the first eight address data latch

O
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bits to the CPU, and the operation is identical to the previous .
instructions.

After the CPU receives the eight address bits, the 4-bit
binary counter increments to address 0728' The data in 0728
(0238) is stored in latch A (zone D7) because it is an even
address. The 023 data enables S4, S7, and S8 (zone D7) HIGH.
Output S4 is applied to the DS2 input of data latch T (zone A6),
presenting the output data (A8-A15) to the Interface as FDIP
through FDI7. Outputs S7 and S8 condition NAND gates J (zone D6)
and are used to generate SB and FDIGZ during the next address
(0738). With the data present to the Interface and the associated
circuits conditioned, NAND gate Z (zone A7) is enabled (C8 HIGH),
producing a clock pulse to INP A, incrementing the 4-bit counter
(zone A8) to address 073g.

Address 0738 operation is the same as address 0718, allowing
the A8 through Al15 address data to be stored in the CPU. Address
0748 clears the data latch A (zone D7) and allows the CPU to jump
to the original P counter address, conditioning the CPU for normal
operation.

After conditioning the CPU, the 4-bit binary counter (zone A9)
is incremented to address 0758. The data in 0758 (1778) is
applied to NAND gate N (zone B7), producing a HIGH at gate Z
(zone B8). The HIGH at gate Z disables NAND gate Z (zone A8),
inhibiting any following clock pulses to the 4-bit binary counter,
thus ending the ACC display operation.

-3-39. 8800b OPTIONS - ' -

The 8800b has several options which may be selected by the
operator. Two options may be used on the Display/Control card,
and three options may be used on the Interface card.

3-40. DISPLAY/CONTROL CARD OPTIONS

The Display/Control card options contain a choice of front
panel slow operation clock frequencies and a choice of completing
one instruction cycle or machine cycle in single step or slow
operation. The normal slow operation clock frequency requires a
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connection between jumpers JE and JF (sheet 2, zone D7) which
allows the 8800b CPU to complete one instruction cycle before
resuming a wait condition. However, if the operator wishes to
execute one machine cycle after each single/step or slow operation,
remove jumpers JE and JF which disables the D05 signal (zone D8).

3-41. INTERFACE CARD OPTIONS

One Interface Card option allows the operator to monitor any

data from an external device on the DP through D7 front panel LEDs.

Data may be monitored from an external device if jumpers JA and
JB are connected (Figure 3-15, sheet 3, zone C3). NAND gate K is
enabled LOW when the @1, PDBIN, and SINP signals (zone C6) are
presént during an external device to CPU data transfer. The LOW
is presented through JB and JA (zone C3) to gate J which produces
a HIGH to the STB input of data latch G (zone B4). The HIGH on
STB allows the data present on the DO@-DO7 line (zone B6) to be
displayed on the DP-D7 LEDs on the front panel. '

The remaining Interface card options pertain to jumpers JE
and JF (zone C4) and jumpers JD and JC (zone C3). If jumpers JE
and JF and JC and JD are connected, only data addressed to the
front panel (3778) is displayed. If jumpers JE and JF are removed,
all output data from the CPY is displayed on the front panel.

Rad

. 3-42. 8800b POWER SUPPLIES

The 8800b requires a positive 8 volt, 18 ampere supply, a
positive 18 volt, 2 ampere supply, and a -18 volf; 2 ampere
supply (Figure 3-17). When the ON/OFF switch on the front panel
is positioned to ON, a 110 AC voltage is applied to transformer
T1. Two bridge rectifiers on the secondary of T1 produce the
positive 8, 18, and negative 18 voltage supplies which are applied
to the 8800b circuits. The positive and negative 18 volt supplies
are pre-regulated by the Q and Q2 transistor circuits on the power
supp]y board.

O



The 8800b printed circuit cards receive the supply voltages
on the bus. Each printed circuit card contains its own voltage
regulator circuits which produce the operating voltage for the
particular printed circuit card.

The CPU card (Figure 3-18) requires a regulated positive
and negative 5 volt source and a regulated positive 12 volt
source. These voltages are produced by VR1, VR2, and D2 circuits.

The Interface card (Figure 3-19) requires a regulated
positive 5 volt source which is produced by the VRl circuit.

The Display/Control card (Figure 3-20) requires an unregu-
lated positive 8 volt source, a regulated positive 5 volt source,
and a regulated negative 9 volt source. The regulated voltages
are produced by the VR1 and VRZ circuits.
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ALTAIR 8800b COMPUTER DOCUMENTATION
SECTION IV
TROUBLESHOOTING AIDS

Section IV, Troubleshooting Aids, is currently being printed

and will be shipped to you as soon as possible.

MITS, Inc.
August, 1976






C PREFACE

Section IV is designed to aid the user in pinpointing trouble areas
and correcting problems that may be encountered with the Altair 8800b
computer. The text that follows contains detailed instructions that
should help in locating and correcting most problems. However, if the
malfunction(s) cannot be rectified, send the unit to the MITS Repair
Department or your local Altair dealer.

Section IV is divided into five major sections :

4-1) Introduction to Troubleshooting which contains general proce-
dures that should always be followed, and IC static level
charts showing the proper indications for the most common
trouble areas; _

4-2) Visual Inspection which contains procedures for locating
problems caused by improper assembly;

4-3) Preliminary Check which contains tests for voltages and
waveforms;

4-4) Non-PROM Related Switch Problems which concerns the RUN/STOP,

<:> SINGLE STEP/SLOW, RESET/EXTERNAL CLEAR and PROTECT/UNPROTECT
switches;

4-5) PROM Related Switch Problems which deals with the EXAMINE/
EXAMINE NEXT, DEPOSIT/DEPOSIT NEXT, ACCUMULATOR DISPLAY/ -
ACCUMULATOR LOAD and IN/OUT switches.

Sections 4-3, 4-4 and 4-5 are presented in chart form, indicating the
testing instructions, the correct indication, the incorrect indication
and the procedures for remedying the problem.

Before beginning the actual troubleshooting procedures, the Theory

of Operation and Section 4-1 should be reviewed. Refer to these portions
" of the manual when necessary. :

An'osci]loscbpe and an inexpensive multimeter will be needed to
perform these troubleshooting procedures. The oscilloscope should be
used to detect and measure pulses; the multimeter should be used to
check voltage levels and continuity.

