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1. INTRODUCTION 
1-1. Description 

The Altair 8800b Turnkey computer is housed in a standard Altair sys-
tem case and contains the following elements: 

-Power supply and motherboard assembly 
-CPU board with the 8080A microprocessor 
-Turnkey Module with memory and I/0 circuitry 
-Front panel board 

The Turnkey system is pictured in Figure 1-1. 
The heart of the computer is the Central Processing Unit (CPU) board 

(Figure 1-2) which holds the 8080A microprocessor and its associated cir­
cuitry. The 8080A performs all the logical and arithmetic computations 
for the system. It also supplies control and status signals for the other 
system components. Other circuitry on the CPU board provides clock signals 
and synchronization functions. 

The Turnkey module (Figure 1-3) is a general support board for the 
Turnkey system which· includes memory, I/0 and AUTO-START control. The memory 
section has lK bytes of random access memory (RAM) and positions for up to 
lK bytes of read-only memory (ROM). Random access memory stores information 
that can be read, written or changed at will. RAM is volatile, however, 
and infonnation is lost when power ·is interrupted. Progrannnable Read-only 
memory (PROM) is non-volatile. Information in PROM is always present whether 
the power is on or not. Thus, PROM can store programs and data which must 
be permanently retained. The computer cannot write information into PROM, 
however. A special PROM programner must be used to do this, although factory­
progrannned PROMs are available for some widely used functions. 

The serial Input/Output channel (SIO) connects the parallel data bus 
in the computer to serial input/output devices, such as Teletypes, CRT terminals, 
modems, etc. The SIO may be configured to accommodate a variety of terminal 
types and speeds to mat~h virtually any serial I/0 arrangement. 

The AUTO-START feature is the key to the Altair 8800b Turnkey computer's 
ease of operation. When the computer's power is turned on or the START switch 
is actuated, the AUTO-START logic forces the computer to execute the instruc­
tion at a pre-selected address in PROM. The address could be the beginning 

Q of a series of instructions to load a program from an I/0 device, the start 
of a monitor program or a dedicated application program. 
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The Front Panel (Figure 1-4) switches start and stop the computer. - . . ... -... -- - . . . ~·· ... ~ 

Indicators are provided to monitor some important operating signals. _____ _. __ 
Power, data, addresses, status ~11~ con_~r~l s_ig_nals and miscella­

neous pulses are carried by the syste[lt_ bus. on the_motherboard. The bus 
is fully parallel, meaning that all s19nals are available to all boards 
p 1 ugged into the motherboard's sockets~ Thi~-a,.-, ows for easy and qui ck 
·system expansion. The motherboard can accommodate the CPU board, Turnkey 
Module and up to 16 additional boards. 

The Power Supply provides all the power vo)tages required by the Altair 
8800b Turnkey system components. The supply has· enough capacity to allow 
expansion of the system by addition of as many I/0 and memory boards as will 
fit in the system case. ~-
1-2. Connecting, Peripherals _ 

As supplied, the computer is set up for eit~er current loop or RS232 
input/output. To connect a Teletype 6-f Teletyp~ compatible terminal, make 
sure the computer's SIO channel is set up for current-loop signals and that 
the terminal is set for 20 mA operatioff. 

Other CRT terminals, printer(_·_~n~ foden:is r~1.tir~-~R5-f3=2 _sig~~~:.f~,9;.111_ :;:- ~-:.-. 
the SIO. 

The terminal is connected to the ~omputer through a 25 pin communica­
tion connector on the back panel. 
1-3. Power 

The fuse is a 3 amp, slow-blow unit and should be replaced only by 
the same type. The power cord should _be _~onnected to 110 volts, 50-60 Hz · 
A.C. (To convert the power supply for 230 VAC operation, see section 3-5.) 

When the fuse is installed, the power cord plugged in and the P?Wer 
switch turned 'ON', the power indicator lights to show the Turnkey Module 
is receiving power on its 5 volt line. 
1-4. Start-Up 

To turn the computer's power on, insert the key in the power switch 
lock, push it in and turn it clockwise 90 degrees. In this position, 
the power is on, the front panel switches are activated and the key 
may not be removed. Turning the key an additional 90 degrees clockwise 
allows the key to be removed, but deactivates the front panel switches. 

If the Turnkey Monitor PROM is installed at the AUTO-START address, 
turning on the power causes a period(.) to be typed on the terminal. 
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' This means that the Monitor program is ready to receive corrmands. At 
this point, the user may enter data into memory or cause control to 
jump to another program (e.g. a loader). During the execution of any 
program, actuating the START switch causes control to return to the 
Monitor. The prompt. period is printed and the Monitor is again ready to 
receive corrmands. 

For more information on the Monitor, its commands and use, see the 
Turnkey PROM Monitor manual. 

Other PROMs, ROMs or non-volatile memory may be installed at the 
AUTO-START address (although only type 17O2A PROMs may be installed on 
the Turnkey Module board). The action of the computer when the power is 
turned on depends upon the program in that memory. For example, if the 
Multi-Boot Loader PROM is installed to load Altair BASIC, the first 
message printed on the terminal is BASIC's "MEMORY SIZE" initialization 
question which appears after BASIC is loaded. For more information, see 
the qocamentation· for the program in use. 

8800b·T 
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2. THEORY OF OPERATION -
2-1. Genera 1 

A generalized block diagram of a computer system is shown in Figure 
2-1. The Control, Processor, Memory and I/0 are arranged so that in­
structions in Memory cause the Control to direct the Processor to 
access and manipulate Memory data. The Control also directs the Processor 
to arrange for Input and Output of data. 

The system in the diagram is stored-program computer, Its actions 
are directed by instructions that are stored in memory. The computer 
has the ability to change the order in which its instruction are 
executed and to modify the instructions themselves. This accounts, in 
part, for the great flexibility of stored program computers. 

As the diagram shows, the Control and Processor elements are the 
heart of the system. All the other elements of the system communicate 
with and are controlled by the Control and Processor. In many computers, 
including the Altair 8800b Turnkey computer, the Control and Processor 
elements are combined in one unit, the Central Processing Unit. 
Moreover, in the Turnkey system, some of the memory and I/0 functions 
are combined into the Turnkey Module. 

MEMORY PROCESSOR INPUT-OUTPUT OUTSIDE 
WORLD 
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Figure 2-2 is a diagram of the Altair 8800b Turnkey computer 
system showing how the functional parts are distributed among the 
physical units of the system. 

One important feature of the Turnkey system's design is that it is 
based upon a bus. The Altair bus is a collection of conducting paths 
{lines) which distribute signals to al j of the system's components. 
The pins of each board are connected directly to the corresponding pins 
of every other board. As a result, the system is easily expandable, since 
every board has access to all of the data, addresses, status and control 
information in the system. 

The bus is located physically on :a 100 conductor printed circuit 
motherboard. The printed circuit card edge connectors on the motherboard 
provide mechanical support for the system's circuit boards, as well as electric­
al connection to the bus. 

? ~ ~ .. 
FRONT 
PANEL 

- -. -

10 

TURNKEY ADDITIONAL CPU _BOARD MODULE I/0 AND MEMORY 

MISC. CONTROL 

INPUT/OUTPUT 

PROCESSOR 

MEMORY 

Figure 2-2 
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Function Distribution 
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' The bus has 16 Address lines, 8 Data-In lines carrying data to the 
CPU, 8 Data-Out lines carrying data from the CPU and lines carrying 
pulses that indicate the status of the system and serve various control 
functions. A list of the conductors on ·the Altair system bus is in the 
Appendix. 

The activity on the bus corresponds to six machine cycles; Memory 
Read and Write, I/O In and Out, Interrupt and Halt. The functions of 
the various bus lines depend on what cycle is currently in progress • . 

. . 
In a Memory cycle, the address of 'the memory location to be read 

or written is carried on the address bus. The Data-In bus carries 
data or instruction codes from memory to the CPU during a Memory Read. 
The Data-Out bus carries data from the CPU during a Memory Write. In an 
I/O cycle, the Address bus carries the address of the I/O port through 
which the data transfer is to take place. The port address is only 
eight bits long, so it is carried both in the high and low order bytes of 
the 16 bit Address bus. The Data-In bus carries information from 
the port to the CPU during an Input cycle. Similarly, the Data out -bus"·--=· 
carries infonnation from the CPU to the port in an Output -cycle. 

The Interrupt cycle is provided so that peripheral devicss can - · 
gain access to the bus. In the absence of interrupts, the CPU can 

.. -

be programmed to check its peripheral devices periodically and service 
them as they have infonnation to transfer. An input device, for example, 
waits until the CPU signals that it is ready for input. This arrangement 
is simple, but it is often inefficient, since the CPU is required to 
poll the I/O devices whether or not there is information to be transferred. 

8800b-i 
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In an interrupt driven system, on the other hand, the I/0 device 
signals the CPU when it is ready to transfer data. This signal is called 
an Interrup~ Request. If the CPU Interrupt Enable bit is set to 1, 
the CPU acknowledges the Interrupt Request. Otherwise, the request is 
ignored. In an Interrupt cycle, the CPU fetches an instruction which 
causes the computer to interrupt the execution of its current program 
and begin executing another program (called an interrupt service routine) 
at a special location in memory. The computer also stores the location 
of its current instruction so that it can return to the place where it 
left off when the interrupt service routine is completed. The interrupt 
scheme allows the computer to work on a program until a peripheral device 
has infonnation to transfer. The CPU can then accept the infonnation and 
take the necessary action without losing track of the program in progress. 

A special machine cycle is provided for direct memory access. 
During the Hold state, the CPU is effectively disconnected from the bus. 
This allows a direct memory access device, if it is used, to take control 
of the bus and transfer information directly to and from memory. For more 
infonnation on machine cycles, see the Intel 8080 machine cycles, 
see the Intel ™Microcomputer System User's Manual (abbreviated IMSUM), 
section 2, pp 3-11. 
2-2. The CPU Board 

NOTE 
In the following descriptions, the names of .signals appear 

in capital letters. Signal names which are barred (PRESET, 
for example) are active LOW. That is, they are LOW (0 volts) 
when activated and HIGH (+5 volts) otherwise. All other signals 
are active HIGH. 

The address and data lines represent binary 1 as HIGH 
and binary~ as LOW. 

On the Turnkey module, the sense switches and the address 
switches for RAM, PROM and AUTO-START allow manual entry of data 
and addresses. The two states of each switch -on and off- cor­
respond to the two states of a binary digit - 1 and O. The bits 
represented by the sets of switches can, therefore, be treated by 
the computer in the same way as any other data or address bits. 
Moving a switch in the direction of the arrow next to each set of 
switches puts the switch in the 1 position. 
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The CPU board contains the 8080A microprocessor, its timing and auxiliary control 
circuits. It also contains buffers and line drivers for the system bus. The 
heart of the CPU (and the whole computer system) is the 8080A microprocessor. 
All of the other circuitry on the board serves to support the microprocessor 
and connect it to the rest of the system. 

A. The Microprocessor. The 8080A is ICM on the schematic, Figure 
2-3a. For a complete description of the internal organization and timing1d 
of the 8080A, see the IMSUM, Chapter 2. 

B. Clock and Synchronization. The 8224 clock generator (IC Fon the 
schematic) provides the two-phase, 2 MHz clock for the 8080A at the required 
~ and 12 volt levels. The master timing reference for the 8224 is an ex­
ternal 18 MHz crystal. The system timing frequency can be changed by re­
placing the crystal. 

The clock generator also synchronizes the 8080A's READY and RESET inputs 
and provides a status strobe signal {STSTB) that is used to load the 8212 
status latch. The READY signal is the logical product (AND) of bus signals 
XRDY, PROV, XRDY2 and FROY. Normally, only PROV is used for memory synchroni­
zation; the others are set to logical l by pullup resistors. The bus signal 
PRESET is filtered, lengthened, shaped and synchronized by the 8224 to generate 
the RESET input for the 8080A. The~ signal is generated as soon as the 
status infonnation is available on the 8080A data lines. 

C. The Status Latch. At the beginning of each bus cycle, status in­
fonnation is presented momentarily on the 8080A data lines. This informa­
tion is stored in the 8212 latch so that the data lines may be used for other 
infonnation later. The 8212 is IC Kon the schematic. For a complete des­
cription of the status information and its timing, see page 2-6 of IMSUM. 
The 8212 is described on page 5_-101 of the same manual. 

D. Buffers. 
1) Bus splitters. Information is communicated to and from the 8080A 

through an eight-bit, bidirectional data bus. This bus is buffered by two 
8216 bidirectional bus drivers to form a TTL compatible, bidirectional bus 
on the CPU board. The direction of the 8216's is controlled by PDBIN. 

8800b-T 
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At the other end of the CPU bus are tri-state buffers that split the 
bidirectional data bus into Data-In and Data-Out busses which are brought 
out to the systei:n bus. The buffers shown in zones B-3 and B-4 transfer data 
from the system Data-In bus to the bidirectional bus when both PDBIN and 
DIGl are HIGH. (DIGl is normally HIGH unless the bidirectional bus is being 
accessed through connector P3. When either PDBIN or DIGl are LOW, the buffers 
are put in a high impedance state and no information is transferred through 
them. Similarly, the buffers in zones C-2 and C-3 transfer data from the 
CPU bus to the Data-Out system bus when the signal DO DSBL is HIGH. 

If no infonnation is present on the Data-In bus, all eight lines are 
pulled HIGH by resistors on the CPU board. When a interrupt is acknowledged, 
this forces a RST 7 instruction onto the bus if the Vector Interrupt Board 
is not used. 

2) Input buffers. All input lines to the CPU board are buffered by 
TTL circuitry. Unused lines are pulled HIGH by resistors which also allow_ 
any one of several boards to pull any input line LOW. A line is normally pulled 
LOW either by an open collector driver or a tri-state driver, with the condition 
that no more than one tri-state driver may be enabled at one time. 

Examples of these input lines are PINT and PHOLD in zone D-8, the 
READY lines (PROV, etc.) in zone A-7, PRESET in zone A-6, and the driver 
disable lines throughout the schematic. 

16 

3} Output buffers. All outputs from the CPU board are buffered to drive 
30 standard TTL loads. The lines are collected into four groups, Address lines, 
Data Out lines, Status lines and a Control group made up of PWR, PDBIN, PWAIT, 
PSYNC, PHLDA and PINTE. Each group of lines may be disabled as a group by 
signals from the bus. 
2-3. The Turnkey Module 

The Turnkey Module contains 1024 bytes each of RAM and PROM, a serial 
I/0 channel, AUTO-START logic, sense switch, the front panel board and logic 
and miscellaneous logic. The Turnkey Module schematic is shown in Figures 2-4 
a, band c. 

A. RAM and PROM. The RAM and PROM memories and their control logic are 
shown in the schematic diagrams, Figures 2-4 a and c. 
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1) The incoming PROM address is compared with the starting PROM address 
by the NANO gate IC D. If the incoming address is in the lK block selected for 
PROM, the output of IC D, active LOW, enables the PROM address decoder, 
IC Za, which selects one of the PROM ICs. Up to four PROM chips may be 
installed. The output of IC Dis also combined with the output of the 
I/0 address detector in a NOR gate, the output of which causes the CPU 
to execute a WAIT state and enables the data bus interface, IC's P and R. 
The selected PROM drives the bidirectional data bus and the interfaces 
P and R put the selected data on the Data-In system bus. 

2) An address of a byte in RAM is detected by IC B. The output 
of IC Bis active if a start sequence is not in progress and the current 
machine cycle is not an I/0 cycle or an interrupt. Therefore, the only 
time a RAM address is detected is when the machine cycle is a memory 

I 

cycle or a Halt cycle. The output of IC B enables the RAM ICs and the 

data bus interfaces P and R. The direction of the data bus is con­
trolled by the MWRT pulse described in paragraph 2-3F. When RAM is 
selected, data at the address is put on the bidirectional bus. If 
the cycle is a memory read, the cycle is complete. If it is a write 
cycle, the direction of the data bus interfaces is momentarily reversed, 
overdriving the RAM output drivers. Pulsing the RAM write inputs then 
causes the data on the bus to be written in th~ addressed location. 
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B. AUTO-START. The AUTO-START logic causes the computer to 
jump to the address designated by the AUTO-START switches when the 
power is turned on or the START switch is· actuated. Figure 2-5 shows the 
arrangement of the AUTO-START logic. The switches represent the variable 
byte in a JMP instruction. The JMP instruction is generated by a 
multiplexer, ICs Mand N, which is controlled by flip-flops Ta, Sa 
and Sb. The flip-flops are cleared by PRESET, a bus signal derived 
from POC or generated by the START switch on the front panel. Subsequent 
PDBIN pulses cause the flip-flops to change from one state to the next 
as shown in the sequence diagram, Figure 2-6. The pulses generated by 
the flip-flops cause the multiplexer to choose one of three possible 
bytes; 303 octal, 000 octal or byte .designated by the AUTO-START switches. 

CPU Board Turnkey Module 

Start Logic 

Power 
on 

Clear 
Circuit Reset 

J. 

, ' 

18 

Front Pane 1 ~ 
-Board 

. ~ OR 1no 
~.--o1~-----_...,_-tU START 

, , 

Figure 2-5 
AUl'O-STAR'I' Block Diagram 
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These bytes are placed on the bidirectional data bus in sequence and 
become the AUTO-START JMP instruction. Table 2-A shows the sequence of 
events in the AUTO-START procedure. 

Table 2-A -Signal Control 
In State Function 

PRESET 000 Mux. outputs enabled, . Bus interface 
enabled, 303 octal put on bus. 

POBIN 010 000 put on bus. 
POBIN 001 Byte in address switches put 

on the bus. 
PDBIN 110 First byte of PROM program 
PDBIN 111 Next byte of PROM program 
. . • 
. . • 
. . . 

During the three bytes of the JUMP instruction, the HIGH Q output 
of flip-flop Ta is used to drive transistor Q2 to hold MEMR low and keep 
memory data off the bus. Once the JUMP instruction is complete, Q goes 
LOW and memory instructions can be fetched. 

C. Sense Switches. The sense switch circuitry is shown in Figure 
2-4·a and b. IC K (Figure 2-4a) detects I/0 port address 255 decimal 
{377 octal), which is reserved for the sense switches. The output, 
active LOW, enables the tri-state buffers connected to the sense switches 
{Figure 2-4b) putting the bits represented by the switch positions on 
the bidirectional bus. IC K also enables the bus interface, so the 
sense switch bits are placed on the Data-In system bus. 

O. Serial I/0 Channel {SIO). The SIO schematic is shown in 
Figure 2-4b. The heart of the SIO is the 6850 Asychronous Communications 
Interface Adapter. The ACIA contains all the Status and Contr1l registers 
discussed in section 3-2 and most of the timing and control circuitry. 
The bit rate is generated by a 34702 integrated circuit whose timing 
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reference is a 2.4576 MHz crystal. Jumpers are provided to set the 
output rate of the 34702 at l, 16 or 64 times the required bit rate. 

Input signals are received by RS232 receivers that may be made 
compatible with TTL or current loop signals by means of jumper-selected 
pullup resistors. TTL or RS232 outputs may be selected by jumpers or 
by internal cable wiring. 

E. Front Panel. The front panel logic is contained on the Turnkey 
Module board. The indicators and switches are connected to the 
Turnkey Module by a cable and Molex connectors. The schematic diagram 
for the front panel circuitry is in Figure 2-4a. 

The bus signals PHLTA, PINTE and PINT are buffered to drive the 
indicators HALT, INTE and INT, respectively. The I/0 indicator is 
driven by the logical sum (OR) of the !NP and OUT signals. The POWER 
indicator monitors the +5 volt supply on the Turnkey Module. 

The bus signal PROV is grounded when the RUN/STOP switch is in the 
STOP position. PRE?ET is grounded momentarily by the START switch 
which, in turn, initiates the AUTO-START sequence. Contact bounce 
is filtered out on the CPU board to generate a reset signal suitable 
for the CPU. 

F. Miscellaneous Signals. Several miscellaneous signals are 
handled by the rest of the circuitry on the Turnkey Module. Some are 
optional and may be selected by jumpers. 
1. MWRT is generated if the jumper from Ml to M2 is installed. In the 

full front panel version, MWRT is generated by the front panel 
logic and is used by memory boards of write functions. 

2. PROT and UNPROT are used on the standard model of the Altair 8800b 
for memory protect and unprotect functions. As supplied, the 
Turnkey Module grounds PROT and pulses UNPROT with phase 2 of the 
clock to unprotect all memory as it is accessed. This feature 
may be disabled by removing the jumpers from 2 to UM and from G to 
PM. 

8800b-T 
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3. AUX CLR is nonnally pulled HIGH by a resistor on the Turnkey Modlue, 
but insertion of optional jumpers as described in section 3-4b 
allows the signal to be used. 

G. Power. All power used on the Turnkey Module and Front Panel 
boards comes from the +18 volt, -18 volt and +8 volt lines on the 
motherboard. The Turnkey Module's power regulator circuitry is shown 
in Figure 2-4a. The +5 volt supply is derived from the +8 volt line by 
an IC regulator. The +9 volt supply comes from the +18 volt line 
through a zener regulator and the -0 volt supply is derived by a 
transistor-zener regulator from the -18 volt line. 

Figure 2-6 is the schematic for the power circuits in the 8800b case. 
The +18 and -18 volt supplies are pre-regulated. The +8 volt supply is 
not regulated, but it is adjusted by the taps on the secondary of the 
power transfonner. See Section 3-5. 
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3. ADVANCED OPERATION 
3-1. The Front Panel 

The Front Panel contains the functional switches and status indicators 
I 

for controlling and monitoring the computer. A list of the switches and 
indicators along with their functions follows: 
Power switch 
POWER indicator 

RUN/STOP switch 

START switch 

HALT indicator 

I/0 indicator 
INT indicator 
INTE indicator 

S80Cb-T 
August, 1977 

Turns power on and off. Key-lock switch 
Indicates that power is on. Monitors the +5 
volt supply on the Turnkey Module. 
Causes the computer to run the program in memory 
when placed in the RUN position. Execution stops 
in the middle of the next machine cycle after 
the switch is moved to the STOP position. Moving 
the switch back to RUN continues execution at the 
point where it was stopped. 
When actuated, stops execution. When released, 
starts execution at the START address selected 
by switches on the Turnkey Module. If the 
switch is actuated when the RUN/STOP switch is in the 
STOP position, the comput~r stops in the middle 
of the START sequence. Moving RUN/STOP to RUN 
continues the START sequence. 
Indicates that the computer is stopped either 
because a HALT instruction has been executed or 
because the PRESET line is LOW. 
Indicates data transfer to or from an I/0 port. 
Indicates that an interrupt is being requested. 
Indicates that the Interrupt Enable bit is set 
in the CPU and that the computer may be 
interrupted. When the INTE indicator is off, 
interrupt requests have no effect. 
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3-2. The Turnkey Module 
A. Memory. The Turnkey Module contains lK bytes each of RAM and 

PROM. The starting address of each lK block is selected by 6 switches 
on the Turnkey Module board (Figure 3-1). In operation, the most 
significant 6 bits of the incoming address are compared with the settings 
of the switches. If they match, the remaining 10 bits are decoded 
to select the proper byte in that block. 

TURNKEY MODULE 

15 

14 

13 

Ao:~ss 12 

l ~: 
r~: 

PROM 13 

ADDRELSS ;: 

10 

-CJ 
c::J 
c::::J 
CJ 

--c::J 

CJ 
c::J1 
CJ, 

-CJ 
CJ 
CJ 

c::J 

c'igure 3-1 
Rill·! and FRCH h:5dress Switches 
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SWl 

SW2 

SW3 
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To set the RAM and PROM address switches, first select the starting 
( addresses for each block and convert them to binary. The starting 

addresses must be integral multiples of lK (1024) so the .low-order 
(rightmost) 10 bits of the addresses are zeros. The RAM and PROM addresses 
are zeros. The RAM and PROM addresses cannot be the same, nor may they 
overlap the addresses of any other memory in the system. 

One starting address switch corresponds to each of the 6 high-order 
bits of the starting address (the most significant bit is bit 15). If 
the bit is one, the corresponding switch is moved in the direction of the 
arrow silkscreened on the board. If the bit is zero, the switch is 
moved in the opposite direction. 

B. Sense Switches. There are eight sense switches on the 
Turnkey Module representing one byte of data. This byte may be read 
by program instructions and used as data or to select options in the 
program. 

Sense switch settings are described in the documentation for 
the software products (such as Altair BASIC) that use the switches. 
Moving the Turnkey Module sense switches in the direction of the silk­
screened arrow next to the switches is equivalent to moving a front 
panel switch up. 

To allow use of the sense switches, there must be a jumper 
between points Sand Bon the Turnkey Module board as shown in Figure 
3-2. If the Turnkey Module is being used in a standard model Altair 
8800b computer, the front panel switches override the Turnkey Module sense 
switches. The sense switches may be read by the following instruction: 

8800b-T 
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Assembly IN ·255 
Machine (octal) 333 377 

TURNKEY MODULE SENSE \ 
1 i 6 5 4 3 2 1 0 
1 ! Imo o o Jm o o o I I s 

0 +5 0 SW6 SW7 

0 0 B 

E'iaure 3-2 
Sense Switches and Jume;::er Pads 
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c. SIO Section. 
1) The Turnkey Module SIO channel appears to the CPU as two of 

the 256 possible I/0 ports (see IMSUM, Section 3, pp. 8 -10). One of 
the ports is used for data transfer and the other for channel status 
and control information. Table 3-A is a summary description of the 
SIC ports. 

The high-order seven bits of the I/0 address are compared with 
the SIO address switch settings. If they match, the channel is enabled. 
The least significant bit selects the Data (bit zero=l) or Status/ 
Control (bit zero=O) port. To set the switches, convert the desired 
address to binary. Move each switch in the direction of the silk­
screened arrow to represent one and in the oppos~te direction for zero. 
Switch 7 represents the most significant bit. 
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'!'able 3-A 

Address Function when read during Function when loaded 
~n Input Operation during an Output Operation 

s s s s s s s 1 Receive Data Buffer Transmit Data Buffer 
7 6 5 4 3 2 1 (Data is stripped of parity) 

s7 s6 s5 s4 s3 s2 s1 o Status Control 

s1 through s7 refer to the binary representation of the positions of the 
SIO address select switches 
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2) The Status Register. When the Status/Control port is read during 
an input operation, the Status Register contains information on the status · 
of the Transmit Data Register, the Receive Data Register and error logic, 
and the peripheral/modem status inputs. The function of each bit of the 
status register is given -in the table below. 

a. Receive Data Register Full (RDRF), Bit 0. Receive Data Register 
Full indicates that received data has been transferred to the Receive Data 
Register. RDRF is cleared after the CPU reads the Receive Data Register or 
by a master reset. The cleared or empty state indicates that the contents 
of the Receive Data Register are not current. RDRF also indicates empty if 
Data Carrier Detect is LOW. 

b. Transmit Data Register Empty (TORE), Bit 1. The Transmit Data Regis­
ter Empty bit set to 1 indicates that the Transmit Data Register contents 
have been transferred and that new data may be entered. A zero indicates that 
the register is full and that transmission of a new character has not begun 
since the last write data command. 

c. Data Carrier Detect (DCD), Bit 2. When the DCD input from a modem 
goes LOW to indicate that a carrier is not present, the Data Carrier Detect 
bit is set to 1. This setting causes an Interrupt Request to be generated 
if the Receive Interrupt Enable bit is set. After the DCD input returns HIGH, 
DCD remains one until it is reset, either by reading first the Status Register 
and then the Data Register, or by a master reset. If the DCD input remains 
LOW after the Status and Data Registers have been read or a master reset occurs, 
the DCD bit remains the inverse of the DCD input. 

d. Clear-to-Send (CTS), Bit 3. The c-,-e-ar ___ t_o_-S_e_n_d bit is the inverse 

of the Clear-to-Send input from a modem. Thus, zero in CTS indicates that 
there is a Clear-to-Send from the modem. When the Clear-to-Send signal is 
LOW, the Transmit Data Register Empty bit is inhibited and the CTS status 
bit is set to one. Master reset does not affect the CTS bit. 

e. Framing Error (FE), bit 4. A framing error occurs when the received 
character is improperly framed by a start and a stop bit. It is detected 
by the absence of the first stop bit. This indicates a synchronization error, 
faulty transmission or a break condition. The Framing Error flag, FE, is 
set during the receive data transfer time. Therefore, the error indicator 
is present throughout the time that the associated character is available. 

8800b-T 
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f. Receiver Overrun (OVRN), bit 5. OVRN is an error flag that indi­
cates that one or more characters in the data stream were lost. That is, 
a character or a number of characters were received but not read from the 
Receive Data Register (RDR) before subsequent characters were received. 
The overrun condition begins at the midpoint of the last bit of the second 
character received without the RDR having been read. The OVRN bit is not 
set in the Status Register until the valid character prior to the overrun has 
been read. The RDRF bit remains set until OVRN is reset. The OVRN bit is 
reset when data is read from the Receive Data Register or by the master re­
set. Character synchronization is maintained during the overrun condition. 

g. Parity Error (PE), bit 6. The Parity Error flag indicates that the 
number of ones in the character does not agree with the preselected parity. 
Odd parity is defined as the condition in which the total number of ones in 
the character is odd. Even parity means the number of ones is even. The 
parity error indication is present as long as the data character is in the 
RDR. If no parity is selected, then both the transmitter parity generator 
output and the receiver parity check results are inhibited. 

h. Interrupt Request (IRQ), bit 7. IRQ indicates the state of the IRQ 
signal. Any interrupt condition, with its applicable enable, is indicated 
in this status bit. Anytime the IRQ signal is LOW, the IRQ bit is one to 
indicate the interrupt or service request status. Section 2-2.C.4. shows 
how to jumper the IRQ signal to an interrupt line on the bus. 

3) The Control Register. When the Status/Control port is loaded during 
an output operation, the Control Register contains information which controls 
the functions of the receiver and transmitter, interrupt enables and the 
Request-to-Send peripheral/modem control input. The Control Register bits 
and their functions are shown below. 

a. Counter Divide Select, bits 0 and 1. The Counter Divide Select Bits 
detennine the clock divide ratios used in both the transmitter and receiver 
sections of the SIO. Additionally, these bits are used to provide a master 
reset for SIO which clears the Status Register (except for external condi­
tions on the CTS and DCD lines) and initializes both the receiver and trans­
mitter. Master reset does not affect other Control Register bits. Note that 
after power-on or a power failure/restart, these bits must be set HIGH to 

8800b-T 
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reset the SIO. After reset, the clock divide ratio may be selected. The 
counter select bits provide for the following clock divide ratios: 

CRl CR0 Ratio 

0 0 1 (synchronized) 

0 1 16 (nonnal) 
1 0 64 (slow) 
l l master reset 

Section 3-2.C.5. describes the use of these bits to select the baud rate. 
b. Word Select, bits 2, 3 and 4. The Word Select Bits are used to 

specify word length, parity and the number of stop bits in each character. 
Word length, Parity Select, and Stop bit changes are not buffered and there­
fore become effective immediately. The encoding fonnat is as follows: 

CR4 CR3 CR2 Function 

0 0 0 7 bits, even parity, 2 stop bits 

0 0 l 7 bi ts, odd parity, 2 stop bits 

0 1 0 7 bi ts, even parity, 1 stop bit 

0 1 1 7 bi ts, odd parity, l stop bit 
1 0 0 8 bi ts, two stop bits 
1 0 l 8 bits, one stop bit 
1 1 0 8 bi ts, even parity, one stop bit 
1 l l 8 bits, odd parity, one stop bit 

c. Transmitter Control, bits 5 and 6. Two Transmitter Control Bits 
provide for control of the interrupt from the Transmit Data Register Empty 
condition, the Request-to-Send output, and the transmission of a break level 
(space). The setup of interrupt jumpers are shown in Section 3-2.C.4. The 
following coding is used: 

CR6 CRS Function 
0 0 RTS = HIGH, Transmitting Interrupt disabled 

0 1 RTS = HIGH, Transmitting Interrupt enabled 
1 0 RTS = LOW, Transmitting Interrupt disabled 
1 1 RTS = HIGH, transmits a break level on the trans-

mit data output, Transmi~ting disabled. 
d. Receive Interrupt Enable, bit 7. Receive Data Register Full, Over-

1 

run and Data Carrier Detect interrupt requests are enabled by a 1 in the Re-
ceive Interrupt Enable Bit. The setup of interrupt jumpers is shown in Sec­
t~on 3-2.C.4. 
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4) Interrupts. The SIO generates an interrupt signal that may be con­
nected to an interrupt line on the bus by means of jumpers. The jumper pads 
are shown in Figure 3-4. 

l5TNi 

VI\ c!, r- TRQ" 

.0 o ( o 1 

1Q'06 
2c> o~ s 
3~4 

TURNKEY MODULE 

Figure 3-4 
SIO Interrupt Jumi:;er Pads 

a. No jumper is installed if the SIO is not required to interrupt the 
CPU. Software can detect Status Register bits in this case and direct I/0 
operations without interrupts. 

b. In systems not using the Vector Interrupt board, the signal IRQ may 
be connected to the PINT line. Then, if an SIO interrupt occurs, Pi'NT will 
be pulled LOW until the condition that caused the interrupt no longer exists. 
If the Interrupt Enable bit in the CPU is set, then a RST 7 instruction is 
forced into the instruction sequence. Interrupt signals from other I/0 cir­
cuits may also be connected to the PINT line if their outputs are effectively 
driven by open collector drivers. All Altair I/0 boards currently manufac­
tured and supported have open collector interrupt signal drivers. See the 
appropriate I/0 board manual for more infonnation. 
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c. In systems using the Vector Interrupt board, IRQ may be connected 
through a jumper to any pad marked VI°0 through VI7. These represent the 8 
interrupt priority levels. Interrupt signals from different boards may be 
connected to the same priority level if they are all driven by open collector 
drivers. See the Vector Interrupt board manual for further information. 

5) Bit Rate Selection. In this section, 1 bit rate' is defined as the 
maximum rate of level changes on the data signal line. Since the SIO is an 
asynchronous device, the bit rate determines the rate at which the bits within 
each character are received or sent, but not, in general, the average rate 
at which characters are handled. 

The bit rate is selected by jumpers and by Control Register bits 1 and 
0. Table 3-B shows the resultant bit rate for every usable combination of 
jumpers and control bits. The jumpers S0, Sl, S2 and S3 are shown in Figure 
3-3. If CR0 and CRl are both zero and the external rate is not selected, 
then the SIO may only be used for transmission. Otherwise, the SIO may be 
used for both receiving and transmitting at the selected rate. If a rate 
above 300 bits per second is selected, capacitor Cl should be removed. 

If the external clock and the l counter are selected, then the data must 
be synchronized with the clock. The transmitted data line changes level·s 
within one microsecond of the LOW to HIGH clock transition. Output jitter 
is about 500 ns. The SIO will sample the receive data line within l micro­
second after the HIGH to LOW clock transition. 
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C 

Jumpers 
(X means installed) 

S3 S2 

- -
- -
- -
- -
- X 

- X 

- X 

- X 

X -
X -
X -
X -
X X 

X X 

X X 

X V 
' 
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Sl so 

- -
- X 

X -
X X 

- .. 
- X 

X -
X X 

- -
- X 

X -
X X 

- -
- X 

X -
X X 

Table 3-B 

Data Transmission Rates 

CRO = 1 CRO = 0 CRO = Q 
CRl = 0 CRl = 1 CRl = 0 

(nomal; 16 (slow; 64 (sychronous data; 
counter selected) counter selected) l counter 

selected) 

110 27.S 1760 

150 37.S 2400 

300 75 4800 

2400 600 38400 

1200 300 19200 

1800 450 28800 

4800 1200 76800 

9600 2400 153600 

2400 600 38400 

600 150 9600 

200 so 3200 

134.S 33.375 2152 

75 18.75 1200 

so 12.S 800 

Ex'ternal 16 External 64 External rate 
ra'te rate 

(36,000 max) (9000 max) (400,000 max) 
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6) Signal Types. The SIO can be configured to interface with peripheral 
equipment using 2~ mA loop, RS232C and TTL signals. These signal options 
are selected by jumpers and internal cable connections. Table 3-C shows the 
I/0 signal types. The locations of the jumpers are shown in Figure 3-3. 
The cable runs from the I/0 connector on the Turnkey Module to the rear panel. 
The rear panel connector is the industry standard 25-pin data communications 
connector. 

'l'able 3~ 

Signal Type From To Notes 

TI'Y Xl X2 

Compatible K4 PS 

K3 P3 

K2 P2 

RS232 X3 X4 

Compatible K3 P3 Put in only if DCD signal is 

K2 P2 Put in only if CTS signal is 

TTL X2 X3 
Compatible 

K4 P4 
(3.2 mA max load 
16 mA min drive) K3 P3 

K2 P2 

Kl Pl Not needed if external clock 

Note: TTL inputs are two unit loads; input is actually 

"TTL compatible." 
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not used. 

not used 

is not used. 

8800b-T 
August, 19i7 



Table 3-D shows the connections of the internal cable. 
D. Interfacing. This section describes interfacing of the SIC through 

the 25 pin rear panel connector to modems, RS 232 terminals or current loop 
terminals. The terminal's instruction book should be consulted for the proper 
choice of signal types. 

From Molex 

Pin Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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Function 

TTL RTS 

TTY XMIT 

TTY REC 

All REC 

DCD 

CTS 

XTERNAL CLOCK 

GND 

RS232 RTS 

RS232 + TTL XMIT 

Table 3-D 

Female 
TTY Cable 

6 

3 
. 

4 

s 

2 

To 25 Pin Connector 

Male Female 
RS232 Cable TTL Cable 

4 

2 2 

8 8 

5 5 

15 15 

7 7 

4 

3 3 
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1) Connection to a modem is through a male to female extension cable. 
The board and internal cable are set up for RS-232 1/0. 

2) To connect to a Teletype, first unplug the Teletype, then loosen 
the three thumb-screws in the back and remove the roll of paper, the Mode 
Switch knob and the face plate. Remove the four screws under the nameplate 
and the small screw on the reader cover. The cover can now be removed. 

The interconnection between the computer's SIO and the Teletype is shown 
in Figure 3-5. Connection is made to terminal strip 1514111, which is at the 
right rear of the Teletype. 

38 

25-PIN CONNECTOR 

FEMALE MALE 
3 

2 

-4 

9 

8 

7 

6 

5 

4 

3 

2 

1 

Figure 3-5 
20rnA Current I.o9p ('ITY) 

I/0 Connections 

PURPLE 
YELLOW 
BLACK/GREEN 
vlHITE/BROHN 
RED/GREEN 
WHITE/YELLOW 
WHITE/BLACK 
\-JHITE/BLUE 
BROt-!N/YELLOW 
GREEN/ORANGE 
RED 
GREEN 
WHITE/RED 
BLACK 
BLACK 
HHITE 
WHITE 

TERMINAL 
.____, STRIP 

151411 
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While the cover is off, check that the Teletype is wired for 20mA 1 full 
duplex operation. The unit is set for full duplex if the Brown/Yellow wire 
is on terminal 5 and not on 3, and the White/Blue wire is on terminal 5 and 
not on 4 of terminal strip 1514111. The receiver current level is set to 
20 mA if the Purple wire is connected to terminal 9 and not to 8. The cor­
rect connections are shown in Figure 3-5. The current source resistance for 
local mode should be connected as 1450 ohms. This resistor is on the right 
hand side of the Teletype, halfway back. 

After the connections and modifications are made, replace the cover, 
faceplate, knobs, paper ro,-1 and screws. 

Be sure that the Turnkey Module and the internal cable have been set up 
for TTY I/0. 

3) For RS-232 input/output, the cable is wired as shown in Figure 3-6. 
Note that the cable is symmetrical. The SIO of the Turnkey Module and the 
internal cable must be set up for RS-232 I/0. 

8800b-T 
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25-PIN 
CONNECTOR 

FEMALE 

TRANSMIT TRANSMIT 

RECEIVE RECEIVE 

GROUND 

Figure 3-6 
RS-232 I/0 Connections 

25-PIN 
CONNECTOR 

FEMALE 
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3-3. AUTO-START 
When power is turned on, or when the START switch is released, the 

start sequence logic forces the CPU to begin executing instructions at an 
address selected by a set of switches on the Turnkey Module. The switches 
are shown in Figure 3-7. 

40 

1 

0 

(~ t::l 
CJ 

~ - c::::J 
Q 

CJ Q N 
< -
~ 
~ - Cl < 
~ -

l: c::::J 
c:J 
c::::i 

Figure 3-7 
AUI'0-51ART Address Switches 
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The AUTO-START switches are set in the same manner as the RAM 
and PROM address switches (see section 3-1). The AUTO-START address 
is the address of the first location of a routine in PROM. The 
address must be an integral multiple of 256, so the low order eight 
bits must be zeros. The eight AUTO-START switches correspond to the 
high-order eight bits of the AUTO-START address. Bit 8 is the least 
significant bit. 

If the 8800b Turnkey Monitor PROM is installed, the AUTO-START address 
must be 176400 octal. Therefore, all the AUTO-START switches except switch 
9 must be in the 11 111 position. · 
3-4. Miscellaneous Options 

A. Use of Turnkey Module with Front Panel Model. The Turnkey Module 
may be used in the standard (full front panel) model of the Altair 8800b 
computer. To do this, the following jumpers must be removed from the Turnkey 
Module board: 

Ml to M2 
PM to GND 

~2 to UM 
Figure 3-8 shows these jumpers. 

8800b-T 
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NORMAL 

n 
00000 
SBC ON SWSA 

GND 
M2 I 02 

'o o o ...... 
..... o o o, 

Ml I 

Section 3-8 
t1iscellaneous Option Jumper Pads 

PM 
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Table 3-E 

Configuration Jumpers Cause 

Normal SA to SW Power On 

START switch 

Alternate #1 SA to SW Power On 

SB to C 

START switch 

Alternate #2 ON to SW Power On 

START switch 

Alternate #3 ON to SW Power On 

SB to C 

START switch 

Alternate #4 SA to SW Power On 

ON to C 

START switch 

42 

Effect 

POC pulse 

START 

START 

l5oc pulse 

START 

AUX CLR pulse 

START 

AUX CLR pulse 

l>oc pulse 

START 

~ pulse 

START 

POC pulse 

START 

AUX CLR pulse 

POC pulse 

START 

AUX CLR pulse 

POC pulse 

START 

AUX CLR 

START 

pulse 

-9800b-i 
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B. POC and AUX CLR options. As supplied, the computer generates 
the POC pulse when the power is turned on, but does not generate the AUX 
CLR pulse. This may be changed by jumpers between the pads marked C, ON, 
SA, SB and SW. These pads are shown in figure 3-8. Table 3-E shows the 
options available. The AUX CLR pulse is generated by a panel switch on 
the standard model of the 8800b computer and may be used by peripheral 
devices. 
3-5. The Power Suoply 

A. Adjusting for differing loads. The +18 and -18 volt supplies 
are pre-regulated, but the +8 volt supply must be adjusted for differing 
loads by moving the tap on the power transfonner secondary. The trans­
former secondary taps are shown in Figure 3-9. The correct secondary tap 

~Iii llillil II Ill lllllllll lllllllil llll lllll lllllll llllllll llliilillilllllil 11111111111111111 lllllll lllllllil L1111111111111111 ::: Ill::: ~~11111111111111111111111111111111 illl Ill llllllllP' 

TO BRIDGE 

r-Low 
TO 1 

BRIDGE ~ - _ __.,. MIO 

~ L HIGH 

TB2 

NEAR CENTER OF 
, TRANSFORMER 

(#19) 

Figure 3-9 
Power Transformer Secondary Taps 
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is determined experimentally. The procedure for adjusting the tap is as 
follows: 

1. Disconnect the computer from its A.C. supply. 
2. Connect wire 15 from the bridge rectifier to one of the secondary 

taps on the transformer as shown below: 
Number of Boards Transfonner 
in the Computer Tap 

0-6 low 
7-12 middle 

13-18 high 
3. Connect the A.C. supply and measure the voltage between pins l 

and 50 on the motherboard. 
4. If the measured voltage is greater than 9 volts, the next lower 

tap should be used if it is available. If the voltage is less than 
7.5 volts, the next higher tap should be used. Be sure to dis­
connect the power cord before moving the transformer tap connection. 

B. Power Supply capacity. The power supplies can power most systems 
that can be accommodated in the case. Only an unusually large system will 
tax the resources of the power supplies. 

44 

The A.C. line into the power supply is furnished with a 3 amp, slow­
blow fuse. It should be replaced as necessary only with an identical fuse. 
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4. TROUBLESHOOTING HINTS 
4-1. Introduction 

This section is not an extensive troubleshooting guide, but rather 
contains guidelines that can save the troubleshooter time. Knowledge of 
electronics and of the contents of Sections 2 and 3 of this manual is required 
for troubleshooting. 

A. Equipment. An oscilloscope with 30 MHz or greater bandwidth is 
normally required to troubleshoot this unit. A voltage meter may be required 
in some measurements. In most cases, either a logic analyzer or a full 
panel version of the Altair 8800b computer is also needed. If the Turnkey 
Module is used with the front panel, remove jumpers as described in para-
graph 3-9. To di3play both address lines and data lines on the logic analyzer, 
clock on the falling edge of IC W pin 8 on the Turnkey Module. To view data 
going to the Data Out bus as well as the Data In bus, make connections to 
the bi-direction bus on the CPU board. 

B. Troubleshooting Optional Boards. Troubleshooting optional memory 
and I/0 boards is covered in the manuals for those boards. The directions 
in these manuals often assume that a full front panel is used, presenting 
test loops to be executed in the single step mode. If a full front panel 
is not used, use a logic analyzer and a test program instead. 

C. Trouble Follows Change. An error in system change, jumper instal­
lation, repair or board modification can cause trouble. If a system change 
has been made, be sure that all Turnkey Module jumpers are installed as shown 
in Section 3. If boards were added, be sure that the +8 volt bus has the 
correct voltage. Check that all boards and connectors are well seated and 
mated correctly. If the trouble follows jumper installation, repair or 
board modification, check for solder bridges and poor solder connections. 
If the trouble follows repair, check that the IC pins were inserted into 
the sockets properly. 
4-2. Preliminary Considerations 

A great deal of time can be saved by some preliminary checks. 
A. First, check that all connectors and boards are well seated, that 

the unit is p1 ugged in and that the fuse is not open. 
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B. Corner the problem by removing boards from the unit and by swapping 
boards with good ones, if possible. Use this method with caution; a board 
with a damaged bus driver may look OK when a good board is removed from the 
system, because the load is reduced. If a board fails catastrophically, 
several boards may be damaged along with cabling and power wiring. In 
this case, each board should be tested in another system. 

C. Check for incorrect voltage and noise on the regulated voltages 
of every board plugged into the motherboard. The tolerances for the regu­
lated voltages generated on the CPU board and the Turnkey Module are tabulated 
below. 

Board Voltage 
+12 

CPU +5 
-5 
+5 

Turnkey +9 
Module -9 

Check the clock on the CPU board. D. 
pin 3. 

4-3. 
The correct frequency is 2.0 MHz. 

