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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:

1. Section I contains a general
description of the ALTAIR 8800b
computer and associated printed
¢ircuit 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.

April, 1977
8800b

SECTION. 1
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
directily 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
a2 power supply board, an interface
board, a central processing unit
(CPU) board, and a display/control
board. :

1-4. POWER SUPPLY BOARD (Figure.T-Z)

The Power Suppiy 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 associatad 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
Yines which transfer data to the CPU
from the Display/Control board.

Page T-1



<y __3

SN ‘fm p‘ng‘m

Figure 3. Interface Board -



Figure 4. CPU Board

Figure 5. Display/Control Board



1-6. CPY BOARD {Figure 1-4)

The CPU board controls and processes
all instructions and data within

the ALTAIR 8800b computer. I[t.con-
tains the Intel Corporation model
8080A microprocessor ¢ircuit, the
master timing circuit, eight input
and eight output data lines to the
ALTAIR bus control c¢ircuits.

1-7. DISPLAY/CONTROL BOARD (Figure -
1-5) »

The Display/Control Board conditions
all ALTAIR 8800b front panel switches
and receives information to be dis-
played on the front panel. It con-
tains a programmable read only
memory (PROM), switch and display
control circuits, and control cir-
cuits to condition the CPU.
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2-1. 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 famiiiarize the operator with the various front panel
operations. Provided in this section are portions of the Intel 8080
Microcomputer Systems Users Manual which contain Central Processor
Unit, Interface and Software information. Additional programs available
to the user are described in the ALTAIR Software Library. Update infor-
mation is contained with your unit.

2-2. FRONT PANEL SWITCHES AND INDICATORS

The Front Panel switches permit the operator tc perform various
ALTAIR 8800b operations, and the indicators dispiay address informa-
tion, data information, and primary status control line information.
Refer to Figure 2-1 for the location of the switches and indicators
and Table 2-1 for an explanation of each.

© s [ T T YT Y ECDe
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Figure 2-1. Altair 8800b Front Panel

2-1



Table 2-1. ALTAIR 8300b Switches and Indicators

Switch

Function or Indication

POWER ON/OFF

STOP/RUN

SINGLE STEP/
SLOW

EXAMINE/
EX NEXT

Applies power to the ALTAIR 8800b

The RUN position allows the CPU to process

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 cycles

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 AO-A15 MEMORY switches. The
contents at that address are displayed
on the DATA DO-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.

122
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Table 2-1. ALTAIR 880C0b Switches and Indicators - Continued

Switch

Function or Indication

DEPOSIT/
DEP NEXT

RESET/
EXT CLR

PROTECT/
UNPROTECT*

ACCUMULATOR
DISPLAY/LOAD

circuit.

The DEPQSIT position stores the contents
of the lower address switches (A0-A7)
into the memory address that is displayed
on the MEMORY address AQ-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
praduces 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 CPY
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 D0-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 srotect

Aprit, 1377
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Table 2-1. ALTAIR 8800b Switches and Indicators - Continued

Switch or Indicator

Function or Indication

INPUT/
QUTPUT

Address Switches
AQ-A15

SENSE switches
A8-ATS

MEMORY A0-A15
PROTECT

INTE

MEMR

INP

M

QuT

The INPUT position allows an external
device, selected on the 1/0 AO-A7 switches
(upper efght address switches), to input
data into the CPU accumulator. The
QUTPUT position allows an external de-
vice, selected on the 1/0 A0-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 denotes 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 channe] 3774 {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
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Table 2-1. ALTAIR 8800b Switches and Indicators - Continued

Indicator Function or Indication
HLTA The CPU is in a halt condition.
STACK The address bus contains the address
of the stack pointer.
WO The CPU is writing out data to an
external device or memory.
INT The CPU has acknowledged an interrupt
request,
DATA D0-D7 Data from memory, an external device,
or the CPU
WAIT The CPU is in a wait condition.
HLDA The CPU has acknowledged a hold
signal.
Roril, 1977
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2-3. FRONT PANEL SWITCH APPLICATIONS

The following switch applications are intended to familiarize
the operator with the ALTAIR 8800b front panel switches and indica-
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.

OFF switch to ON.

Table 2-2. Power On Seguence
Step Function Indication
i Position the POWER ON/ MEMR, M1, and WAIT indica-

tors are on. Some DATA
DO-D7 indicators may also
be on. All 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
all other front panel switches are inactive except the RESET switch.

run operation is enabled,

Table 2-3. Run Operation

Function

Indication

Momentarily position the
STOP/RUN switch to RUN.

WAIT indicator is off
(or may be dimly iit).
The machine can now exe-
cute a program.

Anpil, 1977
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2-6. STOP QPERATION (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

1

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 contants.

Table 2-5. Examine Memory Operation
Step | Function Indication ;
[ Position the address '
switches AQ-Al5 ;
! down. _ %
2 Position the EXAMINE/ AQ through Al15 indicators are f
EX NEXT switch to off, indicating memory address _
EXAMINE. location 0005 is being examined. {
DATA DO through D7 indicators '
are displaying the contents :
of location 000,. ’
3 Position address
switches Al and A2
up.
4 Position the EXAMINE/ Al and A2 indicators are on,
EX NEXT switch to indicating memory address 0068
EXAMINE. is being examined. DATA DO
through D7 indicators are dis-
playing the contents of loca-
‘tion 006!
sorl, 1977 2-7
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2-8. ALTERING MEMORY CONTENTS (Table 2-6)

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

Table 2-6. Altering Memory Contents
Step Function Indication
1 Position address switch
A5 up and the remaining
switches down.
2 Position the EXAMINE/ A5 indicator is on, indi-
EX NEXT switch to EXAMINE | cating memory address 040,
DATA DO through D7 indi-
cators are displaying the
contents of location 0408.
3 Position the A0 through
A7 address switches up.
4 Position the DEPOSIT/DEP | DATA DO through 07 indi-
NEXT to DEPGSIT 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.

NEXT switch to EXAMINE

Table 2-7. Examine Next Memory Location
Step Function Indication
1 Position address switches
RO and AS up, and the re- |
maining switches down.
2 Position the EXAMINE/EX AQ and A5 indicators are

on, indicating memory
address 0418.

April, 1977
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Table 2-7.

Examine Next Memory iocation - Continued

Step

Function

Indication

Position address
switches Al, A4, and

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

Position address switch
A5 up, and the remaining
switches down.

Position the EXAMINE/EX
NEXT switch to EXAMINE

Position the EXAMINE/EX
NEXT switch to EX NIZXT

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

AS indicator is on, in-
dicating memory address
0408. DATA DO through
07 indicators are on.

A5 and AQ indicators are
on, indicating address
0418. DATA D1, D4, and
06 indicaters 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
AQ and A5 up, and the re-
maining switches down.

2 Position the EXAMINE/EX A0 and A5 indicators
NEXT switch to EXAMINE are on.

3 Position address switches
AO through A7 up
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Table 2-8. Altering Next Memory Contents - Continued
Steb Function Indication
4 Position the DEPQOSIT/ Al and A5 indicators are
DEP NEXT switch to DEP  |on, indicating 042,.
NEXT DATA DO through D7 are
on, displaying the new
contents of location 0428.
5 To verify, position ad-
dress switches A5 and Al
up, and the remaining
switches down.
6 Position the EXAMINE/ Al and A5 indicators are
EX NEXT switch to EXAMINE | on, and DATA D0 through
D7 are on.

2-11.

LOADING AND DISPLAYING ACCUMULATOR

DATA (Table 2-9)

This procedure allows the operator %o load new data into the
accumutator or check the contents of the accumulator.

Table 2-9.

Loading and Displaying Accumulator Data

Step

Function

Indication

1

Position address switches
A0, Al, and AZ up, and the
remaining switches down.
Position the ACCUMULATOR

DISPLAY/LOAD switch to LOAD

Position the ACCUMULATOR
DISPLAY/LOAD switch to
DISPLAY

DATA DO, D1, and D2
indicators are on
while "DISPLAY" is
activated.
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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 excerpt from the Ints] 8080 Microcomputer System User's Manual con-
tained in this section. However, the instructions used in this program
are explained as follows:

0. LDA--Load the accumulator with the contents of a specified
memory address.
MOV B,A--Move the contents of the accumulator into register B.
LDA--Same as 0.
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 sampie
program and execute the program repeatedly until the CPU is haited. With-
out a JMP instruction the CPU would continue to run randomly through memory.

2-13. LOADING THE PROGRAM

To load the program into the 880Cb, 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 example the first
number to be added will be located at memory address 200 (10 000 000),
the second at memory address 201 (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 ccnverted inio its machine bit

patterns (Table 2-10).
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Table 2-10. Machine Language Bit Patterns

MNEMONIC BIT PATTERN EXPLANATION
LDA 200 00 111 010 Load Accumulator in the CPU with con-
10 000 Q00 tents of Memory address 200q {2 bytes
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 Q10 in Memory address 2028
00 000 0C0
JMP 000 11 000 011 Jump to Memory location 0.
00 $00 000
00 000 000

2-12

The octal equivalent of each bit pattern is also frequentiy

included in the program listing.

on the front panel switches, since it is only necessary to know

the binary equivalents for the numbers 0-7.

It is easy to load octal numbers

The resuiting program,

including octal equivalents, may be written as shown in Table 2-11:
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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 2 01
006 (address) | 00 000 000 000
007 ADD B 10 000 000 200
010 STA 202 00 011 010 062
on (address) | 10 000 070 202
012 (address) 00 000 000 Q00
013 JMP 000 11 006 o171 303
014 (address) 00 000 qu 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, pesition the RESET/CLR switch to RESET. The data to be -
stored in address 000 is entered on address switches AQ 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-
Ttion the DEPOSIT/DEP MEXT 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 Toading procedure is shown in Table 2-12:

-2
]

a—t
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Table 2-12. Addition Program Loading

MEMORY ADDRESS CONTROL SWITCH
ADDRESS SWITCHES

DATA 0-7

RESET

000 00 111 010 | DEPOSIT
001 10 000 000 | DEPOSIT NEXT 1
002 00 000 000 : DEPOSIT NEXT |
003 01 000 111 , DEPOSIT NEXT i
004 00 117 010 | DEPOSIT NEXT
005 10 000 001 ; DEPOSIT NEXT |
006 00 000 000 | DEPOSIT NEXT |
007 10 000 000 | DEPOSIT NEXT 3
010 00 110 070 | 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
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The program is now ready to be run, but first it is necessary te
store data at each of the twe memory addresses (2008 and 2018) to be
added together. To load the first address, set address switches AQ-

A7 to 10 000 000, and position the EXAMINE/EX NEXT switch to EXAMINE.
Now load any desired number into this address by using address switches
AQ-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 AG-A7 and
position the DEPOSIT/DEP NEXT switch to DEP NEXT. Since sequential
memory addresses were selected, the number will be Toaded automatically
into the proper address (10 000 0012). Once the program has been loaded
and the two numbers rave been stored in memory locations 2008 and 2018.
the program can be run. Return to address 000 by positioning all AG-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 D0-07 indicators.

—— T

2-14. INTEL 8080 MICROCOMPUTER SYSTEMS USER'S INFORMATION

Pagas 2-16 through 2-65 are excerpts from the Intel 8080 Micro-
computer Systems User's Manual, reprintad by permission of Intel
Corporation, Copyright 1975. Included is detailed Central Processor
Unit, Interface and Software information pertaining to the 8080
Microcomputer System.
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This chapter introduces certain basic computer con.
cents. It provides background information and definitions
which will be usaful in later chapters of this manual. Those
already familiar with computers may skip this material, at
their gption.

A TYPCAL COMPUTER SYSTEM
A typical digital computsr consists of:

al A cantrzi procsssor unit {CPU)
b} A memaory
¢} Inpurfoutpur (1/Q) ports

The memory serves as a place to store Instructions,
e coded pisces of information that direct the activities of
the CPU, and Data, the coded piecss of information that are
processed by the CPU, A group of logicaily ralated instruc-
tions stored in memory is referred to as a Program, The CPU
“reads’ each instruction from memory in a logically deter-
mined saquence, and uses it TO iNitiate processing actions,
If the program sequence is coRerent and logical, processing
the prégram will produce intelligible and useful resuits,

Thne memery is 330 usad 1o store the data o be manip
uiated, as weil as the instructions that direc: that manipu-
lation. The program must be organized such that :he CPU
dogs not resd 2 non-instruction word when it expects to
sea an instruction, The CPU can rapidly aceess any data
stored in memary; but often the memory is not large snough
10 store the entire data bank required for a particular appti-
cation. The problem can be respiveqd by providing the com-
puter with one or more Input Ports. The CPU can address
these ports and input the data contained there. The addition
of input ports enabies the computsr to receive information
from external equipment (such as a paper tape reader or
floppy disk) at high rates of speed and in large volumes,

A computer also requires one or more Qutput Ports
that permit the CPU to communicate the result of its pro-
cessing o the outside warld, The outout may 9o tQ 3 dis
play, for use by a human operator, 10 3 perigheral device
that produces “hard-copy,” such as a line-printer, 1o a
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peripheral storage davice, such as a floppy disk unit, or the
output May constitute process control signals that direct the
operations of another system, such as an automated assambly
line, Like input ports, output ports are addressabie, The
input and output ports together permit the processor to
communicate with the outside worid.

The CPU unifies the system, It controis the functions
performed by the ather components. The CPU must be able
to fetch instructions from memory, decode their bipary
contants and executs them. It muss aiso be able to rafersnce
memary and [/Q ports as necessary in the execution of in-
structions. |n addition, the CPU should Se able to recognize
and respond to certain external control signais, such as
INTERRUPT and WAIT requests. The functionat units
within 3 CPU that enable it 10 perform these functions are
described below.

THE ARCHITECTURE OF A CPU

A typical centrat procsssor unit (CPU) consists of the
foilowing intarconnected functionai units:

« Registers
o Arithmetic/Legic Unit (ALY
+ Controi Circuitry

Registers are temporary storage units within the CPU.
Same registers, such as the program counter and instruction
register, have dedicated uses, Other registers, such as the ac.
cumulator, are for more general purpose use,

Accumuiator:

The accumulatar usuaily stores one of the operands
to be manipulated by the ALU, A typicai instruction might
direct the ALU to add the contents of some other register to
the contents of the accumulator and store the result in the
accumuiator itsetf. In general, the accumuiator is both 3
source {operand) and a destination {result) ragister.

Cften a CPU will include 3 number of additional
general purpose registers that can be used tc store operands
or intermediate data. The availability of general purpose
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registers eliminates the need to “shuffle” intermediate re-
suits back and forth between memary and the accumulator,
thus improving processing speed and afficiency.

Program Counter (Jumps, Subroutines
and the Stack):

The instructions that make up a program are stored
in the system’s memory. The cantral procsssor references
the contants of mamory, in order 1o determine what action
is appropriate. This means that the procsssor must know
which location containg the next instruction.

Each of the locations in mamory is numbered, to dis-
tinguish it from all ather locations in memory, Tha number
which identifies 2a memory location is calied its Address,

The processor maintains a counter which contains the
address of the next program instruction, This register is
called the Program Countsr. The procassor updates the pro-
gram counter by adding 1" to the counter sach time it
fetches an instruction, so that the program counter is always
currant (pointing to the next instruction),

The programmer therefore stores his instructions in

numerically adjacent addresses, so that the lower addresses

- contain the first instructions to be executed and the higher

addressas contain later insructions. The oniy time the pro-

grammer may violate this sequential rule is when an instruc.

tion in one section of memory is 3 Jump instruction to
another saction of memory.

A jump instruction conrains the address of the instruc-
tion which is to follow it. The naxt instruction may be
stored in any memory location, as long as the programmed
jump specifies the correct address, During the execution of
a jump instruction, the processor repiaces the contents of its
program counter with the address embodiad in the Jump.
Thus, the logical continuity of the program is maintained,

A special kind of program jump occurs when the stored
program “Calls” a subroutine. In this kind of jump, the pro-
cessor is required to "“remember” the contents of the pro-
gram counter at the time that the jump occurs. This enables
the processor to resume execution of the main program
when it is finished with the last instruction of the subroutine.

A Subroutineg is a program within a program. Usually
it is a general-purpose set of instructions. that must be exe-
cuted repeatedly in the course of a main program, Routines
which calculate the square, the sine, or the logarithm of a
program variabie are good examples of functions often
written 3s subroutines, Other examples might be programs
designed for inputting or outputting data to a particular
peripherzl device,

The processor has a special way of handling sub-
routines, in order to insure an orderly raturn to the main
program. When the processor receives a Call instruction, it
increments the Program Counter and stores the counter’s
contents in a reserved memory area known as the Stack.
The Stack thus saves the address of the instruction to be
executed after the subroutine is completed. Then the pro-
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cessor loads the address specified in the Call into its Pro-
gram Counter. The naxt instruction fetched will therefore
be the first step of the subroutine,

The last instruction in any subroutine isa Return. Such
an instruction need specify no address. When the processor
fetches a Return instruction, it simply replaces the current
contents of the Program Counter with the address on the
1op of the stack. This causes the processor to resume execu-
tion of the calling program at the point immediately follow-
ing the original Call lnstruction.

Subroutines are often Nested; that is, one subroutine
will sometimes call 2 second subrouting, The second may
call a third, and so on. This is perfectiy acceptable, as long
as the processor has enougls capacity to store the necessary
return addresses, and the logicai provision for doing so. In
other words, the maximum depth of nesting is determined
by the depth of the stack itself. If the stack has space for
storing three return addresses, then three levels of subrou-
tines may be accommodated,

Processors have different ways of maintaining stacks.
Some have facilities for the storage of return addresses built
into the processor itself. Other processors use a raserved
area of external memory as the stack and simply maintatn a
Pointer register which contains the address of the most
recent stack entry. The axternal stack allows virtually un-
limited subroutine nesting, |n addition, if the processor pro-
vides instructions that cause the contents of the accumulator
and other general purpose registers to be “pushed’” onto the
stack or “popped’’ off the stack via the addrass stored in the
stack pointer, multi-ievel interrupt processing (described
later in this chapter} is possibie, The status of the procassor
{i.e., the contents -of ail the registers) ¢can be saved in the
stack whean an interrupt is accepted and then restorasd after
the interrupt has been serviced. This ability 1o save the pro-
cessor’s status at any given time is possibie even if an inter-
rupt service routine, itsetf, is interrupted.

instruction Register and Decoder:

Every computer has 3 Word Length that is characteris-
tic of that machine. A computer’'s word length is usually
determined by the size of ity internal storage elements and
interconnecting paths {referred to as Busses); for example,
a computer whase registers and busses can store and trans-
fer 8 bits of information has a characteristic word length of
Shits and is referred to as an 8-bit parailel processor. An
gight-bit parallel processor generally finds it most effictent
to deal with eight-bit binary fields, and the memory asso-
ciated with such a processor is therefore organized to store
eight bits in each addressable memory location. Data and

-instructions are stored in memory as eight-bit binary num-

bers, or as numbers that are integral multipies of eight bits:
16 bits, 24 bits, and so on, This characteristic eight-bit field
is often referred to as 3 Byte.

Each operation that the processor can perform s
identified by a unique bvte of data known as an Instruction

2-17



Code or Qperation Code. An eight-bit word used as an in-
struction code can distinguish between 256 alternative
actions, more than adequate for most processors.

The processor ferches an instruction in two distinet
operations, First, the processor transmits the address in its
Program Counter to the memory, Then the memory returns
the addressed byte to the processor, The CPU stores this
instruction Dyte in a register known as the Instruction
Register, and usas it 10 direct activities during the remainder
of the instruction execution.

The mechanism by which the processor transiates an
instruction code into specific processing actions requires
more eilaboration than we can here afford. The concept,
however, should be intuitively clear to any ‘ogic designer,
The eight hits stored in the instruction register can be de-
coded and used to selectively activate one of a number of
output lines, in this case up to 256 lines, Each line repre-
sents a set of activities associated with execution of a par-
ticular instruction code, The enabied line can be combined
with selected timing pulses, to develop electrical signais that
can then he used to initiate specific actions. This transia-
tion of code into action is performed by the Instruction
Dacoder and by the associated control circuitry,

An eight-bit instruction code is often sufficient to
specify a particular processing action, There are times, how-
ever, when execution of the instruction requires more infor-
mation than aight bits can convey.

One example of this is when the instruction refer-
ences a memory location, The basic instruction code iden-
tifies the operation to be performed, but cannot specify
the object address as weil. In a case like this, a two- or three-
byte insiruction must be used, Successive instruction bytes
are stored in sequentially adiacent memaory locations, and
the processor performs wo or three fetches in succassion to
obtain the full instruction. The first byte retrieved from
memory is placed in the processor’s instruction register, and
subsequent Dytes are placed in temporary storage; the pro-
cessor then proceeds with the execution phase. Such an
instruction is referred to as Variable Length.

Address Register{s):

A CPU may use a register or register-pair to hoid the
address of a memory location that is to be acgessed for
data. If the address register is Programmabile, {i.e., if there
are instructions that allow the programmer to alter the
contents of the register} the program can “build” an ad-
dress in the address register prior to executing a Memory
Reference instruction (i.e., an instruction that reads data
from memory, writes data t0 memory or operates on data
stored in memory).

Arithmetic/Logic Unit (ALU):

ANl processors contain an arithmetic/fogic unit, which
is often referred to simply as the ALU, The ALU, as its
name implies, is that portion of the CPU hargware which
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performs the arithmetic and logical operations on the binary
data.

The ALU must contain an Adder which is capable of
combining the contents of two registers in accordance with
the logic of binary arithmetic. This provision permits the
processor to perform arithmetic manipulations on the data
it obtains from memory and from its other inputs.

Using only the hasic adder a capable programmer can
write routines which will subtract, multiply and divide, giv-
ing the machine complete arithmetic capabilities. In practice,
howsaver, most ALUs provide other built-in functions, in-
cluding hardware subtraction, boolean logic operations, and
shift capabilities.

The ALU contains Flag Bits which specify certain
conditions that arise in the course of arithmetic and logicai
manipulations. Flags typically include Carry, Zero, Sign, and
Parity. It is possible to program jumps which are condi-
tionally dependent on the status of one or more flags, Thus,
for example, the program may be designed to jump to a
special routine if the carry bit is set following an addition
instruction.

Control Circuitry:

The controd circuitry is the primary functional unit
within a CPU. Using clock inputs, the control circuitry
maintains the proper sequence of events required for any
processing task. After an instruction is fetched and decoded,
the control circuitry issues the appropriate signals (to units
both intermal and external to the CPU} for initiating the
proper processing action, Qften the control circuitry will be
capable of responding to external signais, such as an inter- -
rupt or wait request. An Inteerupt request will cause the
control gircuitry 10 temporarily interrupt main program
execution, jump to a special routine to service the interrupt-
ing device, then automatically return io the main program.
A Wait request is often issued by a memory or |/Q element
that operates slower than the CPU, The control circuitry
will idle the CPVU until the memory or 1/Q) port is ready with
the data.

COMPUTER OPERATIONS

There are certain operations that are basic to almost
any computer, A sound understandirig of these basic opera-
tions is a necessary preraquisite to examining the specific
operations of a particular compurer.

Timing:

The activities of the central processor are cyclical, The
processor fetches an instruction, performs the operations
required, fetches the next instruction, and so on. This
arderly sequence of svents requires precise timing, and the
CPU therefore requires a free running osciilater ¢lock which
furnishes the reference far aill processor actions. The com-
bined fetch and execution of a single instruction is referred
to as an Instruction Cycle. The portion of a cycie identified
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with a cleariy defined activity is called a State. And the inter-
val between pulses of the timing oscillator is referred to as a
Clock Period. As a general rule, one or more clock periods
are necessary for the completion of a state, and there are
several states in a cycle,

Instruction Fetch:

The first state(s) of any instruction cycle wiil be
dedicated to fatching the next instruction, The CPU issues a
read signai and the contents of the program counter are sant
to mernory, which responds by returning the next instruc-
tion word. The first byte of the instructian is placed in the
instruction register, If the instruction consists of mors than
one byte, additional states are required to fetcht each byta
of the instruction, When the entire instruction is present in
the CPU, the program counter is incremented (in prepara.
tion for the next instruction fetch) and the instruction is
decoded. The operation specified in the instruction will be
executad in the remaining states of the instruction cycle,
The instruction may call for a memory read or write, an
input or output and/or an internal CPYU operation, such as
a register-to-register transfer or an add-registers operation.

Memory Read:

An instruction fatch is merely 2 special memory read
operation that brings the instruction to the CPU’s instruc-
tion register. The instruction fetched may then ¢ail for data
to be read from memory into the CPU. The CPU again issues
aread signal and sends the proper memory address; memory
responds by returning the requested word. The data re-
ceived is placed in the accumulator or one of the ather gen-
eral purpose registers (not the instruction register),

Memory Write:

A memory write operation is similar to a read except
for the direction of data flow. The CPUJ issues a write
signal, sends the proper memory address, then sends the data
word to be written into the addressed memory location.

Wait (memory synchronization):

As previously stated, the activities of the processor
are timed by 3 master clock oscillator. The clock period
determines the timing of all processing activity.

The speed of the processing cycle, however, is limited
by the memory’s Access Time, Onca the processor has sent a
read address to memory, it cannot proceed until the memory
has had time to respond. Most memories are capable of
responding much faster than the processing cycle requires,
A few, however, cannot supply the addressed byte within
the minimum time established by the processor’s ciock.

Therefore a processor should contain a synchroniza-
tion provision, which permits the memaory to request a Wait
state, When the memory receives a read or write enable sig-
nal, it places 3 request signat on the processor’'s READY line,
causing the CPU to idle emporarily. After the memory has
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had time to respond, it frees the processar’'s READY line,
ard the instruction cycle proceeds.

Input/Qutput:

tnput and Cutput operations are similar to memaory
read and write operations with the exception that a peri-
pheral |/Q device is addressed instead of a memaory location.
The CPU issues the approgpriate input or output control
signal, sends the proper device address and either recaives
the data being input or sends the dats 10 be cutput.

Data can be input/output in either parallel or serial
form. All data within a digital computer is represented in
binary coded form. A binary data word consists of a group
of bits; eactt bit is either a one or a zero. Paraliel 1/0 con-
sists of transferring all bits in the word at the same time,
one bit per line, Serial [/O consists of transferring ane hit
at a time on a singie line, Maturally serial 1/Q is much
slower, but it requires considerably less hardware than does
parallel 1/Q,

Intarrupts:

Interrupt provisions are included on many central
processors, as a means of improving the processor’s effi-
ciency. Consider the case of a computer that is processing a
large volume of data, portions of which are to be output
to a printer, The CPU can output a byte of data within a
single machine cycle but it may take the printer the equiva-
lent of many machine cycles 10 actusily print the character
specified by the data byte. The CPU could then remain idle
waiting until the printer can accept the next data byte, If
an interrupt capability is implemented on the computer, the
CPU can output a data byte then return to data processing,
When the printer is ready to accept the next data byte, it
can raquest an interrupt, When the CPYU acknowiedges the
interrupt, it suspends main program execution and auto-
matically branches to s routine that will output the next
data byte, After the byte is output, the CPU continues
with main peogram execution, Note that this is, in principle,
quite simifar to a subroutine cail, except that the jump is
initiated externally rather than by the program.

More complex interrupt structures are possible, in
which several interrupting devices share the same processor
but have different priority levels, Interruptive processing is
an important feature that enables maximum untiiization of
a processor’s capacity for high system throughput.

Hold:

Another important feature that improves the through-
put of a processor is the Hold. The hold provision enabies

Direct Memory Access (DMA) operations.

in ordinary input and output operations, the processor
itself supervises the entire data transfer. information 1o be
placed in memory is transferred from the input device to the
processor, and then from the processor to the designated
memory location. In similar fashion, information that goes
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from memory to output devices goes by way of the
procassor. :

Some peripheral devices, however, are capable of
ransferring information to and from memory much faster
than the processor itself can accomplish the transfer. If any
appreciable quantity of data must be transferred 1o or from
such a devics, then system throughput will be increased by
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having the devics accomplish the transfer directly. The pro-
cessor must temporarily suspend its operation during such a
transfer, to prevent conflicts that would arise if processor
and peripheral device attempted to access memory simul-
taneously. |t is for this reason that a hotd provision is in-
cluded on some processors,
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The 8080 is a compteta 8-bit parailei, central processor bit 3-state Address Bus (Ag-A15}). Six timing and control
unit [CPU} for use in general purpose digital computer sys- outputs (SYNC, DBIN, WAIT,WR, HLDA and INTE) eman-
tems, It is fabricated on a single LS chip (see Figure 2-1). ate from the BOB0O, while four contrai inputs (READY,
using Intel’s n-channel silicon gate MOS3 process. The 8080 HOLD, INT and RESET), four power inputs {+12v, +5v,
transfers data and internal state information via an 8-bit, Bv, and GND) and two clock inputs {91 and ¢2} are ac-
bidirectional 3-state Data Bus (Dg-07). Memory and peri- cepted by the 8080.

pheral device addresses are transmitted over a separate 16-
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Figure 2-1. 8080 Photomicrograph With Pin Designations
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ARCHITECTURE OF THE 8080 CPU

The 8080 CPU consists of the following functionai
units:

s Ragister array and address logic
* Arithmetic and logic unit (ALL)
¢ Instruction register and control section
s Bi-directional, 3-~state data bus buffer

Figure 2-2 iilysirates the functional biocks within
the 8080 CPU,

Registers:
The register section consists of a static RAM array
organized into six 16-bit registers:

» Program counter {PC}

s Stack pointer {SP)

+ Six 8-bit general purposa registers arranged in pairs,
referred t0 a5 8,C; 0.E; and H,L

* A temporary register pair called W, 2

The program counter maintains the memory address
of the current program instruction and is incrementead auto-

matically during every instruction fetch, The stack pointer
maintains the address of the next available stack location in
memery. The stack pointer can be initialized to use any
portion of read-write memary as a stack, The stack pointer
is decremented when data is “pushed’ onto the stack and
incrernented when data is “popped’’ off the stack {i.e., the
stack grows “'downward’’},

The six general purpose registers can be used either as
singie registers (B-bit) or as register pairs (16-bit). The
termporary register pair, W,Z, is not program addressable
and is anly used for the intermai execution of instructions.

Eight-bit data bytes can be transferred betwesn the
tnternat bus and the register array via the register-select
multipiexer. Sixteen-bit transfers can proceed between the
register array and the address lazch ar the incrementer/
decrementer circuit. The address latch receives data from
any of the three regtster pairs and drives the 16 addrass
cutput buffers (Ag-Aqg), as well as the incrementer/
decrementer circuit. The incrementer/decrementer gircuit
receives data from the address latch ang sends it to
the register array. The 16-bit data can be incremented ar
decremented or simply transferred between registers,

QATA BUS
BUFFER/LATCH

Oy 0y BI-DIRECTIONAL
DaTA 8US

{8 BT (8 871
INTERNAL DATA BUS INTEANAL DATA 8US
L 3
‘]I < b
ACCUMULATOR TEMR. INSTRUCTION
lm] I AEGISTER ‘a1 MULTIPLEXER
| f ™ ED I3 B
TEMP REG. TEMP REG.
ACCUMULATOR - B @ c®
LATCH i =4 REG, AEG,
! AARITHMETIC INSTRUCTION a D& E 0
] . Loaic DecnosR 2 REG, REG.
ware ]| MACHINE T = Hooow L@l [ _AEGISTER
1ALL) oYeLeE g REG. REG. ARRAY
I ENCCDING
> g STACK POINTER "'
i 18
Y I PROGRAM COUNTER  '°
DECIMAL | INCREMENTER/DECREMENTER
ADJUST : ADDRESS LATCH  um
TIMING
AND |
CONTROL |
POWER | = +12V ADOR SUEFER us:l
SUPPLIES | —= L5y DATA BUS INTERRUPT HOLD  walT o i
WRITE CONTRGL CONTROL CONTROL CONTROL SYNC CLOCKSH
—_— 5V
—wo | Db
WR OBIN INTE INT HOLO HOLDWAIT { SYNC of 52 AESET Ape - Ay
ALK AEADY 4
ADDRESS 8US

" Figure 2-2, 8080 CPU Functional Block Diagram

2-22

April, 1877
8800b



Arithmetic and Logic Unit (ALU):
The ALU containg the following registers:

» An 8-bit accumulator
+ An 8-bit temporary accumulator (ACT}

+ A B.bir flag register: zero, carry, sign, parity and
auxiliary carry

e An 8-bit temporary registar {TMP)

Arithmatic, logical and rotate operations are per-
formed in the ALU. The ALU is fed by the temporary
register {TMP)} and the temporary accumulator (ACT) and
carry flip-flop, The resuit of the operation can be trans
ferred to the internal bus or to the accumulator; the ALU
also feeds the flag register.

The temporary register {TMP) receives information
from the internal bus and can send all or portions of it to
the ALU, the flag register and ths internai bus,

The accumulator {ACC) can be loaded from the ALU
and the internal bus and can transfer data 1o the temporary
accumulator (ACT) and the internal bus. The contents of
the accumulator {ACC} and the auxiliary carry flip-flop can
be tested for decimal correction during the exacution of the
DAA instruction (ses Chapter 4},

Instruction Register and Control:

During an instruction fetch, the first byte of an in-
struction {containing the QP code)} is transferred from the
internal bus 1o the 8-bit instruction register,

The contents of the instruction register are, in turn,
available to the instruction decoder. The output of the
decoder, combined with various timing signais, provides
the control signals for the register array, ALU and data
buffer blocks. !'n addition, the outputs from the instruction
decoder and external control signals feed the timing and
state control section which generates the state and cycle
timing signals,

Data Bus Buffer:

This 8-bit bidirectional 3J-state buffer is used to
isolate the CPU’s internal bus from the external data bus
{Dg through D7), In the output mode, the internal bus
content is lcaded into an 8-bit latch that, in turn, drives the
data bus output buffers. The output buffers are switched
off during input or non-transfer operations.

During the input mode, data from the external data bus
is transferred to the internal bus., The internal bus is pre-
charged at the beginning of each internal state, except for
the transfer szate (T3—described later in this chapter}.
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THE PROCESSOR CYCLE

An instruction cycle is defined as the time required
to fetch and execute an instruction. During the fetch, a
selected instruction {one, two or three bytes) is extracted
from memory and deposited in the CPU’s instruction regis-
ter. During the execution phase, the instruction is decoded
and transiated into specific processing activities,

Every instruction cycle consists of one, two, three,
four or five machine cycies, A machine cycle is required
each time the CPU accasses memory or an (/O port. The
ferch portion of an instruction ¢ycle reguires ong machine
cycle for each byte to be fatched. The duration of the execu-
tion portion of the instruction cycle depends on the kind
of instruction that has been fetched. Some instructions do
not require any machine cycles other than those necessary
to fetch the instruction;’other instructions, howaver, re-
quire additional machine cyclas to write or read data to/
from memoary or 1/Q devices. The DAD instruction is an
exception in that it requires two additional machine cycles
to complete an internal register-pair add (see Chapter 4).

Each maching cyclte consists of three, four or five
states. A state is the smailest unit of procassing activity and
is defined as the interval between two successive positive-
going transitions of the @1 driven clock pulse. The 8080
isdriven by a two-phase clock oscillator. All processing activ-
ities ars referred to the period of this clock. The two non-
overlapping clock puises, fabeled @1 and ¢2, are furnished
by external circuitry. It is the ¢1 clock puise which divides
each machine cycle into states, Timing logic within the
8080 uses the clork inputs to produce a SYNC puise,
which identifies the beginning of avery machine cycte. The
SYNC pulse is triggered by the Jow-to-high transition of ¢2,
as shown in Figure 2-3.

FIRST STATE QF
*EVERY MACHINE
CYCLE

n N/ — T\
o L/ N/

SYNC / \

*SYNC DOES NOT OCCUR IN THE SECOND ANG THIRD MACHINE
CYCLES OF A DAD (NSTRUCTION SINCE THESE MACHINE CYCLES
ARE USED FOR AN INTERNAL REGISTER-PAIR ADD.

Figure 2-3.¢1, 92 And SYNC Timing

There are three exceptions to the defined duration of
a state. They are the WAIT state, the hold (HLDA) state
and the hait (HLTA) state, described later in this chapter.
Because the WAIT, the HLDA, and the HLTA states depend
upon external events, they are by their nature of indeter-
minate length, Even these exceptional states, however, must

2=23



be synchronized with the puises of the driving clock. Thus,
the duration of ail states are integral muitiples of the clock
period.

To summarize then, each clock period marks a state;
three 1o five states constitute a machine cycle: and one to
five machine c¢ycles comprise an instruction cycle, A full
instruction cycle requires anywhere from four to eight-
teen states for its compietion, depending on the kind of in-
struction invoived,

Machine Cycle Identification:

With the exception of the DAD instruction, there is
just one consideration that determines how many machine
cycles are required in any given instruction cycle: the num-
ber of times that the processor must reference a memory
address or an addressabie peripheral device, in order to
fetch and execute the instruction. Like many processors,
the 8OBQ is so constructed that it can transmit only one
address per maching cycle, Thu_s. if the fetch and execution
of an instruction requires twe memory references, then the
instruction cycle associated with that instruction consists of
two machine cycles, If five such references are called for,
then the instruction cyecle containsg five machine cycles,

Every instruction cycle has at jeast one reference to
memory, during which the instruction is fetched. An in-
struction cycle must aiways have a fetch, even if the execu-
tion of the instruction requires no further references to
memory, The first rnal.::hine cycle in every instructiori cycle
is therefore a FETCH. Bayond that, there are no fast rufes,
It depends an the kind of instruction that is fetched.

Consider some examples, The 2dd-register (ADD r)
instruction is an instruction that requires only a single
machine cycle {(FETCH) for its completion. in this ona-byte
instruction, the contents of ane of the CPU's six general
purpose registers is added to the existing contents of the
accumulator, Since 2il the information necessary to sxecuts
the command is contained in the sight hits of the instruction
code, only one memory reference is necessary. Three states
are used to extract the instruction from memory, and ong
additional state is used to accompiish the desired addition.
The entirs instruction cycle thus requires oniy one machine
cycle that consists of four states, or four periods of the ex-
ternal clock.

Suppose now, however, that we wish to add the con-
tents of 3 specific memory location 1o the existing contents
of the accumulator (ADD M), Although this is quite similar
in principle to the example just cited, several additional
steps will be used. An extra machine cycle will be used, in
order to address the desired memory location,

The actual sequence is as follows. First the processor
extracts from memory the one-byte instruction word ad-
dressed by its program counter. This takes three states,
The eight-bit instruction word obtained during the FETCH
machine cycle is deposited in the CPU’s instruction register
and used to direct activities during the remainder of the
instruction cycle. Next, the processor sends out.as an address,
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the contents of its M and L registers, Tha eight-bit data
word returned during this MEMORY READ machine cycle
is placed in a temporary register inside the 8080 CPU. 8y
now three more clock periods (states) have elapsed. In the
seventh and finzl state, the contents of the tamporary regis-
ter are added to those of the accumulator, Two machine
cycles, consisting of seven states in all, compiete the
“ADD M' instruction cycls.

At the opposite extreme is the save H and L registers
{SHLD) instruction, which raquires five machine cycles.
During an “SHLD’" instruction cycle, the contents of the
processor's H and L registers are deposited in two sequsn-
tially adjacent memory locations; the destination is indi-
cated by two address bytes which are stored in the two
memary lacations immediately foilowing the operation code
byte. The following sequence of events occurs:

(1) A FETCH machine cycle, consisting of four
states. During the first three states of this
maching cycle, the procassor fatches the instruc-
tion indicated by its program counter. The pro-
gram counter is then incremented, The fourth
state is used for internal instruction decoding.

{2) A MEMORY READ machine cycle, consisting

' of three states. During this machine cycle, the
byte indicated by the program counter is read
from memory and placed in the processor’s
2 register. The program counter is incremented
again.

{3)  Another MEMORY READ machine cycle, con-
sisting of three states, in which the byte indica-
ted by the processor’s program counter is read
from memory and piaced in the W register. The
program counter is incremented, in anticipation
of the next instruction fetch,

{4} A MEMORY WRITE machine cycle, of thres
states, in which the contents of the L register
are transferred to the memory lacation painted
to by the present contents of the W and 2 regis-
ters. The state fallowing the transfer is used to
incremnent the W,2 register pair so that it indi-
cates the next memory location to receive data.

(5} A MEMORY WRITE machine cycle, of three
states, in which the contents of the H register
are transferred to the new memory location
peinted to by the W, Z register pair.

In summary, the “SHLD” instruction cycle contains
five machine cycles and takes 16 states to execute.

Mest instructions fall somewhere between the ex-
tremes typified by the “ADD r* and the “SHLD’" instruc-
tions. The input {INP) and the output (QUT) instructions,
for example, require three machine cycles: a FETCH, to
obtain the instruction; a MEMORY READ, to obtain the
address of the object peripheral; and an INPUT or an OUT-
PUT machine cycle, to complete the transfer.
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While no one instruction cycle will consist of more
then five machine cycles, the following ten different types
of machine ¢ycles may occur within an instruction cycle:

{1 FETCH (MT)

{2} MEMORY READ
{3} MEMORY WRITE
(4} STACK READ

{5) STACKWRITE

{6y INPUT

{7} OUTPUT

{8} INTERRUPT
{9}  HALT

{10) HALT «INTERRUPT

The machine cycies that actuaily do oc¢cur in a par-
ticular instruction cycle depend upon the kind of instruc-
tion, with the averriding stipulation that the first machine
cycle in any instruction c¢ycle is always 3 FETCH.

The processor identifies the machine cycle in prog-
ress by transmitting an eight-bit status word during the first
state of every machine cycle. Updated status information is
presented on the 8080"s data lines (Dg-0 7}, during the
SYNC interval. This data shouid be saved in latches, and
used to develop control signals for externai circuitry. Table
2-1 shows how the positive-true status information is dis-
tributed on the processor’s data bus,

Status signals are provided principally for the control
of external circuitry. Simplicity of interface, rather than
machine cycle identification, dictates the logical definition
of individual status bits. You will therefore observe that
cartain processor machine cyctes are uniguely identified by
a single status bit, but that others are not, The M1 status
bit {Dg}, for examptle, unambiguousty identifies 3 FETCH
- machine cycle, A STACK READ, on the other hand, is
indicated by the coincidence of STACK and MEMR sig-
nais. Machine cycle identification data is also valuable in
the test and de-bugging phases of system development,
Tabile 2-1 lists the status bit outputs for each type of
machine cycle, : :

State Transition Sequence:

Every machine cycle within an instruction cycle con-
sists of three to five active states {referred to as T, T2, 73,
T4, Tg or Tyl The actual number of states depends upon
the instruction being executed, and on the particuiar ma-
chine cycle within' the greater instructian cycle. The state
transition diagram in Figure 2-4 shows how the 8080 pro-
ceeds from state to state in the course of a machine cycle.
The diagram aiso shows how the READY, HOLD, and
INTERRUPT lines are sampled during the machine ¢ycle,
and how the conditions on these lines may modify the
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basic transition sequence. In the present discussion, we are
concerned only with the basic sequence and with the
READY function, The HOLD and INTERRUPT functions
will be discussad later,

The 8080 CPU does not directly indicate its internal
state by transmitting a “state control” output during
each state; instead, the 8080 supplies direct control output
{(INTE, HLDA, CTBIN, WR and WAIT) for use by external
circuitry,

Recall that the 8080 passes through at least three
states in every machine cycle, with each state defined by
succassive low-to-high transitions of the ¢1 clock. Figure
2.5 shows the timing relationships in a typicat FETCH
machine cycle, Events that occur in each state are referenced
1o transitions of the ¢1 and @7 clock pulses.

The SYNC signal identifies the first state (T1) in
every machine cycie, As shown in Figure 2.5, the SYNC
signal is related to tke leading edge of the 92 clock. There is
a delay (tpc) between the low-to-high transition of ¢2 and
the positive-going edge of the SYNC pulse, There aiso is a
corresponding delay (also 1pcl between the next @2 pulse
and the falling edge of the 5YNC signal, Status information
is displayed on Dg-D7 during the same (73 to ¢72 intervai.
Switching of the status signals is likewise controiled by ¢2.

The rising edge of ¢2 during T1 also loads the pro-
cessor's address lines (Ag-A15}. Thess lines become stabie
within a brief defay (1pa) of the ¢2 clocking puise, and
Jhey remain stabie until the first ¢9 pulse after state T3,
This gives the procassor ample time to read the datz re-

turned from memory,

Once the processor has sent an address to memory,
thare is an opportunity for the memory to request a WAIT,
This it does by pulling the processor’'s READY line low,
prior to the “Ready set-up” intervai (tpg} which occurs
during the ¢2 puise within state T2 or Ty. As long as the
READY line remaing low, the processor will idle, giving the
memory time to respond to the addressed data request.
Refer to Figure 2.5.

The processor responds to a wait request by entering
an aiternative state (Tyy) at the end of Tg, rather than pro-
ceeding directiy to the T3 state, Entry into the Ty state is
indicated by a WAIT signal from the processor, acknowledg-
ing the memory’s request. A low-to-high transition on the
WAIT line is triggered by the rising edge of the &1 clock and
occurs within a brief delay {tpe) of the actual emry into
the Ty state,

A wait period may be of indefinite duration, The pro-
cessor remaing in the waiting condition until its READY line
again goes high. A READY indication must precede the fall-
ing. edge of the @2 clock by a specified interval (tgrg). in

-order 1o guarantee an exit from the Ty state. The cycle

may then proceed, beginning with the rising edge of the
next @1 clock. A WAIT interval will therefore consist of an
integral number of Tyy states and wiil always be a muitiple
of the clock period,
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Instructions for the 8080 require from one to five machine
cycles for complete execution. The S080 sends out 2 bit of 8080 STATUS LATCH
status information on the data bus at the beginning of each
machine cycia (during SYNC time), The following table defines 5,
the status information. o,
STATUS INFORMATION DEFINITION g o!
Data Bus ' : 2
Symbois Bit Definition ! g:
INTA® Dg Acknowledge signal for INTERRUPT ra- o,
quest. Signal shouid be used to gate a re-
start instruction onto the data bus when
DBIN is active, ’
WO B¢  Indicatasthat the operation in the current e
machine cycle will be 3 WRITE mamory T ron Tl wra
or QUTPUT function (WO = 0. Otherwise, 2 :_ o
3 READ memory or INPUT ogperation will | .- i 3[‘3‘3“
be executed. I - a2 %:—' our
STACK D2 Indicates that the address bus holds the i i ———— T s 40
pushdown stack address from the Stack cLOCK GEN PITTL 1 EEE
Pointer. & ORIVER '_f TTal35, wo o5,
HLTA 82 Acknowtedge signal for HALT instruction. ! EERE
QuT D4 Indicates that the address bus contains the f - aaim
address of an output device and the dara | —
bus will contain the output data when vee
WR is activa,
M, D5 Provides a3 signal to indicate that the CPU . :
i in the fetch cycle for the first byte af i Iz
an instruction. , /—\_/-\_:
INP*® Dg Indicates that the address bus contains the - ;
address of an input device and the input 2 —/—.\—/-\-1
data should be placed on the data bus swwep S
when DBIN is active. . —_
MEMR®™  D;  Designates that the data bus will be used N Bt SR
for memory read data. P |
*These thres s1atus bits can be used 19 control sratus
the flow of datas anto the BOB0 data bus.
STATUS WORD CHART
TYPE QOF MACHINE CYCLE
1
)
/ 4 / >4
/ =)
/’ & o §
v N
S 3 S
A & /S
$/8/8/8/8&/ 8/ /S
3 q:‘{’ g:- &/ S I Ay
a q-} e = & & ‘:P T &
S/ &/ &/ &/ &/ &/8/ 8
¥ SV ARV AR
&/ F
/ /) VaA
4 F/® STATUS WORD
DIV B®I®[D][ET® |
Dy INTA 1] 0 Q 0 1] 0 Q 1 0 1
Ds | WO 1 1ol 1010l 1 1 1
Oy STACK Q 0 0 1 1 0 1] 1] 0 0
D3 HLTA 0 Q 0 Y] 1] 0 0 0 1 1
D4 QUT Q Q 0 0 0 Q 1 Q 4] 0
Ds M 1 0 0 0 a s] 0 1 g i
D¢ INP Q ¢] Q 1] 0 1 Q 0 0 1]
Dy MEMR 1 1 v) 1 4] o 4] 0 1 g
Table 2-1, 8080 Status Bit Definitions
2.726 April, 1977
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Figure 2-4. CPY) State Transition Diagram
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The events that take place during the T3 state are
determined by the kind of machine cycia in progress, In a
FETCH machine cycie, the procassar interprets the data on
its data bus as an instruction. Ouring a MEMORY READ or
a STACK READ, data on this bus is interpreted as a data
word. The processor outputs data on this bus during a
MEMORY WRITE machine cycle. During 1/O operations,
the processor may either transmit or receive data, de-
pending on whather an QUTPUT or an INPUT operation
is invalved,

Figure 2.6 iilustrates the timing that is characteristic
of & data input operation. As shown, the low-10-high transi-
tion of ¢2 during T2 clears status informatian from the pro-
cessor’s data lines, preparing these lines for the recsint of
incoming data. The data presented to the processor rmust
have stabilized prior 1o both the “¢1—data sat-up” interval
(tpg1!}. that precedes the falling edge of the ¢1 pulse defin.
ing state T3, and the “gg—data set-up’’ interval {tpgat,
that precedes the rising edge of ¢7 in state Ts. This same

data must remain stable during the “data hold” interval
(tDH) -that accurs following the rising edge of the ¢2 puise.
Cata placed on thesa lines by memory or by other external
devices will be sampled during T3.

During the input of data to the processor, the 8080
generates a DBIN signal which should be used externatly to
enable the transfer, Machine cyctes in which DBIN is avail-
able include: FETCH, MEMORY READ, STACK READ,
and INTERRUPT. DBIN is initiated by the rising edge of ¢3
during state T2 and terminated by the corresponding edge of
¢2 during T3. Any Ty phases intervening berween T3 and
T3 will therefore extend DBIN by one or more cldck
periods,

Figure 2-7 shows the timing of a machine cycle in
witich the processor outputs datz. Output data may be des-
tined either for memory or for peripherais. The rising edge
of @2 within state T2 clears status information from the
CPU’s data lines, and loads in the data which is to be output
to external devices. This substitution takes place within the

T 2 ' Toe ; T | Te i T
« M\ m M M M lI \
. H [ . |2 .// : i -
. } ] !
A1gg f . l X ! UNKNOWN i
. i i J
Ory - / @ x — WRITE MODE FLOATING
2 20w - —— S el w———
_ THIG \ TOATING i
GCATA ‘e READ MODE
STABLE '
SYNG / \
READY / :
walt : I / \
naIN ' ;
" / DATA | \ : |
i ' i ;
"R } \ / ' I
f STATUS : i
: INFCAMATION f |
pata : :_
i |
Avey SAMPLE READY GPTIONAL i FETCH DATA . CPFTIONAL
. MEMORY ADDRESS WOLD AND HALT i oA ;
QA ; HALT INSTRUCTION : IMSTRUCTION
170 DEVICE NUMBER ! oR on : EXECUTION
a MEMORY WAITE DATA i iF REQUINED
STATUS IMEORMATION : ACCESS TIME i
INTA . QuT ADJUST ’
HLT2 we .
MEMR M, B
! NP STACK i
i !
i
NOTE: @ Refer to Status Ward Chart on Page 2-6.
Figure 2.5, Basic 8080 Instruction Cycle
2.28 ApedT, 1977
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Figure 2-6. Input instruction Cycle
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‘Figure 2-7. Output Instruction Cycle
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“data output delay” interval (1pp) following the ¢4 clock’s
leading edge. Data on the bus remains stable throughout
the remainder of the machine cycle, until replaced by up-
dated status information in the subsequent T1 state. Observe
that a READY signal is necessary for completion of an
OUTPUT machine cycle. Unless such an indication is pres-
ent, the processor enters the Ty state, following the T2
state. Data on the output lines remains stable in the
interim, and the processing cycle will not proceed until
the READY line again goes high,

The 8080 CPU generates a WR output for the syn.
chronization of external transfers, during those machine
cycles in which the processor outputs data. These inciude
MEMORY WRITE, STACK WRITE, and QUTPUT, The
negative-going Jeading edge of WR is referenced to the rising
edge of the first 91 clock pulse following T2, and occurs
within a brief delay (tpc) of that event. WR remains low
until re-triggered by the leading edge of ¢4 during the
state following T3. Note that any Ty states intervening
between Ty and T3 of the output machine cycle will neces-

sarily extend WR, in much the same way that DBIN is af-
fected during data input operations.

All processor machine cycles consist of at least three
states: T, T2, and T3 as just described. If the processor has
to wait for a response from the peripheral or memory with
which it is communicating, then the machine cycle may
also contain one or more Ty states, During the three basic
states, data is ransferred 10 or from the processor.

After the T3 state, however, it becomes difficult to
generalize, T4 and Tg states are available, if the execution
of a particular instruction requires them. But not all machine
cycles make use of these states, It depends upan the kind of
instruction being executed, and on the particutar machine
cycle within the instruction cycle. The processor wiil termi-
nate any machine cycle as soon as its processing activities
are completad, rather than praceeding through the Ta and
Tg states every time, Thus the 8080 may exit 2 machine
cycle following the T3, the Tq, or the Tg state and pro- -
ceed directly to the Ty state of the next machine cycle,

STATE ASSOCIATED ACTIVITIES
T A memory address or {/Q device number is
placed on the Address Bus (A15.0); status
information is placed an Data Bus (D7.g).
T2 The CPU samples the READY and HOLD in-
puts and checks far hait instruction.
™ Processor enters wait state if READY is low
{optional) or if HALT instruction has been executed.
T3 An instruction byte (FETCH machine cycle),
data byte (MEMORY READ, STACK READ)
or interrupt instruction {INTERRUPT machine
cycle} is input to the CPU from the Data Bus;
or a data byte (MEMORY WRITE, STACK
WRITE or QUTPUT machine cycle) is output
onto the data bus,
T4 States T4 and Tg are available if the execu-
T8 tion of 3 particular instruction requires them;
{optional} if not, the CPU may skip one or both of
them. T4 and Tg are oniy used for internal
processor operations.,

Tabie 2-2. State Definitions
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INTERRUPT SEQUENCES

The B080 has the built-in capacity to handle axternal
interrupt requests. A peripheral device can initiate an inter-
rupt simply by driving the processor’s interrupt {INT) line
high.

The interrupt {INT) input is asynchronous, and a
request may therefore originate at any time during any
instruction cycle, Internal iogic re-clocks the external re-
guest, so that a proper correspondence with the driving
clock is established. As Figure 2-8 shows, an interrupt
requast (INT) arriving during the time that the interrupt
enable tine (INTE} is high, acts in coincidencs with the ¢2
clock to set the internal interrupt latch, This event takes
place during the last state of the instruction cycle in which
the request occurs, thus ensuring that any instruction in
progress is completed before the interrupt can be processed.

