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8800b Documentation 

Addenda, April, 1977 

1. Page 3-67, Figure 3-15, sheet 2 of 3. 

There are several notations at the top of the page reading, "FROM 
INTERFACE", "TO INTERFACE", etc. 

CHANGE TO: 

"TO DISPLAY/CONTROL BOARD" 

2. Page 3-71, Figure 3-16, sheet 1 of 3. 

Resistor R41 (zone A3) is labelled incorrectly. 

CHANGE TO.: 

R23 
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Figure 1-1 ALTAIR BBOOb COMPUTER 
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1-1. SCOPE 

This ALTAIR™aaoob 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 1 s guide which famili
arizes the operator with the var
ious 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 
circuit cards. 

2. Section II contains information 
on the controls and indicators 
which are located 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 
SSOCb 

SECTION I 

INTRODUCTION 

1~3. DESCRIPTION 

The ALTAIR 8800b computer (Figure 
1-1) is a general purpose, byte
oriented machine (8-bit word). 
It uses a common 100-pin bus struc
ture that allows for expansion of 
either standard or custom plug-in 
modules. It supports up to 64K of 
directly addressable memory and 
can address 256 separate input and 
output devices. The ALTAIR 8800b 
computer has 78 basic machine lan
guage instructions and consists of 
a power supply board, an interface 
board, a central processing unit 
(CPU) board, and a display/control 
board. 

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

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

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

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

Page T-1 



Figure 1-2. Power Supply Board 

Figure 1-3. Interface Board 
1-Z 



1-6. ~PU BOARD (Figure 1-4) 

The CPU board controls and processes 
all instructions and data within 
the ALTAIR 8800b computer. It con
tains the Intel Corporation model 
8080A microprocessor circuit, the 
master timing circuit, eight input 
and eight output data lines to the 
ALTAIR bus control circuits. 

1-7. DISPLAY/CONTROL BOARD (Figure 
Eli 

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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Figure 1-4. CPU Board 

Figure 1-5. Display /Control Board 
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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 familiarize 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 to perform various 

ALTAIR 8800b operations, and the indicators display address informa
tion, data information, and primary status control line information. 
Refer to Figure 2-1 for the location of the switches and indicators 
and Table 2-1 for an explanation of each. 

Figure 2-1. Altair 8800b Front Panel 
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Table 2-1. ALTAIR 8800b Switches and Indicators 

Switch 

POWER ON/OFF 

STOP/RUN 

SINGLE STEP/ 
SLOW 

EXAMINE/ 
EX NEXT 

2-2 

Function or Indication 

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-Al5 MEMORY switches. The 
contents at that address are displayed 
on the DATA 00-07 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. 



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

Switch 

DEPOSIT/ 
DEP NEXT 

RESET/ 
EU aR 

PROTECT/ 
UN PROTECT* 

ACCUMULATOR 
DISPLAY/LOAD 

• 

Function or Indication 

The DEPOSIT position stores the contents 
of the lower address switches (AO-A7) 
into the memory address that is displayed 
on the MEMORY address AO-Al5 indicators. 
The DEP NEXT position stores the contents 
of the lower address switches (AO-A7) into 
the next successive memory address. 

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

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

The DISPLAY position allows the contents 
of the CPU accumulator register to be 
displayed on the DATA DO-D7 indicators. 
The LOAD position allows the lower 
eight address switch (AO-A7) information 
to be stored in the CPU accumulator 
register. 

*Protect switch only applies to memory boards with a protect 
circuit. 

April, 1977 
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Table 2-1. ALTAIR 8800b Switches and Indicators - Continued 

Switch or Indicator 

2-4 

INPUT/ 
OUTPUT 

Address Switches 
AO-Al5 

SENSE switches 
A8-A15 

MEMORY AO-Al5 

PROTECT 
INTE 
MEMR 
INP 

Ml 

OUT 

Function or Indication 

The INPUT position allows an external 
device, selected on the I/0 AO-A7 switches 
(upper eight address switches}, to input 
data into the CPU accumulator. The 
OUTPUT position allows an external de~ 
vice, selected on the I/0 AO-A7 switches, 
to receive data from the CPU accumulator 
register. 

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

The upper eight address switches (A8-
Al5} also function as SENSE switches. 
The data present on these switches is 
stored in the accumulator if an input 
from channel 3778 (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. 

April. 1977 
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Table 2-1. ALTAIR 8800b Switches and Indicators - Continued 

Indicator 

Aoril, 1977 
8800b 

HLTA 
STACK 

WO 

INT 

DATA DO-D7 

WAIT 
HLDA 

Function or Indication 

The CPU is in a halt condition. 
The address bus contains the address 
of the stack pointer. 
The CPU is writing out data to an 
external device or memory. 
The CPU has acknowledged an interrupt 
request. 
Data from memory, an external device, 
or the CPU 
The CPU is in a wait condition. 
The CPU has acknowledged a hold 
signal . 

2-5 
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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. 

Table 2-2. Power On Sequence 
Step Function Indication 

l Position the POWER ON/ MEMR, Ml, and WAIT indica-
OFF switch to ON. tors are on. Some DATA 

D0-07 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 run operation is enabled, 
all other front panel switches are inactive except the RESET si·litch. 

Table 2-3. Run Operation 

Step Function Indication 
1 Momentarily position the WAIT indicator is off 

STOP/RUN switch to RUN. (or may be dimly lit). 
The machine can now exe-
cute a program. 

April, 197i 
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2-6. STOP OPERATION (Table 2-4) 
The stop operation places the CPU in a wait condition and allows 

the operator to use the switches on the 8800b front panel. 

Table 2-4. Stop Operation 
Step Function Indication 

l Position the STOP/RUN WAIT, MEMR, and Ml indicators 
switch to STOP. are on. The operator now 

has control of the front 
panel. 

2-7. EXAMINE MEMORY OPERATION (Table 2-5) 
This procedure allows the operator to select a memory address 

and examine its contents. 

Table 2-5. Examine Memory Operation 
Step Function Indication 

l Position the address 
switches AO-Al5 

I down. 
2 Position the EXAMINE/ AO through Al5 indicators are 

EX NEXT switch to off, indicating memory address 
EXAMINE. location 0008 is being examined. 

DATA DO through D7 indicators 
are displaying the contents 
of location 0008. 

3 Position address 
switches Al and A2 
up. 

4 Position the EXAMINE/ Al and A2 indicators are on, 
EX NEXT switch to indicating memory address 0068 
EXAMINE. is being examined. DATA DO 

through D7 indicators are dis-
playing the contents of l oca-
tion 0068. 

J 
I 
I 

I 
! 
l 
I 
! 
' 
' 
i 
I 

I 

I 

I 
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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 
AS up and the remaining 
switches down. 

2 Position the EXAMINE/ AS indicator is on, indi-
EX NEXT switch to EXAMINE eating memory address 0408. 

DATA DO through D7 indi-
caters are displaying the 
contents of location 0408• 

3 Position the AO through 
A7 address switches up. 

4 Position the DEPOSIT/DEP DATA DO through D7 indi-
NEXT to DEPOSIT caters are on, indicating 

the new data that has been 
placed in address location 
0408. 

2-9. EXAMINE NEXT MEMORY LOCATION (Table 2-7) 
This procedure allows the operator to examine the next sequential 

memory location, as determined by the address switches. 

Table 2-7. Examine Next Memory Location 
Step Function Indication 

1 Position address switches 
AO and AS up, and the re-
maining switches down. 

2 Position the EXAMINE/EX AO and AS indicators are 
NEXT switch to EXAMINE on, indicating memory 

address 041 8. 

I 
I 

I 
I 
I 

I 
I 
I 
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Step 
3 

4 

Table 2-7. Examine Next Memory Location - Continued 

Function 
Position address 
switches Al, A4, and 
A6 up, and the remain
ing switches down. 
Position the DEPOSIT/ 
DEP NEXT switch to 
DEPOSIT 

Indication 

DATA Dl, D4, and D6 in
dicators are on. 

5 Position address switch 

6 

7 

AS up, and the remaining 
switches down. 
Position the EXAMINE/EX 

NEXT switch to EXAMINE 

Position the EXAMINE/EX 
NEXT switch to EX N~XT 

AS indicator is on, in
dicating memory address 
0408. DATA DO through 
D7 indicators are on. 
AS and AO indicators are 
on, indicating address 
041 8• DATA Dl, D4, and 
D6 indicators are on. 

2-10. ALTER NEXT MEMORY LOCATION CONTENTS {Table 2-8) 
This procedure allows the operator to select a memory address 

and change the contents of the address that immediately follows. 

Step 
1 

2 

3 

Aoril, 1977 
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Table 2-8. Altering Next Memory Contents 
Function Indication 

Position address switches 
AO and AS up, and the re-
maining switches down. 
Position the EXAMINE/EX AO and AS indicators 
NEXT switch to EXAMINE are on. 
Position address switches 
AO through A7 up 

2-9 



Table 2-8. Altering Next Memory Contents - Continued 

Step 
4 

Function 
Position the DEPOSIT/ 
DEP NEXT switch to DEP 
NEXT 

5 To verify, position ad
dress switches AS and Al 
up, and the remaining 
switches down. 

6 Position the EXAMINE/ 
EX NEXT switch to EXAMINE 

Indication 
Al and AS indicators are 
on, indicating 0428• 
DATA DO through D7 are 
on, displaying the new 
contents of location 0428• 

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

2-11. LOADING AND DISPLAYING ACCUMULATOR DATA (Table 2-9) 
This procedure allows the operator to load new data into the 

accumulator or check the contents of the accumulator. 

Table 2-9. Loading and Displaying Accumulator Data 
Step Function Indication 

1 Position address switches 
AO, A.I , and A2 up, and the 
remaining switches down. 

2 Position the ACCUMULATOR 
DISPLAY/LOAD switch to LOAD 

3 Position the ACCUMULATOR DATA DO, Dl, and D2 
DISPLAY/LOAD switch to indicators are on 
DISPLAY 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: 

o. LOA 
1. MOV B,A 
2. LOA 
3. ADD B 
4. STA 
5. JMP 

The mnemonics for all 78 8800b instructions are explained in detail in 
the excerpt from the Intel 8080 Microcomputer System User's Manual con
tained in this section. However, the instructions used in this program 
are explained as follows: 

O. LDA--Load the accumulator with the contents of a specified 
memory address. 

1. MOV B,A--Move the contents of the accumulator into register B. 
2. LDA--Same as O. 
3. ADO 8--Add the contents of register B to the contents of the 

accumulator and store the result in the accumulator. 
4. STA--Store the contents of the accumulator in a specified 

memory address. 
5. JMP--Jump to the first step in the program. 

Step 5, the JMP instruction (followed by the memory address of the first 
instruction), causes the CPU to "jump" back to the beginning of the sample 
program and execute the program repeatedly until the CPU is halted. 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 8800b, first determine the memory 

addresses for the two numbers to be added and where the result is to be 
stored. Store the program instructions in successive memory addresses, 
beginning at the first memory address, 0008. In this example the first 
number to be added will be located at memory address 2008 (10 000 000), 
the second at memory address 201 8 (10 000 001), arid the sum will be 
stored in memory address 2028 (10 000 010). Now that the memory addresses 
have been specified, the program can be converted into its machine bit 
patterns (Table 2-10). 
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Table 2-10. Machine Language Bit Patterns 
MNEMONIC BIT PATIERN EXPLANATION 
LOA 200 00 111 010 Load Accumulator in the CPU with con-

10 000 000 tents of Memory address 2008 (2 bytes 
00 000 000 required for merrx:>ry addresses) 

MOV B,A 01 000 111 Move Accumulator data to Register B 
LOA 201 00 111 010 Load Accumulator with the contents 

10 000 001 of Merrx:>ry address 201 8 
00 000 000 

ADD B 10 000 000 Add Register B to Accumulator 
STA 202 00 110 010 Store the Accumulator contents 

10 000 010 in Memory address 2028 
00 000 000 

JMP 000 11 000 011 Jump to Memory location 0. 
00 000 000 
00 000 000 

The octal equivalent of each bit pattern is also frequently 
included in the program listing. It is easy to load octal numbers 
on the front panel switches, since it is only necessary to know 
the binary equivalents for the numbers 0-7. The resulting program, 
including octal equivalents, may be written as shown in Table 2-11: 
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Table 2-11. Addition Program 
MEMORY MNEMONIC BIT PATTERN OCTAL EQUIVALENT 
ADDRESS 

000 LOA 200 00 111 010 o 7 2 
001 (address) 10 000 000 2 o o 
002 (address) 00 000 000 0 0 0 
003 MOV B,A 01 000 111 l 0 7 
004 LOA 201 00 111 010 0 7 2 
005 (address) l 0 000 001 2 0 l 
006 (address) 00 000 000 a o a 
007 ADD B 10 000 000 2 0 0 
010 STA 202 00 011 010 0 6 2 
011 (address) 10 000 010 2 o 2 
012 (address) 00 000 000 0 0 0 
013 JMP 000 11 000 011 3 0 3 
014 (address) 00 000 000 a a o 
015 (address) 00 000 000 o o a 

Using the front panel switches, the program may now be entered 
into the computer. To begin loading the program at the first memory 
address 000, position the RESET/CLR switch to RESET. The data to be 
stored in address 000 is entered on address switches AO through A7. 
After the address switches are set, position the DEPOSIT/DEP NEXT 
switch to DEPOSIT to enter the AO-A7 bit pattern into memory address 
000. Enter the second byte of data on the address switches and pos
ition the DEPOSIT/DEP NEXT switch to DEP NEXT. The bit pattern will 
be loaded automatically into the next sequential memory address (001). 
Continue loading the data into memory for the remainder of the pro
gram. The complete program loading procedure is shown in Table 2-12: 
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Table 2-12. Addition Program Loading 

MEMORY ADDRESS CONTROL SWITCH 
ADDRESS SWITCHES 

DATA 0-7 

I RESET 
I 

000 00 111 010 I DEPOSIT 
001 10 000 000 I DEPOSIT NEXT 

' 
002 00 000 000 

i 
DEPOSIT NEXT 

003 01 000 111 l DEPOSIT NEXT 
! 004 00 111 010 DEPOSIT NEXT ; 

005 10 000 001 I DEPOSIT NEXT 
I 006 00 000 000 DEPOSIT NEXT I 

007 10 000 000 DEPOSIT NEXT 
010 00 110 010 DEPOSIT NEXT 
011 10 000 010 DEPOSIT NEXT 
01 f! 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 to 
store data at each of the two memory addresses (2008 and 201 8) to be 
added together. To load the first address, set address switches AO-
A7 to 10 000 0002 and position the EXAMINE/EX NEXT switch to ~XAMINE. 
Now load any desired number into this address by using address switches 
AO-A7. When the number has been loaded onto the switches, position the 
DEPOSIT/DEP NEXT to DEPOSIT to load the data into memory. To load the 
next address., enter a second number on the address switches AO-A7 and 
position the DEPOSIT/DEP NEXT switch to DEP NEXT. Since sequential 
memory addresses were selected, the number will be loaded automatically 
into the proper address (10 000 001 2). Once the program has been loaded 
and the two numbers rave been stored in memory locations 2008 and 201 8, 
the program can be run. Return to address 000 by positioning all AO-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. 

2-14. INTEL 8080 MICROCOMPUTER SYSTEMS USER'S INFORMATION 
Pages 2-16 through 2-65 are excerpts from the Intel 8080 Micro

computer Systems User's Manual, reprinted 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
cepts. It provides background information and definitions 
which will be useful in later chapters of this manual. Those 
already familiar with computers may skip this material, at 
their option. 

A TYPICAL COMPUTER SYSTEM 
A typical digital computer consists of: 

al A central processor unit (CPU) 
b) A memory 
cl Input/output (1/0) ports 

The memory serves as a place to store Instructions, 
the coded pieces of information that direct the activities of 
the CPU, and Data, the ceded pieces of information that are 
processed by the CPU. A group of logically related instruc· 
tions stored in memory is referred to as a Program. The CPU 
"reads" each instruction from memory in a logically deter· 
mined sequence, and uses it to initiate proC!ssing actions. 
If the program sequence is coherent and logical, processing 
the program will produce intelligible end useful results. 

The memory is also used to store the data to be manip
ulated, as well as the instructions that direct that manipu· 
lation. The program must be organized such that the CPU 
does not read a non·instruction word when it expects to 
see an instruction. The CPU can rapidly access any data 
stored in memory; but often the memory is not large enough 
to store the entire data bank required for a particular appli· 
cation. The problem can be resolved by providing the com
puter with one or more Input Pom. The CPU can address 
these portsand input the data contained there. The addition 
of input ports enables the- computer 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 Output Ports 
that permit the CPU to communiC3te the result of its pro· 
cessing to the outside world. The output may go to a dis
play, for use by a human operator, to a peripheral device 
that produces "f'tard-copy," such as a line-printer, to a 
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peripheral storage device, 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 assembly 
line. Like input ports, output ports are addressable. The 
input and output ports together permit the processor to 
communicate with the outside world. 

The CPU unifies the system. It controls the functions 
performed by the other components. The CPU must be able 
to fetch instructions from memory, decode their binary 
contents and execute them. It must. also be able to reference 
memory and 1/0 ports as necessary in the execution of in· 
structions. In addition, the CPU should be able to-recognize 
and respond to certain external control signals, such as 
INTERRUPT and WAIT requests. The functional units 
within a CPU that enable it to perform these functions are 
described below. 

THE ARCHITECTURE OF A CPU 

A typical central processor unit (C?UJ consists of the 
following intarconneC".ed functional units: 

• Registers 
• Arithmetic/Logic Unit (ALU) 
• Control Circuitry 

Registers are temporary storage units within the CPU. 
Some 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. 

Accumulator: 
The accumulator usually stores one of the operands 

to be manipulated by the ALU. A tYPical instruction might 
directthe ALU to add the contents of some other register to 
the contents of the accumulator and store the result in the 
accumulator itself. In general, the accumulator is both a 
source (operand) and a destination (resultl ragister. 

Often a CPU will include a number of additional 
general purpose registers that can be used to 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 memory and the accumulator, 
thus improving processing speed and efficiency. 

Program Counter (Jumps, Subroutines 
and the Stacl<): 

The instructions that make up a program are stored 
in the system's memory. The central processor references 
the contents of memory, in order to determine what action 
is appropriate. This means that the processor must know 
which location contains the next instruction. 

Each of the locations in memory is numbered, to dis
tinguish it from all other locations in memory. The number 
which identifies a memory location is called its Address. 

The processor maintains a counter which contains the 
address of the next program instruction. This register is 
called the Program Counter. The processor updates the pro
gram counter by adding "1" to the counter each time it 
fetches an instruction, so that the program counter is always 
current (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 
addresses contain later instructions. The only time the pro· 
grammer may violate this sequential rule is when an instruc
tion in one section of memory is a Jump instruction to 
another section of memory. 

A jump instruction contains the address of the instruc· 
tion which is to follow it. The next 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 replaces the contents of its 
program counter with the address embodied 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 Subroutine 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 variable are good examples of functions often 
written as subroutines. Other examples might be programs 
designed for inputting or outputting data to a particular 
peripheral device. 

The processor has a special way of handling sub
routines, in order· to insure an orderly return 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 next instruction fetched will therefore 
be the first step of the subroutine. 

The last instruction in any subroutine is a 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 
top of the stack. This causes the processor to resume execu
tion of the calling program at the point immediately follow
ing the original Call Instruction. 

Subroutines are often Nested; that is, one subroutine 
will sometimes call a second subroutine. The second may 
call a third, and so on. This is perfectly acceptable, as long 
as the processor has enough capacity to store the necessary 
return addresses, and the logical 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 reserved 
area of external memory as the stack and simply maintain a 
Pointer register which contains the address of the most 
recent stack entry. The external stack allows virtually un
limited subroutine nesting. In 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 address stored in the 
stack pointer, multi-level interrupt processing (described 
later in this chapter) is possible. The status of the processor 
(i.e., the contents of all the registers) can be saved in the 
stack when an interrupt is accepted and then restored after 
the interrupt has been serviced. This ability to save the pro
cessor's status at any given time is possible even if an inter· 
rupt service routine, itself, is interrupted. 

Instruction Register and Decoder: 

Every computer has a Word Length that is characteris
tic of that machine. A computer's word length is usually 
determined by the size of its internal storage elements and 
interconnecting paths (referred to as Busses); for example, 
a computer whose registers and busses can store and trans
fer 8 bits of information has a characteristic word length of 
8-bits and is referred to as an 8-bit parallel processor. An 
eight·bit parallel processor generally finds it most efficient 
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 multiples of eight bits: 
16 bits, 24 bits, and so on. This characteristic eight-bit field 
is often referred to as a Byte. 

Each operation that the processor can perform is 
identified by a unique byte of data known as an Instruction 
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Code or Operation 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 fetches an instruction in two distinct 
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 byte in a register known as the Instruction 
Register, and uses it to direct activities during the remainder 
of the instruction execution. 

The mechanism by which the processor translates an 
instruction code into specific processing actions requires 
more elaboration than we can here afford. The concept, 
however, should be intuitively clear to any logic designer. 
The eight bits 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 enabled line can be combined 
with selected timing pulses, to develop electrical signals that 
can then be used to initiate specific actions. This transla· 
tion of code into action is performed by the Instruction 
Decoder 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 eight 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 well. In a case like this, a two· or three
byte instruction must be used. Successive instruction bytes 
are stored in sequentially adjacent memory locations, and 
the processor performs two or three fetches in succession to 
obtain the full instruction. The first byte retrieved from 
memory is placed in the processor's instruction register, and 
subsequent bytes 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 hold the 
address of a memory location that is to be accessed for 
data. If the address register is Programmable, (i.e., if there 
are instructions that allow the programmer to alter the 
contents of the register) the program can "bui Id" 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 to memory or operates on data 
stored in memory). 

Arithmetic/Logic Unit (ALU): 

All processors contain an arithmetic/logic unit, which 
is often referred to simply as the ALU. The ALU, as its 
name implies, is that portion of the CPU hardware 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 basic adder a capable programmer can 
write routines which will subtract, multiply and divide, giv
ing the machine complete arithmetic capabilities. In practice, 
however, 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 logical 
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 control circuitry is the primary functional unit 
within a CPU. Using clock inpuls, 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 internal and external to the CPU) for initiating the 
proper processing action. Often the control circuitry will be 
capable of responding to external signals, such as an inter
rupt or wait request. An Interrupt request will cause the 
control circuitry to temporarily interrupt main program 
execution, jump to a special routine to service the interrupt
ing device, then automatically return to the main program. 
A Wait request is often issued by a memory or I /0 element 
that operates slower than the CPU. The control circuitry 
will idle the CPU until the memory or 1/0 port is ready with 
the data. 

COMPUTER OPERATIONS 

There are certain operations that are basic to almost 
any computer. A sound understanding of these basic opera
tions is a necessary prerequisite to examining the specific 
operations of a particular computer. 

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 
orderly sequence of events requires precise timing, and the 
CPU therefore requires a free running oscillator clock which 
furnishes the reference for all processor actions. The com
bined fetch and execution of a single instruction is referred 
to as an Instruction Cycle. The portion of a cycle identified 
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with a clearly 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 will be 
dedicated to fetching the next instruction. The CPU issues a 
read signal and the contents of the program counter are sent 
to memory, which responds by returning the next instruc· 
tion word. The first byte of the instruction is placed in the 
instruction register. If the instruction consists of more than 
one byte, additional states are required to fetch each byte 
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 
executed 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 CPU operation, such as 
a register-to-register transfer or an add-registers operation. 

Memory Read: 

An instruction fetch is merely a special memory read 
operation that brings the instruction to the CPU's instruc· 
tion register. The,instruction fetched may then call for data 
to be read from memory into the CPU. The CPU again issues 
a read 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 other 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 CPU 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 a 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. Once 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 tim1restablished by the processor's clock. 

Therefore a processor should contain a synchroniza· 
tion provision, which permits the memory to request a Wait 
state. When the memory receives a read or write enable sig· 
nal, it places a request signal on the processor's READY line, 
causing the CPU to idle temporarily. After the memory has 

Aoril, 1977 
8800b 

had time to respond, it frees the processor's READY line, 
and ·the instruction cycle proceeds. 

Input/Output: 

Input and Output operations are similar to memory 
read and write operations with the exception that a peri· 
pheral 1/0 device is addressed instead of a memory location. 
The CPU issues the appropriate input or output control 
signal, sends the proper device address and either receives 
the data being input or sends the data to be output. 

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; each bit is either a one or a zero. Parallel 1/0 con· 
sists of transferring all bits in the word at the same time, 
one bit per line. Serial 1/0 consists of transferring one bit 
at a time on a single line. Naturally serial 1/0 is much 
slower, but it requires considerably less h3rdware than does 
parallel 1/0. 

Interrupts: 

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 to actually 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 request an interrupt. When the CPU acknowledges the 
interrupt, it suspends main program execution and auto
matically branches to a routine that will output the next 
data byte. After the byte is output, the CPU continues 
with main program execution. Note that this is, in principle, 
quite similar to a subroutine call, 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 untilization 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 enables 
Direct Memory Access {OMA) operations. 

In ordinary input and output operations, the processor 
itself supervises the entire data transfer. Information to 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 
processor. 

Some peripheral devices, however, are capable of 
transferring information to and from memory much faster 
than the processor itself can accomplish the transfer. If any 
appreciable quantity of data must be transferred to or from 
such a device, then system throughput will be increased by 
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having the device 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. It is for this reason that a hold provision is in
cluded on some processors. 
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The 8080 is a complete 8-bit parallel, central processor 
unit (CPU) for use in general purpose digital computer sys
tems. It is fabricated on a single LSI chip (see Figure 2-1 ). 
using Intel's n-channel silicon gate MOS process. The 8080 
transfers data and internal state information via an 8-bit, 
bidirectional 3-state Data Bus (Do·D7). Memory and peri
pheral device addresses are transmitted over a separate 16-

Figure 2-1. 8080 Photomicrograph With Pin Designations 
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bit 3-state Address Bus (Ao·A15l. Six timing and control 
outputs (SYNC, OBIN, WAIT.WR, HLDA and INTEl eman· 
ate from the 8080, while four control inputs (READY, 
HOLD, INT and RESET), four power inputs (+12v, +pv, 
·Sv, and GNO) and two clock inputs (</11 and <P2l are ac· 
cepted by the 8080. 

AID 1 40 A11 

GND 2 39 ,,.,. 
38 A1l 

4 37 Au 

5 36 A15 

6 35 A9 

7 3" ... , 
8 INTEt:' 33 A., 
9 

8080 
32 ... , 

10 31 "'5 
11 30 A4 

RESET 12 29 Al 

HOLD 13 28 +12V 

INT 14 27 Az 

'2 15 26 A1 

16 25 Ao 
17 24 WAIT 

Wii 18 23 READY 

SYNC 19 22 ,, 
+SV 20 21 HLDA 

2-21 



ARCHITECTURE OF THE 8080 CPU 

The 8080 CPU consists of the following functional 

units: 

• Register array and address logic 
• Arithmetic and logic unit (ALU) 
• Instruction register and control section 

• Bi-directio11al, 3-state data bus buffer 

Figure 2-2 illustrates the functional blocks within 

the 8080 CPU. 

Registers: 

The register section consists of a static RAM array 

organized into six 16-bit registers: 

• Program counter (PC) 
• Stack pointer (SP) 
• Six B·bit general purpose registers arranged in pairs, 

referred to as B,C; D,E; and H,L 
• A temporary register pair called W,Z 

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

IBBIT) 
INTERNAL CATA BUS 

,., 
FLAG •51 

FLIP-FLOPS 

matically during every instruction fetch. The stack pointer 
maintains the address of the next available stack location in 
memory. The stack pointer can be initialized to use any 
portion of read-write memory as a stack. The stack pointer 
is decremented when data is "pushed" onto the stack and 

incremented when data is "popped" off the stack (i.e., the 
stack grows "downward"). 

The six general purpose registers can be used either as 

single registers (B·bit) or as register pairs ( 16-bit). The 

temporary register pair, W,Z, is not program addressable 
and is only used for the internal execution of instructions. 

Eight-bit data bytes can be transferred between the 
internal bus and the register array via the register-select 
multiplexer. Sixteen-bit transfers can proceed between the 
register array and the address latch or the incrementer I 
decrementer circuit. The address latch receives data from 
any of the three register pairs and drives the 16 address 

output buffers (Ao·A15), as well as the incrementer/ 
decrementer circuit. The incrementer/decrementer circuit 

receives data from the address latch and sends it to 
the register array. The 16-bit data can be incremented or 

decremented or simply transferred between registers. 
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Arithmetic and Logic Unit (ALU): 

The ALU contains the following registers: 

• An 8-bit accumulator 

• An 8-bit temporary accumulator (ACT) 

• A 5-bit flag register: zero, carry, sign, parity and 
auxiliary carry 

• An 8-bit temporary register (TMP) 

Arithmetic, logical and rotate operations are per
formed in the ALU. The ALU is fed by the temporary 
register (TMPJ and the temporary accumulator (ACT) and 
carry flip-flop. The result 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 the internal bus. 

The accumulator (ACC) can be loaded from the ALU 
and the internal bus and can transfer data to the temporary 
accumulator (ACT) and the internal b·us. The contents of 
the accumulator (ACC) and the auxiliary carry flip-flop can 
be tested for decimal correction during the execution of the 
DAA instruction (see Chapter 4). 

Instruction Register and Control: 

During an instruction fetch, the first byte of an in· 
struction (containing the OP code) is transferred from the 
internal bus to 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 signals, provides 
the control signals for the register array, ALU and data 
buffer blocks. In 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 3-state buffer is used to 
isolate the CPU's internal bus from the external data bus. 
(Do through 07). In the output mode, the internal bus 
content is loaded 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 state (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 translated into specific processing activities. 

Every instruction cycle consists of one, two, three, 
four or five machine cycles. A machine cycle is required 
each time the CPU accesses memory or an 1/0 port. The 
fetch portion of an instruction cycle requires one machine 
cycle for each byte to be fetched. The duration of the execu
tion portion of the instruction cycie 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, however, re
quire additional machine cycles to write or read data to/ 
from memory or 1/0 devices. The DAD instruction is an 
exception in that it requires two additional machine cycles 
to complete an internal register-pair add (see Chapter 41. 

Each machine cycle consists of three, four or five 
states. A state is the smallest unit of processing activity and 
is defined as the interval between two successive positive
going transitions of the ¢1 driven clock pulse. The 8080 
is driven by a two-phase clock oscillator. All processing act iv· 
ities are referred to the period of this clock. The two non
overlapping clock pulses, labeled ¢1 and ¢2. are furnished 
by external circuitry. It is the ¢1 clock pulse which divides 
each machine cycle into states. Timing logic within the 
8080 uses the clod< inputs to produce a SYNC pulse, 
which identifies the beginning of every machine cycle. The 
SYNC pulse is triggered by the low-to-high transition of ¢2, 
as shown in Figure 2·3. 

FIRST STATE OF 
"EVERY MACHINE 

CYCLE 

SYNC ---''-"---'/ 
\.._ ___ _ 

"SYNC DOES NOT OCCUR IN THE SECOND AND THIRD MACHINE 
CYCLES OF A DAO INSTRUCTION SINCE THESE MACHINE CYCLES 
ARE USED FOR AN INTERNAL REGISTER-PAIR ADD. 

Figure 2·3. Q>1. r/J2 And SYNC Timing 

There are three exceptions to the defined duration of 
a state. They are the WAIT state, the hold (H LOA) state 
and the halt (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 
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be synchronized with the pulses of the driving clock. Thus, 
the duration of all states are integral multiples of the clock 
period. 

To summarize then, each clock period marks a state; 
three to five states constitute a machine cycle; and one to 
five machine cycles comprise an instruction cycle. A full 
instruction cycle requires anywhere from four to eight· 
teen states for its completion, depending on the kind of in· 
.struction involved. 

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 addressable peripheral device, in order to 
fetch and execute the instruction. Like many processors, 
the 8080 is so constructed that it can transmit only one 
address per machine cycle. Thus, if the fetch and execution 
of an instruction requires two 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 cycle contains five machine cycles. 

Every instruction cycle has at least one reference to 
memory, during which the instruction is fetched. An in· 
struction cycle must always have a fetch, even if the execu
tion of the instruction requires no further references to 
memory. The first ma~hine cycle in every instruction cycle 
is therefore a FETCH. Beyond that, there are no fast rules. 
It depends on the kind of instruction that is fetched. 

Consider some examples. The add-register (ADD r) 
instruction is an instruction that requires only a single 
machine cycle (FETCH) for its completion. In this one-byte 
instruction, the contents of one of the CPU's six general 
purpose registers is added to the existing contents of the 
accumulator. Since all the information necessary to execute 
the command is contained in the eight bits of the instruction 
code, only one memory reference is necessary. Three states 
are used to extract the instruction from memory, and one 
additional state is used to accomplish the desired addition. 
The entire instrui:tion cycle thus requires only 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 a specific memory location to 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 H and L registers. The eight-bit data 
word returned during this MEMORY READ machine cycle 
is placed in a temporary register inside the 8080 CPU. By 
now three more clock periods (states) have elapsed. In the 
seventh and final state, the contents of the temporary regis· 
ter are added to those of the accumulator. Two machine 
cycles, consisting of seven states in all, complete the 
"ADD M" instruction cycle, 

At the opposite extreme is the save H and L registers 
(SHLD) instruction, which requires five machine cycles. 
During an "SHLD" instruction cycle, the contents of the 
processor's H and L registers are deposited in two sequen· 
tially adjacent memory locations; the destination is indi· 
cated by two address bytes which are stored in the two 
memory locations immediately following 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 
machine cycle, the processor fetches 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 
Z 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 placed in the W register. The 
program counter is incremented, in anticipation 
of the next instruction fetch. 

(4) A MEMORY WRITE machine cycle, of three 
states, in which the contents of the L register 
are transferred to the memory location pointed 
to by the present contents of the W and Z regis
ters. The state following the transfer is used to 
increment the W,Z 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 
pointed to by the W,Z register pair. 

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

Most instructions fall somewhere between the ex· 
tremes typified by the "ADD r" and the "SHLD" instruc
tions. The input (INP) and the output (OUT) 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 cycles may occur within an instruction cycle: 

( 1) FETCH (M1l 

(2) MEMORY READ 

(3) MEMORY WRITE 

(4) STACK READ 

(5) STACK WRITE 

(6) INPUT 

(7) OUTPUT 

(8) INTERRUPT 

(9) HALT 

(10) HALT• INTERRUPT 

The machine cycles that actually do occur in a par
ticular instruction cycle depend upon the kind of instruc· 
tion, with the overriding stipulation that the first machine 
cycle in any instruction cycle is always a 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 (Do·D 7). during the 
SYNC interval. This data should be saved in latches, and 
used to develop control signals for external 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 
certain processor machine cycles are uniquely identified by 
a single status bit, but that others are not. The M 1 status 
bit (05), for example, unambiguously identifies a FETCH 
machine cycle. A STACK READ, on the other hand, is 
indicated by the coincidence of STACK and MEMR sig· 
nals. Machine cycle identification data is also valuable in 
the test and de-bugging phases of system development. 
Table 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 1, T2, TJ, 
T 4, Ts or Tw). The actual number of states depends upon 
the instruction being executed, and on the particular ma
chine cycle within· the greater instruction 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 also shows how the READY, HOLD, and 
INTERRUPT lines are sampled during the machine cycle, 
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 discussed 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, OBIN, 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 
successive low-to-high transitions of the 01 clock. Figure 
2-5 shows the timing relationships in a typical FETCH 
machine cycle. Events that occur in each state are referenced 
to transitions of the ¢1 and <D2 clock pulses. 