CPU 

Tolerance 
5% 
5% 
5% 
5% 

lM 
-1.0 volt 
+0.5 volt 

This may be monitored at IC J 

The CPU board requires less troubleshooting than the circuits on the 
Turnkey Module. When troubleshooting the CPU, monitor TTL buffered signals 
rather than MOS driven signals as much as possible, to avoid loading the 
8080A IC. When monitoring the 8080A outputs, use a low capacitance XI0 probe. 
See IMSUM (section 5, pp. 13-19, 163-166, 1-4) for nominal signals and timing 
measurements for the 8080A, 8216 and 8224 !Cs. 
4-4. Turnkey Module 

A. AUTO-START. AUTO-START should be one of the first functions tested 
if there are no other clues to the trouble. AUTO-START is tested with a 
front panel as shown in the table below. Depressing the RESET or STEP switch 
should produce the displays shown in the table. 

J 
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Press Address Data Status 
Switch Indicators Indicators Indicators 

RESET 0 303 Ml 
STEP 1 000 none 
STEP 2 setting none 

of start 
address 
switches 

STEP start ----- Ml,MEMR 
address 

If a logic analyzer is used instead of a front panel, depress the START 
switch on the Turnkey front panel and monitor at running speed. 

B. PROM. If AUTO-START is operating properly and the computer still 
does not start, there may be a problem with the PROM circuitry. Most PROM 
problems can be found by stepping through the AUTO-START sequence and then 
through the program, monitoring key signals on the Turnkey Module. It should 
be possible to read every PROM location from the front panel. Problems may 
be masked when stepping through PROM, though, by the logic which generates 
WAIT states. The most comnon PROM problems are bent PROM IC pins, loss of 
-9 volts, bad PROM !Cs, trouble in the wait state logic and incorrect address 
setting. 

C. RAM. Correctly functioning RAM can be read from and written into 
from the front panel. The most common RAM problems are incorrect setting 
of the starting address switches and bad RAM !Cs. 

D. Sense Switches. Because software uses the sense switches to make 
decisions, trouble with the sense switches may look like trouble elsewhere. 
The front panel sense switches on the Altair 8800b computer override the 
sense switches on the Turnkey Module even if the logic on the Turnkey Module 
does not work correctly. So, if the trouble disappears when the front panel 
is used, check the sense switches as well as the logic that generates the 
MWRITE pulse. 

E. Serial I/0 Channel. Watch out, the trouble may not be here. A 
Teletype may run open if the SIO is not initialized because of trouble in 
the PROM circuitry, the logic for the sense switches, the AUTO-START logic 
or the CPU. Trouble with the sense switches may also cause the SIO channel 
to seem to be malfunctioning in other ways. 
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1) To check out the SIO, monitor a character echo loop, either by step­
ping through it using a front panel, by using a logic analyzer or, in a limited 
way, by using a different SIO channel to control a debug routine. As the 
status register is input, verify the correctness of each bit. Note that 
DCD should be 0. Then, by examining the operation of the loop, decide if 
the problem is in the transmitter or the receiver. 

2) The output of the baud rate generator can be checked at pin 10 of 
IC G. It should be a square wave with a frequency 16 times the selected 
baud rate. For verification on the oscilloscope, the periods for some popu­
lar baud rates are shown below: 

Baud Rate Clock Period 
110 568 ,us 
300 208 )JS 

1200 52 µs 
3) The most common sources of SID problems are incorrect jumper instal­

lation, incorrect cabling, trouble in the wait state logic, damaged MOS !Cs 
and catastrophic damage due to high voltages on the I/0 lines. 
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5-1. Introduction and Preparation For Assembly 
This section contains instructions for circuit and mechanical construc­

tion of the Altair 8800b Turnkey Computer. It includes hints for assembly, 
detailed component installation instructions, and printed circuit board and 
mainframe assembly instructions. 

A. Assembly Hints and Necessary Supplies 
Before beginning to assemble your 8800b Turnkey it is important to read 

the "MITS Kits Assembly Hints" booklet included with your kit. Carefully 
read the section concerning soldering. Most problems occur as a result of 
poor soldering techniques. Be sure to use the correct type of soldering 
iron. A 25-30 watt iron with a chisel tip ts essential for all printed cir­
cuit assemblies. An Unger 776 with a 7155 tip is reconmended. These can 
be purchased at most electronic supply stores. The assembly hints booklet 
will also provide a list of other necessary tools. 

NOTE 
IMPORTANT WARNINGS ARE INCLUDED IN THE ASSEMBLY HINTS BOOKLET. 
READ THEM CAREFULLY BEFORE BEGINNING ANY WORK ON THE UNIT. 
FAILURE TO HEED ANY OF THESE SPECIFIC WARNINGS COULD RESULT 
IN A DAMAGED UNIT AND/OR VOIDED WARRANTY. 

B. Parts List 
Check the contents of the kit against Appendix C (Parts List) to make 

sure all necessary components are contained in the plastic envelopes; do 
not open the envelope until the component is needed in an assembly step. 

It is important to assemble the kit as per instructions in this manual 
and to follow the instructions in the order in which they are presented. 
Always complete each section before going on to the next. 

This manual includes two aids to help organize the assembly process: 
(1) boxed off parts identification lists in boxes with spaces provided to 
check off components as they are installed; (2) reproductions of board silk­
screens showing previously installed components (black), components currently 
being installed (screened) and components yet to be installed (white). Figure 
5-1 is an example of a typical silkscreen. 
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previously 
installed 
components 

Figure 5-1 Typical Silk Screen 

C. Printed Circuit Board Inspection 
It is recommended that all PC boards be carefully inspected before 

beginning assembly. Look for "etching bridges" depicted in Figure 5-2 
or "etching opens" as illustrated in Figure 5-3. The 11 open 11 may also 
appear as a 11 hair-line 11 cut. 

A thorough visual inspection, preferably with a magnifying glass and 
strong light, will eliminate one area in which problems may occur. Should 
the board fail to operate properly after assembly, troubleshooting efforts 
may then be concentrated elsewhere. 

Example of an @ I~ 
Etching "Bri dge" 7 ll ( 

~ ········ ·.~.X [ .. ·.·· 'i ·::: 
.·.·· . . ·:·.·.·.·.·,·.·.·.·,·,·.·.·.·.·.• . . . ·.· .. . . ... ,.: , 

·: ···· ···· ··, ···.· ·.·.·.·.·.·.·.·.·::::::.: ... ·.··/ ' :::: .... ·.•.·.·.·.·.·.·· .. ·'''',; 
Fi gure 5-2 
Exampl e of· an Etching "Bridge" 
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Figure 5-3 
Example of an Etching 11 0pen 11 
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5-2. Component Installation Instructions 
This section describes the correct procedures which must be followed 

when installing various components (resistors, diodes, capacitors, etc.) 
included in the kit. Read these instructions carefully. Subsections 
within the manual (i.e. CPU board assembly) will not describe installation 
of each component. The reader will be referred to the section describing 
the installation of a specific component. Failure to properly install 
components may cause permanent damage to the component and other 
parts of the unit; should such damage occur the warranty·will be voided. 

Specific instructions or procedures of a less general nature will 
be included within the assembly text itself. Read each set of assembly 
instructions before beginning the actual construction. Do not continue 

·until every step of assembly is fully understood. This will prevent 
potential problems and possible failures on the board. 

A. Resistor Installation Instructions 
Resistors have four (or possibly five) color-coded bands as represented 

in the chart below. The fourth band is gold or silver and indicates the 
toleranee. NOTE: In assembling a MITS kit, you need only be concerned 
with the three bands of color to the one side of the gold or silver 
(tolerance) band. These three bands denote the resistor's value in 
ohms. The first two bands correspond to the first two digits of the 
resistor's value and the third band represents a multiplier. 

For example: a resistor with red, violet, yellow and silver bands 
has a value of 270,000 ohms and a tolerance of 10%. By looking at the 
following chart, note that red is 2 and violet 7. Multiplying 27 by the 
yellow multiplier band (10,000) indicates 270,000 ohm (270K) resistor. 
The silver band denotes the 10% tolerance. Use this process to choose 
the correct resistor specified in the manual. 

Use the following procedure to install resistors on the boards. 
Make sure the colored bands on each resistor match the colors called for 
in the list of Resistor Values and Color Codes given in the assembly 
instructions. 
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1. Using needle-nose pliers, bend the leads of the resistor 
at right angles to match their respective holes on the 
PC board. 
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2. Install the resistor into the correct holes on the 
silk-screened side of the PC board. 

3. Holding the resistor in place with one hand, turn the board 
over and bend the two leads slightly outward. 

4. Solder the leads to the foil patter on the back side of the 
board; then clip off any excess lead lengths. 

m:SISTOR CC•LC~ CODES 
B.AlIDS I 3rd BA.i."{D 

: CO!..OP. 1&2 I (MultiT'lie::-) ·------------------; 
1 Sl1ck 
i 
;.Brown 
! ?.ed 
10::-ange 
: Yellow 
! Green 
I 

i Blue 
! Viola'C 
I 

1 Gray 
Wh·.,e i ., --

0 
l 
2 
3 
4 
5 
6 
7 
8 
9 

2ND BAND 
VIOLET 

1ST BAND 
RED 

4TH BAND 
SILVER 

3RD BAND 
YELLOW 

Figure 5-4 Resistor Color Code Example 
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B. Capacitor Installation Instructions 

8800b-i 
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l) Polarity must be noted on electrolytic capacitors before 
they are installed. 

The electrolytic capacitors contained in your kit may 
have one of three types of polarity markings. (Figure 5-5 
illustrates two types of capacitors.) To determine the 
correct orientation, look for the following: 

One type has plus (+) signs on the positive end; another 
has a band or a groove around the positive side in addition 
to the plus signs. The third type has an arrow on it; in 
the tip of the arrow there is a negative(-) sign. The 
capacitor must be oriented so the arrow points to the 
negative side. 

Figure 5-5 Electrolytic Capacitors 

Install the electrolytic capacitors using the following 
procedure. Make sure you have the correct capacitor value 
before installing each one. 

a. Bend the two leads of the capacitor at right angles 
to conform to their respective holes on the board. 
Insert the capacitor into the holes on the silk-screened 
side of the board, aligning the positive side with 
the 11 +11 signs printed on the board. 

b. Holding the capacitor in place, turn the board over 
and bend the two leads slightly outward. Solder the 
leads to the foil (bottom) side of the board and clip 
off any excess lead lengths. 
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2) Epoxy Dipped Tantalum, Epoxy Dipped Ceramic, and Ceramic Disk 
Capacitors 
Polarity must be noted on epoxy dipped tantalum caoacitors 
before they are installed. 

There are two types of epoxy dipped tantalum capacitors 
contained in the kit. The first type is blue on the 
positive side. The second type is marked with 11 +11 signs 
on the positive side. Both types of epoxy dipped tantalum 
capacitors are shown in Figures 5-6 and 5-7. 

Figure 5-6 

Positive 
Side 

Epoxy Dipped Tantalum Capacitor 

Q
POSITIVE wt•I 

Figure 5-7 
Epoxy Dipped Tantalum Capacitor 

The epoxv diooed ceramic caoacitors and the ceramic disk 
capacitors are non-polarized. 

These two types of capacitors are shown in Figure 5-8. 

Figure 5-8 Epoxy Dipped Ceramic Capacitor 

Install these 4 types of capacitors using the following 
procedure. Make sure you have the correct capacitor value 
before installing each one. 

a. Bend the two capacitor leads to confer~ to their 
respective holes on the board. 

b. Insert the capacitor into the correct holes from the 
silk-screened side of the board. Holding the capacitor 
in place, turn the board over and bend the two leads 
slightly outward. 

c. Solder the two leads to the foil (bottom) side of the 
board and clip off any excess lead lengths. 

8800b-i 
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C. Diode Installation Instruction 
Use the following procedure to install diodes onto the board. 

Refer to the list of Diode Part Numbers included for each board to make 
sure you install the correct diode each time. 

NOTE 
DIODES ARE MARKED WITH A BAND ON ONE END INDICATING THE CATHODE 
ENO. EACH DIODE MUST BE INSTALLED SO THAT THE END WITH THE BAND 
IS ORIENTEp TOWARDS THE BAND PRINTED ON THE PC BOARD. FAILURE 
TO ORIENT THE DIODES CORRECTLY MAY RESULT IN PERMANENT DAMAGE 
TO YOUR UNIT. 

NOTE: MITS part numbers are 
stamped on most diodes. 

Figure 5-9 Diodes 

1. Bend the leads of the diode at right angles to match thei~ 
respective holes on the board. 

2. Insert the diode into the correct holes on the silkscreen, 
making sure the cathode end is properly oriented. Turn the 
board over and bend the leads slightly outward. 

3. Solder the two leads to the foil pattern on the back side of 
the board; then clip off any excess lead lengths, 

D. Transistor Installation Instructions 
To install transistors, use the following instructions. 

NOTE 
ALWAYS CHECK THE PART NUMBER OF EACH TRANSISTOR BEFORE YOU INSTALL IT. 
(SEE LISTING OF TRANSISTOR PART NUMBERS FOR EACH BOARD.) SOME TRAN­
SISTORS LOOK IDENTICAL BUT DIFFER IN ELECTRICAL CHARACTERISTICS. IF 
YOU HAVE RECEIVED SUBSTITUTE PART NUMBERS FOR THE TRANSISTORS IN YOUR 
KIT, CHECK THE TRANSISTOR IDENTIFICATION CHART WHICH FOLLOWS THESE 
INSTRUCTIONS TO BE SURE YOU MAKE THE CORRECT SUBSTITUTIONS, 

880Cb-T 
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1. After the correct transistor has been selected and the leads have 
been properly oriented, insert the transistor into the holes on 
the silk-screened side of the board. 

2. Holding the transistor in place, turn the board over and bend the 
three leads slightly outward. 

3. Solder the leads to the foil pattern on the back side of the board; 
then clip off any excess lead lengths. 

NOTE 
ALWAYS MAKE SURE THE TRANSISTOR IS ORIENTED SO THAT THE EMITTER LEAD 
IS INSTALLED IN THE HOLE ON THE PC BOARD LABELED WITH AN 11 E." TO 
DETERMINE WHICH LEAD IS THE EMITTER LEAD, REFER TO THE 7RANSISTOR IDEN­
TIFICATION CHART. 

Ke A 
I 

~ 
CI I 

! 
e ID 

~ r ~ . 
I 

~~I s 8 SMALL 7 'LAT 
,1.AT / ,uT ,1.AT 

'LAT 

~ ~ ~ A I 

~ ,~ 
Q:.~c ~ t I D .c; ~c ,..-,. <:::i!, 

I Q_::~~k I I -~"3,. .G.~: I !,:i I 

I 

• I • 
D&i)I c@), • 

C®I 
• ----.E@. C®! 

EN HOT* TISH DIST2 ST290T 
CS4438 MPl'•I0S 

TIS 92 ST98 2NIOH 
CS4439 MPl'-111 S38473 
CS4437 2N52IO 
CS4410 2N4410 2N42S0 
2N!l42 - EN4410 2NSl4S (NO FlATI 

PN2907 
2N2907 
EN2907* 

Figure 5-10 Transistor Identification Chart 3800b-i 
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E. IC Installation Instructions 
All ICs must be oriented so that the notched end is toward the end with 

the arrowhead printed on the PC board. Pin 1 of the IC should correspond 
with the pad marked with the arrowhead. If the IC does not have a notch 
on one end, refer to the IC Identification Chart to identify Pin 1. 

To prepare res for installation: 
All ICs are damaged easily and should be handled carefully--especially 

static-sensitive MOS ICs. Always try to hold the IC by the ends, touching 
the pins as little as possible. When you remove the IC from its holder, 
CAREFULLY straighten any bent pins using needle-nose pliers. All pins 
should be evenly spaced and should be aligned in a straight line, 
perpendicular to the body of the IC itself. 

1) Installing res without sockets 

8800b-i 
~ugust, 1977 

I 

a. Orient the IC so that Pin 1 conicides with the arrowhead 
on the PC board. 

b. Align the pins on one side of the IC so that just the 
tips are inserted into the proper holes on the board. 

c. Lower the other side of the IC into place. If the pins 
do not go into their holes right away, rock the IC back, 
exerting a little inward pressure, and try again. Be 
patient. The tip of a small screwdriver may be used to 
help guide the pins into place. When the tips of all 
the pins have been started into their holes, push the 
IC into the board the rest of the way. Tape the IC to the 
board with a piece of masking tape. 

d. Turn the board over and solder each pin to the foil pattern 
on the back side of the board. Be sure to solder each 
pin and be careful not to leave any solder bridges. Remove 
the masking tape. 

WARNING 
MAKE SURE NONE OF THE PINS HAVE BEEN PUSHED UNDERNEATH THE 
IC DURING INSERTION. 
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2) Installing !Cs with sockets 
Referring to the drawing below, set the IC socket into the designated 
holes on the board and secure it with a piece of masking tape. 

NOTE 
THE IC SOCKET HAS A NOTCH IN ONE CORNER. THIS IS THE PIN 1 

MARKING. ORIENT THE SOCKET WITH THE NOTCH CORRESPONDING TO THE 
PIN 1 ARROW SILKSCREENED ON THE BOARD. 

···o 

···o 

""'CJ 

···o 

···o 

e ... ~ 

........., 

PIN1nr 

'--' '--

PIN1 ~ 

PIN1 0 

Figure 5-11 IC Installation Chart 

-
PIN1 

..__, 

PIN 1 J 

0 
-

,__ 
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INTEGRATED CIRCUITS {ICs) CAN COME WITH ANY ONE OF, OR A COMBINATION OF, 
SEVERAL DIFFERENT MARKINGS. THESE MARKINGS ARE VERY IMPORTANT IN DETER­
MINING THE CORRECT ORIENTATION FOR THE !Cs WHEN THEY ARE PLACED ON THE 
PRINTED CIRCUIT BOARDS. REFER TO FIGURE 5-11 TO LOCATE PIN 1 OF IC'S 
THEN USE THIS INFORMATION IN CONJUNCTION WITH THE INFORMATION BELOW 
TO PROPERLY ORIENT EACH IC FOR INSTALLATION. 

WARNING: INCORRECTLY ORIENTED IC's MAY CAUSE PERMANENT DAMAGE! 

THE DRAWING ON THE LEFT INDICATES VARIOUS METHODS USED TO SHOW THE 
POSITION OF IC's ON THE PRINTED CIRCUIT BOARDS. THESE ARE SILK-SCREENED 
DIRECTLY ON THE BOARD. THE ARROWHEAD INDICATES THE POSITION FOR PIN 
1 WHEN THE IC IS INSTALLED. 

a. Turn the board over and solder each pin to the foil pattern 
on the back side of the board. Be sure to solder each pin 
and be careful not to leave any solder bridges. Remove the 
masking tape. 

1 b. Orient the IC over the socket so that Pin 1 ~oincides with 
the arrowhead on the PC board. 

c. Align the pins on one side of the socket so that just the 
tips are inserted into the holes. 

d. Lower the other side of the IC into place. If the pins 
do not go into their holes right away, rock the IC back, 
exerting a little inward pressure, and try again. Be 
patient. When the tips of all the pins have been started 
into their holes, push the IC into the socket the 
rest of the way. 

F. MOS IC Special Handling Precautions 
This kit contains several MOS IC {Metal Oxide Semiconductor) integrated 

circuits. These IC's are very sensitive to static electricity and 
transient voltages. In order to prevent damaging these components, 
read over the following precautions and adhere to them as closely as 
possible. FAILURE TO DO SO MAY RESULT IN PERMANENT DAMAGE TO THE IC. 
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1. All equipment (soldering iron, tools, solder, etc.) should 
be at the same potential as the PC board, the assembler, 
the work surface and the IC itself along with its container. 
This can be accomplished by continuous physical contact with 
the work surface, the components and everything else 
involved in the operation. 

2. When handling the IC, develop the habit of first touching 
the conductive container in which it is stored before 
touching the IC itself. 

3. If the IC has to be moved from one container to another, 
touch both containers before doing so. 

4. Do not wear clothing which will build up static charges. 
Wear clothing made of cotton, rather than wool or synthetic 
fibers. 

5. Always touch the PC board before touching the IC to the 
board. Try to maintain this contact as much as possible 

·while installing the IC. 
6. Handle the IC by the edges. Avoid touching the pins 

themselves as much as possible. 
7. Dry air moving over plastic Cqn result in the development 

of a significant static charge. Avoid placing the IC 
near any such area or object. 

8. In general, never touch anything to the IC that you have 
not touched first while touching both it and the IC 
itself. 

aaacb-T 
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5-3. CPU Board Assembly 
The CPU (Central Processing Unit) Board is the control center of 

the Altair 88OOb Turnkey. It controls the flow of data, and perfonns 
computations. In addition, it retrieves and executes program instruc­
tions stored in memory and interprets stored program information. The 
CPU controls data input and output from all I/O ports. 

The following instructions describe the assembly of the CPU Board. 
Be sure to check off the appropriate box after installing each 
component and heed all the warnings and/or hints. 

A. CPU Diode Installation 
The CPU board has two diodes, 01 and 02 (Bag 4). Figure 5-12 

defines the location. These diodes have different values; be sure 
to insert them in the correct location. Install the diodes according 
to Diode Installation Instructions given in section 5-2E, Be sure 
to orient the cathode (banded) end of the diode with the banded 
marking on the board. 

8800b-i 
August. 1977 
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( ) 01 
( ) 02 

Diodes 
IN4730 
IN4733 
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IN4733 

IN4730 
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Figure 5-12 Diode Installation 
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B. CPU Resistor Installation 
There are 46 resistors to be installed on the CPU board (Bag 4). 

Install the resistors as per instructions in section 5-2A. Check 
each resistor or group of resistors carefully before installing them 
to make sure the correct value resistor is installed in the correct 
location. It is easiest to install a small group of resistors (those 
with the same value) simultaneously. Turn the board over and solder the 
leads in place. Clip off resistor leads immediately. A small forest 
of unclipped resistor leeds is difficult to work around and may result 
in poor soldering results. 

NOTE 
SAVE CLIPPED RESISTOR LEADS. THESE WILL BE USED FOR FERRITE BEAD 
INSTALLATION (SECTION 5-3E). 

asoob-i 
August, 1977 
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Resi stars 
( ) R3-7 
( ) Rll 
( ) Rl 3 
( ) Rl4 
( ) Rl 9 
( ) R20 
( ) R24 
( ) R25 
( ) R28-33 
( ) R38-43 
( ) R50 

( ) Rl 
( ) R2 
( ) RS 
( ) R26 
( ) R27 
{ ) R37 
{ ) R39 
{ ) R44-49 

Value 

2.2K ohm l/2w or l/4w 
red, red, red 

3.3K ohm l/2w or 1/4w 
orange, orange, red 
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( ) R9 

( ) Rl 5 

( ) Rl6 

( ) R34 

( ) Rl0 

( ) R21 } ( ) R23 

( ) Rl7 

( ) R22 

66 

lSK ohm 1/2w or l/4w 
brown, green, orange 

100 ohm 1/2 or l/4w 
brown, black, brown 

lK ohm l/2w or 1/4w 
brown, black, red 

620 ohm l/2w 
blue, red, brown 

330 ohm l/2w or l/4w 
orange, orange, brown 

470 ohm l/2w or l/4w 
yellow, violet, brown 

10K ohm l/2w or l/4w 
brown, black, orange 
10 ohm 2w 
brown, black, black 

8800b-i 
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Figure 5-13 Resistor Installation 
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C. CPU Integrated Circuit Installation 
There are 20 integrated circuits (Bags 1 and 2) which will be installed 

in sockets (Bag 8) on the CPU board. Howevever, only 17 will be installed 
at this time. !C's A, K, and Mare heat and static sensitive MOS IC's and 
will be inserted in the final installation procedure. 

Install the smallest sockets first proceeding to the 24 pin socket. 
Follow the instructions in section 5-1 for IC socket installation. 

The following table lists all ICs, part designations and acceptable sub­
stitutions. 

IC -
( ) D,E 
( ) F 

( ) N 

( ) p 

( ) R 

( ) u 
( ) V 

( ) w 
( ) X 

( ) s 
( ) y 

( ) C 
( ) B 

( ) G 

( ) L 

( ) J 

Designation 
8216 

f 8224 

74367 

l 74LS14 or 74LS04 
~ 

74LS14 or 74LS2~ 

f 
74LS~4 

t 
8T98 or 8098 or 
74368 

eaoob-T 
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Figure 5-14 Integrated Circuit Installation 
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D. Voltage Regulator/Heat Sink Installation 
The following instructions describe the installation of the heat sink 

and voltage regulators, VR .l and 2_ (Bag 7). Check the part number of the 
voltage regulator to be sure each is installed in its respective place on 
the board. They are not interchangeable. 

Use heat sink grease between the heat sink and the regulator. Apply 
the grease to all metal surfaces which are in contact. Figure 5-15 defines 
the locatiQn of the voltage regulatory heat ~ink. 

1. Set the regulator in place on the silk-screened side of the board. 
Make a small mark on each lead at the point directly above the hole 
in the board. 

2. Use needle-nose pliers to carefully bend each lead at a right angle 
to fit into the proper hole on the board. 

3. As shown in Figure 5-16, install the regulator on the heat sink and 
the heat sink on the silk-screened side of the board, Some kits 
contain a mica insulating strip (not illustrated). Place this in­
sulator between the voltage regulator and heat sink. 
Secure the entire unit to the board with a screw (#6-32 x 3/8"), 
nut (#6-32) and lockwasher (#6) included in the kit for this board. 
If the heat sink included in your kit has 2 screw holes, be sure 
to orient the voltage regulator over the hole which will result in 
the entire voltage regulator being located on the heat sink. The 
voltage regulator should not protrude from the heat sink. 

4. Solder the voltage regulator leads to the bottom of the board, taking 
care not to leave any solder bridges. 

5. Clip off excess lead lengths. 

Voltage Regulator 
( ) VRl 
( ) VR2 

Part Number 
7805 

7812 

6300b-i' 
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Figure 5-15 Voltage Regulator/Heat Sink Installation 
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r #6-32 X 3/8" 

I 
I 

7805 

Figure 5-16 Voltage Regulator/Heat Sink Orientation 

E. Ferrite Bead Installation 
Use the following instructions to install the 7 ferrite beads Ll-L7 

(Bag 7). The ferrite beads are installed using clipped resistor leads which 
were saved from the installation of the resistors. Take care that small 
pieces of leftover solder do not become mixed with excess resistor leads. 

a. Cut seven, 1-inch lead lengths. 
b. Insert the lead through the bead, and bend the ends so they con­

form to the designated holes of the CPU board. 
c. Insert the leads into the board and solder into place, 
d. Clip excess lead lengths. 

8800b-i 
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Figure 5-17 Ferrite Bead Installation 
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F. Suppressor Capacitor Installation 
There are two types of suppressor capacitors to be installed on the 

CPU board. 
1) Epoxy dipped tantalum capacitors (Bag 3) 

These_ capacitors are marked for polarity and must be installed 
to correlate with the polarity markings on the silk-screened 
side of the board. 
a) According to supply variations, some capacitors are marked 

with a plus(+) sign to designate polarity. The plus sign 
may be quite small, so it might be desirable to use a hand 
lens to distinguish polarity. 

b) Other capacitors may be blue or red on one side to denote 
positive polarity. 

c) When inserting dipped tantalum capacitors, leave a small 
amount of 1 ead above the board. -Si nee the 1 ocation of 
these capacitors is not designated by a letter/numeral code, 
it is easiest to mark off each suppressor capacitor on Figure 
5-18 as it is installed. 

NOTE 
DO NOT GO ACROSS THE BOARD INSERTING TANTALUM DIPPED SUPPRESSOR 
CAPACITORS IN ANY ROUND MARKING WITH A POLARITY SYMBOL. TWO 
MARKINGS (C2 AND C4) ARE FOR CAPACITORS OF A DIFFERENT VALUE. 
THESE WILL BE INSERTED IN SUBSECTION G. 

2) Ceramic Disk Capacitors (Sag 6) 
Capacitors ca and C12 are not used for noise suppression. 

However, installing these ceramic disk capacitors along with 
the other ceramic disk capacitors will reduce the number of 
construction steps. 

These capacitors have no polarity markings, and need no polar­
ity orientation. 

It is easiest to install and then solder one row of capacitors 
at a time. Ceramic disk capacitor leads are often quite long 
and installing all of them at once can be an awkward task. 

8800b-T 
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Suppressor Capacitor Values 

( ) 13 dipped tantalum luf, 35V 
( ) 12 ceramic disk luf, 12V 

Ceramic Disk Capacitors Values 

( ) ca } .luf, 12v-16v, ceramic disk 
( ) C12 

G. Capacitor Installation 
There are 2 dipped tantalum capacitors, 6 electrolytic capacitors 

and 3 dipped ceramic capacitors (square in shape) to be installed on 
the CPU Board. Install each capacitor according to the instructions 
in section 5-1. 

Be sure to install the dipped tantalum and electrolytic capacitors 
with the positive lead in its corresponding positive hole(+) on 
the board. 

The remaining 2 dipped tantalum capacitors, while similar in 
appearance, are of different values. The value is written on the 
capacitor in very small numbers. Be sure to insert the capacitor in 
the proper position and orient the leads for proper polarity. 

NOTE 
When inserting Electrolytic Capacitor C13, be sure to insert 
leads in the holes outside the square silk-screened on the 
board. 

The leads for Dipped Ceramic capacitor C3 should be in the leftmost 
of the two adjoining holes. Be especially careful when inserting this 
component that the Dipped ceramic capacitor leads and the voltage 
regulator leads do not touch or that a solder bridge does not join the 
two components. 

8800b-i 
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Figure 5-15 Capacitor Installation 
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Caeaci tor Value 
( ) Cl 33 uf, 16V 

( ) CS, C6 } Electrolytic 
( ) Cll 

( ) C2 22 uf, 16v, dipped tantalum 

( ) C3 

l ( ) C7 .luf, 5Ov dipped ceramic 
( ) ClO 

(. ) C4 10 uf, 16v dipped tantalum 

( ) C9 } ( ) C13 
10 uf, 25v electrolytic 

H. Transistor Installation 
Instructions for transistor installation can be found in section 

5-1. Transistor Ql-Q3 (Bag 4) should be carefully installed following 
those instructions. 

Be sure the emitter lead is affixed in the hole marked E. The 
transistor identification chart in section 5-1 identifies the emitter 
1 ead. 

Transistor 
( ) Ql 

( ) Q2 
( ) Q3 } 

Part Number 
2N4410 or 

CS4410 

8800b-i 
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Figure 5-20 Transistor Installation 

"--oo-2N441.0 
or CS4410 
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I. Male Connector Installation 
Some kits may arrive with the 10-pin male connector previously 

installed on the CPU board. If it has been installed, ignore the 
installation instruction. 

The following instructions define the installation of the male 
connector, P 3 Bag 7. 

1. Orient the connector as shown in Figure 5-21. The bent 
pins should point toward the top of the board. 

2. Insert the short pins into the 10 designated holes on the 
silk-screened side of the board. 

3. Solder each pin to the back of the board. Be careful not 
to leave any solder bridges. 

4. The arrow on the illustration below points to Pin #1. After 
the male connector has been installed on the board, clip 
off Pin #2 of the connector. This is done for purposes of 
keying. 

aaOOb-T 
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10-Pin Male 
Connector 

Figure 5-21 Male Connector Installation 
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J. Crystal Installation Instruction 
There is one 18.00000MHz crystal (labeled XTAL) (Bag 7) which 

should be installed according to the following instructions. 
NOTE 

Do not allow crystal case to come in contact with any traces on 
the CPU Board. 

1. As illustrated in Figure 5-22, set the crystal in place on 
the silk-screened side of the CPU board, with identification 
markings facing up within the square labeled XTAL. Align 
both leads with their respective holes on the board. 

NOTE 

Be sure to insert crystal leads in the holes closest to the 
square marked XTAL. 

2. Bend each lead with needle-nose pliers to conform to its 
respective hole on the board. The crystal must rest flat 
on the board. 

3. Carefully solder both leads to the bottom of the board, and 
clip excess lead length. 

88COb-i 
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Figure 5-22 Crystal Installation 

83 



84 

K. Static Sensitive MOS IC Installation Instructions 
The final components to be installed on the CPU board are the 

static sensitive MOS Integrated Circuits (IC's A and M) and IC K. 
These IC's should be installed in their respective sockets on the 
board. 

NOTE 
IC's A AND MARE MOS STATIC SENSITIVE IC's. IT IS MOST IMPORTANT 
TO FOLLOW THE SPECIAL INSTRUCTIONS IN SECTION 5-1 FOR HANDLING 
MOS !C's, FAILURE TO FOLLOW THESE PRECAUTIONS MAY RESULT IN A 
DAMAGED COMPONENT. 

Silk=screen Designation 
( ) K 

( ) M 

( ) A 

IC Part Designation 
8212 

8080 

4009 

Socket Size 
24-pin 
4~-pin 
none 
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Figure 5-23 Static Sensitive MOC IC Installation 
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5-4. Turnkey Module 

A. Description 
The Turnkey Module board contains a serial I/0 channel, lK of RAM 

memory, and provisions for lK of PROM memory. 

B. Diode Installation 
Referring to the diode installation instructions in section 5-1, 

install the three diodes (Bag 3} in the designated locations on the 
board. 

NOTE 
IT IS VERY IMPORTANT TO ORIENT THE CATHODE ENO (MARKED WITH A 
DARK BAND) OF THE DIODE OVER THE BANDED MARKING ON THE BOARD. 

8800b-i 
August, 19i7 

Diodes 
( ) Dl 
( } 02 

( } 05 

Part Number 

IN914 

,----_,D 
+ = 

; >i-

Figure 5-24 Diode Installation 
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C. Zener Diode Installation 
Bag 3 contains 2 Zener diodes. Again, follow the diode installation 

instructions (section 5-1) for installing these components. The part 
number is printed in minute numerals on the diode. A hand lens will 
help distinguish the Zener diodes should they accidently become mixed 
with the other diodes. It is also necessary to orient the cathode 
(banded) end of these diodes over the banded markings on the board. 

Zener Diodes 

( ) DJ } IN4739 
( ) D4 

Figure 5-25 Zener Diode Installation 
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D. Resistor Installation 
There are 16 resistors (Bag 2) on the Turnkey Module board. The 

box below notes the value and location. Follow the resistor installation 
instructions in section 5-1. 

8800b-7 
,l.ugust, i977 

Resistor 
( ) Rl 

( ) R2 
( ) R3 

( ) R4 

( ) RS 

( ) R6 

( ) R7 

( ) RS 

} 

( ) R9 } 
( ) Rl ~ 
( ) Rl 5 

( ) Rll 

( ) Rl2 

} ( ) Rl3 
( ) R14 

( ) Rl 6 

Values 
3K ohm 1/4w 5% 

(orange, black, red) 

220 ohm 1/4w 5% 
(red, red, brown) 

l. SK ohm l / 4w 5% 
(brown, green, red) 

4.7K ohm l/4w 5% 
(yellow, purple, red) 

330 ohm l/4w 5% 
(orange, orange, brown) 

1~ megohm 1/2w 5% 
(brown, black, blue) 

1 K ohm l/4w 5% 
(brown, black, red 

1 • 8K ohm 1 / 4w 5% 
(brown, silver, red) 
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(] 

~illl 

-fiZ:3-•111 
'411t- •o 

Figure 5-26 Resistor Installation 
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E. Capacitor Description 
Twelve (12} capacitors (Bag 3} are installed at this point on the 

Turnkey Module board. There are three (3} ceramic disk capacitors and 
nine (9) epoxy dipped tantalum capacitors. 

Save some clipped capacitor leads; these will be used as jumper 
connections in the next assembly procedure. 

l) Ceramic Dipped Disk Capacitor Installation Instructions 
The three (3) ceramic disk capacitors have no polarity 
orientation, however, the capacitors are of different 
values. The value is marked on each capacitor. 

Insert the ceramic dipped disk capacitors into the designated loca­
tions on the board. 

Ceramic Dipped Disk Capacitors (Figure 5-27a) 

Value 
( ) C4 56 pf 2Ov 
( ) cs 
( ) C7 470 pf lKv 

The capacitor marked 470 is to be inserted in the space marked C7. 

S800b-'i 

August, 19i7 

47pf, 

56pf, 

-= --~D 
• lt-

' ''''''''''' 

Figure 5-27a Ceramic Dipped Disk Capacitor Installation 
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2) Epoxy Dipped Tantalum Capacitors Installation 
The nine (9) epoxy dipped tantalum capacitors have a 
polarity marking (+) over one lead. These capacitors must 
be oriented with the positive marking on the board. 

NOTE 
DUE TO SUPPLY VARIATIONS, SOME CAPACITORS MAY BE BLUE OR RED 
ON ONE SIDE TO NOTE POLARITY. 
Following the instructions for Tantalum dipped capaci~or installation, 

insert the capacitor in the designated spaces. 

NOTE 
THERE ARE FIVE (5) 35V CAPACITORS AND FOUR (4) 16V CAPACITORS. 
BE SURE TO INSERT THEM IN THE PROPER LOCATION AS DEFINED BY THE 
TABLE, AND FIGURE 5-27b. · 

Epoxy Dipped Tantalum Capacitors (Figure 5-27b) 
( ) Cl 
( ) C3 
( ) C6 lMF 35V 
( ) cs 
( ) C9 

( ) C2 
( ) Cl~ 
( ) Cl 2 

( ) Cl 3 

22 MF 16V 
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D ::::D~ D , =~ooo 
___ ,111 

---911 ___ ,11 

---811 

@@:::: D 
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, =, CJD q~._____.LJLJ 

,t ~- ·1 o6TI 
DD ~ I~ I~ I 

~ ~ ~ 

DD~ .CJ.CJ· 
~ ~ f---

+ 

.. , 
uf;~ 

Figure 5-27b Epoxy Dipped Tantalum Capacitor Installation 
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F. Jumper Connections Installation 
There are several jumper connections which may be installed on the 

Turnkey Module Board. The number and locations of these jumper connections 
depends upon the various options and interface capabilities the user 
wishes to utilize. Section 3 of this document (Advanced Operation) 
provides a detailed description of jumper connections to be installed 
to provide the desired optional capabilities. In addition, Section 
3 also provides illustrations and defines the location of the pads 
to be jumpered. If jumper connections are needed on your board, 
insert them at this time according to the following instructions. 

l. Cut a dipped capacitor lead length of one inch. 
2. Using needle-nosed pliers bend the lead into an arch. 

(See Figure 5-28). 
3. Insert each end of the lead into the holes of the pad 

specified in the description in Section 3. 
4. Solder each end of the lead in place. 
5. Clip off excess lead. 

T 
l/811 

, l 

Figure 5-28 Jumper Connection Installation 

8800b- 'i 
August, , 97i 

8800b-i 
August, 1977 



G. Transistor Installation 
The Turnkey Module board has two (2) transistors which are 

installed at this point in the assembly process. The transistors 
are contained in bag 3. 

Instructions for transistor installation are provided in section 
5-1. In addition there are illustrations which depict the installation 
of the various types of transistors. 

It is most important to insert the emitter lead in correct hole 
in the board. 

NOTE 
ACCORDING TO SUPPLY VARIATIONS, SOME KITS MAY CONTAIN A METAL 
TRANSISTOR. THIS TYPE OF TRANSISTOR IS NOT DISPLAYED ON THE 
TRANSISTOR IDENTIFICATION CHART. FIGURE 5-30 ILLUSTRATES 
THIS TYPE OF TRANSISTOR. 

0 -D : ::CJ• :1 ·~o 
~ 0 ==~=o + ~~ .. ~,11 

---t,11 ---~II '----+-
---911 

---lll 

---811 
---611 
~co 

Figure 5-29 Transister Installation 

Emitter Lead 

Figure 5-30 
Metal Transister 

3800b-i 
August. 1977 

Transistors 

( ) Ql 

( ) Q2 

Part Number 
2N2907 
2N222 
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H. Voltage Regulator/Heat Sink Installation 
The Turnkey Module has two (2) voltage regulators (Bag 1) 

one of which (7805) is installed over a heat sink. 
1) Use heat sink grease when installing the 7805. Apply 

grease to all surfaces (i.e. bottom of voltage 
regulator, bottom of heat sink, mica insulator). 
1. Set the regulator (7805) in place on the silk-screened 

side of board. 
2. Mark each lead to correspond with the proper holes in 

which the leads will be inserted on the board. 
3. Using needle nose-pliers, bend each lead at a right 

angle on each mark. 

NOTE 
ACCORDING TO SUPPLY VARIATIONS, SOME KITS MAY INCLUDE A MICA 
INSULATING STRIP. THIS IS INSERTED BETWEEN THE VOLTAGE 
REGULATOR AND HEAT SINK. 

4. Referring to Figure 5-3lb set the voltage regulator on 
the heat sink, inserting the leads in the proper holes· 
on the board. Secure both in place with a #6-32 x 3/811 

screw, a #6-32 nut, and a #6 lockwasher. 
5. Turn the board over and solder the leads in place, taking 

care to leave no solder bridges. Clip off excess 
1 ead 1 ength. 

Voltage Regulator/Heat Sink 
( ) Voltage Regulator 7805 

-CD-•o 

w::::::=~-=~·tio 

Figure 5-31a. Voltage Regulator/Heat Sink Installation 
88COb-T 
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2) Voltage regulator TIP-30 is merely soldered into place 
on the board. 
1. Place the voltage regulator in the proper position 

on the board. 
2. Make a mark on each lead to correspond with the proper 

hole on the board. 
3. Using needle-nose pliers, bend each lead at right 

angles on the mark to correspond to the correct holes 
on the board. 

4. Turn the board over and solder each lead in place. 
Voltage Regulator 

( ) Voltage Regulator TIP 3~ 

r'6-32 
I 
I 

I 
#6----ll"'Ce 

I 

#6-32 ----~ 
I 

X 3/8 11 

78~5 

Figure 5-3lb. Voltage Regulator/Heat Sink Orientation 
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I. Integrated Circuit Description 
There are 31 Integrated Circuits on the Turnkey module board. 

Nine of these IC 1 s are static sensitive MOS chips. All IC 1 s on the 
turnkey module board are installed in sockets. The MOS chips are not 
inserted in the sockets at this time. These will be the last components 
installed on the board. 

J. IC Socket Installation 
1) Insert the thirteen 14-pin sockets (Bag 5) in the specified 

locations on the board. Follow the instructions in section 5-1 for 
installing IC Sockets. 

Take care not to leave any solder bridges between pins. This is 
a common cause of problems. 

14 Pin Sockets 
( ) A ( ) C 
( ) B ( ) u 
( ) D ( ) w 
{ ) E ( ) T 
( ) F { ) s 
( ) K ( ) V 

{ ) L 

2) The 16-pin IC sockets (Bag 5) are installed at this 
point following the instructions in 5-1 . 

16 Pin Sockets 
( ) Nl ( ) Al 
( ) Ml ( ) y 

( ) Gl ( ) z 
' ) Fl ( ) M \ 

{ ) D1 { ) N 
( ) Cl 
{ ) Bl 

3800b-T 
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3) The last fo~r to be installed on the Turnkey module are the 
24-pin sockets. The IC's for these sockets are not included 
in the kit since they are optional PROM IC's to expand the 
capabilities of the Altair 88OOb Turnkey Computer. These 
PROM's include: 

a. PROM monitor 
b. Disk Bootloader P.ROM for loading programs, DOS 

and BASIC from disk. 
c. Multi-Bootloader PROM for loading programs or 

BASIC from paper tape. 
d. Other PROM options which can be programmed by 

users with special equipment for specific 
applications. 

24 pin sockets 
( ) L1 

( ) Kl 

( ) Jl 

( ) Hl 
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K. IC Installation 
Carefully insert the IC's (Bag l) in the sockets specified in 

Figure 5-32. Follow the instructions in section 5-2E for insertion of 
!C's ~n sockets. The table will further define where specific IC's 
should be inserted. 

The IC designation 

100 

is printed on each IC. 

IC Designation 
( ) Nl 74367 
( ) Ml 74367 
( ) Pl 74367 
( ) V 7404 
( ) s 74LS73 
( ) w 74L00 
( ) T 74LS73 
( ) C 7402N 
( ) u 7402N 
( ) R 8216 
( ) p 8216 
( ) M 74LS257 
( ) N 74LS257 
( ) L 743~ 
( ) F 75189 
( ) M 4702PC 
( ) A 75188 
( ) B 7430 
( ) D 7430 

880Cb-T 
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Figure 5-32 IC Installation 
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L. DIP Switch Installation 
The nine (9) DIP (Dual Inline Package) switches are installed 

at this point in the assembly procedure. All the switches are 
identical; it is their placement on the board which determines their 
function. 

Switches SW-6 and SW-7 are sense switches. Software, via the 
switches determine which I/0 devices will be used. Switches SW-8 and 
SW-9 are the AUTO-START address switches. The SIO port address is 
established through switches SW-4 and SW-5. Switches SW-1 through SW-3 
are memory address switches. Numbering for each individual switch of 
these components is silk-screened on the board. The numbering of these 
switches corresponds to the bits of the starting addresses of the RAM 
and PROM memory blocks. 

For complete information regarding the addressing of the switches 
refer to Section 3-2, pages 24-26, the theory section of this document. 

The DIP switches are installed in much the same manner as integrated 
circuits. 

102 

1. Remove the switches from Bag 5. Insert the pins 
carefully in the holes within the designated squares. 
Begin at the top of the board with switches SW-6 and 
SW-7 and work down the board inserting the switches. 

2. Turn the board over and solder all pins in place. Do not 
leave any solder bridges. 

DIP 
( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

Switch 
SW6 
SW7 
SW8 
SW9 
SW4 
SW3 
SW1 
SW2 

Part Designation 
CTS206 

CTS206 

880Cb-T 
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C 

-~ ii 

• [I/111,,_,....._ ffl"!'I--.... 
0 

.I 
" 

-~ u 

.. Cl 

:; 

Figure 5-33 DIP Switch Installation 

.. 

• 
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M. Crystal Description 
There is one 2.4576 MHz crystal (Bag 4) to be installed on the Turn­

key Module Board. It is imperative that the crystal case does not come 
in contact with any of the bands on the board. Such contact may cause 
permanent damage to the crystal and/or board. 

104 

l. Insert crystal leads in designated holes on silkscreened 
side of the board. 

2. Bend leads, so that the crystai rests flat within the 
designated square on the board. 

3. Turn the board over and solder the leads in place. 
4. Clip off excess lead length. 

Crystal Part Number 
( ) XTAL-1 2.4576 

2. 4 57 6--+4~~· 

,c 

-

~IQ 

....._ io 
~ 0 ...._ ,11 

Ii 
- N (.) u 

-~ ~ 

..... ill ___ ,11 

--- ·II --- QII ._... , .. 
--- LIi 

--- 811 

--- GIi _... ,a 

Figure 5-34 Crystal Installation 

\ 
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N. Male Connector 
The final components to be installed on the Turnkey Module Board 

are two 10-pin male connectors (Bag 1). 

8800b-T 
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1. Orient the connector as shown in the illustration with 
long, curved pins pointed toward the top of the board. 

2. 
3. 

4. 

Insert the short pins in the designated holes·. 
Solder each pin in place on the bottom of the board, 
taking care to leave no solder bridges. 
Clip off excess lead lengths. 