The INTERRUPT machine cycte which foilows the
arrival of an enabled interrupt request resembies an ordinaty
FETCH machine cycle in most respects. The M1 status bit
is transmitted as usual during the SYNC interval. It is
accompanied, howaver, by an INTA status bit {Bg) which
acknowledges the external reguest, The contents of the
program counter are latcheg onto the CPU’s address lines
during Tq, but the counter itseif is not incremanted during
the INTERRUPT machine cycle, as it otherwise wouid be,

In this way, the pre-interrupt status of the program counter
is preserved, so that data in the counter may be restored by
the interrupted program after the interrupt request has been
processed,

The interrupt cycle is otherwise indistinguishabie from
an ordinary FETCH machine cycle, The procassor itself
takes no further speciai action, It is the responsibility of the
peripheral logic to see that an eight-bit interrupt instruction
is “jammed’’ onto the processor's data bus during state Ta.
In a typical system, this means that the data-in bus from
memory must be temporarily disconnected from the pro-
cessor’s main data bus, so that the interrupting device can
command the main bus without interferance.

The 80B0's instruction set provides a spacial one-byte
call which facilitates the procassing of interrupts (the ardi-
nary program Call takes three bytes), This is the RESTART
instruction [RST). A variable thres-bit field embedded in
the eight-bit field of the RST enables the interrupting device
w direct a Call to one of eight fixed memory locations. The
decimal addresses of these dedicated locations are: 0, 8, 16,
24, 32, 40, 48, and 56. Any of these addresses may be used
to store the first instructionis) of a routine designed to
service the requirements of an interrupting device, Since
the {RST} is a call, completion of the instruction alsc
stores the old program counter contents on the STACK.

My i M2 M3
T3 Ty : T P T3 ¢ Tq 1 Ty Th Ty T3 ho] N Ty
i 1 ' i. : : | |
x M T Ao oo e nen
: .!- ) : : 5 : : ' i
S U e U e S o W o W T W W W W 1l
- e
Org : Il | ﬁ&nl RTT_-T-~-E--/ _ A PCy ‘ _x i ‘x P,
SYNC . Ji . Y L\ |
BN | T\ ' } I l |
i ; ; 1 | :
. i t i ' !
e T , L
: ; ! : i |
INTE | \ ? ‘ i ! ! .
- | ; '; ! ‘
NT / ,. \ ' !
:m:r:f:ruu __......J: i ﬁ L : ' : :
e e 1 A S S —
e ATION 1‘ _.l @ | AG 1

R

NOTE: @ Refer to Status Word Chart on Page 7-6.

Figure 2-3. Interrupt Timing
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Figure 2-10. HOLD Operation {Write Mode}

2-32

April, 1977
2800b



HOLD SEQUENCES

The 8080A CPU contains provisions for Direct Mem-
ory Access (DMA) operations, By applying a HOLD 10 the
appropriate control pin on the processor, an external device
can cause the CPU to suspand its normal operations and re-
linquish control of the address and data busses. The proces-
sor responds 1o a request of this kind by floating its address
1o other devicss sharing the busses. At the same time, the
procassor acknowledges the HOLED by placing a high on its
HLDA outpin gin, During an acknowledged HOLD, the
address and data busses are under control of the peripherai
which originated the request, enabling it to conduct mem-
ory transfers without processor intervention,

Like the interrupt, the HOLD input is synchronizad
internaily. A HOLD signal must be stable prior to the “Hold
set-up’’ interval {tyg), that precedes the rising edge of $4.

Figures 2.3 and 2-10 illustrate the timing involved in
HOLD aperations. Note the delay between the asynchronous
HOLD REQUEST and the re-clocked HOLD. As shown in
the diagram, a coincidence of the READY, the HOLD, and
the &2 clocks sets the internal hold latch, Setting the latch
enables the subsequent rising edge of the ¢1 clock puise to
trigger the HLDA output.

Acknowledgement of the HOLD REQUEST precedes
stightly the actual floating of the processor’s address and
data lines, The processor acknowledges a HOLD at the begin-
ning of T3, if a read or an input machine cycle is in progress
(see Figure 2-9}. Ctherwise, acknowledgement is deferrad
until the beginning of the state following T3 (see Figure
2-10}. In both cases, however, the HLDA goes high within
a specified delay (tpc} of the rising edge of the seiected ¢4
clock puise, Address and data lines are floated within a
brief delay after the rising edge of the next &9 clock pulse.
This relationship is also shown in the diagrams,

To all outward appearancss, the processor has suspend-
ed its operations once the address and data busses are floated.
Internaily, however, certain functions may continue. if a
HOLD REQLUEST is acknowledged at T3, and if the pro-.
cessor is in the middle of a machine cycle which requires
four or more states to compiete, the CPUJ progeeds through
T4 ang Tg before coming 10 a rest. Nat until the end of the
maching cycle is reached will processing activities cease.
Internal processing is thus permitted o overlap the external
DMA transfer, improving both the efficiency and the speed
of the entire system,

The processor exits the holding state through a
sequence similar to that by which it entered. A HOLD
REQUEST is terminated asynchronously when the externai
device has completed its data transfer. The HLDA output

April, 1577
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returns to a low leve! following the leading edge of the next
¢1 clock puise. Mormal processing resumes with the ma-
chine cycle following the last cycle that was executad.

HALT SEQUENCES

When a halt instruction [HLT) is executed, the CPU
enters the hait state (Tyyp) after state T2 of the next ma-
chine cycle, as shown in Figure 2-11, There are only three
ways in which the BOB0 can exit the halt state:

¢ A high on the RESET line will always reset the
2080 1o state Tq; RESET also clears the program
counter,

s A HOLD input will cause the 8080 to enter the
haold state, as previously described. When the
HOLD line goes low, the 8080 re-enters the halt
state on the rising edge of the next @1 clock
puise,

« An interrupt {i.e., INT goes high while INTE is
enabied) will cause the 8080 to exit the Halt state
and enter state T 1 on the rising edge of the next
&1 clock puise, NOTE: The interrupt enabie (INTE)
flag must be set when the halt state is entered;
otherwise, the 8080 will oniy be abie ta exit via a
RESET signal.

Figure 2-12 itlustrates halt sequencing in flow chart
form.

START-UP OF THE 8080 CPU

When power is applied initially to the 8080, the pro-
cessor begins operating immediately. The contents of iis
pragram counter, stack pointer, and the other working regis-
ters are naturally subject to random factors and cannot be
specified. For this reason, it will be necessary to begin the
power-up sequence with RESET, -

An externai RESET signal of three clock period dura-
tion {minimum) restores the processor’s internal pregram
countar to zero, Program execution thus begins with mem-
ory location zero, following a REBET. Systemns which re-
quire the processor to wait for an explicit start-up signal
will store a hait instruction (E), MLT) in the first two loca-
tions. A manual or an automatic INTERRUPT will be used
for starting. In other systems, the processor may begin ex-
2ciuting its stored program immediately. Note, however, that
the RESET has no effect on status flags, or an any of the
processor’'s working registers (accumulator, registers, or
stack pointer). The contents of these registers remain inde-
terminate, until initialized explicitly by the program,
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Figure 2-11. HALT Timing
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MNEMONIC QF CODE mitd M2
DyOg0s0q | D307 009 ™ a2 T3 T4 TS ™ T2ld ™
MOV £t r2 071 2D | DS S S | PCOUT | PCapCst |INST=TMPAR | (SSEI-TMP (TM#I—-00D
STATUS
MOV 1, M a1 oR (0110 4 H ? (3 HLQUT DATA—eeDDO
! ! STA
MOV M, ¢ 111t [0855S 1555)=TMP ;','r-‘ﬂu" (TP —JeDATA BUS
SPHL 1111 {1001 | My LS8
MV r, dats co0O0 D110 ! % PC DUT 82 —=Q00D
; STATUSIG
MVI M, etz Qo011 o1 a0 ! x 'l‘ T e TP
Wirnsea | 00 RPF | 0001 x ! PC=RC + 1 B2 st
LOA addr 00 1 1919 ! x PC=PC+ 1 B2 g T
! ] i
STA sidr | 06 11 aa19 : | x | PCaPC s} 82y
! i ] :
LHLD soue o610 1 a1 90 ! X ! PC=PC B2 =tm=Z
SHLD adde | &1 0 [ I -] : X PC OUT PCaPC+1 B2 —tmZ
i ! STATUSIE
waxw¥ ! coAar (1010 j ' X e QUT DATA—=A
t . STATUSHH
staxrpld T s g A 9019 : i X rp QUT 1A —mDATA BUS
i \ \ sTatusin
XCHG trie | to : ! HU—(OD)
I
ADDT too0o0o |ass s i : 555h=TMP il {ACTIHTMM=A
i ! ‘ (Al=ACT
ADD M 1eo00 [0t 1a _ i ! (A= CT HLOUT DATA—luTMP
; : : sTaTusil
AD) dats 1100 |01 30 ! i 1Ar=aCT PE OUT PCepC e 82 —=TMP
H ) $TATUS!S
ADG ¢ 1006 | 1588 | (SE5=TMP o LACTIHTMPIHCY—A
! {AleACT :
agtmM - . 1 0 80 1110 : (AM=ACT Hi QUT GATA—Le= TP
! ; sTATUSIS
AC1 qana | 1100 11110 : ' (A)=aCT PCOUT PG =P+ 87— TMP
. | . : STATUSIA
suB r | teo0 0553 ISSEITMP o IACTI-(TMPI—4
. {A)=ALT
SUE M 10601 0t 10D : {AI=ACT ML OUT DATA—= TMP
: - STATUSIS
SUI e i 1161 |81 10 {AACT ¢ OUT PCuPC+1 g2—LmTrE
| sTATUSHS
ssar P00 1 5SS (SSS)~TMP 1 (ACTI-I TMPY=CY =4
tAI—ACT
508 M 1 0 4a ¢ 11 1 4 (A=A CT HL OuT CATA —Ta=TMP
sTATUSIH
S8 data 119 1110 ' i (af=aCT #C OUT L 81—(mTMP
; . sTaTLsEl
NR T noooloiraco : ; (DOD}=TMP ALU=DDD
. (TMPY + I~ALU
INRt M 0911 0100 | x HL OUT DATA —faw TMP
. ; sTaTUSIE [TMPY ) —= AL
OCR 00DD | 01O : 1DE0=TMP ALU—=DOD
. TMPI+I—ALU
DER M ¢ a1 9101 ; ! X HL OUT DATA =h TMP
; i STATUSI® (TAPY-1 ~p A LU
INX rp ocore oo : ? (7P + 1  np
1 H
oexX e GQRAP ] sa 1 ! ‘ (AP~ 1 PP
DaD rplél 4 0 R P 1001 i H i X ri=ACT {LI~TMP, All=L, CY
: I ! (ACTI-{TMPIALU
DaA o100 {8111 : i Daa—a, FLAGSITH !
ANA 1010 | e¢s5s5Ss : : IS551-~TMP [ ACTI+HTMPI=A
: ! (hiealT
)] ¥ ¥
ANA M 101 a ) 6110 | PCOUT | PCEPC ] INST=TMPAR | (AF=ACT HL QUT DAT A=t THP .
STATUS STATUSE
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Figure 2-13. Reset.
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MNEMOMIC oF CODE YHL M2
03 0gDsDy | O2D204 By Tt rzia T T4 T 1] T ™
MOV 1,02 01 20 | Ds 85 | PCOUT | PCuprC+l |INST=TMPAR | (SESHTMP (TMM-DO0
STATLS
MOV ¢, M soi1oolor e 4 H s x{3l HL QUT DATA—le000
; STATUSIS®
MOV M, ¢ Ot 11 [08588 ! i (SESI=TMP HL QUT _
: ! ke A e (THP —mDATA BUS
$PHL Tttt jroaot i ! Mo___ s
t
L
MV ¢, dene | 2000 Ot o ! x ACOUT 82 —=C000
; STATUSIS
VI M, asta | ¢ 011 110 ! x I‘ 2 mfe=TMF
LU ro, dary ia AP 16001 x ! PC=PC+1 B2 —lmet
LDA aoor 201 1 1 e : X PC=PC+t B2 wimZ
! i
STA acr b 6011 661 : X b PCPC ] 822
i 1 3 i
[} H B
LHLD sgar gao0te ;1010 ! i x PCuPC+} B2tmZ
; | v
SMtDsoar | 001 0 |0 O 1 O ! ! X PC OUT PCePC+t 82 mZ
: : i STATUSIR
waxa | a0 A 1010 : ' ! % p OUT DATA— A
; . | STATUSIS
sTaxepl#% | 00 RP (0010 : [ X o OUT {A) —e= DATA BUS
\ . sTATUSIT
XCHG 1 T a Tt o011 ' ; {HL) =0
13
ADOr 1 06 |os s s | : {585)-TMP 104 LACTI TP}k
i ; {Al=aCT
ADD M NEEREERERE ! ' tAl=ACT HL QUT DAT A ThEP
; STATLSE
ADI cate t1 o0 jor1a0 ! {Al=aCT ¢ OUT PCw PG+t a2 —jwTHp
i I sTaTusist
AQC 10600 |1 88S : 1555}=TMP i LAGCTIHTMFHGT~d
. ' {Al-ACT :
A0C M jgoteeco | v10 : ; (A-ACT HL QUT CATA—Ls=Thw
! \ : . STATUSIS!
ACL cats | 1700 1110 ' LAlmaCT PCOUT PC» PG 87— THP
. STATUSEA
suer [ teo1 [ 05ss ] (SSSI-TMP 91 ACTI-{TMPI—A
. | (Al=aCT
suam 1 91 6110 : : {AI=ACT WL OUT DATA—pa TP
' | . STATUSIE
SUI deta L1101 o1 tao i (AleACT PCOUT PCuRC et 87—t TMP
; ! STATUSHS
T 1 g0 t 8§38 s (SS51~Thap i {ACTI-(TMPI-CY—A
(al—ACT
BB M 1 g 1t 1 v 1 @ 1A=t CT HL OuT OATA —a Tt
STATUSIN
361 data 1ot 1110 . : Ap=ACT PCOUT PC PG #1 82 —fm T
: ; gTaTUSIS)
T M
tNRE e oooo0l|leo1agoe ! i (0O0I-~TMP ALU=0DD
. i ITMPY + (=ALU
INR M 001t |[0100 . | X HL OUT DATA —a= TWP
. sTaTusiEl {TMPIH1 — = ALY
OCRr Q0DD |01 0 ! (DOD="TVP ALU~DOD
. TMPI+1et LU
OCA M [ 9t e ! ! b HL OUT DA TA =it TMP
i i STATUSIS (TAPL- 1~ ALU
INX p oore oo j AP +1 L Ap
BEX b Q0 RP | 3101 i (RPY -1 AP
040 rpidl ooRP | 1001 i ! : x (ri=ACT | {LI=TMP, Allbat, CY
: ! : {ACTIHTMPIA LY
OAA [ 10 ]a1 11 i DaA—a, FLAGSITH !
ANA ¥ 101005 ss ; = 15581~TMP o ACTI+HTMPI=A
| | [A-ACT
1 ¥ L4
ANA M 1 14 a1 19 O OUT PC o= PC 1 INST-=TMPAR {AF=ACT HL OUT DATA = THF .
sTATYS STATUSS
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T T2l T3 ™ Tzl i e T 72l T2 TA s
L]
HLOUT (TMPY —lm QAT A BUS
STATUSI
PCOUT PCPC+ 1 33 —amrh
STATUSIS |
f POaPC+? [-X P WZ ouT DATA -2,
d | STATUSIS
BC=8C 1 93— W WZ QUT A} s GATA BUS
STATUSI
PCaPC s 33 —tmw WZ OUT DATA b L WZ OUT DATA et
STATUSIS WZ = W2+ 1 gTATUSIS
PCOUT PCaPC 4 B3 —m vy WZouT 1L} = OATA BUS | WZOUT M) ——aDAT A BUS
STATUSISI STATUSITE | wZewZ+) sTaTysl?!

] {ACTIHTMPI—4
9 {ACT) HTHPL=A
@ IAGTH{TMPI+CY—a ’
2] LACTIHTMPLECY—A,
o {ACT)=(TMM—A
8 {ACTI=(TMPI—A -
19 | ACT)-TMPI-CY—A
i
] TACTI - TMPI-C Y =2

HL OUT ALU —e=OATA GUS
sratusi?

HL QuT ALU--te DATA BUS
B kil

irni—ACT {HI=TMP ALl=#, CY
[ACT |+ TMP)AL Y4 LY

9 | (AT + THM =2
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MHEMONIC 0P CODE mdil w2
Dy Dg0e Dy | D3D20¢09 mn T2 T3 T4 T Td T3
AN data 1 1) 91 140 PC OUT PC = PC o« | INST=TMP/IR (Ad=ALET PCOUT PCaPC+ | 82 [ uTMP
$TATUS sTaTugidl
XA ¢ 1 ¢ | 1 535S i . A}~ LT &l IACTIHTPMI—A
S581-Tp
XAa M 1 ol 11 ¢80 {Al~ACT ML OUT DATA —feTMS
STATUSIS
XRY data 1 e | 1110 {A)l=ACT PC OUT PCa PG+ 82 e THP
sTATUSIS
ORAr 1 110535388 (AJ=ACT 6] (ACTI+TMM—A
. (SE5I-ThP
ORA M 1 1 a1 16 {Al=ACT HL DUT DATA —mTMP
sTaTygi6)
SR dae3 ' 1T 0118 iAp=ACT Pe ouT - 42— tp
STaTusiél | }
caP 1 1 155 s {A)=ACT £l i IAETI-HTMP, FLAGS
: (555i~TMP |
G M 1 1 1110 | 1a)m=aCT HLOUT | DATA —laeTMP
i STATUSIE |
Pl date : R i tAl-ACT PCOUT . | PERC Lt B2 ~fe-TUP
; sTaTusiél
RLGC Q 2] g 11 . Lap=g LY k- | ALU—4&, CY
i ROTATE
ARG o 9|t o111 tap=aLLy 1o ALU—&, CY
AOTATE
AAL -] 1 [ R lah, CY—ALY 194 ALU—A CY
ROTATE
aaR G 1 111 H | A, CY=aALU [ ALU—a CY
t j ROTATE
M, a c | t11 P : [T
* |
cMC 0 EEEE T b T¥-cv
i i
§TC [ 1011 : =gy
i
IMP adar 1 ¢ 00 1) ; ! X PC OUT PCupPC 4t 82 4=l
: sTaTUSIO ’
J cond soari 17l 1 < co1 0 ; i JDGE CONDITION PC OUT PC =P v B2 —=Z
i : i STATUSIS! 1
CALL adice 1 o110 : i SPesP -1 PC OUT PC =BG +1 82 ez
| ' i STATLSIE i
Coonaaagril™ ;o1 ¢c|crea : : JUDGE CONDITION PC QUT PC=RC 1 82 —er2
i ; )F TRUE.SP =57 - 1 staTUsi8l '
RET 1 ) 1' 1601 : i % SPOUT | SPesPet  DATA—mZ
! i ' ! STATUSI!S
A cond sodeid? | T clcoaon ] 1 INST—TMPAR | JUOGE CONDETION( TSI 5P QUT SP=5P+1 DATA ~lwZ
i . i : sTaTUSIS
AsT o ' N NP i L att i SPegP 1 SPOUT _ | SPaSP.1  (PCHI —eDaTA BUS
! i | INST-TMPAR STATUSIBI |
BOHL 1 o | 100 ¢t : f INST-TMP/IR HL — e PC
! | i
PUSH ro 1 20101 h : i SP 5Pt SP QUT §F=SP 1 il —leDATA BUS
] ; ! sTaTUS{I8l
FUSH PSW 1 LA I SP5P. 1 @Paur | sPesp. a1 —teDATA BUS
graTusi®l i
[T t YR X P ouT SPuSP+1 DATA—-mrt
| ' sTATUSHS | |
POF PON 1 IR EE 1 x 5P OUT SPeEP -t DATA —=FLAGS
| sTatysits
XTHL 1 o foan X P OUT §PasP 1 OATA —femZ
STATUS!S
Y 1 1 1011 X PC OUT RC PG+ 1 BZ—peZ, W
oot sTATUSIS!
ouT 1 1 00 i X PC OUT PC = PG+ 1 92 —m2 W
aon : 1 sTATUSE
=] t KRR ! : SET INTE F/F
=1} 1 1 [ 3 BRI | ] AESET INTE F/F
HLT 0 1T aso i : ‘ x PC OUT «t4 T Moog D
: ' r STATUS
NOP 0 9t 0000 | Peour 1 pgapcs1!iNeT-TMPHA X
STATUS i
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M2 M "s

b2l 21 T2 ™ T2 3 ™ r2id 13 Ta ™
% [ACTI+ TMPI=A
& ] {ACT) +TMPI=a
& (ACTI+(TMPI=A
% {ACTI ¢ITMPL—A,
&1 (ACT ¢ TMPI—a,
i} TACT)=(TMP}: FLAGS
3] LACTI-{TMPI: FLAGS
PC OUT PCaPC+1 23 —mW WZ QUT WZ) + 1~ PC
STaTUSEl : sTarTusil
FC OUT P PCAPC et 43—ty wIout W 1= pC
sTATUSISl | starTusiitil
PEOUT | PEBC s BY —ww 5POUT e —lmoATA BUS | SPOUT FCLImae DATA BUS w2 out W2} + 1= P
sTaTUsiél . ) STATUSI!Sl | spasp.; -sTaTyshsh STATUSIT
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NOTES:

1. The first memory cycie (M1} is always an instruction
fetch; the first {or only} byte, containing the op code, is
ferched during this cycle,

2. If the READY input from memory is not high during
T2 of each memory cycle, the processor will enter a wait
state (TW} until READY is sampied as high.

3. States T4 and T5 are present, as required, for opera-
tions which are completely internal to the CPU. The con-
tents of the internai bus during T4 and T5 are available at
the data bus; this is designed for testing purposes only. An
X" denotes that the state is present, but is only used for
such internal operations as instruction decoding.

4. Only register pairsrp = B-{registers Band Clor rp=D
{registars D and E} may be specified.

5. Thgse states are skipped.

6. Memory read sub-cycles; an instruction or data word
will be read.

7. Memory write sub-cycle.

8. The READY signal is not required during the second
and third sub-cycles (M2 and M3). The HOLD signal is
accepted during M2 and M3, The SYNC signal is not gene-
rated during M2 and M3, During the execution of DAD,
M2 and M3 are required for an internal register-pair add;
memory is not referenced.

9. The resuits of these arithmetic, logical or rotate in-
structions are not moved into the accumulator {A) until
state T2 of the next instruction cycle, That is, A is loaded
while the next instruction is being fetched; this overlapping
of operations allows for faster processing,

10. if the value of the least significant 4-bits of the accumu-
lator is greater than 9 or if the auxiliary carry bit is set, §

is added ta the accumulator. [f the value of the most signifi-
cant 4-bits of the accumuiator is now greater than 9, orit
the carry bit is set, 6 is added to the mast significant

4-bits of the accumuiator.

11. This represents the first sub-cycle {the instruction
fetch) of the next instruction cycle.
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12, Hf the condition was met, the contents of the register
pair WZ are output on the address lines {Aq.1g) instead of
the contents of the program counter (PC).

13. If the condition was not met, sub-cycles M4 and M5
are skipped; the processor instead proceeds immediately to
the instruction fetch {M1) of the next instruction cycle.

14. If the condition was not met, sub-cygles M2 and M3
are skipped; the processor instead proceeds immediately to
the instruction fetch (M1) of the next instruction cycie.

18, Stack read sub-cycle.
16. Stack write sub-cycle.

17. CONDITION cce
NZ = not zero (Z=0} 000

Z - zero(Z2=1) 001

NC — no carry (CY =0} 010

C - carry (CY =1} 011

PO — parity odd (P =0Q) 100

PE — parity even (P = 1) 101

P — plus {S=0) 110

M — minus (S=1) 111

18. 1/0 sub-cycle: the 1/0 port’s §bit select code is dupli-
cated on address lines 0-7 {Aq7) and 815 {Ag_y5).

19. Qutput sub-cycle,

20. The processor will remain idie in the hait state until

an interrupt, a resat or a heid is aceepted. When a hold re-
quest is accepted, the CPU enters the hold mode; after the
hold made is terminated, the processor returns to the hait
state. After a reset is accepted, the procassor begins axecu-
tion at memory location zero. After an interrupt is accepted
the processor executes the instruction forcad anto the data
bus {usually a restart instruction).

»

$3S or DOD Value | rp [ Value
A 131 B ' 00
B | 000 ) 01
C L oot { M 10
D i 010 se | 1
E 011
M 100
L L 101
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This chapter will illustrate, in detail, how to interface
the 8080 CPU with Memory and /0. It will aluo show the
benefits and tradsoffs encountered when using a variety of
system architecturss to achieve higher throughput, de-
creased component count or minimization of memory size.

8080 Microcomputer system design lends itself 1o 3
simple, modular approach. Such an approach will yield the
designer a reliabie, high performance systam that containg a
minimum ¢omponent count and is easy to manufacture and
maintain,

The overall system can be thought of as a simple
black diagram. The three {3} blocks in the diagram repre-
sent the funcrions common to any computer system.

CPU Maduie* Contains the Centrai Procassing Unit, system
timing and interface circuitry to Memory
and 1/0 devices,

Memory Contains Read Only Memory (ROM) and
Read/Write Memory {RAM) far program and
data storage.

/O Contzins circuitry that allows the computer

systemt to communicate with devices or
structures existing outside of the CPU or
Memory array,

for example: Keyboards, Floppy Disks,
Paper Tape, etc.

There are three busses that interconnect these blocks:

Data Bus? A bi-directionai path on which data can flow

between the CPU and Memory or 1/0,

Address Bus A uni-directional group of lines that identify
a particular Memory location or 1/0 device.

*“Module’* refers to a3 functional block, it does not ref.
erence a2 printed circuit board manufactured by INTEL,

T Bus’ refers to a set of signals grouped together because
of the simiarity of their functions.

April, 1977
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Control Bus A uni-directional set of signals that indicate

the type of activity in current process,

Type of activities: 1, Memory Read
2. Memory Write
3. 1/O Read
4, 1/Q Write
8. Interrupt Acknowledge

AQDRESS JUS

MEMORY

|
U’
10
=T

MODULE @ <|’\-+ @ §|T
S >J 1

P

DATA BU

CONTROL 3US

Figure 3-1. Typical Computer System Block Diagram

Basic Systermn Operation

1. The CPU Module issues an activity command on the
Cormrol Bus.

2. The CPU Module issues a binary code on the Address
Bus to identify which particular Memory location or
/O device will be invoived in the current process
activity.

3. The CPU Meodule receives ar transmits data with the
selected Memory location or |/Q device.

4. The CPU Module returns to @ and issues the naext
activity command,

{t is easy to see at this paint that the CPU modutle is
the central element in any computer system.
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“The following pagas will cover the detailed design of
the CPU Maodule with the 8080, The three Busses (Data,
Address and Controi)} will be developed and the intercon-
nection to Memory and |/Q will be shown,

Design philosophies and system architectures pre-
sented in this manual are consistent with product develop-
ment programs underway at INTEL for the MCS-80. Thus,
the designer who uses this manual a5 a guide for his total
systemn engineering is assured that all new developments in
components and software for MCS-80 from INTEL will be

the design and to achieve operational characteristics that
are as close as possible to those of the 8224 and 8228,
Many auxiliary timing functions and features of the 8224
and 8228 are too complex to practicaily implement in
standard components, so only the basic functions of the
8224 and 8228 are generated. Since significant benefits in
gystem timing and component count reduction can be
realized by using the 8224 and 8228, this is the preferred
method of implementation.

compatible with his design approach. 1. 8080 CPU
The cperation of the 8080 CPU was covered in pre-
CPU Madute Design vious chapters of this manual, so little reference will
) be made to it in the design of the Module.
The CPU Module contains three major areas:
The 2080 Central Processing Unit 2. Clock Generator and High Level Driver
2. A Clock Generator and High Level Driver The 8080 is a dynamic device, meaning that its inter-
3. A bi-directionai Data Bus Driver and System Control nal storage elements and logic circuitry frequire a
Logic timing reference (Clock), supplied by external cir-
The following will discuss the design of the thres cuitry, to refresh and provide timing control signals.
W
major areas contained in the CPU Module. This design is The 8080 requires two (2) .such Clocks. The"‘ wave-
presented as an alternative to the intel® 8224 Clock Gener- forms must be non-overiapping, and comply with the
ator and Intel 8228 System Controlier. 8y studying the timing 3"'?' I‘evets specified in the 8080 A.C. and D.C.
alternative approach, the designer can more clearly see the Characteristics, page 5-15.
considerations involved in the specification and engineering .
of the 8224 and 8228. Standard TTL components and Intel Clock Generator Design
general purpose peripheral devices are used to impiement The Clock Generator consists of a crystal controiled,
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SYSTEM DMA AEQ —‘Jt HOLD A9 3% P
A1D ! = 210
) alt bl » At
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Figure 3-2. 8080 CPU Interface
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Figure 3-3. 3080 Clock Generator

20 MHZ ascillator, a four bit counter, and gating
circuits.

The oscillator provides a 20 MHZ signal to the input
of a four {4) hit, presettabie, synchronous, binary
counter. By presetting the counter as shown in figure
3-3 and clocking it with the 20 MHZ signai, a simple
decoding of the counters cutputs using standard TTL
gates, provides. proper timing for the two (2} 3080
clock inputs.

Note that the timing must actuaily be measured at
the output of the High Level Driver to take into ac-
count the added delays and waveform distortions
within such a device,

positive transition when hiased from the 8080 Vpp
supply (12V) but to achieve the low voltage specifi-
cation {Vq ¢} .8 voits Max. the driver is biased to the
8080 Vgg supply {-5V). This allows the driver to
swing from GNO 1 Vpg with the 2id of a simpie
resistor divider,

A low resistance series network is added batween the
driver and the 8080 to eliminate any overshoot of the
pulsed waveforms. Now a circuit is apparent that can
easily comply with the 8080 specifications. In fact
rise and falitimes of this design are typicaily less than
10 ns,

12y
High Level Driver Dasign T
The voltage level of the clocks for the 2080 is not 580 0f 2 era
TTL compatibie like the other signa:'s that input to ,,—,?TTJ__H..J_ ? A o
\ N MHOO25 IB0B0 PN 221
the 8080. The voltage swing is from .6 volts (V) ) on
to 11 voits {V|,a) with risetimes and falltimes under =0 “?”_Fa_ gauv. s N
£0 ns. The Capacitive Drive is 20 pf {max.}. Thus, a i T 18080 PN 15
High Level Driver is required to interface the outputs 3
of the Clock Generator (TTL) to the 8080. [ ek 2 Fsx
. 1N
EBufF == 4 1009
The two {2) outputs of the Clock Generator are ca- > _
pacitivity coupled to a dual- High Level clock driver, l
The driver must be capabile of complying with the = . ‘S'V =

8080 clock input specifications, page 5-15. A driver

of this type usuaily has little probiem supplying the Figure 3-4. High Level Driver
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Auxiliary Timing Signals and Functions 3.  Bi-Directional Bus Driver and System Control Logic
The Clock Generator can also be used to provide The system Memary and 1/O devices communicate
other signals that the designer can use to simplify with the CPU over the bi-directional Data Bus, The
large system timing or the interface to dynamic system Control Bus is used 1o gate data on and off
memories, tha Data Bus within the proper timing sequences as
Functions such as power-on reset, synchronization of r.:lctated by the operation of the 8080 CPU. T?we data
external requests (HOLD, READY, etc) and single lines of the 8080 CPU, Memory and |/Q devices are
step, could easily be ad deél to the C['ock 6enerator to 3-state in nature, that is, their output drivers have
fu rt!:ter enhance its capabilities the ability to be forced into a high-impedance mode
pa ) and are, effectively, removed from the circuit. This 3-
For instance, the 20 MHZ signai from the oscillator state bus technigue allows the designer to construct a
can be buffered so that it could provide the basis for ‘system around a single, eight {8} bit parallsl, bi-direc-
communication baud rate generation. tional Data Bus and simply gate the information on
The Clock Generator diagram aiso shows how to gen- or off this bus by sslecting or deselecting (3-stating)
erate an advanced timing signal (¢1A) that is handy Memory and 1/Q devices with signals from the Con-
10 use in clocking “D* type flipflops to synchronize trol Bus.
external reguests, {t can aiso be used to generate a s e . .
—_— Bi-Directional Data Bus Driver Desi
strobe (STSTB) that is the latching signai for the sta- o ]
tus information which i3 available on the Data Bus at lee 8080 Data Bus ":_)7'003 has two (2) major areas
the beginning of each machine cycle. A simple gating of cancern for the designer:
of the SYNC signal from the 8080 and the advanced 1. Input Voitage level {V|,) 3.3 voits minimum.
(1A} will do the job. See Figure 3.3, 2. Output Drive Capability {lp. } 1.7 mA maximum.
S03EN
24 =i 3
Do 080
o1 57 S o8t
02 9.7 1 =t 8218 10 082
12,14 13
03 oER & oB3
o4 :: : 2 o84
z: 3A1—t = B6 19 g:‘:
07 12140 12 D87
OIEN TS
DN e Er
3 4 INTA
s s [T
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Ed a2 10 HLTA
L] 15 QUT i ) —————
8 M"I_'_ | I=X:]
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Figure 3-5. 8080 System Control
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The input level specification implies that any semi-
conductor memary or 1/Q device connected to the
8080 Data Bus must be able to provide a minimum of
3.3 volts in its high state, Most semiconductor mem-
ories and standard TTL 1/Q devices have an output
capability of between 2.0 and 2.8 voits, obviously a
direct connection onto the 8080 Data Bus would re-
quire pullup resistors, whose value shouid not affect
the bus speed or stress the drive capability of the
memaory or 1/Q components,

The 8080A output drive capability (1gy } 1.9mA max.
is sufficient for smail systems whare Memory size and
1/Q requirements are minimal and the entire system is
contained on a single printed circuit board. Most SY$s-
tems however, take advantage of the high-perfor-
Mmance computing power of the BOBO CPLU and thus a
more typical system would require soma form of buf-
fering on the 8030 Data Bus to support 3 larger array
of Memory and /O devices which are likely to be on
separate boards,

A device specifically designed to do this buffering
function is the INTEL® 8216, 2 (4) four bit bi-direc-
tional bus driver whaose input voltage level is compat-
ible with standard TTL devices and semiconductor
memory components, and has output drive capability
of 50 mA. At the 8080 side, the 8216 has 2 ‘high*’
output of 3.65 voits that not only meets the 8080
input spec but provides the designer with 3 worse case
350 mVY noise margin,

A pair of 8216" are connected directly to the 8080
Data Bus {D7-00} as shown in figure 3-6. Note that
the DBIN signal from the 8080 is connectad to the
direction contral input (DIEN) so the correct flow of
data on the bus is maintained, The chip selsct (CS) of

the 8216 is connected to BUS ENABLE (BUSEN) 1o
allow for DMA activities by desefecting the Data Buys
Buffer and forcing the outputs of the 8216 into
their high impedance (3-state) mode. This allows
other devices 10 gain access to the data bus (DMA),

System Conti'ol Logic Design

The Control Bus maintains discipline of the bi-diree-
tional Data Bus, that is, it determines what type of
device will have access to the bus {Memory or 1/0)
anc generates signals to assure that these devices
transfer Data with the 8080 CPU within the proper
timing “windows'* as dictated by the CPU operational
characteristics.

As described previously, the 8080 issues Status infor-
mation at the beginning of sach Machine Cyele on its
Data Bus to indicate what operation will take place
dunng that cycle. A simple {8) bit latch, like an
INTEL® 8212, connected directly 1o the 8080 Data
Bus (D7-DO) as shown in figure 3-5 will store the

Aprtl, 1977
386Gk

Status information. The signal that loads the dats
into the Status Latch comes from the Clock Gsner-
ator, it is Status Strobe (STSTB)} and occurs at the
start of each Machine Cycle,

Note that the Status Latch is connected onto the
8080 Data Bus (D7-D0} before the Bus Buffer. This is
to maintain the integrity of the Data Bus and simplify
Control Bus timing inDMA dependent environments.

As shown in the diagram, a simple gating of the out-
puts of the Status Latch with the DBIN and WR
signais from the 8080 generate the (4} four Controt
signals that make up the basic Control Bus,

These four signals: 1. Memory Read {M_Eﬁa‘l_ﬁ}
2. Memory Write (MEM W}
3. 1/0 Read (170 R)
4. 1/0 Write (170 W)

connect directly to the MCSTBO component “family’”
of ROMs, RAMSs and 1/0 devicas.

A fifth signal, Interrupt Acknowledge (INTA} is
added to the Controt Bus by gating data off the
Status Latch with the DBIN signal from the 8080
CPU. This signal is used to enable tha Interrupt
instruction Port which hoids the RST instruction
onto the Data Bus,

Other signals that are part of the Contral Bus such as
Wa, Stack and M1 are presant to aid in the testing of
the System and also to simplify interfacing the CPU
10 dynamic memaries or very large systems that ra-
guire several levels of bus buffering,

Address Buffer Design

The Address Bus (A15-A0) of the 8080, like the Data
Bus, is sufficient to support a small system that has a
moderate size Memory and 1/0 structure, confined to
a single card. To expand the size of the system that
the Address Bus can support a simple butfer can be
added, as shown in figure 3-6, The INTEL®8212 or
8216 is an excellent device for this function, They
provide low input !oading (.25 mA), high output
drive and insert a minimal delay in the System
Timing.

Note that BUS ENABLE (BUSEN) is connected to
the bufiers so that they are forced into their high-
impedance {3-state} mode during OMA activities so
that other devices can gain access 1o the Address Bus.
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INTERFACING THE 8080 CPU TO MEMORY
AND 1/O DEVICES

The 808D interfaces with standard semiconductor
Memory components and 1/0 devices. In the previous text
the proper control signals and buffering were developed
which will produce 3 simple bus system similar to the hasic
system example shown at the beginning of this chapter.

In Figure 3-6 a simple, but exact 5080 typical system
is shown that can be used as a guide for any 8080 system,
regardless of size or complexity. it is a "three bus” archi-
tecture, using the signals developed in the CPU module.

Note that Memory and 1/Q devices interface in the
same manner and that their isolation is only a function of
the definition of the Read-Write signais on the Control Bus.
This allows the 8080 system to be configured so that Mem-
ory and 1/Q are treated as a single array (memory mapped
I/Q} for smail systems that require high thruput and have
less than 32K memory siza. This approach will be brought
out {ater in the chapter. .

ROM INTERFACE

A ROM is a device that stores datz in the form of
Program or other information such as “loek-up tables” and
is only read from, thus the term Read Only Memory. This
type of memeory is generally non-voiatile, meaning that
when the power is removed the information is retained,

This feature eliminates the need for extra equipment like
tape readers and disks to load programs initially, an im-
portant aspect in small system design.

Interfacing standard ROMs, such as the devicas shown
in the diagram is simple and direct. The output Data lines
arg connected to the bidirectional Cata Bus, the Address
inputs tie to the Address bus with possible decading of the
most significant bits as ““chip selects” and the MEMR signal
from the Control Bus connected to a “chip select” or data
buffer. Basically, the CPU issues an address during the first
portion of an instruction or data fetch {T1 & T2). This
value on the Address Bus selects a specific location within
the ROM, then depending on the ROM's delay {access time)
the data stored at the addressed focation is present at the
Data output lines, At this time (T3} the CPU Data Bus is
in the “input Mode™ and the control logic issues a Memory
Read command (MEMR) that gates the addressed data on
to the Data Bus.

RAM INTERFACE

A RAM is a device that stores data. This data can be
program, active “look-up tables,” temporary values or ex-
ternal stacks. The difference between RAM and ROM is
that data can be written into such devices and are in
essence, Read/Write storage elemants. RAMs do not hold
their data when power is removed sa in the ¢ase whare Pro-
gram or “look-up tables” data is stored a method to load
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Figure 3-6, Microcomputer System
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RAM memory must be provided, such as: Floppy Disk,
Paper Tape, etc.

The CPU treats RAM in exactly the same manner as
ROM for addressing data to be read. Writing data is very
similar; the RAM is issued an address during the first por-
tion of the Memory Write cycle (T1 & T2} in T3 when the
data that is to be written is output by the CPU and is stable
on the bus an MEMW command is generated. The MEMW
signal is connected to the R/W input of the RAM and
strobes the data into the addressed locition,

In Figure 3-7 a typical Memary system is illustrated
10 show how standard semiconductor components interface
to the 8080 bus, The memory array shown has 8K bytes
{8 bits/byte) of ROM storage, using four Intei®8218As
and 512 bytes of RAM storage, using Intel 8111 static
RAMs. The basic interface tg the bus structure detailed
here is common 10 almost any size memory, The only ad-
dition that might have i0 be made for larger systemns is
more buffers (B216/8212) and decoders {8205) for gener-
ating ‘‘chip selects.”

The memories chosen for this example have an accass
time of 850 nS imax) to illustrate that slower, economical
davices can’ be easily interfaced to the 80BO with little ef-
fect on performance. Whan the 8080 is operated from a
clock generator with a tCY of 500 nS the reguired memory
access time is Approx. 450-550 nS. See detailed timning
specification@Pg. 5-16. Using memory devices of this spesd
such as Intel 8308, 8102A, 8107A, etc. the READY input
to the 8080 CPU can remain “high” because no "wait’"
states are required, Note that the bus interfaca to memory
shown in Figure 3-7 remains the same. However, if slower
memaories are to De used, such as the devices illustrated
{8318A, 8111) that have access timas slower than the min-
imum requirement a simpie logic control of the READY
input to the 8080 CPU wilt insert an extra “wait stats’’ that
is equal to one or more clock periods as an access time
“adjustment” delay to compensats. The effect of the extra
“wait” state is naturally a siowsr execution time for the
instruction. A single “wait” changes the basic instruction
cycle to 2.5 microSeconds.

BK + 512 8K 1]
RAM ROM
MEMORY MARP
ROM
=4 ]
RAM = ]
{ ] =2 |
=
sm 8111 8318A Cs3
X cs2
AW 0D HO4 AQ-AT7 AW QD 1O 14 AQ-AT -1 TSI 01.08 AD-A10
by AN AN AN
AEMW lm AQ-AT7 TERW MEMR AQ-A7 MEMR AG-A10 ::;
DATA BUS (@

CONTROL BUS 16)

ADDRESS BUS (16)

Figure 3-7. Typical Memory intarface
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1/0 INTERFACE

General Theory

As in any computer based system, the 8080 CPU must
be able to communicate with devices or structures that exist
outside its normal memaory array. Devices like keyboards,
paper tape, floppy disks, printers, displays and other controi
structures are used to input information into the 8080 CPU
and display or store the resuits of the computational activity.

Probably the most important and strongest feature of
the 8080 Microcomputer System is the flexibility and power
of its 1/O structure and the components that support it. There
are many ways 10 structure the 1/0Q array so that it will *“fit”
the total system environment to maximize efficiency and
minimize component count.

The basic operation of the /0 structure can best be
viewed as an array of single byte memory locations that can
be Read from or Written into. The 8080 CPU has special in-
structions devoted to managing such transfers {IN, QUT).
These instructions gensrally isolate memory and 1/Q arrays
so that memory address space is not effected by the /O
structure and the general concept is that of 2 simple transfer
to or from the Accumulator with an addressed “PORT". An-
ather method of 1/0 architecture is to treat the /O structure
as part of the Memaory array. This is generally referred to as
“Memory Mapped 1/0" and provides the designer with a
powerful new “instruction set’”’ devoted to 1/Q manipulation.

ISOLATED 1/Q
—————— e ATED Y -
i a .. B5K |
! " 1
]
, MEMORY :
i * !
|
| o 285 :
! I
! WO 1
: )
| i
I e e ————— 41
[ ] K 55K
: [
| ;
| MEMDRY HQ |
| |
|
[

MEMORY MAPPED 1/0

Figure 3-8. Memory/1/0 Mapping.

Isolated 1/0O

In Figure 3-@ the system control signals, previously de-
tailed in this chapter, are shown, This type of 1/Q architecture
separates the memory address space from the /0 address
space and uses a conceptually simple transfer to or from Ac-
cumulator technigue. Such an architecture is easy to under-
stand because 1/0 communicates only with the Accumuiator
using the IN or QUT instructions. Also because of the isola-
tion of memory and 1/Q, the full address space (65K) is un-
effected by 1/0 addressing.
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Figure 3-9. Isolated 1/0.

Memory Mapped /0

By assigning an area of memory address space as |/Q a
pawerful architecture can be deveioped that can manipulate
/O using the same instructions that are used to manipuiate
memaory locations. Thus, 2 “new’” instruction set is created
that is devoted to 1/0 handling.

Asg shown in Figure 3-10, new control signals are gene-
rated by gating the MEMR and MEMW signais with A15, tha
most significant address bit. The new 1/0 control signals con-
nect in exactly the same manner as Isolated 1/0, thus the
system bus characteristics are unchanged.

By assigning A 15 as the 1/Q “flag”, a simple method of
1O discipline is maintained:

If Aqgisa “zero” then Memory is active.
If A1 is a “one” then 1/Q is active,

Other address bits can aiso be used for this function. A5 was
chosen because it is the most significant address bit so it is
easier to control with software and because it still allows
memory addressing of 32K.

I/Q devices are still considered addressed “ports” but
instead of the Accumulator as the only transfer medium any
of the internal registers can be used. All instructions that
could be used to operate on memory locations can be used
in 1/Q.

Examples:

MOVr, M {Input Port to any Register)
MOV M, r {Qutput any Register to Port)
MV M {Output immediate data to Port)
LDA {input to ACC)

STA {Qutput from ACC to Port)
LHLD {18 Bit Input)

SHLD {16 Bit Qutput}

ADD M {Add Port 1o ACC)

ANA M {""AND" Port with ACC)

{1t is easy to see that from the list of possible “new”
instructions that this type of 1/Q architecture could have a
drastic effect on increased system throughput. It is concep-
tually more difficult to understand than Isolated 1/0 and it
does limit memory address space, but Memory Mapped /O
can mean a significant increase in overall speed and at the
same time reducing required program memaory area.
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Figure 3-10. Mamory Mapped 1/Q.

I/0 Addressing

With bath systems of 1/0 structure the addressing of
each device can be configured to optimiza efficiency and re-
duce component count, One mathod, the most commaon, is
to decode the address bus into exclusive “chip selects” that
enable the addressed 1/0 device, similar to generating chip-
selects in memory arrays.

Another method is called “tinear select”. In this methad,
instead of decoding the Address Bus, 3 singular bit from the
bus is assigned as the exclusive enable for a specific 1/0 de-
vice. This method, of course, limits the numbser of 1/O de-
vices that can be addressed but eliminates the need for extra
decoders, an important consideration in smali system design.

A simple example illustrates the power of such a flexi-
ble 1/O structure. The first example illustrates the format of
the second hyte of the IN or OUT instruction using the Iso-
lated 1/Q technique. The devices used are intel?8255 Pro-
grammabte Perinheral Interface units and are linear selected.
Each device has three ports and from the format it can be
seen that six devices can be addressed without additional de-
coders.

EXAMPLE #

[olalslafainiais]

[
POAT SELECTS

e

e —

DEVICE SELECTS

ADDRESSES — 6 — 425%
{18 PORTS — 144 BITS)

Figure 3-11. isolated 1/0 — {Linear Select) {8255}

~ortl, 1677
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The second example uses Memory Mapped 1/0O and
linear select 10 show how thirteen devices (3285} can be ad-
dressed without the use of extra decoders. Tha format shown
could be the second and third bytes of the LDA or STA in-
structions or any other instructions used to manipulate 1/C
using the Memory Mapped technique.

It is easy 1o see that such a flexible 1/0 structure, that
can be “tailored” to the overail system environment, provides
the designer with a powerful tool to optimize efficiency and
minimize compaonent ¢ount,

EXAMPLE #2

|“7|“0i‘s|‘ai|‘31‘z|‘:i‘“:|

-
J— PORT SELECTS

EUP,

OEVIGE SELECTS

s [ e | 20a | ] 401 [400] 24 | 3 |

4

DEVICE SELECTS
=100
VOFLAG g . mEmoRY

ADDRESSES — 13 - 8256
{39 PORTS — J12M4TS)

Figure 3-12. Memory Mapped |/QO — {Linear Seisct {8255}

/0 Interface Exampie

In Figura 3-16 a typical /O system is shown that uses 3
vartety of devices (3212, 8251 and 8255}. 1t could be used
to interface the periphersis around an inteligent CRT termi-
nals: keyhoards, display, and communication interface. An-
other application could be in a process controler to interface
sensors, relays, and motor controls. The limitation of the ap-
plication area for such a circuit is solely that of the designers
imagination.

" The 1/Q structure shown interfaces to the 8080 CPU
using the bus architecture developed previously in this chap-
ter. Either isolated or Memory Mapped techniques can be
used, depending on the system 1/Q environment.

The 8251 provides a serial data communication inter-
face so that the system can transmit and receive data over
communication links such as telephone lines.
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The three 8212s can be usad to drive long lines or LED
indicators due to their high drive capability. (15mA)

Lolelofafr]eDX]=]

0 -0ATA
D cONTROL 1 = COMMAND
(ACTIVE Low
[ iadas] o] [ [XIX]
l 8212 =1 SELECT
Figure 3-13, 8251 Format. IAGTIVE HIGH)
8212 #2 SELECT
(ACTIVE HIGH)
The two {2} 82555 provide twenty four bits each of 221223 Esflil'é?l.{
programmable /0 data and contral so that keyboards, sen-
508, paper tape, etc., can be interfaced to the system.
Figure 3-15, 8212 Format.
Iofuloi‘}“il"il“l"ﬂl 00 ~ PORT A .
o1 - PORT 8 Addressing the structure is described in the formats il-
N eommann  lustrated in Figures 3-13, 3-14, 3-15. Linear Select is used so
:}-wursnzcr that no decoders are required thus, each device has an ex-
clusive “‘a2nable bit”.
#2585 1 SELECT
{ACTIVE LOW) The example shows how a powerful yet flexible 1/0
vty structure can be created using & minimurm component count
with devices that are all members of the 8080 Microcomputer

System.

Figure 3-14. 8255 Format.
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Figurs 3-16. Typical 1/O Interface.
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A computer, no matter how sophisticated, can only
do what it is “told” to do. One ““telis” the computer what
to do via a series of coded instructions referred 10 as a Pro-
gram. The reaim of the programmer is referred to as Soft-
ware, in contrast to the Hardware that comprises the actual
computer equipment, A computer’s software rafers to ail of
the programs that have been written for that computer.

When a computer is designed, the engineers provide
the Central Processing Unit {CPU) with the ability to per-
form a particular set of opei;ations. The CPU is dasigned
such that a specific operation is performed when the CPU
control logic decodes a particular instruction. Consaguently,
the operations that can be performed by 3 CPU define the
computer’s instruction Set,

Each computer instruction allows the programmer to
initiate the performance of a specific gperation. All com-
puters implement certain arithmetic operations in their in-
struction set, such as an instruction to add the contents of
two registers, Oftan logical operations (e.g., OR the con-
tents of two registers) and register operate instructions (e.g.,
increment a register) are included in the instruction set. A
computer’s instruction set will also have instructions that
move data between registers, betweesn a register and memory,
and between 3 register and an |/C device, Most instruction
sets also provide Conditionai Instructions. A conditional
instruction specifies an operation to be performed only if
certain conditions have been met; for example, jump to a
particular instruction if the resuit of the last operation was
Zero. Conditional instructions provide a program with a
decision-making capability.

By logicaily organizing a sequence of instructions into
a coherent program, the programmer can “‘tell” the com-
puter to perform a very specific and useful function.

The computer, however, can only execute programs
whose instructions are in a binary coded form (i.e., a series
of 1's and 0%s), that is called Machine Code, Because it
wouid be extremely cumbersome to program in machine
code, programming languages have been developed. There

arg programs available which convert the programming lan-
guage instructions into machine code that can be inter-
prated by the processar.

One type of programming language is Assembiy Lan-
guage, A unique assembly language mnemonic is assigned to
each of the computer’s instructions, The programmer can
write a program {called the Source Program) using these
mnemonics and certain operands; the source program is
then converted into maching instructions {called the Object
Cade}, Each assembly language instruction is converted into
one machine code instruction {1 or more bytes) by an
Agsembier program. Assembiy languages are usually ma-
chine dependent (i.g., they are usuaily able to run on anly
ane type of computer},

THE 8080 INSTRUCTION SET

Tha 8080 instruction set inciudes five different typses
of instructions:

¢ Data Transfer Group —move data between registers
or between memory and registars

« Arithmetic Group — add, subtract, increment or
decrement data in registers or in memaory

» Logical Group — AND, OR, EXCLUSIVE-OR,
compare, rotate or complement data in registers
or in memory

« Branch Group — conditional and unconditional
jump instructions, subroutine call instructions and
return instructions

s Stack, 1/Q and Machine Control Group — includes
/0 instructions, as well as instructions for main-
taining the stack and internal controi flags,

Instruction and Data Formats:

Memory for the 8080 is organized into 8-bit quantij
tias, cailed Bvytes. Each byte has a unique 18-bit binary
address corresponding to its sequential position in memory.
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The 8080 can directly address up to 68,536 bytes of mem-
ary, which may consist of both read-only memory (ROM}
elements and random-access memory {RAM) elements {read/
write memory}.

Data in the 8080 is stored in the form of 8-bit binary
integers:
DATA WORD

D?!Dleer4nglDle1FOQ
MSB LSB

When a register or data word contains a binary num.
ber, it is necessary to establish the order in which the bits
of the number are written. In the Intel 8080, 8IT Q is re-
ferred to as the Least Significant Bit (LSB), and BIT 7 (of
an 8 bit number) is referred to as the Most Significant Bit
{MSB).

The 8080 program instructions may be one, two or
three bytes in length, Multipie byte instructions must be
stored in successive memory locations; the address of the
first byte is always used as the address of the instructions,
The exact instruction formar will depend on the particular
operation to be exscuted.

Single Byte Instructions

I._.’71 LR Do | Op Code
Two-Byte Instructions
Byte One D}l I ! Fo r Dg | Op Code
Byte Two D-;l L Dq | Pata or
Address
Three-Byte Instructions
Byte One I'.'.‘-,-i ! ! ! ! ! I Dg{ Cp Code
Byte Two D?‘ I Dg{) Data
Byte Three D-;l rerre Do ]oA::!c!ress
Addressing Modes:

Often the data that is to be operated on is stored in
memory, When multi-byte numeric data is used, the data,
like instructions, is stored in successive memory locations,
with the least significant byte first, followed by increasingly
significant bytes. The 8080 has four different modes faor
addressing data stared in memory or in registers:

® Direct —Bytes 2 and 3 of the instruction contain
the exact memory address of the data
item {the low-order bits of the address are
in byte 2, the high-order hits in byte 3).

#* Register — The instruction specifies the register or
register-pair in which the data is located,

# Register Indirect — The instruction specifies a reg-
252 ister-pair which contains the memory

address where the data is located (the
high-order bits of the address are in the
first register of the pair, the low-order
bits in the second).

