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I N THIS month's column we
shall discuss the structure of a
typical microcomputer system,

which is shown in Figure 1. This
system is based upon the 40-pin
8080 microprocessor chip and pos
sesses all the minimum require
ments for a computer, i.e.:

1. It can input and output data.
2. It contains an arithmetic/logic

unit (ALU), located within the
8080 chip that performs arithmetic
and logical operations.

3. It contains "fast" memory
(we believe that speed is an impor
tant requirement for a functional
computer these days).

4. It is programmable, with the
data and program instructions capa
ble of being arranged in any se
quence desired.

5. It is digital.
Figure I shows the important data
paths within the microcomputer. In
the following subsections, we shall
dissect this diagram and discuss
each of the individual data paths.

Memory

Let us first consider the data
communication between the 8080
central processing unit, also known
as a CPU, and memory. You will
require some definitions.l-? which
will be useful in the ensuing discus
sion (see box).

The 8080 microprocessor em
ploys 8-bit words that are stored in
memory with the aid of a lri-bit
memory address bus. With the aid
of a quick calculation, you can con
clude that 21 6 = 65,536 different
memory locations can be accessed
by the microprocessor. This access
to memory is direct, which means
that you do not have to engage in
any special tricks or digital elec
tronic gimmicks to access any given
memory location within the 65,536
possible locations. Forty-pin inte
grated circuit chips do have their
advantages, and this is one of them.
The total memory capacity of the
8080 microprocessor is known in

Any device that can store logic 0 and logic 1 bits in such a
manner that a single bit or group of bits can be accessed
and retrieved

The storage location of a memory word

A single storage element of memory

The memory word occupying a specific storage location
in memory, or the memory words collectively located in
memory

A group of bits occupying one storage location in a com
puter (This group is treated by the computer circuits as an
entity, by the control unit as an instruction, and by the
arithmetic unit as a quantity.) Each bit is stored in a
single memory cell.

A read-only memory that is field programmable by the
user

Memory

Memory address

Memory cell

Memory data

A semiconductor memory into which logic 0 and logic 1
states can be written (stored) and then read out again
(retrieved)

Read To transmit data from a semiconductor memory to some
other digital electronic device (This term also applies to
computers and other types of memory devices.l

Read-only memory A semiconductor memory from which digital data can be
repeatedly read out, but cannot be written into, as is the
case for random access memory

Write To transmit data into a semiconductor memory from
some other digital electronic device (This term also
appl ies to computers and other types of memory devices'!
A synonym is store.

Volatile memory In computers, any memory that can return information
only as long as power is applied to the memory; the
opposite of nonvolatile memory

Programmable
read-only memory

Random access
memory

Memory word
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Figure 1 A tvpicet BOBo-basedmicrocomputer system.

Data output

The 8-bit output bus between
the 8080 CPU and memory also

two computer instructions called
IN and OUT.

A single output line, called
memory READ/WRITE, is between
the 8080 CPU and memory. When
this line is at logic 1, you are able
to READ data into the CPU either
from memory or from an external
device. When this line is at logic 0,
you are able to WRITE data from
the CPU into memory or an exter
nal output device.

As a final point, you can employ
. any type of "fast" digital electronic
memory device, including random
access memory (RAM), read-only
memory (ROM), and programmable
read-only memory (PROM). What
do we mean by "fast" memory?
Simply that the memory can per
form either a read or write opera
tion during a single microcomputer
instruction. A typical 8080 micro
computer system operates at a
clock rate of 2 MHz and a read or
write operation takes only 3.5 usee,
Thus, RAM, ROM, and PROM all
need an access time of about 1 to 2
usee to allow you to take full ad
vantage of the maximum clock
speed. Slower semiconductor mem
ories can be employed, but the
microcomputer will have to "wait"
while a read or write operation
takes place.

the trade as "64K." This is far more
memory than you will ever need for
most applications, but it is nice to
know that you have such power in
reserve.