Figure 5-35 Male Connector Installation 

:; 

-4a-.,. 
~ ... ~·· 11, .. I / ... 

0 
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5-5. Front Panel Display/Control Board 
This small board consists of five (5) LEDs (Light Emitting Diodes), 

two (2) switches, five (5) resistors and one (1) diode. It is attached 
to the Turnkey Module by a flat cable. The numerals in the upper right cor­
ner are engineering description numbers. The number in the box designated 
11 S.N. 11 is the serial number of the Display/Control board. 

A. Resistor Installation Instructions 
Install the five (5) resistors (Bag 2) according to the directions in 

Section 5.2.1.1 in the specified locations on the board. (See Figure 5-36) 

8800b-T 

August, 1977 

Resistor 
( ) R17 through R21 220 ohm (red, red, brown) l/4W 

0 0 

' ' 
... 

Rl9 t R17 
;:: 

X 

200356-1 
200357-1 

y 

D 

~ I 
I 

Figure 5-36 Resistor Installation 
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B. Diode Installation Instructions 
Figure 5-35 defines the location of the single diode (Bag 3) to be in­

stalled on the D/C board. Follow the instructions in Section 5.1 for 
installing this component. Be sure the banding on the diode corresponds 
with the ~anding on the board. 

108 

Diode 
( ) D6 

Part Number 
1N914 

O · O 
Rl9 ' . ' Rl7 

-<5D-os X 

200356-1 
200357-1 

y 

Figure 5-37 Diode Installation 

D 

:: 
(/) 
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c. Ribbon Cable Installation 
A flat eight (8) stranded wire ribbon cable connects the D/C board 

to the Turnkey Module board. This cable will be installed on the D/C 
board at this point in the assembly process. 

1. Carefully strip about 1/2 inch of insulation off each indivi­
dual wire from one end of the flat cable. Strip 1/8 inch from 
the other end. Apply a thin coating of solder to the exposed 
portion of each wire. 

2. ·Insert a 1/2 inch stripped wire in each hole on the silk-screened 
side of the board (as indicated in Figure 5-38a and 5-38b). Push 
the wire in until the insulation touches the board. 

200356-1 
200357-1 

D 

Figure 5-38a 
Ribbon Cable Orientation 

880Cb-i 
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--- 06 
X y 

Figure 5-38b Ribbon Cable Installation 
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3. Turn the board over and solder each wire in place. Be very 
careful not to leave any solder bridges. Clip off excess lengths 
of wire. 

4. Using Figure 5-39 (a and b) as a guide, install a terminal pin 
(Bag 2) on each wire of the flat cable. Crimp the pin with needle-
nose pliers to attach it to the wire. 

Figure 5-39b Figure 5-39a 
Terminal Pin & Wire Crimpi-ng Terminal Pin 

5. Bag 2 contains a female connector housing in which the terminal 
pins will be inserted. This housing is marked with tiny numer­
als over slots one (1) and ten (10) (as indicated in Figure 
5-39c). Insert the wire from hole one (1) (as marked on the 
board) into slot one (1) of the female connector. Proceed through 
the wires in numerical order {i.e. wire 2 to slot 2). Slots 
nine (9) and ten (10) are not used. Make sure each connector 
"clicks" into place. 

Figure 5-39c Tenninal Pin Insertion 

880Cb-T 
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D. LED Installation 
Bag l contains the five (5) LEDs which will be installed on the Turnkey 

D/C board. The LEDs must be inserted with the cathode lead in the correct 
location. 

Notice in Figure 5-40a the LEDs are represented as circles with a flat­
tened side. The base of the LEDs are also circular with a single flattened 
surface. This should correspond with the flattened marking on the board. 

8800b-i 
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2oo~ea-1 
200~!57-t 

D 

LED·3 LED·4 LED·!5 

(I • • 
f ... ,Rl8 ... ,R20 ,~:1 

8 

-iCD-06 X y 

Figure 5-40a LED Installation 

z 
Cl) 
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CAUTION 
LEDs are heat sensitive. When soldering, heat quickly and for the 
shortest time possible to avoid damaging this component. 

1. Insert the LEDs, taking care to match the fl~ttened side of 
the LED to the flattened marking on the silkscreened side of 
the board. The leads of the LED should project above the board 
approximately 1/2 inch. (Figure 5-40b describes the process). 

2. Solder the LEDs in place. Be sure there are no solder bridges 
between leads. It is not necessary to clip the leads. 

I I 

I " 

I~ 

~D 

~ 
½itch 

Figure 5-40b LED & Switch Orientation 

E. Display/Control Switch Installation 
The final components to be installed on the Turnkey Display/Control 

board are two switches; a two position Run/Stop switch which runs 
the program in memory or stops execution and a momentary contact switch (Start) 
which controls the AUTO-START logic. (See Section 3-1, page 23 of this docu­
ment for more detailed infonnation.) 

112 

1. Insert the two position switch (Bag 1, MITS part number 
101879) in the area labelled "Stop." This switch need not be 
oriented in a specific direction; simply insert the three 
leads in the three holes in the "Stop" square. The washers 
etc. in this bag will be used in a later assembly procedure. 

88C0b-T 
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2. Insert the momentary contact switch in the three holes in the 
square marked "Start." This switch also need not be oriented 
in a specific direction. 

3. Turn the board over and solder each lead in place. Do not cut 
excess leads. 

2003!56-1 
2003!57-1 

D 

LED·3 LED·4 LED·e • • • 1 'Rl8 *R20 'R21 

8 

y z 
Cl) 

Figure 5-41 Display/Control Switch Installation 
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5-6. Cross Member Subassembly 

A. Electrolytic Capacitor Installation Instruction 
There are four large electrolytic capacitors Cl-4 (Bag 3) which will 

be installed over four open areas on the board (Fig. 5-42). According to 
supply variations most capacitors will be of the variety which has an arrow 
with a negative(-) marking in it. Orient this arrow toward the negative 
polarity designation on the silkscreened side of the board. 

8800b-T 
August. 1977 

1. Insert all the capacitors according to the instructions provided 
in Section 5-1. Do not try to push the capacitors all the way 
down into the open areas. 

2. Solder leads in place on the back of the board. 
3. Clip off excess lead lengths. 
4. With these large components, it may be necessary to touch up 

the soldering around the lead on the front of the board. 

Capacitor Value 
( ) Cl 
( ) C2 22- if. 25v 
( ) C3 electrolytic 
( ) C4 
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7 
I l 

-I -

I I 

L ~+ _J 
Figure 5-42. Electrolytic Capacitor Installation 
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B. Diode Installation 
Install the two diodes (Bag l) on the Power Supply Board according to 

the directions in section 5-1. 
Be sure to place the banded end of the diode over the banded marking 

on the board. 

Diode Part# 

( ) Dl } IN4746 
( ) 02 

C. Resistor Installation 
Following the instructions in section 5-1, install the two resistors 

Rl and R2 (Bag l) on the power supply board. 

8800b-T 
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Resistor 

( ) Rl } 
( ) R2 

Value 
180 ohm 1/2 w 
(brown, grey, brown) 
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Figure 5-43 Diode Insta i lation 
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-I -
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-m-

I I 
Q-

Figure 5-44 Resistor Installation 
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D. Transistor Installation 
There are two transistors Ql and Q2 (Bag 1) which are installed 

with heat sinks and mica insulators on the Power Supply Board. 
Use heat sink grease when installing this component. Apply the grease 

to all surfaces where contact occurs, (i.e. bottom of the transistor, mica 
insulator, heat sink). 

NOTE 
ACCORDING TO SUPPLY VARIATIONS, SOME KITS MAY CONTAIN EITHER TWO 
#6-32 x 3/811 NYLON SCREWS OR TWO #4-40 x 3/8 11 METAL SCREWS TO BE 
USED FOR SECURING THE TRANSISTORS AND HEAT SINK TO THE BOARD. IF 
YOUR KIT CONTAINS METAL SCREWS, NYLON SHOULDER WASHERS (ALSO CON­
TAINED IN THE KIT) MUST BE USED ALONG WITH THE SCREWS. 

The following instructions define how to install transistors Ql and Q2. 
Install one transistor at a time thereby avoiding the possibility of con­
fusing them. 

120 

1. Set transistor Ql in place on silk-screened side of the board 
and mark each lead at the point where it will be bent to in­
sert in the designated hole. 

2. Using needle-nosed pliers bend each lead at right angles to 
conform to the proper place on the board. 

3. Coat the contact surfaces of components with heat sink grease. 
Insert screw through transistor and mica insulator. 

4. Secure the component in place with a #6 lockwasher and #6-32 
nut. Do not tighten down the screw at this point. 

5. Turn the board over and solder the transistor leads in place. 
Clip excess lead lengths. 

6. Tighten down screw. 
Repeat this procedure for transistor Q2. 

Transistor 
( ) Ql 
( ) Q2 

Designation 
TIP 145 or TIP 146 
TIP 140 or TIP 141 

8800b-T 
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Figure 5-45a Transistor Installation 

rlylon 
Shoulder :~asher 

HEAT 
SINK 

,-, --#4-40 X 3/8" 

1'6---· 

d€-32 -----

Figure 5-45b Transistor Orientation 

7 
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E. Bridge Rectifier Installation 
The bridge rectifier BR-1 (Bag l) is installed in the center of the 

Power Supply Board (Figure 5-46a). Apply heat sink grease to all contact 
surfaces when installing this component. 
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NOTE 
IT IS ESSENTIAL FOR THE BRIDGE RECTIFIER TO BE CORRECTLY ORIENTED 
WITH THE POSITIVE ( +) LEAD CORRESPONDING TO THE POSITIVE ( +) MARK­
ING ON THE BOARD. ACCORDING TO SUPPLY VARIATIONS SOME RECTIFIERS MAY 
BE MARKED WITH A POSITIVE (PLUS) SIGN OVER THE POSITIVE LEAD: OTHERS 
MAY BE MARKED WITH A RED DOT OVER THE POSITIVE LEAD. 

l. Apply heat sink grease to contact surfaces of heat sink and 
bridge rectifier. 

2. Using the illustration in figure 5-46b as a guide, attach the 
heat sink to the bridge rectifier with a #6 x 32 x 1/2 11 screw 
and a #6 hex nut. The heat sink may have two holes. Insert 
the screw through the hole furthest from the edge of the heat 
sink which will result in the heat sink resting within the desig­
nated square on the board. 

NOTE 
ATTACHING THE HEX NUT TO THE SCREW IS A DIFFICULT TASK. BE SURE 
THE POSITIVE LEAD OF THE RECTIFIER IS PROPERLY ORIENTED, AND THE 
RECTIFIER IS POSITIONED SQUARELY IN THE HEAT SINK. HOLD THE REC­
TIFIER WITH ONE HAND WHILE TIGHTENING DOWN THE SCREW TO MAKE SURE 
THE RECTIFIER DOESN'T SHIFT ON THE HEAT SINK. 

3. Insert rectifier leads in the proper holes on the board until 
the legs of the heat sink touch the board. 

4. Holding the heat sink/rectifier unit with one hand, turn the 
board over and solder the rectifier leads in place. Occasionally 
solder will not adhere to the bridge rectifier leads. Should 
this occur gently run a file over hte leads. Reinsert the rec­
tifier and try again. 

5. Clip off excess lead lengths. 

8800b-7 
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+ . _ ... 

II 

+ 

7 

L[.___ ______ ]_j 
Figure 5-46a Bridge Rectifier Installation 

"ltlg.32 x112• 
SCREW 

HEAT SINK 

BRIDGE 
RECTIFIER 

'°&HEX NUT~ 

I 

Figure 5-46b Bridge Rectifier Orientation 
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F. Terminal Block Installation 
Bag 2 contains one terminal block, TBl, which should be attached to 

the board according to the following instructions. 
1. Secure the terminal block to the power supply board with four 

#6-32 x 9/1611 or #6-32 x 5/811 screws, four #6 hex nuts 
and four lockwashers. 

#6-32 X 9/16" 
O)'.' #6-32 X 5/8" ~ 

screw~, 

Figure 5-47a 

2. Remove five screws from the top row of the terminal block 
(marked -18, AC, AC, GRD, +18). These are illustrated in Figure 
5-47b. 

Figure 5-47b 
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3. Replace these screws with five #6-32 x 9/16" or 6-32 x 5/8" 
and 5 lockwashers and #6 hex nuts. 

r ~ ~ f-1 8 ~ ~ ~ ~ ij ~ 0 
~-) 0 0 

i::;;::;: c:::::::: 

Figure 5-47c 

4. Install 1 shorting link between screws of tenninals 7 and 
8. (Remove screws, insert link, replace screws, thread­
ing them through the links.) 

/Shorting Link 

Figure 5-47d 
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G. Power Supply Board Mounting Description 
The power Supply Board is mounted in five holes on the cross member 

at the back of the mainframe. 
Disassemble the mainframe by removing the blue and grey dress panels. 

This will expose the cross member. 
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l. Grounding the Power Supply Board 
Before mounting the Power Supply Board, it is necessary to 
make a ground connection between terminal #9 on the terminal 
block and the lower right mounting screw on the cro·ss member. 
The following instructions define this procedure. 

a. Bag 2 contains a small length of metal braid, and 
two solder lugs. Thread each end of the metal braid 
through the small holes in the solder lugs. Twist 
the braid to taper it so it will fit in the holes. 

b. Bend the braid back on itself about 1/8 inch. 
' 

Solder the braid to the solder lug. It is very 
important to completely fill the hole in the 
solder lug with solder. 

2) Power Supply Board Mounting Instructions 
Five 3/4" threaded spacers (Bag 5) and ten #6-32 x 3/8 11 

screws (Bag 5) are used in this procedure. 

NOTE 
OCCASIONALLY THE CROSS MEMBER IS MOUNTED INCORRECTLY ON THE 
MAINFRAME. CHECK TO BE SURE THE SCREW HOLE PATTERN CORRESPONDS 
TO THE DIAGRAM (FIGURE 5-48). 

1. Insert one screw into each mounting hole on the corners 
of the power supply board. Insert the for~ard right 
corner screw through the solder lug and then into the 
board. 

2. Put a spacer (Bag 5) on each screw, and tighten it 
down. 
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3. Set the Power Supply Board on the cross-member. The 
large capacitors should be positioned toward the rear 
of the mainframe, Figure 5-48. 

4. Attach the board to the cross-member by inserting 
another screw up thru the spacer. Do not tighten each 
screw down all the way. After all screws have been 
loosely inserted, then tighten them down. 

#6-32 x 3/8" screw --p 

3/4 11 threaded spacer 

#6-32 x 3/8" screw 

aaaab-T 
August, i 977 

Figure 5-48 Power Supply Board Mounting Orientation 
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3) 100,000 MF 15V Capacitor Installation 
There is one large capacitor which is mounted on the cross­
member with a clamp. Illustration 5-49 shows the way in 
which the capacitor is attached to the cross-member. 
1. Insert the large capacitor in the clamp. The feet of 

the clamp should not be above the bottom of the capaci­
tor. The capacitor must sit flat on the cross-member, 
Close the clamp with a #6-32 x 5/8 11 screw, #6 lock 
washer and a #6 x 32 hex nut. 

2. Place the clamp and capacitor on the cross-member, 
aligning the mounting holes. (It is at this point you 
will discover if the cross-member is installed incorrectly 
as the capacitor must be mounted on the left of the 
Power Supply Board.) 

3. Secure the clamp and capacitor to the cross-member 
using three (3) #6-32 x 3/8" screws and three (3) 
#6-32 nuts. 

#6-32 X 3/8 11 

screw ..._j 

I 

Capacitor 

nut 

Figure 5-49 Capacitor Installation 
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5-7. Back Panel Assembly Description and Procedural Instructions 

CAUTION 

BE EXTRA CAREFUL WHEN WIRING THE VARIOUS COMPONENTS. 
INCORRECT WIRING CAN HAVE DISASTROUS RESULTS. 

A. Terminal Ends 
There are five different sizes of terminal ends which are used 

when wiring the back panel. Figure 5-50 defines the various terminal end 
types, gauge size of wire to be used and screw size which are used for 
each terminal end. 

Refer to Figure 5-50 each time a terminal end size is specified in 
the assembly instructions. 

SIZE 
A 

B 

C 

D 

E 
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BAG #_ 

2 I h=J 12-10 slip on 

2 Cs 22-18 #6 screw 

2 (~5 12-10 #6 screw 

2 12-10 #10 screw 

2 ~ 12-10 #10 screw 

Figure 5-50 Terminal End Sizes 
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B. Wire Preparation Instructions 
Prepare all wire according to the following instructions before 

using it in any assembly procedure. 
1. Cut the length of wire specified in the assembly instructions. 
2. Strip 1/8" to 1/4" of insulation off the ends. 
3, Apply a thin coating of solder over the entire exposed 

wire end. 

C. Attachment of Terminal Ends to Wires 
Most of the wire connections in the Back Panel Assembly Instructions 

call for attaching a tenninal end to a wire and mounting it to the proper 
terminal. This procedure is detailed below: 

1) Terminal Sizes A-0 
a. Insert the exposed {stripped) portion of wire which 

has been prepared according to the instructions in the 
previous subsection into the terminal end {size 
specified in assembly instructions). 

b. Heat the wire and terminal end with the soldering iron. 
Apply solder to the heated wire, allowing solder to 
flow until there is a solid connection with no open spaces. 

If the insulator on the end of the terminal loosens during the solder­
ing process, be sure to push it back into place when the soldering process 
is complete. 
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Heat Shrink 
(if used) ~ 

Terminal End 

Wire ~ 
~~ 

/ 
Figure 5-51 ienninal End Attachment 
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NOTE 
BE SURE TO HOLD SIZE A TERMINAL ENDS IN A VERTICAL POSITION WITH 
THE WIRE DOWN WHILE SOLDERING TO PREVENT SOLDER FROM FLOWING ONTO 
THE SLIP-ON TABS. 

2. Terminals with End Size E 
Size E terminal ends do not have insulators, and therefore 
must be insulated with heat shrink tubing. The procedure 
for attaching E size terminals ends varies slightly; as 
follows: 
l. Set the E Size terminal end on the work surface and heat 

it with a soldering iron until it is hot enough to allow 
solder to flow. 

2. Insert the exposed portion of a wire you have prepared 
into the terminal end and apply solder until there is 
a solid connection. 

3. After the wire has been soldered in place and the joint 
has cooled, cut a 1-inch piece of heat shrink tubing 
and place it over the terminal end. Use a heat gun, 
if available, or a match to shrink the tubing. 

CAUTION 
TERMINAL ENOS BECOME EXTREMELY HOT DURING SOLDERING. ALLOW 
FIVE MINUTES COOLING TIME AFTER SOLDERING BEFORE TOUCHING THE 
TERMINAL ENDS. 
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D. Connector Pins and Connector Sockets 
Some of the wire connections in the back panel assembly instructions 

call for connector pins and connector sockets housed in a plastic plug. 
The general procedure for preparing these plugs is detailed below: 
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1. Insert the exposed portion of a wire that you have 
prepared into a connector pin or connector socket as 
shown in Figure 5-52a. 

2. Crimp the lower portion of the pin or socket around the 
wire insulation. Solder the center portion of the pin or 
socket to the exposed portion of the wire. 

Connector 
Wire Pin 

~~ Wire 

1 .. L ~ -.tl/8 

\. csm 
( J".L 
Connector Socket 

Figure 5-52a Connector Pin and Connector Socket Wire Installation 

Connector 
Pin 

Socket Housing 

\ 

( Connector Socket 

Commoning 

Figure 5-52b Pin and Socket Housing Assembly 
aeaob-i 
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3. Insert the pins and sockets into their respective housings 
as shown in Figure 5-52b, 

4. Commoning tabs are put into the pin housing over pins that 
must be shorted together. Push the commoning tabs all 
the way to the base of the pin housing, using the tip of a 
small screwdriver 

CAUTION 
MAKE SURE THE COMMONING TABS DO NOT COME IN CONTACT WITH EACH OTHER. 

E. Capacitor Wiring 
It is necessary to wire the large capacitor before beginning any 

other back panel assembly procedures. Follow the wiring instructions 
very carefully. Wiring the capacitor improperly can result in 
destruction of the capacitor. 

1. Cut two lengths of 10 gauge (white) wire nine inches 
long. 

2. Attach a size C terminal end to one end of each wire and 
a size D tenninal to the other end of each wire. 

3. Attach the size D tenninal ends to the capacitor with the 
screws provided. 

CAUTION 
STEPS 4 AND 5 ARE CRITICAL; FOLLOW THE INSTRUCTIONS CAREFULLY. 

4. Attach the wire leading from the positive(+) pole of the 
capacitor to terminal #3 (8V) on the power supply board. 
(See wiring diagram Figure 5-54.) 

5. Attach the wire leading from the negative pole on the 
capacitor to terminal #8 of the tenninal block on the 
power supply board. (See wiring diagram.) 

WARNING 
DO NOT REVERSE THIS WIRING!! (I.E.: NEGATIVE TO #3, AND POSITIVE 
TO GROUND.) 
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F. Bridge Rectifier Installation 
The following instructions describe the installation of the mounting 

and wiring of the back panel bridge rectifier. Figure 5-55 further 
defines the installation. Do not use excessive force when screwing down 
the bridge rectifier. 

• 
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1. Attach the bridge rectifier to the back panel, over the 
gold colored square, with a #6-32 x 3/4 inch screw and a 
#6-32 nut, flat washer and lockerwasher. The negative 
sign(-) should be oriented in the upper right corner. 

2. Cut two 4-inch and two 19-inch lengths of 10 gauge 
(white) wire. 

3. Attach an A size terminal to one end of each wire. 
Attach a D size terminal to the other end of each wire. 

4. Using figure 5-55 as a guide attach the A size terminal 
ends to the bridge rectifier terminals. Using masking 
tape label the 4-inch wires 13 and 15, and the 19-inch 
wires, 14 and 12. Attach wire 15 to the upper left 
terminal and wire 13 to the lower right terminal. Attach 
wire 14 to the upper right(-_ terminal and wire 12 to the. 
lower(+) terminal. 

6-32 x 3/411 screw 

' 

Figure 5-53 Bridge Rectifier Installation 
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G. Fan Installation 
The kit includes one cooling fan and screen with mounting screws 

and snapon nuts. The fan is to be wired and then attached to the 
back panel. Be sure to label the wires with masking tape. 

According to supply variations some kits may contain a fan with 
a plug. The wires will be inserted in the plug rather than being 
soldered to tenninals. 

1. Cut two 20-inch lengths of 22 gauge (black) wire. Strip 
and prepare the ends. Label (with masking tape) each 
wire 'fan'. 

2. Slip a two inch length of heat shrink tube over each wire. 
Insert a prepared wire end into each prong hole of the plug 
connection; in the following manner bend the stripped end 
into a right angle, insert the wire into the prong hole 
and bend the wire back on itself. Solder into place. Slip 
shrink tube down and heat to shrink. 

3. Mount the fan and screen (Figure 5-54) to the back panel. 
The air flow arrow should point toward what will be the 
interior of the computer. The plug should be in the lower 
right corner. Use 4 #6-32 x 5/811 screw and 4 #6 snap-on 
nuts. 

4. Attach a connector socket to the end of each wire. Solder 
into place. 

Fan ._ 
(4) 6-32 x 5/811 screws_/ 

880Cb-i 
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Figure 5-54 Fan Installation 
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H. Fuse Holder Installation 
The fuse holder (Bag 2) is inserted in the top hole of the pair of 

large round holes in the lower right corner of the back panel. The fuse 
will be inserted in the fuse holder in one of the final assembly procedures. 
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NOTE 
WHEN INSTALLING THE FUSE HOLDER, TAKE CARE NOT TO TIGHTEN THE FUSE 
HOLDER DOWN TOO TIGHTLY AGAINST THE NUT SINCE IT MAY CAUSE THE 
PLASTIC HOLDER TO CRACK. 

1. Secure the fuse holder (as illustrated in Figure 5-55a) with 
the rubber washer and nut. 

Fuse Holder 

~ 
Fiber Washer 

Figure 5-55 Fuse Holder Installation 

2. Cut a length of 18 gauge (black) wire 40 inches long, and pre­
pare the ends. 

NOTE 
HEAT SHRINK TUBING CAN BE USED IN THIS INSTALLATION PROCEDURE IF 
THE USER HAS ACCESS TO A HEAT GUN. SLIP THE TUBING OVER THE WIRE 
BEFORE CONTINUING. 

3, Attach the wire to the terminal on the side of the fuse holder 
and solder into place. 

4. Attach a connector pin to the end of the 40-inch length of 
wire and solder into place. Label this wire #39. 
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AC Power Cord Installation 
1. Carefully strip seven inches of casing off the end of the 

AC power cord to expose the three wires inside. 
2. Cut the exposed black wire to a length of two inches, and 

the exposed green wire to a length of five inches. Do not cut 
the white wire. 

3. Bag 2 contains a strain relief. Slip it over the cord, and 
push it down until it is situated about 1/2 inch from the 
stripped end of the casing (below the exposed wires) (see 
Ff gure 5-56). 

4. Snap the strain relief in place in the hole on the rear panel 
just above the fuse holder (see Figure 5-56). 

5. Slip shrink tube over the black wire. Solder the black wire 
to the terminal on the fuse holder. Insulate with shrink tube. 

6. Attach a solder · lug to the green wire. 
7. Attach a connector socket to the white wire. 

,' AC 
Power 
Cord 

Strain 
Relief 

White Wire 

Connector 
Socket 

Solder 
Lug 

Figure 5-56 AC Power Cord Installation 
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5-8. Transfonner Sub Assembly 
The instal,lation of the transformer is divided into three processes; 

secondary wiring, primary wiring, and transformer mounting. The attachment 
of terminals, pins, etc. will follow the previously defined instructions. 

NOTE 
The following wiring instructions are for 110 volts AC only. · ro 
modify the Altair 8800b Turnkey to operate with 230 volts, see 
Appendix B of this document, Any modifications of this nature 
must be done at this point in the assembly procedure. 

A. Transformer Secondary Wiring Instructions 

8800b-i 

August. 197i 

1. Orient the transformer with the secondary side (4 large black 
wires*) facing you as illustrated in Figure 5-57, Remove the 
two (2) top bolts and nuts, and use them to mount the pair of 
"L" brackets (Bag 2). See Figure 5-57. 
*According to supply variations, some transformers may have 
four (4) large white or other color wires. 

2. Slip shrink tubing over the four black wires, After preparing 
the wire ends, attach an "E" size terminal to each one. Label 
the wires 16, 17, 18 and 19, The top wire of the group of black 
wires is number 16. 

T.B. Mounting Bracket 

Existing 
Bolt & N~ ~ 

J t:J>O 
Large Wires 0 

Secondary side of Tl 

Figure 5-57 Transformer Mounting Bracket 
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3. Prepare the ends of the remaining three secondary wires and at­
tach a 11 B11 size terminal to each one. Label the yellow wires 
20 and 21. Label the yellow/green wire 22 (Figure 5-58). 

4. Bend each 11 E11 size tenninal end at a right angle as shown in 
Figure 5-58. Bend the terminal at right angles~ from the 
wire hole. (If the terminal is bent over the wire hole, it 
will not fit on the tenninal block.) Attach the four tenninals 
to the terminal block (TB2) as illustrated in Figure 5-58. 
Use the screws provided on the terminal block. 

5. Mount the tenninal block to the 11 L11 brackets on the transfor­
mer with four (4) #6-32 x 3/4 inch screws, four (4) #6-32 nuts 
and four (4) #6 lockwashers (see Figure 5-59). 

Figure 5-58 Wire and Terminal 
Attachment to Terminal Block 

(4) #6 32 x 3/4" screws 
J___.-' 

locks 

Nuts 

Figure 5-59 Mounting Terminal 
Block on Transformer 
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B. Transformer Primary Wiring 
A two-part 10-pin plug (Bag 4) will be used to connect the primary wiring 

with the 110 volt source. 

8800b-T 
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(1) Pin Housing 
a. Attach a connector pin to the end of each primary wire 

of the transfonner. 
b. Insert the pins into the proper location in the pin hous-

ing (Bag 4) as specified by the table from the next page. 
Make sure each pin "clicks" into place. If a pin is inserted 
properly, it should not come out when pulled. Occasionally 
it may be necessary to push a pin into place with needle­
nose pliers. 

Pin Housing 

Figure 5-60 Pin Insertion Into Pin Housing 

NOTE 
FIGURE 5-52b DEFINES THE PIN MARKING. THE NUMBERING 
CAN ALSO BE FOUND PRINTED IN SMALL NUMERALS INSIDE 
THE PIN HOUSING. 
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Wiring Transformer P4 Pin 
Diagram Wire Color Housing 
Designation (Primary Side) Slot Number 

25 Red/Black 3 
26 Blue/Black 9 

27 Green/Black 4 

28 White/Black 10 
29 Red 1 

30 Blue 7 

31 Green 2 

32 Black 8 

c. Place a two-circuit commoning tab (following instructions 
in Section 5-1) over the following pairs of pins: 

2 and 4 

7 and 9 

1 and 3 

8 and 10 

NOTE 
THE COMMONING TABS SHOULD BE INSERTED WITH THE SHADED OR DARK 
SIDE UP, 

(2} Socket Housing 
a. Insert the black fan wires into slots 7 and 8 of the 

socket housing. (This is not to be confused with the 
pin housing of the previous step. 

b. Cut a 40-inch length of 22-18 (black) gauge wire, and 
attach a connector socket to each end, Label this wire 
37. 

c. Insert one connector socket of wire 37 into slot 9 of the 
socket housing (Figure 5-61). 

d. Insert the connector socket on the end of the white AC 
power cord wire into slot 10 of the socket housing. Figure 
5-53 describes the "mating" process of a pin housing 
and socket housing. 
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Strain Relief 

Socket Connector 
Black 

Socket Connector 

Figure 5-61 Connector Socket to Socket Housing 
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C. Mounting the Transformer to the Back Panel 
1. Mount the transfonner on the back panel as shown in Figure 

5-62. Secure to the back panel with the four (4) #10-32 x 

1/2 inch screws, four (4) nuts, four (4) flat washers and 
four (4) #10 lockwashers . . 

HINT 

To secure the transformer to the back panel, turn the transformer 
on its side and place the back panel on top of it. Insert the screws 
and nuts as illustrated in Figure 5-62. Do not tighten the screws; 
positioning adjustments will be necessary later. 

(4) 

(4) 1/2" 

( (4) #10-32 Nuts 
(4) #10 Flat Washer 

Figure 5-62 Mounting Transformer to Back Panel 

2. Attach wires 13 and 15 from the bridge rectifier to tenninals 
l and 2 of the terminal block (TB2) as shown in the wiring 
diagram (Figure 5-63). 
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HINT 

Mounting the back panel requires care due to the concentrated 
weight and positioning of the transformer. Should the back panel 
and mainframe screw holes seem misaligned, loosen the transformer 
screws nearly all the way. This will allow some 11 play11 in the 
back panel which should make the mounting easier. Inserting the 
screws in alternate holes (i.e. l top left, 2 lower right) will 
also make screw hole alignment easier. 

2. Connect wire #14 from the bridge rectifier to the positive 
(+) side of the capacitor. 

3. Connect wire #12 from the bridge rectifier to the ground side 
of the capacitor. Double check this wiring. 

4. Attach the solder lug on the green AC ground wire to any hole 
on the side of the mainframe using a #6-32 x 1/411 screw, a 

1 #6-32 nut, and a #6 lockwasher. 
5. Connect the three secondary wires from the transformer to 

Terminal Block #1 as follows: 
Wire #20 (yellow) to slot #5, TB #1 

Wire #21 (yellow) to slot #6, TB #1 

Wire #22 (yellow/green) to slot #7, TB #1 
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5-9. 18 Slot Motherboard Assembly 
A. 18 Slot Motherboard Description 
The Altair 8800b Turnkey kit contains an 18 slot motherboard which has 

two (2) edge connectors, Additional edge connectors can be added to accom­
modate more boards and expand capabilities, 

The cable clamps, mainframe cross rails, edge connectors and card guides 
are installed on the motherboard. The motherboard is then wired and mounted 
on the mainframe. 

B. Edge Connector Installation Instructions 
Set the motherboard in front of you, foil side down with the single 

row of small holes closest to you (see Figure 5-65}. 

8800b-i 
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1. Remove the 100 pin edge connectors from bag 7 (CPU -board assembly) 
and bag 4 (Turnkey Module board assembly). Align the pins by 
gently running a screwdriver along them. 

2. Insert the edge connectors in the location specified in Figure 
5-65. These are the two rightmost locations on the board. 

NOTE 
BE VERY CAREFUL WHEN INSERTING THE EDGE CONNECTORS SO THAT ALL 
10~ PINS PASS THROUGH THE BOARD AND NO PINS ARE BENT BENEATH THE 
EDGE CONNECTOR ~ 

3. Solder each pin in place. This is a rather tedious procedure, 
but one that must be done very carefully. Visually inspect 
the board to make sure there are no solder bridges. 
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C. Bus Wire Connection 
Study Figure 5-65 before beginning the bus w1r1ng procedures. Note 

that the two outside rows of holes on both sides will have four wire connec­
tions. These are the +18v, -18v, +8v and ground lines to the power supply 
from the bus. These connections are made by inserting a prepared wire end 
from the top of the motherboard and soldering it to the foil (bottom side 
of the board). Holes #1 and #50 are marked on each side of the foil side 
of the motherboard. The next row of holes begins with #51. 

Complete the wire connections according to the following instructions. 

8SOOb-T 
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1. Cut 22-18 gauge (black) wire into the following lengths: 
Six 20-inch lengths 
Two 14-inch lengths 

2. Install one 20-inch wire in hole #1 (+8) as indicated in Figure 
5-65. 

3. Install one 20-inch wire into hole #2 (+18v) as indicated in 
Figure 5-65. 

4. Install one 20-inch wire into hole #52 (-18v) as indicated in 
Figure 5-65. 

5. Install one 14-inch wire into hole #50 (ground) as specified 
in Figure 5-65. 

6. Repeat this wiring on the opposite side (top) of the mother­
board and solder all wire connections into place. 
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D. Motherboard/Cross Rail Mounting Instructions 
1. Attach four cable clamps to four #4-4~ x 3/4" screws. Run the 

bus wires through these cable clamps. Mount the motherboard 
to the cross rails using these screws. 

2. Insert the remaining four screws in the areas specified in 
Figure 5-65. 

3, Match the four pairs of bus wires specified in figure 5-65. 
Attach a size C terminal end to each pair. Carefully check 
the wires to be sure they are correctly paired as indicated 
in the following table. 

-18v with -18v 
+ 8v with+ 8v 
ground with ground 
+18v with +18v 

4. Mount the card guides on both sides of the connectors as illus-

trated in Figure 5-66. 
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CARD GU IDE----~ 

MOTHER BOARD --

Figure 5-66 Card Guide Mounting 



E. Chassis Ground Connection 
To insure a good ground connection between the motherboard and the 

chassis, two ground cables are run from the ground land on the foil (bottom) 
side of the motherboard to the side rails of the mainframe. Figure 5-67 
specifies the area in which the ground connections are made. 
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NOTE 
IT IS NECESSARY TO SCRAPE THE SOLDER MASK OFF THE GROUND LANO BEFORE 
ATTEMPTING TO SOLDER THE GROUND CABLE TO THE LANO. USE A SCREWDRIVER 
TO CAREFULLY SCRAPE THE GREEN COATING TO EXPOSE THE FOIL. 

1. Cut two 6-inch pieces of wire board, 
2. Attach a solder lug to one end of each piece by twisting the 

end of the wire braid and inserting it into the smaller hole 
of the solder lug. Solder the braid to the lug taking care 
to completely fill the hole with solder. 

3. On both sides of the motherboard: 
Place the braid on the ground land along side the cross rail 
so that the lug and about three inches of braid hang over the 
side, as shown in Figure 5-67. Solder the remaining three 
inches to the ground land. It may be helpful to first 11 tack 11 

the braid in place with small amounts of solder and then, using 
the flat of the soldering iron to heat the braid, make a solid 
solder connection over the entire three inches. Make sure 
there are no solder bridges to the adjacent lands on the board, 
The lugs will be attached to the side rails of the mainframe 
after the motherboard has been installed. 
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Ground Land 

~Cross Rail 
Solder Lug 

Figure 5-67 Chassis Ground Connection 
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F. Mounting the Motherboard in the Mainframe 
1. Attach four #6-32 x 3/811 threaded spacers to the end holes 

2. 

in the cross rails, using #6-32 x 1/411 screws. Place the mother­
board/cross rail assembly in the chassis so that the spacers 
at the front of the assembly align with the 8th hole (from 
the front) of the chassis side members. Secure the assembly 
to the chassis with four #6-32 x 1/411 screws. 
Connect the four terminal ends on the bus wires to the ter-
minal block (TBl) on the Power Supply Board as follows (see 
wiring diagram, Figure 5-65). 

Voltage Bus Connection TBl Connection 
-18v holes #52 slot #1 
+av holes #1 slot #3 

ground holes #50 slot #9 

+18v holes #2 slot #10 

Check for continuity between each bus connection and its respec­
tive tenninal block connection. 

3. To assure a good ground connection, rub the alodine coating 
off the chassis side member with steel wool. On each side of 
the board, connect the chassis ground wire from the motherboard 
to one of the holes on the chassis side member. Secure with 
a #6-32 x 3/811 screw and a #6-32 nut. 

8800b-i 
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5-10. Front Panel Assembly 
A. Front Panel Assembly Description 
The Display/Control Board,micro switches and key switch are mounted 

at this point in the assembly process. These components are first installed 
on the subpanel; the subpanel is then mounted on the mainframe, followed 
by the dress panel. 

NOTE 
Before beginning the assembly processes described below, remove the 
subpanel from the mainframe and save the screws. 

B. Micro Switch Wiring Description 
Bag 3 contains a pair of micro switches. These are wired with 22-18 

gauge (black) wire. Terminal and pin connections are insulated with heat 
shrink tubing. Carefully note the location on Figures 5-68 and 5-69 of the 
terminals which are to be wired. 

8800b-T 
August, 1977 

1. Micro Switch Wiring 
a. Cut four lengths of 22 gauge (black) wire in the following 

lengths: 
2 6 inch lengths 
2 3 inch lengths 

Strip approximately 1/8 inch from the end of each wire 
and prepare the ends. 

b. Cut six lengths of shrink tube 3/4" long. Slip two lengths 
over each 6 inch wire and the remaining 2 pieces over each 
of smaller lengths. 
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Micro Switch A 
a. Attach a connector pin to one end of both 6 inch wires. 
b. Using Figure 5-68 as a guide, attach the other end of the 

6 inch wire to micro switch terminals 1 and 2 (specified 
in the illustration). Solder into place. 

c. Slip heat shrink tubing down over the tenninals and connec­
tor pins and heat to shrink. 

d. Insert a connector pin into each slot of the plastic pin 
housing (bag 2). The wiring need not be from a specific 
tenninal to a specific slot in the pin housing. 

Figure 5-68 Micro Switch A 

Micro Switch B 
a. Attach a 3 inch wire to terminals 1 and 3 of micro switch 

Bas specified in Figure 5-69. 
b. Slip heat shrink tubing down over tenninals and heat. 

Figure 5-69 Micro Switch B 
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2. Micro Switch Installation Instructions 
a. Using the two small 2-5 x 3/4 CS screws and #2 nuts attach 

micro switch A to the subpanel as illustrated in Figure 
5-70. (Micro switch A is inserted below the largest hole 
on the subpanel.) It is easiest to tighten the screw, if 
a nut driver is used to hold the nut. 

(2) 

AC PWR Connector 

(2) • 2 Spacers 
(3/16 11

) 

(2) #2-56 X 3/4 11 

Flat Head Screws 

Figure 5-70 Micro Switch A Installation 

b. Follow the same procedure defined in step 1 to install 
micro switch B. Figure 5-71 specifies the location of this 
switch. 

(2) (2) 3/1611 

Spacer 

(1) 
0) 0) 

0) 

<a .~--~ Q) (2) #2-56 X 3/4 11 

~/­
~ 

Figure 5-71 Micro Switch B Installation 
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C. Display Control Board Installation Instructions 
1. Insert the wire from one terminal of micro switch B into pad X 

on the front of the Display/Control Board. Insert the wire 
from the other micro switch terminal into pad Yon the front 
Display/Control Board. Solder both into place. It is not cri­
tical for specific wires to go to specific pads. 

2. Slip a #2 nut (Bag 4) over each switch of the Display/Control 
Board (see Figure 5-72) and tighten down with nut driver. 

3. Attach the Display/Control Board to the subpanel with a #6-32 
x 11" screw, 1.87 spacer (bag 4) and #6 x 32 nut. Figure 5-72 
illustrates this assembly process. 

Figure 5-72 Display Control Board Installation 
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D. Key Switch Installation Description 
Before installing the key switch study Figure 5-73 to detennine the 

proper order and precise orientation of the hardware used for installation 
of this component. If the cam and 180° stop plate are not positioned correctly 
the key switch will not make proper contact with the microswitches. 

1. Mount the subpanel on the mainframe. 
2. Insert the key switch in the dress panel as illustrated in 

Figure 5-73. 

S 

/

CAM 

( 

crew 

/180° Stop Plate 

--~/ /Nut 

~ Panel 
Dress Panel 

Lock Washer 

Figure 5-73 Key Switch Installation 
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NOTE 
BE SURE THE KEY SWITCH IS INSTALLED WITH THE ROUND MARKING (ON 
THE THREADED PORTION OF THE SWITCH) UP. 

3. Mount the dress panel (with key switch) on the subpanel as 
illustrated in Figure 5-73. Install the remainder of the hard­
ware (180° stop plate, cam, star, lock washer, screw). Figure 
5-74 is a side view of the assembled hardware, keyswitch, sub­
panel and dress panel. 

PC Board 

AC SW. 

Micro 
Switch 

Dress Panel 

Figure 5-74 Dress Panel Mounting on the Subpanel 
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5-11. Interface Conductor Cable Wiring Description 
The cables which interface the Turnkey module board with peripheral 

devices are wired to molex connectors. Wiring Instructions for TTY and 232 
interface are provided. For a detailed description see section 3 (Advanced 
Operation, page 35 of this document.) 

A. TTY Interface Conductor Cable Wiring Instruction 

8800b-T 
August, 1977 

1. Strip 1 3/4" of the grey casing of the conductor cable (Turnkey 
module (Bag 5). This exposes the colored wires. 

2. Strip 1/8" from the following wires, prepare the ends and attach 
a connector socket. 

orange 
red 
yellow 

green 
black 

3. Insert the connector socket into the molex connector (Turnkey 
module Bag 5) slots specified below. 

orange 1 

red 2 
yellow 3 

green 4 
black 8 

Clip off the excess wires at the casing. 
4. Slip two (2) 1 inch lengths of heat shrink tubing over the cable. 
5. Strip 1/8 inch from the other end of the same wires on the cable. 

Prepare the ends. 
6. Insert the stripped wires into the holes (specified in the 

table) of the 25 pin female DBS connector (Bag 5). Solder 
into place. The holesnumbers are marked on the plastic 
portion of the connector just above the hole. 

6 orange 
3 red 
4 yellow 
5 green 
2 black 

Clip off the excess wires at the casing. 

163 



7. Slip the heat shrink tube down to insulate exposed wires and 
heat to shrink. 

B, 232 Interface Conductor Cable Wiring Instruction 
Follow the same step by step procedures defined in the previous sub­

section for stripping and inserting the cable wires into the female molex 
connector and female DBS. The following tables define the location of each 
wire. 

Female Molex Connector 
green 7 

brown 5 

yellow 9 

orange 4 

black 8 

red 10 

DBS Female Connector 
green 5 

brown 8 
yellow 4 

orange 2 
black 7 

red 3 . 

C. Attach the female molex connector from the Display/Control board 
to male connector J-1. 

D. Attach the female moJex connector from the interface conductor 
cable to male connector J-2. Insert the other female connector 
in one of the rectangular openings in the back panel. 

E. Fuse Insertion 
Insert the 3 amp SLO-BLOW fuse (Bag 2 Power Supply Board) into the fuse 

holder. 
Your Altair 8800b Turnkey is now completed. See section 1, page 3 of 

this document for instructions concerning the operation of this computer. 
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8800BT P/S Bd. 
Parts List 
July 1977 

Bag 1 

1 KBH25005/Bridge Rectifier 
1 KBPC802 (TJ118-0) Bridge Rectifier 
1 TIP 140 or 141 with Mica 

Insulator and Washer 
1 TIP 145 or 146 with Mica 

Insulator and Washer 
2 IN4746 
2 180 Ohm 1/2w. 
3 Heat Sinks (Large) 

Bag 2 

1 Terminal Block (150-4) 
1 Terminal Block (141-10) 
2 Jumpers (141) 
1 Fuse Holder 
2 T.B. Brackets 
1 Strain Relief 
4 Rubber Feet 
4 Ring Terminal, #10 Wire -#10 Bolt 
6 Spade Terminal, #10 Wire - #10 bolt 
6 Spade Terminal, #10 Wire -#6 Bolt 
4 Quik Dis. 10 Wire - 1/4" Tab 
4 Spade Tenninal, 18 Wire - 6 Bolt 
l Fuse - 3 amp SLO-BLOW 

Bag 3 

4 2200MF 25v 

a::oob-i 
August, ~977 

100735 
100733 

102819 

102820 
100726 
101998 
101870 

101627 
101868 
101651 
101813 
101652 

· 101719 
l 01751 
101642 
101643 
101644 
101645 
101646 
101772 

100375 
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Bag 4 

1 Plug, Mate-N-Lok, ckt. 
1 Receptacle, Mate-N-Lok, 10 ckt. 
8 Pin, Mate-N-Lok 
6 Socket, Mate-N-Lok 
4 Commoning Tab 
1 Plug, Mate-N-Lok, 2 ckt. 
1 Receptacle, Mate-N-Lok, 2 ckt. 

