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M&B RADIO (LEEDS)

THE NORTH’S LEADING USED TEST/EQUIPMENT DEALER

OSCILLOSCOPES

TEKTRONIX 2445A | 50MHZ FOUR TRACE...
TEKTRONIX 475 200MHZ DUAL TRACE WITH PROBES

TEKTRONIX 465B |00MHZ DUAL TRACE......ceeecnr
TEKTRONIX 464 | 00MHZ STORAGE WITH DVM OPTIO
KIKUSUI CO61900 100MHZ S CHANNEL

PHILIPS PM3217 50MHZ DUAL TRACE WITH PROGESIHANUAL €375
BALLANTINE 1022B.1SMHZ DUAL TRACE BATT PORTABLE ... €195
TELEQUIPMENT D34 15MHZ BATT PORTAB
HITACHI Y650F 60MHZ 3 TRACE......
HITACHI V222 20MHZ DUAL TRACE WITH MANUAL
PHILIPS PM3214 25MHZ DUAL TRACE
HAMEG 203-4 20MHZ DUAL TRACE...
TEKXTRONIX 221 SMHZ BATT PORTABLE
GOULD 053600 100MHZ DUAL TRACE WITH DVM OPTION
GOULD 0$4000 |10MHZ DUAL TRACE DIGITAL STORAGE
GOULD OS250B | SMHZ DUAL TRACE MANUAL.............
FARNELL DTCI12 12MHZ DUAL TRACE/COMPONENT TEYl’ER
FARNELL DT12-5 12MHZ DUAL TRACE e
TELEQUIPMENT DM63 SOMHZ STORAGE DUAL TRAC

HP 1727A 275MHZ STORAGE DUAL TRACE ....

SIGNAL GENERATORS

MARCONI 2019A |1024MHZ AM/FM........
MARCONI 2018A 80KHZ TO S20MHZ..
MARCONI 2018 80KHZ TO S20MHZ SYNTHESIZED
MARCONI 2017 10KHZ TO 1024MHZ ....
MARCONI 2022E 10 KHZ TO | GHZ .......
MARCONI 2008 |0 KHZ TO 520 MHZ INC RF PROBE KIT/

MANUAL £350
MARCONI 2015/2171 SYNCHRONIZER 10MHZ TO 520MHZ (AS

oo 48 (3

EWY)
MARCONI 2045 |OMHZ TO S20MHZ AM/FM/CW
MARCONI 2006A [0KHZ TO [20MHZ (RF TRIP} e eeeeee..... £200

HP 8640B 500 KHZ TO 1024 MHZ OPT 001 002 003.... .£1300
HP 86408 500 KHZ TO 1024 MHZ OPT 001 .£1000
HP 8616A L.8GHZ TO 4SGHZ — 1111]
HP 33108 0.0005HZ TO SMHZ FUNCTION GENERATOR .. £300
ADRET 740A 10 KHZ TO |.) GHZ SYNTHESIZED........... po— y 411}
RACAL DANA 9082 | SMHZ TO 520MHZ SYNTHESIZED e £750

FARNELL $5G2000 |0KHZ TO 2GHZ SYNTHESIZED AS NEW .....£2250
FARNELL SSG 1000 |0KHZ TO IGHZ SYNTHESIZED AS NEW.....£1500
FARNELL S5G520 IOMHZ TO 520MHZ SYNTHESIZED. £500
ADRET 20230A |MHZ SYNTHESIZED SOURCE ....covevcvcrrmrome-.
POLRAD | [06ET 1.8 TO 4.6GHZ WITH MODULATOR. . .....ce.
ROHDE & SCHWARZE TYPE SMCI| 48GHZ TO 12.6GHZ ..
WAVETEK 193 20MHZ SWEEP FUNCTION GENERATOR...........
PHILIPS PM5324 | 00KHZ TO | IOMHZ AM/FM/SWEEP ..
MARCONI 2020 50KHZ TO 520MHZ SYNTHESIZED .....

MARCONI 2000 20HZ TO 20KHZ WITH METERED ATTENUATOR £125

TEST EQUIPMENT

EFRATOM FRT ATOMIC FREQUENCY STANDARD........
HP 5065A RUBIDIUM VAPOR FREQUENCY STANDARD
MARCON] 2955 COMMUNICATIONS TEST SET..
MARCONI 2305 MODULATION METER....
MARCONI 2337A AUTO DISTORTION METER...
MARCONI 2339 DISTORTION FACTOR METER
MARCONI 2700 LCR BRIDGE
EATON 35528 BROADBAND RF AMPLIFIER......_
KALAMUS WIDEBAND RF POWER AMPLIFIER .5 TO IOOOMHZ e (750
FARNELL LAS20 RF AMPLIFIER | SMHZ TO S20MHZ £150
FARNELL LFM4 AUDIO OSCILLATOR ...........
FARNELL TM8 TRUE RMS SAMPLING RF METER (AS NEW) I1GHZ €350
FARNELL PTS 1000 PORTABLE TRANSMITTER TEST SET IGHZ....... (700
TEKTRONIX 521 A PAL VECTORSCOPE..
TEKTRONIX 1481 R WAVEFORM MONITOR
TEKTRONIX 529 WAVEFORM MONITOR . e
TEKTRONIX 502 TIME DOMAIN REFLECTOMETER oo £500
SINADDER 3 TESTMETER
SCOPADAPTOR 9060 (FFT).
POWERSENSE LINE ANALYSER....
AMBER 4400A MULTIPURPOSE AUDIO TEST SET
DYMAR 2085 AF POWER METER
BIRD TENULINE 8343 100W 6DB ATTENUATOR (UNUSED).......... ¢|00
BIRD TERMALINE 8201 50 OHM 500W
NARDA 3020A B DIRECTIONAL COUPLER 50MHZ TO IOOOMHZ (250
NARDA 3022 B! DIRECTIONAL COUPLER IGHZ TO 4GHZ ........£250
NARDA 3001-30 DIRECTIONAL COUPLER 460MHZ TO 960MHZ ... £100
NARDA 769/6 150W 6DB HIGH POWER ATT (NEW) . s £100
RACAL DANA 5002 WIDEBAND LEVEL METER £700
RACAL DANA 9303 TRUE RMS RF LEVEL METE
RACAL DANA 6000 MICROPROCESSING DVM ...
RACAL DANA 9000 MICROPROCESSING TIMER COUNTER
520MHZ
RACAL DANA 488 [EEE STD 488 BUS ANALYSER ..
RACAL DANA 1002 THERMAL PRINTER..... £
RACAL DANA9302 RF MILLIVOLTMETER 1OKHZ TO ISOOMHZ .. £450
RACAL 9301 A RF MILLIVOLTMETER [0KHZ TO t500MHZ. £300
RACAL 9009 MODULATION METERS (AS NEW).. S—al ]
RACAL DANA 1998 1.3GHZ FREQ COUNTER/TIME .
RACAL 984} 3GHZ FREQUENCY COUNTER.
RACAL 992t 3GHZ FREQUENCY COUNTER.

RACAL 9903 TIMER COUNTER

RACAL 9904 TIMER COUNTER

RACAL 9945 [0HZ TO 520MHZ FREQUENCY COUNTER £150
RACAL 9919 L.IGHZ FREQUENCY COUNTER/TIMER .

MARCONI 2432A S60MHZ FREQUENCY COUNTER £195

MARCONI 6960 RF POWER METER 6912 HEAD 30KHZ TO 4. IGHZ
6920 HEAD I0MHZ TO 20GHZ (AS NEW).‘.._‘
HP 435A POWER METER 8482H HEAD ..

BICCTEST T431M CABLE TEST SET
COSSOR 437 CABLE LOGGER.

PHILIPS PM2434 DC MICROVOLTMETER
FARNELL B30/5 POWER SUPPLY 0-30VO!
WAYNE KERR 44C AUDIO MEASURING SET.
FLUKE 103A FREQUENCY COMPARATOR

HP 3455A HIGH STABILITY VOLTMETER GPIB._..
HP 8405A VECTOR VOLTMETER + ACCESSORIE!
HP 897 |B NOISE FIGURE TEST SET...
HP 8406A COMB FREQUENCY GENE
HP 3448D DIGITAL MULTIMETER 52 DIGIT.
HP 3466A DIGITAL MULTIMETER .
HP 5306 GPIB MULTIMETER/COUI
HP B750A STORAGE NORMALIZER......
HP 9133 COMPUTER 150 TOUCH SCRE!
HP 333A DISTORTION METER

HP 651B TEST OSCILLATOR

HP 3400A TRUE RMS VOLTMETER ANALOGU
HP 3401C TRUE RMS VOLTMETER DIGITAL...

HP 394A VARIABLE ATTENUATOR IGHZ TO 2GH. €125
HP 481 A AMPLIFIER {KHZ |50MHZ £100
HP 6294 PSU 0 TO 60 VOLTS | AMP

HP 3406 A SAMPLING VOLTMETER ....... S £
HP 50058 SIGNATURE MULTIMETER. €25
SPECTRUM ANALYSERS

HP 8558B IOMHZ TO |.5GHZ WITH 82T MAINFRAME.. ..£1800

HP 1417 85528 IF 8554B/85538 RF UNITS 110/1250MHZ SYSTEM ﬂloo
HP 8555A IBGHZ PLUG-IN (NEW BOXED).... e (d

HP 3580A SHZ TO 50KHZ ANALYSER (NEW) et (1000

WAYNE KERR RA200/ADS /ALM2 AUDIO FREQ RESPONSE
ANALYSER..... 1650

MARCONI 1170 i IOMHZ ANALYSER £1200

RADIO EQUIPMENT

RACAL RA 1792 HF RECEIVERS

RACAL RA2309B/RA2295 SOMHZ TO 400MHZ.
PHILIPS 88MHZ TO 108MHZ BROADCAST TX......co.

BULK PURCHASE SPECIALS

HP 180 50MHZ OSCILLOSCOPES.

MARCONI |10t RC OSCILLATOR 20HZ TO 20KHZ...........

ADCOLA 777 DESOLDERING STATION.

RACAL 9059 S60MHZ FREQUENCY COUNTER WITH FRE FREQ
ANDA

COMMUNICATONS TESTING

SELF CONTAINED RADIOTELEPHONE
TEST SETUP

STEPS

FARNELL $SG520 10 TO 520 MHZ
SYNTHESIZED SIGNAL GENERATOR
10HZ RESOLUTION

AM/FM MODULATION 1KHZ AND 400 HZ
ATTENUATION RANGE OF 119dB IN 1dB STEPS
WITH OUTPUT CONTROL BETWEEN THE 1dB

TTS 520 TRANSMITTER TEST SET
CONTAINS RF FREQ COUNTER;
MODULATION METER; RF POWER METER;
AF POWER METER; AF COUNTER;

AF VOLTMETER; AF SYNTHESIZER;

AF DISTORTION ANALYSER;

WEIGHTING FILTERS;

RF POWER/LOAD AND ATTENUATORS

UP TO 100 WATTS

IEEE 488/SG1GB-B

oLy £800 THE PAIR WITH 30 DAYS WARRANTY

ALL PRICES PLUS VAT AND CARRIAGE
86 Bishopsgate Street, Leeds LS| 4BB
Tel: (0532)435649 Fax:(0532)426881
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COMMENT

Actions, not words

ven though William Waldegrave’s

White Paper on science and technology
looks half promising at first sight, I sit here
writing this to the sounds of the great and
the good braying about the imminent
public spending round or, to be more
precise, public spending cuts.
Of course there is not enough money in
the Treasury because the main
consequence of high unemployment is
double edged: a run-away benefits bill and
a shrinking tax base from which to pay for
it. Borrowing to pay for benefits will lead
to ruin. Welfare must be cut and taxes
raised to pay for the shortfall but please, let
us learn something, and ensure that this
unenviable situation never happens again.
Contrary to some strands of political
thought, public-spending our way to full
employment is not possible; artificially
stimulated employment programmes
simply cannot thrive in a larger free-
market world. We need a strategy to
compete on equal terms with our trading
partners.
The Japanese trading surplus — some
$70bn at the last count — is based on
supplying things which people want to
buy. Applied science, mostly electronics, is
at the root of that country’s manufactured
products and its transfer into industry did
not happen by Government decree.
The transfer occurred because Japan’s
companies realised that long term
investment in applied technology would
result in superior products for its
customers. Contrary to popular belief, the
Japanese Government has made only a
limited contribution to this process. For
instance, there is very little public funded
pure science in Japan. It takes the view that
if a scientific programme does not result in
saleable technology, there is little point in
pursuing it. It is therefore logical to foster
science within the R&D departments of
manufacturing companies. The success of
this strategy needs no further telling.
Contrast Japan’s situation with that of this
country. Our major electronics companies

have been dominated for so long by
padded defence and monopoly telecomm
business that they have long since
forgotten how to compete in making things
for civilian homes and cars. While
government contracts have generated new

technology, very little of it has been

saleable to you, me and, more importantly,
to our trading partners. With a paradigm
change which has occurred since the
ending of the cold war, much of our
industry looks as dated as pictures of the
Berlin Wall - in philosophy if not in
technology.
And back to Waldegrave’s initiative. The
enthusiastic noises of ‘technology transfer’
and ‘technology foresight” don’t make up
for the fact that the Ministry of Defence’s
£2.6 billion annual research budget
accounts for nearly half the Government’s
research spending. And it shouldn’t require
a Government science minister to tell our
electronics companies that ordinary people
want to buy camcorders and highly
intelligent food mixers, not sonar systems
and weapons control mechanisms. But then
again, companies on which we must
depend such as GEC have shown
themselves to be deeply unimaginative so
perhaps it does.
Looking at Japan’s success, I don’t believe
there to be a requirement for direct
intervention with government money for
science; pure science and big science may
be prestigious but they don’t pay the bills.
It would be much better to encourage R&D
spending within companies by tax breaks
for this activity and, at the same time,
prevent Corporation Tax being optional for
large companies.
There is a new industrial revolution taking
place in the wake of the cold war and it is
well accepted that profound changes in
industrialisation are always accompanied
by temporary levels of high unemployment
and recession. Japan has been preparing for
this since 1945. SOhouldn’t we as a
country be doing more than we are doing?
‘Frank Ogden
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UPDATE

NT users risk hefty bills

Computer users wanting to upgrade to the
recently announced Microsoft Windows
NT could end up spending another £3000 on
technical assistance if two simple checks are
not made. They must ask to see a list which
Microsoft says it will publish, identifying all
existing PC software which will not work
with NT. They must also raise any queries
within 30 days, the time Microsoft says it
will give for free help before demanding an
annual subscription for technical support.

MS-dos is the operating system used by
100 million IBM-compatible PCs, and 25
million of them also use Windows. NT
replaces both interfaces, because it works as
an operating system and program organiser,
looking from the screen like Windows.

NT is aimed at business users, because it is
good at controlling a network of separate
PCs, but some individuals will want to
benefit from its ability to multitask, or work
fast on several programs at the same time
using PC hardware which is commonplace
(an 80386, or better, processor, with 8Mbyte
of ram and a 100Mbyte hard disc).

Although Microsoft says it expects to start
selling NT this month, and has already set
prices, company founder Bill Gates told the
Windows World exhibition in Atlanta in
May that the company is still evaluating
reports from more than 70,000 people using
beta test trial software. Also, although Gates
assured delegates that NT would: “run

existing dos and Windows applications”,
Microsoft’s publicity material and technical
staff are more guarded.

The publicity material claims only that NT
will work with a “host” of existing dos and
Windows applications.

Phil Buggins, Microsoft’s director of
systems marketing in the UK, admits that:
“NT will not run on applications that go
straight to the hard disc”.

This blocks the use of third party software,
such as the Norton Utilities, which PC users
often rely on to save corrupted data. It also
blocks the use of third party compression
software such as Stacker, which effectively
doubles the available space on a hard disc.

Without compatibility, every sale of NT
will mean a lost market opportunity for any
third party utility software that directly
addresses a PC’s hard disc. Symantec,
publisher of Norton software, says it has no
answers yet, but “is striving to develop
applications which will be NT compatible as
NT emerges”. But it is handicapped because:
“NT is a new operating system which is still
at the beta stage”. Stac Electronics, which
sells Stacker compression software and is
currently suing Microsoft for infringement
of its patents on the technology, says it is
also working hard to find a way of making
its software work with NT, but has no
answers yet.

Although it is clearly in Microsoft’s

The SP on sensors: Optical signal processing is just one of many new techniques being applied to
sensor technology - others include neural networks and fuzzy logic. Now, in a colloquium to be held
at the university on the September 9, Southampton University’s Institute of Transducer Technology
is hoping to demonstrate how these previously academic ideas are relevant to industrial users. Those
interested in attending should contact Laura Brown on 0703 593545.

interest to control the lucrative market for
third party utility software, the company
says this is not the reason why NT has been
made incompatible with it. The US
Government will only buy computer
equipment if it has C2 security clearance,
which guards against either accidental or
deliberate tampering with hardware,
programs or data. Microsoft says the only
way to achieve C2 security, is to make every
program work through the NT operating
system. Utilities bypass the operating
system, so cannot work with NT.

Until now, Microsoft has given free
technical help to users of its software. But
anyone wanting help when using NT must
pay Microsoft between £3000 and £10,000 a
year, depending on the number of PCs they
use. Challenged on this policy, and the risk
to people who find that some of their
existing applications will not work with NT,
Microsoft has made two concessions.

Anyone who buys NT and cannot get it to
work will have 30 days in which to raise a
free query. Microsoft also pledges to publish
a list of programs that will not work with
NT, which customers will be able to read
before buying.

In an unusual move Bill Gates admitted,
even before NT ships for sale, that Microsoft
is already working on an upgrade version of
NT, code-named Cairo.

Barry Fox

Dr uné faces
extradition

omputer terrorist Dr Joseph Popp has
been convicted of extortion by a court in

Rome more than a year after being freed for
the same charge by Southwark Crown
Court, according to virus monitor Virus
Bulletin

In December 1989, Popp mailed out more
than 20,000 computer discs containing
information on Aids. A virus on the discs
would render a hard disc useless unless the
user sent money to a PO Box in Panama.

Popp was arrested shortly afterwards and,
after a lengthy fight, was extradited from the
USA to the UK to face charges. While in
prison awaiting trial, he is reported to have
worn a condom on his nose and hair curlers
in his beard, ostensibly to ward off radiation.

Southwark Crown Court freed him in
November 1991 on the grounds that he was
mentally unfit to plead. The case was left
open.