The SYNC signal identifies the first state (T 1) in 
every machine cycle. As shown in Figure 2·5, the SYNC 
signal is related to the leading edge of the ¢2 clock. There is 
a delay (toe! between the low-to-high transition of ¢2 and 
the positive-going edge of the SYNC pulse. There also is a 
corresponding delay (also tocl between the next ¢2 pulse 
and the falling edge of the SYNC signal. Status information 
is displayed on Do·D7 during the same ¢2 to <i>2 interval. 
Switching of the status signals is likewise controlled by ¢2. 

The rising edge of ¢2 during T 1 also loads the pro
cessor's address lines (Ao·A 15). These lines become stable 
within a brief delay (toAl of the ¢2 clocking pulse, and 
Ihey remain stable until the first ¢2 pulse after state TJ. 
This gives the processor ample time to read the data re
turned from memory. 

Once the processor has sent an address to memory. 
there 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" interval (tRsl which occurs 
during the ¢2 pulse within state T2 or Tw. As long as the 
READY line remains 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 alternative state (Twl at the end of T2. rather than pro
ceeding directly to the TJ state. Entry into the Tw 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 ct>1 clock and 
occurs within a brief delay (toe) of the actual entry into 
the Tw state. 

A wait period may be of indefinite duration. The pro
cessor remains 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 (tRsl. in 
order to guarantee an exit from the T w 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 Tw states and will always be a multiple 
of the clock period. 
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Instructions for the 8080 require from one to five machine 
cycles for complete execution. The 8080 sends out 8 bit of 
status information on the data bus at the beginning of each 
machine cycle (during SYNC time I. The following table defines 
the status information. 

Symbols 

INTA• 

STACK 

HLTA 
OUT 

M, 

INP" 

MEMR" 

STATUS INFORMATION DEFINITION 
Data Bus 

Bit 

Do 

o, 

02 

03 
04 

Os 

Os 

07 

Definition 

Acknowledge signal for INTERRUPT re
quest. Signal should be used to gate a re
start instruction onto the data bus when 
OBIN is active. 
Indicates that the operation in the current 
machine cycle will be a WRITE memory 
or OUTPUT function (WO= OJ.Otherwise, 
a READ memory or INPUT operation will 
be executed. 
Indicates that the address bus holds the 
pushdown stack address from the Stack 
Pointer. 
Acknowledge signal for HALT instruction. 
Indicates that the address bus contains the 
address of an output device and the data 
bus will contain the output data when 
WR is active. 
Provides a signal to indicate that the CPU 
is in the fetch cycle for the first byte of 
an instruction. 
Indicates that the address bus contains the 
address of an input device and the input 
data should be placed on the data bus 
when OBIN is active. 
Designates that the data bus will be used 
for memory read data. 

•These three status bitt can be used to control 
the flow of data onto the 8080 data bus. 

STATUS WORD CHART 

Do INTA 0 

01 WO 0 0 

02 STACK 0 0 0 1 

03 HLTA 0 0 0 0 0 

04 OUT 0 0 0 0 0 

05' M1 1 0 0 0 0 

Os INP 0 0 0 0 0 

07 MEMR 0 0 

Table 2-1. 8080 Status Bit Definitions 
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Figure 2·4. CPU State Transition Diagram 
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IZl1NTERNAL INT F/F IS RESET IF INTE F/F IS RESET. 

131SEE PAGE 2·13. 
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The events that take place during the T3 state are 
determined by the kind of machine cycle in progress. In a 
FETCH machine cycle, the processor interprets the data on 
its data bus as an instruction. During 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 1/0 operations, 
the processor may either transmit or receive data, de· 
pending on whether an OUTPUT or an INPUT operation 
is involved. 

Figure 2·6 illustrates the timing that is characteristic 
of a data input operation. As shown, the low-to·high transi· 
tion of ¢2 during T2 clears status information from the pro· 
cessor's data lines, preparing these lines for the receipt of 
incoming data. The data presented to the processor must 
have stabilized prior to both the "¢1-data set-up" interval 
ltos1 I, that precedes the falling edge of the ¢1 pulse defin
ing state T3. and the "¢2-data set-up" interval (tos2I. 
that precedes the rising edge of ¢2 in state T 3. This same 

T1 T, Tw 

,, 

,, 
w~ 

...... 

data must remain stable during the "data hold" interval 
(toHl ·that occurs following the rising edge of the ¢2 pulse. 
Data placed on these lines by memory or by other external 
devices will be sampled during TJ. 

During the input of data to the processor, the 8080 
generates a OBIN signal which should be used externally to 
enable the transfer. Machine cycles in which DB IN is avail
.able include: FETCH, MEMORY READ, STACK READ, 
and INTERRUPT. OBIN is initiated by the rising edge of '1>2 
during state T2 and terminated by the corresponding edge of 
¢2 during TJ. Any Tw phases intervening between T2 and 
TJ will therefore extend OBIN by one or more clock 
periods. 

Figure 2·7 shows the timing of a machine cycle in 
which the processor outputs data. Output data may be des
tined either for memory or for peripherals. 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 
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Figure 2·5. Basic 8080 Instruction Cycle 
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01 

02 

A15-0 

01.0 
":- _ J 
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SYNC 

OBIN I 

READY 
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WAIT 
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NOTE: @ Refer to Status Word Chart on Page 2-6. 

Figure 2-6. Input Instruction Cycle 
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NOTE: @ Refer to Status Word Chart on Page 2-6. 

Figure 2-7. Output Instruction Cycle 
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"data output delay" interval (tool following the ¢2 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 subsequentT1 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 Tw state, following the T2 
state. Data on the output lines remains stable in the 
interi"!'l, and the processing cycle will not proceed until 
the READY line again goes high. 

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

All processor machine cycles consist of at least three 
states: T 1. 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 Tw st!ltes. During the three basic 
states, data is transferred to or from the processor. 

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 include 
MEMORY WRITE, STACK WRITE, and OUTPUT. The 
negative-going leading edge of WR is referenced to the rising 
edge of the first 4>1 clock pulse following T2. and occurs 
within a brief delay (tocl of that event. WR remains low 
until re-triggered by the leading edge of ¢1 during the 
state following T3. Note that any Tw states intervening 
between T2 and T3 of the output machine cycle will neces-

After the T3 state, however, it becomes difficult to 
generalize. T 4 and Ts states are available, if the execution 
of a particular instruction requires them. But not all machine 
cycles make use of these states. It depends upon the kind of 
instruction being executed, and on the particular machine 
cycle within the instruction cycle. The processor will termi
nate any machine cycle as soon as its processing activities 
are completed, rather than proceeding through the T 4 and 
Ts states every time. Thus the 8080 may exit a machine 
cycle following the T3. the T 4, or the Ts state and pro
ceed directly to the T 1 state of the next machine cycle. 
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STATE 

TW 
(optional) 

T3 

T4 
TS 

(optional) 

ASSOCIATED ACTIVITIES 

A memory address or 1/0 device number is 
placed on the Address Bus (A 15-ol: status 
information is placed on Data Bus (07.ol. 

The CPU samples the READY and HOLD in
puts and checks for halt instruction. 

Processor enters wait state if READY is low 
or if HALT instruction has been executed. 

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 OUTPUT machine cycle) is output 
onto the data bus. 

States T 4 and Ts are available if the execu
tion of a particular instruction requires them; 
if not, the CPU may skip one or both of 
them. T 4 and Ts are only used for internal 
processor operations. 

Table 2·2. State Definitions 
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INTERRUPT SEQUENCES 
The 8080 has the built-in capacity to handle external 

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 logic re-clocks the external re· 
quest, so that a proper correspondence with the driving 
clock is established. As Figure 2·8 shows, an interrupt 
request (INT) arriving during the time that the interrupt 
enable line (INTE) is high, acts in coincidence with the <P2 
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 cycle which follows the 
arrival of an enabled interrupt request resembles an ordinary 
FETCH machine cycle in most respects. The M 1 status bit 
is transmitted as usual during the SYNC interval. It is 
accompanied, however, by an INTA status bit (Doi which 
acknowledges the external request. The contents of the 
program counter are latched onto the CPU's address lines 
during T 1. but the counter itself is not incremented during 
the INTERRUPT machine cycle, as it otherwise would be. 

01-0 ___ _.. ___ ._J 

SYNC 

OBIN 

\'iii 

RETURN 1111 
(INTERNAL) 

INTE 

INT 

INT F/F 

-----+------.;-J 

(INTERNAL) ----' 

INHIBIT STORE OF 
PC+1 llNTERNAU ------------..J 

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 indistinguishable from 
an ordinary FETCH machine cycle. The processor itself 
takes no further special 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 T3. 
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 interference. 

The 8080's instruction set provides a special one-byte 
call which facilitates the processing of interrupts (the ordi· 
nary program Call takes three bytes). This is the RESTART 
instruction (AST). A variable three-bit field embedded in 
the eight-bit field of the AST enables the interrupting device 
to 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 instruction(s) of a routine designed to 
service the requirements of an interrupting device. Since 
the (AST) is a call, completion of the instruction also 
stores the old program counter contents on the STACK. 

STATUS r------....; ..... .;.... ..... -:. ..... _.;... __ u_...;. __ ...:.. ___ ~,__-;.__..J 

INFORMATION----~----;,.1if ©! iX© I iA'© I 
NOTE: @ Refer to Status Word Chart on Page 2-6. 

Figure 2·8. Interrupt Timing 
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Figure 2·9. HOLD Operation (Read Model 

HOLD 
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HOLD ____ J. 

T4 T1 
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n II 

Tz 
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T3 
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DONE INTERNALLY. 

I 
M n•2 

T, 

T\ h 

\.__ _____________ __ 
\. 

READY------------------------;-------------------

~~FF f 
INTERNAL ----------------....J 

HLDA :1 ---------------------------+---' 
WRITE OATA . 

Figure 2·10. HOLD Operation (Write Mode) 
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HOLD SEQUENCES 

The 8080A CPU contains provisions for Direct Mem· 
ory Access (OMA) operations. By applying a HOLD to the 
appropriate control pin on the processor, an external device 
can cause the CPU to suspend its normal operations and re· 
linquish control of the address and data busses. The proces· 
sor responds to a request of this kind by floating its address 
to other devices sharing the busses. At the same time, the 
processor acknowledges the HO LO by placing a high on its 
HLDA outpin pin. During an acknowledged HOLD. the 
address and data busses are under control of the peripheral 
which originated the re<!uest, enabling it to conduct mem· 
ory transfers without processor intervention. 

Like the interrupt, the HO LO input is synchronized 
internally. A HO LO signal must be stable prior to the "Hold 
set·up" interval (tHsl. that precedes the rising edge of ¢i2. 

Figures 2·9 and 2-10 illustrate the timing involved in 
HO LO operations. 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 92 clocks sets the internal hold latch. Setting the latch 
enables the subsequent rising edge of the 91 clock pulse to 
trigger the HLDA output. 

Acknowledgement of the HOLD REQUEST precedes 
slightly the actual floating of the processor's address and 
data lines. The processor .acknowledges a HO LO at the begin
ning of T3, if a read or an input machine cycle is in progress 
(see Figure 2-9). Otherwise. acknowledgement is deferred 
until the beginning of the state following T3 (see Figure 
2-10). In both cases, however, the HLDA goes high within 
a specified delay (toe) of the rising edge of the selected cti1 
clock pulse. Address and data lines are floated within a 
brief delay after the rising edge of the next ¢2 clock pulse. 
This relationship is also shown in the diagrams. 

To all outward appearances, the processor has suspend
ed its operations once the address and data busses are floated. 
Internally, however, certain functions may continue. If a 
HOLD REQUEST is acknowledged at T3. and if the pro
cessor is in the middle of a machine cycle which requires 
four or more states to complete, the CPU proceeds through 
T 4 and Ts before coming to a rest. Not until the end of the 
machine cycle is reached will processing activities cease. 
Internal processing is thus permitted to overlap the external 
OMA transfer, impr.oving 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 external 
device has completed its data transfer. The H LOA output 
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returns to a low level following the leading edge of the next 
ef>l clock pulse. Normal processing resumes with the ma
chine cycle following the last cycle that was executed. 

HALT SEQUENCES 

When a halt instruction (HL T) is executed, the CPU 
enters the halt state ITwHl after state T2 of the next ma· 
chine cycle, as shown in Figure 2· 11. There are only three 
ways in which the 8080 can exit the halt state: 

form. 

• A high on the RESET line will always reset the 
8080 to state T 1; RESET also clears the program 
counter. 

• A HOLD input will cause the 8080 to enter the 
hold state, as previously described. When the 
HOLD line goes low, the 8080 re-enters the halt 
state on the rising edge of the next 91 clock 
pulse. 

• An interrupt (i.e., INT goes high while INTE is 
enabled) will cause the 8080 to exit the Halt state 
and enter state T 1 on the rising edge of the next 
91 clock pulse. NOTE: The interrupt enable (INTE) 
flag must be set when the halt state is entered; 
otherwise, the 8080 will only be able to exit via a 
RESET signal. 

Figure 2-12 illustrates halt sequencing in flow chart 

START-UP OF THE 8080 CPU 

When power is applied initially to the 8080, the pro
cessor begins operating immediately. The contents of its 
program 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 external RESET signal of three clock period dura
tion (minimum) restores the processor's internal program 
counter to zero. Program execution thus begins with mem
ory location zero, following a RESET. Systems which re
quire the processor to wait for an explicit start-up signal 
will store a halt instruction (El, HLT) 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
ecuting its stored program immediately. Note, however, that 
the RESET has no effect on status flags, or on 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 

Figure 2-12. HALT Sequence Flow Chart. 
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INTERNAL 
RESET 

STATUS 
INFORMATION 

111WHEN RESET SIGNAL IS ACTIVE, ALL OF CONTROL OUTPUT SIGNALS WILL BE RESET IMMEDIATELY DR SDME 
CLOCX PERIODS LATER. THE RESET SIGNAL MUST BE ACTIVE FDR A MINIMUM OF THREE CLOCK CVCl.U. IN 
THE AIOVE DIAGR_,. NANO I MAY 9£ JlNY INTEGER. 

NOTE: @ ,....,rolmuu'for•0Wt•"••31 

Figure 2-13. Reset . 
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Figure 2-14. Relation between HOLD and INT in the HALT State. 
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MNEMONIC O•COOE 

07090504 I 030201 co 

M0Vr1.r2 0 1 i) 0 0 s s s 

MOVr.M 0 1 0 0 0 1 I 0 

MOVM,r I 0 1 1 1 0 s s s 

SOHL . 1 1 1 1 1 0 0 1 

MVI r. Cata I 0 0 0 0 0 1 I 0 

MVI M,dlta I 0 0 1 1 I 0 1 1 0 

UCI ro. c:ata I 0 0 R p 

! 
0 0 0 1 

I 
LOA.adr I 0 0 1 1 i I 0 1 0 

I 
STA addr I 0 0 1 1 I 0 0 I 0 

I 
LHLO 1delr i 0 0 1 0 I 1 0 1 0 

SHI.Ca- I 0 0 1 0 I 0 0 1 0 

l.OAX rol•I ! 0 0 R p I I 0 1 0 

STAXrol"I I 0 0 R p I 0 0 I 0 
I I 

XCHG 1 1 1 0 1 0 1 1 

AOOr I 1 0 0 0 0 s s s 

ACOM 
I 

I 1 0 0 0 I 0 1 1 0 

AOI dlUI I 1 1 0 0 I 0 1 1 0 

AOCr 1 0 0 0 \ 1 s s s 

AOCM i 1 0 0 0 I , 1 1 0 

AC1d.lta I 1 1 0 0 1 1 1 0 

suer 1 0 0 1 I 0 s s s 

SIJBM I 1 0 0 1 0 1 1 0 

SUI Cua I 1 1 0 1 I 0 1 1 0 

SBBr 1 0 0 1 , , s s s 

SBBM I 1 0 0 1 I 1 1 1 0 

581 dll<a I 1 1 0 1 I 1 1 1 0 

INA r I 0 0 0 0 I 0 1 0 0 

INRM 0 0 1 1 0 1 0 0 

OCRr I 0 0 0 0 0 1 0 1 

OCR M 0 0 1 1 0 1 0 1 

INXro I 0 0 R p 0 0 1 1 

OCXro I 0 0 !I p 1 0 1 1 

OAOrolBI 0 0 R p 1 0 0 1 

DAA 0 0 1 0 0 1 1 1 

.l.NAr 1 0 1 0 0 s s s 

ANAM 1 0 1 0 0 1 1 0 
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M1l11 

Tl T2l21 Tl T4 TS 

PC OUT PC• PC +1 INST-TMP/IR ISSSl-TMP ITMPl-000 
STATUS 

-+ t T xlll 
I 

I 

! ISSSl-TMP I 

I I IHU J.sp 
I 

1 I x 
: 

I I x 
I I 

I i I x I 
' I I x I 

I I 

i I I x 
i 

; i x 
! I 

I I x 
I 

l I I x 
i 

: i I I x I : 

i I I IHU-IOEI I I 
I I ISSSl-TMP 

!Al-ACT 

' I IAl-ACT I 
i I IAl-ACT I 
I I I ISSSl-TMP 
: IAl-ACT 

I IAl-ACT 
I 

I IAl-ACT 

I ISSSl-TMP 
IAl-ACT 

I IAl-ACT i I 

I IAl-ACT I I 

I I 

I I I ISSSl-TMP 
(Al-ACT 

I I IAJ-ACT 

(Al-ACT 
! 

I : 
I ! (0001-TMP Al.U-000 

I ITMPI + 1-ALU 

I 
I i x 

I I 
I 

I 
10001-TMP I ALU-000 

I ITMPl+1-ALU 

i I x 

: ; I IRPJ+1 RP 
I 

I I 
; IRPJ - 1 RP 

I I ; x 
I ! 