Bag 5 
1 6-32 X 1/2 11 Screw 
19 6-32 X 3/811 Screw 
5 6-32 X 5/8 11 Screw 
9 6-32 x 9/16 11 Screw 
4 6-32 x 3/411 Screw 
1 8-32 x 111 Screw 
4 10-32 x 1/211 Screw 
13 6-32 x 1/411 Screw 
19 6-32 Nut 
4 #6 Snap On for Fan 
1 8-32 Nut 
4 10-32 Nut 
2 6-32 X 3/8 11 Nylon Screw 
2 6-32 Nylon Nut 
17 #6 Lockwasher 
1 #8 Lockwasher 
4 #10 Lockwasher 
5 3/4 11 6-32 Spacer (Threaded) 
4 #6 Flat Washer 
1 #8 Flat Washer 
4 #10 Flat Washer 
4 3/811 6-32 Spacer ( Threaded ) 
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101635 
101636 
101639 
101640 
101641 
101637 
101638 

100918 
100925 
100916 
100956 
100935 
100927 
100958 
100917 
100933 

100929 
100962 
100959 
100960 
100942 
100945 
100963 
101626 
100943 
100939 
100961 
101863 
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Misc. 
1 Fan Filter 
1 95000Uf Capacitor 
1 P.C. Board 
1 Power Cord - 3 Wire 
1 Fan 

1 Transformer 
(Packed in Separate Box) 

20' #18 Stranded Wire 
8' #12 Stranded Wire 
1011 grn. braid 
8 lugs 
4 3/16 11 Cable Clamps 
20 Tie Wraps 
611 

• 3/8" Heat Shrink 
6" 1/2" Heat Shrink 
6" 1/4" Heat Shrink 

8800b-T 
August, 1 977 

101757 
100391 
100202 
101742 
101869 

102616 
103090 
103092 
103064 
l 01801 
l 03023 
103037 
103073 
103071 
103072 
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8800 BT FRONT PANEL 
KITS PARTS LIST 
JULY 1977 
Bag 1 

5 

1 

1 

1 

Bag 2 

8 
5 
1 
1 
2 

Bag 3 

1 
2 

1 

1 

168 

RL-21 Led 
10 Pin Female Conn 
SPOT STI-1 Switch 
MOM STl-3 Switch 

Terminal Pin 
220 ohm l/4w 5% 
IN4148 Diode 
Pin Housing Plastic 
Pin For Housing 

1011 8 Cond. Cable 
F.P. Mier~ Switch 
Key Lock Switch 
Key Lock Cam 

100702 
101768 
101879 
101880 

l 01769 
l 01901 
100705 
101637 
101639 

103093 
102327 
102324 
100976 
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Bag 4_ 

4 2-56 X 3/4" CS screw 
1 6-32 x 1" CS screw 
4 #2 Nut 
1 #6 Nut 
1 #6 Lockwasher 
1 .6 Plastic Spacer· 
4 .187 Spacer 
3" l/8 11 Heat Shrink 

MISC. 
1 Front Panel PC Bd. 
1 Turnkey Dress Panel 
1 Mother Bd. 18 slot 

3800b-T 
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100967 
100964 
100931 
100933 
100942 
101824 
100968 
103068 

100219 
100551 
100193 
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8800BT Module 
Parts List 
July 1977 

Bag l 

l 7805 Regulator 
l TIP 30 Regulator** 
l 1488 I.C. * 
1 1489 I. C. * 
8 2102A I. C. * 
l 34702 I.C. * 
l 6850 I.C. * 
1 74LOO I. C. 
2 7402 I.C. 
2 7404 I.C. 
4 7430 I.C. 
2 74LS73 I.C. 
l i4LS139 I. C. 
2 74LS257 I. C. 
3 7436 r.c. 
2 8216 I. c. * 

Baa 3 
2 56pf 20v capacitor 
1 470pf lKV cap disc 
5 lmf 35v cap epoxy 
4 22mf 16v cap tant 
3 IN914 Diode 
2 IN4739 Di ode 
1 2N2222 Transistor 
1 EN2907 Transistor 

170 

Bag 2 

101074 2 
l 02821 3 
l 01112 3 
101113 1 
l 01107 l 

l 01099 l 
101098 4 

101080 1 
l 01021 
101022 
101059 
101119 
101181 
101182 
101040 
l 01141 

100317 
100316 * 

** 100308 
100395 
100705 
100706 
102822 
102804 

220 o_hm l/4w. res. 101901 
440 ohm l/4w. res. l 01911 
l K 1 / 4w. 5% res • 101903 
1. SK l/4w. 5% res. 101917 
1. 8K l/4w. 5% res. 101980 
3K 1/4w. 5% res. l 01981 
4. 7K l/4w. 5% res. 101912 
10 Meg 1/2w. 5% res. 102079 

DO NOT TOUCH PINS 
INCLUDE WASHER AND INSULATOR 

88COb-i 
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Bag 4 

l 6-32 x 3/8" Screw 100925 
l #6 Lockwasher 100942 
l 6-32 Nut 100933 
1 2.4576 Mhz xytl. 101741 
2 10 Pin rt. angle 101812 
1811 12 cond. cable 103058 
411 3/811 Shrink Tub. l 03073 
l DB25S 25 Pin Conn. 102112 
1 10 Pin Female Molex 101768 
7 Tenninal Pin Large l 01769 
1 Heat Sink Small 101667 

Bag 5 

11 16 Pin Sockets 102103 
2 14 Pin Sockets 102102 
5 24 Pin Sockets 102105 
9 Dip Switch l 02321 

Misc. 

l Turnkey Module P.C. Bd. 100218 

8800b-T 
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8800BT CPU BO. 
PARTS LIST 
JULY ·1977 

Bag l 

l 8080* l 01070 
l 8212* l 01071 
l 4009* 101143 
l 24 Pin Socket 102105 
l 40 Pin Socket 102106 

Bag 2 
2 8216 * 101141 

1 8224* l 01125 

7 74367 101040 

2 74368 101045 

2 74LS14 101123 

l 74LS13 101124 

2 74LS04 101042 

l 7805 101074 

1 7812 l 01085 

Baa 3 

24 2.2K 1/2w. 101945 

S800b-T 
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Baa 4 

13 
l 
1 
l 
l 

2 
1 
l 
1 
1 
3 

1 

Baa 5 

22 

Baa 6 
3 
13 
4 
2 
l 

1 

oSOOb-, 
August, 197i 

3.3K 1/2w. 102085 

1 SK 1/2w. 102083 

lK l/2w. l 01928 
620 ohm 1/2w. 102095 

330 ohm 1/2w. 101926 
470 ohm 1/4w. 101902 
lOK 1/2w. 101932 
100 ohm 1/2w. 101924 
IN4733 Sv. 100721 
IN4730 3. 9v. 100734 
CS4410 or 2N4410 102806 
10 ohm 2w 101960 

• lmf 12V 100348 

• 1mf 50v 10038-
lmf 35v 100308 
33 uf 16v 100326 
l 0 uf 25v 100352 
lOmf 16v 100394 
22mf 16v 100395 
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1-1. SCOPE AND ARRANGEMENT 
The Altair 16K Dynamic Memory Board (88-16MCD) Documentation pro­

vides a general description of the printed circuit board and detailed 
theory of its operation. The manual contains four sections as follows: 

1. Section I is a general description of the Altair 16K Dynamic 
Memory board. 

2. Section II includes a detailed theory explanation of the 
88-16MCD circuit operation. 

3. Included in Section IV is a troubleshooting guide for the 
88-16MCD board. 

4. Assembly instructions for the 88-16MCD are found in Section V. 
1-2. DESCRIPTION 

The 16K Dynamic Memory board (88-l6MCD) provides 16,384 bytes of 
random access memory for the Altair 8800 series computers. It uses 
thirty-two dynamic memory ICs (4K x l bits each) which have a maximum 
access time of 350 nanoseconds. The board requires a total of only 
three watts of power for all thirty-two ICs. 

The 88-l6MCD provides continuous operation at maximum speed by 
eliminating time-consuming wait states. All logic timing is crystal­
controlled for greater accuracy. The board occupies one slot and plugs 
directly into the computer. 

Address selection is done by an 8-pin dip switch, and one jumper 
selects either 8800b or 8800b Turnkey operation. 
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2-1. ADDRESSING . 
•• 

The 88-16MCO can store a tiotal of 16,384 bytes of data which are 
arranged in four blocks of 4,096 bytes each. Address lines A14 and A15 . 
are decoded to select one of the four 16K memory boards which are 
directly accessed by the CPU. After the boar.d has been selected, address 
lines Al2 and Al3 are decoded to select one of four 4K blocks on the 
board; A~ through All are decoded to select one byte within the 4K 
block. 

The address select switch on each board determines the board's 
location within the 64K memory area as shown in Table 2-A. 

Table 2-A. Address Switch Setting 
Switch (SW-1) 

1 2 . 3 4 
0 - 16K Closed Open Open Open 

16 - 32K Open Closed Open Open 
32 - 48K Open Open Closed Open 
48 - 64K Open Open Open Closed 

For example, assume that switch 1 is closed, and the address on the bus 
indicates that both A14 and A15 (Figure 2-1, Zone D2) are LOW. Inverter · 
V presents HIGHs to input pins 13 and 14 of IC R (Zone D2) a dual 2-line 
input to 4-line decoder. Half of IC R contains input pins 13 and 14 and 
output pins 9, 10, 11 and 12. It 1s permanently enabled by the LOW on 
pin 15 (Zone D3). With pins 13 and 14 HIGH, pin 9 (Zone D2) goes LOW. 
Since switch 1 is closed, the LOW is passed to IC R pin 1 (Zone 02) 
which becomes the enable signal for the remaining input pins 2 and 3 
(Zone D3) and output pins 4, 5, 6 and 7. At the same time, the LOW is 
present at IC Z pin 1 (Zone 82) in order to partially condition it for 
any subsequent read cycles from the selected memory board. The LOW 
from IC R pin 9 (Zone D2) is also inverted through IC X (Zone C2) and 
applied to ICM pins 4 (Zone D7) and 13 (Zone C7) as the Address Enable 
signal. With the first half of IC R enabled, it passes the decoded 
state of Al2 and Al3 through IC K to IC F (Zone C3). 

88-16MCD 
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The final address selection is made with a multiplexing scheme 
under the control of IC A (Zone D5), a Parallel Out Shift Register 
which is clocked by the crystal controlled oscillator circuit composed 
of XTAL #1 (Zone D7), IC B, R2, R3 and C6. IC A (Zone D5) is enabled 
by a HIGH on pin 9. This is accomplished by clocking ICC pin 5 (Zone 
C6) to a HIGH level. Tl is the first clock period of machine cycle l. 
At the beginning of Tl, ICM pins 2 and 4 (Zone D7) are LOW, forcing a 
LOW on ICC pin 3. During the latter stage of Tl, SYNC, 02 and the 
Address Enable signal from IC X pin 2 go HIGH (Zone D7). However, the 
02 inversion through ICY (Zone B8) to ICM pin 3 (Zone D7) maintains 
a LOW on ICC pin 3 (Zone C6). When 02 transitions from HIGH to LOW 
during the latter part of Tl, all HIGHs are present on IC -M pins 1, 2, 
3 and 4 (Zone D7). This reverses the level on ICC pin 3 from LOW to 
HIGH, clocking a HIGH on pin 5 (Zone C6), enabling IC A (Zone D5). 

After IC A is enabled, the first 50 nsec. clock into IC A pin 8 
drives IC A pin 3 HIGH. This signal is inverted through IC H (Zone D5) 
and becomes the RAS (Row Address Select), the enabling signal to each 
gate of IC F (Zone CJ). At this time, IC A pins 5, 6 and 13 (Zone D5) . 
and IC E pin 5 (Zone B6) are LOW·. Thus, IC I pin 6 (Zone BS)" is also 
LOW, ~nabling the tri-state buffer IC S (Zone AS). This allows the row 
address on A'/J through AS (Zone A4) to be latched into the appropriate . 
4K block of memory by the active RAS signal (Zone C3) which is selected 
through IC F by the decoded input of Al2 and Al3 (Zone D3). 

RAS selects the 4K blocks as shown in Table 2-B. 
Table 2-B. lUS3" Selection 

Address Lines Sianal Row 
Al2, Al3 RAS fJ A'/J-A7 
A12, A13 RAS 1 B'/J-B7 
A12, A13 RAS 2 C'/J-C7 
A12, Al3 RAS 3 D'/J-D7 

s2-16:~co 
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Two clock ~riods after IC A pin 3 (Zone DS) has gone HIGH (1·00 
nsec), IC A pin 5 goes HIGH, reversing the levels on IC I pins 6 and 8 
(Zone BS). IC W (Zone AS) is now enabled, IC S (Zone A4) is disabled, 
and the coiumn address on A6 through All (Zones AS and A4) is presented 
to the selected 4K memory block. IC A pin 6 (Zone D5) goes HIGH one 
clock period after IC A pin 5 has gone HIGH. The signal from IC A pin 
6 is inverted at IC H (Zone BS) and applied to each RAM IC as CAS, 
Column Address Select (Zone B3). CAS causes the column address on A6 
through All and CS to be latched into the selected 4K memory board. The 
RAMs 1 internal address circuitry in the selected 4K block decodes the 
combined input of A0 through All in order to select one address out of 
the possible 4096. The selected address is now written into or read 
from. Four clock periods after IC A pin 6 goes HIGH (200 nsec), follow­
ing the completion of the write or read cycle, IC A pin 13 (Zone D) goes 
HIGH. This signal is inverted through IC H (Zone C6) to clear ICC pin 
5 and disable ICE (Zone C3). The resulting LOW at IC A pin 9 (Zone DS) 
dr1ves all outputs of IC A LOW and prepares it for another addressing 
cycle. 
2-2. WRITE CYCLE 

For a memory write cycle, the MWRITE 1 ine goes HIGH (Zone CS) and· 
is inverted through ICs Y, X (Zone CS) and D (Zone 84). This signal 
appears on each of the 32 RAM ICs pin 3 as LOW and coincides with the 
active RAS signal (Zone C3) on each of the 8 RAMs pin 4 in the selected 
4K block. The next falling edge of CAS now latches the data present on 
the 000 through D07 (Zone Cl) lines from the CPU into pin 2, DI (Zone 
C2), of each of the 8 selected RAMs. 
2-3. READ CYCLE 

For a memory read cycle, a LOW is heid on the MWRITE line, placing 
a HIGH on pin 3 of each RAM while CAS is active. This causes the inter­
nal data buffer of each of the 8 RAMs, as selected by RAS and CS, to 
present their stored data to pin 14, DO (Zone B2) of each selected RAM 
and to the inputs of IC Z (Zone B2). MEMR and PDBIN (Zone A2) are both 
HIGH, indicating a read from memory. IC Z pins 13 and 11 (Zone B2) are 
also HIGH, conditioning IC Z to pass data from the RAMs to the CPU, 
lines DI0 through DI7 (Zone Bl). 

28-16MCO 
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2-4. REFRESH CYCLE 
Due to the dynamic nature of the RAM !Cs used on the 88-16MCO, 

the storage cell matrix within each RAM must be accessed {refreshed) 
at least once during each 1 millisecond time interval to prevent loss 
of stored data. 

The on-board refresh circuitry insures·that a pulse is provided 
to each of the 64 row addresses within each 4K block once each milli­
second. Refresh timing is controlled by the free running timer, IC P 
(Zone 86) whose output is a 15 microsecond clock into ICE pin 11. Pin 
9 of ICE (Zone 86) provides a D input for the first half of ICE (Zone 
CS). The output pins 5 and 6 of ICE (Zone C6) then become the refresh 
control signals. 

The operation of the refresh circuitry is explained for two condi­
tions, Run and Stop. For example, assume that the system is in the Run 
mode. ICE pin 3 (Zone 86) is clocked by the gated combination of SMl, 
~2 and PD8IN through ICU pin 12 (Zone C7). If the board is not being 
addressed, IC R (Zone 03) is inactive, and all outputs are HIGH. The 
negative pulse from ICE pin 6 (Zone 86) accomplishes the following: 

10 

l. enables IC A (Zone D5) by driving ICC pin 5 (Zone C6) HIGH. 
IC A carries out its shift sequence as described in the . 
addressing section (Paragraph 2-1). 

2. enables all outputs of IC K {Zone C3) into IC F where they 
are gated with the output from IC A pin 3 (Zone D5) and 
applied to pin 4 of all 32 RAMs as RAS 0 through RAS 3. 

3. clears ICE pin 9 (Zone B6) so that it is conditioned to 
toggle on the next clock from IC P (Zone B6). 

4. triggers IC J pin 4 {Zone C4) which applies a LOW to IC Z 
pin 11 {Zone B2), latching the output data before the refresh 
cycle. 

5. enables IC L (Zone A3), allowing one of the O through 63 
counts produced by IC G (Zone A3) to be presented as the RAM 
refresh address. 
bits are used. 

IC G is a 7-bit ripple counter, but only 6 
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At the same time, the positive pulse on ICE pin 5 (Zone C6) accomplishes 
the fo 11 owing: 

1. disables CS (Zone B3) to each RAM. 
2. disables buffers IC Wand IC S (Zone AS). 
3. conditions IC G (Zone A3) so that its count will be advanced 

by one on the falling edge of the pulse from ICE pin 5. 
This sequence is repeated once each refresh cycle. The count of 

IC G advances by one to a maximum of 63 and then returns to 0. Thus, 
all 64 row addresses in each RAM are pulsed with all RAS signals active. 
This process accomplishes the refresh of the memory cell matrix. (Note 
that 15 microseconds multiplied by 64 counts equals .96 milliseconds, 
which is within the required 1 millisecond time interval). 

The second refresh condition is the system in the Stop mode1 

Refresh action is similar to the previous condition but is different 
in several ways. Upon entering the Stop mode, the RUN line (Zone B8) 
goes LOW, causing the clear inputs to be removed from ICC pin 13 (Zone 
CS), IC N pins 14 and 15 (Zone B7), and IC J pin 11 (Zone 04). After 
RUN has gone LOW, ICC pin 8 (Zone CS) is clocked LOW on the first 
rising edge of the pulse from ICE pin 5 (Zone C6}, holding a LOW on 
IC I pin 13 (Zone C6). IC N pin 9 (Zone B7), clocked HIGH by ~2, now 
provides clocks to ICE pin 3 (Zone B6) for the duration of the Stop 
mode. ICC pin 9 (Zone C7) partially conditions ICM, and the _final 
conditioning of ICM is accomplished by IC J pin 12 (Zone 04). This 
produces a short negative pulse at the end of each refresh cycle, caus­
ing ICM pin 8 (Zone C7) tc toggle. This allows a normal memory access 
in order to deposit a~d examine from the front panel while in the Stop 
mode. 

When a HALT instruction is executed, the HLTA signal going HIGH 
at IC T pin 1 (Zone B8) simulates the Stop mode by forcing a HIGH at 
IC X pin 10 (Zone B8}, allowing refresh to occur as previously stated. 
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2-5. SYSTEM OPTIONS 
When the 88-16MCD is implemented with a full front panel system, 

the WAIT line is not used on the board, leaving ICY pin 6 (Zone 88) 
open. However, if the 88-16MCD is used with a turnkey system {which 
does not have an interface board), Y pin 6 and T pin 11 (Zone 88) must 
be connected. This connection is made in order to substitute the WAIT 
line for the RUN line, since the RUN line is not used in the turnkey 
system. Jumpers are located according to the following diagram: 

INSTALL FOR 
aaoob TURNKEY 
(W2 To TK) 

-- INSTALL FOR 
8800b 
(Wl To W2) 

Figure 2-3. Jumpering Options 
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3-1. GENERAL 
This troubleshooting guide is designed for use with the 8800b front 

panel to diagnose failure on ·the 88-16MCD memory board. Although no refer­
ence is made in this guide to specific diagnostic programs, any memory test 
program run on other types of Altair 8800b compatible memory boards can also 
be used on the 88-1 SMCD board. 

The most difficult part of memory troubleshooting is identifying the 
type of failure (i.e. addressing, data, refresh, etc.). Different failures 
can cause similar indications on the front panel. Thus, the major areas 
of memory function are grouped according to failure symptoms. 

First, eliminate the possibility of mechanical failure by checking for 
broken etches, open feed-throughs, solder bridges, pins not in holes, etc., 
before assuming that a component is detective. 

Except where otherwise specified, the system should remain in the Stop 
mode, with necessary data and address line switching done from the front 
panel. 

3-2. Voltage Check 
Always check the three voltages used by the 88-16MCD memory board as 

a first step in troubleshooting. 
Referring to Figure 2-1{88-16MCDSchematic, sheet 1 of 2), insure that 

the regulated output voltages are +lSV (±5% tolerance) from the output of 
VR2, +SV (±5%} from the output of VRl and -SV (.±s%) at the anode of Dl •· Unre­
gulated bus voltages (+8V, +18V and -18V} not within the ±s% tolerance range, 
can also cause random, intennittent memory failures. 

Under no circumstances should the S8-16MCO board be powered up without 
-SV supplied to pin· 1 of each RAM IC. Operating without -5V for more than 
five seconds can affect the long-term reliability of the RAMs. 

3-3. Addressing 
A. Failure Symptom #1 

1) 88-16MCD board cannot be selected 
2) cannot deposit or examine any address on board 
3) all data LED's are On 

.38-i6MCO 15 
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Possible Failure Area #1 
1) Check for jumper inserted between pads Wl and W2. 

' 2) Check decoding of address lines A14 and AlS through IC V, IC R 
and SW-1. , 

3) When board is selected, IC X pin l will be LOW. Check CAS at 
IC H pin 12 for double negative going pulses when board is 
selected (Figure 3-1). 

4) Unselected board will have single negative going pulse (Figure 
3-2). 

5) Check TP-3 for 80 to 90ns pulse (Figure 3-3). 
B. Failure Symptom #2 

1) 88-16MCD' board can be selected. 
2) One or more 4K blocks within the board cannot be selected. 
Possible Failure Area #2 
1) Check decoding of address lines Al2 and A13 through IC V, IC R, 

lC K and IC F. 
2) Pin 4 (RAS) of all 8 RAMs in any 4K block will have double nega­

tive going pulses when that block is selected (Figure 3-4). 
3) Unselected blocks will have a single negative going pulse 

(Figure 3-5). 
4) Only one block should be s~lected for any given state of A12 

and A13. 
C. Failure Symptom #3 

1) All blocks can be selected. 
2) Certain addresses within each block cannot be selected. 
Possible Failure Area #3 
1) Check IC Sand IC W, pins 1 and 15, for enabling pulses 

(Figures 3-6 through 3-11). 
2) Check the outputs of IC s. They should toggle from LOW to HIGH 

when the correspor;ai ng address switch (AZ-AS) is raised· and ex­
amined. 

3) Follow the same procedure (2) with IC Wand address switches A6-
All. Note that the output of IC W does not change levels but 
adds pulses as the address switches are raised and examined. 

S8-16MC:l 
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3~4. Write Circuitry Check 
To check the Write circuitry, compare the signal at pin 3 of any RAM 

with the MWRITE signal at ICY pin 3, MWRITE should appear as a positive 
going pulse approximately 120~s in duration each time the deposit switch is 
toggled. The pulse at RAM pin 3 should be the exact inverse of the MWRITE 
pulse. This pulse is difficult to capture on most non-storage scopes, so 
be persistent. Do not attempt to sync it; just verify that it is getting 
through to the RAMs. 

Also verify that any data bits deposited from the front panel appear 
at pin 2 of its respective RAM. 
3-5. Read Circuitry Check 

Check the Read circuitry by looking a~ PDBIN at ICY pin 9 with the 
machine in the Run mode. A command or program does not have to be entered. 
The signal at ICU pin 8 should appear identical to PDBIN aside from minor 
amplitude variations (Figure 3-12). The signal at ICU pin 12 should also 
appear similar to PDBIN, except that each positive -pulse is less than half 
the duration of each positive PDBIN pulse (Figure 3-13). This occurs since 
~2 is gated into pin 1. 

The final portion of the Read circuitry, consisting of IC Z, can be 
checked only if the Address and Refresh logic is functioning properly. Stop/ 
Reset the machine and examine the first address on the board. The signal 
at TP-5 should appear at IC z pin 11 (Figure 3-14). IC Z pin 13 should 
be HIGH and pin 1 should be LOW. Each RAM 01 line {pin 2), D~ line '(pin 
14) and the output lines of IC Z should follow their respective data switch 
setting each time the deposit switch is toggled. This check will also 
indicate bad RAM's. 

Faulty RAM's can also be detected on the front panel, appearing as 
a constant HIGH in one bit position of one 4K block when all O's are 
deposited. If all l's are deposited, a constant LOW will appear. Always 
verify that all pins of a suspect RAM are receiving proper signals before 
assuming the RAM is bad. 

38-lcMC:l 
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3-6. Refresh Circuitry Check 
A. The first possible Refresh failure can affect all addresses on the 

board and is easilv detected on the front panel by depositing O's 
to any address on the board. A few seconds after depositing the 
01 s, random data bits will appear on the front panel data display. 
Pin 14 of the RAMs, whose data bits are HIGH on the front panel, 
will be at a tri-state level of approximately +2V (Figures 3-15 
through 3-17). This is interpreted as a HIGH by IC Zand passed 
to the system data in bus, causing the front panel data LED's to 
i 11 umi nate. 
Check TP-6 (Figures 3-18 and 3-19), TP-7 (Figures 3-20 and 3-21), 
TP-9 (Figure 3-22) and TP-10 (Figure 3-23). If the failure is 
solid, the problem can be detected at one of these points. Note 
that TP-9 will have a signal only in the Stop mode. It should be 
a steady LOW when the machine is running. TP-10 will typically 
have a leading edge to leading edge pulse period of 14 to 15µS 
and should never be greater than l6µs. Any discrepancies can be 
caused by timing components R7, RS or C9 out of tolerance or a de­
fective IC P. 
While switching the machine back and forth between Stop and Run 
several times in succession, look at TP-6. The pulse period at 
TP-6 will vary from 10 to l2µs in the Run mode and 14 to lSµs 
in the Stop mode. Any complete loss of the pulses while switching 
is usually caused by problems in the string of gates feeding ICE 
pin 3. 

aa-1SMCD 
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B. The second type of Refresh failure only affects certain addresses 
in a repetitive pattern. This type is usually caused by problems 
with IC G or IC L. 

88-l6MCD 
Jul y, i 9ii 

IC G pin 12 should be a symmetrical square wave with a typical period 
of 28 to 30\JS or one half the frequency of the pulse period at TP-6. 
Pin 11 should be one half the frequency of pin 12, pin 9 one half 
the frequency of pin 11, and so on through all six outputs. 
To check the operation of IC L, Stop/Reset the machine and examine 
the first address on the board. IC L pins 1 and 15 should be re­
ceiving enable pulses, the inverse of TP-6 (Figure 3-24). With 
one channel of the scope, sync on IC L pin 10, and with the second 
channel look at pin 9. For every positive pulse on pin 10, there 
should be one positive pulse on pin 9 (Figure 3-25). 
Check the remainder of the IC L gates in the same manner. Pin 11 
will have two positive pulses for each positive pulse on pin 12. 
Pin 13 will have four pulses for each one on pin 14 (Figure i-26). 
Pin 3 will have eight pulses, pin 5 will have sixteen pulses, and 
pin 7 will have thirty-two pulses (Figure 3-27). 
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c.!3' - TP-8 Board Selected 
2v/Div. Vertical 
.1µs/Div. Horizontal 

Figure 3-1 

. 'fil - TP-8 Board Unselected 
2v/Div. Vertical 
.l~s/Div. Horizontal 
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Figure 3-2 
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TP-3 Stop Mode Only 
Board Selected or Unselected 
2v/Div. Vertical 
.lµs/Div. Horizontal 

Figure 3-3 

RAS - TP-4 Block SeJected 
2v/Div. Vertical 
.1µ5/Div. Horizontal 

Figure 3-4 
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m - TP-4 Block Unselected 
2v/Div. Vertical 
• l µ5/Div. Hori zonta 1 

Figure 3-5 

A-8 TP-1 Address Select Clock 
A-3 TP-2 RAS Enable 
2v/Div. Vertical 
.1 l,lS/Oiv. Horizontal 

ES-16MCD 
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Figure 3-6 
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IC-W Pins 1 + 15 
IC-S Pins 1 + 15 
2v/Div. Vertical 
.1µ5/Oiv. Horizontal 

Figure 3-7 

IC-S Pin 3 

Address Line A0 LOW 
2v/Div. Ver~ical 
Sµs/Oiv. Horizontal 

Figure 3-8 
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IC-S Pin 3 
Address Line A~ HIGH 
2v/Oiv. Vertical 
Sµs/Oiv. Horizontal 

Figure 3-9 

IC-W Pin 3 
Address Line A6 LOW 
2v/Oiv Vertical 
Sµs/Oiv. Horizontal . 

88-16MCC 
July, 1977 

Figure 3-10 
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IC-W Pin 3 
Address Line A6 HIGH 
2v/Oiv. Vertical 
Sµs/Div. Horizontal 

Figure 3-11 

IC-Y Pin 9 POBIN Run Mode 
IC-U Pin 8 
2v/Oiv. Vertical 
,Sµs/Oiv. Horizontal 

Figure 3-12 
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IC-Y Pin 9 PDBIN Run Mode 
IC-U Pin 12 
Zv/Div. Vertical 
.Sus/Div. Horizontal 

Figure 3-13 

TP-5, IC-Z Pin 11 Stop , Mode 
2v/Div. Vertical 
.Sµs/Div. Horizontal 

Figure 3-14 

a8-16MC: 
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Pin 14 of any selected RAM IC 
Data bits equal zero 

O volts 
2v/Div. Vertical 
Sus/Div. Horizontal 

Figure 3-15 

Pin 14 of any selected RAM IC 
Data bits equal one 
5 volts 
2v/Div. Vertical 
Sus/Div. Horizontal 

Figure 3-16 
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Pin 14 of RAM unselected; or 
selected but refresh inoperative. 
2 volts 
2v/Div. Vertical 
Sµs/Oiv. Horizontal 

Figure 3-17 

TP-6 Stop Mode 
2v/Div. Vertical 
2us/Div. Horizontal 

88-i6MC::> 
July, 1977 

Figure 3-18 
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TP-6 Run Mode 
2v/Div. Vertical 
2µ5/Div. Horizontal 

Figure 3-19 

E-3 TP-7 
Refresh control clock 
Stop Mode 
2v/Div. Vertical 
lµs/Div. Horizontal 

Figure 3-20 
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E-3 TP-7 
Refresh control clock 
Run Mode 
2v/Div. Vertical 
1 JJS/Di v. Hori zonta 1 

Figure 3-21 

TP-9 
Stopped Mode 
2v/Div. Vertical 
.5~/0iv. Horizontal 

88-16MCD 
July, i:77 

Figure 3-22 
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P-3 TP-10 
Refresh master clock 
2v/Div. Vertical 
Sµs/Div. Horizontal 

Figure 3-23 

IC L pins 1 and 15 
Stop Mode 

Figure 3-24 
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IC-L Pin 10 
IC-L Pin 9 

2v/01v. Vertical 
Sµs/Div. Horizontal 

Figure 3-25 

IC-L Pin 14 
IC-L Pin 13 
2v/Div. Vertical 
20µs/Div. Horizontal 

as-16MCC 
Juiy, 1'.J77 

Figure 3-26 
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IC-L Pin 6 
IC-L Pin 7 
2v/Div. Vertical 
lOOµs/Div. Horizontal 

Figure 3-27 
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4-1. INTRODUCTION 
Seetion IV contains step-by-step instructions for component installa­

tion of the 88-16MCO 16K Oynami c Memory board. 
Before beginning the assembly procedure, carefully read the enclosed 

11 MITS Kits Assembly Hints booklet. It contains helpful suggestions and sev­
eral important warnings. Failure to heed these warnings could cause you 
to void the warranty. 

Check the contents of the kit using the parts list (Appendix A) to 
make sure all of the r~quired components are enclosed. As you assemble 
the board, read each step carefully and. follow the instructions in the order 
in which they are presented. Always complete each step before going on 
to the next. Under no circumstances should you proceed with an assembly 
step without fully understanding the procedures involved. A little patience 
at this stage will save a great deal of time and potential 11 headaches 11 later. 
4-2. VISUAL INSPECTION 

It is recorrmended ~hat a visual inspection of the board be made before 
beginning the assembly procedures. A thorough inspection of this kind will 
eliminate one possibility for errors should the board fail to operate prop­
erly after it is assembled. Troubleshooting efforts may then be concentrated 
elsewhere. 

Look for etching 11 bridgej 11 or 11 opens 11 in the printed circuit lands, 
as shown ir Figure 4-1 below. 

S8-16MCC 
July, 1977 

Example· of an 
Etching 11 Bridge11 

Example of an 
Etching "Open" This could also appear 

'- as a "hairl ine 11 cut. 

S:·:·:·:·:·:·:··.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·:·:·~t.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·. ·=·=·=·@ 

Figure 4-1. Visual Inspection 
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4-3. COMPONENT INSTALLATION INSTRUCTIONS 
. . 

The following paragraphs describe the proper procedures for instal-
ling various types of components on the board. Read these instructions 
carefully, and refer to Figure 4-2, the 88-16MCO silkscreen when neces­
sary. Failure to properly install components may cause permanent 
damage to the component or the rest of the unit; it will definitely 
void the warranty. 

4-4. Diode Installation 
Diodes are marked with a band on the cathode end. Each diode must 

· be installed so that the cathode end is oriented towards the band printed 
on the PC board. Failure to correctly orient the diodes may result in per­
manent damage to the unit. 

Use the following procedure to install diode 01 (Bag 4) onto the board. 
Refer to the list of diode part numbers included in the specific assembly 
instructions to make sure the correct diode is installed each time. 

1. Bend the leads of the diode at right angles to match their respec­
tive holes on the board. 

2. Make sure the cathode end is properly oriented, and insert the 
diode into the correct holes on the silkscreen. Secure the diode 
in place with masking tape. 

3. Solder the the two leads to the foil pattern on the back of the 
board, and clip off any excess lead lengths. 

Diode 
( ) D1 

Part Number 
IN4733 

4-5. Resistor Installation (Figure 4-3) 
Resistors have four, or possibly five, color-coded bands as represented 

in Table 4-A. The fourth band is gold or silver in color and indicates 
the tolerance. When assembling MITS kits, you need only be concerned with 
the three bands of color to one side of the gold or silver (tolerance) band. 
These three bands denote the resistor's value in ohms. The first two bands 
correspond to the first two digits of the resistor's value and the third 
band represents a multiplier. 

98-16i'1C::> 
..iuly, lS:"7 
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For example, a resistor with red, ,violet, yellow and silver bands has 
a value of 270,0~0 ohms and a tolerance of 10%. Refer to Table 4-A. Red 
denotes a value of 2 and violet, a value of 7. Multiply 27 by the yellow 
multiplier band (10,000) to arrive at a total value of 270,000 ohms (270K). 
The silver band denotes the 10% tolerance. Use this process to choose the 
correct resistor called for in the specific instructions. 

40 

Table 4-A. Resistor Color Codes 
Color 
Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 

Bands 1 & 2 
0 
l 
2 
3 
4 
5 

6 
7 

8 

9 

2ND BAND 
VIOLET 

1ST BAND 
RED 

3rd Band (Multiplier) 
1 

10 
102 
103 

104 

,as 
106 

1 o7 

,as 
1 o9 

Figure 4-3. Resistor Color Codes 
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Make sure the colored bands on each re~istor match the colors called 
for in the list of resistor values and color codes given below. When the 
correct value resistor has been selected, install the nine (Rl through R9, 
Bag 4) according to the following instructions: 

l. Using needle-nose pliers, bend the leads of the resistor at right 
angles to match their respective holes on the board. 

2. Install the resistor into its correct holes on the silk-screened 
side of the board, and secure in place with masking tape. 

3. Solder the leads to the foil pattern on the back of the board, and 
clip off any excess lead lengths. 

To install the resistor pack (RP-1, Bag 4), follow the instructions 
below: 

SS-16MCD 
July, i 9ii 

1. The resistor pack has a small dot at one end. The two leads farthest 
from this dot should be clipped off. 

2. The dot on the resistor pack corresponds ~o a small dot on the board. 
Align these dots and insert RP-l into the silk-screened side of 
the board. 

3. Solder each pin to the foil (bottom) side of the board. Be careful 
not to leave any solder bridges and clip off any excess lead lengths. 

Resistor Value 
( ) Rl l.3Kohm, l/2W (Brown, Orange, Red) 
( ) R2, R3 330 ohm, l /2W (Orange, Orange, Brown) 
( ) R4, R7 lOK ohm, 1/2W (Brown, Black, Orange) 
( ) RS, R6 5.1K ohm, 1/2W (Breen, Brown, Red) 
( ) Ra 5.6K ohm, 1/2W (Green, Blue, Red) 
( ) R9 l K ohm, l/2W (Brown, Black, Red) 
( ) RP-1 lK ohm, l/2W 
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.. 
4-6. Capacitor Installation 

There are 44 capacitors to be i nsta 11 ed on the 88-l 6MCD board. Cl 
through CS (Bag 5) are tantalum capacitors, and C6 through ClO (Bag 5) are 
ceramic disk capacitors. The remaining 34 capacitors (Bag 6), used for noise 
suppression, are epoxy dipped. 

42 

A. Polarity must be noted on tantalum capacitors before they are in­
stalled. 
Tantalum capacitors are marked with 11 +11 signs on the positive side 
as shown in Figure 4-4. 

Positive-----

Epoxy Dipped 
Tantalum Capacitors 

Side 

I 

Figure 4-4. Epoxy Dipped Tantalum Capacitors 

Install the 5 tantalum capacitors (Bag 5) according to the follo~­

ing instructions. 
1. Bend the two leads of the capacitor at right angles to conform 

to their respective holes on the board. 
2. Insert the capacitor into the holes on the silk-screened side 

of the board, aligning the positive side with the 11
+

11 signs 
printed on the board. Secure the capacitor in place with mask-

ing tape. 
3. Solder the leads to the foil pattern on the back of the board. 

Clip off any excess lead lengths. 

Capacitor 
( ) C2, C4, CS* 
( ) Cl, C3 

Value 
22iif, 16V, tantalum 
22 µf, 3SV, tan ta 1 um 

*CS is not labelled on the board. 
and D1. 

It is 1ocated between Rl 

88-16/.!CO 
July, 1977 
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B. Ceramic Disk and Eeoxy -~i_pped Ceramic Capacitors 
Ceramic disk and epoxy dipped capacitors are non-polarized and are 
shown in Figure 4-5. 

Epoxy Dipped Ceramic Disk 
Ceramic Capacitor Capacitor 

Figure 4-5. Ceramic Disk and Epoxy Dipped Ceramic Capacitors 

Install the 5 ceramic disk (Bag 5) and 34 epoxy dipped (Bag 6) 
capacitors according to the following procedure. 
1. Bend the ·two capacitor leads to confonn to their respective 

holes on the board. 
2. Insert the capacitor into the correct holes from the silk-screened 

side of the board, and secure with masking tape. 
3. Solder the leads to the foil (bottom) side of the board. Clip 

off any excess lead lengths. 

Capacitors 
( ) C6 
( ) C7 
( ) ca 
( ) C9 

Value 
180 pf, lKV, ceramic disk 
200 pf, lKV, ceramic disk 
10 pf, 16V, ceramic disk 
820 pf, lKV, ceramic disk 

( -) Cl0* .01 µf, 16V-20V, ceramic disk 
*Cl0 is not labelled on the board. It is located directly below 

IC P and is labelled "SC." 

( ) 34 suppressor capacitors · µf, 50V, epoxy dipped labelled "SC 11 
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4-7. IC Identification 
Integrated circuits may have any one, or a combination of, several differ­

ent markings which are used to detennine correct orientation when the !Cs 
are placed on the printed circuit board. Refer to Figure 4-6 to locate 
pin 1 of the !Cs. 

Figure 4-6a indicates the various methods used to show the position 
of !Cs on the printed circuit board. These outlines are silk-screened 
directly on the board. The arrowhead indicates the pin 1 position. 

-·o 

···o 

""'CJ 

.... D 

···o 

C .,..,,... 

PINI~ 

- -
PINI~ 

PINI 0 

-
PINI 

__, 

PIN I _, 

Figures 4-6 and 4-6a. IC Identification Chart 

-
0 

..... 
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4-8. IC and Socket Installation 
There are 24 ICs (Bag 1) to be installed on the 88-16MCD board. All 

ICs must be oriented so that pin 1 corresponds with the pad marked with an 
arrowhead. Refer to the IC identification chart in Paragraph 4-7 to identify 
pin 1. All ICs are easily damaged and should be handled carefully. Always 
try to hold the IC by the ends and avoid touching the pins as often as possi­
ble. When removing the IC from its holder, carefully straighten any bent 
pins using needle-nose pliers. All pins should be evenly spaced and should 
be aligned perpendicular to the body of the IC itself. 

c8-~6MCD 
~uly, 1977 

A. Installing ICs without sockets 
1. Orient the IC so that pin 1 coincides with the arrowhead on 

the PC board. 
2. Align the pins on one side of the IC so that just the tips are 

inserted into their holes on the board. 
3. Lower the other side of the IC into place. If the pins do not 

go into their holes right away, rock the IC back, exert a little 
inward pressure, and try again. Be patient. The tip of a small 
screwdriver may be used to help guide the pins into place. When 
the tips of all of the pins have been started into their holes, 
push the IC into the board the rest of the way. Tape the IC 
to the board with masking tape. 

4. Solder each pin to the foil pattern on the back of the board. 
Be careful not to leave any solder bridges. Clip off any exc·ess 
lead lengths, and remove the masking tape. 

IC Part Number -
( .) A 74LS164 
( ) B 74S04 
( ) C,E 74LS74 
( ) D 74LS20 
( ) F,I 74LS32 
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B. 

( ) G C04024 (MC140~4 or CD14024) 
( ) H 7404 
( ) J 74LS123 
( ) K 74LS08 
( ) L,S,W 8t97 

- --
( ) M 74LS55 
( ) N 74LS112 
( ) R 74LS139 
( ) T,Y,V 74L04 
( ) u 74LS27 
( ) X 74LS04 

Installing !Cs with sockets 
!Cs P and Z (Bag 1) are installed with sockets (Bag 3) according 
to the following i nstructtons. 
1. Refer to the drawing below, and orient the socket so that pin 

1 coincides with the arrowhead on the board. Set the socket 
into its holes, and secure with masking tape. 

Figure 4-7. Installing !Cs With Sockets 
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2. Solder each pin to the foil pattern on the back of the board. 
Be careful not to leave any solder bridges. Clip off any ex­
cess lead lengths, and remove the masking tape. 

3. Orient the IC over the socket so that pin 1 coincides with pin 
1 on the socket. 

4. Align the pins on one side of the socket so that just the tips 
are inserted into the holes. 

5 • . Lower the other side of the IC into place. If the pins don't 
go into their holes right away, rock IC back, exert a little 
inward pressure, and try again. Be patient. When the tips of 
all of the pins have been started into their holes, push the IC 
into the socket the rest of the way. 

.!£. 
( ) p 

( ) z 

Part Number 
555 

8212 

Socket Size 
8-Pin 

24-Pin 
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4-9. MOS IC Installation 
There are 32 MOS !Cs (Bag 2) with sockets (Bag 3) to be installed on 

the 88-16MCD board. MOS ICs are extremely sensitive to static electricity 
-and transient voltages. In order to prevent damaging these components, read 
the following precautions and adhere to then as closely as possible. Failure 
to do so may result in permanent damage to the IC. 

1. All equipment (soldering iron, tools, solder, etc.) should be at 
the same potential as the PC board, the assembler, the work surface, 
the IC itself and its container. This can be-accomplished by contin­
uous physical contact with the work surface, the components and 
everything else involved in the operation. 

2. When handling the IC, develop the habit of first touching the conduc­
tive container in which it is stored before touching the IC itself. 
If the IC has to be moved from one container to another, touch both 
containers before doing so. 

3. Do not wear clothing that will build up static charges. Cotton is 
preferable to wool or synthetic fibers. 

4. Always touch the PC board before touching the IC to it. Try to 
maintain this contact as often as possible when installing the IC. 

s. Handle the IC by the edges. Avoid touching the pins themselves. 
6. Dry air moving over plastic can build up considerable static charges. 

Avoid placing the IC near any such area or object. 
Install the 32 MOS !Cs with sockets according to the instructions in 

Paragraph 4-8, Section B. 

IC -
( ) 32 MOS IC 

Socket Size 
16-Pi n 
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4-10. Switch Installation 
Install the 8-pin dip switch (SW-1, Bag 3) according to the following 

instructions. 
1. Remove the switch from its holder, and straighten any bent pins 

with needle nose pliers. 

2. Orient the switch so that the numbers 1,2,3,4 are towards ICY on 
the board. 

3. Start the pins on one side of the switch into their respective 
holes on the silk-screened side of the board. Do not push the pins 
in all the way. If it is difficult to insert the pins into their 
holes, g~ide them with the tip of a small screwdriver. 

4. Start the pins on the other side of the switch into their holes 
in the same manner. When all 8 pins have been started, push the 
switch into place by gently rocking it back and forth until it rests 
as close as possible to the board. Secure the switch in place with 
masking tape. 

5. Solder each pin to the foil pattern on the back of the board. Be 
careful not to leave any solder bridges. Clip off any excess lead 
1 engths. 

Switch 
( ) SW-1 

Part Number 
76-804 

6. Refer to Paragraph 2-1 in the 88-16MCD Theory of Operation Sec­
tion for addressing infonnation. 

4-11. Crystal Installation 
There is one 20 MHz crystal (XTAL, Bag 7) to be installed on the 88-

1 6MCD board. 

88-16i1CD 
July, 1977 

1. Set the crystal in place on the silk-screened side of the baord, 
aligning the two leads with their respective holes. 

2. Insert the leads so that the crystal is resting flat on the board. 
3. Solder the two leads to the foil (bottom) side of the board. Be 

sure not to leave any solder bridges. 
4. Clip off any excess lead lengths. 

Silkscreen Designation 
( ) XTAL 
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4-12. Voltage Regulator Installation 
Install two voltage regulators (VRl and VR2, Bag 1) with large heat sink 

(Bag 7~ according to the following instructions. 
1. Set the regulators in place on the silk-screened side of the board, 

aligning the leads with their designated holes. 
2. Use needle-nose pliers to bend each of the three leads at a right 

angle to confonn to its proper .hole on the board. 

NOTE 

Use heat sink grease when installing this component. Apply the grease 
to all metal surfaces that come into contact with each other. 

3. Set both regulators and heat sink in place on the silk-screened 
side of the board. Secure them each in place with a #6-32 x 3/8 
inch screw, a #6-32 nut and a #6 lockwasher (Bag 7). 

4. Solder the leads to the foil pattern on the back of the board. Be 
sure not to leave any solder bridges. 

5. Clip off any excess lead lengths. 

Voltage Regulator 
( ) VRl 
( ) VR2 

4-13. Buss Strip Installation 

Part Number 
7805 

7815 

There are 8 buss strips (Bag 7) to be installed on the 88-i6MCD board. 
The buss strips are to be inserted on each side and in between the MOS ICs. 
They are denoted by long lines on the silk-screen side of the board, 

1. Insert the 16 leads of the buss strip into the silk-screen side of 
the board. Solder each pin to the foil (bottom) side. 

2. Be careful not to leave any solder bridges and clip off any excess 
lead lengths. 
( ) 8 buss strips 
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4-14. Tenninal Test Point Installation ~ 

Install 10 test points (TPl through TPlO. Bag 7) on the 88-16MCD board 
according to the following instructions. 

1. Insert the pin through the silk-screened side of the board. and 
solder in place on the silk-screened side. 

2. Turn the board over and solder the pin on the foil (bottom} side 
of the bo.ard. 

3. Return the board to the silk-screened (top} side. Straighten the 
pin if necessary. and resolder. 

NOTE 
Do not clip off the portion of the test point that protrudes from the 
bottom of the board; it can be used during testing and troubleshooting. 

Silkscreen Designation 
( } TPl-TPlO 

4-15. INSTALLATION OF BOARD INTO MAINFRAME 

88-16MC!l 
July, 1 Si7 

1 • Before i nsta 11 i ng the 88-l 6MCO' board. check the board for so 1 der 
shorts. open lands and missing components. 

