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COUNTERS FROM
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MODEL 380

"MODEL 385

Four affordable, deluxe
counters — one for every need.

DE -
Mzoto SOII\-/II-?Z.BB ppm 5269

MODEL 380X.

1 Hz to 80 MHz, 1ppm  $419
MODEL 385.

1 Hz to 512 MHz, 10ppm $545
MODEL 385X.

1 Hz to 512 MHz, 1ppm  $699

Perfect for communications,
CB, audio and digital work,
servicing and laboratory
applications.

Full 7-digit display with
automatic decimal, full
autoranging. SPEED READ
mode updates display 5 times
each second to aid tuning
and adjustments.

Resolution is 1 Hz to 10
MHz, and 10 Hz to 80 MHz.
Models 385, 385X feature a

“built-in prescaler to take you
all the way to 512 MHz.
Models 380X, 385X incorporate
temperature compensated
crystal oscillators with 1 ppm
accuracy.

See these exciting new
counters at your distributor
now!
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the value innovator
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THE HICKOK ELECTRICAL INSTRUMENT CO.
10514 Dupont Avenue = Cleveland, Ohio 44108
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RONMPUTER KORMNCER

PETER R. RONY, DAVID G. LARSEN,
and JONATHAN A. TITUS*

IN THIS COLUMN, WE WILL INTRODUCE YOU TO
additional details concerning the operations
of an 8080A-based microcomputer that are
controlled by software. It is the software
instructions, or steps, that actually indicate to
the microcomputer the tasks that it must
perform. Just as you may start the day with a
list of things to be done and a sequence in
which they should be accomplished, the
microcomputer, too, must be provided with a
sequential list of program steps.

In general, we may not be familiar with
what each microcomputer instruction does
within the microprocessor chip. This does not
deter us, however, from using them in all of
our programs. Many of us are not familiar
with the inner workings of an internal
combustion engine, an automatic transmis-
sion, or a Xerox machine; our lack of knowl-
edge does not prevent us from using them
daily.

All of our programs are stored in fast
semiconductor memory, either read/write
memory or programmable read-only mem-

Software instructions that contain several
instruction bytes require two or three sequen-
tial fetch-and-execute actions. Again, exactly
what is done within the microprocessor IC is
not of interest to us, only the overall effect.
All software is executed sequentially, one
step after another, unless we purposely
transfer control to instruction bytes located
elsewhere in memory.

To conveniently handle the large number
of software instructions in the 8080A micro-
processor instruction set, it is customary to
group them into several instruction groups.
The Intel 8080 Microcomputer Systems User’s
Manual subdivides the instruction set into
five groups:

e Data Transfer Group—these in-
structions move data between
registers or between memory
and registers

e Arithmetic Group—add, subtract,
increment or decrement data in
registers or in memory

e Logical Group—and, or, exclu-

8080A
ACCUMULATOR FLAGS
] C
0 E STACK POINTER
1
HI L0
INSTRUCTION
EEleTen H L pm]nsmauwl COUNTER
Hi L0
DATA BUS
BUFFER/LATCH ADDRESS BUFFER
BIDIRECTIONAL DATA BUS ADDRESS BUS
16 BITS
MEMORY BYTE INPUT BYTE OUTPUT BYTE
FIG 1
ory. The microprocessor IC fefches an sive-or, compare, rotate or
instruction byte from the memory and then complement data in registers or
executes it. Bach software instruction re- in memory

quires at least one fetch-and-execute action.

* Mr. Titus is president of Tychon, Inc., a micro-
computer consulting firm in Blacksburg, Virgin-
ia. Dr. Rony, Department of Chemical Engineer-
ing, and Mr. Larsen, Department of Chemistry,
are with the Virginia Polytechnic Institute &
State University.

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

e Stack, |/0 and Machine Control
Group—includes |/O instruc-

continued on page 26
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tions, as well as instructions for
maintaining the stack and inter-
nal control flags

Before we can make much sense of these
instructions, we must know more about the
internal architecture within the 8080 itself.
We shall present such information in steps,
since it can be overwhelming if tackled all at
once.

