also be used to perform a wide range of
SR o e useful functions that would otherwise
: require complex dedicated logic.

D . & o = & . Christmas
8 MAKE 2 eroroonaric _ Lights Flasher 52

A simple seasonal design by Paul
Stenning which should make your
Christmas tree stand out from all the
others.

T

=+ ELECTRONICS N
ol IN:SPACES /2 ETI EPROM
= | Emulator 96
A very useful battery power project for

s s R;E AT IR = gt RS any photegrapher's darkroom, designed A project designed by Paul Stenning
semomn R e L by Terry Balbimie. which complements the EFROM
—— @ BUILD AN R5-232 . g 1
| TO PARALLEL [NTERFACE '  5ooees trperris programmer introduced in last month's
@ COMSTRUCT

AN AUDIO A General ETI. The emulator looks like a standard

PARARETRIC
EQUALISER EPROM to any circuit into which it is
Purpose 24 plugged, but it allows data to be easily

RS232 Card downloaded from a PC and is therefore
v0| uimne 25 This project provides the ussr with 24 much easier to use than repeatedly

lines of input/output from a standard programming and erasing EPROMs.
NO. 1 2 RS232 port. Designed by Dr Pei An, part

one of this project looks at the problems The

involved in using serial data

transmissions to control paralle! VO Parabender 64

operations. A project by Barmry Parter which will

Features interest all audiophiles, a modular, high-

- he ET' quality stereo parametric equaliser that
Pl'O]ECtS ;ran Sp l.It er 32 gives ona real control over audio

frequency response.
This month we canclude the construction

Electmnics in of what is probably the waorld's first
Regulars

practical project to build a single board
space 1 o computer system based around the
Space, the final frontier, a frontier that famous Inmos Transputer chip. In this
would be unconguerable without the help  issue we take a further look at
of sophisticated electronics, Nick prograrmming the board designed by News and event diary B
Hampshire investigates and discovers: Mark Robinson and Andy Papageorgiou.
that in the field of microsatellites there is Practically Speaking — a regular series in
a UK company that is leading the world s which Terry Balbimie divulges some
in space technolegy. Pc c“nlc 3 7 practical hints and tips for the electronics
Part 7 of the series which shows readers enthusiast 62
how to repair, maintain, upgrade and
build circuits for, personal computers. In PCB foils 70
this issue we look at using, choosing and
upgrading video adaptor boards. Open Forum 74
Proms vs 4.2
Logic .:
. SUBSCRIPTION it
In the first part of a two-part tutorial 1 & BACK ISSUES BE1 SR AL
Graham Reith shows that EPROMSs can I HOTLINE |\ '

be used for a lot more than simply storing  RAYEATINL F’*“ e i
computer programs and data; they can TR
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bit resolution. Each ¢

-

Polar Instruments has developed two new I]Eg[i
densily probes for stale-of-the-art. Surface- /
mount electronics components, Rroviding an
ellicient tesl interface for. ICs with fine geom-
alry 0.65mm metric or 251hou mperial leac
'_};thg. Providing a row or 32 RIS, the hanci-
jiold probes - kKnown as T Series - nernace
wilh troubleshooling nstruments Equipy -,::;.f;.
wilh the analogue signalure analysis fault locas
ticny techniciue, The proboes Rrovide a conve-
el ancl cosl-aligelive Interiaee fo; Mmany. of
tha latest VLS penpherals ang Brocessor IC
packages, andigreatly o

NOSNC 1asHS NECUEL RN Sirauit Slgation and
repair,

fror mora ol

=4 NObes
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Filter Designing Made Easy

The filter circuit is one of the basic building
blocks in analog circuit design. Indeed
almost every piece of electronic equip-
ment, of whatever sort, coniains at least |
one filter circuit and their use is becoming +
more common as EMC legislation
progressively comes into force.
For many electronics engineers, particu-
larly those trained in digital electronics, the
design of active and passive filters is a
tedious and error-prone process, which
invariably involves many repetitive and
tedious calculations or the looking up of
dozens of normalised co-sfficients in
taples.
Thankfully, such days are now past. A
new design program, FILTECH, from f
circuit simulation software specialists ' T asiea Lo
Number One Systems, will do all these e Lpis 8 e R
calculations autarnatically, thus maling T R 4T SIS OIRR  HZS 0 LT (SR
filter design a relatively simple process. e =
The software will also simulate the behav-
iour of the filter circuit and display a graphic plot of the calculated frequency response superimposed on the specified filter
limits, thereby giving the user immediate confirmation of the accuracy of the design.

th active and passive filters up to sixth order with frequency ranges extending from fractions of a Hertz to GigaHeriz can be
designed and simulated using FILTECH. There is a no-nonsense approach to filter specification, Passband and Stopband
frequency limits, Ripple and Attenuation levels and terminating impedances are all the parameters that the design program
neads to complete a design. The user has full override capability on both design and simulation.
The FILTECH program costs £145, and is available from Number One Systems Lid and includes all documentaticn plus
example designs and a full discussion of filter circuits and characteristics. They can be contacted at: Harding Way, Somersham
Road, St Ives, Huntingdon, Cambs. PE17 4WR. Tel: 0480 461778

BB R i = FILIECH

“onfiguration _ pecify. 8 atars 0 VS 10T Clalp b

1 CHMOMETRERINET: (1.7 ) [ Band PASSSIEEn SN | 7 LI PRss dve il [ I T B Ela. |
AONETRES :
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Very small embedded
PC module

Skylake Talix of Southarmpton have developed what is almost
certainly one of the smallest and least expensive PC-compatible
computers for embedded applications that is on the market
today. Known as Talix uV25, the computer board measures just
52 x 80mm, similar to a credit card, and weighs a mere 30g.
Priced at £75, it sets a new price/performance standard for
emoedded conirol and data acquisition applications.

Developed to meet the ever-growing requirement for
compact and economic PC-compatible processing power, Talix
uV25 contains a V25 processor running at 8 or 10MHz, plus up
10 1MByte of memeory in dual half megabyte RAM and
ROM/Flash-EPROM arrays. Also onboard are three parallel /O
ports offering up to 32 I/O lines - two senial channels, a real-time
clock, interrupt controller, and interface/expansion connectors
with terminals for back-up battery. Power consumption is
S0mW typical at 5V.

The talix uV25 may be operated as a PC-compatible running
DOS applications software. In an agreement between Skylake
Talix and Great Western Instruments, General Software's
powerful multi-tasking embedded DOS has been ported onto
the module. Software development for PC-compatible target
systems is simplified by a suite of utilities provided, including a
debugger and a silicon disk wtility for booting PC operation
system and applications software from non-volatile memory.
Alternatively, the processor can be used in its native 8086-

= nl-ﬂ-...—. Ve Mgy e ol e L el 1;,.__,._ - R
ﬁ:’\mh:‘l‘ h] mn!‘iﬁ- ﬁfﬂ £l :ﬁu_-..a T ALl b u’:‘ Bl i by W gul.}'...vllu‘-..l

with Paradigm's TDREM monitor for the V25 CPU.
For further details contact Skylake Talix on: 0703 666403

stemn bus and ths slave aoceases
8 dual port RAM via a local bus o
- control dqﬁtransmmmn

memory. *i'haycater for all péasl IB' £
datacomsmns lfaseconcl 16Vics, -
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24-bit colour in a low-cost packag

.
- i

A new 24-bit RAMDAC from AT&T Microelectronics allows designers of personal computer
systems to provide high resolution graphics facilities at a price comparable to standard
VGA. Featuring a 16-bit pixel port and maximum video raie of 135MHz, the ATT20C498
displays 24-Dit colour at resolutions of 800x600, and up to 64K colours at resolutions of
1280x1024,

Packaged in a low cost 44-pin PLCC, the ATT20C498 is backward compatible with the
8-bit VGA standard. An intemal multiplexer allows the 16-bit pixel port to load two 8-bit pixels
simultaneously; this means that designers can use slower, less expensive frame buffer ‘e
memory, and run clock signals at haif the vidso rate, reducing EMI. An on-chip clock doubler
simplifies design even further. Switching hetween the ten graphics modes of the chip can bs
implemented on the fly* or on a pixel by pixel basis, allowing the device to display several
windowed applications supporting different graphics capabilities. Each application can be-run at-
its highest resolution, using the correct colours; regardless 6f the primary system display mode.

Far further information contact AT&T Microglectronics, on: 0732 742999

-

]

High resolution slotted optical switches

Quality Technologies' new range of fully
enclosed, slotted optical switches has
a unigue housing design which incor-
porates ambient light protection and
has a smooth external surface to
prevent any build up of dust or dirt in
the optical path.

Designated the QVA and QVB series,
the switches comprise an infra-red
emitling LED, facing an NPN photo-
transistor, across a 3.18mm gap. The
phototransistor detects the presence of
Infra-red light from the LED, until it is
blocked by a mechanical object.
Moulded internal apertures of 1.27mm
or 0.25mm in the optical path make
these switches ideal for high resolution
applications, such as encoders and
precise position sensing.

For further details contact Quality
Technologies of Aylesbury, on: 0296
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Space, the final frontier, a frontier that ballistic missiles was of paramount importance, as the military
would be unconquerable without the wanted to be able to deli*{er @ nuclear weapon to a precise
he fp of s ophfsticated e fECff’ﬁ nics. NI ok target on the other side of the world. Control systems therefore
TR . needed to be even more complex, and more reliable,
Hampshire in vestigates The engineers given this task quickly realised that the elec-
i a1 tronic components and construction techniques available at the
_ tis probably true to say that without electgoﬁim. time were not well suited to the requirements of exireme refia-

- and in particular compmers,maniand’s conquest Dility, or of packing large amounts of circuitry into small spaces.
¥ of space would never have happensd, - The result was the Tinkertoy project which sought to produce

@~ The history of the conquest of space began durir g ultra-miniaturised, highly robust circuit modules which could
the latter part of World War i, with the -"' ‘ ;"i then be assembled into the control system, =

of the German V2 rocket. This was a revolu "f:* / weapon that it was the developments generated by the Tinkertoy project
could be launched deep in continental Europa on a frajectory in the late 1950s which effectively led to the creation of the first

that took it into near space, and that on fts returm t& Eartry: integrated Circuit in tha sark: 108n~ _
brouaht sn miich terror, dasth Snd Gev: lalon 1o jarge paris o .. Bythistime, balfistic missiles had developed to a stage_ =

the city of London, o _._i'_{." % 1 ;ﬁ'?.v.fherre'min"gs could be put into orbit around the Earth; the ﬁays;"'
- The V2 was a liquid fuelled rocket desig L\ er herfvon - of Sputnik, Yuri Gagarin, and Gemini. Satellites and spacecraft
| SatumV that could fit into the very small spaces that were available. The
which launched all the Apollo moon missions. Indeed the V2~ . first sateliite launched ip 1957, the Russian Sputnik 1, only
rocket designs were based, e S stand up to the very harsh environmental conditions foundin-
Although a very sophisticated system at the time, theV2 sSpace, and electronics which could un i '

Braun, the brilliant engineer whn o- ' , calied for even more sophisticated and miniaturised electronics
of the most famous US rockets, including the giant Saty,
was the basic design on which all subsequent ﬁqgﬂ@;ed weighed 75Kg. And, for the first time, electronics which could. -

Job. This meant that all it needed wasa: Simp > elect
ey et guidance system that wolid ensure that fhe rod at the frst man would be an American,
T Eacromocnames e SR talig CREERE B S i v 1 government budget behind the:
o i 1 s e o Wl S Becaues heywers - dvelopment o i 1 systams necessary 1o achieve this'goal
ianced g e billon an acoslrationiores development which was being funded 1o the tune of bier 45 o
epenenced during a rocket launch. At that fime the only elec- Us Gop, 1 1 thanks to this enormous expenditure that we have

tronics available were valve based, and valves are not themost  most of the technologies that we take for granted today:' %

vas automaic - gravity and the LW of Physics Would dothe ihe integrated circu

=C S T G R R R R P I R ool SEReNeR L
ant - President Kennedy's acceleration of the Spacerace’ by~ =

S =g - -
. Sy

*ﬁ“‘miﬂ - dediaring that the first man on the moon would b an

physically robust devices. RS e S kR SPace program gave an enormouis boost to the US.

The development of the much more robust transistor in the computer industry thanks to NASA_’_;_re_quirgmmt_that,;ubcunr-,.

the earlier sleciro- - - tractors were fully computerised. It also boosted the develop-*

slectronic systems. Rocket -~ ‘ment and use of numerically controlled machine toolsanda -
guidance and control systems consequently became much - host of new production techniques #58.ool vl et s S 60 7

S Trbplate. ;

more sophisticated, and includﬁJ:iEW

nks. Telemetry was But elecironics was the area which saw some of the biggest

very important because, up tg 1he early 1960s, a great many of ~  advances. When Kennedy mads his famous declaration, inte-

e =

the missile guidance computers i usawaegroundbasedﬁm - grated circuits were conﬁned taafewsimpla gate druurtshut, :
was because they were too Iargeandre_qulredmnmuc!}pagm - bythe end of the Apollo prngram.ﬂ’aere’vmtha first pocket

v s

to be fitted into the actual rocket. = e calculators, electronic waiches, memory chips and, just 5_1 E i

The greater sophistication of ﬂrghf&nhﬂ&ysms whether - couple of years later, microprocessors. All products where the
ground or rocket based, allowad tha: n Y- ‘development process h‘ag:i begn mm’m Grmdtmﬂy'mﬂr.
controlied more accurately, ich was of incre sin .. - ated by tha US space program, REEEES e
importance given the much longsr range of the bigger rockets  Today the impact of space technology on electronics s jess

that were being produced SRS S pronotnced, but st enormously important. No longer s the.
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provided by hard commercial factors. Satellite communications
systems have become commonplace. We now take it for
granted that an overseas phone call could be relayed via a
satellite.

Millions of us watch TV programmes broadcast from a satel-
lite. We watch news programs sent live via satellite from remote
corners of the worid, or watch the weather forecast with its
satellite-generated images of terrestrial weather-systems. We
use information systems which rely en global netwoerks of
computers often linked via satellits.

Then .of course, we depsand on satellites to give us informa-
tion about other planets in our universe. We also use them to
manitor the heaith and staie of

duration, and much of the electronics will be within the pres-
surised crew compartment and thus will not be exposed to the
very harsh environment of space. The Shuttle has five general
purpose computers, four of which can be configured as a triple-
redundancy fail-safe systern for highly mjssion-critical opera-
tions such as flight contro! during re-entry.

In unmanned systems, the main criteria is reliability over a
very long period, ten years or more is not unusual, with full
exposure to the environment of space. This means that they have
to be capable of being remotely configured, maintained, and
repaired. Despite the uss of the Shuttle to repair the Hubble
Space Telescope, there is, in general, litile possibility of having

| someone physically repair a

our planet, to track down pollu-
tion, to manitor crop yields, to
locate new sources of natural
resources. And, as we saw in
ETl a few months back, we can
use sateilite systems 10 accu-
rately determine the position of
a plane, a boat, or even a lormy-
load of goods travelling across
Europe.

Without the myriad satellites
which now circle the Earth, :
much of what we do today
would be impossible. Satellites
would in turn be impossible
without sophisticated and
highly retiable electronics -
electraonic systems which can
work 24 hours a day, 365 days
a year for ten years or more
witnout a single fault despite
operating in ona of the
harshest environments known
and being subjected to enor-
mous mechanical stress

In the rest of this article we
look at some of the problems
facing electronic systems that
ars designed for use in space.

faulty satellite, and absolutely
no chance of intercepting and
repairnng an interpianetary probe.
This need for very long term
reliability in a very hostile envi-
ronment means that such
systems have to incorporate a
great deal of redundant
circuitry. They have to be
testable and reconfigurable
from the ground, so that a
faulty part of the circuitry can
be switched out and replaced
with a functioning circuit. For
interplanetary probes, some of
this testing and reconfiguration
must be done automatically by
the spacecratft itself, since
signals between the space-
craft and Earih can take
too lona.

The rating of space-
eraft electronics

| have already said that space

is an extremely hostile environ:
ment. We all know that space

consists of a near vacuum and
this fact by itself is of little

Types of spacecrﬂft

However, befnre taking a closer Ioofk at ﬂia&cnxa] eiectmrucs

we need 1o look at the different types ofapace mssu:m each

has different needs and different design criteria. We can dmde 'f o
space missions info three broad categories.. Ffrsﬂy there are the

manned misslons, such as the regular Shutile flights and the Mir
space staticn. Secondly, there are the unmanned orbital satel-
lites; these have a wide range of different functions; from -
weathsr and communications satellites, through the Hubble
Space Telescope, (o navigation satellites and military reconnais-
gance satellites. Lastly, there are the unmannad interplanstary.
probes, These include some of the most sophisticated and
complex spacecraft, with future missions schaciute-d to {:arry
robot explorers. £
For manned missions safety of the crew is. nf paramnunt 5
importancs. Consequently, all the critical e{ech*cnics are .
designed to bs completely fail-safé. Hnwwar the | presence of a
human crew means that non-critical areas can, inthe eveni of
failure, probably be repaired and replaced by the crew or over-
ﬂdqen by direct human control. In addition, flights are of short

concem to the designers of
spacecrait electronics. Indeed,

: '_ ;, it can be beneficial since having no atmosphere means that |,

-there is no oxygen and therefore no problems with oxidation.
However, operating electronic circuitry in a vacuum brings

“other sorts of problems, the biggest of which concems the

dissipation-of heat. In operation, all electronic circuitry generates
heat. Normaily this s dissipated by a combination of convection
with the aid of air currents, and caenduction through the housing

'PCB etc plus a certain amount of heat radiation.