2. Remove the four #6-32 x 3/811 screws (two on each side) from the 
computer case. and slide the case bottom forward so that the bottom 
of the motherboard is exposed. 

3. Insert the 100-pin edge connector (Bag 7) into the motherboard so 
that pin 1 is in the lower right position (looking at the front 

of the computer). 
4. Solder each pin to the bottom of the motherboard. Be careful not 

to leave any solder bridges. Clip off any excess lead lengths. 
5. Slide the 88-16MCD board down through the card guides (Bag 7), 

and insert the card stab connector into the edge connector so that 
the silk-screened side is towards the rioht side of the computer. 

6, Slide the case bottom back into place and replace the four #6-32 

x 3/8" screws. 

51 



4-16. BURN-IN PROCEDURE 
When assembly of the 88-l6MCD board has been completed, we recommend 

• that a 11 burn-in11 procedure be perfonned to uncover possible malfunctions 
that may occur at this time. After the board has been installed, turn the 
unit on, and set the cover in place. Leave the computer on for a period 

· 52 

of 48 to 100 hours. If problems are encountered, refer to the troubleshoot­
ing section of the manual. 
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Bag# guantitl 
5 l 

l 

l 

1 

l 

3 
2 

6 34 

7 1 
2 
4 

l 
2 
2 

2 

1 
8 

10 
Misc. 1 

1 

A-2 

Component 
l0pf, 16v ceramic disk 
capacitor 
l80pf, lKv ceramic disk 
capacitor 
200pf, lKv ceramic disk 
capacitor 
820pf, lKv ceramic disk 
capacitor 
.0lmf, 16-20v ceramic disk 
capacitor 
22mf, 16v tantalum capacitor 
22mf, 35v tantalum capacitor 
.lmf, 50v epoxy dipped 
tantalum capacitor 
100-pin connector 
card guide 
#6-32 x 1/211 screw 
large heat sink 
#6-32 x 3/811 screw 
#6 lockwasher 
#6 nut 
20MHz crystal 
buss strips 
terminal test points 
88-l6MCD Board 
88-16MC0 Manual 

MITS Part # 

l 00301 

• 
100399 

100367 

l 00397 

l 00321 

100395 
100393 
100380 

l 01864 
l 01714 
100918 
101870 
l 00925 
100942 
100933 
l 02513 
101620 
101663 
100226 
102706 

28-16MCD 
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Bag# 
1 

2 

3 

4 
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Quantity 
1 

1 

1 

1 

1 

1 
3 

2 

1 

1 

1 

1 

1 

1 

1 

2 

1 

3 

1 

1 

32 
32 
1 
1 

1 

1 

2 

2 

1 

1 

1 

2 

1 

Component MITS Part# 
7805 voltage regulator 
7815 voltage regulator 

-: 101074 

7404 integrated circuit 
8212 integrated circuit 
555 8-pin integrated circuit 
74LS04 integrated ~ircuit 
74L04 integrated circuit 
74LS74 integrated circuit 
74LS27 integrated circuit 
74LS20 integrated circuit 
C04024, MC14024 or CD14024 · 
integrated circuit 
74LS08 integrated circuit 
74LS164 integrated circuit 
74S04 integrated circuit 
74LS55 integrated circuit 
74LS32 integrated circuit 
74LS139 integrated circuit 
8T97 integrated circuit 
74LS123 integrated circuit 
74LS112 integrated circuit 

101048 
101022 
101071 
101414 
l 01042 
101073 
101088 
101103 
101134 
101183 

101186 
101187 
101188 
1 Qi 189 
l 01191 
101181 
101420 
101185 
101190 

4096-15 MOS integrated circuit 101406 
16-pi n socket 
24-pin socket 
8-pin socket 
74 B04 switch 
IN4733 diode 
330 ohm, 1/2W, 5% resistor 
5.1K ohm, l/2W, 5% resistor 
5.6K ohm, 1/2W, 5% resistor 
1K ohm, l/2W, 5% resistor 
1K ohm resistor pack 
lOK ohm, l/2W, 5% resistor 
1.3K ohm, l/2W, 5% resistor 

102103 
102105 
102101 
102348 
100721 
101926 
101944 
102091 
101928 
102074 
101932 
102216 
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Bag 7 

l Small l O Pin 
Rt. Angle Conn. 

1 100 Pin Edge Conn. 
2 Card Guides 
7 Ferrite Beads 
l 18 MHZ Crystal 
2 Heat Sink (Large} 
6 6-3-2 x 3/8 Screw 
2 6-32 Nut 
2 #6 Lockwasher 
2 4-40 x 5/811 Screw 
2 4-40 Nut 
2 #4 Lockwasher 

Misc. 

PC Board l 

*DO NOT TOUCH PINS. 

174 

101798 
101864 
101714 
101876 
101877 
101870 
100925 
100933 
100942 
100904 
100932 
l 00941 

l 00198 
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APPENDIX 
ALTAIR 8800b BUS ASSIGNMENTS 

The Altair 8800b system bus has 100 lines. These are arranged 50 on 
each side of the plug-in boards. The following general rules apply to the 
Altair 8800b bus. 

SYMBOLS a 11 P11 prefix denotes a processor command/control signal. 
11 S11 denotes a processor status signal. 

LOADING All inputs to a card are loaded with a maximum of one 
TTL low power load except for the Turnkey Module. 

LEVEL All bus signals except those for the power supply are TTL 
compatible. Signals whose names are barred (DO DSBL, for 
example) are active low (0 volts). All others· are active 
high (+5 volts). 

In the listing below, those signal names accompanied by* are ineffective 
or not used in the Altair 8800b Turnkey computer. 

Number· 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

13 
to 

8800b-T 
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Symbol 
+av 
+l8V 
XRDY 

VI 0 
VI 1 

VI 2 
VI 3 

VI 4 

VI 5 

VI 6 

VI 7 

XRDY2 

17 

Name 
+8 volts 
+18 volts 
External Ready 

Vectored Interrupt 
Vectored Interrupt 
Vectored Interrupt 
Vectored Interrupt 
Vectored Interrupt 
Vectored Interrupt 
Vectored Interrupt 
Vectored Interrupt 
Extra Ready line 

Function 
Unregulated input to 5 volt r~gulators 
Positive unregulated voltage 
For special applications: pulling 
this line low causes the processor 
to enter a wait state and allows 
the status of the normal ready line 
(PRDY) to be examined. 

Line 0 
Line 1 

Line 2 
Line 3 

Line 4 
Line 5 

Line 6 

Line 7 
For special applications. 

To be assigned 
177 



18 

19 

*20 
*21 

178 

22 

23 

24 

25 

26 

27 

28 

29 

3~ 

31 

32 

STA DSB STATUS DISABLE 

C/C DSB COMMAND/CONTROL 
DISABLE 

UNPROT UNPROTECT 
SS SINGLE STEP 

ADD DSB ADDRESS DISABLE 

DO DSBL DATA OUT DISABLE 

02 ~, 
PHLDA 

PWAIT 

PINTE 

A 5 

A 4 

A3 

A 15 

Phase 2 clock 
Phase 1 clock 
Hold Acknowledge 

WAIT 

Interrupt Enable 

Address Line 5 
Address Line 4 
Address Line 3 
Address Line 15 

Puts buffers for the 8 status lines 
in their high-impetance tri-state. 
In this state, no infonnation can 
be transferred. 
Puts the buffers for the 6 command/ 
control lines in their high-impedance 
tri-state. 
Input to the memory protect flip-flop. 
Indicates that the computer is in the 
process of perfonning a single step. 
Puts the buffers for the 16 address 
lines in their high-impedance tri­
state. 
Puts the buffers for the 8 data out 
lines in their high-impedance tri­
state. 

Processor output signal which appears 
in response to the HOLD signal indi­
cates that the data and address 
buffers will go to the high-impedance 
tri-state. 
Processor output indicates that the 
processor is in the WAIT state. 
Indicates interrupts are enabled; 
displays contents of the CPU inter­
rupt flip-flop. This flip-flop may 
be set or reset by the EI or DI in­
structions. When reset, it prevents 
the CPU from acknowledging interrupt 
requests. 
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33 A 12 Address Line 12 
34 A 9 Address Line 9 
35 DO 1 Data Out Line 1 
36 DO 9J Data Out Line 9J 

37 A 191 Address Line 19J 
38 00 4 Data Out Line 4 
39 00 4 Data Out Line 5 
491 DO 6 Data Out Line 6 
41 DI 2 Data In Line 2 
42 DI 3 Data In Line 3 
43 DI 7 Data In Line 7 
4;4 SMl Ml Status output that indicates that 

the processor is in the fetch cycle 
for the first byte of an instruction. 

45 SOUT OUT Indicates that the address bus con-
tains the address of an output de-
vice and the data bus will contain 
the output data when PWR is active. 

46 SINP INP Indicates that the address bus con-
tains the address of an input device 

47 SMEMR MEMR Indicates that the data bus will 
carry memory read data. 

48 SHLTA HLTA Acknowledges a HALT instruction. 
49 CLOCK Clock Inverted output of the 2MHz oscil-

later that drives the clock. 
591 GND Ground 
51 +8V +8 volts 
52 -18V -18 vol ts 

*53 ssw bss SENSE SWITCH orsA~~E Disables the data input buffers so 
that the inputs from the sense 
switches may be strobed onto the 
bidirectional data bus at the processor. 

54 EXT CLR EXTERNAL CLEAR Clear signal for I/0 devices. 
55 RTC Real Time Clock 
56 STSTB STATUS STROBE See section 2-2. 
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*57 
*58 

59 

68 

69 

*7'/J 

*71 

72 

73 

74 

75 

180 

to 
67 

DIGl 
FRDY 

MWRT 

PROT 

RUN 

PROV 

PHOLD 

PRESET 

DATA INPUT GATA #1 
Front Panel READY 

Front panel control line. 

To be assigned 
MEMORY WRITE Indicates that the current data 

PROTECT STATUS 

PROTECT 

RUN 

READY 

INTERRUPT REQUEST 

RESET 

on the Data-Out bus is to be written 
into the memory location currently 
on the address bus. 
Indicates the status of the memory 
protect flip-flop on the memory 
board currently being addressed. 
Input to the memory protect flip­
flop on memory board currently 
being addressed. 
Indicates that the RUN/STOP flip-
flop is reset. 
Input that controls the run state of 
the processor. If the line is pulled 
low the processor wi 11 enter a_ WAIT 
state until it is released, 
The processor recognizes a request 
on this line at the end of the 
current instruction or while halted. 
If the processor is in the HOLD state 
or the Interrupt Enable flip-flop 
is reset it will not honor the request. 
Requests the processor to enter the 
HOLD state. This allows an external 
device to gain control of the bus 
as soon as the processor has com­
pleted its current machine cycle. 
While activated, the contents of 
the program counter are cleared 
and the instruction register is-set 
to i}. 
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76 PSYNC SYNC Provides a signal to indicate the 
beginning of each machine cycle. 

77 i5wR WRITE Used for memory write or I/0 con-
trol. Data on the data bus is 
stable while PWR is active. 

78 PDBIN DATA BUS IN Indicates to external devices that 
the data bus is in input mode. 

79 A0 Address Line 0 
80 Al Address Line l 
81 A2 Address Line 2 
82 A6 Address Line 6 
83 A7 Address Line 7 
84 AS Address Line 8 
85 Al3 Address Line 13 
86 A14 Address Line 14 
87 Ali Address Line 11 
88 DO 2 Data Out Line 2 
89 ,, DO 3 Data Out Line 3 
99) DO 7 Data Out Line 7 
91 DI 4 Data In Line 4 
92 DI 5 Data In Line 5 
93 DI 6 Data In Line 6 
94 DI 1 Data In Line 1 
95 DI 0 Data In Line 0 
96 SINTA INTA Acknowledge signal for interrupt 

request. 
97 swo WRITE OUT Indicates that the operation in the 

current machine cycle is a WRITE 
memory or output function. 

98 SSTACK STACK Indicates that the address bus holds 
the push down stack address from 
the Stack Pointer. 

99 i5oc Power-On-Clear 

0 
100 GND Ground 
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This chapter introduces certain basic computer con­
cepts. It provides background information and definitions 
which will be useful in later chapters of this manual. Those 
already familiar with computers may skip this material, at 
their option. 

A TYPICAL COMPUTER SYSTEM 

A typical digital computer consists of: 

a) A central processor unit (CPU) 
b) A memory 
c) Input/output (1/0) ports 

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

The memory is also used to store the data to be manip­
ulated, as well as the instructions that direct that manipu­
lation. The program must be organized such that the CPU 
does not read a non-instruction word when it expects to 
see an instruction. The CPU can rapidly access any data 
stored in memory; but often the memory is not large enough 
to store the entire data bank required for a particular appli­
cation. The problem can be resolved by providing the com­
puter with one or more Input Ports. The CPU can address 
these ports and input the data contained there. The addition 
of input ports enables the computer to receive information 
from external equipment (such as a paper tape reader or 
floppy disk) at high rates of speed and in large volumes. 

A computer also requires one or more Output Ports 
t'1at permit the CPU to communicate the result of its pro­
cessing to the outside world. The output may go to a dis­
play, for use by a human operator, to a peripheral device 
that produces "hard-copy," such as a line-printer, to a 
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peripheral storage device, such as a floppy disk unit, or the 
output may constitute process control signals that direct the 
operations of another system, such as an automated assembly 
line. Like input ports, output ports are addressable. The 
input and output ports together permit the processor to 
communicate with the outside world. 

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

THE ARCHITECTURE OF A CPU 

A typical central processor unit (CPU) consists of the 
following interconnected functional units: 

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

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

Accumulator: 

The accumulator usually stores one of the operands 
to be manipulated by the ALU. A typical instruction might 
direct the ALU to add the contents of some other register to 
the contents of the accumulator and store the result in the 
accumulator itself. In general, the accumulator is both a 
source (operand) and a destination (result) register . 

Often a CPU will include a number of additional 
general purpose registers that can be used to store operands 
or intermediate data. The availability of general purpose 
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registers eliminates the need to "shuffle" intermediate re­
sults back and forth between memory and the accumulator, 
thus improving processing speed and efficiency, 

Program Counter (Jumps, Subroutines 
and the Stack): 

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

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

The processor maintains a counter which contains the 
address of the next program instruction. This register is 
called the Program Counter. The processor updates the pro­
gram counter bv adding "1" to the counter each time it 
fetches an instruction, so that the program counter is always 
current (pointing to the next instruction) . 

The programmer therefore stores his instructions in 
numerically adjacent addresses, so that the lower addresses 
contain the first instructions to be executed and the higher 
addresses contain later instructions. The only time the pro­
grammer may violate this sequential rule is when an instruc­
tion in one section of memory is a Jump instruction to 
another section of memory. 

A jump instruction contains the address of the instruc­
tion which is to follow it. The next instruction may be 

stored in any memory location, as long as the programmed 
jump specifies the correct address. During the execution of 
a jump instruction, the processor replaces the contents of its 
program counter with the address embodied in the Jump. 
Thus, the logical continuity of the program is maintained. 

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

A Subroutine is a program within a program. Usually 
it is a general-purpose set of instructions that must be exe­
cuted repeatedly in the course of a main program. Routines 
which calculate the square, the sine, or the logarithm of a 
program variable are good examples of functions often 
wr itten as subroutines. Other examples might be programs 
designed for inputting or outputting data to a particu lar 
peripheral device. 

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

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

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

Processors have different ways of maintaining stacks. 
Some have facil ities for the storage of return addresses built 
into the processor itself. Other processors use a reserved 
area of external memory as the stack and simply maintain a 
Pointer register which conta ins the address of the most 
recent stack entry. The external stack allows virtually un­
limited subroutine nesting. In addition, if the processor pro· 
vides instructions that cause the contents of the accumulator 
and other general purpose registers to be "pushed" onto the 
stack or "popped" off the stack via the address stored in the 
stack pointer, multi-level interrupt processing (described 
later in this chapter) is possible. The status of the processor 
(i.e., the contents of all the registers) can be saved in the 
stack when an interrupt is accepted and then restored after 
the interrupt has been serviced. This ability to save the pro­
cessor's status at any given time is possible even if an inter· 
rupt service routine, itself, is interrupted. 

Instruction Register and Decoder: 

Every computer has a Word Length that is characteris­
tic of that machine. A computer's word length is usually 
determined by the size of its internal storage elements and 
interconnecting paths (referred to as Susses); for example, 
a computer whose registers and busses can store and trans­
fer 8 bits of information has a characteristic word length of 
8-bits and is referred to as an 8-bit parallel processor. An 
eight-bit parallel processor generally finds it most efficient 
to deal with eight-bit binary fields, and the memory asso· 
ciated with such a processor is therefore organized to store 
eight bits in each addressable memory location. Data and 
instructions are stored in memory as eight-bit binary num­
bers, or as numbers that are integral multiples of eight bits: 
16 bits, 24 bits, and so on. This characteristic eight-bit field 
is often referred to as a Byte. 

Each operat ion that the processor can perform is 
identified by a unique byte of data known as an Instruction 
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Code or Operation Code. An eight-bit word used as an in­
struction : code can distinguish between 256 alternative 
actions, more than adequate for most processors. 

The processor fetches an instruction in two distinct 
operations. First, the processor transmits the address in its 
Program Counter to the memory. Then the memory returns 
the addressed byte to the processor. The CPU stores this 
instruction byte in a register known as the Instruction 

Register, and uses it to direct activities during the remainder 
of the instruction execution. 

The mechanism by which the processor translates an 
instruction code into specific processing actions requires 
more elaboration than we can here afford. The concept, 
however, should be intuitively clear to any logic designer. 
The eight bits stored in the instruction register can be de­
coded and used to s,electively activate one of a number of 
output lines, in this case up to 256 lines. Each line repre­
sents a set of activities associated with execution of a par­
ticular instruction code. The enabled line can be combined 
with selected timing pulses, to develop electrical signals that 
can then be used to initiate specific actions. This transla­
tion of code into action is performed by the Instruction 
Decoder and by the associated control circuitry. 

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

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

Address Register(s): 

A CPU may use a register or register-pair to hold the 
address of a memory location that is to be accessed for 
data. If the address register is Programmable, (i.e., if there 
are instructions that allow the programmer to alter the 
contents of the register) the program can "build" an ad­
dress in the address register prior to executing a Memory 

Reference instruction (i.e., an instruction that reads data 
from memory, writes data to memory or operates on data 
stored in memory). 

Arithmetic/Logic Unit (ALU): 

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

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

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

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

Control Circuitry: 

The control circuitry is the primary functional unit 
within a CPU. Using clock inputs, the control circuitry 
maintains the proper sequence of events required for any 
processing task. After an instruction is fetched and decoded, 
the control circuitry issues the appropriate signals (to (mits 
both internal and external to the CPU) for initiating the 
proper processing action. Often the control circuitry will be 
capable of responding to external signals, such as an inter­
rupt or wait request. An Interrupt request will cause the 
control circuitry to temporarily interrupt main program 
execution, jump to a special routine to service the interrupt­
ing device, then automatically return to the main program. 
A Wait request is often issued by a memory or I /0 element 
that operates slower than the CPU. The control circuitry 
will idle the CPU until the memory or 1/0 port is ready with 
the data. 

COMPUTER OPERATIONS 

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

Timing: 
The activities of the central processor are cyclical. The 

processor fetches an instruction, performs the operations 
required, fetches the next instruction, and so on. This 
orderly sequence of events requires precise timing, and the 
CPU therefare requires a free running oscillator clock which 
furnishes the reference for all processor actions. The com­
bined fetch and execution of a single instruction is referred 
to as an Instruction Cycle. The portion of a cycle identified 
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with a clearly defined activity is called a State. And the inter­
val between pulses of the timing oscillator is referred to as a 
Clock Period. As a general rule, one or more clock periods 
are necessary for the completion of a state, and there are 
several states in a cycle. 

Instruction Fetch: 
The first state(sl of any instruction cycle will be 

dedicated to fetching the next instruction. The CPU issues a 
read signal and the contents of the program counter are sent 
to memory, which respands by returning the next instruc­
tion word. The first byte of the instruction is placed in the 
instruction register. If the instruction consists of more than 
one byte, additional states are required to fetch each byte 
of the instruction. When the entire instruction is present in 
the CPU, the program counter is incremented (in prepara­
tion for the next instruction fetch) and the instruction is 
decoded. The operation specified in the instruction will be 
executed in the remaining states of the instruction cycle. 
The instruction may call for a memory read or write, an 
input or output and/or an internal CPU operation, such as 
a register-to-register transfer or an add-registers operation. 

Memory Read: 

An instruction fetch is merely a special memory read 
operation that brings the instruction to the CPU's instruc­
tion register . The instruction fetched may then call for data 
to be read from memory into the CPU. The CPU again issues 
a read signal and sends the proper memory address; memory 
responds by returning the requested word. The data re­
ceived is placed in the accumulator or one of the other gen­
eral purpose registers (not the instruction register). 

Memory Write: 

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

Wait (memory synchronization): 

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

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

Therefore a processor should contain a synchroniza­
tion provision, which permits the memory to request a Wait 
state. When the memory receives a read or write enable sig­
nal, it places a request signal on the processor' s A EADY line, 
causing the CPU to idle temporari ly. After the memory has 
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had time to respond, it frees the processor's READY line, 
and the instruction cycle proceeds. 

Input/Output: 

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

Data can be input/output in either parallel or serial 
form. All data within a digital computer is represented in 
binary coded form. A binary data word consists of a group 
of bits; each bit is either a one or a zero. Parallel 1/0 con­
sists of transferring all bits in the word at the same time, 
one bit per line. Serial 1/0 consists of transferring one bit 
at a time on a single li_ne. Naturally serial 1/0 is much 
slower, but it requires considerably less hardware than does 
parallel 1/0. 

Interrupts: 

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

More complex interrupt structures are po·ssible, in 
which several interrupting devices share the same processor 
but have different priority levels. Interruptive processing is 
an impartant feature that enables maximum untilization of 
a processor's capacitY for high system throughput. 

Hold: 

Another important feature that improves the through­
put of a processor is the Hold. The hold provision enables 
Direct Memory Access (OMA) operations. 

I , ordinary input and output operations, the processor 
itself supervises the entire data transfer. Information to be 
placed in memory is transferred from the input device to the 
processor, and then from the processor to the designated 
memory location. In similar fash ion, information that goes 
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from memory to output devices goes by way of the 
processor. 

Some peripheral devices, however, are capable of 
transferring information to and from memory much faster 
than the processor itself can accomplish the transfer. If any 
appreciable quantity of data must b!! transferred to or from 
such a device, then system throughput will be increased by 
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having the device accomplish the transfer directly. The pro­
cessor must temporarily suspend its operation during such a 
transfer, to prevent conflicts that would arise if processor 
and peripheral device attempted to access memory simul · 
taneously. It is for this reason that a hold provision is in­
cluded on some processors. 
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The 8080 is a complete 8-bit parallel, central processor 
unit (CPU) for_ use in general purpose digital computer sys­
tems. It is fabricated on a single LSI chip (see Figure 2-1 ). 
using Intel's n-channel silicon gate MOS process. The 8080 
transfers data and internal state information via an 8-bit, 
bidirectional 3-state Data Bus (Do-07). Memory and peri­
pheral device addresses are transmitted over a separate 16-

Figure 2-1. 8080 Photomicrograph With Pin Designations 
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bit 3-state Address Bus (Ao-A15). Six timing and control 
outputs (SYNC, OBIN, WAIT, WR, HLDA and INTE) eman­
ate from the 8080, while four control inputs (READY, 
HOLD, INT and RESET). four power inputs (+12v, +_?v, 
-5v, and GND) and two clock inputs (</>1 and </>2) are ac­
cepted by the 8080. 

A10 1 40 A11 

GNO 2 39 A14 
o, 3 38 A13 

05 4 37 A12 

Da 5 38 A15 

07 6 35 Ag 

03 7 34 Ag 

02 8 INTE!: 33 A7 
o, 0 9 

8080 
32 As 

Do 10 31 ~ 
-5V 11 30 A4 

RESET 12 29 A3 
HOLD 13 28 +12V 

INT 14 27 A7 

15 26 A1 

16 25 Ao 
17 24 WAIT 

18 23 READY 

SYNC 19 22 ., , 
•5V 20 21 HLOA 
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ARCHITECTURE OF THE 8080 CPU 

The 8080 CPU consists of the following functional 
units: 

• Register array and address logic 
• Arithmetic and logic unit (ALU) 
• Instruction register and control section 
• Bi-directional, 3-state data bus buffer 

Figure 2·2 illustrates the functional blocks within 
the 8080 CPU. 

Registers: 

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

• Program counter (PC) 
• Stack pointer (SP) 
• Six 8-bit general purpose registers arranged in pairs, 

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

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

18 BITi 
INTERNAL DATA BUS 

DECIMAL 
ADJUST 

matically during every instruction fetch. The stack pointer 
maintains the address of the next available stack location in 
memory. The stack pointer can be init ialized to use any 
portion of read-write memory as a stack. The stack pointer 
is decremented when data is "pushed" onto the stack and 
incremented when data is "popped" off the stack (i.e., the 
stack grows "downward"). 

The six general purpose registers can be used either as 
single registers (8-bit) or as register pairs ( 16-bit). The 
temporary register pair, W ,Z, is not program addressable 
and is only used for the internal execution of instructions. 

Eight-bit data bytes can be transferred between the 
internal bus and the register array via the register-select 
multiplexer. Sixteen-bit transfers can proceed between the 
register array and the address latch or the incrementer / 
decrementer circu it . The address latch receives data from 
any of the three register pairs and dr ives the 16 address 
output buffers (Ao·A15l. as well as the incrementer/ 
decrementer circuit. The incrementer/decrementer circuit 
receives data from the address latch and sends it to 
the register array . The 16-bit data can be incremented or 
decremented or simply transferred between registers. 
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Arithmetic and Logic Unit (ALU): 

The ALU contains the following registers: 

• An 8-bit accumulator 

• An 8-bit temporary accumulator (ACT) 

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

• An 8-bit temporary register (TMP) 

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

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

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

Instruction Register and Control: 

During an instruction fetch, the first byte of an in­
struction (containing the OP code) is transferred from the 
internal bus to the 8-bit instruction register. 

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

Data Bus Buffer: 

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

During the input mode, data from the exterr.al data bus 
is transferred to the internal bus. The internal bus is pre­
charged at the beginning of each internal state, except for 
the transfer state (T3-described later in this chapter). 
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THE PROCESSOR CYCLE 
An instruction cycle is defined as the time required 

to fetch and execute an instruction. During the fetch, a 
selected instruction (one, two or three bytes) is extracted 
from memory and deposited in the CPU's instruction regis­
ter. During the execution phase, the instruction is decoded 
and translated into specific processing activities. 

Every instruction cycle consists of one, two, three, 
four or five machine cycles. A machine cycle is required 
each time the CPU accesses memory or an I /0 port. The 
fetch portion of an instruction cycle requires one machine 
cycle for each byte to be fetched. The duration of the execu­
tion portion of the instruction cyde depends on the kind 
of instruction that has been fetched. Some instructions do 
not require any machine cycles other than those necessary 
to fetch the instruction; other instructions, however, re­
quire additional machine cycles to write or read data to/ 
from memory or 1/0 devices. The DAD instruction is an 
exception in that it requires two additional machine cycles 
to complete an internal register-pair add (see Chapter 4). 

Each machine cycle consists of three, four or five 
states. A state is the smallest unit of processing activity and 
is defined as the interval between two successive positive­
going transitions of the .P1 driven clock-pulse. The 8080 
is driven by a two-phase clock oscillator. All processing activ­
ities are referred to the period of this clock. The two non­
overlapping clock pulses, labeled '1>1 and <P2, are furnished 
by external circuitry. It is the </,1 clock pulse which divides 
each machine cycle into states. Timing · logic within the 
8080 uses the clock inputs to produce a SYNC pulse, 
which identifies the beginning of every machine cycle. The 
SYNC pulse is triggered by the low-to-high transition of <P2, 
as shown in Figure 2-3. 

4>2 

FIRST STATE OF 
"EVERY MACHINE 

CYCLE 

SYNC_..,... __ _, 

'SYNC DOES NOT OCCUR IN THE SECOND ANO THIRD MACHINE 
CYCLES OF A DAD INSTRUCTION SINCE THESE MACHINE CYCLES 
ARE USED FOR AN INTERNAL REGISTER-PAIR ADO. 

Figure 2-3. ¢ 1, ¢2 And SYNC Timing 

There are three exceptions to the defined duration of 
a state. They are the WA IT state, the hold (H LOA) state 
and the halt (HLTA) state, described later in this chapter. 
Because the WAIT, the HLDA, and the HLTA states depend 
upon external events, they are by their nature of indeter­
minate length. Even these exceptional states, however, must 
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be synchronized with the pulses of the driving clock. Thus, 
the duration of all states are integral multiples of the clock 
period. 

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

Machine Cycle Identification: 

With the exception of the DAD instruction, there is 
just one consideration that determines how many machine 
cycles are required in any given instruction cycle: the num­
ber of times that the processor must reference a memory 
address or an addressable peripheral device, in order to 
fetch and execute the instruction. Like many processors, 
the 8080 is so constructed that it can transmit only one 
address per machine cycle. Thus, if the fetch and execution 
of an instruction requires two memory references, then the 
instruction cycle associated with that instruction consists of 
two machine cycles. If five such references are called for, 
then the instruction cycle contains five machine cycles. 

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

Consider some examples. The add-register (ADD r) 
instruction is an instruction that requires only a single 
machine cycle (FETCH) for its completion. In this one-byte 
instruction, the contents of one of the CPU's six general 
purpose registers is added to the existing contents of the 
accumulator. Since all the information necessary to execute 
the command is contained in the eight bits of the instruction 
code, only one memory reference is necessary. Three states 
are used to extract the instruction from memory, and one 
additional state is used to accomplish the desired addition. 
The entire instruction cycle thus requires only one machine 
cycle that consists of four states, or four periods of the ex• 
ternal clock. 

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

The actual sequence is as follows. First the processor 
extracts from memory the one-byte instriJction word ad· 
dressed by its program counter. This takes three states. 
The eight-bit instruction word obtained d1.,rin;i the FETCH 
machine cycle is deposited in the CPU's instruct ion register 
and used to direct activities during the remainder of the 
instruction cycle. Next, the processor sends out, as an address. 
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the contents of its H and L registers. The eight-bit data 
word returned during this MEMORY READ mach ine cycle 
is placed in a temporary register inside the 8080 CPU. By 
now three more clock periods (states) have elapsed. In the 
seventh and final state, the contents of the temporary regis­
ter are added to those of the accumulator. Two machine 
cycles, consisting of seven states in all, complete the 
"ADD M" instruction cycle. 

At the opposite extreme is the save H and L registers 
(SHLD) instruction, which requires five machine cycles. 
Dur ing an "SHLD" instruction cycle, the contents of the 
processor's H and L registers are deposited in two sequen­
tially adjacent memory locations; the destination is indi­
cated by two address bytes which are stored in the two 
memory locations immediately following the operation code 
byte. The following sequence of events occurs: 

( 1) A FETCH machine cycle, consisting of four 
states. During the first three states of this 
machine cycle, the processor fetches the instruc­
tion indicated by its program counter. The pro­

gram counter is then incremented. The fourth 
state is used for internal instruction decoding. 

(2) A MEMORY READ machine cycle, consisting 
of three states. During this machine cycle, the 
byte indicated by the program counter is read 
from memory and placed in the processor's 
Z register. The program counter is incremented 
again. 

(3) Another MEMORY READ machine cycle, con­
sisting of three states, in which the byte indica­

ted by the processor's program counter is read 
from memory and placed in the W register. The 
program counter is incremented, in anticipation 
of the next instruction fetch. 

(4) A MEMORY WAITE machine cycle, of three 
states, in which the contents of the L register 
are transferred to the memory location pointed 
to by the present contents of the W and Z regis­
ters. The state following the transfer is used to 
increment the W,Z register pair so that it indi­
cates the next memory location to receive data. 

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

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

Most instructions fall somewhere between the ex­
tremes typified by the "ADD r" and the "SH LO" instruc­
tions. The input (!NP) and the output (OL T) instructions, 
for example, require three machine cycles: a FETCH, to 
obtain the instruction; a MEMORY READ, to obtain the 
address of the object peripheral; and an INPUT or an OUT­
PUT mach ine cycle, to complete the transfer. 
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While no one instruction cycle will consist of more 
then five machine cycles, the following ten different types 
of machine cycles may occur within an instruction cycle: 

( 1) FETCH (M1) 

(2) MEMORY READ 

(3) MEMORY WAITE 

(4) STACK READ 

(5) STACK WRITE 

(6) INPUT 

(7) OUTPUT 

(8) INTERRUPT 

(9) HALT 

(10) HALT• INTERRUPT 

The machine cycles that actually do occur in a par­
ticular instruction cycle depend upon the kind of instruc­
tion, with the overriding stipulation that the first machine 
cycle in any instruction cycle is always a FETCH. 

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

Status signals are provided principally for the control 
of external circuitry. Simplicity of interface, rather than 
machine cycle identification, dictates the logical definition 
of individual status bits. You will therefore observe that 
certain processor machine cycles are uniquely identified by 
a single status bit, but that others are not. The M 1 status 
bit (D5). for example, unambiguously identifies a FETCH 
machine cycle. A STACK READ, on the other hand, is 
indicated by the coincidence of STACK and MEMR sig­
nals. Machine cycle identification data is also valuable in 
the test and de-bugging phases of system development. 
Table 2-1 lists the status bit outputs for each type of 
machine cycle. 

State Transition Sequence: 

Every machine cycle within an instruction cycle con­
sists of three to five active states (referred to as T 1, T2, T3, 
T 4, T5 or Tw). The actual number of states depends upon 
the instruction being executed, and on the particular ma­
chine cycle within the greater instruction cycle. The state 
transition diagram in Figure 2-4 shows how the 8080 pro­
ceeds from state to state in the course of a machine cycle. 
The diagram also shows how the READY, HOLD, and 
INTERRUPT lines are sampled during the machine cycle, 
and how the conditions on these lines may modify the 
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basic transition sequence. In the present discussion, we are 
concerned only with the basic sequence and with the 
READY function. The HOLD and INTERRUPT functions 
will be discussed later. 

The 8080 CPU does not directly indicate its internal 
state by transmitting a "state control" output during 
each state; instead, the 8080 supplies direct control output 
(INTE, HLOA, OBIN, WR and WAIT) for use by external 
circuitry. 

Recall that the 8080 passes through at least three 
states in every machine cycle, with each state defined by 
successive low-to-high transitions of the IP1 clock. Figure 
2-5 shows the timing relationships in a typical FETCH 
machine cycle. Events that occur in each state are referenced 
to transitions of the '1>1 and ,t,2 clock pulses. 

The SYNC signal identifies the first state (T 1) in 
every machine cycle. As shown in Figure 2-5, the SYNC 
signal is related to the leading edge of the ,t,2 clock. There is 
a delay (toe) between the low-to-high transition of 92 and 
the positive-going edge of the SYNC pulse. T~ere also is a 
corresponding delay (also toe) between the next 92 pulse 
and the falling edge of the SYNC signal. Status information 
is displayed on D0-D7 during the same c/>2 to 02 interval. 
Switching of the status signals is likewise controlled by ,t,2. 

The rising edge of ¢2 during T 1 also loads the pro­
cessor's address lines (Ao-A 15) . These lines become stable 
within a brief delay (toAI of the <P2 clocking pulse, and 
they remain stable until the first "'2 pulse after state T3. 
This gives the processor ample time to read the data re­
turned from memory. 

Once the processor has sent an address to memory, 
there is an opportunity for the memory to request a WAIT. 
This it does by pulling the processor's READY line low, 
prior to the "Ready set-up" interval (tRsl which occurs 
during the <P2 pulse within state T2 or Tw. As long as the 
READY line remains low, the processor will idle, giving the 
memory time to respond to the addressed data request. 
Refer to Figure 2-5. 

The processor responds to a wait request by entering 
an alternative state (Tw) at the end of T2, rather than pro­
ceeding directly to the T3 state. Entry into the Tw state is 
indicated by a WAIT signal from the processor, acknowledg­
ing the memory's request. A low-to-high transition on the 
WAIT line is triggered by the rising edge of the <Pl clock and 
occurs within a brief delay (toe) of the actual entry into 
the Tw state. 

A wait period may be of indefinite duration. The pro­
cessor remains in the waiting condition until its READY line 
again goes high. A READY indication must precede the fall­

ing edge of the <P2 clock by a specified interval (tRs), in 
order to guarantee an exit from the T w state. The cycle 
may then proceed, beginning with the rising edge of the 
next <P1 clock. A WAIT interval will therefore consist of an 
integral number of Tw states and will always be a multiple 
of the clock period. 
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Instructions for the 8080 require from one to five machine 
cycles for complete execution. The 8080 sends out 8 bit of 
status information on the data bus at the beginning of each 
machine cycle (during SYNC time I. The following table defines 
the status information. 

Symbols 

INTA• 

we 

STACK 

HLTA 
OUT 

M1 

INP• 

MEMR• 

STATUS INFORMATION DEFINITION 
Data Bus 

Bit 

Do 

D1 

D2 

03 
04 

D5 

Os 

07 

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

·These thrH netus bits can be used to control 
the flow of data onto the 8080 data bus. 

STATUS WORD CHART 

Do INTA 0 0 

D1 WO 1 1 0 

D2 STACK 0 0 0 1 1 

03 HLTA 0 0 0 0 0 
04 OUT 0 0 0 0 0 

Os M1 1 0 0 0 0 

Os INP 0 0 0 0 0 

07 MEMR 0 0 

Table 2· 1. 8080 Status Bit Definitions 
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0 

0 

0 

0 
1 

0 

/ .. 
8080 STATUS LATCH 

9 , 
8 

'1 
o, 1 

8080 
o, • 
o, s 
o, 6 
o, 

sv"c ,.!!,__ 

OBIN .ll-
,J . 2 

22 15 

I I 
~ I ClOCK GEN I & DRIVER 7 I 

I 

TYPE OF MACHINE CYCLE 

0 1 0 

0 1 1 1 

0 0 0 0 

0 0 1 1 

1 0 0 0 
0 1 0 

0 0 0 0 

0 0 0 

I 

STATUS 
l.ATCH 

I ...._J_ o, o.,~ 
l-...1. .!--

' +a-• 
16 :rt: 
'6 1212 .l!... 
20 *-27 -,....,,m 

11.& OS \40 0-S. 

, 113 I 2 I, 

o, 
o, 
o, 
o, 
o, 
o, 
o, 
o, 

INTA 
\io 
~TACK 
1-fl.T~ 
OUT 
Ml ,.,. 
\tENIA 

OBIN 
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NO 

NO 

-RESET 

AEAOY • HLTA 

YES 

REAOY • Hill 

REAOY r:;:\ .... i------...;.;....;.;. _____ -.~READV 

YES SET INTERNAL 
HOLD F/F 

I 131 

1 
HOLD ¢ :•oo, 

?'----'-------~ 

NO 

SET INTERNAL 
INT FF 

YES 

RESET INTERNAL 
HOLD F/F 

HOLD 

Figure 2-4. CPU State Transition Diagram 
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INT, INTE 

RESET HLTA 

SET INTERNAL 
HOLD F/F 

RESET INTERNAL 
HOLD F/F 

HOLD 

111 INTE F/F IS RESET IF INTERNAL INT F/ F IS SET. 
121 1NTERNAL INT F/F IS RESET IF INTE F/F IS RESET. 
131 SEE PAGE 2-13. 
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The events that take place during the T3 state are 
determined by the kind of machine cycle in progress. In a 
FETCH machine cycle, the processor interprets the data on 
its data bus as an instruction. During a MEMORY READ or 

a STACK READ, data on this bus is interpreted as a data 
word. The processor outputs data on this bus during a 
MEMORY WRITE machine cycle. During 1/0 operations, 
the processor may either transmit or receive data, de· 
pending on whether an OUTPUT or an INPUT operation 
is involved. 

Figure 2·6 illustrates the timing that is characteristic 
of a data input operation. As shown, the low-to-high transi· 
tion of ¢2 during T2 clears status information from the pro· 
cessor's data lines, preparing these lines for the receipt of 
incoming data. The data presented to the processor must 
have stabilized prior to both the "91-data set-up" interval 
(tos1 ), that precedes the falling edge of the <!>1 pulse defin· 
ing state T3, and the "<!>2-data set-up" interval (tos2l, 

that precedes the rising edge of <f>2 in state T 3. This same 

r, Tz Tw 

., 

data must remain stable during the "data hold" interval 
(tDH) -that occurs following the rising edge of the <f>2 pulse. 
Data placed on these lines by memory or by other external 
devices will be sampled during T3. 

During the input of data to the processor, the 8080 
generates a DB IN signal which should be used externally to 
enable the transfer. Machine cycles in which DB IN is avail­
able include: FETCH, MEMORY READ, STACK READ, 
and INTERRUPT. OBIN is initiated by the rising edge of <!>2 
during state T2 and terminated by the corresponding edge of 
<f>2 during T3. Any Tw phases intervening between T2 and 
T3 will therefore extend DBIN by one or more clock 
periods. 

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

r, r,. 

,. ___ _. • ,.,,,,_ __ _ 
I UNKNOWN 

o,. ----+-t::'\~N~--,-,-----~-+------L..._:---W-AI_TE_M_O_O_E ___ ---FLOATING- - - ---
v::; i.------1-~~~r'!!'I'!""''!':-\ ________ _ 

AEAOY 

'NA.IT 

AtS.O 
MEMORY ADOAESS 
OR 
1/0 DEVICE NUMBER 

I °'tr ATUS INFORMATION 
INTA OUT 
HLTA WCJ 
MEMA M1 
INP STACK 

STATUS 
INFGRMATION 

SAMPLE READY 
HOLD ANO HALT 

~; w• FI.OATING 

OATA READ IIIOOE 
STABLE 

OATA , 

OATA 

OPTIONAL 

HALT 
OR 
MEMORY 
ACCESS TIME 
ADJUST 

FETCH OATA 
OR 
INSTRUCTION 

OR 
WAITE DATA 

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

Figure 2-5. Basic 8080 Instruction Cycle 
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o, 

02 

A15-0 

D1-0 ------.~~-----~--------.~-~----~ _ J ! FLOATING \,..,. 

SYNC 

OBIN 

READY 

WAIT 

WR 

, .. , .. 
I "0" 
i .. , .. 

i 
I 
I 

:1 
J 

STATUS 
INFORMATION V ... 0-, -------x ® ---, 

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

Figure 2-6. Input Instruction Cycle 

M, 

T1 T2 I T3 T• T1 

o, 

02 

----A,5-0 
' BYTE 

UNKNOWN 

ONE -·-------I \ 1 1>7-o '----J FLOATING • 

SYNC \ I 

OBIN ! I \ 

READY .. , .. 

WAIT 
"O"" 

;;JR 

!/0 ~ STATUS 
INFORMATION 

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

Figure 2· 7. Output Instruction Cycle 

88COb-T 
August, 1977 

Mt 
T2 T3 T, 

,----u __ J 

\ I 

I \ 

® 

MJ 
T2 

\ 

x0 
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M, 
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ACCUMULATOR 
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"data output delay" interval (tool following the <1>2 clock's 
leading edge. Data on the bus remains stable throughout 
the remainder of the machine cycle, until replaced by up­
dated status information in the subsequent T 1 state. Observe 
that a READY signal is necessary for completion of an 
OUTPUT machine cycle. Unless such an indication is pres­
ent, the processor enters the Tw state, following the T2 
state. Data on the output lines remains stable in the 
interim, and the processing cycle will not proceed until 
the READY line again goes high. 

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

All processor machine cycles consist of at least three 
states: T 1, T2, and T3 as just described. If the processor has 
to wait for a response from the peripheral or memory with 
which it is communicating, then the machine cycle may 
also contain one or more Tw states. During the three basic 
states, data is transferred to or from the processor. 

The 8080 CPU generates a WR output for the syn­
chronization of external transfers, during those machine 
cycles in which the processor outputs data. These include 
MEMORY WRITE, STACK WRITE, and OUTPUT. The 
negative-going leading edge of WR is referenced to the rising 
edge of the first ¢>1 clock pulse following T2, and occurs 
within a brief delay (toe) of that event. WR remains low 
until re-triggered by the leading edge of <1>1 during the 
state following T3. Note that any Tw states intervening 
between T 2 and T 3 of the output machine cycle will neces-

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

2-10 

STATE 

TW 
(optional) 

T3 

T4 
TS 

(optionall 

ASSOCIATED ACTIVITIES 

A memory address or 1/0 device number is 
placed on the Address Bus (A 1 S-0l; status 
information is placed on Data Bus (D7.Q). 

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

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

An instruction byte (FETCH machine cycle), 
data byte (MEMORY READ, STACK READI 
or interrupt instruction (INTERRUPT machine 
cycle) is input to the CPU from the Data Bus; 
or a data byte (MEMORY WRITE, STACK 
WRITE or OUTPUT machine cycle) is output 
onto the data bus. 

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

Table 2-2. State Definitions 
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INTERRUPT SEQUENCES 

The 8080 has the built-in capacity to handle external 
interrupt requests. A peripheral device can initiate an inter­
rupt simply by driving the processor's interrupt (INT) line 
high. 

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

The INTERRUPT machine cycle which follows the 
arrival of an enabled interrupt request resembles an ordinary 
FETCH machine cycle in most respects. The M1 status bit 
is transmitted as usual during the SYNC interval. It is 
accompanied, however, by an INTA status bit (Do) which 
acknowledges the external request. The contents of the 
program counter are latched onto the CPU's address lines 
during T 1, but the counter itself is not incremented during 
the INTERRUPT machine cycle, as it otherwise would be. 

01-0 ___ ....., ___ ....,""" 

SYNC----+-..----' 

OBIN ----+----~--..... --+--

RETURNM1 
(INTERNAL I 

INTE 

INT~ _ _, 

INT F/F 
!INTERNAL) ~--J 

INHIBIT STORE OF 
PC+1 (INTERNAL) 

STATUS 

INFORMATION -------------- © 

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

The interrupt cycle is otherwise indistinguishable from 
an ordinary FETCH machine cycle. The processor itself 
takes no further special action. It is the responsibility of the 
peripheral logic to see that an eight-bit interrupt instruction 
is "jammed" onto the processor's data bus during state T3. 
In a typical system, this means that the data-in bus from 
memory must be temporarily disconnected from the pro­
cessor's main data bus. so that the interrupting device can 
command the main bus without interference. 

The 8080's instruction set provides a special one-byte 
call which facilitates the processing of interrupts (the ordi­
nary program Call takes three bytes). This is the REST ART 
instruction ( RSTJ. A variable three-bit field embedded in 
the eight-bit field of the AST enables the interrupting device 
to direct a Call to one of eight fixed memory locations. The 
decimal addresses of these dedicated locations are: 0, 8, 16, 
24. 32, 40, 48, and 56. Any of these addresses may be used 
to store the first instruction(s) of a routine designed to 
service the requirements of an interrupting device. Since 
the (RST) is a call, completion of the instruction also 
stores the old program counter contents on the ST ACK. 

0 

NOTE : @ Refer to Status Word Chart on Paga 2-6. 

