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ABSTRACT

The advent of the LSI microprocessor and
inexpensive memory introduces a new field 1in the
computer industry - the field of personal computer
applications and small scale computer systeas. An
entirely new group of manufacturers are marketing
microccmputer related items, products that range from

computer system kits with peripheral devices to
f software and literature on the subject. The wide
ranging versatility of small scale wmicrocoamputer
5 systems has caused a tremendous expansion <£from what

was strictly a hobbyist computer market to growth
{ areas in school educational markets and coammercial
applications. The costs, <capabilities, problems
encountered by personal computer enthusiasts, and the
future implications of personal computers are

investigated.




BE1CE

INTROEUCTION.'....‘.-..Q.....ll..O.....Il......I. 7

A.
B.

HISTCRKY OF PERSCNAL COMPUTING MARKET..e:.eeeeeeoss 11

A.
B'
C‘

MICROEROCESSOR CHARACTERISTICS. covoosenscnnnsssnes 17

A.

C.

HARDWARE COMPONENTS OF PERSONAL COMPUTER SYSTEMS. 31

A.

TABLE OF CONTENTS

EACKGROUNDI'I.‘.'..l".“l'l."...‘.l...l.-I. 7
GOALS OF THIS STUDY.ccecccccccccscsccsconsccccs 9

PERSONAL COMPUTER INTEREST GROUPS.c.cccoeceee 11
DEVELOPMENT OF MICROPROCESSORS.¢cececccsacecee 12
EMERGENCE OF PRESENT MARKET..ccecscccecccccaee 15

SEMICONDUCTOR TECHNOLOGIES.ccscccscsnsessesse 17
1. Desirable Characteristi€S..assssssssssccce 17
2. Technology Related Characteristics....... 19
CATEGOREES OF MICROPROCESSORS cccenovossconsse 22
1o Calculator Like ProCesSSOLS.ssessssssassse 22

2s 'Bit Sliced PLrOCeSSOLSieecssseowvssaseseses 20
3. Standard, Self-Contained ProcessorS...... 25
MICROPROCESSOR SZELECTION CONSIDERATIONS...... 29

MICROCOMPUTER MALNFRAMES: s scvensonscvssssvss 33
Yo L S=T00) BUS oo diiwieow o 4 ste ore weis o oiwos e e o e v DS
2e PoWwer SUPPlYe csse swsassssssscmessosssssss II
Je BOMOEiESisvsussssnssnsovesssssvssvessesvi S0
e ROMiveoinsvesssdinessessssseseesseiese 0
Be RAMsicivsnrnssoessysnansssisnssmensse S8
b Central ProcessSilld Unitscvevssisvsovsvssy 39
PERIPHERAL DEVICESccsevovsnssssssnasasnscesss &1
1« Interfacing RequiredentScescssccsscossoses &2
2. Hardcopy DeviceSisscvsesnsssssssssnasnsecs &5
a. TeletypewriterScececescccsesscessesecsa U6
b. IBM Selectric Keyboard Printer...e... 47
C. HNatrix Impact PrinterS.cceccesccccces U7




T T T T R T Y TR

3- CRT Displays.-.-...--..-o-.........---o..

d. Video TerminalsS.:.ccocacacssssnsese s

b. Television Tyrewriters......cecececescs

Ce Video MONIEOLS . cens ssesossossss

4. Other Input/Output DeviceS...ee.c..

a. Paper Tape ReaderSeccccccscccas

b Keyboards.secsecescececccaccncas

5. Mass Storage DevicCeS.ececcecscccocsss

a. Audio Cassette ReCOIrderS.eecceaes

b. Digital Cassette Recorders.....

C. PFloppy Disk DriveS.sccececcccas

C. BARLCHARE PROBLEMS ccceeccsccsccsccccsccssese

v. MICRCCOMPUTER SOFTWAREeceevecccoscocsn
A. ASSEMBLERS/EDITORS.ceccececcccccse

B. LCADER/DEEUG PACKAGE..e e .o

Ce CCMPILEBS . oo e ooasaessesos

D. INTERPRETERS.ccoeccscacscosnssos

E. HBIGH LEVEL LANGUAGE:eccosccas

1s 4K BASIC.decieenassvssos s

25 8K BASTC ol ccivisisie sesioss

3. Extended BASIC.cs cosesesse

F. OPERATING SYSTEMS cococevvccss

G. SOFTWARE PROBLEMS:ccscccescses

1. Machine Independence.....

2. Distributiofeecswcsssviva

Je COSTavsnonvuneenveanencess

VE. SUMMARYcscvsovssocvns savssaosoeas
LIST OF REFERENCESsdssiseveesacovsvessss

® e e 00 o

e 40000

e a0 00

e e e e 0 o

LR A I

e e e 00 e

INITIAL CISTRIBUTION LISTvee cececcevccsecsancansce

e e e o0

e e o oo

48
48
49
50
59
50
51
51
51
52
53
55
56
56
58
59
59
60
61
62
62
53
604
o4
65
66
69
72




I. INTRODUCTION

A. BACKGROUND

The microprocessor is one of the most exciting
innovations in the digital electronics field since the
development of the transistor. Microprocassors are in fact
revoluticnizing digital electronics. Their impact is very
similar to that which <the transistor had on vacuum tube
technology.

A microyrocessor can bhe defined as a central processing
unit (CPU) implemented in one or several integrated circuit
(IC) packages. A microprocessor has the capability to fetch
instructions from memory and decode them, accept dJdata from
internal memory or outside sources, perform arithmetic or
logical operations and save the results in @memory or send
them te external displays or other devices (1. A
microprocessor can perfora many of the functions of large
central processing units.

The microprocessor 1is an outgrowth c¢f large scale
integraticn (LSI) in metal-oxide semiconductecr (M03)
technology, a device fabrication ©process which allows
complex electrenic circuits to be placed on a single chip of
silicon. By applying LSI techniques and H40S technology,
manufacturers have been able to place the eguivalsznt of
10,000 transistors on a chip of silicon less than a gQuarter
of an inch square (2]. Tha production costs of ccaplex

chips is not significantly different from that of 1lass
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ccmplex chips. The more circuitry that can be placed on a
single chip, the cheaper the overall system costs will be.
Such a single chip system requires €£fewer packages and
connecticns, less power, lsss labor, and a smaller amount of
supporting «circuitry and equipment. LSI results in lower
total cost if the same L3I device can be adapted to w@many
different applications. Using these techniques,
microprocessors have been built cn one or just a few chips
fcr costs in the range of $10 to $100.

When a wmicroprocessor is <combined with memory and
input/output (I/0) devices, a microcomputer is formed with
capabilities allowing it to replace circuitry implemented
with conventional random 1logic (Boolean logic expressions
izrplemented by the use of gating circuits) [3]. These
micrccomputers are not only finding use in small systems,
where they may replace minicomputsrs, but they are also
opening vast new areas orf applications such as in
parsonal/hoktty computing where larger machines are not
eccnomically feasible, Prior to the dJevelopment cf the
microprocesscr, personal computing had been largely 1limit=d
to the privileged few with access (authorized or not) to the
computer facilities of their employers or the computers 1in
their schools, colleges and universities., Faw computer
enthusiasts could either afford to buy their own
minicomputer or were resourceful enough *o construct their
own eguigment.

This picture 1is rapidly changing. The age c¢f the
affordable personal comput=r has arrived for many and will
socn be here for many more - all because of the low pricad
microprocessor. The introduction of the MITS (Micro
Instruments and Telemetry Systems) Altair computar ki« in
January of 1675 for an original cost of 1less than $400
demonstrated that almost anyone could now afford to own a
computer [4].