©

Moy 1977 ° 4-3/(4-4 blank)






Q)

O

4-1. INTRODUCTION TO TROUBLESHOOTING

A. Basic Troubleshooting Procedures

Paragraphs 1, 2, 3 and 4 contain general instructions for testing

ICs, diodes,

transistors and bridge rectifiers, respectively. These

procedures should be followed each time the instructions (in the tables
that follow) specify that one of the above mentioned components be

checked.
1. 1ICs
a.
b.
c.
8800b
May, 1977

With a voltmeter (or oscilloscope), check the IC pin for
the proper voltage level or pulse. Make sure that the volt-
meter is touching only one pin at a time; if the voltmeter
should come in contact with more than one pin, erroneous
readings and shorts may occur. (Note: Because the entire
system is based upon the 8080 microprocessor chip,_IC M on
the CPU board, be especially careful when checking this
component.) If the correct voltage is not present at the
IC: o
1. Use the schematic to trace the signal back to its
original source, checking for proper logic operation at
each gate. .
2. Visually inspect the area surrounding the IC for solder
bridges or opens. '
Never assume that when a signal leaves its source it will
always reach its destination. Check for continuity with an
ohmmeter (set at X1K ohms or higher to protect the ICs from
the ohmmeter's current). If opens in the lands are found,
solder over them. ‘
Check for power (Vcc) and Ground at the IC. Several of the
schematics (in the Theory of Operation section) contain
charts indicating the Vcc and Ground pins for each IC. If
Vcc and Ground are present, test the IC according to the
steps below.
1) For ICs with sockets:
a) Turn power off and remove the IC from its socket.
b) Bend the suspected output pin up and reinstall the
IC into its socket.
c) Turn power on and check for proper logic operation.

4-5



NOTE

Removing an IC pin from its socket or from the

board may change the IC's input level. When

checking for proper logic, refer to the truth
tables (pages 3-5 through 3-8) associated with
that type of gate.

d) If the IC does not operate properly, replace it. If
it does operate properly, bend the pin back and
reinsert it into the socket. Look for a solder
short or bridge and repair as necessary.

2) For ICs without sockets:

a) Turn power off and cut the suspected IC pin where it
meets the component side of the board.

b) Bend the pin up and turn power on.

c) Check for proper logic operation (as shown in the
appropriate truth table).

d) If the IC does not operate properly, replace it. If
it does operate properly, resolder the pin to the
board and 1ook for a solder short or bridge. Repair
as necessary. ’

NOTE

If an IC without a supplied socket needs to be replaced, you may

wish to install a good-quality socket with it. Because sockets

don't have to be removed from the board in order to test the IC,
installation of sockets will aid in future troubleshooting and
will prevent wear and tear on the board.

2. Diodes

Diodes can be easily tested with an ohmmeter set at X100 ohms.

Turn power off and unsolder one lead from the board. To forward bias

the diode, place the ohmmeter's positive lead on the diode's anode lead

and the ohmmeter's negative lead on the diode's cathode lead. (The
cathode lead is on the side marked with a bar.) The ohmmeter should
show a LOW reading (15-300 ohms). To reverse bias the diode, transpose
the ohmmeter's leads and check for a HIGH resistance reading (above 1K
ohms). If the diode's readings do not correspond with the readings shown
here, the diode should be replaced. '

. 8800b
4-6 May, 1977
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3.

Transistors
Transistors can be tested with an ohmmeter set at X100 ohms. The

following chart shows the correct readings for transistors with at least
two leads removed from the board. Refer to the chart on page 5-9 in the
Assembly section of the manual for lead identification, and compare the
transistor's resistance to the resistance indicated in the chart below.

Q1,

Q2 and Q3 on the CPU board and Q2 on the Power Supply board are NPN.

transistors. Q1 on the Power Supply board is a PNP transistor.

: Transistor Resistance

Ohmmeter Lead Placement NPN Transistors PNP Transistors
Positive 1ead_to emitter HIGH resistance LOW resistance
Negative lead to base
Positive.lead to base LOW resistance HIGH resistance
Negative lead to emitter
Positive 1ead.to base LOW resistance HIGH resistance
Negative lead to collector
Positive lead to collector HIGH resistance LOW resistance
Negative lead to base

HIGH = 2K ohms or higher
LOW = 1K ohms or lower

4.

Bridge Rectifiers
Unplug the chassis, remove the AC wires to TB1 and refer to the

Diode testing instructions on page 4-6 to test the bridge rectifiers.

B. Normal Output Voltage Levels }
1. TTL Gates (7400 Series ICs) and MOS ICs:
Condition | Voltage
Valid LOW .8v or less
Valid HIGH 2v - 4v
An output in the range of .8v - 2v indicates a problem. (Note:
Voltages can vary +10%.)
2. Open Collector Gates :
Open collector outputs, such as those of ICs Y, W, U, F, B and
K on the Display/Control board, must be connected to +5v or +8v
to operate properly. The outputs of ICs Y, W and U are tied to
Vcc through resistors R41-R48 when the corresponding address
8800b

May, 1977

switch is in the "up" position. When the switch is in the down
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position, the output will be disconnected from Vcc and will not
allow signals to go through.
Tri-State Buffers (when enabled)

Condition | Voltage
Valid LOW .8v or lower
Valid HIGH 2v or higher

An output in the range of .8v - 2v indicates a problem. (Note::s
Voltages can vary +10%.)

When disabled, tri-state buffers will have various voltages at
their outputs.

Static Levels

1.

IC Levels ‘

Table 4-1, starting on page 4-9, shows the proper static levels of
the most common problem areas, assuming the computer is 1h é.
"stopped" state (M1, MIMR and WAIT).

8300b
May, 1977
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Table 4-1.

Board Schematic
Display/Control 3-16, sheet 1 of 3

3-16, sheet 2 of 3

O

Static Levels of the Most Common Problem Areas

ic

> =2 0 O D

“C S N GO XEXE < 0O

m
P

A
1, A, W, 61,
N, U, Y1, W
i
n
K
M
M
L

Pin #
17, 18, 19, 20
2,8,9 1, 14

12

8

4, 6, 8, 10, 15, 17,
19, 21

15, 1

1

1, 3,5, 11,9, 13
13, 9, 11, 6, 3, 1
1, 9, 11, 13

8, 12

6,2,4,12,8, 10
2, 4,6, 8,10, 12
13

1

8, 13

3,56

Static Level

HIGH
LOW
HIGH
LOW

LOW

HIGH

HIGH

LOW

LOW

LOW

HIGH

€8 (see waveform #5, page 4-30)
HIGH '
(]

cS

()

€13 (see waveform #4, page 4-29)
HIGH
HIGH
LOW
Low
HIGH
LOW
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40088 -

Table 4-1 (continued)

Board Schematic

Interface 3-15, sheet 3 of 3

3-15, sheet 2 of 3

Cpu 3-14

=2 2 I MO X O x O

-

Mmoo X o0

1, 3,5

2, 13, 14

1, N

6

10

n

8 .
6, 2, 12, 13
2,4,6,8,10, 12
2, 12

12, 13, 6, 2
1, 8

6, 10

4, 2

14

6, 13

8, 4

23, 12

15

7, 2

Static Level
T6 (see waveform #6, page 4-30)
HIGH
LOW
HIGH
HIGH
LOW
HIGH
LOW
HIGH
HIGH
HIGH
LOW
LOW
HIGH
LOW
LOW
HIGH
LOW
LOW
HIGH
LOW
HIGH
HIGH




(:: 2. Mother Board Static Levels
 Table 4-2 shows the proper static levels of the mother board,
assuming the computer is in av"stopped“ state (M1, MEMR and
WAIT). Note that the levels on the pins of the 8080a (IC M
on the CPU board) are reflected on the mother board as well
as the front panel LEDs. For example:

A HIGH level on pin 24 (WAIT) of IC M on the CPU board .
causes bus pin 27 to go HIGH, which in turn causes the WAIT
1ight on the front panel to light. '