Figure 2-8. Interrupt Timing 
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Mn Mn+l ---------------- --------------------,-------
T1 Tw T3 (T4 ) • (Ts 1• T T, 

OR 

-1 

I I i ~~~l;G----------,-----7 
RE;uo:;-_J __ ..,/,..-1 ..... j-t 1_1 _____ t'""\l ... i _-~ .... j--.J'"'j ""~- ----- --~----T- ---r- -

HOLD __ __,/ ' I I \...._ _ _..,[ _________ _ 
I I 

,:~:L~;; _____ 1 ______ / ! I , ... ! __ ...., ______ _ 
HLDA 

111 SEE ATTACHED ELECTRICAL CHARACTERISTICS. 

Figure 2-9. HOLD Operation (Read Model 

Mn 

·T, AND T, OPERATION CAN BE 
DONE INTERNALLY. 

M n•2 

T1 

I 

!-;:0:T:G- - , - - JI 
D1.o ____ ..J ------------------+------;r.-~----1--:r 

HOLD 
REQUEST 

HOLD / , 

I i 

\'----------
READY----------------------+----------------

HOLD F F 

INTERNAL ----------------..J 
HLDA 

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

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

Like the interrupt, the HO LO input is synchronized 
internally. A HOLD signal must be stable prior to the "Hold 
set-up" interval (tHsl, that precedes the rising edge of q,2. 

Figures 2-9 and 2-10 illustrate the timing involved in 
HOLD operations. Note the delay between the asynchronous 
HOLD REQUEST and the re-clocked HOLD. As shown in 
the diagram, a coincidence of the READY, the HOLD, and 
the q,2 clocks sets the internal hold latch. Setting the latch 
enables the subsequent rising edge of the q,1 clock pulse to 
trigger the HLDA output. 

Acknowledgement of the HOLD REQUEST precedes 
slightly the actual floating of the processor's address and 
data lines. The processor acknowledges a HOLD at the begin­
ning of T3, if a read or an input machine cycle is in progress 
(see Figure 2-9). Otherwise, acknowledgement is deferred 
until the beginning of the state following T3 (see Figure 
2-10). In both cases, however, the HLDA goes high within 
a specified delay (toe) of the rising edge of the selected <?1 
clock pulse. Address and data lines are floated within a 
brief delay after the rising edge of the next q,2 clock pulse. 
This relationship is also shown in the diagrams. 

To all outward appearances, the processor has suspend· 
ed its operations once the address and data busses are floated. 
Internally, however, certain functions may continue. If a 
HOLD REQUEST is acknowledged at T3, and if the pro­
cessor is in the middle of a machine cycle which requires 
four or more states to complete, the CPU proceeds through 
T 4 and Ts before coming to a rest. Not until the end of the 
machine cycle is reached will processing activities cease. 
Internal processing is thus permitted to overlap the external 
OMA transfer, improving both the efficiency and the speed 
of the entire system. 

The processor exits the holding state through a 
sequence similar to that by which it entered. A HOLD 
REQUEST is terminated asynchronously when the external 
device has completed its data transfer. The HLDA output 
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returns to a low level following the leading edge of the next 
q,1 clock pulse. Normal processing resumes with the ma­
chine cycle following the last cycle that was executed. 

HALT SEQUENCES 

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

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

• A HOLD input will cause the 8080 to enter the 
hold state, as previously described . When the 
HOLD line goes low, the 8080 re•enters the halt 
state on the rising edge of the next ¢1 clock 
pulse. 

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

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

START-UP OF THE 8080 CPU 

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

An external RESET signal of three clock period dura­
tion (minimum) restores the processor's internal program 
counter to zero. Program execution thus begins with mem· 
ory location zero, following a RESET. Systems which re· 
quire the processor to wait for an explicit start-up signal 
will store a halt instruction (El, H L Tl in the first ti/VO loca­
tions. A manual or an automatic INTERRUPT will be used 
for starting. In other systems, the processor may begin ex­
ecuting its stored program immediately. Note, however, that 
the RESET has no effect on status flags, or on any of the 
processor's working registers (accumulator, registers, or 
stack pointer). The contents of these registers remain inde­
terminate, until initialized explicitly by the program. 
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NOTE, @ ~,f., 10 Starus Word Chan on Page 2•4 

Figure 2-11. HALT Timing 
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Figure 2-12. HALT Sequence Flow Chart. 
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Figure 2-13. Reset . 
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Figure 2-14. Relation between HO LO and I NT in the HALT State. 
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MNEMONIC O"CODE 

O,D905D4 D3D2D1 Do 

M0Vr1,r2 0 1 ., 0 D s s s 

MOVr, M 0 1 0 0 0 1 1 0 

MOVM,r 0 1 1 1 0 s s s 

SPHL I 1 1 1 1 1 0 0 1 

MVI r, data 0 0 0 D 0 1 1 0 

MVI M, CSltl 0 0 1 1 0 1 1 0 

UU rp, data I 0 0 R p 0 0 0 1 

I 
LOA addr I 0 0 1 1 1 0 1 0 

STA- 0 0 1 1 I 0 0 1 0 

LHLDaadr I 0 0 1 0 1 0 1 0 

SHLDa«r 0 0 1 0 0 0 1 0 

LDAX ,o(41 0 0 R p 1 0 1 0 

STAX ,p(41 I 
0 0 R p 0 0 1 0 

XCHG 1 1 1 0 1 0 1 1 

AODr 1 0 0 0 0 s s s 

ADDM 1 0 0 0 0 1 1 0 

ADI aata 1 1 0 0 0 1 1 0 

AOCr 1 0 0 0 1 s s s 

AOCM 1 0 0 0 1 1 1 0 

A.Clmta 1 1 0 0 1 1 1 0 

SUBr 1 0 0 1 0 s s s 

SUBM 1 0 0 1 0 , 1 0 

SUI data 1 1 0 1 0 1 1 0 

saa, , 0 0 1 1 s s s 

S88M i 1 0 0 1 1 1 , 0 

S81 dllll 1 1 0 1 1 1 1 0 

tNAr 0 0 0 0 D 1 0 0 

INR M 0 0 1 1 0 , 0 0 

OCR r 0 0 0 0 0 1 0 1 

OCR M 0 0 1 1 0 , 0 1 

INX rp 0 0 R p 0 0 1 1 

OCXrp I 0 0 R p 1 0 1 1 

OAOrpiBI I 0 0 R P 1 0 0 , 

DAA 0 0 1 0 0 1 1 , 

A.NA, 1 0 1 0 0 s s s 

ANAM 1 0 1 0 0 1 1 0 
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MNEMONIC I OPCODE 

I 
j D7D9D5D• D3D2D1DO T1 

ANI dltl I I I 0 0 I I 0 PC OUT 
STATUS 

XAA, I 0 I 0 I s s s 

XRAM I 0 I 0 I I I 0 

XAI dl'I I I I 0 I 1 1 0 

ORAr I 0 I I 0 s s s 

ORAM I 0 1 1 0 I I 0 

OAI aat1 1 1 1 1 0 1 1 0 

CMPr I I 0 1 1 1 s s s 

CMPM i I 0 1 I 1 1 I 0 

CPI data 1 1 1 1 I 1 1 0 

RLC I 0 0 0 0 0 I 1 1 

RAC 0 0 0 0 1 I 1 1 

RAL 0 0 0 1 I 0 I I 1 I 
RAR 0 0 0 1 1 1 1 I 

CMA 0 0 1 0 1 1 1 I 

CMC 0 0 1 1 I 1 1 1 1 I 
I 

STC 0 0 1 1 0 1 1 1 I 
I 

JMP tCldt 1 1 0 0 0 0 1 1 I 
I 

Jcoftd"4«(171 1 1 C C C 0 1 0 i 
CALLlddr I 1 0 0 I 1 0 1 ' 

I 
Cconc1-.(171 1 1 C C C 1 0 0 

I 

RET 1 1 0 0 1 0 0 I 
i 

R coftd addrl171 1 1 C C C 0 0 0 

RSTn I 1 N N N I I 1 

PCHL 1 I 1 0 1 0 0 1 

PIJSHrp 1 1 R p 0 I 0 1 

PUSHPSW 1 I I , 0 , 0 1 

POPrp 1 1 R p 0 0 0 I I I 

POP PSW , 1 1 1 I 0 0 0 1 

XTHL 1 I 1 0 0 0 I 1 

IN port 1 1 0 I I 0 I 1 

OUT port I 1 0 I 0 0 I 1 

El 1 1 1 1 1 0 , 1 

01 I 1 1 1 0 0 I I 

HLT 0 I I 1 0 I I 0 i 
NOP 0 0 0 0 0 0 0 0 PC OUT 

STATUS 
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NOTES: 

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

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

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

4. Only register pairs rp "' B (registers B and Cl or rp = D 
(registers D and El may be specified. 

5. These states are skipped. 

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

7. Memory write sub-cycle. 

8. The R ~ADY signal is not required during the second 
and third sub-cycles (M2 and M31. The HO LO signal is 
accepted during M2 and M3. The SYNC signal is not gene­
rated during M2 and M3. During the execution of DAO, 
M2 and M3 are required for an internal register-pair add; 
memory is not referenced. 

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

10. If ,he value of the least significant 4-bits of the accumu­
lator is greater than 9 ~ if the auxiliary carry bit is set, 6 
is added to the accumulator. If the value of the most signifi­
cant 4-bits of the accumulator is now greater than 9, ~ if 
the carry bit is set, 6 is added to the most significant 
4-bits of the accumulator . 

11. This represents the first sub-cycle (the instruction 
fetch) of the :iext instruction cycle. 

2-20 

12. If the condition was met, the contents of the register 
pair WZ are output on the address lines (Ao.15) instead of 
the contents of the program counter (PC). 

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

14. If the condition was not met, sub-cycles M2 and M3 
are skipped; the processor instead proceeds immediately to 
the instruction fetch (M 1 I of the next instruction cycle. 

15. Stack read sub-cycle. 

16. Stack write sub-cycle. 

17. CONDITION CCC 

NZ not zero (Z = 0) 000 
z - zero (Z '" 11 001 

NC - no carry (CY= 01 010 
C carry (CY '" 11 011 

PO parity odd (P'" 01 100 
PE parity even (P = 11 101 

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

18. 1/0 sub-cycle: the 1/0 port's 8-bit select code is dupli­
cated on address lines 0-7 (Ao-1 l and 8-15 (As.15). 

19. Output sub-cycle. 

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

SSS or ODD Value 
A 111 I 
B 000 
C 001 
D 010 
E 011 I 
H 100 
L 101 I 

rp 

B 
D 
H 
SP 

Value 
I 00 

01 
10 
11 
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This chapter will illustrate, in detail, how to interface 
the 8080 CPU with Memory and 1/0. It will also show the 
benefiu and tradeoffs encountered when using a variety of 
system architectures to achieve higher throughput, de­
creased component count or minimization of memory size. 

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

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

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

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

1/0 Con·tains circuitry that allows the computer 
system to communicate with devices or 
structures existing outside of the CPU or 
Memory array. 

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

There are three busses that interconnect these blocks: 

Data Bust A bi-directional path on which data can flow 
between the CPU and Memory or 1/0. 

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

•"Module" refers to a functional block, it does not ref-
( erence a printed circuit board manufactured by INTEL. 

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

8800b-i 
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Control Bus A uni-directional set of signals that indicate 
the type of activity in current process. 

Type of activities: 1. Memory Read 

CPU 
MODULE 

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

Figure 3· 1. Typical Computer System Block Diagram 

Basic System Operation 

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

2. 

3. 

4. 

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

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

The CPU Module returns to (D and issues ·:he next 
activity command. 

It is easy to see at this point that the CPU module is 
the central element in any computer system. 
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The following pages will cover the detailed design of 
the CPU Module with the 8080. The three Busses (Data, 
Address and Control) will be developed and the intercon­
nection to Memory and 1/0 will be shown. 

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

CPU Module Design 

The CPU Module contains three major areas: 

1. The 8080 Central Processing Unit 

2. A Clock Generator and High Level Driver 

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

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

GND 

•SV 

· SV 

• 12V 

aoao 
CPU 

SYSTEM OMA Rea 
13 

HOLD 

,. 
SYSTEM INT ~ea. INT 

INT ENABLE 
16 

INTE 

•) 1 

., 2 

WA IT 
WA I T REC 

i>EAOV 

SYS 4EsET 
12 
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, 9 
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1 :S T .\ rus srqoee 

Figure 3-2. 8080 CPU Interface 
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the design and to achieve operational characteristics that 
are as close as possible to those of the 8224 and 8228. 
Many auxiliary timing functions and features of the 8224 
and 8228 are too complex to practically implement in 
standard components, so only the basic functions of the 
8224 and 8228 are generated. Since significant benefits in 
system timing and component count reduction can be 
realized by using the 8224 and 8228, this is the preferred 
method of implementation. 

1. 8080 CPU 

2. 
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The operation of the 8080 CPU was covered in pre· 
vious chapters of this manual, so little reference will 
be made to it in the design of the Module. 

Clock Generator and High Level Driver 

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

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

Clock Generator Design 

The Clock Generator consists of a crystal controlled, 
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0 

OSCILLATOR 

74504 680 pF . 74504 CLOCK GENERATOR 
7486 

08 QB 
74163 

DC ac--..------' 
GIIID 

74HOO 

WAVEFORMS 

-! 1:~ t-!On1 

~2 _j \ 250n, / \ ,--
SOnt-1 I- --! f-SOn, 

~1A _.J \ 250nt ' \ ' SYIIIC -------J 

Figure 3-3. 8080 Clock Generator 
. 

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

The oscillator provides a 20 MHZ signal to the input 
of a four (4) bit, presettable, synchronous, binary 
counter. By presetting the counter as shown in figure 
3-3 and clocking it with the 20 MHZ signal, a simple 
decoding of the counters outputs using standard TTL 
gates, provides proper timing for the two (21 8080 
clock inputs. 

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

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

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

The two (2) outputs of the Clock Generator are ca­
pacitivity coupled to a dual- High Level clock driver. 
The driver must be capable of complying with the 
8080 clock input specifications, page 5-15. A driver 
of this type usually has little problem supplying the 
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positive transition when biased from the 8080 Voo 
supply (12V) but to achieve the low voltage specifi­
cation (V1Lcl .8 volts Max. the driver is biased to the 
8080 Vee supply (-5V). This allows the driver to 
swing from GND to Voo with the aid of a simple 
resistor divider. 

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

+12V 

6 

680 pF 
7 

47 n 'l)1 o1ITTLI ---t 2 
MH0026 (8080 PIN 221 

680pF 
OR 

~-l 4 
EQUIV 5 

47!} 
,,2 

18080 PIN 151 

3 

15K 15K 
11114002 ~-·p 1 "" 

-sv 

Figure 3-4. High Level Driver 
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Auxiliary Timing Signals and Functions 

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

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

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

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

-
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Figure 3-5. 8080 System Cont rol 
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Bi-Directional Bus Driver and System Control Logic 

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

Bi-Directional Data Bus Driver Design 

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

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

2. Outp~t Drive Capability !10t_l 1.7 mA maximum. 

2.4 r-

5.7 r-
9.11 r- 8216 

12.14,.... 

DIEN cs 
15 )' y 1 

2.4 ,----

5.7 r-
9,11.-- 8216 

12.14r-

DIEN cs 
15 'f 'J' 1 

4 INTA 

~ 
8 STACK 
10 Hl.TA -15 OUT 
17 Ml I 

I -19 INP 
21 MEMR 

3 

6 

10 

13 

3 

6 

10 

13 

::u,--

:.L)>--

::u,--

080 

OB1 

082 

083 

OB4 

OBS 

08B 

087 

12 11 3 
Vee 

I 

... ... --l..)>--

cSOOb- i 
At.gust, 1977 



The input level specification implies that any semi­
conductor memory or 1/0 device connected to the 
8080 Data Bus must be able to provide a minimum of 
3.3 volts in its high state. Most semiconductor mem­
ories and standard TTL 1/0 devices have an output 
capability of between 2.0 and 2.8 volts, obviously a 
direct connection onto the 8080 Data Bus would re­
quire pullup resistors, whose value should not affect 
the bus speed or stress the drive capability of the 
memory or 1/0 components. 

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

A device specifically designed to do this buffering 
function is the INTE~ 8216, a (4) four bit bi-direc­
tional bus driver whose input voltage level is compat­
ible with standard TTL devices and semiconductor 
memory components, and has output drive capability 
of 50 mA. At the 8080 side, the 8216 has a "high" 
output of 3.65 volts that not only meets the 8080 
input spec but provides the designer with a worse case 
350 mV noise margin. 

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

the 8216 is connected to BUS ENABLE (~) to 
allow for OMA activities by deselecting the Data Bus 
Buffer and forcing the outputs of the 821 S's into 
their high impedance (3-state) mode. This allows 
other devices to gain access to the data bus (OMA). 

System Control Logic Design 

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

As described previously, the 8080 issues Status infor­
mation at the beginning of each Machine Cycle on its 
Data Bus to indicate what operation will take place 
during that cycle. A simple (8) bit latch, like an 
INTEL® 8212, connected directly to the 8080 Data 
Bus (D7-D0) as shown in figure 3-5 will store the 
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Status information. The signal that loads the data 
into the Status Latch comes from the Clock Gener• 
ator, it is Status Strobe (STSTB) and occurs at the 
start of each Machine Cycle. 

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

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

These four signals: 1. Memory Read (MEM R) 

2. Memory Write (MEM W) 

3. 1/0 Read (1/0 R) 

4. 1/0 Write (1/0 W) 

TM 

connect directly to the MCS-80 component "family" 
of ROMs, RAMs and 1/0 devices. 

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

Other signals that are part of the Control Bus such as 
WO, Stack and M 1 are present to aid in the testing of 
the System and also to simplify interfacing the CPU 
to dynamic memories or very large systems that re­
quire several levels of bus buffering. 

Address Buffer Design 

The Address Bus (A 15-AO) of the 8080, like the Data 
Bus, is sufficient to support a small system that has a 
moderate size Memory and 1/0 structure, confined to 
a single card. To expand the size of the system that 
the Address Bus can support a simple buffer can be 
added, as shown in figure 3-6. The INTEL® 8212 or 
8216 is an excellent device for this function. They 
provide low input loading (.25 mAI, high output 
drive and insert a minimal delay in the System 
Timing. 

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

The 8080 interfaces with standard semiconductor 
Memory components an·d 1/0 devices. In the previous text 
the proper control signals and buffering were developed 
which will produce a simple bus system similar to the basic 
system example shown at the beginning of this chapter. 

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

Note that Memory and 1/0 devices interface in the 
same manner and that their isolation is only a function of 
the definition of the Read-Write signals on the Control Bus. 
This allows the 8080 system to be configured so that Mem­
ory and 1/0 are treated as a single array (memory mapped 
1/01 for small systems that require high thruput and have 
less than 32K memory size. This approach will be brought 
out later in the chapter. 

ROM INTERFACE 

A ROM is a device that stores data in the form of 
Program or other information such as "look-up tables" and 
is only read from, thus the term Read Only Memory. This 
type of memory is generally non-volatile, meaning that 
when the power is removed the information is retained. 

ffiTB CLOCK 8224 
GENERATOR 
ANO DRIVER 

I HOLOREQ 

r,;:===::::t:==t==c:.. 
SYNC •J2 o l RESET 

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

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

RAM INTERFACE 
A RAM is a device that stores data. This data can be 

program, active "look-up tables," temporary values or ex­
ternal stacks. The difference between RAM and ROM is 
that data can be written into such devices and are in 
essence, Read/Write storage elements. RAMs do not hold 
their data when power is removed so in the case where Pro­
gram or "look-up tables" data is stored a method to load 

INT----- - ---- ----------------- -, 
ROY 8080A CPU 

WR 00-07 OBIN HLOA A0-A15 

8228 
SYSTEM 

CONTROLLER 

825 1 1/ 0 
COMMUNICATION 

INTERFACE 

Figure 3-6. Microcomputer System 
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R'AM memory must be provided, such as: Floppy Disk, 
Paper Tape, etc. 

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

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

SK + 512 SK 

FIAM 

The memories chosen for this example have an access 
time of 850 nS (max) to illustrate that slower, economical 
devices can be easily interfaced to the 8080 with little ef­
fect on performance. When the 8080 is operated from a 
clock generator with a tCY of 500 nS the required memory 
access time is Approx. 450-550 nS. See detailed timing 
specification Pg. 5-16. Using memory devices of this speed 

(!) 

such as Intel 8308, 8102A, 8107A, etc. the READY input 
tb the 8080 CPU can remain "high" because no "wait" 
states are required. Note that the bus interface to memory 
shown in Figure 3-7 remains the same. However, if slower 
memories are to be used, such as the devices illustrated 
(8316A, 8111) that have access times slower than the min­
imum requirement a simple logic control of the READY 
input to the 8080 CPU will insert an extra "wait state" that 
is equal to one or more clock periods as an access time 
"adjustment" delay to compensate. The effect of the extra 
"wait" state is naturally a slower execution time for the 
instruction. A single "wait" changes the basic instruction 
cycle to 2.5 microseconds. 

0 

ROM 

MEMORY MAP 

RAM 

8111 8111 

Riw OD 1/0 1-4 A0-A7 

I I 
CONTROL SUS !61 

ROM 

CSI 

8316A 

01·08 

CS3 
CS2 

A11· 
A12 

_ _____,ll..___ ____ ___.l l......__ _ ____,jl I~ 
AOORESS BUS (161 

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

General Theory 

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

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

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

ISOLATED 110 ---------------------~ 
: 0 fl ~K 

I 
I 
I 
I 

',!EMORY 

I o 256 

!D , 
I r---------------------~ 

i I -~ .. T 00 Ti 
I MEMORY MAPPED 110 I ~---------------------1 

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

Isolated 1/0 

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

182281 

MEMR } TO MEMORY 
__ DEVICES 

D-----MEMW 

I/OR} 
TO 1/0 DEVICES 

D----- •iow 

Figure 3-9. Isolated 1/0. 

Memory Mapped 1/0 

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

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

By assigning A15 as the 1/0 "flag", a simple method of 
1/0 discipline is maintained: 

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

Other address bits can also be used for this function. A 15 was 
chosen because it is the most significant address bit so it is 
easier to control with software and because it still allows 
memory addressing of 32K. 

1/0 devices are still considered addressed "ports" but 
instead of the Accumulator as the only transfer medium any 
of the internal registers can be used. All instructions that 
could be used to operate on memory locations can be used 
in 1/0. 

Examples: 

MOVr, M 
MOV M, r 
MVIM 
LOA 
STA 
LHLO 
SHLO 
ADD M 
ANAM 

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

It is easy to see that from the list of possible "new" 
instructions that this type of 1/0 architecture could have a 
drastic effect on increased system throughput. It is concep­
tuJlly more difficult tc understand than Isolated 1/0 and it 
does limit memory address space, but Memory Mapped 1/0 
can mean a significant increase in overall speed and at the 
same time reducing required program memory area. 
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TO 
MEMORY 
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SYSTEM 
CONTROL 

182281 

TOl/0 
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___ DEVICES 

Figure 3-10. Memory Mapped 1/0. 

1/0 Addressing 

1/0W(MMI 

With both systems of 1/0 structure the addressing of 
each device can be configured to optimize efficiency and re· 
duce component count. One method, the most common, is 
to decode the address bus into exclusive "chip selects" that 
enable the addressed 1/0 device, similar to generating chip­
selects in memory arrays. 

Another method is called "linear select". In this method, 
instead of decoding the Address Bus, a singular bit from the 
bus is assigned as the exclusive enable for a specific I /0 de­
vice. This method, of course, limits the number of 1/0 de­
vices that can be addressed but eliminates the need for extra 
decoders, an important consideration in small system design. 

A simple example illustrates the power of such a flexi· 
ble 1/0 structure. The first example illustrates the format of 
the second byte of the IN or OUT instruction using the lso· 
lated 1/0 technique. The devices used are lntet®8255 Pro· 
grammable Peripheral Interface units and are linear selected. 
Each device has three ports and from the format it can be 
seen that six devices can be addressed without additional de­
coders. 

EXAMPLE #1 

} PORT SELECTS 

----------} '""' """' 
ADDRESSES - 6 - 8255s 

118 PORTS - 144 BITSI 

Figure 3-11. Isolated 1/0 - (Linear Select) (8255) 
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The second example uses Memory Mapped 1/0 and 
linear select to show how thirteen devices (8255) can be ~d­
dressed without the use of extra decoders. The format shown 
could be the second and third bytes of the LOA or STA in­
structions or any other instructions used to manipulate 1/0 
using the Memory Mapped technique. 

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

EXAMPLE #1. 

} PORT SELECTS 

----------} '"'""""' 

'----------- 1/0 FLAG 

ADDRESSES - 13 - 8255s 
139 PORTS - 312 BITSI 

I• 110 
O•MEMORY 

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

1/0 Interface Example 

In Figure 3-16 a typical 1/0 system is shown that uses a 
variety of devices (8212, 8251 and 8255). It could be used 
to interface the peripherals around an intelligent CRT termi­
nals; keyboards, disc, .. {, and communication interface. An­
other application could be in a process controller to interface 
sensors, relays, and motor controls. The limitation of the ap­
plication area for such a circuit is solely that of the designers 
imagination. 

The 1/0 structure shown interfaces to the 8080 CPU 
using the bus architecture developed previously in this chap­
ter. Either Isolated or Memory Mapped techniques can be 
used, depending on the system 1/0 environment. 

The 8251 provides a serial data communication inter­
face so that the system can transmit and receive data over 
communication links such as telephone lines. 
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I 0 o I o I A. I , I , C><J Ao 1 

I L C/D CONTROL 
0-0ATA 
I -COMMAND 

8251 SELECT 
(ACTIVE LOWI 

Figure 3-13. 8251 Format. 

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

0 0 0 

} PORT SELECT 

00-PORT A 
01-PORTB 
10-PORTC 
11-COMMAND 

'-----~T~~:t~ 
'------~~:t~';;1 

Figure 3-14. 8255 Format. 

SERIAL DATA 
COMMUNICATION 

l 

8251 

Rii WR O.,·Oo ce cio 

iioil I/OW 

,., 

8212 
#3 

MD 

1Jl 
Figure 3-16. Typical 1/0 Interface. 
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The three 8212s can be used to drive long I ines or LED 
indicators due to their high drive capability. ( 15mA) 

.__ _______ ~~~T7~:~~~~T 
.__ _________ ~!1';.:~:~~~~ 

----------- ~:.;,~:~~~~; 

Figure 3-15. 8212 Format. 

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

The example shows how a powerful yet flexible 1/0 
structure can be created using a minimum component count 
with devices that are all members of the 8080 Microcomputer 
System. 

,., 
8255 

ADWR D7-D0 CS Ao A, 

I/OR I/OW 

Ac As 

052 

8212 ,., 
MD 'IID 

U·~ UL 
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A computer, no matter how sophisticated, can only 
do what it is "told" to do. One "tells" the computer what 
to do via a series of coded instructions referred to as a Pro­
gram. The realm of the programmer is referred to as Soft­
ware, in contrast to the Hardware that comprises the actual 
computer equipment. A computer's software refers to all of 
the programs that have been written for that computer. 

When a computer is designed, the engineers provide 
the Central Processing Unit (CPU) with the ability to per­
form a particular set of operations. The CPU is designed 
such that a specific operation is performed when the CPU 
control logic decodes a particular instruction. Consequently, 
the operations that can be performed by a CPU define the 
computer's Instruction Set. 

Each computer instruction· allows the programmer to 
initiate the performance of a specific operation. All com­
puters implement certain arithmetic operations in their in­
struction set, such as an instruction to add the contents of 
two registers. Often logical operations (e.g., OR the con­
tents of two registers) and register operate instructions (e.g., 
increment a register) are included in the instruction set. A 
computer's instruction set will also have instructions that 
move data between registers, between a register and memory, 
and between a register and an 1/0 device. Most instruction 
sets also provide Conditional Instructions. A conditional 
instruction specifies an operation to be performed only if 
certain conditions have been met; for example, j1.~11p to a 
particular instruction if the result of the last operation was 
zero. Conditional instructions provide a program with a 
decision-making capability. 

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

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

One type of programming language is Assembly Lan­
guage. A unique assembly language mnemonic is assigned to 
each of the computer's instructions. The programmer can 
write a program (called the Source Program) using these 
mnemonics and certain operands; the source program is 
then converted into machine instructions (called the Objec:t 
Code). Each assembly language instruction is converted into 
one machine code instruction (1 or more bytes) by an 
Assembler program. Assembly languages are usually ma­
chine dependent (i.e., they are usually able to run on only 
one type of computer). 

THE 8080 INSTRUCTION SET 

The 8080 instruction set includes five different types 
of instructions: 

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

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

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

• Branch Group - conditional and unconditional 
jump instructions, subroutine call instructions and 
return instructions 

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

Instruction and Data Formats: 

Memory for the 8080 is organized into 8-bit quanti~ 
ties, called Bytes. Each byte has a unique 16-bit binary 
address corresponding to its sequential position in memory. 
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The 8080 can directly address up to 65,536 bytes of mem­
ory, which may consist of both read-only memory (ROM) 
elements and random-access memory (RAM) elements (read/ 
write memory). 

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

DATA WORD 

I I I I I I I I 07 De 05 04 03 02 D 1 Do 

MSB LSB 

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

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

Single Byte Instructions 

I o, I I I Do I Op Code 

Two-Byte Instructions 

Byte One I 07 I I Do I Op Code 
;==;==;:::::::::::;:::::::;::::::;::=::::;:::=:;:::::: 

Byte Two 1-D, 1 1 Do I Data or 
'-· --------------'· Address 

Three-Byte Instructions 

Byte One ... I _o_,_1 
__________ 

1 
_D..;..io I Op Code 

Byte Two I o7 I I Do'} Data 
or 

Byte Three I o7 I I Do I Address 

Addressing Modes: 

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

• Direct - Bytes 2 and 3 of the instruction contain 
the exact memory address of the data 
item (the low-order bits of the address are 
in byte 2. the high-order bits in byte 3). 

• Register - The instruction specifies the register or 
register-pair in which the data is located. 

• Register Indirect - The instruction specifies a reg­

4-2 
ister-pair which contains the memory 

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

• Immediate - The instruction contains the data it­
self. This is either an B-bit quantity or a 
16-bit quantity ( least significant byte first, 
most significant byte second). 

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

• Direct - The branch instruction contains the ad­
dress of the next instruction to be exe­
cuted. (Except for the 'RST' instruction, 
byte 2 contains the low-order address and 
byte 3 the high-order address.) 

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

The RST instruction is a special one-byte call instruc­
tion (usually used during interrupt sequences). RST in­
cludes a three-bit field; program control is transferred to 
the instruction whose address is eight times the contents 
of this three-bit field. 

Condition Flags: 

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

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

Zero: 

Sign: 

Parity: 

Carry: 

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

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

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

If the instruction resulted in a carry 
(from addition), or a borrow (from sub­
traction or a comparison) out of the high­
order bit, this flag is set; otherwise it is 
reset. 
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Auxiliary Carry: H the instruction caused a carry out 
of bit 3 and into bit 4 of the resultlng 
value, the auxiliary carry is set; otherwise 
it is reset. This flag is affected by single 
precision additions, subtractions, incre­
ments, decrements, comparisons, and log­
ical operations, but is principally used 
with additions and increments preceding 
a OAA (Decimal Adjust Accumulator) 
instruction. 

Symbols and Abbreviations: 
The following symbols and abbreviations are used in 

the subsequent description of the 8080 instructions: 

SYMBOLS MEANING 

accumulator Register A 

addr 16-bit address quantity 

data 

data 16 

byte 2 

byte 3 

port 

r,r1 ,r2 

DOD,SSS 

rp 

RP 

8-bit data quantity 

16-bit data quantity 

The second byte of the instruction 

The third byte of the instruction 

8-bit address of an 1/0 device 

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

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

ODO or SSS REGISTER NAME 

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

One _of the register pairs: 

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

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

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

SP represents the 16-bit stack pointer 
register. 

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

RP 

00 
01 
10 
11 

REGISTER 'PAIR 

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

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

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

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

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

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

( ) 

-
I\ 

"v" 

V 

+ 

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

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

"Is transferred to" 

Logical AND 

Exclusive OR 

Inclusive OR 

Addition 

Two's complement subtraction 

* Multiplication 

- "Is exchanged with" 

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

n The restart number O through 7 

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

Description Format: 
The following pages provide a detailed description of 

the instruction set of the 8080. Each instruction is de­
scribed in the following manner: 

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

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

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

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

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

Data Transfer Group: 

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

MOV r1, r2 (Move Register) 

(rl) - (r2) 
The content of register r2 is moved to register r 1 . 

0 
I D I D D s I s I s 

Cycles: 1 
States: 5 

Addressing: register 
Flags: none 

MOV r, M (Move from memory) 
(r) -((H)(L)) 

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

0 I D D D 1 I 0 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: none 

MOV M, r (Move to memory) 
((H) (L)) - (r) 

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

0 I 1 I 0 s I s I s 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: none 

4-4 

MVI r, data (Move Immediate) 
(r) - (byte 2) 
The content of byte 2 of the instruction is moved to 
register r. 

0 I 0 D D D 0 

data 

Cycles: 2 
States: 7 

Addressing: immediate 
Flags: none 

MVI M, data (Move to memory immediate) 

((HI (LIi - (byte 2) 
The content of byte 2 of the instruction is moved to 
the memory location whose address is in registers H 
and L. 

0 I 0 0 1 
I 

0 

data 

Cycles: 3 
States: 10 

Addressing: immed ./reg. indirect 
Flags: none 

LXI rp, data 16 (Load register pair immediate) 

(rh) - (byte 3), 

(rl) - (byte 2) 
Byte 3 of the instruction is moved into the high-order 
register (rh) of the register pair rp. Byte 2 of the in­
struction is moved into the low-order register (rl) of 
the register pair rp. 

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

low-order data 

high-order data 

Cycles: 3 
States: 10 

Addressing: immediate 
Flags: none 
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LDA addr (Load Accumulator direct) 
(A) - ((byte 3l(byte 211 
The content of the memory location, whose address 
is specified in byte 2 and byte 3 of the instruction, is 
moved to register A. 

0 1 0 1 1 1 1 1 1 1 0 1 1 1 0 
low-order addr 

high-order addr 

Cycles: 4 
States: 13 

Addressing: direct 
Flags: none 

ST A addr (Store Accumulator direct) 

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

a I a I 1 I 1 I a I a I 1 I a 
low-order addr 

high-order addr 

Cycles: 4 
States: 13 

Addressing: dire(i:t 
Flags: none 

LH LD addr ( Load H and L direct) 
(L) - ((byte 3)(byte 21) 
(HI - ((byte 3)(byte 21 + 11 
The content of the memory location, whose address 
is specified in byte 2 and byte 3 of the instruction, is 
moved to register L. The content of the memory loca­
tion at the succeeding address is moved to register H. 

a I a I 

8800b-i 

1 I a I 1 I 

low-order addr 

high-order addr 

Cycles: 5 
States: 16 

Addressing: direct 
Flags: none 

.~ugust, 1977 

a I 1 I a 

SHLD addr (Store H and L direct) 
((byte 3)(byte 2)1 - (L) 

((byte 3)(byte 21 + 11 - (H) 
The content of register L is moved to the memory lo­
cation whose address is specified in byte 2 and byte 
3. The content of register H is moved to the succeed­
ing memory location. 

a I a l 1 I a I a l a T 1 I 0 

low-order addr 

high-order addr 

Cycles: 5 
States: 16 

Addressing: direct 
Flags: none 

LDAX rp ( Load accumulator indirect) 
(Al- ((rp)) 
The content of the memory location, whose address 
is in the register pair rp, is moved to register A. Note: 
only register pairs rp-8 (registers B and Cl or rp•O 
(registers D and El may be specified. 

a I o R I p 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: none 

STAX rp (Store accumulator indirect) 
({rp)) - (Al 
The content of register A is moved to the memory lo· 
cation whose address is in the register pair rp. Note: 
only register pairs rp-8 (registers B and Cl or rp=D 
(registers D and El may be specified. 

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

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: none 

XCHG (Exchange H and L with D and E) 
(H)-(01 
(Ll-(E) 
The contents of registers H and L are exchanged with 
the contents of registers D and E. 

, I I , I a 

Cycles: 
States: 4 

Addressing: register 
Flags: none 
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Arithmetic Group: 

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

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

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

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

1 I o I 0 0 

Cycles: 
States: 

Addressing: 
Flags: 

ADD M (Add memory) 
(A) - (Al + ((HI (LIi 

0 

4 
register 
Z,S.P,CY,AC 

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

1 I 0 0 0 0 0 

Cycles: 2 
States: 7 

Addressing: reg. indirect 
Flags: z.s.P.CY,AC 

ADI data (Add immediate) 
(Al - IA) + (byte 21 
The corn ~nt of the second byte of the instruction is 
added to the content of the accumulator. The result 
is placed in the accumulator. 

1 I 0 I 0 I 0 0 

data 

Cycles: 2 
States: 7 

Addressing: immediate 
Flags: Z,S,P,CY,AC 
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ADC r (Add Register with carry) 
(A) - (Al + (r) + (CY) 
The content of register r and the content of the carry 
bit are added to the content of the accumulator. The 
result is placed in the accumulator. 

1 I o I o 0 

Cycles: 
States: 

Addressing: 
Flags: 

s 

4 
register 
Z,S,P ,CY ,AC 

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

s s 

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

I 0 I 0 I 0 1 1 0 

Cycles: 2 
States: 7 

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

ACI data (Add immediate with carry) 
(A) - (A) + (byte 2) + (CY) 
The content of the second byte of the instruction and 
the content of the CY flag are added to the contents 
of the accumulator. The result is placed in the 
accumulator. 

0 0 

data 

Cycles: 2 
States: 7 

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

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

0 

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

0 0 

Cycles: 
States: 

Addressing: 
Flags: 

0 s s s 

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

(A) - (A) - ((H) (L)) 

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

I o I o I t 

Cycles: 
States: 

Addressing: 
Flags: 

0 

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

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

0 

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

data 

Cycles: 
States: 

Addressing: 
Flags: 

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

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

0 

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

1 I o I a 

Cycles: 
States: 

Addressing: 
Flags: 

s I 

4 
register 
Z,S,P ,CY ,AC 

s I 

SBB M (Subtract memory with borrow) 
(A) - (Al - ((H) (L)) - (CY) 

s 

The content of the memory location whose address is 
contained in the H and L registers and the content of 
the CY flag are both subtracted from the accumula­
tor. The result is placed in the accumulator. 

1 I 0 I 
0 1 I 1 

I 
1 

I 
0 

Cycles: 2 
States: 7 

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

3800b-i 
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SBI data (Subtract immediate with borrow) 
(A) - (A) - (byte 2) - (CY) 
The contents of the second byte of the instruction 
and the conte·nts of the CY flag are both subtracted 
from the accumulator. The result is placed in the 
accumulator. 

t I 0 

data 

Cycles: 
States: 

Addressing: 
Flags: 

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

INR r (Increment Register) 

(r) - (r) + 1 

0 

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

o I o D I D I D 1 I o I o 

Cycles: 
States: 

Addressing: 
Flags: 

1 
5 
register 
Z,S,P,AC 

INR M (Increment memory) 
((H) (L)) - ((H) (L)) + 1 

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

0 
I 0 0 0 0 

Cycles: 3 
States: 10 

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

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

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

Cycles: 1 
States: 5 

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

((H) (L)) - ((H) (L)) - 1 

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

0 I 0 1 0 I 1 I 0 I 1 

Cycles: 3 
States: 10 

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

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

0 0 R p I 0 I 0 I 1 

Cycles: 
States: 5 

Addressing: register 
Flags: none 

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

0 I o R p I 
Cycles: 
States: 

1 
5 

I O I 

Addressing: register 
Flags: none 

DAO rp (Add register pair to H and LI 
(H) (Ll - (H) (Ll + (rhl (rl) 
The content of the register pair rp is adder! !" the 
content of the register pair H and L. T he result is 
placed in the register pair H and L. Note: Only the 
CY flag is affected. It is set if there is a carry out of 
the double precision add; otherwise it is reset. 

0 0 R I P 

Cycles: 
States: 

Addressing: 
Flags: 
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I o I o 

3 
10 
register 
CY 

I ,1 

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

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

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

NOTE: All flags are affected. 

o I 0 I , I o 

Cycles: 
States: 
Flags: 

0 

4 
Z,S,P,CY,AC 

Logical Group: 

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

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

ANA r (AND Register) 

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

0 I , I o 0 s I s s 

Cycles: 
States : 4 

Addressing: 
Flags: 

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

register 
Z,S,P,CY,AC 

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

0 0 

Cycles : 
States : 

Addressing : 
Flags: 

0 

2 
7 

0 

reg. ind irect 
Z,S ,P,CY ,AC 
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ANI data (ANO immediate) 
(A) - (A)/\ (byte 2) 
The content of the second byte of the instruction is 
logically anded with the contents of the accumulator. 
The result is placed in the accumulator. The CY and 
AC flags are cleared. 

I 1 0 I o I , 

data 

Cycles: 2 
States: 7 

I , 

Addressing: 
Flags: 

immediate 
Z,S,P,CY ,AC 

XRA r (Exclusive OR Register) 

(A) - (A) 'V' (r) 

I o 

The content of register r is exclusive-or'd with the 
content of the accumulator. The result is pla~ed in 
the accumulator. The CY and AC flag~ are cteared. 

s I s I s 

Cycles: 
States: 

Addressing: 
Flags: 

4 
register 
Z,S,P,CY,AC 

XRA M (Exclusive OR Memory) 
(A) - (A) 'V' ((H) (L)) 

The content of the memory location whose address 
is contained in the Hand L registers is exclusive-OR'd 
with the content of the accumulator. The result is 
placed in the accumulator . The CY and AC flags are 
cleared. 

I o 0 

Cycles: 
States: 

Addressing: 
Flags: 

2 
7 

I , 

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

XRI data (Exclusive OR immediate) 

(A) - (Al 'V' (byte 21 

I o 

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

, I 
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0 I , I , I , 

data 

Cycles: 2 
States: 

Addressing: 
Flags: 

7 
immediate 
Z,S,P,CY,AC 

I o 

ORA r (OR Register) 
(A) - (A) V (r) 

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

I O I I 1 0 s I s I s 

Cycles: 1 
States: 4 

Addressing: 
Flags: 

ORAM (OR memory) 

(A) - (Al V ((HI (LIi 

register 
Z,S,P,CY,AC 

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

I o I , I , 

Cycles: 
States: 

Addressing: 
Flags: 

0 

2 
7 

I , I 1 

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

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

I o 

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

, I 

data 

Cycles: 
States: 

Addressing: 
Flags: 

CMP r (Compare Register) 
(A) (r) 

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

The content of register r is subtracted from the ac· 
cumulator. The accumulator remains unchanged. The 
condition flags are set as a result of the subtraction. 
The z flag is set to 1 if (Al• (r). The CY flag is set to 
1 if (Al< (rl. 

I o I , 

Cycles: 
States: 

Addressing: 
Flags: 

4 
register 
Z,S,P,CY,AC 
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CMPM 
(A) 

(Compare memory) 
((H) (L)) 

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

CPI data 
(A) 

0 

Cycles: 2 
States: 

Addressing: 
Flags: 

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

(Compare immediate) 
(byte 2) 

0 

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

1 I 1 I 

data 

Cycles: 
States: 

Addressing: 
Flags: 

R LC ( Rotate left) 

2 
7 

immediate 
Z,S,P,CY,AC 

(An+ll - (Anl; (Ao) - (A7) 
(CY) - (A7) 

0 

The content of the accumulator is rotated left one 
position. The low order bit and the CY flag are both 
set to the value shifted out of the high order bit posi­
tion. Only the CY flag is affected. 
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I o 0 

Cycles: 1 
States: 4 
Flags: CY 

I , I , I , 

RRC 

RAL 

RAR 

( Rotate right) 

(A 0 ) - (An-1) ; (A7) - (Ao) 
(CY)- (Ao) 
The content of the accumulator is rotated right one 
position. The high order bit and the CY flag are both 
set to the value shifted out of the low order bit posi­
tion . Only the CY flag is affected. 

Cycles: 1 
States: 4 
Flags: CY 

( Rotate left through carry) 

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

o I o I o I 1 0 

Cycles: 1 
States: 4 
Flags: CY 

I 1 

(Rotate right through carry) 
(An) - (An+11; (CY) - (Ao) 
(A7) - (CY) 

I 1 I 1 

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

o I 0 0 

Cycles: 1 
States: 4 
Flags: CY 

CMA (Complement accumulator) 
(Al-(A) 

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

o I o I 1 I o 

Cycles: 1 
States: 4 

I , 

Flags: none 

I 1 
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CMC (Complement carry) 

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

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

Cycles: 1 
States: 4 
Flags: CY 

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

0 I 0 I 1 0 I 1 1 I 1 

· Cycles: 
States: 4 
Flags: CY 

Branch Group: 

This group of instructions alter normal sequential 
program flow. 

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

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

CONDITION CCC 

NZ - not zero (Z,. 01 000 
z - zero (Z = 1) 001 

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

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

p - plus (S = 01 110 
M - minus (S = 11 111 

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

1 I 1 I 0 I 0 I 0 I 0 

low-order addr 

high-order addr 

Cycles: 3 
States: 10 

Addressing: immediate 
Flags: none 

Jcondition addr (Conditional jump) 
If (CCC), 

(PC) - (byte 3) (byte 21 

I 1 I 1 

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

1 I 1 I C I C I C I 0 I 

low-order addr 

high-order addr 

Cycles: 3 
States: 10 

Addressing: immediate 
Flags: none 

CALL addr (Call) 
((SP) -11 - (PCH) 
((SP) - 2) - (PCL) 
(SP) - (SP) - 2 
(PC) - (byte 31 (byte 21 

1 I 0 

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

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

low-order addr 

high-order addr 

Cycles: 5 
States: 17 

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

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

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

1 I 1 I C I C I C I 
low-order addr 

high-order addr 

Cycles: 
States: 

3/5 
11/17 

1 I O I 0 

Addressing: immediate/reg. indirect 
Flags: none 

RET (Return) 

(PCL) - ((SP)); 
(PCH) - ((SP)+ 1h 
(SP) - (SP) + 2, 

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

0 I o I o I o 

Cycles: 3 
States: 10 

Addressing: reg. indirect 
Flags: none 

Rcondition (Conditional return) 
If (CCC), 

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

(SP) - (SP) + 2 
If the specified condition is true, the actions specified 
in the RET instruction (see above) are performed; 
otherwise, control continues sequentially. 

1 I C C 
I 

C I 0 I 0 0 

Cycles: 1/3 
States: 5/11 

Addressing : reg. indirect 
Flags: none 

4-12 

RST n (Restart) 
((SP) -1) - (PCH) 
((SP) - 2) - (PCL) 
(SP) - (SP) - 2 
(PC) - 8" (NNN) 

The high-order eight bits of the next instruction ad· 
dress are moved to the memory location whose 
address is one less than the content of register SP. 
The low-order eight bits of the next instruction ad­
dress are moved to the memory location whose 
address is two less than the content of register SP. 
The content of register SP is decremented by two. 
Control is transferred to the instruction whose ad­
dress is eight times the content of NNN. 