Within six months of the introduction of the MITS Altair
computer kit, other manufacturers, recognizing the @markest
potential, began announcing compatible memory boards,
interface boards, and peripheral devices. 1In the past <two
years, 250 - 300 retail computer stores catering
specifically to computer hobbyists have come into existence.
At present, over 180 computer clubs are in operation in
Australia, New Zealand, Japan, and Canada as well as the
U.S. Ccmmercial periodicals published on a monthly basis
and dedicated to the ccmputer hobbyist have also appecared.
Personal computing conventions have attracted voluminous
crcwds. Market surveys indicate +*hat the market would
expand <ZIrom the 7500 personal computers in January of 1976
to over 18,000 such units by January of 1977 with a 250 per
cent growth rate expsected for 1977. Starting from zesro in
January cf 1975, when it introduced the industry's £first
computer kit, MITS expects sales to exceed $12 million this
year. In short, the personal/hobby computer markset as it is
emerging, is a sizable one [5].

B. GOALS OF THIS STUDY

The fpurpcse of this study 1is to investigate the
personal/hobby computer market. A nhistory of that market is
provided for perspective. It includes the background and
development of microcomputers and personal computing. The
technologies used and the architecture of microprocessors
and micrccomputers 1is covered in order to present their
capabilities and limitations. In the course of describiag

personal computer systam components, the following items are

covered:




eccst considerations

ssupport circuitry and requirements

clock circuitry

powsr supplies

memory

power of instruction set

ssupport frem supplier

hardware support
mechanical hardware
processor cards
interface cards
documentation

software support
assemblers, compiiers,
nigh level languages
atility programs

eliterature
technical manuals
software manuals
application notes

sperformance
spaed
utilization

sinterfacing

interpreters

I/0 flexibility and capability

Finally, the implications
computing is discussed.

and future

personal




PERSONAL COMPUTING MARKET

—— —— —_—

A. PERSCNAL COMPUTER INTEREST GROUPS

Potential home computer hobbyists received +their first
exposure tc computars in the 1960°'s. Two of the most
significant events during this period were (1) <colleges
installed timesharing terminals and instituted courses in
EASIC and FORTRAN programming and (2) Texas Instruments Inc.

introduced a series of integrated logic circuits (7400 TTL

series) rpriced within range of amateur electronics
experimenters. As a result, two distinct grocups appecared:
oneg, primarily software-oriented and ancther,
hardware-criented. The hardware group was characterizsd by

the amateur electronics hobbyists, who used 7400 TTL <ceriss
logic circuits for simple counting and control applications.
Amateur electronics publications during this period
invariably carried projects, wutilizing 7400 TTL <s2ries
logic, which helped stimulate interest in +his area.  The
7400 series integrated circuits were to convert a generation
of "circuit designers" into a generaticn of Wilcgic
designers". Software-oriented people banded together into
computer clubs, mostly to share BASIC programs [6, 7].

Typical of the computer clubs was The Amateur Computer
Society crganized in 1966 by 1like nminded experimentars.
They succeeded in constructing rudimentary TTL computars
using scrap transistor logic boards and surplus core memory
planes. Programming reguirad =axpertise in machine or

assembly language. Between the parts scrounging, dsbugging,



and the interfacing problems, only the skilled enthusiast
made much prcgress. Though computer costs dropped rapidly
throughout the 1960's, no hobby computer market developed
during this time period, mainly because system-level
hardware ccsts were still well beyond reach of most
amateurs. For example, Digital Equipment Corporation'’s
first miniccmputer, the PDP-5, was introduced in- 1963 for
$3C,000. In 1965, DEC 1introduced its popular 12-bit
machine, the PDP-8, for what was then considered the
incredibly lcw price of $18,000. By 1970, a basic PDP-8
configuration with 4K words of core was base priced a*t about
310,000, tut this price was still above the range of <he
average amateur computerist (8].

Even if mini-computers had been affordable to amateur

ccmputerists, no sizable mark=at would have developed since

hardware-criented and software-oriented factions still
existed. Most software types were familiar only with
interpretive languages. Those with some assembly-level

kncwledge rarely knew anything about interfacing hardware.
Hardware types, slightly Dbetter off, had 1little o¢r no
experience with system-level software and generally worked

at the digital logic level.

B. DEVELCPMENT OF MICROPROCESSORS

Manufacturers needed to <create a base common tc *he
hardware and software-oriented people for the hobby mnarket
to consolidate. This consolidation came in 1971, when Int=1
Corporation introduced the first microprocessor, the 4004.
Intel had rfioneered 1in the development of semiconductor
memory chips to be wused 1in large computers. In the
intricate 1lcgic within memory chips, Intel design engineers

knew it was possible to store a program to run a ainiscule
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computing circuit. In the course of a contract to produce a
series of <eleven <chips for the 1logic «circuits of a
calculator, Intel condensed the 1layout onto three chips.
The computer's brain, the central processing unit, consisted
i of cne chip. This CPU on a chip of size less than one-sixth
of an inch long and one-eighth of an inch wide came to be
knocwn as the 4004  nmicroprocessor. Two memory chips were
attached to this microprocessor, one to move data in and out
of the CPU and one to provide the software program or
instructicns to drive the CPU. Intel now had a rudimsntary
general fpurpcse computer known as the MCS-4 that could run a
7 ccmplex calculator, control an elevator or a set of traffic
3 lights, and perform many other tasks, depending cn its

prcgram [9]. The microcomputer was slower than

N

minicomputers but it could be mass prodtcced as a ccmpcnent,
on the same high volume 1lines where 1Intel made wmemory
chips - a surprising development that suddenly put the

semiconductor business into the computer business.

Initially the semiconductor industry showed surprisiagly

Ei

little intersst in Intel's technological advances. The big

E semiconductor companiss - Texas Instruments, 4octrtorola, anad
Fairchild - were preoccupied with their large current
business, integrated «c¢ircuits and calculator chips. Only
£ Rockwell International and National Semiconductor enter=d
the field early, about a year after Intel. To enccurage
adoption of microcomputers, Intel attempted +to recast the
thinking of industrial-design engineers by presenting
microcomputer concepts through the use of a marketing aad
educational aid which developed into the Ints1l MICROMAP
] System. The message became cl=2ar that a microprocassor and
its memory could replac2 a lot of individual logic chips.
Hard wired 1logic systems could now be replaced with
microcomputers because they could store program sequences in

the memcry chip instead of using separate 1logic <chips and

13




discrete ccmponents to implement the desired function. A
single microprocessor chip could be wused for several
thousand different applications by program code words
sukstituting for hardware parts [3].

As industrial-design angineers started ordering
microprocesscrs in large quantity, other companies rushed to
establish a foothold in the microprocessor market. Their
entry intc the microprocessor line was achieved by "second
sourcing”™ - i.e. copying - Intel's microcomputers. Second
sourcing is a common practice in the semiconductor industry.
More often than not, it is done without the original
manufacturer's permission or cooperation, but the practice
is widely accepted by the companies involved. It works to
the benefit cf the user in establishing a ccmpetitive source
for the component as we2il as a backup source fcr the

original manufacturer.

In 1572 1Intel followed up the four-bit 4004 with an
eight-bit microprocessor «chip, the 8008, that had more
computing pcwer and flexibility than the 4Q00¢ and was more
suitable for control applications and data handling. Toward
the end of 1973 1Intel brought out its second-generation
microprocessor, the 8080. The 8080 had many improvements
over its predecessor, the 3008. These improvements included
additional instructions, a tenfold improvement in speed with
a basic cycle time of 2 microseconds, 2nd separat= address
and data tuses. Most of the external logic supporting the
8008 was inccrporated in the design of the 8080 CPU [9].