HIGH pulses on pin 27 (address 1ine A2) of IC M on the CPU
board produce pulses on bus pin 81, which cause A2 on the front

panel to light (dimly).
Table 4-2. Mother Board Static Levels

Bus # Symbol Name Static Level
1 +8v 48 volts
2 +18v +18 volts
-3 XRDY EXTERNAL READY HIGH
C, 4 VIO VECTORED INTERRUPT LINE #0 LOW
5 VI VECTORED INTERRUPT LINE #1 LOW
6 VI2 VECTORED INTERRUPT LINE #2 LOW
7 VI3 VECTORED INTERRUPT LINE #3 LOW
8 VI4 VECTORED INTERRUPT LINE #4 LOW
9 VI5 VECTORED INTERRUPT LINE #5 LOW
10 V6 VECTORED INTERRUPT LINE #6 - LOW
1 VI7 VECTORED INTERRUPT LINE #7 LOW
@ XRDY2 Extra READY Line HIGH
13-17  Not Used
18 STADSB  STATUS DISABLE HIGH
19 C/CDSB  COMMAND/CONTROL DISABLE HIGH -~
20**  UNPROT UNPROTECT - | LOW
21%*  SS SINGLE STEP LOW
22 DD DSB8  ADDRESS DISABLE HIGH
23 DO DSB DATA OUT DISABLE HIGH
‘:D 24 @2 PHASE 2 CLOCK See waveforms 2 and
3, page 4-26
25 g1 PHASE 1 CLOCK See waveforms 2 and

_ ~ 3, page 4-26
8800b
May, 1977 o 4-N



Bus # Symbol

26 PHLDA

27 PWAIT

28 PINTE

29 A5

30 Ad

31 A3

32 A15

33 A12

34 A9

35 D01

36 - D00

37 A10

38 D04

39 D05

40 D06

4] DI2

42 DI3

43 DI7

44 SM1

45 SOUT

46 SINP

47 SMEMR

48 SHLTA

49 CLOCK
GND
+8v
-18v
SSW DSB
EXT CLR
RTC
STSTB
DIGI
FRDY
Not Used
MWRT
PS

Name
HOLD ACKNOWLEDGE
WAIT

INTERRUPT ENABLE
ADDRESS LINE #5

~ ADDRESS LINE #4
. ADDRESS LINE #3
" ADDRESS LINE #15
- ADDRESS LINE #12
- ADDRESS LINE #9
- DATA OUT LINE #1
" DATA OUT LINE #0

ADDRESS LINE #10
DATA OUT LINE #4

" DATA OUT LINE #5
~ DATA OUT LINE #6
" DATA IN LINE #2
- DATA IN LINE #3

DATA IN LINE #7

M1 (Instruction Fetch Cycle)
OUT (Output Write)

INP (Input Read)

MEMR (Memory Read)

HLTA (Halt Acknowledge)
CLOCK

GROUND

+8 volts

-18 volts

SENSE SWITCH DISABLE
EXTERNAL CLEAR
REAL TIME CLOCK
STATUS STROBE
DIGITAL #1

Front Panel READY

MEMORY WRITE
PROTECT STATUS

Static Level

LOW
HIGH
LOW

HIGH
LOW
LOW
HIGH

LOW -

See Waveforms 2
and 3, page 4-28

HIGH
HIGH

HIGH

HIGH
LOW

LOW
HIGH

8800b
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<:} Bus # Symbol Name Static Level
70%*  PROT PROTECT LOW
71%  RUN RUN LOW
72 PRDY READY : HIGH
73 PINT TINTERRUPT REQUEST HIGH
74 PHOLD HOLD HIGH
75 PRESET RESET . HIGH
76 PSYNC SYNC LOW
77 PWR WRITE ' HIGH
78 PDBIN DATA BUS IN HIGH
79 AD “ADDRESS LINE #0
80 Al ADDRESS LINE #1
81 A2 ADDRESS LINE #2
82 A6 ADDRESS LINE #6
83 A7 ADDRESS LINE #7
84 A8 _ADDRESS LINE #8 |
- 85 A13 * ADDRESS LINE #13
<:> 86 A4 ADDRESS LINE #14

87 ATl ADDRESS LINE #11
88 D02 DATA OUT LINE #2

. 89 D03 DATA OUT LINE #3
90 D07 DATA OUT LINE #7
91 DI4 DATA IN LINE #4
92 DI5 DATA IN LINE #5
93 DI6 DATA IN LINE #6
94 DIT " DATA IN.LINE #}
95 DIO DATA IN LINE #0
96 SINTA INTA (Interrupt Request Acknowledge) LOW

@ > SWO WO (Write Operation) HIGH
98 - SSTACK STACK LOW
99 POC POWER ON CLEAR _HIGH
100 GND GROUND

* = Not used in 8800a system.
‘:> ** = Not used in 8800b Turnkey syste

Note:

8800b
May, 1977

If a static level is not indicated, the signal can be either

HIGH or LOW.

S
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4-2.

VISUAL INSPECTION o

A. Component Inspection

The first step in troubleshooting is to carefully examine each
board for solder bridges, open lands, misplaced components, etc. A
thorough inspection of this kind will eliminate one possibility for
errors and will allow troubleshooting efforts to be concentrated else-

where.

1.
2.

7.
8.
9.

Carefully check each board using the 1ist below:

Look for solder bridges.

Look for leads that have not been soldered.

Look for cold solder connections (cold solder connections do
not have a "shiny" appearance).

Examine the board's Tands for "hairline opens" or bridges."
Check the ICs for proper pin placement and good socket connhec-
tions. ‘

Examine the electrolytic and tantalum capacitors for proper
polarity.

Examine the diodes for proper polarity.

Examine the LEDs for proper polarity. '
Check the color codes on all resistors.

B. Wiring ngpection

4-14

CAUTION .
The computer should be unplugged for this check.

Referring to Figure 5-50 on.page 5-58 in the Assembly section of
the manual, check for incorrect wiring on the mother board.

With an ohmmeter, check the power supply wiring on the terminal
block (TB1). Check for resistance (about 100 ohms) between pins
2and 7, 10and 7, 1 and 7, 2 and 10, 2 and 1 and 1 and 10. If
a reading of less than 10 ohms appears, recheck the wiring.

Also check continuity from mother board bus pins 1, 2, 52 and 50
to corresponding terminal block pins 2, 10, 1 and 7. If a read-
ing of more than 100 ohms appears, inspect the wiring from the
mother board to TBI. '

- 8800b
May, 1977
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4-3. PRELIMINARY CHECK
The procedures outlined in Section 4-3 are general tests that should
be made before going on to the specific problems presented in Sections
4-4 and 4-5. Follow the instructions in the order in which they are
given, and always complete each step before going on to the next.
1. Before installing the boards and applying power to the computer,
use an ohmmeter to check the resistance of the edge connectors on
the mother board. Test the consecutively numbered pins down each
row (1, 2, 3 . . . etc.), then cross check the pins (1-51, 2-52 . . .
etc.). A LOW resistance reading should appear at pins 1, 50, 51 and
100. If a LOW reading appears at any other location, examine the
back of the board for solder bridges or etching errors.
2. Turn the computer on and check for the following voltages on the
Power Supply board's terminal block (TB1). See page 5-58 in the
Assembly section of the manual for pin locations.