1 I N N I N 

Cycles: 3 
States: 11 

1 I 

Addressing: reg. indirect 
Flags: none 

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

1° 1°1°1°1°1°1°1°1°1°1NININl 0 1°1°1 
Program Counter After Restart 

PCHL (Jump H and L indirect - move H and L to PC) 
(PCH) - (H) 

(PCL) - (Ll 
The content of register H is moved to the high-order 
eight bits of register PC. The content of register L is 
moved to the low-order eight bits of register PC. 

1 I 1 I a I 

Cycles: 
States: 

Addressing: 
Flags: 

0 

1 
5 
register 
none 

I 0 I 1 

5800b-"i 
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Stack, 1/0, and Machine Control Group: 

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

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

PUSH rp (Push) 

((SP) - 11 - (rh) 
((SP) - 2) - (rl) 

(SP) - (SP) - 2 
The content of the high-order register of register pair 
rp is moved to the memory location whose address is 
one less than the content of register SP. The content 
of the low-order register of register pair rp is moved 
to the memory location whose address is two less 
than the content of register SP. The content of reg­
ister SP is decremented by 2. Note: Register pair 
rp • SP may not be specified. 

1 I A p I 0 0 

Cycles: 3 
States: 11 

Addressing: reg. indirect 
Flags: none 

PUSH PSW (Push processor status word) 
((SP) - 1) - (Al 
((SP) - 210 - (CY) • ((SP) - 211 - 1 
((SP) - 212 - (Pl • ((SP) - 213 - 0 
((SP) - 2)4 - (AC) , ((SP) - 215 - 0 
((SP) -215 - (Z). ((SP) - 2)7 - (SI 
(SP) - (SP) - 2 

1 

The content of register A is moved to the memory 
location whose address is one less than register SP. 
The contents of the condition flags are assembled 
into a processor status word and the word is moved 
to the memory location whose address is two less 
than the content of register SP. The content of reg­
ister SP is decremented by two. 

1 I 1 I 

Cycles: 
States: 

Addressing! 

8800b-i 
August, 1977 

Flags: 

0 I 1 I 0 I 1 

3 
11 
reg. indirect 
none 

FLAG WORD 

Os 

s z 0 AC O P 

POP rp (Pop) 

(rl) - ((SP)) . 
(rh) - ((SP)+ 11 
(SP) - (SP) + 2 

D1 Do 

1 CY 

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

I 1 A p I a o I o. 

Cycles: 3 
States: 10 

Addressing: reg. indirect 
Flags: none 

POP PSW (Pop processor status word) 

(CY) - ((SP))o 

(P) - ((SP))2 

(AC) - ((SP))4 

(Z) - ((SP))5 

(SI - ((SP))7 
(Al - ((SP) + 1) 

(SP) - (SP) + 2 
The content of the memory location whose address 
is specified by the content of register SP is used to 
restore the condition flags. The content of the mem­
ory location whose address is one more than the 
content of register SP is moved to register A. The 
content of register SP is incremented by 2. 

I 1 I , 

Cycles: 
States: 

Addressing: 
Flags: 

0 

3 
10 
reg. indirect 
Z,S,P ,CY ,AC 
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XTHL (Exchange stack top with Hand L) 

(Ll -((SP)) 
(HI - ((SP)+ 1) 
The content of the L register is exchanged with the 
content of the memory location whose address is 
specified by the content of register SP. The content 
of the H register is exchanged with the content of the 
memory location whose address is one more than the 
content of register SP. 

1 I I o 0 0 

Cycles: 5 
States: 18 

Addressing: reg. indirect 
Flags: none 

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

1 I 1 I 0 0 

Cycles: 1 
States: 5 

Addressing: register 
Flags: none 

IN port (Input) 

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

1 I I O I 

port 

Cycles: 3 
States: 10 

Addressing: direct 
Flags: none 

OUT port (Output) 

(data) - (Al 
The conter. , uf register A is placed on the eight bit 
bi-directional data bus for transmission to the spec· 
ified port. 

1 I 0 ·I 0 0 

port 

Cycles: 3 
States: 10 

Addressing: direct 
Flags: none 

4-14 

El (Enable interrupts) 

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

1 I I 1 0 

Cycles: 
States: 4 
Flags: none 

01 (Disable interrupts) 

HLT 

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

1 I I 1 0 I 0 I 1 I 
1 

Cycles: 
States: 4 
Flags: none 

(Halt) 

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

0 I 1 I 0 I 1 I 1 I 
0 

Cycles: 
States: 7 
Flags: none 

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

0 I 0 I 0 0 0 0 0 0 

Cycles: 
States: 4 
Flags: none 

8800b-j' 

.\ugus t, 19i7 



INSTRUCTION SET 

Summary of Processor Instructions 

IMtructiOII Coal 11 Clock l21 
Mnttnonic 0ISCriptiH °' Ds Os o, 03 0, o, Do Cyd11 Mnemonic 011Criplion 

MOV,1,,2 Movt rtgtntt 10 1191111t 0 I 0 D D s s s 5 RZ Return on mo 
MOVM,r Move rtt•Sltr 10 memory 0 I I I 0 s s s 1 RNZ A1turn on no zero 
MOVr, M Movt memory 10 11911111 0 1 D D D I 0 1 RP R11urn on pos,t,vt 
HLT Halt 0 I I 1 0 1 I 0 1 RM Return an m1nu1 
MVlr Mon 1mmtd1111 11911ttt 0 0 D D 0 I I 0 7 RPE Rtrum on p111ty tvtn 
MVIM Movt ,mmtd1111 mttnory 0 0 1 1 0 1 0 10 RPO Rtrurn on pa,uy odd 
INA r lncremtnt register 0 0 D 0 0 0 0 5 RST R1111n 
OCR r 01c11m1n111911111 0 0 0 0 0 0 I 5 IN lnpu1 
INIIM lncnment memorv 0 0 I 0 I 0 0 10 OUT Output 
OCR M Otcnmenr memory 0 0 1 I 0 I 0 I 10 LX1a Lotd ,mmtdtill rl!tJtlltr 
AOOr Add rtgtSttt to A 0 0 0 0 s s 5 4 1'1118 & C 
AOC r Add 11q1s1tr to A w11h cany 0 0 0 I s s s 4 LXI 0 Lotd 1mmtdi111 rtq1Sltr 
SUB r Subtract rq111tr from A 0 0 0 s s s 4 l'lirO & E 
S88 r Subtract req,srtr from A 0 0 s s s 4 LXIH Load 1mmtd1111 rtqtlltr 

w,m borrow PairH&L 
ANA, And req1sttr wuh A 0 0 0 s s s 4 LXISP Load immed1111 11Kk po,nrtr 
XRA r Exclusive Or rtqtSltr w,tll A 0 0 I s s s 4 PUSH 8 Push reg1111r P111 8 & C nn 
Of.Ar Or rtq111tr wtth A 0 I I 0 s s s 4 ,rack 
CMPr Compart req1s11r with A 0 I I I s s s 4 PUSH 0 Push req11m Pair O & E on 
AOOM Add memory to A 0 0 0 0 0 1 Sllck 
AOCI, Add mtmorv 10 A w1111 carry 0 0 0 I 0 1 PUSH H Push roq111tr Pa,r H & L on 
SUB M Subtract mtmorv from A 0 0 0 0 stack 
SBB M Subtract memory from A 0 0 0 PUSH PSW Push A ind Fli91 

wtth bortow on srack 
ANAM And mtmorv wtth A 0 0 0 0 POP 6 Pop r1NJ1:ttr pair B 8i C off 
XRAM Exclusive Or mtmory w,111 A 0 0 1 0 Slltk 
ORAM Or memory w,th A 0 1 I 0 0 ?OP 0 ?oo rtgtSttf PIii O & E off 
CMPM Comp111 mtmorv wnll A 0 I 1 1 0 stack 
ADI Add immediate to A 0 0 0 0 POP H Pop reg11:er PIii H & L off 
ACI Add 1mm1d1111 10 A with 0 0 I 0 lllck 

carrv POP PSW Pao A and Fl191 
SUI Subtract 1mmtdi11e from A 0 0 0 off mck 
SBI Subtract 1mm1d1at1 from A 0 0 STA Stan A dorect 

w1rtl borrow LOA Load A dorecr 
ANI And ,mmtd,111 with A 0 0 0 XCHG Exchange O & E, H & L 
XRI Exclus1w1 Or 1mmedutr1 w11ti 0 0 Rt9111trs 

A .<THL Excn•nge top of stack. H & L 
ORI Or 1mm1ch1t1 wllh A 1 1 0 0 SPHL H & L 10 mck pointer 
CPI Comoare 1mmed1a11 with A 1 1 I I 0 PCHL H & L to progr•m counter 
RLC Rot11• A Ith 0 0 0 G 0 4 OAO 8 Add 8 & C 10 H & L 
RAC Rot111ArogM 0 0 0 0 1 4 OAD D Ad~ D & E !O H & L 
RAL Ro1111 A left througn carry 0 0 0 0 4 DAO H AddH&L10H&L 
RAR Rotate A rtgllt through 0 0 0 DAO SP Add ,tack po,nttt 10 H & L 

carry STAX 8 Stort A 1nd1nc1 
JMP Jumo uncond1t1on1I 0 0 0 0 1 10 STAX 0 Store A indtrett 
JC Jumg on carry 0 I 0 0 10 LOAX 9 Lo•d A 1nd1rtct 
JNC Jumo on no carry 0 1 0 0 0 10 LOAX 0 Lo•d A ,ndorecr 
JZ Jump on mo 0 0 1 0 0 10 INX 8 Increment B & C 119111m 
JNZ Jump on no lira 0 0 0 0 0 10 INX 0 lncrtmtnr O & E rt911rers 
JP Jump on oos1tive 0 0 0 10 INX H lncrtment H & L r1111111rs 
JM Jump an minus I I 0 0 10 INX SP Increment uack oomter 
JPE Jump on parnv even 0 1 0 0 10 DCX 8 Dtcrtmtnt 8 & C 
JPO Jump on parny odd I 0 0 0 1 0 10 OCX 0 Dacrtmtnr O & E 
CALL c.11 ur.cond,nonal 0 0 0 I 17 OCX H Oec11men1 H & L cc c.11 on carry 0 1 I 0 0 11117 OCX SP Dtcrtmtnt stack po,nttr 
CNC c.11 on no mrv 0 I 0 0 0 11117 CMA Complement A 
CZ C1l1 on mo 0 0 I 0 0 11 /17 STC Ser carry 
CNZ Call on no ztro 0 0 0 0 0 11/ 17 CMC Complement carry 
CP C1H oo 00111,vt 1 1 0 0 0 11117 OAA Oec1m1I 1d1ust A 
CM Call on m,nus 1 I 0 0 11117 SHLO Start H & L direct 
CPE Call on Plroty even 0 I 1 0 0 11117 LHLO Lo1d H & L dtrtct 
CPO C•H on p1roty odd 1 0 0 I 0 0 11117 El Enable lnterrupu 
RET R11urn 0 0 I 0 0 1 10 01 Oi11bl1 intttrupt 
RC Rerurn on carry 0 1 0 0 0 5/11 NOP No-open11on 
RNC Return an no carrv 0 0 0 0 0 5/11 

NOTES: 1. ODO or SSS - 000 8 - 001 C - 010 D - 011 E - 100 H - 101 L - 110 Memory - 111 A. 
2. Two possible cycle t imes, (5/11) indicate instruction cycles dependent on condition flags. 
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Instruction Codell I Clockl21 
0, o, Os o, 03 Oz 01 Do Cycles 

0 0 I 0 0 0 5111 
0 0 0 0 C 0 5111 

I 0 0 0 0 5111 
I I 0 0 0 5111 
0 I 0 0 0 5111 

I 0 0 0 0 0 5111 
I A A A I II 
I 0 I I 0 10 
1 I 0 1 0 0 1 10 
0 0 0 0 0 0 0 10 

0 0 0 0 0 0 10 

0 0 0 0 0 0 10 

0 0 I I 0 0 0 10 
0 0 0 0 11 

0 0 0 II 

0 0 0 II 

0 0 II 

0 0 0 0 0 10 

0 0 0 0 10 

0 0 0 10 

0 0 0 10 

0 0 I 0 0 0 13 
0 0 I 0 0 13 

0 0 4 

1 0 0 0 I 18 
I 1 I 0 0 s 
I 1 0 0 0 5 
0 0 0 0 0 0 10 
0 0 0 1 0 0 10 
0 0 1 0 0 0 10 
0 0 I 1 1 0 0 1 10 
0 0 0 0 0 0 0 1 
0 0 0 1 0 0 0 1 
0 0 0 0 I 0 0 1 
0 0 0 1 I 0 0 7 
0 0 0 0 0 0 5 
0 0 0 I 0 0 5 
0 0 0 0 0 5 
0 0 1 1 0 0 5 
0 0 0 0 0 5 
0 0 0 1 0 5 
0 0 0 0 s 
0 0 1 0 5 
0 0 0 I 1 4 
0 0 1 0 1 4 
0 0 1 1 1 4 
0 0 0 0 1 1 4 
0 0 0 0 0 0 16 
0 0 0 0 0 16 
I I 0 4 
1 I 1 1 0 0 I 1 4 
0 0 0 0 0 0 0 0 4 
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inter Schottky Bipolar 8224 

CLOCK GENERATOR AND DRIVER 
I 

FOR 8080A CPU 

• Single Chip Clock Generator/Driver 
for 8080A CPU 

• Oscillator Output for External 
System Timing 

• Power-Up Reset for CPU 
• Ready Synchronizing Flip-Flop 

• Crystal Controlled for Stable System 
Operation 

• Advanced Status Strobe • Reduces System Package Count 

The 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by 
the designer, to meet a variety of system speed requirements. 
Also included are circuits to provide power-up reset, advance status strobe and synchronization of ready. 

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

PIN CONFIGURATION 

RESET 

AesiN 

RDYIN 

READY 

SYNC 

•z (TTLI 

sim 

GND 

__ 8800b-T 
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Vee 

XTAL1 

XTAL2 

TANK 

DSC ., 
•z 
Voo 

. Qml 

1 RESET 
I ROYIN 

READY 
I SYNC 
I ffffl 
I 
' -~, 
l t;,z 

RESET INPUT 
RESET OUTPUT I 

I READYINPUT I 

READY OUTPUT ' 
SYNC INPUT 

I STATUSSTB 
. (ACTIVE LOWI 

' ( 8080 

I' CLOCKS 

BLOCK DIAGRAM 

Ii!> XTAL1 

E> 
OSCILLATOR osc @> 

XTAU 

@> TANK 

.,, IE> 
CLOCK 

®> GEN. ->z 
+9 

,>z(TTLtfE> 

I!:> SYNC sTffi [> 

ID AnlN 

Rl!SET II> 
[> RDYIN READY(D 

PIN NAMES 

XTAL1 It CONNECTIONS 
XTAL2 I I FOR CRYSTAL 

TANK I USED WITH OVERTONE XTAL 

I osc I OSCILLATOR OUTPUT 

' 02 ITTLI I oz CLK ITTL LEVEL) 

Vee +5V 

Voo +12V 

GNO 0V 
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SCHOTTKY BIPOLAR 8224 

FUNCTIONAL DESCRIPTION 

General 

The 8224 is a single chip Clock Generator/Driver for the 
8080A CPU. It contains a crystal-controlled oscillator, a 
"divide by nine" counter, two high-level drivers and several 
auxiliary logic functions. 

Oscillator 

The oscillator circuit derives its basic operating frequency 
from an external, series resonant, fundamental mode crystal. 
Two inputs are provided for the crystal connections (XT AL 1, 
XTAL2). 

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

A simple formula to guide the crystal selection is: 

Crystal Frequency = -
1
- times 9 

tcv 

Example 1 : (500ns tcy ) 
2mHz times 9 = 18mHz• 

Example 2: (800ns tcy) 
1.25mHz times 9 = 11.25mHz 

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

The formula for the LC network is: 

F = 1 

211'v'LC 

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

"When using crystals above 10mHz a small amount of frequency 
"trimming" may be necessary to produce the exact desired fre­
quency. The addition of a small selected capacitance (3pF - 1 OpFI 
in series with the ayml will accomplish this function. 

Clock Generator 

The Clock Generator consists of a synchronous "divide by 
nine" counter and the associated decode gating to create the 
waveforms of the two 8080A clocks and auxiliary timing 
signals. 

5-2 

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

The outputs of the clock generator are connected to two 
high level drivers for direct interface to the 8080A CPU. A 
TTL level phase 2 is also brought out c/>2 (TTL) for external 
timing purposes. It is especially useful in DMA dependant 
activities. This signal is used to gate the requesting device on· 
to the bus once the 8080A CPU issues the Hold Ack· 
nowledgement ( H LDA). 

Several other signals are also generated internally so that 
optimum timing of the auxiliary flip-flops and status strobe 
(STSTB) is achieved. 

Ii!> XTAl.1 

fi!>, XTAU 

~ TANI( 

CLOCK 
GEN . 
?9 

010 o1A 

(!> SYNC----t---t..-' 

ID mm 

1 UNIT• "¥c:" 
,,_J I 

1 I 2 
I 

I I I 
1 I 2 I 3 t 

·>2 I I I 

EXAMPLE: (8080 'cv • 500MI 
OSC • 18mHZ155'11 
~, • 110n1 (2 x 55nsl 
'Z • 275ns (5 ic 55MI 
.,2...,, • 110ns (2 ,c SSnsl 

FREQ. 

I 
c t 5 

I 

I 
1 I 

I 

osc lE> 

•1 .IE> 
0, fl!> 
~cTTl.l(E> 

fflTi [D 

RESIT[> 

READY(!;> 

L 
I 
t r I 

2 I 
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SCHOTTKY BIPOLAR 8224 

STSTB (Status Strobe) 

At the beginning of each machine cycle the 8080A CPU is­
sues status information on its data bus. This information 
tells what type of action will take place during that machine 
cycle. By bringing in the SYNC signal from the CPU, and 
gating it with an internal timing signal ((f>1A), an active low 
strobe can be derived that occurs at the start of each ma­
chine cycle at the earliest possible moment that status data 
is stable on the bus. The STSTB signal connects directly to 
the 8228 System Controller. 

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

Power-On Reset and Ready Flip-Flops 

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

An external RC network is connected to the RESIN input. 
The slow transition of the power supply rise is sensed by an 
internal Schmitt Trigger. This circuit converts the slow trans­
ition into a clean, fast edge when its input level reaches a 
predetermined value. The output of the Schmitt Trigger is 
connected to a "D" type flip-flop that is clocked with ¢20 
(an internal timing signal). The flip-flop is synchronously 
reset and an active high level that complies with the 8080A 
input spec is generated. For manual switch type system Re­
set circuits, an active low switch closing can be connected 
to the AESi'N input in addition to the power-on RC net­
network. 

I!!) XTM.1 

E> XTAI.Z 

G!) TANK---' 
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CLOCK 
GEN. ... 

OIC ®> 

., IE> 
~ §> 

•ilTTLI{!> 

ffffl [D 

RESET II> 
READY{!> 

The READY input to the 8080A CPU has certain timing 
specifications such as "set-up and hold" thus. an external 
synchronizing flip-flop is required. The 8224 has this feature 
built-in. The RDYIN input presents the asynchronous "wait 
request" to the "D" type flip-flop. By clocking the flip-flop 
with '1>20, a synchronized READY signal at the correct in· 
put level, can be connected directly to the 8080A. 

The reason for requiring an external flip-flop to synchro­
nize the "wait request" rather than internally in the 8080 
CPU is that due to the relatively long delays of MOS logic 
such an implementation would "rob" the designer of about 
200ns during the time his logic is determining if a "wait" 
is necessary. An external bipolar circuit built into the clock 
generator eliminates most of this delay and has no effect on 
component count. 

,--------, 
I ,u~,,I 

I 
I .._,_ .... , 
I 
I 
I 

I l 
I 
I 1..---;~--..J 

F•-1-
2,Jrc 

USED ONLY 
FOR OVERTONE 

CRYSTALS 

osc 

~z ITTLI 

IIDYIN 

Vee 

.I. 

12 

8 

3 

13 

r o--+-arnm 

GND T 
GND 

01 ,. - -, 3,10af 
I I IONL Y NEEDED 
l.-

1C 

me 

-.J ABOVE 10 MHzl 

15 

11 

10 

• 

22 

15 

23 

12 

8080A 
CPU 

----tRESET 

19 
1----iSYNC 

--- sfffii (TO 8228 PIN 11 
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SCHOTTKY BIPOLAR 8224 

D.C. Characteristics 

TA= 0°C to 70°C; Vee=- +5.0V ±5%; Voo = +12V ±5%. 

Limits 
Symbol Parameter Min. Typ. 

IF Input Current Loading 

IR Input Leakage Current 

Ve Input Forward Clamp Voltage 

V1L Input "Low" Voltage 

V1H Input "High" Voltage 2.6 
2.0 

V1wV1L R EDIN Input Hysteresis .25 

Vol Output "Low" Voltage 

VoH Output "High" Voltage 

4>1 • 4>2 9.4 
READY, RESET 3.6 
All Other Outputs 2.4 

lscl 11 Output Short Circuit Current -10 
(All Low Voltage Outputs Only) 

Ice Power Supply Current 

loo Power Supply Current 

Note : 1. Caution, 1()1 and <1>2 output drivers do not have short circuit protection 

CRYSTAL REQUIREMENTS 

Tolerance: .005% at 0°C -70°C 
Resonance: Series (Fundamental)• 
Load Capacitance: 2Q.35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 

"With tank circuit use 3rd overtone mode. 

5-4 

Max. Units 

-.25 mA 

10 µ.A 

1.0 V 

.8 V 

V 

I mV 

.45 V 

.45 V 

V 
V 
V 

-60 mA 

I 115 mA 

12 mA 

Test Conditions 

VF= .45V 

VR = 5.25V 

le= -5mA 

Vee= 5.0V 

Reset Input 
All Other Inputs 

Vee• 5.0V 

(,t>,.q,2), Ready, Reset, STffl 
loL =2.SmA 
All Other Outputs 
~OL = 15mA 

loH = -100µ.A 
loH = -100µ.A 
loH .. -1mA 

Vo =0V 
Vee =5.0V 

8800b-T 
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SCHOTTKY BIPOLAR 8224 

A.C. Characteristics 

Vee• +5.0V ± 5%; Voo = +12.0V ± 5%; TA= 0°C to 70°C 

Symbol Parameter 

tq,1 'P1 Pulse Width 

t~2 'P2 Pulse Width 

to1 'P1 to 'P2 Delay 

to2 'P2 to 'P1 Delay 

to3 'P1 to 'P2 Delay 

tR 'P1 and </)2 Rise Time 

tp 'P1 and 'P2 Fall Time 

to~2 'P2 to </)2 (TTL) Delay 

toss 'P2 to STSTB Delay 

tPW STSTB Pulse Width 

toRS 
RDYIN Setup Time to 
Status Strobe 

toRH 
RDYIN Hold Time 
After STSTB 

toR 
RDYIN or RESIN to 
</)2 Delay 

tcLK CLK Period 

fmax 
Maximum Oscillating 
Frequency 

c., Input Capacitance 

8800b-i 
August, l97i 

Min. 

2tcy - 20ns 
9 

~-35ns 
9 

0 

~-14ns 
9 

2tcy 
9 

-5 

etcv - 30ns 
9 

!!:Y - 15ns 
9 

50ns-~ 
9 

4tcy 
9 

4tcy 25ns 
9 

27 

Limits 
Typ. Max. 

2tcv + 20ns 
9 

20 

.20 

+15 

6tcy 
9 

-

tcy 

9 

8 

Test 
Units Conditions 

ns 

CL ,. 20pF to 50pF 

- . -
ns 'P2 TTL,CL=30 

R1=3oon 
R2•600!l 

STSTB,CL=15pF 

R1 = 2K 
R2 = 4K 

Ready & Reset 
CL=10pF 
R1=2K 
R2m4K 

MHz 

pF Vcc=+5.0V 
Voo=+12V 
Ve1As=2.5V 
f=1MHz 

TEST 
CIRCUIT 

INPUT>-------
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SCHOTTKY BIPOLAR 8224 

WAVEFORMS 

SYNC 
[FROM8080A) 

L 

I 

i ' . f-•,w--l 'o .. I l,w--i 
ffiTB--'l-- J:_ ~L t...__+---'oRs--! i=--' ___ 1__ I 

,;,;,,., ..... -~-~ I~ .... 1--------- ------------------. 
~-------------Jj\: 
------------------- l __ 'o_R--~'-------------

READYOUT---------------t- ___ - _ -.- _ - __ - ___ - - _ - - __ - - - 0 

--'oR---1 
RESET OUT 

VOLTAGE MEASUREMENT POINTS: <1>1, <1>2 Logic "O" • 1.0V, Logic "1" • 8.0V. All other signals measured at 1.SV. 

EXAMPLE: 

A.C. Characteristics (For tcv = 488.28 ns) 

TA = 0°C to 70°C; Voo = +5V ±5%; Voo = +12V ±5%. 

Symbol Parameter Min. 

¼1 </>1 Pulse Width 89 

t,t,2 <f>2 Pulse Width I 236 

to, Delay <1>1 to <1>2 0 

to2 Delay </>2 to </>1 95 

to3 Delay </>1 to 1/>2 Leading Edges 109 

tr Output Rise Time 

t1 Output Fall Time 

toss t/J2 to STSTB Delay 296 

to<1>2 '?2 to </>2 (TTL) Delay -5 

tPW Status Strobe Pulse Width 40 

toRS RDYIN Setup Time to STSTB -167 

toRH RDYIN Hold Time after STSTB 217 

toR READY or RESET 192 

to t/J2 Delay 

fMAX Oscillator Frequency 

5-6 

Limits 
Typ. Max. Units 

ns 

ns 

ns 

ns 

129 ns 

20 ns 

20 ns 

326 ns 

+15 ns 

ns 

ns 

ns 

ns 

18.432 MHz 

-

Test Conditions 

tcv=488.28ns 

~ </>1 & </>2 Loaded to 
CL = 20 to 50pF 

Ready & Reset Loaded 

to 2mA/10pF 

All measurements 
referenced to 1.5V 
unless specified 
otherwise. 

8800b-T 
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inter Silicon Gate MOS 8080 A 

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 
The 8080A is functionally and electrically compatible with the Intel® 8080. 

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

• 2 ,-,.s Instruction Cycle Switching of the Program Environment 

• Powerful Problem Solving 
Instruction Set 

• Decimal,Binary and Double 
Precision Arithmetic 

• Six General Purpose Registers 
and an Accumulator 

• Ability to Provide Priority Vectored 
Interrupts 

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

• 512 Directly Addressed .1/Q_ Ports 

The Intel~ 8080A is a complete 8-bit parallel central processing unit (CPU). it is fabri~ated on a singie LSI chip using Intel's 
n-channel silicon gate MOS process. This offers the user a high performance solution to controt and processing applications. 
The 8080A contains six 8-bit general purpose working registers and an accumulator. The six general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set 
or reset four testable flags. A fifth flag provides decimal ari.thme'tic operation. · . · ,., 
The 8080A has an external stack feature wherein any portion of memory may- be used as a last in/first out stack to store/ 
retrieve the contents of the accumulator, flags, program counter and all of the six general purpose registers. The sixteen bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data 
busses are used to facilitate easy interface to memory and 1/0. Signals to control the interface to memory and 1/0 are pro­
vided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides the 
ability to suspend processor operation and force the address and data busses into a high impedance state. This permits OR­
tying these busses with other controlling devices for (OMA) direct memory access or multi-processor operation. 

8080A CPU FUNCTIONAL 
BLOCK DIAGRAM 

18 IITl 
INTERNAL DATA BUS 

rll 

FLAG Ill 
FLIP-FLOPS 

IALUI 
111 

DECIMAL 
ADJUST 

0, · Do 
ll•DIRECTIONAL 

DATA BUS 

INSTRUCTION 
DECODER 

ANO 
MACHINE 

CYCLE 
ENCODING 

TIMING 
ANO 

CONTROL 

SUPPI.IES - +6V DATA BUS INTERRUPT HOLD WAIT POWER 1- +12V 

WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 
--sv 
-GND t 

8800b-T 
August, 1977 

WR OBIN INTE INT HOLD HOLD WAIT SYNC ~1 .,z RESET 
ACK READY 

IBBITl 
INTERNAL DATA 8US 

MULTIPLEXER 

w Ill z Ill 
TEMP REG. TEMP REG. 

B Ill C Ill 
REG. REG. 

D Ill e Ill 
REG. REG. 

H ,11 L Ill 
REG. REG. 

STACK POINTER 
111, 

PROGRAM COUNTER 

INCREMENTER/OECREMENTER 
ADDRESS LATCH Itel 

ADDRESS BUFFER 

"1, · Ao 
ADDRESS BUS 

mu 

REGISTER 
ARRAY 
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SILICON GATE MOS 8080 A 

8080A FUNCTIONAL PIN DEFINITION 

The following describes the function of all of the 8080A 1/0 pins. 
Several of the descriptions refer to internal timing periods. 

A15.Ao (output three-state) 
ADDRESS BUS; the address bus provides the address to memory 
(up to 64K 8-bit words) or denotes the 1/0 device number for up 
to 256 input and 256 output devices. Ao is the least significant 
address bit. 

D7-Dg (input/output three-state) 

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

SYNC (output) 
SYNCHAONJZING SIGNAL; the SYNC pin provides a signal to 
indicate the beginning-of each machine cycle. 

OBIN (output) 

DATA BUS IN; the OBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to . 
enable the gating of data onto the 8080A data bus from memory 
~1ro. . 

READY (input) 

READY; the READY signal indicates to the 8080A that valid 
memory or input data is available on the 8080A data bus. This 
signal is used to synchronize t!"e CPU with slower memory or 1/0 
devices. If after sending an address out the 8080A does not re­
ceive a READY input, the 8080A will enter a WAIT state for as 
long as the READY line is low. READY can also be used to single 
step the CPU. 

WAIT (output) 

WAIT; the WAIT signal acknowledges that the CPU is in a WAIT 
state. 

WR (outputl 
WRITE; the WR signal is used for memory WRITE or 1/0 outpµt 
control. The data on the data bus is stable while the WR signal is 
active low (WR = 01. 

HOLD (input) 

HOLD; the HOLD signal requests the CPU to enter the HOLD 
state. The HO LO state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com­
pleted its use of these buses for the current machine cycle. It is 
recognized under the following conditions: 
• the CPU is in the HALT state. 
• the CPU is in the T2 or TW state and the READY signal is active. 
As a result of entering the HOLD stflte the CPU ADDRESS BUS 
(A15·Aol and DATA BUS (D7·Dol will be in their high impedance 
state. The CPU acknowledges its state with the HO LO AC­
KNOWLEDGE (HLDA) pin. 

HLDA (output! 
HOLD ACKNOWLEDGE; the HLDA signal appears in response 
to the HOLD signal and indicates that the data and address bus 

A10 1 40 A11 
GND 2 39 A14 

D4 3 38 A13 
Os 4 37 A12 

Os 5 36 A,s 

07 6 35 Ag 

03 7 34 A9 

02 8 INTE~ 33 A7 
o, 0 9 32 A9 
o0 0 10 8080A 31 As 

-5V 11 30 A4 
RESET 12 29 A3 
HOLD 13 28 +12V 

INT 14 27 A2 
15 26 A1 
16 25 Ao 

OBIN 17 24 WAIT 

WR 18 23 READY 

SYNC 19 22 ~, 
+5V 20 21 HLDA 

Pin Configuration 

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

PUT operation. 

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

INTE (output) 
INTERRUPT ENABLE ; indicates the content of the internal inter­
rupt enable flip/flop. This flip/flop may be set or reset by the En­
able and Disable Interrupt instructions and inhibits interrupts 

· from being accepted by the CPU when it is reset. It is auto­
matically reset (disabling further interrupts) ·at time T 1 of the in-
struction fetch cycle (M 1) when an interrupt is accepted and is 
also reset by the RESET signal. 

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

RESET (input)l1l 

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

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

4>1, ¢2 2 externally supplied clock phases. (non TTL compatible) 
______________________________________ 880Cb-T 
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SILICON GATE MOS 8080 A 

ABSOLUTE MAXIMUM RATINGS* 

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

With Respect to v88 . . . . . . . . . . . . . . -0;3V to +20V 
Vee, Voo and Vss With Respect to Vee -0.3V to +20V 
Power Dissipation . .. . . .•.. •• .............. 1.5W 

O.C. CHARACTERISTICS 

•coMMENT: Stresses above those listed under ''Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de· 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex­
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. · · 

TA = 0°C to 70°C, v00 = +12V ± 5%, Vee = +5V ± 5%, Vee • -sv ± 5%, Vss = OV. Unless Otherwise Noted • 

Symbol Parameter Min. 

V1Le Clock Input Low Voltage Vss-1 

v,He I Clock Input High Voltage 9.0 

V1L I Input Low Voltage Vss-1 

V1H I Input High Voltage 3.3 

VoL Output Low Voltage 

VoH Output High Voltage 3.7 

loo1Av1 Avg. Power Supply Current (Vool 

lee1Av1 Avg. Power Supply Current tveel 

lee(AVl Avg. Power Supply Current (Veal 

l1L Input Leakage 

leL Clock Leakage 

loL!2I Data Bus Leakage in Input Mode 

IFL 
Address and Data Bus Leakage 

During HOLD 

CAPACITANCE 
TA .. 25°C Vee .. Voo .. Vss = ov. Vee '"-5V 

Symbol Parameter Typ. Max. Unit 

Cq1 Clock Capacitance 17 25 pf 

C1N Input Capacitance 6 10 pf 

CouT Output Capacitance 10 20 pf 

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

be switched onto the Data Bus. 
3. Al supply / AT A • -0.45%r e. 

_8800b-i 

August, 1977 

Typ. Max. Unit 

Vss+0.8 V 

Voo+l V 

V55+0.8 v . 
Vee+1 V 

0.45· V 

V 

40 70 mA 

60 80 mA 

.01 1 mA 

±10 µA 

±10 JJA 

-100 JJA 
-2.0 mA 

+10 
JJA 

-100 

Test Condition 

fc'" 1 MHz 

Unmeasured Pins 

Returned to Vss 

. . 
Test Condition 

-
.. 

; ... 
.. . ' 

. ' ~ : .. .. 
I I I • ~ • , i .: . ,' ·: 

..... • '# .. ;" ... 

loL • 1 .~mA O!'! al( ou~P'i!JS, ' J 
loH =-150µA. . -· -

: 

:-1 ..: : J { '. ~: 

} Operation - - . . : ·~. ; 

Tev ... 48JJsec ' · : ,. 
., 

l : L 

Vss < v,N < Vee 

Vss <; VcLOeK <; Voo 

Vss <v,N <Vss +a.av 

Vss +a.av <v,N <Vee 

VAOOR/OATA = Vee 

V ADDA/DATA = Vss + 0.45V 

TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE, NORMALl%1:0._l31 

1.5 r----.------,,------, 

o.11 o'-----.25...._ __ __. __ .__ __ __.•111 

AMBIENT TEMPERATURE ('Cl 

DATA BUS CHARACTERISTIC 
DURING OBIN 
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SILICON GATE MOS 8080A 

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

Symbol Parameter Min. Max. Unit Test Condition 

tcvl3l Clock Period 0.48 2.0 µ.sec 

tr, t1 Clock Rise and Fall Time 0 50 nsec 

~1 4'1 Pulse Width 60 nsec 

~2 ~ Pulse Width 220 nsec 

to1 Delay 41, to 4'2 0 nsec 

to2 Delay 4'2 to "'1 70 nsec 

to3 Delay 41, to 4'2 Leading Edges 80 nsec 

toA 121 Address Output Delay From~ 200 nsec } ----+---------------------+--+---+-----t CL = 100pf 
too 121 Data Output Delay From 4)2 220 nsec 

toe (21 Signal Output Delay From 4';, or 4'2 (SYNC, WA.WAIT,HLOA) 120 nsec } ---+--------------- ---+---+---+---! Ct= 50pf 
toF 121 OBIN Delay From 4'2 25 140 nsec 

toiltl ,_._ Delay_for_ Input Bus to-Enter Input Mode toF nsec 

tou · ',. ·Data Setu·p Time During rtl1 and OBIN 30 nsec 

TIMING WAVEFORMS 1141 
(Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 

"O" = 1.0V; INPUTS "1" = 3.3V, "O",. 0.8V; OUTPUTS "1" = 2.0V, "O" = 0.8V.) 

OBIN 

READY------------ I I 
WAIT -------------------------------l,,_ _____ 'o_c =t .... 1 ___ _ 

I I 
'1 1 ' 'oc-. t,, - r--

HOLo _____________________ -~~ 1,1 : 

---itHS U 

HLDA 

- . ii 
INT ~ -----------------------------------~L 

INTE 

_____________________________________ 8800b-T 
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SILICON GATE MOS 8080A 

A.C. CHARACTERISTICS (Continued) 
TA• 0°C to 70°C, VDD • +12V ± 5%, Vee= +5V ± 5%, Vee• -5V ± 5%, Vss • OV, Unless Otherwise Noted 

Symbol 

toS2 
tDH (11 

t1e 121 

tRs 

tHs 

tis 

tH 

tFD 

tAw!2) 

tDwl21 

twD121 

twAl21 

tHF(21 

twFl21 

tAH[21 

. , 

READY 

WAIT 

HOLD 
,_ 

HLDA 

,_ 
INT 

INTE 

!!800b-T 

.. ~ugust , 

Parameter Min. Max. Unit Test Condition .. 
Data Setup Time to </J2 During OBIN 150 nsec 

Data Hold Time From </J2 During OBIN (11 nsec 

INTE Output Delay From "'2 200 nsec Ct_• 50pf ... 
READY Setup Time During </J2 120 nsec 

HOLD Setup Time to </J2 140 nsec 

INT Setup Time During 'P2 (During tb1 in Halt Model 120 nsec . 

Hold Time From </J2 (READY, INT, HOLDI 0 nsec -
Delay to Float During Hold (Address and Data Busl 120 

. 
nsec . . 

Address Stable Prior to WR --(5) nsec - ·- -

Output Data Stable Prior to WA (6) ·-nsec . .. . - - ·-
Output Data Stable From WR 

.• 

(7) nsec - . -

_Ct.• 1Q0s,f:_Ad~~ •. D~ta Address Stable From WA (7) nsec 
Ct. •50pf: WJ:t, HLDA,:OBIN 

HLDA to Float Delay .. - . (8) nsec - -- ---·-···· --·-

~ to Float Delay (9) nsec . -· , . .,. I• ' 
I . .. . ,, 

Address Hold Time After OBIN During HLOA -20 nsec 

tMP 

-.J 1oc 

::c 

l- 1
11-j 

_.J'[-
' 

1977 

-
NOTES: 
1. Data inout should be enabled witll OBIN mtuL No bua conflict cin then occur and data hotd time is-rid. 

IOH • SO ns or IOF• whicttever is lea. 
2. Load Circuit . 

8G80A 
OUTPUT 

3. icv • to3 + "-2 + ~2 + tf•2 + to2 + "-' > 40ns. 

TYPICAL 4, "OUTPUT DELA V vs. 4, CAPACITAN·ce· -- -- -

! 
> 
C - ., ... 
Q .. 
i .. 
::, 
0 
~ 

•20 ,--..---,-..,,....----------... 

+10 

0 

-10 

-60 0 

.1 CAPACITANCE (pf) 

1c,.CTUAL - c,,.cl 

•100 

4. The fallowinv are relevant when intarfacinv the 8080A to d..,icn having V1H • 3.3V: 
al Maximum outl)ut ria time from .av to 3.3V • 100ns 11P CL• SPEC. 
bl OutpUt deleV wllen measurad to 3.0V • SPEC +eons (II CL • SPEC. 

. .... 

cl If CL,. SPEC, add .8nl/pF if CL> CsPEC. subtract .3ns/pF (fro,n modifladdelay) if CL< CsPEC· 
5. tAw • 2 ICY -103 ·· lrcP2 -140nMC. 
8. IDW • tCY -103 •tr•2 -170nsac. 
7. If not HLOA, IWD • twA • 103 + 1r<P2 +10ns. If HLOA, two• !WA• IWF· 

8. 'HF • to3 + trcP:.:·- ':iOns. 
9. twF • to3 + tr•2 -10ns 

10. Data in must be stable for this period durinv OBIN ·T3. Bath 1051 and 1052 mun be atisfied. 
11 . Ready signal mun ba nable for this i:eriod during T2 or Tw, !Mun be externally svnchronizad. l 
12. Hold signal must be SUlble far this period during T2 or Tw when entering hold mode, and during T3, T 4 , T5 

and TwH when jn hold mode. (External svnchranization is not requirad.l 
13. Interrupt signal must be ltlbla during this period of the lut clock cych1 of any instruct ion in order to be 

recognizad on the following instruction. (External svnchronization ii not reciu irad.) 
14. This timing diagram shows t iminv rel1tionsh i11S only; it does not ,_eant any spec ific machine cycle. 
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SILICON GATE MOS 8080 A 

INSTRUCTION SET 

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

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

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

Do1:1ble precision operators such as stack manipulation and 
double ·add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 

Data and Instruction Formats 

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

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

The following special instruction group completes the 8080A 
instruction set: the NOP instruction. HALT to stop pro­
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di­
rectly set, and the CMC instruction allows it to be comple­
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 

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

lo7 0 6 o5 0 4 0 3 o2 D 1 Doi 

DATA WORD 

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

One Byte Instructions 

Two Byte Instructions 

I D7 Ds 05 D4 D3 D2 

I D7 Ds 05 D4 D3 D2 

Three Byte Instructions 

I 07 Ds 05 D4 D3 02 

I 07 Ds 05 04 D3 D2 

I 07 Ds 05 04 03 02 

o, Do I 
o, Do I 

o, Do I 
D1 Do I 
o, Do I 

OP CODE 

OPERAND 

OP CODE 

LOWADDRESSOROPERAND 1 

HIGH ADDRESS OR OPERAND 2 

TYPICAL INSTRUCTIONS 

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

Immediate mode or 1/0 instructions 

Jump, call or direct load and store 
instructions 

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

__________________________________________ 880Cb-T 
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SILICON GATE MOS 8080A 

INSTRUCTION SET 

Summary of Processor Instructions 

lns1r11ctio11 Cadel11 Clackl2I 
Mnlfflonic Dnaiption DJ De 11s D, DJ Dz D1 Do Cycln MntmOllic Dewiption 

MOV,1, ,z M0vt regiatlr to rtti1t• 0 1 0 D 0 s s s s RZ Return on n,o 
MOVM,r M0vt rttist• to memory 0 1 1 1 0 s s s 7 RNZ Rttum on no zero 
MOVr, M Move ffllfflOIY to rttilttr 0 1 0 0 0 1 1 0 7 RP R1tum on positiw 
HLT Hall 0 1 I 1 0 I 1 0 7 RM Rttum on minua 
MVlr Mo,,i immediate flti1ttr 0 0 0 0 0 1 1 0 1 RP£ Rttum on parity -
MVIM Mo,,e immtdiatl mtm0ry 0 0 1 1 0 1 1 0 10 RPO Return on parity odd 
1NR r lncnmtnt rtgisttr 0 0 0 0 0 1 0 0 s RST Rnart 
OCR r Oacremtnt rlgi111r 0 o 0 0 0 I 0 1 5 IN lnpul 
INR M I ncrtmant memory 0 0 1 1 0 1 0 0 10 OUT Ou111u1 
OCR M DKrtman1 memory 0 0 1 1 0 1 0 1 10 LXIB Laid immtdia11 ,.._ 
AOOr Add rlgistar to A ' 0 0 0 0 s s s 4 Pair UC 
AOC r Add rtgiltar to A widl carry 1 0 0 0 1 s s s 4 . LXIO Load immldia11 _,.._ 
SUB r SubUICt rlgimr from A 1 0 0 ' 0 s s s 4- . PairO"IE 
saa, Subtnel regmer from A ' 0 0 1 1 s s s 4 LXI H: Load inimtdilti rttillW 

wittlbcinaw PairHIL 
ANAr And rlgimr with A 0 1 0 0 s s s 4 LXISP Load lmmtdilll met painttr 
XRAr Exdusivt Or r19is11r wilh A 0 1 0 1 s s s 4 PUSH 8 Pusll rtgimr Pair B I C on 
ORA, Or rlgiltar with A 0 1 1 0 s s s 4 IIXk 
CMPr Compare fl9illlr will! A 0 1 1 ' s s s 4 PUSH 0 Pus11 1"19iS11r Pair O I E ~n 
AOOM Add mtm0rv to A 0 0 0 0 1 I 0 7 ltlCk 
AOCM Add mtmory to A w,tll carry 0 0 0 1 I 1 0 1 PUSH H 1'11111 rttilffl Pair HI Lon 
SUB M Subtract mtmory from A 0 0 I 0 1 0 7 111Ck 
SIBM Subt,.t mtmary from A 0 0 1 1 1 0 7 PUSH PSW Pull! A and Fl191 

with borrow onltldl 
ANAM And mtm0ry with A 0 1 0 0 0 7 POP B Pop rtgilllr pair 8 I C off 
XRAM Exclu11we Or mamorv wilh A 0 1 0 1 0 7 nack 
ORAM Or memory with A 0 1 1 0 0 7 POP 0 Poprlgistlf pairO IE off 
CMPM Compare mtmory with A 0 I 1 1 0 7 stack 
ADI Add immtdiall to A 1 0 0 0 0 7 POPH Po_p rtgiltlr pair H I L off 
ACI Add immtdi111 ta A with 1 0 0 1 0 7 stack 

Ql,V POPPSW · Pap A and Fi191 
SUI Subt,.I immtdiatl from A 0 0 0 7 · off stack 
SBI Subtnet immtdiatt from A 0 1 0 7 STA Slart A dirlCI 

with barrow LOA Load A direct 
ANI And immtdiall with A 0 0 0 7 XCHG bcllan91 0 I E, H I L 
XRI bctUSM Or immedia11 with 0 1 0 7 Rtgimn 

A XTHL Excllan91 tap of stack, H I L 
ORI Or immtdiatt with A 1 1 1 1 0 0 7 SPHL H I L to IIICk paintlr 
CPI Campart immtdiall with A 1 1 1 1 1 0 7 PCHL H I L to ptOtrtm caunttr 
RLC Rotttl A left 0 0 0 0 0 1 4 OAOB AddBICtoHIL 
RRC Ra11tt A right 0 0 0 0 1 1 4 DAO 0 AddOIE'to H&'l 
RAL Ratttt A left througll carrv 0 0 0 1 0 1 4 OAOH Add H . .. t. ~ H I ~ 
RAA Ratatl A right through 0 0 0 1 1 1 4 OAOSP Add 111Ck pcrinllf to H I l 

carrv STAXB Slort A indirtet 
JMP Jump unconditional 1 0 0 0 0 1 1 10 STAXO Start A indirect 
JC Jump on carry I 0 1 1 0 1 0 10 LOAXB laacl A indirtet 
JNC Jump on no carry 1 0 1 0 0 1 0 10 LOAXD Laid A indirKt 
JZ Jump on ma 1 0 0 1 0 1 0 10 INXB incrtmant B I C rtgilttn 
JNZ Jump on no nro 1 0 0 0 0 I 0 10 INXD .lncnt111nt O I E "911111 
JP Jump an pasitiw 1 1 1 0 0 I 0 10 INXH Increment H-1 l 119illln 
JM Jump on minus 1 I I I 0 1 0 10 INXSP • lncramtnt stack poinm 
JPE Jump an parilV ...,. 1 1 0 1 0 1 0 10 ocx a OICrtffllftt 8 I C 
JPO Jump an pari!y odd 1 1 0 0 0 1 0 10 OCXD Oac,-nt O I E 
CALL Cal unconditional 1 0 0 I 1 0 1 17 DCX H OICrtlnent H I l 
cc C1II an carry 1 0 1 1 1 0 0 11/17 OCXSP DKrtmlflt ltlCk painttr 
CNC C.11 an no carrv 1 0 1 0 1 0 0 11/17 CMA Campi1m1nt A 
CZ C.11 onma 1 0 0 1 1 0 0 11/17 STC S11 carry 
CNZ C.11 an no raro 1 0 0 0 I 0 0 11/17 CMC Compltmtnt canv 
CP C.11 an patitivt 1 1 1 0 1 0 0 11/17 OAA Oteimll 1dju1t A 
CM C.11 an minus I 1 l 1 1 0 0 11/17 SHLO S1011 H I L dirtct 
CPE Call an parity Mn I 1 0 1 1 0 0 11/17 LHLO Load H I L dirtct 
CPO CIII an parity add 1 I 0 0 I 0 0 11/17 El Enabll lnttm1p11 
AET Rttum 1 0 0 1 0 0 1 10 01 Oillllil inttm1pt 
AC Rttum an carry I 0 I 1 0 0 0 5/11 NOP Na-o(llflltian 
RNC Rttum an no ca,ry 1 0 1 0 0 0 0 5/11 

NOTES: 1. DDOorSSS-0008-001 C-0100-011 E-100H-101 L-110Memo,v-111 A. 
2. Two possible cycle times, (5/11 I indicate instruction cycles dependent on condition flagL 

-ESOOb-i 
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IMlnlctlan Codtl11 Clodll21 
DJ De 11s °' DJ Oz o, Do Cydts 

1 1 0 0 , 0 0 0 5/11 
1 1 0 0 0 

1 
0 I! 0 5/11 

I 1 1 .L 0 0 0. 0 
' 

5/11 
1 1 I 1 1 0 0 0 5/11 
1 1 . 1· .o~ , · o ·o If . ' 5/11 
I 1 I , 0 • 0 a 0 o 5/11 
1 1 A A A 1 I 1 11 

. 1 1 0 t ·· 1 ·. 0 1 t 10 

' 1 0 · 1 0 0 1 1 10 
0 0 0 0 ~,- o, 0 l • 10 --
0 , .o . 0 , .. 1 1 •• 0 . .O. . D L . 10 

0 o· -1 · 0 · ' 0 0 0 ~ , . · .. · 10 

~ , · ' :-: :... ~-= 
0 0 1 1 0 0 0 10 

' 1 0 0 0 1 0 11 

0 0 0 11 

0 0 0 11 

0 0 11 

. 0 0 
' 
0 (~- . 0 . ,. 1 10 

0 0 0 0 10 

0 0 0 0 10 

0 0 a 10 

0 0 1 0 - 0 0 13 
0 0 1 1 0 0 13 
I 1 0 1 0 ' 4 

1 1 1 0 0 0 1 1 18 
1 1 1 1 I 0 0 1 5 
I 1 1 0 1 0 0 1 5 
0 0 0 0 1 0 0 1 10 
0 0 0 - 1 t 0 0 1 10 
0 0 1 _ JI !. 0 1 10 
0 0 1 1 1 0 1 10 
0 0 0 0 0 1 0 7 
0 0 0 1 0 1 0 7 
0 0 0 0 1 0 7 
0 0 - 0 , :1 -· 1 0 7 
0 . II ·- · o 0 0. 1 5 
0 0 0 I 0 I s 
0 0 1 0 ... Q 1 s 
0 0 1 1 0 1 1 s 
0 0 0 ·o I 1 1 s 
0 0 0 1 I 1 I 5 
0 0 1 0 1 1 1 s 
0 0 1 1 1 0 1 1 s 
0 0 1 0 1 1 1 1 4 
0 0 1 1 0 1 1 1 4 
0 0 I I 1 1 1 1 4 
0 0 I 0 0 I 1 1 4 
0 0 1 0 0 0 1 0 1& 
0 0 1 0 1 0 1 0 111 
1 1 1 1 1 0 1 I 4 
I 1 I 1 0 0 1 1 4 
0 0 0 0 0 0 0 0 4 
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inter Schottky Bipolar 8212 

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

Register and Buffer 
• Service Request Flip-Flop 

for Interrupt Generation 
• Low Input Load Current -

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

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

• Asynchronous Register 
Clear 

• Replaces Buffers, Latches 
and Multiplexers in Micro­
computer Systems 

• Reduces System Package 
Count 

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

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

PIN CONFIGURATION 

os, 24 Vee 
MO 2 23 iNT 
01 , 3 22 01, 

oo, 4 21 oo, 
012 5 20 017 

002 6 19 007 
8212 

013 7 18 016 

003 8 17 008 

014 9 16 015 

004 10 15 005 

STB 11 14 CLR 

CiND 12 13 0S2 

PIN NAMES 

01,.0.. J DATA IN 
00,-DOa I DATA OUT 
151i-OS, 1 DEVICE SELECT 
MD I MOOE 
STB I STROBE 
INT I INTERRUPT (ACTIVE LOWI 
eLR I CLEAR (ACTIVE LOWI 

--S800b-T 

August, 19i7 

DEVICE SELECTION 

- "' II> 0S1 

Di> 0S2 

LOGIC DIAGRAM 
SERVICE REQUEST FF 

\ 

(I:> MO ---tt~;"~~ 

ID) STa---.....__,, 
OUTPUT 
BUFFER 

01 t!> 
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SCHOTTKY BIPOLAR 8212 

Functional Description 
Data Latch 
The 8 flip-flops that make up the data latch are of a 
"O" type design. The output (Q) of the flip-flop will 
follow the data input (0) while the clock input (C) is 
high. Latching will occur when the clock (C) returns 
low. 
The data latch is cleared by an asynchronous reset 
input (CLR). (Note: Ciock (C) Overides Reset (CLR).) 