14




C. EMERGENCE CF PRESENT MARKET

By mid 1574, the hobby computer market was beginning +to
benefit <frcm the microprocessor developments. Prior to mid
1574, the price of microprocessors was in the hundreds of
dcllars category for single units while the general
availability of single units was 1limited. With the
introduction of newly designed microprocessors in 1974, most
notable c¢f which being Motorcla Corporation's ¥6800,
competition within the microprocessor industry increased as
did producticn efficiency and prices began to decrease. The
cost of the Intel 8008 dipped below $100. New inroads were
being made for the software-oriented group with BASIC
interpreters being implemented on micrccomputers and
listings cf tested BASIC programs for —recreational use
appearing in the literature [6]. i

The potential for a hobbyist computer market was clearly
building amrcng both the hardware-oriented and the
software-criented groups. MITS recognized this potential.
Prior to 1574, MITS had developed several products for radio
telemetry and offered a hand calculator in kit form for <the
consumer market. When mass production reduc=d rprofit
‘margins within the calculator market, MITS began production
of an 1inexpensive computer in kit form utilizing the Intzl
8080 micrcprccessor. This computer, known as the MITS
Altair 8800, was featured as the <cover article of the
January 1S75 issue of Popular Electronics [4, 6]. MITS had
hcged tc sell 200 - 300 kits in 1975, but as it turned out,
their projection was an order of magnitude too 1low. MITS

realized that they had underestimated the market for a low
cost recady to run micrccomputer as they were deluged with
orders fcr their $395 kits. The appeal of the kits was not

A S A A OIS NIRRT 13 FY el




merely that they were affordable, but rather that they were
understandable to hardware and software types alike. Awvare
that potential competitors had noticed the response tc the
Altair 8800, MITS <ccmmitted their efforts to gain and
maintain a strong foothold in the personal computer market.

What had been an emerging market in the first half of
1975 became a developed market by the second half. MITS
faced corpetition from firms that were able to capitalize on
and improve the weaker features of the design which MITS had
hurried to market. Among the early competitors were IMS
Associates Inc. (IMSAI), Southwest Technical Products Corp.
(SWIPC) , Processor Technology Corp., and The Digital Group.
Cost and prcduct quality became competitive points as <the
new systems were introduced. Several of the newer systems
were designed to be bus and printed circuit card compatible
with the Altair 8800. The cross-compatibility amounted to a
de facto standard, allowing smaller firms capaktle of
producing memory boards and peripheral devices to become
established in the personal computer industry [6].

Currently there are over 50 manufacturers producing
microcomputer related products £for the personal computer
market. The wide ranging capabilities of their products is
in part based on the characteristics of the aicroprocessors
used in their systens. The types of microprocessors,
technologies used to fabricate them, and their desirable
features are discussed in order to present their
capabilities.




A. SEMICCNDUCTOR TECHNOLOGIES

Microprocessors are mnanufactured using a variety of
b different semiconductor technologies. Most characteristics

of interest in microprocessors are controlled by fabrication i
methods and an awareness of the performance of each
technology will put the competing products in perspective.
The 1importance of particular features as well as i
technological trends that may be of significance to

hobbyists are described.

Scme desirable characteristics include [10]:

Lcw ccst: When devices from a particular technology
can be prcduced cheaply, “he ultimate cost will be 1lower.
Cost 1is a function of the complexity of the semiconductor
processes and of the amount of experience that has bean
acquired with a particular process. Semiconductor prices
vary widely and the list prices established bty manufacturers
often dcn't closely follow the actual prices chargad by
distributcrs or electronic equipment supply houses.

High Density: when wmore complex circuits can be
Flaced on a single chip, fewer devices will be neadzd to
perform «tutseful functions. More complex chips are not much




mcre expensive to manufacture, but require fewer packages,
fewer ccnnections, 1less board space, less external support
logic, and less power than a larger rnumber of chips. As
higher circuit densities are achieved, the cost per function
irplemented on a chip decreases, resulting in lower cost for
the memories and support circcuitry.

Lcw power consumption: If the «circuits prcduced
frem a fparticular technology require less power, they will
require sraller power supplies, use less energy, and produce
less heat. Devices that use large amounts cf power require
exrensive power supplies and special cooling mechanisms such
as fans.

Ruggedness: If devices made from a particular
technology are wmore ruggsd, they will be able to withstand
temperature variations, moisture, power surges, and shock
which are 1likely to be present in the personal computer
environment.

High speed: Devices that run faster can perform
more work in a given time. Trade offs between the above
characteristics and speed exist. Technologies that result
in high speed typically are of low density and high cost.

Ccmpatibility with standard TTL (Transistor -
Transister Lcgic) circuitry: If devices from a particular
technology can be readily used with the standard 7400 series
TTL integrated circuits, they can then be easily and cheaply
interfaced tc peripheral devices and other circuitry.

Wide availability and support: Devices of the same
technology that are produced by many suppliers and hzavily
suppcrted have more compatible parts available and lower
prices.




2. Technology Related Characteristics

4icrcprocessors are currently available in six
different technologies:

EMOS (E-Channel Metal Oxide Semiconductor): This is
the oldest M0S technology. PMOS advantages include high
density and lcw cost but it has relatively lcw speed and is
not TTL ccmpatible. Devices using PMOS generally raquire 3
distinct power supply voltages [11].

NMOS (N-Channel Metal Oxide Semiconductor): This is
the present state of the art MOS technology. NMOS
advantages include high density, moderate cost, and spe=d.
NMCS devices can be made TTL ccmpatible. Devices fabricated
using NMOS technigues are more amenable than PMOS devices to
working with a single power supply voltage [ 11].

CM0S (Complementary Metal Oxide Semiconductor) :
CMCS technolcgy 1is widely used when low pcwer consumption
and high roise immunity are required. CMOS devices can be
made TTL ccmpatible and have wmedium density, cost and
speed [11:.

Schottky TTL (Schottky Transistor-Transistor Lcgic):
This is a variation of staandard TTL that offers a high
speed, but these devices have a high power consuapticn and
high cost along with a low density. Schottky TTL devices
are fully ccampatible with standard TTL [12].

ECL (Emitter-Coupled Logic) : This technology
achieves very fast speeds but it is very expensiva and
consumes a large amount of power. ECL devices ars not
compatible with TTL [12].




12L (Integrated-Injection Logic) : This newv

technology uses the standard TTL fabrication process, but
yields circuitry that is as dense as MOS, as fast as TTL and
yet consumes only 1,100 the power of TTL. 121 allows
special interface circuitry - digital and/or linear - cn the
same chig. This ability is important in many applications
ir minimizing costs through the elimination of peripheral
parts which may be needed to support a MOS part to make it
system ccmpatible [13]. .

A ccmparison of these technologies is shown in Table
1. Clearly, PMOS and NMOS rank highest in the impcrtant
categories of cost and density, CMOS ranks highest in
ruggedness and lowest 1in power consumption, ECL 1is the
fastest, while Schottky TTL is the easiest to
interface [ 14].