Cenvection Is the primary means of cocling glectronic

- Circuitry, hence the inclusion of a fan in many piecas of equip-
-ment. But in the absence of any alr, it is impossible to cool any

circuitry in this manner. Conduction only moves unwanted heat

. from one place to another (specialist high efficlency conduction

ey

- dsvices known as heat pipes are frequently used in spacecraft

for this purpose). This leaves just one methad of getting rid of

- unwanted heat; radiating it out into space.

Reducing the heat generated by circuitry is therefore a very
important compaonent in the design of space-based electronic
systems. This is a requiremsnt which also coincides with the
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need for circuitry which usss very little power (power is usually
provided by an array of solar calls. feeding a battery, battery
power being used when the satelliteisin the. Earth's shadow). - .
The movement of a satellite in arid ‘out of the Earth's shadow
is the cause of yet more haai—related pmﬂm The lack of any
atmosphere in space means that a's af i&&xﬁt:ﬁ&d to'the
full radiation from the sun. Much of this solar radiation can be
refiected away from the electronics, but it st means that
temperatures can rise 10 +55C when. tﬁa cearafhs inthe
“sun and then plummet to -30C or lower wheri it'ls in the Earth's
shadow. The elecironic systemson a spacecraft must thersfore
‘be capable of operaling successfully over this very wide
temperature range.

which hit an IC the sconer it will fail.

~_This repeated oscil-
~.latrqn between hemg
very hotand very co!d -
p:ag lfad o enormous
stresses within®
curnpcmmts dusto
differential expansion
and contraction rates. -
These stressescan
easily lead to failures of
joints, and thus fallure |
m‘ tha mrcuit
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“Solar radlaﬁnn is not the unﬁ/ snuma ﬂf [adlﬂtlﬂﬂ Eﬁcﬁuﬂ
tered in space; there are other fﬂrrns qga i !
potentially far mors damaging: 10 electronic ‘diré!.ﬂiryf"fh&m am
high levels of electromagnetic dxstu{bmaa present in space,
capable of causing induced currents that vl destroy ordi naryr
circumy In addition, elactmmagnatm disturb Jifthe.
system is not very carsﬁ.rliy designed with B{actrumagneﬂc
shielding, arise from other satellite systems d’uemha fact that;
all the cirturtry isin vsw closg pﬂ‘.}}ﬂmlty

In space there are also large’ numb&m Df h@hﬁnmgy partr~ :
sles {cosmlc rays) which can, at 1:>EzstI mmaa smaus gﬁtch in-
Sreuit operation and, at worst, Frtefazly hias{,hda&inmtegrated
sircuits. To a degree, semiconductors willif switched off, hea] s
hemselves of much of the damage causaclby al‘ﬁgh mar_gy ]
particle strike. But this is often impossible in mission critical™
applications.
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One way of limiting the potential damage is to shield the
circuitry using aluminium plates. However, this approach often
has limited success since one high energy particle hitting a plate
can, if its energy is high enough, produce more than one high
energy particle coming out the other side of the plate. This is
therefore a potential cause of problems since the effects of radi-
ation damage are cumulative: the more high energy particles

The standard unit of radiation is the rad, and a standard
commercial IC will, in general, fall after it has been exposed to
several thousand rads of total radiation, Howsver, susceptibility
to damage depends upon the fabrication technique employed in

making the IC. Thus,
amongst commercial
chips, old-fashioned
TTL fabrication is prob-
ably the least prone to
damage. Somewhat
more prone to damage
are PMOS, and CMOS
fabricated circuits,
whilst NMOS is prob-
ably the most suscep-
tible.

For applicﬂcm
Mmere md“latim danmga.
isapr cfrcwta
can be uced i =
va's{nn“guo:% are
d&slgm to be radiation

Maldng sur::h 5

5 chlps Mm special '
fabnca@p tadmiques
usually based upon
CMOS, and ngormm
tastlng pmoadwes and
in consequence are
enormously expensive.
But whereas a commer-
cial chip wﬂl fall after |
cumulative axpomra to
a few thousand rads,
special ra::ﬁatlon hard

~ ened chips will stand up
to a cumulative expo—

~ sure of several million -
rads, thereby ensuring a
long life in a high radia-
tion environment such -

.- The combined effects of the harsh space environment rnaan
" that one cannot build a sate!ma with the same types of com
.. nents and construction teachniquea which one would amplny (o]
‘build, say, a personal computer. If the system is to work reliabty
furareasonab!epanod then special care has to be taken in’
seiechan of cumponents and the way that they are assembled.

e Tiegr g | Wpes ol' spaceeraft alectroniea. -

\

Emac[ly speakrng spacecraft &n—d sateliite slectronics can be

broksn down into four broad categories. These are the power

supp!y system radio transmitter/recsiver equipment, the main

: .control system and the main payload, which could range from

spemal;st sclentific expenments to highly sensitive cameras, plus
I'the associated data inntst eaninment.



The power supply systems usually consist of a large array of
<olar calls, organised either as wings that can be tilted towards
:he sun or actually wrapped around the outer body of the
spacecraft. On manned missions such as the space shuttle,

power is usually provided by fuel cells which produce electricity '
as a result of the catalytic oxidation of hydrogen or aicohol. The

continuous power generated by a spacecraft is rarely more than
a few kilowatts, and there are battery storage systems to allow
for fiuctuations in power generated, such as when the satellite
moves into Earth shadow, and fluctuations in power require-
mMents.
Without a power source, a satellite will cease fo functicn as
socn as its batleries are ;

incorporate an cn-board general purpose computer was the
Orbiting Astronomical Observatory launched in 1972.

Today, all spacecraft have on-board computers, and it is
thanks to them that satellites have the reliability, flexibility, and

* autonomy of function which is required fos today's applications.

We can divide the functions of the software that runs on a
spacecraft's computer {tcday. itis more likely to be an array of .

~ computers) info six broad sections. These are: attituds ﬂetarn'ﬁ

nation; command storage, executive, housskeeping, telemetry -

format control, and Instrument sequencing and control, ~ .
The attitude determination function is very imporiant s since lt

is use{:l to ensure that the spacecraft always maintains the mmb'

. attitude in space. éo‘;

drained. This happened
just a few weeks ago to
the US weather satellite
NOAATS3, which func-
tioned for just 13 days
after launch. Analysis of
the system showed that
it failed because primary
power was not supplied
thanks to a 30mm
screw shorting out the
circuit - $77million
warth of satellite is now
dead thanks to a very
simpie design failure.

All spacecraft, with
the possible exception
of some spy satellites, -
have radio communica-
tions capabillity with
Earth based control and
AL E i et i.*;r
systems, In the case of
communications satel-
lites which are used to
transmit TV programs o
dish equipped viewers,
or relay phone conver-
sations and computer
data betwesan ground
stations in different
paris of the globe, the
communications equip-
ment is the primary

payload. In other appii-
cations, suchas
weather sateliites, the cornrnuniaannns sysiem is simpiv a
means of controlling the operation of the satellite and transfer-
rng data back to Earth.

The communications hardware is a crucially impertant
component of any spacecraft-sincs without communications
back to Earth the sateliite is effectively dead, an event which
has happened recently with several interplanstary probes
including an impertant mission to Mars.

Computer systems

The rest of the electronics on a satellite consist primarily of
computers and various data acguisition devices such as
cameras. Computers and their associated data systems are
now a crucial compenent of any spacecraft design, although it
s surprising to discover that the first spacecraft to actually

that mmmun*caﬂcns

_____

waalhar S&tﬂﬁ&._ ] _.'
lhacameramightt. 2

1 compute the actual :atli-
- tudse of the spanacraﬁ
with respect to mma 1
predetermined. Mﬂ‘ '
The calculated attitude
is then compared “ﬂﬂﬁ
the expected attitude’
. and corrections are: -"5:;.:
" made |f necmry wﬂh tha aid uf sma]l thrusters or raaﬂtbn. %
whesels, il = 15 |
The command storage function is used to siore ssquancas 3
of commands uploaded from Earth based onntml 'ﬁmatypas |
of commands are time-tagged for executicn at specific times
and are often necessary becauss the spacecrait may be out uf
direct communication for short periods as it orbits over parts of
the Earth which do not have communications links. It should be
noted that only semiconductor memory.can be usedona
spacecraft. Disk drives will operate in space but have the unfﬂr-
tunate side-effect that disk rotation will impart a momenturn, ;0
the spacecraft that wiil, over time, alter its attituds.
The executive function is simply a means of co-ordinating
spacecrait functions using a real-time clock. The executive
actually comprises a real-time, multi-tasking, interrupt-driven

'I;-

' software system that is capable of sequencing all tasks as well
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- 1ests onthe circuifry and the software. In general, it will check

-y
. oy

‘ashanding all necessary inplts andoutputs,”

" Onsofithe regular tasks initiated by the executive is the

“houseleeping function. This is probably one of the most impor-
tmonitors the state of the spacecraft. It wil look at the power in
the batteries, the temperature at key.positions, run diagnostic. -

- that all the spacecraft's systems are behaving inthe proper -
- manner. If they are not, then the fauit data will be relayedto
. ground control and special software routines will be called into
- Play which will allow the systern to bs reconfigured to overcome

the fault.

| dure is the telemetry

¥

. the spacecraft's telemetry
" points. These are the -'

b
et

The key to this proce- |

format control which

“sampling and format of

measurements which are
constantly being relayed
to ground control. This:
code will then perform
any necessary reconfigu-
ration in response to both
failure and system degra-
dation (note that space- [ ,
degrade gradually rather
than fall catastrophically).
Al e software func-
tions mentioned sofar ~ yf
-havs dealt with the opera-
tion of the actual space-

or NASA Standard Spacecraft Computer, They have also stan-
dardised both electronics and software modules for various
Spacecraft control functions {ses Box 1 foran insight into an

actual computer system).
_ The spacecraft's computer software is dsesigned in sucha

way that it can easily be changed, debugged and reconfigured

~ bya ground based operator using the communications links,

Using a ground based support computer, a programmer can
reconfigure the software and then reload the spacecraft's
miemory using the comms finks. In this way, it is possible to not
cnly maintain a system but actuslly improve it.

'I'nto the future

- The electropics payload
- Is becoming an ever
= | more important
**| . component of the
average spacecratt.
Moast now contain
saveral computer
systems networked
together and, becauss
each microprocessor
. based computer is
- smaller, faster and usss
- less power than its
_ predecessors of even
 five years ago, itis

.h]:nnlrf e Tttt &
ﬂn::'....n: = """:""-t."' (== L:

A hbtorctrtsron

craft. Itis only in the sixth | some of this increassd
and last of the program * | amount of on-board
seclionthatwecome | __. ‘| computing power to
upon the functions which:  [* 4 - make the system more
control the actual opera- intelligent, By adding
tion of the spacecraft, its - intelligence inio the
insﬁﬁmgntaﬁun,_.cnmm_ 29 - software it Is hoped
nications equipmentete, i J1. | that sateliites wil
Thisis the instrument . | - become mors
sequencing and control [ autonomous and able
functionand itisusedto: f* = = ~ to repair and maintain
either monitor and control. | - themselves automati-
the instruments directy or | - cally. This has the

to communicate withthe | Cbvious advantage that
instrument’s own e S it does away with the
computersystems. This~ | j some of the very
function is also designed Ay gt expensive nesd for

10 handle daia coming. - human monitoring of

from the instrumentation, perhaps pre-processing it to remove
naise, and distortion, parhaps compressing it to remove unnsc-
essary data and also storing it so that it can be downloadad
during the periods when there Is a direct link with an Earth
station ' e ek e

As can be seen from the'above, é‘fﬁpacéﬂr_aft‘s computer
systems can be called upon to perform an enormous amount of
computation. The programmes themselves are written in a wide
variety of different languages and run on an equally wide range
of different processors. As far as languages are concerned
Pascal and Adz are common favourites, and, as for processors,
they range from the 80286 tothe T8000 Transputer. NASA
have standardised their computer systems and use tha NASSC

satsllite telemetry data. -

Indeed spacecratt, in particular interplanetary probes, a. <
becaming more ‘robotic'. NASA is already planning a new wave
of planstary exploration with the ald of small autonomous
ropots that can be landed on the surface of planets, the moons
of planets, comets and asteroids. Preliminary experiments with

this type of spacecrait robotic explorer are being carried out

right now with the NASA-funded Dante project. Dante is a
walking robot that has been designed to explore one of the
most hostile environments on Earth, an active volcano in
Antarctica.

The Dante robot has gone through several generations, with
engineers gradually overcoming problems associated with its
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operation. But within the next few years they will be solved and,
by the end of the decade, we should see the first true
autonomous robots exploring parts of our solar system. Yet
another stage in the application of advanced electronics
systems in space and a pioneering use of artificial intelligence
and robotics.

Satellites also hold the key to future developments in
communications technology. There are now several commercial
proposals for using large numbers of small communications
sateffites in low Earth orbit (LEO) to provide world-wide commu-
nications using hand-held terminals. The ultimate in portable
phone technology. These proposed networks include the
Motorola inspired IRIDIUM project and the more recent
Teledesic project proposed by Bill Gates (founder of Microsoft}
and Craig McCaw (founder of McCaw Communications).

The IRIDIUM project calls for the use of some 66 satellites in
LED. but this is dwarfed by the $Sbillion Teledesic project to
create an oroiting packst switched data network of 840 LEO
zatellites, 40 in each of 21 polar orbits that will iake them some
700km above Earth. Using a 30GHz carrier uplink it will be
possible for users of specially equipped computers and hand-
held terminals to communicate with the satellites.

These communications will then be automatically routed

Microsatellites in Guildford.

Just outside Guilford in Surrey, a small pioneering British |
company is building and launching sateliites. Since 1981 they
have launched eleven, the twelfth is just being built. Not the
great big highly expensive sateliites that we are all famillar with,

nology satellites, the so-called microsateliites.

Tha nomnanv Is Surrev Satellite Technology (SSTLY and
they are an unknown British success story in an area of high
technology which most people think is dominated by the
Americans and Russians. Indeed, so successiul have they
besn in designing a revolutionary class of small satellites that
NASA have just ordered two slightly larger satellites to be
designed and built by SSTL at a cost of $110million each.

This NASA order is an acknowledgement of the fact that
this small company just 34 people, is way ahead of NASA, or
anycne elss, in this particular area of technology. The
company was founded by its technical director Professor
Martin Sweeting in 1979 as part of the University of Surrey and
has now become an University owned company, the income
from which is used to support an academic Cenire for Sateliite
Enginesring Research at Surrey.

Besides building satellites SSTL also provides gmund
stations and telemetry support for the satellites owners. It also
provides training and technology transfer for its customers as
well as supporting an extensive R&D program. Total R&D
sxpenditure now stands at over $1million per annum and
climbing.

The researchers at SSTL are curently working on daveiop-
ment of a hybrid rockst motor for in-orbit propulsion; a special
three-axis attitude control system, adaptive modulation/coding
schemes for low sarth (LEO) communications, VHF/UHF/SHF
communications systems, and autonomous on-board attitude
dstermination and orbit navigation systems. In addition many
of the sateliites contain technclogy which is being proved and
tested for other mmpantas ln parhmiar alectmrﬁcs
cumpaniee : ; Z2d

-

,__. ‘HealthNet global communications system that is run by a nnn—
" profit making US-based organisation called Satelife and s

but small (50Kg), relatively cheap ($1-2million ), very i‘ngh tech-  programmes inthe: dava!op%ngmrld. Indeed, HEAL'I'!*IBAT

e .‘_4.- f'. |
- e

-

around the satellite network and sent via a downlink io the P
receiver computer or terminal The Teledesic systemis being iﬁ‘;\
designed to handls voice, 18kbit/sec data, and becatise of the o
increasing use of multimedia systems 2GBits/sec vidso. « .

- : L AR e

The infinite frontier

The satellite and space technology are now a vital part of our
technology and information infrastructure. In the future they wil
bacome even more important. What started as a weapon of
mass destruction has now become a forca that Is bringing the
people of the world together.

The development of modem space technology and the
development of advanced electronics has gone hand in hand.
Each has propelled the growth of the other. In the near future,
concepts like IRIDIUM and Teledesic will provide the driving
force for new generations of consumer electronics products,
new appiications and new industries, whilst the work on robotic
explorers will inevitably lead to the development of advanced
mabile, intelfigent, robotic systems for use on Earih. =P

Such developments are only the beginning. Space is the ﬁnal A e
frontier, but it is also an infinite frontier full of infinite pos.smﬂmas .
for technology, and electronics in particular: St

. Twc: of thaxr re,.,em launr:hes are me HE&LTHS&T i, and _
PoSAT. The HEALTHSAT has been designed to be part of the

deslaried to provide desperately needed low-cost wnmunl-
cations links between medical institutions and health- == & ~*';

‘as played a vital partinhelping the medical program in -
Rowanda. PoSAT is primarily an Earth resources sateliite ihat

.has been developed by SSTL in conjunction s wnhamnsurthxm
ﬂfPoﬂhgumaacadamIaandindusw R e A 3

The HEALTHSAT Il aat&lhte is a 'stata—uf—tha art‘ dasign thaz is
based upon SSTL's considerable 9 year experience in fiying
'store and forward' communications satellites. it was iaundmd
as part of a 'piggyback’ load on an European Space Agancy
Ariane (as a result of special deals the Ariane will put a '
microsateliite into orbit for about $1/2million, in space Iaunch
terms a phenomenal bargain) in September 1993. ; 2

The project'was completed from concept to launchiin iust
one year. SSTL being respansible for the complete design, =
construction, testand in-orbit commissioning, as well as = : ~,—;_-':-‘
organising the launching and insuring the satellite dunng
faunch. All this within a contract price of just £1milfion.