Shown in Fig. | is a schematic diagram
that depicts the significant aspects of the
internal architecture within an 8080 or 8080A
IC. Our emphasis in the diagram has been an
accessible 8-bit and 16-bit registers that store
information within the IC. You should
exclude from consideration the Data Bus
Buffer/Latch and the Address Buffer, which
we show here to make the point that these are
internal circuits that interface the internal
digital circuitry with the outside world, i..,
the 8-bit bidirectional data bus and the 16-bit
address bus. As you learn about the 8080, you
will be specially interested in the accumula-
tor, flags, program counter, stack pointer, and
general purpose registers that are designated
B,C, D, E H, and L.

We will not say much about the instruction
register, since its function is automatic and
we have little control over it. The function of
the instruction register can be best under-
stood with the aid of Fig. 2, which shows that
it is an 8-bit register that temporarily stores
the 8-bit instruction code for an instruction
that is to be executed, Within the micropro-

cessor IC, an instruction decoder converts the
instruction code into a series of actions that,
together, cause a microcomputer operation to
occur. The individual actions are clocked by
the ¢, and ¢, clock signals that are input at
pins 22 and 15, respectively, on the 8080
J@
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The general purpose registers B, C, D, E,
H, and L are used for many varied purposes,
e.g., the storage of an 8-bit constant, the
storage of a 16-bit pointer address, the
storage of an intermediate result in an addi-
tion or subtraction, etc. Each general purpose

register contains eight bits and can exchange
data directly with the 8-bit exlc:pal bidirec-
tional data bus. Simple 8080 instructions
permit you to transfer eight bits of data from
one register to another; from a pair of regis-
ters to the program counter; from a register
to the accumulator; and from a register to a
memory location, and pice versa. You can use
the contents of a register to perform addition,
subtraction, and, or, exclusive-or, and com-
pare operations with the contents of the
accumulator. The contents of each register
can be incremented or decremented. Register
pairs, such as register H and register L, can
be incremented or decremented as a 16-bit
word,

The accumulator also acts as a general
purpose register, but it has some special
characteristics not possessed by the other six
registers. The result of any arithmetic or
logical operation is stored in the 8-bit
accumulator. The I/O instructions (IN and
OUT) transfer data only between the
accumulator and external 1/0O devices. The
contents of the accumulator can be trans-
ferred to any other general purpose register
or fo a memory location, and vice versa.

The five flags—zero, carry, parity, sign, and
auxiliary carry—are flip-flops that indicate
that certain conditions have arisen during the
course of an arithmetic or logical instruction.
Such flags are used by the microcomputer in
making decisions, i.e., with conditional jump,
call, and return instructions; in multiple-
precision arithmetic operations; and in logi-
cal masking operations.

The program counter is a 16-bit register in
the 8080 IC that contains the address of the

continued on page 28
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COMPARISON.

DIGITAL GENERATOR

CRYSTAL CONTROLLED FOR
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EICO 390 SWEEP/FUNCTION
GENERATOR

® .2 Hz to 200 KHz

® Sine, Square, Triangle

M Linear & Log Sweep

Now you can afford a Function Gen-
erator that will meet all your signal
requirements! The 390 generales dis-
crete sine, square, and triangle wave-

forms overa very broad frequency range.

You have a choice of either linear or
logarithmic sweep with slow, medium,
or fast rates. The 390 also allows for
external frequency control through a
rear panel input. With its 50-ohm output
impedance and calibrated attenuator,
the 390 can handle everything from
checking the response of an audio
amplifier to driving digital circuits.

Model 390 assembled $169.95

EICO 388 PORTABLE COLOR BAR
PATTERN GENERATOR

E Battery Operated with LED Indicator
| |C Digital Circuit Design

® RF Adjustable, Channels 2, 3, 4

The 388 is truly the most advanced
pocket-size portable color generator in
the field today. A single MOS LSI IC
provides 9 digitally controlled, stable
patterns. The 388 operates by simply
connecting its output cable to the TV's
VHF terminals. Two matrix slide switches
select any one of the 9 patterns.

Crystal controlled chroma and timing
oscillators assure precision, accuracy
and stabilily. The 388 is powered by two
9-volt transistor batteries.

Model 388 assembled $89.95
Bt s ]

FREE EICO CATALOG

For latest EICO Catalog and name of
nearest EICO Distributor, check reader
service card or send 50¢ for fast first class
mail service.