At the present time, NMOS seems to have the most
desirable combination of characteristics. It is rTelatively
cheap, very dense, <consumes 1little power, can De made
ccmpatible with standard TTL circuitry, and has a 1large
family c¢f ccmpatible memories. NMOS can be used to make
single-chip microprocessors which run at reasonable sgeeds.
Such commonly used microprocessors as the Intel 8080, MOS
Technology 6502, and Fairchild F-8 are made from the NMOS
prccess. Most of the microcomputers manufactured fcr the
hokty market employ NMOS microprocessors.

New devalopments in the NMOS technology could lead
to consideraktle improvements. NMOS memories, such as the
Intel 2115, are now available that are as fast as memori=s
made from Schottky TTL. New NMOS processes have bean
introduced that «can be easily interfaced with standard TTL
circuitry and can use standard TTL power supglies [15].

20




TABLE ONE

Comparison of Semiconductor Technologies

Cost (l=Lowest)

Density (1l=Most Dense)

Power Consumption
(l=Least)

Speed
(1=Fastest)

TTL Compatibility
Ruggedness (l=Most
Rugged)

Availability and
Support (1=Most)

Standard Parts

and Memories
(1=Mosit)

Ref ( 1u )

PMOS NMOS CMOS

1 2 4
2 1 g
3 u 1
6 5 U

No Some- Some-
times times

5 4 i
4 3 2
4 3 2

21

Schottky

L I°L
3 5

5 4

5 2

2 3
Yes Yes
3 2

1 3

i 6

ECL

[




B. CATEGCRIES OP MICRCPROCESSORS

Currently, microprocessors can be divided into three

tasic categories:
1. Calculator-like processors,

2. Bit-sliced processors and others with a user-definad

instructicn set, and

3. Standard, self-contained processors with a fixad

instructicn set.

Thes=2 three categories include a wide range of ccmputing
power, <sgeed, price and application areas. Category 3
cortains all of the microprocessors used in hobby computers,
therefore the attention of this section will be focused on
Category 3 while Categories 1 and 2 will be briefly
described.

1. cCalculator. Like Processors

Category 1, the calculator-like processors, contains
the simplest and cheapest devices. Typical processors 1in
this category are the Intel 4004 and 4040, Rockwell EPS-4,
Texas Instruments TMS-1000, American Microsystems 9209, and
National Semiconductor IMP-4. Many of these devices are
much like calculators; they are cften specially designed or
have special instructions to handl:s keyboards and lighted
displays and to perform simple decimal arithmetic. Howevser,
these micrcocprocessors are user-programmable and can b<¢ usead

in a wide variety of applications. Besides advancad
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calculatcrs, such devices have been used in character

printers, games, household appliances, paper tape readers,
test sets, function generators, counters, microfilm readers,
telephones, tuners, valves, scales, cash registers, and time
and attendance terminals [ 16, 17].

The devices of categcry 1 represent the smallest
amount £ ccmputing power that can be purchased as a single
unit. Ccmplete systems based on these devices cost oaly £5
to $30 in large guantities. They are used mainly in
aprlicaticns requiring low cost, low speed, and relatively
limited fprocessing power. Such microprocessors are most
often fcund 1in large volume applications as simple
controllers for systems whose speed 1is limited by human
interaction or slow mechanical devices. These DILOCESSOCS
gencrally have very short word lengths {most can handle 4
bi*s at a time) and are thus unsuited to systems requiring
complex calculations, high data rates, or great accuracy.

Due to the rapid advancement of LSI technology, the
difference in cost of manufacturing an 8-bit CPU chip as
ccmpared to a 4-bit chip is not significant. Manufacturers
have attempted to prolong the 1life bf their U4-bit prcducts
by maintaining an artificial price difference between their
4~bit and their 8-bit CPUs. As the pressure of competition
continues, these price Jifferentials are disappearing.
Given this situation most users would prefer using an 8-bit
microprocessor. Although 4-bit icroprocessors are less
used than in the past, they will continue <o have a
significant market for many years to come, based ou prcducts
that were designed around them prior to the developmant of

8-bit microprocessors {16 ].
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2. Bit Sliced Processors

The kit-sliced processors of Category 2 are largely
intended as building blocks for special purpose coamputing
elements. Unlike the devices in Categories 1 and 3, the
bit-sliced processors are not self-contained. Although the
concept cf putting an entire microprocessor cn a single chip
is an attractive 1idea, the system consisting of several

chips, each with a smaller number of comporents, can have

its advantages: higher production yields, fewer connection

pins per device, and better heat dissipation
characteristics. Some multichip systems have the advantage
that they can be microprogrammed by the user. Th2 apgrocach
most often taken by manufacturers of bit-slice systems is to
design one common control section and several twc- or
fomE=bat Mslices! Eor thg arithmetic and logic unit and the
registers. The slices are connected in parallel, making it
possible to assemble @machines that have several different
word lengths. These microprocessors are thus intermediate
between the self-contained CPUs and the discrete circuitry

that is currently used to make larger computers [13].

Most of the Dbit-sliced processors are much faster
than standard aicroprocsssors, but significantly more
expensive and harder to use. CPUs Dpased on these
microprocessors typically cost $500 to $1500. Typical
applicaticns 1include disk controllers, minicomputer CPUs,
test equifpment, intelligent terminals, and signal proecessing
equigpment. The future may see bit-sliced processors as tae
basis for most minicomputers. Befor= these devices <can b2
used in hcbby computers, th2 cost and the number of el:zments
required £for a CPU will have to be significantly
reduced [19].
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3. Standard, Self-Contained Processors

The main category of microprocessors with which
hobbyists are presently concerned 1is Category 3, the
standard, self-contained processors with a fixed instruction
set. These processors are intermediate 1in performance
between calculators and minicomputers (i.e., between
categories 1 and 2). They are conplete CPUs on one or a iaw
chips and require only a small amount of supporting
circuitry. Prices for these devices range from 320 to $200
in single quantities (not including memory, I/O0, or other
system requirements). Most of the devices of Categcry 3
will handle 8 bits of information, although a few can handle
16 bits at once. The most widely used micrcprocessors among

hokbyists are:

Intel 808¢C

The Intel 8080 was the first device in this category to
be introduced and is the most widely wused in hobby
computers; as such, it has become the frame of reference in
many people's minds as to what a microprocessor should be.
The 8080 consists of an arithmetic and logic unit, ccntrol
unit, accumulator and registers and is fabricated using NMOS
technology. The 8080 requires separate clock logic and bus
interface lcgic. These features are provided by the uses of

external lcgic chips in the 8080 family [ 20].

Included in the 8080 family are the following
devices [21]:

« 8224 System Clock Generator and Driver. This
device generates a 500 nanosecond +timing signal for the

antire 8C0€0 wmicrocomputer systen. Instruction <execution

times range from 2 to 9 micrcseconds.




s 8228 System Cecntroller. This device
demultiplexes the data lines of the 8080 CPU which ars used
for bidirectional data transfer and to output control and
status symbols.

s 8251 Serial I/0 Communication Interface which
provides a variety of synchronous and asynchronous serial
data communications options.

s 8255 Parallel I/0 Interface which prcvides
prcgrammaktle I/0 communication with =2xternal devices.

s 8212 I/0 port, «which can be used as an address
buffer/decoder, a priority interrupt arbitrator, or aan I/O
peripheral interface.

e« 8257 Direct Memory Access control device, which
enables data to be transferred between memory and external

lcgic, byrassing the CPU.

All devices 1in the 8080 family have TTL compatible
signals and require three levels of power supply: +5V, +12V
and -5V. The 8080 has a set of 78 instructions. The 80380
is used in the MITS Altair 8800, IMSAI 8080, and in similar

sets from The Digital Group and other sources.