Output Buffer . · 
The .outP.uts of the data latch (0) are connected to 
3-state, non-inverting output buffers. These buffers 
have a common control line (EN); this control line 
either enables the buffer to transmit the data from 
theou puts ·or·n,e data latch (Q) ·or disables the 
buffer; forcing the output into a high impedance 
state. (3-state) 

This high-impedance state allows the designer to 
connect the 8212 directiy ·onto the microprocessor 
bi-directional data bus. 

Control Logic 
The 8212 has control inputs 0S1, 0S2, MO and 
STB. These inputs are used to control device selec­
tion, data latching, output buffer state and service 
request flip-flop. 

DS'1, DS2 (Device Select) 
These 2 inputs are used for device selection. When 
0S1 is low and 0S2 is high (0S1 • 0S2) the device is 
selected. In the selected state the output buffer is 
enabled and -the service request flip-flop (SR) is 
asynchronously set. ,· 

MD (Mode) 
This input is used to contrdl" the state of the output 
buffer and to determine the source of the clock input 
(C) to the data latch. 
When MO is high (output mode) the output buffert 
are enabled and the source of clock (C) to the data 
latch is from the device selection logic (0S1 • 0S2). 
When MO is low (input mode) the output buffer state 
is determined by the device selection logic (0S1 • 
OS2) and the source of clock (C) to the data latch is 
the,STB (Strobe) input. 

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

Note that the SR flip-flop is negative edge triggered. · 
5-102 

Service Request Flip-Flop 
The (SR) flip-flop is used to generate and control 
interrupts in microcomputer systems. It is asyn­
chronously set by the CLR input (active low). When 
the (SA) flip-flop is set it is in the non-interrupting 
state. 
The output of the (SR) flip-flop (Q) is connected to 
an inverting input of a "NOR" gate. The other input 
to the "NOR" gate is non-inverting and is connected 
to the device selection logic (DS1 • 0S2). The output 
of the "NOR" gate (INT) is active low (interrupting 
state) for connection to active low input priority 
generating circuits. 

SERVICE REQUEST FF 

DEVICE SELECTION 

ID osi 
"-.. 

Ii]> OS2 

(I>MD---tt-1..__,, 

lfi> STB----L.......,, 

\ 

OUTPUT 
BUFFER 

1 _ ST8 MD 1M; -os,1 DATA our EOOALS ~ , CLR 1 ,or.-os-,1 i ST8 -SA ! tNT J 

!,. 0 0 . 0 , 3-STAT! j 0 I 0 0 . L..L...l....... 
~-1- . q . . 9 . 3-STA! E --- .. --, I 0 : 1 0 1 0 j 

• _9 _ 1 . Q • DA!A ~~TJ;I!, _ __; _ 1 , 1 "'\.. 0 , 0 
_!_ - · t _ _ _ _O O~ TA Yl,TCH _ 1 , 1 O 1 I O 

r o ~ L • . 1 --- ~ J A_LATf tt __ =j 1 O O 1 , 1 r ~ . ~ - ! g~+: ::-- --CT . , '- , o 
I 1 1' f " . 1 • DATA 1111 ' INTERNAL SR FLIP-FLOP 

CLR - RESETS DA TA LATCH 
SETS SR FllP-FLDI' 
IND EFFECT ON OUTPUT BUFFERI 

8800b-T 
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SCHOTTKY BIPOLAR 8212 

Applications Of The 8212 -- For Microcomputer Systems 

II 
Ill 
IV 
V 
VI 

Basic Schematic Symbol 
Gated Buffer 
Bi-Directional Bus Driver 
Interrupting Input Port 
Interrupt Instruction Port 

Output Port 

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

VII 
VIII 
IX 

8080 Status Latch 
8008 System 

8080 System: . 
8 Input Ports 
8 Output Ports 

---~ -

8 Level Priority lnterri.lP.t·: ::-.. ~ ·. l. :. • 

as a system bus (bus containing 8 paYallei ltnes). 
The output. to. the data .bus is~symbolio: in,rlfferenc-
ing 8 paralte1 line_~: , · ._ · c . ·. ·. :. · . ~-.-_ ... ,/~~ ·_~ :,: .. , __ 

BASIC SCHEMATIC0SYMBOLS 

INPUT DEVICE 

11 ~~.. .. . ,... _. ·,. ; : . .: ... - . 

1:.. - -~· . ' . • •:,; 

IDETAILEDI 

1 2 
GND 

INPUT ------. 
STROBE 

-· .. . .... 

;-', -

.. . , .. 

- ·. ~·::--~ .. 

:. .,. . 

Vee 
,----- OUTPUT 

FLAG 

. .... . . ":; 

SYSTEM 
INPUT 

8212 ISVMBOLICI !.VSTE'M' r ,.. : '.' •. •. ·' 

GND DATA BUS 

II. Gated Buffer ( 3 • ST ATE ) 
The simplest use of the 8212 is that of a gated 
buffer. By tying the mode signal low and the strobe 
input high, the data latch is acting as a straight 
through gate. The output buffers are then enabled 
from the device selection logic D51 and D52. 
When the device selection logic is false, the outputs 
are 3-stat3. 
When the device selection logic is true, the input 
data from the system is directly transferred to the 
output. The input data load is 250 micro amps. The 
output data can sink 15 milll amps. The minimum 
high output is 3.65 volts. 

8800b-T 

August, 1977 

DATA BUS 

GATED BUFFER 
3-STATE 

Vee~:--------
INPUT 
DATA 
(2501<AI 

STB 

8212 

ONO 
GATING { 

.• CONTROL 11551.0s21 _______ __, 

G>U!P~T , ·: • - .~ t.' 

. ,. ,. 

OUTPUT 
DATA 
(15mAJ 
(3.65V MINI 
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Ill. Bl-Directional Bus Driver 
A pair of 8212's wired (back-to-back) can be used 
as a symmetrical drive, bi-directional bus driver. 
The devices are controlled by the data bus input 
control which is co_nnected to 0S1 on the first 8212 
and to 0S2 on the second. One device is active, and 
acting as a straight through buffer the other is in 
3-state mode. This is a very useful circuit in small 
system design. . 

r'; . t •• .. ; . ... .:, .. 

IV. Interrupting Input Port 
This use of an 8212 is that of a system input port 
that accepts a strobe from the system input !~.~re~, ... 
which in turn clears the service request flip-flop 
and interrupts the processor. The processor , then 
goes through a service routine, identifies the port, 
and causes the device s~lection logic to go true -
enabling the system input data onto the data bus. 

V. Interrupt Instruction Port 
The 8212 can be used to gate the interrupt instruc­
tion, normally REST ~RT instructions, onto the· data -
bus.. The device is enabled from the interrupt 
acknowledge signal from the microprocessor and 
from a port selection signal. This signal is normally 
tied to ground. (D51 could be used to multiplex a 
variety of interrupt instruction ports onto a com­
mon bus). 

5-104 

CATA BUS 
CONTROL 
(O• L -RJ 
(l •R-LJ 

INPUT 
STROBE 

SYSTEM 
INPUT 

SYSTEM 
RESET 

Bl-DIRECTIONAL BUS DRIVER 

STB 

8212 
I--___._ ___ CATA 

GND 

ST8 

GND 

INTERRUPTING INPUT POAT 

ST8 

8212 

GND 

CATA 
BUS 

BUS 

POR.1' { 
S!.!:,_ECTION 
(OS1•OS2J ------' 

--- TO PRIORITY CKT 
(ACTIVE LOW) 

OR 
TO CPU 
INTERRUPT INPUT 

INTERRUPT INSTRUCTION PORT 

RESTART 
INSTRUCTION 
(RST 0-RST 7) 

ST8 

8212 

GND !OSI) PORT SELECTION ---' 

INTERRUPT ACKNOWLEDGE ------' 
2800b-T 

CATA 
BUS 

August, 197i 



SCHOTTKY BIPOLAR 8212 

VI. Output Port (With Hand-Shaking) 
The 8212 can be used to transmit data from the data 
bus to a system output. The output strobe could be 
a hand-shaking signal such as "reception of data" 
from the device that the system is outputting to. It 
in turn, can interrupt the system signifying the re­
ception of data. The selection of the port comes 
from the device selection logic. (0S1 • 0S2) 

VII. 8080 Status Latch 
Here the 8212 is used as the status latch for an 8080 
microcomputer system. The input to the 8212 latch 
is directly from the 8080 data bus. Timing shows 
that when the SYNC signal is true, which is con­
nected to the 0S2 input and the phase 1 signal is 
true, which is a TTL level coming from fhe clocl< 
generator; then, the status data will be latched into 
the 8212. 

SYSTEM 
INTERRUPT 

OUTPUT POAT (WITH HAND-SHAKING) 

DATA 
BUS 

..---- OUTPUT STHOCE 

STB 

8212 SYSTEM OUTPUT . . -:- . 

CLR r::>---- SYSTEM RESET 

1 PORT SELECTION 
f- (LATCH CONTROL) ------J !lm0 0s21 

Note: The mode signal is tied high so that the output 
on the latch is active and enabled all the time. 
It is shown that the two areas of concern are the 
bidirectional data bus of the microprocessor and the 
control bus. 

'; ' 

8080 STATUS WCH • 

12Vr\_ 

ov.J \.. 

Do 
o, 
Dz 

03 

8080 
o, 
l.19 
o, 
o, 

SYNC 

OBIN 

Ql 02 

22 15 

-

~ ---..., 

CLOCK GEN. 
& DRIVER 

-aaoob-T 
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10 
9 
8 
7 
3 
4 
5 
6 

19 

.J.L_ 

...,___.! 
5 
7 
9 

16 
18 
20 -- 22 (o1TTLI - ,--< 
,4 

-.. -

- -

' 

Do 
o, 
Dz 
03 DATA BUS 
04 
05 
09 
o, 

. - - __ ... __ . ··- ...... .. . ... .. .. ·- .. . .. 
.. . .. . -1 I ' .. . 

STATUS 
LATCH 

o, Do 
4· 

.. ~ -L 
~ 
15 

8212 17 
19 -JL 

ci:R 

INTA 

WO T1 T2 

STACK 
HLTA 01 

OUT 
Ml BASIC o2 

CONTROL 
INP 

BUS 
MEMR SYNC 

OSz MO OS1 

13 12 11 

I I 

DATA 

OBIN 

* I STATUS 
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VIII. 8008 System 

This shows the 8212 used in an 8008 microcomputer sor to be interrupted from the input port directly. 
system. They are used .to multiplex the data from The control of the input bus consists of the data bus 
three· di.f~ere.ii~ sources onto t~e 8008 input data bu~. input signal, control logic, and the appropriate 
The t~ree ' soufoes of d~ta are: memory data, input status signal for bus discipline whether memory 
dati, and the -interrupt instruction. The 8212 is also . read, input, or interrupt acknowledge. The combina­
ustrd ~s th$' uni-tlirectional bus driver to provide a tion of these four signals determines which one of 
proper 'drivEt . to the address latcl)es (both low order these three devices will have access to the input 
and .high'ordef are 'alsc>"8212'sf and fo provide ade- data bus. The bus driver, which is implemented in 
ctuMe dnve·:to th·e outplit ··data bus. The control of an 8212, is also controlled by the control logic and 
these "six 8212·s in tne 8008 system is · provided by · clock generator so it can be 3-stated when neces­
the control IO-gic and clock· generator circuits. These sary and also as a control transmission device to 
dl rcu its' consist of flip-flops, decoders, and gates to · the address latches. Note: The address latches can 
gerteratEF ttle , eontrol 'functions .. ·necessary for 8008 - be 3-stated for OMA purposes and they provide 15 
m1cr'd'computer systems: , ;AJ$d r note thaf ' the -- input • ml lli amp-s drive, l sufficient for large bus systems. 
data 'jjort,has· a ·stroblJ 1'nput: T-his allow~the pl'oces- -

.. ,•. t J -·- ••• ::. - • ll ; • 

. Vee 

MEMORY 
DATA 

INPUT 
STROBE 

INPUT 
DATA 

INTERRUPT 
INSTRUCTION 
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8212 

GND 

8212 

CLR 

GND 

8212 

GND 

,, 

INPUT 
DATA 
BUS 

? 

• : • 1 • 

c;:_ • • " ·"· •• ~ -

.,, 

8008 SYSTEM 

r' 

Sa 
s, 

8008 ¾ 
SYNC 

INT 
READY-, 

•) 2 
I 
I 

BUS 
DRIVER 

GND 

--------<ll MEM R EAD 

----- -----<ll lNT ACK 
(D4, 5. 6. 71 

ADDRESS 
LATCHES 

8212 

8212 

LOW ORDER 
(8BITSl 

HIGH ORDER 
(6 BITS) 

DATA BUS 
OUT 

,----------tDATA BUS IN l>---------wii ._.._ ______ _ OjlNT REQ. 1----------ouT 
WAITREO.-j 

L..---J 
CONTROL LOGIC 
& CLOCK GEN. 

8800b-T 
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IX. 8080 System 1· 1· .:._. -~ -~ ~' . 
This drawing shows the 8212 used in the 1/0 section bit, which is common to all input ports. 
of an 8080 microcomputer system. The system con- Also ptesent is· the address· of th~ device ·on lhe 
sists of 8 input ports, 8 output ports, 8 level priority 8080 address bus which in this system is conn~btecf 
systems, and a bidirectional bus driver. (The data to ~n-_ ~205, one out of eight dec~der~wit6:act_ry_es:-iow:. 
bus within the system is darkened for emphasis). outputs, These active low o:utp~ts w·ilf _ eoabie, Qne .of. 
Basically, the operation would be as follows: The 8 . the input ports, the one' th~t _int~rrvptel t!!At' pr.oce_; ­
ports, for example, could be connected to 8 key- . sor, to ' put"its data pntci°t'1e_);>uffer~d.$t~_'bus~tp be. 
boards, each keyboard having its own priority level. . transmitt~d .t~- the CPU: ~'hen _) he 

1
_da~· . ~usJnpuf 

The keyboard could provide a strobe input of Its _ signal. i~ true •. The prqc;e~s~r. can _als~-01,1tp1:it dat~ 
own which would clear the service request flip-flop. . from the apao data)>"s to _t~ buttered ~~ta. bµs. 
The iNT signals are connected to an 8 level priority . ; wht:;tn_ the d~ta . bus ,input. sigr_:1~I _is false. Us1R9: the 
encoding circuit. This circuit provides a positive . same- adQress s_eleC,tlon ~hnique . fr9f!l--:thEt &~05 
true level to the central processor (INTI along with . dec;od$r and-, Jhe ovtput status bit, we , ,ean:, $&Iec;t 
a three-bit code to the interrupt instruction port for - with this .system one .. of: eight-output ports- .tQ, t,aos­
the generation of RESTART instructions. Once the mit the·data-to. the system's output dev.ics stru~ture. 
processor has been interrupted and it acknowledges 
the reception of the interrupt, the Interrupt Acknowl- Note: This basic 1/0 configuration for the 8080 can 
edge signal is generated. This signal .transfei:s data ... be. .expanded ta 256 .input devices. and .256 ,output 
in the form of a RESTART instruction onto the buf- devices all using 8212 and, of course, the apptoprf-
tered data bus. When the OBIN signal is true this ate decoding. 
REST ART instruction is gated into the microcor11:..: ., :;, · ~- :· " ~~ · 
puter, in this case, the 8080 CPU. The 8080 then per- Note that the 8080 is a 3.3-volt minimum high input 
forms a software controlled interrupt service routine, requirement and that the 8212 has a 3.65-volt mini-
saving the status of its current operation in the mum high output providing the designer with a 350 
push-down stack and performing an INPUT inafruc.: milli volt noise margin worst ..case. for 8080 systems 
tion. The INPUT instruction thus sets the INP status when using the 8212. 

eeoob-T 
August, 19ii 

.. --·- ·· ··, ..... 

·. . . ~ 

. . . 
. ; , , ' 

.,. _____ ., , __ .. ~ 
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8080 SYSTEM INPUT PORTS OUTPUT PORTS 

'-., -:·' 
- ... .~. 

8080 
ADDRESS -

BUS 

(See Note 11 

8205 
A,-c E, 
~ -C E2 .. 
Vee- E1 

1.1,·o"D""E""v_1_c_.E 

SELECTOR 

~ INP 

,___ -...... 

STROBE 0 - STB 

INPUT' ,_..J,,. 
PORTO '-y' 8212 

,-------01 iNT ru to-

y G~D '--i-

STROBE 1 - STB 

INPUT,~ 
PORT1'-,; 8212 

.------oi iNT ru lo­
? GND L_.,_ 

... 
,. .. • .. 

r 

. 
'' •.) 

r 

8212 

8212 

--~ -
STATUS 

BITS -

:· .. ______ __ 
STROBE 2 - STB 

INPUT ,-J-.. 
PORT21....y' 8212 ::;:; '::".~ ; ,::~ 8212 

I: , .J 

l - ·- , ' -.. ~ ~-

.------a iNT ru o- f r-0 ru 
9 GND 1--i--

STROBE ~ - STB 

INT -------------------. 

r-1.:-, 
I 

INPUTQ 
PORT3 8212 :., .... -.;.:-:-;;;- 8212 

8080 . ... .. 

BUFFERED 
DATA 
BUS 

"" 

I . I 
I I 

Vee 1· I 
I I 
I I 

- I o..,..-•~....,__,__. 
,- I 1..,,0......,....., _ __, 

. ', 

------oi iNT. ci:R lo­

t G~D I-,-

STROBE ·4- STB 

INPUT~ 
PORT4l...y 8212 

.. 

8212 

DATA\.;;. ' ::.:i., 8212 
BUS rr 

,- I 2 ~~.t.ttt:.::_-.: ... 
""" 8i12 -b 3 - iiiirru ..... ., :::-f::,t ;_,-~tttt:.:.:.-:..-..,------oi ..,.. 

Da1N -t:,·,.: . ...,_.o I v~c 

GND 
,__ 

__J r-9 
GND 

INT ---------t/.:1----' 
ACK 

Bl-DIRECTIONAL 
BUS DRIVER 

::: : ~ : y GND .__ ... 
I I 

V~c 1 : i 
____ Ql'i_D_ .. J_ . f- I 

I I . I ~---.J 
INTERRUPT 

INSTRU,CTION• 
~,OfiT IRSTI 

• I 

- PRIORITY 
ENCODER & 
INTERRUPT 

GENERATING 
LOGIC CIRCUITS 

!USER DESIGNED! 

STB 
( 
:s, 
:? 

STROBES­

INPUT.r--"',. 
PORT5 i...y 8212 

___ ........ ~::~----"'-I ... 
:=:·· ;:.~;,;-:-:-:; ft.·,_::----.. • 8212 

'-------o1 iiiiT ru lo­

t G~D L-,-

:·, 

' ... ~v Q 
cc I 

STROBE 6 - STB 

INPUT ,.--1\ 
PORT 6 '-y' 8212 

~L-~ , . -- .... u. 
8212 .~ ... ::~-=-····:.-:;,. ·:,: .. ¥'. '· .· •• ·. -

'-------OIINT CLR lo­

y G~D )__._ 

STROBE 7 - STB 

,, 

,-,._! V 9 
cc I 

~OUTPUT 
..yf PORT0 

1-,.J,... OUTPUT 
h? PORT 1 

~ OUTPUT 
h/' PORT 2 

~ OUTPUT 
h/' PORT 3 

~ OUTPUT 
h/' PORT 4 

~ OUTPUT 
h/' PORT 5 

~ OUTPUT 
W PORT& 

. - ··-
~~~~; ~ 8212 .. ,,.c; ,j lz:z~ 8212 ¢ ~~~~~T 

'-------<_'.)! iNf CLR IO-----tf[}--~ .... C.LR"'I""_ .. 

_, - . .:. ·-. 

[ G~D 1..-.. f{: -~ V~c [ 
'------------------11i 

; . :-·: . -~·•: .___. ·. ·,;, ..... ~- . .. .. -: .. ~- .•.. : ~ .•. :· ·7_·:11-. , _1·' : · - _: 1, -~ 

SYSTEM_ 
RESET 

Note 1. This bas,c 1/0 configuration for the 8080 can be expanded to 256 input devices and 256 output devicM all us,ng 8212 and the appropriate decoding. 
_________________________________________ 8800b-T 
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SCHOTTKY BIPOLAR 8212 

Typical Characteristics 

INPUT CUAAENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT "LOW'' VOLTAGE 

0 

-50 

c -too 
..! ... z 
"' ~ -150 
13 ... 
i -200 

c 
! .. 
z 
"' II: 
II: 
::, 
'-' ... 
::, ... ... 
::, 
0 

> 
< ., 
"' Q ... 
ic ; 
0 
g 
< ,_ 
< 
0 

-300 
-3 

0 

-5 

-to 

-15 

-20 

.25 

-30 

22 

zo 

" 
18 

14 

12 

10 
-25 

I 
Vee• +!.OV 

~ ~ 
~ ...... 

T,. •O'C..-
.,,,,,- vT.1 •2S'C 

/VT,.•75'C 
I / ' 

I 
i 
I 
I 

I 
.z _, 0 ., •2 

INPUT VOi.TAG!! (VI 

.. 
OUTPUT CURRENT·VS. 

OUTPUT "HIGH" VC1LT.AC.Vf 

OUTPUT .. HIGH" VOLTAGE fVI 

DATA TO OUTPUT DELAY 
VS. TEMPERATURE .. 

I 

I Vee• +S.OV 

·i 

I ,,,, 
I ~/ 

I I • ...I 
i I .,;:-.--
! ,-' I 

I ... ! I•• 

I. ' i ' 
I i I 

.I 
I 

I I 
I 

I , . . ·-I I 
I 
I 

0 ZS 50 76 

TEMPERATURE re, 

-·· 

•3 

100,----.----.----..-----, 

Vee • +S.OV 

eoi---------1-----+-----1 

OUTPUT "I.OW"' VOLTAGE fVI 

. . _DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 

so,--...,.., --,----,---,-----, 
Yee• -s.ov - -': ... , _JI _ 
Ta• zs·c 

.s 
401----,;-I ----------1----1 

> 
< ., 

·i 

s 301------1r---r-----,.--... ... ... 
ic I ~ ,..,.. .. 

--·- ... ; , I - - !,."';...---1 
- -.-: ~.::_:: -· 201----. --::,..:-l ....... :;..--__.;.:-::_ .... - ·=---r---i 
--- - ..._ . ::.-~--.• --. I ,· , • • ·1 -··- ·---· ~ "';. 

--- • - ·- '4C' •' 
... .. ·- · ·- Q ' :--.. -4 I I 

10 
•...+ · -

fl 

I 

.- I 
I 

. J 

00 50 100 190 200 2l50 300 

LOAD CAPACITANCE fpFl- ·• · • 
; 

WRITE. ENABLI! TO OUT.PUT D&LAY--
VS. TEMPERATURE . 

40.-_--. ,------,---...... _r-______ ...., 
Yee, • +S.OV ' 1 ·• 

! 351----
I 

> 
< ., ., 

-· · 0 .. 
ic .. 
5 
0 .. ., 
~ z .., 
"' .. 

I 301-----_....--------~ .. ' 
I \_....-""" 

I _.--.,,,,,. • 

ZSt------- - · ··--:,::;..~...e..-- ~-:..---~ 

STB .J •• - - - ; ,. _, <_. < , •. . 

0~ ~ --------- -
20 -~7 -..,,==::::--==;;;;.!.',;.,;,;· ----1 os, <~~ -

-
. . -· .. -·· .. ... --1... ~ ..... --~'-

-·-· 
10---------------------100 .25 0 25 50 75 100 

TEMPERATURE I Cl 

----------------------------------8800b-T 
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SCHOTTKY BIPOLAR 8212 

A_bsolute Maximum Ratings* 

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

Storage Temperature . .. ....... -65°C to -+.1so0 c .. 
- coMMENT StresHs above those listed under " Absolute Mu1mum Ratings " 

may cause 1Jermanen1 llamage to tne device . This Is a stress rating only and 
lunctiona1 operation of the device at rhese or at any otller condmon aoove 

4 t!'lose maicated in ,,,. operauonal secuons ot ttus SQec,hcauon is not imolied. 

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

All Input Voltages' ~ . : ~- : . ... : . ~ . . -- ·co to _5.5 Yo!ts 

Output Currents ... : .. · .. :- :·. :--:· . . · . ... . ... :-. 125· mA- · · 

D.C. Characteristics 
TA• 0°C to +75°C Vee• +5V £5% - --- - .. 

Sym~~~-
; .. - P.arametai _- __ ...Limits 

- - , . .. -· . _'"Min-: . _,.. Yyp . ·- - ---,.. ; . --
IF • -~ Uf-loacf'CIIrrent 

· · · ·A~~l{,··9s;, ~ ;--01 ,:qra·1npuls -· --~·-··-~--.. 
IF lnj;"ut Lda('J'~n~ "· _: • · .0 -

MD Input ,. -· -
IF 1n·put Load Current - ·- · ,.. .. - ·-

OS, Input_ . . -~ 
- - - : ... . ~- - __ ,.. _ -r, Input Leakage Current ·, 

ACK, OS, CR, 0 1,-011 Inputs 
--

IR Input Leakage Current 
MO Input 

. -

-.. Mai • . 

-.25 
·-

-.7-6 . 

-1.0 

10 

-
30 

IR Input Leakage-Current - . - ,.... ~ - .. 40-

Ve 

V,L 

V1H 

VoL 

VoH 

lsc 

lloi 

Ice 

OS, Input 

Input Forward-Vonage Clamp ·I -·- .. - - -~ 
Input "Low" Voltage .. 

Input "High" Voltage 2.0 
Outpuf "tow· ·vo1tag~:r . .. .. ,_ - -·· .. . .. 

-
_Output-"·High'. ' \(oltage -. 

Sh~rt_ Circuit Output Current 

Output leakage -Cur rent 
High lmped_E!n~~ State_ _ 

Power Supply Cur~ent 

8800b-T 
August, 19i7 

. .. . 

~ ... -

I 

I 

- 3.65: . - .4.0 

-15 
- .. -·- .. -

-· 
90 -

: • .:;: _ _ !;" :=w-

:. ·~ -

- .. -1 

.85 --

.45 

-75 
- 20 

130 

Unit Test Conditions 

mA VF= .45V 
-·· -

.. mA-·- . VF= .45V 

mA VF= .45V 

lu.A VR = 5.25V 

µ,A VR ... 5.25V 

~tA VR = 5.25V 

V le= -5mA 
I V I 

V 

V loL = 15 mA 

V loH = -1 mA 

mA Vo - 0V 

,u.A V0 = .45V/5.25V 

mA 
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SCHOTTKY BIPOLAR 8212 
- '! 

Timing Diagram 

X
,---------, . . 

DATA 1.SV 'L-. _______________ x,.SV I · 5~~.: . ~i. ";i~ 
_____ _j • ./l'-·~~- -1· ·.· 

--, ,.· . · :· ' .i' . , ... ' 

,.PlpW ~~ IH__ :· , . .. . -·- ! · :, ,:_ 

ST8oti5!1_·_o_s_2 __________ ,_.s..Jv/i · ,,. - _ ·\1,sv. : r.c ;. . : . · . . :, -· . • 

I--. twE~ : - · • - :... 1
: • • • ' ', ,--: · , i 

OUTPUT t,;;--- ----- ,·.'" "••: ;. "·• .. 
------------~ . 

-~ .. · ;- : ! . . ... :. ~ l • ~' 
OS1 • OSz - .: . 

OUTPUT 

:;, . 

00 

1.SV I . · \'-~V _ --~ ' ·· - -·- ··- -~-----------~ ---······· 
. 1E. ~, __ - ~js_~E No_1:~ ~ELO~J ' to7, .... ,.-... . t ·· 

-------------. r - ..... - - .,;;;;;. - ._ - -~---.,,,,,,..,,,., .... - .. -- v014. - ;.: ------~-.x. ., ... -:.-:~': __ ... : -~ ·_:=:~~-, jif--v----- :: 
f . , ... · . :- r , (. . OL ------·r tflW----i -·-· _._- --~----~~-. ~----~-:~----~~<·----···--·. · 

.... ,~sv\ ·--·-· ___ -·· -l':5"! .. ___ ··- . .. .. :- . ·- ______ _____ __ _ 
I j . ~ -

____________ ..,,_.,., """··"""'·""·~-·-"!"!- ~----- i~-~-----:~ -:-:-
/'\_,.sv '· ' · i . ·; · __________ ....... ,,_,_ _____ ,_,,/ ~_._ .... - ... 

DATA . • 1.SV ';(-_-:__ ~--= ~-~~-=~:ii 5~ _ 

1

_ • • •• _____ _/ , ' - :·:L '----:--
- ···1set - ·· .:i:;.. ·- • ••· ·1H- --

sT1t o, 051 .-052---------------.. -,_-~"'y\ ~~-- - - ~ -: _ .. __ _ ,. .. _ 

OUTPUT 

STB I _____ _. -tPW 

NOTE: AL TERNA Tl VE TEST LOAD 

8800b-i 
August, 1977 

Vee 

10K 

IK 

' , . ~-. . 

\,.sv . . -_ -~~- ~ 
. , .· • !'. ... . _ 

1 SV 

I 
I • --r--, ts \ ________ F 
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SCHOTTKY BIPOLAR 8212 

A.C. Characteristics 
TA= 0°C to +75°C Vee= +sv :!: 5% 

... 
Symbol Parameter .. 

Min. 

tpw Pulse Width 30 

.. _ . .,~, I' Dat~ "ro·outp"i)!,Del~y 
.. ,. 

tpo ;;; " 
. 

I - ... "'' -· 
t~. I Write Enable To OutP.1,,1t Dael~~ '-.: 

• . 
c,. J ,., •• ' 

t,., ; p-e_t~§ .e)~P Ti"1~ . ·1Si _. -~ -
t. I Data Hold Time 

I 

I t, i Reset To Output Delay 

t; ! Set To Output Delay 

t~ r o~tpi.it" Enable/Disable Time _, f 

t"- . , · ·.,j ~Clear.To Qutput D.etay , · I -

,, .. 

20 

. LiJnittS . Unit Test Conditions 
Typ. Max. 

ns ,.. -- . 
3.0 ns 

'.l 40 ns 

( ns 

ns l 
I 

I I 40 ! ns ! i 

30 j ns I. 
. 45. I · ns 

· 55 :j ns 

CAPACITANCE" F .. 1 MHz V11 AS - 2.SV Vee - +SV T, - 25°C 

I 
~-- -

Symbol - -· - ·· -1!'.!t .. 

C,N ~-~ ~0 lnputf~ea~it~(!C8 

C,N DS2, CK,--AGK, DI ,-Dia 
In pJJt _ Capacitao~~-

Collr . - ··-130,-DO, Output eapacitance 
.. -- - -

'This parameter is sa"!'~.~d and not 100% tested. 

Switching Chara~f.erJstics 
CONDITIONS .OF TESl' . "" 
Input Pulse Amplitude ... ·.2,5 V 
Input Rise and F.all Times_- 5 ns--
Between 1 V and 2V Measurements made at 1.SV 
with 15 mA & 30 P.F Test Load 

LIMITS 
-

Typ. 

9 pF. 

5 pF 

'BpF 

Max. 

12 pF. 
9 pF_ 

12 pF-
-

-

TEST LOAD 
15mA & 30pF 

TO 
O.U.T. 

'lOpf I 

300 

600 

• INCLUDING JIG & PROBE CAPACITANCE 

8800b-i 
August, 197i 
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Schottky B-ipolar-·8216/8226· 
.. , . 

. .. ' 

4 BIT PARALLEL BIDIRECTIONAL BU"S DRlve·Fr ··- :--~; ,,-·:. 
. -~ . - ... - ... 

• Data Bus Buffer Driver for 8080 CPU 
• Low Input Load Current - .25 mA ..... -· 

Maximum · 
• High Output Drive Capability for 

Driving System Data Bus. 

The 8216/8226 is a 4-bit bi-directional busdrivertrecai11er. 

• f' 

.:. .. .-
• 3;6SV ·Output Higtr V~tcfg4ffor llirecT -· ; 

tnterfa~, ,tQ 8080 .·c.eu. . ·:. ~-'_, ~ :.J . -· .. ·- -
•--~r~_§~~~~·()!itputs. _.-__ i __ : ·.: . .. . . . . . . . . 

•. ~ed~~e~ ~y~te.~. Pac~~g~-~~u.ot , _____ _ 

I • • • ; . .,.. 

All inputs are low power TTL compatible •. for. driving MOS, the 00 ootputs-j:tr8¥iEfe-a-high--3;65V, VoH, and for high capact-
tance terminated bus structures, the OB outputs provide a high 50mA loL capabilitV:- ' .- '.- · : ,. ·. ,1·: • - ~ ·· ' 

·---- . . - - - u - ,r .. - • • ·- - ~ - _ ,_._ ,_._.,.., _ , ... . _ • 

A non-inve"ing (82161 and an inverting (82261 are available to meet a wide variety of apptications ,forbuffering in micro; 
computer systems. 

PIN CONFIGURATION 

a Vee 

OOa om. 

Olla 00, 

Dia oa, 

oo, oi, 

oa, OOz 

01, DBz 

GND Dlz 

PIN NAMES 

I I OATABUS I o9a-0a, Bl-DIRECTIONAL 

Dla-0', I DATA INPUT 

j OOa·003 I DATA OUTPUT 

I DIEN ! DATA IN ENABLE 
DIRECTION CONTROL 

!cl j CHIP SELECT 

8800b-T 
August, 1977 

Dia 

OOa 

oi, 

oo, 

Dlz 

OOz 

oi, 

D03 

. OIEN 

LOGIC DIAGRAM 
8216 

.... . ,,,. . ~ .,_ __ 08a ... _ , ' ·-

01, .... ~ 
00, 

Dlz 

DBz 

002 

oi, 

oa, 

oo, 
,. 

" 

LOGIC DIAGRAM 
8226 

. . , •·1. -. 

.• . •. - - · ··09a 

' ----o oa, 

...... --ci DBz 
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--SCHOTTKY BIPOLAR 8216/8226 

FUNCTIONAL DESCRIPTION 
'';:'. " 

Micr_oprocessors l.ike the 8080·. are MOS devices . and. . are · 
,g~nerilllY-,cal)cilble of d!iving a single TTL loc1d. The same .is _. 
.true. for, MO~ _mem~ry . .c;le)!iC8$: ..While this type of drive is . 
sufficient in small systems with few components, quite.often 
it is necessary to buffer the microprocessor and memories 

~when- ·adding ~omponents or--expanding to a multi-board -
system. 

The 8216/8226 is a four bit bi-directional ,bus-driver,·speei,f· 
ical ly designed to buffer microcomputer system components. 

Bi-Directi9o11al Drlver 
Each buffer{!d line -of the four ·bit driver consists of two 
separate buffer,; ·th~t ' are tr!•state in narure to achieve dir~ 
bus interfac, .am:i~bi-directional~-~~pability; On one side ~f 
the driver the outpllt of one bufjer and the input of another 
are tied together (OS), this side.JJ 1,1sed to interface to t~e 
system side compontntS "Stfeh as memories, 1/0, etc., be­
cause .'its interface is direct TTL compatible and it has high 
drive -(50mA). On the omer·-side of the driver .,the inputs 
and outputs are sepa!1lt~ to-11r,o_vide maximum flexibility. 
Of course, they can·· be tied toget~~r so that the driver can 
be used to buffer a true bi-diret;t.ional ~us such as the 8080 
Data Bus. Tl1e "DO outp1,1ts on this Side of the driver have: a 
special high vo~tag~_autput drive capaqility (3.65V) so that 
direct interface to the 8080 and.8008 CPUs is achieved with 
an adequate !lmount-of no\_se im!f'_unity (350m V worst case). 

~ :• ...:.!.:l.~ 

Control Gating_ R.! ~I'!, CS 
- '="~ ,jw - •. =- .r• . , 

The CS input is actually a device select. When it is "high" 
the output drivers are all forced to their high-impedance 
state:··When rt ·is ·at "zero" ·tf.te-device"'75 selected {enabledr · 
and the direction of the data fl~w -~ '.ctetermined by" the 
DIEN input. 

·Tfie "DlEN ·inpu t · controls the direction of data flow (seif 
Figure 1) for complete truth table. This direction control 
is accompU~ forcing one of the pa~of.b1,1ffers into its 
high imp~dance state 11nd allowing the other to transmit its 
data. A simple·. two gate circuit is used for this function. 

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

I ... ', • 

.. · .. 
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010 

----<>080 
"I 

000 

01, 

----ooe, 
oo, 

012 

002 

013 

_..,. . ---0083 

• _003 

., 

:.•I 

oi'ij;i 

(a) 8216 

010 

----009a 
DOo 

01, 

----ooe, 
oo, 
.-, , 

011 

002 

013 

., -----,083 

003 

(bl 8226 
I DIEN I CS i n O 101•08 
I 1 0 DB• DO 

O l , _·, --HIGH IMPEDANCE I 
1 - ' 

Figure 1. 8216/8226 Logic Diagrams 
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SCHOTTKY BIPOLAR 8216/8226 
APPLICATIONS OF 8216/8226 

8080 Data Bus Buffer 

The 8080 CPU Data Bus is capable of driving a single TTL 
load and is more than adequate for small, single board sys­
tems. When expanding such a system to more than one board 
to increase 1/0 or Memory size, it is nec~ry to provide a 
buffer. The 8216/8226 is a device that is exactly fitted to 
this application. 

Shown in Figure 2 are a pair of 8216/8226 connected di­
rectly to the 8080 Data Bus and associated -control signals. 
The buffer is bi-directional in nature and serves to isolate the 
CPU data bus. 

On the system side, the DB lines interface-with standard 
semiconductor 1/0 and Memory components and are com­
pletely TTL compatible. The DB lines·atso provide a high 
drive capability (50rriAI so that aif extremely large system 
can be dirven along with possible bu s termination networks. 

On the 8080 side the DI and DO lines are tied together and 
are directly connected to the 8080 Deta-Bus for bi-directional 
operation, The DO outputs of the 8216/8226 have a high 
voltage· output capability of 3.65 volts which allows direct 
connection to the 8080 whose minimum input voltage, i~ 
3.3 volts. It also gives a very adequate noise margin of 
350mV (worst case). 

The i)iID;l inputs to 8216/8226 is con nected directly to the 
8080. DIEN is ti~ to . 0811':1 SO.:.that· pi:o~r bus flow is 
maintained, and CS is tied to BUSEN so that the system 
side Data Bus will be 3-stated wh~'ri-a Hold request has been 
acknowledged during a OMA activity. - -

Memory and 1/0 Interface to a Bi-directional Bus 

In large microcomput~~·systems it i( ~~en necessary to pro­
vide Memory and 1/0 with tt,eir own Qu~rs ~nd at the same 
time maintain a direct, common. interface to a bi-directional 
Data Bus. The 8216/8226 has separated data in and data 
out lines on one side and a common bi-directional set on the 
other to accomodate such a function . 

Shown in Figure 3 is an example of how the 8216/8226 is 
used in this type of application. 

The interface to Memory is simple· and direct. The memories 
used are typically Intel® 8102, 8102A, 8101 or 81078-4 and 
have separate data inputs and outputs. The DI and DO lines, 
of the 8216/8226 tie to them directly and under control of 
the MOO signal, which is connected to the DIEN input, 
an interface to the · bi-directional Data Bus is maintained. 

The interface to 1/0 is similar to Memory. The 1/0 devices 
used are typically Intel® 8255s, ---and· can be used for both 
input and output ports. The ·110 R signai is connected di­
rectly to the DIEN input so that proper data flow from the 
1/0 device to the Data Bus is maintained. 

9800b-T 
August. 1977 

.. . ~ .. .- ' ,, l 1,. :; 

The 8216/8226 can be used in a wide variety of other buf­
fering fu nctions in microcomputer·systems such as Address 
Bus Drivers, Drivers to peripheral devices such as prrntets, 
and as Dtivl!rs for tong rengt'h cables to ·otlieq:ieriplierals or 
systems. . . . " . . ~- - ... 's• 

'°':- .. .. . 

~· . 

·. , o, 

.0, 

.,·"":" o: 

. 19 . 

8218' 
r 8221 

I •• •. 

cs 
13 . 

.., -·"" 

. "' ~"'"· 

·o, : -· ,. ·: ,:: 

. : . ... . ~f:'::: 
r,- ·• SUS 1.. ~: 

·oa. - 11 

' ,, 

D"7 · .1 u, , · , 

1 · ' 

Figure '2 • . soao Data e'us Buff9!~ 

·:· • . :r· ·: '- .... 
;. ~ . ... C ,. 

,..._....;;......,.., ··· ~ - ' 

MEMORY 1/0': 

Bl-DIRECTIONAi. DATA BUS (~I 

Figure 3. Memory and I /0 Interface to a Bi-Directional Bus. 
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