EICO-283 Malta Street, Brooklyn, N.Y. 11207

Leadership in creative electronics since 1945,
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next instruction byte that must be executed in
a program. You can load the program
counter register either from a register pair or,
more likely, from two instruction bytes in
sequence located in memory.

region of memory that is all'ocaled for the
storage of temporary information, us-ua!ly the
contents of the internal registers within the
8080 IC, _

This summarizes our brief discussion of the
internal architecture of the 8080 microproces-
sor. Keep in mind that there are seven 8-bit
registers, two 16-bit registers and five ﬁa_gs,
the contents of which you can can!::a! using
software. Much of what an 8080 microcom-

accumulator—The register within a
computer where the results of all
arithmetic and logical operations
are placed.

address bus—A unidirectional bus
over which digital information
appears to identify either a par-
ticular memory location or a
particular /O device.

bidirectional data bus—A data bus
in which digital information can
be transferred in either direction.
With reference to an 8080A-
based microcomputer, the bidi-
rectional data path by which data
is transferred between the micro-
processor chip, memory, and
input-output devices.

fetch—In a computer, the collective
actions of acquiring a memory
address and then an instruction
or data byte from memory.

flag—A single flip-flop that indicates
that a certain condition has aris-
en as, for example, during the
course of an arithmetic or logical
operation in a computer pro-
gram.

DEFINITIONS

general purpose registers—In the
8080 microprocessor, the 8-bit B,
C, D, E, H, and L registers.

program counter—In a computer,
the register that contains the
address of the next instruction
byte that must be executed in a
computer program.

register—A short-term digital elec-
tronic storage circuit the capacity
of which is usually one computer
word or byte.

software—The totality of programs
and routines used to extend the
capabilities of computers. Exam-
ples include compilers, assembl-
ers, narrators, routines, and sub-
routines.

stack—A region of memory that
stores temporary information,
usually the contents of the inter-
nal registers within a micropro-
cessor chip.

stack pointer—A register that con-
tains the address of the |ast byte
that has been placed on the stack
in an 8080 microcomputer.

The stack pointer is a 16-bit register that
contains the address of the last byte that has
been placed on the stack. The stack is a

puter does is to move 8-bit bytes from one
location to another. This will become more
apparent in subsequent columns. R-E

Original operators celebrate
50 years of overseas phone

Two retired overseas telephone opera-
tors commemorated a half century of
transatlantic telephone service with a call
placed January 7, 1977, exactly 50 years
after the first overseas phone call got
through.

Ms. Rose de Palma, 73, one of the four
original transatlantic operators for AT&T's
Long Lines, called Ms. Isabel Ivy Baker,
with whom she had worked from the
earliest days of the transatlantic tele-
phone. Ms. de Palma, brought from
Florida to make the historic call, had
retired from the Bell System in 1966 after
46 years of service. Ms. Baker, now 74
years old, left the British Post Office In
1940 and now lives in Thornton Heath,
Surrey, England.

The two old-time operators reminisced
before turning the phones over to digni-
taries of AT&T in New York and its oppo-
site number, the British Post Office in
London.

The 1977 call was dialled by Interna-
tional Direct Distance Dialing, a service
that permits one-fourth of all Bell System
subscribers to dial direct to as many as 36
countries. There have been a few other
changes in 50 years. The cost of a three-
minute call in 1927 was $75 (equivalent to

about $250 in 1977 dollars). The same
three-minute call can be placed today for
$4.05.

Computers now made useful for
small-business man

Altair Software Distribution Co. is put-
ting out software packages to fit the needs
of retail stores, small wholesale distribu-
tion centers, industrial users and profes-
sional firms, among others. Altair is a
subsidiary of MITS, microcomputer manu-
facturer of Albuguerque, NM.

The packages are designed to allow a
purchaser to select the components of a
system that will fit his needs closely. The
accounting system, for example, is com-
posed of four packages, General Ledger,
Payroll, Receivables and Payables. The
Word Processing package is a flexible text
editor system that allows contracts or
other lengthy documents to be stored,
edited and printed. Documents can call
for inserts from other files, making repeti-
tive letters, etc., easy to produce.

The Inventory Management package is
a flexible data-base management system
that allows a business to keep complete
inventory records “on line.” In its off-the-
shelf form, it is structured for a typical
retail store whose inventory reorder policy
is based on minimum reorder points. R-E