Zilocg Z-80
The Zilcg Z-80, an NMOS device, is often referred to as
a "third generation" microprocessor. The Z-80 was designed

by the =same individuals responsibls for designing +h=z 8080

at Intel and is an extended version of the Intesl 8080. The
Z-80 microprocessor implements the <functions of three
devices cf the 8080 family: 8080 CPU, 8224 Clock and 8228
Systenm ccntrollexr [ 22]. For the programmer, the 2Z-80

provides more registers and addressing modes than the 8080,
plus a so2t of 158 instructions that include the 78
instructions of the 8080 as a subset. Compatibility betwaen
these microprocessors is limited *o the instruction s=2ts and

g2neral functional <capabilitiss. Within certain 1linmit

0
-

programs wWwritten for an 8080 microcomputer system ar

®
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software compatible with a Z-80 based system. For example,
a RCM device that is used to implement object programs for
an 8080 micrccomputer system can be physically removed and
used 1in a Z-80 system [23]. Support devices that have been
designed for an 8080 CPU will also support a Z-80 systen,
allowing an upgrade of an 8080 system *to Z-80 capabilities
by replacement of the microprocessor and additional
interfacing logic [24].

With a standard clock speed of 400 nanoseconds,
instructicn execution time 1is 1.6 microseconds. The Z-80

requires a single power supply voltags (+5V).

Micrccomputers utilizing the Z-80 microprocssscr are
available from The Digital Group and Cromencec. The 2-80 is
available as a replacement CPU card from Affordable Computer
Products and Technical Design Lacs.

Mctorola 6800

The Motorola 6800 is ccmparabls to the 1Intel 8030 1in
performance. Lt is the second most wid=ly us=ad
microprocesscr in personal ccmputing systeas following the
8080. Like the 8080 and z-80, the Motorola 6800 is an 8-bit
NMOS micicprocessor which is TTL compatible. The 46800 was
designed by Mctorola as an enhancement of the Int=21 8008, at
the same time that Intel was developing the 8080 as an
enhancement of the 8008.

As ccmpared with the 8080, the M6800 has a 1ls=ss
complex  set o¢f control signals and does not reguire any
device equivalent to the 8228 System Contrcller. dhereas
the 8080 has separate I/O0 instructions, *the 46800 includss
memory and I/C within a single address space allowing aill
I/0 device accessing as memory locations. While the 8380
regquires three power supply voltages, the M6800 uses just
one (+5V). The instruction set of the M6800 has fewer tasic

2




instruction types with more memory addressing options while
the 8080 has a larger number of sgecial
instructicns [25,26].

The M6800 is used in the MITS Altair 680 and othar
hobby sets from SouthWest Tachnical Procucts Ccmpany
(SWTPC), Sphere, Wave Mate, and Ohio Scientific Instruments.

MOS Technclogy 6502

The MOS Technology 6502 is also comparable to the Intel
8080 and Motorola 6800 in terms of performance. It was
first introduced in 1975 and 1is wused in the JOLT hobby
computer and others. The MOS Technology 6502 1is somewhat
cpneaper than either the Intel 8080 or Motorola 6800, but not
as widely used [19].

National EACE

The National PACE has a slower instruction execution
speed than any of the previously mention=d processors and is
scmewhat more expensive. It will, however, handle 16 bits
of information at a time (the others handle 8 bits) and has
a mcre pcocwerful instruction set [27]. Systems based on this
processor are available from Godbout Electronics and froa

Hamilton-Avnet (the Pacer).

Intersil 6100

The Intersil 6100 is more recent than +the above
microprocessors. It can exacute all the instructions cf the
PDP-8 minicomputer. The advantage of the Intersil processor
is that ©prcgrams available for the PDP-8 can be used on
systems tased on the Intersil 6100 [28]. Systeas bhased on
this prccessor can be obtained from PCY Corperation or Ohio
Scientific Instruments.
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Other prccessors in category 3 which may eventually be used
in hobby computers include the Rockwell PPS-8, Signetics
2650, RCA CDP 1802 (COSMAC), Fairchild F-8, and General
Instrument CP-1600. The devices in category 3 are used in
many applications besides hobby computers. Among the more
common are mcnitoring systems, 1line printers, navigation
systeams, oscilloscopes, message switching units, and
graphics terminals [29]. These MiCLOFINCEeSSOrsS will
prcbably continue to have the widest variety of applications

in the near future.

C. MICRCFEOCESSOR SELECTION CONSIDERATIONS

A ccroparison of microprccessors is difficult because of
the wide diversity of architectures and support circuitry of
the available microprocessors. Since microprocessor-pased
Systems must be programaed 1like conventional computers,
software as well as hardware must be considered. The
intricacies of either entails different tradeoffs between
hardware and software. Microprocessotr comfparisons are not
helped wmuch by the expanding volume cf application
literature cffered with "computers on a chip.™
Documentation often inflates or omits key spescifications.
Important characteristics, such as operating speed, are
difficult tc extrapola*tes from the voluminous data. Typical
data sheets specify a basic cycle time and clcck rate. Many
ricrccomputer operaticns reguire several «cycles to be
performed, particularly in the case of the more powerful
instructicns which take mors <time than the basic «cvcle
indicates. Similarly, it is possible for one microgrocessor
with a seemirgly high clock rats to perform a fundamental
operation - such as a register-to-register add - more slowly

than it is performed with a slower clock[ 10].
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Manufacturers' promotional materials cften elevate a
selling ©fpoint, such as CPU <cost, into an unwarranted
selecticn factor. The cost of additional support compcnents
(peripheral and interfacing circuits, and memory) exceeds
the prices of CPUs by a wide margin. The prices of cormputer
kits wvary widely, although they may use the same
microprocessor and offer about the same features. Sometimes
the difference in price is due to the use of less expensive
ICs 1in the lower-priced models which have more constraining
temperature and voltage limitations. while some
manufacturers may stress that their chip sets can operate at
one TTL level of 5 volts, more than a single power =supply
may be required if some of the newer memories are used.

A widely omitted specification is noise immunity. A
ccmpariscn Etetween 1levels for peripheral circuits and the
address-cutput levels of the  microprocessor may indicat
little or no protection against wunwanted transieat
waveforms. Noise immunity is of importance when a
micrccomgputer is moved from a clean, noise-free bench into a
personal computer environment. The newer microprocessors,
such as the CMOS Intersil 6100, excel in this area, a strong
point of the low-power CMOS technology [10]. Other hardware

consideraticns are discussed in Section IV of this study.

A microrrocessor's instruction set and architecture
determine one of the most frequently stressed selection
factors - prcgramming ease. Microprocassor-chip designers
are constrained by limitations of technoleogy and packxaging
size. As a result, each microprccessor reflects a different
series of compromises and tradeoffs in 1implementing
prcgramming. Specific softwars considerations of importance
to the perscnal computer user are discussed in Section V of

this study.
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IV. HAEDWARE COMPONENTS OF PERSONAL COMPUTER SYSTEMS

At the time of its January 1975 introduction, the Altair
8800 was intended to £ill the rising demand for a hcbby
computer. The Altair 8800 first appeared in kit form, aimed
at the electronics kit buildsr market. In the two years
since the introduction of the Altair 8800, more than 50
manufacturers have developed and are marketing +their own
versions c¢f microcomputers. The market has changed from what
was strictly a hobby market to what can now be better “ermad
a small scale or personal computing market with applications
cf micrcccmputers in areas that include business and school
2ducation as well as hobby use. Today, systems are
available in kit form requiring assembly of logic <elements,
as assembled components (much like a stereo system), or as
completely integrated systems with all the necessary
components so0ld as a unit for turnkey operation. The
savings realized on unassemblad kits ranges from 20 <to 40
per cent of the <cost of the assembled version. Frcam the
hardware standpoint, all of the present personal
microcomputer systems bear similarities. Figure 1 depicts a
tyrical micrccomputer systen. The blocks represent the

various compcnents and their interconnections.
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A. MICROCOMPUTER MAINFRAMES

The mainframes of the available personal computers are
strikingly similar. The mainframes consist of a CPU card,
mesory card, power supply, and control panel, all of which
are interconnected by a bus structure. The most commonly
used bus structure in mainframes is the S-100 bus. Tabls 2
provides a cocmparison of several personal computer mainframe

assemblies.