Popp was not at the Italian trial where he
was sentenced to two and half years in gaol.
He has 60 days to appeal.
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Ghostbusters move into

Canary Wharf

he Independent Television Commission

believes it has found a way of killing TV
ghosts. This is good news for 100,000
viewers in London, especially the Lea
Valley area, who have had their TV
reception spoiled by the Canary Wharf
tower.

Then new technology in a TV set will
work with an invisible reference signal,
broadcast with the programme, to analyse
disturbance of the received signal and
compensate for it before the picture reaches
the screen. The ITC will shortly test its
ghostbuster circuitry in London and, if it
works as well on the Docklands tower as
laboratory tests predict, will ask the
European Broadcasting Union to set a
standard for Europe.

Manufacturers will then feel safe to invest
in the mass production of microchips which
can be built into set-top adaptors and future
TV sets.

Almost everyone with a TV set suffers
some ghosting. The TV aerial receives its
main signal direct from the transmitter, but
also picks up a weaker signal which has
been delayed by reflection from a building
or hill. The reflection shows on screen as a
faint replica of the main image, displaced
sideways a little.

There is no easy way of correcting for this
because different frequencies behave
differently when reflected, and no two

domestic situations are ever the same.

Viewers have become more aware of
ghosting after seeing satellite picture signals
which are clear and ghost free because the
aerial dish focuses tightly and will only
accept signals coming direct from the
satellite.

Broadcasters in Japan and the US are
using or developing ghostbuster systems, but
they cannot be used in Europe because they
rely on reference signals broadcast in several
of the unused lines of picture at the extreme
top and bottom of the screen. In Europe
these lines, called the vertical blanking
interval or VBI, are used to carry teletext.
The ITC uses a very brief signal in just one
VBI line, (line 318), which still remains
unused by teletext throughout the whole of
Europe. The signal is a radar chirp, a brief
pulse of energy that sweeps up from zero
frequency to SMHz in 24ps, and then cuts
off sharply. The rest of the picture line,
which takes another 40ps to scan across the
screen, is left empty so that the TV set can
analyse any delayed reflections that arrive
after the chirp.

A ghostbusting TV set will come with a
memory, into which the manufacturer has
frozen a digital replica of the standard chirp.
The TV set then continually compares all
chirps received off-air with this replica.
When the received chirp is followed by
another unwanted echo, the set analyses the

Recovery — or restocking?

G reen shoots are being seen in the
electronics industry according to recent
surveys. But there are fears that this may
reflect component shortages leading to
double ordering artificially inflating order
books.

World Semiconductor Trade Statistics
(WSTS) predicts that the semiconductor
market will grow from $60 billion last year
to $72 billion this year, a 20% increase. And
in the UK, the component suppliers
association Afdec, claims that the three
months to the end of March have produced
the “most dramatic” increase in electronic
component sales since it began its surveys
several years ago.

The WSTS report predicts increases of
10.8, 7.6 and 12% in 1994, 1995 and 1996,
respectively.

Last year, the Japanese market made up
32.4% of the world market followed by the
USA with 30.8%, Europe 19.2%, and Asia
Pacific and the rest of the world 17.6%.

The largest growth in 1993, WSTS

believes, will be in the USA with 28%.
Western Europe will grow by 18%, Japan
12%, and the rest of the world by 24%.

The $60 billion market is split up as $50
billion for integrated circuits and $10 billion
for discretes, with expected growths in 1993
of 23 and 7% respectively.

Within the IC segment, mos microchips
and mos memories show the greatest
expected growth at 33.6 and 27.3%,
respectively, followed by mos logic at
14.8%, analogue ICs at 14%, and bipolar
ICs 2.9%.

In Europe, mos microchips are expected to
grow at 46.9%, mos memories at 18.6%, and
analogue ICs 12.6%.

Afdec puts the semiconductor growth for
the first quarter at 33.4%, passive
components 6.5%, and electromechanical
products 8.9%. The average growth rate is
22%.

Garry Kibblewhite, Afdec chair, believes
that the sector is heavily into growth
following six consecutive months of strong

UPDATE

Lo
ITC tests will shortly establish the usefulness of
new television technology designed to removing
ghosting.

echo’s delay and frequency content. Because
the original chirp contains all the
frequencies that can be present in a TV
signal, analysis of the echo’s content gives a
tell-tale signal which represents the ghost
distortion.

A filter circuit, automatically shaped by
the tell-tale, then subtracts a mirror image of
the distortion from the received signal. So
the picture displayed on screen is ghost free.

Many modern TV sets already convert the
incoming signal into digital code, anyway,
for ease of processing. So the main cost of
ghostbusting will be in the cost of the
analysis and filter chips. If Europe can agree
a single standard for the chirp,
manufacturers can mass produce the chips,
and so keep the price to viewers low. BF

performance with no apparent signs of a
down turn.

But he warned that the stronger market is
already having negative as well as positive
impacts on the industry.

On the plus side, prices and margins are
strengthening which means profitability
levels are higher. But the introduction of
allocation schemes for logic and linear
semiconductor devices has, according to
Afdec’s statement, “already led to the
blights of double ordering and component
shortages.”

Afdec believes this trend will continue
into other component areas and give
forecasters “a slight headache due to the
artificial inflation of order books”.

For some component sectors, price
increases have been unexpectedly high and
many are wondering w hat happened to the
apparently strong long term agreements to
insure against price hikes and component
shortages.
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UPDATE

End of cold war triggers heated security battle

he end of the cold war has led to the

release of a military mobile phone
technology, called code division multiple
access, for consumer use. Until recently
CDMA was a military secret, designed to
protect radio signals from jamming
interference.

As the cold war ended, US military
contractor Qualcomm of San Diego
proposed the use of CDMA as a third
generation cellphone system. Qualcomm
spotted that once the system did not have to
contend with deliberate jamming, its
inherent resistance to interference could be
exploited to carry more calls at the same time.

Qualcomm has claimed that CDMA can
squeeze up to 20 calls into the frequency
space which existing, first generation,
analogue cellphone systems need to carry
one call. It can carry up to six times more
calls than the new, second generation, digital
cellphone services due for launch soon in
the UK by Mercury, Cellnet and Vodafone.

Independent research by the Swiss PTT in
Berne backs this claim. Qualcomm is
winning commercial support, too. Nokia of
Finland, Europe’s largest cellphone
manufacturer, and second only in the world
to Motorola, makes analogue and digital
cellphones. But Nokia now believes that
CDMA may be the best technology for the
next century and has set up a joint research
project in San Diego with Qualcomm.

Yrjo Nuevo, Nokia’s senior vice president
responsible for technology and a specialist
in digital signal processing, said: “We want
to be as big in the US as Europe. We cannot
always walk behind Motorola.”

CDMA is a digital system like GSM to be

Is the DTI out of
this world?

he DTI has been accused of inhabiting a

different world after a spokesperson said
at a recent seminar on implementing the
EMC directive that the cost of the necessary
equipment, around £60,000 to £100,000,
was very reasonable.

The attack came from David Mawdsley,
managing director of Laplace Instruments.
Mawdsley said: “In today’s economic
climate, nobody is going to invest in
expensive equipment unless they absolutely
have to. Maybe they [the DTI] liveon a
different planet.”

The European EMC regulations specify
maximum levels of conducted radiation
emitted from electrical and electronic
equipment. UK products marketed in other
EC countries need approval by 1994.

Is the expense of EMC testing stopping UK
industry complying with EC regulations?

used this year by Vodafone for its new
micro cellular network and Mercury for its
new One-2-One personal communications
Network.

All convert speech into digital code before
transmission. They differ in the way they
make many calls share the same
transmission channel. GSM/PCN uses time
division multiple access to put eight calls
into one channel. TDMA relies on the
natural spaces between words of human
speech. Each digitally coded conversation is
chopped into short bursts, and the code
bursts interieaved. The receiver stitches
them together again.

CDMA leaves the code for each call as a
continuous stream, and transmits every
stream in the same wide frequency channel.
So each conversation just piles on top of the
others, creating an apparently random mix
of digital code. Any eavesdropper simply
hears a mush of hissy noise. But at the start
of each call the receiver and transmitter
exchange information and give the code
stream an identifying label. This lets the
equipment at each end of the call decode
speech from the blanket of noise.

The military used CDMA because an
enemy jammer has no way of knowing what
noise is carrying speech. The CDMA
decoders just ignore any jamming
interference as noise, anyway. Also, because
the code only makes sense to a receiver
programmed with the correct label,
conversations are very secure.

Nokia recognises that this last advantage
is in practice likely to present more
problems for CDMA than building the
technology down to a price. Nokia is still

trying to resolve the muddle over the A5
encryption system built into the GSM and
PCN standard.

As previously reported, the British
government realised only last year that
GSM/PCN’s AS encryption algorithm,
devised in the mid 1980s, is so powerful that
it helps criminals, terrorists and military
enemies.

Nokia, like all other manufacturers of
GSM equipment can only export AS GSM
equipment to NATO and known friendly
countries such as Australia, New Zealand,
Sweden, Switzerland, and Hong Kong. It
cannot export to the former Soviet Union,
China, Vietnam, Libya, Cuba, and Iraq.

But no-one knows about other countries
that would like to buy GSM, such as South
Africa, the Gulf states, Czechoslovakia, and
Poland. Worse, GSM manufacturers do not
know whether they will be able to export
equipment with a watered-down encryption
system, called ASX, which is under rush
development.

Admits Timo Ruikka, Nokia’s Legal
Counsel in Helsinki, “the rule book ends by
saying that governments must decide each
case on its own merit. There is only one sure
way to find out whether you can export, and
that is to submit a licence application and
find out.” But the standard for A5X has not
yet been agreed, and it will take at least a
year after that to make A5X microchips. No
government can decide on export controls
until it knows what A5X is.

Forewarned and forearmed, Nokia hopes
that by getting in early on the development
of CDMA, the issue of encryption can be
resolved before the service is ready for sale.

534

ELECTRONICS WORLD + WIRELESS WORLD July 1993



COMPUTERICS
P8271 BBC DISC CONTROLLER CHIP EX EQPT

9892, £60 for 50 metres
SIMRS 361-018 Each pair foil screened + overail braided

SAA5050 TELETEXT CHIP EX E SCIEON ... ailly:... R S, I £300 for 305 metre drum
2817A-20 (2Kx8) EEPROM ex eqpt + plus PVC outer sheath. ON 305 metre drums

27C64-25 used/wiped ... 330nF 10% 250V X2 AC RATED PHILIPS 60K

275191 PROM AVAILABLE £20/100
D41256C-15256Kx1 PULLS .........cocvvvieirinnes 220R 2.5W WIREWOUND RESISTOR 60K AVAILABLE

80C31 MICRO £50/1000
P8749H MICRO £5 CMOS 555 TIMERS 271
D8751-8 NEW £10 2/3 LITHIUM CELLS AS USED IN COMPACT

D41257C-15 (256K x 1 DRAM} .......c.oiivvmiiniiiiiiiiciiiieicreae £1ea CAMERAS £2.50 ea
NEW 4164-15 £1 ICM7126CPL CMOS 32 DIGIT LCD DRIVERCHIP........... £2ea
USED 41256-15 o oo ins) S31 'SAFEBLOCKS MADE BY RENDAR . . . MAINS 'RAT TRAP
USED 4164-15 60p Us|

BBC VIDEO ULA £10 36 CORE 7/0.2mm OVERALL SCREENED .

L) (o] S s e L R £5 LITHIUM CELL 1/2 AA SIZE . OR £1
6522 PIA £3 PASSIVE INFRA RED SENSOR| CHIP + MIRROR + CIRCUIT
8051 MICRO £1.25 £2 each

AY3-1015D UART £2.50 EUROCARD 21-SLOT BACK PLANE 96/96-WAY .......... £25ea
8 x 41256-15 SIMM £10 “PROTONIC 24 VARIBUS™ 16.7°x5" FIBREGLASS

8 x 4164 SIP MODULE NEW £8 MULTILAYER PRH PCB

2864 EPROM
27128A 250ns EPROM USED
27C1001-20Z NEW 1M EPRO!
FLOPPY DISC CONTROLLERC
FLOPPY DISC CONTROLLER CHIPS 1772 ...
68000-8 PROCESSOR NEW
HD6384-8 ceen (9
ALL USED EPROMS ERASED AND BLANK CHECKED

CAN BE PROGRAMMED IF DESIRED

2716-45 USED £2100/£1
2732-45 USED £2 100/£1
2784-30USED .......ccooovvenvinicciiciiiiiec . £2 100/£1.60
27C256-30 USED
27C512 USED £3.50
1702 EPROM EX EQPT £5
2114 EX EQPT 50p 4116 EXEQPT ..o 70P
6264-15 8k STATIC RAM £2
GR281 NON VOLATILE RAM EQUIV 6116 £5
Z80A SI0-O

TMS27PC128-25 ONE SHOT 27C128 ..
80387-16 CO PROCESSOR (OK WIT
7126 32 DIGIT LCD DRIVER CHIP .
2816A-30 HOUSE MARKED
........................ £2each QUANTITY AVAILABLE

REGULATORS

LM338K £6
LM323K 5V 3A PLASTIC £2
LM323K 5VA METAL £3
SANKEN STR451 USED IN AMSTRAD MONITORS .. . £5
78H12ASC 1 £5
78MO5 5V 0. SA 781
LM317H T05 CAN £1
LM317T PLASTIC TO220 variable .

LM317 METAL ......... fo b
7812METAL 12V 1A £1

7805/12/15/24V plastic . . 25p 100+ 20p 1000+ 15p

790 12/1 4 plastic . .. 25p 100+ 20p 1000+ 15p

99 vanable : 7:1
L387 5v '&A WITH RESET OUTPUT ................... E1ea £50/100
CRYSTAL OSCILLATORS

1MO00 1M8432 4M0O00 10M0O00 16MD00 18M432000 19M0500
20M0500 38M10000 56M6092 . o .. £1.50 each

CRYSTALS

1MO 1M8432 2M000 2M304 2M4576 2M77 3MO0 3M2768
3M579545 3M58564 3M93216 4MO00 4M19304 4M433619
4M608 4M9152 SMO00 5M0688 6M0000 6M400 BMO0O 8M488
9M8304 10M240 10M245 10M70000 11M000 12M000 13M000
13M270 14M000 14M381818 15M000 16M000 16M5888
17M000 20M000 21 M300 21 MB55 22M1184 24M000 34M368
36M75625 36M76875 36M78125 36M79375 36MB0625
36M81875 36M83125 36MB4375 38M900 49M504 54M 13166
54M7416 57M75833 60M0O00 69M545 6IM550

TRANSISTORS
BC477,
BC107' BCY70 PREFORMED LEADS
full spec
BC557, BC238C, BC3088
2N3819 FETS short leads .

POWER TRANSISTORS
0c29

P POWER FET IRF9531 8A 60V
NPOWERFET IRF531 8A 60V
28C1520 sim BF25

. 1081
£1 £4/100 sa%/ooo
... £1/30 £3.50/100

TIP 141/2 €1 eaTIP 112/125/428 1
TIP35 5C .
SE930 IOOV 1DA DARL SIMTIP121 %EI
PLASTIC 3055 OR 2955 equiv S0p 00/£35
2N3773 NPN 25A 160V £1.60 ... 10/£14
2N3055H .. 4 for £2
TEXTOOL ZIF SOCKETS
28 PIN USED... .40 PIN NEW .. .. £10
AY NEW £5

40 WAY NI

SINGLE IN LINE 32 WAY CAN BE GANGED FOR USE WITH
ANY DUAL IN LINE DEVICES . . . COUPLING SUPPLIEDz/:1 3
0

CAPACITORS COMPUTER GRADE

24,0004F 5 £3 (£1.30
10,000uF 1oov SPRAGUE/PHILIPS . 6 (£2.00
QUARTZ HALOGEN LAMPS

12V 50watt LAMP TYPEM312............. £1 ea HOLDERS 60p ea
24V 150 WATTS LAMP TYPE A1/215 .. . £2.50 each
NEW BITS

SWITCHED MODE PSU 40 WATT UNCASED QTY.
AVAILABLE

. £30/4000 box
100nF 63V X7R PHILIPS SURFACE MOUNT 30K available

£42/4000 box
MISCELLANEOUS
ETHERNET 4 PAIR TRANSCEIVER CABLE. BELDEN TYPE

KEYTRONICS

TEL. 0279-505543

FAX. 0279-757656
P O BOX 634
BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX

EUROCARD 96-WAY EXTENDER BOARD 290 100mm 2
g . £10

ONIC 24” cjw 2 SUPPORT ARMS/EJECTORS

DIN 41612 96-WAY A/B/C SOCKET PCB RIGHT ANGLE £1.30
DIN 41612 96-WAY A/B/C SOCKET WIRE WRAP PINS  £1.30
DIN 41612 64-WAY A/C SOCKET WIRE WRAP PINS ..

DIN 41612 64-WAY A/C PLUG PCB RIGHT ANGLE .
DIN 41612 84-WAY A/B SOCKE T WIRE WRAP (2-ROW BODY)

1N4004 SD4 1A 300V
1N5401 3A 100V ........
BA158 1A 400V fast recovery ..
BY127 1200V 1.2A ..
BY254 800V 3A

BY255 1300V 3A
6A 100V SIMILAR MR751
1A 600V BRIDGE RECTIFIER ........ccooooiiiiiinriniiiinins

E

8A 200V BRIDGE
10A 200V BRIDGE
25A 200 V BRIDGE £2

25A 400V BRIDGE £2.50 3

2KBPO02 IN LINE 2A 200V BRIDGE REC ............cccconinnnce.e. 881
SCRS

PULSE TRANSFORMERS T:14+1 ..o £1.25
2P4M EQUIV C106D .31
TICV106D 800mA 400C SCRJI1 d 15
MEU21 PROG. UNIJUNCTIO! 1
TRIACS .. DIACSO%N
NEC TRIAC A . 5821 30
TXAL225 8A 500V 5mA GATE ........ 2/£1 100/£35

BTA 08-400 1SO TAB 400V 5mA GAT!|
TRAL2230D 30A 400V ISOLATED STUI
TRIAC 1A 800V TLC381T 16k AVAILABLE

. 5FOR£1 £15100

BT PLUG+LEAD
13A MOULDED PLUG +2m lead
MIN. TOGGLE SWITCH 1 POLE ¢/o PCB type /t
LCD MODULE sim. LM018 but needs 150 to 250V AC for dIsplay
40x2 characters 182x35x13mm
TL431 2.5 to 36V TO92 ADJ. SHUNT REG
6-%2 L_JrNC 5/16 POZI PAN SCREWS ........