! 
I I OAA-A, FLAGS(10I 
I 

I I ISSSl-TMP I ' ' _I_ (Al-ACT 

PC OUT PC• PC + 11 INST-TMP/IR !Al-ACT 
STATUS 

M2 

T1 T2l21 TJ 

Ht.OUT 
STATUSl61 

~00 CATA-

~A~71 ITMPJ+ATA BUS 

~2.:G"sl6l B2T0000 

T a2TTMP 
! 
I PC•PC+t 

85:1 
I 

] I PC•PC+ I a2--;.z 
I 

j I PC•PC+1 B2tZ 
I IPC•PC•1 a2Jz 

' 
~2TUJ"sl61 PC•PC+1 a2Tz 

;~.fusl61 OAT~A 

;~~sm IAJ tOATA BUS 

191 IACTl+iTMPl-A I 
;;.'A~~l61 I OATATTMP 

PC OUT 
STATUSl61 I PC•PC•1 s2T™" 
(91 I IACT!+1TMPJ+CY-A 

HI.OUT 
STATUSl61 . OAT~TMP 

~2i(Ts16l PC• Pc'"+ 1 B2T™' 
191 I IACTl·tTMPl-A I 
HI.OUT 
STATUSl61 I OAT"TTMP 

PC OUT 
STATUSl61 

PC•PC+1 B2T™' 
(g I IACTl-ITMPJ-CV-.. I 
~A~'ti1sl OATA,TMP 

PC OUT 
STATUSl6l 

PC•PC+1 B2TTMP 

HI.OUT I 
STATUSl61 .~;,~~:l:l~~ 

I 

HLOUT I 
STATUSl&I 

Ir ii-ACT 

(9( 

HI.OUT 
STATUSl61 

OATA-i..TMP 
ITMPl·I-,. ALU 

(Ll-TMP, ! ALO-t..CY 
IACTl+ITMPl-Al.U 

IACTl+tTMPl-A 

CATT™'· 
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Ml 

T1 T2l:21 T3 

HLOUT 
STATUsf7J 

ITMPI +DATA BUS 

PC OUT 
STATUS[6[ 

PC•PC+t B3+•h 

i l 
PC•PC+1 B3+W 

I I I 

i 
PCDUT 
STATUS(6J 

I 

[91 

' i91 I 

[91 i 
[91 I 

[91 I 
(91 I 

I 

(9) i 
I 

(9( I 

HlOUT I 
STATUS[7) 

~~~[71 ! 

I 
l•hl-ACT 

[91 
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PC•PC+1 S3+W 

PC•PC+1 B3+W 

PC•PC+1 B3--rw 

I 

IACTl+ITMPl-A 

IACTl+ITMPl-A 

I 
IACTl•ITM,,+CY-A 

IACTl+ITMPl+CY-A I 

IACTI·ITM'J-A 

IACT1-ITMPl-A I 
IACTl-ITMPl-CY-A 

IACTl-lTMPl-CY-A 

ALU+DATA BUS 

ALU+ DATA BUS 

IHJ.:.TMP I AlU-H, CY 
IACTl+(TM,,+CY-ALU 

IACTl+ITMPl-A 

M4 MS 

T1 T2l2l T3 T1 T2l21 T3 T4 T!l 

WZOUT 
STATusl61 I DATA----rA I 
~ .. ~[71 IAI ~DATA BUS I I 

~A~\7s!61 DATA___il ~\~~[6[ DATA-]-
I 

WZ•WZ•1I I 
WZOUT 
STATusl7J 

1u--iDATA BUS 
WZ•WZ•1 I f.fA~~(7[ I IHl-+ATA BUS 

I 
I 

I 
I 

I I 
I 

I I 
I 

I I I 
I I 

I 
I I 

I 
I I 

I 
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MNEMONIC OPCODE 

D7D9050, D3D2DtOQ Tt 

ANI dlU 
11 

1 I 0 0 1 I 0 PC OUT I STATIJS 

XRAr 1 0 1 0 1 s s s 

XRAM I 0 1 
0 I I 1 I 0 

XRI dlla 1 , 1 0 I 1 I 0 

ORAr 1 0 I 1 0 s s s 

ORAM I 0 I I 0 I 1 0 I I 
ORI data 1 1 1 1 i 0 1 1 a i 

I 
CMPr 11 0 1 1 I 1 s s s 

I I 
CMPM I ' 0 1 1 I 1 1 1 a 

CPI ~ti 
11 

1 1 1 I 1 1 1 a I I 
RLC I 0 0 a a 0 1 1 1 I I 
RRC ! 0 

a 0 a I 1 1 1 1 I I I 

RAL 0 0 0 1 I 0 1 1 1 i ! 
I 

RAR a 0 0 1 ! 1 , 1 1 
I I 

CMA 0 0 1 a I 1 1 1 1 I I : I 

CMC I 0 0 1 , I 
, 1 , 1 I i ! I 

STC I 0 0 1 1 a 1 1 1 i I 

I 
JMJt IOOf' 

11 
1 0 0 I 0 0 I 1 I I I 

Jcanda-1171 
11 

1 c c I c a 1 0 I 
CALLaddr .1 1 0 0 I 1 1 0 1 I 

I I I 

C a>nd •ddrl17J 1 1 c c I c 1 0 0 I 

I I 
RET I ' 1 0 0 I 1 0 0 I I i I 
R cond 1ddtl17I 1 1 c c I c 0 0 0 I I I I 

RSTn I 1 1 N N i N 1 1 1 I I 

I I 
I I 

PCHL 1 1 1 a I 1 a 0 1 I I 
I ! I 

PUSHrp I 1 1 R P i 0 1 0 1 I I 
PUSHPSW I 1 1 1 1 

I 
a 1 0 1 

POPrp 
11 

1 R P i 0 a 0 1 I .I I : 
POP PSW ! 1 

1 1 1 I 0 0 0 1 I I 
XTHL I 1 1 1 0 I a 0 1 1 

IN_. 
11 

1 0 1 I 1 0 1 1 I 
OUT_. I I 1 0 1 I a 0 1 1 I 
El 1 1 1 1 I I 0 1 1 I I 
01 1 I 1 1 I 0 0 1 1 ! 
HLT 0 1 1 1 I 0 1 1 a i ! - NOP I 0 a 0 0 0 0 0 0 PC OUT 

STATUS 
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M1(1( 

nt21 I T3 n T5 

PC• PC+ j INST-TMP/IR I IAl-ACT I 
• I • IAl-ACT 

ISSSl-TMP 

I I Al-ACT 

IAl-ACT 

IAl-ACT I ISSSl-TMP 

I I IAJ-ACT 

I 

! I IAl-ACT 
I 

I 1 IAl-.4.CT I ! ISSSl-TMP 

I I IAl-ACT 
I I 
I I IAl-ACT 
I I 
I I IAl-ALU I I ROTATE 

i I IA.-,ALU 
ROTATE 

I I !Al, CY-ALU I I I ROTATE 

I I IAI, CY-ALU I I I ROTATE 

I I 1.A>-A I I i 

I i CY-CY I I I 

I 

I 1-CY I I 

! 
I 

i 
x 

I I JUDGE CONOITION 

I l SP• SP- 1 
I 

I JUOGE CONOITION 
IF TRUE, SP• SP - 1 

I x 

' I INST-TMPllR I JUOGE CONOITION(14I 

i <>-W 
I SP• SP - 1 

INST-TMP/IR : 
INST-TMPllR IHU-----tPC 

! 
l I SP• SP - 1 I 

i I SP•SP-1 

I I x 
I 

! ! x 

I x 

I I x 

i I x I 
I I SET INTE F/F I 
I I 

l I RESET INTE F/F I 
I ' I x 

I I 

PC• PC• 1 I INST-TMP/1R x 

M2 

T1 I T2{21 T3 

PC OUT I PC•PC•1 B2j_TMP 
STATust61 I 
(9( I IACTl+ITI'MJ-A 

HLOUT 
STAT1Js{6( I OATAJTMP 

PC OUT 
STATusl61 

PC• PC• t 92tTMP 

(9( IACTI •ITMPJ-A 

~Ac;.~~i61 I OATA+TMP 

PC OUT i PC•PC•1 82--;-TMP' 
STATUS(61 I 
(91 I IACTl-ITMPl. FLAGS 

I 
HLOUT I DATA -i..TMP 
STATUSl61 I I 

PC OUT J PC • PC • 1 
STATusl61 i 82,TMP 

rs1 i ALU-A, CY 

(91 ALU-A, CV 

191 I ALU-A, CY 

(91 ALU-A, CY I 

PC OUT 
STAT1Js{61 I PC• PC• 1 ~2Tz 

PC OUT 
STATUS(61 

PC•PC•1 s2-[-z 

PC OUT 
STATUS(61 I PC•PC•1 a2Tz 

~fT'tisl61 I PC• PC• 1 s2Tz 
I 

SP OUT I SP• SP+ 1 OATA-.+-Z 
STAT1JS(1SI I I 

~~2.g}'sl15I ! SP•SP•1 OATA-!-z 
I 

~2-¥Js11s1 ! SP•SP-1 IPCHI ._+..oATA SUS 
I 

SP OUT I 
STATUSl16I 

SP•SP-1 ''"'TOATA BUS 

SPOUT I STATUS{16I 
SP•SP-1 IAl-rOATA BUS 

SP OUT ~ SP • SP + 1 OATA--i-<1 
STATUsl1SI I I 
SPOUT I 
S'rATUSl1SI , 

SP OUT I 
STATUS{ IS( 

PC OUT 
STATUSl61 

~f,.'-tis1s1 

PC OUT 
STATUS 

SP•SP•1 OATAj-FLAGS 

SP• SP• 1 OATAtZ 

PC•PC• t a2--?-z.w 
I 

PC•PC+1 s2Tz.w 

HALT Mooel:DI I 
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M3 

--

[ 

n T2121 T3 

191 I IACTl+ITMPl-A 

191 IACTl+ITMPJ-A 

191 IACTJ+tTMPJ-A 

(!I IACTl+ITMPl-A 

191 I IACTl+ITMPt-A 

(!I IACTJ-!TMPI: FLAGS 

191 IACTI-ITMPJ: FLAGS 

PC OUT 
STA.TUSl61 

PC•PC+t a3Tw 

~2Tlfl°sl61 I PC•PC+l 83.r_ 

PC OUT I PC•PC•t B3tW STATUsl61 I 

~2i!Js1s1 I PC•PC•t eJtwl•31 

~2fITs11s1 I SP• SP+ 1 OATATW 

~2irrs11s1 i SP•SP+I DATA-J..w 
I 

SPOUT I (TMP • OONNN000>--1.z 
STATUSl16l I IPcu-;..c.ATA BUS 

~2fITs1161 
I (rll +oATA BUS 
I 

' 

~2iITs11s1 ! FLAGS~ATA BUS 

~2iITs11s1 I SP•SP+t OATA+h 
I I 

~2fITs11s1 I SP•SP•1 ClATA-r 

g2fITs11s1 I DATAtW 

;:;;,~(181 ClATA-rA 

~z...~~(1BI I IAJ --CATA BUS 
. I 
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M.& M5 

Tt T2121 Tl T1 I T2121 T3 n Tll 

I 

I 

WZOUT 
STATUsl111 

IWZJ + 1 -PC 

~A~11,121 IWZl • t-PC 

SPOUT I IPCHtNf DATA BUS SPOUT I IPCU .... OATA eus WZOUT IWZI + 1-PC 
STATUSl16l SP•SP-1 STATUS{161 I STA.TUsl111 

~2fITsl161 I IPCHJ~OATABUS SPOUT I IPCLl~OATA BUS ~Ws111.121 CWZ> + 1-PC 
sP•SP-1 STATUsl16l I 

~Z...Ws1111 
I IWZ1+1-PC 
I 

~~Ws111.121 I IWZI + 1-PC 

~z...~~(111 IWZI +1-PC 

I 
SPOUT 
STATUS(161 I IHI DATA BUS SPOUT 

STATU~l161 
IU--t DATA BUS IWZITHL 
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NOTES: 

1. The first memory cycle (M 1) is always an instruction 
fetch; the first (or only) byte, containing the op code, is 
fetched 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 sampled as high. 

3. States T4 and TS are present, as required, for opera
tions which are completely internal to the CPU. The con
tents of the internal bus during T4 and TS 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 pairs rp = B (registers B and Cl or rp = D 
(registers D and El may be specified. 

5. These 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 (M2and 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 results 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 £!:. if the auxiliary carry bit is set, 6 
is added to the accumulator. If the value of the most signifi
cant 4-bits of the accumulator is now greater than 9, or if 
the carry bit is set, 6 is added to the most significant -
4-bits of the accumulator. 

11. This represents the first sub-cycle (the instruction 
fetch) of the next instruction cycle. 
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12 If the condition was met, the contents of the register 
pair WZ are output on the address lines (Ao.15) instead of 
the contents of the program counter (PC). 

13. If the condition was not met, sub-cycles M4 and MS 
are skipped; the processor instead proceeds immediately to 
the instruction fetch ( M 1) of the next instruction cycle. 

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

15. Stack read sub-cycle. 

16. Stack write sub-cycle. 

17. CONDITION CCC 

NZ not zero (Z = 0) 000 
Z - zero (Z = 1) 001 

NC - no carry (CY = 0) 010 
c carry (CY= 1) 011 

PO parity odd (P = 0) 100 
PE parity even (P = 1) 101 

p plus (S = 01 110 
M minus (S = 1) 111 

18. 1/0 sub-cycle: the 1/0 port's S.bit select code is dupli· 
cated on address lines 0-7 (Ao.7 l and 8-1 5 (Aa.1 s). 

19. Output sub·cycle. 

20. The processor will remain idle in the halt state until 
an interrupt, a reset or a hold is accepted. When a hold re
quest is accepted, the CPU enters the hold mode; after the 
hold mode is terminated, the processor returns to the halt 
state. After a reset is accepted, the processor begins execu
tion at memory location zero. After an interrupt is accepted, 
the processor executes the instruction forced onto the data 
bus (usually a restart instruction). 

SSS or DOD I Value 
A _! 111 
B I 000 
c I 001 
D I 010 
E I 011 
H J 100 
L J 101 

1 rp 

I B 
1 0 
I H 
1 SP 
! 

l 
l 

1 Value 

I 00 
I 01 
1 10 

I 11 
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This chapter will illustrate, in detail, how to interface 
the 8080 CPU with Memory and 1/0. It will also show the 
benefits and tradeoffs encountered when using a variety of 
system architectures to achieve higher throughput, de· 
creased component count or minimization of memory size. 

8080 Microcomputer system design lends itself to a 
simple, modular approach. Such an approach will yield the 
designer a reliable, high performance system that contains a 
minimum component count and is easy to manufacture and 
maintain. 

The overall system can be thought of as a simple 
block diagram. The three (3) blocks in the diagram repre
sent the functions common to any computer system. 

CPU Module* Contains the Central Processing Unit, system 
timing and interface circuitry to Memory 
and 1/0 devices. 

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

1/0 Contains circuitry that allows the computer 
system to communicate with devices or 
structures existing outside of the CPU or 
Mel)'lory array. 

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

There are three busses that interconnect these blocks: 

Data Bust A bi-directional 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 a functional block, it does not ref· 
erence a printed circuit board manufactured by INTEL. 

t"Bus" refers to a set of signals grouped together because 
of the similarity 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 

C?U 
MO OU Li: 

2. Memory Write 
3. 1/0 Read 
4. 1/0 Write 
5. Interrupt Acknowledge 

~DDRESS 9US i------, 

Figure 3-1. Typical Computer System Block Diagram 

Basic System Operation 

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

2. 

3. 

4. 

The CPU Module issues a binary code on the Address 
Bus to identify which particular Memory location or 
1/0 device will be involved in the current process 
activity. 

The CPU Module receives or transmits data with the 
selected Memory location or 1/0 device. 

The CPU Module returns to G) and issues the next 
activity command. 

It is easy to see at this point that the CPU module is 
the central element in any computer system. 
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The following pages will cover the detailed design of 
the CPU Module with the 8080. The three Susses (Data, 
Address and Control) will be developed and the intercon· 
nection to Memory and 1/0 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 as a guide for his total 
system engineering is assured that all new developments in 
components and software for MCS-80 from INTEL will be 
compatible with his design approach. 

CPU Module Design 
The CPU Module contains three major areas: 

1. The 8080 Central Processing Unit 

2. A Clock Generator and High Level Driver 

3. A bi-directional Data Bus Driver and System Control 
Logic 

The following will discuss the design of the three 
major areas contained in the CPU Module. This design is 
presented as an alternative to the Intel® 8224 Clock Gener· 
ator and Intel 8228 System Controller. By studying the 
alternative approach, the designer can more clearly see the 
considerations involved in the specification and engineering 
of the 8224 and 8228. Standard TTL components and Intel 
general purpose peripheral devices are used to implement 

GNO 
•SV 

·SV 

•12V 

8080 
CPU 

SYSTEM OMA REQ. 
13 

HOLD 

SYSTEM INT. REQ. 
14 

INT 

INT. ENABLE 
16 

INTE 

onTAL 
)I 

·.'2 

CLOCK WAIT 
WAIT AEO. GENERATOR 

READY DRIVER 

SYSREm' RESET 

SYNC 

STATUS STROBE 

Figure 3-2. 8080 CPU Interface 
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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 practically implement in 
standard components, so only the basic functions of the 
8224 and 8228 are generated. Since significant benefits in 
system timing and component count reduction can be 
realized by using the 8224 and 8228, this is the preferred 
method of implementation. 

1. 8080 CPU 

The operation of the 8080 CPU was covered in pre· 
vious chapters of this manual, so little reference will 
be made to it in the design of the Module. 

2. Clock Generator and High Level Driver 

25 

i& 
27 

29 
JO 

31 

32 

33 

34 
JS 

40 

J7 

lB 
::g 

38 
IB 

17 

21 

The 8080 is a dynamic device, meaning that its inter· 
nal storage elements and logic circuitry require a 
timing reference (Clock). supplied by external cir· 
cuitry, to refresh and provide timing control signals. 

The 8080 requires two (2) such Clocks. Their wave· 
forms must be non-overlapping, and comply with the 
timing and levels specified in the 8080 A.C. and D.C. 
Characteristics, page 5· 15. 

Clock Generator Design 

The Clock Generator consists of a crystal controlled, 
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OSCILLATOR 

74SCM 680 pF 74SCM CLOCK GENERATOR 

7"86 

GND 

WAVEFORMS 

-i 1~~ j-SOns 

92 _) \ 250ns 

S0n1....J r- --j j-SOns 

\)TA _J I 250ns 

SYNC -------' 

Figure 3-3. 8080 Clock Generator 

74HOO 

\...-__ r

'-----'' 

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

The oscillator provides a 20 MHZ signal to the input 
of a four (4) bit, presettable, synchronous, binary 
counter. By presetting the counter as shown in figure 
3-3 and clocking it with the 20 MHZ signal, a simple 
decoding of the counters outputs using standard TTL 
gates, provides proper timing for the two (2) 8080 
clock inputs. 

Note that the timing must actually 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. 

High Level Driver Design 
The voltage level of the clocks for the 8080 is not 
TTL compatible like the other signals that input to 
the 8080. The voltage swing is from .6 volts (VILC) 

to 11 volts (VIHC) with risetimes and fall times under 
50 ns. The Capacitive Drive is 20 pf (max.). Thus, a 
High Level Driver is required to interface the outputs 
of the Clock Generator (TTL) to the 8080. 

The two (2) outputs of the Clock Generator are ca
pacitivity coupled to a dual- High Level clock driver. 
The driver must be capable of complying with the 
8080 clock input specifications, page 5-15. A driver 
of this type usually has little problem supplying the 

April, 1977 
8800b 

1o-_.;..--------- ~ !TTLI 

AUXILIARY FUNCTIONS 

SYNC 

D STffi 

?IA ITTU 

WAIT REQ D a READY 

74574 

CLK 

OMA REQ D a HOLD 
74574 

CLK 

positive transition when biased from the 8080 Voo 
supply ( 12V) but to achieve the low voltage specifi· 
cation (V1Lcl .8 volts Max. the driver is biased to the 
8080. Vee supply (-5V). This allows the driver to 
swing from GND to Voo with the aid of a simple 
resistor divider. 

A low resistance series network is added between 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 falltimes of this design are typically less than 
10 ns. 

+12V 
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Figure 3-4. High Level Driver 

2-43 



Auxiliary Timing Signals and Functions 

The Clock Generator can also be used to provide 
other signals that the designer can use to simplify 
large system timing or the interface to dynamic 
memories. 

Functions such as power-on reset, synchronization of 
external requests (HOLD, READY, etc.) and single 
step, could easily be added to the Clock Generator to 
further enhance its capabilities. 

For instance, the 20 MHZ signal from the oscillator 
can be buffered so that it could provide the basis for 
communication baud rate generation. 

The Clock Generator diagram also shows how to gen
erate an advanced timing signal (¢1A) that is handy 
to use in clocking "D" type flipflops to synchronize 
external requests. It can also be used to generate a 
strobe (STSTB) that is the latching signal for the sta
tus information which is available on the Data Bus at 
the beginning of each machine cycle. A simple gating 
of the SYNC signal from the 8080 and the advanced 
(ef>1A) will do the job. See Figure 3-3. 

-
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Bi-Directional Bus Driver 3nd System Control Logic 

The system Memory and 1/0 devices communicate 
with the CPU over the bi-directional Data Bus. The 
system Control Bus is used to gate data on and off 
the Data Bus within the proper timing sequences as 
dictated by the operation of the 8080 CPU. The data 
lines of the 8080 CPU, Memory and 1/0 devices are 
3-state in nature, that is, their output drivers have 
the ability to be forced into a high-impedance mode 
and are, effectively, removed from the circuit. This 3-
state bus technique allows the designer to construct a 
system around a single, eight (8) bit parallel, bi-direc
tional Data Bus and simply gate the information on 
or off this bus by selecting or deselecting (3-stating) 
Memory and 1/0 devices with signals from the Con
trol Bus. 

Bi-Directional Data Bus Driver Design 

The 8080 Data Bus (07-00) has two (2) major areas 
of concern for the designer: 

1. Input Voltage level (V1H) 3.3 volts minimum. 

2. Output Drive Capability (10 L) 1.7 mA maximum. 

2.4 r-
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Figure 3-5. 8080 System Control 
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The input level specification implies that any semi· 
conductor memory or 1/0 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 1/0 devices have an output 
capability of between 2.0 and 2.8 volts, obviously a 
direct connection onto the 8080 Data Bus would re· 
quire pullup resistors, whose value should not affect 
the bus speed or stress the drive capability of the 
memory cir 1/0 components. 

The 8080A output drive capability ( loL) 1.9mA max. 
is sufficient for small systems where Memory size and 
1/0 requirements are minimal and the entire system is 
contained on a single printed circuit board. Most sys
tems however, take advantage of the high-perfor
mance computing power of the 8080 CPU and thus a 
more typical system would require some form of buf
fering on the 8080 Data Bus to support a larger array 
of Memory and 1/0 devices which are likely to be on 
separate boards. 

A device specifically designed to do this buffering 
function is the INTE~ 8216, a (4) four bit bi-direc
tional bus driver whose 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 a "high" 
output of 3.65 volts that not only meets the 8080 
input spec but provides the designer with a worse case 
350 mV noise margin. 

A pair of 8216's are connected directly to the 8080 
Data Bus (07-00) as shown in figure 3-5. Note that 
the OBIN signal from the 8080 is connected to the 
direction control input (DI ENI so ·the correct flow of 
data on the bus is maintained. The chip select (CS) of 

the 8216 is connected to BUS ENABLE (BUSENI to 
allow for OMA activities by deselecting the Data Bus 
Buffer and forcing the outputs of the 8216's into 
their high impedance (3-state) mode. This allows 
other devices to gain access to the data bus (OMA). 

System Control Logic Design 

The Control Bus maintains discipline of the bi-direc
tional Data Bus, that is, it determines what type of 
device will have access to the bus (Memory or 1/0) 
and 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 each Machine Cycle on its 
Data Bus to indicate what operation will take place 
during that cycle. A simple (8) bit latch, like an 
INTEL® 8212, connected directly to the 8080 Data 
Bus (07-00) as shown in figure 3.5 will store the 
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Status information. The signal that loads the data 
into the Status Latch comes from the Clock Gener· 
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 (07-00) before the Bus Buffer. This is 
to maintain the integrity of the Data Bus and simplify 
Control Bus timing in OMA dependent environments .. 

As shown in the diagram, a simple gating of the out
puts of the Status Latch with the OBIN and WR 
signals from the 8080 generate the (4) four Control 
signals that make up the basic Control Bus. 

These four signals: 1. Memory Read (MEM RI 

2. Memory Write (MEM WI 

3. 1/0 Read (1/0 RI 

4. 1/0 Write (1/0 WI 

connect directly to the MCS~O component "family" 
of ROMs, RAMs and 1/0 devices. 

A fifth signal, Interrupt Acknowledge (INTA) is 
added to the Control Bus by gating data off the 
Status Latch with the OBIN signal from the 8080 
CPU. This signal is used to enable the Interrupt 
Instruction Port which holds the RST instruction 
onto the Data Bus. 

Other signals that are part of the Control Bus such as 
WO, Stack and M1 are present to aid in the testing of 
the System and also to simplify interfacing the CPU 
to dynamic memories or very large systems that re
quire several levels of bus buffering. 

Address Buffer Design 

The Address Bus (A 15-AO) 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 buffer can be 
added, as shown in figure 3-6. The I NTEL;ii 8212 or 
8216 is an excellent device for this function. They 
provide low input loading (.25 mA), high output 
drive and insert a minimal delay in the System 
Timing. 

Note that BUS ENABLE (BUSEN) is connected to 
the buffers so that they are forced into their high
impedance (3-state) mode during OMA activities so 
that other devices can gain access to the Address Bus. 
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INTERFACING THE 8080 CPU TO MEMORY 
AND 1/0 DEVICES 

The 8080 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 a simple bus system similar to the basic 
system example shown at the beginning of this chapter. 

In Figure 3-6 a simple, but exact 8080 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 1/0 devices interface in the 
same manner and that their isolation is only a function of 
the definition of the Read-Write signals on the Control Bus. 
This allows the 8080 system to be configured so that Mem
ory and 1/0 are treated as a single array (memory mapped 
1/0) for small systems that require high thruput and have 
less than 32K memory size. This approach will be brought 
out later in the chapter. 

ROM INTERFACE 

A ROM is a device that stores data in the form of 
Program or other information such as "look-up tables" and 
is only read from, thus the term Read Only Memory. This 

type of memory is generally non-volatile, meaning that 
when the power is removed the information is retained. 
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Figure 3-6. Microcomputer System 
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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 devices shown 
in the diagram is simple and direct. The output Data lines 
are connected to the bi-directional Data Bus, the Address 
inputs tie to the Address bus with possible decoding of the 
most significant bits as "chip selects" and the M EM R signal 
from the Control Bus connected to a "chip select" or data 
butter. Basically, the CPU issues an address during the first 
portion of an instruction or data fetch (Tl & 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 location 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 elements. RAMs do not hold 
their data when power is removed so in the case where Pro
gram or "look-up tables" data is stored a method to load 
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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 per· 
tion of the Memory Write cycle (Tl & 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 location. 

In Figure 3-7 a typical Memory system is illustrated 
to show how standard semiconductor components interface 
to the 8080 bus. The memory array shown has SK bytes 
(8 bits/byte) of ROM storage, using four lntell>8216As 
and 512 bytes of RAM storage, using Intel 8111 static 
RAMs. The basic interface to the bus structure detailed 
here is common to almost any size memory. The only ad· 
dition that might have to be made for larger systems is 
more buffers (8216/8212) and decoders (8205) for gener
ating "chip selects." 

SK+ 512 SK 

l'!AM 

The memories chosen for this example have an access 
time of 850 nS (max) to illustrate that slower, economical 
devices can· be easily interfaced to the 8080 with little ef· 
feet on performance. When the 8080 is operated from a 
clock generator with a tCY of 500 nS the required memory 
access time is Approx. 450-550 nS. See detailed timing 
specification Pg. 5-16. Using memory devices of this speed 
such as lnte{"S308, 8102A, 8107A, etc. the READY input . 
to the 8080 CPU can remain "high" because no "wait" 
states are required. Note that the bus interface to memory 
shown in Figure 3-7 remains the same. However, if slower 
memories are to be used, such as the devices illustrated 
(8316A, 8111) that have access times slower than the min· 
imum requirement a simple logic control of the READY 
input to the 8080 CPU will insert an extra "wait state" that 
is equal to one or more clock periods as an access time 
"adjustment" delay to compensate. The effect of the extra 
"wait" state is naturally a slower execution time for the 
instruction. A single "wait" changes the basic instruction 
cycle to 2.5 microSeconds. 
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Figure 3-7. Typical Memory Interface 
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l/OINTERFACE 

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 memory array. Devices like keyboards, 
paper tape, floppy disks, printers, displays and other control 
stl'\Jctures are used to input information into the 8080 CPU 
and display or store the results of the computational activity. 

Probably the most important and strongest feature of 
the 8080 Microcomputer System is the flexibility and power 
of its 1/0 stl'\Jcture and the components that support it. There 
are many ways to structure the 1/0 array so that it will "fit" 
the total system environment to maximize efficiency and 
minimize component count. 

The basic operation of the 1/0 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, OUT). 
These instl'\Jctions generally isolate memory and 1/0 arrays 
so that memory address space is not effected by the 1/0 
stl'\Jcture and the general concept is that of a simple transfer 
to or from the Accumulator with an addressed "PORT". An· 
other method of 1/0 architecture is to treat the 1/0 structure 
as part of the Memory array. This is generally referred to as 
"Memory Mapped 1/0" and provides the designer with a 
powerful new "instruction set" devoted to 1/0 manipulation. 

ISOLATED 110 
---------------------~ O i! 65K I 

I 
MEMORY I 

I 
I 
I 
I 
I 
I 
I 
I 

r---------------------J 

l 1 ···~· T ,,, T i 
I MEMORY MAPPED 110 I 
~---------------------l 

Figure 3·8. Memory/1/0 Mapping. 

Isolated 1/0 

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

Memory Mapped 1/0 

By assigning an area of memory address space as 1/0 a 
powerful architecture can be developed that can manipulate 
1/0 using the same instructions that are used to manipulate 
memory locations. Thus, a "new" instruction set is created 
that is devoted to 1/0 handling. 

As shown in Figure 3-10, new control signals are gene
rated by gating the MEMR and MEMW signals with A15. the 
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 1/0 "flag", a simple method of 
1/0 discipline is maintained: 

If A15 is a "zero" then Memory is active. 
If A15 is a "one" then 1/0 is active. 

Other address bits can also be used for this function. A15 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. 

1/0 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 1/0. 

Examples: 

MOVr, M 
MOV M, r 
MVIM 
LOA 
STA 
LHLD 
SHLD 
ADD M 
ANAM 

(Input Port to any Register) 
(Output any Register to Port) 
(Output immediate data to Port) 
(Input to ACC) 
(Output from ACC to Port) 
(16 Bit Input) 
( 16 Bit Output) 
(Add Port to ACC) 
("AND" Port with ACC) 

It is easy to see that from the list of possible "new" 
instructions that this type of 1/0 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 1/0 
can mean a significant increase in overall speed and at the 
same time reducing required program memory area. 
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SYST'EM 
CONTROL 

111221) 

Figure 3·10. Memory Mapped 1/0. 

1/0 Addressing 

}
TO 
MEMORY 
DEVICES 

llORIMMt 
TOl/0 
DEVICES 

ii0viTMM1 

With both systems of 110 structure the addressing of 
each device can be configured to optimize efficiency and re
duce component count. One method, the most common, 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 "linear select". In this method, 
instead of decoding the Address Bus, a singular bit from the 
bus is assigned as the exclusive enable for a specific I /0 de
vice. This method, of course, limits the number of 1/0 de
vices that can be addressed but eliminates the need for extra 
decoders, an important consideration in small system design. 

A simple example illustrates the power of such a flexi
ble 1/0 structure. The first example illustrates the format of 
the second byte of the IN or OUT instruction using the Isa· 
lated 1/0 technique. The devices used are lntel®8255 Pro· 
grammable Peripheral 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 #1 

hI As T Ao 1 A·l "'1"' I A,J Ao] 

~ } PORT SELECTS 

}""~"·= 
ADDRESSES - 6 - 82551 

(18 PORTS - 14' BITS) 

Figure 3·11. Isolated 1/0 - (Linear Select) (8255) 

;.pril, 197i 
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The second example· uses Memory Mapped 1/0 and 
linear select to show how thirteen devices (82551 can be ad· 
dressed without the use of extra decoders. The format shown 
could be the second and third bytes of the LOA or STA in· 
structions or any other instructions used to manipulate 1/0 
using the Memory Mapped technique. 

It is easy to see that such a flexible 1/0 structure, that 
can be "tailored" to the overall system environment, provides 
the designer with a powerful tool to optimize efficiency and 
minimize component count. 

EXAMPLE #2 

----------- 110 FLAG 

ADDRESSES - 13 - 82S51 

139 PORTS - 312 BITS) 

I• l/D 
0 •MEMORY 

Figure 3-12. Memory Mapped 1/0 - (Linear Select (8255) 

1/0 Interface Example 

In Figure 3· 16 a typical 1/0 system is shown that uses a 
variety of devices (8212, 8251 and 8255). It could be used 
to interface the peripherals around an intelligent CRT termi· 
nals; keyboards, display, and communication interface. An· 
other application could be in a process controller 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 1/0 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 1/0 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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I 0 I 0 I 0 I "-I 1 I 1 [XJ~ 
I .. ~" 0-0ATA 

1 -COMMAND 

8251 SELECT 
(ACTIVE LOWI 

Figure 3-13. 8251 Format. 

The two (2) 8255s provide twenty four bits each of 
programmable 1/0 data and control so that keyboards, sen· 
sors, paper tape, etc., can be interfaced to the system. 

o I o 

Figure 3-14. 8255 Format. 

SERIAL CATA 
COMMUNICATION 

I 
' 

8251 

I/OR lloW 

A, 

8212 
=:I 

MO 

v,,, 

Figure 3-16. Typical 1/0 Interface. 
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PORT SELECT 

8255 '"1 SELECT 
(ACTIVE LOWI 

8255 "2 SELECT 
(ACTIVE LOWI 

00-PORTA 
01 -PORTB 
10-PORT C 
11-COMMANO 

iiiiiiR 

CATA BUS 

CONTROL BUS 

ADDRESS SUS 

"2 
8255 

The three B212s can be used to drive long lines or LED 
indicators due to their high drive capability. (15mA) 

...._ _______ ~~~~~~~~ 
.__ _________ ~!~~i~i~~; 

'------------ 8l12 =3SELECT 
(ACTIVE HIGHI 

Figure 3-15. 8212 Format. 

Addressing the structure is described in the formats ii· 
lustrated in Figures 3-13, 3-14, 3-15. Linear Select is used so 
that no decoders are required thus, each device has an ex
clusive "enable bit". 

The example shows how a powerful yet flexible 1/0 
structure can be created using a minimum component count 
with devices that are all members of the BOBO Microcomputer 
System. 

D 
=1 

8255 

o,.o. cs Ao ,,., CS .>.a A, 

l/oR 

As 

052 

8212 8212 
"2 =1 

MO MO 

1Jv.,, 
I 

Vee 
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A computer, no matter how sophisticated, can only 
do what it is "told" to do. One "tells" the computer what 
to do via a series of coded instructions referred to as a Pro· 
gram. The realm of the programmer is referred to as Soft
ware, in contrast to the Hardware that comprises the actual 
computer equipment. A computer's software refers to all 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 ope~ations. The CPU is designed 
such that a specific operation is performed when the CPU 
control logic decodes a particular instruction. Consequently. 
the operations that can be performed by a CPU define the 
computer's Instruction Set. 

Each computer instruction allows the programmer to 
initiate the performance of a specific operation. All com
puters implement certain arithmetic operations in their in
struction set, such as an instruction to add the contents of 
two registers. Often logical operations (e.g., OR the con
tents of two registersl 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, between a register and memory, 
and between a register and an 1/0 device. Most instruction 
sets also provide Conditional 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 result of the last operation was 
zero. Conditional instructions provide a program with a 
decision-making capability. 

By logically organizing a sequence of instructions into 
a coherent program, the programmer can "tell" the com
puter to perform a very specific and usefu I function. 

The computer, however, can only execute programs 
whose instructions are in a binary coded form (i.e., a series 
of l's and O's), that is called Machine Code. Because it 
would be extremely cumbersome to program in machine 
code, programming languages have been developed. There 
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are programs available which convert the programming Ian· 
guage instructions into machine code that can be inter
preted by the processor. 

One type of programming language is Assembly 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 machine instructions (called the Object 
Code). Each assembly language instruction is converted into 
one machine code instruction (1 or more bytes) by an 
Assembler program. Assembly languages are usually ma· 
chine dependent (i.e., they are usually able to run on only 
one type of computer). 

THE 8080 INSTRUCTION SET 

The 8080 instruction set includes five different types 
of instructions: 

• Data Transfer Group-move data between registers 
or between memory and registers 

• Arithmetic Group - add, subtract, increment or 
decrement data in registers or in memory 

• 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 

• Stack, 1/0 and Machine Control Group - includes 
1/0 instructions, as well as instructions for main· 
taining the stack and internal control flags. 

Instruction and Data Formats: 

Memory for the 8080 is organized into 8-bit quanti· 
ties, called Bytes. Each byte has a unique 16-bit binar-Y 
address corresponding to its sequential position in memory. 

2-51 



The 8080 can directly address up to 65,536 bytes of mem
ory, 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 

MSB 

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, BIT 0 is re
ferred to as the Least Significant Bit (LSBI, 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. Multiple 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 format will depend on the particular 
operation to be executed. 

Byte One 

Byte Two 

Single Byte Instructions 

I D1 1 1 I Do I Op Code 

Two-Byte Instructions 

I D1 1 1 1 1 I Do I Op Code 
:=:::;:=:;::=:;:::=:;::::==~ I D7 I I Do I Data or '--------------=..l. Address 

Three-Byte Instructions 

Byte One ._I _D.;.1_1 _________ 1 _D...:o~I Op Code 

Byte Two I D7 I I Do I} Data 
or 

Byte Three I D7 I I Do I Address 

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 for 
addressing data stored in memory or in registers: 

• Direct - Bytes 2 and 3 of the instruction contain 
tlie exact memory address of the data 
item (the low-order bits of the address are 
in byte 2, the high-order bits 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
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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
self. This is either an 8-bit quantity or a 
16-bit quantity (least significant byte first, 
most 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 'RST' 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 call instruc· 
tion (usually used during interrupt sequences). RST in
cludes a three-bit field; program control is transferred to 
the instruction whose address is eight times the contents 
of this three-bit field. 

Condition Flags: 

There are five condition flags associated with the exe
cution of instructions on the 8080. They are Zero, Sign, 
Parity, Carry, and Auxiliary Carry, and are each represented 
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, when an instruction af
fects a flag, it affects it in the following manner: 

Zero: 

Sign: 

Parity: 

Carry: 

If the result of an instruction has the 
value 0, this flag is set; otherwise it is 
reset. 

If the most significant bit of the result of 
the operation has the value 1, this flag is 
set; otherwise it is reset. 

If the modulo 2 sum of the bits of the re
sult of the operation is 0, (i.e., if the 
result has even parity), this flag is set; 
otherwise it is reset (i.e., if the result has 
odd parity). 

If the instruction resulted in a carry 
(from addition), or a borrow (from sub
traction or a comparison) out of the high
order bit, this flag is set; otherwise it is · 
reset. 
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Auxiliary Carry: ·If the instruction caused a carry out 
of bit 3 and into bit 4 of the resulting 
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 increments preceding 
a DAA (Decimal Adjust Accumulator) 
instruction. 

Symbols 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 

data 16 

byte 2 

byte 3 

port 

r,r1,r2 

ODD.SSS 

rp 

RP 

8-bit data quantity 

16·bit data quantity 

The second byte of the instruction 

The third byte of the instruction 

8-bit address of an 1/0 device 

One of the registers A,B,C,D,E,H,L 

The bit pattern designating one of the regis· 
ters A,B,C,D,E,H,L (DDD=destination, SSS= 
source): 

DOD or S$S REGISTER NAME 

111 A 
000 B 
001 c 
010 D 
011 E 
100 H 
101 L 

One _of the register pairs: 

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

D represents the D,E pair with D as the high· 
order register and E as the low-order register; 

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. 

The.bit pattern designating one of the regis· 
ter pairs B,D,H,SP: 

RP 

00 
01 
10 
11 

REGISTER PAIR 

B·C 
D·E 
H·L 
SP 
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rh The first (high-order) register of a designated 
register pair. 

rl The second (low-order) register of a desig· 
nated register pair. 

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

SP 16-bit stack pointer register (SPH and SPL 
are used to refer to the high-order and low· 
order 8 bits respectively). 

rm Bit m of the register r (bits are number 7 
through 0 from left to right). 

Z,S,P,CY,AC The condition flags: 

( ) 

-
/\ 
,_. 
v 

v 
+ 

-

Zero, 
Sign, 
Parity, 
Carry, 
and Auxiliary Carry, respectively. 

The contents of the memory location or reg
isters enclosed in the parentheses. 

"Is transferred to" 

Logical AND 

Exclusive 0 R 

Inclusive OR 

Addition 

Two's complement subtraction 

Multiplication 

"Is exchanged with" 

The one's complement (e.g., (A)) 

n The restart number 0 through 7 

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

Description Format: 

The following pages provide a detailed description of 
the instruction set of the 8080. Each instruction is de· 
scribed in the following manner: 

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

2. The name of the instruction is enclosed in paren
thesis on the right side of the first line. 

3. The next line(s) contain a symbolic description 
of the operation of the instruction. 

4. This is followed by a narative description of the 
operation of the instruction. 

5. The following line(s) contain the binary fields and 
patterns that comprise the machine instruction. 

2-53 



6. The last four lines contain incidental information 
about the execution 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 4-21 are listed. The last 
line lists any of the five Flags that are affected by 
th~ execution of the instruction. 

Data Transfer Group: 

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

MOV r1, r2 (Move Register) 

(r1) - (r2) 
The content of register r2 is moved to register r1. 

o I 0 I 0 I 0 I s I s I s 

Cycles: 1 
States: 5 

Addressing: register 
Flags: none 

MOV r, M (Move from memory) 

(rl - ((HI (Lii 
The content of the memory location, whose address 
is in registers H and L, is moved to register r. 

o I 0 0 I 0 1 I o 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: none 

MOV M, r (Move to memory) 
((HI (Lii - (r) 
The content of register r is moved to the memory lo· 
cation whose address is in registers H and L. 

o I 1 I I o s I s I s 

Cycles: .2 
States: 7 

Addressing: reg. indirect 
Flags: none 
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MVI r, data (Move Immediate) 
(r) - (byte 2) 
The content of byte 2 of the instruction is moved to 
register r. 

o I o 0 0 0 o 
data 

Cycles: 2 
States: 7 

Addressing: immediate 
Flags: none 

MVI M, data (Move to memory immediate) 
((HI (Lii - (byte 2) 
The content of byte 2 of the instruction is moved to 
the memory location whose address is in registers H 
and L. 

o I o o 1 I 
1 I o 

data 

Cycles: 3 
States: 10 

Addressing: immed./reg. indirect 
Flags: none 

LXI rp, data 16 (Load register pair immediate) 

(rh) - (byte 3). 

(rl) - (byte 21 
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 low-order register (rl) of 
the register pair rp. 

oT o I R I pl 0 I o 1 o 1 1 

low-order data 

high-order data 

Cycles: 3 
States: 10 

Addressing: immediate 
Flags: none 
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LOA addr (Load Accumulator direct) 
(A) - ((byte 3)(byte 21) 

The content of the memory location, whose address 
is specified in byte 2 and byte 3 of the instruction, is 
moved to register A. 

0 1 0 1 1 1 1 1 1 1 0 1 1 1 0 
low·order addr 

high-order addr 

Cycles: 4 
States: 13 

Addressing: direct 
Flags: none 

STA addr (Store Accumulator direct) 

((byte 3)(byte 2)) - (A) 
The content of the accumulator is moved to the 
memory l9cation whose address is specified in byte 
2 and byte 3 of the instruction. 

o T o T 1 T t TaToT1 1 0 

low-order addr 

high·order addr 

Cycles: 4 
States: 13 

Addressing: direc;:t 
Flags: none 

LHLD addr (Load Hand L direct) 
(LI - ((byte 3)(byte 21) 

(H) - ((byte 3)(byte 2) + 1) 
The content of the memory location, whose address 
is specified in byte 2 and byte 3 of the instruction, is 
moved to register L. The content of the memory loca
tion at the succeeding address is moved to register H. 

o 1 o T 1 I o I 1 I 0 I 1 I o 

low-order addr 

high-order addr 

Cycles: 5 
States: 16 

Addressing: direct 
Flags: none 

SHLD addr (Store H and L direct) 
((byte 3)(byte 2)) - (LI 
((byte 3)(byte 21 + 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 moved to the succeed· 
ing memory location. . 

o T o 1 1 1 0 1 0 I O I 1 

low-order addr 

high-order addr 

Cycles: 5 
States: 16 

Addressing: direct 
Flags: none 

LDAX rp (Load accumulator indirect) 
(Al- ((rp)) 

l 0 

The content of the memory location, whose address 
is in the register pair rp, is moved to register A. Note: 
only register pairs rp=B (registers B and Cl or rp=O 
(registers 0 and El may be specified. 

0 I 0 R I p I I 0 I 1 I 0 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: none 

STAX rp (Store accumulator indirect) 
((rpll- (A) 
The content of register A is moved to the memory lo· 
cation whose address is in the register pair rp. Note: 
only register pairs rp=B (registers B and Cl or rp=O 
(registers 0 and El may be specified. 

0 I 0 R I p I 0 I 0 I 1 I 0 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: none 

XCHG (Exchange Hand L with D and El 
(H)-(0) 

ILl-IEl 
The contents of registers H and L are exchanged with 
the contents of registers D and E. 

1 I I 1 I o 

Cycles: 1 
States: 4 

Addressing: register 
Flags: none 
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Arithmetic Group: 

This group of instructions performs arithmetic oper· 
"ations on data in registers and memory. 

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

All -subtraction operations are performed via two's 
complement arithmetic and set the carry· flag to one to in· 
dicate a borrow and clear it to indicate no borrow. 

ADD r (Add Register) 
(Al - (Al + (rl 
The content of register r is added to the content of the 
accumulator. The result is placed in the accumulator. 

1 I o I 0 o I o 

Cycles: 1 
States: 4 

Addressing: register 
Z,S,P,CY,AC Flags: 

ADD M (Add memory) 

(Al - (Al +((HI (Lil 
The content of the memory location whose address 
is contained in the H and L registers is added to the 
content of the accumulator. The result is placed in 
the accumulator. 

1 I 0 I 0 0 0 0 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: Z,S,P ,CY .AC 

ADI data (Add immediate) 

(Al - (Al + (byte 2) 
The content of the second byte of the instruction is 
added to the content of the accumulator. The result 
is placed in the accumulator. 

1 I 1 I .o I o I o 

data 

Cycles: 
States: 

Addressing: 
Flags: 
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2 
7 
immediate 
Z,S,P,CY,AC 

ADC r (Add Register with carry) 
(Al - (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. 

Cycles: 
States: 

Addressing: 
Flags: 

1 
4 
register 
z.s.P,CY,AC 

ADC M (Add memory with carry) 
(Al - (Al+ ((HI (L)) +(CY) 

s s 

The content of the memory location whose address is 
contained 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. 

Cycles: 
States: 

Addressing: 
Flags: 

2 
7 

I 1 

reg. indirect 
Z,S,P,CY,AC 

0 

ACI data (Add immediate with carry) 
(Al - (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 placed in the 
accumulator. 

1 I I o 0 

data 

Cycles: 
States: 

Addressing: 
Flags: 

SUB r (Subtract Register) 
(A) - (A) - (r) 

2 
7 
immediate 
Z,S,P,CY,AC 

0 

The content of register r is subtracted from the con
tent of the accumulator. The result is placed in the 
accumulator. 

Cycles: 
States: 

Addressing: 
Flags: 

0 S I S 1 S 

4 
register 
Z,S,P ,CY ,AC 
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SUB M (Subtract memory) 

(A) - (A) - ((H) IL)) 
The content of the memory location whose address is 
contained in the H and L registers is subtracted from 
the content of the accumulator. The result is placed 
in the accumulator. 

I 0 I 0 I 1 0 I 1 I 1 I 0 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: Z,S,P,CY .AC 

SUI data (Subtract immediate) 
(A) - (A) - (byte 2) 

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

data 

Cycles: 
States: 

Addressing: 
Flags: 

2 
7 
immediate 
Z,S,P ,CY ,AC 

SBB r (Subtract Register with borrow) 
(Al - (Al - (r) - (CY) 

0 

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

1 I o I 0 1 I 

Cycles: 
States: 

Addressing: 
Flags: 

s I 

4 
register 
z.s;P ,CY .AC 

s I s 

SBB M (Subtract memory with borrow) 
(A) - (Al - ((HJ (L)) - ICY) 
The content of the memory location whose address is 
contained in the H and L registers and the content of 
the CY flag are both subtracted from the accumula
tor. The result is placed in the accumulator. 

1 I 0 I 0 1 I 1 
I 

1 I 0 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: Z,S,P,CY,AC 
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SBI data (Subtract immediate with borrow) 

IAI - IAI - (byte 2l - (CY) 
The contents of the second byte of the instruction 
and the contents of the CY flag are both subtracted 
from the accumulator. The result is placed in the 
accumulator. 

data 

Cycles: 
States: 

Addressing: 
Flags: 

2 
7 
immediate 
Z,S,P ,CY ,AC 

INR r (Increment Register) 

(rl - (r) + 1 

0 

The content of register r is incremented by one. 
Note: All condition flags except CY are affected. 

o I o D I D I D 

Cycles: 
States: 

Addressing: 
Flags: 

1 
5 
register 
Z,5,P.AC 

INR M (Increment memory) 
((HI (L)) - ((Hl (Lil+ 1 
The content of the memory location whose address 
is contained in the H and l:; registers is incremented 
by one. Note.: All condition flags except CY are 
affected. 

0 I 0 0 0 I 0 

Cycles: 3 
States: 10 

Addressing: reg. indirect 
Flags: Z,S,P,AC 

OCR r (Decrement Register) 
(r) - (r)-1 
The content of register r is decremented by one. 
Note: All condition flags except CY are affected. 

0 I 0 D I D D I 1 I 0 I 
1 

Cycles: 1 
States: 5 

Addressing: register 
Flags: Z,S,P,AC 
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OCR M (Decrement memory) 

((HJ (L)) - ((H) (L)) - 1 
The content of the memory location whose address is 
contained in the H and L registers is decremented by 
one. Note: All condition flags except CY are affected. 

o I o I 1 I 1 

Cycles: 
States: 

Addressing: 
Flags: 

3 
10 
reg. indirect 
Z,S,P.AC 

INX rp (Increment register pair) 
(rh) (rl) - (rh) (rl) + 1 
The content of the register pair rp is incremented by 
one. Note: No condition flags are affected. 

0 I 0 R I p I 0 I 0 I 1 I 1 

Cycles: 1 
States: 5 

Addressing: register 
Flags: none 

CCX rp (Decrement register pair) 
(rh) (rl) - (rh) (rl) - 1 
The content of the register pair rp is decremented by 
one. Note: No condition flags are affected. 

0 I 0 R p I I 0 I I 1 

Cycles: 
States: 5 

Addressing: register 
Flags: none 

DAD rp (Add register pair to H and L) 
(H) (L) - (H) (L) + (rh) (rl) 
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 H 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. 

o I o R I p I 
Cycles: 
States: 

Addressing: 
Flags: 
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3 
10 
register 
CY 

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: All flags are affected. 

o I o I 1 I o o 

Cycles: 
States: 4 
Flags: Z,S,P,CY.AC 

Logical Group: 

This group of instructions performs logical (Boolean) 
operations on data in registers and memory and on condi· 
tion flags. 

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

ANA r (AND Register) 

(A) - (A) /\ (r) 
The content of register r is logically anded with the 
content of the accumulator. The re·sult is placed in 
the accumulator. The CY flag is cleared. 

I o I 1 I o 

Cycles: 
States: 

Addressing: 
Flags: 

ANA M (AND memory) 
(A) - (A)/\ ((H) (L)) 

0 s I s 

4 
register 
Z,S,P,CY,AC 

s 

The contents of the memory location whose address 
is contained in the H and L registers is logically anded 
with the content of the accumul.ator. The result is 
placed in the accumulator. The CY flag is cleared. 

I 0 I 1 I 0 0 I 1 l 1 I 0 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: Z,S,P,CY,AC 
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ANI data (AND immediate) 
(Al - (Al /\ (byte 21 
The content of the second byte of the instruction is 
logically anded with the contents of the accumulator. 
The result is placed in the accumulator. The CV and 
AC flags are cleared. 

data 

Cycles: 2 
States: 7 

Addressing: 
Flags: 

immediate 
Z,S,P,CY,AC 

XRA r (Exclusive OR Register) 
(Al- (A)"!f (r) 
The content of register r is exclusive-or'd with the 
content of the accumulator. The result is placed in 
the accumulator. The CY and AC flags are cleared. 

I a I , I a 

Cycles: 
States: 

Addressing: 
Flags: 

4 
register 
Z,S,P,CY,AC 

XRA M (Exclusive OR Memory) 
(A) ._ (A) "If ((H) (Lil 
The content of the memory location whose address 
is contained in the H and L registers is exclusive-OR'd 
with the content of the accumulator. The result is 
placed in the accumulator. The CY and AC flags are 
cleared. 

Cycles: 
States: 

Addressing: 
Flags: 

2 
7 
reg. indirect 
Z,S,P ,CY ,AC 

XRI data (Exclusive OR immediate) 

(Al - (A) "If (byte 21 
The content of the second byte of the instruction is 
exclusive-OR'd with the content of the accumulator. 