The Standard-100 or S-100 control, address, and da:a
bus has beccme a de facto standard in the micrccomputer
industry. The S-100 bus, which consists of a bank of
100-contact connectors wired in parallel on a comacn mother
board, was developed by MITS for their Altair 8600
micrccomputer. The 100 1lines of the bus carry address,
data, and control signal information between the various
components of the microcomputer systen. The S-100 bus
structure allows the microcomputer's CPU and memory <*c be
mcunted c¢n separate printed «circuit (PC) cards and also
provides space for additional PC cards for system expansion.
Using PC cards with interfacing logic, peripheral devices
such as floppy disk drives, CRTs, line printers, and
cassette recorders, can be added to the system. Cards on
the S-100 bus are often functionally independent and
transparent tc the operation of the other cards such that
adding or deleting a card does not effact the operaticn of
other systenm componants. Additional memory or I/O
interfaces are added by removing the mainframe cover and

Flugging in additional <circuit cards. The S$-100 bus
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structure allows microprocessors to be changed or upgraded
by removing one <card and inserting another in its place.
This allcws considerable versatility by permitting easy
system upgrades to increased memory capacity and more
powerful pPLocessors as the hobbyist requirements
increase [31].

The widespread adoption of the S-100 bus structure
has been a key reason for the rapid growth of the p=arsocnal
ccmputer industry. Over 20,000 mainframes using the S-100
bus are presently in use. Other manufacturers have been
able to supply compatible memory boards, interface toards
and peripherals designed to S-100 specifications and thus
provide support to the microcomputer mainframe manufacturer
as well as further their own cause.

2. PBcwer Supply

In crder to keep tae cost of the mainframe low,
unrequlated power supplies are normally used. The S-100 bus
requires power supply voltages of +8 volts, +18 volts, and
-18 volts to support the variety of memory and I/O interface
cards that can be used with the system. The number of 2=xtra
sockets available in the S-100 bus and the amperage rating
of the ©power supply normally determines the numkter of
peripheral device interface and memory boards that can be
sugpported. As an option to most systems, the S-100 bus can
be extended and additional power supplies added in crder to
support more peripherals. With systeam expansion in this
manner, ccoling equipment often becomes a necessity [32].
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3. Memories

The memory within the microcomputer mainframe may be
divided into two broad classes, read-only memory (ROM) and
read-write memory (RAM). The ROM supplied with most
micrccomputer systems is contained on the CPU card while the
RAM usually ccmprises a separate card. Because RAM requirss
additional circuitry to implement the write function, EKAM is
typically less dense than ROM on PC boards. The amcunt of
memory provided with the . mainframe by microcomputar
manufacturers varies widely and depends in part on the
units' intended application. Generally, the minimum amounts
of read-write memory and rsad-only memory provided are 512
bytes and 1K bytes respectively. Expansion of RAM and ROM
to a combined total capacity of about 64K usually

is
possible and is left as an option to the buyer [32].

Eead-only aemory forms an important part cf the
memory reguirement in most microcompu*er systems.
Instructions, the <coded piecas of information that direct
the activities of the CPU are stored in read-only wmemory,
which, as its name 1implies, may be read but not altered
under prograz control. ROM, Dbeing a fixed aemory, is
non-volatile; 1i.e., a loss of power or a malfuncticn to the
system dces not change the ccontents of the ROM. Most ROMs
have the feature of random access such that mémo:y access
time is indefpendent of the memory location being
accessed [33].

ECMs are often employed in personal comguters
for bootstrap loading whersdby a buil«-in ROM contains <nough
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permanently stored information (firmware) +to allow the

computer tTo accept a new program as soon as the powsr is
turned on. Key systems programs (monitors and interpreters)
are sometimes provided by microcomputer manufacturers in ROM
form to eliminate the necessity of having tc read them into
memory every time the computer is turned on. The MIKBIG ROM
operating system used with Motorola M6800 processor based
Systems is an example of such a monitor [34]. ROMs are also
employed in microcomputer systems that are dedicated +o a
single application such as a process ccntroller.

ROMs that are programmaple are referrad +to as
PRCOMs and exist in several forms. The programmming
technique used to store information into the ROM can be used
to classify all ROMs into one of three categoriss [35]. The
first category consists of ROMs that ars custom or wmasked
programmed during manufacturing and cannot ke changed aftear
fabricaticn. This type of Programmed ROM has been emgloyed
to supply microcomgputer systems with BASIC language
interpreter capability and assembler/resident cperating
Systenms. Cromenco Inc. distributes such an interpreter, 3K
EASIC, irplemented on 3 PROM devices at a cost of $150.
Cromenco Inc. also distributes an assembler and resident
operating system implemented on 8 PROMs, available at a cost
of 3$400. The second category includes RCMs which are user
programmatle by modificaticn of fusible 1links. These
Prcgrammable ROMs (PROMs), once programmed, have permanently
fixed contents. The third category of ROM is reprograrnable
using electrical or optical means. The ccntents of these
electrically programmable ROMs (EPRCMs) can Le altered again
and again.

EROMs are finding use in personal computers as a
convenient stcrage place to transfer the program contants

frcm the microcomputer's volatile read/write memory when the

power 1is turned off. Jsing the software provided with




systems such as the Crcmenco BYTESAVER that employ PROMs in

this manner, frequently used programs may be transierred
frcm non-permanent RAM to the permanent PROM [36]. Cnce the
program is stored in PROM, it 1is protected from power
turn-offs, either accidental or intentional.

t. RAM

General-purpose microéomputers cf interest to
the computer hobbyist %equire read/Write memories for both
programs and data. Even though ROMs are tachnically
random—-access memory (RAM) elements, the read/write memory,
which 1is an array of active, volatile elements, is
frequently referred to as RAM. FRAM is the direct functional
equivalent of the core memories that havs been the mainstay

of computer storage for two decades.

RAMs exist in two classes, static and dyrnanmic.
Static RAMs stoée each bit of informaticn in a flip-£flop
which retains this information as long as power is supplied
to the circuit. Dynamic RAMs store information in the form
of electric charge on the gate-to-substrate capacitance of a
MOS transistor. This electric charge dissipat2s in a few
milliseccnds unless a periodic "refresh" is aprlied.
Dynamic KAMs are faster than static RAMs and consume less
power in the gquiescent state but the refreshing cycle
requires additional <circuitry. Unlike ROMs, RAMs are
volatile and lose their contents when power is turned off.
Because c¢f the volatile nature of RAMs, high speed input
devices fcr lcading memory are desirable in hobby «ccaputer
systems [ 37].

Mcst personal computer systems are desiagn=d <o

accept additicnal memory circuit boards +c 2xpand menmory.