® Immediate — The instruction contains the data it-
seif. This is either an 8-bit quantity or a
16-bit quantity (least significant byte first,
mast significant byte second).

Unless directed by an interrupt or branch instruction,
the execution of instructions proceeds through consecu-
tively increasing memory locations. A branch instruction
can specify the address of the next instruction to be exe-
cuted in one of two ways:

& Direct —The branch instruction contains the ad-
dress of the next instruction to be exe-
cuted. {Except for the ‘AST" instruction,
byte 2 contains the low-order address and
byte 3 the high-order address.}

& Register indirect — The branch instruction indi.
cates a register-pair which contains the
address of the next instruction to be exe-
cuted. {The high-order bits of the address
are in the first register of the pair, the
low-order bits in the second.)

The RST instruction is a special one-byte cail instruc.
tion {usually used during interrupt sequencesi. RST in-
cludes a three-bit field; program control is transferred to
the instruction whose address is eight times ths contents
of this three-bit fieid.

Condition Flags:

There are five condition flags assaciated with the exe-
cution of instructions on the 8080. They are Zero, Sign,
Parity, Carry, and Auxiliary Carry, and are each representad
by a 1-bit register in the CPU. A flag is “set” by forcing the
bit to 1; “reset” by forcing the bit to 0,

Unless indicated otherwise, wihen an instruction af-
fects a flag, it affects it in the following manner:

Zero: If the resuit of an instruction has the
value 0, this flag is set; otherwise it is
reset,

Sign: if the most significant bit of the resuit of

the operation has the value 1, this flag is
set; otherwise it is reset.

If the modulo 2 sum of tha bits of the re-
sult of the operation is Q, (i.e., if the
result has even parity}, this flag is set;
otherwise it is reset (i.e., if the resuit has
odd parity).

Parity:

If the instruction resulted in a carry
{from addition), or a borrow (from sub-

Carry:

traction or a comparison) out of the high-

order bit, this flag is set; otherwise it is
reset,

April, 1977
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Auxiliary Carry: If the instruction caused a carry out
of bit 3 and into bit 4 of the resuiting
value, the auxiliary carry is set; otherwise
it is reset. This flag is affected by single
precision additions, subtractions, incre-
ments, decrements, comparisons, and log-
ical operations, but is principally used
with additions and incraments precading
a DAA (Decimal Adjust Accumulator)
instruction.

Symbois and Abbreviations:
The following symbols and abbreviations are used in
the subsequent description of the 8080 instructions:

SYMBOLS MEANING

accumulator  Register A

addr 16-bit address quantity

data B-bit data quantity

data 18 16-bit data quantity

byte 2 Tha second byte of the instruction
byte 3 Tha third byte of the instruction
port 8-bit address of an 1/Q device
rrlr2 One of the registers AB,C.D.EH.L

D00, 588 The bit pattern designating one of the regis-
ters A B,C.D,E H, L {DDD=dastination, S55=
source}:

DOD or 388 REGISTER NAME

111
000
o001
010
o011
100
101

m One of the register pairs:

FTMOoOOme

B represents the B,C pair with B as the high-
order register and C as the low-order register;

D represants the D,E pair with D as tha high-
order register and E as the low-order ragister;

H represents the H,L pair with H as the high-
order register and L as the low-order register;

SP represents the 16-bit stack pointer

register,
RP The bit pattern designating one of the regis-
ter pairs B,D,H,SP: ’
AP REGISTER PAIR
0Q B-C
o1 D-E
10 H-L
11 SP

April, 1377
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rh

ri

PC

sSP

m

The first (high-order) register of a designated
register pair.

The second {low-order} register of a desig-
nated register pair.

16-bit program counter register {PCH and
PCL are used to refer to the high-order and
low-order 8 bits respectively).

16-bit stack pointer register {SPH and SPL
arg used to refer to the high-order and low-
arder 8 bits raspectively).

Bit m of the register r {bits are number 7
through QO from left to right),

Z,5.P,CY,AC The condition flags:

3 |t*a+<<t>]

NNN

Zero,

Sign,

Parity,

Carry,

and Auxiliary Carry, respectively.

The contents of the memory (ocation or reg-
isters enclosed in the parentheses,

“Is transferred to”

Logical AND

Exclusive OR

inclusive OR

Addition

Two’'s complement subtraction
Muitiplication

“|s axchanged with”

The one's complement {e.g., (A})
The restart number J through 7

The binary representation 000 through 111
for restart number 0 through 7 respectively.

Description Format:

Tha following pages provide a detailed description of
the instruction set of the 8080. Each imstruction is de-.
scribed in the following manner:

1.

The MAC 80 assembler format, consisting of
the instryction mnemonic and operand fields, is
printed in BOLDFACE on the left side of the first
line, '

. The name of the instruction is enclosed in paren-

thesis on the right side of the first line.

. The next line(s} contain a symbolic deseription

of the operation of the instruction.

. This is followed by a narative description of the

operation of the instruction,

. The following line{s) contain the binary fields and

patterns that comgorisz the machine instruction,
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6. The last four lines contain incidental information
about the exscution of the instruction. The num-
ber of machine cycles and states required to exe-
cute the instruction are listed first. If the instruc-
tion has two possible execution times, as in a
Conditional Jump, both times will be listed, sep-
arated by a slash. Next, any significant data ad-
dressing modes {see Page 4-2) are listed. The last
line lists any of the five Flags that are affected by
the execution of the instruction,

Data Transfer Group:

MVI ¢, data
(r} =— (byte 2}

{Move Immediate}

The content of byte 2 of the instruction is moved to

This group of instructions transfers data to and from
registers and memory, Condition flags are not affegted by
any ipstruction in this group.

MOV 11, r2 {Move Register}
(r1) == {r2}
The content of register r2 is moved to register r1.

register r,
ofoloelo o] 17 11
data
Cycles: 2
States: 7
Addressing:  immadiate
Flags: none
MVI M, data (Move to memory immediate}

{{H} (L)) = {byte 2}
The content of byte 2 of the instruction is moved to
the memory iocation whose address is in registers H

) 1 D D

D S 8 S

Cycles: 3§
States: 5
Addressing:  register
Flags: none

MOV M
{r} ~=— {(H) {L}}

{Mave from memory)

The content of the memory location, whose address
is in registers H and L, is moved to register r,

]

o 1{o0!p!

D 1 1 0
Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none

MOV M, r
{{H}) {L)} ~— {1

{Move to memory)

and L,
ol ol vty T ol 3y T yiy
data
Cycles: 3
States: 10
Addressing:  immed./reg. indirect
Flags: rone
LXI rp, data 16 (Load register pair immediate)

{rh) e {byte 3},

{rl) =— (byte 2

Byte 3 of the instruction is moved into the high-order
register {rh) of the register pair rp. Byte 2 of the in-
struction is moved into the !ow-order register (rl} of
the register pair rp,

The cantent of register r is moved to the memory lo-
cation whose address is in registers H and L.

o |

o Ul To st sy
Cycles: . 2
States: 7
Addressing: reg. indirect
Fiags: none
2-54

ol alt pl ol ol o',
low-order data
high-order data
Cycles: 3
States: 10
Addressing:  immediate
Flags: none
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LDA addr {Load Accumulator direct)
(A} =— {({byte 3){byte 2})
The content of the memory location, whose address
is specified in byte 2 and byte 3 of the instruction, is
" moved 1o register A,

SHLD addr {Store H and L direct)
{{byte 3} {byte 2)} =— (L)
{{byte 3i{byte 2) + 1) = (H)
The content of register L is moved to the memory lo-
cation whose address is specified in byte 2 and byte
3. The content of register H is maved to the sucgeed-
ing memory location.

oot 1 g 'o oty o

low-grder addr

0 ro 1 "7 Ty Vgl 4 Ty

low-order addr
high-order addr
Cycles: 4
States: 13

Addressing: direct
Flags: none

STA addr {Store Accumulator direct)

high-order addr

Cycles:
States:
Addressing:
Flags:

LDAX rp
{A) == ({rph)

5

18
direct
none

{Load accumulator indirect)

The content of the memory location, whose address

{{byte Jibyte 2)) - (A)

The content of the accumuiator is moved to the
memary location whaose address is specified in byte
2 and byta 3 of the instruction.

o 1ot by

low-order addr

nigh-order addr

is in the register pair rp, is moved to register A. Note:
only register pairs rpeB (registers B and C) or rp=D
{registers D and E) may be spacified.

Cycles; 4
States: 13
Addressing: direct
Ftags: none

o 'otale|1tlalila
Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none
STAX rp {Store accumulator indirect)

((rph) =— (A)

The content of register A is moved to the memory io-
cation whose address is in the register pair rp. Note:
anly register pairs ro=B {registers B and C} or rp=D
(registers D and E) may be specified.

LHLD addr

{Load H and L direct)

(L} == ({Dyte 3j{by1te 2}

{H} =— {{byte 3){byte 2) + 1}

The content of the memory location, whosa address
is specified in byte 2 and byte 3 of the instruction, is
moved to register L. The content of the memaory loca-
tion at the succeeding address is moved to register H,

i ! 1 ]

0 0*1

low-order addr

high-order addr

ol o lrR1TpP|lololis o
Cycles: 2
States: 7
Addressing:  req, indirect
Fiags: none
XCHG {(Exchange H and L with D and E}
{H) w—= (D)
{L} =—=(E)

The contents of registers H and L are exchanged with
the contents of registers D and E,

Cycles: 5
States: 16
Addressing:  direct
Fiags: nene

April, 1977
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Ty Ty g b T Ty by
Cycles: 1
Sates: 4
Addressing:  register
Fiags: none
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Arithmetic Group:

This group of instructions performs arithmetic oper-
ations on data in registers and memory,

Unless indicatad otherwise, all instructions in this
group affect the Zero, Sign, Parity, Carry, and Auxiliary
Carry flags according to the standard ruies,

All subtraction operations are performad via two's
compiement arithmetic and set the carry flag to one to in-
dicate a borrow and clear it to indicate no borrow,

ADDr (Add Register)
(A) =— {A} +{r}
The content of register r is added to the content of the
accumulator. The resuit is placed in the accumuiator,

1ol ol gl o [sTs Ty
Cycles: 1
States; 4
Addressing:  register
Flags: Z,5,P,CY.AC
ADD M {Add memory}

{A} —=— (A)+ {{H} (L}

The content of the memory location wiose address
is contained in the H and L registers is added to the
content of the accumuiater, The result is placed in
the accumulator,

1V ot gl ol gl T 1T,

Cycles: 2
States: 7
Addressing: req. indirect
Flags: Z5P,CY.AC

ADI data {Add immediate}
(A) e [A) + {byte 2)
The content of the second byte of the instruction is
added to the content of the accumulator. The resuit
is placed in the accumulator,

1l la Tl ¢ T Ty
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: 2Z.5P,CY.AC
2-56

ADCr {Add Register with carry)
{A) =— [A)+(r) + (CY)
The content of register r and the content of the carry
bit are added to the content of the accumulator, The
result is placed in the accumulator.

1ol ooty [ sTgTg
Cycles: 1
States: 4
Addressing:  register
Flags: ZSP.CY.AC
ADC M {Add memory with carry)

(A} —=— (A} + ({H) (L)} +{CY)

The content of the memory location whose address is
contaired in the H and L registers and the content of
the CY flag are added to the accumulator. The result
is placed in the accumulator.

1 el bty T T T Ty
Cycles: 2
States: 7
Addressing:  req. indirect
Flags: Z,S5,P.CY.AC
AC! data {Add immediate with carry)

(A) = {A) + (byte 2} + (CY)

The content of the second byte of the instruction and
the content of the CY flag are added to the contents
of the accumulator. The result is piaced in the
accumuiator.

1 Pt g T T T T
data
Cycles: 2
States: 7
Addressing: immediate
Flags: 2Z5.P.CY.AC

SUBr {Subtract Register)

(A) w— (A} ~ ()

The content of register r is subtracted from the con-
tent of the accumulator, The result is ptaced in the

accumulator,

170" o0 ly Tg s Ts Tg
Cycles: 1
States: 4
Addressing:  register
Flags: Z,S,PCY.AC
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SuB M

{Subtract memory)

(A} =— (A) = {{H) (L}

The content of the memory location whose address is
contained in the H and L, registers is subtracted from
the content of the accumuiator. The result is placed
in the accumuiator.

$Bi data

{Subtract immediate with borrow}

{A) === (A) = {byte 2} = (CY)

The contents of the second byte of the instruction
and the contents of the CVY flag are both subtracted
from the accumulator. The result is placed in the
accumulator.

0
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z.5,PCY.AC

SU! data
{A) =— (A) = (byte 2)

{Subtract immediate}

The content of the second byte of the instruction is
subtracted from the content of the accumulator. The
resuit is placed in the accumuiator.

17 1 Tel oy Ty gy Ty
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: Z,S8P.CYAC
INRr {Increment Regisier)

(r) = (r} +1
The content of register ¢ is incremented by one.

Note: All condition flags except CY are affected,

1 T1Tolr Te eyt
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: Z.S5P.CY.AC
SBBr {Subtract Register with borrow)

clco lolo'to 1 alo
Cycles: 1
States: §
Addressing: register
Flags: Z£,5,P.AC
INR M {increment memory)

{A) = (A) ={r} = (CY)

The content of register r and the content of the CY
flag are both subtracted from the accumulater, The
result is placed in the accumulator.

{{H) (L)} ==— ({H} (L} +1

The content of the memory location whose address
is contained in the H and [ registers is incremented
by one. Note: All condition flags except CY are
affected. '

T et ol 1! st sl
Cycles: 1
States: 4
Addressing:  register
Flags: 2.5,P.CY.AC
SBB M {Subtract memaory with borrow)

(A) =— (A) = {{H} (L)} —(CY)

The content of the memary location whose address is
cantained in the H and L registers and the content of
the CY flag are both subtracted from the accumula-
tor, The resuit is placed in the accurmulator.

o To 11 11 oty To 'y
Cycles: 3
States: 10
Addressing:  req, indirect
Flags: Z.5.P.AC
DCRr {Decrement Register)

{r] st {r} =1
The content of register r is decremented by one.
Note: All condition flags except CY are affected.

7ol ol 7 10 1 11 g
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z3PCY.AC
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cTolo "o o 1 to 'y
Cycles: 1
States: &
Addressing:  register
Flags: Z.,5,P.AC
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DCR M {Decrement memary)
({H) (L}) === {{H} {L}) =1
The content of the memory location whose address is
contained in the H and L registers is decremanted by
ane, Note: All condition flags except CY are affected,

ol ol Ty T T7 T4 1,

Cycles: 3
States: 10
Addressing:  reg, indirect
Flags: 2Z.5.PAC

INX rp (Encrement register pair)
{rh} {rl} === (rh} {rl} +1
The content of the register pair rp is incremented by
ane. Note: No condition flags are affectad.

] |

o 'olr'pf[ololqs Ty
Cycles: 1
States: &
Addressing:  register
Flags: none
DCX rp {Decrement register pair)

{rh) {rl) —— (rh) {rl) — 1
The content of the register pair rp is decremented by
ong. Note: No condition flags are affectad,

ololr1T P 1T ol 11,

Cycles: 1
States: 5
Addressing:  register
Flags: none

DAD rp (Add register pair to M and L)
{H) {L} ==— {H} {L} + {rh) {r)
The content of the register pair rp is added to the
content of the register pair H and L. The result is
placed in the register pair M and L. Note: Only the
CY flag is affected. It is set if there is a carry out of
the double precision add; otherwise it is reset.

0 [ 0 R I P 1 ! 0] ! 0 | 1
Cycles: 3
States: 10
Addressing:  register
Flags: CY
2=-58

DAA {Decimal Adjust Accumulator)
The eight-bit number in the accumulator is adjusted
to form two four-bit Binary-Coded-Decimal digits by
the following process:

1. If the value of the least significant 4 bits of the
accumulator is greater than 9 or if the AC flag
is set, 6 is added to the accumulator,

2, If the value of the most significant 4 bits of the
accumulator is now greater than 9, or if the CY
flag is set, 6 is added to the most significant 4
bits of the accumulator.

NOTE: Al flags are affected.

ool T To T T, T3

Cycles: 1
States: 4
Flags: Z8P.CYAC

Logical Group:

This group of instructions perferms logical {Boolean}
operations on data in registers and memory and on condi-
tion flags.

Uniess indicated otherwise, all instructions in this
group affect the Zero, Sign, Parity, Auxiliary Carry, and
Carry flags according to the standard rules.

ANAr {AND Register)
{A} —-— (A} A}
The content of register r is logically anded with the
content of the accumulator. The result is placed in
the accumulator. The CY flag is cleared.

1ol s ToteTs Ts Ts
Cycles: 1
States: 4
Addressing:  register

Flags: Z,8,P.CY.AC

ANA M (AND memory)
{A) =— (AYA{(H) (L))
The contents of the memory location whose address
is contained in the H and L registers is logically anded
with the content of the accumulator, The result is
placed in the accumulator. The CY flag is cleared.

1 lo by Tg T T T T

Cycles: 2
States: 7
Addressing:  req. indirect

Flags: Z,5P.CY.AC
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ANI data {AND immediate}
{A) == (A} Albyte 2}
The content of the second byte of the instruction is
lagicaily anded with the contents of the accumulator.
The resuit is placed in the accumulator. The CY and

ORA ¢ {OR Register)
(A) = (A} V (r) )
The content of register r is inclusive-OR’d with the
content of the accumulator. The result is placed in
the accurnulator, The CY and AC flags are cleared.

AC flags are ¢leared.
111 01 19 o Iy TiTy
data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z.5,P.CY.AC

1 Fol1T1To s s s
Cycles: 1
States: 4
Addressing:  register
Ftags: 2,30CY.AC
ORA M {OR memary)

XRA'T {Exclusive OR Register)
(A) =— {A} ¥ (1)
The content of register r is exclusive-or'd with the
content of the accumulator. Tha result is placed in

{A) - (A) V {{H) {L))

The content of the memory location whose address is
contained in the H and L registers is inclusive-OR’d
with the content of the accumuiator. The result is
piaced in the accumulator. The CY and AC flags are

the accumulator. The CY and AC flags are clesred,

cieared,
To 1 11T Ty Tyt
Cycles: 2
States: 7
Addressing:  reg. indirect
Flags: Z.5,P.CY AC

T Tol1 1o T1]s!s's
Cycles: 1
States: 4
Addressing:  register
Flags: Z,5PCY,AC
XRA M (Exclusive OR Memory)

{A) —— (A) % [{H) {LD)

The content of the memory location whose address
is contained in the H and L registers is exctusive-QR'd
with the content of the accumulator. The result is
placed in the accumulator. The CY and AC flags are

clearad.
1 T ol Ta s ety Ty
Cycles: 2
States: 7
Addressing:  reg, indirect
25PCY AC

Flags:

XRI data {Exciusive QR immediatel}
(A} = (A} ¥ (byte 2)
The content of the second byte of the instruction is
exclusive-CR‘d with the content of the accumulator.
The result is placed in the accumulator. The CY and
AL flags are cleared.

A I P B T P R

QR data (OR {mmediate)
(A) -— {A}V (byte 2)
The content of the sacond byte of the instruction is
inclusive-OR’d with the content of the accumuiator.
The result is placed in the accumuiator. The CY and
AC flags are ¢leared.

b1 T T Taly iyl
data
Cycies: 2
States: 7
Addressing: immediate
Flags: Z.S.PCY.AC
CMPr {Compare Register)

Ay = (1)

The content of register r is subtracted from the ac-
cumuiator. The accumulator remains unchanged. The
condition flags are set as a result of the subtraction.
The Z flag is set to 1 if (A) = (r). The CY flag is set to

data
Cycles: 2
States: 7
Addressing:  immediate
Flags: 2Z,5PCY.AC

Aeril, 1677
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1iE (A< r).
T Tag 1111 t7]slsis
Cycles: 1
Srates: 4
Addressing: register
Flags: Z,5PCY.AC
2-59



CMP M

(Compare memory}

(A) = ({H} (L))

The content of the memory location whose address
i$ contained in the H and L registers is subtracted
from the accumulator, The accumulator remaing un-
changed. The condition flags are set as a result of the
subtraction. The Z ftag is set to 1 if (A) = {{H) (L)),
The CY flag is set to 1 if {A) < ({H) (L)}.

1lol1l1iil1i1lo
Cycles: 2
States: 7
Addressing:  reg, indirect
Flags: ZSP.CY.AC
CPt data {Compare immediate}

(A) — (byte 2}

The content of the second byte of the instruction is
subtracted from the aceumuiator. The condition flags
are set by the resuit of the subtraction. The Z fag is
set 0 1 if (A} = (byte 2). The CY flag is set to 1 if
(A} < {byte 2,

Do Dy Ty T T T T,
data
Cycles: 2
States: 7
Addressing:  immediate
Flags: Z,8P.CY.AC
RLC {Rotate left)
(An+1) = {Ag) : (Agl = (A7)
(CY} =— (A9)

The content of the accumulator is rotated left one
position. The low order bit and the CY flag are both
set to the value shifted out of the high order bit posi-
tion. Only the CY flag is affected,

o loloTg T T T T,
Cycles: 1
States: 4
Flags: CY

2-60

RRC

{Rotate right}
{An} =— (Ap1):
(CY) =— (Agi _
The content of the accumulator is rotated right one
position. The high order hit and the CY flag are both
set to the value shifted out of the low order bit posi-
tion. Only the CY flag is affected.

(A7) == (Ag}

ot olote bty TH T T
Cycles: 1
States: 4
Flags: CY
RAL (Rotate left through carry)

(Apet) == (Ap) ;(CY) e {A7)

(Agl =— (CY)

The content of the accumuiator is rotated left one
position through the CY flag. The low order bit is set
equai to the CY flag and the CY flag is set to the
value shifted out of the high order bit. Only the CY
flag is affected.

0 0 0 1 0 1 1 1
Cycles: 1
States: 4
Flags: CY
RAR {Rotate right through carry)

(Ap) =— {Aps+1) ; (CY) = {Ag)

{Ag} = (CY]}

The content of the accumutator is rotated right one
position through the CY flag, The high arder bit is set
to the CY flag and the CY flag is set to the value
shifted out of the low orcer bit. Only the CY flag is

CcMa

OIOiOIII‘I{‘IIIII
Cycies: 1
States: 4
Flags: CY

(Complement accumuiator)
(A) —=— [A)
The contents of the accumulator are complemented
(zero bits become 1, one bits become 0}, No flags ars
affected,

ool T Ty T T T,
Cycles: 1
States: 4
Flags: none
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cMC {Complement carry) drass is specified in byte 3 and byte 2 of the current

(CY) - {CY) instruction.
The CY flag is comptementsd. No other flags are 1 I I 1 I i I
affected. 1 1 o 0 0 0 1 i

] low-order addr

high-order addr

Cycles: 1
States: 4 Cyclas: 3
Fiags: CY States: 10
. Addressing: immediate
Flags: none
STC {Set carry)
(CY} =1 Jeondition addr (Conditional jump}

he CY flag i 1. No other flags ara affected.
The CY flag is set to © other Tiags are a if (CCC),

(PC} == (byte 3} (byte 2)
if the specified condition is true, contrel s trans-
farred 1o the instruction whose address is specified in

ol ol 1T g la Tty

Cycles: 1
StateS' 4 byte 3 and byte 2 of the current instruction; other-
Flag s: oY wise, control continues sequentially.
i Talelceclelolr o
low-order addr
high-order addr
Cycles: 3
States: 10
Branch Group: Addressing:  immediate
Flags: none
This group of instructions aitsr normai seguential
program flow,
Condition flags are not affected by any instruction CALL addr {Caii}
in this group. {{SP) — 1) =— (PCH}
({SP) — 2} =— (PCL)
The two types of branch instructions are uncondi- (SP} == (SP} — 2
tional and conditional. Unconditional transfers simply per- (PC} —=— (byte 3} (yte 2}
form tne SDE’T'?C‘ operatafon on req:ster PC (the program The high-arder eight bits of the next instruction ad-
counter), Conditional transfers exémur:e the statlv.us‘ of one of dress are moved 1o the memory location whose
the four processor flags to detarmine if the specified branch agdress is one less than the content of register SP.
s th ::e e:facuted. The conditians that may be specified are The low-order eight bits of the next instruction ad-
3 follows: dress are rmoved to the memory location whose
CONDITION ¢ address is two less than the content of register SP,
: . cee The content of register SP is decremented by 2. Con-
NZ — notzero{Z=0) 000 trol is transferred to the instruction whose address is
Z = zeralZ= 1) 001 specified in byte 3 and byte 2 of the current
NC = nocarry (CY =0} 010 instruction,
€ - cary (CY = 1) 011 T T T T T g
P§ - ';:;n{/;:eglw =1 1?; low-order addr
M — minus(S=1) 111 high-order addr
Cycies: 5
JMP addr {Jump) States: 17
(PC) =— {byte 3} (byte 2} _ Addressing:  immediate/reg. indirect
Control is transferred to the imstruction whose ad- : Flags: none
toril, 1977 2-61
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Ceondition addr
If {CCC),
TSP} = 1) == (PCH)
{{SP) — 2) ~— {PCL)
{SP) - {SP) -2
{PC} =— (byte 3} (byte 2)
If the specified condition is true, the actions specified
in the CALL instruction (see above) are performed;
otherwise, control continues sequentially,

{Condition call)

it el el e 7T 0T
low-order addr
high-order addr
Cycles: 3/6
States: 11/17
Addressing: immediate/reg. indirect
Flags: none
RET {Return)

{PCL) = ({SP}};
(PCH) «— {(SP} + 1);
(SP) == (SP} + 2;

The content of the memory lacation whose address
is specified in register SP is moved to the low-order
eight bits of register PC. The content of the memory
tocation whose address is ane more than the content
of register SP is moved to the high-order eight bits of
register PC. The content of register 5P is incremented

by 2.,

1 i e b Ty T g Ty T
Cycles: 3
States: 10

Addressing:  req. indirect
Flags: none
Reondition {Conditional return)
If (CCC),

{PCL) - ({SP})

(PCH) === ({SP) + 1)

(SP) - {SP) +2
I the specified condition is true, the actions specified
in the RET instruction (see above} are performed;
otherwise, control continues sequentiaily,

1t 9 el eTelolo 1o

Cycles:  1/3
States: 5/11
Addressing:  rey, indirecs

Flags: none
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RSTn {Rastart)
{(SP} = 1} == {PCH)
({SP} = 2} ~— {PCL)
(SP) e (SP} —~ 2
{PC) =~— B+ {NNN}
The high-order eight bits of the next instruction ad-
dress are moved to the memory !ocation whose
address is one less than the content of register SP,
The low-order eight bits of the mext instruction ad-
dress are moved to the memory location whose
address is two less than the content of register SP.
The content of register SP is decremented by two.
Control is transferred to the instruction whose ad-
dress is eight times the content of NNN,

1 f 1 N ! N ! N 1 ! 1 r 1
Cyecles: 3
States: 11
Addressing: req. indirect

Flags: none

151413121110 9 8 7 6 § 4 3 2 1 0
lofo]ofofo o ofooToln][n]nT0]0]0]

Program Counter After Restart

PCHL {Jump H and L indirect — move H and L to PC)
(PCH) ~=— (H)

(PCL) —~— (L}

The content of register H is moved to the high-order

eight hits of register PC. The content of ragister L is

maved 1o the low-order eight bits of register PC.

1ty g T Ty T Ty
Cyecles: 1
States: 5
Addressing:  register

Flags: none
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Stack, 1/0, and Machine Control Group:

This group of instructions performs 1/0, manipulates

~ the Stack, and aiters internal control flags,

Lnless otherwise specified, condition flags are not
affected by any instructions in this group.

PUSH mp {Push}

({SP} = 1) ~=— (rh}

({SP} = 2} == (1)

(SP) =— (SP) -2

The content of the high-order register of register pair
vp is moved 1o the memory location whaose addrass is
one less than the content of register SP, The content
of the low-order register of register pair ¢p is moved
1o the memory location whose address is two less
than the content of register SP, The content of reg-
ister SP is decremented by 2. Nate: Register pair
rp = SP may not be specified.

i Al ebp| o 1 oty
Cycles: 3
States: 11
Addressing:  req. indirect
Fiags: none

PUSH PSW {Push processor status word)
{(SP} — 1) ~— (A)
{{SP) — 2)g == (CY}, ((SP) =2}y =— 1
{{SP) = g =— (P}, ({{SP} =23 = O
{{SP} — 2}y == (AC), {(SP} = g =— O
({8P) = 2g = (2}, (3P} =2}y = (s}
(SP) == (SP) —2
The content of register A is moved to the memory
location whaose address is one less than register SP.
The contents of the condition fiags are assembled
into 3 processor status word and the word is moved
to the memory location whose address is two less
than the content of register SP. The content of reg-
ister SP is decremented by two,

LR RE

Cycles: 3
States: 11
Addressing! reg. indirect

Flags: none

Aprit, 1977
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FLAG WORD

8, Dg 0O By 04 D, i Do

s Zz a AC W) P 1 cY

POP rp (Popi
{rf) == ({SP))
{rh) - ((SP) + 1}
(5P} ~— (8P +2
The content of the memory location, whose address
is specified by the content of register SP, is moved to
the low-order register of register pair rp. The content
of the memory jocation, whosa address is one morsg
than the content of register SP, is moved to the high-
arder register of registar pair rp. The content of reg-
ister SP is incremented by 2. Note: Reagister pair
rp = SP may not be specified.

1 01 frte]ao ot '3
Cycles: 3
States: 10
Addressing:  reg. indirect
Flags: none

POP PSW (Pop processor status word}
{CY) == {{SP}lg
{P) =— {{SP)}y
{AC) = {{SP)}4
(2} = (ISP)}g
(S) =— {(SP}}7
{A) -— (ISP} + 1)
(SP} = (SP)+2
The content of the memory location whose address
is specified by the content of register SP is used to
restore the condition flags. The content of the mem-
ory location whosa address is one morg than the
content of register SP is moved to register A. The
content of register SP is incremented by 2.

1f1|1i1i0i0|0¥1
Cycles: 3
States: 10
Addressing: regq. indirect
Flags: 2Z,5.°P.CY.AC
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XTHL (Exthange stack top with H and L)
(L) = ({SP)}
(H} -=e= {{SP} + 1) _
The content of the L register is axchanged with the
content of the memory location whose address is
specified by the content of register SP. The cantent
of the H register is exchanged with the content of the

memory location whose address is one more than the

content of register SP,

LI

0 0 0 1 1
Cycles: &
States: 18
Addressing:  req. indirect
Fiags: none
SPHL, (Move HL 10 SP}

(SP) === {H} (L)

The contents of registers H and L {16 bits) are moved

to register SP.

Dt Ty T T e T g T,
Cycles: 1
States; §
Addressing:  register
Flags: none
iN port {Input}
{A} —«— (data)

The data placed on the eight bit bi-directional data
bus by the specified port is moved to register A,

Dy b Ty T T T
port
Cycles: 3
States: 10
Addressing:  direct
fags: none
OUT port {Qutpur)
{data) ——— (A}

The content of register A is placed on the eight bit

hi-Lirectional data bus
ified port,

for transmission to the spec-

111 g T

"0[0'1'1

part
Cycles: 3
States: 10
Addressing:  direct
Flags: none

2~64

£l (Enable interrupts)

The interrupt system is enabled following the execu-
tion of the next instruction.

R

Cycles: 1
States: 4
Flags: none
D1 (Disable interrupts)

The interrupt system is disabled immediately fol-
lowing the execution of tha Di insteuction.

t b by Ty T Ty T 1,
Cycles: 1
States: 4
Flags: none
HLT {Hait)
The processor is stopped. The registers and flags are
unaiffected.

Cycles: 1
States: 7
Flags: none

NOP {No op)
No operation is performed. The registers and flags

are unaffected.

o' ol ol o T g g log 1o

Cycles: 1
States: 4
Flags: none
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INSTRUCTION SET

Summary of Processor instruetions

Inmstruction Cadsl’! Clock (2! Instructiom Codai!| Clack(2!

Mnameme  Descrigrion 0; O O5 04 O3 Oy Oy Oy  Cycim Magmenic  Description Dy Oy Dg D4 Oy Oz Oy Dg  Cycles
MOV .y, 2 Mowe fegrsier to regater g 1+ 0 0D B S §$ S L] RZ Antyrn on 7eco T 1 0 0 1t 6 00 &
MOV M, r  Move registér to memory 9 ¢+ 1 1 & 5§ S § 7 RMZ Agturn on no 161 i1 0 8 0 0 ¢ a st
MOV M Move mamory 10 reqoitw 91 9 0 Ot 10 1 L1 Reture a0 poditive 1+ 1 00 00 511
HLY Halt g1 1 1 a0 1 10 ? RM Return o Minys Tttt 1 1T 9 9 0 511
MVl . Mave ymmedane ragngr ¢ ¢ 0 0 0O t 1 @ H RPE Axurn on panty even IS I S I A B | 541
MY M Move immediste murmney 6 o 1 1 0 1 1 0 1t APQ Aeturn on panty odd Tt ot 4 ¢ 01 n
INR ¢ Increment requier 00 0 0 01 00 5 AST Restart 11 A A A 1t 1"
OCA+ Datrement register ¢ 0 0 0 0D 1 09§ 5 L] inpot [ TR N N B T S | 1
INA M Inesmant memory Do T o1 & 1 0 9 0 QuT Quipue Tt o9 1o & 1o 0
OCA M Ouecrement memory 4 9 v 1 & 1 2 3 19 L1 Load immediaty regrier 70 9 ¢ 0440 0 1
ADOQ r Add register to A 19 9 9 0 % 5 3§ 4 Pird &€
AQCr Adul register v A with caimy T8 49 0t 8 § 3 4 X1 o Laad immediate regirer o6 9 t g 9 0 1 1L
SUB+ Subtract regestes frgm A t 9 0 1 0 8% § 8§ 4 PMrf&E
588« Subiract coqustes brom A 0 ¢ 1+ % § 8 4 XL L.oad mmediate registae g ¢ 1 0 0 9 01 10

with borrow ParHAL
ANA ¢ And reqrsier with A t a1 0 0 § § S 4 LX) SP Load immedaate ptack poinee 0 0 F 1 0 9 & 10
XRA 1 Exclusive Dz rogutes wath A T ¢ t 9 1 5 § 8 4 PLSH B Push register Paie 3 & Coon t 1 g a0 o v 9 1 n
ARA ¢ QOr reqister with A 16 t 1 0 5 5 § % stack
CMPr Compare reqrsies wieh A 14 ¢+ * 1 8§ §5 § 4 PUSH D Push requiee Par B & € on IS T | B S/ B T | B | 1"
AROM Agd memory fo A o9 ¢ 9 1 1€ ? stack
AQC ™ AddmemarytoAwithcaeey 1 0 G 0 0 7 10 7 PUSH W Push remster Par B § L oo NS T N T B B | [}
SUB M Subwract memory from A 1 g 0 1 0 1 10 ¥ stagk
588 M Suistract memary from A rt g 9 1 1 1 12 7 PUSH PSW  Puth A and Flags | 0 T TS N | D R | B "

with borrow an stick
ANA K And rmamary with A t 0 1 @ 9 v 1 4 7 MP§ Pap register par B 3 € off T 10 9 0 ¢ 0 H
ARAA M Exelusire Or memory with & t 0 ¢ 11 10 H Stack
ORA H Or memary with A t 2 1 1 90 1 6 ? POPD Pag reqister puir 0 & § otf T 18 & 0 16
CMP M Comoats mumory waih A LN RS R N S I B T statk
ADE Add immeduare 10 4 11 o 9 0 1 1t Q ? POPH Pop register paor 4 & L oft | AN A A I A 1]
agl Add immudiate to & weth t 10 a2 1 1 19 7 stack

cMry POP PSW  Pop A and Flag t ot f t 0 90 0 t L)
E1H] Subrraet imrwdigen feam A t 10 ' 0 4 &t 47 t otf srack
S8 Subtraer wmmediate lrom A t + 4 1 1+t o0 h 7 &TA Store & diesct 1T 4 + 1 0 Q 11 13

with bosrow LDA Load A dirsct a ¢ ¢+ 1 v g v Q0 13
AN Ang wimadiste weth A 11 1 ¢ t 0 ? XCHG Exchange D &E HAL 11 ‘ [ ] 1 4
XAl Exzctusive Or immudiate with 11 1 0 t 1 1 ¢ H Ragisters

A KTHL Excnange mo of stack H A L [ S I I I | 3
aa Or immediate witht A T t 1t a4 v 10 1 SPHL M & L 1o stach ponter Tt 1 1 1+ 4 g9 5
ch Comoars imimedisce vich A [ R S D 1 BLHL & L to program countes [ T R B N | B S §
AaLc Rotaie A lajt ¢ ¢ 0 4 ¢ t 1 i 1 Ja08 AddBA&LuH&L o8 0 Q0 1 d G ]
ARC Raute & aght g0 g e 1 1 11 3 0A0D AddTGEwWHAL (AN N T SO I !
RAL Aotste A leiy (heoogh carry [LI T S N R N R EH DADH AdIHBELIOHEL a¢ 1 o0 0 9 1 1
RAA flatate & rgivt thrgugh o0 ¢ ¥ 11 1 * " DADSP  Addstackhpammrion &L a6 v 1 o+ 09 m

CMTY 5TAXB Stare A indirect ¢ 9 ¢ 9 ¢ 0 10 7
il Jump uncondisonsé - 11 6 ¢ 0 0 10 $TAXD Srare & indirect 99 ¢ + 0 ¢ 1 0 7
Ic Jumma an caery S T S N A A | mw LHAX S Load & indirect 90 ¢ 9 v o0 12 ¥
MG Jumg ea ne carry rro8 1 00 10 i0 LOAX D Load A mdirect 000 ¢ 1t g 1 2 7
jF4 Jump gn rerg 20 T S T B B B | 1] INx g Increment B & G regevitrs g0 0 ¥ o0 §
FLF4 Jump an na 2era 10 90 08 10 10 133:] incremant 0 & E ragrsters a " 0 1 0 o0 ot 5
JP Iy an oot T 1 1 1 8 ¢ 10 0 IMX H Incremant H & & registers g 94 1 2 a3 39 1 1 H
M Jumn on minus LI S S R R R 16 INX 59 Iagrement staLk gownter [ T TR ' B T B | 5
JPE Jump on panity even o8 6 1t g 10 e oCx 8 Decrament 8 & C 609 & 0 1 5 oA 5
L] Jumg on paniy odd 11 1 6 3 0 11 10 oCx 0 Decrement 0 & E a0 ¢ v v 9 oo §
CaLt Calt yncgnainanal tr o0 0 1 1 01 17 BLXH Ouerament B & ¢ ooa t o9t o0 1o 5
e Lath en cury o6 11t a0 e GEXSP  Decrament stack powter g & 4+ v otoa 1o 5
CHC Call o ng carvy T 1 a t 0 1 & 2 nny CHA Compiement & 660 1 4 1t 1 t 1 4
[ Cail on 2ero 1T 90 0 1t 1 26 Hr STC Set cary [ S D A 4
. T4 Call on na 2efa 11 4 0 a 1 90 D 14117 CMC Comalement carty [ J [ IS TR N N R 4
P Call a0 posrvee N T N S T B B B 11447 nAA Dacimal adjust A 7 9 1. 0 0 t 1 L]
P Call on munys LA IS S H A B 11447 SHLD Stovr H & L direct a0 1 8 & 0 1A 1§
CPE Call o panty even 1 % 10 t 1 0 9 131117 LHLD Load H & L direct a0 t 0o 1 4 1 0 16
[ 0} {all oo panity odd T 1 9 0 t 9 10 nn? El Enabis Interrypis L 1 1 1T 80 1 1 4
RET Asturn tt 6 9 1 o0 ¢ 19 ] Disadle interrupt L IR RS RS N S R | 4
ac Ratyrn an earty 11 0 1 10 0 @ 511 NOP No-operation ¢ 0 ¢ 0 ¢ 0 0 0 4
ANG Retuen an na cary 11 0 1 0 @8 9 0 “n
NOTES: 1. DDDeorSSS ~0008 -0 C—-0100D —011 E =100 H = 101 L — 110 Memory = 171 A,

2. Two passible cycle timas, (5/11) indicate instryction cycles dependent on condition flags,
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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 c¢ircuit. 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 symboiic repre-
sentations) are variations of the circuits presented with their
functional descriptions basically the same. The active sgate of
the inputs and outputs of the logic circuits is graphically
displayed by small circles. A small circle, at an input to a iogic
circuit, indicates that the input is an active LOW; that is, a2 LOW
signal will enable the input. A small circle, at the cutput 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.

. 1877



Table 3-1.

Symbol Definitions

LOGIC

NAME SYMBOL DESCRIPTION
NAND gate . The NAND gate performs one of the
:___:}3—* fundamental logic functions.
Al1l of the inputs have to be enabied
(HIGH} to produce the desired (LOW)
output. The output is RIGH if any
Y=28 ... R of the inputs are LOW.
NOR gate .. : The NOR gate performs one of the
0{>O—\r fundamental logic functions.
R Any of the inputs need to be enabled
(HIGH)} to produce the desired (LOW)
output. The output is HIGH if all
Y=A%8 ... 4 of the inputs are LOW.
Inverter The inverter is a device wﬁose

_DO_

output is the opposite state of
the input.

Non-Inverting
Bus Driver

NN
M|

The non-inverting bus driver is a
device whose output is the same
state as the input. Data is enabled
through the device by applying a
(LOW) signal to the E input.

Inverting
Bus Driver

L

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

3-4
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Table 3-1.

Symbol Definitions - Continued

NAME

LOGIC
SYMBOL

DESCRIPTION

Edge triggered
D type flip-flop

l,

¢ —

]

Applying a LOW signal to the preset in-
put (P) sets the flip-flop with output
Q HIGH and output G LOW. Appiying a
LOW signal to the clear input (C) re-
sets the flip-flop with Q LOW and Q
HIGH., This method of setting and re-

| setting the flip~-flop is independent
lof the ¢lock (asynchronous).

It 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

9—-—-—-——c

—_— . -
‘ 999 9

The information on the D inputé is
stored during the positive edge of
the clock (CK). The clear {C) input,
when LOW, resets al) f]ip-f10ps‘in-
dependent of the clock or D inputs.

4-8it Binary Ripple
Counter

' —

The 4-bit binary ripple counter oper-

Lation requires that the QA output be

externaliy 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,
0B, QC, and QD outputs. The reset
{RO) input resets the counter regard-
less of the clock input (CPA) when
both inputs are HIGH.

Aordl, 1977
5500
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Table 3-1. Symbol Definitions - Continued

LOGIC
NAME SYMBOL DESCRIPTION
12-Bit Binary _
Counter 0 —Cics — The 12-bit counter is triggered on the
— U2
000000000000 negative edge of the clock input (CP).
I l I l I l I ’ [ tA HIGH on the master reset input (MR)
M7 853240020 : | clears all counter stages and forces
all outputs (Q0-Q11) LOW which is
independent of the clock input.
Bi-Directional Output data from a device is present on
Device 47 s

T S 114

the DIO-DI3 lines and is enabled when
OTEN and CS are LOW. Lines DB,-DB

4. jtransfer the data to the receiving unit

Input data to the devica is present
on the 030-083 Tines and is enabled
when DIEN is HIGH and TS is LOW.
Input data is transferred to the de-
vice on the 000-003 lines.

Clock Generator

RDYIN
[ SYNC
E XTAL 2
XTAL 1

RESET
READY

revs|

92
N

—4
—
— 10
e 11

The XTAL 1 and 2 inputs allow for an
external crystal connection which pro-
duces a @1 and 92 master ciock for the
8800b. The SYNC input from the 38080
(CPU) and internal timing generate a
LOW status strobe (STS18) 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.

3-6
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Table 3-1.Symbol Definitions - Continued

NAME

LOGIC
SYMBOL

DESCRIPTION

Data Latch

3 7T 9 2 0 19 a8

5
v—0),, Dlo DIy

3 [ 3]

I

The data latch is used to store or
transfer data on the DGO-DO? outputs
by affecting the data latch control

.| inputs. There are several different

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

When data is presented to the Dig-DIy
inputs and the device selection 2
(0S2), mode MD, and strobe {STB) are
HIGH, 2 LOW device selection 1 (OST)
allows the input data to be present on
the DOO--DO7 outputs.

When data is presented to the DIg-DI4
inputs and MD and STB are HIGH, a

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

When data is presented to the.DIO-Diy

inputs and DST and MD are LOW, a HIGH

D52 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‘DO? outputs as

long as these states are present.

April, 1977
38000
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Table 3-1. Symbol Definitions - Centinued

LOGIC
NAME SYMBOL DESCRIPTION

PROM (programmable
read only memory) When the chip select input {CS)} is LOW,
the binary address at input AO through

A7 is decoded to select one of 256 ad-
) dress locations. The data is present
2 Ay on the DOI through 908 outputs.

00y D0, €0y D04 DOs D05 DOy D2g

BN
4 5 & 7

g 9 10 N

3-3. INTEL 8080 MICROCOMPUTER SYSTEMS USER'S IMFORMATION

Pages 3-9 through 3-38 are excerpts from the Intel 2030 Micro-
computer Systems User's Manual, reprinted by permission of Intel
Corporation, Copyright, 1975. Included is information on the 8080A
Microprocassor, the 8212 Input/Output Port, the 8216 Bi-Directional
Bus Criver, and the 8224 Clock Generator and Driver. It is recom-
mended that a good understanding of these integrated circuit operations
be daveloped before continuing this secticn.

3-8 April, 1877
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intel’  silicon Gate MOS 8080A
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR

The 80804 is functionally and electrically compatible with the intef® 8080.

n TTL Drive Capability s Sixteen Bit Stack Pointer and Stack
| X | Manipulation Instructions for Rapid
® 2 us Instruction Cycle Switching of the Program Environment

= Powerful Problem Soiving » Decimal,Binary and Double
instruction Set Precision Arithmetic

» Six General Purpose Registers = Ability to Provide Priority Vectored
and an Accumuiator Interrupts

» Sixteen Bit Program Counter for s 512 Directly Addressed 1/0 Ports
Directly Addressing up to 64K Bytes
of Memory

The Intel® 8080A is a compiete 3-bit parailet central processing unit (CPU}, [t is fabricated on & single LS! chip using Intel’s
n-channel silicon gate MOS process. This offers the user a high performance soiution to control and processing applications,

The 8080A contains six 8-bit general purposa working registers and an accumulator. The six genersl purposa registers may ba
addressed individually or in pairs providing both single and doubls precision operators. Arithmetic and logical instructions set
or reset four testable flags, A fifth flag provides decimal arithmetic operation,

The 8080A has an external stack featurs whersin any portion of memory may be used as a last in/first out stack to store/
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit
stack pointer controis the addressing of this external stack. This stack gives the 8CG80A the ability to easily handle muitiple
levet priority interrupts by rapidly storing and restoring processor status. It aiso provides almost unlimited subroutine nasting,
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used 1o facilitate easy interface to memory and 1/0. Signais to control the interface to memory and /O are pro-
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the
ability to suspend processor operation and force the address and data busses into 3 high impedance state, This permits OR-
tying these busses with other controlling devices for {DMA) direct memory access or muiti-processor operation. -

80304 CPY FUNCTIONAL

BLOCK DHAGRAM
aT {8 8T}
INTERNAL OATA BUS INTERNAL DATA BUS
F
FS ey & re d
EiS d L3]
ACCUMULATOR TEMS. RES,
"lll | ml I -T—‘I mun.rmsxsnl
] Y] w 8 z ]
) . I';:‘I.DPS = J TEMP REG, TEMP AEG.
ACCUMULATOR - 3 ® c ®
LATCH & . 2 AEG. REG,
. RUCTION =
b A ARITHMETIC INgTI o ® £ W
, M Logic DECOOER a AEG. REC.
uNIT MACHINE - w P ] [ARRTY |__REGISTER
LALGH cyeLs 3 AEG. REG, ARRAY
2t ENCODING
N g stackpornTer
| PROGROM COUNTER 0
DECIMAL INCAEMENTER/DECAEMENTER
ADJUST ADDRESS LATEH e
k-
TIMING
- ANO
CoNTROL K, S
POWER | = +12V mrl
SUPPLIES | o sV DATABUS INTEARUPT HOLD  waIT o ADDRESS BUFFER
WAITE CONTROL CONTROL CONTAOL CONTROL SYNG CLOCKS
e AN
—ae | DL it
WA OBIN INTE INT HOLD HOLDWAIT | $YNMC o1 »2 RESET Ay
Ack READY ADDAESS BuS

Aprid, 1977
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SILICON GATE MOS 8080A

8080A FUNCTIONAL PIN DEFINITION

The following describes the function of ai! of the 8080A 1/Q pins.
Several of the descriptions rafer to internal timing periods,

Ay5.Aqg (output three-stats)

ADDRESS BUS; the address bus provides the address to memory
{up to 64K 8-bit words) or denotes the 1/0 device number for up
to 256 input and 256 output devices. Ag is the least significant
address bit,

D7-Dg {input/output three-state)

DATA BUS; the data bus provides bi-directional communication
between the CPU, memory, and 1/0O deviges for instructions and
data transfers. Also, during the first clock cycie of each machine
cycle, the 8080A outputs a status word on the data bus that de-
scribes the current machine cycle. Dy is the least significant bit.

SYNC (output}
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to
indicate the beginning of sach machine cycle,

DBIN {output)

DATA BUS IN; the DBIiN signal indicates to external circuits that
the data bug is in the input mode. This signal shouid be used to
enzble the gating of data onto the 8080A data bus from memary
or 110,

READY linput}

READY; the READY signal indicates to the S8080A that valid
memory or input data is available on the 8080A data bus. This
signal is used to synchronize the CPU with slower memory or 1/Q
devices. If after sending an address out the 8080A does not re-
ceive 3 READY input, the 8080A will enter a WAIT state for as
long as the READY line is low, READY can also be used to single
step the CPU.

WAIT (output)

WAIT: the WAIT signal acknowtedges that the CPU is in a WAIT
state,

WR (output)

WRITE; the WR signal is used for memory WRITE or 1/0 output
control. The data on the data bus is stable while the WR signai is
active low (WR = Q).

HOLD (input} )

HOLD; the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an extermat device to gain control
of the BOBOA address and data bus as soon as the 8080A has com-
pieted its use of these buses for the current machine cycle. It is
recognized under the following conditions:

® the CPU is in the HALT state.

® the CPU isin the T2 or TW state and the READY signal is active,
As a result of entering the HOLD state the CPU ADDRESS BUS
{A45-Ag) and DATA BUS (D7-Dg} will be in their high impedance
state, The CPU acknowledges its state with the HOLD AC-
KNOWLEDGE (HLDA) pin,

HLDA {gutput}
HOLD ACKNOWLEDGE; the HLDA signal appears in response
to the HOLD signal and indicates that the data and address bus

o’
Ayg Ot 1 ——e0 A1y
GND Qm——t 2 ) Ay
D‘ Qvmsind 7 | e o] A13
DS (= D Y e A g
Dg O=—=15 —0 Atg
D, Ol pm—snl) Ag
D: Orpmieeny 7 e} A
o, o—f¢ INTEL ®f—o
D, O=—ei 9 ——u=0 Ag
D, o+=—=110 8080A 21 |04
=5V Qm——]y 11 et Ay

n

o

A
2883383388338?2323888

HOLD O———ed 13 ) +12V
INT Quemeed 14 r—— A
22 Ommmed 15 " |
INTE Qi 18 — Ay
DBIN Qwteet 17 ey WAIT
W O=—1 18 e READY
SYNC O=—-~i 19 —( 04
+{5V =t 20 p——l HLDA

Pin Configuration

witl go to the high impedance state. The HLDA signai begins  at:

® T3 for READ memory or input.

® The Clock Period following T3 for WRITE memory or QUT-
PUT operation,

In either case, the HLDA signal appears after the rising edge of ¢y

and high impedance occurs after the rising edge of 5.

INTE (output}

INTERRUPT ENABLE; indicates the content of the internal inter-
rupt enable flip/fiop. This flip/flop may be set or reset by the En-
able and Disable Interrupt instructions and inhibits interrupts
from being accepted by the CPU when it is reset. It is auto-
matically reset (disabling further interrupts} at time 71 of the in-
struction fetch cycle (M1} when an interrupt is accepted and is
also reset by the RESET signal.

INT {input)

INTERRUPT REQUEST; the CPU recognizes an interrupt re-
quest on this line at the end of the current instruction or while
haited, If the CPU is in the HOLD state or if the Interrupt Enable
flip/flop is reset it will not honor the request.

RESET (input} (1)

RESET; while the RESET signal is activated, the content of the
program counter is cleared, After RESET, the program will start
at focation Q in memory. The INTE and HLDA flip/flops are also
reset. Note that the flags, accumulator, stack painter, and registers
are not cleared.

Vss  Ground Reference.
Voo  +12 £ 5% Volts.
Vee  +5 + 5% Volts.
Veg -5 5% Volts (substrate biss).
$1.92 2 externatly supplied clock phases. (non TTL ¢compatible}

3-10
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QILICON GATE MOS 8080A

ABSOLUTE MAXIMUM RATINGS”

............... 0°Cto+70°C
-65°C to +150°C

Temperature Under Bias
Storage Temperature
All input or Output Voltages

With Respect to Vgg
Vee, Vpo and Vgg With Respect to Vgg
Power Dissipation

0.3V 1o +20V
-0.3V 1o +20V
1.5W

.........................

*COMMENT: Stresses above those listed under “Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in
the aperational sections of this specification is not impfied. Ex-
posure to absolute maximum rating conditions for extended
periads may affect device refiability.

D.C., CHARACTERISTICS

Ta = 0°C 10 70°C, Vgp = #12V £ 5%, Vg = +5V + 5%, Vgg = -5V £ 5%, Vgg = OV, Uniess Otherwise Noted.

Symbol E Paramaeter Min. Tvp. Max. Unit Tast Condition
ViLe ! Clock Input Low Voltage Vgs—1 Ves+Q8 | V
Vime | Clock Input High Voltage 3.0 Vop*i| V
Viu * Input Low Voitage Vgg—1 Vgs+0.8; V
Vin | Input High Voitage 33 Veg*ty
Vou Qutput Low Voltage 5. 0.45 v | loL = 1.9mA on all outputs,
Von | Output High Voltage 37 | Voo loH =-150uA.
Ipp (av) | Avg. Power Supply Current (Vpp) 40 70 mA ]
Operation
leg tavy | Avg. Power Supply Current (Veg! 60 80 ma [ Tey = 48 usec
lag javs | Avg. Power Supply Current {Vgg) .01 1 mA  |]
I i tnput Leakage 10 | pA | Vsgs R VN S Vec
loy i Clock Leakage £10 | wA | Vsg = Vcrock = Vop
gy (2] Data Bus Leakage in input Mode -100 A Vg R VN S Vgg +0.8V
S20 | MA L e+ 0.8V R Vi S Ve
- Address and Data Bus Leakage €10 A Vapor/maTa = Ve
During HOLD -100 VADCR/BATA = Vag + 0.45V
CAPACITANCE TYPICAL SUPPLY CURRENT VS,
TA = 25°¢C Vee = Vpo = Vgg = 0V, Vg = -5V TEMPERA:’URE, NORMAL I2ED. B3
Symbol Parameter Typ. | Max. | Unit Tast Condition = J:
Ca Clock Capacitance 17 25 pf fo = 1 MHz § !
Cin input Capacitance <] 10 pf Unmeasured Pins ; e \I\
CouTt QOutput Capacitance | 10 20 of Returned to Vgg 5 ! ;
NOTES: |
1. The RESET signal must b active for a minimum of 3 clock cyeiss. Ma v»'.:s 50 [¥:

2. When DBIN is high and Vyp > Vi a0 internal active puil up will
be switched onto the Data Bus.
3. alsupply 7 8T = -0.45%/C.