UTS
PUSH SWITCH CHANGEOVER ........c..c..cviii i 2k
RS232 SERIAL CABLE D25 WAY MALE CONNECTORS
£5.90 ea (£1.30)
25 FEET LONG, 15 PINS WIRED BRAID + FOIL SCREENS

MAC LIST PRICE £30
STICK ON CABINET FEET RS NO 543- 327 .. 30

01
AMERICAN 2/3 PIN CHASSIS SOCKET
HUMIDITY SWITCH ADJUSTABLE
2 7

élso available 28 slot vari-bus backplane same size +
nce
POWERFUL SMALL CYLINDRICAL MAGNETS
BNC 500HM SCREENED CHASSIS SOCKET
SMALL MICROWAVE DIODES AE1 OC1 026A
D.LL. SWITCHES 10-WAY £1 8-WAY80
180VOLT 1WATT ZENERS also 12V &
VN10LM
MIN GLASS NEONS . 10/€1
RELAY 5V 2-pole changeover looks like RS 355-741 marked
STC 47WBost i
MINIATURE CO-AX FREE PLUG RS 456-071 .
MINIATURE CO-AX FREE SKT RS 456-273
DIL REED RELAY 2 POLE njo CONTACTS .
PCB WITH 2N2646 UNIJUNCTION WITH 12!

400m 0.5W thick film resistors (yes four hundred megohms}

STRAIN GAUGES 40 ohm Foil type polyester backed balco grid

g’ £1.50 ea 10+ £1
ELECTRET MICROPHONE INSERT .. . £0.90
Linear Hall effect IC Micro Switch no 613 S54 sim RS 304-2

267

£2.50 100+ £1.50
HALL EFFECT IC UGS3040 + magnet . . €1
OSCILLOSCOPE PROBE SWITCHED X1 x10
1 poie 12-way rotary switch
AUDIO ICS LM380 LM386 TDA 2003 .
555 TIMERS £1 741 OP AMP -
ZN414 AM RADIO CHIP
COAX PLUGS nice ones
COAX BACK TO BACK JOINERS
4x4 MEMBRANE KEYBOARD ...
INDUCTOR 20uH 1.5A
1.25" PANEL FUSEHOLDERS
CHROMED STEEL HINGES 14.!
12V 1.2W small w/e lamps fit most modern ca
STEREQ CASSETTE HEAD
MONO CASS. HEAD £1 ERASE HEAD .
THERMAL CUT QUTS 50 77 85 120°C .
THERMAL FUSES 220°C/121°C 240V 15,
TRANSISTOR MOUNTING PADS TO-5/TO-18
TO-3 TRANSISTOR COVERS .
PCB PINS FIT 0.1 VERO ..
TO-220 micas + bushes
TO-3 micas + bushes ....
PTFE min screened cable
Large heat shrink steevini g pack .
|EC chassis plug filter 10
POTS SHORT SPINDLES 2K5 10K 25K 1M 2M5
40k U/S TRANSDUCERS EX-EQPT NO DATA ..
LM335Z 10M! éde%ree C
LM234Z CONST. CURRENT 1.C. :
BNC TO 4MM BINDING POST Sit RS 455-961 .
BUTTON CELLS SIM. AG10/AG12 . 4/81
MIN PCB POWER RELAYS 10.5v COIL 6A CONTACTS 1 p ole

VEL—LINDBERG MOULDED TRANSFORMER TYPE OB10
15415V 10VA QTY. AVAILAB| £2 e
BANDOLIERED COMPONENTS ASSORTED Rs, Cs, ZENERS

1

£
LCD MODULE 16 CHAR. X 1 LINE (SIMILAR TO HITACHI
LM10)
KYNAR WIRE WRAP WIRE . £1/REEL

OPI1264A 10KV OPTO ISOLA .35ea 100+ £1ea
‘LOVE STORY’ CLOCKWORK MUSI BOX MECHANISM

4/5/6-WAY

MADE BY SANKYO ..... £1ea
Telephone cable clips with hardened pins........................ 500/€2
DIODES AND RECTIFIERS

A115M 3A 600V FAST RECOVERY DIODE . 4/81
1N5407 3A 1000V .. e . B/£1
1N4148 .. 100/£1.50

SEND £1 STAMPS FOR CURRENT IC+SEMI STOCK LIST -~ ALSO AVAILABLE ON

/2 FLOPPY DIS
MA ILORDERON

MIN. CASH ORDER £5.00. OFFICIAL ORDERS WELCOME
UNIVERSITIES/COLLEGES/SCHOOLS GOVT DEPARTMENTS

ACCOUNT ORDE|

CONNECTORS

D25 IDC SOCKET FUJITSU .
34-wagcard edge IDCCONNE
CENTRONICS 36 WAY IDC PLUG .
CENTRONICS 36 WAY IDC SKT ..
BBC TO CENTRONICS PRINTER L 5M
CENTRONICS 36 WAY PLUG SOLDER TYPE
USED CENTRONICS 36W PLUG+SKT ..

PHOTO DEVICES

HI BRIGHTNESS LEDS CQX24 RED .
SLOTTED OPTO-SWITCH OPCOA OFBB15
2N5777
TiL81 PHOTO TRANSISTOR
TIL38 INFRA RED LED
4N25, OP12252 OPTO ISOLATOR .
PHOTO DIODE
MEL12 PHOTO DARLINGrON BASE n/c)
LED’s RED 3 or 5mm 12/€£1
LED's GREEN OR YELLOW 10/£
FLASHING RED OR GREEN L D Smm 50 1
HIGH SPEED MEDIUM AREA PHOTODIODE RSGSI-
995

STC NTC BEAD THERMISTORS

G22220R, G13 1K, G23 2K, G24 20K G54 50K, G25 200K,

RES 20°C DIRECTLY HEATED TYPE .............ooovroocorer. fle

FSZCZBW NTC BEAD INSIDE END OF 1 GLASS PROBE REES
20°C 200R

A13 DIRECTLY HEATED BEAD THERMISTOR 1k res. ideal Ior

audio Wien Bridge OSCIllator .............coooviueuiieieiicciinnnns £2 e,

CERMET MULTI TURN PRESETS %"
10R 20R 100R 200R 250R 500R 2K 2K2 2K5 5K 10K 47K 50K
100K 200K 500K 2M .. 50p ea

IC SOCKETS
J41B18/20/24/28/40-WAY DIL SKTS ..o

32-WAY TURNED PIN SKTS. 7k available .
SIMM SOCKET FOR 2x30-way SIMMS ..

£1 per TUBE

SOLID STATE RELAYS

40A 250V AC SOLID STATE RELAYS ..........cococceeicincnccnn. £10
POLYESTER/POLYCARB CAPS

330nF 10% 250V AC X2 RATED PHILIPS TYPE 330.... £20/100
100n, 220n 63V 5mm ..

20/£1 100/£3

1n/3n 5n6/8n2/10n
10n/1 ‘a/n/22r1/33n/47r1/86n 10mm rad
100n 250V radial 10mm ..

100n 600V Sprague axial 10/81
2u2 160V rad 22mm, 2u2 100V rad 15mm .
10n/33n/47n 250V AC x rated 15mm
14 600V MIXED DIELECTRIC ......
140 100V rad 15mm, 140 22mm rad

RF BITS

XTAL FILTERS 21M4 55M0
ALL TRIMMERS
VIOLET
SMALL 5pF 2 pin mounting 5mm centres
SMALL MULLARD 2 F
TRANSISTORS 2N4427 N3866, 2N5109 ..

CERAMIC FILTERS 4M5/6hg9M/1 OM7 ..

gEED THRU' CERAMIC CAPS 1000pF .. 2
6 VOLT TELEDYNE RELAYS 2 POLE CHANGEOVER........... £2
(BFY51 TRANSISTOR CANSI ZE)

2N2222 METAL .. e R e G 5/£1
P2N2222A PLASTIC Ig/ﬂ
2N2369A /E1

PLESSEY ICS EX-STOCK
S1.350G SL360G SL362C SL403D SL423A
515218 SL523C SL5418 SL850C SL1021A
SP8655 SPB719DG

MONOLITHIC CERAMIC CAPACITORS
10n 50V 2.5mm
100n 50V 2.5mm or 5mm ..
100n ax short leads
100n ax long leads
100n 50V dil package 0.3" rad ..
1uF 50v 5mm

P&P AS SHOWN IN BRACKETS (HEAVY ITEMS) OTHERWISE 95p

ADD 17'2% VAT TO TOTAL
ELECTRONIC COMPONENTS BOUGHT FOR CASH

CIRCLE NO. 106 ON REPLY CARD
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CIRCLE NO. 107 ON REPLY CARD

All our products are easy fo install - they connsct directly to
either the printer or serial port and require no power sepply.
They are supplied with easy 1o use software which collects data
for either display or print-out.

o 8 - bit resolution

@ one channel

 10-25K somples per second

o Oscilloscope /Voltmeter software
"o 05V input range

@ Connects fo printer port

o 10 - bit resalution

o 11 choanel

o 5-10K somples per second
o Doto logger software

® 0-2.5Y input range
 Connects fo printer port

o 8,12, 18- bit resolution + sign

o 8 s/e or 4 differential inputs

216 or 300 8-bit samples per second
o 1+ 2-5V input range

o Dota logger software

o Connects to serial port

Al prices exclusive of V.A.L

PICO TECHNOLOGY LTD

Broadway House, 149 « 151 §t Neots Road, Hardwick, Cambridge (B3 7Q)

PN Y5 TEL: 0954 - 211716 FAX: 0954 - 211880
I 00
CIRCLE NO. 108 ON REPLY CARD

536

LEDs 3mm or 5Smm, red or green.. ..6p each

Yellow 11peach

High intensity red, green or yellow 5mm  30p each

Cable ties, 1p each, £5.95 per 1000, £49.50 per
10,000

Stepping motor 4 phase 12v 7' step 50 ohms £8.95

SAAQ27 stepping motor driver chip................£4.95
High quality photo resist copper clad epoxy glass
boards

3x4 inches, single sided £0.95, double sided £1.07.

4x8 inches, single sided £2.40, double sided £2.68.

6x12 inches, single sided £5.37.

12x12 inches, single sided £10.66

Rechargeable batteries

AA {HP7) 500mAH AAS500MAH with solder
£0.99 tags £1.5

AA 700mAH .........£1.95 C{HP11} 1.8AH

C 2AH with solder tags D{HP2) 1.2 AH .

£2. 20
£2.60
.60 PP38.4V 110mAH £4.95

D 4AH with solder (ags Sub C with solder tags
£4.9! £2.50

172AA with solder (ags 1/3 AA with tags
..................... £1.55 (Philips CTV) ...£1.95

Standard charger charges 4 AA cells in 5 hours or
4Cs of Ds in 12-14 hours+1xPPS {1,2, 3 or 4
cells may be charged atatime)..................£5.95

High power charger as above but charges the Cs
and Ds in 5 hours. AAs, Cs and Ds must be
charged in 2s ords.... .£10.95

Special offers, please check for availability.

F cells 32djaxBTmm F cell with solder tags

1.2v £4.30

42x 16mm dia 1.2v

P £1.45

Stick o mx16mm dia with red & black
leads 4.8v £5.95

4 cell battery 34x25mm dia {1/2 C cells} .........£3.50

Computer grade capacitors with screw terminals
38000uf 20v. £2.50

87000uf 10v... £1.95 68000uf
15v...£2.95 10000uf 16v...£1.50 58000uf
60v. £4.95

7 segment common anode led display
12mm

LM2931 AT5.0 low drop out 5v regulator T0220

0.85
7812 and 7912 12v 1A regulators £2000per 100
LM337k TO3 case variable regulator..... £1.60(£1.10

100+)
GaAs FET tow leakage current $8873...£12.95 each
(£9.9510+, £7.95 100+)
BS250 P channel mosfet...£0.45 BC559
translstor.. .£3.95 per 100
74LS05 hex i 0.00 per 100 Used 8748
Microcontroller £3
Hour counter used 7 digit 240v ac 50 Hz.........£1.45

SL952 UHF Limiting amplifier LC 16 surface
with data sheet. £1.95
AM27S02...£1.25 each 90p 100+
CDADO7UB ..10p 100+(6p. 1000+)
TV mains switch AA double pole with momentary
contacts for remote control pack of
10..€3.95 Boxof60.........ccoeucviccninncnne £19.95
DC-DC convertor Reliability model V12P5 12v in 5v
200ma out 300v input to output Isolation with
data...£4.95 each orpack of 10................. £39.50
QWERTY keyboard 58 key good quality swuu:hes
new.
Airpax AB2903-C large stepping motor Mv kA 5'
step 27ohm 68mm dia body 6.3mm
shaft.. £8.95 or £200.00 for a box of 30
Polyester capacitors box type 22.5mm lead pltch
0.9uf 250vdc 18p each  14p...100+ 9p...1000+
1uf 250vdc.....20p each  15p...1004+ 10p...1000+
2.2uf 250vdc ....30peach 20p 100+ 15p...1000+
3.3uf100vdc 30peach 20p..100+ 15p...1000+
1uf 50v bipolar electrolyllc axial leads ............. 15p
each 7.5p.
0.22uf 250v potvester axlal leads...... 15p each, 7.5p
100+
Philips 123 series solid aluminium axial leads -
33uf10v & 2.2uf40v ......... 40p each  25p 100+
Philips 108 series 22uf 63v axial ............ccccoeuies 30p
sach 15p...1000+
Multilayer AVX ceramic capacitors all 5Smm pitch
100v 100pf, 150pf, 220pf, 10,000pf {10n) ..... 10p
each 54p..100+ 3.5p..1000+
500pf compression trimmer ...
40 uf 370vac motor start capacitor (dialectrol type
containing no pcbs). . £5.95 or £49.50 for 10
Welwyn W23 9W 1200hm 35peach 20p 100+
680 ohm 2W metal film resistor......... ~4p 100+ 2p
1000+
Solid carbon resistors very low inductance ideal
for RF circuits - 27ohm 2W, 68chm 2W........ 25p
each 15peach 1004
We have a range of 0.25w 0.5w 1w and 2w solid
carbon resistors, please send SAE for list
Intelligent 4 digit alphanumeric (5x7 dot 0.145%)
ved LED display 12 pin 0.6 inch wide package
type DLR1414 50
each £2.00..30+ Data sheets...£1.00
AMD 27256-3 Eproms .....£2.00 each £1.2!
DIP switch 3PCO 12 pin {ERG SDC-3-023) ...
each 40p...100+
Disk drive boxes for 5.25 disk drive with room fora
power supply, light grey plastic,
67x268x247mm ...£7.95 £49.50 for 10
Hand held ultrasonic remote contral...
CV2486 gas relay, 30x10mm dia with 3 wire termn-

nals, will also work as a neon light .............. 20p
each £7.50 per 100
A23 12v battery for car alarms or lighters.......... 75p

each £50.00 per 100

All products advertised are new and unused unless otherwise stated.
Wide range of CMOS TTL 74HC 74F Linear Transistors kits. Rechargeable batteries, capacitors, tools etc
always in stock. Please add £1.25 towards p&p. VAT included in all prices.

JPG Electronics, 276-278 Chatsworth Road, Chesterfield S40 2BH

Access/Visa (0246) 211202

Callers welcome
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RESEARCH NOTES

BRILLIANT SOLUTION FOUND TO
NOISE POLLUTION- make less noise!

coustic researchers at Pennsylvania
State University are hoping their work

on weakening the sound radiation
characteristics of materials could lessen the
noise nuisance of modem living. Noise is
one of the most pervasive forms of
pollution, affecting everything: from our
working efficiency to our health. In some
situations — on a car production line, inside a
helicopter or near a turbine — the din can be
mind-numbing. Perhaps it is just as well that
the process of transducing mechanical
energy into sound is usually so inefficient.
Even when noise creation is deliberate, as in
a bell, only a tiny percentage of the
mechanical energy is radiated as sound.

Over the years there have been a number
of different approaches to reducing the
unwanted sound emissions from mechanical
structures, some of them — like antisound —
extremely hi-tech and ingenious. But why
not simply approach the problem at source
and reduce still further the efficiency with
which a structure radiates sound into the air?

That approach is now being adopted by
Gary Koopmann, professor of mechanical
engineering and director of the Center for
Acoustics and Vibration at Pennsylvania
State University in the USA. Koopmann
believes that it is possible to hush the din of
many mechanical structures by converting
their structural surfaces into weak acoustic
radiators. It is not that the energy disappears;
it is simply that the surface is more efficient
at converting mechanical energy into heat
and less efficient at converting it into sound.

Using conventional materials, engineers
have long been able to vary the thickness of
a material or distribute small masses on a
metal plate to create “weakly vibrating
modes”. But until recently they were limited
in making major changes because of the
inherent properties of the materials.
Koopmann believes that with new materials
and composites it will be possible to make
design changes that do not affect the

strength of a component but
which will markedly reduce its
acoustic radiation efficiency.

Fibre-reinforced composites
offer the possibility of changing
up to six variables, including
fibre orientation and fibre
density. Using finite element
modelling, Koopmann and his
colleagues are successfully
designing materials that
minimize noise. They are also
having considerable success with
sandwich composites that have
conventional high-density
materials on the outside and inner
cores designed to absorb acoustic
energy. Such materials could
absorb noise over a wide
frequency range in applications
such as aircraft cabins and
gearbox casings.

The teams are now involved in
a joint project with the Chrysler
Corporation to design low-noise
compliant automotive parts.
These are any parts that vibrate
from the force of engine
combustion including valve
covers and sump covers. This
work at Pennsylvania State
University will require the team
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to move on from studying
idealized structures such as flat plates to
working with components that have quite
complex geometries.

The ultimate challenge facing Gary
Koopmann and his colleagues is the design
of weak acoustic radiators that have some
form of intelligent control. They intend to
experiment with actuators and sensors
embedded in the actual composite material.
Using a range of polymers and ferroelectric
ceramics they hope to be able to control
vibration modes and eliminate unwanted
forces. Koopmann admits, however, that the

Upper picture shows the pattern of a vibrating
surface that couples strongly with the
surrounding fluid or air to generate unwanted
noise. The lower picture shows the same
radiating surface optimised to produce the weak
radiator behaviour.

problems with this approach are less
material and more cerebral. Sophisticated
intelligence, using neural networks, will be
vitally necessary, he thinks, to keep track of
what each sensor and actuator is doing.
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Rocket fuel powers GaAs chip technology

An improved technique for growing
stable insulating films on the surface of
gallium arsenide semiconductors could
make them easier to process and also
suitable for a wider range of uses. The
technique, developed at the Georgia Institute
of Technology in Atlanta, could also be used
with other I1I-V compounds to produce
stable nitride films at low temperatures and
without damaging the crystalline structure of
the underlying material. Researchers say that
it could even be used to passivate an entire
device, protecting it from corrosion,
mechanical damage and electrical
deterioration.