The amount cf RAM memory requirsd varies with the =systea's




software requirements. When assembler software and high
level language interpreter programs are not implemented on
ROM devices, RAM memory 1is required for these purgoses.
Typical assembler programs require 8K bytes of storage while
high 1level 1lanquage intergpreters require from 4K to 16K
bytes of storage. Additional RAM is required for the user's
aprlicaticn fprogram. The cost of providing this memory can
dcminate the system cost. Personal computer systenms
incorporating memory bank select capabilities can expand
memory up to a half megabyte. However each 4 kilobyte RAM
memory sscticn can cost up to £200 [32].

Cassette tape recorders have provided an answer
to the requirement for low cost mass storage. Mass s+torage
devices are discussed in a fcllowing section on ©pericheral

devices.

4. Central Prccessing Unit

The remaining component of the microcomputer
mainframe is the microprocessor card wanich holds the CBU of
the system. As previously stated, the functions of the CPU
are to fetch i1instructions from memory, decode their r[inarcy
contents, and exscute them. The CPU also accesses 1pemory
and I/0 pcrts as necessary in the execution of instzuctions
and reccgnizes and responds to «certain external ccntrol

signals, such as In*terrupt anrd Wait requests.

It is often difficult to make a comparison cf the
i¢

versatility and efficiency with which different

microprocessors perform these operations. Instruction sets
are very subijective and a compariscn cf the power o¢f two
different microprocassors wmade on the basis of the size of
their instruction set or on the basis of implementation of a

bencamark prcgram can be misleading. Benchmark programs can

}
4




be a priori tiased since they are written by programmers who
can well ke more familiar with the internal data
manipulations and I/0 operations of a particular
microprocesscr and thus more efficiently sequence the
instructicns of the benchmark progranm for that
microprocessor [38].

From the viewpoint of the hobbyist or perscnal
computer user, an evaluation of the different
microprocesscrs should be made on the basis of the
fcllowing:

e« Functions to be performed
s Hardware requirements

s« Time limitations

=« Memcry reguirements

s [ccumentaticn available

a Prcgramming language

s« Scftware providad

The functions *to be performed and the ability cf the
instruction set to implemant “hese functions gives a clear
view of the applicability of a particular microprocessor to
the task. Fcr example, although *he Z-80 instruction set
includes 80 more instructions than the 3080, a novice
prcgrammer may find +the 2Z-80 1instruction seot to be
bewilderingly complex. The 8080 instruction set may weill
satisfy the functions required by the novice while <the
additional instructions provided by a Z-80 microprocessor
may remain unused. Similarly the abilit of a
microprocessor to be microprogrammed can DpDe a needless
feature. Although microprogramming provides the caparcility
of tailocrinc the instruction set to the user's particular
application, for many us2rs, it simply introduces an
additional «ccmplexity. 1In addition *o microprogramaing *he
machine, the user must generate his own softwars - a
formidable task for the novica [39].
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The amount of hardware governs the physical size and
cost of a system. Hardware requirements for microcomputers
are determined to a great eoxtent by the input/output
operations required. Systems based on one microprocessor
may require fewer hardwares interfaces than systems based on
two micrcprccessors. However, systems that have a greater
amcurnt of hardware may have simpler software requirements.
Tc <evaluate this tradeoff in costs, a benchmark program can

be beneficial.

Amcng personal computer users, instruction execution
speed is perhaps the 1least consequential consideration.
High system throughput is not as important a consideration
as in large scale time-shared computer systeams. Tc the
hobbyist, price 1is crucial while spe=d and reliability are

secondary.

Yemory requirements differ between microprocessors
because cf differences in modes of memory addressing and I/0
operations. Since the cost of providing read/write nmemory
can be great, any means of dJecreasing this cost 1is of

benefit tc the hobbyist.

Cther items to be considered during selection of a
microprocesscr include the availability of docuamentaticn for
that micrcpreccessor, the programming languages used, and *the
software prcvided by the vendor. Software support and
prcgramring lanquages are addressed in section V of this
study.

B. PERIPHERAL DEVICES

A micrcccmputer mainframe with the basic componants that

allow it to ke classified as a wmicrocomputer can de acguirad
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at costs frem $395 for a South West Technical Products
Company 6800 in kit form to $995 for an assembled version of
Cromenco's Z-1. As in the case of a CPU on a chip being
advertised at a seemingly low price of $20, microcomputer
mainframes are likewise advertised at what seem *o be
reasonable Erices to the uninitiated. Without the
supporting memory, I/0 circuitry, and power supply, the CPU
on a chip 1is a 1long way from being classified as a
microcomputer. Likewise the microcomputer mainframe is a
long way frcm being a working computer system. 1In crder for
the micrcccemputer meinframe to interact with the outside
world, ipput and output devices (peripherals) are reguir=agd.
Peripherals include teletypewriters, paper tape readers and
punches, CRT displays, keyboards, cassette tape recorders,
floppy disk drives, and printers. Although personal
ccmputing enthusiasts ars using some of the traditional

ccmputer fperipherals, the r=latively 1low cost ones, a

R

variety «c¢f fperipherals that are unique to the small scale
ccmputer market, are also available. In contrast tc the
peripherals wused 1in large scale computar systems, personal
ccmputer peripherals are at the lower end of the performance

scale. In this section, several peripherals available fcr

: use in personal computing and their interfacing reguirscments
are described.

1. Interfacing Reguirements

When one or more I/0 devices are connected *o a
microcomputer, an interface network for cach device, known
as a Feripheral interface is required. Periph=sral
interfaces are used to convert information that is Dbeing
passed <frcm the periphsral device to the coamputer into a
format that 1is compatible with the <computer. Likswise
during a transfer of information from the computer to

a
peripheral device, the perirheral 4interface «converts +the
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informaticn into the required format for the peripheral. 1In
order to reconcile any timing differences between the
computer and a peripheral, the interface usually must supply
status information to the computer (€egey READY or
BUSY) [20, 23].

Four features common to peripheral interfaces
include buffering, address decoding or device selection,
command decoding, and timing and control capabilities. The
buffer capability is required tc synchronize data exchanges
between the CPU and the peripheral. The address decoding
featura 1is necessary for selection of an I/0 device in
systems with @multiple peripherals. Command decoding 1is
provided in some systems for I/O devices that perform
acticns cther than data transfers, such as control of a tape
drive. Finally, each of these functions requires timing and
ccntrol [40].

The interfacing raguirements of a particular
micrccomputer system are determined ty the characteristics
of the peripheral devices employed in the systen.
Peripheral devices generate and accept data in =ither
parallel or serial formats. Devices that employ parallel
formats, such as keyboards, analog to digital (A/D)
ccnverters and digital to analog (D/2) converters, send or
receive all +he bits in a data word or keyboard character
simultaneously. The interfaces for parallel forma*t devices
simply provide electrical compatibility and proper timing

for transfers to and from +the microprocessor or Direct

Memory Access (DMA) bus.

In grcgrammed data transfer operaticns, information
tc be placed in memcry is transferred from the input Jevice
via the processor to the designated memory location. In a
similar fashicn, data that is to be output from memory goes

by way of the processor. This type of data transfar ties up
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the processor during the entire data transfer. In order to

peramit cverlap of I/0 and processor functions, some
microprocessors have a hold provision that enables Direct
Memory Access (DMA) operations. The DMA allows the
peripheral device to transfer data directly [41].

In <cevices that use serial formats, a data word is
sent or received one Dbit at a time. Since the
microprocessor is a parallel word processor, the perigheral
interface, in this case, must parform serial~to-parall=l and
parallel-to-serial transformations in exchanging data *o and
frcm the processor or DMA data bus. Serial interfaces are
typically more expensive than parallel interfaces because of

+hese data transformations.

