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Intlroduction

This poper rovigsws some of the basic hardware and software requirements
ensontial to the task of interfacing microprocessora to experimcntal systema.
Today kt is possible to buy B microcomputer package capable of performing woat
tagks, but tnevitably It appeara one reaches the position where the bnaic
pachege cannct meet all the requirvemenis. At thls stage additlions nuwd
modll}cntlons muat be mode Ln order to complete Lhe tmek In hand.

It ia at the level ol tatloring a systen, to moet speclfle demands, that the
user finds thot the hordeware and goftware are entwlned and he cannot view Lhe
problom from one side or the other. Full exploitation of the jnherent
flexiblility of a micro ayatem can only be achieved when one has lenrnt to
handle it at the lowest level. MHowever, there is a delicate bolance 1o he
reached, otherwiss one rapidly felle into the trap of becowming a mircroprocessor
sydtem desligner, rather than en Acouwsticien with a problem to aolve. A
worthwhile pid¢ce of advice is to buy whenever possible and only build when

the available producte cannot fulfill your requirements.

Hlardware Baslce

The microprocessor manufacturera quickly realised that 1f people were ever lo
use their devices, they muat provide the essential bullding blocks Lhat enahle
the micro tn communicate with the outside world., 1In order to do thia the
whicre must be sble to uniquely distinguish between the various peripherala.
Two malhods have been adopted, .

{a) weach device ia given a unique codo, (b) ench device 18 Llrented as A
memory location,

The mlcros are said to have accumulator [/0 or memory mepped [/0 respectlvely.
From the hardwere point of view the cholce has liltle effect bechusc Lhe
hardware bullding blocks have been designed approprintely. The major dlfferesdca
will be the soltware,

Once a device has becen pelected the datn tranafer can commence. Of course,
ench end of the link must be able to determine when the transfcr slarls
and ends, so o group of handshaking signals are pravided. A second such
group Is required between the interface block and the peripheral itpelf.

Dale trongferr con be handled in two ways. The micro can transmit Lthe dote
ond then Interrogate the device until 1t recelves some farm nl acknoeledgement,
Thls scheme, known as polling, ie wastelful of micruprocessar time, 8u an
alternative Ls for the micro to send the datn mnd contlnue progrom excculfun.
¥hen Lhe device requives the intarventlon of the micre 1t interrupls Lhe
curronl program flow ond causes it to locale m mpeciml subroutine to hondle
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the particulor device.

Doth schemesa can eslahlish a P"otl&! atructure amonget the devices which
ensures Lhnt Inst periphernls are not hindered hy the slow ones.

Hinrdware Interface Nuilding Dlocks

The basic building blocks thai are avallable will handle parallel or saerlal
daln word transfers, elther Lo the micro or directly into memory.

(1) FPIA - Parallel Inilerfnce Adnptor

The enrly examples of this device were litlle move than 8 bit latches with a
couple of handshwake signals. Becond genorntlnh davicces allow Lthe user to
program Lhe direction of ihe dnla trangfer and wikll handle at least two
peripherals.  Each device contatns several 8 bit reglsters, some for data

and others for dats direction and comtrol signalas. Defore @ transfer can
ncent the direction snd control reglsters must he loaded with the appropriste
codewnrids 1o ensure proper reaponre to the handshake aignels.

{L\}) ACIA - Asynchronons Communicatlans Interface Adapter
UART - Unlversal Asynchronous Receliver Transmitter

. Theaa two devicen ennble data Lrandfer in a gerial fashion, that 1s ane bhit ot
a time along a alngle palr of wires. Datn is nent to the device im parallel
form and the converalon to seriel dats is completed internally. On the
peripheral aide data arrives serlally and ls converted to parallel before
transler to the mlcro. This is the type of davice that would be required to
inlcrface & terminal to o micro system. Although called asynchronous davices,
it is imporinnt to reallse that bits of each data word are Ltranamitted
aynchronously, only complele words are asynchronous, To meat the various
international standards the numher of bits in each word le programmable, B, 7
and B are atl ugsed, and on additional parlty check bit may be appendod.

The serinl bit rate ia set by an owterns]l clockand may extend to 40,000 bits/
gec, although for most applications is unlikely to exceed #6600 bits/sec. Bome
devicea may nlse provide a group of modern contrel signala which will allow
the mirro to communicate directly over the telephone network.

{11t} A/D Aunlogue to Digital Converter

D/A Digltal to Anslogue Converter
Ho 1nboratory micro gystem conld be celled camplete without at loast one A/D
and D/A. The importance ol thie device {a reflected in the wide cheice available
tn both chlp form end couplete boards. Price »ill he determined by the apeed
and remolutlon required, and there are many 12 bit devices built for 8 bit
micros. The higher resolution requires additional datn transfers and so will
reduce the nmpling rate. Buccesaive Approaimation A/D's offer the fastest
converston, but single and dusl slope integration typen offer greatar accuracy.