This satelfite has been designed to support cost-effectiva.
store and forward communications using low-cost portable
groundstations, basically a transceiver and a purtab g PC. it
has the following characteristics: : Eeb v

Communina!inns fink:
=5 radundant dnwnlhk transmitters at UHF 2
- * Omin-direction satelite antennas :_ ﬁ*‘i
~ *Switchable AFSKPFEK modulahon -

dﬁwn!hk
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TW to 10W mdarmmputarm’ |
= ._: AX.EE paﬁcel mmmmlcahnnsmtnml
s __'_ 'Dual radundarrt 800136 un bnan:l
o . computers at 8MHz FRncE
y H:ghty Integmtad 800158 back—up
- on-board computer at 10MHz
-'48MByt&sSRAM on- bcm:immry it
* EDAG memory protection against radiation
induced Single Event Upssts (SEUS)
* Advanced high efficiency(17.5%) GaAs
soiar cell array of 1344sq.cm, producing 30W

store messages coming in on the uplink so that they can be
rﬁiransmmad on the downlink when the satellite is in range of
a groundstation. The memory is organised as a RAM disk, and
mamnimlimg software is all written in C. The RAMdiskis
protected from SEUs by special sofiwars coding and ‘wash
routines’ plus the extensive use of ermor camection in the
hana‘mssjun protocols

PoSAT =4

i
65|

The PoSAT - 1 was launched on an Adane rocketin
Saptamher 93, Itis primarily a research satellite designed to -

an Earth imaging satellite. I its désign, SSTL have drawn
upuu | iHiee pIevious research and Iwo commer Cial mLS-SiDHS
Ahatused similar technology, in particular KITSAT - 1. thai was
bt.ﬂﬂandiaumhedfnrmaSuuﬂiKminmgz .
fIhB Earth Imagmg System (EIS) on board the mlaﬂﬂﬂ
mhaiats of two charge coupled device (CCD)imagers, two
lenses and a Transputer based on-board i image processing
and &a:a compression system. There are two imaging/lens
Systems In order to provids a wide field of view with a 2Km
resoluticn and a nammow field with 200m ground resolution.

The imagers are EEV(UK) 576x576 pixel arsa CCDs digi- -
tised to 256 levels of grey. The digitised data derived from
these CCDs is stored in a special 2Mbyte SOS (silicon on
sapph:re} RAM. This RAM can be accessed by wo T-800"
transpulers to allow the image data to be processed to
enhanced quality and also to compress the data and mereby
redum storage and transmission requirements,

" The EIS data, once it has been compressed and
pmcessed Is transferred via the satelfite’s local area network
{0 an 8MHz BOC186 based on-board computer which then
stores the i images as files on its 16MByte RAMdisk for subse-
quent transmission o a ground base. There is sufficient space
Dn the RAMdisk to store 80 images.

“ To usa the EIS system, a ground base sends a c:ammand
m the sateliite's computer to initiate imaging over a particular
area of the Earth's surface, In order to ensure that the proper
area is imaged, the ground control team use a moda! of the
satellite's orbit to determine at exactly what time the satellite
will be over the desirad location. Usually a s&quenue of such
Imaga ﬂma commancds will be sant. :

Dn-board the satellite, the computer runs a rea}—nma mult:-
taskin woperating system that is responsible for the autumanc
upefaﬁm of the satellite’s mission. One of these tasks is to
i eriodically check a 'diary’ of timed events, soms of whlm

',1, _- the uploaded nmasatwm&nagas must be. tﬂkeﬂ

ELEGTRONICS

gﬁlbﬂlarne amount of memory on the sateliite s neededto

tast arange of satellite systems; but lts primary function i is as 3

il

cumnmniy used in Earth imaging satellites, It is different

S e ntiss I Usos a CCD array rather than a mechanically

scanned lingar CCD, an arrangsment which is usually chosen
Dscause it gives a higher resclution i Image. Howsver, the SSTL
approach has a number of major advantages, the biggest of
which Is the fact that it has no moving parts and is thus far
more refiable. In addition, the absencs of a mofor means that
it uses & lot less power and can be much mora compact, both
important factors in spacecraft design. The GCD array
approach also has the advantage that exposure times can be
very short, just a few milliseconds, a factor which means that

‘spacecraft stability is less of a problem.

Besides the EIS, PoSAT payioads includs a star sensor
which is based upon the same technology as the EIS bt is
optimised for imaging the faint light from stars for uss as part

- of the spacecraft's attitude determination system. The star-

field imags is analysed by the same transputer based system
that is used by the EIS and the measurement ciata retumed to
the on-board 80C188 computer.

TO maks sateliite position location more accurate the
POSAT carries a Global Positioning by Satstlite (GPS]) receiver
based upen the Trimble TRANS-II receiver. The received data

is decoded and filtered by the Transputer system to produce a

highly accurate three-dimensional co-ordinats for the sateliite

- togsther with information about its velocity and maintenance of

the on-board time referencs. With the aid of the GPS recsiver,

- the sateliite can generate its own orbital element set, providing

- scheduling and synchronisation 1o other computers, and allow

groundstations equipped with a GPS receiver to experimant

witn-applications for real-time difierential GPS.

- This GPS capabiiity is potentially of enc:n*nnus commercial

| -importance since it would allow the construction of an ‘asset -

monitoring’ satellite, a satslliite which could track from space
vehicles, ships or planes that are equipped with simple frans-
rmitters. This satellite could tell the owners of such assets

* ““Byactly where they are, fhus i improving efficiency and also

enabling the police to track down, for example, a stolen lorry.
Current GPS systems will only tell the vehicle driver where he

13, they will not track the vehicle from a central contral,

Since SSTL, its customers and its partners are keen to be
involved in projects like IRIDIUM and Teledesic, it is not
surprising that another experimental payload on PGSAT isa
digital signal processing experiment. This consists of two
Texas Instruments processors, a TMS320 C25 and a TMS320
C30 with associated ROM, RAM and I/O interfaces, These
chips can be used as a programmable communications
modem to modulate downlink data from, or demodulata
data to, the on-board computer, thereby enabling experiments
in modulation techniques for LEQ satellite mobile
communications.

These experiments are aimed at lrying to overcome some
of the prcbiems; for example : the varying communications
path and link characteristics, the high Dappler shifts, and the
problems associated with handing over from one satellite 1o
another in the constellation of microsatellites. The DSP system
on the PoSAT should enabls enginesrs to lock at ways of
overcoming these problems.

As can be seen the SSTL microsatelites such as PoSAT

are very sophisticated and complex systems and they provide
a significant pointer to. some of the applications for satellites
_over the coming years. It is good to ses that despits the

- almost complete lack of any viable UK space program, at least

;'1;".-;:.. ~one UK curnpany is Iﬂadmg tha wnrlr:i in space technolngy
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Versatile 24 line

RS232 1/0 Interface

Serial RS232 communications are an ideal way of linking a PC to a
remote device. In this project Dr Pei An shows how to convert a
serial input into a bidirectional I/0O port

he RS-232C port is an industrial standard asyn-
chronous serial data communication interface for
' the purpose of serial data communications
~ bstwesen two devices and is available on almost all
modem personal computers. It is frequently used for
connecting printer, modems and mice to the computers. One
advantage of the serial port is its simplicity in linking the
computer to external devices. In total, there are nine lines.
However, in most applications, lines are sufficient to perform a
bi-directional communication. Another advantage is that the
communication distance of the RS232 interiace can be up to
100 feet. Unfortunately, unlike parallel ports which requires
simple interface circuit, the BS232 port reguires a slightly
complicated interface circuit.
In this articte, | am going to introduce a versatile, general
purpose RS232 I/O card. This card is connected to the PC's
RS232 port via three wires and it is able to provide 24
input/output lines. These lines are organized in four groups,
namely, groups A, B, C1 and C2. Groups A and B have eight
data lines and groups C1 and C2 have four lines. Each group
can be configured as an input or output under the contro! of the
RS232 port. Figure 1 shows the schematics of the card
connected to a PC and the pin functions of the 26-way DIL
socket from which exiernal circuitry is connected.

FUNDAMENTALS OF SERIAL DATA
TRANSMISSION

Serial data transmission

Unlike a paraliel port, which normally has eight data lines and
each time transmits an 8-bit byte in one go, a serial port only
nesds one data line to transmit the 8-bit byie. The byie is trans-

_mijted successively, or in another word, serially. There are two
serial data transfer schemes: the synchronous and asynchro-
nous transmissions. In the synchronous data transfer scheme,
additional lines are required to transmit handshake or timing
signals along with the data line to indicate when the next bit is
{o be transmitied on the line. The advantage of this data transfer
is that the receiver is able to respond 1o the clock rate of the
transmitter automatically. For asynchronous data transfer, the
transmified data themselves contain the information of synchro-
nization and neither handshake nor clock signals is needed. The
transmitted serial data comprises a Start Bit, which indicates
the beginning of a data transmission. It is followed by Serial
Data Bits and then Stop Bits indicating the end of the transmis-
sion. An optional Parity Bit can be added betwesn the Serial
Data Bits and the Stop Bit for parity checking. The receiver
device detects the start bit and receives the subsequent data
bits. This data transfer requires that the transmitter and the
receiver must have the same clock frequency. Asynchronous
data transmission is used in most personal computers. In prac-
tice, the asynchronous communicaticn is facilitated by a family
of industrial standard computer peripheral ICs known as the
UARTs (Universal Asynchronous Receivers & Transmitiers).
Most PCs use 8250/16450 UARTs and the present card
employed a 6402 UART.

SERIAL DATA FORMAT

The format of the serial data transmission generated by UARTS
consisis of four parts: a start bit, daia bits, one parity bit, and at
least ons stop bit (ses FHagure 2). The functions of these bits are

discussed in detail: When no data is sent, the transmitting data

line is at high state (2V-5V TIL level). The beginning of a data
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data bils are sent is measured by Baud
1/ itha time between the shoriest signal
see Figure 2). The standard Baud Rates
T are 110, 150, 300, 600, 1200, 2400,
=200. Knowing the Baud Rate, the number
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Fig.2. The format of serial data transmission (baud rate 8600,

Data bit length: 8, Parity: Even, Stop Bit: 1)

transfer 870 characters per second.
Parity check can be ODD, EVEN or NONE. The odd and

= =rz —=-= --ansmission format is generated by the

—= {ransmitting UARTS. The electronics in
-==t the leading edge of the start bit. It then

~aif bit times before reading the data bit.

-nerefore come exactly in the middle of the
for one bit time and reads the second bit.

-2 comes exactly in the middle of the

- Z==r completing reading the data biis, ihe

e parity of the received data for ermor

tseli during the stop bit to wait for the

of characters (or bytes) to be transmitied per second can be
calculated. For example, if the senal data transmission has 8
data bits, one parity bit and 1 stop bit, the total length of serial
data bits is 11. The transfer rate for characters is the Baud
Rate divided by 11. For example, a Baud Rate of S800 will

even parity cHecks indicate that the total number of ones (1)
in the transmitted serial daia is an odd number cr even one.
This method is the simplest way for checking errors during
data transmission. However, it is only reliable to detect single-
hit errors. Errors with several bits cannot be detected this way.
The parity bit is generated by the electronic circuit of the
transmitting UART in such a way that the number of ones (17)
in the data bits plus the parity bit is odd or even as declared.
For example, suppose we send a binary byte 01000011 (there

are 3 "1's in the byte) from the computer to an external device
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and the parity has been declared as odd (the total number of
‘1" is odd). The parity bit will be set 0, since the number of ‘1’
in these 9 data bits is already odd. At the receiver end, the
receiving device must also be configured to have an odd
parity check. The electronics in the receiver UART will count




Hadde LOGIT

LOGIC 0: -3V TO -12V
COMPUTER LOGIC 1: 3V TO 12V EXTERNAL DEVICE
UART RS232 DRIVERS | RS232 RECEIVERS UART
1 N
TRANSMITTING —I_L < p \ ; —ﬂ—, RECEIVING
DATA LINE D Y RD DATA LINE
RS232 AECEIVERS "‘H}[}_ RS232 DRIVERS
RECEIVING JU_L P f —ﬂ_ﬂ_
DATA LINE |<— _. -— TRANSMITTING
RD / /™ - DATA LINE
fan 5 A
TTL LOGIC TTLLOGIC
LOGIC 0: 0 TO 0.8V LOGIC 0:0 TO 0.8V
LOGIC 1: 2 TO 5V LOGIC 1:2 TO5V
RS232 COMMUNICATION CABLE

MAXIMUM LENGTH: 30m
Fig.3 RS232 driver and receiver in PCs and external devices

1 2 3 4 5 STANDARD PIN FUNCTIONS OF THE R5232 CONNECTORS

1

O ©0 00 ‘?O 25PIN| 9PIN | NAME | DIRECTION DESCRIPTION
© 0 0O (FOR PCS)
1 Prol Pratactive ground
6 7 B 9 2 3 TD OUTPUT Transmit data
(2) 3-PIN MALE SOCKET VIEWED FROM THE BACK OF THE COMPUTER 3 2 |rD INPUT Receive data
4 7 RTS QUTPUT Reguast to send
1 2 3 4 5 6 7 8 9 10 11 12 13 5 8 |crs | wmeut Eloar i cond
! 1 ! 6 6 DSR INPUT Data sst ready
0 00O O0OO0OO0OO0OOOO . 7 5 GND Signal ground (commen)
O (P o] O 00 0 0O 0 {? G 0 O 8 1 DCcD INFUT Uzata carmnar datacted
1 1 1 20 4 DTR OUTPUT Data terminal ready
i 116 5718 1'9 20 21 22 2.!3 zL 25 2 | 8 |H INPUT Ring indicator
(b) 25-PIN MALE SOCKET VIEWED FROM THE BACK OF THE COMPUTER 5 D380 | 1O Detasigns mis delactor

Fig.4. Pin layouts and functions of the RS232 connectors of PCs

the number of ones in the received data. If the data does not
have an odd parity, an error signal is given indicating that a
transmission error has occurred. if the parity check is declared

RS-232 INTERFACE ON PCS
PC RS-232 INTERFACE
A standard RS-232 interface is a 25-pin interface, which is

as NONE, the parity bit will not be generated and checked. housed in a 25-pin male D-type connector. A short version of
the interface is also commonly used on PCs which is a 9-pin
male D-type connector. The pin functions of the connectors are
shown in Figure 4. The functions of mostly used pins are shown

below:

LINE DRIVERS AND RECEIVERS

FOR RS232 LINK

The signal from the UARTSs have a TTL level. A logic high cormre-
sponds 1o a voitage ranging from 2V to 5V and a logic low
corresponds to a voltags between 0V and 0.8V. Signals of this
voltage level can not be transmitted reliably over a P
long distance. To solve the problem, RS-232
drivers are used to boost up the voltage of the
transmit line from TTL level to the R8-232 level
which is substantial higher than the former.
Receivers are used in the receiving device to
convert the RS232 voltage level to the TTL level
(Figure 3). This arrangement enables the RS-232
interfaces to communicated over a maximum
distance of 100 feet. The voltage conversion
between TTL and RS232 is facilitated by industrial
standard RS-232 driver and receiver ICs. In the
present application, a MAX232CPD RS-232 transmitted to it.

driver/receiver IC is used. It is noted that the Handshake line. It is used to indicate that the RS232 transmit
RS232 drivers and receivers have an inverting ting

action. A TTL logic high is translated to -3V to device is ready

12V at the BS-232 side and a TTL logic low is Handshake line. It is used 1o indicate that the RS232 receiving
translated to +3 10 12V. device is ready.

Protective ground line, It is connected to the metal screening in
the cable and the metal chassis of the equipments

Ground line.’ It provides a common voltage reference for

input and output signals.

Transmitting Data line on which serial data is transmitted.
Receiving Data line on which serial data from other RS232
devices is recsived.

Handshake line. It indicates a RS232 davice is Ready To Send
data out.

Handshake line. It indicates a device is ready to receive data
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SOFTWARE CONTROL OF THE RS-232 convenient way.