AMBIENT TEMPERATURE Q)

DATA BUS CHARACTERISTIC
DURING DBIN

mxk---- -

lo

Aortl, 1977
2200b
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SILICON GATE MOS 8080A

A.C. CHARACTERISTICS .
Ta =0°C 10 70°C, Vpp = +12V £ 5%, Ve = +5V £ 5%, Vgg = -5V 5%, Vgs = 0V, Uniess Qtherwise Noted

Symbol Parameter Min. | Max, | Unit Tast Condition
teyi3l | Clogk Period 048 | 2.0 | psec
t., t Clock Rise and Fall Time 0 50 | nsec
to1 #1 Pulse Width 60 nsec
to2 82 Pulse Width 220 nsec
tot Delay ¢y 10 ¢4 a nsec
toz Delay 99 to & 70 nsec
tpa Detay ¢y to ¢y Leading Edges 80 nsec
toa (2! | Address Output Detay From ¢, 200 | nsec }
- €y = 100pf
top (2} | Data Output Delay From o 220 | nsec
toc (2! | Signal Qutput Delay From @4, or ¢ (SYNC, WRWAIT, HLDAI 120 | nsec
tor (21 | DBIN Delay From ¢, 28 140 | nsec }C" = 80pf
tol1) Delay for Input Bus to Enter input Mode tpe | nsec
tpst Data Setup Time During ¢y and OBIN 30 nsec

TIMING WaVEFORMS ™4

{Note: Timing measurements are made at the fol lowing reference voitages: CLOCK ~1* = 8.0V
Y0 = 1.0V INPUTS “17 = 3.3V, 0" = 0.8V; OUTPUTS 1" = 2.0V, “0" = 0.8V}

oy
*
| : I
. I O
Aghy -‘L ) _l,i' : ' L & L —
l‘"‘og"'} ! i —law ' : :i' }
o — Ty [ . —= tol— l et | E [ i i
e S ¥ " i — v J
o0, X bl TTTTNED S 3&___.. ITXCT
| '[ om] ' R—ow i | :'
svnc: E T R | | BN i
—f t0c o tog e T d |
DaIN %! i l N :
bty e - top = | ; i P |
_ i TR N
f i ‘togpe—e i B
. ; | Uy =i il o
; ! i
wor T S S o 11 AU R o7 S R
ng ‘ ; ns ‘o i i! iII
wart ty —ei o | 1‘ ;" i
toemni e % s o
woLo e T
= g o ii
noa ]
O
T SE]
‘184:""'"'” i
et
INTE
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SILICON GATE MOS 8080A

A.C. CHARACTERISTICS (Continued)
Ta =0°C to 70°C, Vgp = +12V £ 5%, Vg = +5V £ 5%, Vag = -5V = 5%, Vgg = OV, Unless Otherwise Noted

9y

%

0,0,

SYNC

READY

waIT

HLOA

INT

Symbol Parameter - Min. | Max. | Unit Test Condition

tos? Data Setup Time 10 ¢4 During DBIN 180 nsec

ton (1] | Data Hold Time From ¢ During DBIN (| nsec

tig (2} INTE Qutput Delay From ¢2 200 | nsec C = 50pf

tag READY Setwp Time During ¢ 120 nsec

ths HOLD Setup Time to ¢7 140 nsec

g INT Setup Time During ¢ {During ¢4 in Halt Moda) 120 nsec

th Hold Time From ¢ {READY, INT, HOLD) 0 nsec

tep Delay 1o Fioat During Hold {Address and Data Bus) 120 | nsec

taw21 | Address Stable Prior to WA (51 nsec | ]

tow(2] | Output Data Stable Pricr to WR 8l nsec

twp(2) | Output Data Stable From WR {7 nsec

twa (2 | Address Stable From WR (7 neee | |- Cu=100pf: Address, Data
Cy=50pf: WR, HLDA, DBIN

treld HLDA to Float Delay 181 nsec

twe (2! | WR to Float Delay {8) nsec

tani2) | Address Hold Time After DBIN During HLDA -20 nsec | _|

NOTES:

1.

A .

SIS VS (A

e

. |-—e—--, twa ! 3
P
L : . ; { ; —-—————
1 : ! !
i
I
i

Lot [
' {
;I_ﬂl- __..I ‘m—'J
o Tog i
| Pt Topy e
|
L 4
! }
fom i
|
i i ol T - 5
I S —— e-
f ‘ 7
‘l 1
[ : 9

Chats input shouid Dk anabied with DBIN status. No bus conflict can then octur and data hold Time 15 assured.
toM * 30 ns or top, whichever is less.
Laoad Circuit.

’ %zm

S080A . 11
QUTPUY J'l.“.' [ N
To q_)

1Y =103+ Tra2 ¥ te2 T HeZ + 102 * trgy > 480,

TYPICAL & OUTPUT DELAY VS. 4 CAPACITANCE
-0 Y

1

+10

SPEC

A QGUTPLT DELAY Ins)
o

i
i
i
-100 -5 ¢ ™ «100
A CAPACITANCE (pi}
{Cacruar = Cerec!

, The following are relevant when interfacing the 8080A to davices heving Vi = 1.3V:

2} Maximum output rise time fram 8V to 3.3V = 100n3 @ C_ = SPEC,
bl Qurput daisy when mesayred to 3.0V = SPEC +80m @ C)_ » SPEC,
c} i Ci » SPEC, add .Bnw/pF if O > Cgpgg, subtract 3ms/pF {rom modified delav) it C < Cgpgc.

. LAW = 2 10y ~tD] ~treZ =140ntec.

oW " tCY ~tD3 a2 -170nsec.

. 1¢ ngt HLDA, two = TWa, = (D3 * teg2 +100s. If HLOA, sy = twa = TWE.

. UWF = 103 * trg2 ~50ns,

. UWE DYt tep2 ~10NS

. Data in must be stebis tor this period during OBIN -T3. Both tpgq and 152 must de satistied.

. Aasdy signal must be stable for this Dariod durng T2 or Ty, (Must be externally syncheonized. )

. Hold signsl musT be stable for this pariod during To or Ty when entering hold mode, and during T3, T4, Ty

and Tyysy whan in hold mode. (External sy nchronization is not required.)

. Intereyot signal must be stable during this Deriad of the last clock cvele of any instruction in order 1o be

recognized on the following imtruction. (Extarnal tyachronization is not required.}

. This timing diggram zhows timing redationthios onky: i doss nat rep any spacif hirvk cycie.
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SILICON GATE MOS 8080A

INSTRUCTION SET

The accurnulator group instructions include arithmetic and
logical operators with direct, indirect, and immediate ad-
dressing modes.

Move, load, and store instruction groups provide the ability
10 move sither B or 16 bits of data between memory, the
six working registers and the accumulator using direct, in-
dirgct, and immediate addressing modes,

The ability to branch to different partions of the program
is provided with jump, jump conditional, and computed
jumps. Also the ability to call to and return from sub-
routines is provided both conditionally and unconditional by.
The RESTART (or single byte call instruction) is usaful for
interrupt vector operation.

Double precision operators such as stack manipulation and
double add instructions extend both the arithmetic and
interrupt handling capability of the 8080A. The ability to

Data and Instruction Formats

increment and decrement memary, the six general registers
and the accumulator is provided as well as extended incre-
ment and decrement instructions to operate on the register
pairs and stack pointer. Further capability is provided by
the ability 10 rotate the accumulator left or right through
or around the carry bit,

input and output may be accomplished using memory ad-
dresses as 1/O ports or the directly addressed 1/0 provided
for in the 80804 instruction set.

The folliowing special instruction group compleres the 80804
instruction set: the NOP instruction, HALT to stop pro-
cessor execution and the DAA instructions provide decimal
arithmetic capability. STC allows the carry flag to be di-
rectly set, and the CMC instruction allows it to be compta-
mented. CMA complements the contents of the accumulator
and XCHG exchanges the contents of two 16-hit register
pairs directhy.

Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the

same format,

D7 Dg Dg Dg D3 Dy D¢ Dy

DATA WORD

The program instructions may be one, two, or three bytes in Jength. Multiple byte instructions must be stored
in successive words in program memory. The instruction formats then depend on the particular operation

executed.
One Byte nstructions

Dy Og D5 04 D3 O Dy Dg | OP CODE

Twa Byte Instructions

|D-,r Dg Dg Dy O3 L+ Oy Do| OP CODE
|D7 Dg D5 D4 D3 D, Dy DOI OPERAND

Three Byte Instructions

ID-,: Dg Ds D4 D3 O, Dy DOI OP CODE

D7 D Ds D¢ D3 Dy O; Do | LOWADDRESSOR OPERAND 1

TYPICAL INSTRUCTIONS

Register to register, memory refer-
ence, arithmetic or logical, rotate,
veturn, push, pop, enable or disable
Interrupt instructions

Imrnediate mode or 1/0 instructions

Jump, call or direct load and store
instructions

] D+ Ds D5 D4 03 Dy Dy Dy I HIGH ADDRESS OR QPERAND 2
For the B0BOA a logic 1" is defined as a high fevel and a logic 0" is defined as a low level.

April, 1977
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SILICON GATE MOS 8080A

INSTRUCTION SET

Summary of Procassor Instructions

imtuerion Cadal!) Clocki2l {nstraction Cadelt] Clock!(2!

Mosmonic  Dascrigtioa Oy Oy Oy 0O4 O3 02 Dy Dg  Cveis Mmemonic  Deszriptien Ur Og O 04 Os Op Oy Dp  Cycles
MOV .y, 2 Move register 1o register g0+ 0D O D35 8§ 3 5 RZ Asturn on e 1T 1 9 0 v 3 00 &M
MOV M. r  Move register 1o memory gt 1 18 8% 5 3 ? RNZ Return on ny tere Tt1 0 0 a0 ¢ 0 ETRN]
MOV e M Move mamory 1o register $ 1+ D OOV VY 7 .14 Raturn on positive 11 1 1 4 0 0 @ L b
HLT Hait _ [ I T T A ? RM Remurn on minws i1 1 1t 10 00 5
MV Migwe imemedisst rogister | IO N N+ N + SO B B 1 HPE Aurarm on garity sven 11 1 6 1t ¢ 9 9 SN
MVIM Move immediate memary 00 1 1 &t 10 10 arg Aewsrn o perity odd 1Tt 1 9 0 0 Q0 @ L3
NR T Incremunt register o ¢ 0D O DTt oD O 5 RST Restart 1 1 A A A YV 1 "
0GR Dacrament register 0 ¢ 0 D D 1 0 1t 5 IN npuz T 1 8t 18t 19
INA M incremant memary g 9 1 1 & v 0 0 19 ourT Dutpur 1T 1 0 1 0 8 1 1 10
OCRA M Decrement mamary g0 t t 9 1 01 19 Las Load immadiste register o ¢ 0 0 0 0 0 10
ADD r Add register o & 10 9 0 0 S 5 5§ + PirBAC
AOCr Add register to A with cany 1 9 0 0 1 5 & 5 4 Lo Losd immedists regisuer oo 9t 00 0 0
SUBr Subiract register Hom A 1 @ a t 0 $ § § 4 Pair D & £
sgar Subtrect register froem A 1t o a v 1 85 § 3 4 LXIH Load imimedints registes 0 ¢ % 0 & 0 0 ) i ]

with borrow Prir ML
ANAr And register with A 1 8 1 0 0 § § § 4 LXI SP Losd immedintestackpoiner 0 & 1 1 2 0 0 1 "
XRAT Exclusive Or regizter with A ¥ 0 1 g 3 § 5 8 4 PUSHE  Pushragitree Prir 8 A C on P18 0 0t 0 1
ORAr Or register with A T ¢ 1 1 48 § § L3 preey
CMP T Compary register weth A 19 1 1 1 5§ 5 8 4 PUSHO  Puth repister Pair 0 & Ean t 1 0 1 6t 01 n
ADD M Add memory to A t ¢ 0 a 01 v 0 ? staek
ADC W AddmemorytaAwithewry {0 0 O 1 1 1 0 7 PUSHH  Push cagister Pair H & L o T 1 2 401 0 "
SUd M Subtract memary from A LI S RS N I I ? ek
s M Subtract memory from A 10 0 1 1T 1 10 7 PUSH PSW  Push A snd Flags t 1 1 1 86T 9 1

vtk borrow an stack
ANA M And memory with A 10 0 8t 10 7 POPS Pop register pair 8 & £ ot P10 0 6 0 0 ¢ 10
XRA M Exciusive Or memory with A 1 6 v 0 1 1 10 7 stack
ORA M Qr mamory wath A [ T SR B T B 7 PPOD Pog regisver pair O & E off 1T 1+ 0 t 0 0 0 1 10
CMP M Compare memary wath A 10 1 ¥ 1 1t aQ ? stack
ADI Add immedisie 0 A 11T % 0 0 1 1 o0 7 POPH Pop regizowr pair H & L off T v + 0 0@ 0 1 19
AC) Add immediatt i A with tto6 o8 1o otoaq 7 stigk .

vy POPPSW  Pop A and Flags t Y 1 1 808 0 1 10
su Subtract immediare tram A Tt 9 1 a1 1t @ 7 off sack
.1 Subtract imunegiate from A T i ¢ v 11 1 @8 7 $TA Srovs A tireet e 9 t 1 40 1O 13

with borrow LOA Load A direct g0 + 1 1 0 10 12
AN And immediate with A 1T 1t 8 01 119 1 XCHE Exchange DB E HAL P11 0 1 g t 4
XA Exciutive Or immegiatewsth = 1 1 a1 1 1 @ 7 fngisters

A XTHL Exchongs op of stack NS L Tt 1 a0 0 11 18
R Or immudiss with A 11 1 1 a1 10 7 SPHL H & L o stack poinvow (D T I R I I I | §
o Camoars insmadiawe with A L2 R B A | 7 PCHL H & L ta program coumter 11 1 4 1 0 90 §
RLC Rotave A Inft e 0 & 01 11 4 OAD B MoB&CIOHEL ¢ 0 0 0 10 ¢ 10
RAC RAotute A right 0o ¢ 0 0 11 11 4 DaDD AddDLEHEL e 6 110 0 1 10
AAL Ramts A (sft throwgh carry 004 0 1 0 1 31 4 DAD H MdHELIOHEL 000 1 2t Qg 01 iIi]
RAR Rocare A right through 90 0 1 v 1 11 4 DAGSP  Addsmckosintwto HE L D0t Ot 1 0 0 1 i)

aMry STAX®  Store A indimct 0 ¢ 0 0 0 0 1 0 ?
NP Jump unconditionsl vyt 0 0 0. 0 1 ¢ [ STAXD  Siore A indirect 08 0 t Q3 9 10 ?
i Juite on carry 1 1 9 1 1 @8 1 Q0 [} LOAX S Losd A indiesct e 0 0 0 VvV 3 1 4 7
NG Jump g o CaTy 1T+ 9 1 0 0 1 9 12 LOAX @  Lowt A indinet 00 0 v 1@ 10 7
iz Jymp gn v 1 1. 0 a2 1 a0 1t 4 12 INX B Inerement B & C regatent 0 0 a0 0 0 0 11 3
N Jymp on o Lerg 11 ¢ 00 8 t oo 10 iNX D0 Incremvnt 0 & E registers ¢ 0 a4 1 40 1t 3 §
» Jump on positive IR T T TR B N N 10 INX # Inerammat H & L registars 0 1 ¢ 9 0 11 §
FL Jump an mimg 1T ¢t 1 1 & ¢ t a 0 INX 8P Increment sTack peinmer g 0 t 1 ¢ Q0 t 1 5
JPE Jump on panty sven 1T+ 1 8 1 8 10 10 DCX B Decrusnent 8 & ¢ ¢ 0 3 0 10 11 5
PG Jump on perity odd T 1 0 6 ¢ 10 1] Dex0 Decrament 0 & E P 0 6 1 1 0 1 5
CALL Galt unconditiona) 1T 1 ¢ 4 1 1 01 17 ocx B Dscrenmant 8§ & L pDa 1 0 1 0 11 §
¢t Catt on corry ty 2t t 1 09w OCXSP  Decrement stack poinwr 004 1 ot o1 o4 oy 5
CNC Cail on no carry Tt 1 0 1 0 1 0 & [Afak CMA Complement A 009 1 0 1Y 1 4
cz Call an zerg 11 6 & 1 1 ¢ @8 3tz $7C Set carry 000 t 1 0 1t 11 4
cNZ Call on 19 zero f 1 4 0 0 1 ¢ 0 Hi? CME Comphanwnt caury 0 ¢ 1t 1t 1 1 31 4
cr Call on gasinw 11 1 %1 00 uw DAA Decimal sdjust A o ¢ t 0 0 1 1 1 4
™ Lall on minus 11t 1 11 900 "y SHLD Store M & L dirsct o 0 1 0 0 0 10 16
CPE Calt on parity sven 11 1 0 1 1 ¢ 0 niz LWLD Load H & L difwet o0 1 a0 1 0 10 18
cro Calt on parity odd | IS I N D R I I | nn? El Ensti interrupts 11 1 1 1 0 1 1 4
RET Return . 1T 1. 0 0 1 0 0 3 6 ot Dissbie interrupt 11 ¢ 1 6 0 t o3 4
RC Astutn on carry 13 8 1t o B0 sMm Hop No-gperation 0 ¢ 0 0 0 0 Q 4
RNC Return on no camy T v & 1 0 ¢ 0 0 M - P
NOYES: 1. DODorSSS —0O0B-DO01C—-010D =011 E—-100 M - 101 L — 110 Memory — 111 A,

2. Two possible cycle times, (5/11) indicate instruction cycles depsndent on condition flags.
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intgl Schottky Bipolar 8212
EIGHT-BIT INPUT/OUTPUT PORT

s Fuily Parallel 8-Bit Data = 3.65V QOutput High Voitage
Register and Buffer for Direct Interface to 8080
» Service Request Flip-Flop CPU or 8008 CPU
tor interrupt Generation » Asynchronous Register
= Low Input Load Current — Clear
25 mA Max. s Replaces Buffers, Latches
 Three State Outputs and Muitiplexers in Micro-

computer Systems

» Reduces System Package
Count

®* Qutpuis Sink 15 mA

~ The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device sefection
logic. Also included is a servige request flip-flop for the generation and contral of interrupts to the microprocessor.

The device is muitimode in nature. |t can be used to implement latches, gated buffers or multiplexers. Thus, a2l of the princi-
pal peripheral and input/output functions of a microcomputer system can be implemented with this device.

PIN CONFIGURATION LOGIC DIAGRAM
SERAVICE AEQUEST F#
oS, 1 24 3 *\
Mol 2 23 DEVICE SELECTION o [
o, [ 3 22 N\ =R L
oo, 4 7 > 5519 } Nt 2>
o, s 20 (2> os2 =t/ _.__.._...D {ACTIVE LOW)
e €14
oo,[js 19 |-
2 8212 > mo wh
DI3 7 3 . 4
Do, Ly ® A S ©> st F 71T 77 oursur
o, 9 15 | | | BurFer
oo, [ 10 15 ! | I
ste[) 1 1 o v g ap-r 0o, (>
DATA LATCH g bl
ano[ ] 12 13 \J— '![ — |
E>on Ho o> o0,
- F L o c R I I
} gy !
E>D|3 i oQ 00y
1 P-cﬂ I }
E>oi, [ fa £ = 004 [T>
PIN NAMES Pieall |
|| = } |
Oly-Ot | DATA IN fiE»oig ttd0 A=t nog i8>
OO4-0O0y | DATA QUT [ - A I I
| 0% DS; . DEVICE SELECT | i I
MO MODE
§T8 | sThose >0 T T1° o 'B'FD“S@
WY T INTERRUFT (ACTIVE LOWI Herl || |
ECER | CLEAR (ACTIVE LOW | .1 |
B> 01y o a 'B—l- Doy
R=A LW
B> o1 L o BL o0 B>
reseToriver | Lfe
A i I |
fa> &R o I
IACTIVE LOW)
L
3-16 dpril, 1977



SCHOTTKY BIPOLAR 8212

Functional Description

Data Latch

The 8 ftip-flops that make up the data latch are of a
“D" type design. The output (Q) of the flip-flop will
follow the data input (D) while the clock input (C) is
nigh. Latching will cccur when the clock (C) returns
low,

The data_latch is cleared by an asynchronous reset
input {CLR). (Note: Clock (C) Overides Reset {CLR).)

Output Butfer

The outputs of the data latch (Q) are connected to
3-state, non-inverting output buffers, These buffers
have a common control lina (EN): this control line
sither enabies the buffer to transmit the data from
the outputs of the data latch (Q) or disables the
buffer, forcing the output into a high impedance
state, {3 -state)

This high-impedance state allows the designer to
cennect the 8212 directly onto the microprocessor
bi-directionat data bus.

Control Logic

The 8212 has control inputs D31, DS2, MD and
ST8. Thess inputs are used te control device selec-
tion, data latching, output buffer state and service
reguest flip-flop.

DS1, DS2 (Device Sefect)

These 2 inputs are used for device selection. When
D81 is low and DS2 is high (D51 + DS2) the device is
selected. In the selected state the output buffer is
enabled and the service raguest flip-flop (SR) is
asynchronousiy set.

MD (Mode)

This input is used to controi the state of the output
buifer and to determine the source of the cloek input
{C) to the data latch.

When MD is nigh {output mode} the output buffers
are enabled and the source of clock (C) to the data
latch is from the device selection logic (D37 - DS2).
When MD is low {input mode) the output buffar state
is determined by the device selection legic (D37 -
DE2) and the source of clock (C) to the data latch is
the,STB (Strobe} input.

STB (Strobe)

This input is used as the clock {C) to the data latch
for the input mode MD = 0) and to synchronousiy
reset the service request flip-flop (SR).

Note that the SR flip-flop is negative edge triggered.
April, 1877
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Service Request Flip-Flop

The (SR) flip-flop is used to generate and controi
interrupts in microcomputer systems. It is asyn-
chronously set by the CLR input (active low). When
the (SR} flip-flop is set it is in the non-interrupting
state.

The output of the (SR) flip-flop (Q) is connected to
an inverting input of a “NOR" gate. The other input
to the “NOR"' gate is non-inverting and is connected
to the device selection logic (557 - D82). The output
of the "NOR" gate (INT) is active low {interrupting
state) for connection to active low input priority
generating circuits.

SERVICE REQUEST FF

OEVICE SELEGTION
Y
> B }.ﬁ@
(> 082t/ .._._._D (ACTIVE LOW
Mo —— D_ WA
> 578 e cT T T oureur
I | | eurezR
i | i
B on peto ol o 2>
pataiaten | TR |
ol b
E>ot, \"I o Q t.b-‘-oog
| = { |
|
Do o o} o0 >
c [ |
Tl |
B>ot L. iB—roo‘@)
JiSing
HI
B>ot e IB-IDUS@
c |
b #t€al il |
! :
B ors 5 ST o >
! cﬂ 1 |
M y
@ o —H D oo >
. | Heal ] |
B> o LAFH> oos >
AESET DRIVER | e q
e | [ |
> &R %y |
(ACTIVE LOW)
e
™5™ Wb 108,05 - DATa OUT EQUALS e IR, DSz} | ST8 'SR | INT
L8 : —
[ R S o
I 1 1 "
. T
-_.0.;..?_ ™ 1
1 T *NTEAMNAL SR FLIP-FLOP
-
iNO EFFECT ON QUTPUT BUFRER)
3-17



SCHOTTKY BIPOLAR 8212

Appiications Of The 8212 -- For Microcomputer Systems

! Basic Schematic Symbol

I Gated Buffer

I Bi-Directionai Bus Driver
IV Interrupting Input Port

Vv Interrupt Instruction Port
VIl Qutput Port ‘

I. Basic Schematic Symbois

Twa a2xamples of ways to draw the §212 on system
schamatics—{1) the top being the detailed view
showing cin numbers, and {2) the bottom being the
symbolic view showing the system input or output

Vil 8080 Status Latch
Vvill 8008 System
IX - 8080 System:

8 Input Ports

8 Qutput Ports

8 Levei Priority Interrupt

as a system bus (bus containing 8 paralie! lings).
The output to the data bus is symbolic in referenc-
ing 8 parallel lines.

BASIC SCHEMATIC SYMBOLS

INPUT DEVICE QUTPUT DEVICE
e
4 1 ST8 4
s ot Dot
8 ] | 3
Rl - 10
RE (DETAILED) J8 sz IS0
17 18 17
19 ) 20 19
21 2z 1 ’nT CrRl 2T
23 23] w0 e
== —Aos, ! B3,
3 [12 ]2 ¥
W,
e ce outPUT
] —
SYSTEM SYMBOLIC) SYSTEM
—A SR INT - ~c} \NT CLR o~

b
DATA 8US

S
DATA SUS Voe

Il. Gated Butfer { 3- STATE)

The simpiest use of the 8212 is that of a gated
buffer. By tying the mode signai low and the strobe
input high, the data latch is acting as a straight
through gate. The output buffers are then enabled
fram the device selection logic D31 and DS2.
When the device selection logic is faise, the outputs
ara J-state.
When the device selection logic is true, the input
data from the system is directly transferred to the
output. The input data lead is 250 micro amps. The
output data can sink 15 milli amps. The minimum
high output is 3.65 voits.

3-18

GATED BUYFFER
3-STATE

QUTPUT
DATA
{1Sma)
13.B5V MIN}

INPUT
CATA

{ZEUBAIE::i:>

GATING 5 |
CONTROL GND
{57052

3212

April, 1977
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SCHOTTKY BIPOLAR 8212

lil. Bi-Directional Bus Driver

A pair of 8212's wired (back-to-back) can be used
as a symmetrical drive, bi-directional bus driver.
The devices are controlled by the data bus input
control which is connected to DS1 on the first 8212
and to DS2 on the second. One device is active, and
acting as a straight through buffer the other is in
3-state mode. This is a very useful circuit in sma!l
systern design.

31-DIRECTIONAL BUS DRIVER

V. Interrupting Input Port

This use of an 8212 is that of a system input port
that accepts a strobe from the system input source,
which in turn clears the servics request flip-flop
and interrupts the processor. The processor then
goes through a service routine, identifies the port,
and causes the-device selection logic to go true —
enabling the system input data onto the data bus.

Ver
sT8
DATA DATA
r;;> e %%
] CLR
DATA BUS = |
CONTROL —d i
Q= L =Rl GNDY
e -t v
TR
sz K |
I—a CLA
aND
INTERRUPTING INPUT PORT
DATA
INPUT BusS
STB
SYSTEM
INPUT 8212 :>
SYSTEM — —

RESET CLR INT
PORT r-_i | —_
ssi.sc-raou-L GND TQ PRIORITY CKT

(DET.0s2)

{ACTIVE LOW)

=], }
TO CPY
INTERRUPT INPUT

Y. interrupt instruction Port

The 8212 can be used to gate the interrupt instruc-
tion, normally RESTART instructions, onto the data
bus. The device is enabled from the interrupt
acknowledge signal from the microprocessor and
from a port selection signal. This signal is normaily
tied to ground. (D81 could be used to multiplex a
variety of interrupt instruction ports onto a com-
mon bus).

April, 1377
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INTERRUPT INSTRUCTION PORT

Vee DATA
_._+ 8uUs
-./-IH
£TB
RESTART
INSTRUCTION (™ 8212
IRST 0—=AST 7
—— LR,
(OS5 PORT SELECTION _— GID L\_,
INTERRUPT ACKNOWLEDGE




SCHOTTKY BIPOLAR 8212

Vi. Output Port (With Hand-Shaking)

The 8212 can be used to transmit data from the data
bus to a system output. The gutput strobe couid be
a hand-shaking signal such as “reception of data”
from the device that the system is outputting to. 1t
in turn, can interrupt the system signifying the re-
ception of data. The selection of the port comes
from the device selection logic. (DS1+ DS2)

QUTPUT PORT {(WITH HAND-SHAKING}

DATA
aus
— ™ I—-— OUTPUT STROBE
sTe

2212

X > SYSTEM QUTPUT

jo——— SYSTEM RESET

L—-——- 7 PORT SELECTION

T- {LATCH CONTROL)
4 (D505t

SYSTEM
INTERAUPT

Vii. 8080 Status Latch

Here the 8212 is used as the status latch for an 8080
micrecomputer system. The input to the 8212 latch
is directly from the 8080 data bus. Timing shows
that when the SYNC signal is true, which is con-
nected to the DS2 input and the phase 1 signal is
true, which is a TTL level coming from the clock
gensrator; then, the status data will be latched into
the 8212.

Note: The mode signal is tied high so that the cutput
on the latch is active and enabled all the time.

It is shown that the two areas of concern are the
bidirectional data bus of the microprocassor and the
contral bus.

8080 STATUS LATCH

10 m
Dof3 Ly
el D,
Ry = o,
g: 3 33 I~ DATA BUS
a4 4
8080 05 4 Ds
5
DS ] DS
D, 5
syne 12
oaiN fLZ
2 o2 STATUS
”» 15 LATCH
12:.'/-\- o, D, ;— INTA —
E — T2
—— WO i
ov % G 7 8 or
9 1g_ S1ak /\ A\
6 15 HeIA > i !
b out !
12 8212 17 BASIC Famn i
LM [N B
20 19 m:' - contRot 2 | = [\
—_— 2 2 BUS —
cLOCK GEN.  [[e1TTL) TR MEMR SYNC _./-I_-\_
R —3CL v
& DRIVER 7108, M 5%, - ] e
<1372 1 DATA * e
— DBIN iy
STATUS
Vee

3-20
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SCHOTTKY BIPOLAR 8212

VI, 8008 System

This shows the 8212 used in an 8008 microcomputer
systam. They are used to multiplex the data from
three difterent sources onto the 8008 input data bus.
The three sources of data are: memory data, input
data, and the interrupt instruction. The 8212 is also
used as the uni-directional bus driver to provide a
proper drive to the address latches (bhoth low order
and high order are also 8212's) and to provide ade~
quate drive to the output data bus. The control of
these six 8212's in the 8008 system is provided by
the control logic and clock generator circuits. These
circuits consist of flip-flops, decoders, and gates to
generate the control functions necessary for 8008
microcomputer systems. Also note that the input
data port has a strobe input. This allows the proces-

sor to be interrupted from the input port directly.
The control of the input bus consists of the data bus
input signal, control logic, and the appropriate
status signal for bus discipline whethar memory
read, input, or interrupt acknowledge. The ¢combina-
tion of thesa four signals determines which one of
these three devices will have access to the input
data bus. The bus driver, which is implemented in
an 8212, is aiso controlied by the control logic and
clock genserator so it can be 3-stated when neces-
sary and also as a control transmission device to
the address latches. Note: The address latches can
be 3-stated for DMA purposes and they provide 15
milli amps drive, sufficient for large bus systems.

8008 SYSTEM
INPUT S
Vee DATA Vee a::frea ADDRESS
-u——1 3::3 --——-r LATCHES
M,
MEMORY . - — +.OW ORDER
DATA :> 82 S 5, B tix 18 BITS}
1 X L —
T GND L'_ - : GND
NPUT | 2 .
- 00-07 S SYRCA
8008 Sif—ey 2
INPUT C:> g2 ENE HIGH ORDER
DATA T SYNC [—~| (6 BITS)
: INT [y
e bl . e
— ‘ !
T GND b
[ ; —_———— ———— -
j | MEM READ Dalapus
| INPUT | ©a5.67
| INT ACK "
{DATA 8USIN WR
INTERRUPT N[ . 1
INSTRUGTION :) . 8212 __b T CJiNT REQ. i ouT
h il — a— J
—qcR . CONTROL LOGIC
— E ] & CLOCK GEN,
GND
april, 1977 3-21
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SCHOTTKY BIPOLAR 8212

IX. 8080 System

This drawing shows the 8212 used in the I/ O section
of an 8080 microcomputer system. The system con-
sists of 8 input ports, 8 cutput parts, 8 level pricrity
systems, and a bidirectional bus driver. (The data
bus within the system is darkened for emphasis).

Basically, the operation would be as follows: The 8
ports, for example, could be connected to 8 key-
boards, each keybeard having its own priority level.
The keyboard could provide a strobe input of its
own which would clear the service request flip-flop.
The INT signals are connected to an 8 level priority
encoding circuit. This circuit provides a positive
true level to the central procassor (INT) along with
a three-bit code to the interrupt instruction port for
the generation of RESTART instructions. Once the
processor has been interrupted and it acknowledges
the reception of the interrupt, the Interrupt Acknowil-
edge signal is generated. This signal transfers data
in the form of a RESTART instruction onto the buf-
fared data bus. When the DBIN signal is true this
RESTART instruction is gated into the microcom-
puter, in this case, the 8080 CPU. The 8080 then per-
forms a software controiled interrupt service routine,
saving the status of ifs current operation in the
push-down stack and performing an INPUT instruc-
tion. The INPUT instruction thus sets the INP status

3-22

bit, which is common t‘o all input ports.

Also present is the address of the device on the
8080 address bus which in this system is connected
to an 8205, one out of eight decoder with active low
outputs. These active low outputs will enable one of
the input ports, the one that interrupted the proces-
sor, to put ity data onto the buffered data bus fo be
transmitted to the CPU when the data bus. input
signal is true. The processor can also cutput data
from the 8080 data bus to the buffered data bus
when the data bus input signat is false. Using the
same address selection technique from the 8205
decoder and the output status bit, we can select
with this system one of eight cutput ports to trans-
mit the data to the system’s output device structure.

Mote: This basic 1/0 configuration for the 8080 can
be expanded to 256 input devices and 256 output
devices ail using 8212 and, of ¢ourse, the appropri-
ate decoding.

Note that the 8080 is a 3.3-volt minimum high input
requiremaent and that the 8212 has a 3.658-volt mini-
mum high output providing the designer with a 350
milli volt noise margin worst case for 3080 systems
when using the 8212,

April, 1977
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SCHOTTKY BIPOLAR 8212

8080 SYSTEM

INPUT PORTS

STROBE ( wamted

QUTPUT PORTS

STRORBE 1 ==t
INPUT

POR"I‘1C>

rra—

STROBE 2 =——n

STROBE 3 |
INPUT

PORT 3 )

rsmmrereee O 1HT CLR JO-%

LI
iemn

STRUBE 4 —=rf STE
INPUT

PORT 4 C& 8212

O INT CLR O

¥ uo

_ See Mot 1)
Ay e
Ay =t
8080 —
ADDRESS — % 8208
BUS Ay —CHE,
A —O ::
Vee™ |
- HO GEVICE
SELECTOR
L
STATUS |
BITS
L QuTt
INT l
r- -
£
BUFFERED 1 1
Vee  CATA L Voo oy \
* BUS 1 ! :
g Pl
:: 1 1 =::
§080 =t | 25
DATA 9212 a212 ! =
BuUS 4 5 &
—s |} & ¥C-
— 70
- ' 1
Ogany = J [ : !
aNp Vee i ]
GND 1 ! T
W, t : [ ]
cCc R
I ' | PSRy J
INTERRUPT
B2 INSTRUCTION
PORT (RST} i
PRIORITY
ENCODER &
- H INTERRUPT
GND GENERATING
INT LOGIC CIRCUITS
ACK {USER DESIGNED)
B1-DIRECTIONAL
. BUS DRIVER

STROBE 5 —={ STB

PORT 5 C> 8212

L] INT CLR $o

TGIEHDl

STROBE 6 —=% ST8

e INT CLF IO

STROBE 7 ~—s] 5TB
INPUT

PORT 7 8212

SYSTEM
RESET

Note 1. This basic 1/C configuration for the 8080 can be expanded to 256 input devices and 256 cutput devices all uning B212 and the appropnate decoding.

ouTeuT
POAT 4

OUTPUT
PORT 1

QUTPUT
PORT 2

QUTPUT
PORT 3

QUTPUT
PORT &

QUTPUT
PORT &

ouTPUT
PORT &

QUTPUT
POAT 7
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SCHOTTKY BIPOLAR 8212

Absoiute Maximum Ratings*

Temperature Under Bias Plastic .. =85°C to +75%C  COMMENT. Sirasses adbova those lisred untder “Asolule Maximum Ratings”
mey cause psrmansst damage 1o the davice. This s a stress rating aniy and

Storage Temperature .......... SO 0 1800 o e o esstianst sattions of (s swacincation s A0t imphed.
All Qutput or Supply Voltages ....—05to +7 Voits
All input Voltages ............... ~1.0to 5.5 Volts
Output Currents .. .......... ... .ocvn .. 125 mA

D.C. Characteristics
T.=0Cto +75°C Ve = +5V £58%

Symbol Parameter Limits Unit Test Conditions
Min. Typ. Max.

Is Input Load Current -.25 mA Ve = 45V
ACK, DS,, CR, Di,-Dls inputs !

le Input Load Current ~.75 mA Ve = 45V
MD input

be Input Load Current -1.0 mA Ve = 45V
DS, Input

fe Input Leakage Current 10 | uA Vo = 5.25V
ACK, DS, CR, OI,-D, Inputs ;

fe Input Leakage Current 30 | pA Ve =525V
MO Input :

la Input Leakage Current 40 : MA Vs = 5,25V
DS, Input i

Ve Input Forward Voitage Clamp -1 |V lc = 5 mA

Vi Input “Low" Voitage 8 v

Vim input “High’* Voltage 2.0 v

Voo Qutput “Low’ Voltage .45 V' lo, = 15 MA

Von Qutput “‘High’ Voitage 3.65 4.0 by loy = =1 mMA

lse Short Circuit Qutput Current -15 =75 | mA Vo =0V

1o Qutput Laakage Current 20 { A Vs = 45V/5.25V
Higih Impedance State I

lee Power Supply Current 90 130 | mA

3-24 Aprit, 1977
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SCHOTTKY BIPOLAR 8212

Typical Characteristics

CUTPUT CUBHENT {ma) INPUT CURRENT (Al

LATA T OUTPUY DELAY b

INPUT CURRENT VS. INPUT YOLTAGE

o
[
Vep = 8.0V
- ///'
. f <
-100
- T, *25C
Ta el | A
%0 i /f/ :
|
i !
250 : : ; i
: 1 i
e E |
“'m.; w2 -3 [ s +2 +3
INPUT YOLTAGE (V)
QUTPUT CURRENT V3.
QUTPUT "“HIGH" VOLTAGE
o ¥ T =
Ve = HOV l
-5 L :
- Y 4
| ;
-1§ - - F "
! |
) ! H "TarBEC
-30 //( =T, m0¢
-25 / : .
.19 { " .
ey 70 on 30 4.0 5.0

T4

10

QUTPUT “HIGH” VOLTAGE iv)

DATA TO QUTPUYT DELAY
VS, TEMPERATURE

T T {
Vg = 5.0V !

| ' i

! a i A
| : i
1

' .'/’r
. Y
! Pl

TEMPERATURE *L)

QUTPUT CURRENT V8. OUTPUT “LOW" VOLTAGE

DATA TO QUTPUT DELAY ) OUFPUT CURRENT [mA}

WHITE ENABLE TO OUTPUT DELAY lns)

100 T i .
Ven = +5.0V ! .:
- | | |
i !
I ‘ /
i f
w I \///
w0 _ 5 ;
T, e
2 :
I
!
o |
L) 2 ) ] 8
QUTPUT “LOW" VOLTAGE (v}
DATA TO OUTPUT DELAY
VS. LOAD CAPACITANCE
m v i . H
Voo t08OV | ' \
T, e : i
@0 : ' .
; 1
1 : —=>
; -
: L - :.:',/‘
et
20 -
- - - L
10
. 1
% ™ 0 % ma %
LOAD CAPACITANGE (o)
WRITE ENABLE TO QUTPUT DELAY
VS. TEMPERATURE
“@ i : L :
Vg = OV | = ;
- ; -
_ ? .
20 : _ :

. \ " ’l’ -t
Bl - e — s e
- -

TH | - el
0s, .\\;"":—:‘-_-7"—-——
29 5%, < - [
" P I
L i
10 - J
25 ] 28 56 75 100

TEMPERATURE { C)
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SCHOTTKY BIPOLAR 8212

Timing Diagram

3-26

—_—— e e — —

S ——— e — I,
DATA 1.5V 1.5V
§ N — — —

-n—-—t\pw—--——t-'-l— L{¥] —-n

STB or 054 » OS2 15V ¢ 1.5V

D54 - 082 Lsy'[ \1.5\:

i | 5V
g ISEE NOTE BELOW) — ) —=y ! y
i,......_.__.___......__.....\_’-\ oH
! —— —
ouTPUT \ . ] )
N — A S —— A — - 3 VOL
] ] i
i Al | 5V
iR 15v 15V
]
— tc -

lr"_—"'——-—

) i
) Xx SV
-/

. —_——— T T TN
DATA 1_5v\7f\ 15V
—_——— e e N —

- tSET — H -~

5TB or D81 « D52 1.;\
ouTPUT \&1.5\:
e

051« 082

iNT ' \ oy

NOTE: ALTERNATIVE TEST LOAD -ty -

G
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SCHOTTKY BIPOLAR 3212

A.C. Characteristics
Ta=0°Cto +75°C  Ve- = +5V + 5%

Symbol Parameter Py I.:;::s Py Unit Tast Conditions
tow Pulse Width 30 ns

too ' Data To Output Delay 30 ns

toe . Write Enable To Output Detay 40 ns j

t | Data Setup Time 15 ns |

b | Data Hold Time 20 s

t. | Reset To Output Delay 40 | ns

t, 1 Set To Output Detay 30 ! ns !

t, + Output Enabie/Disable Time 45 ns |

te | Clear To Qutput Deiay _ 55 | ng |

CAPACITANCE® F = 1MHz Vi =25V Vee = +5V T, = 25°C

LIMITS
Typ. Max.
Cw DS, MO Input Capacitance 9 pF 12 pF

Cin D8S,, CK, ACK, DI,-Dt, 5pF 9 pF
Input Capacitance

Ceur DO.-D0, Output Capacitance 8 pF 12 pf

Symbol Test

*This parametar i3 sampled and not 100% tested,

Switching Characteristics

CONGITIONS OF TEST TEST LOAD
Input Pulse Amplitude = 2.5 v 1SmA & 30pF
Input Rise and Fall Times 5 ns

Between 1V and 2V Measurements made at 1.5V

with 15 mA & 30 pF Test Load

Voo

™
QLT

*30 pF I

* INCLUDING J1G & PROBE CAPACITANCE

April, 1977 3-27
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intel’  schottky Bipolar 8216/8226

4 BIT PARALLEL BIDIRECTIONAL BUS DRIVER

a Data Bus Buffer Driver for 8080 CPU = 3.65V Output High Voitage for Direct

s Low Input Load Current — .25 mA Interface to 8080 CPU
Maximum s Three State Qutputs
L High Output Drive Capabilii)‘ fOI' » Reduces sYstem Package Count

Driving System Data Bus

The 8216/8226 is a 4-bit bi-directional bus driver/receiver.

All inputs are low power TTL compatible. For driving MOS, the DQ outputs provide & high 3.65V Vgu. and for high capaci-
tance terminated bus structures, the DB outputs provide a high S0mA Igy capability.

A non-inverting (8216) and an inverting (8228) are available to meet a wide variety of applications for buffering in micro-
computer systems.

PIN CONFIGURATION LOGIC DIAGRAM .OGIC DIAGRAM
8216 8226
SESCh hadl —Jvee rEr__..
oo, 12 s &g Oko 1> iy o ]CV
ve, (2 sef™ 0o e’ —o % = o %
? 0o, & < o0, & :lq
o T4 g2 B % 1 —
vo, [ {s 8228 2] Joy o, o 1> oy o Dc
DB, & 1" 0o ! Pt} 08¢ [ — OBy
g ] oo, w0, o ' La oo { | :
oy 17 wl_] o, ~ { |
ano{_1s sf_| o, oy o Vl'E e o 5
—— 0 0B, 1......j §——0 98,
DOy & -&1‘ b oo, & N
PIN NAMES o1 o Vp[ o o ﬂ !
! ——0 08, — p—0 D8,
o S| oo—t—] woro <
| DiyDl, | DATA INSUT :
T 00,00, DATA OUTPUT r r _
| O®% | SlkeTion contaoL
a | Chie SELECT - o= o &
DIEN © DIEN o
3-28 April, 1977
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SCHOTTKY BIPOLAR 8216/8226

FUNCTIONAL DESCRIPTION

Microprocessors like the 8080 are MOS devices and are
generaily capable of driving a single TTL load. The same is
true for MOS memory devices, While this type of drive is
sufficient in small systems with few components, quite often
it is necessary to buffer the microprocaessor and memorias
when adding components or expanding to a multi-board
systemn,

The 8216/8226 .is 3 four bit bi-diregtional bus driver specif-
jcally designed to buffer microcomputer system components,

Bi-Directional Driver

Each buffered line of the four bit driver consists of two
separate buffers that are tri-state in nature to achieve direct
bus interface and bi-directional capability. On one side of
the driver the output of one buffer and the input of anather
are tied together (DB), this side is used to interface to the
systern side components such as memories, 1/0Q, etc., be-
cause its interface is direct TTL compatibie and it has high
drive {S0mA). On the other side of the driver the inputs
and outputs are separated to provide maximum flexibility.
Of course, they can be tied together so that the driver can
be used to buffer & true bi-directional bus such as the 8080
Data Bus. The DO outputs on this side of the driver have a
special high voltage output drive capability {3.68V) so that
direct interface to the 8080 and 8008 CPUs is achieved with
an adequate amount of noise immunity (350mVY worst case}.

Control Gating DIEN, CS

The CS input is actually a device select. When it is “high”
the output drivers are all forced to their high-impedance
state. When it is at ""zero” the device is selected {enabled)
and the direction of the data flow is determined by the
DIEN input,

The DIEN input controls the direction of data flow (see
Figure 1) for complete truth table. This direction control
is accomplished by forcing one of the pair of buffers into its
high impedance state and allowing the other to transmit its
data. A simple two gate circuit is used for this function,

The 8216/8226 is a device that will reduce component count
in microcomputer systems and at the same time enhance
noise immunity to assure reliable, high performance op-
eration.

Aprii, 1977
S8G00

o, o V_"E
pr—) Dao
00,0 J\IL
o1, o VIC
l——m < 08,
00, o <}
o1y o VI {
"ﬁ e —) D!:
003: “~d
Ol 0 V!E
o—j $—— D8,
DO:C “~J
[=]
it o
GIEN o
{a) 8216
) —
o V"
"
00,3 Q:
S
oI, >
> os,
DO, G %
3
o, o :;
j ———25 08,
DO:-
ot o bc l
.L——-I ) Ds:
0040 o<}
g’% g
DIEN &
(b) 8226
DIEN!CS |
% o D08
LK) 9 OB=00
IR ——
T3 1. .
Figure 1. 8216/8226 Logic Diagrams
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SCHOTTKY BIPOLAR 8216/8226

D.C. AND QPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . ... ... .. o . i 0°C 10 70°C
Storage Temperature . . . ... ... e -85°C to +150°C
All Qutputand Supply Voltages . . ... ... ... i ~0.5V to +7V
Al IDUE VOIagES . . . . . e - =1.0V to +5.5V
QutputCurrents . .. .. ... ... .. ... e, e e e e e e e e e 125 mA

*COMMENT: Strasses sbave those jisted under “Absolute Maxémum Rating’” may cause permanent damage to the device. This is 3 stress rating
only and functional operation of the device at thess or at any other condition above those indicarad in the operational sections of this specifi-
cation is not implied.

Ta = 0°C to +70°C,Veo=+6V 5%

Limits
Symbol Parametsr Min, Typ. Max. | Unit Conditions
e Input Load Current DIEN, CS -0,15 | -5 mA VE =0.45
ig lnput Load Current Alt Other Inputs -0.08 -.2% mA, Ve =0.45
[ Input Leakage Current G1EN, CS 20 uA Vg =625V
Ing Input Leakage Current DI Inpute 10 LA Vr =5.25V
Ve Input Forward Voltage Clamp -1 V' o =-5mA
ViL Input “Low"™ Volitage .95
Vin Input “High" Voitage 2.0 v
o | Cutput Leakage Current Do 20 A Vo = 0.45V/5.25V
{3-State) D8 100
| p Supoly Current 8216 95 130 mA
awer Sup rren -
ce e 8226 8 | 120 | mA
Voo Cutput “Low” Voitags 0.3 .48 v DO Qutputs fgp=15mA
OB Qutputs Ig =25mA
8216 0.5 v OB Quiputs lo) =55mA
Vouz Qutput “Low” Voltage
8226 Q.5 v 0B Quiputs Ig =50mA
Vo1 Output “High" Voitage 3.65 4.0 v DO Cutputs gy = - TmA
Va2 Qutput "High' Voitage 24 3.0 v DB Qutputs gy = -10mA
os OQutput Short Circuit Current ~ -15 -35 -65 mA DO Outputs Vo =0V,
-30 -78 =120 mA DB Qutputs Vee=5.0V

NOTE: Typical values are for Ty = 25°C, Voo »5.0V.

Aprtl, 1977 3-31
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SCHOTTKY BIPOLAR 8216/8226

WAVEFORMS
woors Xos

--—t,b—ﬂ

X X
|— ¢ —— t—‘o—‘ -T’

“\ Vou
AUTPUTS !.SVX ' I

A.C. CHARACTERISTICS
Ta = 0°C 10 +70°C, Vg = +5V £5%

' |
f Limits ;
Symbol Parameter Min. Typ.[1) Max. | Unit Conditions
Ten1 Input to Qutput Delay 0O Quiputs 18 25 ns Cy=30pF, R4=30002
i R-=60082
Tep2 Input to Qutput Delay DB Qutputs '
' 8216 20 30 | as | C_=300pF, R;=90Q
8226 ‘ ® | 26 | ns | Ry=1800
Te Qutput Enable Time |
8216 5 | &5 ns | tnote2)
8226 3B | 54 s | (Now3)
s Output Disable Time |20 | 35 ns | (Notad)
. W,
TEST CONDITIONS: TEST LOAD CIRCUIT fc
Input puise amplitude of 2.5V, %
Input rise and fail times of 5 ns between 1 and 2 volts, i M
Qutput {oading is 5 mA and 10 pF. oot & ]
Speed measurements are made at 1.5 volt levels, !
=c R,
Capacitance!™ &
: Limits
Symbol | Parameter Min. | Typ.l1l Max. | Unit
Cin | Input Capacitance 4 8 | pF
CouTi ! Qutput Capacitance & ;10 pF
Cauts | Output Capacitance 13 i 18 pF

TEST CONDITIONS: Vgjag = 2.5V, Veg =5.0V, Ty =25°C, f = 1 MHz.

NOTES: 1. Typical values are for Ta = 25°C, Voo = 5.0V,

1

2. DO Outputs, €y = 30pF, Ry = 300/10 K2, Rz = 180/1KQ; D8 Qutpurs, € = 300pF, Ry = 90/10 K, Rp = 180/ K22,
3. DO Qumputs, C = 30pF, Ry = 30010 K12, Ry =600/1K; DB Quiputs, C = 300pF, A = 20/10KQ, ARy = 180/1 KA.

4. DQ Qurputs, C_ = 5pF, Ry = 300/10 K2, A2 = 600/1 K2 D8 Qutputs, C_ = 5pF, R = 80/10 K2, Ag = 18071 K&,

5. This parameter is geriodically sampled and not 100% tested.

3-32 April, 1877
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ntef Schottky Bipolar 8224

CLOCK GENERATOR AND DRIVER
FOR 8080A CPU

m Single Chip Clock Generator/Driver B Qscillator Qutput for External

for 8080A CPU System Timing
® Power-Up Reset for CPU ® Crystal Controlled for Stable System
m Ready Synchronizing Flip-Flop Operation
® Advanced Status Strobe ® Reduces System Package Count

The 8224 is a single chip clock generator/driver for the 8C80A CPU. It is controiled by a crystal, selected by
the designer, to meet a variety of system speed requirements,

. Also included are circuits to provide power-up reset, advance status strobe and synchromzatlon of ready,

The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing
for 8080A.

MN CONFIGURATION BLOCK DIAGRAM
g ::::: OSCILLATOR :}t o[>
aeser (] o 16l T vee fi> rtamx —

ResiN_} 2 s ] xraL -‘D-—OT >
T o PR s P Wl ®
-3 :

reEsoy (4 13 Tanx

8224 . Y i TTU[E>
syne [ |s 2 Josc
#mul]e o g > s - sTevE 7>
stsBl |+ ol 14 !
L — "2 D .1 £417] | o )
V
ano(]s o vge SCHMITT
T Lde 3 AsseT (>
B> novm 50 reaov >
—ic
PIN NAMES
TREGIN | RESETINPUT . . XTAL1 | CONMECTIONS -
T RESET | RESETOUTPUT . | xTAL) ‘1 FOACAYSTAL )
TROYIN | AEADY INPUT . | TamK T SEDWITHOVERTONE XTAL
" READY | READY OUTPUT = 0SC | OSCHLLATOR QUTPUT
CSYNC SYNCINPYT - . o iTTLL - cg CLKITTL LEVEL
" ETSTE | STATUSSTE L Nep 5y
; | aeTIVELOW) e v
i o { eoeo ! GND oV
] |} £LOCKS
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SCHOTTKY BIPOLAR 8224

FUNCTIONAL DESCRIPTION

General

The 8224 is a single chip Clock Generator/Oriver for the
8080A CPU. it contains a crystal-controtied oscillator, a
“divide by nine" counter, two high-level drivers and saveral
auxiliary logic functions.

Osciilator

The oscillator circuit derives its basic operating frequency
from an external, series resonant, fundamenta! mode crystal,
Two inputs are provided for the crystal connections {XTAL1,
XTAL2).

The selection of the external crystal frequency depends
mainly on the speed at which the 8080A is to be run at,
Basically, the oscillator operates at 9 times the desired pro-
cessor speed.

A simpie farmula to guide the crystat selection is:

Crystal Freguency = t—‘-- times 9

CY
Exampie 1:  {500ns toy)
2mHz times 9 = 18mMz”*
Exampie 2:  (800ns tey)

1.28mHz times 9 = 11.26mHz

Another input to the oscillator is TANK. This input allows
the use overtone mode crystals, This type of crystal gen-
erally has much lower ““gain” than the fundamental type so
an external LC network is necessary to provide the additional
“gain”’ for proper oscillator operation. The external LC net-
work is connected to the TANK input and is AC coupled to
ground. See Figure 4.

The formula for the LC netwark is:

1

2r+/LC

F=

The output of the oscillator is buffered and brought out
on OSC (pin 12) so that other system timing signals can be
derived from this stable, crystai-controlled source.

