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ALTAIR 8800b COMPUTER







1-1. SCOPE

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

1-2. ARRANGEMENT

This manual contains five sections
as follows:

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

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

3. Section IIl contains a detailed
theory explanation of the ALTAIR
8B00b circuit operaticn.

4. Section IY contains trouble-
shooting information for the
ALTAIR 8800L.

5. Section ¥ contains the detailed
assenbly instructions for the
ALTAIR 3800b.

SECTION I
INTRODUCTION

1-3. DESCRIPTION

The ALTAIR 8300b computer (Figure
1-1) is a general purposa, byte-
oriented machine {8-bit word).

It uses a common 100-pin bus struc-
ture that allows for expansion of
efther 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 2800b
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 voitages to the
ALTAIR 8BOOb computer bus, a posi-
tive and negative 18 velts. It
includes a bridge rectifier circuit
and associated filter capacitors, a
10-pin terminal bTock comnector,
and the regulating transistors for
the positive and negative 18 volt
supplies.

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

The Interface Board buffers all
signals between the display/contral
board and the ALTAIR 8800b bus. It
also contains eight parallel data
lines which transfer data to the CPU
from the Display/Contrgl board.
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Figure 1-3. Interface Board



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

The CPU board controls and processes
all instructions and data within

the ALTAIR 3800b computer. It con-
tains the Intel Corporation model
8080A microprocessor circuft, the
master timing circuit, efght input
and eight output data Tines to the
ALTAIR bus control circuits.

1-7. ?IgPLAY/CUNTROL BOARD_(Figure

The Display/Control Baoard conditions

all ALTAIR 88005 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

cantrol circuits, and control cir-

cuits to condition the CPU.
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Figure 1-5.  Display/Controi Board ’J
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2-1. GENERAL

(H/ The Operators Guide contains information on the ALTAIR 8800h
computer {8800b) front panel controls and indicators. It fneludes
general switch operation exercises and a sample program which is
intended to familiarize the operator with the various front panel
operatfons. Provided n 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 s contained with your unit.

2-¢. FRONT PANLL SWITCHES AND INDICATORS

The Front Panel switches permit the operator to perform various
ALTATR 8800t 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 Tablie ?-1 for an explanation of each,

Figure 2-1. Altair 8300b Front Panel
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Tabie 2-1.

ALTAIR 8800b Switches and Indicators

Switch

Function or Indication

POWER ON/OFF

STOP/RUN

SINGLE STEP/
SLOW

EXAMINE/
EX NEXT

Applies power to the ALTAIR 8800b

The RUN position ailows the CPU to process
data and disables all functiens on the
front panal except reset. The STOP pos-
ition conditions the CPU to & wait state
and epabTes 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 positian allows execu-
tion of machine or instruction cycles

at a rate of approximately 2 cycles per
second. (Mormal speed is approximately
50¢,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 AQ-a75 MEMORY switches, The
contents at that address are displayed
on the DATA D0-D7 indicators. The EX
NEXT position allows the gperator to
examine the next seguential memgry
address. Each time EX NEXT is actuated,
the contents of the next saquential
memary address are displayed.




o

Table 2-1, ALTAIR 3800b Switches and Indicators - Continued

‘Switch

Function or Indication

DEPOSIT/
DEP NEXT

RESET/
EXT CLR

PROTECT/
UNPROTECT*

ACCUMULATOR
DISPLAY/LOAD

circuit.

The DEPOSIT position stores the contents
of the lower address switchas {AQ-A7)

Tnto the memory address that is displayed
on the MEMORY address AU-ATS indicators.
The DEP NEXT position stores tha contents
of the lower address switches (A0-A7) into
the next successive memory address.

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

The PROTECT position conditions the
write pratect circuits on the currently
addressed memory board, preventing data
in that block of memory from being
changed. The front panel or the CPU
cannct 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 tha DATA DO-D7 indicators.
The LOAD position allows the lower

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

*Protect switch only applies to wemory boards with a protect

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

Switch or Indicator

Function or [ndication

INPUT/
OUTPUT

Address Switches
AQ-ATS

SENSE switches
A8-A15

MEMORY AQ-AlS
PROTECT

INTE

MEMR

INP

M1

T

The INPUT bosition allows an external
device, selected on the 1/0 AD-A7 switches
{upper efght address switches), to input
data into the CPU accumulator. The
QUTPUT position allows an external de-
vice, selected on the I/0 AD-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 2 one bit and the
down position denotes a zero bit.

The upper eight address switches {AS-
A15) also function as SENSE switches.
The data present on these switches is
stored in the accumuiator if an fnput
from channel 377, {front paneT)-is exe=
cited.

Display the memory address being examiped
or loaded with data.

Memory is protected.

Interrupts are enabled.

The CPU is reading data from memory.

An external device is inputting data
ta the CPU.

The CPU {5 in machine cycTe one of an
instruction cycle.

The CPU fs outputting data to an
external device.

ApriY, 1977
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Table 2-1. ALTAIR 8B00b Switches and Indicators - Continued

Indicator

Function or Indication

HLTA
STACK

WO

INT

DATA D0-07

WAIT
HLDA

Ao

£30

o

The CPU 1s in & halt condition.

The address bus contains the address
of the stack pointer.

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

The CPU has acknowledged an fnterrupt
reguest.

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

The CPU is in a wait condition.

The CPY has acknowledged a hold
signal.

1, 1977
b
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2-3. FRONT PANEL SWITCH APPLICATIONS

The foligwing switch applications are intended to familiarize
the gperator with the ALTAIR 8800h front panel switches .and indica-
ters. Perform the operations in a sequential manner as shown in the

following tables.

2-4. POWER ON SEQUENCE (Table 2-2}

The power on saquence resets the CPU program counter to the first
memory address and places the CPU in a wait condition at the beginning
of an instruction cycle. :

Table 2-2. Power On Sequence

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

D0-D7 indicators may also
be on. A1T ather indicators
are off.

2-5. RLN QPERATION jIEp1e 2-3})

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

Takle 2-3. Run Operation

Stap Functian Indication

1 Momentarily positfon the | WAIT indicator ig off
STOP/RUN switch to RUN. {or may be dimly iit).
Tha machine can now gxe-

cute a program.

Apei1, 1977
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2-6. STOP OPERATION (Table 2-4)

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

Table 2-4. Stop Operation

Step

Function

Indication

1

Positfon the STOP/RUN
switch to STOP.

WAIT; MEMR, and MT indicators
are on. The operator now

has control of the frant
panel.

2-7. [EXAMINE MEMORY OPERATION (Tahle 2-5)

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

TahTe 2-5. Examine Memary Operation

Step

Function

Indication

Position the address
switches AQ-A1S

down.

Position the EXAMINE/
EX NEXT switch to
EXAMINE.

Position address
switches Al and A2
up.

Position the EXAMINE/S
EX NEXT switeh to
EXAMINE.

A0 through Al5 indicators are
off, indicating memory address

lacation 0008 is being examined,

DATA 00 through D7 indicators
are displaying the contents
of location 0008.

Al and A2 indicators are on,
indicating memory address 0068
is being examined. DATA DO
through D7 indicators are dis-
playing the contents of loca-
tion 0058‘

Aortl, 1977
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2-8

2-8. ALTERING MEMORY CONTENTS (Table 2-5)

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

Table 2-6. Altering Memory Contents
Step Function Indication
1 Position address switch
A5 up and the remaining
switches down.
2 Position the EXAMINE/ A5 indicator s on, indi-
EX MEXT switch to EXAMINE | cating memory address 0408. :
DATA 00 through D7 indf-
cators are displaying the
contents of locatien 040,.
3 Position the AQ through
A7 address switches up.
4 Position the DEPOSIT/DEP | DATA D0 through D7 indi-
NEXT to DEPOSIT cators are on, indicating
the new data that has been
placed in address lacation
0408.
2-9. EXAMINE NEXT MEMORY LOCATION (Table 2-7)

This procedure allows the operator to examine the next sequential
memory location, as determined by the address switches.

NEXT switch to EXAMINE

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

on, fndicating memory
address 0418.

Aprit, 1977
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TabTe 2-7. Examine MNext Memory Location - Continued

Step

Function

3

Position address
switches A1, A4, and
A6 up, and the remain-
ing switches down.
Position the DEPOSIT/
DEP NEXT switch to
DEPOSIT

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

Position the EXAMINE/EX
NEXT switch to EXAMINE

Position the EXAMINE/EX
HNEXT switch to EX KEXT

Indication

DATA D7, D4, and D6 in-
dicators are on.

A5 indicator is on, in-
dicating memory address
0408. DATA DO through
D7 indicators are on.

AS and AQ indicators are
on, indicating address
0418. DATA 01, D4, and
06 indicaters are on.

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

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

Table 2-8. Altering Next Memory Contents

Function

Indication

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

AQ and A5 indicators
are on.

Aoedl, 1977
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Table 2-8. Altering Next Memory Contents - Continued

Step Function Indication
4 Pasition the DEPQSIT/ Al and AS indicators are
DEP NEXT switch to DEP on, indicating 0428.
NEXT DATA DO through D7 are

on, displaying the new
contents of Tocation 0428.
5 To verify, positicn ad-
dress switches A5 and Al
up, and the remaining
switches down,

6 Fositign the EXAMINE/ Al and A5 indicators are
EX NEXT switch to EXAMINE [ on, and DATA DO through
: D7 are on.

2-11. LODADING AND DISPLAYING ACCUMULATOR DATA {Table 2-9)
This procedure allows the vperator to load new data into the

accurmiiator or check the contents of the accumuiator.

Table 2-9. Loading and Displaying Accumulator Data

Step Function indication

1 Position address switches
AQ, Al, and A2 up, and the
remaining switches down.

2 Position the ACCUMULATOR

i DISPLAY/LOAD switch to LOAD

3 Position the ACCUMULATOR DATA DO, 01, and 02
DISPLAY/LOAD switch to indicators are on
DISPLAY whila "DISPLAY" is

activated.
2-19 Aopdt. 1977
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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 folTlows:

0. LDA

1. MOY B,A
2. LDA

3. ADD B
4, 5TA

5. JMP

The mnemonics for all 78 E300b instructions are explafned in detail in
the excerpt from the Intsl 8080 Microcomputer System User’'s Manual con-
tained in this section. However, the instructions used in this program
are explained as follows:
0. LDA--Load the accumulator with the contents of a specified
memary address.
1. MOV B,A--Move the contents of the accumulator into registsr B.
2. LDA--Same as G,
2. ADD B--Add the contents of register B fo the contents of the
accumulator and store the resuit in the accumuiatoer.
4, STA--Store the contants 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 thes first
instruction), causes the CPU to "Jump" back to the beginning of the sample
program and execute the program repeatedly until the CPY is halted. With-
out a JMP instruction the CPU would continue to run randomly through memery.

2-13. _LDADING THE PROGRAM

To 1oad the program into the 8800b, first determine the memory
addrasses 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 Tocated at memory address 2008 {10 000 oO0G),
the second at memory address 2018 {10 000 001}, and the sum will be
stored in memory address 2(]28 {10 000 0710). Mow that the memory addresses

have been specified, the program can be converted into 1ts machine bit

patterns (Table 2-10}).
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Table 2-10.