The result is placed in the accumulator. The CY and 
AC flags are cleared. 

, I I .1 a I , I , I , 

data 

Cycles: 2 
States: 7 

Addressing: immediate 
Z,S,P,CY,AC 
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Flags: 

I a 

ORA r (OR Register) 
(Al - (Al V (r) 
The content of register r is inclusive-OR'd with the 
content of the accumulator. The result is placed in 
the accumulator. The CV and AC flags are cleared. 

a s I s I s 

Cycles: 1 
States: 4 

Addressing: 
Flags: 

ORAM (OR memory) 

(Al - (A) V ((Hl (LI) 

register 
Z,S,P,CY,AC 

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 accumulator. The result is 
placed in the accumulator. The CY and AC flags are 
cleared. 

I a I , I , 

Cycles: 
States: 

Addressing: 
Flags: 

a 

2 
7 

I , I , 

reg. indirect 
Z,S,P ,CY ,AC 

ORI data (OR Immediate) 
(Al - (Al V (byte 2) 

I a 

The content of the second byte of the instruction is 
inclusive-OR'd with the content of the accumulator. 
The result is placed in the accumulator. The CY and 
AC flags are cleared. 

, I , I 

CMPr 
(A) 

data 

Cycles: 
States: 

Addressing: 
Flags: 

(Compare Register) 
(r) 

2 
7 
immediate 
Z,S,P,CY,AC 

The content of register r is subtracted from the ac
cumulator. 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 
1 if (Al< (r). 

Cycles: 
States: 

Addressing: 
Flags: 

s 

4 
register 
Z,S,P ,CY ,AC 

s s 
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CMP M (Compare memory) 
(Al - ((H) (L)) 

The content of the memory location whose address 
is contained in the H and L registers is subtracted 
from the accumulator. The accumulator remains un· 
changed. The condition flags are set as a result of the 
subtraction. The Z flag is set to 1 if (A) = ((H) (L)). 
The CY flag is set to 1 if (A)< ((HI (L)). 

0 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Z,S,P ,CY .AC Flags: 

CPI data (Compare immediate) 
(Al - (byte 2) 

0 I. 

The content of the second byte of the instruction is 
subtracted from the accumulator. The condition flags 
are set by the result of the subtraction. The Z flag is 
set to 1 if (A) = (byte 2). The CY flag is set to 1 if 
(Al< (byte 21. 

1 I 1 I 

data 

Cycles: 
States: 

Addressing: 
Flags: 

RLC (Rotate left) 

I 1 

2 
7 
immediate 
Z,S,P,CY,AC 

(An+1l - (Anl ; (Ao) - (A7) 
(CY)- (A7) 

0 

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. 
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Cycles: 1 
States: 4 
Flags: CY 

RRC. (Rotate right) 

!Anl - (An.11; (A7) - (Ao) 
(CY)- (Aol 
The content of the accumulator Is rotated right one 
position. The high order bit 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. 

0 I 0 I 0 I 0 I 1 

Cycles: 1 
States: 4 
Flags: CY 

RAL (Rotate left through carry) 

(An+11 - (Anl ; (CY) - (A7) 
(Aol- (CY) 

I 1 
I 

1 

The content of the accumulator is rotated left one 
position through the CY flag. The low order bit is set 
equal 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. 

o I o I o I 1 

Cycles: 
States: 4 
Flags: CY 

RAR (Rotate right through carry) 
(Anl - (An+1) ; (CY) - (Ao) 
(A7) - (CY) 
The content of the accumulator is rotated right one 
position through the CY flag. The high order bit is set 
to the CY flag and the CY flag is set to the value 
shifted out of the low order bit. Only the CY flag is 
affected. 

Cycles: 1 
States: 4 
Flags: CY 

CMA (Complement accumulator) 
(A)-(A) 

I 1 I 1 

The contents of the accumulator are complemented 
(zero bits become 1, one bits become 0). No flags are 
affected. 

I 1 I 1 I 1 

Cycles: 
States: 4 
Flags: none 
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CMC (Complement carry) 

(CY) - (CY) 
The CY flag is complemented. No other flags are 
affected. 

o I o 

Cycles: 
States: 4 
Flags: CY 

STC (Set carry) 

(CY) - 1 
The CY flag is set to 1. No other flags are affected. 

o I o I 

Branch Group: 

0 

Cycles: 1 

States: 4 
Flags: CY 

This group of instructions alter normal sequential 
program flow. 

Condition flags are not affected by any instruction 
in this group. 

The two types of branch instructions are uncondi
tional and conditional. Unconditional transfers simply per
form the specified operation on register PC (the program 
counter). Conditional transfers examine the status of one of 
the four processor flags to determine if the specified branch 
is to be executed. rhe conditions that may be specified are 
as follows: 

CONDITION CCC 

NZ - not zero (Z = 0) 000 
z - zero (Z= 1) 001 

NC - no carry (CY= 0) 010 
c - carry (CY= 11 011 

PO - parity odd (P = 0) 100 
PE - parity even (P = 11 101 

p - plus (S = 0) 110 
M - minus (S = 1) 111 

JMP addr {Jump) 
(PC) - (byte 3) (byte 21 
Control is transferred to the instruction whose ad-
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dress is specified in byte 3 and byte 2 of the current 
instruction. 

1 I 1 I o I O I O I 0 I 1 

low-order addr 

high-order addr 

Cycles: 3 
States: 10 

Addressing: immediate 
Flags: none 

Jcondition addr (Conditional jump) 
If (CCC). 

{PC) - (byte 3) (byte 2) 

I 1 

If the specified condition is true, control is trans· 
ferred to the instruction whose address is specified in 
byte 3 and byte 2 of the current instruction; other· 
wise, control continues sequentially. 

1 I 1 l c I c 1 cjo11 1 o 
low-order addr 

high-order addr 

Cycles: 3 
States: 10 

Addressing: immediate 
Flags: none 

CALL addr {Call) 
((SP) -1) - (PCHI 
((SPJ - 2) - (PCL) 
(SP) - (SP) - 2 
(PC) - (byte 3) (byte 2) 

The high-order eight bits of the next instruction ad· 
dress are moved to the memory location whose 
address is one less than the content of register SP. 
The low-order eight bits of the next 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 2. Con· 
trol is traAsferred to the instruction whose address is 
specified in byte 3 and byte 2 of the current 
instruction. 

1 I 1 Tolol1 T 1 T o I 1 

low-order addr 

high-order addr 

Cycles: 5 
States: 17 

Addressing: immediate/reg. indirect 
Flags: none 
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Ccondition addr (Condition call) 
If (CCC), 

((SP) - 1) - (PCH) 
((SP) - 2) - (PCL) 
(SP) - (SP) - 2 
(PC) - (byte 3) (byte 21 

If the specified condition is true, the actions specified 
in the CALL instruction (see above) are performed; 
otherwise, control continues sequentially. 

1 I 1 l c T c1 c -r 
low-order addr 

high-order addr 

Cycles: 
States: 

3/5 
11/17 

1 T o T o 

Addressing: immediate/reg. indirect 
Flags: none 

RET (Return) 

(PCL) - ((SP)); 
(PCH) - ((SP)+ 1); 

(SP) - (SP) + 2; 

The content of the memory location whose address 
is specified in register SP is moved to the low-order 
eight bits of register PC. The content of the memory 
location whose address is one more than the content 
of register SP is moved to the high-order eight bits of 
register PC. The content of register SP is incremented 
by 2. 

0 I o 0 I 0 I 

Cycles: 3 
States: 10 

Addressing: reg. indirect 
Flags: none 

Rcondition (Conditional return) 
If (CCC), 

(PCL) - ((SP)) 
(PCH) - ((SP)+ 1) 
(SP) - (SP) + 2 

If the specified condition is true, the actions specified 
in the RET instruction (see above) are performed; 
otherwise, control continues sequentially. 

1 I c c I c I 0 I 0 I 0 

Cycles: 1/3 
States: 5/11 

Addressing: reg. indirect 
Flags: none 
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RST n (Restart) 
((SP) -1) - (PCH) 
((SP) - 2) - (PCL) 
(SP) - (SP) - 2 
(PC) - 8• (NNN) 

The high-order eight bits of the next instruction ad
dress are moved to the memory location whose 
address is one less than the content of register SP. 
The low-order eight bits of the next 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 tirries the content of N N N. 

1 I N N I N 1 I 

Cycles: 3 
States: 11 

Addressing: reg. indirect 
Flags: none 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

!o!oJoJoloJoioloiololNINlNloloiol 
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 bits of register PC. The content of register L is 
moved to the low-order eight bits of register PC. 

1 I 1 I 0 I 

Cycles: 
States: 

Addressing: 
Flags: 

0 

1 
5 
register 
none 

I 0 I 1 

April, 1977 
8200b 



Stack, 1/0, and Machine Control Group: 

This group of instructions performs 1/0, manipulates 
the Stack, and alters internal control flags. 

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

PUSH rp (Push) 
((SP) - 1) - (rh) 
((SP) - 2) - (rl) 
(SP) - (SP) - 2 

The content of the high·order register of register pair 
rp is moved to the memory location whose address is 
one less than the content of register SP. The content 
of the low-order register of register pair rp 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 2. Note: Register pair 
rp = SP may not be specified. 

1 I R p I 0 0 

Cycles: 3 
States: 11 

Addressing: reg. indirect 
Flags: none 

PUSH PSW (Push processor status word) 
((SP) -1) - (A) 

((SP) - 2lo - (CY) , ((SP) - 2) 1 - 1 
((SP) -212 - (Pl, ((SP) -213 - 0 
((SP) - 2)4 - (AC) , ((SP) - 2)5 - 0 
((SP) - 2)5 - (Z) , ((SP) - 2)7 - (S) 
(SP) - (SP) - 2 

The content of register A is moved to the memory 
location whose address is one less than register SP. 
The contents of the condition flags are assembled 
into a 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. 

1 I 1 I 
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Cycles: 
States: 

Addressing! 
Flags: 

0 I 1 I 0 I 1 

3 
11 
reg. indirect 
none 

FLAG WORD 

Ds 

s z 0 AC 0 P 

POP rp (Pop) 

(rl) - ((SP)) 
(rh) - ((SP)+ 1) 

(SP) - (SP) + 2 

Di Do 

CY 

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 location, whose address is one more 
than the content of register SP, is moved to the high
order register of register pair rp. The content of reg· 
ister SP is incremented by 2. Note: Register pair 
rp = SP may not be specified. 

I 1 R p 0 0 

Cycles: 3 
States: 10 

Addressing: reg. indirect 
Flags: none 

POP PSW (Pop processor status word) 

(CY) - ((SP)lo 
(Pl - ((SPll2 
(AC) - ((SP))4 
(Z) - ((SP))s 

(S) - ((SP))7 
(A) - ((SP)+ 1) 

(SP) - (SP) + 2 

0 

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 whose address is one more than the 
content of register SP is moved to register A. The 
content of register SP is incremented by 2. 

I 1 I 1 

Cycles: 
States: 

Addressing: 
Flags: 

0 

3 
10 
reg. indirect 
Z,S,P ,CY ,AC 
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XTHL (Exchange stack top with Hand LI 
(L) -((SP)) 
IHI - ((SP)+ 1) 
The content of the L register is exchanged with the 
content of the memory location whose address is 
specified by the content of register SP. The content 
of the H register is exchanged with the content of the 
memory location whose address is one more than the 
content of register SP. 

1 I I o 0 0 

Cycles: 5 
States: 18 

Addressing: reg. indirect 
Flags: none 

SPHL (Move HL to SP) 
(SP) - (HI (L) 
The contents of registers H and L ( 16 bits) are moved 
to register SP. 

1 I 1 I I 0 

Cycles: 1 
States: 5 

Addressing: register 
Flags: none 

IN port (Input) 

(A) - (data) 

0 

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

1 I I 0 I 

port 

Cycles: 3 
States: 10 

Addressing: direct 
Flags: none 

OUT port (Output) 
(data) - (A) 
The content of register A is placed on the eight bit 
bi-directional data bus for transmission to the spec· 
ified port. 

1 I 
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0 1 ·I o I o I 1 I 1 

port 

Cycles: 
States: 

Addressing: 
Flags: 

3 
10 
direct 
none 

El (Enable interrupts) 

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

1 I 1 I I 1 I o 

Cycles: 
States: 4 
Flags: none 

DI (Disable interrupts) 

HLT 

The interrupt system is disabled immediately fol· 
lowing the execution of the DI instruction. 

1 I 1 I I 1 0 I 0 I 1 I 1 

Cycles: 
States: 4 
Flags: none 

(Halt) 

The processor is stopped. The registers and flags are 
unaffected. 

0 I 1 I 0 I 1 I 1 I 0 

Cycles: 
States: 7 
Flags: none 

NOP (No op) 
No operation is performed. The registers and flags 
are unaffected. 

0 I 0 I 0 0 

Cycles: 
States: 
Flags: 

0 0 

1 
4 
none 

0 0 
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INSTRUCTION SET 

~Summary of Processor Instructions 

lmttu.U.• Codell I Clackl21 
Mnemenic Dnaipritl• DJ Os Ds 0.. 03 Dz o, Do Cy cits Mnemonic Description 

MDV,,,,z Move "'""' ta ,.,, • ., Q 0 0 s 5 RZ Return on 11ro 
MOVM,r Move f'lf'dtr ta memory Q 1 I s 1 RNZ Rtturn on no 11ro 
MOVr,M Move memory ta rlfJ11tH Q 0 0 1 1 RP R1turn on 001111vt 
HLT Halt 0 I 1 1 7 RM Return an minus 
MVlr Mov1 1mmld11t1 t191lf'lf' Q 0 0 1 I 1 RPE Rtrum on 01n1v '"'" 
MVIM Move 1mmtdi1t1 m1mory Q 1 1 1 1 IQ RPO Rtrurn on 111nry add 
INRr lncnm1n1 rtt•Ulf 0 0 0 1 0 5 RST Atsart 
OCRr 01a1m1n1 r191st1r Q 0 0 1 0 1 5 IN Input 
INRM lncnm1nt memory 0 1 1 Q 0 IQ OUT Output 
OCR M 01enm1n1 mtmory 0 1 1 1 Q 1 IQ LXI e Laid 1mmtd11t1 register 
ADOr Add •"lilltr lo A 1 0 0 s s s PairB&C 
AOCr Add •"l'lltr ta A with any 1 Q 0 s s s LXI 0 Laid 1mm1di1t1 register 
SUBr Subtract r191srtr lrom A 1 0 s s s PaorO & E 
seer Subtract rttpsltt from A 1 0 s s s LXI H Laid immedi111 n;1st1r 

wirhbarraw PairH&L 
ANAr And rtgosm worh A 0 s s s LXI SP laid 1mm1d11t1 stack 001nt1r 
XRAr Exclusivt Or r1g1111r wuh A Q s s s PUSH B Push regttttr P1ir 8 & C nn 
Of;Ar Or rtt1st1r wi1h A s s s srack 
CMPr Camp1r1 r19isttr with A 1 s s s PUSH D Push rrg1111r Paor D & E an 
ADD M Add memory 10 A 0 1 Q suck 
ADCM Add rn1rnary ta A with carry 0 Q PUSH H Push rt91ster Pair H 6 l on 
SUSM Subll'KI memory from A 0 0 snck 
SBBM Subtr1C1 mtmorv from A 0 0 PUSH PSIV Push A and Fl1gs 

wnhbonaw an UICk 
ANAM And m1morv w11t1 A 0 a ?OPS Pap reg1s11:r pair B Si C off 
XRAM Exch.mvt Or m1morv w1rh A 0 0 stack 
DRAM Or memory v.nh A 0 0 POP D Pao ttg•Stlf Dllf 0 & E ofl 
CMPM Compare mtmury wrrh A 0 I 0 stack 
ADI Add 1mmtd111e ID A 1 0 0 POP H Pao reg1srer cmr H & L alt 
ACI Add 1mm1d1111 ra A Wlltl I 0 0 staca 

cmv POP PSW Pop A •nd Flags 
SUI Sub1ncr 1mm1di111 lrom A off stack 
Sal Suam1cr 1mmed11te from A iTA S rare A direct 

Wllh barrow LOA Load A d1r1cr 
ANI And 1mmldi111 wnh A XCHG bch1nge D & E, H & L 
XRI Exclusive Or imm1d1a11 wirh Reqrnrrs 

A XTHL bcn1n4e l'JO of staclt, H & L. 
ORI Or 1mmedi111 wnh A SPHL H & L to stack pa1nt1r 
CPI Comoart imm1ui1te with A PCHL H & L ta pragram counrer 
RLC Rome A 1111 DAD e Add B & C ta H & L 
RRC Rome A r•9h1 DAO D Add D & E ta H & L 
RAL Rome A l1fs through carry DAD H AddH&LraH&L 
RAR Ramo A nghr rhrough DAO SP Add stack pa1n11r 10 H S L 

carry STAXe 51011 A 1na1rtcr 
JMP Jump uncandnianal 0 1 10 STAX D S1ore A 1ndrrtct 
JC Juma on carry 0 0 IQ LDAX 8 Load A ind1t1tE 
JNC Jump an na arry 0 0 IQ LDAX D load A 1ndir1Ct 
JZ Jump an lira 0 a IQ lllXe Increment B & C re91s11rs 
JNZ Jump an na lira 0 0 10 INXD lncrtrnent 0 & E registers 
JP Jump an 0011t1v1 Q Q 10 INX H Increment H & L rtgisren 
JM Jump an m1nu1 Q 0 10 INXSP Increment stack painter 
JPE Jump an parily 1v1n 1 Q 0 10 DCXB Oec11m1nt e & C 
JPO Jump an p1ri1y odd a Q 1 0 IQ DCXD Om1rnen1 D & E 
CALL C.11 uncand1non1I 1 0 I 17 OCX H OemrnentH & L 
cc Call on carry 1 0 0 11117 OCXSP D1cr1mtnt stack po1n11r 
CNC Call on no any Q a 0 11117 CMA Camplernenr A 
CZ Call an zero 1 0 0 11117 STC Ser cmv 
CNZ C.11 on na 1110 Q 0 Q 11111 CMC Complement carry 
CP Call an PDSltlVI Q 0 0 11117 OAA 01cimal adju11 A 
CM Call ah m1nu1 1 1 Q Q 11/17 SHLD Ston H g L dirKt 
CPE Call on D1ntv 1wn 0 1 Q 0 11117 LHLO Load H & L dirtct 
CPO Call an Dantv add 0 Q 0 Q 11117 El En1bl1 ln111niat1 
RET R11urn 0 0 1 IQ DI Oisablt int1rruat 
RC R1tum an carrv 1 0 0 5111 NOP Na-aptr1t1an 
RNC R11urn an na carry 1 Q 0 5/11 

NOTES: 1. 000 er SSS -000 B -001C-0100 -011 E -100 H - 101 L -110 Memorv - 111 A. 
2. Two possible cycle times, 15/111 indicate instruction cycles dependent on condition flags. 
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ln11111<1ian Cade Ill ClacJilZI 
DJ Os Ds o. 03 Dz o, Do Cydts 

0 Q Q 0 5111 
Q Q c Q 5/11 
1 Q Q Q 5111 
1 Q Q Q 5/11 
Q 1 Q Q Q 5/11 
Q 0 Q Q Q 5/11 

A A ~ I 1 1 11 
Q 1 Q 1 1 10 
Q 1 0 1 1 IQ 
a Q Q 0 IQ 

10 

10 

IQ 
II 

11 

11 

11 

10 

IQ 

10 .. 
IQ 

0 13 
Q 13 
0 4 

Q 18 
Q 5 

1 1 Q s 
Q Q 0 10 
p Q 0 10 
0 Q 0 •o 
Q Q 0 IQ 
0 0 Q 1 
Q 0 0 1 
Q 0 0 
Q 0 Q 
0 0 0 
3 a 0 
0 0 0 
0 0 Q 
0 0 Q 
Q Q 0 
Q 0 0 
0 Q 0 
0 0 
Q 0 
0 0 I 
0 Q 0 4 

0 0 Q 16 
0 Q 0 16 
1 1 1 4 
I 1 1 
Q Q a 
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3-1. GENERAL 
This section contains information needed to understand the 

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

3-2. LOGIC CIRCUITS 
The logic circuits used in the 8800b drawings are presented 

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

April, 1977 
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NAME 

NANO gate 

NOR gate 

Inverter 

Non-Inverting 
Bus Driver 

Inverting 
Bus Ori ver 

3-4 

Table 3-1. Symbol Definitions 

LOGIC 
SYMBOL 

Y =AB ••• N 

Y =A+ B ... +N 

DESCRIPTION 

The NANO gate performs one of the 
fundamental logic functions. 
All of the inputs have to be enabled 
(HIGH) to produce the desired (LOW) 
output. The output is HIGH if any 
of the inputs are LOW. 

The NOR gate performs one of the 
fundamental logic functions. 
Any of the inputs need to be enabled 
(HIGH) to produce the desired (LOW) 
output. The output is HIGH if all 
of the inputs are LOW .. 

The inverter is a device whose 
output is the opposite state of 
the input. 

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. 

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. 

i.oril, 197i 
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NAME 

Edge triggered 
D type flip-flop 

4-Bit Binary Ripple 
Counter 

April, 1977 
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Table 3-1. Symbol Definitions - Continued 

LOGIC 
SYMBOL 

l 
p 

. ---iD Q~ 

1--<1<1CPA 

9 __ _,..,_.1 CP9 

'-1 Ro OAOaOcOo 

B 
2 3 12 9 8 II 

• 

DESCRIPTION 

Appl~ing a LOW signal to the preset in
put {P) sets the flip-flop with output 
Q HIGH and output Q LOW. Applying 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 
of the clock (asynchronous). If a 
signal is applied to the D input, the 1 

flip-flop Q output is directly affect
ed on the positive edge of the clock 
(truth table). 

The 4-bit binary ripple counter oper-
. ation requires that the QA output be 
externally connected to input CP8. 
The input count pulses (negative edge) 
are applied to input CPA enabling a 
divide by 2, 4, 8, and 16 at the QA, 
QB, QC, and QD outputs. The reset 
(RO) input resets the counter regard
less of the clock input (CPA) when 
both inputs are HIGH. 
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NAME 

12-Bi t Bi nary 
Counter 

Bi-Directional 
Device 

Clock Generator 
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Table 3-1. Symbol Definitions - Continued 

LOGIC 
SYMBOL 

11 9 7 s 5 3 2 4 13 2 14 t 

4 7 9 12 2 5 11 14 

15 

10 13 I 3 

2 m!N RESET 

3 RDYIN READY 4 

5 SYNC STSiB 7 

14 XTAL 2 02 10 

15 XTAL 1 01 11 

DESCRIPTION 

The 12-bit counter is triggered on the 
negative edge of the clock input (CP). 
A HIGH on the master reset input (MR) 
clears all counter stages and forces 
all outputs (QO-Qll) LOW which is 
independent of the clock input. 

Output data from a device is present on 
the DI0-DI 3 lines and is enabled when 
DIEN and CS are LOW. Lines DB0-DB 3 
transfer the data to the receiving unit 
Input data to the device is present 
on the DB0-Ds 3 lines and is enabled 
when DIEN is HIGH and CS is LOW .. 
Input data is transferred to the de
vice on the oo0-Do3 lines. 

The XTAL 1 and 2 inputs allow far an 
external crystal connection which pro
duces a ~l and 02 master clock for the 
8800b. The SYNC input from the 8080 
(CPU) and internal timing generate a 
LOW status strobe (STSTB) signal. The 
reset in (RESIN) input generates a RE
SET output to condition the 8080 (CPU). 
A HIGH ready in (RDYIN) input gener
ates a READY output ta enable the CPU. 

April, 1977 
SSOOb 



NAME 

Data Latch 

April, 1977 
8800b 

3 

2 

11 

.. 

Tab)e 3-1.Symbol Def1n1t1ons - Continued 

LOGIC 
SYMBOL 

3 5 7 I 22 20 11 11 

Dlo--017 

4 I I 10 21 II 17 15 

DESCRIPTION 

The data latch is used to store or 
transfer data on the oo0-oo 7 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 DI0-DI7 
inputs and the device selection 2 

(DS2), mode MD, and strobe (STB) are 
HIGH, a LOW device selection 1 (DSl) 
allows the input data to be present on 
the oo0-Do7 outputs . 

When data is presented to the DI0-DI7 
inputs and MD and STB are HIGH;· a 
HIGH DS2 and LOW DSl allow the input 
data to be present on the D00-oo 7 out
puts. 

When data is presented to the O·Io-D.I 7 
inputs and DSl and MD are LOW, a HIGH 
052 and STB allow the input data to be 
present on the D00-oo 7 outputs. 

When data is presented to the DI0-DI7 
inputs, and MD and DS2 are HIGH with 
DSl LOW, the input data is directly 

.transferred to the oo0-oo7 outputs as 
long as these states are present. 
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NAME 

Table 3-l. Symbol Definitions - Continued 

LOGIC 
SYMBOL DESCRIPTION 

PROM (programmable 
read only memory) When the chip select input (CS) is LOW, 

the binary address at input A0 through 
A7 is decoded to select one of 256 ad
dress locations. The data is present 
on the 001 through 008 outputs. z 

1 
J 

21 
zo 
19 
18 
17 
14 

3-8 

Al 
Az 
Ao 
A3 
A4 
As 
As 
A1 
cs 

oo, DOz 003 004 005 005 007 OOg 

J 
4 5 6 7 8 9 10 11 

3-3. INTEL 8080 MICROCOMPUTER SYSTEMS USER'S INFORMATION 
Pages 3-9 through 3-38 are excerpts from the Intel 8080 Micro

computer Systems User's Manual, reprinted by permission of Intel 
Corporation, Copyright, 1975. Included is information on the 8080A 
Microprocessor, the 8212 Input/Output Port, the 8216 Bi-Directional 
Bus Driver, and the 8224 Clock Generator and Driver. It is recom
mended that a good understanding of these integrated circuit operations 
be developed before continuing this section. 

April. 1977 
8800b 



inter Silicon Gate MOS 8080 A 

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 
The 8080A is functionally and electrically compatible with the lntef!J 8080. 

• TTL Drive Capability • Sixteen Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 

• 2 µ.s Instruction Cycle Switching of the Program Environment 

• Powerful Problem Solving 
Instruction Set 

• Decimal,Binary and Double 
Precision Arithmetic 

• Six General Purpose Registers 
and an Accumulator 

• Ability to Provide Priority Vectored 
Interrupts 

• Sixteen Bit Program Counter tor 
Directly Addressing up to 64K Bytes 
of Memory 

• 512 Directly Addressed 1/0 Ports 

The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications. 
The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double 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 feature wherein 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 controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and 1/0. Signals to control the interface to memory and 1/0 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 a high impedance state. This permits OR
tying these busses with other controlling devices for (OMA) direct memory access or multi-processor operation. 

8080A CPU FUNCTIONAL 
BLOCK DIAGRAM 

0.,. o. 
Bl•Dll!Ec;TIONAL 

D ... TABUS 

l'OWER1- +12V 
SUPl'UES - +5V 

--sv 
-GND 

April, 1977 
8800b 

1sem 
INTERNAL DATA BUS 

DECIMAL 
ADJUST 

INSTRUc;TION 
DECODER 

AND 
MACHINE 

CYCLE 
EN COOING 

TIMING 
ANO 

CONTROL 

CATA BUS INTERRUPT HOLD WAIT 
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 

~ OBIN INTE ll HOLD JLOWAIT r SYNC .. t 1~ RESU 
ACK READY 

IBBm 
INTERNAL CATA BUS 

MULTIPLEXER 

w 181 z Ill 

TEMP REG. TEMP REG. 

B '" c '" REG. REG. 

0 .. , E Ill 

REG. REG. 
ti "' L Ill 

REG. REG. 

STACK POINTER 
1111 

PROGRAM COUNTER 
1111 

INCREMENTER/OECREMENTER 
ADDRESS LATCH 1111 

ADDRESS BUFFER 

A,, ·Ao 
ADDRESS BUS 

1111 

REGISTER 
ARRAY 
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~ILICQN GATE MOS 8080A 

8080A FUNCTIONAL PIN DEFINITION 

The following describes the function of all of the BOBOA 1/0 pins. 
Several of the descriptions refer to internal timing periods. 

A1s-Ao (o~put three-state) 
ADDRESS BUS; the address bus provides the address to memory 
(up to 64K B·bit words) or denotes the 1/0 device number for up 
to 256 input and 256 output devices. Ao is the least significant 
address bit. 

D7·Do !input/output three-state) 
DATA BUS; the data bus provides bi-directional communication 
between the CPU, memory, and 1/0 devices for instructions and 
data transfers. Also, during the first clock cycle of each machine 
cycle, the BOSOA outputs a status word on the data bus that de
_scribes the current machine cycle. Do is the least significant bit. 

S'!fNC (output) 
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
iridicate the beginning·of each machine cycle._ 

OBIN (output) 

DATA BUS IN; the OBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to 
enable the gating of data onto the BOBOA data bus from memorv 
or 1/0. 

READY (input) 

READY; the READY signal indicates to the BOSOA that valid 
memory or input data is available on the BOBOA data bus. This 
signal is used to synchronize tfte CPU with slower memory or 1/0 
devices. If after sending an address out the SOSOA does not re
ceive a READY input, the SOSOA 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 acknowledges 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 signal is 
active low (WR = 0). 

HOLD (input) 
HOLD; the HOLD signal requests· the CPU to enter the HOLD 
state. The HO LO state !lllows an external device to gain control 
of the SOSOA address and data bus as soon as the BOSOA has com· 
pleted 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 is in the T2 or TW state and the READY signal is active. 
As a result of entering the HOLD stjlte the CPU ADDRESS BUS 
IA1s·Aol and CATA BUS (07-Dol will be in their high impedance 
state. The CPU acknowledges its state with the HOLD AC· 
KNOWLEDGE (HLDA) pin. 

HLDA (output) 
HOLD ACKNOWLEDGE; the HLDA signal appears in response 
to the HO LO signal and !ndicates that the data and address bus 

3-10 

A10 
GND 

04 
Ds 
D6 
D1 
D3 
Dz 
D, 0 

Do 
-sv 

RESET 
HOLD 

INT 

'WR 
SYNC 

+SV 

Pin Configuration 

2 
3 
4 
5 
6 
7 
8 INTE~ 
9 
10 8080A 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

40 A11 
39 A14 
38 Au 
37 A12 
36 A15 
35 Ag 
34 Aa 
33 A1 
32 As 
31 As 
30 A4 
29 A3 
28 +12V 

27 Az 
26 A1 
25 Ao 
24 WAIT 
23 READY 
22 o, 
21 HLDA 

will go to the high impedance state. The HLDA signal begins at: 
• T3 for READ memory or input. 
• The Clock Period following T3 for WRITE memory or OUT

PUT operation. 

In either case, the HLDA signal appears after the rising edge of ¢ 1 
and high impedance occurs after the rising edge of ¢2 • 

INTE (output) . 
INTERRUPT ENABLE; indicates the content of the internal inter
rupt e~able flip/flop. 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 T1 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 
halted. 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) (11 
RESET; while the RESET signal is activated, the content of the · 
program counter is cleared. After RESET, the program will start 
at location 0 in memory. The INTE and HLOA flip/flops are also 
reset. Note that the flags, accumulator, stack pointer, and registers 
are not cleared. 

Vss Ground Reference. 
Voo +12 ± 5% Volts. 
Vee +5 ± 5% Volts. 
Vee -5 ±5% Volts (substrate bias). 

ef>1. ef>2 2 externally supplied clock phases. (non TTL compatible) 

Aprfl, 1977 
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SILICON GATE MOS 8080 A 

ABSOLUTE MAXIMUM RATINGS• 

Temperature Under Bias • • • . • . • . . • • . • . . 0°C to +70° C 
Storage Temperature ....•..••...••• -65°C to +150°C 
All Input or Output Voltages · 

With Respect to Vee . . . • . • . • • • . . . • -0.3V to +20V 
Vee. Voo and Vss With Respect to V88 -0.3V to +20V 
Power Dissipation • • • . • • • . • • . . . . • • • • . • • . • • . 1.5W 

D.C. CHARACTERISTICS 

•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 operational sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

TA= 0°C to 70°C, v 00 = +12V ± 5%, Vee= +SV ± 5%, Vee= -5V ± 5%, Vss = OV, Unless Otherwise Noted. 

Symbol ' Parameter J Min. Typ.J Max. Unit Test Condition 

Vt LC I Clock Input Low Voltage I Vss-1 I Vss+0.8 v 

VtHC ! Clock Input High Voltage I 9.0 J Voo+l I v 
' 

VrL ! Input Low Voltage I Vss-1 j Vss+0.8 i v 

V1H I Input High Voltage I 3.3 I I Vec+1 
I v I I 

VoL l Output Low Vqltage l I I 0.45· I v } loL = 1 .9mA on all outputs, 

VoH i Output.High Voltage I 3.7 I I v loH =-150/.LA. 

loo CAVl j Avg. Power Supply Current IVool I i 40 I 70 I mA 

lccCAVl I Avg. Power Supply Current (Vee) I 60 I 80 mA 
Operation 

= --'----------'--_...__-;-. __ __,
1
1}Tcv 

199 CAVl Avg. Power Supply Current (V99) .01 mA 
.48 µsec 

1 rL Input Leakage 

I Cl k L k CL I cc ea age 

loL!2) Data Bus Leakage in Input Mode 

I 
IFL 

Address and Data Bus Leakage 
During HOLD 

CAPACITANCE 
TA= 25°C Vee= Voo = Vss =av. Vee =-5V 

Symbol Parameter Typ. Max. Unit 

Co I Clock Capacitance 17 25 pf 

C1N Input Capacitance 6 10 I pf 

CouT Output Capacitance 10 20 pf 

NOTES: 

1. The RESET signal must be acrive for a minimum of 3 clock cycles. 
2. When OBIN is high and V1N > V1H an internal active pull up will 

be switched onto the Data Bus. 
3. ~I supply I ~TA = -0.45%f C. 

April, 1977 
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::10 

I -
I -100 

I 
-2.0 

+10 
-100 

Test Condition 

fc = 1 MHz 

Unmeasured Pins 

Returned to Vss 

l 

I 

µA 

µ A 

µA 
mA 

µ.A 

... z 
w 
c: 
c: 
::> 
<.J 
> 
i! 
~ 
"' 

Vss ~ VrN ~Vee 

v ~v .;;;,v SS CLOCK DO 

Vsso;;;;;vlN o;;;;;vss +0.8V 

Vss+0.8vo;;;;;v1N ~Vee 

VAODR/OATA =Vee 

V ACOR/DATA = Vss + 0.45V 

TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE. NORMALIZED. ~I 

1.5 

o.s 0:-----.-=zs=-----.so~---.""15 

AMBIENT TEMPERATIJRE l'CI 

DATA BUS CHARACTERISTIC 
DURING OBIN 
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SILICON GATE MOS 8080A 

A.C. CHARACTERISTICS 
TA= 0°C to 70°C, v00 = +12V ± 5%, Vee= +sV ± 5%, v99 = -5V:: 5%, Vss = OV, Unless Otherwise Noted 

Symbol Parameter Min. Max. Unit Test Condition 

tcvl3l Clock Period 0.48 2.0 µsec 

tr. tf Clock Rise and Fall Time 0 50 nsec 

tc1 ¢1 Pulse Width 60 nsec 

tc2 'h_ Pulse Width 220 nsec 

tot Delay ¢1 to ¢2 0 nsec 

to2 Delay ¢2 to ¢1 I 70 nsec 

to3 Delay¢, to ¢2 Leading Edges I 80 nsec 

toA 121 Address Output Delay From ¢2 I 200 nsec 
}cL = 100pf 

too 121 Data Output Delay From ¢2 I 220 nsec 

tocl21 Signal Output Delay From ¢1, or ¢2 (SYNC, WA,WAIT,HLOAI I 120 nsec 
}cL =50pf 

toF (2) OBIN Delay From ¢2 25 140 nsec 

tor11 l Delay for Input Bus to Enter Input Mode ! toF nsec 

tos1 Data Setup Time During 91 and OBIN 30 nsec 

TIMING WAVEFORMS 1141 (Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 
"O" = 1.0V; INPUTS "1" = 3.3V, "O" = 0.8V; OUTPUTS "1" = 2.0V, "O" = 0.8V.) 

r i-r r r---1 
__j 'oz I- I ]-- , 11 ! i I, I I . ' 1 

~-~ -------'--'o--.=t=--- I I .::xIJ __ J. __ l_ ___ jl-_j __ j ___ ..!J-1 

t,004 'j '01 !- , 'oH I ii l ;-;:o_,ii i I ii II . 
~.Oo __________ f_--_-_x _____ J __ 1-::: o~~!_~@ I i :)t[_J_~-~~A-O~Tll_; 

I ~j· ' t~~S21 j '1' ' I !t\-1' 'ow H IJ 1 SYNC·-----( -\-. " I I II •I 
-itoe l'oc~ i \ii II I I I! !I 

1-•o•-l ,-•o•-1 jl',1 :I 'o) !! !,II 

1'H~t-'" I; I' 

f tCY .. , 
o, I 
------ -'~z-t 

OBIN 

READY 

WAIT 

HI.DA 

, II 

INT----------------------------------------~ 
\~l 

INTI: 
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SILICON GATE MOS SOSOA 

A.C. CHARACTERISTICS (Continued) 

TA = 0°C to 70°C, Voo .. +12V ± 5%, Vee = +5V:: 5%, Vee = -SV:: 5%, Vss = OV, Unless Otherwise Noted 

Symbol 

to52 

toH (l] 

t 1E121 

tRS 

tHs 

tis 

tH 

tFD 

tAw!2] 

towl2l 

twDl2l 

twAl2] 

tHF[2] 

twF[2] 

tAH[2] 

Parameter Min; Max. Unit Test Condition 

Data Setup Time to ¢2 During OBIN 150 nsec 

Data Hold Time From rfl2 During OBIN [1) nsec 

INTE Output Delay From ¢2 200 nsec CL-= 50pf 

READY Setup Time During ¢2 120 nsec 

HOLD Setup Time to </J2 140 nsec 

I NT Setup Time During ¢2 !During 01 in Halt Model 120 nsec 

Hold Time From ¢2 (READY, INT, HOLD) 0 nsec 

Delay to Float During Hold !Address and Data Busl 120 nsec 

Address Stable Prior to WR [5] nsec 1-

Output Data Stable Prior to WR [6] nsec 

Output Data Stable From WR (7] nsec 

Address Stable From WR [7] nsec I- CL= 100pf: Address, Data 
CL =50pf: WR, HLDA, OBIN 

HLDA to Float Delay .[8] nsec 

WR to Float Delay (9) nsec 

Address Hold Time After OBIN During HLDA -20 nsec = 
NOTES: 
1. Oita inl)ut should be enabled with OBIN status. No bus conf1ict c::o1n then occur and data hold time is assured. 

toH • 50 ns or 'DF· wnicntvtr is leu. 

o, ~....____ __ (\.....___ 

i I 

2. Load CiraaiL 

I I i 

SYNC 

\ I '•o 1--v=------.---~L--L-~ I ' 1 .. :::; 

. I rr; __ _J_ ____ j 
I . I-*- I 1--: '"r-1-1 1 ~D 

1 1
-

1 ' ' 

DllN 

WAIT 

HOLO ~ I I 
HLOA 

INT 

-i 'ocJ:: 
i--~~~~-=:t:--...;----

I 

i-•1E-j 
'""' JJ------...,'F'-

-.Jfl:-~-----------

~e~!~, 1911 

3. •cv • 103 + •ro2 + <¢2 + tf~2 + •02 +•rot ;;.. 480nL 

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 

~ +101--~~---,;--~~--.~~~-;-~~~-; 

... 
w 
0 ,_ 
::l 
0. ,_ 
5 -101--~~~.C..~~--'-~~~--'-~~~~ 
"' 

-50 

~CAPACITANCE lpll 

IC ACTUAL - Csncl 

+50 

4. Tht following ore relevant when interfacing tht BOBOA to devicH having V1H • 3.3V: 
al Maximum ou!llut rise tlmt from .BV to 3.3V • t OOns Ii CL • SPEC. 
bl Output dalay whan mtaNred 10 3.0V • SPEC -lirons <§I CL • SPEC. 
cl II CL,. SPEC, add .6ns/pF if CL> CsPEC.Nbtrac:t.3n1/pF (from modifieddolay) if CL< CsPEC· 

5. •Aw• 2 •cv -103 -•ro2 -140nsoc. 
6. •ow• •cv -103 -1,02-170nsoc:. 
7. II not HLOA, two. twA. 103 + •ro2 +10ns. II HLDA. two. twA. twF• 
B. •HF • t03 + •ro2 -50ns. 
9. twF • to3 + 'ro2 -ions 

10. Data in must be stable for this period during OBIN •T3. Both tost and 1052 must b1 satisfied. 
11. Reoc:ty signal mun bt nablt for this period during T2 or Tw. (Mun b1 externally synchronized.) 
12. Hold signal must bt stable for this period during T2 or Tw whon entering hold modt, and during T3, T 4, Ts 

and TwH when in hold modi. (External svnchronlZ3tion Is not required.) 
13. Interrupt signal must be stable during this period of 1h1 lest clock cyclt of any instruction in order to be 

recogniz:ed an th• following instruc:tlon. (External synchronization is not reciulred.) 
14. This timing diagram shows timing relttlonshipa only; It do~ not roonsont anv specific machine cycle. 
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SILICON GATE MOS 8080 A 

INSTRUCTION SET 

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

Move, load, and.store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in· 
direct, and immediate addressing modes. 

The ability to branch to different portions 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 unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
i!Tt!!rrupt handling capability of the SOSOA. The ability to 

Data and Instruction Formats 

increment and decrement memory, 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 to rotate the accumulator left or right through 
or around the carry bit. 

Input and output may be accomplished using memory ad· 
dresses as 1/0 ports or the directly addressed 1/0 provided 
for in the 8080A instruction set. 

The following special instruction group completes the 8080A 
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 comple· 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 

Data in the SOBOA is stored in the form of B·bit binary integers. All data transfers to the system data bus will be in the 
same format. 

101 Ds Os 04 03 o2 D1 DoJ 

DATA WORD 

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

executed. 

One Byte Instructions 

Two Byte Instructions 

I 07 Os Ds 04 03 02 

I 07 Ds Os 04 03 02 

Three Byte Instructions 

I 07 Os Os 04 03 D2 

I 07 Os Os 04 03 02 

I 07 Os Os 04 03 02 

o, Do I 
o, Do I 

o, Do I 
o, Do I 
o, Do I 

OPCODE 

OPERAND 

OP CODE 

LOWADDRESSOROPERAND 1 

HIGH ADDRESS OR OPERAND 2 

TYPICAL INSTRUCTIONS 

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

Immediate mode or 1/0 instructions 

Jump, call or direct load and store 
instructions 

For the 8080A a logic "1" is defined as a high level and a logic "O" is defined as a low level. 

3-14 April, i977 
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SILICON GATE MOS 8080A 

INSTRUCTION SET 

Summary of Processor Instructions 

lnstrur;lioa Co~tl1l Clockl21 
MR..., Hie Dncri,tia• 0, De Os 04 03 Oz o, Do Cydft Mnt111Gftic ottal,tian 

MOV,1.r2 MOYt r19i1111 ta 11gist1r o I D 0 D s s s 5 RZ R1111m onura 
MDV M,r Mon ttgtStlf ta m1morv o I I I o s s s 7 RNZ R1111m on na ZltO 

MDVr.M MOYt memory to ngism o I 0 0 0 I I 0 7 RP R1111m an positivt 
HLT Hilt a 1 I I 0 I I a 7 RM Return on minus 
MVI r Movi immodi111 ntimr 0 a 0 0 0 I I 0 7 RPE R1111m on parity tvtn 
MVIM MOYt immtdia11 m1mory a 0 I I a I I 0 10 RPO R1111m on parity odd 
lNR r lncrtmtnt r11Jisttr 0 0 0 D 0 I 0 0 5 RST RH11n 
OCR r 01crtm1n1 r .. i1111 0 0 0 D 0 I 0 I 5 IN lnpu1 
INR M lncram1nt m1marv 0 0 1 1 0 1 o 0 ID OUT Dut11u1 
OCR M 01cnm1n1 m1morv D 0 1 I 0 I o 1 10 LX18 Laid lmm1di111 ntirttt 
ADD r Add rtgirt1r to A 0 D o o s s s 4 PairB &C 
ADCr Add ngirttt 10 A W1th arrv 0 0 D I s s s 4 LXI 0 Laac:I immodi11t ntilltt 
SUB r Sub1nc1 "'isrtr from A 0 o 1 0 s s s 4 PairD & E 
sear Sub1rx1 rtgirttr Imm A 0 0 1 s s s 4 LXI H Load inimtdi111 r11irt1< 

wim barrnw PairH&L 
ANAr And rtgirtlt with A 0 1 s s s LXI SP Load imm1dia11 stack painm 
XRAr E1dusiv1 Or rtgisttt widl A 0 I 1 s s s PUSH B Pusll re9isttr Pair B & C on 
OfiAr Or l'l<Jistlf with A 0 I 0 s s s 4 stack 
CMPr Compara 11gis1tt widl A 0 I 1 s s s 4 PUSH 0 Push rtCJirt1f Pair 0 & E on 
ADDM Add m1marv ta A 0 a 0 1 1 0 7 slJCk 
ADCM Add mtmarv ta A will! carry 0 0 I 1 0 7 PUSH H Push ngistlr Ptir H & L an 
SUS M Subrract m1mary from A 0 0 1 a 7 mck 
see"' Subrnc:t m1mory frnm A 0 0 I 0 7 PUSH PSW Push A and Fiats 

wi1h barrow an srtck 
ANAM And m1mary with A 0 0 0 POPS Pap t11isttt pair B & C off 
XRAM Exclusive Or m1mory wilh A 0 I 0 stack 
ORAM Or m1morv Wllh A 0 0 0 POPO Pap 11CJimr pair 0 & E off 
CMPM Comiwt m1morv with A 0 I 0 1uek 
ADI Add imm1di11110 A 0 0 POP H Pap r"isttr pair H & L off 
ACI Add immtdian 10 A widl 1 a nick 

any POPPSW Pop A and fl19S 
SUI Sublncl immedi111 from A 0 0 off srack 
SBI SubtrKt lmmtdiatt from A 0 a STA Start A direct 

widl borrow LOA Load A direct 
ANI And immtdi111 with A 0 0 XCHG E1chan<J1 0 & E. H & L 
XRI Exclusive 0 r immtdiall widl 0 I R1CJiS1tt1 

A XTHL Exchan91 IOP of mck, H & L 
ORI Or immodi111 with A I I 0 SPHL H & L ID mck poinrtt 
CPI Com1W1 imm1dia11 with A I 1 1 0 PCHL H & L 10 prngnm counm 
RLC Rot1t1A Ith a a 0 DAD 8 Add B & C ID H & l 
RRC Ro1111 A riqh1 0 0 0 DAD 0 Add 0 & E ID H & L 
RAL Ro1111 A llf11hruu<Jh carry 0 0 0 4 DAD H AddH&LtaH&L 
RAR Ro1111 A right through 0 D 0 4 DAO SP Add sack pointer to H & L 

carry STAX B Stat1 A indinct 
JMP Jump unconditiontl 0 0 0 0 I 10 STAXO Start A indiract 
JC Jump an arri 0 I 1 0 0 10 LOAXS Lotd A indinct 
JNC Jump on na arry 0 1 0 0 0 10 LOAXD Load A indinct 
JZ Jump on Zito 0 0 I 0 0 10 INXB lncnment B & C l'l<Jisttn 
JNZ Jump on na ztto 0 0 0 0 1 D 10 INXD I ncrtmtnt 0 & E tlfisrtn 
JP Jump on positivt 1 1 D D 1 0 10 INXH I ncrtmtnt H & L '"i11tt1 
JM Jump on minus I I 0 I 0 10 INXSP lncr1m1n1 stack poinltt 
JPE Jump on parity tvtn I 0 0 1 0 10 OCX B Otcr1m1n1 8 & C 
JPO Jump on parity odd I 0 0 I 0 10 OCXO Oecstm1n10&E 
CALL Clll unconditional 0 0 1 I 0 1 17 OCX H 01crtm1n1 H & L 
cc Call on arrv 0 I I 1 0 0 11117 DCXSP 01cr1m1nt Stick pointtr 
CNC Clll on no arry 0 I 0 I 0 0 11/17 CMA Compl1m1n1 A 
CZ Clil on mo 0 0 I I 0 0 11/17 STC S11cmv 
CNZ Clll on no mo 0 0 0 I 0 0 11/17 CMC Compl1mtnt c•nv 
CP C.U on posihYI I 1 0 1 0 0 11/17 DAA DICfrnol 1djust A 
CM Call on minus I I I 1 0 0 11/17 SHLD Storw H & L dit1e1 
CPE Clil on parity Mn 1 0 I 1 0 0 11/17 LHLD Load H & L ditlC1 
CPO Call on parity odd I 0 0 1 0 0 11/17 El Entlll1 ln11m1pa 
RET R1111m 0 0 I 0 0 1 10 DI 01111111 inttmlpt 
RC R1rumonany 0 I I 0 0 0 5/11 NOP No-opet1rion 
RNC R1111m an no carrv 0 I 0 D 0 0 5111 

NOTES: 1. DOD or SSS -000 B -001 c - 010 D -011 ·e -100 H - 101 L - 110 Memory - 111 A. 
2. Two possible cycle times, (5/11 ) indicate instruction cycl11S dependent on condition flags. 

lnllnlcliH Cad1l1l Clack121 
0, De Os 04 113 Oz o, Do Cydft 

o o 1 o o o 5/11 
o o o 0 c 0 5/11 
I 1 0 o 0 0 5/11 
I 1 I 0 0 0 5/11 
I 0 I 0 a 0 5/11 
I 0 0 0 0 0 5/11 
A A A I 1 1 11 
0 I I a I 10 
D 0 0 10 
0 0 0 10 

0 10 

0 0 10 

D 0 10 
I 0 11 

0 0 II 

11 

0 11 

0 0 10 

0 10 

10 

0 10 

0 0 13 
0 0 13 
0 1 4 

1 0 0 I I 18 
I I 0 0 I 5 

1 I 0 1 0 0 1 5 
0 0 0 1 0 0 1 10 
a D 1 1 0 0 I 10 
0 0 1 0 1 a 0 I 10 
0 0 I I I D 0 I 10 
0 0 0 D D D I 0 7 
0 0 0 I 0 0 1 0 7 
0 0 0 D I 0 1 0 7 
0 0 0 I I 0 I 0 7 
0 0 0 0 0 0 1 I 
0 D 0 1 0 0 1 1 5 
0 D 1 0 0 0 1 I 5 
D 0 I 0 0 1 1 5 
0 0 0 I 0 1 I 5 
0 0 I 0 I I 5 
0 0 I 0 1 I 5 
0 0 I 0 I I 5 
0 0 I I I I 4 
0 0 0 1 I I 4 
0 0 I 1 I I 4 
o 0 0 I 1 I 4 
0 0 0 0 I 0 16 
0 0 I a I Q 16 
I I I 0 I I 4 
I I 0 0 I I 4 
0 0 a 0 0 D 
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Schottky Bipolar 8212 

EIGHT-BIT INPUT/OUTPUT PORT 
• Fully Parallel 8-Bit Data 

Register and Buffer 
• Service Request Flip-Flop 

for Interrupt Generation 
• Low Input Load Current -

.25 mA Max. 
• Three State Outputs 
• Outputs Sink 15 mA 

• 3.65V Output High Voltage 
for Direct Interface to 8080 
CPU or 8008 CPU 

• Asynchronous Register 
Clear 

• Replaces Buffers, Latches 
and Multiplexers in Micro
computer Systems 

• Reduces System Package 
Count 

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

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

PIN CONFIGURATION 

DS, Vee 
MD INT 

DI, 018 

Do, 008 

Dl 2 017 

002 D07 

013 016 

003 006 

DI, 015 

co, 005 

STB CLR 

GNO DSz 

PIN NAMES 

01,.0 .. I DATA IN 
00,·009 1 DATA OUT 
~·DSt , DEVICE SELECT 
MO 'MOOE 
ST8 : STllOBE 
I'!!_ ' INTERAUl'T (ACTIVE LOWI 
CLR I CLEAR (ACTIVE LOWI 
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LOGIC DIAGRAM 
SERVICE REQUEST FF 

l!D> OS2 

(D> MD ---+-~--" 

fil> STB-----t_.J 
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SCHOTTKY BIPOLAR 8212 

Functional Description 
Data Latch 
The 8 flip-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} fs 
high. Latching will occur when the clock (C) returns 
low. 
The data latch is cleared by an asynchronous reset 
input (CLR). (Note: Clock (C) Overides Reset {CLR).) 

Output Buffer 
The outputs of the data latch (Q) are connected to 
3-state, non-inverting output buffers. These buffers 
have a common control line (EN); this control line 
either enables 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 
connect the 8212 directly onto the microprocessor 
bi-directional data bus. 

Control Logic 
The 8212 has control inputs DS1, DS2, MD and 
STB. These inputs are used to control device selec
tion, data latching, output buffer state and service 
request flip-flop. 

051, DS2 (Device Select) 
These 2 inputs are used tor device selection. When 
DS1 is low and DS2 is high (DS1 • DS2) the device is 
selected. In the selected state the output buffer is 
enabled and the service request flip-flop (SR) is 
asynchronously set. 

MD (Mode) 
This input is used to control the state of the output 
buffer and to determine the source of the clock input 
(C) to the data latch. 
When MD is high {output mode) the output buffers 
are enabled and the source of clock {C) to the data 
latch is from the device selection logic {DS1 • DS2). 
When MD is low (input mode) the output buffer state 
is determined by the device selection logic (DS1 • 
DS2) and the so"urce of clock (C) to the data latch is 
the.STB (Strobe) input. 

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

Note that the SR flip-flop is negative edge triggered. 

Service Request Flip-Flop 
The (SR) flip-flop is used to generate and control 
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 (DS1 • DS2). The output 
of the "NOR" gate (INT) is active low (interrupting 
state) for connection to active low input priority 
generating circuits. 

SERVICE REQUEST FF 

DEVICE SE~ECTION 

- '\.. (Dosi 
§)DS2 

fI>MD--_,..-t..__, 

[!> STB-----t__J 

@>D1, 

DATA t.ATCH 

· rn::>o1 2 

(L>D1 3 

l!>Ot4 

l!§>Dt5 

!j!>Dls 

@>Dl7 

~015 

fE>crR 
!ACTIVE ~0\'11 

\ 

" 

I 

OUTPUT 
BUFFER 

: DOs @> 

I 

: 007 [i2> 

I 
; Do8 IE> 
I 
I 

L __ _J _ _J 

STB • MD 1C>31·as,1 , DATA our eouALS • CLR ! 1D!;·os1 t : ST8 · ·sR 1 INT 
O -o--0- :-u:rATi ____ i 1 o . a o 

r-'- , 0 , 0 , l . .s:T!'J.~ __ .. _,, 0 I 0 

t.=-1- -~-~· .. ~:. -~ :. g-:+:·~~~~~=-~~ I ~ -;;- 1 I 
;...._,!_ ~ !!. ·-- 41 -· D~TA.~Tf:H. - - -~I 1 ' 0 1 

~ ~ . ~ . : .. gm:~----"[T' -..._ I 

I 1 r ·; · 1 • oAT A." 1N - • ; •INTERNAL SR FLIP-FLOP 

CUi - RESETS DATA LATCH 
SETS SR FLIP'-FLOP 
IND EFFECT ON OUTl'UT BUFFERI 



SCHOTTKY BIPOLAR 8212 

Applications Of The 8212 -- For Microcomputer Systems 
Basic Schematic Symbol 

II Gated Buffer 
111 Bi-Directional Bus Driver 
IV Interrupting Input Port 
v Interrupt Instruction Port 
VI Output Port 

I. Basic Schematic Symbols 
Two examples of ways to draw the 8212 on system 
schematics-(1) the top being the detailed view 
showing pin numbers, and (2) the bottom being the 
symbolic view showing the system input or output 

VII 8080 Status Latch 
VIII 8008 System 
IX 8080 System: 

8 Input Ports 
8 Output Ports 
8 Level Priority Interrupt 

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

BASIC SCHEMATIC SYMBOLS 

INPUT DEVICE 

1 2 
GND 

INPUT ------. 
STROBE 

SYSTEM 
INPUT 

GND 

II. Gated Buffer ( 3 - STATE) 

CATA BUS 

I DETAILED! 

{SYMBOLIC) 

OUTPUT DEVICE 

Vee 
..----- OUTPUT 

FLAG 

GATED BUFFER 
3.STATE 

SYSTEM 
OUTPUT 

The simplest use of the 8212 is that of a gated 
buffer. By tying the mode signal low and the strobe 
input high, the data latch is acting as a straight 
through gate. The output buffers are then enabled 
from the device selection logic DS1 and DS2. 
When the device selection logic is false, the outputs 
are 3-state. 

Vee----------. 

When the device selection logic is true, the input 
data from the system is directly transferred to the 
output. The input data load is 250 micro amps. The 
output data can sink 15 mllli amps. The minimum 
high output is 3.65 volts. 

3-18 

INPUT 
DATA 
1250 µA) 

STB 

8212 

GND 
GATING { 
C_Q!;!.TROL 
(DS1•0S21 ---------' 

OUTPUT 
DATA 
(15mAl 
(3.65VMIN1 

April, 1977 
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SCHOTTKY BIPOLAR 8212 

Ill. 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 small 
system design. 

IV. 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 service 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. 

V. 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 normally 
tied to ground. (DS1 could be used to multiplex a 
variety of interrupt instruction ports onto a com
mon bus). 

April, l9n 
SSC Ob 

Bl-DIRECTIONAL BUS DRIVER 

DATA ------1' 
BUS "---x---•/ 

DATA BUS 
CONTROL 
10• L -R) 
II• R-LI 

Vee 

STB 

8212 

GND 

STB 

GND 

_ _._ ___ DATA 

BUS 

INTERRUPTING INPUT PORT 

INPUT 
STROBE 

SYSTEM 
INPUT 

SYSTEM 
RESET 

SELECTION 

STB 

8212 

GND PORT { 

IDS1•DS2) -------' 

DATA 
BUS 

....._ __ TO PRIORITY CKT 
(ACTIVE LOW) 

OR 
TO CPU 
INTERRUPT INPUT 

INTERRUPT INSTRUCTION PORT 

RESTART 
INSTRUCTION 
CRST O-RST 71 

STB 

8212 

GND CiJsi> PORT SELECTION ---' 

INTERRUPT ACKNOWLEDGE ------' 
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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 output strobe could be 
a hand-shaking signal such as "reception of data" 
from the device that the system is outputting to. It 
in turn, can interrupt the system signifying the re
ception of data. The selection of the port comes 
from the device selection logic. (051 • 052) 

VII. 8080 Status Latch 
Here the 8212 is used as the status latch for an 8080 
microcomputer 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 052 input and the phase 1 signal is 
true, which is a TIL level coming from the clock 
generator; then, tt;e status data will be latched into 
the 8212. 

SYSTEM 
INTERRUPT 

OUTPUT PORT (WITH HAND-SHAKING) 

DATA 
BUS 

.---- OUTPUT STROBE 

STB 

SYSTEM OUTPUT 

SYSTEM RESET 

} 
PORT SELECTION 
(LATCH CONTROL! 

"------ (DS1•DS21 

Note: The mode signal is tied high so that the output 
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 microprocessor and the 
control bus. 

8080 STATUS LATCH 

/1 10 

9 

8 1 

2 7 
D3 
D4 

8080 o5 

06 
D7 

SYNC 

OBIN 

01 02 

22 15 

12V f\ 
ov-1 \.. . ...q -......., 

CLOCK GEN. 
& DRIVER 
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3 
4 
5 

6 

19 

t1l--, 

1101TfLl 

I 

~ 5 
7 
9 

16 
18 
20 
22 

r,i 

Vee 

STATUS 
LATCH 

o, Do ~ 
~ 8 
tfo 
~ 

8212 lfj-
l"jt-
121 r'-

CLR 
05:! MD 0S, 

13 J211 

j 

INTA 

WO 
STACK 
HLTA 
OUT 
M1 

INP 
MEMR 

OBIN 

01 

BASIC o2 
CONTROL 
BUS 

SYNC 

DATA 

STATUS 
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SCHOTTKY BIPOLAR 8212 

VIII. 8008 System 

This shows the 8212 used in an 8008 microcomputer 
system. They are used to multiplex the data from 
three different 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 (both 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 whether memory 
read, input, or interrupt acknowledge. The combina
tion of these 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 also controlled by the control logic and 
clock generator 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 

MEMORY 
CATA 

INPUT 
STROBE 

INPUT 
DATA 

INTERRUPT 
INSTRUCTION 

Aprfl, 1977 
8800b 

8212 

GND 

INPUT 
CATA 
SUS 

<>1 

C0.07 

8008 
SYNC 

INT 
READY ---, 

~2 

I 
I 
I 

SUS 
DRIVER 

8212 

GNC 

MEMREAD 
INPUT 

iiiiTAcK 
DATA SUS IN 
i"Ni"REQ. 

I 
I 
I 
I 
I 
I 

WAITREO.-t 
._ ___ J 
CONTROL LOGIC 
& CLOCK GEN. 

4 

(04, 5, 6, 71 

ADDRESS 
LATCHES 

8212 

CLR 

8212 

Vee 

Vee 

LOW ORDER 
(8SITSI 

HIGH ORDER 
(6BITSI 

CATA SUS 
OUT 

WR 
OUT 
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SCHOTTKY BIPOLAR 8212 

IX. 8080 System 
This drawing shows the 8212 used in the 1/0 section 
of an 8080 microcomputer system. The system c·on
sists of 8 input ports, 8 output ports, 8 level priority 
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 keyboard 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 processor (IND 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 Acknowl
edge signal is generated. This signal transfers data 
in the form of a RESTART instruction onto the buf
fered data bus. When the OBIN 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 controlled interrupt service routine, 
saving the status of its 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 to 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 its data onto the buffered data bus to be 
transmitted to the CPU when the data bus input 
signal is true. The processor can also output data 
from the 8080 data bus to the buffered data bus 
when the data bus input signal 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 output ports to trans
mit the data to the system's output device structure. 

Note: This basic 1/0 configuration for the 8080 can 
be expanded to 256 input devices and 256 output 
devices all using 8212 and, of course, the appropri
ate decoding. 

Note that the 8080 is a 3.3-volt minimum high input 
requirement and that the 8212 has a 3.65-volt mini
mum high output providing the designer with a 350 
milli volt noise margin worst case for 8080 systems 
when using the 8212. 

.\pr11 , 1977 
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SCHOTTKY BIPOLAR 8212 

8080 SYSTEM INPUT PORTS 

L 
STROBE 3 - STB f. 

OUTPUT PORTS 

f-->'.. OUTPUT 
jV' PORT 2 

INT~-----------------, 
~ONRPUTTI~ i--i-J-i..J~ 8212 1-1' OUT?UT 

3 '-v' 8212 """T"j""'VJr-T""""J' IV" PORT 3 

BOBO 
DATA 

BUS 

Da1N 

Vee 

l 

~ 
r2 1 

B212 

fa: 
l> 
r;. 
;::; 

·'::-'.:- B212 

.-----o iNT Ci:R lo-1 I> r-.q CLR r---, I ... ----
•• ', 9 G~D -c_i.,_ .'. H--=f Vee BUFFERED i 

DBA:t __ v_r_ ... , vr ! i STROBE 4- STB 11 k 
~ ~ : ? I , ~~~~: ~ B212 ~ ~ B212 1-1' OUTPUT 

""""' le':- I-< I 2 ' I . "'--y' "Y F -y !>"" PO RT 4 

t'"Y; rr B212 ~ ~ ~~:::+:: +:· ~=====-----<"":JI iNT CLR lo-i 1-o ..... cL_R ........... 

I= : ~iO ' 1GND"'C....+- 1-1---Ivccj 
..,_~-]~ I : 

v!e l I 
GND I ' I 

I I I 

INTERRUPT 
INSTRUCTION 
PORT IRST) 

'"--- .J 

I 
I 

PRIORITY 
ENCODER & 
INTERRUPT 

GENERATING 
LOGIC CIRCUITS 

(USER DESIGNED) 

STROBE 5 - STB 

INPUT;~ ~ ::~ k OUTPUT 
PORT 5 '-y' B212 · : · -·~ ;,~ 8212 IV" PORT 5 

-----<..>1 iNT CLA P. ,. 1-o .. c ... L_R.,....,.... 

l G1D L:...+ H--J v~e 

STROBE 6 - STB 