*When using crystals above 10mMz 2 small amount of frequancy
“trimming’’ may be necessary to producs the exact desirsd fra-
quency. The addition of a small selacted capacitance {3pF - 10pF)
in series with the crystal will accomplish this function.

Clock Generator

The Clock Generator consists of a synchronous ““divide by
nine’’ courrter and the associated decode gating to create the
waveforms of the two S0BOA clocks and auxiliary timing
signals.

3-34

The waveforms generated by the decode gating follow a
simple 2-5-2 digital pattern. See Figure 2. The clocks gen-
erated; phase 1 and phase 2, can best be thought of as con-
sisting of “‘units’’ based on the oscillator frequency. Assume
that one “unit” equals the period of the oscillator frequency.
By muitipiying the number of “units” that are contained in
a pulse width or delay, times the period of the oscillator fre-
duency, the approximate time in nanosaconds can be derived.

The cutputs of the clock generator are connected to two
high level drivers for direct interface to the 8080A CPU. A
TTL level phase 2 is also brought out ¢2 {TTL) for external
timing purposes. It is especially useful in DMA dependant
activities. This signal is used to gate the requesting device on-
o the bus once the S8080A CPU issues the Hoid Ack-
nowledgement {(HLDA).

Several other signals are aiso generated intemnally so that
aptimum timing of the auxiliary flip-flops and status strobe
{STSTB} is achieved.

ATAL1—
E> OSCILLATOR g
> xraL2 - Ll

03> rank —eed

-CLOCX
G f:a ——D_ by @

6,0 3, Al O,ITTUD
E>» s - grETE [T
Z> #EEw D5
SCHMITT
werr Lle 5 azser [T
E> novw o af neaoy [
c
1
TUNIT = 55
FREQ
142
k) 1 -ﬁ
|
I
1 1 1 t I I st}
t12t31ia1is{11 2
LY I | i ¥ . L

EXAMPLE: 19080 1, = 500ns}
OSC = 18mH1/55ns
21 = 116G {2 x 58my)
2 #275m (3 x 5m)
S2-21 = 11008 (2 2 55m}

April, 1§77
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SCHOTTKY BIPCLAR 8224

STSTB (Status Strobe}

At the baginning of each machine cycle the 3080A CPU is-
sues status information on its data bus. This information
tells what type of action will take place during that machine
cycle, By bringing in the SYNC signal from the CPU, and
gating it with an internal timing signal {¢1A}, an active low
strobe can be derived that occurs at the start of each ma-
chine cycle at the eariiest possible moment that status data
is stabie on the bus, The STSTB signal connects directly to
the 8228 System Contrailer.

The power-on Reset also generates 3TS78, but of course,
for a longer period of time. This feature allows the 8228 o
be automatically reset without additional pins devoted for
this function.

Power-On Reset and Ready Flip-Flops

A commeon function in 8080A Microcomputer systems is the
generation of an automatic system reset and start-up upon
initial power-on. The 8224 has a built in feature t0 accomp-
lish this feature,

An external RC network is connected to the RESIN input.
The slow transition of the powaer supply rise is sensed by an
internal Schmitt Trigger. This circuit converts the stow trans
itien into a clean, fast edge when its input !evel reaches a
predetermined value. The output of the Schmitt Trigger is
connected 1o a "D type fiip-flop that is clocked with 920
fan internal timing signal). The flip-flop is synchronously
reset and an active high level that complies with the 8080A
input spec is generated. For manual switch type system Re-
set circuits, an active low switch closing can be connected
to the RESIN input in addition to the powsr-on RC net-
network.

g xrart— - N
> “nudmumu 1> ose [
= TANK ]

B> s
E> ow
ECHMITT
NPT
> aovw
c 3
Aoril, 1977

£800b

The READY input to the 8080A CPU has certain timing
specifications such as “"set-up and hold” thus, an externai
synchronizing flip-flop is required. The 8224 has this feature
built-in. The RDYIN input presents the asynchronous “wait
request” to the D" type flip-flop. By clocking the flip-flop
with ¢2D, a synchronized READY signal at the correct in-
put ievel, can be connected directly to the 8080A.

The reason for requiring an external flip-flop to synchro-
nize the “‘wait request” rather than internally in the 3080
CPU is that due to the refatively long delays of MOS logic
such an implementation would “rob” the designer of about
200ns during the time his lagic is determining if a “"wait”
is necessary. An external bipolar ¢ircuit built into the clock
generator eliminates most of this delay and has no effect on
component count,

— 4 ABOVE 10 MHE

FOR OVERTONE
s O
=T 1.10pF
| | taNLY NEEDED
L- -T
1

13 T L]

1

7
T— STETR(TO S22 M 1)
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SCHOTTKY BIPOLAR 8224

D.C. Characteristics
Ta = 0°C t0 70°C; Vg = +5.0V £5%; Vg = +12V 5%,

Limits
Symboi Parameter Min. Typ. Max, Units Test Conditions
e Input Current Loading =25 mA Vg = .45V
1] input Leakage Current 10 HA Vg = 5.28V
Ve input Forward Clamp Voltage 1.0 V' e = -5mA
Vin Input “Low’ Voltage .8 v Veo = 5.0V
Vin Input “High" Voltage 2.6 v Reset Input
20 All Other Inputs
Vin-ViL |  REDIN Input Hysteresis .25 my Voo = 5.0V
Vor Qutput “Low” Voltage .45 v {®1.02), Ready, Reset, 3TS18
iOL =22.5mA
45 v Alt Other Qutputs
o = 15mA

Van Qurput “High” Voltage

LT 2.4 v fon = -100uA

READY, RESET 36 v lan = -100uA

All Cther Qutputs 24 v lgy =-TmA
lgelt] Output Short Circuit Current -10 -60 mA Vo =0V

{All Low Vaoltage Outputs Oniy} ' Vee = 5.0V
lce Power Supply Current 1185 mA,
Ino Power Supply Current 12 mA

!

Note: 1. Caution, 91 and ¢ output drivers do not have short circuit protection

CRYSTAL REQUIREMENTS

Tolerance: .005% at 0°C -70°C
Resonance: Series {(Fundamental)®
Load Capacitance: 20-35pF
Equivalent Resistance: 7520 ohms
Power Dissipation {Min): 4mw

*With tank circuit use 2rd overtone mode.

3-36
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SCHOTTKY BIPOLAR 8224

A.C, Characteristics
Vee = +6.0V £ 5%; Vpp = +12.0V = 5%; Ta =0°C o 70°C

Limits Tast
Symbal Parameter Min, Typ. Max. Units Conditions
t ¢4 Pulse Width Z’T"" - 20ns
: Stcy
te2 @9 Puise Width 5 " 38ns
to1 #1 to 9o Delay 0 nsg
2tey
to? $2 to ¢y Delay e 14ns Cy, = 20pF to 50pF
tpa 94 to ¢ Dulay 2% _Z_tgﬂ + 20ns
ta $1 and ¢4 Rise Time 20
tg ¢1 and ¢4 Fall Time 20
toe2 97 10 ¢ {TTL) Delay -5 +15 ns d2TTL,CL=30
R4y=30082
R »=60052
tpss $4 to STSTB Delay Gtey _ 0ns 5%
tow STSTE Pulse Width Y _ 15ns STST8,CL=15pF
g Ry =2K
RADYIN Setup Time 10 4t Rp » 4K
t i) 4
oRs Status Strobe S0ns 9
RDYIN Hold Time d1cy
t
ORH After STSTH 9
toa RDYIN or RESIN to dtey _ 2Bns Ready & Reset
¢2 Delay 9 CL=10pF
Ry=2K
Ro=4K
tek CLK Period ‘gi"
Maximum Osciitating
Frmax Frequency a7 MHz
Cin Input Capacitance 8 pF Veos+5.0V
Vpp=+i12V
Vaiag=2.5V
{=1MHz
TESY
ciacwt
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.

ong—i | .
T .
ﬁﬂVlNQlREﬁlﬂ.- %---------_-------------------
T
! i
nmvou‘r- -------- ---“-----‘E i
i S A b b TR W R S e R W R P e = w am

!
: fom

i 1
RESET QUT 1&
VOLTAGE MEASUREMENT POINTS: o4, ¢ Lagic “0" = 1.0V, Lagic “3" = 8.0V. All othar signals measured at 1.5V,
EXAMPLE:
A.C. Characteristics (For tcy = 488.28 ns}
Ta = 0°C 10 70°C; Vpp = +5V £5%; Vpg = +12V 5%,

Limits
Symboal Paramater Min. Typ. Max. Units Tast Conditions
tay 61 Pulse Width 89 ns || tey=488.28ns
te2 9 Puise Width | 238 ns '
o9 Delay ¢ to @4 |0 ns
to2 Delay ¢ 10 94 TR as Ll @ & #o Loaded 10
. ; C = 20 to S0pF
tnq Deiay 01 to ¢4 Leading Edges | 109 129 | ns
1, Qutput Rise Time 20 ns
ts Qurtput Fall Time 20 ns
tnss ¢7 ta STSTS Delay 296 326 ns
t0az d3 10 @7 (TTL) Delay -5 +15 e
t Status Strobe Pulse Width
o Al B 9 ns Ready & Reset Loaded
toRs [ ROYIN Setup Timeto STSTB -167 ns ta 2mA/10pF
tORH RDY!N Hold Time after ST518 217 ns All megsurements
tor READY or RESET 192 ns referenced to 1.5V
to ¢ Delay unless s_pecnﬁed
otherwise,
famAax Oscillator Frequency 18.432 MHz
3-38 Aprit, 1977

280¢h



3~4. SCHEMATIC REFERENCING

The detailed schematics of the Interface circuit, CPU circuit,
and Display/Control panel are provided to aid in determining signatl
direction and tracing. A solid arrow (—==) 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 2s 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 bracketad, 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. B8800b 8LOCK DIAGRAM DESCRIPTION (Figure 3-1)

The 83800b computer contains four basic circuits; the Central
Processing Unit (CPU), Memory, an Input/Output (I/0) section, and
the Front Panel. The CPU controis 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, pewer-on oper-
ation and run operation are explained in paragraphs 3-8 through 3-10.

3-6. CPYU TQ MEMORY OR 1/0 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 [/0 devices. The signals on this bus. represent a particular

April, 1877 3-39
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Figure 3-1. 8800b Basic Block.
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memory address location or external device number that is needed to
establish communications with Memory or 1/0 devices. Once the ad-
dress data (AP-A15) is presented to Memory or 1/0 devices, the CPU
generates various STATUS signals. The STATUS signals enable decoding
of a memory address or conditions the I/0 device card to send or re-
ceive data from the CPY

Data from Memory or 1/0 devices is presented on the DATA IN
lines (DIP~D17) and applied to eight non-inverting bus drivers. The
drivers are enabled by a PDBIN signal from the CPU and a BC C (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 Tines (DP-D7) which input the data to the
CPU.

Data outputted to Memory or I/0 devices is presented to the
DATA OUT 1ines (DOP-DO7) 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 QPERATION

The Front Panel Operation is very similar to Memory or 1/0
section operation. The Front Pane] gains control of the CPU by
producing a HIGH BC signal. The BC signal disabies the DATA IN
(DI1g-DI7) lines from a Memory or 1/0 Device and enables the
FOI@-FDI7 1ines. The FDIP-FDI7 Jines 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 (DC@-DO7) 1ines and displayed on the Front Panel.

3-8. SYSTEM CLOCK

The system clock (F) for the 8800b is Tocated 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 P and 92 outputs operate at a frequency of 2 MHz,
which determines the speed at which the 8080 (M) will operate.
The 91 and 92 clock signals are presented to the bus (zone A7)
through inverter A and inverter bus driver J, respectively. The
P1 clock is used by memory and external 1/0 cards, and the 22 clock

ﬂs applied to the 24-bit counter on the Display/Control card (Figufe
977
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3-16, sheet 1, zone D2) through the Interface card (Figure 3-15,
sheet 2, zane 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 becauss 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 82) 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 Cé)
and applied to three circuits on the Display/Control Card. It clears
the M1 flip-flops (zone C7) through NOR gate T1 and inverter J1
(zone C6), insuring that single step operation is disabled. I*
presets the M1 flip-fiop (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 R which inverts it HIGH to reset
the PROM counter. The POC sfgnal 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 1is being clocked by 92 which will condition
circuits on the Display/Control card. The TI3 output (zone D1)
from the counter is applied to the clock {CK) input of quad latches
Cl, F1, H1, G1, NI, UT, Y1, and W1 (zones B9-B1)} through non-invert-
ing bus driver K1 (zones Al and D1) and inverter J1 (zone C1). The
€13 signal clears the quad Tatches in the following manner to insure
all latches are conditioned after POC. The inputs to quad latches
Ci, F1, H1, and G1 are HIGH because no switches are activated.
After the first TT3 clock, all the T outputs are LOW and applied
to the inputs of quad Tatches N1, U1, Y1, and W1 (zcnes 83-81).

3-42 April, 1377
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The occurrence of the next C13 clock latches the Q outputs LOW
and the Q outputs HIGH during the POC operation.

When VCC is present in the CPY circuits, another RC time
constant affects the clock generator F (Figure 3-14, zone
B7}. Capacitor C2 will charge to the VCC 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 87)
to clear the 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 QPERATION

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.

Tne RUN/STOP circuits are located on the Display/Control
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 39) to go HIGH. This HIGH is applied
to quad latch NI, input D2. The next C13 clock causes the ¢ 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 FROY 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 2-40).

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 Al). 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

1877
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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. 8B800b 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 brder to perform a data
processing operation, basic machine cycles are required.

The Instruction Fetch Machine cycle is a basic machine cycle
neaded 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
externai 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 jdentical
in all of the data transfers. [t is important to note tha* there
are many variations of data transfer which are dependent on the
programmer.

3-12. INSTRUCTION FETEH CYCLE

The Instruction Fetch Cycle is the first machine cycle (M) 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 Ffetch cycle
because, during the fetch cycle, the CPU is informed as to what
operation will be performed next.

3-44 Aprdl, 1377
' 3800b



3-13. INSTRUCTION FETCH CYCLE OPERATION (Figure 3-2)

The Instruction Fetch Cycle is initiated whenaver the P
counter is incremented to a new memory address location
(e.g. 000 100g) where an instruction (e.g. 072g) is stored. In
order to fetch the 0728 data from memory during machine cycle one,
several signals are generated by the CPU.

A PSYNC output from the CPU is applied to memory to condition
for address decoding. Next the ADDRESS (000 1008), consisting of
sixteen parailel outputs (AP-A15) from the CPU, is presented to
the Display/Control Card and memory. The AP through AlS signals
drive the appropriate address buffers, illuminating the light
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 91
CLOCK to complete the Instruction Fetch Cycle. The SM1 output is
applied to the Display/Control Card through the Interface Card to
Tight the M1 (machine cycle 1) LED on the 8800b 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 0728 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 8300b 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 Dispiay/
Control Card through the Interface Card to Iight the MEMR {memory
read) LED on the 8300b front panel. This operation is performed
when the P counter is incremented, indicating a new memory address.

3-14. INSTRUCTION FETCH CYCLE DETAILED QPERATION

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 P1 and P2 .ciock pulses. Each clock
period performs a particular operation as described in the follow-
ing paragraphs.

April, 1977
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During the latter portion of T1, several outputs are gener-
ated by the CPY (M) (Figure 3-14): address data AP through Al5
(zone B8), status data D@ 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 Disptay/Control card. The A® through Al5
signals present on the Display/Control card light the appropriate
AD through A15 LEDs, indicating the memory address.

The D@ through D7 data is applied to K {zone 85) 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 B87) and memory as
PSYNC via pin 76 {zone 01) 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 STS18 (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 85), 21lowing
the status data D@ through D7 to be stored in K. The status

data present at the output of K conditions the memory to fetch the
instruction (0728) from its addressed memory location (e.g. 000 ]008)
by enabling the following signals.

A SMI and SMEMR HIGH output from K is presented on pins 44
and 47 of the bus (zone AS) through non-inverting bus drivers X
and R. The SM1 and SMEMR signals are applied through inverter ¥
on the Interface card (Figure 3-15, sheet 2, zone B5) and presented
to the Display/Control card as SMT and SMEMR. The SM1 and SMEMR
signals present on the Display/Control card Tight 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 AS)

is applied to memory, initiating a data transfer to the CPU during
T3.
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At the beginning of T3, the instruction (0728) data is
transferred from memory to M on the CPU. The memory data (DIP
through DI7) issupplied to the CPU card (Figure 3-14, zone 81)
Tfrom 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 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 (DIGY is high when the front panel is not used). This allows
data input from memory (DI-DI7) to be enabled through inverting
bus drivers L and J (zone B4) and applied through bi-directional
gates D and £ 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
Cycle {M1). Ouring a Memory Read Cycle, an address is transferred
to the CPU from memory. This address is either an external device
number or a memory location (depending upon the instructions
received during M1).

3-16. MEMORY READ CYCLE QPERATION (Figure 3-43

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 éonsists-of 8 data

Aoril, 1677 3=-49
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bits (1 byte). However, if the CPU is instructed to communicate
with memory, two Memory Read Cycles are required because the memory
address consists of 16 data bits (2 bytes).

The two Memory Read Cycles obtain the memory address (e.q.

000 2008) that is required by the CPU to compiete the instruction.
Since one byte (8 bits) of the two byte address is transferred
during 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 1014
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 1014
and the first Memory Read Cycle is initiated. Severa! 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 (Ag-
A15) from the CPU, is presented to the Display/Control Card and
memory. The AP through A15 signals Tight the appropriate address
1ight emitting diodes (LEDs)} on the Display/Control Card. The

- ADDRESS and PSYNC signals present at the memory from the CPU initi-
ate decoding of the address (000 1018).

The CPU then generates three signals, SMEMR, POBIN, and 91 to
complete the Memory Read Cycle. The SMEMR, PDBIN, and 91 outputs
are presented to memory to enabie decoding of the address (000 1018).
With the address decoded, the 2008 data presen. in that location is
transferred to the CPU on the eight DATA IN {DIP-DI7) lines. The
DIGY input to the CPU from the Interface Card is enabled when the
8800b is in the run mode, permitting memory data to be transferred
to the CPU. ; ‘
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The SMEMR output is presented to the Display/Control Card through the
Interface Card to light the MEMR {memory read) LED on the 8300h 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 compiete 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 genarated
by the CPU (Figure 3-14); Address data A@ through A15 (zone B8},
status data Of through 07, and a SYNC signal (zone C8). The Ap
through A1S 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-directicnal 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 01) on the bus through non-inverting
bus driver V (zone 08). The PSYNC signal conditions memory to decode
the address data. :

During the beginning of 72, a 3TSTB (zone B7) is generated (LOW)
from F as a result of the HIGH SYNC input and internal timing of F.
The STSIB is applied to the data latch ¥ (zone BS), 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

3-52 April, 1977

2330h



AU AW a W a W a U oY
a\alia\la\lailial

A1s-0 ——/ 8YTE \—/ 3YTE A\
_ONE TWO
- _/ STATUS W LSBS, 7 STATUS '+ msas, |
() 7-0 - | WU | S

esne 1/ |\ /T
PDBIN / s

PWR

$TATUS
INFORMATION | ‘K SMEMR

)( SMEMR |

Figure 3-3. ‘Memory Read Cvcia THining.

April, 1977
2303b

Lad
o1



loqation {ex. 000 10!8) 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, sheet 2, 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 AS5)
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
Tocation {2008) are transferred from memory to the 8080 (M) on
the CPYU. The memory data in (DI@ through DI7) is applied to the
CPY 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 $ {zone B3) by the
PCBIN signal.

At the latter portion of T2 and the beginning of T3, a DBIN
output (zone C8) HIGH is generatsd by M. The DBIN ocutput is
applied to the DIEN inputs (zone C7) of D and £ and pin 4 of NAND
gate C (zone B4) as POBIN. This signal emables pin 6 of NAND gate
€ LOW (DIG 1 is high when front panel is not used). This allows
the data in from memory (DI - DI7) to be enabled through invert-
ing bus drivers L and J (zone 84) and appiied 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 CPY.

[t is important to note that only one Memory Read Cycle operation
is requirad 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 (XXXS) 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 cperation (M3).
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3-19. INPUT READ CYCLE OPERATION (Figure 3-6)

The Input Read Cycle operation will allow the CPU to obtain
data from an external device. After the completion of the Memory
Read Cycle (M2), the program counter is not incremented until
the completion of the Input Read Cycle. Several signals are
generated by the CPU in order to obtain data from the external
device.

The SINP output and external device ADDRESS (XXX ) number,
consisting of the first eight individual outputs (A@-A?) from the
CPU, is presented to the externa] device input/output channel,
thereby enabling the I/0 card. With the I/0 enabied, a PDBIN
signal from the CPU allows the I1/0 to transfer the external
device data to the CPU on the eight DATA IN (DIP-D17) lines for
storage. The DIG 1 input to the CPU from the Interface is
enabied during the 8800b run mode and allows the external device
data to be stored in the CPU. The SINP and AR 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 detajl. Refer to Figure 3-7, Input Read Cycle
Timing, during the explanation. The Input Read Cycle operation
(M3) requires three 81 and §2 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 Ag through Al5
(zone B8), status data Dp through 07, and a SYNC signal (zone C8).
The AP through Al15 data contains the external device number
(AD-A7 and A8-A15 contain identical data) 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 [/0 card. The
address data (AP-A15) is alsoc 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 AP through A15
signals present on the Display/Control card (Figure 3-16, sheet
3, zone A9-A4} Tight the appropriate AQ through Al15 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 Jower eight address LEDs.) The 0p through D7 data is
applied to K (Figure 3-14, zone BS) on the CPU through the bi-
directional circuits D and E. The status data is enabled through
O and E at this time because TS 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.

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 1/0 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 invertar V on the Interface Card (Figure 3-15,
sheet 2, zone BS) and Presented to the Display/Control card as
SINP. The SINP signal present on the Oisplay/Control card 1ights
the INP LED (Figure 3-16, sheet 3, zone C3) on the front panel
of the 3800b, indicating data is being received from an external
device. The SINP -output from the CPU is applied to the external
device 1/0 card in order to initiate a data transfer to the CPy
during T3.

At the beginning of T3, the externa] device data is trans-
ferred to M on the CPU via the bus. The external device data in
(DI9 through DI7) is appiied to the CPU card (Figure 3-14, zone
81) from the bus. The data is presented to the 8080 (M) through
bi-directional gates D and £ {zone €7), 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 POBIN. This
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signal enables pin 6 of NAND gate C LOW {DIG 1 is HIGH when the front

panel is not used), allowing the data input from the I/0 card (DIg-
DI7} to be enabled through inverting bus drivers L and J (zone B4)
and applied through bi-directional gates D and £ to M (zone C7).
The data at the external device is presented on the bus by the
occurrence of POBIN. 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
instructicn is encountered to perfaorm this operation. For example,
a store accumulator STA (0628) instruction requires the accumu-
lator 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
s 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
transTer 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 XXX ), consisting of
fifteen individual outputs {A@-A15) from the CPU, is presented to
the Display/Control and memory. The AD through AlS signals Tight
the appropriate address LEDs on the Display/Control. The ADDRESS
and PSYNC signals present at the memory from the CPU can also
initiate decoding of the memory 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 s1gna] which allows

the memory to store the data

1877
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3-23. MEMORY WRITE CYCLE DETAILED OPERATION

The following paragraphs describe the Memory Write Cycle
operation in detail. Refer to Figure 3-9, Memory Write Cycle
Timing, during the explanation. The Memory Write Cycle operation
{M4) requires three @1 and 92 clock pulses. Each 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 B88), status data D@ through D7, and a SYNC
signal {zone €8). The AP through Al5 data contains the memory
storage location address {(ex. 000 2008) which is applied %o 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
presentad to the Display/Control card. The A@ through A15 signals
present on the Display/Control card {Figure 3-16, sheet 3, zones
A3-A5} Tight the appropriate AP through A15 LEDs, indicating the
memory loccation address. The DP- through D7 data is applied to K
on the CPU (Figure 3-14, zone BS) 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 LON. The SYNC output is
applied to the clock generator F (zone B7), conditioning F to
generate a signal during T2.

Buring the beginning of T2, a LOW STS18 (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 85) 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
frem the CPU is being transferred to a memory or an extarnal
device is determined by the status of the SOUT signal (zone A5).
Juring 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 (zonme C3).
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The SWO output from K is presented on pin 97 of the bus
(zone A4) through non-inverting bus driver X as a LOW. The SWO
signal is applied through inverter M on the Interface Card
(Figure 3-15, sheet 2, zone B6) and Presented to the Display/
Control card as SWO. The SWO signal present on the Display/
Control card Tights the WO LED {Figure 3-16, zone C3) on the
front panel of the 8800s, indicating data is be1ng 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 (0DO@ through D07) 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 €7 and C3). The bus data is presented to memory 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 PAR. The PWR signal is
inverted HIGH by U on the Interface Card (Figdre 3-15, sheet 2,
zone B3) and applied to pin 1 of NAND gate A {zone C3), enabling
pin 6 LOW (S0UT is HIGH on pin 2). The LOW at pin 6 forces the
output of NOR gate A (zone €2) HIGH which is appiied to pin 68
of the bus through non-inverting bus driver H (zone B2) as MWRITE.
The MWRITE signal aliows the memory to store the CPU data in the
addressed memory location, thus completing the CPU to memory data
transter.

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 exampia,
a load accumulator LDA (0?28) instruction requires the specified
addressed memory Tocation to transfer its contents to the accumu-
lator in the CPU. The LDA instruct ion was fetched during M1 and
the specified memory locatian determined dur1ng 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
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requires the CPU to output the specitied addressed memory location
to memory, allowing the data in the specified addressed memory
Tocation 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 (3238) is fetched from a memory location
during M1, and the external device number (XXXS) is read from a
memory ltocation during M2 by the CPU. The data from the CPU is
transferrad to the external device by an Qutput Write Cycle
operation (M3).

3-26. QUTPUT WRITE CYCLE BASIC GPERATION {Figure 3-10}

The Qutput 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 cempletion of the Output Write Cycle. Several signals
are generated by the CPU in order to transfer the data to the
external device.

The SOUT and PSYNC external device ACDRESS (XXXB) number,
consisting of sixteen individual outputs {AP-A7) from the CPU,
s presented to the external device (I/0) to condition the [/0
card. With the I/0 conditioned, a PWR signal from the CPU allows
the 1/0 to transfer the CPU data via the DATA QUT (DO@-DO7) lines
to the external device. The SWO output from the CPY 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 Cisplay/Control through the Interface
to Tight the OUT output and ADDRESS LEDs on the 8800b front panel.

3-04 Aorii, 1877
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3-27. QUTPUT WRITE CYCLE DETAILED OPERATION

The following paragraphs describe the Output Write Cycle
operation in detail. Rafer to Figure 3-11, Output Write Cycle
Timing, during the explanation. The Qutput Write Cycle operation
(M3} requires three 81 and P2 clock pulses. Each clgock period
performs a certain operation as described in the following
paragraphs., _

During the latter portion of T1, several] outputs are
generated oy the CPU 8080 IC (Figure 3-14); Address data AP
through A15 {zone 85), status data 0P through 07, and a SYiC signal
(zone C8). The A through A15 data centaing the external device
number and is applied to the [/0 card via the bus through non-
inverting bus drivers U, P, and N (zone 89) on the CPY in order
to enable the I/0 card. The address data (AP-A15) is also
applied through invertars P, W, and X on the Interface Card
(Figure 3-15, sheet 1, zone B5) and presented to the Display/
Control card. The A through A15 signals present on the Display/
Control card 1ight the appropriate AP through A15 LEDs, indicating
the address of the external device. The Dp through 07 data is
applied to K (zone B5) cn the CPU through bi-directional circuits
0 and E. The status data is enabled through D and £ at thig time
because CS and DIEN are LOW. The SYNC output is applied to tha
clock genérator F {zcne B7) which conditions F fo generate a
signal during T2. -

At the beginning of T2, a STSTB (zone B7) is denerated LOW
from F as a result of the HIGH SYNC input and intarnal timing of
f. The STSTB is applied to the data latch K (zone 85), aliowing
the status data Dp through 07 to be stored inta K. The status
data present at the output of K conditions tha I/C card to receive
aata from the CPU by enabling the SOUT and SWO signals.

A SOUT output from K is presented HIGH on pin 45 of the buyg
{zone A%) through non-inverting bus driver X. The SOUT signal is
applied through inverter V on the Interface Card (Figure 3-15, zone
BE) and presented to NAND gate A (zone C3) and the Display/Control
card as SOUT. The SOUT signal disables NAND gate A to insure that
a MYRITE output is not produced when writing data tc 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 83), indicating data is being trans-
ferred from the CPU to an external device. The SOUT output from
the CPU (Figure 3-14, zone A5) is applied to the external device
[/0 card in order to initiate a data transfer from the CPU during
T3.

At the beginning of T3, the CPU data is transferred to the
external device via the bus. The CPU data out (DO@ through 007)
is applied to the bus {zone C1) through bi-directional gates D and
E (TS and DIEW 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 py 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 01) of the bus through non-inverting bus driver V (zone 08)
as PNR. The PWR signal allows the external device to store the
CPU data, thus compieting the CPU to external device data transfer.

3-28. FRONT PANEL OPERATICN

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 specifiad memory lociation. 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 CPY is controlled by a FRDY signal which is
generated fraom the front panel display control circuits. The FRDY
signal places tﬁe CPU in either a wait condition or a run operation.

The CPU is pTaced 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

3-68 saril, 1977
2EQ0B



SHWITCIIES
AND
DECODING

FROY

3-69

CPU
RUN
psmic 9 >
— D05
i STSTB l
RUN 35
™1 stop/RUN 55
CONTROL CONTROL
STOP
g |
i
$S
SLOW
3
Figure 3-12.

Front Panel Block Diagram



3-70

Control circuits to disable (HIGH) the RON signal. The RUN signal
forces the CPU to 2 wait condition by disabling (LOW) the FRDY

Tine. 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 S5 signal. The 35 signal allows
the CPU to execute one instruction cycle by enabling the FROY signal.
Upon the completion of the instruction cycle, the CPU attempts to
perform another instruction cycle, but the PSYNC, D05, and STSTS
signals reset the SS Control circuiss forcing the CPU to a wait
¢condition.

3-30. STOP OPERATION

The stop operation allows the gperator 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/STGP 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 Tatch C1, input D). The
occurrence of the next C13 clock (zone Al) causes the Q output at
pin 3 of C1 (zone B9) to go HIGH which is applied to quad Tatch
N1, input 0). The next C13 clock causes the Q output at pin 7 of
N1 {zone B3) 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 37518 (zone D3). 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 DO5 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 €7} 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 appiied 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 R1 on the Display/Control Card (sheet 5,
zone 83) and applied HIGH tc pin 4 of NAND gate D1 {zone C8).

The STSIB 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 Ad4). The
STSTB is inverted and then inverted again by the Interface Card
(sheet 2, zone A4) and appiied 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 P!, pin 6 {zone C8),
which sets M. The Q output of M1 goes LOW and is applied through
Kl {zone A8) to enable all the front panel switches. The T ocutput is
also presented to gate P! which keeps a high on the CK input of M1
(zone C9), insuring that Ml remains set after the stop switch is
released. _ -

Because M1 is set, the Q output of M1 (zone €9) is HIGH,
disabling the RUN and FRDY signais. The FRDY signal is appiied 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. - o .

The SINGLE STEP circuits are Tocated on the Display/Control
card (Figure 3-16, sheet 1, zone A8). With the SINGLE STEP/SLOW
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switch momentarily positioned to SINGLE STEP, a LOW is presented
to pin 1 of gate P! (zone C8). The LOW input at D1 generates a
clock pulse which sets Mi (zone A7), producing a LOW at the Q
output of Mi. The LOW output is appiied to pin 13 of gate PI
(zone C9), enabling the FRDY signal (zone D9). The CPU performs
one instruction cycle with FRDY enabled. At the completion of the
jnstruction 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 singlie step operation. Additional single
step operations are enabled by womentarily depressing the SINGLE
STEP/SLOW switch to SINGLE STEP.

The DO5 input is applied to pin 1 of NAND gate T1 through
Jjumpers JE and JF (zone D7). If this jumper is removed, pin )
of NAND gate is aiways HIGH. Under this condition, the PSYNC and
STSTE signails would reset M1 after each machine cycle.

3-32. SLOW QPERATION

The siow operation is very similar to the single step operation
except the slow operation allows the 8800b to execute instruction
cycles at a very sliow rate (786 milliseconds vs. 3 milliseconds
normal operation).

The siow circuits are located on the Display/Centrol card
(Figure 3-16, sheet 2, zone A8). When the SINGLE STEP/SLOW switch
is positioned 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 P13
(sheet 2, zone B7). This clock enables pin 12 of gate D1 (zone C8)
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 STSTE input (zone D8)
enable NAND gate T1, pin 12 (zone C6), LOW which producss 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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SLOW switch is still positioned to SLOW, another instruction cycle
operation is performed. Otherwise, the machine halts. If jumpers
JE and JF (zone C7) are removed, the machine may not stop at the
beginning of an instruction cycle.

3-33. RESET OQPERATION

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 03) is
apolied 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 PROTECT/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 appiied to the Interface

as a LOW. The LOW is inverted by R (Figure 3-15, sheet 2, zone
B6) and appiied 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."
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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 Accumulator 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/
QUTPUT. Activating any of these switches produces a specific
binary number on the RA4, RAS, 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 QUT (RD@-RD7) signal, consisting
of eight individual iines, to either the Control Latch or the non-
inverting bus driver F. The DATA QUT is transferred to one of
these two circuits by the status of the RAD signal from the 4-Bit
Counter. When the RAD@ 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 Tines (S1-S8). After the Control Latch receives the PROM
data, a CLOCK signal increments the 4-Bit Counter o 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 instructien
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TABLE -3-2.

PROM Programs

*AlT PROM addrass and data information is octal.

Front Panel PROM PROM Function
Operations Address DATA
Examine 160* 013* Set S5, 37, S8
161 303 Jam Jump Instruction to CPU
162 203 Set S1, S7, S8
163 000 Jam AP-A7 switch data to CPU
64 [ 103 | set s2, 57, S8
165 . 000 = Jam A8-A1S switch data to CPU |
166 . 000 | Clear control latch
167 1 177 1 stop
. ; ‘ ,
 Examine Next | 260 | 013 | Set S5, §7, S8 g
| 261 | 000 | Jam NOP instruction to CPU |
f 262 ? 000 ¢ (Clear contrel latch !
263 | 77 Stop §
. Deposit 20 | 208 | Set S1, s6, 7 |
| 321 000 |  Put Ag-A7 switch data and |
: : MWRITE pulse on bus j
| 32 000 Clear control latch |
f 3 am Stop i
| Deposit Next | 340 013 Set 5, $7, 58 ?
| 341 000 | Jam NOP instruction to CPU §
| 342 206 | Set S1, S6,.87 ;
343 000 Put AP-A7 switch data and |
. ; ? MARITE pulse on bus ;
; 44 ;000 Clear control latch i
| #s L am Stop }
| r |
Display 60 | o013 Set S5, S7, S8 |
| Accumulator 061 323 Qutput Instruction
062 013 Set S5, §7, S8
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TABLE 3-2.

PROM Pragrams - Continued

Front Panel PROM PROM Function
Operations Address DATA
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 0'3 | Set S5, S7, S8
067 303 f Jam jump instruction to CPU
! 070 043 | Set $3, 57, S8
j 071 000 | Jam AB-AT 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 |
gg;g??lator 220 013 Set $5, $7, S8 |
221 333 Jam input instruction to CPU f
222 013 | Set S5, S7, S8 |
223 376 E Jam front panel address to CPU i
224 203 Set S1, §7, S8 §
225 000 ¢ Data in accumulator is transferred to CPU E
226 013 | set s5, 57, s8 |
227 303 | Jam jump instruction to CPU |
230 043 | Set $3, 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 Tatch | E
235 177 Stop j
Input from 300 013 Set $5, S7, S3 |
cxternal de-, | o 333 ° | Jam input instruction to CPU
by ADDRESS 302 103 Set S2, 7, S8
switches AB-ATS| 343 000 Jam A8-A15 switch data to CPY

*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
é 305 0co Data in accumulator is transferred
i to specific 1/0 device
| | 306 013 Set S5, S7, S8
! I 307 303 Jam jump instruction to CPU
5 310 043 | Set $3, S7, S8
' 31 000 ' Jam AP-A7 latch data to CPU
C32 023 Set S4, 57, 38
| 33 000 Jam A8-A15 latch data to CPU
j 314 000 Clear control latch
! 315 177 Stop
| Output from | 240 Pooa13 Set S5, 57, S8
E ngzrgg}egiéd 241 E 323 Jam output instruction to CPU
| by ADDRESS 242 ;103 set s2, $7, s8
. uatenes A8 g | 000 | Jam A8-AT5 switch data to CPU
] 244 001 Set S8
? 245 i 000 Data is transferred from specific
: [/0 device to accumulator
§ 246 013 Sset S5, 57, $8
4 247 303 f Jam jump instruction to CPY
E 250 043 ¢ Set $3, S7, S8
| 251 000 | Jam Ag-A7 Tatch data to CPY
% | 252 023 | Set S4, $7, S8
i 253 0G0 Jam AB-A15 latch data to CPU
' 254 000 Clear contrel latch
255 177 | Stop

*A11 PROM address and data information is oc*al.
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byte is supplied to the CPU on the FDI@-FDI7 lines.

 The instruction data at the odd PROM address is transferred to
the CPU through the Interface from five different sources. The
source is determined by the output control lines S1 through S5 from
the Control Latch.

The S1 and S2 control lines enable the front panel switch data,
A@ through A15, to the Interface. The $3 and $4 control lines
enable the Address Latch data, AP.through AlS, to the Interface.
The S5 control line enables the DATA QUT (RDE-RD7) from the PROM
to the Interface.

The data present at the Interface is applied to the CPU by
output control lines S7 and $8 from the Control Latch. The S7
control 1ine 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 imstruction data and
execute one machine cycle. After the completion of the machine
cycle, the PSYNC and STSTB signais from the CPU reset the SS
Control circuit. The S6 control line is enabled from the Control
Latch to aliow 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 operator 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 X} which generates a HIGH to
set L1 {zone D4). The RC-CLR (LCW) and AL-STB (HIGH) outputs
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from L1 reset a 4-bit binary counter to zero (sheet 2, zone

A9) and strobes the current address data into data Jatches Bl 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 1nputs to the
PROM {sheet 1, zone B9).

The RAP through RA7 inputs to the PROM (zone B9) represent an
address locaticn (1608). This Tocation is the beginning of the
examine program stored in the PROM. The data in address location
1605 is presented on the RDOP through RDO7 outputs (0138) and
applied to data Tatch 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 (8) is generated, the data present at
Tatch A is stored by the A ocutput.

The CS strobe is produced by the 24-bit counter outputs €6, C7,
and C8 (zone D3). When the C6, C7, and C3 counter outputs are
HIGH, NAND gate V (zone DS) is enabled LOW, and CS$ {zone D6) 1is
applied HIGH to the DS2 input of data latch A {zone £8). With
DS2 and DST enabled, the ROP through RD7 data (013 ) is latched
into A. The 0135 data enables outputs S5, S7, and 88 (zone D7)
HIGH. OQutput S5 is inverted LOW by Al (zone AG), 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 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
focation 1618

The data in address location 1618 is present cn the RDJ
through RD7 outputs 3038 The 3038 data is transferrad to the
Interface on the FDIA-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 BY9) of the 4-bit counter is
HIGH (odd address RA@=1), disabling the DST input {zone C7). The

A output is appTied to pins 1 and 5 of NAND gates J {zone D6).
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The FDI@ through FDI7 data presented to the Interface Card
“(Figure 3-15, sheet 2, zone D8) represents a Jump instruction to be

stored in the CPU. The CPU cannot receive this instruction and
execute it until the FDIGZ (zone D7) signal is LOW, and the CPU is
released from the wait condition generated when the CPU was stopped.
The following operation allows the CPU to receive the jump instruc-
tion. -

When the C6, C7, and T8 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 FOIGZ (zone £2)
signals. .

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

The FDIGZ signal _is applied to pin 12 of NOR gate B (Figure
3-15, sheet 2, zone C7) on the Interface as a L{W 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), ailowing the PROM data (3038) to be applied to M on the
CPY through bi-directional gates D and E on the CPU (Figure 3-14,
zone C7). Because the READY Tine to M (zone A8) is HIGH, the CPU
inputs the 3038 data which is interpreted by the CPU as a jump
instruction. After the completion of the machine cycle, the PSYNC
and D05 signals {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),
hatting the CPU.

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 gate 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.
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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 (RA@=0) and the generation of the CS
strobe (C6, C7, and C8 HIGH). The 203, data enables outputs S1,
$7, and S8 (zone D7) HIGH. OQutput S1 is applied through inverters
Y and W (zone C4) to the A@ through A7 switches (open switch HIGH,
closed switch LOW}, and the switch information is presented to
the Interface as FDIJ through FDI7. Outputs S7 and S8 are applied
to pins 3 and 13 of NAND gate J (zone D6) and are used to generate
tha 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 FDIGZ outputs. The S8 and FDIGE
signals 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 addrass bits, the 4-bit
binary counter s incremented to address 1648. The data in 1648
(01000110 - 1038) is stored in latch A {zone D7) because it is an
even address. The 103, data enables S2, S7, and S8 (zone 07}
HIGH. Qutput S2 is applied to inverter Al (zone C6)}, gate Z (zone
€S}, and inverters W and U {zone C4) to the A8 through AlS address
switches, The switch information is presented to the Interface as

FDI@ through FDI7. Outputs S7 and S8 condition NAND gates J {zone

06} and are used to generate SB and FDIGZ during the next address.
With the data pfesent 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 1633, allowing
the A8 through Al5 address data to be stored in the CPU. After —
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the CPU receives the second byte of the address, it executes a

jump to that address. Address 1668 clears the data latch A {zone
D7) and allows the CPU to address memory (Figure 3-14, zone B9).
The memory presents the addressed memory location data to the CPU
via data input lines DI@ through DI7 (zome B1). The data is
enabled through inverters Y, S, L, and J (zone B4} 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 latch (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 AB) 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
]6?8. The data in 16?8 (011311111 - 1?78) is appiied 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
cperation.

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 DEPQSIT switch is
momentarily positioned to ACC DISPLAY.

The ACC DISPLAY circuit is located on the Display/Control
card (Figure 3-16, sheet 2, zone AS). With the ACC DISPLAY/ACC
DEPOSIT switch momentariiy positioned to ACC DISPLAY, a LOW is
generated at pins 8 and 10 of inverter V1 {zone B85), and a HIGH
is genarated at the ocutput of the remaining V1 and Z1 inverters
(zones B7 through B3). The LOW outputs are appiied 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 AS) and strobe the
address in the P counter into data Tatches Bl and T (zone B6).
The P counter address data is stored because the P counter incre-
ments during the accumulator display operatien. The original ?

april, 1977 3-83
23005



3

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 D3P 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 Ad).

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 0605 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
£8).
The CS strobe is producad by the 24-bit counter outputs C6,
C7, and C8 (zone D3). When the C6, C7, and T8 counter 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 RDP through RD7 data
‘(0138) is Tatched into A with DS2 and D37 enabled. The 0135 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
5. Outputs S7 and S8 are applied to pins 3 and 13 of NAND gates
J {zone D6). With the PROM data stored in Tatch A and the asso-
ciated circuits conditicned, 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 cutput goes HIGH which addresses PR0M location 0618.
The data in address location 06]8 is present on the RD@ through
RD7 cutputs (3238). The 3238 data is transferred to the Interface
on the FDIP-FOI7 (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
appiied 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 he
_84 stored in the CPU. The CPU cannot receive this instruction and
35006
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execute it until the FDIG2 (zone D7) signal is LOW, and the CPU
is released from the wait condition generated when the CPU was
stopped. The following operation allows the CPU to receive the
output instruction.

When the (6, 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} 1s generated. The CS signal allows NAND gate
J, pins 6 and 12, to produce a FDIGZ (zone C2) and 3B {zone D4)
signal.

The SB signal is applied to pin 13 of gate D1 {sheet 2, zone
(8) as a LOW which produces a HIGH clock pulse to set M1 {(zone C7).
The T output of M1 is applied to gate P1 and inverter R1 {zone
09), allowing the FROV 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 &, LOW.
The LOW allows the PROM data (3238) to be applied to M on the CPU
through bi-directional gates 0 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 compietion of the machine cycle, the PSYNC and D05 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 3B
(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
(D@ through 07). NAND gate Z (sheet 1, zone A7) is enabled (C8
HIGH), producing a c¢lock pulse to INP A, incrementing 4-bit counter
(zone A8) to address 062g.

The data in address location 0628 is present on the RDP
through RD7 outputs {0138) and stored in data Tatch A (zone D8)
in the same manner as address 0608. This insures that the S5, §7,
and S8 outputs {(zone D7) are enabled .as in address 060g. After
the completion of this operation, NAND gate Z (zone A7) is enabled,
producing a clock pulse to INP A, incrementing the 4-hit counter
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(zone A8) to address 0638.

The data in address location 0638 is present on the RDJ
through RD7 outputs (3778) which is the I/0 channel number for
the front panel. The 37?8 data is transferred to the CPU in the
same manner as the output instruction at address 0618. The 3??8
data allows the CPU to address the front panel and gutput 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 Tocation 0648 is present to the RDP
through RD7 outputs (0018) and stored in data latch A (zone D8).
The 0018 data enables output S8 {zone 07) 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 0658.

Address 065, 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 cutputs address 3??8 on the
AP - A7 and A8 - Al5 address lines to the bus {(Figure 3-14, zone
B9). The CPU also outputs accumulator data through bi-directional
gates D and £ (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 €4) HIGH which is
applied through jumper JE/JF to pin 9 of NAND gate K (zone 84).
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 (shest 3, zone B4) during the
output instruction because the ST3 and MD inputs are enabled.
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The outputs of data Tatch G light the appropriate data LED (D@-
D7) on the Display/Control Panel (Figure 3-16, sheet 3, zone 02).
After the machine cycle is complete, NAND gate Z (sheet 1, zone
B7) is enabled, producing a clock pulse to INP A, incrementing the
4-bit binary counter to address 0668.

The data (0138) in address location 0668 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
06?8. Address 06?8 cantains 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 was stored in data latches 81 and T (zone
B5) at the beginning of the ACC display operation. The remainder
of the ACC display operation will transfer the address stored
(AD-A7)} in 81 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 0?08.

The data in address location 0708 is present on the RDP
through RD7 outputs (0438) and applied to data Tatch A (zone D8).
The data present at lTatch A is stored by the A output of the
4-5it binary counter (zone B9) being LOW during even addresses and
the generation of the CS strobe (C5, C7, and C8 KIGH). The 0434
data enables outputs S3, S7, and S8 (zone D7) HIGH. Output $3 is
applied to the DS2 input of data latch B1 (zone C5), presenting
the output data (A@-A7) to the Interface as FDIP through FDI7.
Qutputs S7 and S8 are applied to pins 3 and 13 of NAND gate J
(zone D6) and are used to generate the 5B and FDIGZ signals as
described in the previous instruction transfers. With the data
Present to the Interface and the associated circuits canditioned,
NAND gate Z (zone A7) is enabled, producing a clock pulse to
INP A, incrementing the 4-bit counter (zone A8) to address 0718.

The data in address 0718 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 MIGH, 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 Tatch
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bits to the CPU, and the operation is identical to the pravious
instructions.

After the CPYU receives the eight address bits, the 4-bit
binary counter increments to address 0?28. The data in 0?28
(0238) is stored in latch A (zone D7) because it is an even
address. The 0235 data enables S4, S7, and S8 (zone D7) HIGH.
Output 34 is applied to the DS2 input of data Tatch T (zone A6),
presanting the output data (A8-A15) to the Interface as FDI@
through FDI7. Outputs S7 and S8 condition NAND gates J (zone 06)
and are used to generate 5B and FOIGZ during the next address
(0?38). With the data present to the Iniarface 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 0?38 operation is the same as address 0??8, allowing
the A8 through A1S 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 0?58. The data in 0?58 {1?78) is
applied to NAND gate N (zone B7), producing a HIGH at gate Z
{zone 88). The HIGH at gate Z disables NAND gate Z (zone A8),
inhibiting any following clock pulses to the 4-bit birary counter,

. thus ending the ACC display operation.

3-39. E£800b OPTIONS

The 8800b has several options which may be selected by the
cperator. 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 QPTIONS
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 claock frequency requires a

3-88 ipril, 1977
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connection between jumpers JA and JD (Figure 3-16, sheet 1, zone
D2}. For slower operation, Jumpers J8 to JD or JC to JD may be
connected. The normal single/step or slow cperation requires a
connection between jumpers JE and JF (sheet 2, zone D7) which
allows the 8800b CPU to complete one instruction cycle before
resuming @ wait condition. However, if the operator wishes %o
execute cne machine cycle after each single/step or slow operation,
remove jumpers JE and JF which disables the D05 signal (zonme D8).

3-41. INTERFACE CARD OPTIONS

One Interface Card option allows the operator to monitor any
data from an external device on the D@ through D7 front panel LEDs.
Data may be monitored from an external device if Jumpers JA and
J8 are connected (Figure 3-15, sheet 3, zone C3). NAND gate K is
enabled LOW when the 21, PDBIN, and STINP signals (zone C6) are
present during an external device to CPU data transfer. The LOW
is presented through JB and JA (zone €3) 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 DOG-DO7 Jine (zone B6) to be
displayed on the DP-D7 LEDs on the front panel.

The remaining Intarface 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,
ali output data from the CPU is displayed on the front panel.

3-42. 8300b POWER SUPPLIES

The 8800b requires a positive 8 volt, 18 ampere supply, a
Positive 18 volt, 2 ampere supply, and a -18 voit, 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 negat1ve 18 vo]tage supplies which are applied
to the 8800b circuits. The positive and negative 18 volt supplies
are pre-regulated by the Q1 and Q2 transistor circuits on the power
supply board.

1677
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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 requlated positive
and negative 5 voif 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
pesitive 5 volt source which is produced by the VRI circuit.

The Display/Control card (Figure 3-20) requires an unregu-
lated positive 8 volt source, a requiated positive 5 volt source,
and a regulated negative 9 volt source. The regulated voltages
are produced by the VR and VRZ circuits.

~pril, 19
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Table 3-3. Bus Definitions

PIN :
“’ NUMBER SYMBOL NAME FUNCTION
1 +8v +8 volts Unregulated voltage on
bus, supplied to PC
boards and regulated to
Sv.
2 +18v +18 volts Positive pre-requlated
voltage.
3 XRDY EXTERNAL READY External ready input to
CPU board's ready circuitry
4 VIO Vectored Interrupt
Line #0

5 v Yectored Interrupt
Line #1

& VI2 Vectored Interrupt
Line #2

7 VI3 Vectored Interrupt
Line #3

8 VI4 Vectored Interrupt
Line #4

9 Vis Vectored Interrupt
- Line #5

10 VI6 Vectored Interrupt
Line #6

11 Vi7 Vectored Interrupt
Line #7

12 *XRDY2 EXTERNAL READY #2 A sacond external ready
line similar to XRDY

13 To be

to defined

/

18 STAT DSB  STATUS DISABLE Allows the buffers for
the 8 status lines o be
tri-stated

19 €, . DSB COMMAN NTROL Allows the buffers for

DISABLE the 6 output command/
control lines to be tri-
stated )

20 UNPROT UNPROTECT Input to the memory pro-

S

*New bus signal for 8800b.

May, 1977
820Ch

tect flip-flop on a given
memory board
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PIN
NUMBER

21

22

23

24
25
26

27

28

29
30

3-92

SYMBOL
55

ADD D3B

00 DBS

@2
a1
PHLDA

PWAIT

PINTE

A5
A4

NAME

SINGLE STEP

ADDRESS DISABLE

DATA QUT DISABLE

PHASE 2 CLOCK
PHASE 1 CLOCK
HOLD ACKNOWLEDGE

WAIT

INTERRUPT ENABLE

Address Line #5
Address Line #4

FUNCTION

Indicates that the machine
is in the process of per-
forming a single step (i.e.
that SS flip-flop on D/C

is set)

Allows the buffers for
the 16 address 1ines to
be tri-stated

Allows the buffers for
the 8 data output lines
to be tri-stated

Processor command/control
output signal that appears
in response to the HOLD
signal; indicates that
the data and address bus
will go to the high impe-
dance state and processor
will enter HOLD state
after completion of the
current machine cycle

Processor command/control -
signal that appears in
response to the READY
signal going Tow; indi-
cates processor will

enter a series of .5
microsecond WAIT states
until READY again goes
high.

Processor command/control
output signal; indicates
interrupts are enabled,
as determined by the con-
tents of the CPU internal
interrupt flip-flop.

When the flip-flop is set
(Enable Interrupt instruc-
tion), interrupts are
accepted by the CPU; when
it is reset (Disable
Interrupt instruction),
interrupts are inhibited.

May, 1977
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PIN
NOMBER

3
32
33
34
35
36
37
38
39
40
41
42
43
44

45

46

47

48

49

May, 1877
2300b

SYMBOL
A3
A1S
A12
Ag
DO1
Doo
A10
D04
D05
D06
DI2
DI3
DI7
SM1

SoUT

SINP

SMEMR

SHLTA

CLOCK

NAME

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 Qut Line #5

Data OQut Line #6

Data In Line #2
Data In Line #3
Data In Line #7
MACHINE CYCLE

QUTPUT

INPUT

MEMORY READ

HALT

CLOCK

FUNCTION

(MSB)

(LSB}

(MsB)

Status output signal that
indicates that the pro-
cessor is in the fetch
cycle for the first byta
of an instruction

Status output signal that
indicates the address bus
contains the address of
an output device and the
data bus will contain the
output data when PWR is
active

Status output signal that
indicates the address bus
contains the address of
an input device and the

. input data should be

placed on the data bus
when PDBIN is active

Status output signal that
indicates the data bus
will be used to read mem-
ory data

Status output signal that
acknowledges a HALT
instruction

Inverted output of the
@2 CLOCK
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54

55

56

57

SYMBOL
GND
+8v

-18vy

SSWT

EXT CLR

*RTC

*STSTB

*DIGT

NAME
GROUND
+8 volts

-18 volts

SENSE SWIT

EXTERNAL CLEAR

REAL TIME CLOCK

STATUS BE

DATA INPUT GATE #

3.94 *New bus signal for 8800b.

FUNCTION

Unrequiated input to 5
volt requlators

Negative pre-requlated
voltage

Indicates that an input
data transfer from the
sense switches is to take
place. This signal is
used by the Display/
Control logic to:

a) Enable sense switch
drivers

b) Enable the Display/
Control board drivers
Data Input (FDIP-FDI7)

¢} Disable the CPU board
Data Input Drivers
(DIP-DI7)

Clear signal for I/0
devices (front panel
switch closure to ground)

60Hz signal used as timing
reference by the Real

Time Clock/Vectored Inter-
rupt Board

Qutput strobe signal sup-
plied by the 8224 clock
generator. Primary pur-
pose is to strobe the 8272
status Tatch so that status
is set up as soon in the
machine cycle as possible.
This signal is aiso used
by Display/Control logic.