[V

Ihe selection of the peripheral devices to k= use

on a perscnal computer syste2m is important because in n
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instances, the <cost ©of these devices exceeds that
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microcomputer mainframe componants. Reguirements
microcomputer £for interface logic can add significant cost
to the tctal system [42]. These requirements vary froa
system to system dependent upon both what is initially
supplied for interfacing in the mainframe arnd microgrccassor
capabilities. A tabulation of the availabls interface toards
and their costs is given in Table 3. The cocst of providing
interface poards for a microcomputer system can obe @minimizad
by the use of boards designated as multiple I/0 (MIC) toards
which <can tandle +the interface needs of @ore than one
peripheral device. An example of an Y10 board is the IMSAI
MIO with £ive ports. This MIO board combines the most
ccmmonly used I/0 interfaces on a single board with a
centrol pert, serial channel, cassette interfacs, and two
parallel I/0 ¢ports. With this MIO board, a keytoard,
printer, tape <cassette and teletype (or CRT) can all be

ccntrolled simultaneously.
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TABLE THREE

Standard Input/Output Interfaces

IMSAI Description Kit Assembled
] Cat. No. Price® Price®
‘
MIO Multiple I/0 Board (2 parallel, §195 $350
1 serial, 1 cassette tape inter-
face)
PIO 4-1 One port parallel I/C Board 93 140 I

(Keyboard, A/D & D/A converters)

PIO 4-4 Four port parallel I/0 Beard 156 238
(Alphanumeric Printer)

SIO 2-1 One channel serial I/0 Bcard 125 235
(Teletype, Keybcard CRT Terminal)

SI0O 2-2 Two Channel serial I/0 Board 156 239
PIO 6-6 Programmable 6-port parallel 169 279
I/0 Board (bidirectional data
flow)

P
w
w
ro
(¥%]
(Vo)

PIO 6-3 Programmable 3-port parallel
I/0 Board

*Ref IMS Associates January 1977 Price List




2. Hardcopy Dgsvices

As personal computar use grows, so does the demand
fer 1low cost hardcopy output devices. Without hardcopy
printout, detugging a long program can be difficuls. Since
line printers that wutilize chain ©printer mechanisass are
typically toc costly to justify for use on personal computer
systems, several alternate hardcopy output dsvices are
employed. These hardcopy peripherals include teletypes, IBM
Selectric keytoard printers, and dot matrix printers.

a. Teletypewriters

Many of Teletype Ccrporation's ASR-33 (automatic
send-receive) teletypewriter sets are available on the
surplus market. This device offers a keyboard which
transmits 8-level ASCII code, a typing unit for producing
hardcopy, a paper tape reader, and a paper punch. The
ASR-33 is a low speed device which transmits or rasceives
data at a maximum rate of 10 characters per second. The
paper tape unit can be used to read paper tape prcgraas
which 1lcad wmcnitors, assemblers, debug routines and high
level software into the computer systenm.

ASR-33 teletypes are available on the surplus
market in "as is" condition for as little as $250 but may
require =xtensive parts replacement. ASR-33s that have bean
under reqular maintenance contracts command a price of $350
- $400 while reconditioned wunits sell for 3700 - $900.
Although they are generally unavailable f£from terainal
dealers whc prefer to rent rather than sell the ASR-33s
outright, new units can be acquired through hobby <computar
stores for a price of $1350 [u3].




Eecaus=2 the ASR-33 employs a serial format for

data transmission between the teletype and the comfputer,
either an RS-232 voltage terminal or 20 ma TTY current 1loop
interface bcard must be provided in the computer mainframe.
Special 1integrated circuits such as the universal
asynchroncus receiver-transmitter (UART) are available for
this purpcse. The cost of this interface can add $40 to the
total system cost if the computer mainframe does not have
this provisicn built in [44].

b. IBM Selactric Keyboard Printer

Cne of the most desirable £fcrms of comput=ar
output is high quality typewrittenm text suitable for
preparing letters, reports, and other documentation. A word
prccessing system which speeds up the process of writing and
revising text would be a very useful and feasible
applicaticn for a small microprocessor based systzanm,
provided that a suitable hard copy output device can be
fcund at a reasonable price. The IBM Selectric Input/Cutput
Keyboard Printer provides an ideal output medium for such .a
word g©rccessing systenm. Selectric I/O0 units have found
their way into the surplus market as the IBM computer
systems that they were designed for have become obsclete
Prices <fcr these units range from $250 to $1500.
Interfacing hardware and 1logic adds an additional $100 <o
this cost [ 45].

C. Matrix Impact Printers

As an alternative to teletype terminals which
can be both costly and bulky, dot matrix printers are
available fcr hardcopy output. An example of a printer of

£

this typz is the SWT?C PR-40 Alphanumeric Printer, available
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in kit form for $250. It uses a 5 by 7 dot matrix tc print
40 characters per line at a rate of 75 lines per minute on
standard 3.&75 inch rolls of adding wmachine paper. This
printer requires no head ©positioning circuitry <thereby
simplifyirg the requirements placed on its driver
electronics. One complete line is printed at a time from an
internal 40 character first in first out buffer memory.
Printing occurs either on receipt of a carriage ccntrol
signal or automatically whenever the line buffer memory is
filled. This printer is approximately the size of a cigar
box and incorporates TTL compatibility [46].

3. CRT Cisplays

——— e, =—-

Cathcde Ray Tube (CRT) displays provide a very
effective @medium for interactive use of personal computing
systems. Although they have +the disadvantage of being
unable tc prcvide hardcopy output, their low operaticn cest,
silent operation and versatility ma ke CRT displays
desirable. CRT display units used in personal computing are
divided into twc categories: video terminals which include
a keyboard, and modified television sets and video monitors

without keybcards.

a. Video Terminals

The versatility of video terminals increases *ih2

value of personal ccmputers as tools by enhancing the
communicaticn tetween the system and the  wuser. The us=ar
sugplies information tarough the kevyboard input for

precessing ty +he system and the system displays the
rasulting data on the monitor screen in character or grapghic

form. Video terminals with the logic reguired to allow

cursor ccntrcl, character read at cursor position, scrolling




T

or paging operation modes, display of up to 48 lines with 20
characters [fer 1line, and expandable RAM memory for display
stcrage are available to personal computer enthusiasts
through toth surplus egquipment supply houses and as new
units with prices ranging from 3200 up to $1250. New units
are normally supplied with the equipment necessary to
interface with the microcomputer [47].

r. Television Typewriters

Although video terminals are desirable additions
to perscnal computing systems, their high cost relative <o
the computer mainframe cost places video terminals beyond
the reach of mest hobbyists. The problem of providing a low
cost videc display has been sclved by using the standard
hecms television monitor as a TV typewriter. Tha logic
reguired to interface the home television with the <computer
is available on S-100 bus PC <cards designed for this
purpos2. Data to be displayed on thes television is =stored
in a portion cf the computer's RAM memory. A reading cf the
RAM produces tae video signal used for <creating the
alphanumeric display. Tne video signal 1s then rassad
through a video-to-RF converter, attached to the antenna
leads cf the television. The video-to-RF conversion,
required ty FCC regulations, reduces the available randwidth
such that «c¢nly 32 to 40 character positicns per lins are
available. Home televisions adapted in this manner
tyrically display 16 to 32 lines, and 4o not have the cursor
and scrolling capabilities of the commercially available
video terminals. However, the cost of converting ths hoae
television to this use is less than $100 and it <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>