Machine Language Bit Patterns

MNEMONIC BIT PATTERN EXPLANATION
L1DA 200 63 111 01¢ Load Accumulator in the CPU with con-
10 000 000 tents of Memory address 2004 {2 bytes
00 000 000 vequired for memory addrasses)
MOV B,A 01 000 113 Move Accumulator data to Register B
LDA 201 00 111 010 Load Accumulator with the contents
10 060 GOV of Memory address 2018
Q0 000 00¢
ADD B 10 000 QO0C Add Register B to Accumulator
STA 202 G0 110 070 Store the Accumulator contents
10 000 010 in Memory ;ddress 2023
00 000 000
JMP Q00 11 066 0N Jump to Memory location 0.
00 000 000
G0 00C 000

The octal equivaient of each bit pattern {s also frequently
tncluded in the program listing., It is easy to load octal numders
on the front panel switches, since it is only necessary o know
the binary equivalents for the numbers 0-7. The resulting program,
including octal equivalents, may be written as shown in Table 2-11:

2-12
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Table 2-11. Addition Program

MEMORY MMEMONIC BIT PATTERN OCTAL EQUIVALENT

(_/ ADDRESS
000 LBA 200 00 111 010 072
Qo1 (address) 10 000 Qo 200
002 {address) 20 200 000 gaoo
Qo3 MOV B,A 01 000 111 107
004 LDA 207 80 111 010 072
005 (address) | 10 000 007 201
006 {address) G0 000 000 ao0oQ
007 ADD B 10 600 000 200
0lg STA 202 00 411 010 082
on {address) 10 000 010 202
012 {address} 00 000 0OQ 000
03 JMP 000 17 000 017 3013
pia (address) oe oo Oqg gaao0
015 {address) Q0 000 coo o000

(~/ Using the fromt panel switches, the program may now be entered
into the computer. To begin toading the program at the first qENOTY
address 000, position the RESET/CLR switch to RESET. The data to be
stored in address 000 is entered on address switches A0 through A7.
After the address switches are set, position the DEPOSIT/DEP NEXT
switch to DEPOSIT to enter the AQ-A7 hit pattern into memory address
000. Enter the second byte of data on the address switches and pos-
ition the DEPQSIT/DEP MEXT switch to DEP MEXT. The bit pattern will
be lcaded automatically into the next sequential memory address (001).
Continue loading the data into memory far the remainder of the pro-
gram. The complete program lecading procedure is shown in Table 2-12:

(“/
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Table 2-12. Addition Program Loading

MEMORY ADDRESS CONTROL SWITCH
ADORESS SWITCHES

DATA 0-7

RESET

000 00 111 010 | DEPOSIT
007 10 000 000 | DEPOSIT NEXT ;
002 00 000 000 : DEPQSIT NEXT ?
003 01 000 113 5 DEPOSIT HEXT |
004 00 111 010 | DEPOSIT NEXT :
005 10 000 601 | DEPOSIT NEXT E
006 00 000 000 | OEPOSIT NEXT i
067 10 000 00C | DEPOSIT NEXT 5
010 00 110 C10 | DEPOSIT NEXT :
on 10 00C 010 | DEPOSIT NEXT
012 00 000 000 | DEPOSIT NEXT
013 11 000 017 | DEPOSIT NEXT
04 00 000 000 | DEPOSIT NEXT
015 00 000 00O | DEPOSIT NEXT

April, 1977
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The program is now ready to be run, but first it is necassary to
store data at each of the two memory addresses {2003 and 20]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 EXAMINE.
Now Yoad any desired number into this address by using address switches
AD=-A7. When the number has been loaded onto the switches, position the
DEPOSIT/DEF NEXT to DEPOSIT to Joad the data into memory. To load the
next address, enter a second number an the address switches AQ-A7 and
position the DEPOSIT/DEP MEXT switch to DEP NEXT., Since sequential
memory addresses were selected, the number will be Toaded automatically
into the proper address {10 000 0012). Once the program has been loaded

and the two numbers kave been stored in memory locations 2008 and 20]8. : :
the program can be run. Return to address 000 by positioning all AD-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
pasition 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 MEXT switch ta EXAMINE. The result is
displayed on the DATA DO0-D7 indicators.

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

Pages 2-16 through 2-65 are excerpts from the Intel 2030 Micro-
computer Systems User’s Manual, reprinted by permission of Intel
Corporation, Copyright 1975. Included is detafled Central Processor
Unit, Interface and Software information pertaining to the 8080
Microcomputer System.
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This chaptar inroduces cartain basic computer con-
apts, 1t provides beckground information and definitions
whizh will be usaful i later chaptars of this manual. Thote
aiready farmiliar with computars may skip this material, at
their option.

A TYPICAL COMPUTER SYSTEM

A& typical digital compatar consists of:

a) A cantral processor unit (CPU)

bi A memoary

¢t Imputiautous (YO ports

The memory serves as 3 piacn to ttare Instuctions,
the coded piecas of informarion that direct the activities of
the CPU, and Datw, the coded praces of information that are
procasad by the CPU, A group of logicaily retated instruc-
tions stored it Memory is raferred to as a Progrsm. The CRU
“reads” each ingtruction frem memory in a logically deter-
minad wquance, and uses it T iRiTtiaTA processing actions.
If the arogram seaquencs is cohferant and lagical, grocessing
the program will produce intedligible and usatul results,

The memaory is alsa used to store the data o be manip-
ulatadt, as weil as the instructions that direcr that manipu-
lation. The program must be arganized such thet te CPU
dost not read a non-ingtrUcTion word when it sxpect to
sam an insruction. The GPU can rapidly accass any data
stored in mamary: but oiten the memory $ noT large snouglt
ta store the antire cata bank requirad for a partieular appli-
cation, The problem can e resclyed by providing the com-
putar with one or mare Ingut Ports. The CPU cart address
thesa ports and input the dara contained thers, The addition
of input ports enables ther computer to receive Information
from exterral sguipment fsych as 2 paper tape reader of
flappy disk) ac hign rates of spead and in large voiumes

A computer also requiras ane ar more Cutput Porty
that parmit the CPU to eommunicata the result of its pro-
cessing to she curside world, Tha outpur may go to a dis
piay, for use by a human gperarar, 10 a peripheral device
that produces “'hard-gopy,” sieh 3s 3 line-printer, to a

2-16

peripheral storage device, such as a Haoppy disk unit, or the
QUEPUT May Constitule Prodnss cantrol signals that direct the
aperarions of another systemn, such a3 an qutomared assambly
line. Liks input ports, output ports ara addressubie, The
input ard outhut parts tagether permit the prodessor o
communicate with the cutside worid. '

The CPU unifies the system. It controls the functions
parformed by the other componsnts, Tha CPU muat s able
to fetch instructicna from memory, decode their hinary
contents and exesute them, It Mussaiso ba able to refersnce
memory and 1/0 parts as y in the ion of in-
structions. In addition, the CPU shauld ba abie tor recognize
and raspond 0 certain extermal control sigrmais, such as
INTERAUPT and WAIT requests. The functional units
within @ CPU that snabie ic t parfarm thase functions are
destriban balow,

THE ARCHITECTURE OF A CPU

A wypicat cantrzl procassor unit {CAL) consists of the
fotlowing intarcannected funcrionai units:

s« Ragistars

«  Aritheetic/togie Unit (ALU)

«+ Controi Circuitry

Ragistars are tmporary frarage units within the CPU.
Same ragisters, sucl! as the program counter and ingructian
register, have dedicated uses. Jther registgrs, such a3 the ac-
cumuiator, are Tor more genaral pUFROSS Lse,

Aceumuiator:

The accumyistor usually stores one of the gparands
to be manipulated by the ALU. A rypical instruction might
direct the ALLl to add the contanty of some ather register 10
the cantants af the aecumuistor and stora the rasuit in the
acrurmulator itsslf. 10 ganeral, the accumulator is bath a
source {operand| and a destination (result! ragister,

Often a CPU will include 3 number of additianal
gensaral purpose registars that can ba used o fors aperands
or intermadiate data. Tha availability of gensral purpose
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registers aliminates the nsed to “shuffle” intermediate re-
sults back and farth betwesn memory and the accumulatar,
thus improving processing speed and efficiency,

Pragram Counter (Jumps, Subroutines
and the Stack}):

The instructions that make up a program are stored
in the system’s memory. The cantral procassor references
the contants of mamory, in arder tg datermine what action
is appropriate, This means that the processor must Krow
which location containg tha next instruction,

Each of the locations in memary it numbesad, to dis-
tinguish it from all other iocations in memary. The number
whtich idantifiss 2 memory lacation is cailed its Addresy,

The pracessor maintains a counter which contains the
address of the rext program instruction, This register is
¢alled the Program Counter. The processor updates the pro-
gram counter by adding 1" to the counter each time it
fatchesan instruction, so that the program counter is siways
current |pointing to the next instruction),

The programmer therefore storas his instructiong in
numerically adjacent addresses, sa that the iower addressas
contain the first instructions to be executad and tha higher
addrasses contain latar instructions, The anly tima the pro-
grammer may violate this sequential rute is when an instruc.
tivn in ore section of memory 5 2 Jump instruction to
anather section of memary,

Ajump instryction epntaing tha address of the instruc-
don which /s to follow it, The next instruction may be
stored fn any memary location, as long as the programmied
jump specifies the correct address, Quring the execution of
a jurnp ingtruction, the processor replaces the contents of its
pragram counter with the address embodied in the Jumn,
Thus, the logical cantinuity af tha program is maintained.

A special kind of pragram jump occurs when the stored
prageam “Calls™ a subroutine. In this kind of jump, the pro-
cassor is required to ‘remermber’™ the contents of the pro-
gram counter a1 the timae that the jump occurs, This enables
the processor to resume exacution af the main program
when it is finished with the last inttruction of the subroutine.

A Subroutine is a program within a program, Usualiy
it is a general-purpose set of instructions that must be axe-
cuted rapaatedly in the course of a main program, Routinasg
which caiculate the sguara, the sine, or the lagerithm of a
program varfabile are good exampies of functions gften
writtan as suoroutines, Cther axampies might be programs
desigred for inputting or outpurting dara ta a particular
peripheral devics,

Tha processor has a special way of handling sub
routings, in order to insure an ordarly return to the main
prc-rgram. When the processor receives 2 Call instruction, it
intrements the Program Counter and stores the counter’s
contents in a reserved memaory area known as the Stack.
The Stack thus saves the address of tha instruction to be
exacuted after the subroutine is compiletad, Then the pro-
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cestor loads the address spacified in the Cail into its Pro-
gram Counter. The next instruction ferched wiil therefore
ba the first stap of the subroutine,

The last instruction in any subrautine isa Aeturn. Such
an instruction nesd specify no addrass. When the procsssor
fetches a Return instruction, it simply replaces the current
contants of the Program Counter with the address on the
top of the stack. This causes the processor to rasuma axecu-
tion af the cailing program at the point immediately foliow-
ing the original Call Instruction.

Subiroutines are often Nestad; that is, one subroutine
will sometimes cali a second subrouting, The secand may
call a third, and s0 on, This is perfactiy acceptabie, as Iong
as the processar has enough czpacity fo store the necessary
return addresses, and the logical provision far doing so. In
other words, the maximum depth of nasting is determuned
by the depth of tha stack irsalf. if the stack has space for
storing thred return addresses, then three levels of subrou-
Tines May be accommodated.