~~~~~ q 3212 ~---fl-'·'',:'-'.,.....~"''._":1'1 8212 ~ ~~~;~T 
..__ ____ OI iNf Ci:R to1 F r-o1 CLfi 

Bl-DIRECTIONAL 
BUS DRIVER IG~D-c+< 

It 

SYST~M ____. 
REScT 

Nott 1. This b111c 1/0 configuratton for tht SOSO can be expanded to 256 input dev1CH and 256 output devic11 all using 8212 and the appropriate dtcoding. 



SCHOTTKY BIPOLAR 8212 

Absolute Maximum Ratings* 

Temperature Under Bias Plastic .. -65°C to + 75°C 

Storage Temperature .......... -65°C to +160°C 

All Output or Supply Voltages .... -0.5 to +7 Volts 

All Input Voltages ............... -1.0 to 5.5 Volts 

Output Currents ..................... , ... 125 mA 

D.C. Characteristics 
TA= 0°C to +75°C Vee= +5V :!:5% 

Symbol Parameter 
Min. 

IF Input Load Current 
ACK, OS2, CR, Oli-01, Inputs 

IF Input Load Current 
MD Input 

IF Input Load Current 
OS, Input 

IR Input Leakage Current 
ACK, OS, CR, 01,-01, Inputs 

IR Input Leakage Current 
MO Input 

IR Input Leakage Current 
OS, Input 

Ve Input Forward Voltage Clamp 

Vol Input "Low" Voltage 

V1H Input "High" Voltage 2.0 

VoL Output "Low" Voltage 

VoH Output "High" Voltage 3.65 

lsc Short"Circuit Output Current -15 
:10; Output Leakage Current 

High Impedance State 

Ice Power Supply Current 

3-24 

•COMMENT: Stresses above those listed unaer "Absolute Maximum Ratfngs" 
may ca&.1se permanent damage to the aevice. This is a stress rating only and 
functlonal operation ol the aa11ice at these or at any other condition above 
those maicatad ;n the operat1ona1 sections ot this specll1ca11on is not implied. 

Limits 

Typ. Max. 

-.25 I 
I 

-.75 
I 

-1.0 
[ 

10 ' 
i 
I 

30 

40 I 
I 
I 

-1 I 
.85 I 

I 
.45 I 

4.0 I 
-75 I 
20 

I 
90 130 

Unit 

mA 

mA 

mA 

µ.A 

µ.A 

p.A 

v 
v 
v 
v 
v 

mA 

p.A 

mA 

Test Conditions 

VF= .45V 

VF= .45V 

VF= .45V 

VR = 5.25V 

VR = 5.25V 

V~ = 5.25V 

le= -5 mA 

loL = 15 mA 

lo.:.= -1 mA 

Vo= OV 

Vo = .45V /5.25V 

April, 1977 
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SCHOTTKY BIPOLAR 8212 

Typical Characteristics 

INPUT CURRENT VS. INPUT VOLTAGE 

-250 ~-_;_--"'---1#-;.--+----'---l 

-300 
-3 -2 -1 •1 •2 

INPUT VOLTAGE (VI 

OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 

I 
Vee• >5.0V I 

> 
:3 
'" c ... 
~ 
::i c 
g 
< ... 
< 
Q 

-5 

-10 

-15 

-20 

-25 

-30 

-35 
0. 