Qutput signal from the
Display/Control Togic that
determines which set of
Data Input Drivers have
control of the CPU board's
bidirectional data bus.

If DIGY is HIGH, the CPU
drivers have control; if
it is LOW the Display/
Control logic drivers have
control.

May, 1977
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PIN
NUMBER

58

59
to
67

68

89

790

7

72

73

74

SYMBOL
*FRDY

T0 BE
DEFINED

MWRITE

PROT
RUN

PRDY

PINT

PHOLD

NAME
FRONT PANEL READY

MEMORY WRITE

PROTECT STATUS

PROTECT

RUN

PROCESSOR READY

INTERRUPT REQU

*New bus signal for '88Q0b.

May, 1977

8802

FUNCTION

Qutput signal from D/C
logic that allows the
front panel to control
the READY line to the CPU

Indicates that the data
present on the Data Qut
Bus is to be written into
the memory location cur-
rently on the address bus

Indicates the status of
the memory protect flip- .
flop on the memory board
currently addressed

Input to the memory pro-
tect flip-flop on the
memory board currently
addressed

Indicates that the STOP/
RUN flip-flop is Reset;
f.e. machine is in RUN
mode

~ Memory and 1/0 input to

the CPU board wait cir-
cuitry

The processor recognizes
an interrupt request on
this 1ine at the end of
the current instruction
or while halted. If the
processor is in the HOLD
state or the Interrupt
Enable flip-flop is reset,
it will not honor the
request.

Processor command/control
input signal that requests
the processor enter the
HOLD state; allows an
external device to gain
control of address and
data buses as soon as the
processor has completed
its use of these buses for
the current machine cycle
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77

78

79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

3-96

NAME

#0

#1
#2

L
o

#7
#8
#13
#14
#1

SYMBOL

PRESET =~ RESET
PSYNC SYNC

PWR WRIE
PDBIN DATA BUS IN

A0 Address Line

AT Address Line

A2 Address Line

A6 Address Line

A7 Address Line

A8 Address Line

A13 Address Line

Al4 Address Line

AN Address Line

D02 Data Qut Line #2
DO3 Data Qut Line #3
Do7 Data Out Line #7
DI4 Data In Line #4
.DI5 Data In Line #5
DI6 Data In Line #6
DIN Data In Line #1
D10 Data In Line #0
SINTA

FUNCTION

Processor command/control
input; while activated,
the content of the pro-
gram counter is cleared
and the instruction reg-
ister is set to 0

Processor command/control
output: provides a signal
to indicate the beginning
of each machine cycle

Processor command/control

output; used for memory

write or I/0 output con-

trol. Data on the data

bus is stable while the
is active

Processor command/control
outputs; indicates to
external circuits that
the data bus is in the
input mode

(LSB)

(LSB)

INTERRUPT ACKNOWLEDGE Status output signal;

acknowledges signal for
INTERRUPT request

. May, 1977
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PIN
NUMBER

97

98

99
100

May, 1977
8800b

SYMBOL NAME

SWo WRITE OUT
SSTACK STACK

POC POWER-ON CLEAR
GND GROUND

FUNCTION

Status output signal;
indicates that the oper-
ation in the current
machine cycle will be a
WRITE memory or cutput
function

Status output signal
indicates that the address
bus holds the pushdown
stack address from the
Stack Pointer

3-97/(3-98 blank)
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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 probiems. However, if the
malfunction(s} cannot be rectified, send the unit to the MITS Repair
Oepartment or your local Aitair 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) Nen-PROM Related Switch Problems which concerns the RUN/STCP,
SINGLE STEP/SLOW, RESET/EXTERNAL CLEAR and PROTECT/UNPROTECT
switches;

4-5) PROM Related Switch Problems which deals with the EXAMINE/
EXAMINE NEXT, DEPOSIT/ODEPOSIT NEXT, ACCUMULATOR DISPLAY/
ACCUMULATOR LOAD and IN/OQUT 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 teginning the actual troubleshooting procedures, the Theory
of Operation and Section 4-1 shculd be reviewed. Refer to these portions
of the manual when necessary.

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

ﬁi?ﬁbxan : 4-3/(4-4 blank)



4-1. INTRODUCTION TO TROUBLESHOOTING
A. Basic Tfoub1eshootfhg 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 comporents be
checked.

1. ICs

a. 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
shoyld come in contact with more than one pin, erroneous
readings and shorts may occur. (Note: Because the entire
system s based upon the 8080 microprocessor chip, IC M on
the CPU board, be especialiy careful when checking this
component.) If the correct voltage is not present at the
Ic:

1. Use the schematic to trace the signal back to its
original source, checking for proper logic operation at
each gate. )

2. Visually 1nspecﬁ the area surrounding the IC for solder
bridges or opens.

b. 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). [f opens in the lands are found,

. solder over them.

c. 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
staps 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.

836tk ¢ )

May, 1977 Turn power on and check for proper logic operation.



NOTE

Removing an IC pin from its socket or from the

board may change the IC's input Tevel. When

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

d} 1If 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.

¢) 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, resoider the pin to the
board and lock 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 troubieshooting 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 jead
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.

© 8800
3-8 May, 1977



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 Tead to emitter "HIGH resistance LOW resistance
Negative lead to base
Positive lead to base LOW resistance HIGH resistance
Negative lead to emitter
Positive lead to base LOW resistance HIGH resistance
Negative lsad to collector
Positive Tead 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 TB! and refer to the
Diode testing instructions on page 4-6 to test the bridge rectifiers.

B. Normal Qutput Voltage Levels
1. TiL Gates (7400 Series ICs) and MOS ICs:

Condition | Voltage
Valid LOW .8v or less
Valid HIGH 2v - 4y

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
Ve through resistors R41-R48 when the corresponding address

3800% switch is in the "up" position. When the switch is in the down 4_-
May, 1977



c.

3.

position, the output will be disconnected from Vecc 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
thefr 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 in a
"stopped" state (M1, MMR and WAIT).

g3cch
May, 1977
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Board
Display/Control

Table 4-1.

Schematic
3-16, sheet 1 of 3

3-16, shect 2 of 3

Static Levels of the Most Common Problem Areas

T OO S

o s N W E X = o3

™
—

A

i, F1, W, Gi,
Ni,

Vi
11
Kl
M
Ml
L

m, ¥i, W

8
3, 2
6
!

Pin ¥

17, 18,19, 20
2,8,9, 1, 14
12

}]

4, 6, 8, 10, 15, 17,

19, 21

15, 1

1

T, 3, 6,101, 9.3
13,9, 11, 6, 3,1
L n,n

8, 12

5

3

9
6,2,4,12, 8,10
2,4,6,8,10, 12
13

1}

8, 13

3,6

Static tevel
HIGH

LOY

HIGN

LOW

LOW

HIGH

11141

LOW

LOW

LOW

HIGH

C8 {see waveform #5, page 4-30}
HEGH )
Ccs

S

CSs

C13 (see waveform #4, page 4-29)
HIGH
HIGH
LOHW
1.OM
HIGH
LOMW
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Table 4-1 {continued)

Board

Interface

chu

3-15, sheet 3 of 3

3-15, sheet 2 of 3

3-14

E OO T 2 23 T Mo bDhow OD

o
™

1,3, 5
2,13, 14

1, H

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
6 (see waveform #6, page 4-30)
HIGH
LOW
HiGH
HiGH
Low
HIGH
LOW
$IGH
HIGH
HiGH
LoM
LOW
HIGH
LOW
LOW
HIGH
104
LOW
HIGH
Loy
HIGH
NIGH



Bus #

Mother Board Static Levels
Table 4-2 shows the proper static levels of the mother board,
assuming the computer is in a “stopped" state (M1, MEMR and

WAIT).

Note that the levels on the pins of the 808Ca (IC M

on the CPU board) are reflected on the mother board as well

as the front panel LEDs.

For example:

A HIGH Tevel on pin 24 (WAIT) of IC M on the CPU board
causes bus pin 27 to go HIGH, which in turn causes the WAIT
light 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 Tight (dimly).

Symbol
1 +8v
2 +18v
3 XRDY
4 VIC
5 V11
6 VIi2
7 VI3
8 VI4
9 VIS
10 VIg
11 V17
12* XRDY2
13-17  Not Used
18 STAOSE
19 . T/CDSE
20%* UNPROT
21%* SS
22 ADD D3SB
23 D0 DSB
24 @2
25 g1
£800b
May, 1977

Table 4-2.

+8 volts
+18 volts
EXTERNAL
VECTORED
VECTORED
VECTORED
VECTORED
VECTORED
VECTORED
VECTORED
VECTORED
Extra REA

Name

READY

INTERRUPT LINE #0
INTERRUPT LINE #]
INTERRUPT LINE #2
INTERRUPT LINE #3
INTERRUPT LINE #4
INTERRUPT LINE 45
INTERRUPT LINE #6
INTERRUPT LINE #7
DY Line

STATUS DISABLE

COMMAND/CONTROL DISABLE

UNPROTECT
SINGLE ST

EP

ADDRESS DISABLE

DATA OUT
PHASE 2 C

DISABLE
LOCK

PHASE 1 CLOCK

Mother Board Static Levels

Static Level

HIGH
LOW
Low
LOW
LCW
LOW
LOW
LOW
LOW
HIGH

HIGH
HIGH
LOW
LOW
HIGH
HIGH

See waveforms 2 and
3, page 4-26
See waveforms 2 and
3, page 4-26

4-11
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Bus # Symbol
26 PHLDA
27 PWAIT
28 PINTE
29 AS
30 Ad
31 A3
32 Al5
33 A12
34 A9
35 Dol
36 D00
37 A10
38 D04
39 Dos
40 D06
4 DI2
42 DI3
43 DI7
a4 S
45 SouT
46 SINP
47 SMEMR
48 SHLTA
49 CLOCK
50 GND
57 +8v
52 -18v
53**  STH DSB
54 EXT CLR
55 RTC
56% STSTE
57%*  DIG]
58**  FRDY
53-67 Not Used
68 MWRT
69 7S

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 QUT LINE #
- DATA QUT LINE #0

ADDRESS LINE #10

DATA QUT LINE #4

DATA OUT LINE #5

DATA QUT LINE #6

DATA IN LINE #2

DATA IN LINE #3

DATA IN LINE #7

M1 (Instruction Fatch Cycle)
CUT (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 8E
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 2300
Hay, 1977



Bus # Symbol
70**  PROT
71**  RUN
72 PROY
73 PINT
74 PHOLD
75 PRESET
76 PSYNC
77 PWR
78 PDBIN
79 A0
80 Al
81 A2
82 A6
83 A7
84 A8
85 Al3
86 At4

- 87 ATl
88 D02
89 DC3
90 D07
91 D14
92 DI5
93 016
94 CI
95 210
96 SINTA
97 SWO
98 SSTACK
99 POC
100 GND

Name
PROTECT
RUN
READY
TRTERRUPT REQUEST
HOLD
RESET
SYNC
WRITE
DATA BUS IN
ADDRESS LINE #0
ADDRESS LINE #1
ADDRESS LINE #2
ADORESS LINE #6
ADDRESS LINE #7
ADDRESS LINE #8
ADDRESS LINE #13
ADDRESS LINE #14
ADDRESS LINE #11
DATA OUT LINE #2
DATA OUT LINE 43
DATA OUT LINE #7
DATA IN LINE #4
DATA IN LINE #5
DATA IN LINE #6
DATA IN LINE #1
DATA IN LINE #0

Static Level

LOW
LOW
HIGH
HIGH
HIGH
HIGH
LOW
HIGH
HIGH

INTA (Interrupt Request Acknowledge) LOW

WO (Write Operation)

STACK
POWER ON CLEAR
GROUND

* = Not used in 8800a system.

** = Not used in 8800b Turnkey system.

HIGH
LOW
HIGH

- Note: If a static level is not indicated, the signal can be either
HIGH or LOW.

88C0b
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4-2, VISUAL INSPECTION
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. Carefully check each board using the list below:
Look for solder bridges.
Look for leads that have not been soldered. _
3. Look for cold solder connections (cold solder connections do
not have a "shiny" appearance).
Examine the board's lands for "hairline opens" or bridges."
5. Check the ICs for proper pin placement and good socket connec-
tions.
6. Examine the electrolytic and tantalum capacitors for proper
polarity.
7. &xamine the diodes for proper polarity.
8. Examine the LEDs for proper nolarity.
9. Check the color codes on all resistors.
B. Wiring Inspectiocn

) CAUTION
The computer should be unplugged for this check.

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

2. With an ohmmeter, check the power supply wiring on the terminal
block (TB1). Check for resistance (about 100 ohms) between pins
2and 7, 10 and 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.

. 880CbH
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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 chmmeter 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 soider bridges or etching errors.

2. Turn the computer on and check for the following voltages on the
Power Supply board's terminal black {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 +18vy to +18v (pre-requlated)
~16v to -18v {pre-regulated)
7, 8 Ground
WARNING
When testing components on the Power Suoply 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 TBY, 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
voitage appears across the "+" and "-" pins of BRI, BRI is
probably defective and should be replaced.

3800k . -
May, 1977 4-13



If the correct voltage does not appear at pin 10 or pin 1 of TB],
check the voltage at the base of transistor G2 (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.

If Ground does not appear at pins 7 and 8 of TB], 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 solder bridges on the Power Supply board or the mother

4-16

poard.
b. Check for proper orientation of BR2 on the Power Supply board
and BR1 on the back panel.
¢. Check wiring on:
1)} veltage wires on the mother board
2} front panel switch
3) AC power cord
4) Ground to +Bv line
d. Check for pinched wires and incorrectly installed components.
. Turn power off, and install the CPU and Interface boards.

WARNING
Always turn powar off when removing or installing plug-in boards
or when connecting or disconnecting the Display/Control board.
Fatlure to turn power off may cause damage to the board and the
computer. Note that capacitor C7 (on the cross member) will

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. 3800b

May, 1977



[¥ there are no memory boards in the computer at address 8, 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.

2300h
Hay, 1977
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Hote:

Step

1

Table 4-3. Voltage and Waveform Check

Instructions 1f Corvect

Check the 7605 voltage regulators Both vegulators should read

on the CPU and Interface boavds. t5v at pin 2. The figure
below shows the corvect pin
lacations for all voltage

regulators.

Check the 7812 voltage regulator It should read 4#12v at pin
on the CPU board. 2. Proceed to Step 3.

The following checks should be wade with the CPU, Interface and Bisplay/Contro) boards installed and with powev
turned on {unless otherwlse specified) Voltages may vavy 110%.

IF Incorvact
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 s the unreguylated output--at least 8v. [If
absent, trace continuity back to bus pins 1 and
61. If Ground and sufficient unregulated voltage
are present at these pins, check pin 2 of the
voltage regulator for +5v. If voltage §s absent,
turn powey off and remove voltage vegulator pin
2 from the board. Turn power on and recheck for
+5v. If the voltage is sti)l below +5v, the
voltage regulator is defective and should be
replaced. 1f voltage Is correct, look for a short
on the board. With power off, resolder pin 2 to
the board.
If voltage 1s incorvect, refer to schematic 3-18
and check pin 3 for Ground. IF absent, trace
continuity to bus pin 100 or 50, Pin 1 {5 the
unregulated output--at least V6v. If voltage is
absent, trace contipuity back to bus pin 2. If
Ground and sufflicient unregulated voltage are
present, check pin 2 of the voltage regulator for
a +12v signal. If absent, turn power off and dis-
connect voltage vegulator pin 2 from the board.
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Instructions

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

Check pin 2 of YR2 on the
Display/Contvol board.

1f Correct

It should read -Sv.
to Step 4.

it should read -gv.
to Step 5.

Proceed

Praceed

1f Incorrect
Turn power on and check again for the +]2v signal.
If the voltage 1s below Vv, the veltage regulator
should ke replaced. If the voltage {s correct,
look for a short on the board. Resoldey pin 2 to
the board.
It the voltage 1s incorrect, check D2 for proper
polarity. Check for ~18v on capacitor €13 {nega-
tive side) on the CPU boaird. [If absent, trace
continuity to bus pin 52.
Turn power of f and check diode D2 according to
the Instructions on page 4-6. Replace, if neces-
sary. Wiih an ohameter set at X10K or higher,
check the resistance from the negative side of c1’
to Ground. A reading of zero oluns Indicates a
short on the board. HResolder the amode lead of
D2 to the boarvd. .
1f the voltage fs Incorrect, check for -)8y on
pin 3 of the voltage regulater. [If absent, trace
contlueity back to bus pin 2. Check for the cor-

Fect part nuwber on VR2, 21, 02 and R20. Turn

power off and vemove the anode lead of diodes Bl
and D2 from the board. Check both diodes accord-
ing to the instructions on page 4-6. If the read-
ings are incorrect, replace 01 and/or D2. Remove
pin 2 of VRZ From the board. Turn power on and
check for a -9v reading at VR2. If 1acorrect,
replace Vi2, if correct, look for a short on the
board. Resolder the output pin to the board.
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Instructions
On the CMU bLoard, check the vol-
tage on IC M pins 20, 11 and 28.
Be careful wot to touch more
than on2 pin at a time.
On bus pins 24 and 25, check for
proper B2 and ¥V waveforms (sece
waveforms -2 and 3, page 4-24},
On the CPU boavd, check for P2
and @} on corresponding pins,
22 and 15 of 1€ M. (See wave-
form £, page 4-27.})

Oa bus pin 99, check for & HIGH
""" This signal is usu-
ally a 4 ¥DC level with a small

ampunt of AC ripple voltage.

_If Lorvect
Pin 20 should read t5v. 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 chameter set at X10K or
higher to trace continulty back to the CPU board's
voltage regulaters. If opens are found, solder
over them.
If #2 and #1 waveforms are absent on the bus pins,
trace logic through ICs 4 and A on the CPU board.
H 82 or 1 1s present at the iaputs of 1C 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 continutty to pins 10 and 11 of IC F. (Note:
#1 and P2 are V2v In amplitude at pins 10 and 11.}
If signals are absent at pins 10 and W, check for
+12v at pin 9 of IC F. 1Ff absent, trace continuity
to V2 pin 2 on the CPU board. Check for an 18
Mitz s1gnal at pins 14 and 15 of IC F. If ahsent,
check IC F according to the instructions on page
4-5, and replace if necessary.
Visually inspect transistors (1, Q2 and Q3 and
diode D1 on the CPU board for proper installment.
Check the base of Gt for a 1v level. If absent,
check 01 accovding Lo the instructions on page
4-6. Replace IF necessary.
0V should be active, causing a Ov level to appear
at the base of Q2. 1§ this Ov level is absent,
check Q1 according to the instructions on page
4-6. 02 should cause a 5v signal to appear at
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Step

Pin 13 (HOLD) of IC M on tha CPU
board should be LOW.

Oa the Display/Contro) board
check for P2 at pin 10 of IC L.
If 82 is absent, the entive
front panel will not operate.

Proceed to Step 9.

If present, proceed to
Step 10.

If Incorrect
the base of 3. [IF the Sv signal 1s absent, check
02 according to the instructions on page 4-6. Then
turn power off, and walt a moneat for €4 to dis-
charge. Rewove one of the leads of €4 From the
beard, and measure €4's resistance with an chi-
meter. (Hote: The chameter needle may fluctuate
sHghtly.) IF the reading is Yower than 10 ohas ,
replace C4. If €4 is working properly, reinstall
C4 and check continuity from the base of 3 to Vcc.
Repadr as necessary.  The 03 emitter should be
above 2v. I not, check (3 according to the in-
structions on page 4-7. Trace this HIGH leve)
through I€s S and J on the CPU board to bus pin
99. If iCs § and J do not Invert the signal, test
the ICs according to the Instructions on page 4-5.
If a LOM is not present at TC M pin'l3. check IC
G on the CPU board according to the instructicns
on page 4-5. Check far Ycc at resistors R23 and
R40. If absent, check continuity and repair as
necessary. Bus pin 74 should be WIGH. IF not,
look for a short on the muther board.
If @2 15 absent at 1C L pin 10, trace continuity
and logic from IC S} on the Display/Control board
through IC T on the Interface board to bus pin 24.
Any inverter having a #2 input, but no P2 output,
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step

10

"

- Instructions If Correct
{Hote: §F you received your 8800b

computer Lefore Junuary, 1977, an

extra capacitor, £7, for the

Display/Control board was included

in the installation instructions.

This capacitor 1s not needed and

should be removed. )

On the Display/Control board,

If present, proceed to
Step 11.

form ¥4, page 4-29) at pin 9 of

ICs C¥, WY, F1, W1, aL, Y1, G}

and Wi, (Mote: [F no switches

ave pressed, H54-M65 should pro-

duce a signal of approximately

4v at the input pins of these iCs.)

Check for a UIGH POC level at
ICs M1 pia 4, P} pin 2, T pin
5 and Z pin 13 on the Display/
Control board.

If present, proceed to
Step 12.

If Incorrect
should be checked according to the 1nstructions
on page 4-5. 1f the I(({s} are functioning pro-
perly, look for a short and repalr as necessary.

If absent, trace the €13 signa) through ICs K1,

J¥, E1 and S1 to IC X pin 9 on the Display/Control
board. [If any of these ICs have a C13 fnput, but
no C13 output, they should be checked according to
the instructions on page 4-5. IFf IC X pin 9 has
no C13 signal, check for a square wave {approxi-
mately .1 ms. wide) at pin 10 of IC X. If present,
check JC X according to the instructions on page
4-5. If a square wave is not present at pin 10

of 1C X, check IC L. 1IF a square wave 5 not
present at pin 1 of IC L when it is removed from
the board, replace IC L.

1€ a LOW appears at any of the pins, trace POC
from the suspected pin to pin 6 of IC N on the
Display/Control board. If POC 15 absent at pin 6,
check IC 31 according to the instructions on page
4-5.

Check the Yoo connection at R42. If Vce 15 absent,
check continuity to VR) pin 2 on the Display/
Control board. Check the lagic aparation of the
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Step

12

13

On the Display/Contyol Loard,
chack for a LOW at pin 13 of IC
KI. {Hote: IF the computer is
runeiag, pin 13 will be HIGH and
only the RUN/STOP or RESET/EXT
CLR switches will work.)

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

If Correct

If present, proceed to
Step 13.

If the proper CS signal is

present, proceed to Step 14.

If Incorrect
1Cs frow J1 through U on the Iaterface board to
bus pin 99. Check and replace the I€s if neces-
sary.
If the computer 1s not 1n a run state and a LOW
Is not present at pin 13, trace logle from IC K)
to a LOW at IC M) pin 6. Check any suspected ICs
according to the instructions on page 4-5. If
1ifttng the STOP switch does not stop the computer,
continug with Lhe remaining steps in this chart
and onto Section 4-9.
If the CS signal does nol match waveform #5,
examine IE ¥ pins 1, 2 and 13 on the Display/
Contral board. Pin 1 should be a 64 usec. pulse
width squave wave; pin 2 a 32 psec. pulse width
square waviz; and pin 13 a 16 psec. pulse width
square wave. If all of these signals are present,
check 1Cs ¥ and E1 according to the Instructions
on page 4-5.
I¥ any of the siguals are absent from pins 1, 2
and 13 of IC ¥, trace the signal back through ICs
El and 51 io IC L. Any ICs that have input signals
but no output signals should be checked according
Lo the instructions on page 4-5. If all of the
Ils 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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16

¥

Instruckions
On the Display/Control hoard,
check pin ¥ of IC L1 for 2 T6
signal (see waveform kU, page
4-30).

On the Display/Control board,
check pin 5 of JC 7 for a (8
slgnal (see waveForm #5, page
4-30).

On the Display/Contro} board,
examine the PROM, IC 6. It
should be labeiled B B/, 1F
1t is pot labelled B D/C, con-
tact the MITS Marketing Dept.
or your local Altair dealer,
Check for Ground at pin 14;
for 45y at pins 12, 13, 15,

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

When the RESET switch fs held,
all address liyhts and data
lights should be 1it. AN
status lights except WO should
be Tkt if PRESET on the CPU
board 1s connected to pin 14 of

If Correct
If present, proceed to
Step 15.

If present, procced to
Step 16.

1f IC G is labelled 8 D/C
and If the voltage levels
are correct, procesd to
Step 17.

1f the correct LEDs are lit,
proceed to Section 4-4 {{f
problems exist with the RUN/
STOP, SINGLE STEP/SLOW or
PROTECT/UNPROTECT switchies).
Then proceed to Section 4-5

If Tncorrect
If absent or incorvect, check the Voglc operation
from IC S1 to pin 2 of IC L, Check for a 16 usec.
sfuare wave puise at pin 2 of IC L. If absent,
check the IC according to the 1nstructions on page
4-5.
1f absent, trace logic through ICs E1 and $1 to,
pin 13 of IC L on the Dispiay/Control board., If
E} or 51 has an input signal but no output signal,
check that IC according to the instructions on
page 4-5. If an output 1s not present at IC L pin
13, check IC L.
If the +5v signal is absent, use an ohnmeter set
at X1K or higher to trace continuity to VR] pin 2.
(Note: If another computer with a PROM board 1s
avatlable, the data in the suspected PROM can be
checked by installing it in the other computer's
PROM board and examdning i1ts output with Table
3-2 in Lhe Theory of Operation section.) If the
<9v signal is absent, use the ohmmeter to trace
conbtinuity to YRZ 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-
cultry; proceed to Section 4-4. When the RESET
switch is pressed and pin 2 goes LOW, pin 1 of

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



8 Step Instructions

= § IC K. (Note: If the pins of
Eé IC M on the CPU board are KIGH,
-4

the corresponding LED: on Lhe
front pan2l should he 11t.}

G2-t

1f Correct
1f problems exist with the
EXAMINE/EXARINE NEXT,
DEPOSTE/DEPOSIT NEXT,
ACCIMULATOR DISPLAY/
ACCLHULATGR LOAD, or N/
QUT switches.

i 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 Vights or data lights ave
not 11t when the RESET switch is held, the pro-
blem may be due to shorts or defective LEDs.
RESET should cause all data lines (BP-D7) and
address Vines (AP-A15) from IC M on the CPU board
to go {1GH. TF any of these lines fatl to go HIGH
when pla 12 of 1C M is HIGH, check for shorts and
repalr as necessary. If any of the address or
data 1lghts are unllt when RESET is Vifted, start
at the corvesponding pin of IC M on the €PU board
and trace the levels through the laterface board
to the Display/Control beard, The address 1ights
correspond to AB-AlS (IC M pins 25, 25, 27, 1, 29-
40} and the data }ights covrespond to DA-DF (IC M
pins 3-10).
To trace the data limes (D@-D7), pins 1 and 15 of
both s B and E on the CPUY board should be LOW.
If pin 1 is not LOW, trace continuity to pin 3 of
VRE. IF pin 15 15 not LOW, trace Joglc to a LOMW
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 pagel4-5.




6L “Aey
90082

Instructions

If Correct

If Incorrect
Trace the loglc Yevels of ICs ¥V and P to IC G on
the lnterface beard. 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 (skeet 3 of 3}, and check
the anode lead of the suspected LED for +8v. If
the voltage {s absent, trace continuity to bus
pin 1. Repair as necessary.
A tOH {less than .Bv) output from cpen collector
ICs H, K, H, D, B or F on the Display/Control
board should produce a voltage of approximately
5v at the cathode lead of the corresponding LED.
If this voltage {s absent, check for shorts.
Check for Vcc and Ground to the open collector
IC. If absent, check continuity. IF Vce and
Ground are present, check the LED before replacing
the IC. A lower voltage (5v) should cause the LED
to Vight; if the LED rematns unlit, Lurn power off
and unsvlder 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
light when power #s returned and the RESET switch
is Vifted, the LED is defective and should be
replaced.



Waveform #1 shows the clock inputs to the 3080A microprocessor

chip itself,
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Waveform #4 shaws the Cls waveforz on the D/C board for all

condicions.
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Waveform *5 shows the C8 and C5 waveforms on the D/C board

for all conditions.
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Waveform #6 shows the (B waveform on the D/C board for all

conditions.

~
/

I
100 - - -
i3
3 ! i ‘| . ifl i i
T | T ] R B
| | | | | | \
2v/c | b !
L
|

Sus/CH

Wzveform #6
2800b
4-30 May, 19877



4-4, NON-PROM 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.

28005 .
May, 1877 -3
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Problem
Description:
the computer 13 runiting or not.

Step Instructions

i Press the RESET switch and check
IC G) pin 4 and IC W) pins 5 and
7 on the Display/Control board.

2 Trace the HIGH level of 1C WY
pin 7 through 1¢s R and N on the
Interface hoard to bus pin 75
{which should be LOW when the
RESET switch 1s T1fted).

3 A LOW PRESET signal should pro-
duce a LOW at IC F pin 2 on the
CPU board.

4 A LOW input at IC F pin 2 should

produce a IIIGH at EC H pin 312 on
the CPU board.

Table 4-4. Reset Check

Buring proper operation, V1fting the RESET switch shouid cause all data and address Tlghts to go HIGH whether

If this does not occur, follow the steps below.

IF Correct
Pin 4 of IC G) should go LOW.
Pins 5 and 7 of IC W1 should
go WIGH. Proceed to Step 2.

If proper logic operation
Is present, proceed to Step
3.

If present, proceed to Step
4.

Lf present, proceed to
Step 5.

If Incorrect
If pin 4 fails to go LOW, check the RESET switch
with an chimeter and replace 1f necessary.
If pins & and 7 fail to go HIGH, check ICs WV and
G} according to the {nstructions on page 4-5,
Trace continulty from pin 1 of ICs Wl and G1 to
VY pin 2. If absent, repaly as necessary.
If ICs R and N do not follow thelr vespective

_truth tables, check them according to the instruc-

tions on page 4-5. MWith an ohmmeter, check con-
tinuity from the Display/Control board to the
Ianterface board. If opens are found, repalr as
necessary.

If a LOW §s not present at IC F pin 2, check for
propey logic operation through 1Cs G and B on the
CPU board., Check any IC that does not follow its
truth table according to the lastructions on page
1-5.

Check 1C F for +5v at pin 16, +12v at pin 9 and
Ground at pin 8. If absent or Incorrect, trace
coatinuity te VRY pin 2, VRZ pin 2 and bus pin 1,
If continuity is present, check

IC F accovding to the instructions on page 4-5,

respectively.

and replace #f necessary.



on the CPU board should cause all
address and data Yines to go HIGH.
(The LEDs correspanding to the
address and data lines should
Tght.)

e Step Instructions If Coryect 1f Incorrect

?:gé 5 A HIGH signal at pin 12 of ICH Proceed to Table 4-5. 1f any of ihe address (AP-AYS) or data (0p-D7)
§§ lines fail to go WIGH, check for shorts. If the
-4

address and data lights do not 1ight when the
corresponding pin of IC ¥ (on the CPU board) 1s
HIGH, refer to Section 4-3, Stepl7 on page 4-24,

£e-v
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ProbYem
Bescription:
should be dim.

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

the address lights.

Step Instructions

1 Check the Yogic operation from IC
RY on the Disptay/Conirol board
to I1C M on the CPU hoard. A LOW
signal at 1€ K1 pls 12 should
cause a HIGH at pin 23 of IC N
on the CPU board. Check for pro-
per loglc operation at IC P} on
the Display/Contral board.

Table 4-5. Stop Check

If Correct
If logic to the Display/
Control bLoard 15 correct, the
problem Yes 1n either one of
two areas: the RUN/STOP cir-
cultry or the S5 Contvol cir-
cuitry.
of IC P1 on the Display/
Control beard. A constant
LOW on pin 12 indicates a
problem 1n the RUN/STOP cir-
cuitry. Irregular LOW going
pulses at pin 13 of {C P1
{ndicate a problem in the S3
Control civcoltry. To test
for RUN/STOP problems, pro-
ceed to Step 2 on page 4-35.
To test for 55 Control pro-
blems, proceed to Step 3 on
page 4-39,

Check pins 12 and 13

Normal Operation--When the computer 15 running, the Walt Vight should be off or dim and several address V1ights
The Ready 1ine will be HIGIl on pin 23 of IC M cn the CPY board.
Pin 23 of IC M will be LOW. There should be no change in
If the computer cannoi be stopped, proceed with the steps below.

When the computer is stopped,

¥ Incorrect
Trace the logic levels from IC RY on the Display/
Control board through ICs R and H on the Interface
board. Pin 12 of I Rl should be LOW and bus pin
58 should be HIGH. If not, check ICs R and K
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. IFf this JIGH signal s absent
at pin 3, check 165 C and B on the CPU board
according to the Instructions on page 4-5. The
MGH at IC F pia 3 should produce a HIGH at TC M
pin 23. If not, check IC F pias 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,

o
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Step Instructions If Corvect
2 RUN/STOP Circuitry.

A.

If a board was pulled out with Proceed to Step B.
power on, proceed wilh the
steps belme:

L}

2)

3)

4)

Turn the cowpuler of f and
remove all boards. Test
the wother board pins with
an oluneter as described
in Step 1 on page 4-15.
Inspect the mother board
for opens along the lands
corresponding to bus pins
1, 2 and 52.

Turn power on and check
for proper voliages on

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

Pulting a board out while
power 15 on usually damages
the ICs connected to bus
pins 3 and 53 which are
shorted to bus pins 2 and
52. Check these ICs accord-
ing te the nstructions on
page 4-15.

If Jocorrect

Repalr according to the instructions on page 4-16.

Repair as necessary.

If voltages are incorvect, repalr according to
Lhe Instructions on page 4-15.

Replace IC C on the CPUY board and IT N on the
Interface board if necessary.
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Step

Instyuctions

Incorrect installtation of

Interface cables Pl and P2 can

cause damage to several compo-

nenls. Refer to page 5-19 to
check for improper cable
asseadly and repair 1f neces-
sary. Then follow the steps
below:

1) Check 1Cs H, K, BY and T
on the Display/Control
board according to the
tnstructions on page 4-5,

2) Turn power off and un-
solder one lead of R74
on the Display/Contro)
board. Test for a
resistance reading of
2.2K ohms. Resolder
the lead to the board.

3} Turn power on and check
the +5v voltage regulator
and the -%v voltage requ-
lator on the Bisplay/
Control Loard as described
on page 4-18, step 1.

If Correct
If P1 and P2 were corvectly
instalied, 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 Instroctions If Corvect
C. Electrical Problem.
1} With the computer in a Run If pulses are present,
state, check for irragular proceed to Step 2) on page
HIGH pulses at IC MY pin 4-38,
3 on the Bisplay/Control

board.

If Incorrect

If pulses are not present, check the logic from
1€ M) to IC DY on the Display/Contral board.
WEGH pulses should be present at pins 3, 4 and §
of IC D1.

a.

If pulses are missing from pin 3 {of IC DY),
check pin 4 of IC M on the CPU board for posi-
tive pulses. IFf absent, check I{s M and F
according to the instructions on page 4-20,
Step 6. If pulses are present at IC M pin 4,
check IC E pin 1 on the CPY board for a con-
stant LOW signal. If absent, check continuity
from pin 1 to Ground. Check pin 16 {of IC E)
for a LOW PDBIN pulse. IFf pin 15 #s IIGH,
check IC ¥ on thc CPU board according to the
instructions on page 4-5, [If IC ¥ 1s working
properly, check pla 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 IIGH D05 signal.

IFf present, trace continuity and loglc to IC
D on the DIsplay/Control board. Repair as
necessary.

If the PSYNC pulse is wissing at pin 4 of IC
D1, check for a HEGH pulse at pin 19 of IC M
on the CPU board. If absent, check 1Cs F and
M according to Lhe Instructions on page 4-5,



8c-v

iL61 ATy

Qo082 | -

Step

2)

3)

Instructions

Lift the STOP swilch
and check pin 4 of IC
Cl, ptn 5 of IC NI and
pin 2 of IC M) on the
Display/Control board.
Lift the STOP switch
and check pins 4, 1 and
5 of IC Wi.

If Correct

Ct pin 4 should be LOY.

Nt pin 5 should be HIGI,
Ml pin 2 should be BIGH.

Proceed to Step 3}).

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

If_Incorrvect
step 6. If the NIGH pulse is present at pin
19, check continuity and logic from pin 19 to
pin 4 of IC D1. Check [€s, 1F necessary,
according to the Insiructions on page 4-5,

c. [If the HIGH pulse (STSTB) 1s absent at pin 5
of IC DY on the Pisplay/Control board, check
for a LON pulse at pin 7 of IC F on the CPU
board. [f absent, check for a HIGH PSYNC
signal at pin 6 of IC F. 1If absent, trace
continuity to IC M pin 19. If continuity ts
present, check ICs F and M according to the
instructions on page 4-20, step 6. If the LOW
pulse 15 present at pin 7 of IC F, trace logic
and continutty to pin & of IC D) on the Dis-
play/Control board, and repalr as necessary.

Pin 1 of 1Cs €1 and Hi should be HIGIL. If not,

trace continuity to Vec, and repair as necessary,

Check ICs €1, NV and M) according to the instruc-

ticos on page 4-5. (Hote: M) pin 2 is HIGH only

when the STOP switch 1s 1ifted and held.)

If pin 4 is LOW, check POC according to the

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

IC Ml is LOW, check IC P1 according to the 1nstruc-

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

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

6 of IC C1. If pin 5 of IC M1 is LOKW, check pin
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A.

6e-v

{Note: IF the JE to JF
Jumper {s present on the
Display/Control board, it
should be resioved for this
check.) Check for LOW going
clear pulses on I Ml pin 13
on the Display/Control board
while the chassis is in a
Run state. A LOW at IC Y1
pin B on the Display/Control
board should produce the LOW
clearing pulse at IC M) pin
13,

Ef LOW SB pulses are present,

follow the steps below:

1} Check pin 2 of IC J on
the Display/Control
board for a C$ waveform
{sce waveform 45 on
page 4-30).

2} Check pin 13 of IC J
for a constant LOU
fevel.

If Correct

i St -2~ -2

If clear pulses are present
on IC M, the trouble lles in
the 58 civcultry. Proceed
to Siep B.

If present, proceed to
Step 2).

If absent, check pin 13
of IC A for a €S signal.
If the signal is absent

1f_Incorrect
2 for a HIGH. If absent, check the logic of ICs
Cl and NY. TF pin 2 15 HIGH,check IC M1 according
to the Instructions on page 4-5.

If pulses arve absent at M1 pin 13, check for proper
loglc at ICs J1 and T1 on the Display/Control
board. {f 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 1s present at I1C J pin
13, check continuity to pia 4 of IC A. Check
IC A according to the instructions on page 4-5.
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Step

Instruckions

3} Check pins 2, 11 and
14 of IC A on the
Display/Control board
Ffor RIGH signals.

4} Trace continulty from
pin 1 of IC J te pin 1
of I1C A and te pins 12
and 1 of IC P.

Check pin 14 of IC P on the

Dispiay/Control board for a

€8 signal.

Check for a WIGH at IC P pin

3 on the Display/Control

board.

Check pin 2 of IC P for a

LOW level. Pin 2 should

pulse BIGH only when a PROM

retated switch 1s pressed.

If Correct
at IC A, refer to Section
4-3, Step 13, page 4-21.
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, trare continuity to VR) 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 2.

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

I+ absent, check for WIGH RC-ELR and POC evels

at pins 12 and 13 of IC 7. I¥ POC 1s LOW, refer
to Section 4-3, Step 7, page 4-20. A LOW signal
at RC-CLE indicates either no €6 signa) at IC L1
pin 1 on the Display/Contro) board {refer to
Section 4-3, Step 14, page 4-24) or LOW going
pulces on pin 3 of IC L1. LOW pulses at 1C LY pin
3 should occur only when a PROM related switch is
pressed.  Check for HIGHs at IC LY pins 2 and 4.
If absent, trace continuity to VR1 pin 2 and



stlep

q0088

1161 “Aey

Lv=-v

F.

Instructions

A C8 signal) at 1C P pin 14
should cause WIGH yoing
pulses to appear at pins 8,

9, 11 and 12 of IC P (RAQ-
RAT1) on the Dsplay/Control
board. {Note: The C8 signal
will cccur oniy briefly when
a PROM related switch 1s
pressed. }

Check plas 17, 18, 19 and 20
of IC G on the Msplay/Contyrol
board for MIGHs. (LOMs should

occur only when the appropriate

PROM related swilches are
pressed. }

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

Check IC A pins 1 and 2 on
the Msplay/Control beard
for proper iaverting logic.
On the Display/Control board,
compare Lhe signal at IC A
pin 1 to that of IC P pin §2.

if Correct

If UIGH pulses are present,
proceed to Step G,

1f present, proceed to
Siep H.

If present, proceed to
Step 1.

If IC Al ¥s working properly,
proceed to Step J.

If Lthe signals match,
proceed to Step K.

If lncorrect
repaty as necessary.
IF KIGH pulses are not preseat, check continulty
from pin ¥ tu pin 12 of IC P, Check power and
Ground at 1€ P. TF present, turn power off and
remove 1€ G. Turn power on and check again for
pulses at pins 8, 9, 11 or V2. [If absent, check
IC P according to the instructions on page 4-5.
Turn power off and relnstall IC 6.

If any LOW levels are prasent (but no PROM
related switches are pressed), trace logic

through ¥Cs V1, 71, 61, F1, Y1 and 1. Pin ) of
ICs FI, U1, M1 and Y1 should be LOM. 1f not,
trace contimutty to Vcc. Check and replace ICs

i f necessary.

If constant levels rather than pulses are present,
refer to Section 4-3, step 16 on page 4-24. Also
check for shorts and bad socket connections.

If proper tnverting logic 1s not present, check
IC Al according to the instructions on page 4-5.

If the signals do not wmatch, trace continuity to
¥cc and repalr as necessary.
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Step

K.

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

Check for a LOW at IC N

pin 8 and trace loglc to

pin 4 of 1C Z on the Display/
Control beard. A LOW at I
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
tncrementing. {Note: Pin 4
of IC 2 should be LOW when
the computer is stopped. Pin
4 should pulse BEIGH only when
a PROM related switch s
pressed. )

If Correct
If present, proceed to
Step L.

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

to Table 4-6.

1f_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 loglc to
pin 12 of IC J. If the pulse 1s present while pin
4 is romoved from the board, trace continuity and
look for shorts. If the pulse 1s absent while pin
4 {s renoved 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 §s defective
and should be veplaced.
Check any ICs that do not follow thelr respective
truth tables according to the Instructions on page
4-5. Check for contfnuity and shorts from pin 12
of IC P to pin 2 of IC Z and repalr as necessary.
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Problem

Table 4-6. fun Check

Wien Lhe computer is running, the WAIT Yight on the front panel should be dim or ofF, and a HEGH should be

present at pin 23 6f IC W on Lhe CPU board. [f the computer will not run when the RUN switch 1s pressed,

Description:
follow the sceps below.
Step. Instructions If Corvect
} Press and hold the RUN switch and  If present, proceed to
check for LOWs at ICs £1 pin 5 and Step 2.
M1 pin 2 on the Display/Conirol
board. Check for HIGHs at ICs Rl
pin 4 and P) pin 1 {on the Display/
Control board).
2 The BIGH at pin )1 of IE P1 should  If proper logic operation

produce a LOW at pin 1 of IC M, is present, proceed to Table
causing a LOW at pin 5. A LOM aL 4-7.
Ml pin 5 should produce a LOM at

IC R pin 12. Trace this active

1.0 FRDY level through the Inter-

face board to IC € pinl3on the

CPU board. (IC C pin13 should be

HIGH when the RUN switch is

pressed.} The resulting HIGH at

pin 3 of IC F should cause a

HIGH at pta 23 of IC M {on ihe

CPU board),

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

If a LOW is not present at pin § of IC M, check
the logic of IC P1 and, if necessary, check the
s according to the instructions on page 4-5.
Check for 92, Vec and Ground at IC F, If K F or
IC M appeirs defective, refer to Section 4-3,
Step 6, page 4-20.
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Table 4-7. Single Stbp/Slow Check

If pulses are not present at IC M, a problem

Problem

Description: J§F JE s juwpered to JF on the Display/Control board, SINGLE STEP/SLOW can be wisleading. For example, when
SINGLE STEP/SLOW ts pressed for a JMP, a change cannot be detected 1n the LEDs. Activity can only be detected
by monitoring pulses on IC M pin 23 (READY) on the CPU board.
exists fn the STNGLE STEP/SLOW circuitry. Follow the steps below.

Step Instructions If Coryect If Incorrect

If SINGLE STEP wil) not function,

follow steps A and B below:

A. HWmile pressing the SINGLE STEP IF present, proceed to
switch, check for LOWs at ICs  Step B.
Cl pin 13 and DY pin ) on the
Display/Control board.

B. When the SINGLE STEP switch IT HIGH signals and proper
15 pressed and held, IC Ml logic are present, proceed
pin 11 on the Display/Control  to Step 2.
board should go §11GH. Check

If absent, check for HIGH signals at pin 1 of

ICs C1 and NI on the Display/Control board. 1f
absent, trace contiruily to VR pin 2. IF the
HIGH signal 1s present, check ICs C1 and M1
according to the instructions on page 4-5.

If IC D1 pin 2 is LOM, check pin 15 of IC N1 for
a LOW. If absent, check pin 9 of ICs C1 and M)
for a €13 waveform. If the waveform 1s absent,
refer to Section 4-3, Step 13, page 4-23. I¥
pin 15 is NIGH, recheck the logic of ICs H] and
cl,

Pin 13 of IC N1 should be NIGH. Jf not, trace
continuity from pin 13 of IC D1 to pin 12 of IC J
and repatr as necessary.

Check IC D1 according to the instructions on page
4-5. Check the togic from pin 8 of IC M) on the
Display/Control board to pin 23 of IC M on the
€PU board. Check any suspected ICs according to
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Step

Instyuctions

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

1f SLOM {on the Display/Control

board) wHll not function, foltou

steps A, B and C below:

A. Check for €18 pulses at pin
10 of I P on the Display/
Control board. -

B. dlolding the SLOW switch
down should produce HIGHs
at pin 9 of 1C Pl and at
pins 1 and 13 of IC D1 on
the Pisplay/Control board.

C. C18 pulses should occur at
iCs D1 pln 2 and M} pin N
on the Display/Contro)

If Correct

If present, proceed to
Step 0.

If present, proceed to
Step C.

I proper operation 1s
present, proceed to Step 3.

If_lIncorrect
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 Yagic from pin 10 of IC P
to junper JD.  {JD ts located next to switch A).}
If pulses are not present at pins 2, 13 and 14
of IC X, vefer to Section 4-3, steps 9 and 10

on page 4-22 to check I(s L and X,

If pin 13 of IC B) is LOW, check §C J pins 1, 2
and 13 as described in Table 4-5, Step 3, page
4-39. If pin 9 of IC PY or pin 1 of IC DY is
LOM, chieck the logic of 1Cs C1 and N1. Check ICs
Cl and HY according to the instructfons on page
4-5 1f necessary.

if LOW pulses are absent at pin 13 of IC MY,
refer to step A on page 4-39. Any IC whose
loglc does not Toljuw 1ts truth table should be



9v-v

LL51 ‘A

Q0088

Instructions If Correct
board. LOW going pulses
should be present at IC Mi
pin 13, (Hote: A constant
LOW level should never be
present at M) pin 13.) Pins
12 and 10 of IC M should be
HIGH. Trace the LOW going
pulses at IC H} pin 8 to
the HIGH going pulses on the
READY 1ine {pin 23 of IC M

~on the CPU board}.

If SINGLE STEP and SLOW wil) not
actuate a stopped condition,
follow steps A and B belou:

A. Pressing the SINGLE STEP/ If the proper signals
SLOY suitch should produce are present, proceed to
LOHs at ICs MY pin 2 and Step B.

P1 pin 1 and RIGHs at ICs
M1 pin 1 and P1 pin 12 on
the Display/Control board.
Check for a LOW going pulse
at pin 13 of EC 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. WIGH pulses shauld be present at pin 3 of
IC F on the CPU Loard., [IFf ICs M or F appear
defective, refev to Section 4-3, steps & and 6,
page 4-20.

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

If not, trace continuity to VR1 pin 2 and repair
as necessary. If pin 13 of IC M) 1s constantly
tOH, refer to Step A, page 4-39.
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Step

Instructions

€heck pin 5 of TC TV un the

Uisplay/Contro} board for a

HIGH POC signal. HIGH going
pulses should be present at

pins 3 and 4 of IC TI.

If _Corvect

if present, proceed to
Table 4-8.

If Incorrect

1 a HIGH POC signal is not present at pin 5,
refer to Section 4-3, step 11, page 4-22, If
JIGH going pulses are absent at pias 3 and 4,
check for PSYNC and STSTB pulses at pins 2, 13,
11 and 10 of IC Th. If these puises are missing,
trace logic to the CPU board according to the
Instructions on page 4-37, step C, Check any
suspected ICs according to the instructions

on page 3-5. )
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Table 4-8.

Protect/Unprotect Check

Mote 1: Table 4-8 deals with problems on the Display/Control} board only; memory board problems are mot fncltuded in this

lote 2:

Problem

Description:

Step
A

table.

In order to perform the PROTECT/UNPROTICT check, one menmory board that has the PROTECT/UNPROTECT option must be
installed In the chassis. (16K Statfc boards do not have this functfon. PROM wemory boards, when addressed,
always cause the PROTECT LED to Vight.)

If presstng the PROTECT switch does not protect the memory board from depositing rew data and {f the UNPROTECT

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

Instructions
Pressing the PROTECT {or
UNPROTECT) should produce a LOW
at ptn 13 of IC GV on the Dis-
play/Control board as long as
the switch is held. Pressing
the UNPROTECT switch causes the
Same operation to occur at pin
12 of IC G}. The LOW at pin
13 of IC Gl causes a LOW at
pin 10 of IC W1 (for PROTECT}.
The LOY at pin 12 of IC &}
causes a LOW at pin 14 of IC
Wi (for UNPROTECT}. Trace the
LOW active PROTECT (or
UHPRGTECT) signal to bus pin
20 (or 70). (Note: The
memory boavd must be addressed
in order to be protected.)

If Correct
If proper operation is
present, proceed to Step 2.

If Incorrect
Check ICs GV and W) according to the instructions
on page 4-5. Check any IC {on the interface
board) whose logic does not follow i1ts truth

table according to ihe instructions on page 4-5.



Qo0es

LL6L ‘Aey

6p-1

Step Instructions

A LOW on the PS line (bus ¥69)
should cause the PROTECT LED
to Vight.

fat]

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

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

Sense Switch Check

Description: IF the data input from the SENSE swiitches does not watch the settings of AB-AYS, follow the steps below.

Problem
Step lnstructions
1 Pressing Single Step twice for

the following program should
produce LOW levels at pins 8

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

tbe jumpered to JF on the Dis-
play/Controt board for thils check.)
A1l address 1ines (AP-AY5) should

be 1TGN.

Location Bit Pattern
000 m
001 377
Q02 303
003 Q00
004 000

hote: IF this program cannot be
deposited, proceed to Table 11 on
page 4-55 to covrect the OEPOSIT

problen.

2 Pin 12 of IC J on the Interface

board should be HIGI.

K| Pin 13 of IC J should Le TG,
If not, check for a HIGH SINP

signal at bus pin 46,

If Correct
1f 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.

1f Incorrect
If LOH levels are not present at pins 8 and 9
of IC D, check the logic operation from IC M
(A@-A15} on the CPU board to IC D on the Inter-
face board. Check any suspected ITs according
to the #nstructions on page 3-5.

If pin 12 15 LOW, check IC D according to the
instructions on page 4-5.

If pin 13 of IC J s not KIGH, check IC C
according to the Instructions on page 4-5. I¥
the SINP signal 1s absent at bus pin 46, trace
logic to pin 6 of IC K on the CPU board. Check
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Instructions

Pin ¥1 of IC J on the Interface
board (S5HT) should be LOW,
Cliecking logic and confinuity,
trace this signal to a LOM on
pin 10 of IC Z on the Display/
Control board.

For each address switch (A3-Al%)
that 1s M fted, the correspond-
ing ocutput pin of either 1L M

or IC U on the Display/Control
boavrd should be LOM.

Trace the LOW level output from
IC Wor IC U to a IIEGI on the
corvesponding output pin of 1€

E or IC H on the Interface hoard.
Check PDBIH (pin 2 of TIC B on the
Interface board and pin 4 of I
C on the CPU board) for MIGH
levels. '

If Correct

If correct, proceed
Lo Step 5,

If LOMs are present at
the proper IC pins, pro-

ceed to Step 6.

If proper logic is present,
proceed to Step 7.

If presenl, proceed Lo
Step 8.

If Incorrect
any suspected ICs according to the tnstructions
on page 4-5.
Check for NIGHs at pins 2, 11 and 13 of IC K.
If absent, trace continuity to VR1 pin 2 on the
CPt board, and repair as neccssary. Press RUN
and check for LOM STST@ pulses on ptn 1 of IC K
{see Tabla 4-10, Step 3 on page 4-53).
Check the Yogic of ICs J and H on the Interface
pboard. Check any suspected JCs according Lo the
instructions on page 4-5.

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

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

If abseat, check TC ¥ on the CPU board according

to the instructions on page 4-5. Trace logic to

a MGH at pin 17 of 1C M on the CPY board. Check
any suspected ICs according to the instructions
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Step

Instruciloas

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

on the Interface board. Pin 8
of IC B should bLe HIGH, cauwsing
LOWs to appear at bus pin 57
{OIG1) and pin 6 of 1C B. A

LOW at pin 57 should produce

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

10 of IC B should be HIGH.

Refer to schematic 3-14.
Lifting any of the AB-A)S address
switches should cause the corres-
ponding data tine of ICs 0, E
and M on the CPU board to go
HIGH.

i e .

If correct, proceed to
Step 9.

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

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

Check lagic frow the outputs of ICs E and M on
the Ipterface board te ICs D and E on the CPU
board. Check any suspected I(s according to the
tnstructions on page 4-5,
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Probiem
Description:
status, follow the steps belaw.

Step Instructions

] Check for NIGIHs at pins 2, 13, N
and 14 of IC K on the CPY Loard.

2 PRESET should Te HIGH on the bus.

3 Check for a LOW going STSTD pulse
at pin 1 of IC K on the CPU board
while the compuier 1s rumning.

4 Check for MEMR and M1 signals at
I K pins 4 and 8 on the CPU
board. Check continuity From the
outputs of ICs D and £ to the
inputs of JC K on tke CPU board.

5 If pins 4 and 8 of IC K are HIGH,

the Mt and MEMRt LEDs on the froat
pane] should be Vit.

Tuble 4-i0.

If Correct
If present, procced (o
Step 2.
If so, proceed to Siep
3.
If present, proceed to
Step 4.

If present, proceed to
Step 5. '

If the correct LEDs are
1t, proceed to Section
4-5 1f problems exist with
the EXAMINE/EXAMINE NEXT,
DEPOSIT/BEPOSTT HEXT,
ACCIRAATOR DESPLAYS
ACCUMIILATOR LOAD or TN/
OUT switches.