INTERFACE A DOS command ‘MODE' can be used to set up the format
A PC supporis up to 4 RS232 interfaces. They are labelled of the serial data transfer for COM1 through COM4. The syniax
COM1, COM2, COM3 and COM4 with each controlled Dy an of the MODE command is:

8250/16450 UART. There are @ /O ports associated with each

\JART for accessing 9 internal registers of the UART. The base MODE COMm: baud=b, parity=p, #@ata=d, stop=s,

I/O addresses of these reqisters are shown in the following recry=r

table: or

MODE COMm: b, D, d, S, E

Functions of the specifiers in the command are shown
below:

Each UART internal reqgister has a particular function. As an
example, the functions of the registers for COM1 interiace (case
address=3F8) are listed in the following table:

Ofiset Address Function of the port Description
00h 3FBh Receiver buffer register
Transmitter hold register  Holding the received data

Holding the data to be transmitted

01h 3FSh Interrupt enable register Setting the mode of interrupt request
02h 3FAR Interrupt identification register ~ Checking the mode of interrupt request
03h 3FBn Data format register Setiing the format of serial data transmission

04h 3FCh Modam control register Setting the UART modem control logic such as RTS and DTR
05h 3FDh Seriglization status register Centaining information on status of the receiver and transmitter section
06h 3FEh Modem status register Containing the current signal status of DCD, Rl DSR and CTS

07h 3FFh Scratch-pad register Acting as an one-byte memory

The functions of these registers are not discussed in detail in
this article. Readers who are interested In this can read the
manufacture's data shest. In the present project, only two
registers are relevant to us: the register accessed by Port 3F8h
(ofiset 00) and the one accessed by Port 3FBh (offset 03). The
former is the data receiving/transmitting register. If we write a
data byte to the register, the byte will be transmitied through
the TD (Transmitting data) line. If we read a byte from the
register, the received senal data from the RD line is fetched. The
other register defines the Serial data transmission format, ..
the Raud Rate, the number of data bits, parity check and the
length of stop bits. We can write a byte t0 the register to define
the serial data format. However, as we sse below that we can
use a DOS ‘MODE' command to define the data format in a

TD P TD TD —'\: - h,-— TD
RD DC: RD E RD |« »| RD §
RTS RTS E RTS RTS -g
S crs DC cTs © 0 cTS cTs ®
Z DTR DTR g % DTR DTR E
osR | ><_ ,losm £ = DSR DSR £
GND |« » GND W GND |e— »| GND W

PROT |« —3{ PROT PROT |4 | PROT
(a) Null modem for connecting two RS232 dala terminal devices (b) RS232 port pin connections between two devices via three lines
Fig.5 RS232 pin connections between PCs and external devices
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(&) Sending out a binary value of 1

(a) Sending out a binary value of 64

(a) Sending out a binary value of 255

Fia.6 Waveform of TD signals shown on the oscilloscope when outputting a binary byte from the RS$232 port.

To send data out of the COM1 interface, we need to write
data to Port 3F8h. The following commands can be used:

v ™5t
£

S

(in BASIC)
{in Turbo Pascal)

4]
o

X

FB] :=X

b e I |

om

- &

i

Lul

i)
s

e Lk

In which X is the data to be sent (in decimal).
|0 181Cn gala from the COM1 interface, we read data from
Port 3F8h and the following commands can be used:;

Y=INF [3FBh] (in BASIC)
Y:=FORT[S3FB] (in Turbo Pascal)
In whaich ¥ is the input byte (in decimal).

CONNECTION BETWEEN RS232 INTER-
FACES

Two common R8282 links are shown in Figure 5. The arrows in
the figure show the direction of the data flow. Figure 5a shows a
connection known as a null medem. In this arrangement, some
ines of the two RS232 interfaces are used as handshakes
between the two devices. Figure 5b shows a connection which
only consists of 3 lines.

AN EXPERIMENT WITH THE

RS-232 INTERFACE

Finally, let us conduct a simple experiment which will help us to
understand how the serial data is transmitted. Try to use the
knowledge we know to explain what we have cbsarved. This
experiment needs an oscilloscope. The procedure of the experi-
ment is shown below:

Step 1: Type the following command under DOS prompt C:\
MODE COM1: 96,n.8,1

This command will configure the COM1 interface to the
following specification: 9600 Baud Rate, 8 bit of data length, no
parity check and 1 stop bit.

Step 2: Type one of the following programs into the computer.
Tnese programs will cause the COM1 to send out the specified
value (Byte_Valuej continuously.

(In Turboc pascal 6)

Program BS 232 FExperimsnr
=Fa=- Bt e F=7 LS - O =]

= Byte Vaiusrpyos
Eegin

s e 2 . . .

Byce Vaiue:=0; {Inpuc the byte to ke sent py COMI
which 1s set to bz 0,1,2,64,128 ana 255}
repeat
cort | S3FBE)z=8Bvr= Valaassis3i=0o £ Thses aspras= At =he
CLMIE oransmit dare roicrar
delay (1) ; {Delay 1 m=
until keypressed;{Press any kev to stop the
program)
end.

(¥n BaSIC language)
5 Byte Value=U DUt thoe byte walue ta be sent
from COM1, wnich iz se: to b= @, 4,2,64,. 23§ and 255
10 Out 3FBH, Byte Yaius
i5 gelav(l)
20 goto 140

STEP 3: Connect the oscilloscope probs to the COM1 serial port
The negative pole of the probe is connected to the GND line of
COM1 (Pin 7 for 25-pin connectors and Pin 5 for 9-Pin connec-
torsj and the positive connected to the TD line (Pin 2 for 25-pin
connectors and Pin 3 for 9-pin conneciors).

STEP 4: Run the above program and observe the waveform of

the TD signal on the oscllioscope.

The contrcl knobs of the oscilloscope should be nNnely adjusted.
TD waveforms on the oscilloscope are shown in Figure 6 when

sending values of 0, 1, 2, 84,128 and 255 to COM1.

STEP &: Try to explain these waveiorms on the basis of the
knowledge we have.

Next month
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TRANSPUTER BASED SINGLE

BOARD COMPUTER

In the fourth and final part of this project to build a Transputer based single
board computer, Andy Papageorgiou and Mark Robinson take a look at
programming the board

“e: ~onth we explain in detal how the /O of the
TE=rsputer card is organised and present some ussiul
~uttasking software to illustrate the transputer’'s

=Z_res. A basic familiarity with transputer assembly

2ng_zce is assumed so now is the tims to read the
literature. A srery of the transputer integer insiructions is provided
as a text filz o~ e axamples disk as a reference.

The 1/0 mapping

The IO occupes =2 upper 128 bytes of the memory map (addressas
TFBOH 1o 7TFFF+ shenever the ROM is paged out. This area also
contains the ROM sage register, which is accessed using a special
mode of the trarszu ter and so is invisible to normal read and write
operations. The complicated structure of the VO area is the main reason
for using a GAL r: tris application: a memory map like this would be
nearly impossbiz + implement in discrete logic.

Fi &2.385 the organisation of the 1op 128 bytes of
MEMOry as seen oy “normal”™ memaory accesses, i.e. those performed
using the STNL ard LDNL (*'STore Nen Local’ and ‘LoaD Non Local’)
instructions. Sez the upper 64 byies are an exact mimor of the lower
ones, we will resirct cur discussion to the area from 7F80H to 7FBFH.

The VO spacz = divided into four word blocks by IC8 and ICS. The
lower six blocks zr= allocated to the /O port ICs, the ssventh block is
unused and tre egnth is assigned to the port data direction register. All
the VO davices zr= 3 bit devices occupying the low byte of the 16 bit
word. The upger usie is always read from or written to the RAM.

Wiite operaivrs are straightiorward; a STNL to any of the four
wOords in a block vl write to the port or register associated with that
bicck. Reads are sightly more complicated. A read operation from the
data direction reg=zer has no effect. A read from a port either reads
from the port dre~z; or from the port input latch depending upon which
address is read from. Data is put into the input latch on the rising edge
of the port input sobe signal.

The followang #zgment of code illustrates the /O operations: it sats
ports 0-2 to outp.t 2nd poris 3-5 to input, then reads from port 3 directly
(i-e. not the laich) nd varites the value to port 2.

The ROM pa2= register also occupies the top 128 bytes of the

;. porks- G- o/p

Cigidc « &

y\-..-E- 2= L

—— 3 B ]

LT ]

Lo Tr==  ; adCress of the Dara Divercrion
HegicgoerT
STHL wrice tg DER
Lz STFES Bzse of 1/0 are=z
LINL ==t E*poye wo garect [(4*Doyr oozl stched)
- CHa = B S 1 g { oy 3 = Sl £ 5 B S ¥ 5 o F— g 58Sl 50~
Aead port 3 gnd leavws rscult on the
stk
LBC =% Bage of I/0 arss
STHL Gz 4*Bort_nc, wWrites result of
previgus read o

memory map. Tns transputer has two instructions for accassing byie
wide memory - SB (Store Byte) and LB (Load Byte). The segygnce of
signals on the control bus are different for a Store Byte to an odd
address than for any other memory write operation. These signals are
detected by the GAL and used 10 cperate the ROM pzage register.

Tha ROM is paged oul by executing an 8B instruction to any odd
address between 7F81H and 7FBFHx1h2 top half of the memaory will
then be occupied by RAM and /0. ;’ixecuténg an SB to an odd address
between 7FC1H and 7FFFH will page the ROM in, the top half of
memory will then be occupied by ROM. The following code fragment
llustrates paging the ROM out.

L O

The Boot Loader

Last month, we tested the transputer card by using the boot-from-ink
ability. While boaoting from link allows programs to be developed and
debugged quickiy, it has a coup's of snags. First, once one process is
lodded and running no further processes can be loaded, and second,
the program must be less than 256 bytes long and has to be loaded
inta & preset memory location.

To solve these problems, we will now dascrbe a small boot loader
which will menior a link and launch processes of any length
continuously. This program, together with a program 1o run on the host
PC, forms a rudimentary operating system, will give us our first taste of
concurent programming, and aliow easy development of paraliel
programs. The codsa can also be used with some modification to
program the EEPROM or NVRAM,

Listing 1 is the transputer boat code which launches the processes,
(process gueues) the program manitors the siatus of link3. When data
armves on link 3, it is taken 1o be program code and spawned as a child
process. The ssquence expected by the program is two byies
indicating the address to store the new process from, two bytes to
indicate thg length of the process and finally the program code.

The hard work of this program is done in the loop from getwords
onwards. This code lllusirates just how easy it is to communicate
between processes and 10 launch child processes using the transputer.
The loop performs two IN instructions, the first to fetch the two word
hieader, which is placed in the workspace, and the second to faich the
program code. Orice the code has been fetched, itis launched as a
process using the STARTP instruction. A minor complication is that the
address is absoiute, but the STARTP instruction requires an offsst
address relative 1o the next instruction. A bit of simple maths is used to
sort this out.

It is interesting 1o note that this program will be descheduled at the
IN instruction, and will not be rescheduled until data arrives. Hence,
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apart from a hundred or so bytes of memory, the program uses no
resgurces at all unless loading a process.

In listing 2 ,is a C program which is used to communicate with the
inzder. It is given as dump.c on the examples disk, and for those
without 2 C compller dump.exe is the executable. The program is
basically identical to the boot loader tboot.c from last month, except

that the pregram prompts for the address 1o load the process to, and
=znds the neader words required by lcader.asm.

The final link in this chain is listing 3. This is the error ight flashing
code from last month stripped down to its bare minimum. This codes
called emiite.asm cn the examples disk. Assemiis the coda, then send
it to the loader using the command

il Lt

Jump er 2.asm
1T DIGGIM Wil asa yuu 107 -atraddiess o kad e code 1o, iype
2200 for now. Any address in RAM could be used except the lower 200
byies or so where the reserved mamory and the loader program are
sitizi=d. Hopeiully, you will be rewarded with the emor light fiashing.
Maw for the real concurrent precessing. Re-
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are becoming popular in autonomous
robots, where they allow the robot to
‘leamn’ how to solve problems in the
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Machine vision and image
processing are other areas where this
card could find applications. Video
cameras provids a huge amount of
information and processing all this
(often confusing) information requires
a huge amaount of power. Most robats
with vision capabilities are not
autonomous, but are connected o a
poweriul workstation using an
‘umbilical cord’. The transputer wins
here as well; the use of links for
communication means that the
umnbilical cord can be just two wires rather than a thick ribbon cable.
The lower cost and lower weight of this amangement gives the robot
more freedom from its host, while the bandwidth is sufficient to send
digitised video or audio back to the host machine.

Another interesting possibliity is 1o use the card as an I/O processor
in a larger network of transputers. The 32 bit and floating paint
transputers are now becoming reasenably priced, and the TS000
promises phenomenal power. As for software, public domain operating
systems (including a UNIX like environment) exist for the 32 bit
transpulers.

The prospects for this project are very exciting, and ETI will continue
to support the card with add-ons and software articles in the future.

(| | ]
1 v '
E : .ti FEIY environment. This is a fascinating area
51 _‘: f 2 [l of robotics with plenty of scope for
54 B B e the amateur to make breakthoughs.
of [ 17 DG Neural ndts are a pariiculariy good
ULE 'k \ application for paraliel computing.
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assemple errite.asm with different on and off times
rasend it 1o a different address (8300 for example)

=Y
=

) Byls Addrass
without resetting the transputer. Repeat this a few Odd add. Evinadd
nmeas and you shouid see the emor ight behaving very S7FFF
strangely as each process fights for control over it - .' i Copyot |
inz £11 chaotic LED fiasher! i . ; $7F80 - Ana!yga Out
: I Resat out
- $7FCO |

Usmg the Transputer Card. Dl 71 I | | i | l |

The example programs given here are fairly trivial, Digagmasitin $7FBS Port 5 Pori0
2l were mainty designed to illustrate the main " 1 = Output ’
features of the card. What to do with the card is $7FB0 0 = Input
SDviously down to the requirements (or imagination) of
N& user, This card can be used anywhare wnere an S7FAR
Embeaded microcgntrolier is required, although in $7FAQ
=2mz ggplications it would be hard to justify using the o
ransputer rather than an 8 bit micro. Where this board $7F98_/ " |Latched Input Qutput
would find an advantage is reak-time or semi- Latched Input||  Output
Nieliegent control; digital PID controllers for example, s7ro0_  [LMmetinput] o= Ouiput

The application where this card really stands out \.. Mot ingurt URPLEY
‘hough is rabotics. Autonomous robot vehicles nesd a $7F88 g el o
‘easonable amount of on board processing power o $7FRO
Take sanse of the world around them. Neural

-

Shworks (usually simple single-layer parceptron types)

Fg.1. Memory map of top 128 bytes as seen by ‘normal’ memery accesses.
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PC Clinic

This month in PC Clinic Nick Hampshire looks at the hardware and
software which generates the display shown on the monitor,
at the video adapter card, and at some of the other display
technologies which are in use today

-

3 he very first computer that | owned, back in the late
~ | 1970s, was an Altair 8800b, a machine now widely
';; regarded as the world's first commercial micro-

- processor based computer. The 8800b had no video
terminal, no keyboard, no disk drives, no DOS operating
System, no ROM based BIOS. In fact it had nothing but a
processar, a coupie of Kbytes of RAM, a serial interface io a
Teletype, and a front panel full of switches and lights which
allowed one to look at and alter the contents of any byte of
memaory.

When one switched the machine on one could not simply
power it up and use it, one first of all had to laboriously enter a
small bootstrap program into memory using the front panel
switches. This program was no more than 20 or30 bytes long.
Using this bootstrap loader, one could then load in a small
manitor pregram stored on punched paper tape via the
Teletype’s paper tape reader. Only then was it possible to use
the Teletype keyboard and printer to communicate with the
computer in a meaningful manner.

Within a year or two of the launch of the Altair 8800b, other
manufacturers were producing microprocessor based systems
with no front panel switches and display, with the bootstrap and
monitor code stored in ROM, and programmes loaded from
casselle tape - systems that were a lot easier to use and which
no longer required the slow, cumbersome Teletype with its
paper tape reader and punch.

The Teletype was very quickly replaced by what became
known as the ‘Glass Teleltype’, a simple stand-alone, text-only
video display terminal that exactly emulated the old Teletype
and so could be used as an interchangeable replacement. Thus
the text scrolled up the page in the same way that it was printed
on paper, and the seral communications used the same data
transfer speeds and protocols.

The problem with this type of terminal was that the data
transter rate was quite slow on account of transmission, and
terminal, hardware limitations. Thus, a typical video terminal of
this period, the late 70's early 80's, displayed text only in 40
character lines and 25 lines per screen, data being transfered at
rates of between 300baud, or 30 characters per second, and
9600baud, or 960 characters per second.

Although this type of data transmission speed is ample for
data imput from a keytoard it is cbviously tofally inade-
quate for generating high quality text and graphics displays.
Fence, this use of a separate terminal for input and output was
abandoned quite early on in the development of personal
computers. It was abandoned in favour of the currently used
fully integrated system where compuiter, keyboard and monitor
were all part of the same uni.

This means that the terminal and the computer have bsen
merged tegether, The video display has been connected to
special high speed circuitry that interfaces directly with the
processor bus and thus allows for the rapid generation of high
resolution colour displays, including both text and graphics. The

L=saer

[

revolution that made the Apple Il such an enormous success.

In video display terms, the first IBM PCs that were sold in
1981were rather disappointing compared to the Apple. since
they lacked both colour and graphics capability. IPsupported
the monochrome MDA card with its 80x25 character text
display. IBM saw the PC as being used in business, and
thought that in consequence there was no need to support
either colour or graphics displays. How wrorig they were!

The first true graphics cards to be made available for the PC
were not produced by IBM but by another independent
company, thereby setting a trend for third part innovation which
has helped power the PC to a dominant position in the world
personal computer marketplace. This card was the Hercules
and it rapidly became the standard for high resolution graphics
with its 720x350 pixe! image area. Although only a mono-
chrome digplay, one can still find them in use.