22 

20 

18 

11 

14 

12 

10 
-25 
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-...,-
! 
I 

1.0 2.0 3.0 4.0 

OUTPUT .. HIGH" VOLTAGE IVI 

DATA TO OUTPUT DELAY 
VS.TEMPERATURE 

I 

I l I Vee• +5.0V 

J I t 
I I I 

I 
i i I 
! I /1 

I I I ,,. 
I ; 

i , .·/r i : )""' I 
I .., ' 

:~I I ..,"' I , __ 

' t 

! : I I 
I I ! I 

I 

! I 

I 
i i ! I 

25 50 75 

+J 

5.0 

100 

OUTPUT CURRENT VS. OUTPUT "LOW" VOLTAGE 

c 
! 
~ 601-----1------'-----'-.JC.-~~ 

'" c: 
c: 
::i 
u 
~ 40!------,r-------:-~~"------i ... 
::i 
c 

> 

~ 
c ... 
~ :; 
0 
g 
< ... 
< 
0 

> 
:3 
'" 0 ... 
~ 
::i 
0 
0 ... 
~ 
0 

" ~ 
'" ... 
:;:: 
3' 

.4 .6 

OUTPUT "LOW" VOLTAGE (VI 

DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 

.8 

50.---------------~ 
Vee .. +S.ov 
T• • 2S'C 

401-----------------< 

101------------------1 

so 100 150 200 250 

LOAD CAPACITANCE lpfl 

WRITE ENABLE TO OUTPUT DELAY 
VS.TEMPERATURE 

300 

40~--------------~ . 
Vee• +5.0V 

351---~--·-----·--------I 

301-------~----------I 

151-----

10'--------'---...;_ _____ _J 

·25 25 so 75 100 

TEMPERATURE I Cl 

• 
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SCHOTTKY BIPOLAR 8212 

Timing Diagram 
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DATA 1.5Vx---------y,.sv 
_____ _; l;:=tpw I tH __J'-----

STBor~1•DSz 1.sv/ \ ... 1._sv _______ _ 
I--- "WE__.. . 

OUTI'UT ____________ _,\;.:-------

05,. os2 1.sv / } ... 1._sv ____ _ 
i- 1E i !SEE NOTE !!ELOWI f.- to -=-1 

OUTPUT. -----------_--_--_-'""'_/'\- - - - - - - - -;"------'---

[--tPWI 

CLA 1.SV ~ /1.SV 
. tc ' 

---------------..... Ir------
oo _______________ )\ .... 1.s_v _____ _ 

DATA 1.sv';(---------y1sv _____ _/ . . ·'----
!SET IH 

STaor 551 • os2 1.sv\,__ ___________ _ 
-- tpo....; 

OUTPUT ~;-----------

-------__/ . 

STB _I \.___1.sv ----
-'Pw ____, 

I 
Ds1 • OSz 

N.OTE: ALTERNATIVE TEST LOAD .-- 1R 

\ /1sv 
~-1pw ~ts \.___ __ F 

April, 1977 
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SCHOTTKY BIPOLAR 8212 

A.C. Characteristics 
T" = 0°C to + 75°C Vee = +5V :t 5% 

Symbol I Parameter 
Limits 

Unit Test Conditions 
Min. Typ. Max. 

tpw I Pulse Width 30 ns 

tpa I Data To Output Delay 30 ns 
I 

t •• / Write Enable To Output Elelay j 40 ns 

j Data Setup Time j 15 ns 

t, I Data Hold Time I 20 ns 

t.. Reset To Output Delay / 40 ns 

Set To Output Delay I 30 ns 

i Output Enable/Disable Time j 45 ns 

I Clear To Output Delay I 55 ns 

CAPACITANCE" F.,. 1 MHz v.,., • 2.SV Vee~ +5V T. - 25°C 

Symbol J Test 

Cour 

OS, MD Input Capacitance 

DS2, CK, ACK, 01.-018 

Input Capacitance 

00,-DOa Output Capacitance 

"This parameter is sampled and not 100% tested. 

Switching Characteristics 
CONDITIONS OF TEST 
Input Pulse Amplitude = 2.5 V 
Input Rise and Fall Times 5 ns 
Between 1V and 2V Measurements made at 1.5V 
with 15 mA & 30 pF Test Load 

April, 1977 
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LIMITS 

Typ. Max. 

9 pF 12 pF 

5 pF 9 pF 

8 pF 12 pF 

TEST LOAD 
15mA & 30pF 

TO 
D.U.T. 

"30pF I 

300 

600 

•INCLUDING JIG & PROBE CAPACITANCE 

3-27 



Schottky Bipolar 8216/8226 

4 BIT PARALLEL BIDIRECTIONAL BUS DRIVER 

• Data Bus Buffer Driver for 8080 CPU 
• Low Input Load Current - .25 mA 

Maximum 
• High Output Drive Capability for 

Driving System Data Bus 

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

• 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 

• Three State Outputs 

• Reduces System Package Count 

All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.65V VoH• and for high capaci· 
tance terminated bus structures, the DB outputs provide a high 50mA loL capability. 

A non·inverting (82161 and an inverting (8226) are available to meet a wide variety of applications for buffering in micro
computer systems. 

PIN CONFIGURATION 

cs Vee 

DOo 6iEN 

DBo DOl 

D'o D~ 

oo, Dlz 

Dll, DOz 

DI, Dl2 

GND Dlz 

PIN·NAMES 

• D8a-D~ 81.0IAECTIONAL I I DATABUS 

~-Dlz ! DATA INl'llT 

000.003 0 DATA OUTPUT 

. DiEN DATA IN ENABLE 
DIRECTION CONTROL 

a l Clf" SEUCT 
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LOGIC DIAGRAM 
8216 

D'o 

Dllo 

D00 

DI, 

DB1 

DD1 

Dlz 

D~ 

D02 

Dlz 

Diil 

oo, 

cs 
DIEN 

D'o 

DOo 

DI,. 

DD1 

Dl2 

D02 

Dlz 

Do, 

DIEN 

LOGIC DIAGRAM 
8226 

Dllo 

Dlt 

DB2 

D~ 

cs 
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SCHOTTKY BIPOLAR 8216/8226 

FUNCTIONAL DESCRIPTION 

Microprocessors like the 8080 are MOS devices and are 
generally 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 microprocessor and memories 
when adding components or expanding to a multi-board 
system. 

The 8216/8226 is a four bit bi-directional bus driver specif· 
ical ly 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 another 
are tied together (DB l, this side is used to interface to the 
system side components such as memories, 1/0, etc., be· 
cause its interface is direct TTL compatible and it has high 
drive (50mA). 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 a 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 (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350m V 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 (s~ 
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. 

April, 1977 
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(a) 8216 

(b) 8226 

-----ooa0 

.._ _ __,,ca, 

-----ooos, 

----co OS, 

----ooa. 

---"'OB1 

01, o-----1.--' "::100----&.1'-..... 

---<lOS, 

0020-----&.-o< 1----!-...J 

::,o--: __.___.~ ~f ~as, 
OIEN o R ri 

~ENiCS: 
I 0 . 0 '01 •DB 
I 1 0 DB• 00 

0 1 . " . 
1-· - 1--1-,·HIGH IMPEDANCE , 

Figure 1. 8216/8226 Logic Diagrams 
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SCHOTTKY BIPOLAR 8216/8226 
APPLICATIONS OF 8216/8226 

8080 Data Bus Buffer 

The 8080 CPU Data Bus is capable of driving a single TTL 
load and is more than adequate for small, single board sys
tems. When expanding such a system to more than one board 
to increase 1/0 or Memory size, it is necessary to provide a 
buffer. The 8216/8226 is a device that is exactly fitted to 
this application. 

Shown in Figure 2 are a pair of 8216/8226 connected di· 
rectly to the 8080 Data Bus and associated control signals. 
The buffer is bi-directional in nature and serves to isolate the 
CPU data bus. 

On the system side, the DB lines interface with standard 
semiconductor 1/0 and Memory components and are com
pletely TTL compatible. The DB lines also provide a high 
drive capability (50mA) so that an extremely large system 
can be dirven along with possible bus termination networks. 

On the 8080 side the DI and DO lines are tied together and 
are directly connected to the 8080 Data Bus for bi-directional 
operation, The DO outputs of the 8216/8226 have a high 
voltage· output capability of 3.65 volts which allows direct 
connection to the 8080 whose minimum input voltage is 
3.3 volts. It also gives a very adequate noise margin of 
350mV (worst case). 

The DI EN inputs to 8216/8226 is connected directly to the 
8080. DIEN is tied to OBIN so that proper bus flow is 
maintained, and CS is tied to BUSEN so that the system 
side Data Bus will be 3-stated when a Hold request has been 
acknowledged during a OMA activity. 

Memory and 1/0 Interface to a Bi-directional Bus 

In large microcomputer systems it is often necessary to pro
vide Memory and 1/0 with their own buffers and at the same 
time maintain a direct, common interface to a bi-directional 
Data Bus. The 8216/8226 has separated data in and data 
out lines on one side and a common bi-directional set on the 
other to accomodate such a function. 

Shown in Figure 3 is an example of how the 8216/8226 is 
used in this type of application. 

The interface to Memory is simple and direct. The memories 
used are typically Intel® 8102, 8102A, 8101 or 8107B-4 and 
have separate data inputs and outputs. The DI and DO lines 
of the 8216/8226 tie to them directly and under control of 
the MEMR signal, which is connected to the DIEN input, 
an interface to the bi-directional Data Bus is maintained. 

The interface to 1/0 is similar to Memory. The 1/0 devices 
used are typically Intel® 8255s, and can be used for both 
input and output ports. The 1/0 R signal is connected di· 
rectly to the DIEN input so that proper data flow from the 
1/0 device to the Data Bus is maintained. 

3-30 

The 8216/8226 can be used in a wide variety of other buf
fering functions in microcomputer systems such as Address 
Bus Drivers, Drivers to peripheral devices such as printers, 
and as Drivers for long length cables to other peripherals or 
systems. 

------8-.USEN l ---15 

080 

o, ca, 
8216 
8226 10 

DEii 

13 oe1 
cs 

o, 

SYSTEM 
DATA 

15 
BUS 

8080 

DI OIEN 
DB oe, 

DO 

6 

8216 
Dfl., 

8226 10 oe5 o, 

13 
OS, 

cs 

Figure 2. 8080 Data Bus Buffer. 

B 1/0 

r I 
DI DO DI 00 

;;;rnJi l70R 

Figure 3. Memory and 1/0 Interface to a Bi-Directional Bus. 
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SCHOTTKY BIPOLAR 8216/8226 

D.C. AND OPERATING CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS• 

Temperature Under Bias .....•....••...••..•....•.••...•...•.........••....••..... 0°C to 70°C 

Storage Temperature ...•.....•......••.•..•.•.....•.......•.......•.......... -65°C to +150°C 

All Output and Supply Voltages. • . • • . • • . . .. . • . . . . . • . • . . . . . . . . • . . • • • . . . • . • . . . . . • . . . . • -0.SV to +7V 

All Input Voltages ......•...••.........•...••....•.•.•.•.............•....... : -1.0V to +5.SV 

Output Currents .....•......•..••...•.•••.... · . • . . . . . . . . . . . . . . . • • . . . . . . . • . . . • . . . . • . 125 mA 

•COMMENT: Stresses above those listed under "Absolute Maximum Rating" may causa permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi· 
cation is not implied. 

TA= 0°C to +70°C,Vcc=+5V±5% 

Symbol Parameter 

IF1 Input Load Current DIEN, CS 

IF2 Input Load Current All Other Inputs 

IR1 Input Leakage Current DIEN, CS 

IR2 Input Leakage Current DI Inputs 

Ve Input Forward Voltage Clamp 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 

llol Output Leakage Current 
(3-Statel 

I 
8216 

Ice Power Supply Current 
8226 

Voll Output "Low" Voltage 

8216 
VoL2 Output "Low" Voltage 

8226 

VoH1 Output "High" Voltage 

VoH2 Output "High" Voltage 

las Output Short Circuit Current 

NOTE: Typical values are for TA - 25"C, Vcc•S.OV. 

April, 1977 
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DO 
DB 

Min. 

I 
I I 

I 
I 

I 2.0 I 

I 

I 

I 3.65 

I 2.4 

-15 
-30 

Limits 
Typ. Max. Unit Conditions 

-0.15 -.5 mA VF =0.45 

-0.08 I -.25 mA VF =0.45 

20 µA VR =5.25V 

10 µA VR =5.25V 

I -1 v lc=-5mA 

.95 v 
v 

20 µA Vo = 0.45V /5.25V 
100 

95 130 mA 

85 120 mA 

0.3 .45 v DO Outputs loL=15mA 
DB Outputs loL =25mA 

0.5 .6 v I DB Outputs loL =55mA 

0.5 .6 v DB Outputs loL =50mA 
I 

4.0 v DO Outputs loH = -1mA 

3.0 v DB Outputs loH = -10mA 

-35 -SS mA DO Outputs Vo:!OV, 
-75 -120 mA DB Outputs Vcc=5.0V 
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SCHOTTKY BIPOLAR 8216/8226 

WAVEFORMS 

INPUTS _______ ..Jx\,,l$V--------------
l-.. ---l 

OUTPUTS 

~U:S~ _____ -..J),(.sv I 1.sv X ------
~-=j ~-1 5i' 

1$~---~~H 
----------- t Vol 

.sv 
A.C. CHARACTERISTICS 

TA= 0°C to +70°C, Vee= +5V :!:5% 

I 
Limits J 

I Symbol Parameter Min. _l Typ.(11 I Max. J Unit Conditions 

Tpo1 

I 
Input to Output Delay DO Outputs 

I 
I 15 

J 
25 ! ns CL=30pF,R1=300r2 

! I I 
R2=600n 

Tpo2 Input to Output Delay DB Outputs 

I I I 
! 

I 8216 20 30 I ns CL =300pF, R1=90n 

8226 I I 16 I 25 I ns R2 = 18on 

Te I Output Enable Time l I I I 

I 8216 45 65 I ns (Note 21 

l 8226 l 35 I 54 l ns I (Note 31 

To Output Disable Time I I 20 T 35 I ns I (Note 41 

TEST CONDITIONS: TEST LOAD Cl RCUIT 
Vee 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 
OUT o---------

Capacitancelsl 

I Limits J 
Symbol Parameter Min. Typ.111 l Max. J Unit 

C1N l Input Capacitance 4 I 8 I pF 

CouT1 I Output Capacitance 6 i 10 ! pF 

CouT2 I Output Capacitance 13 
I 

18 pF 

TEST CONDITIONS: VBIAS =2.5V, Vee =5.0V, TA =25°C, f = 1 MHz. 

NOTES: 1. Typical values are for TA• 25°C, Vee a s.ov. 
2. DO Outputs, CL'" 30pF, R1 - 300/10 Kn. R2'" 180/1 Kn: DB Outputs, CL .. 300pF, R1 - 90/10 Kn. R2 - 180/1 Kn. 
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3. DO Outputs, CL'" 30pF, R1 '"300/10 Kn, R2 • 600/1K; DB Outputs, CL,. 300pF, R1,. 90/10 Kn, R2 • 180/1 Kn. 
4. DO Outputs, CL• 5pF, R1 a 300/10 Kn, R2 • 600/1 Kn: DB Outputs, CL a 5pF, R1 • 90/10 Kn, R2 • 180/1 Kn. 
5. This parameter is periodically sampled and not 100% tested. 
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Schottky Bipolar 8224 

CLOCK GENERATOR AND DRIVER 
I 

FOR 8080A CPU 

• Sing.le Chip Clock Generator/Driver • Oscillator Output for External 
for 8080A CPU System Timing 

• Power-Up Reset for CPU • Crystal Controlled for Stable System 

• Ready Synchronizing Flip-Flop Operation 

• Advanced Status Strobe • Reduces System Package Count 

The 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled 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 synchronization of ready. 

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

PIN CONFIGURATION 

RESET 

iiEsiN 

RDYIN 

READY 

SYNC 

oz ITTLI 

i'ffii 

GND 

Anl'il. 1Q77 

Vee 

XTAL 1 

XTAL2 

TANK 

osc 

,, 
1z 

Voo 

i Rl!iN I RESET INPUT 
I RESET I RESET OUTPUT 
! ROYIN I READY INPUT 
' READY I READY OUTPUT . 
; SYNC i SYNC INPUT 
! ffi1'I ! STATUSSTB 
I ! (ACTIVE LOWI 

i 01 118080 
:-oz-I CLOCKS 

BLOCK DIAGRAM 

~ XTAL1 

IE> XTAL2 

@:> TANK 

ID SYNC 

II> ii!ml 

fI> RDYIN 

PIN NAMES 

XTALI 
XTAL2 
TANK 

' osc 

I 1 CONNECTIONS 
I I FOR CRYSTAL 

USED WITH OVERTONE XT AL 
OSCILLATOR OUTPUT 

•z ITTLJ I •z CLK (TTL LEVELi 
Vee +511 

GNO OV 

osc @.> 

., ffi> 
·>z @> 

OzlTTLI[!> 

ffiTi ff> 

RESET ID 
READY(D 
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SCHOTTKY BIPOLAR 8224 

FUNCTIONAL DESCRIPTION 

General 

The 8224 is a single chip Clock Generator/Driver for the 
8080A CPU. It contains a crystal-controlled oscillator, a 
"divide by nine" counter, two high-level drivers and several 
auxiliary logic functions. · 

Oscillator 

The oscillator circuit derives its basic operating frequency 
from an external, series resonant, fundamental mode crystal. 
Two inputs are provided for the crystal connections (XT AL 1, 
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 simple formula to guide the crystal selection is: 

Crystal Frequency = - 1- times 9 
tcv 

Example 1: (500ns tcy l 
2mHz times 9 = 18mHz• 

Example 2: (800ns tcvl 
1.25mHz times 9 = 11.25mHz 

Another input to the oscillator is TANK. This input allows 
the use overtone mode crystals. This type of crystal gen
e~ally 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 network is: 

F=---
2;r .,/[C 

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

"When using crystals above 1 OmHz a small amount of frequency 
"trimming" may be necessary to produce the exact desired fre
quency. The addition of a small selected capacitance (3pF - 1 OpFI 
in series with the crystal will accomplish this function. 

Clock Generator 

The Clock Generator consists of a synchronous "divide by 
nine" counter and the associated decode gating to create the 
waveforms of the two 8080A 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 multiplying the number of "units" that are contained in 
a pulse width or delay, times the period of the oscillator fre
quency, the approximate time in nanoseconds can be derived. 

The outputs 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 </J2 (TTL) for external 
timing purposes. It is especially useful in OMA dependant 
activities. This signal is used to gate the requesting device on· 
to the bus once the 8080A CPU issues the Hold Ack· 
nowledgement (HLDA). 

Several other signals are also generated internally so that 
optimum timing of the auxiliary flip-flops and status strobe 
(STSTB) is achieved. 

~ XTAL1 

E> XTAl.2 

§) TANK 

CLOCK 
GEN. 
+9 

!!::> SYNC------r--.__, 

ID mTN---,_.., 11 

!UNIT•~ 
FREQ. 

osc @> 

•• IE> 
"2 119 
o,1TT1.J1D 

mT'8 II> 

RESET[> 

READYfI> 

I 
I 

1111 11 r---+ 
11213141s 1121 I ·=----.. I I I I --·----

EXAM,LE: 18080 •cv • SOOnd 
OSC • 18mH11SSn1 
.,, • 110ns f2.: 55ns) 
':>2 • 275M (5 X 55,,1) 
02-01 • 110m 12 • 55ml 
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SCHOTTKY BIPOLAR 8224 

STSTB (Status Strobe) 

At the beginning of each machine cycle the 8080A 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 ~art of each ma· 
chine cycle at the earliest possible moment that status data 
i~ stable on the bus. The STSTB signal connects directly to 
the 8228 System Controller. 

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

Power-On Reset and Ready Flip-Flops 

A common 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 to accomp· 
ljsh this feature. 

An external RC network is connected to the RESIN input. 
The slow transition of the power supply rise is sensed by an 
internal Schmitt Trigger. This circuit converts the slow trans
ition into a clean, fast edge when its input level reaches a 
predetermined value. The output of the Schmitt Trigger is 
connected to a "D" type flip-flop that is clocked with o2D 
(an 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 bl! connected 
to the RESIN input in addition to the power-on RC net· 
network. 

ff!> XTAl.1 

IE> XTAU 

(§> TANK 

1--t::>---O:z §> 

-----o.ITTLI(!> 

(E>o SYNC-----t----t.--" 

ID ml1il 

t-ILlll-----RESET II> 
@> RDYIN-----1-IDOl-----READY{D> 
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The READY input to the 8080A CPU has certain timing 
specifications such as "set-up and hold" thus, an external 
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 ¢20, a synchronized READY signal at the correct in
put level, 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 8080 
CPU is that due to the relatively long delays of MOS logic 
such an implementation would "rob" the designer of about 
200ns during the time his logic is determining if a "wait" 
is necessary. An external bipolar circuit built into the clock 
generator eliminates most of this delay and has no effect on 
component count. 

~-------, 

!Fi 
r : 

I 
I I 
'---------' I 

I 
F•-1 -

2•./Lc 
USED ONLY 

FOR OVERTONE 
CRYSTALS 

osc 

'z ITTLI 

RDYIN 

Vee 

.:c. 
r° 

T GND 

GNO 

12 

13 

R"rnfl 

[ D~ r-- -, 3·10pF 
I I I IONLYNEEDED 
l. - -.J Al!OVE ID MHzl 

' 15 

11 22 

10 15 
•2 

23 
READY 

822' 

BOIOA 
CPU 

12 
RESET 

19 
SYNC 

STSTll ITO 8221 PIN 11 
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SCHOTTKY BIPOLAR 8224 

D.C. Characteristics 

TA= 0°C to 70°C; Vee .. +5.0V ±5%; Voe= +12V ±5%. 

Limits 
Symbol Parameter Min. Typ. 

IF Input Current Loading 

IR Input Leakage Current 

Ve Input Forward Clamp Voltage 

V1L I Input "Low" Voltage I 
V1H Input "High" Voltage 2.6 

2.0 

V1wV1L I R EDIN Input Hysteresis I .25 

Vol Output "Low" Voltage 

VoH Output "High" Voltage 

c/11 • "'2 9.4 
READY, RESET 3.6 
All Other Outputs 2.4 

lsel11 Output Short Circuit Current -10 
(All Low Voltage Outputs Onlyl 

Ice I Power Supply Current 

loo I Power Supply Current 

Note: 1. Caution, fll1 and <112 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: 75-20 ohms 
Power Dissipation (Min): 4mW 

'With tmk circuit use :?rd overtone mode. 

3-36 

Max. 

-.25 

10 

1.0 

I .a 

I 
T I 
I .45 

.45 

I 
-60 

I 
I 115 

I 12 

Units 

m_A 

µA 

v 

v 

v 

mV 

v 

v 

v 
v 
v 

mA 

mA 

mA 

Test Conditions 

VF= .45V 

VR =5.25V 

le =-5mA 

Vee .. 5.ov 

Reset Input 
All Other Inputs 

Vee= 5.0V 

(!/>1.!/>2). Ready, Reset, STSTB 
loL =2.5mA 
All Other Outputs 
loL = 15mA 

loH = -100µA 
loH = -100µA 
loH = -lmA 

Vo =OV 
Vee =5.0V 
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SCHOTTKY BIPOLAR 8224 

A.C. Characteristics 

Vee= +5.0V ± 5%; Voo .. +12.0V ± 5%; TA = 0°C to 70°C 

Symbol Parameter Min. 

t.?1 \1>1 Pulse Width 2tcv - 20ns 
9 

tq,2 \1>2 Pulse Width 5tcy - 35ns 
9 

to1 91 to \1>2 Delay 0 

to2 \1>2 to 4>1 Delay 2tcy - 14ns 
9 

to3 ¢1 to 1/12 Delay 
2tcy 

9 

tR ¢1 and t/>2 Rise Time 

tF t/>1 and \1>2 Fall Time 

toq,2 t/>2 to \1>2 (TTL) Delay -5 

toss ¢2 to STSTB Delay Gtcy - 30ns 
9 

tPW STSTB Pulse Width !£! _ 15ns 
9 

to RS 
RDYIN Setup Time to 50ns - 4tcv 
Status Strobe 9 

toRH 
RDYIN Hold Time 4tcy 
After STSTB 9 

toR RDYIN or RESIN to 4tcv - 25ns 
<P2 Delay 9 

tcLK CLK Period 

fmax 
Maximum Oscillating 

27 Frequency 

cin Input Capacitance 

Aoril, 1977 
oonni. 

Limits 
Typ. Max. 

2tcy + 20ns 
9 

20 

20 

+15 

6tcy 
9 

tcy 
9 

8 

Test 
Units Conditions 

ns 

CL = 20pF to 50pF 

ns ¢2TTL,CL=30 
R1=300Q 
R2=600U 

STSTB,CL=15pF 
Rl = 2K 
R2 =4K 

Ready & Reset 
CL=•lOpF 
R1=2K 
R2=4K 

MHz I 
pF Vcc=+5.0V 

Vo0 =+12V 
Ve1As=2.5V 
f=lMHz 

TEST 
CIRCUIT r 

INPUT>-' --l+_-G:-~---i-"~0: 
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SCHOTTKY BIPOLAR 8224 

WAVEFORMS 

Oz ~ \iz 
'oz 

'ooz 

Ozrrru 

SYNC 
!FROM llOIOAI 

ffii'ii 

'oRH 

r-'oR-----1 -------------------vr 
READYOUT fi.._ _ - - - - - -i- ----------------- -· I . 

~'aR~ 

----------------------------"\! 
RESET OUT 

VOLTAGE MEASUREMENT POINTS: ~1,11>2 l.ogic "O" • 1.0V, Logic "1" • S.OV. All other signals measured at 1.SV. 

EXAMPLE: 

A.C. Characteristics (For tcv = 4aa2a nsl 

TA = 0°C to 70°C; Voe = +5V ±5%; Voe = +12V ±5%. 

Symbol Parameter Min. 

f.t>t c/>1 Pulse Width 89 

?¢2 c/>2, Pulse Width I 236 

to1 Delay ¢ 1 to c/>2 0 

to2 Delay 1/12 to c/>1 I 95 I 

to3 Delay tf>1 to t/>2 Leading Edges 109 

tr Output Rise Time 

tf Output Fall Time 

toss c/>2 to STSTB Delay 296 

to~2 c/>2 to c/>2 (TILi Delay -5 

tPt'Y Status Strobe Pulse Width 40 

to RS RDYIN Setup Time to STSTB -167 

to RH RDYIN Hold Time after STSTB 217 

toR READY or RESET 192 
to 92 Delay 

fMAX Oscillator Frequency 

3-38 

Limits 
Typ. Max. Units 

ns 

ns 

ns 

ns 

129 ns 

20 ns 

20 ns 

326 ns 

+15 ns 

ns 

ns 

ns 

ns 

18.432 MHz 

---, 

-

Test Conditions 

tcv=488.28ns 

:-- 1/11 & c/>2 Loaded to 
CL= 20 to 50pF 

Ready & Reset Loaded 
to 2mA/10pF 
All measurements 
referenced to 1.5V 
unless specified 
otherwise. 
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3-4. SCHEMATIC REFERENCING 
The detailed schematics of the Interface circuit, CPU circuit, 

and Display/Control panel are provided to aid in determining signal 
direction and tracing .. A solid arrow (--··~':) on the signal line 
indicates direction, and the tracing of the signal through the 
schematics is referenced as it leaves the page. The reference is 
shown as a number - letter number (e.g. 2-A3), indicating sheet 2 
and schematic zone A3. The reference may be shown alone or in a 
bracket. If the reference is bracketed, the signal is going to 
another schematic which is referenced outside the bracket. If the 
reference is shown alone, the signal is going to another page O·f 
the multisheet schematic. 

3-5. 8800b BLOCK DIAGRAM DESCRIPTION (Figure 3-1) 
The 8800b computer contains four basic circuits; the Central 

Processing Unit (CPU), Memory, an Input/Output (I/0) section, and 
the Front Panel. The CPU controls the interpretation and execution 
of software instructions, and Memory stores the software information 
to be used by the CPU. The I/0 section provides a corrmunication 
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 I/O) 
~ircuits and with the front panel. The system clock, power-on oper
ation and run operation are explained in paragraphs 3-8 through 3-10. 

3-6. CPU TO MEMORY OR I/0 OPERATION 
The Memory or I/O section operation repuires several signals 

that allow transfer of data to· and from the CPU. The ADDRESS bus 
(A0-Al5) consists of sixteen individual lines from the CPU to Memory 
and I/0 devices. The signals on this bus represent a particular 

Acr~l. 1977 3-39 
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Bl-DATA (00-07) DATA IN (DI0-UI7) 
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CPU BC 

MEMORY 
OR 

l/o 
DEVICE 

•-------!·-~OUT (DO~-D_07_) __ _ 

PDBIN 
L---1-------1---· --·---------·-- ·-·-----

FDI0-FDI7 

nc 

----------~ 

Figure 3-1. 8800b Basic Block. 

FRONT 
PANEL 



memory address location or external device number that is needed to 
establish conmunications with Memory or I/O devices. Once the ad
dress data (A0-Al5) is presented to Memory or I/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 CPU 
Data from Memory or I/O devices is presented on the DATA IN 

lines (DI0-DI7) and applied to eight non-inverting bus drivers. The 
drivers are enabled by a PDBIN signal from the CPU and a BC (bus con
trol) signal. The BC signal is LOW when the Front Panel is not in 
operation. The eight non-inverting bus drivers, when enabled, present 
the input data to BI-DATA lines (00-07) which input the data to the 
CPU. 

Data outputted to Memory or I/0 devices is presented to the 
DATA OUT lines (000-007) from the CPU. The ROY (ready) line either 
forces the CPU to a wait state while data is being transferred or 
allows the CPU to process data. 

3-7. FRONT PANEL OPERATION 
The Front Panel Operation is very similar to Memory or I/0 

section operation. The Front Panel gains control of the CPU by 
producing a HIGH BC signal. The BC signal disables the DATA IN 
(DI0-DI7)· lines from a Memory or I/O Device and.enables the 
FDI0-FDI7 lines. The FDI0-FDI7 lines contain Front Panel data 
which is transferred to the CPU upon the occurence of the PDBIN 
signal. All data from the CPU to the Front Panel is applied to 
the DATA OUT (D00-D07) lines and displayed on the Front Panel. 

3-8. SYSTEM CLOCK 
The system clock (F) for the 8800b is located on the CPU 

circuit card (Figure 3-14, zone B7). The system clock generates 
phase 1 and phase 2 outputs derived from the external crystal 
(XTAL 1). The 01 and 02 outputs operate at a frequency of 2 MHz, 
which determines the speed at which the 8080 (M) will operate. 
The 01 and 02 clock signals are presented to the bus (zone A7) 
through inverter A and inverter bus driver J, respectively. The 
01 clock is used by memory and external I/O cards, and the 02 clock 
is applied to the 24-bit counter on the Display/Control card (Figure 
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3-16, sheet 1, zone 02) through the Interface card (Figure 3-15, 
sheet 2, zone B3). 

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

(POC) operation to be performed, resetting the 8800b circuitry. 
The POC signal is generated on the CPU card (Figure 3-14, zone A3) 
when VCC is applied. With VCC present, capacitor C4 will charge to 
the VCC potential in 100 milliseconds because of the RC time constant 
of C4 and resistor Rl7. The 100 millisecond delay disables (turns 
off) transistor Q3, producing a LOW POC signal to the bus (pin 99) 
through inverters Sand J (zone A2). The POC signal is inverted by 
U on the Interface card (Figure 3-15, sheet 2, zone B2) and presented 
to the Display/Control card as a HIGH POC signal (Figure 3-16, 
sheet 2, zone OS). The POC input is inverted LOW by Tl (zone C6) 
and applied to three circuits on the Display/Control Card. It clears 
the Ml flip-flops (zone C7) through NOR gate Tl and inverter Jl 
(zone C6), insuring that single step operation is disabled. It 
presets the Ml flip-flop (zone C9) and disables NANO gate Pl (zone 
88) to insure that the 8800b is not running. The POC signal (zone 
D9) is also present at NOR gate Rl which inverts it HIGH to reset 
the PROM counter. The POC signal is present to the external input/ 
output (I/0) cards and memory for similar initialization operations. 
During the POC operation, VNO other functions are being performed. 

On the Display/Control card (Figure 3-16, sheet 1, zone D2), 
a 24-bit counter is being clocked by ~2 which will condition 
circuits on the Display/Control card. The Cl3 output (zone Dl) 
from the counter is applied to the clock (CK) input of quad latches 
Cl, Fl, Hl, Gl, Nl, Ul, Yl, and Wl (zones 89-81) through non-invert
ing bus driver Kl (zones Al and Dl) and inverter Jl (zone Cl). The 
Cl3 signal clears the quad latches in the following manner to insure 
all latches are conditioned after POC. The inputs to quad latches 
Cl, Fl, Hl, and Gl are HIGH because no switches are activated. 
After the first "CT3" clock, all the Q outputs are LOW and applied 
to the inputs of quad latches Nl, Ul, Yl, and Wl (zones 69-81). 
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The occurrence of the next Cl3 clock latches the Q outputs LOW 

and the Q outputs HIGH during the POC operation. 
When VCC is present in the CPU 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 RlO. The 
33 microsecond delay allows the RESET output from F (zone B7) 
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 OPERATION 
The Run Operation allows the 8080 on the CPU Board to start 

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

The RUN/STOP circuits are located on the Display/Control 
card (Figure 3-16, sheet 2, zone A9). When the RUN/STOP switch is 
momentarily depressed, a LOW is applied to quad latch·Cl, input 
02. The occurrence of the next Cl3 clock (zone Al) causes the Q 
output at pin 6 of Cl (zone 89) to go HIGH. This HIGH is applied 
to quad latch Nl, input 02. The next Cl3 clock causes the Q out
put at pin 2 of Nl (zone B9) to go HIGH and allows NANO gate Pl to 
clear Ml (zone C9). The Q output of Ml generates a LOW RUN signal 
and LOW FROY signal through ilOR gate Pl and inverter Rl (zone 09). 

The RUN signal is applied to the Interface Card (Figure 3-15, 
sheet 2, zone 02) 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 ST8 input is present to 
G (discussed in Paragraph 3-40). 