Pin # Voltage .
2, 3, 4 +8v to +10v (unregulated)
10 +16v to +18v (pre-regulated)
-16v to -18v (pre-regulated)
7, 8 Ground
WARNING

When testing components on the Power Supply board, be extremely
careful not to touch the AC wiring. Always unplug the chassis
when testing continuity or replacing components.

a. If the +8 voltage is absent from pins 2, 3 or 4 of TB1, check
for AC at pins 1 and 2 of TB2. If absent, unplug the chassis
and check continuity and wiring at connector P4. Also check the
fuse and the wiring to the AC cord. Plug in the chassis. If AC
is present at pins 1 and 2 of TB2, check the wiring from TB2 to
BR1 and from BR1 to TB1. If AC is present at BR1, but no output
voltage appears across the "+" and "-" pins of BR1, BRI is
probab]y defective and should be replaced.

8800b
May, 1977

4-15



b. If the correct voltage does not appear at pin 10 or pin 1 of TB1, C:,
check the voltage at the base of transistor Q2 (for pin 10) and
Q1 (for pin 1). If the reading is 27 volts, the transistor or
diode may have shorted out. Test these components according to.
the instructions on pages 4-6 and 4-7.
Check for AC at TB1 pins 6 and 5. If absent, unplug the chassis
and check the wiring from connector P4 to the AC cord. If AC is
present at TB1, check for AC at BR2. If AC is absent at BR2,
check the wiring to BR2. If AC is present at BR2, remove the
“+" pin from the board and check for voltage across the "+" and
"-" pins. If voltage is not present, replace BR2.
c. If Ground does not appear at pins 7 and 8 of‘TBl,-check the
wiring from TB1 to the cross member and from the AC cable to the
cross member.
3. If the fuse on the back panel blows:
a. Check for so]der'bridges on the Power Supply board or the mother
board. _
b. Check for proper orientation of BR2 on the Power Supply board
and BR1 on the back panel.
c.' Check wiring on:
1) voltage wires on the mother board
2) front panel switch
3) AC power cord
4) Ground to +8v line ;
d. Check for pinched wires and incorreét]y installed components.
4. Turn power off, and install the CPU and Interface boards.
- ) WARNING
Always turn power off when removing or installing p]ug-iﬁ boards
or when connecting or disconnecting the Display/Control board.
Failure to turn power off may cause damage to the board and the
computer. Note that capacitor C7 (on the cross member) wil]A
retain a +8v charge for a few minutes after power has been turned
off.
Connect the Interface board cables (P1 and P2) to the front panel
and connect P3 from the CPU board to the Interface board. Turn <:>
power on. The computer should be automatically reset and in a

stopped state. - 8800b
4-16 May, 1977




If there are no memory boards in the computer at address @, the
front panel LEDs should appear as follows: '

LED Condition
Ag-A15 OFF
M1, MEMR, WAIT ON
D@-D7 ON

If a memory board is present at address @, the D@-D7 LEDs will show
the random pattern for that board. '

8800b
May, 1977
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Table 4-3. Voltage and Waveform Check

Note: The following checks should be made with the CPU, Interface and Display/Control boards installed and with power

turned on (unless otherwise specified) Voltages may vary +10%.

Step Instructions If Correct ‘
1 Check the 7805 voltage regulators Both regulators should read

on the CPU and Interface boards. +5v at pin 2. The figure
below shows the correct pin
locations for all voltage

regulators.
!
1 3 2
2 Check the 7812 voltage regulator It should read +12v at pin
on the CPU board. 2. Proceed to Step 3.

If Incorrect
If voltage is incorrect, refer to schematics 3-18
and 3-19. Check pin 3 for Ground. If absent,
trace continuity back to bus pin 100 or 50. Pin
1 is the unregulated output--at least 8v. If
absent, trace continuity back to bus pins 1 and
51. If Ground and sufficient unregulated voltage
are present at these pins, check pin 2 of the
voltage regulator for +5v. If voltage {is absent,
turn power off and remove voltage regulator pin
2 from the board. Turn power on and recheck for
+5v. If the voltage is still below +5v, the
voltage regulator is defective and should be
replaced. If voltage is correct, look for a short
on the board. With power off, resolder pin 2 to
the board.
If voltage .is incorrect, refer to schematic 3-18
and check pin 3 for Ground. If absent, trace
continuity to bus pin 100 or 50. Pin 1 is the
unregulated output--at least 16v. If voltage is
absent, trace continuity back to bus pin 2. If
Ground and sufficient unregulated voltage are
present, check pin 2 of the voltage regulator for
a +12v signal. If absent, turn power off and dis-
connect voltage regulator pin 2 from the board.
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Step

Instructions

Check the anode lead of diode
D2 on the CPU board.

Check pin 2 of VR2 on the
Display/Control board.

If Correct

It should read -5v.
to Step 4.

It should read -9v.
to Step 5.

Proceed

Proceed

If Incorrect
Turn power on and check again for the +12v signal.
If the voltage is below 1lv, the voltage regulator
should be replaced. 1If the voltage is correct,
look for a short on the board. Resolder pin 2 to
the board.
If the voltage is incorrect, check D2 for proper
polarity. Check for -18v on capacitor C13 (nega-
tive side) on the CPU boaird. If absent, trace
continuity to bus pin 52.
Turn power off and check diode D2 according to
the instructions on page 4-6. Replace, 1f neces-
sary. With an ohmmeter set at X10K or higher,
check the resistance from the negative side of C11°

“to Ground. A reading of zero ohms indicates a

short on the board. Resolder the anode lead of
D2 to the board.

If the voltage is incorrect, check for -18v on
pin 3 of the voltage regulafor. If absent, trace
continuity back to bus pin 2. Check for the cor-
rect part number on VR2, D1, D2 and R20. Turn
power off and remove the anode lead of diodes D1
and D2 from the board. Check both diodes accord-
ing to the instructions on page 4-6. If the read-
ings are incorrect, replace D1 and/or D2. Remove
pin 2 of VR2 from the board. Turn power on and
check for a -9v reading at VR2. If incorrect,
replace VR2. If correct, look for a short on the
board. Resolder the output pin to the board.
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Instructions
On the CPU board, check the vol-
tage on ICM pins 20, 11 and 28.
Be careful not to touch more
than one pin at a time.
On bus pins 24 and 25, check for
proper @2 and @1 waveforms (see
waveforms 2 and 3, page 4-28).
On the CPU board, check for §2
and @1 on corresponding pins,
22 and 15 of IC M. (See wave-
form #1, page 4-27.)

On bus pin 99, check for a HIGH
POC tevel. This signal is usu-
ally a 4 VDC level with a small
amount of AC ripple voltage.

If Correct
Pin 20 should read +5v. Pin
11 should read ~5v. Pin 28
should read +12v. Proceed
to Step 6.
If present, proceed to Step
7. '

If present, proceed to
Step 8.