Procagsors have different ways of maintaining stacks.
Some have facilities for the storags of return agdrasgas built
intg the processor itsalf, Other processors use 3 reserved
area of external memory as the stack and simply maintain a
Pointar register which contains the address of the most
recent stack entry, The axtarnal stack allows virtuaily un-
firmitad subrautine nesting. |n addition, if the pracassor pro-
vides ingtrustions that cause the contants of the accumulater
and other genaral purpose registars ta be “pushed’” onta the
stack or “'popped”” off tha stack via the address stored in the
stack peinter, multi-level interrupt processing {described
later in this chaprer) is possible. The status of tha processor
(i, the contents of all the registers) can be saved in the
stack when an intarrupt is accepteg and then restored afrer
the interrupt has baen servicad, This ability to save the pro-
cessor's status at any given tume is possibie aven if an intar-
rupt service routine, itelf, is interrupted

Instruction Register ana Dacoder:

Every camputer has 3 Word Length that is characteris-
tic of that machine. A computer's ward length is usually
datermined by the size of its internal storage etements and
intareonnecting paths (raferred to as Busses); for example,
a computer whose ragistars and bussas can store and trans-
far 3 hits of infarmation has a characreristic word tengrh af
Gbitg and is referred 1o as an 8-hit paraliel processor. An
zight-bit parallel processor generally finds it most efficient
1o deal with sight-bit bingry fields, and the memory asso-
ciated with such a procassar i therefore organized to store
eight bits in each addressable memary location, Data and
instructions are stored in memory ad eight-bit binary num-
pers, ar as numbers rhat are integrai multipies of aight birs:
16 bits, 24 bits, and so on. This characteristic eight-bit fiekd
is aften referred to 45 a Byta.

Each cperation that the procgssor can perform s
idantifien by 2 unigue byte of data known 25 an |nstruction
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Coda or Opwration Coda, An sight-hit word used as an in.
struction code can distinguish barween 256 alternative
actions, more than adequate far most processors,

The processor fatchas an instruction in two distinet.

oparations, 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 byta in 4 register known as tha Instruction
Ragistar, and wsas it 1o direct activities during the remainder
of the instruction #xecutian.

The rmechanism by which the processor transiates an
instruction code into specific processing actions reguires
mare elaboration than we can here afford. The concapt,
however, should be intuitively clear to any lagic designer.
The eight bits stored in the instruction register can be de-
coded and used to sslectively activate one of 2 number of
qutput linas, in this casa up to 2566 lines. Each line rapre.
sents 3 set of activities associated with execution of a par-
ticutar instruction code. The enabled line can be cambined
with seizgted timing pulses, to develop electrical signals that
can then be used to initiate speeific acrions. This transla-
tion of code into action is performed by the Instruction
Dacoder anc by the associated control circuitry,

An sight-bit instruction code i3 often sufficiant to
specify & particular pracessing action. There are times, how-
aver, when execution of the instructian requires more infor-
mation then eight bits can convey,

Cne axampis of this is when the instruction refer-
ances a memory |lacatian, The Basic nswuction cada iden-
tifies the operation to be performed, but cannot specify
the object address as well. In a case liks this, § two- or three-
bryta insrructinn must be used. Sucressive instruction bytes
are stored in sequentiaily adigcant memory |geations, and
the processar performs Two or three fetchas in successian to
abrain the full instrugtion. The first byte remrieved from
memory is placed in the grocessor's instruction register, and
subsequent bytes are piaced in temporary sigrage; the pro-
cessar then proceeds with the execution phaze. Such an
ingtruetion is refarred to as Variable Langth.

Address Registar(s}:

A CPL may use a register ar register-pair to hoid the
addrass of 3 memory |ocation that is to be Jccesed for
data. If the address register is Prograsmmabie, (ie., if there
are instructions that allow the programmer to aiter the
contents of the register) the program cen “build™ an ad-
dress in the address register prior 1o executing a Mamary
Refarance instruction {i.e., an instructian that reads data
from memory, writes data 1o memory or cperates on data
stored in memory). '

Arithmetic/Lagic Uniz (ALU):

All processory eontain an arithmetic/logic unit, which
it oftan referred to simply as the ALLL The ALU, as is
name impliss, is that portian af the CPU hardware which
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performs the arithmetic and logical operations on the binary
data.

The ALU must contain an Addar which is capable of
combining the cantents of two registers in accordance with
the |ogic of binary arithmetic, This provision permits the
procassor to perform arithmetie maniputations on tha data
it obtaing from memory and from its other inputs,

Using only the basic adder a capabig programmer can
write routines which will subtract, multiply and divide, giv-
irg the machina piete arithmetic bilitias, [n practice,
however, most ALUs provide other built-in functions, in-
cluding hardwars subiraction, boolean logic aparations, and
shift capabilities,

The ALL conrains Flag Bits which spegify certain
conditions that arise in the course of arithmetic and logicai
manipulations. Flags typigally includa Garry, Zeto, Sign, and

Parity. It i3 possible o program jumps which are condi-.

tionaily depandent on the status of one or more flags. Thus,
for example, the program may be designed o jump o 3
spacial rostine if the carcy bit is set following an addition
ingtruction.

Cantrol Circuitry:

The contred circuitry is the primary functions| unit
within a CPU. Using clock inputs, the cantrot circuitry
maintains the proper sequance af events required for any
pracessing task_ After an instruction is fatched and decoded,
the control gircuitry idsues the appropriats signais (1o units
both internai and external 1o tha CPU} for initiating the
groper procesiing action, Qften the controd circuitry will be
capable of responding to external signals, such as an inter-
rupt or wait request. An Interrupt request will cause the
control eircuitry to temporarily interrupt main program
execution, jums to a special routine to sarvice the interrupt-
ing device, then autsmatically return to the main program.
A Whait reguest is often issued by a memary or /O etgment
that operates slower than tha CPU, The cantral cireuitry
will idle the CPU untii the memary or 1/O port is ready with
ihe data.

COMPUTER OPERATICNS

Thera ara cortain operations that gre basic to almost
any computer. A sound understanding of thesa basic apera.
tions is a necesary prereduisite o axamining the specific
pperations of 2 particular camputer.

Timing:

The activities of the cantral processor are cyclical. The
processor fetches an insgruction, performs the gperations
required, fetches the next instruction, and so on, This

arderly sequence of events requires precise timing, and the
CPU therefare requires a fres running oscillator clock which

furnishes the refarence for all processor actions. The com-

bined feteh and exetution of & single instrietion is referred
1o a5 an Instruction Cycte, The portion of a cycle identifieg
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with a clgarly defined agtivity is cailed a State. Ard the inter-
val between puisas of tha riming oscillator is raferred to a5 a
Clock Period. 45 a general rule, ona ar mora clock periads
ara necessary far the compietion of a state, and there are
several states in a cycle,

Instruction Fetch;

The first stazel{s) of any instruction cycle will be
dadicated to fetching the next instruction. The CPL issues a
read signal and the cantents of tha program counter ara sant
to memory, which responds by returning the next instruc.
tion word. The first byta of the instructian is placed in the
instruction ragistar. If the instruction congists of more then
ane byte, additicnal states are reguired to fetch each byte
of the instruction. When tha entira instruction is present in
the CPU, the program counter is incrementad {in prapara-
tian for the next instruction fatch] and the instruction is
decoded. The opsration specified in the instruction will be
axecuted in the remaining states of the instruction cyecle.
The instruction may call for a memary read or write, an
input or authut and/or an intarnal CPU operation, such as
a register-to-register transfer or an add-registers operation,

Memory Resd:

An instructian fetch is merely a special memory raad
operation that brings the instruction to the CPU's instrue-
tion register. The instruction fetehad may then call for data
to ba read from memory into tha CPU, The CPU again issues
areed signal and sends the proper Mamory address; memary
responds by retusning the reguested ward. The data re-
caived 15 placed in the accumulator or ane of the other gen-
eral purpose registars (not the instruction register),

Memory Write:
A memory write operation is similar to 3 read axcapt
for the direction of data flow. The CPU issues a write

signal, sends the praper memory address, then sends the data

ward 1o be writtan into the addressad memory Geation,

Wait {memary synchronization):

As previoualy stated, the activities of the processor
erg timed by a master clock osciilator. The cloek period
datermines the timing of il pracassing activity.

The speed of the processing cycle, however, is limited
by the memory’s Accass Time. Once the processar has sent s
read addrass 10 mamory, it cannat procyed until the memory
has had time to rexpond. Most memories ara2 capable of
respanding much faster than the procassing cycle requires,
A few, howaver, cannot supply the addressed byts within
the minimum time astablished by the processor’'s clock.

Therefore a procassor should contain a synchraniza-
tign provision, which permits the memory to request a Wait
state. When the memary receives a read or write ¢nabig sig-
nal, it places 2 request signai an the processor’s REAQY line,
causing the CPU 10 idte amporarily. After the memaory has
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had time to respond, it frees the processor’s READY line,
and the instruction cycle proceeds.

input/Output:

tnput and Qutput operations are similar to memary
read and write operations with the excaption that a peri-
pheral 1/0 device is addressed instead of a memoary lazatian,
The CPU issues the appropriate input or autput control
signal, sands: the proper devicy addrest and eithar receives
the data being input or sends the data to be ourput,

Data can ba inputiautput in either parailel or serial
form, All data within a digital computer is regresanted in
binary coded form. A binary data word cansists of 7 group
af bits: each Lit is either a one or 3 zero. Paraild /0 con.
sists of transferting all bits in tha ward at the sama time,
one bit per line, Serial /0 consists of transferring one bit
&t 3 timg onp a single line. Naturaily sarial /O is mouch
siower, but it requires considerabiy less hardware than does
paralled /0,

Intarrupts:

Interrupt  provisions are includad on many central
processors, 23 a means of impraving the processor’s effi-
ciency. Consider the case of a computer thar {5 processing a
large volume of data, portions of which are 10 be output
to a printer. The CPU can outpur a byte of data within a
singie maching cvcte but 1t may take the printer the egquiva-
lert of many machine cyeles 1o actually print the character
specified by the data byte. The CPU couid then remain idle
waiting until the printer can accapt the next data byte, [f
an interrupt capability 15 impiemented on the compurter, the
CPU can output a data byte than return to data processing.
Whan the printar ig ready t5 accapt the naxt data byte, it
can raguest an intsrrupt. When the CPU acknowledges the
interrupt, it suspends main rogram axecution and auto-
maticaily branches to a routine that will outpur the naxt
data byte, After the byre is qutpur, the CPU continues
with main program execution. Note that this is, in principie,
quite similar to a subroutine call, except that the jumn is
initiated extarnally rather than by the program.

More complex interrupt structures are possible, in
which saveral interrupting davices shara the sama peocassor
but have different prigrity levels. Interruptive processing is
an important feature that enablas maximum untilization of
4 procassor’s capacity for high system throughout,

Hold:

Another impartant featurs that improves the through-
put of a procassor is the Hold. The hold provision enabies
Direct Mantary Accets (OMA) cperations.