The FRDY signal is applied to the Interface Card (Figure 3-15, 
sheet 2) to allow the 8080 to start processing data. The FRDY 
output is applied to pin 58 of the bus through inverter R and 
non-inverting bus driver Has a HIGH (zone Al). The HIGH on pin 
58 of the bus enables NANO gate C, pin 8, LOW on the CPU (Figure 
3-14, zone A7) which is inverted HIGH by 8 (zone 87) and applied 

Aor11, 1977 
SBOOb 

3-43 



3-44 

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

3-11. 8800b DATA PROCESSING OPERATION 
The 8800b data processing begins when the 8080 IC is enabled 

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

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

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

3- l 2. INSTRUCTION FETCH CYCLE 
The Instruction Fetch Cycle is the first machine cycle (Ml) to 

be perfonned by the CPU in .any data transfer operation. The memory 
location specified by the P counter contains data that the CPU 
interprets as an instruction. The first cycle must be a fetch cycle 
because, during the fetch cycle, the CPU is informed as to what 
operation will be performed next. 
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3-13. INSTRUCTION FETCH CYCLE OPERATION (Figure 3-2) 

The Instruction Fetch Cycle is initiated whenever the P 
counter is incremented to a new memory address location 
(e.g. 000 1008) where an instruction (e.g. 0728) 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 parallel outputs (A0-Al5) from the CPU, is presented to 
the Display/Control Card and memory. The A0 through Al5 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, SMl, SMEMR, and 01 
CLOCK to complete the Instruction Fetch Cycle. The SMl output is 
applied to the Display/Control Card through the Interface Card to 
light the Ml (machine cycle 1) LED on the 8800b front panel. The 
SMEMR and 01 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 (DI0-DI7) lines. The DIG 1 input to the CPU 
from the Interface Card is enabled when the 8800b is in the run 
mode (see paragraph 3-10). This permits the memory data to be trans
ferred to the CPU. The SMEMR output is applied to the Display/ 
Control Card through the Interface Card to light the MEMR (memory 
read) LED on the 8800b front panel. This operation is performed 
when the P counter is incremented, indicating a new memory address. 

3-14. INSTRUCTION FETCH CYCLE DETAILED OPERATION 
The following paragraphs describe the Instruction Fetch Cycle 

operation in detail. Refer to Figure 3-3·, Instruction Fetch Cycle 
Timing, during the explanation. The Instruction Fetch Cycle 
operation (Ml) requires four 01 and 02 clock pulses. Each clock 
period performs a particular operation as described in the follow
ing paragraphs. 

April, 19i7 
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During the latter portion of Tl, several outputs are gener
ated by the CPU (M) (Figure 3-14): address data A0 through AlS 
(zone B8), status data D0 through D7, and a SYNC signal (zone 

C8). The A0 through AlS 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 (A0-AlS) is also applied through inverters 
P, N, and X on the Interface card (Figure 3-lS, sheet 1, zone BS) 
and presented to the Display/Control card. The A0 through AlS . 
signals present on the Display/Control card light the appropriate 
A0 through AlS LEDs, indicating the memory address. 
The D0 through D7 data is applied to K (zone BS) on the CPU through 
the bi-directional circuits D and E. The status data is enabled 
through D and E at this time because CS and DIEN are LOW. The SYNC 
output is applied to the clock generator F (zone B7) and memory as 
PSYNC via pin 76 (zone Dl) on the bus through the non-inverting 
bus driver V (zone 08). The PSYNC signal conditions memory to 
decode the address data. The SYNC input at F will enable a 
signal during T2. 

During the beginning of T2, a low STSTB (zone B7) is generated 
from F as a result of the HIGH SYNC input and internal timing of 
F. The STSTB is applied to the data latch K (zone BS), allowing 
the· status data D0 through 07 to be stored in K. · The status 
data present at the output of K conditions the memory to fet~ the 
instruction (0728) from its .addressed memory location (e.g. 000 1008) 
by enabling the following signals. 

A SMl 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 SMl and SMEMR signals are applied through inverter V 

on the Interface card (Figure 3-15, sheet 2, zone BS) and presented 
to the Display/Control card as SMl and SMEMR. The SMl and SMEMR 
signals present on the Display/Control card light the Ml 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 (DI~ 

through DI7) is supplied to the CPU card (Figure 3-14, zone Bl) 
from the bus. The data is presented to M through bi-directional 
gates D and E (zone C7), inverter bus drivers L and J (zone B4), 
and inverters Y and S (zone B3) by the OBIN signal. 

At the latter portion of T2 and the beginning of T3, a high 
OBIN output (zone C8) is generated by M. The OBIN output is 
applied to the DIEN inputs (zone C7) of D and E and pin 4 of NANO 
gate C (zone B4) as PDBIN. This signal enables pin 6 of NANO gate 
CLOW (DIGl 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 E to M (zone C7). 

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

3-15. MEMORY READ CYCLE 
The Memory Read Cycle (M2) follows the Instruction Fetch 

Cycle (Ml). During 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 Ml). 

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

The CPU perfonns one or two Memory Read Cycle operations. If the 
CPU is to communicate with an external device, one Memory Read Cycle 
is required because the external device number consists of 8 data 
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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.g. 
000 2008) that is required by the CPU to complete 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. 000 101 8 
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 000 101 8 
and the first Memory Read Cycle is initiated. Several signals are 
generated by the CPU in order to read the LSBs of the address (2008) 
from memory. 

A PSYNC output from the CPU is applied to memory through the 
Interface Card to condition the memory for address decoding. Next 
the ADDRESS (000 101 8), consisting of sixteen parallel outputs (A~

Al5) from the CPU, is presented to the Display/Control Card and 
memory. The A~ through Al5 signals light the appropriate address 
light 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 (000 101 8). 

The CPU then generates three signals, SMEMR, PDBIN, and ~l to 
complete the Memory Read Cycle. The SMEMR, PDBIN, and 911 outputs 
are presented to memory to enable decoding of the address (000 101 8). 
With the address decoded, the 2008 data present in that location is 
transferred to the CPU on the eight DATA IN (DI~-DI7) lines. The 
DIGl 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. 

Aoril, 1977 
SSOOb 

3-51 



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

3-17. MEMORY READ CYCLE DETAILED OPERATION 
The following paragraphs describe the Memory Read Cycle opera

tion in detail. Refer to Figure 3-5, Memory Read Cycle Timing, dur
ing the explanation. 

The v~o Memory Read Cycle operations (M2 and M3) obtain the 
memory address (e.g. 000 2008) required by the CPU to complete an 
instruction. As stated previously, the LSBs of the address (2008) 
are transferred to the CPU during M2, and the MS8s of the address 
(0008) are transferred to the CPU during M3. There are three clock 
periods (Tl-T3) required for each Memory Read Cycle operation. 

During the latter portion of Tl, several outputs are generated 
by the CPU (Figure 3-14); Address data A0 through Al5 (zone 88), 
status data D0 through D7, and a SYNC signal (zone C8). The A0 
through Al5 data is presented to memory and the 8800b front panel 
via the bus through non-inverting bus drivers U, P, and N (zone 89) 
on the CPU. The 00 through 07 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 87) and 
memory as PSYNC via pin 76 (zone Dl) on the bus through non-inverting 
bus driver V (zone D8). The PSYNC signal conditions memory to decode 
the address data. 

During the beginning of T2, a STSTB (zone 87) 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 85), allowing the status 
data D0 through D7 to be stored in K. The status data present at the 
output of K allows the CPU to read the LS8s of the memory address 
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location (ex. 000 1018) by enabling the SMEMR signal. 
A SMEMR output (HIGH) from K is presented on pin 47 of 

the bus (zone A4) through non-inverting bus drivers X and R. 
The SMEMR signal is applied through inverter V on the Interface 
Card (Figure 3-15, sheet 2, zone 84) 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 AS) 
is applied to memory in order to initiate a data transfer to the 
CPU during T3. 

At the beginning of T3, the LSBs of the memory storage 
location (2008) are transferred from memory to the 8080 (M) on 
the CPU. The memory data in (DI0 through DI7) is applied to the 
CPU card (Figure 3-14, zone Bl) from the bus. The data is presented 
to M through bi-directional gates D and E (zone C7), inverter bus 
drivers Land J (zone 84), and inverters Y and S (zone 83) by the 
PDBIN signal. 

At the latter portion of T2 and the beginning of T3, a OBIN 
output (zone C8) HIGH is generated by M. The DBIN output is 
applied to the DIEN inputs (zone C7) of D and E and pin 4 of NANO 
gate C (zone B4) as POBIN. This signal enables pin 6 of NANO gate 
C LOW (DIG 1 is high when front panel is not used). This allows 
the data in from memory (OI0 - DI7) to be enabled through invert
ing bus drivers L and J (zone 84) and applied through bi-directional 
gates 0 and E to M (zone C7). The second Memory Read Cycle 
operation (M3) transfers the contents of memory address (000 1028 ) 

which contain the MSBs of the memory address number to the CPU. 
It is important to note that only one Memory Read Cycle operation 
is required if the CPU is to communicate with an external device. 

3-18. EXTERNAL DEVICE TO CPU DATA TRANSFER 
An External Device to CPU data transfer is accomplished when 

an input instruction (3338) is fetched from a memory location . 
during Ml, and the external device number (XXX8) is read from a 
memory location during M2 by the CPU. The data from the external 
device is transferred to the CPU by an Input Read Cycle operation (M3). 
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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 (XXX8) number, 
consisting of the first eight individual outputs (A0-A7) from the 
CPU, is presented to the external device input/output channel, 
thereby enabling the I/0 card. With the I/0 enabled, a PD8IN 
signal from the CPU allows the I/0 to transfer the external 
device data to the CPU on the eight DATA IN (DI0-DI7) lines for 
storage. The DIG 1 input to the CPU from the Interface is 
enabled during the 8800b run mode and allows the external device 
data to be stored in the CPU. The SINP and A0 through A15 
outputs are supplied to the Display/Control Card through the Inter
face Card to illuminate the INP (input} and ADDRESS LEDs on the 
8800b front panel. 

3-20. INPUT READ CYCLE DETAILED OPERATION 
The following paragraphs describe the Input Read Cycle 

operation in detail. Refer to Figure 3-7, Input Read Cycle 
Timing, during the explanation. The Input Read Cycle operation 

(M3} requires three 01 and 02 clock pulses. During each clock 
period, a specific operation is performed as described in the 
following paragraphs. 

During the latter portion of Tl, several outputs are gen
erated by the CPU (Figure 3-14); address data A0 through Al5 
(zone 88), status data 00 through D7, and a SYNC signal (zone C8}. 
The A0 through Al5 data contains the external device number 
(A0-A7 and A8-Al5 contain identical data) and is applied to the 
I/O card via the bus through non-inverting bus drivers U, P, and 
N (zone 89) on the CPU in order to enable the I/O card. The 
address data (A0-Al5) is also applied through inverters P, W, and 
X on the Interface Card (Figure 3-15, sheet 1, zone BS) and 
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presented to the Display/Control card. The A0 through AlS 
signals present on the Display/Control card (Figure 3-16, sheet 
3, zone A9-A4) light the appropriate A0 through AlS 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 lower eight address LEDs.) The 00 through 07 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 
D and E at this time because CS and DIEN are LOW. The SYNC out
put is applied to the clock generator F (zone B7), conditioning 

F to generate a signal during T2. 
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 BS), allowing 
the status data 00 through 07 to be stored into K. The status 
data present at the output of K conditions the I/0 card to send 
data to the CPU by enabling the SINP signal. 

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

At the beginning of T3, the external device data is trans
ferred to Mon the CPU via the bus. The external device data in 
(DI0 through 017) is applied to the CPU card (Figure 3-14, zone 
Bl) from the bus. The data is presented to the 8080 (M) through 
bi-directional gates D and E (zone C7), inverter bus drivers L 
and J (zone 84), and inverters Y and S (zone 83) by the PDBIN 
signal. 

At the latter portion of T2 and the beginning of T3, a OBIN 
output (zone C8) HIGH is generated by M. The D8IN output is 
applied to the DIEN inputs (zone C7) of D and E, pin 4 of NANO 
gate C (zone B4) and the bus pin 78 (zone Dl) as PDBIN: This 
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signal enables pin 6 of NANO gate C LOW (DIG l is HIGH when the front 
panel is not used}, allowing the data input from the I/0 card (DI0-

DI7) to be enabled through inverting_bus drivers Land J (zone 84) 
and applied through bi-directional gates D and E to M (zone C7). 
The data at the external device is presented on the bus by the 
occurrence of PDBIN. After the external device data is stored in 
the CPU, the P counter is incremented, thus ending the Input Read 

Cycle operation. 

3-21. CPU TO MEMORY DATA TRANSFER 
A CPU to Memory data transfer is accomplished whenever an 

instruction is encountered to perform this operation. For example, 
a store accumulator STA (0628) instruction requires the accumu
lator in the CPU to transfer its contents to memory. The STA 
instruction is fetched during Ml and its storage 1 oca ti on 
determined in memory read cycles M2 and M3. The accumulator data 
is transferred to memory by a Memory Write Cycle operation (M4). 

3-22. MEMORY WRITE CYCLE BASIC OPERATION (Figure 3-8) 
The Memory Write Cycle operation 1vill allow the CPU to 

transfer data to the memory. Several signals are generated by 
the CPU in order to transfer data to the memory. 

The SWO output from the CPU is applied to the Display/Con
trol through the Interface to light the WO (write out) LED on 
the 8800b front panel. The ADDRESS (XXX xxx8), consisting of 
fifteen individual outputs (A0-A15) from the CPU, is presented to 
the Display/Control and memory. The A0 through AlS signals light 
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 (D00-D07) transfer the CPU data to 
the memory for storage. The PWR and sour outputs from the CPU are 
·applied to the Interface to produce a MWRITE signal which allows 
the memory to store the data. 
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3-23. MEMORY WRITE CYCLE DETAILED OPERATION 
The 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 01 and 02 clock pulses. Each period performs 
a certain operation as described in the following paragraphs. 

During the latter portion of Tl, several outputs are 
generated by the CPU 8080 IC (Figure 3-14); Address data A0 
through A15 (zone B8), status data D0 through D7, and a SYNC 
signal (zone CS). The A0 through Al5 data contains the memory 
storage location address (ex. 000 2008) which is applied to the 
memory card via the bus through non-inverting bus drivers U, P, 
and N (zone B9) on the CPU in order to enable the memory. The 
address data (A0-Al5) is also applied through inverters P, W, and 
X on the Interface Card (Figure 3-15, sheet 1, zone BS) and 
presented to the Display/Control card. The A0 through Al5 signals 
present on the Display/Control card (Figure 3-16, sheet 3, zones 
A9-A5) light the appropriate A0 through AlS LEDs, indicating the 
memory location address. The D0· through D7 data i6 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 LOW. The SYNC output is 
applied to the clock generator F (zone B7), conditioning F to 
generate a signal during T2. 

During the beginning of T2, a LOW STSTB (zone 87) 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 BS) allowing the 
status data 00 through D7 to be stored into K. The status data 
present at the output of K indicates a write output operation is 
being performed. However, the distinction of whether the data 
from the CPU is being transferred to a memory or an external 
device is determined by the status of the SOUT signal (zone AS). 
During a Memory \frite Cycle, the SOUT signal is LOW and applied 
to the Interface Card (Figure 3-15, sheet 2). The SOUT signal is 
inverted HIGH by V and applied to pin 2 of NAND gate A (zone C3). 
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The SWO output from K is presented on pin 97 of the bus 
(zone 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 86) and presented to the Display/ 
Control card as SWO. The SWO signal present on the Display/ 
Control card lights the WO LED (Figure 3-16, zone C3) on the 
front panel of the 8800b, indicating data is being transferred 
to memory from the CPU. 

At the beginning of T3, the CPU data is transferred to the 
memory via the bus. The CPU data out (000 through 007) is 
applied to the bus (zone Cl) through bi-directional gates D and 
E (CS and DIEN are LOW) and non-inverting bus drivers M and W 
(zones C7 and C3). The bus data is presented to 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 CS) is generated LOW by M. The WR 
signal is applied to pin 77 (zone Dl) of the bus through non! 
inverting bus driver V (zone 08) as PWR. The PWR signal is 
inverted HIGH by U on the Interface Card (Figure 3-15, sheet 2, 
zone 83) and applied to pin 1 of NANO gate A (zone C3), enabling 
pin 6 LOW (SOUT is HIGH on pin 2). The LOW at pin 6 forces the 
output of NOR gate A (zone C2) HIGH which is applied to pin 68 
of the bus through non-inverting bus driver H (zone 82) as MWRITE. 
The MWRITE signal "allows the memory to store the.CPU data in the 
addressed memory location, thus completing the CPU to memory data 
transfer. 

3-24. MEMORY TO CPU DATA TRANSFER 
A Memory to CPU data transfer is accomplished whenever an 

instruction is encountered to perfonn this operation. For example, 
a load accumulator LOA (0728) instruction requires the specified 
addressed memory location to transfer its contents to the accumu
lator in the CPU. The LOA instruction was fetched during Ml and 
the specified memory location determined during the memory read 
cycles, M2 and M3. The memory data is transferred to the CPU by 
an additional Memory Read Cycle operation (M4). The M4 operation 
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requires the CPU to output the specified addressed memory location 
to memory, allowin~ the data in the specified addressed memory 
location to be transferred to the CPU in an identical manner as 
M2. 

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

3-25. CPU TO EXTERNAL DEVICE DATA TRANSFER 
A CPU to External Device data transfer is accomplished when 

an output instruction (3238) is fetched from a memory location 
during Ml, and the external device number (XXX8) is read from a 
memory location during M2 by the CPU. The data from the CPU is 
transferred to the external device by an Output Write Cycle 
operation·(M3). 

3-26. OUTPUT WRITE CYCLE BASIC OPERATION (Figure 3-10) 
The Output Write Cycle operation will allow the CPU to 

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

The SOUT and PSYNC external device ADDRESS (XXX8) number, 
consisting of sixteen individual outputs (A0-A7) from the CPU, 
is presented to the external device (I/0) to condition the I/O 
card. With the I/O conditioned, a PWR signal from the CPU allows 
the I/0 to transfer the CPU data via the DATA OUT (D00-D07) lines 
to the external device. The SWO output from the CPU is presented 
to the Display/Control through the Interface to light the WO (write 
output) LED on the 8800b front panel. The SOUT and A0 through Al5 
outputs are applied to the Display/Control through the Interface 
to light the OUT output and ADDRESS LEDs on the 8800b front panel. 
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3-27. OUTPUT WRITE CYCLE DETAILED OPERATION 
The fa 11 owing paragraphs describe the Output Write Cycle 

operation in detail. Refer to Figure 3-11, Output Write Cycle 
Timing, during the explanation. The Output Write Cycle operation 
(M3) requires three .01 and .02 clock pulses. Each clock period 
performs a certain operation as described in the following 
paragraphs. 

During the latter portion of Tl, several outputs are 
generated oy the CPU 8080 IC (Figure 3-14); Address data A.0 
through A15 (zone 86), status data D.0 through D7, and a SYNC signal 
(zone C8). The A.0 through Al5 data contains the external device 
number and is applied to the I/0 card via the bus through non
inverting bus drivers U, P, and N (zone 89) on the CPU in order 
to enable the I/O card. The address data (A0-Al5) is also 
applied through inverters P, W, and X on the Interface Card 
(Figure 3-15, sheet l, zone 85) and presented to the Display/ 
Control card. The A.0 through Al5 signals present on the Display/ 
Control card light the appropriate A.0 through Al5 LEDs, indicating 
the address of the external device. The 00 through 07 data is 
applied to K (zone 85) on the CPU through bi-directional circuits 
D and E. The status data is enabled through D and E at this time 
because CS and DIEN are LOW. The SYNC output is applied to the 
clock generator F (zone 87) which conditions F to generate a 
signal during T2. 

At the beginning of T2, a STST8 (zone 87) is generated LOH 
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.0 through 07 to be stored into K. The status 
data present at the output of K conditions the I/0 card to receive 
data from the CPU by enabling the SOUT and SWO signals. 

A SOUT output from K is presented HIGH on pin 45 of the bus 
(zone A4) through non-inverting bus driver X. The SOUT signal is 
applied through inverter V on the Interface Card (Figure 3-15, zone 
85) and presented to NANO gate A (zone C3) and the Display/Control 
card as SOUT. The SOUT signal disables NANO gate A to insure that 
a MARITE output is not produced when writing data to an external 
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device. It is applied to the Display/Control to light the 11 0UT 11 LED 
(Figure 3-16, sheet 3, zone B3), indicating data is being trans
ferred from the CPU to an external device. The SOUT output from 
the CPU (Figure 3-14, zone AS) is applied to the external device 
I/O 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 (D00 through D07) 
is applied to the bus (zone Cl) through bi-directional gates D and 
E (CS and DIEN are LOW) and non-inverting bus drivers M and W 
(zones C7 and C3). The bus data is presented to the external 
device and written in by the PWR signal. 

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

3-28. FRONT PANEL OPERATION 
A variety of functions may be performed through the operation 

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

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

The front panel switches allow the operator to assume control 
of the CPU. The CPU is controlled by a FRDY signal which is 
generated from the front panel display control circuits. T~e FRDY 
signal places the CPU in either a wait condition or a run operation. 

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

005, and STST8 signals are presented to the Stop/Run Control circuits. 
The presence of these signals insures that the CPU will stop during 
the first machine cycle of an instruction cycle. 

The CPU is placed in a single step (SS) or slow run operation 
by the generation of an SS or SLOW signal from the Switches and 
Decoding circuits. The SS or SLOW run operation allows the CPU to 
perform one instruction cycle. The SS signal is applied to the SS 
Control circuit, enabling (LOW) the SS signal. The SS signal allows 
the CPU to execute one instruction cycle by enabling the FROY signal. 
Upon the completion of the instruction cycle, the CPU attempts to 
perform another instruction cycle, but the PSYNC, D05, and STST8 
signals reset the SS Control circuits forcing the CPU to a wait 
condition. 

3-30. STOP OPERATION 
The stop operation allows the operator to use the switches on 

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

The RUN/STOP circuits are located on the Display/Control card 
(Figure 3-16, sheet 2, zone A9). With the RUN/STOP switch momen
tarily depressed, a LOW is applied to quad latch Cl, input 01. The 
occurrence of the next Cl3 clock (zone Al) causes the Q output at 
pin 3 of Cl (zone 89) to go HIGH which is applied to quad latch 
Nl, input 01. The next Cl3 clock causes the Q output at pin 7 of 
Nl (zone 89) to go HIGH which is applied to the D input of Ml. A 
HIGH present at D produces a clock pulse to set Ml, stopping the 
CPU. 

The clock pulse that sets Ml is derived from three signals: 
D05, PSYNC, and STST8 (zone D8). The signals are enabled during 
machine cycle l (paragraph 3-14) of an 8800b instruction cycle, 
and their presence generates a clock to Ml (zone C9). This insures 
that the 8800b stops during the first machine cycle of an instruc-
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tion cycle. The DOS signal is generated by the CPU {Figure 3-14, 
zone Cl) and presented to pin 39 of the bus as a HIGH through the 
bi-directional gate E (zone C7) and non-inverting bus driver W 
(zone C3) and applied to the Interface Card (Figure 3-15, sheet 2, 
zone C2). The DOS signal is inverted by Y (zone 82) and inverted 
again by Rl on the Display/Control Card (Figure 3-16, sheet 2, zone 
08) and applied HIGH to pin 3 of NANO gate 01 {zone C8). The PSYNC 
is generated by the CPU {Figure 3-14,zone Dl) on pin 76 of the bus 
as a HIGH through non-inverting bus driver V (zone 08) and applied 
to the Interface Card (Figure 3-15, sheet 2, zone A3). PSYNC is 
inverted by U (zone 83) and Rl on the Display/Control Card (sheet 5, 
zone 83) and applied HIGH to pin 4 of NANO gate 01 (zone C8). 

The STST8 is generated by the CPU (Figure 3-14, zone A4) to 
pin 56 of the bus as a LOW through non-inverting bus driver R and 
applied to the Interface Card (Figure 3-15, sheet 2, zone A4). The 
STST8 is inverted and then inverted again by the interface Card 
(sheet 2, zone A4) and applied to pin 5 of NANO gate 01 on the Display/ 
Control Card (Figure 3-16, sheet 2, zone C8) as a HIGH. These signals 
allow NANO gate 01 to produce a HIGH at gate Pl, pin 6 (zone C8), 
which sets Ml. The Q output of Ml goes LOW and is applied through 
Kl (zone A8) to enable all the front panel switches. The Q output is 
also presented to gate Pl which keeps a high on the CK input of Ml 
(zone C9), insuring that Ml remains set after the stop switch is 
released. 

Because Ml is set, the Q output of Ml (zone C9) is HIGH, 
disabling the RUN and FRDY signals. The FRDY signal is applied to 
NANO gate C on the CPU (Figure 3-14, zone A8) through the Interface 
(Figure 3-15, sheet 2, zone Al) as a LOW. This inhibits the RDYIN 
signal at F (Figure 3-14, zone 87) which disables the READY signal 
to M (zone AS), thereby halting the CPU. 

3-31. SINGLE STEP OPERATION 
The single step operation allows the operator to increment one 

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

The SINGLE STEP circuits are located on the Display/Control 
card (Figure 3-16, sheet 1, zone A8). With the SINGLE STEP/SLOW 
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switch momentarily positioned to SINGLE STEP, a LOW is presented 
to pin 1 of gate Pl (zone C8). The LOW input at Dl generates a 
clock pulse which sets Ml (zone A7), producing a LOW at the Q 
output of Ml. The LOW output is applied to pin 13 of gate Pl 
(zone C9), enabling the FRDY signal (zone 09). The CPU performs 
one instruction cycle with FRDY enabled. At the completion of the 
jnstruction cycle, the 005, PSYNC, and STST8 input (zone 08) enable 
NANO gate Tl, pin 12 (zone C6), LOW which produces a LOW at the 
output of inverter Jl (zone C6). The LOW clears the Ml flip-flop, 
thereby ending the first single step operation. Additional single 
step operations are enabled by 111omentarily depressing the SINGLE 
STEP/SLOW switch to SINGLE STEP. 

The 005 input is applied to pin 1 of NANO gate Tl through 
jumpers JE and JF (zone 07). If this jumper is removed, pin 1 
of NANO gate is always HIGH. Under this condition, the PSYNC and 

STST8 signals would reset Ml after each machine cycle. 

3-32. SLOW OPERATION 
The slow operation is very similar to the single step operation 

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

The slow circuits are located on the Display/Control card 
(Figure 3-16, sheet 2, zone AS). When the SINGLE STEP/SLOW switch 
is positioned to SLOW, a HIGH is presented to pin 9 of NANO gate 
Pl (zone 87). The HIGH at pin 9 enables the Cl8 clock (zone 07) 
from a 24-bit counter (sheet 1, zone Dl) through NANO gate Pl 
(sheet 2, zone 87). This clock enables pin 12 of gate Dl (zone C8) 
HIGH, providing a clock pulse to set Ml (zone A7), producing a LOW 
at the Q output, Ml. The LOW output is applied to pin 13 of gate 
Pl (zone C9), enabling the FROY signal (zone 09). With FROY 
enabled, the CPU performs one instruction cycle. At the completion 
of the instruction cycle, the 005, PSYNC, and STST8 input (zone 08) 
enable NANO gate Tl, pin 12 (zone C6), LOW which produces a LOW at 
the output of inverter Jl (zone C6). This LOW clears the Ml 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 OPERATION 
The reset operation allows the operator to reset the CPU at 

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

The reset circuits are located on the Display/Control card 
(Figure 3-16, sheet 2, zone A2). With the RESET/EXT CLR switch 
momentarily positioned to RESET, a PRESET signal (zone D3) is 
applied to the Interface (Figure 3:15, sheet-2, zone Dl) as a 
HIGH. The HIGH is inverted by Rand applied to pin 75 (zone Al) 
of the bus through non-inverting bus driver N (zone Bl). The CPU 
receives the PRESET signal and inverts it ~Nice 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 preven~s 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 applied to the Interface 
as a LOW. The LOW is inverted by R (Figure 3-15, sheet 2, zone 
B6) and applied to pin 70 and 20 on the bus to condition the 
memory. These signals are used to set or reset the protect/ 
unprotect circuits on the addressed memory board. 
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3-35. PROGRAMMABLE READ ONLY M8~0RY (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 Output. 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 funr

tions are discussed in detail. 

3-36. PROM BLOCK DIAGRAM (Figure 3-13) 
The PROM circuit contains eight individual programs which are 

used in conjunction with the following switches: EXAMINE/EX NEXT, 
DEPOSIT/DEP NEXT, ACCUMULATOR DISPLAY/LOAD, and ACCUMULATOR INPUT/ 
OUTPUT. Activating any of these switches produces a specific 
binary number on the RA4, RAS, RA6, and RA? lines (MSBs) from the 
Switches and Decodi..ig circuit. At the same time the RA4 through 
RA7 data is generated, a RESET signal is applied to the 4-Bit 
Counter, conditioning the RA0, RAl, RA2, and RA3 outputs (LSBs) 
to zero. The RA0-RA7 signals are applied to the PROM, and they 
represent an 8-bit starting address location. There are eight 
different starting address locations which correspond to the eight 
different front panel switch settings (refer to Table 3-2). Any 
of the eight different starting address locations are always even 
because of the resetting of the 4-Bit Counter. 

The PROM circuit outputs a DATA OUT (RD0-RD7) signal, consisting 
of eight individual lines, to either the Control Latch or the non
inverting bus driver F. The DATA OUT is transferred to one of 
these two circuits by the status of the RA0 signal from the 4-Bit 
Counter. When the RA0 signal is LOW, representing a PROM even 
address, the Control Latch receives the data. The even addresses of 
the PROM contain data that is used to enable the Control Latch 
output lines (Sl-S8). After the Control Latch receives the PROM 
data, a CLOCK signal increments the 4-Bit Counter to an odd PROM 
address location. During an odd PROM address cycle, the CPU will 
execute one machine cycle (assuming the SS bit has been set in the 
Control Latch). If the cycle is a memory read cycle, an instruction 
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Front Panel 
Operations 

Examine 

Examine Next 

Deposit 

Deposit Next 

Display 
Accumulator 

PROM 
Address 

160* 
161 
162 
163 
164 
l 6S 
166 
167 

260 
261 
262 
263 

320 
321 

322 
323 

340 
341 
342 
343 

344 
34S 

060 
061 
062 

I 

I 

I 
I 
I 
' 

I 
I 
I 
I 
I 
I 

i 

j 

TABLE 3-2. PROM Programs 

PROM 
DATA 

013* 
303 
203 
000 
103 
000 
000 
177 

013 
000 
000 
177 

206 
000 

000 
177 

013 
000 
206 
000 

000 
177 

013 
323 
013 

I 
I 

I 
I 
~ 

Function 

Set SS, s7, sa 
Jam Jump Instruction to CPU 
Set s1, S7, sa 
Jam A0-A7 switch data to CPU 
Set s2, s7, sa 
Jam A8-AlS switch data to CPU 
Clear control latch 
Stop 

Set SS, s7, sa 
Jam NOP instruction to CPU 
Clear control latch 
Stop 

Set Sl, S6, S7 
Put A0-A7 switch data and 
MWRITE pulse on bus 
Clear control latch 
Stop 

set ss, S7, sa 
Jam NOP instruction to CPU 
Set Sl, S6, ·S7 
Put A0-A7 switch data and 
MWRITE pulse on bus 
Clear control latch 
Stop 

set ss, S7, sa 
Output Instruction 
Set SS, S7, sa 

*All 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 

063* 377* Jam front panel address to CPU 
. 064 001 Set S8 

06S 000 Data in accumulator is 
transferred to the D0-D7 LEDs 

066 013 I Set SS, S7, S8 
067 I 303 I Jam jump instruction to CPU I 

070 043 I Set S3, S7, S8 I I 
l 

071 coo 
I 

Jam A0-A7 latch data to CPU 
072 023 Set S4, S7, S8 

i 073 000 Jam A8-Al5 latch data to CPU I 

074 000 I 
Clear control latch I 

l 

07S 177 Stop 
! 

: 
I 

Accumulator 220 013 i Set SS, S7, S8 
Deposit 221 333 Jam input instruction to CPU i 222 013 I Set SS, S7, S8 

I 

223 376 I Jam front panel address to CPU I 

203 
I 

Set Sl, S7, S8 224 I 

I 
I 

22S 000 i Data in accumulator is transferred to CPU I 
I 

226 013 Set SS, S7, S8 
227 303 Jam jump instruction to CPU 
230 043 Set S3, S7, S8 
231 000 Jam A0-A7 latch data to CPU 
232 023 Set S4, S7, S8 
233 000 Jam A8-AlS latch data to CPU 
234 000 Clear control latch 
23S 177 Stop 

Input from 300 013 Set SS, S7, S8 
external de- 301 333 Jam input instruction to CPU vice selected 
by ADDRESS 302 103 Set S2, S7, S8 -
switches A8-AlS 303 000 Jam A8-Al5 switch data to CPU 
*All PROM address and data information is octal. 
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Front Panel 
Operations 

i 

I 
I 
I 

Output from 
external de-
vice selected 
by ADDRESS 
switches AB-
Al5 

TABLE 3-2. PROM Programs - Continued 

PROM 
Address 

304* 
30S 

306 
307 
310 

311 
312 
313 
314 

31S 

240 
241 
242 
243 
244 
245 

246 
247 
250 
251 
2S2 
253 
2S4 
2SS 

PROM Function 
DATA 

001* 
I 
I Set SB 

000 Data in accumulator is transferred 
to specific I/O device 

013 I Set S5, S7, SS 
303 I Jam jump instruction to CPU I 

I 
Set S3, S7, SS 043 

000 Jam A0-A7 latch data to CPU 
023 Set S4, S7, SS 
000 Jam AB-AlS latch data to CPU 
000 Clear control latch 
177 Stop 

013 Set SS, S7, SS 
323 
103 

Jam output instruction to CPU 
SetS2,S7,SS 

000 Jam A8-AlS switch data to CPU 
001 Set SB 
000 Data is transferred from specific 

I/0 device to accumulator 
013 Set SS, S7, SB 
303 Jam jump instruction to CPU 
043 Set S3, S7, SS 
000 Jam A~-A7 latch data to CPU 
023 Set S4, S7, SS 
000 Jam AB-Al5 latch data to CPU 
000 Clear control latch 
177 Stop 

*All PROM address and data information is octal. 
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byte is supplied to the CPU on the FDI0-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 Sl through SS from 
the Control Latch. 

The Sl and S2 control lines enable the front panel switch data, 
A~ through AlS, to the Interface. The S3 and S4 control lines 
enable the Address Latch data, A0 through Al5, to the Interface. 
The SS control line enables the DATA OUT (RD0-RD7) from the PROM 
to the Interface. 

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

3-37. EXAMINE OPERATION 
The examine operation allows the 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 Vl (zone B7) and a HIGH at the output of the 
remaining Vl and Zl inverters (zonei B6 through 83). The LOW 
output is applied to pin 6 of gate Xl which generates a HIGH to 
set Ll (zone D4). The RC-CLR (LOW) and AL-STB (HIGH) outputs 
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from Ll reset a 4-bit binary counter to zero (sheet 2, zone 
A9) and strobes the current address data into data latches Bl and 
Tl (zone 86). The Ll latch is cleared by the C6 signal from the 
24-bit binary counter (sheet l, zone 03). The LOWs and HIGHs 
from the inverters are presented as RA? through RA4 inputs to the 
PROM (sheet l, zone 89). 