Status Check

If status {s incorrect when the computer s turned on and 1f pressing the RESET swiich Falls to achleve proper

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

If the correct LEDs are not 11t, check for proper
loglc operation from IC K on the CPY board to the
front panel LEDs. Check any suspected Is accord-
ing to the Instructions on page 4-5. [f the 1Cs
are working properly, refer to Step 17 on page 4-24
Lo check the LED circultry.



4-5, PROM RELATED SWITCH PROCBLEMS

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

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

8800b
4.54 © May, 1977
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Instructfons
When a PROM velated swltch is
pressed and held, the upper four
bits {RA7-RAA) of the begiuning
address (as shown in Table 3-2 In
the Theory of Operation section)
are produced on the PROM {IC G on
the Bisplay/Contrel board} address

Tines.

Table 4-11,

The chart below shows how

the PROM address Vines (RA7-RA4})
correspond to the switch.

Address Bit

RA? RA6 RAS A
Corresponding
PROM Pin Lk 18 19 20
Switch |
EXAMINE LOW | MIGH | NIGI jilsn
EXAMINE NEXT | HIGH| LOW | NIGH RGN
DEPOSIT HEGI| NMIGH ] LOW JulGn
DEPOSYIT HEXT | WIGIR| HIGH | MIGH jLOY
ACCUMULATOR
DISPLAY LON | LOW | NITGH JHIGK
ACCUMULATOR .
LOAD HIGH] LOW | LOW JuIGH
IN HIGH] HIGH Y LOW JLOU
ouT HIGHE LOW | JTGH [LOW

If no PROM related switches are
pressed, RAT-RAA {pins 17-20 of IC &)

should be NIGH,

If Coyrect
If RAT-RA4 go to the appyo-
priate levels when lhe
corresponding switch is
pressed, proceed to Step 2.

PROK Related Switch Problems

If_incorrect
1f RA7-RA4 are LOW when none of the switches are
pressed, check for LOH input stgnals at ICs ¥
and Z1 on the Display/Control board. Trace cop-
tinuity From RA4-RA7 throuyh RP1 to VR1 pin 2
(Vcc), and repair as necessary. IF a NIGH 1nput
{s found, check the logic operation of ICs F1, U1,
Al and ¥1. Pia 1 of ICs W1, U1, YV and F1 should
he MIGH. §f not, trace to YRY pin 2 on the
bisplay/Contro) board, PRins 4, 5, 13 and 12 of
1Cs FY and IV should be HIGH when none of the
switches are pressed. If HIGN signals are not
present, trace continuity to VRI pin 2 and repair
85 NECessary.

Press and hold down the suspected switch and
trace Yogic to the switch fyom pins 17, 18, 19
and 20 of IC G on the Bsplay/Control board.
Check any suspected 1Cs according to the Jastruc-
tlons on page 4-5.
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Step

Instructions
Check For a BIGH clear pulse (less
than .J usec. wlde) at pin 2 of IC
P on the Display/Conkro) board each
tiwe a PROM related switch Is
pressed. (Note: In order to
petter detect this pulse, turn
the scope's time base to the lowest
frequency setting, or highest time/
cm setting, and turn up the Inten-
sity. A loglc probe may also be
needed. )

If Correct
1F the pulse is present,
proceed to Step 3.

if address lines RAP-RA3
are operating properly,
proceed to Step 4,

Refer to schematic 3 16, sheet 1

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

IC G on the Bisplay/Control board.
For exampile, the DEFOSIT switch
covers addresses 320-323. Address
Hnes RAZ and RAI (which correspond
to pins 8 and 11, respectively, of
IC P) are never used. Consequently,
when the DEPDSIT switch 1s pressed,

If incorrect
IF the pulse 1s absent, check for KIGHs at pins
2 and &4 of IC L and at pins 1, 2, 11 and 12 of
iC X1 on the Display/Control board. If absent,
trace continuity to VR pin 2 on the Display/
Control) board. Repalr as necessary. Pressing
any PROM related switch wi)) cause at least one
LOW on the input plas of IC X1, producing a HIGH
at pin 3 of IC LY. The LOW going pulse at pin 6
(RC-CLR) of IC L} should cause a HIGH pulse at
rin 2 of IC P. At the same thwe, pin 5 (AL-STB)
of IC LY should pulse WIGH. If thls does mot
occur, check I€s LY and 7 according to the instruc-
tions on page 4-5.
If proper operation 1s not present at address
Vines RAP-RA3, check IC P according to the
instructions In Table 4-5, Step F, on page 4-41.
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step

Instructions 11 Corvect
pulses should not be present at
pins 8 and 11 of IC P, Hhen Lhe
switch 1s relcased, pulses may be
present at all outputs of IC P.
The following chart shows the
correct pulse level for each

switch.

Switch Addyess Bt
fA3. RAZ RAl RN

EXAMINE NP P P p

EXAMINE

NEXT hp ne P P

DEPOSIT NP 14 P P

DEPOSTT

HEXT HP ¢ P P

ACCUILATOR

DISPLAY P 4 P P

ACCUMLATOR

LOAD p P P P

In P P

o P P r P

P = No pulses

P = Pulses

(Note: This chart #s valid only
when the switch s pressed and
held. HWhen the switch 1s released,
pulses may appear at all of the
address lines.)
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Instructions

For each data Vine, check contin-
ulty {with an chameter set at X1K
or higher) from the output pins of
1Cs H and F on the Interface board
to the appropriate pins of ICs D

and E on the CMJ board,

If a pulse counter 1s available,
check for the appropriate number

of clock pulses at IC M) pin 11
on the DIsplay/Control board as

Tisted below:

Switch
EXAMINE
EXMMINE REXT
BEPOSIT
DEPOSET NLXT

ACCUMULATOR
BISPLAY

ACCUMULATOR
LOAD

INPUT
ouvTPUT

(Note: Fach nunber corresponds to

Hunber of Pulses

k|

- e

6
6
6

the number of S8 pulses set in

Table 3-2.)

1f Correct
If continuity 1s present,
proceed to Step 5.

1f correct, proceed to
Step 6.

If continuity Is absent, check for opens or a
had connection in the CPU to Interface board
cable. An open will cause the same bit to be
deposited no matter what condition the Ap-A7
switches are in. The EXAMINE switch will show
that the address bit 1s HIGIt along with the
corvesponding bit in addresses AB-A15. Resolder
the cable 1f necessary and solder over oﬁens.

If the correct nusber of pulses Is not present
at IC M) pin 11, check IC G on the Display/Control
board. Also check €S, C8, T17, €6 and M) (refer
to pages 4-23 step 13, 4-24 step 15, 4-22 step
10, 4-24 step 14 and 4-37 step C, respectively).
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Inslructions
If the C13, €6, C8 and CS signals
have not been checked, refer to
page 4-22 step 10, page 4-24
step 14, page 4-24 step 15, and
page 4-23 step 13, respectively,
to check these signals.
The PROM functions usually cause
each PROM data output to change
levels at Teast once. Bit 7 of
EXAMINE REXT §s the only excep-
tion to this rule. Press each
PROM velated switch while mon-
ttoring the output pins of IC G
on the Bisplay/Control board
for pulses.
Check for HIGH signals at pins
2, 14 and 11 of IC A on the
Display/Control boavd. Check
continuity from pins 1 and 12
of ICP topins ¥V of IC A and
to ptn 2 of IC 7 on the Display/
Control board. '
One second after the switch is
pressed, the final addvess (as
shown in Table 3-2) should
appear on Vines RAP-RAT and
rewain there unti] the switch

1f Corvect
IF these signals are Func-
tioning properly, oceed
1o Step 7.

If constant levels are not

present, proceed to Slep 8.

If HIGH signals and cont-
atity are present, proceed
to Step u.

1f correct, proceed to
Step 10.

If Incorrect
Repalr according Lo the instructfons on the
approprriate page.

If a constant LOW or HEGI signa) 1s present on
pins 4, 6,6, 7,8, 9, W0 or 11 of IC G on the
Display/Control board when a switch is pressed,
check continuity with an ohmmetev and look for
shorts and bad socket comnections. Repalr as
necessary.

If NIGH signals and/or continuity are absemt,
check continuity from the suspected pin to YRI
pin 2 on the Display/Control board and repalr as
necessary.

If the final address Is not 177, check IC €
according Lo the instructions on page 4-24, step

6. Also ook for shorts and repair as necessary.
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Step.

10

1

Instructions
1s veleased. 177 should also be
present at JC G on the Display/
Control board.
Refer to the following chart and
check For § pulses at pins 4, 6,
8,10, 15, 17, 19 or 21 0f IC A
on the Display/Control board.

Switch 3 Pulse

EXMMINE sk, 52, 55, S7, S8

EXAMINE NEXT S5, S7, 38

DEPOSIT $1, s6, §7

DEPOSIT MEXT 51, S6, S7, SB, S5

ACCUMULATOR

DISPLAY 53, 54, 55, 57, 58

ACCUMULATOR S, 53, sS4, S5, S7

1.0AD 58

In 52, 53, ¥4, %5, 87,
58

Uy $2, 53, 54, %5, 57,
58

The S pulses listed 1n Step

10 should produce the following

results:

A. For each AP-AT7 switch that
§s up, S1 should produce a
HIGH pulse on Lthe corres-
ponding output pin of IC E

If Correct

!

If preseat, proceed to
Step 1.

IF presentl, proceed to
Step B.

1f Incovvect

If the proper pulses are absent, or 1f the
Improper pulses are present at IC A, check IC A
according to the instructions on page 4-5. Also
lock for shorts and repair as necessary.

Ef these NIGIH pylses arc absent, trace continulty
from pin 21 of 1C A to the input pins of ICs ¥
and W on the Msplay/Control hoard. Also trace
continulty from the output pins of ICs ¥ and W
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Instructions

or IC 4 on the Interface board.

To check for St, press the
DEPOSIT switch,

A HGH S2 pnlse should cause
LOW pulses al the outputs of
ICs W and U on ithe Display/
Control board (#f the corres-
ponding switch 1s up).

RIGI S3 and S4 pulses siould
produce HiGlls at [Cs B} pin
13 and 7 pin 13 on the Dis-
play/Control board,

A BIGH 55 pulse should pro-
duce LOMs at IC & pins 1 and
15 and EC S pin 1 on the
Display/Control board.

A HIGH S6 pulse should produce
a HIGH MWRITE pulse at bus pin
68 and a HIGN DIGY pulse at
bus pin 57,

1f Correct

If LON pulses are present,
proceed to Step €.

If HIGH signals are present
at B pin 13 and T pin 13,
proceed to Step D,

IFf LOW slignals are present,
proceed to Step E.

If HIGI pulses are present,
proceed to Step F.

1f_lacorrect
to the input pins of ICs E and M on the Interface
board with the corresponding switch up. Repair
as necessary. Check logic eperation from the
input pins of JCs ¥ and H on the Display/Control
board to the output pins of ICs E and M on the
Interface board. Check any suspected ICs accord-
lag to the Instructions on page 4-5.

If LOH pulses are absent, check the loglc of ICs
M, I, Wand ¥. Test the I€s according to the
Instructions on page 4-5, if necessary.

1F HIGH pulses are absent, check continuity with
an olumeter and repafr as necessary,

If LOW signals are absent, check continuity from
pln 10 of IC A to pin 9 of IC Al on the Display/
Control board. IF the logic on IC Al 15 fncor-
rect, check the IC according to the instructions
on page 4-5.

If a BIGH MUREITE pulse is absent at bus pin 68,
check for a LOW DEP pulse at pin 8 of IC J. IF
absent, check pin 16 of IC 3 on the Display/



29-v

L16] “Avy

§0088

Step

lostructions f_Correct
If the MURITE signal 1s
absent, "1's® will appear
in the data Vights {for cach
AP-A7 swltch that is up) for
as tong as the DEPOSET switch
is held. When the DEPOSIT
switch 1s released, the data
1tghts will return to their
original pattern. The
DEPOSIT NEXT switch will act
as EXAMINE NEXT, f.e. ft will
Increment an address, but
fall to deposit §t 1n memory.

A HIGH $7 pulse should pro-  If present, proceed to
duce LOWs at IC F pins 1 and Step 6.

15 and EC H pin 15 on the

Interface board, and a NIGH

at pin 6 of IC C on the CPR

boayrd.

If Incorrect
Control board when the switch {s pressed. If
absent, check continuity from pin 10 of IC J to
pin 13 of IC A, pin 2 of IC 2, and pins 12 and
1 of IC P, Repair as necessary. Pins 2 and 14
of IC A should be HIGI. 1f not, trace continuity
to ¥ec. If the DEF pulse 1s st11 absent, check
IC J according to the instructions on page 4-5.
If 1C J is working properly, and if continuity
is present, check ICs A and H on the Interface
board for preper loglc operation.
If a HIGH DIG1 pulse does not accur at bus pin §7,
trace logic from IC € pin § on the Display/Control
board to a LOW pulse at pins 6 and 12 of IC B on
the Interface board. Trace the HIGH pulse from
IC B pin 8 to a BIGI at pin 6 of IC C on the CPU
board. Pin 2 of IC B should pulse NIGH stmul-
taneously with IC C pin 6. IF not, check the
logic from pin 2 of IC B to pin 17 of IC M on
Lhe CMU board. Check the ICs, #f necessary,
according to the instructions on page 4-5.
If absent, check for a CS signal at pin 4 of IC J
and for HIGH pulses from IC P pin 12 to pin 5 of
IC J on the Display/Conktrol board. IF the signals
are absent, trace continulty and repair as neces-
sary. Trace logic to IC B pin 12 on the Inter-
face board. Pins 4,5, 9, 10, 13 and 2 of IC B
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Step Instructions - I Corvect If Incorvect
should be WIGH. [f pins 4, 5, 9 or 10 are LOW,
trace continuity to YRY pin 2 on the Interface
board. IF pin 2 of IC B §s LOM, trace logic
and continuity to pin 17 of IC M. IC M pin V7
should be HIGI. If not, Yook for shorts and check
IC ¥ according to the instructions on page 4-5.
If pin 13 of 1C B is LOW, check IC J on the
Interface board according to the instructions
on page 4-5. Pins 12 and 13 of IC J should be
LOH.  §f not, check 1€s C and D on the Interface
board according to the tnstructions on page 4-5.
$7 should produce a LOW pulse at pin 12 of IC B,
causing a ilI6H pulse at pia V¥ {oF IC B). If a
HIGHI pulse ts not present at pin 1, check IC B
according to the instructions on page 4-5. Trace
the HIGH pulse firom IC B pin 1 to IC £ pin 5 on
the €PU board. (Pin 4 of IC C should be HIGIL.)
Absence of a LOM pulse at pin 6 of IC B will
cause all "1's" Lo be deposited into memory (no
matter how the AP-A? switches are set) when the
DEFOSIT switch s pressed. Pressing the EXAMINE
switch will cause LIGHs only at A3, A4 and AS
{no matter how the AB-AlS switches are set),
since the CPI receives an RST 7 {377) instruction
and jumps to location 070.
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Step Tnstructlon
G. A HIGH 58 pulse should pro-
duce a JIGH READY puise on
pln 23 of 1C H on the CFU
board.

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

If Lorrect
IF present, proceed to
Siep 12.

- Proceed to Step 13,

If the READY pulse is absent at pin 23, check for
a HIGI pulse {from IC P) at pin 1 of IC J.on the
Display/Control board and for a CS signal at pin
2 {(of IC J). If the pulse 1s absent at pin 1,
check continulty to pins 1 and 12 of IC P. HRepair
as necessary. If the C5 signal) {s absent at pin
2, refer to Step 13 on page 4-23. Trace loglc
from pin 12 of 1C J to a HIGH pulse on pip 11 of
IC M1, Check amy suspected ICs according to the
instructlons on page 4-5, Pins 12 and 10 of IC
H1 should be HIGI. If not, trace continulty to
Ycc, Pin 13 of IC M should be HIGH. If a con-
stant LOW 15 present, check logic at I¢s JI and
T1 and replace, if necessary. Trace loglc from
IC M1 pin 8 to IC M on the CPU board. Replace
ICs and repair shorts or opens 1f necessary.

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

If the switch cannot deposit the bits separately,
try different bit combipations. A bit that
cannot be deposited separately may be dependent
on another bit; check for shorts with an ohumeter
set at XK or higher. A LOM resistance reading
between two data lines indlcates a short., Repalr
as hecessary.
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step
LE]

14

15

Instructions

Lower address switches AB-AlS in

If Correct
If there 1s ne change 1In

order to isolate any effect they the sywmptoms, proceed to

may have on the clircuftry. The
switch symptoms should aot
change.

ICs BY and T on the Display/
Control board are not needed
for the EXAMINE, EXAMINE NEXT,
DEPOSET and DEPOSIT WEXT
functions. [f problems occur
with these Ffunctions, turn
power off and remove ICs Kl
and T from the board. Removal
of Bl and T will 1salate any
effects these TCs way cause.
llowever, the switch symptloms
should not change.

Examine the IC outputs in
order to tast the Display/
Control board's open collec-
tors (ICs ¥, W and U}, the
address switches and contd-
nutty to pull-up resistors
R41-848 by V1fting up each
address switch (AB-A1S)
separately.

Step 14.

If the symptoms do not
change, make sure power is
of f and reinstall ICs BY
and T. Proceed Lo Step 15.

Proceed to Step 16.

If_Incorrect
1f the symptoms change when AB-Al15S ave lowered,
check the logic operation of TCs W, U, Z, Al and
A. If vecessary, check the ICs according to the
tnstructions on page 4-5.

If the symptows change, check pins T and 2 of
both I€s for LOMs. IF absent, trace continulty
to the Ground pin of the 7805 voltage regulator
on the Display/Control board. #Pin 13 of both ICs
showld be LOW. If not, trace continutty to pin
17 (for I1C 8Y) or 15 (for IC T) of IC A. Repalr
as necessary. Pin 13 of bolh ICs should never
putse NIGH for the EXAMINE/EXAMINE NEXT or
DEPOSET/DEPOSIT NEXT functions. Pin 14 of both
ICs should be HIGH. IFf not, trace continulty

to Yec (VA1 pin 2).

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

for a LOM Input signal. 1Ff the input 1s not LOW,
check for shorts and continulty to pin 21 of IC
A. A LCH input signal indicates that a bad IC
exists or that one of the components is helding
the Vine LOW. Check Vcc and Ground to the IC.
Pin 11 of both ICs Bl and T should be LOW. IF
not, trvace continuity back to IC A and check IC
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Step

1f_torrect
A bad open collector can cause
the switch data to be examined
or deposited improperty. IF
an addvess switch s down, the
corresponding open collector
output 1s disconnected from
Yec and will float as a LOW.
Lifting the addiess switch
should raise the cutput of
the open collector to approx-
imately 4v, (Hote: The
common Inputs of Ifs ¥, # and
U should be LOW when the com-
puter 1s stopped and no
switches are pressed.)
A. If the ACCUMULATOR

DISPLAY switch will not

function, Tollow the steps

below:

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

from YRl on ihe Display/
Control board to the
computer; 1t must be
connected in erder for
the ACCUMULAYOR DISPLAY
switch to Function pro-

perly.

If Incorrect
A according to the instructions on page 4-5. Fins
1 and 15 of IC R and ¢in 1 of IC $ {on the Dis-
play/Control board) should be MIGH. Tf not,
trace loglc to pin 10 of IC A. Test any suspected
ICs according to the instructions on page 4-5.
Check for shorts on both the Display/Control
board and the Interface board along the FDIO-FDI7
Tines.

Repair as necessary.
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Step

2}

3)

4)

5)

Instructions If Corvect
Make sure Jumper JD Lo Proceed to Step 3).
JC s present on the

Interface board.

Check for LOWs al pins Proceed to Step 4).
2 and 1 of ICs B) and

T on the Display/Con-

trol board. (A constant

NIGH should be present

at pin 14 of both 1Cs.)

As long as the ACCUHI- Proceed Lo Step 5).
LATOR DESPLAY switch

1s held, pin 2 of IC G

on the Interface bnard

should be LOM. Pins

13 and 14 of IC G

should be HIGH and pin

1 should be LOW.

Pressing the ACCUMULATOR Proceed to Step B.
DISPLAY switch should

produce LOH pulses at

pins 8 and 9 of IC D

on the Interface board.

As a vesult, pin 10 of

IC D should pulse JIIGH,

Pins 10 and 11 of IC K

should also pulse MIGH,

If Incorrect
Repatlr 1f necessary.

If pins 2 and 1 are HIGH, trace continuity to
Ground {ptn 3 of VR1} on the Display/Control
board. If pin 14 is LOW, trace continuity 1o
VRY, pin 2. Repalr as necessary.

1f pin 2 ¥s NIGH, trace logic from IC G to IC Y1
on the Display/Control bLoard. Check any suspected
ICs according to the Iastructions on page 4-5.

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

and repalr as necessary.

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

Location Bit Pattern
000 Kk X)
a0l n
an2 303
003 ano
a04 000
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Step

Instructions

If Juwper JE Lo JF is
present en the Inter-
face board, a NGl
pulse should be present
at pin 9 of IC K. The
resutting LOM at pln 8
{of 1C K) should pro-
duce a HIGH pulse at
pin 11 of IC 6.

if the ACCUMULATOR DEPOSIT
suitch will not function,
check the inpuls of [Cs Bl
and T as described In Step
1 on page 4-65.

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

if the OUT switch will

not function, check the
sense switch operatlon

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

If incorrect
(Hote: Juwmper JE to JF on the Display/Contro)
board must be absent for the followlng check.)
To check the levels of ICs D, J and G pin 4,
stop the conputer and examine to location 000,
LIFE the SINGLE STEP switch twice with the above
prograim deposited into memory., If pin 10 of IC K
{5 LOW, trace the SOUT logic to the CPU board.
If pin 1} of I K #s LOW, trace the PHR signal
to IC M on the CPU board, Check any suspected
ICs according to the Instructions on page 4-5.
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5-1. GENERAL

Section V contains instructions for
the circuit and mechanical construc-
tion of the Altair 8800b computer.
Included in this section are assem-
bly hints, detailed component in-
stallation instructions, and printed
circuit board and main frame assem-
bly instructions.

§-2. ASSEMBLY HINTS

Before beginning the construction
of your unit, it {s important that
you read the "MITS Kits Assembly
Hints" booklet included with your
kit. Pay particular attention to
the section on soldering, because
most preblems occur as the result
of poor soldering. It is essential
that you use the correct type of
soldering iron. A 25-30 watt iron
with a chisel tip (such as an Ungar
776 with a 7155 tip) is recommended
in the assembly hints booklet.

Aoril, 1977
8860

SECTION V
ASSEMBLY

NOTE

Some important warnings are
also included in the hints
booklet. Read them care-
fully before you begin work
on your unit -- failure to
heed these warnings could
cause you to void your war-

ranty.

Check the contents of your kit
against Appendix B (Parts List) in
this manual to make sure you have
all the required components, hard-
ware, and parts. The components
are in plastic envelopes; do not
open them until you need the com-
porents for an assembly step. You
will need the tools called for in
the "MITS Kits Assembly Hints"
booklet,

5-3°



As you construct your kit, follow
the instructions in the order they
are presented in the assembly man-
ual. Always complete each section
before going on to the next. Two
organizational aids are provided
throughout the manual to assist
you: 1) Boxed off parts {identifi-
cation 1ists, with spaces provided

to check off the components as they

are installed; 2) reproductions of
the s11kscreens showing previously
installed components, compcnents
being installed, and components yet
to be installed (Figure 5-1).

previously
installed
components

0909

components

eyt to be

1nsta]1ed

CZS

being
installed

Anril,
88CCh
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PRINTED CIRCUIT BOARD VISUAL INSPECTION

- It is recommended that a visual inspec-
tion of the PC Board(s) in your kit be
made before beginning the assembly pro-
cedures,

Look for etching "bridges" or etching

"opens" in the printed circuit lands,
as shown in the drawings below:

Example of an

Etching "Bridge” | !

Example of an
Etching "Open”

~

R R R R R R R |} A IONDRCa0 00D @

This could also appear as a
"hairline" cut. '

A thorough visual inspection will elim-
inate one possibility for errors, should
the beoard not operate properly after it
is assembled. Troubleshooting efforts
may then pe concentratad elsewhere.

Aprdl, 1977
2300b

5-3. COM#ONENT INSTALLATION
INSTRUCTIONS

Pages 5-6 through 5-12 describe the
proper procedures for installing
various types of components in your
kit.

Read these instructions over very
carefully and refer back to them
wnenever necessary. Failure to
properly install components may
Cause permanent damage to the com-
ponent or the rest of the unit; it
will definitely void your warranty.

More specific instructions, or
procedures of a less general nature,
will be included within the assem-
bly text itself.

Under no circumstances should you
proceed with an assembly step with-
out fully understanding the proce-
dures involved. A little patience
at this stage will save a great
deal of time and potential “head-
aches" Tater. '



-4, Resistor Installation Instructions

Resistors have four (or possibly five) zeclor-coded bands =
as represented in the chart below. The fourth band is gold cr
silver and indicates the tolerance. NOTE: In assembling a
MITS kit, you need only be concerned with the three bands of
color to the cne side of the gold or silver (tolerance) band.
These three bands denote the resistor's value in ohms. The
first two bands correspond to the first two digits of the
resistor's value and the thixrd band represents a multiplier.

For example: a resistor with red, 2ND BAND
viclet, vellow and silver bands haz a VIOLET a4TH BAND
value of 270,000 ohms and a tolerance SILVER
o< 10%. By leooking at the chart below, IST BAND
vou see taat red is 2 and vielet 7. By RED

muitiplying 27 by the vellow multiplier
band (10,000}, you find vou have a
270,000 ohm (270K} resistor. The sil=-
ver band denotes the 10% tolerance.

Cse this orocess to choose the correct 3RD BAND
resistor called for in the manual. YELLOW

Use the following procedure to install
the resistors onto the boards. Make

RESISTOR CCLUR CCDES

' ' BANDS | 3rd BAND | sure the colored bands on each resistor

CCLOR ls2 ;. (Multiplier) f match the colors called for in the list

: : | | of Resistor Values and Color Codes given

' Black @ 0 f | in the assembly instructions.

| Brown : 1 % lOz |

' Red :- 2 | 10 i

i Orange | 3 ! 102 !

:éeilow : : ! }gs { 1. Using needle-ncse piiers, bend the

éqf;zn ; : | 108 § leads of the resister at right an-

lazolet | - . 10? i gles to matcn their respective holes

i i 8 i cn the PC board.

jSray o8 9% |

!Wh;te . 9 f 10 j 2. Install the resistor into the cor-

' - ' rect holes on the silk-screened side
of the PC board.

3. Helding the resistor in place with
one hand, turn the board over and
bend the two leads slightly outward.

4. Solder the leads to the foil patte
on the back side of the board; then—
clip off any excess lead lengths.

5-6 April, 1977
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5-5. Capacitor Instailation Instructions

A. Electrolytic Capacitors

Polarity must be noted on electroiy-
tic capacitors before they are in-
stalled.

The electroiytic capacitors con-
tained in your kit may have one aor
possibly two of three types of pol-
arity markings. To detarmine the
correct orientation, ook for the
following.

ELECTROLYTIC
CAPACITOR

One type will have plus (+) signs
on the positive end; anothar will
have a band or a groove around the
positive side in addition to the
plus signs. The third type will
have an arrow on it; in the tip

of the arrow there will be a neg-
ative (-} sign. The capacitor must
be oriented so the arrow points to
the negative side.

Ingtall the electrolytic capacitors

using the following procedure. Make
sure you have the correct capacitor

value before installing each one.

1. Bend the two leads of the cap-
acttor at right angles to con-
form to their respective holes
on the board. Insert the cap-
acitor into the holes on the
s1lk-screened side of the
board, aligning the positive
side with the "+" signs printed
on the board.

2. Holding the capacitor in place,
turn the board over and bend the
two Teads siightly outward. Sol-
der the leads to the foil (bot-
tom) side of the board and, clip
off any excess lead lengths.

Aorfl, 1977
£800b

B. Epoxy Dipped Tantalum, Epoxy
Dipped Ceramic, and Ceramic Disk
Capacitors

Polarity must be noted on epoxy

dipped tantajum capacitors before

they are instalied.

There are two types of apoxy dipped
tantalum capacitors contained in you
your kit. The first type is blue on
the positive side. The second type
is marked with “+" signs on the
positive side. Both types of epoxy
dipped tantalum capacitors are

shown in the drawings below.

Positive
Side

Epoxy Oipped
Tantalum Capacitors

The apoxy dipped ceramic capacitors
and the ceramic disk capacitors are

non-poiarized,

These two types of capacitors are
shown in the drawings below.

—

> h b

Ceramic Disk

Epoxy Dipped
POXY o R Capacitor

Ceramic Capacitor

Install these 4 types of capacitors
using the following procedure. Make
syre you have the correct capacitor
value before installing each one.

1. Bend the two capacitor leads to
conform to their respective holes
on the board.

2. Insert the capacitor into the cor-
rect holes from the silk-screened
side of the board. Holding the
capacitor in place, turn the board
over and bend the two leads s}ight-
Ty outward.

3. Solder the two leads to the foil
(bottom) side of the board and,
c¢lip off any excess lead lengths.



5~%, Diode Installation Instructions
NOTE: Dicdes are marked with a band on

one end indicating the cathode end.
Each diode must be installed so that
the end with the band is oriented towards

5-7. Transistor Installation Instructicns

To install transistors, use the fol-
lowing instructions.

NCTE: Always check the part number of

the band printed on the PC board. Pail-
ure to orient the diodes corrsctly mpay
result in permanent damage to vour unit.

DICDE

Use the following procedure to install
diodes onto the board. Refer to the list
of Diode Part Numbers included for each
board to make sure you install the correct
dioda each time.

1. Bend the leads of the diode at right
angles to match their respective
holes on the boaxrd.

2. Insert the diocde into the correct
noles on the silk screen, making
sure the cathode end is properly
oriented. Turn the board over and
bend the leads slightly outward.

3. 3older the two leads to the foil
pattern on the back side of the
board; then clip off any excess
lead lengths.

5-8

¢ach transistor before you install it.
{See listing of Transistor Part Numbers
for each board.) Some transistors look
identical but differ in electrical char-
acteristics, according to part number.
If you have received substitute part
numbers for the transistors in your kit,
check the Transistor Identification
Chart which follews these instructions
to be sure you make the correct sub-
stitutions.

SOTE: Alwavs make sure the transistor
is oriented so that the emitter lead is
installed in the hole on the PC bhoard
labeled with an "E". To determine
which lead is the emitter lead, refer to
the Transistor Identification Chart.

1. After the correct transistor has
been selected and the leads have
been properly oriented, insert the
transistor into the holes on the
silk~screened side of the board.

2. Eolding the transistor in place,
tura the board uver and bend the
three leads slightly outward.

3. Solder the leads to the foil pattern
on the back side of the board; then
clin off any excess lead lenghts,

aertl, 1977
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TRANSISTOR IDENTIFICATION CHART

AMALL

enz907*
C34438
C34439
cCIa437
CE4 410

ZN42%0

ZN3AA2
2HIE43 (NQ FLAT)

o e T

Tisa3a
TS a2

marz
ZNs02e

= ¥
-

ST

E,@B

&o.

sT2907
5T 9@
$304TY
pL ]

N4410
EN4410 .
PN2SQ7
2N2907
EN2907*

IN THE ILLUSTRATION ABQVE THE QUTLINE OF EACH TYPE OF TRANSISTOR IS
SHOWN ABOVE THE PADS ON THE CIRCUIT BOARD WITH THE CORRECT DESIGNA-

TION FOR EACH OF THE THREE LEADS.

USE THIS INFORMATION TOGETHER WITH
THE INFORMATION IN THE ASSEMBLY MANUAL FOR THE CORRECT CRIENTATION OF

THE TRANSISTORS AS YOU INSTALL THEM.

THE FOLLOWING
USED YOU WILL
2N4410
EN2907

CORRECT ORIENTATION FOR THE THREE LEADS.

*Configuration of the leads on EN2907 may vary.

April, 1977
£80Ch

IS A LIST OF POSSIBLE SUBSTITUTIONS: IF ANY OTHERS ARE
RISK DAMAGING YOUR UNIT:
EN4410 = (S4410 = C34437, CS4438, TIS98, ST98, 538473 (HPN)
2MN2907 = PN2907 = ST2907, €S4439 (PNP)
WHEN MAKING SUBSTITUTIONS, REFER TO THE ILLUSTRATION TO DETERMINE THE
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IC Installation Instructions

All ICs must be oriented so that the notched end is toward the end with the
arrowhead printed on the PC board. Pin I of the IC should correspond with
the pad marked with the arrownead. If the IC does net have a notch on one
end, refer to the IC Identification Chart to identify Pin 1.

To prepare ICs for installation:

All ICs are damaged easily and should be handled carefully -- especially
static-sensitive MOS ICs. Always try to hold the IC by the ends, touching
the pins as little as possible. When you remove the IC from its holder,
CAREFULLY straighten any bent pins using needle-nose pliers. All pins
should be evenly spaced and should be aligned in a straight line, perpen-
dicular to the body of the IC itself.

B. Installing ICs with sockets:

Installing ICs without sockets:

l. Referring to the drawing below, set
the IC socket into the designated
holes on the board and secure it
with a2 piece of masking tape.

1. Orient the IC so that Pin 1 coincides
with the arrowhead on the PC board.

2. Align the pins on one side of the I¢
So that just the tips are inserted
into the proper holes on the board. 1€_SOCKET

3. Lower the other side of the IC into
place. If the pins don't go into
their holes right away, rock the IC
back, exertirg a little inward
pressure, and try again. Be patient.
The tip of a small screwdriver may
be used to help guide the pins into

place. When the tips of all the pins 2. Twn the board over and solder each
have been started into their holes, Pl to the foil pattern on the back
push the IC into the board the rest side of the board. Be sure to solder
of the way. Tape the IC to the each pin and be careful not to leave
board with a piece of masking tape. any solder bridges. Remove the mask-
ing tape.

4. "Turn the board over and solder each . _
pin *o the foil pattern on the back 3. Orient the IC over +he socket so that
side of the board. Be sure to sole Pin 1 coincides with the arrowhead
der each pin and be careful not to on the PC board.
leave any solder bridges. Remove . .
the masking tape. _ “. Align the pins on one side of the

socket so that just the tips are
inserted into the holes,

5. Lower the other side of the IC into

! WARNING: ‘ place. If the pins don't go into
Make sure none of the pins have been their holes right away, rock the IC
pushed underneath the IC during back, exerting a little inward pres-

' insertion. . sure, and try again. Be patient.

’ When the tips of all the pins have

been started into their heles, push
the IC into the socket the rest of

5-10 the way. April, 1977
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1)

2)

3)

4)

MOS IC SPECIAL HANDLING PRECAUTIONS

There are several MOS integrated circuits
contained in this kit. These IC's are
very sensitive to static electricity and
transient voltages. In order to prevent
damaging these components, read over the
following precautions and adhere to them
as closely as possible. FAILURE TQ DO SO
MAY RESULT IN PERMANENT DAMAGE TQ THE IC.

A1l equipment (soldering iron, tools, 5) Always touch the PC board before

solder, etc.) should be at the same touching the IC to the board. Try
potential as the PC board, the assem- to maintain this contact as much as
bler, the work surface and the IC it- possible while installing the IC,

self along with its container. This

can be accomplished by continuous 6) Handle the IC by the edges. Aveid
physical contact with the work sur- touching the pins themselves as much
face, the components, and everything as possible.

else involved in the operation.

7) Dry air moving over plastic can result

When handlﬁng the IC, develop the in the development of a significant
habit of first touching the conduc- static charge. Avoid placing the IC
tive container in which it is stor- ' near any such area or object.

ed before touching the IC itself.

8) In general, never touch anything to

If the IC has to be moved from one the IC that you have not touched
container to another, touch both first while touching both it and the
containers before doing so. IC itself.

o not wear clothing which will build

up static charges.

Preferably wear

clothing made of cotton rather than
wool or synthetic fibers,

April, 1977
88C0b
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PIN 1 PIN1 Pml'=k):' lelnT:'
l — Ned L/
PINY U PINI[ L] PiNt [o \/ PINY =]
Q
|
PIN{ o PINT |~
O
- o ————— U ——

INTEGRATED CIRCUITS (ICs) CAN COME WITH ANY ONE OF, OR A COMBINATION
OF, SEVERAL DIFFERENT MARKINGS. THESE MARKINGS ARE VERY IMPORTANT IN
DETERMINING THE CORRECT ORIENTATION FOR THE ICs WHEN THEY ARE PLACED
ON THE PRINTED CIRCUIT BOARDS. REFER TO THE ABOVE DRAWING TO LOCATE
PIN 1 OF THE ICs, THEN USE THIS INFORMATICN IN CONJUNCTION WITH THE
INFORMATION BELOW TO PROPERLY ORIENT EACH IC FOR INSTALLATION.

WARNING: INCORRECTLY ORIENTED IC's MAY CAUSE PERMANENT DAMAGE! 1

e

3 ~5rm THE DRAWING ON THE LEFT INDICATES VARIOUS
> » METHODS USED TO SHOW THE POSITION OF ICs
ON THE PRINTED CIRCUIT BOARDS. THESE ARE
SILK-SCREENED DIRECTLY ON THE BOARD. THE
ARROWHEAD INDICATES THE POSITION FOR PIN 1
B8 h— WHEN THE IC IS INSTALLED.

5-12 April, 1977
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5-9. INTERFACE CARD ASSEMBLY

5-10. 1C INSTALLATION (Figure 5-2)

Install the following 22 integrated
circuits (Bag 1) on the Interface
Card according to the IC Installation
Instructions, Section A, given on
page 5-10. IC G will be installed
with a 24-pin socket according to the
IC Installation Instructions, Section
8, nage 5-10.

The chart below lists the 22 ICs,
their corresponding part numbers,
and acceptabie part substitutions.

IC Part Numbers

K

G (with
socket)

‘,R,T 741504 or 74LS14

741520 or 74LS13

74367 or 8097 or
8797

7400 or 74LS00
7402 or 74L302
7410 or 74LS10

8212

3-2. Interface IC Imszallation

April, 1977
28000
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5-17. RESISTOR INSTALLATION (Figure

5-3
Install the 7 resistors, R1 through . ~
R7 {(Bag5), on the Interface Card Resistor Values
according to the Resistor Installation ()R th h R7 2.2K ohm (red
Instructions gi age 5-6. roug . »
nstructions given on page ved, red) 1/2M
NOTE ' or 1/4W

-Save the excess resistor
leads for use in Paragraph
5-15.

5-3. Interface Resistor Installation

5-14 April, 1977
8800b



'5-12. SUPPRESSOR CAPACITOR INSTALL-
ATION (Figure 5-4)

There are 22 suppressor capacitors
(Bag 2) to be installed on the Inter-
face Card. These capacitors are
used for noise suppression. They
are located next to the ICs on the
silkscreen, but they have no indivi-
dual component designations. In-
stall the suppressor capacitors
according to the Ceramic Disk Cap-
acitor Installation Instructions
given on page 5-7.

Suppressor Capacitor Values

0.1uf, 12V or

( } 22 suppressor
0.1uf, 16V

capacitors

NOTE

Save the clipped off capa-
¢itor leads for use as
gquer wires in Paragraph
-14.

5-13. CAPACITOR INSTALLATION
{Fiqure 5-4)

Install the two electrolytic capa-

citors, C1 and C3 (Bag 2), and the

two ceramic disk capacitors, C2 and
C4 (Bag 2), according to the instruc-
tions given on page 5-7.

The chart below 1ists the 4 capaci-
tors and their values.

Capacitor Values

()€1, C3* 20uf - 35uf, 12V - 20V,
electrolytic

0.1uf, 12V or 0.1uf,
16V, ceramic disk

()cz, ca

*C1 and C3 may have any value within
the range shown.

+ <2 4o c4

"

5-4. Interface Suppressor Capacitor and Capacitor Installation

Aoril, 1977
3800b
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5-14, gU?PER CONNECTIONS (Fiqure

There are two jumper wires to be
installed on the Interface Card.
Use the capacitor leads saved from
the Suppressor Capacitor Installa-
tion. Cut two leads, to.l1-inch
lengths, and jumper the following
pads on the Interface Card.

Jumper Connections

()} JC to JD
() JE to JF
NOTE

Do not jumper JA to JB here.

5-5. Interface Jumper Connecticns

5-16

5-15. FERRITE BEAD INSTALLATION

{Figure 5-6)

Install the three ferrite beads, L1
through L3 (Bag 3), according to the
following instructions.

1.

Using the resistor leads saved
from Paragraph 5-11, cut three
1-inch lead lengths.

Insert a lead through the bead,
and bend the ends so they con-
form to their designated holes
on the Interface Card.

Insert the leads into the card,
and solder to the foil (bottom)
side of the card. Be sure not
to Teave any solder bridges and

- . clip off any excess lead lengths.

5-6 )

Intarface Ferrite Bead Ins%allation

Aoril, 1377
8800



INSERT PAGE

Altair 8800b

Interface Card Assembly Procedure

Addendum t3 page 5-16, Jumper Connecticns

If the D/C Interface Board jumpers are installed according to the
instructions given on page 5-18, the front panel data lights will display

outputs to channel 377, (255¢4). If jumper JE-JF is removed, the data
Tights will display ougputs lg &1l channels. For a more detailed discussion

of these jumper options, refer to the Theory of Operation Manual, page 3-60,
and Figurs 3-15 (sheet 3).

5—16A



5-16. VOLTAGE REGULATOR INSTALLATION 3. Referring to Figure 5-7, set the

Figqure 5-7 requlator and heat sink in place
GE ) - ongthe si]k-screeneq side of yhe
~Install the voltage reguiator, VRI card. Secure them in place with
(Bag 1), and heat sink on the In- a #6-32 x 3/8 1nchxscrew, a 46
terface Card according to the follow- , lockwasher, and a #6-32 nut.

ing instructions.
? 4. - Solder the three leads to the

1. Set the regulator in place on foil (bottom) side of the card.
the silk-screened side of the Be sure not to leave any solder
Interface Card, aligning the bridges.

Teads with their designated holes. |
5. Clip off any excess lead lengths..

2. Use needle-nose pliers to bend Voltage Regulator Part Number

each of the three leads at a
right angie to conform to its () VRI 7805
proper hole on the card.

NOTE

?‘_—#6-32 X 3/8"
Use heat sink grease when in- Screw

stalling this component.

Apply the grease to all metal
surfaces which come in contact
with each other.

MC 7805

Lock Washer ——am o

|
*6-32 ——
]

5-7. Interface Voltage Regulator Installation

April, 1977 . ' 3-17
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5-17.

MALE CONNECTOR INSTALLATION
{Figure 5-8)

Install one 10-pin Male Connector,
P3 (Bag 3), on the Interface Card
agcording to the following instruc-
tions.

1.

Orient the connector as shown in
Figure 5-8, with the bent pins
pointing towards the top of the
card,

Insert the short pins into the
10 designated holes on the silk-
screened side of the card.

Solder each pin to the foil
(bottom) side of the card. Be
sure not to leave any solder
bridges.

Clip off any excess lead Tengths.

The arrow on the silkscreen
points to Pin #1. After in-
stalling the male connector,
¢lip off pin #2 of the con-
nector. This is done for
keying purposes. Further
keying instructions are
given in Paragraph 5-76.

\) 10-Pin Maje
Connector

5-8. Interface Male Connecor Installazicon

Agril, 1877
38005



5-18. RIBBOM CABLE PLUG INSTALLA-
TION (FIGURE 5-9

—install the two ribbon cable plugs,
P1 and P2 (Bag 4), on the Interface
Card according to the following in-
structions.

1. Orient the Ribbon Cable Plug as
shown in Figure 5-9, so that
the socket end of the plug
hangs over the Teft side of the
card.

Ribben Cable

April,. 1977
£300b

Insert the pins into their pro-
per holes and solder each pin to
the foil (bottom) side of the
card. Be sure not to Teave any
solder bridges.

NOTE

The socket end of the Ribbon
Cable Plug will be connected
later in Paragraph 5-75.

53-9. Intaerfaca Ribbon Czhle Plug Inszallasion

5-19/{5-20 blank)



5-19. DISPLAY/CONTROL BOARD ASSEMBLY

5-20. IC SOCKET AND IC INSTALLATION
- (Figqure 5-10)

There are 4 ICs, A, G, T, B1 (Bag10),
to be installed with sockets on the
Display/Control Board. Install

these sockets and ICs according to
the Integrated Circuit Installation
Instructions, Section B, given on
page 5-10.

i

SiTkscreen IC Part | Socket
Designation { Number Size

( YA, T, B1|8212 24-pin
()6 1702A* 24-pin

*IC G is a programmed PROM IC
labellad "B D/C".

] )

=
SO0 0 0 0 B0 oo 00 O gy —
0 ' |

: Q_,UnnﬂDgﬂﬂgﬂm"Eﬂﬂ gmgﬁnggggnmggggomﬁmn 2
| 097000t T 0eeBen0 706000700 0e0]0 0 00 .G

2 GmuDu[aDaDmUcr]anDnDd:uﬂﬂm oalo[ JedeJ] | w0
o I

)

5-10. Display/Control IC Socket and IC Instaljation

Aprit, 1977
E8005
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5-21. IC_INSTALLATION (Figure 5-11) IC Part Numbers
tsgrated Circutt Installation In- () UsH,Y, V1,270 7405 or 741508
page 0. ¢) L L
() LM 74,574
()« 74367 or 8097
or 8797
( }R,S 8793
()P 7493
()r1,z 7400 or 741500
() C,d1,E1,R 74L504 |
() Al 74L514
()d 74L10
( ) v,D1,Ti 7410 or 74LS70
() XI,N 741530 or 74L30
() L,X 4040
() st ﬁ293343°49

5-17. Oisplay/Contral IC Installation
5.22 | April, 1977
8800b



5-22. RESISTOR INSTALLATION
(Figure 5-12, page 5-24)

—

There are 76 resistors (Bags 2, 3 NOTE
and 4) to be installed on the Dis-
play/Control Board. Install these Save any excess resistor
resistors according to the Resistor leads for jumper conmnections
Instaliation Instructions given on in Paragraph 5-24 and for
page 5-6. ferrite bead installation

in Paragraph 5-28.

Do NOT install R76 at this time.
It will be installed on the back of

the board when the Voltage Regulator
instaiiation (page 5-30) has been

completed.

Resistor Values

( )} R2-R19, R21, R22, R23-R26,

R28-R30, R32-R41, R73 220 ohm (red, red, brown) 1/2W
{ ) REQ, R75 100 ohm (brown, black, brown) 1/2W
( ) R66 470 ohm (yellow, violet, brown) 1/2u

| ( ) R20 1K ohm (brown, black, red) 1/2W

( ) R1, R23, R27, R31, R42-R49, ' _

R51-R65, R67-R72, R74 - 2.2K ohm (red, red, red) 1/2W
( ) R76 5 ohm (wire wound resistor; has no

color codes) SW™

# Due to supply variations, the 5 ohm, 5 watt resistor supplied with
your kit will be one of three sizes:

.22", length = 7"
17", length = 9"
.3", length = .9"

a) Diameter
b) Diameter
c¢) Diameter

Size "A" and size "B" resistors should be installed on the back of the
board in the position shown on the silkscreen. Size "C" resistors

should also be installed on the back of the board, however, the resistor
leads must be left long enough so that the resistor will fit underneath
the mother board. The resistor can be positioned correctly by holding
the Display/Control Board vertically against a table top and bending

the resistor down until it is flush against both the board and the

table top. Be sure to insulate the resistor leads with tubing so that
there are no bare leads exposed. Be especially careful to see that the
resistor lead cannot short to the mounting screw of the 5 volt regulator.

April, 1977 5-23
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§-12. Display/Control Resistor Installation

5=-23. RESISTOR PACK INSTALLATION NOTE
Figures 5-13 and 5-14

It is necessary to clip off the last

According to supply variations, your three leads on the resistor pack at
kit will contain either one resistor the end furthest from the smail dot.
pack, RP1 (Bag 2}, or 5 individual There are no holes on the PC board
4.7K-ohm resistors to be substitutad for these leads, and these thres
for RP1. resistors are not used.

Resistor Pack | Value |

A. Resistor Pack {Figure 5-13). Use
the Tollowing instructions to () RM 4,7X ohms
install the resistor pack as
_shown in Figure 5-13,

1. Tne resistor pack has a small
dot printed at one end. This
cot must correspond with the
dot printed on the PC Board.
Insert the resistor pack per-
pendfcular to the silk-screened
side of the board, aligning the
smalT dots.

2. Soider each pin of the resistor
pack to the foil (bottom) side

of the board. Be carsful not 5-13. Display/Control Resistor
to leave any solder bridges. Pack Installation
5-24 sprdl, 1977
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Substitute Resistors (Figure
-14), your Kit 1s not
suppiied with a resistor pack,

use the following instructions
to install the 5 substitute re--

sistors.,

The resistor pack designation
on the silkscreen has 5 holes.
The left-most hole is marked

on the silkscreen with a small
dot. Vertically insert one re-
sistor into the right-most hole
on the board. Bend the top lead
at a right angle as shown in
Figure 5-14A until it is para-
11el with the board. Then bend
the end ¢f the lead at a right
angle so that it may be inser-
ted into the left-most hole
marked with a small dot.

Solder the two inserted leads to
the foil (bottom) side of the
board.

Insert the remaining four re-
sistors vertically into the
designated holes on the silk-
screen. Solder each of the top
leads to the common horizontal
lead as shown in Figure 5-14A.
It may be helpful to bend the
top leads against the horizontal
lead for better contact before

“soldering. 5-14,

Solder the inserted leads of the
four resistors to the foil (bot-
tom) side of the beard. Clip

off all excess leads from the

top and bottom of the resistors.
The properly completed resistor
assembly is shown in Figure 5-74B.

Aprit, 1977
8800b

Display/Control Substitute
Resistor Assembly
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5-24, JUMPER CONNECTIONS (Figure
E-15)

There are two jumper wires to be in-
stalled on the Display/Control Board.
Use the resistor leads saved from
Paragraph 5-22 as jumper wires. Cut
two leads to 1-inch lengths and jum-
per the following pads on the Dis-
play/Control Board.

Jumper Connections

{ ) JE to JF
{ ) JA to Jb

NOTE

The above jumper connections are

used for standard operations. Jum-
pers JE to JF controi SINGLE STEP
{and SLOW) aperation by causing the
machine to exascute efther a complete
instruction cycle or a single ma-
chine cycle each time the SINGLE

STEP switch is pressed. If the jum-
per {s installed, a compliete instruc-
tion cycle will be executed. If the
Jjumper 1s removed, a machina cycle
will be executed. Jumpers JD to JA,
JD to JB, or JD to JC control the
speed of the SLOW function. For a
complete description of these jumper
options, refar to the Theory of Oper-
ation Manual, pages 3-5% and 2-80

and to Figure 3-16 (sheets 1 and 2).

NOTE

Do NOT jumper JH, JJ, or JG at

this time. These cornections are
used for specfal applications con-
cerning the RESET switch. Refer to
Figure 3-16, sheet 2 of 3, zone A2.
Note that comnection JJ to J6 is a
land on the PC Board.

5-15. Display/Control Jumper Connections

5-26

April, 1977
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5-25. SUPPRESSOR CAPACITOR INSTALL-

ATION (Figure 5-16)

There are 22 suppressor capacitors
(Bag 6) to be installed on the Dis-
play/Control Board. These capaci-
tors are used for noise suppression.

They are located next to the ICs on

the silkscreen, but they have no
individual component designations.

Note that there i{s not enough space
between P1 and R1; T1 and Ul; and
Ul and V1 for the suppressor cap-
acitors to fit on the top of the
board. These three capacitors will,
therefore, be installed on the back
of the board. :

Install all 22 suppressor capacitors
according to the Ceramic Disk Capa-
citor Installation Instructions
givén on page 5-7.

Suppressor Capacitors Value

( ) 22 suppressor
capacitors Jduf, 12V

gy o " 2 ‘Bm “ o 'ﬂ -:.;_ -

i3 ii i "‘-OOO?
S nﬂﬁnmuz ‘Bnﬂﬂinﬂ :igg —
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58-18. Disnlay/Contral Suppressor Capacitor Installation

April, 1977
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S-25.  CAPACITIR INSTALLATION capacitor Values

‘ ()¢, ¢4 22uf, 35V, dipped
Thege ar?]twn types of c?paﬁitors %o tantalum
be installed on the Display/Centro R
Board. C2, C4, €8, andpcgy(Bag 5) ()cs,cs 47uf, 16V, dipped
are dipped tanta1gm capacitors. o tantalum
They are marked with a plus sign on
the positive side. Be sure to ori- ()c1, Cio, C11 .Tuf, 12Y or
ent this plus sign with the plus Juf, 18V
sign on the silkscreen before in- .
stalling each dipped tantalum cap- ()c3 Jluf, 50V (SK .1m)
acitor. (1, C3, C5, C8, C10, and
C11 {Bag 6) are ceramic disk cap- {)cs, C8, .00Tuf
acitors. They need no polarity ori-

entation. Install the dipped tan-
talum capacitors according to the
Epoxy Dipped Tantalum and Ceramic
Disk Capacitor Installation Instruc-
tions given on page 5-7.

NOTE

There {s one .001 uf capacitor (C7)
included with your kit that is not
neaded. Capacitor C7 should not be
installed.

$-17. Display/Control Capacitzr Instzllaticn

- April, 1977
5-28 3800



5-27. DIODE INSTALLATION (Figure
5-18)

Install the 2 diodes, D1 and D2

(Bag 2), on the Display/Controi

Board according to the Diode In-
stallation Instructions given on
page 5-8.

Diode Part Number

( ) b1, D2 IN914

5~28. FERRITE BEAD INSTALLATION
{Figure 5-18)

Install the three ferrite beads, L1l
through L3 (Bag 2), on the Display/
Control Board according to the foi-
lowing instructions.

1. Using the resistor leads saved
from Paragraph 5-22, cut three
1-inch Tead lengths.

~2. Insert the lead through the
bead and bend the ends of the
lead to conform to the desig-
nated holes on the Display/
Control Board.

3. Insert the lead into the proper
holes from the silk-screened
side of the board, and solder

_to the foil (bottom) side of
the board. Be sure not to
leave any solder bridges.

4, Clip off any excess lead
lengths.

April, 1877
28005
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5-18. Display/Control Dicde

and Ferrite Bead Instailation



5-29. VOLTAGE REGULATOR INSTALLA-

TION (Figure 5-19 Voltage Regulator Part Number

Install the two voltage regulators,
YR1 and VR2 (Bag 1), on the Display/ AL 79M08
Control Board according to the fol- ( ) VR2 7805
lowing instructions.
1. Set the regulator in place on NOTE

the silk-screened side of the

board, aligning the leads with Refer to the silkscreen on

their designated holes. page 5-24 and install R76

on the back of the board.

2. Use nesdle-nose pliers to bend —

each of the three leads at a
right angle to conform to its
proper hole on the board.