The success of both the Apple and the Hercules prompted
IBM to introduce their Color Graphics Adapter, or CGA card.
This offered a resolution of 840x200pixels with 2 colours or
320x200 with 4 colours. Although very primitive by todays stan-
dards, it is still being used in some current poriables and note-
books. By the mid-1980’s IBM upgraded the graphics on the
PC to the Enhanced Graphics Adapter or EGA card. It offerad
the user 16 colours from a palette of 64 and had a much
improved graphics resolution of 640x350 pixels. It is rarely
found on any of today’s current systems but is stil widely used
on older machines.

Today's most popular video display standard is the Video
Graphics Adapter, or VGA card, which was first launched by
IBM in 1987. This was quite a revolutionary design since it not
only offered users a 640x480 pixel resolution with 256 colours,
fast B0 or 70Hz refresh rates and far clearer square pixels with a
4:3 aspect ratio, but it was also the first design to dispense with
the old RGB monitor interface and move to the modem
analogue monitor interface.

VGA is probably the most widely used PC display technology
In use today, but is now superceded by SVGA systems which
can offer resolutions of 1024x768 pixals or more, and up to
16million colours. These systems wark at very high speeds, so
high that they can no longer work within the bandwidth of the

PC bus. To allow them to work, special high speed local bus
systems have been developed by the motherboard designers,
systems such as VESA and PCI.

The availability of such high resolution, high speed, colour
graphics displays means that we now live in a full colour
computer graphics dominated world. There is almost universal
use of graphical user interfaces such as Windows and the
coemplex applications software which makes use of it. Now with
multimedia we are going even further with the use of displays
that are fast enough to display computer-generated full motion
video. Indeed., in the future there will be very little to differentiate
between computer display technologies and the new digital
interactive TV technologies.
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Upgrading PC video.

One of the best ways to upgrade a system so that it can handle
the needs of modarn graphical interfaced software is to
upgrade the display hardware. While an EGA display may be
fine for use with DOS based software, one really nesds a stan-
dard VGA as the minimum level of display quality for Windows,
whilst if you want to run multimedia applications there is really
no alternative to a very fast local bus SVGA display.

Considerable care should be taken when chcosing a new
adapter card. It is, for example, no geed buying a high speed
VESA card if your motherboard does not have a VESA slot.
Unless you also want to buy a new monitor it should be
compatible with your existing monitor. Go for a card wiich has
the highest speed for the desired number of colours and
araphics resolution. The speed of a video card can be tested
with the aid of the graphics benchmark program that was
included on last month’s ETI front cover disk. But do not forget
that it should be tested on a PC with similar specifications to
your own,

Having chosen a new video adapter card, installing it in a
system is quite straightiorward. The first step is to check the
amount of video RAM it has. If you want a lot of colours at high
resolution you may want to add more memory at this is best
done at this stage.

If you want to add more memory you will first of all need to
check what type of video RAM is used; it is usually DRAMSs or
SIMs, memoary speed, etc. This data can usually be obtained
from tha manual that comes with the board. Falling that, have a
look at the RAM chips/modules which are already installed. One

must then acquire and insert the appropriate number of the
appropriate chips or modules.

Whnen inserting DRAM chips it is very important that (hey &7
correctly oriented in the sockets on the board. First check tha:
the notch or dot at one end of the DRAM IC is at the same enc
as the notch indicated on the board legend. Then line up the
pins on one side of the chip with the correct side of the socke:
and gently ease the chip in, rotating it siightly to bring the othe”
line of pins into alignment with the socket. Then carefully verT,
that all the pins are aligned in the socket before firmly pushing
home.

Whan inserting ICs, one should first make sure that any
static electricity charge in your body is discharged and hold
tnem by the ends rather than the pins. Also take particular car=
not to bend a pin under the body of the IC when pushing it in:Z
the socket.

If the video adapter uses SIMs, and these are almost univer-
sally used on modern systems, then first of all determine the
correct arientation of the SIM 10 the socket. Having done tnis.
insert the edge connector of the SIM info the socket and ther
push it back into the socket until both the tabs at the end of tr=

------------

socket snap into place and hold the SIM tight.

Having added the additional memory. if any is required, to
the vidleo adapter board, the next step is to configure the
adapter and the motherboard. Installing extra video RAM may
require the resetting of a jumper or DIP switch on the adapter
board:; for details about this, carefully consult the manual that
comes with the board and set the jumpers or DIP switches
accordngly.

The video adapter card should now be inseried into the
appropriate pus slot, putting 8bit adapter cards into Bbit slots,
16bit adapter cards into 18bit slots and of course VESA/FCI
bus cards into slots with the appropriate local bus connector.
Secure the adapter card with a screw. and connect to the
mionitor using the appropriate cable.

Memory configuration and device drivers
Once the board is installed it should work perfectly under the
DOS environment, but 1o get optimum use from it with applica-
tions such as Windows you may nead to reconfigure memaory
uszage and also install special drivers.

Some of the memory used by a video adapter lies in the
processor's upper memary area, or UMA. This means that if the
adapter has more memory than standard then unless steps are
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adapters is as follows:

You will probably have to check in the video
adapter manual to make sure which memory
blocks it uses. Also, beiore you change
CONFIG.SYS, do not forget to kesp a copy of
the criginal version just in case the change
causes problems.

If you intend to use the video adapter exclu-
sively for DOS applications then there should te
no need for any special device drivers, but such
drivers will probably be necessary if you will be
running Windows or any other GUI. A selection
of drivers will probably be provided on disk
together with the video adapter board. To install
the sslected driver, follow the steps shown in
1 the video adapter card manual, orinstall under
Windows using SETUP from the DOS Windows
directory.

Testing

The only way to really test a video card is fo
start up the PC and run a few applications. Ths
following are a few commaon faults and some
remeadies:

Blank display - check that the monitor is
turned on and connected properly to the power
supply and to the video adapter. This type of
fault is invariably caused by a bad
conngction.

Multiple images on the display under
Windows - this is probably because the monitor
and adapier are not using the same video
modes. Read the manual for the monitor and
the adapter; you may well be able to resst the
modes using a switch on the monitor so that
they both match. Alternatively, switch to a video
mode that is supporied by them both, thus
some monitors do not support 800x800 mode
with some adapiers but will support 1024x768
with the same adapter. If problems with
Windows persisis then try running Setup with
either the VGA or SVGA drivers.

Improving performance under
Windows

Video speed is ane of the most important factors
in determining how well a system will run under
Windows; it is even more imporiant than scresn
resolution and number of colours. So if you
intend to run Windows you will need to make
sure that your video adapter card is running as
fast as possible. The following are a few ways of

enhancing the speed:

taken to prevent it, this memory could be used by other * Unless you really need 256 or more colours, use 16 colour
applications. mode.

To prevaent this situation, it is necessary 1o use the memory " Unless you really need very high resolution then use a lower
manager EMMB386 or equivalent. This will entail editing resolution and trade resolution for speed
CONFIG.SYS to make sure that the EMM3886 command * Carefully check for any memory conflicts, this may be the
includes an X switch that will exclude the area of memory used cause of the system slowing down and producing occa-
by the video adapter. The resuiting CONFIG.SYS command sional strange error messages. To test for this, try running
could look something like this: Windows from DOS using the WIN/D:X switch which prevents

Windows from using any memory in the UMA. If the problem

DEVICE = C:\DOS\EMM386.EXE NOEMS X=2000-CBFF goes away then there is probably a conflict and one should uss

The PC memory map with respect to most common video EMMB386 to exclude all video memaory from use by Windows
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RGB displays

The simplest colour monitor drive technique, found on CGA and
EGA systems, is known as RGB. This refers to the red, green,
and blue electron guns that are used in every colour CRT. By
turning the thres quns off and on in various different combina-
tions it is possible to generate a range of eight colours. This can
be seenin the iolowing table:

Colour R

™
m

black
blua
green
Cyan

red
magenia
yellow 1
white 1

= 202D

0
G
1
1
0
1
1
1

b IO - ) Y

Note that to generate white all the guns are tumed on, whilst
they are all turned off to generaie black.

By changing the intensity of the on/off signals from the video
adapter to the monitor it is possibls to increasa the range of
celours available. Thus on a CGA system a fourth wire is used
to indicate wheather the intensity is full or half normal (where full
IS about one volt on the electron gun and half is half a volt),
Thus the fourth Intensity line can e used to toggle between,
Say, red and a kind of pink, thereby increasing the number of
STICUTS 1hEL San e generaied © siieen.

On EGA systems the concept of having an additional line to
cantrol intensity has bean expanded, and there are threz inten-
sity lines, a secondary red, green and blue. With this system it is
Pessible to generate displays using 16 colours drawn from a
palette of 64 difierent colours.

This is the practical limit to this technique for generating
different intensities.

It should be noted that on both CGA and EGA systems the
wires connecting the video adapter and the monitor are 3| at
standard TTL voltage levels - +5V and GND.

Analogue displays

With the VGA adapter launched in 1987, IBM introduced a new
way for the video adapter card to send Image data {o the
monitor, the analogue interface. A way which allowed a lot more
colours 10 be displayed on the screen.

The originai RGB simply turned the electron guns of the
colour moniter CRT on or off, all the differant permutations of
the three guns gave a range of eight colours. Then with CGA an
intermediate gun intensity level was introducad thareby
increasing the number of colours to 16, a range that was
stretched 1o 64 in EGA displays.

However, there is no reason why each gun should not have
an infinite number of different Intensity levels thereby giving rise
to an infinite number of displayed colours and thus allow the
computer display to show images which have all the range of
colour seen in everyday life. To do this the voltage of each one
of the three lines to the electron guns needs to be varied with
great precision. This is done using special digital to analogue
converier circuits on the video adapter, haence the reason wihy
such boards are refered to as analogue display boards.

On VGA displays the digital to analog converters can
produce up to 64 different intensity levels on each of the three
guns, thus enabling a VGA display to have B4A3, or 262,144
different colours. Although to do this will require eightesn bits of

storage for each pixel, six bits for each aun, or just under
700Kbytes of video RAM for a Standard 640x480 pixel
display.The analogue lechnique has besn expanded sven
further with SVGA where ths guns can be driven at up te 256
difierent levels thus giving rise to a potential 16.7million colours,
assuming memory is avallable at 24bits per pixel, or 2.4million
bytes of video RAM. Mast of the adaptors sold today have at
least TMbytas of video RAM, this should be checked careiully
when buying sither a nayy Sysiem or adapter board, it is impor-
tant to make sure that can add more video RAM to increass the
capability of the display system.

Note: in most cases REH monitors will not work with
analogue video adapters and analogue monitors will not work
with RGE adapters. However, some maore expensive monitars
come with sockets for cables from boin types of video adapter.

Composite video

A handful of PCs, such as the Commodore ranga of machines,
also have a composite vides Culput as well as the conventional
RGB output. This type of Output combines the three colour
signals and thr synchronisation signals into a single signal that
can be sent down a pisce of Coax wire with a phono plug. This
signal is essentially the same as that which comes into the aerial
socket of a conventional TV,

The reason for including the composits video output is
simply that it allows the system to usa 3 TV sel as a monitor, a
Very useful capabilitv in some arnlisatiase B brewr
its use was a hang over from tha nome games computers such
as the Commodore 64, and it is now rarely encountered.

Ifyou doneedto use a TV set as a monitor then there are a
number of special VGA to TV converter cards on the market.,
But it should aiways bz bom in mind that the current generation
of computer monitors have displays which are far supsrior to
that found on the average TV. So do not expect 2 TV based
monitar to have the same quality of display. Having said that, a
TV output does allow a PC 1o utilise equipment such as projec-
tion TV displays.

Light pen connectors,
A light pen is not normally considered as a PC pointing device,
the mouse has almost exclusively taken over this role. But this
nas not always been =0, and on many EGA cards thera is a
special light pen connector, and in the BC BIOS, rcuting Int 10h
Function 04 will return the position of the light pen.

The light pen connectar is invanably a & pin SIL sacket on
tne board, often labeled the P-2 connecior. Thea pin connec-
tions are as follows:

Fin  Funciion

+ight pen input

not used usually acts as socket kay
+ight pen swiich

ground

+5 valis

12 volts

kWM =

The light pen is not implemented on any VGA or PS/2
systems.

NEXT MONTH

IN PG cliniciwe will take an in depth'look al modems and

cammunieations cdevices
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PROMs

VERSUS LOGIC

We tend to think of EPROMSs as simply
being a form of non-volatile memory for
computers. Graham Reith shows that
they can also be used to solve a great
many circuit design problems

any practical problemns are best solved nowadays
& by using an electronic system of some sort. A
y chaice of which system then has to be made; and
S” in particular the precise components to be used.
One is looking for the best tool for the job, in terms of
practicality, convenience and cost, One of the choices likely to
iace the problem-salver is whether to use a system of logic
gates, or whether to go for something more sophisticated like
an EPROM. This article is largely concemned with the considera-
tions which may infi that choice. Some everyday, practical
examples are offered to illustrate the factors invalved.

Logic gates are easily understood and widely used in elec-
tronic circuits. Various types offer the user a varisty of functions,
and for certain purposes they can be the ideal tool for the job.
But there are severe limits to what any one logic gate can do,
as can be seen from the small truth table each one has. Logic
gates usually need to be used in combination with each other in
order to help solve even fairly modest tasks. Such combinations
can become very complicated, and the circuit becomes bulkier,
more expensive and more difficult to wire. For the more chal-
lenging tasks, therefore, an alternativa is required.

EFROMs (standing for Erasable Programmable Read Only
iviemory - there are similar products known EEPROM,
E2PROM, or PROM but in this article they will be called simply
EPROMs) can be made to behave like the more complicated
legic systems. For example the 2716 EPROM can replace a
logic system which has any truth not greater than 8 bits wide or
2048 lines long. EPROMs are more expensive than logic chips,
but one EPROM can replace many gates and so an EPROM is
oiten the more eccnomic choice. EPROMSs also require less
wirng than complex legic systems, although they have 1o be
pregrammed. EPROMs (and EEPROMS) can be erased and re-
programmed many times, and so their behaviour can be altered
with little effort at no added cost - unlike logic systems which
are hard-wired, i.e. their behaviour cannot be changed without
changing wires.

Technically, a third option is available in the form of program-
mable logic, such as PEELs (Programmable Electrically Erasable
Logic Arrays) or PLDs (Programmable Logic Devices). These
call for their own particular programming techniques. It is not
clear that they offer a better solution than EPROMs do. They
and their programmers seem to be less commonly available
than EPROMSs and their pregrammers. Programmable logic
components are not therefore considered further in this article.

[ = s ) | Sy

In general, the theme adopted in this article is one of finding
easily avaiiable, economical solutions to evaryday practical
problems. That, after all, is the essence of the contribution
which the science of glectronics has made, and continues to
maxe, to human invention and development. This article goes
on 1o 1ake as examples thres comman or garden problems and
lo discuss how these can be solved using logic gates or
EPROMs as appear most suitable.

The first problem chosen will be how to control the auto-
matic heating and cooling of a greenhouse in differing condi-
tions where it is either night and day and where ambient
temperatures rise and fall. Of course one might choose to solve
such a problem manually, using paraffin heaters or whatevar,
but a fully automatic system is available to those who want it by
using electric heaters, electric window fans, and an elecironic
control system. The article describas how this might best be
donge, using a simple logic gate system.

The second example tackles a more complex problem
where traffic management is needed at a busy T-junction. in this
country the old method of manual direction by a traffic
policeman has long been abandoned in favour of the cheapsr
and more efficient system of traffic lights. Various methods of
pHasing the sequence of traffic lights have developed over the
years. This article suggssts that a good method is the use of
EPROMs.

The last example takes a more modem, more sophisticated.
prablem which is that of how to communicate information in
alphanumeric displays. The use of displays and the way in
which characters are presented on them have been evolving
and one cannot exclude further development with the exercise
of imagination. The design of characiersin a display is normally
manufaciured within the display driver. However, there remains
scope for individual exparimentation. This article suggesis a
sampie range of characters, and suggests that in this area of
elscironics there is no practical altemative to the use of
EFPROMs.

This article not only discussss the merits of logic gates and
EFROMs in each case, but offers a detailed account of how
circuits might be set up, and of the truth tables involved. A start
IS made with the common or garden greenhouss.

PRACTICAL: A TEMPERATURE
CONTROLLED ENVIRONMENT

Thermastats are fairly simple devices, commoenplace around the
home. Most thermostats turn a heater on when it gets too coid
and tumn it off when it gets to the right temperature. However,
SOme people may want a more sophisticated thermostatic
system which can maintain a more complicated envireriment. A
practical example would be to equip a greenhouse with the
means to keep the indoor temperature between specified
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boundaries by heating and coaling the air when required during
the daytime, and similarly by heating during the night (the need
to cool during the night being unlikely). For example, there could
be a thermostat which kept the temperature between 16°C and
20°C during the daytime, and greater than 10°C during the
night.

There are various ways of building a system to meet these
requirements. The system designed here is perhaps one of the
simplest ways of doing it.