The RA0 through RA? inputs to the PROM (zone B9) represent an 
address location (160s). Thi.s location is the beginning of the 
examine program stored in the PROM. The data in address location 
l60s is presented on the RD00 through RD07 outputs (Ol3s) and 
applied to data latch A (zone 08). After the 4-bit binary counter 
(zone 89) is LOW during the even addresses (RA0=0), and a control 
strobe (CS) to DS2 (zone C8) is generated, the data present at 
latch A is stored by the A output. 

The CS strobe is produced by the 24-bit counter outputs C6, C7, 
and CS (zone 03). When the C6, C7, and CS counter outputs are 
HIGH, NANO gate V (zone OS) is enabled LOW, and CS (zone 06) is 
applied HIGH to the DS2 input of data latch A (zone CB). With 
DS2 and DSl enabled, the RD0 through RD? data (013s) is latched 
into A. The Ol3s data enables outputs SS, S7, and SB (zone 07) 
HIGH. Output SS is inverted LOW by Al (zone A6), enabling inverting 
bus drivers R and S. Outputs S7 and SS are applied to pins 3 
and 13 of NANO gates J (zone 06). With the PROM data stored in 
latch A and the associated circuits conditioned, NANO gate Z 
(zone A7) produces a clock pulse to INP A of the 4-bit counter 
(zone AS). When CS goes HIGH from the 24-bit counter (zone 03), 
the 4-bit counter, A output, goes HIGH which addresses PROM 
location 16ls· 

The data in address location 161 8 is present on the RD0 
through RD?" outputs 3038 . The 3038 data is transferred to the 
Interface on the FDI0-FDI7 (zone C2) outputs through enabled 
inverting bus drivers Rand S (zone A6). The data is not stored 
in Latch A because the A output (zone 89) of the 4-bit counter is 
HIGH (odd address RA0=1), disabling the DSl input (zone C7). The 

A output is applied to pins 1 and S of NANO gates J (zone 06). 
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The FDI0 through FDI7 data presented to the Interface Card 
(Figure 3-15, sheet 2, zone 08) represents a jump instruction to be 

stored in the CPU. The CPU cannot receive this instruction and 
execute it until the FDIG2 (zone 07) 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 ca outputs of the 24-bit counter on the 
Display/Control (Figure 3-16, sheet 1, zone 03) are HIGH, another 
CS signal (zone 06) is generated. The CS signal allows NANO gate 
J, pins 6 and 12, to produce SB (zone 04) and FDIG2 (zone .c2) 
signals. 

The SB signal is applied to pin 13 of gate Dl (sheet 2, zone 
CB) as a LOW, producing a HIGH clock pulse to set Ml (zone C7). 
The Q output of Ml is applied to pin 13 of NOR gate Pl and inverter 
Rl (zone 09), allowing the FRDY signal to release the CPU from its 
wait condition. 

The FDIG2 signal ;is applied to pin 12 of NOR gate B (Figure 
3-15, sheet 2, zone C7) on the Interface as a LOW which enables 
NANO gate B, pin 6, LOW (PDBIN is HIGH because the CPU is in a 
wait condition). The LOW enables the non-inverting drivers F 
(zone B7), allowing the PROM data (3038) to be applied to M on the 
CPU through bi-directional gates D and E on the CPU (Figure 3-14, 
zone C7). Because the READY line to M (zone AB) 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 DOS signals (sheet 2, zone 08) are inverted by Rl and applied 
to pins 11 and 10 of NANO gate Tl (zone 06}. These signals and 
SB (zone 08) enable Tl which generates a clear to Ml (zone C7), 
halting 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. NANO gate Z 
(sheet 1, zone A7} produces another clock pulse to INP A of the 
4-bit counter. When ea goes HIGH and returns LOW (zone 03), 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 R00 
through R07 outputs (2038) and applied to data latch A (zone 08). 
The data present at latch A is stored by the LOW A output (zone 
89) during even addresses (RA0=0) and the generation of the CS 
strobe (C6, C7, and ca HIGH). The 2038 data enables outputs Sl, 
S7, and S8 (zone 07).HIGH. Output Sl is applied through inverters 
Y and W (zone C4) to the A0 through A7 switches (open switch HIGH, 
closed switch LOW), and the switch information is presented to 
the Interface as FOI0 through FOI7. Outputs S7 and SS are applied 
to pins 3 and 13 of NANO gate J (zone 06) and are used to generate 
the FOIG2 and SB si~nals as described in the jump instruction 
transfer. With the data presented to the Interface Card and the 
associated circuits conditioned, NANO gate (zone A7) is enabled 
(CS HIGH), producing a clock pulse to !NP A, incrementing the 4-bit 
counter (zone AS) to address 1638. 

The data in address 1638 is not stored in latch A because it 
is an odd address. However, the A output (zone 89) is applied to 
pins 1 and 5 of NANO gates J (zone 06) as a HIGH, allowing the CS 
signal to produce the SB and FOIG2 outputs. The SB and FOIG2 
signals allow the transfer of the first eight address data bits 
(address switches A0-A7) to the CPU, and the operation is identical 
to the jump instruction. 

After the CPU receives the eight address bits, the 4-bit 
binary counter is incremented to address 1648• The data in 1648 
(01000110 - 1038) is stored in latch A (zone 07) because it is an 
even address. The 1038 data enables S2, S7, and S8 (zone 07) 
HIGH. Output S2 is applied to inverter Al (zone C6), gate Z (zone 
CS), and inverters W and U (zone C4) to the A8 through Al5 address 
switches. The switch information is presented to the Interface as 
FOI0 through FOI7. Outputs S7 and S8 condition NANO gates J (zone 
06) and are used to generate SB and FOIG2 during the next address. 
With the data present to the Interface and the associated circuits 
conditioned, NANO gate Z (zone A7) is enabled (C8 HIGH), producing 
a clock pulse to INP A, incrementing the 4-bit counter (zone A8) 
to address 1658. 

Address 1658 operation is the same as address 1638, allowing 
the A8 through 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 
07) 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 DI0 through 017 (zone Bl). 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 Bl). 
The data is enabled through the G data latch (sheet 3, zone B4) to 
the Display/Control (Figure 3-16, sheet 3, zone Dl) and displayed 
on the LEDs. The G latch (sheet 3, zone B4) is enabled because the 
RUN signal (zone A6) is HIGH, producing a HIGH at input MD of the 
data latch. 

While the memory data was being displayed, the 4-bit binary 
counter (Figure 3-16, sheet 1, zone A9) is incremented to address 
1678. The data in 1678 (01111111 - 1778) is applied to NANO gate 
N (zone B7), producing a HIGH at gate Z (zone B8). The HIGH at 
gate Z disables NANO gate Z (zone A8), inhibiting any following 
clock pulses to the 4-bit binary counter, thus ending the examine 
operation. 

3-38. ACCUMULATOR DISPLAY OPERATION 
The accumulator (ACC) display operation allows the operator 

to monitor the contents of the CPU accumulator. Refer to Table 
3-1, PROM Programs, during the explanation. The ACC display 
operation is activated when the ACC DISPLAY/ACC DEPOSIT switch is 
momentarily positioned to ACC DISPLAY. 

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 momentarily positioned to ACC DISPLAY, a LOW is 
generated at pins 8 and 10 of inverter Vl (zone BS), and a HIGH 
is generated at the output of the remai~ing Vl and Zl inverters 
(zones 87 through B3). The LOW outputs are applied to pins 6 and 
5 of gate Xl which generates a HIGH to set Ll (zone 04). The 
RC-CLR (LOW) and AL-STB (HIGH) outputs from Ll reset a 4-bit 
binary counter to all zeros (sheet 1, zone A9) and strobe the 
address in the P counter into data latches Bl and T (zone B6). 
The P counter address data is stored because the P counter incre
ments during the accumulator display operation. The original P 
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count is saved and restored in the CPU after the ACC display 
operation is complete. The Ll latch is cleared by the C6 signal 

from the 24-bit binary counter (sheet 1, zone 03). The LOW and 
HIGHs from the inverters are presented as RA7 through RA4 inputs 
to the PROM (sheet 1, zone 8Q). An ACC DSP signal (zone 03) is 
also applied LOW to the Interface (Figure 3-lS, sheet 3, zone Al), 
producing a LOW to the MD input of data latch G (zone A4). 

The RA0 through RA? inputs to the PROM (zone 89) represent 
an address location (060B). This location is the beginning of 
the ACC display program stored in the PROM. The data in address 
location 060B is presented on the RD0 through RD? outputs (0138 ) 
and applied to data latch A (zone DB). The data present at latch 
A is stored by the LOW A output (zone 89) during the even addresses 
(RA0=0) and the generation of a control strobe (CS) to DS2 (zone 
CB). 

The CS strobe is produced by the 24-bit counter outputs C6, 
C7, and CB (zone 03). When the C6, C7, and CB counter outputs are 
HIGH, NANO gate V (zone DS) is enabled LOW, the CS (zone 06) is 
applied HIGH to the DS2 input (zone CB). The RD0 through RD7 data 
(013s) is latched into A with DS2 and DSl enabled. The 013B data 
enables outputs SS, S7, and SS (zone 07) HIGH. Output SS is 
inverted LOW by Al (zone A6), enabling inverting bus drivers Rand 
S. Outputs S7 and SS are applied to pins 3 and 13 of NANO gates 
J (zone 06). With the PROM data stored in latch A and the asso
ciated circuits conditioned, NANO gate Z (zone A7) is enabled, 
producing a clock pulse to INP A of the 4-bit counter (zone AS). 
When CS goes HIGH from the 24-bit counter (zone 03), the 4-bit 
counter A output goes HIGH which addresses PROM location 061B. 

The data in address location 061B is present on the RD0 through 
RD? outputs (323s). The 3238 data is transferred to the Interface 
on the FDI0-FDI7 (zone C2) outputs through enabled inverting bus 
drivers Rand S (zone A6). The data is not stored in latch A 
because the A output (zone 89) of the 4-bit counter is HIGH (odd 
address), disabling the DSl input (zone C7). The A output is 
applied to pins 1 and S of NANO gates J (zone 06). 

The FDI0 through FDI7 data presented to the Interface (Figure 

3-lS, sheet 2, zone DS) represents an output instruction to be 

3-B4 stored in the CPU. The CPU cannot receive this instruction and 
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execute it until the FOIG2 {zone 07) 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 C6, C7, and C8 outputs of the 24-bit counter on the 
Display/Control {Figure 3-16, sheet l, zone 03) are HIGH, another 
CS signal (zone 06) is generated. The CS signal allows NANO gate 
.J, pins 6 and 12, to produce a FOIG2 {zone C2) and SB {zone 04) 

signal. 
The SB signal is applied to pin 13 of gate 01 (sheet 2, zone 

C8) as a LOW which produces a HLGH clock pulse to set Ml (zone C7). 
The Q output of Ml is applied to gate Pl and inverter Rl (zone 
09), allowing the FROY signal to release the CPU from its wait 

condition. 
The FDIG2 signal is applied to pin 12 of gate 13 (Figure 3-15, 

sheet 2, zone C7) as a LOW which enables NANO gate B, pin 6, LOW. 
The LOW allows the PROM data (3238) to be applied to Mon the CPU 
through bi-directional gates 0 and Eon the CPU (Figure 3-14, 
zone C7). Because the READY line to M (zone A8) is HIGH, the CPU 
inputs the 3238 data which is interpreted as an output instruction. 
After the completion of the machine cycle, the PSYNC and 005 signals 
(Figure 3-14, sheet 2, zone 08) are inverted by Rl and applied to 
pins 11 and 10 of NANO gate Tl (zone 06). These signals and SB 
{zone 08) enable Tl which generates a clear to Ml (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 
(00 through 07). NANO gate Z (sheet 1, zone A7) is enabled (CS 
HIGH), producing a clock pulse to INP A, incrementing 4-bit counter 
(zone A8) to address 062s. 

The data in address location 0628 is present on the R00 
through R07 outputs (0138) and stored in data latch A (zone 08) 
in the same manner as address 0608. This insures that the SS, S7, 
and SS outputs (zone 07) are enabled as in address 0608. After 
the completion of this operation, NANO gate Z (zone A7) is enabled, 
producing a clock pulse to INP A, incrementing the 4-bit counter 
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(zone A8) to address 0638. 
The data in address location 0638 is present on the RD0 

through RD7 outputs (3778) which is the I/O channel number for 
the front panel. Th.e 377 8 data is transferred to the CPU in the 
same manner as the output instruction at address 061 8. The 3778 
data allows the CPU to address the front panel and output the 
accumulator data to the 00 through 07 LEDs on the front panel. 
With the output instruction and front panel address number stored 
in the CPU, NANO gate Z (zone B7) is enabled, producing a clock 
pulse to INP A, incrementing the 4-bit binary counter (zone A8) 
to address 0648. 

The data in address location 0648 is present to the RD0 
through RD? outputs (001 8) and stored in data latch A (zone 08). 
The 001 8 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, NANO 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 0658 enables the SB signal (zone 04) as described in 
address 061 8. The CPU performs one machine cycle with SB enabled. 
During the one machine cycle, the CPU outputs address 3778 on the 
A0 - A7 and A8 - Al5 address lines to the bus (Figure 3-14, zone 
B9). The CPU also outputs accumulator data through bi-directional 
gates 0 and E (zone C7) and non-inverting bus drivers P and W 
(zone C3) to the data out (000-007) bus. The address data (3778) 
enables NANO gates Lon the Interface board (Figure 3-15, sheet 3, 
zone C6) LOW. The LOWs enable gate D (zone C4) HIGH which is 
applied through jumper JE/JF to pin 9 of NANO gate K (zone B4). 
During an output instruction, the SOUT and PWR signals (zone B6) 
are generated by the CPU \vhich enables NANO gate K (zone 84) 
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 1 atch G. 

The data from the CPU is presented to the Interface (sheet 1, 
zone Cl) and stored in data latch G (sheet 3, zone B4) during the 
output instruction because the STB and MD inputs are enabled. 
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The outputs of data latch G light the appropriate data LED (00-
07) on the Display/Control Panel (Figure 3-16, sheet 3, zone 02). 
After the machine cycle is complete, NANO gate Z (sheet 1, zone 
87) 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 08) and enables the SS, S7, and S8 outputs (zone 
07) HIGH. After the completion of this operation, NANO gate Z 
is enabled, and the 4-bit binary counter is incremented to address 
0678. Address 0678 contains a jump instruction (3038) which is 
stored in the CPU in the same manner as the previous instructions. 
The jump instruction will force the CPU back to the original P 
counter address which was stored in data latches Bl and T (zone 
BS) at the beginning of the ACC display operation. The remainder 
of the ACC disP.lay operation will transfer the address stored 
(A0-A7) in Bl and (A8-AlS) in T to the CPU. After the jump 
instruction is stored in the CPU, the 4-bit binary counter is 
incremented to address 0708. 

The data in address location 0708 is present on the RD0 
through RD7 outputs (0438) and applied to data latch A (zone 08). 
The data present at latch A is stored by the A output of the 
4-bit binary counter (zone 89) being LOW during even addresses and 
the generation of the CS strobe (C6, C7, and CS HIGH). The 0438 
data enables outputs S3, S7, and SB (zone 07) HIGH. Output S3 is 
applied to the DS2 input of data latch Bl (zone CS), presenting 
the output data (A0-A7) to the Interface as FDI0 through FDI7. 
Outputs S7 and SS are applied to pins 3 and 13 of NANO gate J 

(zone 06) and are used to generate the SB and FDIG2 signals as 
described in the previous instruction transfers. With the data 
present to the Interface and the associated circuits conditioned, 
NANO gate Z (zone A7) is enabled, producing a clock pulse to 
INP A, incrementing the 4-bit counter (zone AS) to address 071 8. 

The data in address 071 8 is not stored in latch A because it 
is an odd address. However, the A output (zone B9) is applied 
to pins 1 and S of NANO gates J (zone 06) as a HIGH, enabling the 
CS signal to produce the SB and FDIG2 outputs. The SB and FDIG2 
signals allow the transfer of the first eight address data latch 
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bits to the CPU, and the operation is identical to the previous 
instructions. 

After the CPU receives the eight address bits, the 4-bit 
binary counter increments to address 0728. The data in 072B 
(023B) is stored in latch A (zone 07) because it is an even 
address. The 023B data enables S4, S7, and SB (zone 07) HIGH. 
Output S4 is applied to the DS2 input of data latch T (zone A6), 
presenting the output data (AB-Al5) to the Interface as FDI0 
through FDI7. Outputs S7 and S8 condition NANO gates J (zone 06) 
and are used to generate SB and FDIG2 during the next address 
(073B). With the data present to the Interface and the associated 
circuits conditioned, NANO gate Z (zone A7) is enabled (CB HIGH), 
producing a clock pulse to INP A, incrementing the 4-bit counter 
(zone AB) to address 073B. 

Address 073B operation is the same as address 071B' allowing 
the AB through Al5 address data to be stored in the CPU. Address 
074B clears the data latch A (zone 07) 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 075B. The data in 0758 (1778) is 
applied to NANO gate N (zone 87), producing a HIGH at gate Z 

(zone 88). The HIGH at gate Z disables NANO gate Z (zone A8), 
inhibiting any following clock pulses to the 4-bit binary counter, 
thus ending the ACC display operation. 

3-39. 8800b OPTIONS 
The 8BOOb has several options which may be selected by the 

operator. Two options may be used on the Display/Control card, 
and three options·may be used on the Interface card. 

3-40. DISPLAY/CONTROL CARD OPTIONS 
The Display/Control card options contain a choice of front 

panel slow operation clock frequencies and a choice of completing 
one instruction cycle or machine cycle in single step or slow 
operation. The normal slow operation clock frequency requires a 
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connection between jumpers JA and JO (Figure 3-16, sheet 1, zone 
02). For slower operation, jumpers JB to JO or JC to JD may be 
connected. The normal single/step or slow operation requires a 
connection between jumpers JE and JF (sheet 2, zone 07) which 
allows the 8800b CPU to complete one instruction cycle before 
resuming a wait condition. However, if the operator wishes to 
execute one machine cycle after each single/step or slow operation, 
remove jumpers JE and JF which disables the 005 signal (zone 08). 

3-41. INTERFACE CARD OPTIONS 
One Interface Card option allows the operator to monitor any 

data from an external device on the 00 through 07 front panel LEDs. 
Data may be monitored from an external device if jumpers JA and 
JB are connected (Figure 3-15, sheet 3, zone C3). NANO gate K is 
enabled LOW when the 01, POBIN, and SINP signals (zone CG) are 
present during an external device to CPU data transfer. The LOW 
is presented through JB and JA (zone C3) to gate J which produces 
a HIGH to the STB input of data latch G (zone B4). The HIGH on 
STB allows the data present on the D0~-007 line (zone BG) to be 
displayed on the 00-07 LEDs on the front panel. 

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

3-42. 8800b POWER SUPPLIES 
The 8800b requires a positive 8 volt, 18 ampere supply, a 

positive 18 volt, 2 ampere supply, and a -18 volt, 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 
Tl. Two bridge rectifiers on the secondary of Tl produce the 
positive 8, 18, and negative 18 voltage supplies which are applied 
to the 8800b circuits. The positive and negative 18 volt supplies 
are pre-regulated by the Ql and Q2 transistor circuits en the power 
supply board. 
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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 regulated positive 
and negative 5 volt source and a regulated positive 12 volt 
source. These voltages are produced by VRl, VR2, and 02 circuits. 

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

The Display/Control card (Figure 3-20) requires an unregu
lated positive 8 volt source, a regulated positive 5 volt source, 
and a regulated negative 9 volt source. The regulated voltages 
are produced by the VRl and VR2 circuits. 
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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 problems. However, if the 
malfunction(s) cannot be rectified, send the unit to the MITS Repair 
Department or your local Altair dealer. 

Section IV is divided into five major sections : 
4-1) Introduction to Troubleshooting which contains general proce

dures that should always be followed, and IC static level 
charts showing the proper indications for the most common 
trouble areas; 

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

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

4-4) Non-PROM Related Switch Problems which concerns the RUN/STOP, 
SINGLE STEP/SLOW, RESET/EXTERNAL CLEAR and PROTECT/UNPROTECT 
switches; 

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

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

Before beginning the actual troubleshooting procedures, the Theory 
of Operation and Section 4-1 should be reviewed. Refer to these portions 

•• < bf . the rri~jiua 1 whe~ ne~ess.?:.~Y. .. , .· 
An oscilloscope and an inexpensive multimeter will be needed to 

perform these troubleshooting procedures. The oscilloscope should be 
used ta detect and measure pulses; the multimeter should be used to 
check val tage. 1eve1 s and can ti nui ty. 
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4-1. INTRODUCTION TO TROUBLESHOOTING 
A. Basic Troubleshooting Procedures 

Paragraphs 1, 2, 3 and 4 contain general instructions for testing 
!Cs, diodes, transistors and bridge rectifiers, respectively. These 
procedures should be followed each time the instructions (in the tables 
that follow) specify that one of the above mentioned components be 
checked. 

1. !Cs 

8800b 
May, 1977 

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 
should come in contact with more than one pin, erroneous 
readings and shorts may occur. (Note: Because the entire 
system is based upon the 8080 microprocessor chip, IC M on 
the CPU board, be especially careful when checking this 
component.) If the correct voltage is not present at the 
IC: 
1. Use the schematic to trace the signal back to its 

original source, checking for proper logic operation at 
each gate. 

2. Visually inspect the area surrounding the IC for solder 
bridges or opens. 

b. Never assume that when a signal leaves its source it will 
always reach its destination. ·Check for continuity with an 
ohmmeter (set at XlK ohms or higher to protect the res from 
the ohmmeter's current). If opens in the lands are found, 
solder over them. 

c. Check for power (Vee) and Ground at the IC. Several of the 
schematics (in the Theory of Operation section) contain 
charts indicating the Vee and Ground pins for each IC. If 
Vee and Ground are present, test the IC according to the 
steps below. 
1) For !Cs with sockets: 

a) Turn power off and remove the IC from its socket. 
b) Bend the suspected output pin up and reinstall the 

IC into its socket. 
c) Turn power on and check for proper logic operation. 

. . 4-5 



NOTE 
Removing an IC pin from its socket or from the 
board may change the IC's input level. When 
checking for proper logic, refer to the truth 
tables (pages 3-5 through 3-8) assoc.iated with 
that type of gate. 
d) If the IC does not operate properly, replace it. If 

it does operate properly, bend the pin back and 
reinsert it into the socket. Look for a solder 
short or bridge and repair as necessary. 

2) For res without sockets: 
a) Turn power off and cut the suspected IC pin where it 

meets the component side of the board. 
b) Bend the pin up and turn power on. 
c) Check for proper logic operation (as shown in the 

appropriate truth table) • 
. d) If the IC does not operate properly, replace it. If 

it does operate properly, resolder the pin to the 
board and look 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 1 t have to be removed from the board in order to test the IC, 
installation of sockets will aid in future troubleshooting and 
will prevent wear and tear on the board. 

2. Diodes 
Diodes can be easily tested with an ohmmeter set at XlOO 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 1 s anode lead 
and the ohmmeter's negative lead on the diode 1s 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 1s leads and check for a HIGH resistance reading (above lK 
ohms). If the diode 1 s readings do not correspond with the readings shown 
here, the· diode should be replaced. 

4-6 
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3. Transistors 
Transistors can be tested with an ohmmeter set at XlOO 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. 
Ql, Q2 and Q3 on the CPU board and Q2 on the Power Supply board are NPN 
transistors. Ql on the Power Supply board is a PNP transistor. 

Transistor Resistance 
Ohmmeter Lead Placement NPN Transistors PNP Transistors 

Positive lead 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 lead to collector 
Positive lead to collector HIGH resistance LOW resistance 
Negative lead to base 
HIGH = 2K ohms or higher 
LOW = 1 K ohms or 1 ower 
4. Bridge Rectifiers 

Unplug the chassis, remove the AC wires to TBl and refer to the 
Diode testing instructions on page 4-6 to test the bridge rectifiers. 

B. Normal Output Voltage Levels 
1. TTL Gates (7400 Series ICs) and MOS ICs: 

Condition 
Valid LOW 
Valid HIGH 

Voltage 
.av or less 
2v - 4v 

An output in the range of .av - 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, Band 
Kon the Display/Control board, must be connected to +5v or +av 
to operate properly. The outputs of ICs Y, Wand U are tied to 
Vee through resistors R41-R4a when the corresponding address 

ssoob switch is in the 11 up 11 position. When the switch is tn the down 4-7 
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position, the output will be disconnected from Vee and will not 
allow signals to go through. 

3. Tri-State Buffers (when enabled) 
Condition 
Valid LOW 
Valid HIGH 

Voltage 
.av or lower 
2v or higher 

An output in the range of .av - 2v indicates a problem. (Note:~s 

Voltages can vary ,:!:_10%.) 
When disabled, tri-state buffers will have various voltages at 
their outputs. 

C. Static Levels 

4-a 

1. IC Levels 
Table 4-1, starti~g on page 4-9, shows the proper static levels of 
the most common problem areas, assuming the computer is in a 
"stopped" state (Ml, J.EMR and WAIT). 

8800b 
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~ 
I 

\0 

Board 
Display/Control 

Table 4-1. Static Levels of the Most Common Problem Areas 

Schematic 1£ Pin Ii 

3-16, sheet l of 3 G 17 • 18. 19. 20 
p 2, 8, 9. 11, 14 
p 12 

N 8 

A 4, G, 8, 10, 15, 17, 
19, 21 

R 15. l 

s l 
y l. 3, 5. 11, 9, 13 

w 13, 9, 11, 5, 3, l 

u 1, 9, 11, 13 

J 8, 12 

z 5 

v B 

J 4, 2 

El 6 

A 13 
3-16, sheet 2 of 3 Cl, Fl, Ill , Gl, 

Nl , Ul , Yl , Wl 9 
Vl 6, 2, 4, 12, 8, 10 

Zl 2,4,6,B, 10, 12 

Kl 13 

Ml 11 
Ml 8, 13 

Ll 3, 5 

Sta tic Leve 1 
HIGH 
LOW 
llIGll 

LOW 

LOW 

HIGH 
llIGH 

LOW 

LOW 

LOW 

HIGll 

CB (see waveform #5, page 4-30) 

llIGH 

cs 
cs 
cs 

Cl3 (see waveform 14, page 4-29) 

HIGll 

ll!GH 

LOW 

LOW 
ll!Gll 

LOW 



~ Table 4-1 (continued) 
I __, 

0 

Board Schematic E. · Pfn # Static Level 

L1 1 l:b' (see waveform #6, page 4-30) 

Rl 12 llIGH 
Ml 2 LOW 

Ml 1, 3, 5 HIGH 

Interface 3-15, sheet 3 of 3 G 2, 13, 14 HIGH 
G 1 • 11 LOW 

K 6 HIGH 
D 10 LOW 

J 11 HIGH 

K 8 HIGH 

3-15, sheet 2 of 3 B 6, 2, 12, 13 HIGH 

E 2, 4, 6, B, 10, 12 LOW 

M 2, 12 LOW 

A 12, 13, 6, 2 HIGH 

A 1, 8 LOW 

N 6, 10 LOW 

N 4, 2 HIGH 

H 14 LOW 
CPU 3-14 c 6, 13 LOH 

c 8, 4 HIGH 

M 23, 12 LOW 

D, E 15 HIGH 

F 7. 2 llIGH 



2. Mother Board Static Levels 

Bus # 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12* 
13-17 
18 
19 
20** 
21** 
22 
23 
24 

25 

8800b 
May, 1977 

Table 4-2 shows the proper static levels of the mother board, 
assuming the computer is in a 11 stopped 11 state (Ml, MEMR and 
WAIT). Note that the levels on the pins of the 8080a (ICM 
on the CPU board) are reflected on the mother board as well 
as the front panel LEDs. For example: 

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

HIGH pulses on pin 27 (address line A2) of IC M on the CPU 
board produce pulses on bus pin 81, which cause A2 on the front 
panel to light (dimly). 

Table 4-2. Mother Board Static Levels 

Sl'.mbol Name Static Level 
+8v +8 volts 
+18v +18 volts 
XRDY EXTERNAL READY. HIGH 
VIO VECTORED INTERRUPT LINE #0 LOW 
VIl VECTORED INTERRUPT LINE #1 LOW 
VI2 VECTORED INTERRUPT LINE #2 LOW 
VI3 VECTORED INTERRUPT LINE #3 LOW 
VI4 VECTORED INTERRUPT LINE #4 LOW 
VIS VECTORED INTERRUPT LINE #5 LOW 
VI6 VECTORED INTERRUPT LINE #6 LOW 
VI? VECTORED INTERRUPT LINE #7 LOW 
XRDY2 Extra READY Line HIGH 
Not Used 
STA DSB STATUS DISABLE HIGH 
CIC DSB COMMAND/CONTROL DISABLE HIGH 
UNPROT UNPROTECT LOW 
SS SINGLE STEP LOW 
Jl:DD DSB ADDRESS DISABLE HIGH 
DO DSB DATA OUT DISABLE HIGH 
132 PHASE 2 CLOCK See waveforms 2 and 

3, page 4-26 
~1 PHASE l CLOCK See waveforms 2 and 

3, page 4-26 
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Bus # Sl!!JbOl Name Static Level 
26 PHLDA HOLD ACKNOWLEDGE LOW 
27 PWAIT WAIT HIGH 
28 PINTE INTERRUPT ENABLE LOW 
29 AS ADDRESS LINE #S 
30 A4 ADDRESS LINE #4 
31 A3 .. ~DpRE~S LINE #3 
32 AlS '.:ADDRESS LI NE #1 S 

33 Al2 .;ADDRESS LINE #12 

34 A9 _;_AD.DRESS LINE #9 

3S DOl · DATA OUT LINE #1 
36 DOO .. DATA OUT LINE #0 
37 AlO ADDRESS LINE #10 
38 D04 DATA OUT LINE #4 
39 DOS DATA OUT LINE #S 
40 D06 DATA OUT LINE #6 
41 DI2 : ·DATA IN LINE #2 
42 DI3 DATA IN LINE #3 
43 DI7 DATA IN LINE #7 
44 SMl Ml (Instruction Fetch Cycle) HIGH 
4S SOUT OUT (Output Write) LOW 
46 SINP INP (Input Read) LOW 
47 SMEMR MEMR (Memory Read) HIGH 
48 SHLTA HLTA (Halt Acknowledge) LOW 
49 CLOCK CLOCK See Waveforms 2 

and 3, page 4-28 
so GND GROUND 
Sl +av +8 volts 
S2 -18v -18 volts 
S3** SSW DSB SENSE SWITCH DISABLE HIGH 
54 EXT CLR EXTERNAL CLEAR HIGH 
S5 RTC REAL TIME CLOCK 
56* STSTB STATUS STROBE HIGH 
S7** DIGl DIGITAL #1 HIGH 
SS** FRDY Front Panel READY LOW 
S9-67 Not Used 
68 MWRT MEMORY WRITE LOW 
69 'PS PROTECT STATUS HIGH BBOOb 
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Bus # Slmbol Name Static Level 
70** PROT PROTECT LOW 
71** RUN RUN LOW 
72 PROV READY HIGH 
73 PINT INTERRUPT REQUEST HIGH 
74 PHOLD HOLD HIGH 
75 PRESET RESET HIGH 
76 PSYNC SYNC LOW 
77 PWR WRITE HIGH 
78 PDBIN DATA BUS IN HIGH 
79 AO '·'ADDREs·s LINE #0 
80 Al ADDRESS LINE #1 
81 A2 ADDRESS LINE #2 
82 A6 ADDRESS LINE #6 
83 A7 ADDRESS LINE #7 
84 A8 ADDRESS LINE #8 
85 Al3 ADDRESS LINE #13 
86 Al4 ADDRESS LINE #14 
87 All ADDRESS LINE #11 
88 002 DATA OUT LINE #2 
89 003. DATA OUT LINE #3 
90 007 DATA OUT LINE #7 
91 DI4 DATA IN LINE #4 
92 DIS DATA IN LINE #.5 
93 DI6 DATA IN LINE #6 
94 Dil DATA IN LINE #1 > -
95 DIO DATA IN LINE .#0. .. 

96 SINTA INTA (Interrupt Request Acknowledge) LOW 
97 SW WO (Write Operation) HIGH 
98 SSTACK STACK LOW 
99 POC POWER ON CLEAR - HIGH 
100 GND GROUND 
* = Not used in 8800a system. 

** = Not. used in 8800b Turnkey system •. 
Note: If a static level is not indicated, the signal can be either 

HIGH or LOW. 
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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: 

1. Look for solder bridges. 
2. Look for leads that have not been soldered. 
3. Look for cold solder connections (cold solder connections do 

not have a 11shiny 11 appearance). 
4. Examine the board's lands for 11 hairline opens" or bridges. 11 

5. Check the ICs for proper pin placement and good socket connec
tions. 

6. Examine the electrolytic and tantalum capacitors for proper 
polarity. 

7. Examine the diodes for proper polarity. 
8. Examine the LEDs for proper polarity. 
9. Check the color codes on all resistors. 

B. Wiring Inspection 

4-14 

CAUTION 
The computer should be unplugged for this check. 

T. 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 (TBl). · Check for resistance (about 100 ohms) between pins 
2 and 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 
ing of more than 100 ohms 
mother board to TBl. 

block pins 2, 10, 1 and 7. If a read
appears, inspect the_wiring from the 
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4-3. PRELIMINARY CHECK 
The procedures outlined in Section 4-3 are general tests that should 

be made before going on to the specific problems presented in Sections 
4-4 and 4-5. Follow the instructions in the order in which they are 
given, and always complete each step before going on to the next. 
1. Before installing the boards and applying power to the computer, 

use an ohmmeter to check the resistance of the edge connectors on 
the mother board. Test the consecutively numbered pins down each 
row (1, 2, 3 •.• etc.}, then cross check the pins (l-51, 2-52 • 
etc.). A LOW resistance reading should appear at pins 1, 50, 51 and 
100. If a LOW reading appears at any other location, examine the 
back of the board for solder bridges or etching errors. 

2. Turn the computer on and check for the following voltages on the 
Power Supply board's terminal block (TBl). See page 5-58 in the 
Assembly section of the manual 

Pin # o/Vt. '( 
--;/~ 

2,G) 4 
10 

l 

7, 8 

for pin locations. 
Voltage 
+av to +lOv (unregulated) 
+16v to +l8v (pre-regulated) 
-16v to -18v (pre-regulated) 
Ground 

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

a. If· the +8 voltage is absent from pins 2, 3 or 4 of TBl, check 
for AC at pins l 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 l and 2 of TB2, check the wiring from TB2 to 
BRl and from BRl to TBl • If AC i_ s present at BRl , but no output 
voltage appears across the"+" and"-" pins of BRl, BRl is 
probably defective and should be replaced. 
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