3. Prepare a 3" ground strap accord-
ing to the instructions given in
Paragraph 5-72, page 5-71.
Secure YR1 in place on the silk-
screened side of the board with
a #6-32 x 1/4" screw, a #6
iockwasher and a #6-32 nut.
Secure YRZ on the silkscreened
side of the board and the ground
strap on the back of the board
with a #6-32 x 1/4" screw and a
#6-32 nut. Orient the strap
horizontally so that it is
pointing away from the board.

4. Solder the three leads to the
foil {bottom) side of the board.
. Be sure not to leave any solder
bridges.

5. Clip off any excess lead
Tengths.

5-19. Display/Control

5-30
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| 5-30. SWITCH INSTALLATION (Figure

5-20)

There are 25 switches (Bags 7 and
8) to be installed on the Display/
Control Board. S2 through S9 are
momentary contact switches {(i.e.
they return to center position auto-
matically when released). SA0
through SA15 and 51 are latching
type switches (i.e. they remain in
either the up or down position).
To insure that all 25 switches are
perfectly aligned, the Sub Panel
will be temporarily jnstalled at
this time. Install the switches
;gcording to the foliowing instruc-
ions.

NOTE

Set aside 25 of the nuts
provided with the switches.
The rest of the hardware
associated with the switches
will not be used.

5-20(A). Display/Control Switch Installation

April, 1977
8800b

Display/Control Board

Place one nut over each of the
25 switches. Thread the nuts
down as far as they will go.
With the notched side facing
the bottom edge of the board,
insert all 25 switches into the
silkscreened side of the board
as shown in Figure 5-20A. Do
not solder the switches at this
time. '

Place the Sub Panel over the
Display/Control Board so that
the switches come up through
the proper switch holes on the
Sub Panel. Secure the Sub Panel
in place by placing one 1/4 x
28 nut over each switch (Figure
E-20A).

Sub Panel

1/4 x 28 Nut

8-31



3. Soldﬁr :1113(pins o; each switch -
to the foil (bottom) side of : Switch '
the Display/Control Board. Type
gakedsgre the Dgsp1ay/Control ( ) SAD through
oard is pressed tightly against SA1S

each switch as it is soldered. and 31 latching type
If there is any "play" between ( ) S2 through $9 momentary con-
the switches and the D1sg]azg 3 tact typg eon
Control Board, the alignment on

the final display will not be

straight.

4. After all of the switches have
been soldered, remove the 25
nuts that were placed on top of
the Sub Panel. Set them aside
for later use in Paragraph 5-31.

5. Remove the Sub Panel from the
Display/Control Board.

5-20(B). Display/Control Switch Instailation

5-22 ' April, 1977
5800



$-31. LED INSTALLATION AND SuB
PANEL INSTALLATION {Figures
5-21 through 5-25)

There are 36 LEDs, RL-21 (Bag 9), to_
be installed on the Display/Control
Board. The Sub Panel will also be
installed at this time. Install the
LEDs and the Sub Panel according to
the following instructions.

1. Place one of the nuts saved
from Paragraph 5-30 over each
of the following switches:
SAQ, S9, S, SAl15, 55, as shown
in Figure 5-21. There should
now be two nuts on each of
these switches. Thread the
nuts down as far as they will
go. Place masking tape over
the LED holes on the Sub Panei
as shown in Figure 5-22,

5-21. Display/Control Switch Nut Placement

Tape

5-22. Covering LED Holes on Sub Panel

Aprit, 1977 ' ' -
3300b 5-33



2. With the cathode lead correctly RL-21

oriented (Figure 5-23A) insart
all 36 LEDs into their respec-

tive holes from the silk-screened fﬂl
side of the board, as shown in
Figure 5-23B.

NOTE

Do not solder the LED
leads at this time.

3. Place the Sub Panel over the
Display/Control Panel and tape
together as shown in Figure 5-24.

Display/Control Board ~ T~

Sub Panel

5'240

/—

(A)

§-23.

CATHODE *

e

cxﬁhﬁ?kﬁﬁﬁbdi '

*Symbol as shown
on board.

Display/Contrel LED Orientation

and Installation

Securing Sub Panel Over Display/Control Soard

Apetl, 1977
£200b
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4. Turn the Sub Panel to the bottom WARNING:
and adjust the LEDs until the
top of each LED touches the tape LEDs are heat-sensitive.
as shown in Figure 5-25. Use a minimum amount of
heat for a minimum Jength
of time when soldering
3 " ] | Sub Panel them.
’ ¥
o __L ‘L ‘ 13/16" Be sure not to Teave any solder
¢ s { { bridges, and clip off any ex-

cess lead lengths.

6. Remove all pieces of masking
tape.
5-25. Display/Control LED Adjustment 7. Remove the Sub Panel from the
Display/Control Board.

5. Solder the LED Teads to the foil 8. Remove one nut from SAO, S9,

(bottom) side of the Display/ ST, SA1S and S5.

Control Board. During this pro-

cedure it is advisable to prop

the boards from underneath so

that the switches are not rest- 9. Placa the Sub Panel over the

ing on the work surface. Display/Control Board and se-
cure by placing one nut on
the following switches: ON/OFF,
RUN/STOP, A15, A8, A0, INPUT
OUTPUT, and DEPOSIT.

Sub Panel

[
[ |

) Ul RJ

-

Nut for ON/OFF, RUN/STOP, AlS, A8,
AD, INPUT/OUTPUT and DEPOSIT -
switches only.

IS-ZSA. Sub Panel Mounting

Aprit, 1977 5-35/(5-36 blank)
38005



5-32. CPU B0ARD ASSEMBLY
=33, IC INSTALLATION (Figure 5-26)

IC Part Numbers

Install the following 17 integrated
circuits (Bag 2) on the CPU Board
according to the Integrated Circuit
Installation Instructions, Section
A, given on page 5-10.

NOTE

Do not install ICs A, K,
and M at this time. In-.
staliation instructions
for these ICs are given
in Paragraph 5-43.

The following chart 1ists each
integrated circuit, its part
numbar, and acceptable substi-
tutions.

( ) D’E

()F

{ ) N,P,R,U,
VW, X

() Sy
()¢

() 8,6
() L4

8216
8224

74367
74LS74 or 74LS04
74LS13 or 74LS20
74L504

8T98 or 8098
or 74368

0
-
-~
-

—

5-26. CPU IC Installatien

April, 1977
38C0b
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5-34, RESISTOR INSTALLATION
(Figure 5-27)

Install the following 46 resistors
{Bags 3 and 4) on the CPU Board ac-
cording to the Resistor Installation
Instructions given on page 5-6.

NOTE

Save any excess resistor
leads for ferrite bead
gnstaTTation in Paragraph
-38.

( ) R3-R7, R11, R13, R14, R19, R20,
R24, R25, R28-R33, R39-R43, R50

( ) R1, R2, R8, R26, R27, R37, R38,
R44-R49

()R

() R6

() R34

() R10

() R21, R23
() RI17

() R22
()RS

Resistor Values

2.2K ohm (red, red, red) 1/2W or 1/4W

3.3K ohm (orange, orange, red) 1/2W or 1/4W

15K ohm (brown, green, orange) 1/2W or 1/4W

1K ohm (brown, black, red) 1/2W or 1/4u

620 ohm {blue, red, brown) 1/2W

330 ohm (orange, orange, brown) 1/2W or 1/4W
470 ohm (yellow, violet, brown) 1/2W or 1/4u
10K ohm {brown, black, orange) 1/2W or 1/4u

10 ohm (brown, black, black) 2W

100 ohm (brown, black, brown) 1/2W or 1/4W

~T]= a0

w0 e E

R3 EEEEE
¢ Lol

Jotag

5-38 §5-27. CPU Resistor Installation April, 1977
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5-35. SUPPRESSOR CAPACITOR IN-
STALLATION (Figqure 5-28) Suppressor Capacitor Values
“There are two types of suppressor ( ) 13 dipped
capacitors to be installed on the _ tantalum luf, 35V
CPU Board. The first type, the
epoxy dipped tantalum capacitors ( ) 20 ceramic disk JTuf, 12V
(Bag 6), are blue on the positive

side and are spherical in shape.

Be sure to orient the blue side to
the "+" sign qn the silkscreen
before instailing each capacitor.
The remaining suppressor capacitors
are ceramic disk capacitors (Bag 5).
They need no polarity orientation.
Install both types of capacitors
according to the Epoxy Dipped
Tantalum and Ceramic Disk Capacitor
Installation Instructions given on
page 5-7.

HETIN T iy

| | [

5-28. CPU Suppressor Capacitor Installation

April, 1677 | 5-39
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5-36. CAPACITOR INSTALLATION
(Fiqure 5-29)

There are 2 dipped tantalum capaéi-

tors, & electrolytic capacitors, 2 .

ceramic disk capacitors, and 3
dipped ceramic capacitors {Bag 6)
to be installed on the CPU Board.
EInstall each capacitor according to
the- instructions given on page 5-7.

NOTE

When installing the dipped
tantalum and the electro-
lytic capacitors, be sure
the positive lead is in-
stalied in the "+" hole on
the silkscreen.,

() ¢1, ¢5, C6, C11
()c2

() c3, ¢7, C10
()ca

()cs, Ci2

()¢9, CI3

Capacitor Values

33uf, 16V, electroiytic

22uf, 16V, dipped tantalum
.1uf, 50V, dipped ceramic
10uf, 16V, dipped tantalum
Auf, 12V - 16V, ceramic disk
10uf, 25V, electrolytic

-4 37
~S- 738
- A3
- o

& L. -

¢ 3

i

5-29. CPU Capacitor Installation

April, 1977
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5-37. DIODE INSTALLATION (Figure
5-30) Diode Part Numbers
—install the two diodes, D1 and D2 () D1 1N4730
(Bag 4), on the CPU Board according
to the Diode Installation Instruc- { ) D2 184733
tions given on page 5-8.

5-30. CPU Diode Installation

Aoril, 1977 5-41
3890b



5-38. FERRITE BEAD INSTALLATION
. (Figure 35-31)

Install the 7 ferrite beads, L1
through L7 (Bag7), on the CPU
Board according to the following
instructions.

1. Using the resistor leads saved
from Paragraph 5-34, cut sever
1-inch 1ead lengths.

5-31.

5-42

20

Insert the lead through the
bead, and bend the ends so
they conform to the desig-
nated holes on the CPU Board.

Insert the leads into the
board, and solder to the foil
(bottom) side of the board.
Be careful not to leave any
solder bridges.

Clip off any excess lead
lengths.

CPU Ferrite Bead Insta11at{on

Apritl, 1877

8800b



5-39. VOLTAGE REGULATOR INSTALL-

ATION (Figure 5-32)

— Install the two voltage regulators,
YR1 and VR2 (Bag 2), and heat sinks
on the CPU Board according to the
following instructions.

].

3'

Set the regulator in place on

the silk-screened side of the

board, aligning the Teads with
their designated holes.

Use needle-nose pifers to bend
each of the three leads at a
right angle to conform to its
proper hole on the board.

NOTE

Use heat sink grease when
installing this component.
Apply the grease to all
metal surfaces which come
in contact with each other.

Referring to Figure 5-32, set
the regulator and heat sink
in place on the silk-screened
side of the board. Secure
them in place with a ‘#6-32 x
3/8" screw, a #6-32 nut, and
a #6 Tockwasher.

Solder the three leads to the

foil (bottom) side of the board.

Be sure not to leave any solder
.bridges.

Clip off any excess lead
lengths.

Voltage Reguiator Part Numbers

{ ) VRl 7805
{ ) VR2 7812
April, 1977

3800h

r— #6-3_2 X 3/8"

5-32.

CPU Voltage Regulator
Installation

MC 7805

5-43



§-40. TRANSISTOR INSTALLATION 1. Orient the connector as shown in

(Figure 5-33) Figure 5-33, with the bent pins
pointing toward the top of the
Install the three transistors, Q1 board.

through Q3 (Bag 4 ), on the CPU
Board according to the Transistor

I ion 1 i i 2. Insert the short pins into the
Ozsggélaglg? nstructions given 10 designated holes on the silk-

screened side of the board.

i N
Transistor Part Numbers 3. Solder each pin to the foil

(bottom) side of the board. Be
()@, @, 03 2NA410 or CS4410 sure not to leave any solder

bridges and clip off any excess

NOTE lead lengths.

The 10-pin Male Connector 4
(P1) may already be installed :
on the CPU board. If so, dis-
regard the following instruc-

The arrow on the silkscreen
points to Pin #1. After in-
stalling the male connector,
clip off pin #2 of the connec-

tions. tor. This is done for keying

. Further keying in-

5-41. MALE CONNECTOR INSTALLATION Structions are given on page
gqure 5-33 5-75.

Install one 10-pin Male Connector,
P1 (Bag 7), on the CPU Board ac-
cording to the following instruc-
tions.

-

+@

5-33. CPUY Transistor and Male Connector Installation

=a4a April, 1977
5-44 8800b



5-42. (CRYSTAL INSTALLATION (Fiqure

5-34) CAUTION
" Install one 18.00000 MHz crystal, Make sure the crystal case
XTAL (Bag 7), on the CPU Board does not come in contact
according to the following instruc- with any of the tracks on
tions, the CPU Board.

1. Referring to Figure 5-34, set
the crystal in place on the
silk-screened side of the CPU : ,
board, aligning the two leads Crystal Part Number
with their respective holes. { ) XTAL 18.00000MHz

2. Using needle-nose pliers, bend
each Tead at a right angle to
conform to its respective hole

on the board. Insert the Jeads
so that the crystal is resting
flat on the board on the square
labelled "XTAL".

3. Solder the two leads to the
foil (bottom) side of the board.
Be sure not to leave any solder

bridges.
—rt. Clip off any excess lead
lengths.
18.00000 MHz
XTAL
90°® Rend

5-34. ' CPU Crystal Installation’

April, 1377
8300b
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5-43.

IC SOCKET AND IC INSTALLATION

{(Figure 5«35}

1Cs A, K, and M (Bag 1) will be in-

stall
shoul

ed at this time. ICs K and M
d be installed, with sockets,

according to the IC Instailation
Instructions, Section B, on page

5-100

IC A should be installed

(without a socket) according to

the |

C Installation Instructions,

Section A, on page 5-10. °

WARNING.

ICs A and M are MOS static-
sensitive ICs. See the "MOS
IC Special Handling Precau-
tions" on page 5-11 before
instaliing thesa ICs.

-
——
i — TP

5-46

5-35. CPU IC Socket and IC

SiTkscreen IC Part Socket
Designation Number Size

()K 8212 24-pin
(I M 8080 40-pin
()A 4009 ——————

Instailation




5-44, POWER SUPPLY BOARD ASSEMBLY
5-45. CAPACITOR INSTALLATION

— ({Figure 5-36)

Install the 4 electrolytic capacitors,
C1 through C4 (Bag 3), on the Power

Supply Board according to the Capa-

citor Installation Instructions given

on page 5-7.

- Capaciter Values

( ) €1 through C4 2200uf, 25Y,

electrolytic

April, 1877
2840b

5-46. RESISTOR INSTALLATION
{Figure 5-36)

Instail the 2 resistors, Rl and R2
(Bag 1), on the Power Supply Board
according to the Resistor Install-
gtéon Instructions given on page

Resistor Values

{ ) Rl and R2 180 ohm (brown,
gray, brown) 1/2Y

: ""1'

(=)

)i+ ﬂ

]

]

5-36. Power Supply Capacitor and Resistor Installation



5-47, DIODE INSTALLATION (Figure
5-37) Diode Part Numbers

Install the 2 diodes, D1 and D2
(Bag 1), on the Power Supply Board
according to the Diode Installiation
Instructions given on page 5-8. “

-

( ) DY and D2 IN&746

§5-37. Power Supply Diode Installatisn

5-48 April, 1977
§800b



5-48. TRANSISTOR INSTALLATION
igure 5-38

Install the two transistors, Q1 and
Q2 (Bag 1), mica insulators, and
heat sinks on the Power Supply Board
according to the following instruc-
tiens.

1. Set the transistor in place on
the silk-screened side of the
board, aligning the leads with
their designated holes.

2. Use needle-nose piiers to bend
each of the three leads at a
right angle to conform to its
proper hole on the board.

NOTE

Use heat sink greasa when
installing this component.
Apply the grease to all
surfaces which come in
contact with each other.

NOTE
According to supply varia-
tions, your kit may contain
either two #6-32 x 3/8"
nylon screws (Bag 5), or
two #4-40 x 3/8" metal
screws (Bag 5) to be used
when installing transistors
Q1 and Q2. If your kit
contains metal screws, itwo
Tiber shoulder washers
(Bag 5) must be used along
with the screws. To in-
stall the fiber shoulder
washers, refer to Figure
5-38.

3. Referring to Figure 5-38, set
the transistor, mica insulator,
and heat sink in place on the
silkscreened side of the board.
Secure them in place with a
76-32 % 3/8" screw, a #6 lock-
washer and a #6-32 nut (Bag 5).

April, 1977
830Cb

4. Solder the three Teads to the
foil (bottom) side of the board.
Be sure not to Teave any solder
bridges.

5. CTlip off any excess lead lengths.

Transistor Part Numbers

() Q TIP145 or TIP146
() Qe TIP140 or TIP141
T—#a-ao x 3/8"

MC 7805

Mica
nsulator

3-38. Power Supply Transistor Ins+allation
| 5-46



5-49. BRIDGE RECTIFIER INSTALLA- '
TION (Figure 5-39) 4, Insert the four leads from the

bridge rectifier through the pro-
Install one bridge rectifier, BR2 per holes on the Power Supply
(Bag 1), on the Power Supply Board Board until the legs of the heat
iqcording to the following instruc- sink rest on the board.
jons.
5. Holding the heat sink in place,
WARNING! turn the board over and bend the
.- four leads slightly outward.
It is essential that the Solder the leads to the foil
bmdget;'ecvﬁg; getgﬂ ented (bottom) side of the board and
correctiy, so tha e ¢lip off d .
1gad or red dot corresponds P any excess lead lengths
with the "+" hole on the - Bridge Rectifier | Part Number
Power Supply Board.
( ) BR2 KBFC802
NOTE
Use heat sink grease when 'Qﬁﬁﬁégz’

installing this component.
Apply the grease to the
bridge rectifier and the
heat sink where they come HEAT SINK
in contact with each other.

1. Orient the bridge rectifier and
the heat sink as shown in Figure RESTIPIeR
5-39. Note that the mounting
hole in the heat sink is not
centered, but is closer to one "
end. Make sure you orient the § HEX NUT _
“+* lead of the rectifier under =
the wider end of the heat sink,
as shown.

2. Attach the heat sink to the
bridge rectifier, using a #6-32
x 1/2" screw and a #6 hex nut
(Bag 5).

3. Orient the heat sink and recti-
fier assembly correctly over
the board, as shown in Figure
5-39., When you have the proper - - -
alignment, the wider end of the — —
heat sink will be pointing to-

ward the right side of the

Power Supply Board, and the "+" ‘— _,
lead will be going into the "+"

hole. 5-39. Pruar Sumnly

Bridge Rectifier Installation

5-50 April, 1977
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TERMINAL BLOCK INSTALLATION

5-50.
' (Figures 5-40 through 5-42)

Install the terminal block, TBI

(Bag 2}, on the Power Supply Board

%gcording to the following instruc-
ons.

1. Remove the five #6-32 x 1/4"
screws shown in Figure 5-40
from the terminal block.

2. Set the terminal block in place
on the silk-screaned side of the
Power Supply Board.

3. Secure the terminal block onto
the board by inserting nine
#6-32 x 9/16" or #6-32 x 5/8"
screws, nine #6 lockwashers,
and nine #6 nuts (Bag 5) into
the proper holes as shown in
Figure 5-41,

4. Insert 1 shorting link (Bag 2)
over the lower portion of
terminals 7 and 8, and 1 short-
ing 1ink over the upper partion
of terminals 8 and 9. Secure
in placa with four #6-32 x 1/4"
screws (Figure 5-42),

Inl -~

elizic
bh.g Sl
=]

L .

5?5 I

QL
Qﬁﬂﬂ

VTTTJ

W

5-40. Power Supply Terminal Block

Screw Removal

April, 1977
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#6-32 x 9/16"

or #6-32 x 5/8" o =
screw mfi.__aﬁ

Power Supply Terminal Block
Screw Insertion

‘ /Shorting Link

5“41-

5-42. Power Supply Terminal Block

Shorting Link Insertion
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5-51. MOUNTING POWER SUPPLY BOARD a,

NTO CROSS MEMBER (Figure
5-43)

There are four or five holes on the
Power Supply Board to be used in
mounting the board to the Cross
Member at the back of the main frame.
Five 3/4" threaded spacers (Bag 5)
and ten #6-32 x 3/8" screws (Bag 5)
will be used in this procedure.

Refer to Figure 5-43 and the follow-
ing instructions for mounting the
board to the Cross Member.

1. Insert one screw into each
mounting hole on the board
from the silk-screened side.

2. Put a spacer on each screw
and tighten it down.

3. Rest the board on the Cross
Member so that the spacers
are aligned with the mount-
ing hoies.

5-52

Fasten the board into place
by inserting another screw
into each spacer from under-
neath the Cross Member.

NOTE

Before mounting the Power
Supply Board, make a ground
connection between terminal
#9 on the terminal block
and the Tower, right-hand
mounting screw on the cross
member. Use a 3-inch piece
of wire braid with solder
lugs at each end. (In-
structions for preparing
the wire braid are detailed
in Paragraph 5-72.

#6-32 x 3/8" screw

5-43. Power Supply Soard

Mounting to Cross Mamber
Aoril, 1977
£80GH



5-52. CAPACITOR AND CAPACITOR
NSTALLATION (riqures
5-44 and 5-43)

:tording to supply variations,
“your kit may contain efther one
. capacitor (varying from 8G,000uf -
100,000uf, 15V - 25V) or two capa-
citors (varying from 4Q,000uf -
50,000uf, 15V - 25V) to be mounted
on the Cross Member. Figure 5-44
shows the proper placement for one

capacitor. Figures 5-45A and 5-45B

show the proper placement for two
capacitors. The capacitor(s) are
mounted in clamps using a #6-32 x

3/8" screw and a #6-32 nut (Bag 5).

Install the capacitor(s) according
to the following instructions.

1. Secure the capacitor in the
clamp with a #6-32 x 3/8*
screw and orient the capa-
citor as shown in figure.

2. Place the clamp and capacitor
on the Cross Member, aligning
the mounting holes.

¥. Secure the clamp to the Cross

Member using three #5-32 x 3/8"

screws and -three #6-32 nuts.

- 5-44, Power Supply Capacitor and Clamp
Installation (For One Capacitor)

m——

Capacitor

#6-32 x 3/8"

Screw |

#6-32 nut

(A)
#5_32 X “_3_/*8 n Capacitor
screw
Clamp
#6-32 nut

(8)

5-45. Power Supply Capacitor and Clamp
Installation (For Two Capacitors)
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5-53. BACK PANEL ASSEMBLY (Figure
5-46)

The instructions for the assembly
of the Altair 8800b back panel are

divided into the following sections:

procedural Instructions
Capacitor Wiring

Bridge Rectifier Installation
1/0 Connectors

Fan Mounting

Fuse and Fuse Holder

AC Power Cord

Transformer

Back Panel Mounting

Before beginning the back panel
assembly, remove the back panel
from the mainframe and remove the
mainframe from the case bottom.
Set aside the mounting screws, as
they will be replaced later in the
assembly procedure.

To aid with the assembly of your
unit, a view of a correctly assem-
bled back panel is shown below in
Figure 5-46.

Figure 5-46. Completed Back Panel Assembly
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5-54. PROCEDURAL INSTRUCTIONS
(Figures 5-47 through 5-49)

Some of the terms and procedures
that are repeatedly called out in
the Back Panel Assembly Instructions
will be explained in detail in
Paragraphs 5-55 through 5-58. (The
experienced kit builder who is al-
ready familiar with these procedures
may wish to skip to Paragraph 5-59.)

5-55. Terminal Ends. There are
five different sizes of terminal

5-56. Wire Preparation. Before any
wire is used in an assembly step, it
should be prepared as follows:

1. Cut the desired length of wire.

2. Strip 1/8" to 1/4" of insula-
tion off the ends.

3. Tin the exposed portion of the
wire by applying a thin coat of

ends used in the wiring of the back solder.
panel. The sizes are shown in
Figure 5-47. Refer to this figure
whenever a terminal end size is
called out in the assembly instruc-
tions.
| SIZE BAG # TERMINAL END WIRE GAUGE = | SCREW SIZF |
A 2 :@ 12-10 slip on '
B 2 = 22-18 56 screw
c 2 12-10 #6 screw
D 2 12-10 #10 screw
E 2 NAAM 12-10 #10 screw
Figure 5-47. Terminal End Sizes

April, 1377
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5-57. Attaching Terminal Ends to
Wires. Most of the wire

connections in the Back Panel Assem-

bly Instructions call for attaching

a terminal end to a wire and mount-

ing it to the proper terminal.

This procedure is detailed below:

For terminal end sizes A through D:

1. Insert the exposed portion of a
wire that you have prepared into
the correct size terminal end as
shown in Figure 5-48.

2. Heat the wire and terminal end
with a soldering iron. Apply
solder to the heated wire, al-
lowing the solder to flow until
there is a solid solder connec-
tion.

NOTE

If the insulator on the
terminal end loosens during
soldering, be sure to push
it all the way back in place
when soldering is completed.

NOTE
Be s¥re to hold A size(ter-
minal ends vertically (with
the wire down) while soldering
to prevent solder flowing
gnto the slip-on tabs.

For terminal end size E:

Size £ terminal ends do not have
insulators, and therefore must be
insulated with heat shrink tubing.
The procedure for attaching E size
terminals ends varies slightly, as
follows:

1. Set the E size terminal end on
the work surface and heat it
with a soldering iron until it
is hot enough to allow solder
to flow.

5-56

Insert the exposed portion of a
wire you have prepared into the
terminal end and apply solder
until there is a solid connec-
tion,

After the wire has been soldered
in place and the joint has
cooled, cut a 1-inch piece of
heat shrink tubing and place it
over the terminal end. Use a
heat gun, if available, or a
match to shrink the tubing.

CAUTION

Terminal ends become extremely
hot during soldering. Allow
five minutes cooling time
after soldering before touch-
ing the terminal ends.

Heat Shrink

(if used) k? ~

Terminal End

Wire -’

Figure 5-48. Terminal End Attachment

April, 1977
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5-58. Connactor Pins and Connector
Sockets. Some of the wire
‘nnections in the back panel as-
sembiy instructions ¢all for con-
nector pins and connector sockets
housed in a plastic plug. The
general procedurs for preparing
these plug(s) is detailed below:

1. Insert the exposed portion of
a wire that you have prepared
into a connector pin or con-
nector socket as shown in
Figure 5-4%A.

2. Crimp the Tower partion of the
pin or socket around the wire
insulation. Solder the center
portion of the pin or socket
to the exposed portion of the
wire.

3. Insert the pins and sockets into
their respective housings as
shown in Figure 5-498.

Commoning tabs may be put into
the pin housing over pins that
must be shorted together. Push
the commoning tabs all the way
to the base of the pin housing,
using the tip of a small screw-
driver.

Connector

Wire - Pin

-

l{S

?m

Connector Socket

N1re

Figure 5-49A. Connector Pin and
Connector Socket Wire Insartion

Connector
- Pin

\

\

T—
//,,-—

Pin Housing

Commening Tab

Sockat Housing

Figure 5-498. Pin and Socket Housing Assembly

Aartl, 1577
2200b
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5-59. CAPACITOR WIRING (Figure

5-50)

Before beginning assembly of the
back panel, wire the capacitor or
capacitors that are mounted on the
Cross Member as follows:

Wiring For One Capacitor:

1.

" block (TB1).

Cut two 9-inch lengths of 10-12
gauge wire. Attach C size ter-
minal ends to one end of each
wire. Attach D size terminal
ends to the other end of each
wire.

Connect the 9~inch wires to the
capacitor by mounting the D size
terminal ends to the "+" and
ground terminals with the #10
screws provided.

Connect the wire from the "+"
side of the capacitor to ter-
minal #3 on the power supply
board terminal block (TB1).
(See wiring diagram, Figure
5-50.)

Connect the wire from the

ground {-) side of the capacitor
to terminal #8 of the terminal
(See wiring dia-
gram, Figure 5-50.)

April, 1977
2800b

Wiring For Two Capacitors:

1.

Jumper the two "+" terminals
to each other and the two
ground terminals to each
other with two 2-inch lengths
of 10-12 gauge wire and four
D size terminal ends.

Cut two 9-inch lengths of 10-12
gauge wire. Attach C size
terminal ends to one end of
each wire. Attach D size ter-
minal ends to the other end

of each wire.

Connect the 9-inch wires to C5
(capacitor closest to the Power
Supply Board) by mounting the

D size terminal ends to the "+"
and ground terminals with the
#10 screws.

Connect the wire from the "+
side of C5 to terminal #3 on
the terminal block (TB1).
(See wiring diagram, Figure
5-50.)

Connect the wire from the ground
side of C5 to terminal #8 of

the terminal block (TB1). (See
wiring dfagram, Figure 5-50.)
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5-60. BRIDGE RECTIFIER INSTALLATION

{Fiqure 5-51)

Use the following instructions to
wire the bridge rectifier (Bag 1)
and mount it to the back panel as
shown in Figure 5-51. The bridge
rectifier is part number KBH25005.

1. Mount the bridge rectifier to
the back panel using a #6-32
x 3/4 inch screw, #6-32 nut,
flat washer and lockwasher.
Make sure the terminal labelled

"-" {3 at the upper right corner.

2. Cut two 5-inch lengths of 12-10
gauge wire and two 19-inch
lengths of 12-10 gauge wire.

#6=32 x 1/4" Screw

Figure 5-51.

5-60

Attach an A size terminal end

to one end of each wire. Attach
a D size terminal end to the
other end of each wire.

Slip the A size terminal ends
onto the bridge rectifier ter-
minals as shown in Figure 5-51.
Attach the two 5-inch wires to
the "AC" terminals and use mask-
ing tape to label them 13 and
15. Attach the two 19-inch
wires to the "+" and "-" ter-
minals and label them 14 and 12
respectively. '

0, _
Bridge "
0 Rectifier f"
¢/
I 0 Q.'
o-ﬂ!ﬁ; &S #6 Flat Washer
=7 ,
N q #6 Lockwasher
. 6 6.
#6-32 Nut
O
Bridge Rectifier Installation
April, 1977
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5-61. FAN MOUNTING (Figure 5-52)

\-'/!.

Before mounting the fan and fan
screen to the back panel, install
the female plug onto the ter-
minals as shown in Figure 5-52,
I your kit does not supply a
plug, solder two 20-inch lengths

of 22-18 gauge wire to the ter-

minals. o

Attach connector sockets (Para-
graph 5-58) to the two wire
ends. (The wire ends on the
ptug have been stripped and pre-
tinned.) Label the wires 33

and 34.

Refer to Figure 5-52. Mount the
fan screen and fan to the back
panel (with the airflow flowing
inward), using four #6-32 x 5/8
inch screws and four #6 "snap-
on nuts."

#6 Snap-On Nut

Figure 5-52. Fan and Fan Screen Mounting

April, 1977
200k

3-61



5-62. FUSE _AND FUSE HOLDER

5-63. AC_POWER CORD (Figure 5-54)

Figure 5-53

1. Strip about 7 inches of casing
Secure the fuse holder (Bag2). off the end of the power cord
into the hole provided on the to expose the three wires in-
back panel using a fiber washer side.
and mounting nut as shown in
Figure 5-53. 2. Put the strain relief (Bag 2)

on the cord and position it as

Attach a 40-inch length of 22-18 shown in Figure 5-54.
gauge wire to the side terminal
on the fuse. Mount a connector : . .
pin to the end of the 40-inch 3. Snaghthg s§r31n ;e11ef in place
wire and label the wire #39 on the back panel.
(see Paragraph §5-58). 4. Cut the black power cord wire to

a length of 2 inches and solder
it to the end of the fuse holder.
Cut the green power cord wire to
a length of & inches and attach
a solder lug to the end. Attach
a connector socket (Bag 4) (see
Paragraph 5-58) to the end of
the 7-inch white wire.

[ ]
°
Fuse Ho1der(ﬁ¢¢f¢¢:ﬁﬁjf AC

6

Fiber Washer 9 Q. \@\

Mounting Nut

7)

40" Wire

Black Uire
Green Wire

Strain
Relief

Figure 5-53. Fuse Holder Installation Solder

!

White Wire

Connector
Socket

Figure 5-54. AC Power Cord Installation

5-62 April, 1977
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5-64. TRANSFORMER §Figures 5-55
through 5-69

The instructions for wiring and

mounting the transformer will be

divided into three parts: Secondary

Wiring, Primary Wiring, and Trans-

former Mounting. Review Paragraphs

5-55 through 5-58 for the procedures
invelved.

5-65.

Secondary Wiring.

1. Orient the transformer with the
secondary side (four large wirss)
facing you. Remove the two top
bolts and nuts and use them to
mount two "L" brackets (Bag 2)
as shown in Figure 5-55.

2. Attach an £ size terminal end
with heat shrink tubing (see
Paragraph 5-58) to each of the
four large transformer wires
and label the wires 16-17-18-19
as shown in Figure 5-56.

3. Attach a B size terminal end to
each of the three remaining
secondary wires (Figure 5-56).
Label the two yallow wires 20
and 21, and label the yellow/
green wire 22.

4. Bend each of the E size terminal
ends at a right angle as shown
in Figure 5-56. Mount the four
large wires to one side of the
4-terminal block (T82), using
the screws provided.

5. Mount the terminal block to the
"L" brackets on the transformer
using four #6-32 x 3/4 inch
screws, four #6-32 nuts and four
#6 lockwashers (Figure 5-57).

April, 1977
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L Bracket

Secondary Side '
Figure 5-55. "L" Bracket Mounting

E Size
Terminal

Ends

Teéﬁfﬁé]
Endsar L
Figure 5-56. Terminal End Attachment

#6-32 x 3/4"
Scraw

#6 Lockwasher
e’

| #6-32 Nut

o

Figure 5-57.

Terminal Block Mounting
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5-66. Primary Wiring. The wires
on the primary side of the trans-
former will be connected to the 110
volt source with a 10-pin plug (see
Paragraph 5-58) according to the
following instructions.

A.
1.

5-64

Pin Housing.

Attach a connector to each of
the primary transformer wires.

When all eight wires on the
primary side of the transformer
have pins attached, insert the
pin housing (P4) as shown in
Figure 5-58. Insert the pins
in the following order (see
wiring diagram, Figure 5-50}:

Wiring Transformer P4
Diagram Wire Color Pin Housing
Designation (Primary Side) Slot Number
25 Red/Black 3
26 Blue/Black 10
27 Green/Black 4
28 White/Black 9
29 Red 1
30 Blue 8
31 Green 2
32 Black 7

Aoril, 1877
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Place a two-circuit commoning tab
over the following pairs of pins:

2 and 4 1 and 3
7 and 9 8 and 10

Make sure the tabs do not come in
contact with each other.

3. The two wires from the fan (33
and 34) are to be inserted into
slots 7 and 8 of the P4 socket
housing.

Pin Housing

Connector
yn  Socket

(&

Figure 5-58. Pin Housing Insertion

April, 1977
REMOR

o



5-66

#10 chkwasher

Socket Housing.

Cut a 40-inch length of 22-18
gauge wire and attach a con-
nector socket to each end.
Label this wire 37.

Insert one connector socket of
wire 37 into slot 9 of the 10-
Pin socket housing. Insert the
socket on the 7-inch white AC
power cord wire into slot 10 of
the 10-pin socket housing.

Connect the socket housing to
the pin housing, as shown in
Figure 5-49,

#10-32 x 1/2"
Screw

Figure 5-59.

5-67. Mount Transformer to Back

Panel.

Mount the transformer to the
back panel as shown in Figure
5-59 using four #10-32 x 1/2
inch screws, 4 nuts, 4 flat
washers and four #10 Tockwashers.
(The transformer positioning
may have to be adjusted later
when the back panel is mounted
to the mainframe, to insure the
transformer is resting on the
cross member. )

Attach wires 13 and 15 from the
bridge rectifier to terminals
1 and 2 of the terminal block

Figure 5-50.)

F1at Washer

Transformer Mounting

Aprit, 1977
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Original Back Panel
Mounting Screws

5-68. MOUNT BACK PANEL TO MAINFRAME

{Figure 5-50)

1. Mount the back panel to the
mainframe as shown in Figure
5-60 using the original back
Panel mounting screws. (Tighten
these screws down until they are

Just firm.)

2. Make sure the two 19-inch bridge
rectifier wires, the 40-inch
Tuse wire (#39), and the 40-
inch connector plug wire (#37)
go under the fan as the back
panel is mounted. Connect wire
14 from the bridge rectifier to

the “+" side of the capacitor(s).

Connect wire 12 from the bridge
rectifier to the ground side of
the capacitor(s). Make contin-
Uity checks (see wiring diagram,
Figure 5-50).

Figure S-60.

April, 1477
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| former as the back panel 1s mounted.

| back panel is in place,

NOTE

Make sure the wires from the fan go
underneath the fan and the trans-

Make sure the transformer rests
solidly on the cross member when the

3. Secure the solder lug on the
green AC ground wire to one of
the holes on the side of the
mainframe using a #6-32 x 1/4%
SCraw, &8 #6-32 nut, and a #6
lockwasher.

4. Connect three sacondary wires
from the transformer to Termin-
al Block #1 as follows:

Wire #20 (yellow) ts siot #35, TB #1
Wire #21 (yellow) to slot #6, T8 #]

Wire #22 (yellow/green) to slot #7,
TB #1

Green \
\ #6-32 x (/4"
Screw

\ o

e

oo
00
(=
(= =]
o

oo
[= 3 I
QOO0

N

~.4

5 E AR
T X

Lockwasher
£#6-32 Nut

Back Panel Mounting
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Figure 5-81. Motherboard Wire Connections

{4} cabte clamps

#4-40x 4"
scrow

main{rame

/_' cross rail

#4.40 x 5"
screw

100-pin
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connectais
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5-69. 18-SLOT MOTHERBOARD ASSEMBLY

5-70. BUS WIRE CONNECTIONS
{Figure 5-61)

Refer to Figure 5-61. Note that
the two outside rows of holes on
either side of the motherboard
each have four wire connections.
These are the +8v, -18v, +18v and
ground Tines to the power supply
from the bus. The wire connections
are made by inserting the end of
the wire from the top side of the
motherboard and soldering it to
the foil (bottom) side. On the
011 side of the motherbeard, hole
#1 and hole #50 are marked on each
side. Complete the wire connec-
tions according to the following
instructions:

1. Cut six 20-inch lengths and
two 14-inch lengths of 22-18
gauge wire.

Cn both sides of the motherboard:

2. Install one 20-inch wire into
hole #1 (+8v),

3. Install one 20-inch wire into
hcle #2 (+18v).

4. Install one 20-inch wire into
hole #52 {-18v).

5. Instalil one 14-inch wire 1nto
hole #50 (ground).

April, 1977
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5-71. HARDWARE INSTALLATION -18v with -18v

Figures 5-61 and 5-62) +8v with +8v
ound with ground

At this time, the edge comnectors, §§33"withtﬂlgv
cable clamps, mainframe cross
rails, and card guides will all 5. Mount the card guides on both
be assembled onto the motherboard sides of ‘the connectors, as
according to Figures 5-61 and shown in Figure 5-62.
5-62 and the following instruc- -

tions.

1. Position the two 100-pin edae
connectors on the motherboard
as shown in Figure 5-61. Care-
fully insert the connector pins
into their respective holes.

If necessary, gquide some of
the pins with the tip of a
small screwdriver. Be sure ]
that the connector is tight
against the board and that all CARD GUIDE ————m || Y
100 pins have been inserted.
Solder each connector pin to
the foil pattern on the bottom
of the board.

F.

2. Visually inspect the connection
to make sure there are no sol-
der bridges.
MOTHER BOARD

(9]

Remove the two cross rails
from the mainframe. Mount the
cross rails to the bottom of
the motherboard using eight
screws, positioned as shown

in Figure 5-61. Attach cable
clamps to the four back mount-
ing screws and run the bus
wires through the cable c¢lamps
before tightening the screws
down.

4. Match up the four pairs of bus
wires at the back of the mother-
board as shown in Figure 5-61. # 6-32 X 3/8" SCREWS ’
Attach a size € terminal end
to each pair. Make sure the

cg;rect wires have been paired Figure 5-6Z. Card Guide Mounting
orT: .
5-70 Aprii, 1977
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S-72.

CHASSIS GROUMD CONNECTION
{Figure 5-63)

~To insure a good ground connection
between the motherboard and the
chassis, two ground wires will be
run from the ground land on the
foil (bottom) side of the mother-
board to the side raiils of the

mainframe.

Refer to Figure 5-63

and make the ground connections

according to the following instruc-

tions.

1.

Cut two 6-inch pieces of wire
braid.

Attach a sglder Tug to one

end of each piece. To do this:
twist the end of the wire
braid; insert it into the

smail hole on the lug; solder
the braid to the lug until

the small hole is completely
filled with solder.

Ground Land

Solder Lug

Figure 5-83.

April, 1377
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On both sides of the motherboard:

3.

Place the braid on the ground
Tand along side the cross rail
so that the Tug and about three
inches of braid hang over the
side, as shown in Figure 5-63.
Solder the remaining three
inches to the ground land., It
may be helpful to first "tack"
the braid in place with small
amounts of solder and then,
using the flat of the solder-
ing iron to heat the braid,
make a solid solder connection
over the entire three inches.
Make sure there are no solder
bridges to the adjacent lands
on the board. The Tugs will
be attached to the side rails
of the mainframe after the
motherboard has been installed
(Paragraph 5-73).

\Cross Rail

Chassis Ground Connection



5-73.

INSTALL MOTHERBOARD QM MAIN-
FRAME

Attach four #6-32 x 3/8" thread-
ed spacers to the end holes in
the crossrails, using #6-32 x
1/4" screws. Place the mother-
board/crossrail assembly in the
chassis so that the spacers at
the front of the assembly align
with the 8th hole (from the
front) of the chassis side mem-
bers. Secure the assembly to
the chassis with four #6-32 x
1/4" screws.

Connect the four terminai
ends on the bus wires to the
terminal block (TB1) on the
Power Supply Beard as follows
(see wiring diagram, Figure
5-580):

steel wool.

Voltage Bus Connection TB1 Connection l

-18v holes #52 slot #1

+8v holes #1 sTot #3
ground hotes #50 slet #9

+18v hotes #2 slot #10
5-72

Check for continuity between
each bus connection and its
respective terminal block con-

To assure a gcod ground connec-
tion, rub the alodine coating

off the chassis side member with
On each side of the
board, connect the chassis ground
wire from the motherhoard to one
of the holes on the chassis side
Secure with a #6-32 x
3/8" screw and a #6-32 nut.

April, 1877
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5-74. OQN/OFF SWITCH WIRING
{Figure 5-64)

The on/off switch (ST1) on the
Display/Control Board will connect
to wires 37 and 39 from the power
supply by means of a 2-pin plug,
P5. (See wiring diagram, Figure
5-50.) Prepare the 2-pin plug
(Bag 4) according to the following
instructions. (Refer to Paragraph
5-53 for procedural instructions
on preparing the connector sockets
and pins.)

1. Cut two 2-inch pieces of 22-13
gauge wire.

2. Solder one wire {wire #40) to
the center pin of S1 on the foil
(bottom) side of the Display/
Control Board. Solder the other
wire {wire #33) to the bottom
pin of ST.

3. Attach a connector pin to the
free end of both wires. Insert
the connector pins into the 2-
pin pin housing, as shown in
Figure 5-64.

4. Insert the connector sockets of
wires 37 and 39 from the power
supply into the 2-pin socket
housing.

CAUTION

These sockets (37 and 39)
will be directly connected
to the 110v source: Make
sure the sockets are com-
pletely enclosed inside

the socket housing. It is |
advisable to use tape or
heat shrink to insulate the|
wires where they enter the
socket housing. l

Agril,
8200b
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" Pin Housing

Connector Socket

’////,_-Sockgt Housing
> Pin
Housing

Connector

W Pin

Figure 5-64. On/O0ff Switch Wiring



5-75. HOUNT PC BOARDS IN MAINFRAME

1.

Stide the Sub Panel {with the
Dispiay/Control Board attached)
onto the front of the mainframe
s0 that the front uprights are
in between the Display/Control
Board and the Sub Panel.

Secure the Sub Panel in place
from the front of the main-
frame using the four #6-32
flathead screws that came with
the chassis. Pull the ground
strap taut and secure to the
chassis with a #6-32 x 1/4"
screw and a #6-32 nut.

Perform a voltage check befcre
installing the Interface Board
and CPU Board. Connect the pin
and socket nousings of PS5, put
the fuse into the fuse holder,
plug in the power cord, and turn
S1 on. Honitor the voltages on
the motherboard. If the voitages
are not corrsct, refer to Section
IV, Troubleshooting. (Disconnect
power before proceeding with the
next steps.)

5-74

Install the Interface Board onto
the motherboard in the Tirst
(right-most) 100-pin connector.
The ribbon connectors, P1 and

P2 should be next to the Display/
Control Board. Connect P1 and

P2 from the Interface Board to

P1 and P2 on the Display/Control
Board.

Install the CPU Board into the
next 100-pin connector. Prepare
two female connectors (see Para-
grapn 5-76) and mount them so
that P3 on the Interface Board
is connected to P3 on the CPU
Board.

April, 1977
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5=-76. Instructions for Female Con-

-

h
.

nectors, P3 (Figure 5-65)

Using the wire in Bag 4 of the
Interface Board, cut the wire
into eight 2-inch lengths.

Strip 1/8 inch of insulation
from the ends of each wire and
tin the exposed ends by apply-
ing a thin coat of solder.

Install a connector pin (Bag 3
of D/C Interface Board) onto
both ends of each wire by crimp-
ing the wire into place as

shown in Figure 5-65 A and B.
Tnen solder the exposed portion
of the wire to the pin.

Insert the 8 pins into connector
siots 3 through 10 on both con-
nectors, as shown in Figure
5-65(C}).

Insert the key (Bag 3 of D/C
Interface Board) into connector
slot #2. This key s inserted
to insure that the female con-
nectors are installed correctly.

NOTE
STot #1 will not be wired.

Aligning slot #1 with pin #1,
install the female connector

onto the male connector (P3)

on the Interface Zoard and on
the CPU Board,

April, 1277
2800b
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Figure 5-65.

Female Connector Wiring for P3
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5-77. CASE

The dress panel included with your
kit may curve slightly outward. If
s0, it should be flattened before
mounting on the 83800b.

1. Look at the dress panel from the
top edge to see the curve. Then
hold the panel against the edge
of 2 table and 1ightly run the
palm of your hand down the
length of the panel until it
appears to be flat.

2. Snap the dress panel in placge
in front of the case bottom.

3. Lower the mainframe into the
case bottom at a front-to-back
angle, so the switches on the
Display/Control Board fit
through the holes on the dress
panel.

4. Secure the mainframe in place on
both sides by replacing the two
original #6-32 x 3/8" mounting
SCrews.

Pyt the case top on the case
pottom.

L 91 ]
.

5-76
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~ Bag

(81

MISC.

April, 1977
8800h

Quantity

1

L N AN B

8800b Interface Board - Continued

Component
100-pin Edge Connector
Card Guides
Ribbon Cable Assembiy 34 Conductor

4" Greén or Blue Wire

2.2K 1/2w 5% Resistor
PC Board

MITS Stock Number
101864
101714
103038

1030571 or
103052

107945
100201



Bag

A-2

Quantity
7

5
8
2

8800b Display Control Board

Component
7407 Integrated Circuit
7405 Integrated Circuit
74LS175 Integrated Circuit
74LS74 Integrated Circuit
74367 Integrated Circuit
8798 Integrated Circuit
7493 Integrated Circuit
7400 Integrated Circuit
741504 Integrated Circuit
74LS14 Integrated.01rcuit
7410 Integrated Circuit
74L10 Integrated Circuit
74LS30 Integrated Circuit
4040 Integrated Circuit
4009 Integrated Circuit
7805 Voltage Regulator
79M08 Voitage Regulator
100 Chm 1/2w 5% Resistor
470 Ohm 1/2w 5% Resistor
1K 1/2w 5% Resistor
4.7K Resistor Pack
5 Chm 5w 5% Resistor
6-32 x 1/4" Screw
IN914 Diode

MITS Stock Number
101142
101052
101140
101088
101040
101045
101030
101020
101042
101123
101024
101081 .
101135
101130
101104
101074
10111
101924
101927
101928
101999
102074
100917
10G705

Aprit, 1577
88005



Bag Quantity
2
2
3

25
17

w oo o~
o0

36
10 1

W

MISC. 1

April, 1977
2500b

8800b Display Control Board - Continued

Component
6-32 Nut
#6 Lockwasher
Ferrite Beads
220 Ohm 1/2w 5% Resistor
2.2K Ohm 1/2w 5% Resistor
.001uf kv Capacitor
.1uf 50v Capacitor
47 uf 16v Capacitor
22uf 35v Capacitor
.Juf 12v Capacitor
SPDT (ST1-1F2C) Switch
MOM (ST1-3F2C) Switch
RL-21 LED
1702A Programmed PROM
8212 Integrated Circuit
24-pin Socket
PC Board

MITS Stock MNumber

100933
100942
101876
101925
101945
100328
100380
100392
100393
100348

1101879
101880
100702

101071
102105
100200



Bag

Quantity
1
1
1

24
13

8800b CPU Board

Component
8080 Integrated Circuit
8212 Integrated Circuit
4009 Integrated Circuit
24-nin Socket
40-pin Socket
8216 Integrated Circuit
8224 Integrated Circuit
74367 integrated Circuit
74368 Integrated Circuit
74L514 Integrated Circuit
7415813 Integrated Circuit
74LS04 Integrated Circuit
7805 Voltage Regulator
7812 Voltage Regulator
2.2K 1/2w 5% Resistor
3.3K 1/2w 5% Resistor
15K 1/2w 5% Resistor
1K 1/2w 5% Resistor
620 Chm 1/2w 5% Resistor
330 Ohm 1/2w 5% Resistor
470 Ohm 1/4w 5% Resistor
10K 1/2w 5% Resistor
100 Ohm 1/2w 5% Resistor
10 Ohm 2w Resistor

MITS Stock Number
101070
101071
101143
102105
102106
101141
101125
101040
101045
101123
101124
107042
101074
101085
101945
102085
102083
101923
102095
101926
101902
101932
101949
101960

April, 1877
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8800Qb CPU Board - Continued

Bag Quantity Component MITS Stock Number

1 IN4733 5v Diode 100721

1 IN4730 3.9v Diode 100734

3 - CS4410 or 2N4410 Transistor 102806

5 22 .1uf 12v Capacitor 100348
6 3 .1uf 50v Capacitor 100380
| 13 Tuf 35v Capacitor 100308

4 33uf 16v Capacitor 100326

2 10uf 25v Capacitor 100352

1 10uf 16v Capacitor 100394

1 22uf 16v Capacitor 100395

7 1 Small 10-pin Right'AnQTe Connector 101798
1 100-pin Edge Connsctor 1071864

2 Card Guides ‘ 101714

7 Ferrite Beads _ 101876

1 18 MHz Crystal 101877

2 Heat Sink (Large) 101870

' 6-32 x 3/8" Screw 100925

2 6-32 Nut 100933

2 #6 Lockwasher ’ 100942

2 4-40 x 5/8" Screw 100904

2 4-40 Nut 100332

2 #4 Lockwasher 100941

MISC. 1 PC Board 100198

April, 1877 A-
53005 .
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Bag Quantity

1 1
/
:

Y1

8800b Power Supply Board

Component
Bridge Rectifier 25 AMP, 50v (KBH25005)
Bridge Rectifier TJ 118-0(KBPC802)
Transistor TIP 140, TIP 141

(with mica insulator and washer)
Transistor TIP 145, TIP 146

(with mica insulator and washer)
IN4746 18v Zener Diode
180 Ohm 1/2w Resistor
Heat Sink (Targe)
Terminal Block 150 Series, 4 Term.
Terminal Block 741 Series, 10 Term.
Jumper for 141 Series
Fuse - 3 amp SLO-BLOW
Fuse Holder
T.8. Brackets
Strain Relief
Rubber Feet o
Ring Terminal #10-#12 wire, #10 bolt
Spade Terminal #10-#12 wire, #10 bolt
Spade Terminal #10-#12 wire, #6 bolt
Quik Disconnect #10-#12 wire, 1/4" tab
Spade Terminal #13-#22 wire, #6 bolt
2200uf, 25v Capacitor
Plug MATE-N-LOK 10 Circuit
Receptacle MATE-N-LOK 10 Circuit
Pin MATE-N-LOK

Socket MATE-N-LOK

MITS Stock Number

100736
100733
102819
102820
100726
101998
101870
101627
101868
101651
101772
101813
101652
101719
101751
101642
101643
101644
101645
101646
100375
101635
101636
101639
101640

April, 1977
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8800b Power Supply Beard - Continued

Bag Quantity Component MITS Stock Number
F 4 Commoning Tab 101641
-1 Plug MATE-N-LOK 2 Circuit 101637
| Receptacle MATE-N-LOK 2 Circuit 101638

5 1 6-32 x 1/2" Screw 100918
19 6-32 x 3/8" Screw . 1100925
5 6-32 x 5/8" Screw 100916
9 6-32 x 9/16" Screw 100956
4 6-32 x 3/4" Screw 100935
1 8-32 x 1" Screw 100927
4 : 10-32 x 1/2" Screw 100958
13 6-32 x 1/4" Screw 100917
19 6-32 Nut 100833
4 #6 Snap-On Nut (with fan) | eemeee
1 8-32 Nut : 100929
4 10-32 Nut 100962
2 . 6=32 x 3/8" Screw {Nylon) 100959
2 6-32 Nut (Nylon) 100960
17 #6 Lockwasher 100942
1 #8 Lockwasher 100945
4 #10 Lockwasher 100963
5 3/4" §-32 Spacer (Threaded) 101626
4 46 Flat washer 100943
1 #8 Flat washer 100939
4 #10 Flat washer 100961
4 3/8" 6-32 Threaded Spacer 101863

April, 1977
3800b
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Bag Quantity
MISC. ‘1
;1]
s 1
1
, 20
¢ 8!
o
!4
/20
! g"
Separate t 1
Box
A-8

8800b Power Supply Board - Continued

Component

95000uf 15v DC with Clamp
PC Board

6Ft. 3-wire Power Cord
Fan

#18 Stranded Wire

#12 Stranded Wire

Grn. Braid

3/16" Cable Clamps

Tie Wrap

Heat Shrink

Transformer

MITS Stock Number

100391
100202
101742
101869
103090
103092
101801
103023
103037
103073

102616

April, 1577
8800b



Quantity

April, 1377

38000

1
1
I

8800b Case and Misc.

Component
Case
Back Panel
Dress Panel
Main Board
Card Rail

Manual {Altair 8800b Documentation)

MITS Stock Number

100505
100545
100541
100193
101603

101537

A-9
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