Multiplexors offer Incrensed flextbility by enahling e ningle A/D Lo converl
data from soveral aignal sourcea. Of course one wust not forget the sample
and hold or the anti-allesing filters,

!lv) DMA Dlrect Mcuwory Accegs
Ocruslonnlly one encounters a situation where the necessery date tranafer foles
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cannot be met by any of the devicea that operate under the coniroel of the mlcro,
In such cases one muat resort to n technique known a3 direct memory access.

The high epeed peripheral interface efloctively shuts off the mlcro and
generates sll the control snd oddress infomation required by the syatem,

Most maisufacturers produce an approprianlte device called o DMA controller. The
dovice must be told how many transfers are (o ovcur and whot part ol meaory 18
to be used. Almed primarily at high speed black iransler periphernls such as
disks, these devices have proved very succeasful In high speed dala sguisilion
appllications.

Boftware Basice

The creotion and testlng of compuler Programs congumes mOTre money nl time Lhon
the hardwnre equivalent, but when a hordeware fault exists a1l work mtopr, whilst
a program error only delays a gingle projoet aml the cost gets Joat under the
general headlng of ‘progrom development’ .

It is important to choose the language sml level appropriale to the bnsk in hand
and so various seftware development tonla have heen pruduced to meel mosgt
demands .

1) Machine code - the direct transiation of lnslructions inle binary corte.
This must be avolded at all coat beceuse It consumes too much Lime and produces
100 many Errovs.

(11} Assembler - almost cssentinl when trylng to control user denignoil
interfaces, or interfaces not supported by the wmlero operating syatem. Each
inatruction/operation is assigned o unique masmonle which ip docivled by the
nasembler program to produce machine cxecutable code.

(111) lligh level - primarily alwed al usor programs. Varinus longuages aro
avellable ench noted as being approprlale for s particular application.

Pasle -~ Unlvereally nvsllaeble and slimple to Jearn, usually cach program
stalement Ls Interpreted at run tleoo so_elecution is alow

Fortren - extremely powerful equallon golving language otfering comprehensive
library of subroutines for all arithmetic operations

Pascol - structured language easy to read and mainlain with strong variable
typa checking )

C - struclured language devoloped by Bell Laboratorles can produce coile nlmost
a8 efficlently as an assembler prograsmer

AMla - now concept in languages, develepa iden of soflware buwe, olffers real-tloe
cupabliities '

Boftware Compromise

Although high level languaoges are desiveble In as much as they allow rapld
program development snd easy salntenanco, they cannot provlde the roltwnre
puppurt nccessary for veer designed Interfoces. Systens such as the PET and
Apple do ollow the user to communicate at the binary codeword luvel to devlces.
llowever, alnce the high level lenguage they usc 1a interpreted, lhe vverall
transfer rate 18 glow {around 50-100 bytes/mec). To achieve higher transfer
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rates one must mix languoges.

The rimpleatl technlque is Lo create an sssesbler gubroviine io perform &
apecific task. This 18 then londed into an area of wmemoTy unused by the high
level program. The mAain program sloply passes control to the pubroutine as
and when required. This method 18 equally valld for copplled or interpreted
languager but the sctusl iopltenentation will depend upon the specifle language.
A frequently encountered probiem ariaes when one necdas Lp measure A& varlable
and use the value in a calculation. 1f ons used Fortran for the maln program,
then arguments to be passed to the subroutine are supplied in the fors of
parameler ligts. The enlling sequence and methods for pearslng argunents muet be
followed exnctly .1f Lhe subrouline is to function properly. The slmplest way
tn gee how a subroutine eall is tmplemonted 15 to examine the agsemhler code
generated hy the Fortran compiler.

The new longuages such ma Pascal ond C normslly allow user written assembler
modules to he Included quickly and aimply.

Operating Bystoms

An aperatlng syatom provides the human Interiace between the user snd the micro
aysitem., Some are noted for their s¢riendlinesa’ nnd so enmble users to mintmise
the tearuing period, otheras are not. Operating sytems for large wainirame
computers are normally supplied by the manufaclurer, but the micro has followed
n different route. In this case hardeare and soltware pystems have heen
developed Indepondantly, 0 ope can buy the hordware and choose an operating
system designed for the task in hand. This diviaslon of labour has mlao caused
the creation of many independant soltwars houses each offering varjous
application pachnges. To simplify thelr tark these goltware housesa have

split the load of developing operating Ayatems nnd applications packages with
each specialising in one area.

1t is still pemalble to buy A complete soltware and hardware package, but one
may then {ind that there are no application packoges available, Two ayatems
worthy of nole are

CP/N syatem {or 8080 and ZBO based B bit micros
Digital flesearch Corporatlion

Unix originally developed for rpP machines, but
Bell Laboratorles finding wide acceptance for 18 blt micros.
Conelusion *

Microprocessora and micrecomputer sydtems have changed our way of life and have
ensbled us to undertake experiwents and solve problems that would have been
left a few years age. But perhaps it 1a only now that computers mre cheap
enough to have ln every laboratory or office, thalt we ghall learn that with

a 1iitle knowledge and common abnae ithey are tools to do our bidding