In spite of its attractive optical properties
and increased operating speed, gallium
arsenide has a major disadvantage when
compared with silicon: it does not naturally
form stable insulating oxides on its surface.
Gallium arsenide devices must therefore be
specially passivated using high temperatures
or high energy particles, both of which can
damage the fragile structure of the
semiconductor crystal.

The Georgia Tech process, developed
under the direction of professor Paul Kohl,
achieves passivation by means of chemical
energy without the need for crystal-
damaging thermal or kinetic interactions.
Temperatures are kept down to within the
range 300°C to 400°C.

The process begins with thorough
cleaning of the gallium arsenide, followed
by treatment to remove as much arsenic as
possible from the surface. The chip or
sample is then heated in an oxygen-free
chamber to which is added small amounts of

At low temperatures and without damaging the
crystalline structure, Georgia Tech researchers
have produced stable nitride films on GaAs
which could significantly ease processing.

hydrazine, better known as a rocket fuel.
Because it is an unstable molecule,
hydrazine splits off two reactive nitrogen
atoms. These interact with the gallium on
the surface of the chip to form a nitride

compound that is electrically insulating and
chemically stable. It is also mechanically
hard.

Kohl and his team now plan to optimise
the process by determining the processing
steps, temperatures and film thicknesses that
provide the highest quality films. They also
intend to demonstrate the technique on fully
fabricated semiconductor devices and to test
it in other applications such as capacitor
dielectric layers.

Carbon molecule that puts buckyball in the shade

U niversity of Michigan chemists have
synthesised what they believe to be the
world’s largest pure hydrocarbon molecule.
It is a (relatively) huge sphere, big enough to

hold 1000 carbon atoms with room to spare!

The new monster molecule consists of
1134 carbon atoms and 1146 hydrogen
atoms, and has a molecular weight of
14,776. Its volume is a hundred times
greater than that of a “buckyball”, the
recently-discovered geodesic dome-shaped
60-carbon molecule.

According to Jeffrey Moore, assistant
professor of chemistry at Michigan, these
giant carbon molecules might be combined
to function as a light harvesting device that
could focus energy from sunlight and
transform it into chemical energy. Moore
also believe that the jumbo molecule, which
is essentially a hollow sphere, could have
potential applications as a drug delivery

1134 carbon atoms and 1146 hydrogen atoms
give a molecular weight of 14 776, and a
volume a hundred times greater than that of a
buckyball 60-carbon molecule.

system — a sort of micro-pill.

The new molecule, described for the first
time at a recent meeting of the American
Chemical Society, was synthesised from 94
units of a phenylacetylene. It has an unusual
repeating fractal pattern linked by triple
chemical bonds. As the molecule grows its
branching arms interlock with each other to
form a sphere, the structure of which has
been verified by nuclear magnetic resonance
spectroscopy.

Jeffrey Moore says that new molecule is a
bizarre entity which has required a great
deal of clever chemistry to get it to react
with other substances or even to make it
soluble in common solvents. Also, unlike
many other synthetic polymers, the new
hydrocarbon sphere varies only slightly in
its chemical structure. Moore thinks that this
uniformity could make it a valuable
yardstick for measuring the size of any ultra-
small particle or structure.
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EASY FAST & POWERFUL

CAD SOFTWARE THAT GIVES YOU THE EDGE

ISIS - SCHEMATIC CAPTURE

Easy to use yet exiremely
powerful schematic entry system
with all the features you need to
create input for ARES or other
CAD software. Now available in a
super-fast 32 bit version capable
of handling huge designs even on
AO-sized sheets.

D 0

Graphical User Interface gives
exceptional ease of use - two mouse
clicks will place & route a wire.
Automatic wire routing, dot
placement, label generation.

2D drawing capability with symbol
library.

Comprehensive device libraries.
Heterogeneous devices (e.g. relay
and coil) allowed in different places
on the schematic.

Special support for connector pins -
put each pin just where you want it.
Output to printers, plotters,
Postscript.

Export designs to DTP and WP
packages.

Netlist formats for most poputar PCB
& simulation software.

Bill of Materials and Electrical Rules
Check reports.

Multi-sheet and hierarchical design
support.

Automatic annotation/packaging.
ASCIi data impert database facility.

e ¢c t r o n

]

ARES - PCB DESIGN

Advanced netlist based PCB
layout software newly updated
to version 2.5. Major new
features include SMT library,
real time snap (for those tricky
SMT spacings), thermal relief
power planes and enhanced
autorouting.

1652

[SECIANa L2 (o] (G T TER L2 e TC% (LTI 10 . 6000 V.32

Graphical User Interface.

Real time snap.

Auto track necking.

Curved, 45/90 or any angle tracks.
Extensive through hole and SMT
package libraries as standard.

2D drawing capability with symbol
library.

Connectivity highlight.

Output to printers, plotters,
Postscript, Gerber and NC drill.
Gerber View facility.

Graphics export for DTP etc.
Advanced netlist management with
forward design modification.
Component renumber and
back-annotate to ISIS.

Full physical and electrical design
rule checks.

Autorouter handles single, double or
multi-layer boards.

Power plane generator with reliefs.
Strategy & DRC information
loadable from ISIS.

Gerber import utility available.

from

£EI75

bhcenter

ISIS ILLUSTRATOR

Schematic capture for MS
Windows 3.1 - produces high
guality schematics like you see
in the magazines with your
choice of line thicknesses, fill
styles, fonts, colours etc. Once
entered, drawings can be
copied to most Windows
software through the clipboard.

New version 2 includes
netlisting, bill of materials,
hierarchy, and much more.
An ideal front end for
Windows Simulation and
PCB design.

new low prices from

DPAK - BUDGET PRICE CAD

Two  programs - ISIS
SUPERSKETCH and PCB Il -
for the price of one.

CADPAK has everything you
need to produce circuit
diagrams and PCBs on your
PC and is exceptionally easy
to use.

superb value at only

£79

Call us today on 0274 542868 or
fax 0274 481078 for a demo pack.
Combination, muli-copy and educational

discourts avaitable. Prices exc P&P and VAT.
14 Marriner's Drive, Bradford, BD9 4JT.
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Ferrofluid reveals secrets of the deep

Ferroﬂuid may be familiar to loudspeaker
engineers and other electronic specialists
— but could it soon become a valuable aid for
scientists predicting atmospheric changes?

Designers of high-powered tweeters need
something to extract heat from a rapidly
oscillating voice coil and transfer it to a
bulky heat sink, usually the magnet, turn to
ferrofluid for the answer. The fluid itself
consists of a suspension of microscopic
magnetic particles, prevented from clumping
together by means of a surfactant. At $2000
a pint from Japan it’s not something you can
slosh about too readily. But it does have a
variety of useful applications apart from just
loudspeakers. One of the most intriguing
was presented at a recent meeting of the
American Physical Society by Peter Rhines,
a professor of oceanography at the
University of Washington.

Rhines had the idea of using ferrofluid to
make a model of the Earth’s oceans and
atmosphere, something that is otherwise
virtually impossible except under
weightless conditions. It was also
impossible economically until he found a
US company who would make the stuff for
just $1 a gallon!

Rhines and his fellow researcher Dan
Ohlsen took advantage of the fact that
ferrofluid, when poured into a tank of inert

Active slot-line antenna for

millimetre waves

Agroup working in the Department of
Electrical Engineering at the Texas
A&M University has recently published
details (Electronics Letters, Vol 29, No 6) of
a new active slot-line antenna. It amounts to
an integrated oscillator, transmission line
and antenna, all on one piece of circuit
board. This new active radiating element,
say its developers, could offer a simple

Simple design slot-line antenna suited to mass
production

7

4

A\

fluid of similar density, will coat any object

“Computer models like observations at sea —

exerting a magnetic field. They made a
model Earth — a plaster sphere containing
magnets — and lowered it into the tank
containing ferrofluid and a mixture of oil
and freon. i

What happened then was that the
ferrofluid coated the plaster Earth with a
fluid layer, just as the oceans and the
atmosphere coat the real Earth. Rhines
found that he could then model basic
atmospheric and ocean phenomena by
spinning the model Earth and using magnets
outside the tank to create waves and to
mimic broad ocean and air circulation
patterns.

Much of this experimental work has an
incredibly Heath-Robinson flavour about it,
more reminiscent of 19th century science.
Take for example the method of modelling
the Earth’s natural movements. Rhines
found that by turning the tank in a circle
once every five seconds imitates the forces
of the rotating Earth, while a shower-head
device pulling liquid to the centre was used
to mimic a roaring westerly wind.

But why adopt this kitchen table approach
when there are advanced computer programs
available to model the Earth’s behaviour?
Rhines believes that his approach could well
challenge or improve computer models.

involve a whole complex of problems. In the
lab we take a few features and look at them
in isolation. This brutal simplicity
sometimes reveals phenomena computer
models can’t”.

A complete ferrofluid Earth model still
nevertheless involves serious challenges for
Rhines and his team. One of their first
ferrofluid Earths ended up with two equators
— ideal for tourism, but hardly a very good
approximation to reality! By redesigning the
magnet shapes they have now overcome
such teething troubles, though the inky black
colour of the ferrofluid still presents
difficulties in seeing precisely what is going
on below the murky surface of the model
ocean. Rhines thinks that ultrasonic probes
might provide the answer. |

lightweight, low cost and easily reproducible
signal source for transmitters, power
combiners and mixers.

Design of the slot-line antenna is
extremely simple, consisting of two central
halves separated by a gap of 0.5mm. The
two halves are connected respectively to the
gate and drain of Avantek ATF-26836 fet
and facilitate DC biasing. The slot, which is
etched on the PCB, serves as the resonator,
the frequency of which is 7.735GHz -
within 4% of the design figure.

A reflector placed behind the PCB to
optimise the output power in the forward
direction, which on test proved to be
21.6mW, representing a DC to RF efficiency
of more than 18%. The spectrum of the
radiated signal is also extremely clean, as is
its polar radiation pattern.

The authors suggest that active slot-line
techniques of this kind would be well suited
to mass-production devices that could be
employed as the active components of quasi-
optical millimetre-wave systems.

Research Notes is written by John Wilson
of the BBC World Service
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RF ENGINEERING

UHF technology
cordless revoluh

If the cordless communications revolution had a single starting place, it was on TV.
Already accustomed to compact, go-anywhere portable telephones as used by The Man
from UNCLE and Captain Kirk, consumers knew exactly what to expect when the real
products reached planet Earth: they demanded all the freedom of cordless operation,
together with all the reliability and security of a hardwired network. The assumption
today is that by paying a just little more, not only telephones but any type of electronic
equipment can be freed from the restrictions of wires. The challenge for the electronics
industry is to meet performance specifications which were drafted on the patios of Los
Angeles scriptwriters. lan White reports on how the semiconductor companies are

matching up.

onsumers are stubbornly uninterested
‘ in radio propagation, or in the fact that

channels are a finite resource. They are
equally unconcerned about the difficulties of
shoe-homing a high-performance radio
transceiver and a full featured telephone into a
tiny, lightweight package which needs no
antenna, and whose batteries never run down.
Cordless communication equipment must sim-
ply do its job, without involving the end user
in any technicalities or compromise.

It is no longer feasible to plan a radio com-
munications network on the basis that each
mobile unit will have exclusive use of a single
fixed channel as is presently the case with
PMR and first-generation cordless phones.

What makes cellular telephones feasible is
the computer-controlled network of base sta-
tions working with a microprocessor in every
mobile phone. Together, these manage the

available radio channels to provide continuous
communication for the individual customer
while allowing simultaneous use of the same
channels by customers at other locations.
Similarly, microprocessors in the handset and
the base unit of a second-generation (CT2)
cordless telephone will negotiate to find a free
channel.

As network specifications advance, increas-
ing responsibility is being devolved to the
individual mobile units, so the scale and com-
plexity of signal processing in consumer com-
munication equipment increases accordingly.
And all this must be accomplished under
downward pressures on size, battery con-
sumption and cost.

Most new cordless links are being devel-
oped between 300MHz and 3GHz since this
part of the radio spectrum presently offers the
best balance between the availability of fre-

quencies and the availability of low- cost tech-
nology. Particular areas of worldwide devel-
opment are between 800MHz-1GHz and 1.8-
1.9GHz, in both cases primarily for telephones
and related systems. 800MHz-1GHz is used
for existing cellular telephone networks in
Europe, the USA and Japan; and the same
band will accommodate the next generation of
digital cellular networks: GSM (Europe), IS-
54 (USA and Canada) and JDC (Japan).
Unlike the European and Japanese digital
networks, which will use new channels, IS-54
is a hybrid network which will allow existing
analogue equipment to work alongside newer
digital equipment on the same channels. The
same frequency area is also used for the UK’s
CT2 second-generation digital cordless tele-
phones, whereas the next generation (Digital
European Cordless Telecommunications or
DECT) will be on 1.8-1.9GHz alongside other
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) ) . OUTPUT %
Fig. 2. Gilbert-cell mixer offers good
REGEIVER FRONT-END balance but poor noise figure
RF AF {1STIF  yxgn 2ND IF J
FILTER ALTER  MIXER gy 1ER FILTER -
f LOCAL
X xX OSCILLATOR
~ AWREE= INPUT
.9 %
/
T/R SWITCH ] L
OR DIPLEXER Fig. 1. Modern components for UHF
receiver front-ends correspond to stages in
: 3
L TRANSMITTER block d’agram SIGNAL INPUT
77
L]

542

ELECTRONICS WORLD + WIRELESS WORLD july 1993



A practical architecture

he GEC-Plessey DE6003 is an advanced

data transceiver which can add the
cordless feature to a wide variety of other
electronic products.

It follows US and proposed European
specifications for licence exempt spread-
spectrum communications in the 2.4-
2.5GHz industrial, scientific and medical
band. All the RF parts except the aerial are
on-board: the host system has to provide
only DC power and control data. But this
level of ‘plug and play’ convenience in a
package of just 75mm x 50mm requires
some formidable RF technology.

Receiver

The receiver is a conventional double-
superhet as described in the main article. For
improved reception, diversity is provided by
two separate switch selected antennas.
Signals enter the receiver via a band-
defining filter and transmit/receive switch.
After the low-noise amplifier the signal is
converted by the first mixer to an IF of
350MHz. After passing through a filter the
signal is amplified at the first IF and again
down-converted to the final IF of 38MHz for
final filtering and FM detection.

Synthesiser and transmitter
The heart of a spread-spectrum transceiver is
the frequency synthesizer that provides the
first local oscillator (LO) signal. Spread-
spectrum relies on fast synchronized
frequency hopping at both ends of the link,
and the synthesizers must resume phase-lock
very quickly to aveid corrupting the
frequency modulated data. To minimize the
transient between transmit and receive the
DE6003 uses an up-converting transmitter
with the same 350MHz IF as in the receiver.
The transmitted data phase-modulates a
700MHz oscillator, the output of which
divided by two to generate 350MHz. The
2.4-2.5GHz output from the transmit
converter is filtered to remove spurious
signals, and then amplified to selectable
level of 10mW or 100mW.

The prototype used commercially
available RF 1Cs, but the miniaturised
production version has condensed all the

personal communications networks such as
paging and wireless lans.

Satellite receivers for Inmarsat and GPS
operate around 1.6GHz while high speed
(1Mbit/s) spread- spectrum wireless lans are
becoming established at 2.4-2.5GHz.

Regardiess of the transmission and encoding
methods, each of these developing and future
networks will use essentially similar UHF
technology at transmission signal frequency.
As the potential markets expand, the benefits
of high-performance, low-cost RF ICs will
become increasingly apparent.

Receiving systems

Most UHF receiving systems are based on
double-conversion superhet architecture, with
a first IF in the VHF region, typically about

active functions into just four application-
specific ICs. The asic of particular interest to
this series is the GaAs front end device: this
includes the entire receiver front-end and
first LO, and also the transmitter up-
converter, 10/100mW power amplifier and
all antennaffilter switching.

Some interesting tradeoffs took place in the
transition from the prototype receiver front-
end to the asic production version. The
prototype included a filter between the LNA
and first mixer to suppress noise from the
LNA on the image frequency around
1.4GHz, but this was abandoned in the asic

Although this incurred a penalty in
receiver sensitivity, a GaAs LNA has
extremely low inherent noise and that factor
could be traded-back to produce acceptable
overall receiver performance.

RF ENGINEERING
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50MHz in an 800-900MHz receiver but gen-
erally higher in 1.8-1.9GHz systems. Fig. 1
shows a typical block diagram of the front-end
which includes the UHF signal frequency cir-
cuits and the first mixer. After the first mixer
is an IF filter which provides sufficient selec-
tivity to eliminate spurious responses in the
second conversion to the final IF.

Although it is primarily the second IF filter
which defines the overall shape of the receiv-
er passband, the first IF filter plays an impor-
tant role in protecting the subsequent stages
from overload due to strong off-channel sig-
nals. Typically, all receiver functions from the
second mixer onwards are carried out in a sin-
gle-chip FM receiver which produces ana-
logue or digital baseband signals for further
processing. The UHF local oscillator operates

at either (signal frequency + IF) or (signal fre-
quency — IF); it is frequency-synthesized using
a chip-set which integrates all functions except
the voltage controlled oscillator and is linked
by a local bus to the control processor. Other
receiver architectures such as direct conver-
sion have similar features to the conventional
double superhet, and have similar front-end
design problems.

Until quite recently, signal-frequency ampli-
fication and mixing was the domain of dis-
crete components, but this is now changing
rapidly. The new generation of RF ICs and
packaged filters are close analogues of the
building blocks used in system design (Fig. 1)
with defined interfaces between modules,
often at a system impedance of 50Q. This
greatly eases the transition from design into
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_production, allowing simple no-tune assembly

and testing. While this has made UHF appli-
cations much easier for non-specialists, it is
still necessary to understand the underlying
principles of UHF design to apply these
devices effectively.