If Incorrect
If incorrect, use an ohmmneter set at X10K or
higher to trace continuity back to the CPU board's
voltage regulators. If opens are found, solder
over then.
If P2 and @1 waveforms are absent on the bus pins,
trace logic through ICs J and A on the CPU board.
If 92 or @1 is present at the inputs of IC J or
IC A, but absent at the outputs, check the IC
according to the instructions on page 4-5. If
there is no @1 or @2 signal at IC A (pin 14 or 7),
trace continuity to pins 10 and 11 of IC F. (Note:
@1 and P2 are 12v in amplitude at pins 10 and 11.)
If signals are absent at pins 10 and 11, check for
+12v at pin 9 of IC F. If absent, trace continuity
to VR2 pin 2 on the CPU board. Check for an 18
MHz signal at pins 14 and 15 of IC F. If absent,
check IC F according to the instructions on page
4-5, and replace if necessary.
Visually inspect transistors Q1, Q2 and Q3 and
diode D1 on the CPU board for proper installment.
Check the base of Q1 for a 1v level. If absent,
check D1 according to the instructions on page
4-6. Replace 1f necessary.
Q1 should be active, causing a Ov level to appear
at the base of Q2. If this Ov level is absent,
check Q1 according to the instructions on page
4-6. Q2 should cause a 5v signal to appear at




q0088-

LL6L “Aey -

le-v

O

Step Instructions If Correct

8 Pin 13 (HOLD) of IC M on the CPU
board should be LONW.

Proceed to Step 9.

9 On the Display/Control board If present, proceed to
check for @2 at pin 10 of IC L. Step 10.
If §2 is absent, the entire
front panel will not operate.

If Incorrect
the base of Q3. If the 5v signal is absent, check
Q2 according to the instructions on page 4-6. Then

~ turn power off, and wait a moment for C4 to dis-

charge. Remove one of the leads of C4 from the
board, and measure C4's resistance with an ohm-
meter. (Note: The ohmmeter needle may fluctuate
slightly.) If the reading is lower than 10 ohms,
replace C4. If C4 is working properly, reinstall
C4 and check continuity from the base of Q3 to Vcc.
Repair as necessary. The Q3 emitter should be
above 2v. If not, check Q3 according to the in-
structions on page 4-7. Trace this HIGH level
through ICs S and J on the CPU board to bus pin
99. If ICs S and J do not invert the signal, test
the ICs according to the instructions on page 4-5.
If a LOW is not present at IC M pin 13, check IC
G on the CPU board according to the instructions
on page 4-5. Check for Vcc at resistors R23 and
R40. If absent, check continuity and repair as
necessary. Bus pin 74 should be HIGH. If not,
lock for a short on the mother board.

If @2 is absent at IC L pin 10, trace continuity
and logic from IC S1 on the Display/Control board
through IC T on the Interface board to bus pin 24.
Any inverter having a #2 input, but no @2 output,

O
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Step

10

n

Instructions
(Note: If you received your 8800b
computer before January, 1977, an
extra capacitor, €7, for the
Display/Control board was included
in the installation instructions.
This capacitor is not needed and
should be removed.)
On the Display/Control board,
check for a C13 signal (see wave-
form #4, page 4-29) at pin 9 of
ICs C1, N1, F1, U1, W1, Y1, G
and W1. (MNote: If no switches
are pressed, R54-R65 should pro-
duce a signal of approximately
4v at the input pins of these ICs.)

Check for a HIGH POC level at
ICs M1 pin 4, P1 pin 2, T1 pin
5 and Z pin 13 on the Display/
Control board.

If Correct

If present, proceed to
Step 11.

If present, proceed to
Step 12.

If Incorrect
should be checked according to the instructions
on page 4-5. If the IC(s) are functioning pro-
perly, look for a short and repair as necessary.

If absent, trace the C13 signal through ICs K1,
J1, E1 and S1 to IC X pin 9 on the Display/Control
board. If any of these ICs have a C13 input, but
no C13 output, they should be checked according to
the instructions on page 4-5. If IC X pin 9 has
no C13 signal, check for a square wave (approxi-
mately .1 ms. wide) at pin 10 of IC X. 1If present,
check IC X according to the instructions on page
4-5. If a square wave is not present at pin 10

of IC X, check IC L. If a square wave is not
present at pin 1 of IC L when it is removed from
the board, replace IC L.

If a LOW appears at any of the pins, trace POC
from the suspected pin to pin 6 of IC J1 on the
Display/Contrel board. If POC is absent at pin 6,
check IC J1 according to the instructions on page
4-5,

Check the Vcc connection at R42. If Vcc s absent,
check continuity to VR1 pin 2 on the Display/
Control board. Check the logic operation of the
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Step

12

13

Instructions

On the Display/Control board,
check for a LOW at pin 13 of IC
Kl. (Note: If the computer is
running, pin 13 will be HIGH and
only the RUN/STOP or RESET/EXT
CLR switches will work.)

On the Display/Control board,
check for a CS signal {see
waveform #5, page 4-30) at pin
13 of IC A.

O

If Correct

If present, proceed to
Step 13.

If the proper CS signal is

present, proceed to Step 14.

If Incorrect
ICs from J1 through U on the Interface board to
bus pin 99. Check and replace the ICs if neces-
sary.
If the computer {is not in a run state and a LOW
is not present at pin 13, trace logic from IC Kl
to a LOW at IC M1 pin 6. Check any suspected ICs
according to the instructions on page 4-5. If
lifting the STOP switch does not stop the computer,
continue with the remaining steps in this chart
and onto Section 4-4.
If the CS signal does not match waveform #5,
examine IC V pins 1, 2 and 13 on the Display/
Control board. Pin 1 should be a 64 psec. pulse
width square wave; pin 2 a 32 usec. pulse width
square wave; and pin 13 a 16 usec. pulse width
square wave.  If all of these signalec are present,
check ICs V and E1 according to the instructions
on page 4-5.
If any of the signals are absent from pins 1, 2
and 13 of IC V, trace the signal back through ICs
E1 and S1 o IC L. Any ICs that have input signals
but no output signals should be checked according
to the instructions on page 4-5. If all of the
ICs are operating properly, check for ‘the corres-
ponding square waves at pins 2, 4 and 13 of IC L.
If absent, check IC L according to the instructions
on page 4-5.
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15

16

17

Instructions
On the Display/Control board,
check pin 1 of IC L1 for a C6
signal (see waveform #6, page
4-30).

On the Display/Control board,
check pin 5 of IC Z for a C8
signal (see waveform #5, page
4-30).

On the Display/Control board,
examine the PROM, IC G. It
should be Tabelled B D/C. If
it is not labelled B D/C, con-
tact the MITS Marketing Dept.
or your local Altair dealer.
Check for Ground at pin 14;
for +5v at pins 12, 13, 15,

22 and 23; and for -9v at pins
24 and 16 (of IC G).

When the RESET switch is held,
all address lights and data
lights should be 1lit. Al
status lights except WO should
be 11t if PRESET on the CPU
board is connected to pin 14 of

If Correct
If present, proceed to
Step 15.

If present; proceed to
Step 16.

If IC G is labelled B D/C
and if the voltage levels
are correct, proceed to
Step 17.