There has to be a system of temperature and light sensors
to determine the conditions inside the greenhouse. Using only

one of each type of sensor has the advantage that the system is

more reliable in the sense that any two temperature sensors will
not be identical and variations in their performance would cause
undesirable complications. Their sensor system, as sat by the
owner using a thercmeter, should indicate when the tempera-
ture is >10°C, >12°C, >16°C, >18°C, and whether it is light or
dark. The idea is to have a heater switching on if it is dark and
<10°C until the temperature becomes >12°C, and switching on
if it is light and the temperature is <16°C until it becomes
>18°C. A window fan to expsal hot air switches on if it is light
and >20°C until it is <18°C. The point of having it switching on
al one temperature and off at another is to prevent the appli-
ances from switching on and off very rapidly around one
temperature threshold.

A possible sensor system is shown below. The cutputs A- F
will be inputs 10 a logic system. The potentiometers allow the

Note: Op-Amps should have saturation leve!s of
+4-5 volts.

ture and light is shown in the table below. The table also shows
what the required output of the logic systemn is, i.e. when the
heater and fan are to be tumed on ahd off.

A suitable logic system to perform this would be:

r—— = —y T—'—"_ﬁrT".l'-':'_ﬂ- T s —\cq—-r_-m-':!!.'-----
w

: S ot
"c' '”“A_BCDEF' ‘S-R:Z
Dack <10 000000 ¥ ﬂ_
Dak 10412 1 00000 00
Dark: -;-:;12—13«':;,% 0000 01
Dark 16-18 111000 01
Dark .~ 18-20 0050501 Foses
Light <10 DAEOE 10
Light 1012 - 100001 10 <«
Light. '“*‘1216" TG0 0 N
Light 1618 1119601 ‘00 "~ *
Light 1820 =H MYS0-HES0: 1 =0
Light o .-1?;_*:??' 4 j: #_1_}“:'01 ;_ .
£ T R e e -agg:rT*Wﬂhifﬁ{—‘h

5 NOT gates

temperatures at which each cutput changes to be

adjusted, A B C D E 5
The state of the ouiputs in relation to tempera- I T 797 9%
! > S
¥ 3 > :)—_Dﬁ
— [ S
S >o— HEATER [ O
HIGH WHEN o R
w—— >16°C }D ]
——1+
=5V b
" 1 ) l
S
> o= B | T
OUTPUT B ?D_‘ LATCH
HIGH WHEN >
>12°C A
sy —+ ! :
i ~ 7 AND gates
Al 3 OR gates
L § >167C
2 Wiring up Logic:
- Legic gates tend all to be in the same format on chips. The
" = ., drawing below shows how gates are arranged on a chip.
HIGH WHEN For example:
o o—I+ PG Quad AND gate:
23V
5K Wiring up Op- Ecl_[p [1 I_] LLL]
| > e e
=5V HIGH WHEM ) 4081
— i 200
L) LR LT 13
T OUTRUT £
HIGH WHEN _
ﬁwﬁ: LIGHT Hex NOT gate: [l I_LI|>T [10] 'IE;]
1 ) 4069
NOTE: [Dnl |{>’| [D'I Gho
OP-AMPS SHOULD HAVE SATURATION EREjEjHEEEESE
LEVELS OF +4-5 VOLTS
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Amps:
This depends on the Op-Amps used. A suitable cheap quad
Op-Amp chip is the LM324.

o
o

it
-

GNTY

This logic system consists of 15 logic gates which, when linked
togsther, will consist of 4 chips: 1 hex NOT gate, 2 quad AND
gates, and 1 quad OR gate. These chips cost less than 25p
each and so the total cost of the logic system is around £1. Ths
cost of an EPROM is substantially more and although the
system could easily be made with an EPROM, requiring much
less wiring, on balance the money saved makes logic the best
option. The behaviours of the system can be changed without
changing the logie, simply by adjusting the potentiometers
which change the switching thresholds of the fan and heater.
There is little that would require the logic to be changed, so the
versatility of the system is not affected.

To run a cooling fan and a heater off system, relays need to
e used to buffer the output from the latches. The relays used
depend upon the kind of heater and fan used and how much
curreit they draw. lllustrating the behaviour of such a logic
system does not actually require a fan or heater - LEDs could
be used instead to indicate whether conditions were too hot or
too celd, i.e. when the heater or fan should be on. A 556 buffer
is prohadly the easiest way of buffering the outputs of the
latches ‘o drive the LEDs. The 556 is an inverting buffer, so it

5V
- 2 e T
5  — |
e Ye s s v
- B -
e - '
_‘_l FROM OTHER = |3 ]
LATCH =
QH -
EE. +5“;

v N= e HEATER
i T FAN

n

would be sinking the current.

That example deals with the comparatively simple require-
ments of heating or cogling a gresnhouse, which can economi-
cally and efficiently be met by a cheap logic system. We can
now move on to discuss a more compiex set of everyday
requirements, such as would be found at a street corner in any
town. The management of traffic light conirols possess a
number of practical problems which are unlikely to be best
solved by logic systems.

PRACTICAL

Automatic T-junction traffic lights with
pedesirian crossing

The following diagram shows how the traffic lights would be
found at most actual T-junctions. The numbers beside the fights
indicate which road (marked 1, 2 or 3) the traffic light would be
directed towards. Sets of lights bsside the same number operate
in unison. The letters R, A and G denote red, amber and grean,
and there are appropriate symbéés for the reg and gresn man.

o | [ 3

ﬁ AN RED
ﬁ AMBER

g GREEN!

RED GREEN A~
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The first thing that must be
done is to work out the sequence
of the traffic lights and how long ’ ﬂ
each light should be on for. The FED
sequence is shown below, 1 0 0 0 1 0 0 1 0 0 0 1 0 0 “ 2 secs
together with possible timings. '1' rpojoqpopt 1t ot 1 fo 04 10} 0 ff2secs

. s 1 Lo I I T 0 0 1 0| 0 1 0 1 0 0 ||20 secs
indicates a traffic light is on, and '0* 1 lolololl ol i 0 olo !l 1] o0 1 o Il o || 2secs
indicates it is off. 1 0 0 0 1 0 0 0 0 1 0 1 0 0 || 2secs

1 0 0 1 1 0 0 0 0 1 1 1 0 0 ||14 secs
1 0 0 1 1 (0] 0 0 1 0 0 1 0 0 2 Secs

Notes: The sguare-bracketed 1 ? g : : 3 g 1 g g g 1 g g E$
ines apply only if a pedestrian 0 0 1 0 1 0 0 1 0 0 0 i 0 0 ||14 secs
button has been pushed. O 1 1 Lo 101 | 0 L@ .0 0 41 1 0 | 0 j|2sscs

The total time for the cycle is 78 L pe IR 9 : 1 ' 4
seconds including pedestrian time, 1 lolal o

This systemn could be made 1 lo oo
using legic gates. A counter could = : 2 s g“ gr - g
be made to count up to 78 1ltololo
(seconds), and logic could be used il.0o]lo0o}| o
to turn the light on and off at the 1|1 0|00
appropnate times. This, however,

The shaded area only applies if a pedestrian button has been pushed.
Total time for the cycle is 78 seconds, including pedestrian time.
3

RED
AMBER
GREEN

— =

l-'-——.——'-_
R, T

e R T

RED GREEN

e
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would be very large, complicated, and expensive. Indsed, it
would be very inconvenient to use logic becauss of the
subsystem which is accessed whenever a pedestrian wishes to
Cross, requiring more logic gates to be added to the system. If
the traffic lights needed to cope with a Monday to Friday rush
nour, under a logic system a different circuit would nesd to be
introduced during set times. If there were to be a change in
longer-term traffic characteristics, such as a new supermarket
built in the area, the entire circuit of a logic system would need
to be redesigned. In short, a logic system is too cumbersomea
for a task like this requiring flexibility.

An alternative is to build the system out of EPROMs. This
would be substantially cheaper than a legic circuit, and any
changes required in the system such as pedesirian use and a
rush hour could all be catered for in the same program, inside
the same chip. If there were to be a leng-term change in the
traffic characteristics, the sequence and timing could be altered
by changing the program inside the EPROMSs. Such adjusi-
ments would take a fraction of the time and expense that
constructing a different logic system would involve. EPROM
chips are erasable and re-programmable, so the VEry same chip
could even be used again.

Constructing the EPROM system:

The system needs at least 14 outputs, and nesds enough
address lines to allow 78 different stages as well as settings for
pedestrians and potentially a rush hour, which means a
minimum of 9 address lines. As there are 14 outpiits tn tha
Sysiem, and standard cheap EPROM chips have only 8 output
lines, the system needs to have 2 EPROMs. The type of
EPROM most suitable for the purpose is the 2716 EFROM
which has 11 address lines and 8 data lines. Two 2716
EPROMs can give a combined effect of one EPROM with 11
address lines and 16 data lines. (Remember that the same
address needs to be fed into both EPROMS).

The block diagram for the system is shown below:

Wiring up the Clock and Latch:

#aV
70 CLOCK
L] == o []1 —
COUNTER —-};“‘ﬁ_ﬂ::
4013
4Tk B
[ ey |
| R R
1
| - -
10u FROW D0 OF
- | < craou
f——1

Cennecting up the 2716 EPROM:

Pin out diagram:

For normal
a7 [ ] vee operation of a
as [ mp programmed
AS (] a3 chip:
2 [ (] ver
23 [ ] ce Vee - +3V
22 ] :l ALD
s [ 2716 ] e=/8cu Vpp - OV
Ao [ [Jo7
= o OE- oV
o1 ]: bs CEJ’PGM = DU
ez [] 4
vss D3 Vss - OV

The address is fed into the address pins AQ to A10, holding
any unused pins at OV. The data stored at that address will then

CLOCK cLx & - BIT COUNTER Ri—e
D7 D5 B D4 D2 D2 D1 CO
']
PEDESTRIAN |
BUTTON ?
@
I !
']
i 5
LATCH |1 | L1
ATD AF A5 AT AS A5 A4 AT AT A1 AD AlD A3 AB AT AS AS A4 AT A2 A1 AD
STIEEPRCM 2 2716 EPROM 1
DF D5 DS D= B3 D2 DY 6 D7 O D5 D4 D3 b2 DY Do
RAESET
BUFFER SYSTEM
2
TRAFFIC/PEDESTRIAN LIGHTS
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appear at the data outputs DO - D7.
The pedestrian lights:

These can be made from coloured LEDs, with protective
resistors of around 220 ohms. The filter lights could be made
using a marker pen and a little artistry.

The buffer system:
The buffers do not have to be very complex as they are only
driving LEDs. The 74L.5125 contains four bufiers, and four of

these chips will suit the purposs.

The EPROM Program:

Address Pins: AQ - A7 from counter
AB from latch
A8 - A10 further expansion.

Data Pins:

EPRCM 2 EPROM 1

i i I
03 D2 Dy D0 O7 Ds

D5 D4 03 D2 D1 Do

i

FPEDESTHUAN UGHTE

opposite:

The program works by following through the same basic
sequence 000 - 040, at the end of which the counter is re-set
back to 000. So, if uninterrupted, the traffic lights would be
following the exact same sequence ad infinitum. However, if
there is an interruption - a pedestrian wishing 1o cross the road
- the sysiem defers action until an appropriate point in the
seguence has been reached, i.e. when all lights are red.

Cnly then does it put on the green man. In order to achieve
this, a different program is used which incorporates the green
man as part of its sequence. When the pedeastrian pushes the
button, a latch is set and the address changes 0-- to 1--. The
sequence 000- 03F is exacily the same as the sequence 100
13F, and so pushing the bution will not causa any immediate
change of sequence. However, it would normally reset back o
000 at address C40. Instead, at 140 the pedestrian signals run
their sequence, and the counter (and laich) are reset to 000 at
address 14E.

There is room for expansion of the program. A timer could
be used fo run a different program-at rush hour. During rush
hour & 1 could be put to Address pin A9 on both EPROMs and
the different sequence could be stored in Addresses 200 - 2FF.
Hemember that the pedestrian sequence during rush hour
would be stored between 300 and 3FF.

In taking traffic lights as a practical example in the use of
EPROMSs, the EPROMSs have been used as a means of
proceeding through sequences stored in them. However,
EPROMs have more varied uses, and another example waorth
looking at is that of holding lock-up tables.

A look-up table is a table of data stored in an EPROM from
which the user, or-another electronic component, can
sSuUMMoN up a specific piece of data for a specific function. The
next example uses a look-up 1able to operate an
alphanumeric display.

Traffic Lights
P EPROM 2 | EPROM 1
f L
st EPHOM praspmmens oATA' || DaTA
require the ds e fed in hexs-
Eﬁ.,..l 1:.1 Eﬂﬁl?::i ﬂit' ED nnexa 300 22 “
decimal. Therefore the data neads 001 22 a4
e Walala N =lat=Ta i Birany i o002 23 B4
to be }.,..m sriad from mra;, into e S 5
hexadecimal to program the 004 20 34
\ — - . 065 20 84
EPHO.A_. The ﬂﬁ_'ﬂ;a _D?. D0 will e i ot
appear in hexadecimal as two aa7 20 84
) - | a0 20 94
c!‘:aract*&rsi For uxample._ - 205 50 54
10100111 in binary equals A7 in DOA 20 94
hexadecimal. _Hemamber *-:hat %g g g:
when converting, the last four ]3] 20 94
figures are Eal-;en first, in this case gg ﬁ :
0111, and put as 7, and the next 010 20 54
. . 1
teur, in this case 1010, are put as 312 g g
A. Thus multiple of four digits is 313 g x
’ 2 s 14
required, and where fewer appear, 315 20 G4
Zetos need 1o be added at the o6 20 34
. = . o7 20 84
beginning to make up the required o1 24 14
number eg 111001 should be 019 21 14
- 0A 22 14
wrtten as 00111001, 018 22 14
The EPROM programs for the 01c 26 ic

EPROM 2 | EPROM 1 EPROM 2 | EPROM 1
ADDRESS
DATA DATA DATA DATA

01D 26 iC 03A DA 44
01E 26 ic 038 0A 44
01F 26 1C 03C 0A -~ 44
020 26 iC 03D DA 44
021 26 1C 03E 12 44
022 26 ic 03F 12 44
023 20 1C 340 22 45
024 26 iC 041- :
025 26 1C OFF FF FF
028 26 1C 100- ~ sama | as
027 26 1C 13F 000 y D3F
028 26 1C 140 22 44
028 -~ 26 iC 141 22 44
02A 20 24 142 22 42
028 26 24 143 22 42
02C 26 44 144 22 42
o2o 26 44 145 22 42
02E 36 44 146 22 42
02F 36 44 147 22 42
030 0A 44 148 22 40
031 OA 44 149 22 42
03z oA 44 14A 22 40
a3 OA aq 14B 22 42
034 0A 44 14C 22 40
035 OA 4 14D 22 42
036 0A 44 14E 22 45
037 0A 44 :
038 0A 44 14F- ; :
039 0A 44 1FF ~FF FF

traffic light sequence are shown

Next menth
Graham Reitin will continue his look at the creative use of ERROMs wiih the development of an alphant-

meric display system.
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To accompany the EPROM Programmer
featured in last month’s ETI, Paul
Sienning has designed a versatile
EPROM emulator which will remove a lot
of the effort from system developmenti

his EPROM Emulator was designed to complement
the EPROM Programmer published last month.
& An EPROM Emulator can save a vast amount of

§ -_ﬂ—; =
- R time when developing software, compared to
pregramming and erasing EPROMs. This is becauss
it is a RAM-based memory that just looks like an EPROM to the
system into which it is plugged.

The unit presented here will emulate the standard 27 family
of devices, from 2764 to 27512, and can be used with an 1BM
PC compatible computer. The smaller 24 pin devices in this
family (2708, 2716 and 2732) are almost ocbsolete and are now
more expensive than a 2764. | did not feel it necessary to
accommodate these devices in this design since they would

P p

significantly increass the complexity.

This design uses readily available components to reduce the
likelihood of obsolescence. The unit is powered from either an
external PSU or the circuit under development - the supply
requirement being 5V @ 100mA. The power supply design
published last month for use with the EPROM Programmer will
also power this unit if an external supply is nesded.

The emulator itself is dumb and is controlied by the hast
computer via the RS232 serial port (COM1 or COM2). Devics
selection and operation mode is set by front panel switches.

The accompanying software is available on disk from the
author. The software will operate on any PC running MS-DQOS or
PC-DOS version 3.0 or later and having at least 512K of BAM
and one RS232 serial port. A hard disk and a colourmonitor are
sirongly recommended. The sofiware is written in Microsoft
QuickBASIC V4.5, and the full source cods is supplied for those
wighing to enhance or modify it. This source code is also
compatible with QBASIC, as supplied with MS-DOS 5.0 and
later. You do not need QuickBASIC or QBASIC to use this disk.
The disk also contains the software for the EPROM Programmer
published last month. A description of the software operation is
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given later.

The unit may also be suitable for use
with other types of heme computer naving
an RS232 serial port, althocugh this has not
been tested and no software is available. It
will definitely not work with Commodore
Amiga computersg due to a peculiarity in
the senal port handling.

How it Works

The circuit diagram is spread over a
number of illustrations. Although it may
initially look complex, it is in fact relatively
straightforward. When a “-" follows a signal
name (for example STROBE-), this shows
that the line is active low. When a number
is followed by an “h” this indicates that the
number is hexadecimal.