A receiver for personal communications
must meet demanding specifications. Signal
levels range from fractions of a microvolt at
the limits of range, up to several millivolts
when operating close to the base station. In
multi-channel systems such as mobile phones
there will often be strong signals on adjacent
channels which the receiver must ignore. In
order to receive very weak signals in the pres-
ence of very strong ones, the receiver needs a
wide dynamic range between the power level
of the weakest discernible signal and the much
higher levels at which strong-signal overload
effects begin to appear.

The receiver’s noise floor is determined
partly by noise picked up by the antenna and
partly by internal receiver noise.

However, in spite of modern advances in
low-noise RF devices, it is not possible to aim
exclusively for low receiver noise without
incurring major penalties in strong-signal han-
dling.

There are two distinct types of strong-signal
problems: those caused by the wanted signal
being extremely strong, and those caused by
strong signals on adjacent channels. A strong
wanted signal is easily dealt with by conven-

tional automatic gain control, but the off-fre-
quency signals can only be sensed in terms of
the interference they cause, generally through
intermodulation products created in the early
stages of the receiver before the first IF filter
(Fig. 1). The key to maintaining a high
dynamic range is to keep the cumulative
power gain as low as possible throughout the
front-end, to minimize RF voltage and current
swings up to and including the output of the
first mixer. Stages after the first IF filter are
effectively protected against overload by
strong off-channel signals.

A further cure for strong-signal overload in
active devices is to increase the DC power lev-
els, so that even the largest RF signals remain
negligible compared with the DC voltages and
currents within the semiconductor devices.
This approach is applicable to base stations —
although it can be expensive — but is entirely
ruled out for hand-portable units which oper-
ate on a stringent power budget. The new gen-
eration of RF devices are specified for a nom-
inal 3V DC supply, and every device must
draw the lowest possible current.

Given these restrictions, the optimum bal-
ance between sensitivity and dynamic range
can only be achieved through very careful
design tradeoff. A further requirement in some
instances is for tight production control of
front-end gain; this applies particularly to sec-
ond generation digital cellular systems where
the task of measuring the signal strengths of

Receiver Noise and Dynamic Range

The fundamental quantity determining noise
power is the noise temperature of the device
(T, measured in kelvins). Referred to the
input, the noise power Py is given by:

PN = kTB watts

where k is Boltzmann’s constant (1.38
x10723)/K) and B is the noise bandwidth in
hertz. Note that T is an equivalent noise
temperature, and generally has little
connection with any physical temperature.

An alternative quantity for measuring noise
in a two-port device such as an RF amplifier,
a mixer or a complete receiver is the noise
figure (NF), given by:

NF=10 lOg~|0(1 + 7/290) dB

where T is the noise temperature. Note
that NF is independent of bandwidth, unlike
Px. Another useful property of NF is that
dissipative losses ahead of the device add
directly to NF in dB, eg a receiver with an
NF of 4dB preceded by an RF switch with a
loss of 1dB will have a system NF of 5dB.

Antenna noise
A disadvantage of the NF concept is that it
neglects the contribution of antenna noise
pickup to the overall system noise level. This
is highly significant in modern low-noise
receivers and is best included as an
equivalent noise temperature.

The equivalent noise temperature of an
antenna has nothing to do with its physical
temperature, but is determined by its RF

neighbouring base stations is devolved to the
mobile units. By the time the ICs reach the
equipment designer, most of the critical deci-
sions about receiver front-end design will
already have been cast irrevocably in silicon
or gallium arsenide.

LNAs and mixers

Low-noise RF amplifiers (LNAs) are routine
technology nowadays. At frequencies around
1GHz, silicon devices can produce noise fig-
ures of about 1dB and GaAs MESFETs can
manage under 0.5dB. However, the noise fig-
ures on the data-sheet are increased in practi-
cal systems by the noise contributions from
elements both upstream and downstream of
the LNA device. Thus a low noise figure from
the LNA device becomes just another item in
the overall tradeoff between sensitivity and
dynamic range.

Upstream of the LNA it is necessary to
allow for losses in the transmit/receive diplex-
er or RF switch (Fig. 1), and for losses in the
input network to the device itself, although all
of these losses should not total more than 1-
2dB. The more serious problem is the noise
contribution from the first mixer. For reasons
I will explain later, the noise figures of mixers
run considerably higher than those of LNAs; a
typical SSB noise figure for a UHF mixer IC
would be 15dB, and even the lowest-noise
LNA devices cannot render the mixer noise
negligible without using a very large amount

environment. In the absence of man-made
noise, an isotropic antenna (receiving
equally from all directions) might receive
half of its noise power from the sky above,
and half from the ground below (see
diagram A). Since the noise temperature of
the sky is very low (perhaps 30K at 1GHz)
while the ground acts more as a black-body
radiator at its physical temperature of about
290K, the antenna noise temperature in this
highly simplified example would be about
160K. More typically, there is major
contribution to antenna noise temperature
from man-made noise (maybe very low for a
rural base station, but often well over 1000K
in urban, domestic, office or factory
environments).

Thus the antenna noise temperature of a

Diagram A SKY NOISE (30K) Right Main contributions to
Sources of UHF \ system noise are the antenna
antenna noise and RF stage (LNA). Mixer noise
temperature — MAN-MADE will also be significant. L RPN R
all contributions o
are additive. NOISE
(0.. >1000K)

/ / NOISE TEMP: T 1 L
GROUND NOISE o 5 w
(290K) POWER GAIN: G a MIX
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of RF gain - but that would ruin the dynamic
range because mixers are extremely vulnera-
ble to overload by strong signals.

Mixers are inherently non-linear devices;
two input frequencies (signal and LO) cannot
produce a different output frequency (the IF)
without second order nonlinearity in the trans-
fer characteristic. Unfortunately this opens the
door to non-linearities of higher orders — par-
ticularly the odd orders, which permit inter-
modulation between signals on adjacent chan-
nels to produce an interfering signal on the
wanted channel. If cost and power consump-
tion were no object, the best solution would
probably be a passive diode ring mixer, which
has a noise figure of about 6dB (consisting
largely of conversion loss) combined with
excellent strong-signal handling.
Unfortunately such mixers require several mil-
liwatts of local-oscillator power, which in
most cases, imposes unacceptable penalties in
cost and battery life.

The normal solution for low-power units is
an active mixer, generally based on the Gilbert
cell (Fig. 2). With accurate matching of the
transistors, which can easily be achieved with-
in an IC, the Gilbert cell offers good isolation
between the input, LO and output ports.

The problem for receiver designers is that
the Gilbert-cell mixer has a typical SSB NF of
15dB at UHF, representing a noise tempera-
ture of over 8000K, and this can severely
degrade the system NF. In a typical example,

portable UHF receiver will vary considerably
according to its environment. A design value
of 290K is often assumed, this being the
near-ambient reference temperature used in
the definition of NF. A two-port device with
a noise temperature of 290K would have a
noise figure of 3dB, and many designers
simply add 3dB to the receiver NF to allow
for antenna noise. Although this short-cut
leads to errors in low noise systems, in this
particular case the error is well within the
uncertainties in the assumed antenna noise
temperature.

Mixer noise

Receiver noise includes contributions from
all stages, active or passive, though these
generally dwindle away after the first mixer.
Taking a simple case as shown in diagram B:

Tsvstem = TanT + Tina + Tmi/Gina +
TifAGLNA X Gpaix)

where T represents noise temperature and

G na and Gy are the power gains of the RF
stage and mixer, each expressed as a ratio.
Note that cumulative gain acts as a divisor in
this formula: although the LNA may not have
sufficient gain to make mixer noise
negligible, the cumulative gain of both the
LNA and an active mixer generally means

the NF of a receiver with a sub-3dB LNA can
be degraded to 6dB or more by mixer noise. It
is not feasible to add more RF gain to over-
come the mixer noise, because the excessive
gain would degrade the dynamic range.
Moreover, the inherent gain of an active mixer
can lead to intermodulation caused by exces-
sive signal-frequency voltage and current
swings at the output port. Thus the designer
has to accept both reduced sensitivity and
impaired strong-signal performance in the
interests of low cost and longer battery life.

Some solutions

The new generation of UHF ICs employs a
range of solutions to these problems, leading
to some variations in front-end block dia-
grams. The conventional approach is shown in
Fig. 3a: between the LNA and the first mixer
is an RF filter, which covers the whole of the
band in use while providing adequate rejection

RF ENGINEERING

Fig. 3. Alternative receiver front-ends:

a) Best in principle, but less convenient for
integrated LNA-mixer packages;

b) RF filter at input only — compromises noise
figure;

¢) First mixer included in main radio IC package

Dynamic range

The dynamic range (sometimes
called spurious-free dynamic range)
is the span in decibels between the
noise floor and the signal level at
which intermodulation or other
strong-signal overload effects begin.
In typical power-conscious mobile
receivers the dynamic range might
be 65-70dB, though considerably
better performance can be obtained
in base stations.

STRONG-SIGNAL

SRS OVERLOAD

INPUTI l
SIGNAL DYNAMIC RANGE
LEVEL 60-70dB typ.
aﬂ# NOISE FLOOR
-120dBm typ.

that noise contributions from later stages can
be ignored.

The mixer is fed with a local oscillator
signal at F o and is sensitive to two input
frequencies, (F o+IF) and (F o—IF). However,
only one of these contributes a wanted
signal — the other contributes noise and/or
interference. Hence it is necessary to add a
filter at signal frequency, which is
conventionally placed between the LNA
stage and the mixer, and the “SSB” noise
figure given in data-sheets for mixers
assumes that this filtering is present.

Noise floor

Sometimes called the minimum discernible
signal or MDS, the receiver noise floor is the
equivalent noise power at the input to the
system. A signal at this level would give a

signal/noise ratio of OdB or a
{signal+noise)/noise ratio of +3dB. In other
words:

Noise floor = kTsystemB watts
where B is the noise bandwidth of the
receiving system and is generally
approximated as the nominal IF bandwidth.
A typical UHF receiver might have a noise
floor in the region of -120dBm.
Clearly the term discernible signal should
not be taken too literally; for example,
spread-spectrum techniques allow signal
recovery from below the noise level (though
at the expense of increased bandwidth)
while conventional FM has a threshold
signal/noise ratio below which the
modulation remains essentially
unreadable.
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of noise and any unwanted signals at the RF
image frequency. A major benefit of this
arrangement is that the losses associated with
the RF filter appear after the LNA, where their
contribution to the system noise figure is less
significant.

Once again I must emphasise that the aim of
using a low-noise RF amplifier is not to
achieve an extremely low system NF; it is to
increase the scope for optimizing the balance
between system NF and dynamic range.

A possible drawback of the arrangement in
Fig. 3a is that the LNA and mixer must either
be separate ICs, or else a breakout between the
two subsystems in a single package must be
provided for insertion of the RF filter.

Ready made solutions
An alternative is to place all the signal fre-
quency filtering close to the antenna (Fig. 3B).
This is the approach used in the GEC Plessey
DEG6003 data transceiver (see panel).
Motorola also offers a down-converter 1C
using the same architecture. The MRFIC200!
was designed for operation at 800-1000MHz
using a minimum of external components and
makes no provision for an image filter
between the LNA and the mixer. One might
therefore expect a loss of up to 3dB in system
noise figure due to LNA noise at the RF

image frequency. However Motorola has
found that this degradation can be held down
to only 1dB by controlling the magnitude and
phase angle of the mismatch offered by the
bandpass filter to the input of the LNA. In
practice this involves only the insertion of a
particular length of 50Q transmission line
between the filter and the LNA. Aithough the
NF of the MRFIC200! can be quite passable
(5dB), the losses in a high-performance signal-
frequency filter at the location shown in Fig.
3b would produde an unacceptable degrada-
tion of both receiver and transmitter perfor-
mance. This simplified approach is therefore
limited to applications such as cordless tele-
phones, other short-range links and the low-
cost end of the cellular radio market.

A more recent development for applications
below 1GHz is to include the first mixer on
the main radio chip (Fig. 3¢). This requires a
break-out for both the first and the second IF
filters, but offers a more convenient arrange-
ment for the separate LNA and RF filter pack-
ages.

On the market

The semiconductor manufacturers have adopt-
ed quite different approaches to the degree of
on-chip integration and the physical interfaces
on the front-end. This is partly determined by

the fabrication technologies available to each
company, because at some point there must be
a transition between the high-performance
higher-cost UHF technologies and the high-
density low-power bipolar silicon technologies
required for second-IF and baseband signal
processing. Gallium arsenide devices offer sig-
nificantly better front-end performance at fre-
quencies above 1GHz, so once again a transi-
tion to high-density bipolar silicon must be
made at some stage in the receiver architec-
ture.

There are far too many single-stage LNA
and mixer ICs to be reviewed here in detail. In
some respects their role is diminishing as
complete singlechip front-ends become
increasingly attractive. However, integration
of the first mixer into the main radio chip may
ensure a continuing role for single-stage
LNAs, particularly in GaAs.

Continued next month

Further information

W A Hayward, /ntroduction to Radio
Frequency Design, Prentice-Hall, 1982.
ISBN 0-13-494021-0

The VHFIUHF DX Book, DIR Publishing,
1992. ISBN 0-9520468-0-6.

LOW COST RANGER1 PCB
DESIGN FROM SEETRAX

Circuit Schematic
Circuit Capture
PCB Design '
Host Of Outputs
All-In-One Design System

£100

Fully Integrated Auto Router

£50

Ask Us About Trade-In Deals
Call Now For Demo Disk on 0705 591037
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DESIGN

SOUNDS GOOD -
LOOKS SIMPLE

How can low cost, high
performance and a
simple operating
philosophy all be
combined in one audio
power amp. Marco
Corsi* has the answer.

*Marco Corsi is an applications engineer working
with Texas Instruments.

A:FreqResp X1 Hz
215

umerous articles have been written
N about using esoteric power transistors

to improve distortion/bandwidth in
high speed audio power amplifiers. While
most of these undoubtedly achieve excellent
performance, the parts used are often hard to
source and construction of such beasts is time-
consuming.

In this design we use as few components as
possible without compromising performance.
The aim is to produce S0W RMS into a 4Q
power amplifier with a slew rate greater than
20V /pus and a —3dB bandwidth of >100kHz.

In the past, this kind of performance was not

Y:15.1854 dB

dB

0.1dB
bandwidth of

100Hz-20kHz 4

has been /

achieved. The
~3dB point is /

about 350kHz
which is quite j

acceptable.

1Hz

B: CHI1 Lin Spec

S0kHz

dBVrms

THD:0$23 %

dB Mag
10
FFT of the driver  dB

ouput driving 4Q

load at 25W RMS
indicating

distortion of
about 0.02%. NB

the scale is not
calibrated for

power as an
aftenuator was

used.

dBVrms e

S00Hz

13.3kHz

feasible if the design were built using op-amps
as the gain block. For instance, TLO7/ is lim-
ited to 13V/us and the NE5534 can only pro-
duce 6V/us with 20pF load. So high speed
power amplifier designers frequently turned to
discrete design — gaining performance but
making projects daunting to all but the most
determined.

Many of the problems involved in designing
a high speed precision op-amp stem from the
fact that only a limited list of components are
available to the IC designer. In a typical NPN
bipolar process there are good NPNs, reason-
able resistors, capacitors of less than 40pF and
very poor, very slow PNP transistors. Poor
PNPs limit the performance that can be
achieved in an op-amp and in the last few
years many of the major IC manufacturers
have introduced complementary bipolar pro-
cesses integrating both a high quality NPN
and PNP. The result has been development of
several high performance op-amps. Most tend
to be very expensive but the range produced
by Texas Instruments is reasonably priced
considering its performance advantages.

The op-amp selected for this power ampli-
fier has many characteristics which single it
out. It has a typical slew rate of 40V/us into a
S00pF load, and its output circuitry has been
specially designed with a fast saturation recov-
ery so that if the amplifier is overdriven there
are no long term storage effects — which could
be very audible. The device also has better
than 2mV input offset voltage, meaning that
the speaker can be DC coupled with no adjust-
ment for DC offset.

Simple operation

Operation of the circuit is very simple. 7, and
Tr; are the Darlington output transistors and
the class AB biasing is provided by Tr;, R,
and Rg VR, and Try. Tr, is a constant current
diode and it can be thought of as a 4.7mA
current sink. Current passes through the bias-
ing network formed by Tr,, R, and Rs VR,
and a voltage is generated between the col-
lector and emitter of Tr; to set up a constant
current through T7; and Tr3. As Tr; is in close
thermal contact with the heat sink to which
Tr; and Tr;3 are bolted, the biasing network is
temperature independent and the circuit is free
from thermal runaway. The top of the biasing
network is tied to the output of the op-amp
and the op-amp is connected in non-inverting
gain mode by feedback. Resistors R, 5 and Rj,
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and C; form a Zobel network to ensure that
the amplifier always has a load at high fre-
quency, and L; and Ry ensure stability into
capacitive loads.

Capacitor C; provides isolation to DC: it
can be omitted if you are confident your
preamp has no DC offset! As C; is directly in
the signal path, best performance is obtained
with a high quality polypropylene type.

Construction tips

Construction of the amplifier is relatively
straight-forward. Tr; and Tr; need to be
mounted on a suitable heat sink of about 0.6
C/W or better (for a stereo amp) and should be
insulated from the heat sink by a suitable
mounting kit. The parts list includes several
different types of power transistor which are
suitable, but note the package that is being
used when choosing a heat sink. Plenty of
thermally-conductive grease should be used
when mounting the transistors and the bolts
must be properly tightened. A wise move is to
tighten the bolts again after the amplifier has
warmed up as things tend to expand a little.
Tr, must be in good contact with the heat sink
and a good way of ensuring this is to glue the
transistor to the heat sink with a little epoxy
resin. Tr,’s job in life is to monitor the tem-
perature of the output transistors and so only
needs to be glued in place.

Try to star-earth the amplifier and ensure
that capacitors C;_5 are as close to the op-amp
as possible. Resistors in the emitters of Tr;
and Tr; are there to help stabilise the bias of
the circuit but they also serve to protect the
output transistors in case of a short circuit
load. Use four small resistors in parallel, as

Parts List.

Amplifier: two needed for stereo.

1C; TLE2141

(o 2uFpolypropylene

Cy3 220pF 25V electrolytic

C4,5,6,7 330nF 63V

&5 22K 1/2W

R, 680R 1/2W

R;3 10R 2W non-inductive

Ry 470K 1/2W

Re k8 1/2W

Rz 0.25R comprised of 4 x IR carbon
1/2W resistors in parallel.