In prdinary input 2nd output sparations, the processor
itself supervises the entire dara transfer. Infarmation to he
placed in memaory is transferrad from the input device to the
processor, and then from the processor to the designated
memery location. In simitar fashion, informatian that goes
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~ from memory 10 cutput devices goes by way of the
pracassor,

Some paripheral devices, howaver, are capabie of
transferring information to and from memary much faster
than the processor itsalf can zaecomplish the transfer, If any
appraciable quantity of data must be transfarred ta or fram
such a devica, fhen system throughput will be increased by

having the device actomplish the transfar direetly, The pro-
cetsor must tamporarily suspend its operation during such &
transfer, to prevent conflicts that would arise if procassor
and peripheral devica attempied (o 3CCRST MEmaQry simul-
tanecusty. It is for this reason that a hold provision is in-
cluded on some processars.
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Tha 8080 iz a complets 8.hit parailel, central processar
unit {CPLY far usa in geraral purpose digital cormputer sys-
tems, It is fabricated on g single L31 chip {see Figure 2-10.
using |ntal’s n-channel silicon gate MQS process. Tha 8080
transfers data and internal state information via an g-bit,
bidirectional 3 -stata Data Bus [Dg-O7}. Memory and peri-
pheral device addresses are transmitted over a separate 16

bit 3estate Address Bus (Ag-A1g}. Six timing and control
outputs (SYNC, DBIN, WAIT.WR, HLDA and INTE) eman-
ate from the 8080, while four control inputs (READY,
HOLD, INT and RESET). four gower inputs {+12v, +8v,
-Gy, and GNDJ and two clogk inputs {¢p1 and ¢} are ac-
cepted by the 8080.
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Figura 2-1. 8080 Photomicrograph With Pin Designatiens
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ARCHITECTURE OF THE 8080 CPU

The 8080 CPU consists of the following functionat
units;

» Repister array and address logic

« Arithmatic and logic unit (ALY
.+ Instruction register and contral saction
Bi-directional, 3-stata data bus buffer

Figure 2-2 illustrates the functional blocks within
tha 8080 CPU,

Registers:
The regicter sectipn cunmisty of a static RAM array
organized inta six 18-bit registers:

® Pragram counter (PC)

Stack pointar (SPI

Six B-bit general purpose regitters arranged in pairs,
referred to as B,C; O.E; and H,L

A remporary register pair calied W.Z

Tha pragram counter maintains the memory addrags
of the current pragram instructian and {s incremanted auto-

maticaily guring svery instruction fetch, The stack pointer
mairtains the address of the next availagle stack location in
memory, The stack pointer can ba initialized o use any
portion of read-write memory as 2 stack. The stack painter
is decremented when data is “pushed” onto the slack and
incramented when data is “popped” off the stack {i.g., the
stack grows ‘dowmward*').

The six general purpose registers can be used either as
singta registers {B-bit} or as registar pairs (16-bit). The
temporary register pair, W2, is not program addressable
and is only usad for the internal execution of instructians,

Eight-tnt data bytes can he transferred betwsen the
internal bus and the ragister array via tne register-select
multipiaxer, Sixteen-bit transfers can praceed batwsen the
reqister array and the address ‘atch or the ingrementer/
decrementer circuit. The address latch receives data from
any of the threa register pars and drives the 15 addrass

" putput buffers [An-At5), as wall as the ircrementer/
decremanter cireuit. The incrementer/decrementer circuit
receives data from the address latch and sends it o
1he register array. The T6-bit data can be tncrementsd ar
dacremanted or simply transterrad betwesn registers,
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* Figurs 2.2, 83080 CPU Functional Blogk Diagram
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Arithmatic and Logic Unit {ALU):
The ALU cortains the follawing registars:

* An §-bit accumuiator
+ An §-bit temporary accumuiator {ACT)

« A 5.bit flag registar: zero, carry, sign, parity and
auxiliary carry

» An 8:-bit temporary register (TMP}

Acithenetic, logicsl and rotate operations arg par-
formeq in the ALU. The ALU is fed by the temporary
register (TMP} and the tempaorary accumulator {ACT) and
carry Fflip-flop. The result of the operation can be trans-
tarred to the internal bus or to the accurnulster; the ALL
aiso feads the fag register,

The temporary register (TMP) receives informaticn
fram the intarnal bus and can send all or portions of it to
tha AL, tha flag register and the intarnat bus,

The aceumulator [ACC) can be loaded from the ALU
ang the internai bus and can transfer data 1o the tamporary
accumulator {ACTY and the intarnal bus. The contems of
the accumulatar {ACC}H and the auxiliary carry flip-flap can
be testad for decimai correction during the execution of the
DAA inztruction {see Chapter 4},

Instruction Register and Control:

During an instruction ferch, the first byte of an in-
siruction {containing the (P code) is transfarred from the
internal bus o3 the B-kit instruction register,

Tha contents of the insfuction register are, in turn,
available to the instruction decoder. Tha output of the
decoder, combinged with verious timing signals, provides
the cantrol signals for the regivter array, ALU and data
huffer blocks. \n additien, the outputs from the instruction
decoder and external cantrod sigrials fesd the timing ang
state contral section which ganerates the state and cycle
timing signals,

Data Bus Buifer:

This B-bit bidirectional 3-state buffer is used
isalate the CPU's internal bus from the sxtarnal data bus
{Op through T7). In the output mode, the internal bus
cantent is loaded inta an B-bit latch that, in turn, drives the
data bus output buffers, The output buffers are switchay
off during input or nan-transfer operations.

During the input mods, data fram the external data bus
is transferred to the internal bus. The internal bus is pre-
charged at the beginning of 2ach intarnal state, except for
the transfer state {T3—described later in this chapter).

April, 1377
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THE PROCESSOR CYCLE

An ingruction cycin s defined =5 tha time required
to fetch and executs an instruction, During the fstch, &
selected ingTruction (one, two ar three bytes) is extracted
from memory and depasited in the CPU'S instructian regis-
ter. During the execution phase, the instruction is decoded
and translated into spacific procassing activities.

Every instruction cycle consists of one, twa, three,
four or five maching cycles. A macshing cvcle is required
each time the CPU accessas memary or an /O pert. The
feteh portian of an instrueticn cycle requires one maching
cyeie for each byte to be fatched. The duration of the execu-
tiont gortian of the instruction cycle depends on the kind
of instrugtion that has hean fetched. Some instructions de
not regquira any machine cycles other than thase necessary
to feteh the instruction; other instructions, however, re-
quire additional machine tycles to write or read data to/
fram memory or t/Q devices. The DAD instruction is an
exception in that it reguires two additianal machine cycles
to camplete an internal régister-pair add (see Chapter 4),

Each machine cycle consists of three, four or fiva
states. & state is the smallest unit of processing activity and
is defined as the intarval betwesn two SUCCESSive POSITIivE-
gqoing transitions af the &1 driven clock puise, The 3080
isdriven by a twoephase clack oscitfator, All processing actiy-
ities are raferred to the period of this clock, The two non-
averlapging clock pulses, labeled ¢y ang 49, are furnished
by external circuitry. 1T is the ¢y clock gulse which divides
each maching cycle into states. Timing logic within the
8080 uses the clock inputs to produce 2 SYNC puise,
whigh identifies the beginning af svery machine cycte, The
SYMC puise is triggared by the low-to-uigh transition of @2,
as shown in Figure 2-3.

FIAST STATE QF
"EVERY MACHINE
CYCLE

o Y\ AN
w _| /N
SYNG _____/_—.—'—\______

"2YNC DOES NOT DCCUR I THE SECOND AND THIRD MACHINE
CYCLES OF A DAD INSTAUCTIOM SINCE THESE MACHINE CYCLES
ARE USED FOR AM INTEANAL REGISTER-PAIR A0O,

Figura 2-3.01, 2 And SYNC Timing

There are thres exceptions to the defined duration of
a state. They are the WAIT stare, the hoid {HLDA) state
and the halt (HLTA) state described later in this chapter,
Secause the WAIT, the HLDA, and the HLTA states depand
upon external avents, they ars hy their nature of ingdeter-
minate length. Even thess exceptional states, howevar, must
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ba synchronized with the pulses of tha driving clock. Thug,
the duration of all states are integral multiples of the clock
period.

To summarize then, sach clock period marks a state;
three 10 five states constituta a machine cycle; and one to
five machine cycies comprise an instruction cycle, A full
instruction cycle requires anywhere from four ta eight.
teen 3tates for its completion, depsnding on the kind of in-
struction invalved,

Machine Cycle ldentification:

With the exception of the DAD instruetion, tharg is
just orne consideration that determings how many machine
cycles are required in any given instruction cycie: tha num-
ber of times that the processor must refersnce 3 memory
sddress or an addressable peripheraé device, in order to
fetch and exacuts the instruction, Like many procsssors,
the 3080 is so constructsd that it can transmit only one
address per machine cycie. Thus, if the fetch and execution
of an instruction requires two mamory referencas, then the
instruction cycla associated with that instruction consists of
two machine cycles. If five such references ara called for,
then the instruction cycle contains five machine cycles.

Every instruction cycle has at least one referance to
memory, during which the instruction is fatched. An in-
struction cyele myst slways have a fatch, even if the execu-
tion of the instruction reguires no further references to
rmamary, The first machine cyele in every instruction cycla
i5 therefora @ FETCH. Beyond that, thers are na fast rules.
It dapends on the kind of instructian that is fetched.

Congider some examples, The add-reqister [ADD r}
instruction is an ingtruction that requires anly a singie
maching gycle {FETCHF for its enmplation, 1n this one-byte
instruction, the contents of one of che CPU's six genaral
purpose registers is added ta the existing contents of the
accumulator. $ince ail tha information necsssary to axacute
the command is contained in the aight bits of the instruction
code, onty one memary refarenca is necassary. Thres states
are usad to gxtract the instruction fram memory, and ane
additional state is used to accomplish the desired addition,
The entire instruction cycle thus requires anty one machine
cycte that consists of four states, or four periods of the ax-
ternal clock,

Suppose now, howsver, that we wish to add the con.
tentt of a spacific memaory location to the existing contants
af the accumutator (ADD MY, Adthough this is quits simiiar
in pincipie T the example just cited, several additional
steps will be used. An extra machine cycle will ba used, in
order to address tha desirsd memaory location,

The actiuel sequence is as fallows, First the processor
axtracts fram memory the one-byte instruction word ad-
dressed by its program counter. This takes thres stares.
Tha aight-hit ingtruction word obtained during the FETCH
machine cycle is deposited in the CPL's instruction regiszar
and used to direct activities during the remainder of the
ingtruction cycle, Mext, the processor sendsout, asan sddress,
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_he contents of its H and L registers. The gight-bit data
word returned during this MEMORY READ machine cycle
is placed in a temporary register insicle the 3080 CPU, By
now three more lock periods (states) have glapsed. in the
wvanth and final state, the cantents of the temparary regis-
ter are added to thoss of the accumulator, Two machine
cycles, consisting of saven states in all, compiete the
“ADD M instruetion cygie,

At the opposite extrema is tha save H andg L registers
(SHLD| instruction, which requires five maching cycles.
During an "SHLD' instruction cycle, the contents of the
procasser’'s H and L registers are depasited in two sequen-
tially adjacent mamory locations; the destinacion is indi-
cated by two address bytes which are stored in tha two
memary lacatians immediately following the aperation coda
byte. The follawing sequence of avents occurs:

{11 A FETCH machine cycle, consisting of four
states, Quring tha first three states of this
machine cycle, the processar fetches the instruce
tion indicated by it$ program countar. The pro-
gram counter is then incremented. The fourth
stata is used for internal instruction decading,

2} A MEMORY READ machine cycie, consisting
of three states. During this machine cycle, the
byte indicated by the pregram counter is read
from memary and placed in the processor’s
2 register. The program counter is incremanted
again, .

131 Ancther MEMORY READ machine cycle, con-
sisting of three statas, in which the byte indica-
ted by the processor’s program countar i read
from memary and pisced in the W register. The
program counter is incremented, in anuciparion
of the next instnietion ferch,

{4 A MEMORY WHRITE machine cydle, of thres
states, in which the contents of the L register
are transferred to the memory |ocation pointed
to by the present contents of the W and 2 ragis-
ters. Tha state fallowing the transfar is used to
increment tha W,Z register pair 5a that it indi-
cates the next mamory location to recaive data.