Data are transferred between the
8080 central processing unit (CPU)
and the memory over 8-bit input
and output buses, both of which
are shown in Figure 1. By "input,"
we mean "input into the CPU."
The term, "output," is defined in a
similar fashion. Our point of refer
ence is always the CPU. Data
leaving the CPU are always con
sidered to be "output data"; data
entering the CPU are always "input
data." In the figure, we have indi
cated that the input and output
data are transferred between the
accumulator and memory. This is
frequently the case; but in a more
detailed look at the 8080 chip, you
will discover that data stored in
memory are transferred to other
internal registers within the 8080
chip as well. The most obvious such
register is the instruction register,
from which the decoding of the
instruction occurs. Other registers,
known as general-purpose registers,
are classified by the letters B, C, D,
E, H, and L We regard the accumu
lator register to be the heart of the
entire microcomputer- Arithmetic
and logic operations are always per
formed to or on the eight bits of
data present in the accumulator. All
input and output data pass through
the accumulator with the aid of

Input/output device addressing

The 16-bit memory address bus
is time-shared so that it can pro
vide, at certain times, an 8-bit de
vice identification number called a
device code. Eight bits of informa
tion allow you to decode 28 = 256
different devices. When used in con
junction with two output function
pulses called IN and OUT, the
microcomputer system can address
256 different input devices and 256

serves as the output data bus to an
external output device. When you
provide output to an external de
vice, there are several important
points you must remember:

1. You must select the specific
output device that will receive eight
bits of data from the CPU.

2. You must indicate to this de
vice when output data are available
on the output data bus.

3. The device must capture this
output data in a very short period
of time, typically 1.5 usee.
The third point is perhaps the most
important. Keep in mind that the
microcomputer is operating at a
clock rate of 2 MHz. Each com
puter instruction is executed in a
very short period of time, which
ranges from 2 to 9 usee. Thus, ac
cumulator data designated as "out
put data" to an external device are
not available for very long. You
must capture them while they are
available. We shall discuss the tech
niques that would be employed in a
subsequent column; this topic is
certainly among the most interest
ing topics that can be discussed in
the field of computer interfacing.

Data input

The basic considerations that
apply to data output also apply to
data input to the CPU from an ex
ternal input device. Thus:

1. You must select the specific
input device that will transmit eight
bits of data to the CPU.

2. You must indicate to this de
vice when the CPU is ready to
acquire the input data.

3. You must ensure that the
CPU acquires this data in a very
short period of time, typically 1.5
usee.
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different output devices. We might
point out here that a "device" can
be a complex machine such as a
Teletype or cathode ray tube
(CRT) display, or a simple device,
such as a single integrated circuit
chip. This is another interesting
topic for discussion that we shall re
serve for a future column.

Microcomputer interrupt

Not shown in Figure I is a single
input line to the microcomputer
that generates a program interrupt
during microcomputer operation.
Such an interrupt would be gen
erated by an external device that
can transfer data to or from the
computer. This particular topic is
quite complex, and it will be a
number of months before we tackle
it in this column.

The preceding discussion is
about the best we can do to de
scribe the general structure of a
microcomputer in one thousand
words or less. Microcomputers are
fascinating machines. They are
small and relatively inexpensive, so
one is less likely to be intimidated
by them. They are far simpler than
their minicomputer and computer
counterparts and can be readily re
paired by the simple process of chip
substitution. They appear to be the
proper answer to your childhood
question, after the erector set,
what?

If you do not wish to stretch out
your learning process on microcom
puters for twelve months, we might
indicate that we have just com
pleted Bugbook III entitled Micro
computer Interfacing Experiments
Using the Mark 80 R , an 8080
System (E & L Instruments, Inc.,
Derby, Conn., 1975). It contains
approximately 400 pages of text
and experiments on interfacing and
programming 8080-based micro
computers.
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