Ro 10R 5W

VR, IK

Tr TIP642/TIP641/TIP142/TIP141
Tr, ZTX753 or similar not important

as long as a silicon NPN in an insulated
package

Try TIP647/TIP646/TIP147/TIP146
Try J511 two terminal current diode
Ly 25turns of 12SWG enamelled
copper wire around R9

PSU: for stereo use.
T; 100VA toroidai transformer with
2 x I5V secondarys and | x 240V primary

Tek Running: S.OOhLS/s

Hi Res

.
—— L

Ty

TT=TY

1+f

l\x‘r -1ttty
b
L 4

9
b

L

+——++

Chi 5.00V

from this amplifier.

Square wave performance into 42 at 20kHz. Good slew rate performance is available

M 10.0ns Chi \ OV

+22 Voits

Audioin C1 3
o—1—

=

NFB - g

~

Riz : LE VR

c3 Ccs
™
0 Volts

c2
I C6 o Speaker
0 Voits >
R2E
i T C7 Zms
Tr4 l
0 Volts
~22 Volts

indicated in the parts list, and if you short cir-
cuit the output these resistors will fuse.
Resistors are very low cost and probably
cheaper than using a real fuse.

Before powering up the amplifier check that
VR, is set to its lowest value, ensuring that the
output stage is biased up into class B. Apply
the mains and check that the power supply is
providing the correct voltages as indicated on
the circuit diagram. There should be less than
50mV between the output and ground.

Assuming everything is OK, connect a volt-
meter across R and adjust VR, until a voltage
of SOmYV is measured. This sets up the bias in
the output transistors for a small amount of

check that all the transistors are bolted down
firmly and ensure that T7; is in good thermal
contact with the heat sink.

Now simply put the lid on the box and listen
to lots of music. [ ]

PSU circuit diagram
for stereo amp.

+22 Volts

C1
240V
mains PARS

j
T

Conp 22,000pF 25V class A reducing the crossover distortion con- l
By 4A >50V bridge rectifier siderably. Monitor this voltage as the amplifier %
warms up and check that it does not change T
wildly. Once it has warmed up, re-adjust VR, Tt
to set SOmV across Ry. If it does not stabilise
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RF MODULAR EQUIPMENT

LOW NOISE GASFET PREAMPLIFIERS
Two-stage Gasfet preampilifiers. High Q filters. Masthead or locai’ use.

TYPE 9006 Tuned to your specified frequency in the range 5-250MHz. NF 0.6dB. Gain 10-
40dB variable. 50 ONMS. ...ttt e £105
TYPE 9006FM As above. Band |1 88-108MHz. 75 ohms.
TYPE 9004 Aligned to your specified frequency in the range 250-1000MHz. NF 0.7dB. Gain
25dB adjustable. 500hms. ...
TYPE 9002 Tuned to your specified channels In bands IV or V. NF 0.7dB. Gain 25d8
adjustable. 75 ohms. . .
TYPE 9035 Mains power supply for above amplitiers. ...
TYPE 9010 Masthead weatherproof unit for above amplifiers. ....

WIDEBAND AMPLIFIERS

Monolithic microwave integrated circuits in a fully packaged microstrip format. Full-wave

shottky diode protected inputs. Temperature compensated bias circuitry. Internal voltage

réguilation.

TYPE 9301 100KHz-500MHz. NF 2dB at 500MHz. Gain 30dB. Power output +12.5dBm,
. . £16

TYPE 9009 Gasfet. 10MHz-2GHz. NF 3.
100mW.

PHASE LOCKED LOOP FREQUENCY CONVERTER

TYPE 9115 Converts your specified input channels in the range 20-1000MHz to your

specified output channels in the range 20-1000MHz. Minimum input to output separation

10 channels. 1mV input, 10mW output (+10dBm). Low-noise Gastet front end. NF 0.7dB.

AGC controlled. Gain 60dB adjustable —30dB. Will drive transmitting amplifiers directly.
£650

PHASE LOCKED SIGNAL SOURCES
TYPE 8034 Frequency as spectified in the range 20-250MHz. Output 10mW. ............... £194
TYPE 9036 Frequency as specified in the range 250-1500MHz. Output 10mW. .._........ £291

FM/FSK EXCITERS
TYPE 9282 Frequency as specified in the range 30-1500MHz. Output 10mW. Deviation up
to +75kHz. £348

TELEVISION TRANSMITTER
TYPE 9550 Single channel. Bands |, I, IV or V. PAL B, G or |. 50W output. 1V composite
video input. Output protection. Power meter. Integral cooling and power supply. ....... £4950

RF LINEAR POWER AMPLIFIERS

Tuned to your specified frequency in the range 20-250MHz or your specified channels in
bands | or il

TYPE 9105 10mW input, 1 watts output. .......
TYPE 9106 500mW input, 10 watts output.
TYPE 9155 3 watts input, 30 watts output. .
TYPE 9458 5 watts input, 50 watts output Integral forced air cooling and output transistor

PIOMECHION. ..ottt ettt e £950
UHF LINEAR POWER AMPLIFIERS

Tuned to your specified Irequency in the range 250-470MHz.

TYPE 9123 300mW input, 3 watts output. ........ . £350
TYPE 9124 2-3 watts input, 25 WattS OUIPUL. ... e £510

TELEVISION EXCITER

TYPE 9269 Phase tocked loop vestigial sideband miniaturised tetevision modulator with
sound channel RF output 10mW on your specified frequency in the range 40-1000MHz or
channelinbands |, lil, IVorV. ................. £6.

TELEVISION LINEAR POWER AMPLIFIERS
Tuned to your specified channels in bands IV or V.
TYPE 9252 10mW input, S00mMW output. ........cocooooreiinnne,
TYPE 9259 500mW input, 3 watts output. .
TYPE 9262 500mW input, 10 watts output. ...
TYPE 9263 2-3 watts input, 15 watts output. .
TYPE 9266 10 watts |nput 50 watts output. |
protection. .

WIDEBAND LINEAR POWER AMPLIFIERS
TYPE 9306 10MHz-1GHz. Gain 15dB. Output 1 watt
TYPE 9246 1 watt output. 100kHz-175MHz. 13dB gain.
TYPE 9247 4 watts output. 1-50MHz. 13dB galn. .....
TYPE 9051 4 watts output. 20-200MHz. 13dB gain. .
TYPE 9176 4 watts output. 1-50MHz. 26dB gain. .....
TYPE 9177 4 watts output. 20-200MHz. 26dB gain. .
TYPE 9178 10 watts output. 1-50MHz. 13dB gain. ......
TYPE 9179 10 watts output. 20-160MHz. 13dB gain. ...
TYPE 9173 20 watts output. 1-50MHz. 17dB gain. .....
TYPE 9174 20 watts output. 20-300MHz. 10dB gain.
TYPE 9271 40 watts output. 1-50MHz. 16dB gain. ...
TYPE 9172 40 watts output. 20-160MHz. 10dB gain.

Prices exclude p&p charges and VAT

RESEARCH COMMUNICATIONS LTD
Unit 1, Aerodrome Industrial Complex, Aerodrome Road, Hawkinge, Folkestone, Kent CT18 7AG

Tel: 0303 893631

Fax: 0303 893838
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LANGREX
SUPPLIESLTD

One of the largest stockists and
distributors of electronic valves, tubes
and semiconductors in this country

Over 5 million items in stock covering more than
6,000 different types, including CRT’s camera
tubes, diodes, ignitrons, image intensifiers, IC’s,
klystrons, magnetrons, microwave devices, opto
electronics, photomultipliers, receiving tubes,
rectifiers, tetrodes, thryatons, transistors,
transmitting tubes, triodes, vidicons.

All from major UK & USA manufacturers.
Where still available.

Obsolete items a speciality. Quotations by return.

Telephonef/telex or fax despatch within 24 hours

on stock items. Accounts to approved customers.
Mail order service available.

LANGREX SUPPLIES LTD

1 Mayo Road, Croydon, Surrey CR0 2QP
Tel: 081-684 1166
Telex: 946708
Fax: 081-684 3056
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/PC PROGRAMMER N\

Programs:

EPROMs E2PROMs
Flash EPROMs
16 bit wide EPROMs
Intel 8748

and 8751 famllles

- £139

7 Reads verlfles and programs devices
from 2716 to 27080 (8 Megablts)
Automatically sets programming voltage
Requires only 512k of memory
Supports Blnary, Intel Hex and Motorola S formats
Split and shuftle for programming sets of EPROMs
Several programming algorithms, Including:
Quick Pulse and Intelllgent Algorithms
Load and Save to dlsk
Editor with several entry modes
Including string and hex
7/ MACRO capablity for single stroke operatlon
v/ 1 year warranty

NSNS S

NN

including stand-alone , gang and GAL programmers
and our comprehensive universal device programmers

N\r\h{ [

OOMMUNICATIONS

Tel: 081-441 3890

Fax: 081-441 1843
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Quickroute plays
Windows joker

Quickroute design software has always included schematic capture and
an autorouter. The latest version has netlisting and a Windows interface.
Martin Cummings finds it a useful upgrade - if you like Windows.

indows fans will immediately feel at home with the
Wscreen layout of Quickroute 2 — the upgraded low-

cost PCB design package now given a Windows
interface and a netlisting capability. Under the drop down
menu headings, a button bar allows selection of all main fea-
tures and displays XY position, the current object type and
layer. Placing of symbols and tracks is intuitive, involving
selecting the category of item to place, choosing the exact

Key
features

8 copper layers
plus 2 silk screens
Designs up to 30in

square b

MR e fa one from a further box, then placing it.

size In PCB mode, the choice spans tracks, pads, integrated cir-
1thouAutorouter cuits and other components, and in schematic capture these
Interface to spice become connections, nodes, and symbols.

On line help PCBs or schematics can be up to 30in square. Panning
Area fill

around a design is easy, and as an alternative to the normal
windows scroll bars, a right mouse button click will cause a
redraw around the current cursor position .

Of the three different ways of achieving zoom, probably
the most popular is to define a zoom box with the mouse. But
the menu also provides zoom factors from 0.1 to 10-times in

Schematics can be
converted to netlists,

with a netlist report.  seven steps — which can be directly implemented from the
-] Quickroute 2.0 - [c:\qlewschem.peb] |=le]
File  View Iols thlons ].Ibvryljlp

P S [ [P

Nettist Report

13 Schematic Components and 16/16 Nodes

function keys — or a custom zoom factor can be typed in to
four significant figures.

Redraw time could be described as adequate rather than
impressive. Turbo redraw leaves tracks and pads as outlines,
and though it undoubtedly saves time, in the example |
chose, it only reduced redraw from 6s down to 4.

A grid can be displayed though there is no control over its
pitch. Instead, it adjusts itself according to the current zoom
level and looks roughly the same density on the screen with
all settings. At first, this feels like a limitation, but it is a sur-
prisingly sensible arrangement and easy to accept.

For the more important snap, or cursor step, there is full
control, giving adjustment from lin down to Ithou in eight
steps. The grid can reconfigured to operate in metric, giving
eight steps from 2cm down to 0.02mm, and in a rather
thoughtful way, Quickroute warns that you should not place
integrated circuits using a metric grid.

Earlier versions suffered from unhelpful place and move
commands, which kept the location of the component a
secret until it was fixed in position. Placement had to be

General note about Windows

Windows provides a graphical user interface
where almost everything can be done with the
mouse and icons or button bars. The new
generation of Windows compatible programs all
have the same look and feel and this makes them
quick and easy to learn to use. It is possible to have
several windows open simultaneously and quickly
switch between them transferring text and graphics
from one to the other if required. Several windows
can be open simultaneously, into the same
application or several completely different
applications.

Cost of this flexibility is that to maintain
performance, a reasonable processor is needed with
plenty of memory. Although not strictly necessary, a
25MHz 386SX with 2Mbytes of ram should be
considered a minimum system.
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made by a series of iterations and was far from satisfactory.

But in the most recent version this has been cured and now
a ghost component follows the cursor as it is moved around
so there are no surprises when it is finally placed. A small
price must be paid in speed, particularly when a block of cir-
cuitry is being moved, but the change is a major advance and
brings Quickroute into line with similar packages.

Editing - layouts or schematics — is either block-based or
pick and place. Block editing involves defining a rectangle to
enclose the item, or items, and using the mouse to either
move, copy or delete. In pick and place editing, an item is
selected by clicking nearby, to highlight it: then the same
three options are possible.

With either method there are odd occasions when it is quite
difficult to select just the right component to be edited. It is
not immediately apparent if selection is successful because
Quickroute has to pause for thought while picking and high-
lighting the selected item.

Picking pads alone can be quite quick. But with the PICK
ALL switch enabled, the delay is noticeable. No doubt think-
ing time varies with complexity of design and hardware, but
on the occasion I bothered to measure
it, the “‘egg timer” was displayed for &

Quickroute 2.0 - [cAqridemo.peb)
File BRI Tools Options Librasy Help

PC ENGINEERING

All
None
Some

S areskn

Quickroute 2.0 - [cAgritest.peb]

around 6s — an eternity when there is
nothing else to do.

Libraries

There is a fair selection of devices
provided both for component outlines
and schematic symbols. For example
clicking on the question mark reveals a
choice of 48 different pads. But this in
itself is not a limit because each of
them can be reconfigured by specify-
ing pad and hole diameters, down to
Ithou.

Devices are organised into libraries
that can be stored and called up as
required, and it is relatively easy to
create devices on a miniature gridded
window and build up user specific
libraries.

For schematics, over 100 circuit
symbols are pre defined, ranging from
basic logic building blocks, a good
selection of transistor types, through to filters, switches and
one or two audio components such as microphones.

PCB mode will handle eight copper layers together with
top and bottom silk screen layers and an automatically-gen-
erated solder mask.

Layers can be turned on or off in any combination, though
the solder mask is normally turned off because it obscures
everything except the pads.

Up to 32 different track widths can be accommodated in
any one design, and each one can be adjusted in thickness
from Ithou up to 9in. Areas can be filled with copper using
the polygon draw mode to produce an outline that is filled by
the programme.

Netlist capability
A significant improvement over the previous version of
Quickroute is the ability to produce a netlist from the
schematic and feed it into the autorouter. Unfortunately, this
appears to impose a restriction on the number of components
that can be used in a design and the way the schematic is
drawn. As components are placed, one by one, the software
suggests a component identification, automatically incre-
menting each time, and there is the opportunity to modify the
proposal before accepting it.

A schematic can be drawn in two ways, depending on

E,lle!l Jools leions Yy = ]
(D uE s8R II¥E x50 | ¥

= Select b ect

Lbiary _ficlp

Symbaol Attribute o

Zoom
Qu1 Oos Oto

@28 Oso Otoo

HotX 5400

Y 5400

uickroute is installed from within windows and

the process is completed in a matter of seconds.
Requiring well under a megabyte of disk space this is
one of the more modest windows applications around.
A double click on the icon and within a minute or two
of unpacking the disk it is running in a window
occupying about 60% of the screen. There is a great
temptation to maximise the window immediately to
give plenty of design space, this may be the right thing
to do initially but there are benefits, described later, in
being able to switch to other windows.

In keeping with most Windows packages there is
extensive on line help. The help that can be called up
on screen is quite comparable in detail and content
with that included in the manual. Given that the on
screen help can be printed out and even annotated, it
begs the question as to whether it is worth bothering
with a printed manual at all. The paperwork must be
a major component in the cost of supply. Having said
that, the manual supplied is well presented. It comes
in a ring bound A5 format and includes about 50
pages of well spaced out but attractive details
organised into tutorial and reference sections.

Installation

Three different
zoom methods.

A small grided
area appears to
edit or create
circuit symbols.
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Libraries of
components are
adequate.

File

View Tools

Cursor step is
selectable over a
wide range.
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File View Tools Options NEIFLYE Help

Open

Capture Pcb
Grab Block

Attribute
Repiace

Select Object
! ¥

ptions
Layer

Turbo Draw
Grid
+ Print In Mono
¥ Color Display
v Check Net Intertinks
+ Pick Al
v Group Symbols

e

Cursor tep
Imperial Cursor

Track Type
Mirror
Translation
Autorouter
Vector Text

1.0 ingh
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J
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whether the system is to be used simply as an electronic
drawing board or to generate the netlist.

For the netlist, make interconnections between circuit ele-
ments using nodes created by placing what would be a pad in
the PCB mode, at the junction of wires and component symbols.

Once the design work is completed, one click on a drop-
down menu quickly generates the netlist, and a report win-
dow opens to report how many nodes exist.

The process works well — but why bother entering the
nodes at all?; and there is a limit of 500 components that can
be included in the design.

On the bright side, the netlist can be used to generate a
Spice file when simulation work is to be undertaken.

The alternative drawing method is not to bother with the
nodes and just arrange the symbols and interconnections to
look like the circuit. The resulting circuit diagram is as good
if not slightly neater than before but will not generate a
netlist. But now there is no imposed limit on the number of
symbols. Depending on memory available, symbol count can
be well into the thousands.

Assuming the netlist has been created, the next step is to
start the layout process. Ratsnest command will convert the
netlist and component details into a provisional layout with

point to point  connections.
Components can then be shuffled
around until the desired arrangement
is achieved — then the autorouter is
unleashed. At least this is the theory.

In practice when I moved the com-
ponents, the autorouter routed every-
thing to its old position, giving a
totally disjointed result. I am sure
there is an explanation for this and it
was probably something I forgot to
do, but when using Quickroute you
need to keep your wits about you and
be prepared for the odd eccentricity.

Simple autorouter

The autorouter itself is a relatively
simple affair that tries to find the
shortest route between the ends of
each connection without straying out-
side a rectangle bounded by those
end points. Several parameters can
be adjusted to influence the perfor-
mance of the autorouter, the most
important being grid size for routing which has four settings,
from 0.25in up to 0.2in. A route will be attempted on all of
the layers currently displayed.

There is no report at the end of the exercise to explain the
outcome, so you are left wondering exactly what it has been
done and why it has not managed to route some of the con-
nections.

Assuming the layout is beginning to take shape, text might
be added to the design.

Two types of text can be created: windows text, providing
an attractive font but always horizontal on the design and
limited to one size; and the more useful vector text which
comes in four different sizes and can be placed in any ori-
entation.

The old version of Quickroute included few printer drivers
and was limited to Epson or Hewlett Packard compatible
devices. One of the benefits of working within Windows is
that this limitation no longer exists and output is possible on

Personal response to bugs

One or two unusual things happened during use.
On one occasion all the transistor outlines turned
black (and hence invisible) for no particular reason.
On another, panning from a mouse command
disabled itself without notice.