(8t A MEMORY WHITE machine cycle, of three
statas, in which the contents gf the H register
are transferred ta the new memory |geation
pointed to by the W, Z register pair,

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

Most instructions fall somewhers betwesn the ex-
tremes typified by tha “ADD r” and the “SHLD" instruc-
tions. The input (INFY and tha sutput {QUT) imstructions,
for example, require thrge machine cycles; a FETCH, o
‘obytain tha instruction; a MEMORY READ, to obtain the
addrass of tha oject perpheral; and an INPUT ar an QUT-
PUT machine cycle, ta camplote the transfer.
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Whila no one instruction cycle will consist of more
then five machine cycles, the following ten different types
of maching cycles may secur within an instruction gycle.

{11 FETCH {M1)

{2} MEMORY READ

{3y MEMORY WRITE -
(4) STACK READ

{5) STACK WRITE

(GF  INPUT

{71 CUTPUT

{8} INTERRUPT

(9 HALT

{107 HALT«INTERRUFT

Tre machine cycles that actuaily do oecur in a gar-
tigular instruction cycle depend upon the kind af instrus-
tign, with the overriding stipuiation that the first machine
Gytle in any instruction cygle is always s FETGCH.

The processar identifias the machine cycia in prog
ress by transmitting an eight-bit status word during the first
state of svery machine cycle. Updatad status information is
pragented on the B080% data lines (D07, during the
FYMNC interval. This data should be saved in latches, and
used to develop control signals for external circuitry, Tabie
2.1 shows how the positive-true status information is dis-
tributed on the processor’s data bus,

Status signals ace grovided principally for the contral
of axtarnal cirguiry, Simplicity of imerface, rather than
machine cycle dentifisation, dictates the logical definition
of individual status bits. You will therefore observe that
eartain procawsor maching cyclas are unigualy identified by
a single status bit, but that others are not. Tha My status
bit (Dgh. for axample, unambiguously identifies a FETCH
machine cycte. A STACK AEAD, on the other hand, is
indicated by the coincidence of STACK and MEMR sig.
nais, Maghine cycte identification data is also vaiuable in
tha tast and de-bugging phasas of system deveicpment.
Tabie 2-1 lists the status bit outputs for each type of
maching cycle,

State Transition Sequence:

Every machine cycle within an ingtruction gychs con-
sists of thres to five active stares (referred to as T, T2, T3,
T4, Tg or Ty} The actual number of states depends upon
the instruction being executed, and on the particular ma-
ching cycle within® the greatar instruction cycla. The state
transition disgram in Figure 2-4 shows how the 3080 pro-
ceeds fram itate to state in the course of a machine cycle.
The diagram aisc shows how the READY HOLD, and
INTERRUPT lings ara sampled during tha machine cycle,
and how the canditions on these tines may madify the
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basic transition sequence. In the prasent discussion, we are
concarned ondy writh the basic sequence and with the
READY function. The HOLD and INTERRUPT functicns
will ba discussed later.

The 8080 CPL) does not diregtly indicate its internal
state by transmitting @ “state contral” output during
each state; instead, the 8080 supplies direct control cutput
(INTE, HLDA, DBIN, WR and WAIT) for use by external
aireuitry.

Aecall that the BOSO passes through at least three
states in evary machine cycle, with each state defined by
succhsgiva |ow-to-high transitisns of the gq clock, Figura
2.5 shows the timing rekatianships in a typical FETCH
maching sycle. Events that oceur in sach state are referencad
ta transitions af the &1 and 93 clock pulses,

The SYNC signal igentifies tha first state {Tq} in
svary maching cyele, 43 shown in Figure 2.5, the SYNC
signal iz related to the leading edge of the o2 clock. Thera it
a dalay {tpc) betwsan the low-to-high transition of 42 and
the positiva-going edge of the SYMC puise. There also is a
carrasponding delay (alsa tpp;l between the next 97 puise
ang the falling edge of tha SYMNC signai, Status information
is dismlayad on Dp-D7 during the same &2 to &7 intarval.
Swatching of the status signais is fikewise controlled Ty &3,

The rising edge of ¢2 during T alse loads the pro-
cessor’s address tines |Ag-A15). These lines become stabie
within a brief delay {1ns) of the ¢2 clocking pulse, and
jhey ramain stable until the first o7 pulse after state T4,
This gives tha processor ample time to read the data re-
turned from memary, :

Once the processor has sent an address to memary,
there is an opportunity for the memory 10 request 8 WAIT,
This it dogs by pulling the processor's READY line low,
prigr to the "Aesdy setup’ imerval (tpel which ooturs
during tha $7 pulss within szate T2 ar Ty, As tong as the
READY line ramains [ow, the processor will idle, giving the
memary time to respend to the addressed data request.
Rafer to Figura 2-5.

The processor responds 16 8 wail request by emtering
an aitarnative staze {Tyw) at the end of Ty, rathar than pro.
trading directly to the T3 stata. Eatry inte the Ty state is
indicated by 3 WAIT signal from the processor, acknowbedy-
ing the memary's reguest. & law-to-high transition on the
WAIT line is triggersd by the rising adge of the ¢ clack and
aggurs within a prief delay (tgg) of the actual antry into
the Ty state,

A wail period may ke of indefinite duration, The pro-
cessor remains in the waiting condition until ita READY ting
2gain gass high. A READY indication must precede the fail-
ing edge of the g2 clock by a specified interval (tg), in
ardar o guzrantee an exit from the Ty state. Tha cycle
may then proceed, beginning with the rising edge of the
next 91 clock, A WAIT interval will therefore consist of an
wtegral numnber of Ty states and will always he a muitiple
of the clogk period.
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Instructions for the 8080 require from one to five machine
cycias for complete exscution. The 8080 sands out § bit of
sttus informetion on the. data bug at the beginning of aach
machina syele ([during SYNC tima), The fallowing table defines
tha status information,

STATUS INFORMATION DEFIRITION

Symbais

INTA®

w3

STACK

HLTA
QuTt

L

iNP*

MEMR®

@4

Qg

Dg

O,

Cata Bus
Bir Dafinition
=2 Acknowliedge signal for INTERALIPT re-

quest. Signai should e used 1o gare are-
start instruction onto the date Dus when
CBIN is active.

Indicatas that the speraticon in the current
machine ¢ycle will ba a WRITE memary
or QUTPUT junction (WG = 01 Otherwise,
a READ memary or INPUT aperation wil
be executed.

Indicaves that the acidress bus holds the
pushiown stack address from the Srack
Paointer,

Acknowradge signal for HALT instructian.
Indicatas that the address bus contains the
address of an output device and tha data
bus will contain the cutput data when
WR is active,

Provides a signal to indicata that the CPY
is in the feteh cycle for tha First byt of
an insTyetion,

Indicates that the address bus contains the
address of an input device and the input
data should be pleced on the dara bus
whan DBIM is activa,

Designates that the dara Bus will be used
for memory read data.

= Thesa fhres sTarun bin can by usrd 1o canmral
the flow af cars anta tee S080 decs bus,

STATUS WORD CRART

EOBQ STATUS LATCH

‘ CLOCK GEN
A JRIVER

L

Lo

04

D2

D3

[+

'L}

Dsg

Dy

noanca—-o@
—-Oonno—un@

olalalolo|e|a|a G

ODDDD—-DQ@

al-lelale|e]-|a f@

DDO-’ODDD@
C)O—lQQD—-h@
—QDG—lD—iﬂ@

Tabla 2-1. 2080 Status Bit Cefinitions
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Figure 2-4. CPU State Transition Diagram
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The events that take piace during the T3 state are
determnined by the king of machine eycle in progress. [0 a
FETCH machine cycle, the procassor intarprats the dara on
its data bus as an instrugtion. During 2 MEMOAY READ or
a STACK READ. date on this bus is interpreted as & datz -
word, The processar cutputs data on this bus during a
MEMORY WRITE machine tycle, Curing 1/ qperations,
tha processor may either franimii or receive data, de-
pending on whether an JUTPUT or an INPUT operation
i involved.

Figure 2-6 illustrates the timing thar is characteristic
of a data ingut eperation, As shawn, the low-to-high transi-
tion of ¢ during Ty claars status infarmatian from the pro-
cassor's data linas, preparing these lines for the receipt of
inceming data. The data presented to the pracéssor must
have stabilized prigr to both the “¢q —data set.up” interval
iiggtt. that precedes the falling edge of the ¢ puise defin.
ing stare T3, and the “"¢o—data sat-up” interval {tpgoi.
that precedes the rising edge of 473 in state T4. This same

data must remain stable during the “dat hoid™ interval
1toH) that geeurs following the rising edqe of the g puim,
Cama placed on these lines by mamory or by other external
devices will be sampied during T13.

Curing the input of data to the processor, the 8080
generates a DBIM signal which should be used externally &
enabie the transfer. Mackine cycles in which DBIN ig avail-
ahle include: FETCH, MEMORY READ, STACK READ,
and INTERAUPT. DEIN is initiatad by the rising edge of 47
during state T2 and terminated by the corrasponding edge of
&2 during T3. Any Ty phases intarvening between T2 and
T3 will therefors extend DBIN by one ar more clock
periads.

Figure 2.7 shows the timing of 1 maching cycle in
which the processor gutputs data. Qutput dara may be des-
tinegt gither for memory or far peripherats. The rising edga
of @2 within state T7 clears status infarmation frgm the
CPUs data lines, and loads in the data which is to be output
te external devices. This substitutian takes place within the

1
T : T Ty T ! T ]. T |
P A
= f [ ZA T / \ / 1 [
| t i |
hyg / ] [ | | g | UNKNOWN
i : . \
o TTTRmwe T T
— / ® A !
. — |
|
READY | i / i
’ !
HAIT I ) I‘ \
i
LLT
‘( oaTA | \ }
. |
- ] \ / !
STATUS : .
INFGAMMTLON L]
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|
Bign S L NEADY HTIONAL i FETEH OATA oL
. WEMOAY SUDAESS MOLD MO MRLT T Ly ;
110 DEVICE NUMEER : i : g ! ExEgUTOn
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1 MEMORY | WRITE DaTS | IF REGLIAED
STATUS INFORMAT N ACCESE TIME : i
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NOTE: @ Aefer 1o Stawus Waed Chart on Page 2-6.

Figure 2.5. Baxic S0H0 Instruction Cycte
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Figure 2-8, Input Instruction Cycle
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"data output delay” interval {top} following the ¢ clock™s
leading edge, Ctata on the bus remaing stable throughout
tha' remainder of the machine cycle, until replaced by up-
dated status informatian in the subsequent T4 state, Qbsarve
that 2 READY signal is necessary for completion of an
QUTPUT maching cycie. Unless such an indicatian is pres-
ent, the processor enters the Ty state, following the To
state, Data on tha qutput lines remains stable in the
interim, and the processing cycla will not procasd until
the READY line again goes high,

The 8080 CPU ganarates 3 WR output for tha syn.
chranization of external transfers, during those machine
cycles it which the processor autputs data, Thess include
MEMORY WRITE, STACK WRITE, and QUTPUT. The

negativa-going lesding adge of WR is raferenced to tha rising.

edge of the first ¢q clock pulsa following T, and cccurs
within a briaf dalay {tnq) of that event, WR remains low
until re-triggered Dy the leading edge of ¢4 during the
state following T3. Note that any Ty states intervering
betwean Ty and Ty of the output meching cyele will neces-

sarily extand WR, in much the same way that DRIN is af-
fected during data input cperations,

Al processer maching cycles consist of at least thras
states: T, T2, and T3 as just deseribed. If the processar has
to wait for a response from the perrpheral or memory with
which it is communicating, then the machine cycla rmay
als0 contain one or more Ty stas. During the thrae basic
states, daTa s ransfarred 10 or from the processor.