If the correct LEDs are lit,
proceed to Section 4-4 (if
problems exist with the RUN/
STOP, SINGLE STEP/SLOW or
PROTECT/UNPROTECT switches).
Then proceed to Section 4-5

If Incorrect
If absent or incorrect, check the logic operation
from IC S1 to pin 2 of IC L. Check for a 16 usec.
square wave pulse at pin 2 of IC L. If absent,
check the IC according to the instructions on page
4-5. '
If absent, trace logic through ICs €1 and S1 to.
pin 13 of IC L on the Display/Control board. If
El or S1 has an input signal but no output signal,
check that IC according to the instructions on
page 4-5. If an output is not present at IC L pin
13, check 1C L.
If the +5v signal is absent, use an ohmmeter set
at X1K or higher to trace continuity to VR pin 2.
(Note: If another computer with a PROM board is
ayai]ab]e. the data in the suspected PROM can be
checked by installing it in the other computer's
PROM board and examining its output with Table
3-2 in the Theory of Operation section.) If the
-9v signal is absent, use the ohmmeter to trace
continuity to VR2 pin 2. '

If pin 2 of IC F on the CPU board does not go LOW
with RESET, a problem exists in the RESET cir-
cuitry; proceed to Section 4-4. When the RESET
switch is pressed and pin 2 goes LOW, pin 1 of

IC F should go HIGH. If not, check IC F according
to the instructions on page 4-5. A HIGH at pin 1}




LL6L “AvW

G¢-v

q0088

Step

Instructions
IC K. (Note: If the pins of
IC M on the CPU board are HIGH,
the corresponding LEDs on the
front panel should be 1it.)

O

If Correct
if problems exist with the
EXAMINE/EXAMINE NEXT,
DEPOSIT/DEPOSIT NEXT,
ACCUMULATOR DISPLAY/
ACCUMULATOR LOAD, or IN/
OUT switches.

If Incorrect
of IC F should cause a HIGH at pin 12 of IC M.
If not, check continuity and repair as necessary.
If any of the address lights or data lights are
not 1it when the RESET switch is held, the pro-
blem may be due to shorts or defective LEDs.
RESET should cause all data lines (D@-D7) and
address 1ines (A9-A15) from IC M on the CPU board
to go HIGH. If any of these lines fail to go HIGH
when pin 12 of IC M is HIGH, check for shorts and
repair as necessary. If any of the address or
data 1ights are unlit when RESET is 1ifted, start
at the corresponding pin of IC M on the CPU board
and trace the levels through the Interface board
to the Display/Control board. The address lights
correspond to A@-A15 (IC M pins 25, 25, 27, 1, 29-
40) and the data lights correspond to DP-D7 (IC M
pins 3-10).
To trace the data lines (DP-D7), pins 1 and 15 of
both ICs D and E on the CPU board should be LOW.
If pin 1 is not LOW, trace continuity to pin 3 of
VR1. If pin 15 is not LOW, trace logic to a LOW
at pin 17 of IC M on the CPU board. If pin 17 is
not LOW, check IC M according to the instructions
on page 4-20, step 6. If the inputs of ICs D and
E do not match the outputs, D and E should be
checked according to the instructions on page 4-5.
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Instructions

If Correct

If Incorrect
Trace the logic levels of ICs Y and P to IC G on
the Interface board. Pins 2, 13 and 14 of IC G
should be HIGH to allow data to pass through.
Check any suspected ICs according to the instruc-
tions on page 4-5.
Refer to schematic 3-16 (sheet 3 of 3), and check
the anode lead of the suspected LED for +8v. If
the voltage is absent, trace continuity to bus
pin 1. Repair as necessary.
A LOW (less than .8v) output from open collector
ICs H, K, M, D, B or F on the Display/Control
boardvshould produce a voltage of approximately
Sv at the cathode lead of the corresponding LED.
If this voltage 1s absent, check for shorts.
Check for Vcc and Ground to the open collector
IC. If absent, check continuity. If Vcc and
Ground are present; check the LED before replacing
the IC. A lower voltage (5v) should cause the LED
to light; if the LED remains unlit, turn power off
and unsolder the LED. Refer to Figure 5-23 on
page 5-34 for orientation and install the LED in
place of a working (1it) LED. If the LED does not
1ight when power is returned and the RESET switch
is 1ifted, the LED is defective and should be
replaced. .




Waveform #1 shows the clock inputs to the 8080A microprocessor

chip itself.
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Waveform #4 shows the C13 waveform on the D/C board for all

conditions.
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Waveform #5 shows the C8 and CS waveforms on the D/C board

for all conditions.
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4-4. NON-PRCM RELATED SWITCH PROBLEMS

Section 4-4 contains tests for the RESET, STOP, RUN, SINGLE STEP/
SLOW, PROTECT/UNPROTECT, SENSE and STATUS circuitry. If problems
involving the PROM related switches also exist, solve the non-PROM
related switch problems first.

©

' 8800b . : . .
May, 1977 : 4-31"



Table 4-4. Reset Check

4'>
@ Problem e '
Description: During proper operation, 1ifting the RESET switch should cause all data and address 1ights to go HIGH whether
the computer .is running or not. If this does not occur, follow the steps below.
Step Instructions If Correct If Incorrect
1 Press the RESET sWitéh and check Pin 4 of IC Gl should go LOW. If pin 4 fails to go LOW, check the RESET switch
IC G1 pin 4 and IC W1 pins 5 and Pins 5 and 7 of IC W1 should with an ohmmeter and replace if necessary.
7 on the Display/Control board. go HIGH. Proceed to Step 2. If pins 5 and 7 fail to go HIGH, check ICs W1 and
Gl according to the instructions on page 4-5.
Trace continuity from pin 1 of ICs W1 and G1 to
\ VR1 pin 2. If absent, repair as necessary.
2 Trace the HIGH level of IC Wl If proper logic operation If ICs R and N do not follow their respective
pin 7 through ICs R and N on the is present, proceed to Step truth tables, check them according to the instruc-
Interface board to bus pin 75 3. tions on page 4-5. With an ohmmeter, check con-
(which should be LOW when the tinuity from the Display/Contro) board to the
RESET switch is lifted). Interface board. If opens are found, repair as
necessary.
3 A LOW PRESET signal should pro- If present, proceed to Step If a LOW is not present at IC ¥ pin 2, check for
duce a LOW at IC F pin 2 on the 4. proper logic operation through ICs G and B on the
CPU board. ) ¢ CPU board. Check any IC that does not follow its
truth table according to the instructions on page
4-5, '
4 A LOW input at IC F pin 2 should If present, proceed to Check IC F for +5v at pin 16, +12v at pin 9 and
produce a HIGH at IC M Pin,lz on Step 5. Ground at pin 8. If absent or incorrect, trace
the CPU board. » continuity to VR1 pin 2, VR2 pin 2 and bus pin 1,
' ' ' . respectively. [f continuity.is present, check
' IC F accordihg to the instructions on page 4-5,
and replace i1f necessary.
4
58
<8
w
3 .
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Step

Instructions
A HIGH signal at pin 12 of IC M
on the CPU board should cause all

address and data lines to go HIGH.

(The LEDs corresponding to the
address and data lines should
light.)