But, in the Windows environment it may be unfair
to lay all the blame on Quickroute, and to counter
this, the technical support was effective.

The organisation, although growing, is still small,
and it is likely to be the author that deals with your
query. One or two bugs that | discovered were
quickly diagnosed and a corrected version issued in
a matter of a couple of days.]

Supplier Details

Quickroute 2.0 for Windows £59, Quickroute 1.5
for dos £39. Bought together £79.

Powerware, 14 Ley Lane, Marple Bridge, Stockport,
SKé 5DD.

Tel or fax: 061 449 7101
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any Windows-supported device or that comes with its own
Windows driver. Indeed there is an element of future proof-
ing, in that devices not yet in existence will be compatible so
long as they come with a windows driver.

Exact content of the output is determined by what is dis-
played on the screen at the time the printout is requested.
Hard copy will be scaled according to the screen zoom factor
selected and will include the layers currently chosen for dis-
play. There is no scope to fine tune the scaling of the print or
plot.

Assess the Windows importance

In general terms Quickroute is unremarkable, whether mea-
sured against features, performance or even value for money.
But there is no doubt that running under Windows puts it
ahead of the field and makes it a visually attractive package.

The Windows environment brings several recognised
advantages. Perhaps most evident is the ability to have sev-
eral windows open simultaneously, eg the schematic and lay-
out open alongside each other. Designs can also be cut from
Quickroute and pasted into other Windows software such as
word processors (although applications for this are difficult
to imagine).

On most machines, Windows gives access to more memo-
ry — both real and virtual. There is also the attractive learning
curve to consider. The look and feel of all Windows software
is deliberately identical so that it takes, literally, minutes to
start exploiting Quickroute, where traditionally cad packages
are an acquired taste. While this is unlikely to be relevant in
a professional application where users are working with a

PC ENGINEERING

package day in, day out, in a teaching environment students
can concentrate on the engineering rather than wasting time
learning the key presses.

The price to be paid is in overall speed of operation —
though as hardware continues to improve, this becomes less
of a problem, and anyone running a 386DX or above is
unlikely to be bothered by time delays.

Although Quickroute comes into the low cost bracket,
Powerware is deliberately distinguishing it from shareware,
as opposed to Quickroute | which was distributed as share-
ware. It should also be recognised that there is an effective
technical support service and, I am told, free upgrades until
the next major release.

Users committed to Windows and wanting to run design
software under it, currently have a limited choice. In these
circumstances, where the benefits of a Windows interface
-could be the overriding factor, Quickroute stands out.

But if Windows is a secondary consideration, the package
is likely to have some stiff competition from other existing
software as prices come down. [

Back issues containing PC Engineering
reviews can be obtained by phone on:
081 652 3614. Or by post to Lorraine

Spindler, Rm L333 Quadrant House The
Quadrant Sutton Surrey SM2 5AS.

[
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/28 Z80 Super8\

from only £ Zl

and many more

ASSEMBLERS

EQUIPMENT
(SECOND USER)

GDC 2422 V22 bis 2400 2 wire dial or leased line modem.

IAL/NEC 96/15 Fast Poll leased line modem

Racal Milgo 9601 V29 leased line modem with Mux option

Racal Milgo MPS14.4 leased line modem with Mux option

Racal Milgo Omnimode 96 single Port leased line modem

Racal Milgo Omnimode 96 modem with 4 Ch Mux option
Racal Milgo Sync line drivers SLD1 (Table Top)

s') Racal Milgo Sync line drivers SLD1 (Rack Mount)

Racal Milgo Comlink IV Rack mount module

Infotron Miniature Async line drivers Type LD/8 19.2K (New)

Spectron Patch Chassis DPU-V24 (16 Channels)
Spectron Patch Chassis UDPU-2400 (16 Channels)

MENT. EVERY ITEM

ARRANGEMENT. MANY OTHER DATA COMS

EQUIPMENT.

DATA COMMUNICATIONS )

Gandalf LDS 309A Limited Distance modem Table top version 30.00
Gandalf 3309A Limited Distance Modem Rack Mount module 27.00
299.00

ALL PRICES EXCLUDE VAT. ADD £7.50 PER ITEM FOR
CARRIAGE. (UK ONLY) EXPORT TERMS BY ARRANGE-
IS FULLY TESTED PRIOR TO
DESPATCH AND CARRIES A 90 DAY WARRANTY. INSPEC-
TION OF ANY ITEM PRIOR TO ORDER POSSIBLE BY
ITEMS
AVAILABLE. SEND SAE FOR FULL LISTINGS OF SURPLUS

65.00
95.00
85.00
125.00
75.00
85.00
45.00
35.00
35.00
25.00

398.00

o

DUBERY ASSOC/ATES 77

UNIT 1, CHALKCROFT, GREEN STREET
GREEN ROAD, DARTFORD DA2 8DX
FAX 0474 707641 TEL 0474 708111

J

CIRCLENO. 116 ON REPLY CARD

553



Reducing the effects of
switching noise from a
microprocessor on quality
audio circuits is a necessity.
This is just one aspect of
breathing intelligence into
dumb audio equipment.
Martin Eccles discusses the
zen and art of audio
control by digits.

ING

a microprocessor-controlled

audio preamplifier

eeing Chris Miller’s digitally-controlled

audio preamplifier in the September

1992 issue has tempted me to share my

problems and solutions on the same
subject. Our designs both revolve around a
microcontroller driving an I2C sound proces-
sor but that is where the similarities end.

Most noticeably my design has only one
control on its front panel, redundant I might
add, and all indicator lamps are replaced by a
two-row, 40-character LCD. Functionally, an
LCD is excellent but don’t ignore the viewing
angle specification. Most, like mine, are
designed for mounting in keyboards and are
unsuitable for front-panel mounting.

I placed more emphasis on low distortion
than perhaps Chris did since he doesn’t men-
tion it. I was concerned that the I2C sound pro-
cessor I chose, with its 0.05% THD figure,
would not suffice for the best quality sources.
As a result, I built in a by-pass option using
reed relays, Fig. 1. This means that all hi-fi
inputs can be directed to the power amp via
just three reed relays in series, a potentiometer
and a high-performance unity-gain buffer.

For two years now, this by-pass function has
served only to reassure me that the I2C chip
introduces no degradation that I can hear.

Since the microcontroller has an abundance

of spare processing power, it seems logical to
make it do as much work as possible. It
switches mains to both power amplifiers and
the TV monitor from the remote control pad
via electronic relays. Mains switching is an
important feature if you include a real-time
clock for automatic recording or burglar
frightening. In the same 40mm-high rack
enclosure there is video switching and buffer-
ing to select cross recording from two video
recorders and for directing video to the moni-
tor.

My choice of controller includes an RTC
and avoids Chris’s problem with battery-
backed cmos ram. The use of LCD avoids the
switching transients associated with leds since
parallel data is passed to the LCD from the
controller in very brief low-current bursts. But
reducing the effects of processor noise is not
the ultimate solution — nor even the simplest.

Eliminating processor noise
Averaged out, the amount of processing power
needed to control a preamplifier is tiny. All the
work is done in the instant when you alter a
setting, usually once every ten or twenty min-
utes.

In common with many cmos microcon-
trollers, the Dallas DS5000 has a software-

inducible sleep mode that completely stops its
oscillator, eliminating all switching noise. In
my design, the controller only bursts into
action for an instant when I press a key on the
remote-control pad. Of course the LCD and
remote-control sensor include oscillators but
these are low-frequency and low power, pro-
ducing tiny amounts of RF and EMI relative
to the microcontroller.

During sleep mode, all of the i/o lines retain
their pre-sleep states. Following the hardware
reset, all the i/o lines are configured as inputs
and need reinstating. Since this can be done
within microseconds, it is of little conse-
quence. In the software however, you need to
insure that any lines used to feed clock inputs
need to left high in their idle state. If this is not
possible, a series resistor followed by a capac-
itor could be used to filter out the reset low-to-
high pulse. You will need to study the con-
troller data sheets since, as with the 8051, the
four i/o ports are not identically structured.

Because the controller consumes virtually
no power in sleep mode, the preamplifier can
be left permanently switched on; the micro-
controller, LCD and remote control sensing
circuits have their own permanently-on 5V
supply. Power to the remaining preamplifier
circuits is provided by a £15V regulator with
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slow ramp up/down characteristics to avoid Control inputs Bus ] L
thumps, Fig. 2. This regulator is turned on and from 4094 LR F 'gt.h’. Providing a bypass .
off by the microcontroller. z‘.’ T S Sl
igh-quality reproduction
Any output from the remote control sensor, costs eight reed relays and a
Fig. 3, incites a reset to the controller via the [i— AL 3 ganged potentiometer. It
pulse circuit of Fig. 4, causing it to start up - L coze o {E_ turned out to be an
and then determine the source of the reset. ] unnecessary exercise because
This can be from the remote-control pad, from TDA of the subjective quality of
an external RTC, Fig. 5, or as a result of an 1y 4 1 1029 >Tape ofp  the TDA8420. Input relay
ordinary or post-mains-fail power up. Even  etc. | — pairs all feed a common bus.
when its oscillator is stopped, the controller | il er ety Sand
RLo PCB ground planes were used
can detect whether external power has been - S —-{E— & throughout for maximum
removed since it has internal battery backup. screening
I originally attempted to use the controller’s \—
two individual interrupts to indicate to the RL3
controller whether the reset source was from P |
the remote control pad or from the RTC but
for some reason I failed in this. It could be that ~ CP RL4
an interrupt level change simultaneous with ° TDA 8420
the reset pulse is illegal but since I decided not AL Sound > Main ¢
to add the RTC, I did no further investigations. boa processor
o —o”
The microprocessor Tuner etc. RLg X j
The DS5000 controller is a 40-pin device with 3 ”
= . urther four
a similar instruction set to the 805/. In the relay pairs 100k
same package there is 32K of ram, software
security circuits, watchdog timer, memory
management, battery backup and power-
up/down circuits. An 8K ram version is also 20V
available, and is certainly more appropriate for raw ' +15V
use in a preamplifier. Needing no external < i//"
memory and just a crystal and reset capacitor, 16v| 2 £k 15¥ TIP2955 | |
all of its 32 i/o lines are free to use as you 100K P 3 ?33 %ekz
please. Of course if you adopt the micropro- L
cessor idling technique then the waichdog ST 0 10k
timer is redundant. TTL on/off o Ois
One of the development advantages of the IO { I; 9.2V N %
DS5000 is that, since it is battery backed <>[ 100k | 3k3 TLO32 10k
internally, programming it involves no ROM. ::1 00k 100N
There are two ways of developing its soft- - - +
ware. For the simplest method, you dedicate 100n J_
two i/0 lines to RS232 communication, Write 1600
the software, configure a couple of pins and T T
dump code via the RS232 pins. A loader rou- il e
tine is built in. Once the device is pro-
grammed, you can use the RS232 lines as nor- L
mal. Alternatively there exists a very simple 10k
emulator kit that connects to the PC serial
port, allowing complete freedom in circuit -20V TIP3055 T
configuration. raw
lneg et agpmlicionis il v hofhiglaly Fig. 2. To avoid thumps, this £ 15V tracking power supply has a slow and
predictable ramp-up, ramp-down characteristic. Input power to the
regulator remains permanently on since the circuit is turned on and off by
the microcontroller. The TLO32 is a low power consumption fet device.
WA GND D A{AS'A' D Besides providing a reference voltage for the zener’s constant-current
} §E4k7 source, the led provides a convenient power-on indicator. Although the
2100k g =5 circuit has no current limiting, the 6802 power transistor base resistors
! —08C C MW— C  restrict current through the output transistors allowing brief shorts to be
T _I_ 926 ; é survived. Generally, this configuration of power transistor is more rugged
33n N o B " J B than emitter-follower alternatives. The circuit was designed to provide
+15V I 927+ & e i 6 about half an amp. It should provide more but you will need to reduce the
T EE 680X) resistors.
+15V A AW A
L Fig. 3. Remote-control decoder providing a reset to start up the
2 controller. With no pulse-position modulation from the detector
PPM from amplifier, all outputs are It')w. Any incoming co¢'ie other than zero causes
TRETEr b RSTP1 RSTP1 to go high and the interrupt low. To avoid latch-up, output signal
1 INT1 levels must never exceed the controller supply voltage and potential-
4k7 divider values will need altering depending on which port of the

controller you use. Bear in mind that the final reset pulse (Fig. 4) should
reach a level of 3.5V or higher. If you need more data, two or more of
these devices running at different oscillator frequencies can be used
together.
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Fig. 4. Although simple, this circuit allows processor noise to T5V
be virtually eliminated from audio and RF circuits. When the
processor has finished its task, which in a preamplifier will
rarely take more than a few milliseconds, it shuts itself down,
removing all switching noise. A high as a result of action from
the remote-control circuit or RTC results in a brief reset pulse,
firing up the processor. Because of the wide range of the RSTP1

"L 10

controller’s internal resistance, unmarked components will DS5000
need to be chosen empirically. While the processor is in —| . n o RST RsT oull
action, the transistor inhibits any external resets other than | 1k dowh
from the reset switch . J S35V 40-125k
RSTP2 DS5000 PSEN ﬂ
18k 2Ks
+5V tial price of the DS5000 far outweighs the
extra circuitry and programming facilities
needed for other solutions.
| INTO Despite the fact that the microcontroller has
5-25p J 32 i/o lines, more were needed. I added two
. cmos serial-in shift registers, each with eight
F36V Xi V+ outputs. One of these provides mains switch-
PCF8583 RSTP2 ing while the other, Fig. 6, controls input
T 32768 kHz switching. Switches with 12€ control ‘would
XO INT : A4k7 have been a more elegant solution but the
cheap cmos registers were more readily avail-
able and include a strobe input that may be
A0 SCLI—— IC2 clock used for zero-crossing mains switching.
Since 12V electronic mains relays are easi-
er to obtain, the mains-switching cmos IC runs
EED. SDA "wESga at 12V. Converting from TTL to 12V cmos

Fig. 5. I designed this real-time-clock circuit but never applied it. There’s not much to the circuit but
the chip is quite interesting. Firstly it has 256 bytes of ram. Its clock keeps oscillating with supplies
down to 1V while the I°C bus operates down to 2.5V. A four year calendar function is built in and
the device is programmable for alarm, timer or interrupt functions. It is also configurable as an RTC
with either 50Hz or 32kHz crystal clock, or as an event counter, in which case, the oscillator input
becomes a count input. Operating power consumption is just 50uA. Trickle charge for any small
memory back-up type battery is easy to calculate.

Tribute to an underestimated op-amp

ust for the record, this vinyl disc replay amplifier is not my design. It forms part of
me preamplifier and 1 think it deserves to be documented in the pages of EW &
WW because of its impressive performance. At under £1, the HA12017 is quite
remarkable and | ask myself why people still bother with discrete designs?

Distortion, quoted at 0.002%, is specified for 10V output. Curves show that at
200mV output, distortion rises to just under 0.01% for 20kHz and just under 0.02%
at 20Hz but looked at relative to the rest of vinyl replay system, these figures are of
little consequence. Input noise voltage is 185nV while output noise for a 3.3kQ
source is typically 5.3mV. Supply ripple rejection figures for the positive and negative
rails are 56dB and 45dB respectively. For an overload of 235mV, distortion is 0.1%,
and total gain is typically 105dB.

iasing T470u
I
U e | |
240 | 45, e o/p ;{{)Wﬂ
100p 3u3
=500 100k
- - AAA -
100k 100k7 43K -Vee
b
H|33n f
100ps 500p =ka’OW
Y00k VK 1k6

level is done on the serial side using four tran-
sistors — two for the clock and two for data -
to maintain logic sense. Had level conversion
been carried out on the output side, each of the
eight outputs would have needed one transis-
tor and the logic sense would have been
inverted.

Zero-crossing mains switching

Unlike I2C alternatives, the 4894 shift register
has a strobe input that can be used to transfer
all eight bytes of serially input data to the out-
put in one go. In audio applications, mains-
switching transients are a nuisance, avoided
completely by using zero-crossing switching.
Zero-crossing electronic relays are available
but tend to be more expensive.

Positive zero-crossing pulses, obtaining by
simply applying rectified but unsmoothed
mains half cycles to the base of a transistor via
a resistor, are fed to the shift register strobe
input. As a result, the outputs switching the
electronic relays only change state on mains
Zero-crossing instants.

Even though the microprocessor can deliver
either logic level as true, it is useful to have all
devices controlled by the same byte turn on
with the same logic level. It makes program-
ming and debugging easier and allows the
shift register to be reset in one go to a safe
state.

Electronic or mechanical?

There are two types of audio source switch in
my design, one comprising reed relays for hi-
fi sources and the second for TV and ‘lo-fi’
signals provided by a dedicated audio switch-
ing IC. I studied specifications for various
cmos analogue switches for the non hi-fi side
but deemed them probably unsuitable, antici-
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TDA1029 Fig. 6. This logic-efficient
control i/p TDAT029 o/p circuit controls the relays
150k reed relay shqwn in Fig. 1. All seven pairs
air of input selector relays are
Strobe STR v+ A0 Vi P driven by the 2003 while the
4094 HC237 4094 controls the bypass relays
D OE IX Q8 Ly and other functions either
directly or via discrete drivers.
If you adopt the TDA1029, it is
CK Q4 A2 Q1 - Reed important that its selector relay
relay is driven only from the output
Qo Q5 —LE Q2 ULN2003 driver X7 shown. When this output is on,
> 50V h 4 gze fj7d onle;-of-'eigl;,l' d;e’foder is
=32 | 500mA isabiea, aliowing the three
& Qs cs Q3 - TDA1029 control lines to
produce any combination. This
control M Q2 Q7 = — CS Q4 — | max. make very efficient use of the
relays | — Optional selectors. Driving the relays
= = -a3 qQs) latch spaia| Q7 Qs — Zirectly frzm tllrg 20?4 would
ave saved an IC bu
Spare Vrelay introduced the risk that more
r GND Qs 10k {_ GND Q6= GND  V+ than one relay could turn on at
a time.

pating the possibility of 13-bit Nicam TV.
Discrete medium-power mosfets seemed like
a more attractive alternative but having neither
the time nor the inclination for experimenting,
I opted for a safe alternative.

Voltage-dependent resistance worried me
most about cmos analogue switches. Even for
today’s more advanced chip designs, cmos
switch specifications are rarely useful to audio
designers — perhaps because analogue switch
data sheets are compiled by digital engineers
with little knowledge of the problems facing
analogue designers. (For further information
on analogue switch design, see Mike
Meechan’s feature commencing page 562 of
this issue — Ed).