After the T3 state, however, it bacomes difficuit to
ganerjlize, T4 and Tg states ara availabie, if the exscution
of a particular instruction requiras them, But not all machine
Gycles make use of these states, |1 depends upon the kind of
instruction heing exscuted, and on the particular machine
cycle within the instruction cycle, The processar will termi-
natg any maching ¢ycle as s0on as iT5 pracassing activities
afe campiated, rather than proceeding shrough the T4 and
Tg staigs every time, Thus the 8080 may sxit 3 machine
cycte follpwing the T3, the T4, or the Tg state and pro-
caed directly 1o the Tq state of the next machine ¢ycle,

STATE ASSQCIATED ACTIVITIES
LK & memory address or {0 device number iz
placer on the Address Bus (A15.0) status
infarmation is placad on Qata Bus (D7)
T2 The CPU ssmples the READY and HOLD in-
puts and checks far hatt instructian,
™ Processor enters wait state if READY is low
{optignali arif HALT instrustion has baan executed.
T3 An instruction byte (FETCH machine cycle},
data byte (MEMORY READ, STACK READ)
of interrupt instrugtion {|NTERAUPT machine
cycial is input to the CPY from the Data Bus;
or i data byte (MEMORY WRITE, STACK
WRITE or QUTPUT machine cycle) is output
onto the data bus.
T4 States T4 and T5 are availabia if tha exacu-
TS tion of 3 particular instruction requires them:
{optionali if not, the CPU may skip one ar both of
them. T4 and Tg are only used for internal

processar aperatians,

Tahie 2-2. State Definitions
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INTERRUPT SEQUENCES

The 2080 has the tuiit-in capaciy to hangle external
interrupt requasts. A peripherzl device can initiate an incer-
rupt simply by driving the processor's interrugt (INT) line
high.

The interrupt {INT} input is asynchronous, and a
request may therefore griginate at any time during any
instruction ¢yele, Internal logic ra-clocks tha external re-
quest, so that a prapar carrespondence with the driving
clock is established. As Figure 2-8 shows, an interrugt
request (INT) arriving during the time that the intarryge
anable line [INTE) is high, acte in coincidence with the ¢2
clock to set tha internal interrupt latch, This event takas
place during the last state of the instruction cycle in whict
the requast accurs, thus ensuring that any ingtruction in
prograss is completed befere the interrupt can be graocessed.

Tha INTERRUPT machine cycle which follows the
arrival of an anabied interrugt request resembles an ordinary
FETCH machine ¢ycle in most respects. The My satus bit
is transmitted as uswal during the SYNC intervel, 1t is
accompanisd, however, by an [NTA status bit {Dg) which
acknowiedges the extarnal requast. The contents of the
program counter are latched onto the CPU's address linas
during T1, but the counter itself is not incremented during
tha INTERRUPT maching cycla, as it otherwise would be,

In this way, the pre-interrupt status of the program counter
is preserved, so that data in the countar may be restored by
thae interrupted program after the interrupt request has bean
procassed.

The intetrupt cyele is atherwise indistinguishahble from
an ordinary FETCH machine eycle. The processor itself
takes na further special action, |t is the responsibility of the
peripheral loqic 1o seé that an sight-bit interrupt instruction
is “jammed’ onto the processor’s data bus during state T3,
In a typical system, this means that the data-in tus from
memary must be temporarily disconnected from the pro-
cagsor's main data bus, s0 that The interrugting device gan
command the main bus without interference,

The BOS0's wstruction sat pravides a spectal one-byte
czll which facilitates the processing of interrupts {the ordi-
nary program Cali takes thrae bytes). This is the RESTAAT
ingtructign (RST). A variable thres-bit fisld embedded in
tha eight-Hit field of the BST enables the interrupting device
10 direct a Call to ane of eight fixed memory locations, The
decimal addresses of these dedicated |ocations are; 0, B, 16, -
24, 32, A0, 48, and 56. Any of these addresses may be uged
1o stora tha first instruchon(s; of a routine designed 1o
service the requiremers of an interrupting device. Since
tha {RS5TY is a call, compietion of the instruction also
stores the old program counter contants on tha STACK,

Awmg - PCa f S N I I
Bra _ ! o rafr— L A A x Ao |
SYNC i 3\ _1 { . \ f ! % :

num: '. e

WE
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HMTEANGLY
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I
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NOTE: (i) Refer o Status Word Chart on Page 26,

Figure 2-8. interrupt Timing
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HOLD SEQUENCES

The 30804 CPY contains pravisions for Direct Mam-
ory Access {DMA} operations, By appiying a HOLD to the
AP Oriate controt pin on the processor, an external device
can cause the CPU 1o suspend its normal oparations snd re-
linquish control of the addrass and data busses. The proces-
s0F responds to 2 reguest of this kind by floating its zddrass
to other devicas sharing the busies, At the same tme, the
processar acknawiedges the HQLD by placing a high o its
HLDA outpin pin. During an acknowledgad HOLD, the
adidress and data busses are under control of the paripherai
which ariginated the request, snabling it to conduct mem-
ory transfers without processor intervention.

Liks tha intarrugt, the HOLD input is synchronized
intermally, & HOLD signaé must ba stabie prior t¢ the "Hold
sel-up” nterval (Tygl, that precedes tha rising edge of gq.

Figures 2.9 and 210 iilustrate the timing involved in
HOLD operatianz. Note the delay between the asynchronous
HGQLD REQUEST and the re-clocked HOLD. As shown in
the diagram, a caingidence of tha AREADY, the HOLD, and
the ¢7 clocks sats the intsrnal hold latch, Setting the latch
snables the subssquant rising edge of the ¢4 clock pulse to
trigger the HLDA sutput.

Acknowledgement of the HOLD REQUEST arecades
slightty the actual floatirg of the processor’s address and
data lines. The processor acknawiedges z HOLD at the begin-
ning of T3, it 2 read or an input machine cycte |5 10 progress
{ses Figura 2-.8). Otherwise, acknowisdgemant is deferred
until the beginning of the state following T3 fsee Figure
2-10), In both cases, howevar the HLOA goes high within
2 specifiad delay itpp! of the rising adge of the selected o
clock pulse. Address ang data lines are floated within 2
brief delay after the rising edge of the next ¢ clock pulse.
This relationsup is also shown in the diagrams.

To all autward appearances, the processar has sbspend-
ed its operations once the acdress 2nd data busses are flgated,
Internally, however, certain functiar may continue, If 2
HOLD REQUEST is acknowledged at T3, and if the pro-
cessor 5 i the middle of a machine cycle which renuiras

four ar rnore states 1o complete, the CPU proceeds through -

T4 and Tg before coming to a rest. Not until the end of the
maching cyele is reached will processing aclivities cesse.
interpal processing is thus permitied to overiap the external
DMA eransfer, improving both the efficiency and the speed
of the entire system,

The processor exits the holding sate throogh a
sequenca similar to that by which it emtered. A HOLD
REQUEST is tarminated asynchronousiy when the axternal
device has compisted its data transfer, The HLDA qutput

April, 1977
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raturns to a low leves fallowing the |eading adge of the naxt
§1 cleck pulsa. Mormal processing resumes with the ma-
chine eycle following the last cycle that was exetuted.

HALT SEQUENCES

Yihen. a hatt instruction (HLT) is executed, the CPU
enters the halt state (Tyyy) after sate T2 of the next ma-
ching sycle, as shawn in Figurs 2-17. There are only three
ways in which the 3080 can exit the halt state:

s A high on the RESET line will always reser the
080 1o state Tq; RESET aiso clears the program
countar.

* A HOLD input will cause the 8080 to enter che
haid state, as previously desceribed. Whean the
HOLD line goss low, the BQBO re-anters the halt
state an the rising edge of the next ¢y clock
puise,

« An interrupt [i.a., INT goes high while INTE is
enabied) will cause the 3080 to exit the Halt state
and enter state T4 on the rising sdge of the next
&y cleck puise, NOTE: The interrut enatia | INTE!
flag must be ser when the halt state w5 entared;
atherwise, the 3080 will anly be akle to axitviza
RESET signal,

Figure 2-12 illusirates halt seguencing in flaw éhart
form,

START-UP OF THE 8080 CPU

When power is applisd initially to the 8080, the pro-
cessor Degins operating immediately. The contgnts af its
grogram Sounter, stack pointer, and the gther warking regis-
ters ara naturally subject to random factors and cannot be
specified. Far this reason, it will be necassary to bagin the
power-up sequancs with RESET.

An external RESET signal of three clogk period dura-
tion (minimumi restores the processor’s intermal program
counter to zero. Program execution thus begins with mam-
ory lacatign zare, following @ RESET. Systems which ra.
quire the processor 1o wait far an explicit start-up signal
will store a halt instruction (El, HLT) in the first two laca-
tigns, A manual ¢ an automatic INTERRUPT will be used
for starting. 1n other systems, the processor may begin ex-
ecuting its storad grogram immediately. Mote, however, that
the RESET has no effact on status flags, or on any of the
procassor’'s warking registers [accumulater, registers, or
stack pointer). The contants af these registers remain inde-
terminate, until initialized explicitly by the program,
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NOTES:

1. The first memary cycia {M1) is always an instruction
fatch; the first lor only) byta, containing the op coda, is
fatched during this cycle,

2. Ifthe READY input from memory is not high during
T2 of each memory cycie, the processor will enter 3 wait
state | TW) until READY is sampled as high.

3. States T4 and T5 are present, a3 required, for apera-
tiane which are completely internai to the CRU. The con-
tents of tha internal bus during T4 and T35 are availabls at
the data bus: this is designed for testing purposes only. An
"X danotes that the state is prasant, but is only used for
such internai operations as instruction decoding.

4, Only register pairs rp = B {registers B and Cl ar rp= 0
[ragisters D and E} may be specified.

5, Thesa states are skippad.

6. Memory read sub-cyeles; an ingiruction or data word
will b read,

7. Memary write sub-cycie.

3. The READY signal is not required during the second
and third sub-gycles (M2 and M3). The HOLD signal is
accepted during M2 and M3. The SYNC signal is not gene-
rated during M2 and M3. During the axecution of DAD,
K2 and M3 are required for an internal register-pair add;
memory is not referenced.

9. The results of thase arithmeatic, logicsl or rotate in-
structions are not moved into the accumutatar [A) untii
state T2 of the next inswruction cycie, That is, A is loaded
while the next instryction is being fetched ; thiz overlapping
of operations allows for fastar processing.

10, 1f the value of the least significant 4-bitg of the actumu-
lator is graater than 3 gr it the auxiliary crry bit is set, §

is added to the accumulator. If the value of the most signiti-
cant 4bits of the accumulator is now greater than 9, or if
the cacty bit is s2t, 8 is addad to the most significant

4-hite af the accumulator,

11. This represants tha first sub-gycle [the instruction
farch} of the next instruction cycle.

2=-40

12 H the condition was met, the contents af tha register
pair WZ arg output on the address linas [Aqg s} instead of
tha contents of the program counter (PC),

13. If the condition was not mer, sub-cycles M4 and M8
are skipped; the processor instead procesds immagiately to
the instruction fatch (M1} of the next insruction cyecla.
4. If the cundition was not mat, sub-cycies M2 and M3
are skipped: the processor instead proceeds immediataly to
the instruction fetch [(M1] of the next instruction cyole.
15, Stack read sub-cycle.