O

If Correct
Proceed to Table 4-5.

If Incorrect
If any of the address (AB-A15) or data (DP-D7)
1ines fail to go HIGH, check for shorts. If the
address and data lights do not 1ight when the
corresponding pin of IC M (on the CPU board) 1s
HIGH, refer to Section 4-3, Step17 on page 4-24.
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Problem
Pescription:
should be dim.

only status lights M1, MEMR and WAIT should be on.

the address lights.
Instructions

1 Check the logic operation from IC
R1 on the Display/Control board
to IC M on the CPU board. A LOW
signal at IC Rl pin 12 should
cause a HIGH at pin 23 of IC M
on the CPU board. Check for pro-
per logic operation at IC P1 on
the Display/Control board.

Table 4-5. Stop Check

If Correct
If logic to the Display/
Control board is correct, the
problem lies in either one of
two areas: the RUN/STOP cir-
cuitry or the SS Control cir-
cuitry. Check pins 12 and 13
of IC P1 on the Display/
Control board. A constant
LOW on pin 12 indicates a
problem in the RUN/STOP cir-
cuitry. Irregular LOW going
pulses at pin 13 of IC P
indicate a problem in the SS
Control circuitry. To test
for RUN/STOP problems, pro-
ceed to Step 2 on page 4-35.
To test for SS Control pro-
blems, proceed to Step 3 on
page 4-39.

Normal Operation--When the computer is running, the Wait 1ight should be off or dim and several address 1ights
The Ready 1ine will be HIGH on pin 23 of IC M cn the CPU board.
Pin 23 of IC M will be LOW. There should be no change in
If the computer cannot be stopped, proceed with the steps below.

When the computer is stopped,

If Incorrect
Trace the logic levels from IC Rl on the Display/
Control board through ICs R and H on the Interface
board. Pin 12 of IC R1 should be LOW and bus pin
58 should be HIGH. If not, check ICs R and H
according to the instructions on page 4-5. A LOW
at bus pin 58 should produce a HIGH at IC F pin 3
on the CPU board. If this HIGH signal 1s absent
at pin 3, check ICs C and B on the CPU board
according to the instructions on page 4-5. The
HIGH at IC F pin 3 should produce a HIGH at IC M
pin 23. If not, check IC F pins 16, 9 and 8. Pin
16 should read +5v; pin 9, +12v; and pin 8, Ground.
If the procedures on this page have solved the
problem, proceed to Table 4-5 on page 4-43. If
the problem still exists, proceed to Step 2 on
page 4-35. “
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é.- § Step Instrucﬂons

= 2 RUN/STOP Circuitry.

§§ A. If a board was pulled. out with Proceed to Step B.
~3

power on, proceed with the
steps below:

1)

2)

3)

4)

Turn the computer off and
remove all boards. Test
the mother board pins with
an ohmmeter as destribed
in Step 1 on page 4-15.
Inspect the mother board
for opens along the lands
corresponding 40 bds pins
1, 2.and 2.

Turn power on and check
for proper voltages on

the bus as described on
page 4-15, step 2.

Pulling a board out while
power is on usually damages
the ICs connected to bus
pins 3 and 53 which are
shorted to bus pins 2 and
§2. Check these ICs accord-
ing to the instructions on
page 4-15.

O

If Incorrect

Repair according to the 1nstruct10ns on page 4-15.

Repair as necessary.

If voltages are jncorrect. repair according to
the instructions on page 4-15.

Replace IC C on the CPU board and I N on the
Interface board if necessary.
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Step

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
assembly 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‘].

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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Step Instructions
C. Electrical Probliem.
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 Correct

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 &

" of IC DI.

a. If pulées are missing from pin 3 (of IC D1),
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 CPU board for a con-
stant LOW signal. If absent, check continuity
from pin 1 to Ground. Check pin 15 (of IC E)
for a LOW PDBIN pulse. If pin 15 is HIGH,
check IC V on thc CPU board according to the
instructions on page 4-5. If IC V is working
properly, check pin 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 DO5 signal.

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

b. 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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Step

2)

3)

_Instructions

Lift the STOP switch
and check pin 4 of IC
C1, pin 5 of IC Nl and
pin 2 of IC M1 on the
Display/Control board.
Lift the STOP switch
and check pins 4, 1 and
5 of IC M1.

If Correct

C1 pin 4 should be LOW.

N1 pin 5 should be HIGH.
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 is present at pin
19, check continuity and logic from pin 19 to
pin 4 of IC D1. Check ICs, if necessary,
according to the instructions on page 4-5.

c. If the HIGH pulse (STSTB) is absent at pin §
of IC D1 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 &6 of IC F. If absent, trace
continuity to IC M pin 19. If continuity 1is
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 repair 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 M1 according tolthe instruc-

tions on page 4-5. (Note: M1 pin 2 is HIGH only

when the STOP switch is lifted and held.)

If pin 4 is LOW, check POC according to the

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

IC M1 is LOW, check IC P1 according to the instruc-

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

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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Instructions

3 SS Circuitry.

A.

6E-¥

" 2) Check pin 13 of IC J

(Note: If the JE to JF
Jumper 1is present on the
Display/Control board, it
should be removed for this
check.) Check’ for LOW going
clear pulses on IC Ml pin 13
on the Displaw/Control board
while the chassis 1s in a
Run state. A LOW at IC T1
pin 8 on the Display/Control
board should produce the LOW
clearing pulse at IC M pin
13. ' ‘

If LOW SB pulses are present,

follow the steps below:

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

for a constant LOV

level.

i

@

If Correct

If clear pulses are present
on IC M, the trouble lies in
the SB circuitry. 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 is absent

If Incorrect
2 for a HIGH. If absent, check the logic of ICs
Cl and N1. 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.




ot-t

LL61 ‘Aol

q0088

Step

Instructions

3) Check pins 2, 11 and
14 of IC A on the
Display/Control board
for HIGH signals.

4) Trace continuity from
pin 1 of IC J to pin 1
of 1C A and to pins 12

_and 1 of IC P.
Check pin 14 of IC P on the

Display/Control board for a -

C8 signal.

Check for a HIGH at IC P pin
3 on the Display/Control
board.

Check pin 2 of IC P for a
LOW level. Pin 2 should
pulse HIGH only when a PROM
related switch is pressed.

1f _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 continuity 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 VR1 pin
2 (on the Display/Control board). Repair as
necessary.

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

at pins 12jand 13 of IC 2. If POC is LOW, refer
to Section|4-3, Step 7, page 4-20. A LOW signal
at RC-CLR indicates either no €6 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 VRl 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 (RAg-
RA13) on the Display/Control
board. (Note: The C8 signal
will occur oniy briefly when
a PROM related switch is
pressed.)

Check pins 17, 18, 19 and 20
of IC G on the Display/Control
board for HIGHs. (LOWs should
occur only when the appropriate
PROM related switches are
pressed.) "

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

for proper inverting logic.

On the Display/Control board,

' compare the sidnal 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 present, proceed to
Step I.

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

If the signals match,
proceed to Step K.