The RS232 (serigl) interface, buffering
and clock are shown in figure  1C3 (6402)
is a UART (Universal Asynchronous
Recsiver/Transmitter) which basically
converis serial data to parallel and vice-
versa. The device supports most commaon
serial data formats, in this application it is
configured to give eight data bits, one stop

— RESET
- bit and no parity checking. The data rate is
_ set by the crystal-controlled clock circuit
| Fig.1. Emulator RS232 interfacing and clock circuriry (IC2), which in most cases will be set 1o
| 9600 Baud. Since this unit is designed to
gt P2 18l AD e B
ADDR e 1 oz [T 7las IC7 A1 52 17 H1
o 2 1B a3 e B3 1& E=2
[_—E ST a |E 15|, D A3 L
Cs ~=|5 L - At gsjid Bl
o B 2oz & AS o)
a7 |2 12157 Kl A apli2 FE
Was A7 ] L L
A8 1Cg
15 o
— dce A9 CE
' AlD
A1l Fill -
1 a2 A2
CLx gal? Elay arls A3 iC4 2
1 a3 gz 1G7° )2 Ats G £—<2 STROBE -
RESET —8—marsET ol 111 . e
a:p Slas D agfs AVLAR a5 S AUN—
zsfE “las as [E 1812/
IC6 ori ] (R q Pl LA L2 ST = —n o0
aapts 12187 a7 ji A a sl i i D1
o2 i3] I ELEY, po | [ 0z =
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FEL - AT 314y papg LE: o7 ICS. 1C10 §2256
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2 | =
v o N
— A11 L5 b—
SK3 _T_ Az 2l | 27
2 _ z = < fr—
+ | — L A | | | + ] AR 2R3
oM = Ald 1 Atd
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DECOUPLING 415 13 1 LRUN-
RAM FILL ClRCUT

Fig.2. EPROM Emulator RAM fill circuit
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the data is sent, pin 24 will pulse,
e e L incrementing the address counters
sl of, t©12 | T pe oy 11 H o e LT IC5 and IC8. The section of the UART
At = a7 7 L 2 D12 Haz 1014 g7 O Is used to merely apply a suitable
Pl I i {2 oz 1 P delay before the address is incre-
asl sl gs |14 ] e nalts EMD |15 D3 ¥ ,
Al 5], Q aspls Bl s AL 3 ms|14 D mented, to ensure the data is
N I s3> i o osf g q i P correctly stored.
Az - : = Py : sl
AT L 2], ay|18 3 ﬁ E: 19 ] S z 11 07 When the next byte of data is
25} 5 SK2 - received, it will be loaded into the next
= a2 s I—‘ﬂﬁ ce memory location, and so on. As long
Y a1p -cEp=——  _ 1 £ . :
2|, _ceh® as the user presses ihe Reset button
+—om cehb—4 2z 12 ; when prompted by the software, the
a G138 gl =|ai L3 )iCs data will arrive in the correct places.
- 12 Ald - - .
A i 1 The software simply sends the data to
a0l 7). oot L — A1S veo .
asl el ot 7 —4— RUN-———e the emulator one byte at a time; you
::: f i Q = :E could alternatively simply copy a
A3 & NOTE: 11 o3 = ; S
ae 3l wli? SW3 1 7AHCTO4 b o” b Dinary imags file to Fhe COM ;}aft.
a2l 518 Lo IC4 TdLSEEE Two 286K x 1 Bit (32K x 8 Bit)
] 741524 :
SWi o C1a  74Seds | L 4 S e RAM devices are used, to obtain the
ey IC14 7415245 HD full B4k adsressing range of a 27512
7512 SK2  27512-8KT . _ :
EPROM. The CS lines are used in
EMULATED EPROM INTERFACE conjunction with an inverier on the
I A135 line to select which device is used
. at a particular time.
Fig.3. Emulated EPROM interiace : _
J ' Now assume that SW2 is in the

receive data only, the parallel input lines (pins
26 to 33) are held low and the serial data

output line (pin 25) is not connected. _é_ + Ol ol gs S S T eS80 0 55 s 5T — L\ _¢_
A gate in IC1 is used as the RS232 buffer, s;m@ -54 128 ot 28D
converting the +/- 10V RS232 standard data

from the PC to a 5V pulse train suitable for the :
UART. The diodes restrict the RS232 voltage i
;
|

5 " — la rg O
- & SWIB- '}_'sau-- n | sK2 _ |
§ § 7 7| =1 )7 ) :

| | I 1 .

| | =5 Bj2 512 y i '
f“ [. lseveeesecscsas | | |
@ & (] I

to within the 0-5V range, the remainder is
dropped across R7.

A byte of serial data arriving on pin 20 of
IC3 will be converted to paralle! data, which
will appear on pins 5 to 12. Pin 12 will go
high, and no further data can be received until
pin 18 is taken low momentarily. One gate of
IC4 causes this to happen, R3 and C8 create
a slight delay giving a STROBE- pulse with
adequate width for clocking other devices.

R4, D1, C9 and one gate of IC4 produce
the power-on reset pulse for IC3, IC5 and
IC8. SW1 allows the circuit fo be re-sat again
as required.

Assume SW2 is in the upper position
(Upload), so Fill- is low and Run- is high.

IC12, IC13 and IC14 are disabled, so the
‘EPROM’ socket SK1 is isolated from the
RAM. IC7, ICB and IC11 are all enabled,
effectively connecting the RAM (IC3 and IC10)
to the address counters (IC5 and IC8) and the
UART.

When a byte of data is received, the
Strobe- line will pulse low as described previ-
ously. This is connected to the Write Enable-
(pin 27) on the RAM IC’s so the received data
will be written to the current memeory location.

The Strobe- signal is also connected to pin
23 of the UART. This will cause the transmis-
sion section of the davice to go through its
motions (even though nothing is listening!). As Fig.4. EFROM Emulator PCB component overlay
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lower (Run) position. IC7. IC8 and IC11 are now disabled,
isolating the RAM from the upload circuitry, IC12 and IG13 are
enabled, effectively connecting the RAM address bus to the
'‘EPROM' socket. SW3 and SW4 sgiect ine EPROM type, and
set any unused RAM address lines low. When pins 22 and 24 of
the 'EPROM' are both low, IC14 is enabled (via IC4) connecting
the RAM data lines to the "EPROM'.

The prototype has not yet been tested on a speed-critical
microprocessor system. The interface electronics should add no
more than 20ns to the access tims of the RAM devices used.
Therefore with 100ns RAM chips, the unit should be able 10
armulate a 120ns EPROM, and will definitely smulate a 150ns
device. If spesd is critical, fit the fastest RAM chips you can get
_ a8ns devices are avallable if you are prepared to pay for them!

Construction

The unit is assembled on asingle sided PCB. which is available
fram the ET1 PCB service. The copper track layout is shown In
figure and the component overlay is shown in figure

A number of wire links are reguired, which should be fitted
pefore any components, since some Pass undemeath ICs. |
would suggest that the resislors are fitted next, followed by the
(Cs. then the capacitors, then the remaining parts. Fit a link wire
between COM and 96 to set the Baud rate 10 9600, Fit SIL
header strip or Veropins for the ofi-board connections.

| would suggest that sockets are used {or tne RAM chips
and the UART, in view of their cost. it would also be a good
idea to use sockets for IC4, IC12, IC13 and IC14, since these
interface to the cutside waorld and could be damaged if there is
a problem on the sysiem being tested. The sockets allow for
assa of changing if the worst happens,

If you do not plan to emulate 27512 EPROMSs, you could
save a few pounds by omitting IC10 (it can always be added
ater). The unit will then emulate up to 27256 davices, S0 move
the stop on the Device switch to prevent the 27512 option
being selecied.

Fit a 28-way IC socket in SK2 position. A 300mm (or shorter)
length of 28 way ribbon cable should be fitted with a 28 way
DIL connector on each end. These can be readily pressed
together in a vice or WorkMate, if three thicknesses of
Veroboard are used to protect the connector pins. Take care
when doing this, as it is not easy 10 get the connector apart
again if something goes wrong. One end of this cable plugs
onto SK2; make sure the edge of the cable with the different
colour goes to pin 1.

When you receive these connectors from your supplier,
please make sure the wo paris are not pressed fully together
before removing from the polythene packing. If they are, sand
them back. The two | purchased from Maplin were fully assem-
bled and | managed to break one while disassembling them.

The intenwiring is shown in figure  This should be carred
out at this stage, since it is necessary for testing. After testing,
the board can be fitied into the Case.

The connections for both 8 and 25 way serial connectors,
use whatever matches the socket on your computer. On the
prototype a 9 way D connecior (serial) and a 6 way DIN socket
(DC input) were fitted to the case. The rotary switch connec-
tions are shown by giving the pin number or letter marked on
the switch body.

Testing

Connect the unit to a 5V supply and the serial port on your PG,
and run the program “SER-TEST.EXE™ on the software disk.
Whan prompted, type “1" or “2" followed by Enter to say which
serial port you are using. The program does nothing more
exciting than wait for you to enter a 2-digit hex number
(followed by Enter) and then sends it to the emulator. It then
attempts to read back a number; if it's successiul it prints the
number otherwise it prints “**". Since the emulator doss not
transmit any data, the software will always respond with “=" To
exit just press Enter on its own. All the responses in this section
will be shown with quotes (*") around them - just type the
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number (followed by Enter); don't type the
quaotes.

Switch the emulator to 27512 and
Upload, and press Reset. Type “00" on the
compuier, and the sofiware should respond
with “**". Using a logic probe, test meter or
oscilloscope, check the logic levels on pins
9,10, 11,13, 14, 15, 16 and 17 of ICO,
They should all be low. If you type “01", pin
@ should be high, and the others should
remain low. Now enter “02”, 04", “08",
“107, “207, 40" and “BO” in tum. After each
entry, check the logic levels on the dats
pins; enly one should be high in each ease -
10, 11,13, 14, 15, 16 and respectively.

Press Reset on the programmer. Press
Enter on its own to quit the software then
run "ADR-TEST.EXE", which is also on the
disk. Since the address counters are incre-
mented when a byte is sent, it would take a
long time to get the count to 65535 manu-
ally! ADR-TEST does it automatically, and
pauses at four points te allow you to check
the logic levels. Follow the instructions on
screan. The table below shows the
expected logic levels on the address pins of

the ICS at the four pauss points.

e . o ——

the magazine. A printed listing is not available

since it would be more expensive than a disk
to produce.
The software is supplied ‘as-is' and

neither Paul Sienning or Electronics Today
International can accent any liability for any
loss or damage however caused. The source
Code is-supplied so that you may modify the
software for your own use only. The software
may not be redistributed in either its original or

If these readings are OK, and the preceding tests were also
successful you can be fairy confident that the unit is working
correctly. It is not so easy to check emulation part of the unit,
but providing the unit was carefully constructed the chances of

_problems are unlikely.

If you have a microprocessor system and a suitable hex file :
you can try emulating a known good EPROM using the informa-
tion given shortly.

The Case
The prototype was constructed.in a plastic case, 190mm
165mm * 88mm, see parts list for details. A suitable overiay for
the front panel is shown in figure *. Two photocopies may be
taken (enlarge to 182mm * 84mm), one can then be used as a
drilling template while the other may fixed to the front panel with
clear self-adhesive vinyl,

A suitable notch should be cut in the right side of the case
for the ribbon cable to pass through. The power and RS232
connectors mount on the rear panel.

Software
The software for this project is supplied on one 3.5” 720K disk.
Please note that this disk also contains the software for the .
EPROM Programmer, published last month.

Since the various programs extend to over 2500 lines of
BASIC source code, it would make boring reading to print it in

in @ modified form. If you cannot accept these
conditions please do not order the software
disk. That's the legal bit done!

A batch file is supplied on the disk io simplify installation.
Insert the disk in the drive, type “A:" then “INSTALL". and the
batch file will make a \EPROM directory on your drive C:, and
copy the software to there. If you do not have 2 hard disk, make
a working copy of the disk using DISKCOPRY. then put the orig-
inal away. Do not write-protect vour warking copy or the soft-
ware will not work.

If you are using Windows, sutaple icon, PIF and aroup files
are supplied on the disk. Some parts of the software will
operate mueh slower under Windows, particularly the initialisa-
tion when the serial port is opened. Howaver it will run in the
background (probably very slowly) if you are using 386
Enhanced Mode.

The main software of interest for this project is spread over
two programs, "EMULATE.EXE” and “HEX-CONV.EXE”. The
first of these is the main control software for the emulator, whils
the second converts various industry standard hex file formats
to and from the EPROM emulator format.

Additional pregrams on the disk are “PROGRAM.EXE” which
controls last month's EPROM FProgrammer, and “SPLIT2.EXE”
& "SPLIT4.EXE” which divide Intel hex files into 2 or 4 files for 18
and 32 bit systems respectively. Since the full BASIC source
code is given for all of these programs, it would be possible to
Create one large program containing all the facilities - if
someone had more time than me! | would be interested to see
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L e R g SEESEEEETE  agny enhanced versions.
‘ A 3 o, Lo ¥ When “EMULATE.EXE" is started, the Device Selection Menu
: Y SR S S - | will appear. Frnmhareyruunhﬂnsmherypeofdeui{:eyo_umlbe
using, either 2764, 57128, 27256 or 27512.
Once you have chosen the device required, the Main Menu
! - - S RO TS ! will appear. Option 1 allows you to upload hex data to the
e T S7H i | emulator. The hex data is saved and logded ASCIl-Text format
e HIRS, ale=i e 4K7 e ‘ i which is peculiar t0 this software. “HEX-CONV.EXE™ will convert
Sy RS sl ~= ! toand from this format.
Sl itors SN S When Option 1 is selected. you will be told where t0 set the
A Al : | switches on the emulator. You will then be asked for a filename;
Sk BOI2 S AT “q00n - | simplyenter
4 ' ' Sk 8 the alpha-numeric characters - the extension is fixed to
'HEX and does not need to be typed. Now sit back and wait;
= CS = £yl ! the progress will be shown on the screen.
R = 4 g i Opticn 2 allows you to change the EPROM type as prew
TG : : : . ously. Option 3 lets you run the Hex File Convertor program,
“HEX-CONV.EXE" and option 4 lets you access 8 DOS Shell;
type “EXIT" to retumn to the emulator. To quit the emulatar,
press Escape.
The Hex File Convertor was described in detall last month,
so | won't bore yau by repeating it here!

B

Emulating

The emulator may be powered by the microprocessar circuit
being tested if there is sufficient capacity in the power supply.
This will happen by default, via pins 14 and 28 of SK2.

If you need to power the emulator separately, you will need
to isolate pin 28 of SK2 from the circuit under test, to prevent
the two power supplies confiicting. This is easily achigved by
remnoving pin 28 from a spare |C sockel, and then fitting this
onto the free end of the ribbon cable before plugging it into the
test circuit.

The 300mm length of ribban cable should not cause any
problems uniess the Microprocessor system is very fast. In this
case, try making another cable just long enough to reach.
The ICs interfacing this unit to the outside world are T4LS

TTL devices, since these are somewhat maore robust than
74HCT, and the inputs are not so static- -sensitive For speed-
critical systems you may need to use a different logic family
here.

When the unit is not in use, it's a gocd idea to plug the end
of the ribbon cable into a piece of anti-static foamn. This helps

iy protect the electronics fromn static, and pravents the pins from
| ”"13*1 being bent.
i
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Terry Balbfmi’g- p@:ﬁ&é thequesﬁon, is soldering an art or a science?

%, fter spending some months looking at the setting-
L | Up of workshops, it is now time to consider more
‘c'.'-,'-' cansiructional matiers. This time we shall examine

> the soldering equipment which is available. Over
the next few months, we shall continue with this topic then
examine soldering technique and the tools needed to make a
good job Soldering is a skill which all electronics hobbyists must
master in order to make a permanent circuit. A properiy-made
soidered joint will last indefinitely and provide a low elactrical
resistance combined with the mechanical sirength to hold the
connection together.

Solder itself - at least the type used in electronics - is an alloy
(@ mixture of metals) usually consisting of 60% tin and 40%
lead. This has a melting point of 1880C - less than either of its
constituents. Solder used for electronics work contains cores of
fiux which run up the centre. Flux prepares the surfaces to
recsive the solder and without this, it would be difficult to make
a satisfactory joint.

Solder is supplied in lengths or in reals by weight - often
500g and 2kg. The thickness is usually 18 SWG (1 .22mm) or 22
SWG (0.71mm) although 24 and 26 SWG are available. It is
much cheaper to buy resls (500g will cost around £7). 5009 of
22 SWG salder contains about 175m so it will last a long time!

Tools of the trade

As well as solder, you will need a small soldering iron. These are
inexpensive so it is not worth using an old hand-me-down. The
chief paints to consider are the size of its bit (although this is
often interchangeable) and the power rating (wattage). After
that, choose by the feel of the handle, balance, weight and
price. There are some “‘own brand" bargains for less than £10.
Maplin supply their Beginners Soldering Iron for £3.95.

For building amateur circuits, a 12W to 18W tye will be suit-
able such as the Litesold LA12 (12W) or LC18 (18W) or Antex
12W Type M, 15W Type C or 17W Type CS. Antex kits include
the saldering iron itself, bench stand, solder and za booklet
about soldering - useful for those wanting to get started. Note
that users of the mains-free workshop described in previous
parts of this series must buy a 12V soldering iran rather than a
mains model. Both the Litesold and Antex CS madels

mentioned above may be purchased in 12V versions or buy the
Auto-Repair kit (no stand with this one). Many soldering irons
can be bought with a silicone rubber lead at slightly greater
cost. These are much less likely to suffer damage if they touch
the hot tip. Replacement silicone rubber wire is alzo available
from mail-order suppliers.