16, Stack write sutr-cycle,

17. CONDITION cce
NZ — notzero (Z=0Q) 000

Z — mrolZat) o

NC - no carry (CY = Q) a1a

C — carry [CY =1} g11

PG - parity add (P = Q] 100

PE - parity even (P = 1} 1aT1

P — plus (3=0) 110

M — minug {5 =1} 111

18, 1/Q sub-zycle: the /O port’s 3bit seiact code is dupli.
cated on gddress lines 0-7 {Ag7) and 315 (Agag).

19. Qutput sub-cycie,

20. Tha processor will remain idle in the halt state until

an irterrupt, a reset or # hld is accepted. When a hold re
quest is accepted, tha CPU entars the hotd mode; after the
hold mode is terminated, the processor returns 16 the hatt
state. After a reset i accapted, the processor begins execy-
tlon at mamery location zero. After an interrupe is accepted,
the processor executas the instructian forcad onta the dats
bug (usually a restart instruction).
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This chapter will illustrate, in detail, how to interface
the 2080 CPU with Memary and 1/0. It will also show the
btenafits and tradeoffs encountered whan using a variety of
yytam  architectures to achiave higher throughput, de-
credsed component count or minimization of memaery size.

2080 Microcomputer system design lends irself 1o 2
simple, modular approach, Such an approach “wiil yisld tha
degigner 2 reliable, high performance system that contains a
minimum component count and s easy 1o menuiacture and
maintain.

Tha overal systemn can be thought of as a simple
block diagram. The three {3) blocks in the dizaram repre-
sent the function: commen 1o any computer system,

CPU Maduie® Cantains the Cantral Processing Unit, system
timing and interface circuitry to Memory
and {0 devices.

Memory Cantaing Read Oniy Memory {ROM} and
Read/Write Memory (RAM) for program and
data storage.

1Q Contains circuitry that ailows the computer

system o communicate with deviges or
strucHrras axisting outside of the CPU or
Memory array.

for exampis:
Paper Tape, atc.

Keyboards, Floppy Disks,

There are three busses that interconnect these blocks:

Data Bus™ A& pi-directional path on which data can flow

batwean the CPU and Memary or 1/0,

Address Bus A uni-direstional group of lines that identrfy

a particular Memory fogation or 1/0 device.

"'Modula” refers 1o a functional block, it does net ref-
erance 2 printad circuit board manufactured by INTEL.

T"Bus’ refers o a set of signals grouped together because
aof the similarity of their functians.

Aprdl, 917
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Control Bus A unidirectional set of signais that indicate

the type af activity in qurrent process.

Type of activities: 1. Memory Raad
2. Memory Writa
3. 1O Read
4, 10 Write
B, Interrupt Acknowledge

.\nn/nreis [ _|
MEMORY
[~
MCOULE ﬁ -}
El.ﬂ'l'l ELIS
" .
CGNTHDL aus '

Figurs 1. Tymical Computer Systam Black Diagr
Basic System Operation

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

2. The CPU Moduia issues a binary code an the Address
Bus to identify which particular Memory location or
1/Q device will be invoived in the currant pracess
FCTivity .

3. The CPU Moduie receives or wansmits data with the

selected Memory location or /0 device.

d, The CPU Modute returns to @ and issues the next
activity command.

1t is sasy to see at this point thet the CPU moduie is
the centrai element in any computer system,
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The foilowing pages will cover the detsiled design of
the CPU Module with the BOBD. The three Busses (Data,
Address and Control] will ba davelaped and the intercon-
nection to Memary and 1/0 will be shown.,

Design philosophies and system architectures pre-
sentag in this manual are cansistent with produt;:s develop-
ment programs urderway at INTEL for the MCS-80. Thus,
the designer who uses this manual as a guide for his totsl
systam engineering is assured that ali new devetopments in
compenents and software for MCS-82 from INTEL will be

the design and to achisve operational characteristics thet
are gs close as possible to those of the 8224 and §228.
Many auxiliary timing functions ang features of the 8224
and 8228 ars too compiex to practically implement in
standard components, $6 anly the basic functions of the
9224 and E228 are generated. Since significant benefits in
systemt timing and component count reduction can be
reafized by using the 8224 and 8228, this is the praferrad
method of implementation.

compatible with his design approach, 1. 8080 CPU
The operation of the 8080 CPL) was covered in pre-
CPU Modute Design vigus chapters of this manual, so lirtle reference will
be mada to it in the design af the Module.
The CPU Maduls contains three major areas:
3. The BOBO Central Processing Unit 2. Glack Generator and High Laval Driver
2. A Clock Ganerator and High Leve! Driver The 8080 is a dyramic device, meaning that its intar-
3. A bi-girectional Data 8us Driver and System Canitrol nal storage elements and logic circuitry require a
Lagic timing reference {Clock), supplied by external cir-
The foilowi 0 he desi ¢ the th tuitry, to refresh and provide timing contral signals.
e tollowing will discuss the design of the three . )
major areas cantained in tha CPU Meodule. This design is The 8080 requires twa (2} Isuch Clocks. The:rl waye
aresented as an alternative to the Intei® 8224 Clack Gener- ff’",”s must be nnn-ov:e(lam‘mng_ and compoly with the
ator and intel 8228 System Controller. By studving the timing anq I_e\rels specified in tl_m BO30 A.LC. and 0.C,
alternative appeoach, the designer can more clearly see the Charactaristics, page 5-15.
considerations involved in the specification and angineefing .
of the 8224 and 8228, Standard TTL companents and Intel Clock Generator Dasign
general purposa parioheral devices are used to implement “The Clock Generator consists of a erystal controfled,
gD ——tn PRy o T
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Figura 3-2. 8080 CPU Interface
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L Figure 3-3. 3080 Clock Gensrator

20 MHZ oscillator, 2 four bit counter, and gating
circuits,

The ascilfator provides a 20 MHZ signal to the input
of a four (4} bet, presettable, synchronous, binary
counter. By presetting the gounter as shown in figure
3-3 and clocking it wath the 20 MHZ signal, a simpie
decoding of the counters outputs using standard TTL
gates, provides proper timing for the two (2} S080
clack inputs,

Mote that the timing must actually be muasureed at
the autput of the High Level Oriver to take into ac-
caunt the added delays and wavaform distortions
within such 3 device.

High Lavel Oriver Design

The voltage level of the clocks for the 8080 is not
TTL compatible like tha other signals that input ro
the 3020, The voltage swing is fram .56 volts Vel
to 11 volty V) with risetirmes and falltimes under
50 ns. The Capacitive Drive is 20 pf (max.). Thus, a
Righ Level QOriver is required to interface the outputs
of the Clock Generatar {TTL} to the BOSO.

The two {2} outputs of the Clock Generator are ca-
pacitivity coupled to a dual- High Level clock drivar,
The driver must be capable of complying with the
8080 clogk input specificatians, page 5-15. A driver
af this type usually has livtle probiem supphving the
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positive transition when biased from the B080 Vg
supply {12V} but to achieve the low voltage specifi-
cation ¥y o} B volts Max. the driver s biased to the -
2020 Vgg supply (-5¥). This allows the driver to
wing fram GND 10 Vpp with the aid of a simple
resistor divider,

A low resistance series network is added betwaoen the
driver and the 3080 to eliminate any overshoot of tha
puised waveforms, Now a circyit is apparant that can
easily comply with the BOBO specifications. In fact
rise and falltimes of this design ara typically less than

10 ns.
v
s
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Figure 3-4. High Lavel Drivar




Auxiliary Timing Signals and Functions 3, Bi-Directional Bus Driver and System Corrrel Logic
The Clock Generator can also be used o provide The syrtern Mamary and 1/Q devicss communicate
other signals that the designer can use to simplify with the CPU over the hi-directionzi Data Bus. The
large system timing or the imerface to dynamic systemn Control Bus is used to gate data on and aff
memaories. the Oata Bus within the proper timing sequences as
Functions such as power-on reset, synchronization of slctate:i :“‘; ﬁg‘; sng;:}q:‘cf the SUiUI?gL:;:;d:::
pxternal raquests (HOLD, AEADY, ete)) and single ::M:: in nat h " ”:::.r 3: ut drivers have
step, could easily be added to the Clock Generatar to -8 F,m rature, hat !s. ! ,0 tﬂ Tivers fla
further enhance its capabilities the ability 10 be forcad inte a high-impedance made
) and arw, sftectively, removed from tha cireuit, Thig 3-
Far instance, the 20 MHZ signal from the oscillator state bus technigue aliows the designer to construct a
can be buffersd so that it could provide the basis for system around a single, eight (B) bit parallel, bi-dire¢-
communication baud rate generation. tignal Data Bus and simply gate the information on
The Clock Ganarator diagram also shows haw to gan- or off this bus by salecting or deseiecting (3-stating)
erate #n advanced timing signal (p1A] that is handy Memary and 1/Q devices with signals fram the Can-
1o use 10 clacking "0 type flipflops to synehronize trol Bus.
axtarnat raquests, It csn zlso be used to generate a . oae Proai
Bi-Directional Data Sus Driver Design
strobe [STSTB) that is the latching signal for the sta- ¢ A
tus information which is availabis on the Data Bus at The 8080 Data Bus {D7-D0) has twoa (2} major areas
the beginning of each machine cycle. A simple gating of cancern for the designer:
of the SYNC signal fram the 3080 and the advancad 1, Input Voltage level (V) 3.3 volts minimum,
i ji Fil 3. . " .
(1A} will do the job. See Figure 3- 2. Qutput Drive Capability [1g } 1.7 mA maximum.
FEEN
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Figure 3-5. 3080 Syrtem Cantrol
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The input |level spacification impiias that any semi-
conductor memory aor |0 device connected to the
8020 Bata Bus must be able 1o provids a minimum of
3.3 volts in its high state. Most samiconductor mem-
ories and stendarct TTL 1/O devices have an output
capability of between 2.0 and 2.8 volrs, abvisusly 3
- direct cannection gnte the 8080 Datz Bus would re.
quire pullup resistors, whese value should not affect
the bus speed or stress the drive capability of the
memory or /0 components. '

The 8D80A cutput drive capability {lg} 1.9mA max.

is sufficient for smail sysrems whare Memory size and
1K raquiramants are minimal and the entire system is
contained on a single printed ciccuit board. Most sys.
tems however, take advantage of the high-perfor-
mance computing gower of the 8080 CPU and thus a
mara typical systern would requirg come form af buf-
fering on the 80B0 Dara Sus ro suppart a larger array
of Memary and 1/0 devices which are likely to be on
sgparata boards.