If Incorrect
repair as necessary.
If HIGH pulses are not present, check continuity
from pin 1 to pin 12 of IC P. Check power and
Ground at IC P. If present, turn power off and
remove IC G. Turn power on and check again for
pulses at pins 8, 9, 11 or 121 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 present (but no PROM

related switches are pressed), trace logic

through ICs V1, 21, U1, F1, Y1 and Hl. Pin 1 of
ICs F1, U1, H1 and Y1 should be LOW. If not,
trace continuity to Vcc. Check and replace ICs
if 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.

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

O

K.

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

Check for a LOW at IC 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 €8
signal from appearing at pin
6 of IC Z and pin 14 of IC

P and should keep IC P from
incrementing. (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 Correct
If present, proceed to
Step L.

If a LOW is present at pin
8 of IC N and 1f proper
logic 1s 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 is rémoved from the board, trace continuity and
look for shorts. If the pulse 1s absent while pin
4 1is removed from the board, turn power off and
replace IC A with either 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 pége
4-5. Check for continuity and shorts from pin 12
of IC P to pin 2 of IC Z and repafr as necessary.




0 O

[

Table 4-6. Run Check
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.Prob]em

Description: When the computer is running, the WAIT 1ight 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 RUN switch is pressed,
follow the steps below.

LL6L Aoy

Step Instructions If Correct If Incorrect

1 Press and hold the RUN switch and If present, proceed to If absent, trace logic to the RUN/STOP switch.
check for LOWs at ICs C1 pin 5 and Step 2. Check ICs C1 and N1 according to the instructions
M1 pin 2 on the Display/Control on ﬁ?ge 4-5, ‘

board. Check for HIGHs at ICs Ni \
pin 4 and P1 pin 1 (on the Display/ ’ !
Control board). :

2 The HIGH at pin 1 of IC P1 should If proper logic operation If a LOW is not present at pin 5 of IC M1, check
produce a LOW at pin 1 of IC M1, is present, proceed to Table the logic of IC P1 and, if necessary, check the
causing a LOW at pin 5. A LOW at 4-7. - ICs according to the instructions on page 4-5.
M1 pin 5 should produce a LOW at Check for @2, Vcc and Ground at IC F. If IC F or
IC R1 pin 12. Trace this active IC M appears defective, refer to Section 4-3,
LOW FROY level through the Inter- .Step 6, page 4-20.

face board to IC C pinl13on the
CPU board. (IC C pin13should 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).

£v-p
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For example, when
Activity can only be detected
If pulses are not present at IC M, a problem

Table 4-7. Single Step/Slow Check
Problem
Description: If JE is jumpered to JF on the Display/Control board, SINGLE STEP/SLOW can be misleading.
SINGLE STEP/SLOW is pressed for a JMP, a change cannot be detected in the LEDs.
by monitoring pulses on IC M pin 23 (READY) on the CPU board.
exists in the SINGLE STEP/SLOW circuitry. Follow the steps below.
Step Instructions If Correct If Incorrect
1 If SINGLE STEP will not function,

follow steps A and B belgw:

A.

If present, proceed to
Step B.

While pressing the SINGLE STEP
switch, check for LOWs at ICs

C1 pin 13 and D1 pin 1 on the

Display/Control board.

¥

When the SINGLE STEP switch
.1s pressed and held, IC M1
pin 11 on the Display/Control
board should go HIGH. Check

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

If absent, check for HIGH signals at pin 1 of

ICs €1 and N1 on the Display/Control board. If
absent, trace contiruity to VR pin 2. If the
HIGH signal 1s present, check ICs C1 and N}
according to the instructions on page 4-5.

If IC DY pin 2 1s LOW, check pin 15 of IC N1 for
a LOW. If absent, check pin 9 of ICs C1 and N1
for a C13 waveform. If the waveform is absent,
refer to Section 4-3, Step 13, page 4-23. If

pin 15 1s HIGH, recheck the logic of ICs N1 and
c1.

Pin 13 of IC N1 should be HIGH. 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 M1 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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Instructions
for HIGHs at pins 12, 10 and
13 of IC M1. (Note: A con-
stant HIGH should be present

at pin 13. A LOW pulse, how-
ever, will end the SINGLE STEP

operation.) Trace the LOW
pulse at IC M1 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 HIGHs
at pin 9 of IC P1 and at
pins 1 and 13 of IC D1 on
the Display/Control board.

C18 pulses should occur at
ICs D1 pin 2 and M1 pin 1
on the Display/Control

O

If Correct

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,
siep 6.

If absent, check the logic from pin 10 of IC Pl
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 P1 or pin 1 of IC D1 is
LOW, check the logic of ICs C1 and N1. Check ICs
C1 and N1 according to the instructions on page
4-5 if necessary.

If LOW pulses are absent at pin 13 of IC M1,
refer to step A on page 4-39. Any IC whose
logic does not follow its truth table should be




9p-p

LL61 ‘Aew

90088

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 Ml pin 13.) Pins
12 and 10 of IC M should be
HIGH. Trace the LOW going
pulses at IC M1 pin 8 to
the HIGH going pulses on the .
READY line (pin 23 of IC M
on the CPU board).

If SINGLE STEP and SLOW will not
actuate a stoppedvcnndition.
follow steps A and B below:

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

P1 pin 1 and HIGHs 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 VR1 pin 2 and repair
as necessary. If pin 13 of IC M1 is constantly
LOW, refer to Step A, page 4-39.
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Step

B.

Instructions If Correct

Check pin 5 of IC T1 on the If present, proceed to
Display/Control board for a Table 4-8. )
HIGH POC signal. HIGH going

pulses should be present at

pins 3 and 4 of IC T1.

If Incorrect

If a HIGH POC signal is 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 board according to the
instructtons on page 4-37, step C. Check any
suspected ICs according to the instructions

on page 4-5.
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Note 1:

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 fncluded in this
table. :

In order to perfcrm 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 Vight.)

Description: If pressing the PROTECT switch does not nrotect 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 Gl and W1 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 Gl 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 G1 causes a LOW at
pin 10 of IC W1 (for PROTECT).
The LOW at pin 12 of IC G1
causes a LOW at pin 14 of IC

W1 (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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Instructions

A LOW on the PS 1ine (bus #69)

should cause the PROTECT LED
to light.

O

If Correct
If so, proceed to Table 4-9
on page 4-60.

If Incorrect
If the PROTECT LED does not 1ight, refer to
Section 4-3, step 17 on page 4-24.




05-p

LL6) ‘Aew -

90088

Problem

Table 4-9. Sense Switch Check

Description: If the data input from the SENSE switches does not match the settings of A8-A15, follow the steps below.
Instructions
Pfeésing Single Sfep 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-

Step
1

play/Control board for this check.)
A11 address lines (A@-A15) should

be HIGH.

Location Bit Pattern
000 333
001 3
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.

Pin 12 of IC J on thé Interface

board should be HIGH.

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.

If Incorrect
If LOW levels are not present at pins 8 and 9
of IC D, check the logic operation from IC M
(AP-A15) on the CPU board to IC D on the Inter-
face board. Check any suspected ICs according
to the instructions 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 1s 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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Instructions .

Pin 11 of IC J on the Interface
board (SSWT) 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 lifted, 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 boa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>