Established users should consider buying a thermostatically-
conirolled iron. These have a higher power element - usually
SOW to BOW - so they heat up much more quickly. However,
when the comrect temperature is reached, the supply is
controlied. Some models feature proportional control which
supplies power to the element at the correct rate to maintain
the temperature. Others have on-off thermostatic action like a
domestic iron. These soldering irons do not tend to cool down
when making many joints in quick succession as is fhe case
with standard irons. Also, the bit stays in gead condition for
longer. Of the mains-voltage temperature-controlied irons avail-
able, some have a fixed operating temperature such as the
Antex A718. The Litesold EC50 and Antex TCS240 have in-
handle temperature contral. An iron like this will cost Detween
£40 and £50. No temperature-conirolled irons appear 1o be
available in a 12V option.

Station pick-up

Some soldering irons are usad as part of a soldering station.
These have a 24V supply provided by a transformer in the base
unit. Basic models use low voltage simply for safety - the base
station will cost about £50. The user will then chooss a 24V iron
to go with it. More expensive stations have a temperature
conitrol on the base unit These use the soldering iron supplied.
This will have a temperature sensor in the tip and a connection
to the electronic control system in the base unit. Some have a
meter which shows the actual operating temperature. Soldering
stations scmetimes have a spring stand built-in and a small tray
for the sponge used to clean the bit.

INEXT MONTH

Next month we shall pursus this topic by looking at self-
contained soldering irons and soldering technique,
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PARABENDER

Barry Porter shows how to build a stereo

. . = range, or to obtain a particular effect which requires an Ui .
parametric equaliser in modular form

respanse In order to get the required sound.

which may be configured to suit your Recording and broadcast studic mixing consoles invar
precise reqguirements. Fully balanced have an equaliser as part of each input channal, but dus &,
inpufs and outputs with professional Space or cost limitations, these are often quite basic and i,

ible. It is quite common to find console equalissrs with 2 fixi«j
degree of sharpniess for the peaking sections. or high and loy,
frequency shelving zones with fixed turmover frequencies,

To be classed as Parametric, an equaliser should have
continuously variable contral over its main parameters; namel,
b n equaliser is a glorified tone control, and has one sharpness of its bandpass or bandstep sections (normally

facilities and performance mean that no
audio system should be without one ...

- purpose in life - to modify frequency response. termed Q") operating or turnover frequency and lift or cut
.~ There are three main reasons for doing this - to amplitude. At the opsrating frequency extremes, the equalisa-
\;‘-::._—; correct for inaccuracies elsewhere in the system, tion characteristic should ba capable of being selected to aither
-0 get rid of some unwanted part of the frequency a peaking or shelving response shape (these terms will become
Fig.1. Parabenasr block diagram
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Fig.3. Input common mode adjustment |
|
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clear later) and it is usual to have variable high and low pass
filters in the signal path.

The amount of available equalisation is overtly the subject of
heated debate among audio engineers. The purist will usually
maintain that he never uses equalisers, but if such things have
to exist at all, they should have no more BdB of lift or cut, as
there can never be any sane reason for using maore.

At the other extreme, the "pop® engineer, who normally uses
equalisation to obtain particular effects, will complain that the
customary 15dB variation is nowhere near enough, and when
he has it explained that a wider range would seriously endanger
the cperating headroom, is likely to gaze blankly at the ceiling,
shrug his shoulders and say that he doesn't see the problem.

Not everyone needs incredibly complex, expensive
equalisers. For example, if a small amount of top [ift is required
to correct for loudspeakers with falling high frequency response,
only a single band will be necessary, and to have maore would
not only be a waste of money, but could compromise both
noise and reliability by introducing redundant circuitry into the
singal path.

What is really needed is an equaliser that can be tailored to
mest individual requirements, idesally by the use of plug-in units -
say “Hello" to the ParaBender ... (Maybe it should be called the
PluginBandert)

Basic Principles

Input Stage:

A block diagram of the ParaBender is shown in Figure 1.

The signal input is electronically balanced and is preceded by a
10dB attenuator in order to maintain an input overioad margin
of 30dB.

The following stage gives +/- 10dB of gain trim, so that the
signal path through the egualiser section may be kept at
approximataly -10Bu for input levels between -10Bu and
+10Bu. Details are given later if you fesl that a wider control
range is necessary.

Equaliser Section
The signal path through the equaliser section consists of two
inverting amplifiers. The output from the first of these feeds the
modular bandpass, or shelving filters and the filter outputs are
directed to the input of either the first or second amplifier
according to the position of the amplitude controls.

In the *Cut® position the filter adds frequency selective nega-
tive feedback around the first amplifier, thereby reducing the
gain at frequencies corresponding to the filter cutput. In the

"Lift" position, the same frequencies by-pass the input resistor
of the second stage, giving additional gain at the frequencies in
question.

The advantags of this equalisation system is that in both the
Lift and Cut positions of the amplitude control, the filter cutput is
added to the main signal at a virtual earth summing point, so
any number of filters can be used without interaction between
separate bands. It also allows different types of filter to be used,
which is necessary in order to obtain both peaking and shelving
response characteristics. An additional benefit is that when the
amplitude control is in its central, fiat position, the filter cutput is
shorted to ground by the potentiometer centre tap, and there-
fore can add no unnecessary noise to the main signal.

Equaliser Filters

The individual filters are contained in separate plug-in modules,
so any number up to six can be used in a stereo ParaBender.
The limit is purely mechanical, and up to 14 can be employed
with a single input/ouput module to build a mono unit.

Each module contains two filters - one giving a bandpass
response, the other having a high or low frequency sheiving
characteristic.

The band-pass filter uses a triple op-amp “State Variable®
configuration, which allows the centre frequency and "Q" to be
independently varied without interaction between the controls.

The shelving filter is a single-pole, high or low pass type with
variable turnover frequency.

In order that a single circuit board may be used to cover the
complete audio frequency band, provision has been made for a
range of frequency selective capacitors, and the sheiving filter
may be linked to operate in the high or low pass mede.

It is suggested that two types of filter are built - cne oper-
ating between 20Hz and 1kHz, the other from 1kHz to 20kHz.
The recommended Q range is 0.7 to 5, with an amplitude
control giving +/- 10d8 of variation.

Signal Path Filters
Following the equaliser section are double-pole high and low
pass filters, both with variable operating frequencies and In-Out
switching.
The high pass is of the equal value type in order to keep the
adjustment potentiometer tracks of the same resistance, and
the response has a Butterworth, maximally flat characteristic.
The suggested frequency range is 10Hz and 200Hz. The low
pass filter also has a Butterworth 12dB per octave response,
and is adjustable between 5.5kHz and 21kHz.

It would be possible to have stesper roll-off filter slopes,
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such as 18 or even 24dB per octave, but it is generally
accepied that the two-pole variety sound better, giving
adequate attenuation without introducing the hardness and
ringing often associated with the more complex variety. The
control pots are also considerably cheaper, and it amazing how
often this can contribute towards improving the sound of
something!

Output Amplifier

The output of the ParaBender is electronically balanced, and
must provide gain of 10dB to counteract the input stage attenu-
ator. The differential phase action of the output stage automati-
cally doubles the signal voltage, so an adjustable gain buffer
gives an additional 4dB, adjustable over a further 4dB range to
enable the overall unit gain to be accurately sat.

The output will operate unbalanced, but should have the
unused leg connected to ground, when the gain of the opposite
side will increase to compensate.

The cutput is equipped with a phase reversal switch, which
simply swaps the output connections, and a by-pass facility

which removes the equaliser section and fiiters from the signal
path to allow the eifect of any settings to be judaed.

An output mute switch disconnects and grounds the
ouput connections.

Level Meter

A 10 segment LED meter is driven by the output amplifier, and
will be found useful in avoiding overioad if excessive equalisation
is used. Rather than use a standard meter |.C. such as the
LM3815, discrete circuitry has been employed, as this allows
access to the veliage reference and divider chain so that the
sieps can be set to suit individual reguirements.

Circuit Details
Returning to the input stage, this time in detail, Figure 2 shows
the relevant circuit.

The input attenuator is formed by resistors R1, R2 and R3.
Taking into account the slight effect of B4 and R5, the actual
attenuation is given by:
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Frequencies above 200kHz are rolled off by capacitor C1,
and thz low frequency tumover and phase shift are set by
capacitors C2 and C3 with resistors R4 and R5, the -3dB point
being:

e

-

(_((2_RCF)2 + 1) = D.0025Q8

With a phase shift of: 80 - tan - 1 (2_RCF) = +1.88°.

The incoming signal is buffered by unity gain stages IC1a
and IC1b and then unbalanced by differential amplifier [C2. The
common made rejection of this stage may be adjusted at both
low and high frequencies by VR1 and VC1. The method of
doing this is shown in Figure 3.

The gain timming stage, IC3, follows IC2. This has a range
of +/- 10dB with the values shown. For other ranges, resistors
R10, i1, 12 & 13 may be changed, the desired value being
given by:
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parallel combinations. For example, to obtain =20dB range,
each parallel pair of resistors should be:

1,137k

it is feund =har

e - - A @ A

s e

becomes 15k, the control will give +20dB of level adjustment.

Note that as the gain trim stage is inverting in operation, a
phase reversal has 1o be introduced to counteract this, which is
why the wiring between the circuitry and input connecter may
appear to be wrongly shown.

The output of IC3 is A.C. coupled by capacitor C8 to enable
the by-pass switch to be operated without introducing clicks
onto the signal. For the same reason, the input of the equaliser
IS coupied by C11.

The dual invertor equaliser is formed by IC4 and IC5. (Figure
4) The value of coupling capacitors C8 and C11 may, at first
sight, appear much larger than necessary. Remember that they
are in series, and therefore must be treated as a single compo-
nent of S0uF. This, when loaded by 3k9, has a 20Hz response
of -0.0072dB, but more importantly, introduces a range of
+2.34°.

The ouiput of IC4 feeds the filter modules, and the amplitude
conirol tracks are connected to the inverting inputs of IC4 and
IC5 by capacitors C12 and C15. Again, the value of these may
appear somewhat on the large side, because the low frequency
response of the equalised signal is a function of capacitor C12
or C15 with the total filter output resistance. For 10dB of lift or
cut, each filter has a series output resistor of 1k8. With C12 and
C15 being 470uF and six filtter modules, the effective resistance
is thereiore 300R.

Tnis leads to the response at 20Hz being -0.014dB with a
phase shift of +3.23°.

OCkay, so it is totally unrealistic to attempt to uss the
FaraBender with every band set to maximum lift or cut, but it is
usuzlly best to play safe and design for 'worst casg’ situations,
regarcless of whether you think that no-cne in their right mind
will do a particular thing.

If you should decide to build a single channel ParaBender,
fully stacked with 14 filter modules, the worst case situation
becomes: 20Hz response: 0.075dB

20Hz phase shift: +7.5°

This performance is just about acceptable, so the size of
C12 and C15 is justified, even though it is unlikely that anyone
could hear the effect of reducing them to 100uF or thereabouts.

The output of the equaliser seciion is A.C. coupled to the
high pass filter, again to prevent clicks as the filter is switched in
and out.

Figure 5 shows the relevant circuit,

To keep the contral potentiometer sections of equal value,
the op-amp must provide some gain which is decided by the
filter "Q". The amount of gain is given by:

Gain =3 - (1/Q)

For a Butterwarth response, the Q must ve 0.7071, requiring
a gain of 1.5858 (4.005dB).

The resistor values given will result in this characteristic, but
a bit of expenmenting may lead to some worthwhile results.
(See how you like the sound of a filter with a Q of 1.5 or 2).

In order to mainiain unity gain through the filter, an input
attenuator comprising resistors R24 and R25 reduces the signal
level by the same amount as the filter gain - providing R24 =
R30 and R25 - R29 of course. A unity gain buffer stage, |.C.6,
ensures that the attenuator is not loaded, and provides the
reqguired low impedance source to drive the filtter which is based
around |.C.7.

The filter turnover frequency is given by our old friend:

= 7 =7

The values shown give a range of 9.76Hz. (For argument's
sake, we'll call it 10 to 200!) but note that the frequency adjust-
ment potentiometer must have reverse logarithmic, or "F" law
tracks, otnerwise the calibration will become extremely cramped
at one end of the control rotation. As an example, if a linear
potentiometer is used, the central position will give a turnover
frequency of 18.6Hz, which means that the lower frequencies
are very spread out, and those nearer 200Hz become impos-
sible 1o select, particularly by anyone with a slightly shaky hand,
and that means about 85% of all known audio engineers.

The output of 1.C. 7 is coupled by C28 to the nigh pass filter
selection switch, S1, from whiere the signal passes to the low
pass filter, |.C. 8.

As shown in Figure B, the high frequency roll-off is variable
between:

o T T
= Lo T2
LY s

= | maeel S ey -
- I::.—-'l— lT--'lﬂ'a.T..:‘.:-i-.l

S

o - ~ T

L=
=T
.

i

s i
- - - — e

A bit of calculation will show that VR4 should have linear
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rig 8 Parabender Input unit PCB component overlay

NOTE:

MATCHING BETWEEN THE 3008 RESISTORS

iS MORE CRITICAL THAN THEIR ABSOLUTE VALUE.
301R PRECISION METAL FILM TYPES ARE SUGGESTED

PARABENDER
! 3008 0.1%
n 2 c’ e
I I
AF OSCILLATOR _Y | A &) /
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1O
STEP 1 WITH UNIT LINKED AS SHOWN, SET OSCILLATOR QUTPUT
TO 100Hz AT +20dBu (7.75v RAMS)
STEP 2 ADJUST RV2 FOR MINIMUM QUTPUT
STEP 3 CHANGE OSCILLATOR FREQUENCY TO 10kHz
STEP 4 ADJUST GV1 FOR MINIMUM OUTPUT
STEP 5 REPEAT STEPS 1 TO 4 UNTIL OPTIMUM ADJUSTMENT IS ACHIEVED
STEP 6 APPLY LOCKING COMPOUND (NAIL VARNISH 7) TO BY2 AND CV1 ADJUSTMENT SCREWS
STER 7 REPEAT WHOLE PROCESS IF ANY OUTPUT STAGE COMPONENTS ARE CHANGED
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waCKS, @s a reverse lcg law woi = “=suit in a centre frequency of
«5.3kHz, (with a log contra! it wo_.< b2 5.9kHz) whereas with a
sistance of 5k it becomes £.7Z-—z and, as the calibrations
snews, there is No excessive T=—oing &t any point cf the
~antrol rotation.

From the ouiput of LG, & ==
+w pass filter selection switcr. ===
7ar which is shown in Figure ~

i

= =~z Sasses to switch S2, the
~ = ++en on to the cutput ampli-

Balanced Ouput Amplifier

The input to the final stage no~—z « ccmes from the output of
sive low pass fitter, but opera: o~ =* 1ns Sypass switch, S1,
<alects the cutput of the gain 1=~ s1age instead. (By the way,
iz spparent duplication of co~o.omert nuMbers is not a delibd-
=rate attempt to confuse even o~ - T just means that two simi-
ariy numbered components 2r& 20 different circuit boards.)
ustable with VR1, of

.=rail ParaBender gain to be

imput buifer ampiifier 1.C.
1848 to 6.02dB, allowing tne
zccurately set.

inverting amplifier 1.C.2 and ~on-inverting stage 1.C.4 drive
'ne balanced cutput in anti-phass. Providing both output iegs
~zrry identical leve! but phase reversed signals, 1.C.3 will recaive
Ao input, and play no part m the crocescings. However, if the
sutout is unbalanced by one sice ceing snorted to ground. 1.C.3
will orovide positive feedback to the opposite ampifier,
ncreasing its gain by just under 0B 1o counteract for the lost
ouiput voltage.

Ideally, the gain of the working amplifier should be increased
by 8.02dB, but an analysis of the gain siructure will show that
wms the output stages intc an gsciligicr.However, with a

5 054B increase, everything remains stabie, and the missing

[

0.07dB is hardly enough to cause problems, even though there
are, no doubt, many audiophiles who hava had their lives ruined
by considerably less!

The accuracy of the cutput balance is initially adjustable at
low frequencies by VR2, which sets the inverting input of 1.C.3
at the exact null point between the two output legs. At hign
frequencies, where the balances becomes affected by small
phase differences and the outputs are not in precise anti-phase,
VC1 is used to tim the balance to an optimum point. The
method of doing this shown in Figure 8.

The two outputs are A.C. coupled via capacitors C10 and
C11, which at 100uF each will drive loads of 1k and above with
less that 10° of phase shift at 20Hz. Luckily, the days of B00R
input impedances are just about over, bridging loads normally
being 10k or more, so the output stage is quite capable of
driving all modern egquipment up to its maximum level of”
+28dBu (19.5V BRMS) with less than 1° of phase shift at 20Hz.

A phase reversal switch, 52, changes over the output lines,
and can be used to comect for wrengiy wired XLR interconnec-
tion leads, io check the phase of a.channel by making a
listening comparison, or, when toth channels are reversed,
changing the absolute phase of a signal to counteract other
equipment which incorporaies a reversal.

An output Mute switch, S8, is provided. This disconnects the
output connector from the ParaBender circuitry, grounding the
input of the following equipment in the process.
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