A device specifically designed to do this buffering
function is the INTEL® B218, a (4 four bit bi-direc-
tional bus driver whose input voltage lavel is compat-
ible with standard TTL deviess and samiconductor
mamory components, and has output drive capability
of 50 ma, At the 8080 side, the 3216 has a “high”’
sutput of 265 voits that not only meets the 8080
input spec but provides the dasignar with a worse case
350 mV noise margin,

A pair of 3216 are connected dirsctly to the 3080
Data Bus [O7-0Q) a5 shawn in figura 3-5. Mate that
the CBIN signal from the 8080 is connected to the
direction contral input {BIEN) 3o the correct flow of
data an the bus is meintained. The chip selsct (TS} of

the 8216 is connected to BUS ENABLE {FUSER) to
allow for DMA, activities by deseiecting the Dara Bus
Buffer and foreing the outputs of the 8216% into
their high impedance (3-ctate] mode. This allaws
other devices ta gein access to the dara bus {DMA).

System Control Logic Dasign

Tha Conmol Bus maintains discipline of the bi-direc
tional Data Bus, that i5, it determines what type of
device wiit have access to the bus (Memaory or [/OY
and generates signals to assure that thess devices
transfer Data with the BOBO CPU within the proper
timing “windows'’’ 25 dictated by the CPU sperational
characteriszics.

As describad previously, the S08Q issues Status infor-
mation ar the beginning of each Maching Cycle on its
Data Bus to indicats what operation will take place
during that cycle. A simple {8} bit fatch, like an
INTEL® 8212, connected diractly to the 8080 Dara
Bus (D700 as shown in figure 3.5 will store the
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Status information, The signal that loads the dara
inta the Status Latch comes from the Clock Gener-
ator, it is Stamws Strobe (STSTB) and oeceurs ar the
start of aach Machina Cycle,

Mote that the Status Latch is connected onto the
8080 Data Bus (D7-D0} befora the'Bus Buffer. This is
te maintain the integrity of the Data Bus ard simplify
Control Bus timing in DM A dependent anvironments,

A3 shown in the diagram, a simple gating of the out-
puts of the Status Latch with the DBIN and WRH
signals from the BOBO penerate the (4) four Control
signals that make up the basic Contral Bus,

These four signals: 1. Memory Aead {MEM B
2. Memory Write (MEM W)
3.1/Q Read (73 RY
4. 10 Writa {170 W)

carnect dirsctly w the MCSTBO camponent “famify”
of ROMs, RAMSs and i/0 devices.

A fifth sigral, Interrupt Acknowledge {INTA} s
added to the Control Bus by gating data off the
Status Latch with the DEIN signal from the 2080
CPU, This signal is usad 10 enghla tha [nterrupt
Instruction Part which holds the RST instruction
onto the Data Bus.

Other signais that are part of tha Contrgl Bus such as
WC-), Srack and M1 are present to 2id in the testing of
the System and also to simplify interiacing the CPU
0 dynamic memaorigs or very large systems that re-
quire saveral levels of bus buffering.

Address Buffer Dasign

The Address Bus {A15-A0) of the 3080, ITka the Data
Bus, is sufficient to tupport a small system that has a
maderate size Memory and 10 structure, confined to
a single card. Tq expand the size of the system that
the Address Bus cen support @ simpie buffer can ba
added, as shown in figure 3-8, The INTEL® 8212 or
B216 is an axcelient device for this function, They
provide low input oading {25 mal, high output
drive and insert 2 minimal delay in the System
Timing.

Note that BUS ENABLE (BUSEN) is connected to
tha buffers so that they are forged into their high-
impedance {3-state} mode during DMA activities so
that oTher davices can gain aceess to the Address Bus.
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INTERFACING THE 8080 CFU TO MEMORY
AND I/Q DEVICES

The 8080 interfaces ‘with standard semiconductor
Memory components and [AD devices, In the previgus text
the proper controb signals amd buffering were daveioped
which will praduce a simple bus system similar to the hasic
systam exampla shown at the beginning of this chapter.

in Figure 3-G a simple, but axact 3080 typical system
is shown that can be used as a guide for any 9080 systam,
regardless of size or complexity. it is a "thres bus” archi-
taciure, using the signals developed in the CPU moduie,

Note that Memory and 1/O devices interface in tha
same manner and that their isolation is anly a function of
the definition of the Read Write signals on the Control Bus.
Thig allows the 808G systemn to be configured sa that Mem-
ary and /O are treated as a single array {mamory mapoed
/O] far smalt systems that require high thruput and have
less than 32K memory size. Thiz approach will be brought
out later in the chaprer.

ROM INTERFACE

A RQOM is a devige that stores data in the ferm of
Program or othaer information such as “logkeup tables” and
is only read from, thus the tarm Read Only Memary. This
type of memary is generally non-voiatile, meaning that
when the powar is removed the information is retained,

This feature sliminates the need for axtra equipment |ike
tape readers and disks {¢ laad programs initistly, an im-
pertant aspect in small systam design,

Interfacing standard AOMs, such as the devices shown
in the disgram is simple and direct. The output Data lines
are connected to the bi-directional Data Bus, the Address
inputs tis to the Addrass bus with possible decoding of the
mast significant bits as “chip salects” and the MEMPR sigmai
from the Control Bus connected to 3 “chip selact’™ or data
buffer. Basicailly, the CPL jssuss an address during the first
portion of an instruction ar data fetch {T1 & T21, This
vaiue on the Address Bus selects 2 specific location within
the RQM, then depanding on the ROM's deiay {access tme)
the data stored at the addressed location is prasent at tha
Crata cutput lines. At this time |73} the CPU Data Bus is
in the “input Mode™ and the control logic issues 3 Memory
Read command {MEMR) that gates the addressed cata on
10 the Cata Bus.

'RAM INTERFACE

A RAM is a device that stores data, This data can be
program, active “look-up tabies,” remporary values or ex-
ternal stacks. The differsnce berween FAM and ROM is
that data cant be written into such dewvicas and ara in
essence, Read/Writa storage elemants. AAM: do not hold

their data when power is ramoved so in the case where Pro-,

gram or “look-up tables” data is stored a method to load
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HAM memory must be provided, such as: Floppy [Dsk,
Papar Tape, atc,

The CPU treats AAM in exactly the same manner as
ADM for addressing data to be read, Writing data is very
similar: the RAM is issued an address during the first por-
tion of the Memory Write cycle (T1 & T2) in T3 when the
data that—is to be written is cutput by the CPU and is stable
an the bus an MEMW command is generated, The MEMW
signal is connected to the RS input of the RAM and
strobey the data into tha addresgad Iocation.

In Figure 3-7 3 tymical Mamory system is illustratad
to show how stendard semiconducter componants interface
10 the BUB0 bus. The memory array shown has 8% bytes
{8 bits/bytel of ROM storage, using four |ntel®8216As
and 512 byras of RAM starage, using Intel 8713 statie
RAMs. The basic interface to the bus structurs detailed
h#re is comman (o almost any size memory, The aniy ad-
ditfon that might have to he made for largar systems is
more buffers {8216/8212) and decoders (205} for gener-
ating ““chip salects.”

o

The memorigs chosen for this example have an access
time of 350 nS {max} to illustrate that slower, sconomical
davices can be easily intarfaced to the BOBO with little ef-
fect on performance. When the 3080 is operated from a
¢lock genarator with a tCY of S00 nS the reguired memory
access time is Approx. 450-550 nS. See detailed timing
spaciﬂcétiun Pg. 5-16. Using memory devices of this speed
sugh as Intei"B308, 8102A, 81074, ete. the READY input
to the BOBO CPU can remain “high™ bacause no “"wait”
states are required. Mota that tha bus intarfaca to memory
shown in Figure 3-7 remains the same. However, if slower
memories arg to be used, such as the devices iilustrated
{8316A, 8171} that have acoess times siower than the min-
imum reguirsment a simple logic control of the READY
input 1o the BABR CPL wil insart an extra "wait state™ that
s equal to one ar more clock periods as an access time
“adjustmant™ delay ta compensata. Tha affect of the axtra
“wait” state is naturally a slower axecution time- for the
instrugtion. & single “wait"” changes the basic instruction
cyeie to 2.5 micraSeconds.

9K + 512 3K o
RaM ROM
MEMORY Mad
ROM
£
RAM = ] y
L ! a2 |
L1
am girr B384 ¢
_ 52
AW OO0 VD14 AdaT A 0D f0 14 sdwad M-08 ADAI0
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Figure 3-7. Typicai Memoery Intarface
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/0 INTERFACE
General Theory

As in any computer based system, the BOB0 CPL must

ba abie to communicate with devices of structures that exist
outside i3 normal memary array. Devices like keyboards,
pupar tape, floppy disks, printers, dispiays and other contral
structures are used to input information into the S080 CPU
and display ar stora the results of tha computational activity.

Probably the mast important ang strongest featurz of
the 8080 Microcomputer System is the flexibility and power
of {tg 1/0 strueture and the components that support it. There
are many ways to structure the |43 array so that it will ~fic™
the total system environment to maximize efficiency and
minimize component count,

The basic aperation of the |/Q structure can best be
wiewed as an array of single byte mamaory locations that can
ba Read from or Written into. The BO80 CPY) has special in-
structions devoted to manzging such transfers {IN, OQUTI.
These ingtructions gererally isclate memory and 1/ arrays
50 that memory address spece is not effected by the /O
struetura and the general concept is that of a simple transfer
to or from the Accumuiator with an addressed “PORT ™. An-
ather mathod of 1/0 architecture s to treat the [/Q structure
a8 part of the Memory arRy. This is generaily referred ta as
“Memory Mapped /0" and provides the designar with a
powearful new “instruction set’” devoted ta 1/0 manipulation,

IBOLATED 1/Q
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Figurs 3-8. Mamary/1/0 Mapping.

Isclated 1/O

tn Figure 3-3 the system contral signals, previousty de-
tailedt in this chapter, are shaown. Thit typs of 1/0 archivecture
separates the memory address space from the /O address
space and uses a conceptually simple transfer ta or from Ac-
cumulator technique. Such an arghitecture is easy to under-
stand 1/Q zo inicates only with the Accumulator
wging the IN or OUT instructions. Also because of the fsala-
tion of memory and 1/0, the full address space (65K} is un-
affected by [/0 addressing,
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Figura 3-9. Isalated 1/0.

Memory Mapped /O

By assigning an area of memory address space as 1/Q a
powerful architecturs can be developed that can manipulate
110 using the same instructions that are used ta manipulate
memory locations. Thus, a “new” instrugtion set is created
that is devoted o I/Q handling,

Az shown in Figure 3-10, new control signals are gene-
rated by gating the MEMR and WMEMW signals with 415, the
mast significant address bit. The new 150 control signais con-
nact in exactly the same manner as lsolated /0, thus tha
system bus characteristics are unchanged.

By assigning A 15 as the 1/Q “flag"”, a simpie method of
1O discipline 5 maintained:

If A4 15 is a "zera™ then Memary s active.

I A1g is & “one’’ then 1/0 is active.

Other address bits can alsc be used for this functian. A 15 was
chosen because it s the most significant address bit so it ie
sasier to control with software and because it still dlows
memary addressing of 32K,

1/0 dovices are still considered addrassed “ports” but
instead of the Ascumulator as the only transfer medium any
of the fnterna! registers can be used. All instructions that
could be used to operate on mamory locations can be used
in 140,

Exarnplas:

MOV, W {Input Port to any Registar)
MOV M, r {Qutput any Aegister 1o Por?)
AN {Qutput immediate data to Port}
LDA {Ilnput to ACCY

5TA {Qutput fram ACC to Port}
LHLD (18 Bit lnput)

SHLD {16 Bit Qutputl

ARD M {Add Part ta ACCH

ANA M {“AND™ Port with ACCH

It s easy to see that from the list of possible “new
instructions that this type of 1/Q architecture could have 2
drastic effec