The dedicated audio switch that I opted for,
the PhilipsTDA /029, has a performance that
the I2C alternatives did not match at the time
although it would be worth investigating what
is on the market today. Needing only three
passive components for each input and a cou-
ple of extra capacitors, the /029 selects one of
four stereo inputs depending on the states of
three control inputs. It handles up to 5V rms
input, buffering it down to 400€2 output via a
unity-gain amplifier with a current gain of 10°.
Distortion is typically 0.01% rising to 0.03%
over a range of 20Hz to 20kHz, while typical
noise voltage is quoted as 5uV unweighted,
again over a 20 to 20kHz range.

Not that it matters much even for Nicam
telly sound but the speed of the /029 is
1.3MHz and its slew rate 2V/us. Crosstalk is
good too, rated at typically 70dB and largely

Fig. 7. This sound controller surpassed my
expectations. With very few components, it is
capable of phase shifting for pseudo stereo,
image widening, gain from —46dB to 16dB with
mute, treble control from ~12 to 12dB and bass
control from ~12 to 15dB. A second channel
with just a —62 to 0dB attenuator is available
for headphones and the like. The address line
allows two devices to be addressed on the
same bus while EXSN provides a spare PC-
controlled logic output.

dependent on external components. Now I've
got to defend my use of reed relays for the hi-
fi. Well, they give you that little click that lets
you know that they have switched in the
absence of a signal...

A versatile 12C audio IC

I don’t have any data on the TDA7300 control
IC that Chris used but he says that it was
intended for automotive applications which
would have automatically excluded it from my
list of choices however good it was. I opted
for an IC described as suitable for hi-fi audio —
the TDA8420.

As Fig. 7 shows, the 8420 only has two
stereo inputs as opposed to the 7300’s five but
in other respects it seems to be more suitable
for non-car preamplifier applications. For
example, it has two attenuated output channels
but unlike the 7300, one of the channels is
adulterated by nothing other than an attenua-
tor, making it suitable as an auxiliary output

for recording, say, or as a headphone output.
Besides having bass and treble controls, the
8420 also incorporates spatial and pseudo-
stereo processors that must have a use or they
wouldn’t be there. Distortion is quoted as
0.05% typically for a 500mV rms input
between 20Hz and 12.5kHz, although the
chip’s response covers the entire audio range.
Even down at 12.5kHz though, any harmonics
are outside the audible range of course. Noise
is 90dB while channel separation is 75dB.
As 1 said earlier, the IC can be by-passed
completely in my design. When its gain char-
acteristic is set flat at 0dB and the by-pass
potentiometer wound up fully, switching
between processed and by-passed sound is
inaudible except for the tiny click of the
relays. Many, including me, have unsuccess-
fully tried to differentiate between the two
modes of operation, despite the fact that one
path is AC coupled, the other entirely DC.
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=
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Switching for video cross recording

Many pre-SCART video recorders had no manual switching
between signals from their video input and signals from their
integral TV tuner. Instead they incorporated automatic switch-
ing that meant that if you connected anything to the video-
recording input, all TV channel reception was inhibited. As a
result, if you connected the output of one recorder to the input
of a second, the latter had to be unplugged in order to access its
TV tuner.

Designed for convenient cross recording between two video
recorders, this circuit only connects output from recorder 1 to
the input of recorder 2 when recorder 1 is selected for display-
ing on the monitor and vice versa. In this way, the selected
video recorder will never have anything plugged into its input
when you want to watch its output; plugged is use metaphori-
cally of course.

The third relay is there to clear the monitor screen in an
instant, just in case a colleague calls when you are watching -
or even worse recording - something embarrassing like
Coronation Street.

The logic makes sure that both relays can never be on at the
same time. During changeover, the RC/diode network ensures
that one relay is turned off faster than the second can be turned
on. Quite why you would want access to TV signals from two
video recorders is a mystery to me but if you've read this far,
there must be something in it.

| would advise separately enclosing the switches and buffers
in their own RF-tight diecast box and to use feed-through
decoupling for the power supplies and the three control lines,

AUDIO

one for the single-pole monitor relay and two for the double-
pole crossover relays.
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that the gap between its lowest volume level
of —62dB and its mute facility at -90dB or less
is a little too large and it would be advisable to
insert extra attenuation if you’ve got very sen-
sitive ears or loudspeakers. The loss of gain
can be compensated for since the IC’s main
channel only has a maximum gain of 16dB as
opposed to a 0dB maximum for the head-
phone channel. Gain increments on both chan-
nels are 2dB.

Ergonomics and remote control

The display is cryptic to the average domestic
user since I wanted to show all information at
once. It is useful to have levels specified in
dBs; the TDA8420 is quite accurate allowing
the preamplifier doubles as an handy attenua-
tor for making speaker or microphone mea-
surements. If I were to start again though, I
would look into having all switching infor-
mation on one display and all control settings
on another since I often forget what the
numerous one-letter abbreviations mean.

The keypad format is equally complex but
more successful design-wise. It has fifteen
keys. Although the remote-control IC
responds to 16 codes, the code for zero is the
same as the code for no data, which I fail to
see the use of. More than 15 codes are needed
of course so I used the bottom four keys, all
red, as mode switches to alter completely the
function of the keypad.

Volume, tone, sound processing and
mono/stereo switch are covered in the first
mode. The second selects one of six sets of
input reed relays or two of the TDA1029’s
input channels while the third covers mains
switching and the /029’s remaining two

inputs. Three modes would have sufficed
since the fourth is only used for the main
on/off switch. It was intended for RTC func-
tions.

Although it seems quite complex, especial-
ly when you consider that the home made
remote controller has no key legends, finding
out where the keys are can be learnt quite
quickly. Professional-looking legends that
describe all four functions of each key would
have been an impossibility so I opted for the
compromise of colour-coded keys, carefully
grouped so that the coding makes sense in all
three modes. A bonus is that anyone wanting
to tamper has a pretty difficult task.

My only other suggestion about the remote
controller is to use multiple leds, say three,
and drive them with as much power as they
will take. At the same time, keep the drive
pulses as fast and as short as you can.

I incorporated high light output so that I
could impress the neighbours by turning my
hi-fi up and down from the garden. In theory
the penalty should be shorter battery life but
the original PP9 has been in use since the con-
troller was first built well over two years ago
and it shows no signs of weakening despite
intensive use. The same battery even drives a
visible-light LED to verify operation.

I don’t know why it should be so efficient
but it has occurred to me that because every
key press results in an action, fewer key press-
es are needed; this remote control unit is far
more effective than any commercial design I
have tried. The only other reason I can think
of that could conceivably contribute to extend-
ing battery life is that I cleaned the PCB thor-
oughly after soldering and coated it.

Loose ends

Since this was my first attempt at program-
ming in 805/ code, there’s little point in shar-
ing my knowledge on that subject. Besides, it
is unlikely that any preamplifier you may
make will be identical to mine. But there are
one or two observations that might be helpful.

Firstly, I found data-book descriptions of
12C operation very muddled (T#is will soon be
corrected. We have an excellent article in
preparation on the subject — Ed). In fact 1
found learning 8051 code easier than getting
an I2C chip to respond properly. It seems to
take a lot of code to address an I2C device.

Provided you have some prior knowledge of
assembly language programming and a good
assembler, handling 805/ code should not
pose too many problems. If you have only
used Z80, 6802 or 6805 type code before, you
might find the 805/°s data and program mem-
ory concept a little hard to grasp at first. Had I
had to program an eprom for each iteration, I
would probably have abandoned the project
but luckily, the DS5000 allows you to experi-
ment effortlessly.

As a matter of course, whenever possible, 1
always design PCBs with tracks underneath
and a ground plane on top. Surface-mount
0.IpF capacitors are cheaper than the through-
hole equivalent, they are quite easy to solder
manually and they do not suffer from lead
inductance. As a bonus, if you design a PCB
with power rails running alongside each other
to accommodate SM decoupling, it is a simple
matter to increase the decoupling if the design
should turn out to need it.

With hindsight, the potentiometer on the
front panel is unnecessary. ]
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APPLICATIONS

Two terminal memory for automatic ID

I n order to make the touch memory
competitive against bar coding and the
like, Dallas had to make it user friendly. The
company’s book 50 Ways to Touch Memory
details how they did it. Most of its 92 pages
demonstrate how the device can be
implemented, with interesting ideas like
making the bumper of a truck one of the
memory’s two ‘electrodes’, but there are
also circuits illustrating how the memory’s
data can be inserted and extracted.

Housed in a stainless steel button-cell
package, the Touch Memory reads and
writes data over a single wire by switching
its resistance between 50 and 500k . This
10,000: 1 off-to-on ratio minimises the
effects of poor contacts and allows data to
be transferred over distances up to 300m.
Data is transferred rapidly too, and it is
verified. Reading the signature takes Sms so
data can be read when contact is
intermittent. The book even suggests that the
cell can be read while it is rotating.

There are five touch memory versions, all
capable of providing a unique 48-bit
identification code via a single wire and
ground. Because of this signature, it is
possible to parallel many touch memories

"yet still access them individually. Four of
the five types have additional ten year
retention ram up to 4Kbit and one even has a
built in RTC — a Dallas forte.

A development kit exists for reading and
writing Touch Memory via a PC but as you
see from the circuit, an interface for a com
port on a PC is a very simple affair.
Software is a little more complex however

1-WIRE _}_/vws_>—

5V

500,000 1

I Ul

+3V BIAS SUPPLY
AND 50Kn RESISTOR

\COAXIAL

Above. A few diodes convert
the single-wire communication
link of a Touch Memory into
RS232 compatible with a PC’s
COM port. What is more, the
circuit supports interrupts so
the host’s foreground task is
only interrupted when a Touch
Memory makes contact with
the probe.

Left. A sort of intelligent bar
code, the Touch Memory is
stimulated by a 5V signal from

ONE-TIME A the host and responds by
SNAP-TOGETHER SHIELD switching the input resistance
ENCLOSURE from 50 to 500k .

since the data is not level determined, as it is
in RS232, but rather time interval
dependent. Logic one is a 15ms low while
logic zero is 60ms low level. As a result, the

Using a Touch Memory with built-in RTC and a similarly sized lithium cell such as the
CR1632, it is possible to make an easy-to-use security device. Breaking the loop in this
example will leave a record of the date and time of breaking in the Touch Memory. I,_;
DTR ‘ _L'
20 3.9V
; IN5819  |6.2V TOUCH
GND| 7 % 6 PROBE
5
4
RXD| 3 3
IN5819
2
o 1.5K 1
: RJ-11
DB25

serial port must support a data transmission
rate of 115,200bit/s in order to form the
single-wire time slots correctly. Details of
how to formulate the data are presented in
the book.

Despite its apparent simplicity, the
interface has three functions and supports
interrupts. 1t combines RxD and TxD to
produce a single-wire signal and it clamps
the RS232 voltages to levels compatible
with the Touch Memory, zero and 6V. Since
the polarity of the signal on the combined
RxD and TxD lines is inverted, a power
supply is created with diodes and connected
to Data while the inverted single-wire signal
is connected to ground.

Dallas Semiconductor, Unit 26, West
Midlands Freeport, Birmingham B26
3QD. Telephone 021 782 2959.
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APPLICATIONS

Signal conditioning for instrumentation

hese three circuits are representative of
examples used to illustrate advances in

op-amp technology in Texas Instruments
Linear Design Seminar Slide Book. One is
an LVDT resolver with 12-bit resolution,
one detects charge from a piezo sensor and
one amplifies output from a thermocouple
with low noise.

12-bit LVDT resolver. Besides being
accurate, the digital-output resolver for
linear variable displacement transformers
illustrated operates conveniently from a +5V
supply. Benefits from using the 2022 op-
amp are particularly relevant where IC1,2
are concerned. Low input bias current of
100pA maximum regardless of temperature
prevents discharging of hold capacitors
C1,2. Common mode input and output
ranges of the 2022 are high. They even
allow common mode input swing to the
negative rail. Input offset voltage is low
enough to allow trimming for 12bit
accuracy. Finally, high common-mode
voltage is present on the amplifier inputs so
good common-mode rejection prevents
excessive offset and offset drift.

Accelerometer. In piezo transducer
interfaces, such as the accelerometer shown,
dynamic range is usually limited by op-amp
noise. Designed in advanced LinCMOS
technology, the TLC220/ and 2202 are
claimed to challenge the input noise of the
best jfet input op-amps while being capable
of operating from low supply voltages.

Voltage-mode operation requires that the
op-amp is physically very close to the sensor
since parasitic load capacitance caused by
cabling will alter its sensitivity. Variations
in capacitance due to cable movement also
modulate the signal. For these reasons,

IN+

* D1 — D2 'MATCHED DIODES IN ARRAY
OR

and cmos op-amps minimises droop.

DUAL TRANSISTOR WITH MATCHED Vgg

TCi22s (,_:>

200k 0.1% | Ag

REF
Ry $TLC2202A
1 =
= “pa

12-bit resolver: This 12-bit resolution LVDT interface incorporates a sample and hold
circuit to keep the detector output stationary during a conversion. Using low leakage jfets

charge mode operation is widely used,

primarily because the influence of any

sensor shunt capacitance is eliminated.

Consequently, cable length affects only
system bandwidth.

Due to low op-amp noise and rail-to-rail
output swing, the circuit provides a wide
dynamic range. Noise bandwidth is limited
by the bandpass filter. Using an
accelerometer with 1pC/ms™2, maximum

CHARGE AMPLIRER GAIN STAGE

10Hz TO 10kHz BANDPASS ALTER

Accelerometer: Dynamic range in circuits for accelerometers based on piezo-
electric sensors is usually limited by op-amp input noise. The 2201 is claimed to have
input noise characteristics competing with the best JFET alternatives.

full-scale rms acceleration of 35ms™2, or
around 36g, can be measured. Minimum
reading is limited by the charge amplifier’s
noise. Assuming a typical system with a 5dB
minimum s-to-n ratio vibration levels down
to 1.7mms2, corresponding to 0.17mg, are
theoretically measurable.

Precision thermocouple amplifier. For a
typical S-type thermocouple, average output
voltage between O to 1500°C varies by only
10.38mV/°C. Although linearity is poor,
temperature and voltage relationships are
predictable and repeatable so digital post
processing can be used to enhance
linearisation.

Because of the small slowly varying
signals involved, a chopper stabilised op-
amp is a good choice since it exhibits high
open-loop gain combined with low offset
and low drift. Drift of the TLC2652A is at
worst =30nV/°C.

In the cold-junction compensation section
of the circuit, drift of 2mV/°C from a low-
cost diode is divided down resistively to
6mV/°C to compensate for changes in
reference junction temperature. Output is
4.5V full scale. Ideally, minimum output
would be 0°C but in practice its about 25°C
since the amplifier cannot reach OV.

These three circuits are all from the book’s
signal conditioning section. Further sections
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APPLICATIONS

Adjustable bandpass filter with constant bandwidth

witched-capacitor bandpass

filters allow centre
frequency to be varied simply
by altering clocking frequency.
To increase bandwidth while
lowering noise and distortion
however, high performance
bandpass filters often have
continuous-time filter circuits
comprising fixed resistors,
capacitors, op-amps and filter
ICs. Because the poles and Qs
are set by fixed resistors, it is
almost jmpossible to provide
centre-frequency tuning.

Adding multiplying D-to-A
converters provides digital
tuning capability for switched
capacitor based continuous-
time filters, as this design
example for 5 to 20kHz shows.
It is part of Maxim’s ninth
Engineering Journal and is
accompanied by in-depth
discussions of circuits for
portable computer power
management, fast charging for
NiCd cells, power monitoring,
constant-current loading and a
battery back-up for pseudo-
static rams.

Bandwidth of the fourth-order
filter circuit shown is fixed at
500Hz. Centre frequency of the
filter is proportional to the
normalised digital code applied
in parallel to the D-to-A
converters. Code FF16 for
example centres both second
order filter sections at 20kHz
with Qs of 25.8, resulting in a

net cascaded Q of 40 and a
bandwidth of 500Hz. Lower
codes attenuate the feedback
signal between low-pass output
and the input of that section,
reducing centre frequency and
Q across the range SkHz to
20kHz. Pass band remains
constant at S00Hz.

To provide feedback for
determining the filter’s pole
frequency and Q, a non-tunable
circuit would have the bottom
of its Ry connected to low-pass

output LPO In this circuit, a D-
to-A converter attenuates each
signal before it gets to R;,
providing software control of
frequency and Q. Because the
output amplifier associated with
each converter inverts the low-
pass signal, R, must connect to
IN rather than 8P/ to maintain
the correct signal polarity.
Other feedback signals within
the filter can be altered using

“multiplying D-to-A converters

to provide digital control of Q

alone, via R, and gain, set by
R, in addition to frequency.
The technique can also be
applied to adjustable low-pass
anti-aliasing filters that
accommodate A-to-D

converters with
sampling rates.

multiple

Maxim Integrated Products,
21C Horseshoe Park,
Pangbourne, Reading,
Berkshire RG8 7JW.
Telephone 0734 845255. =&
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CIRCUITRY

Solid state audio switching

Semiconductors in audio switching circuitry have a lot to

offer, but are not perfect. Headroom can be limited, strays

can give rise to switching transients and high signal levels can
cause distortion. Mike Meechan describes methods of
avoiding their drawbacks in professional audio applications.

nalogue switching probably first
posed a problem in the early tele-
phone exchanges, where huge multi-
bank, multi-way rotary relays —
uniselectors — were used to route calls. Since
then, designers of audio equipment have bat-
tled with the problem of switching particular
inputs to particular outputs at a given time.

Traditionally, switching has been mechani-
cal, sometimes involving extraordinary geared
switching mechanisms, actuated by cable or
extended control rods from a front-panel knob;
cam-operated slide switches find uses in cas-
sette or open reel tape machines. All have
been used in an effort to minimise the amount
of interboard wiring with a view to reducing
hum, noise, RF injection, stray capacitance,
finite resistance and crosstalk.

A further solution — the solid-state switch —
is now common. In this article it is my object
to describe both the advantages and the prob-
lems of this approach to switching.

Pro-audio applications

In studio desks, real automation became pos-
sible in the middle 1970s. Substituting solid-
state or relay switching for the mechanical
types meant that desk set-ups and channel
configurations could quickly be stored and

recalled from a master control, perhaps from a
computer or other storage medium. Figure 1
shows the main elements of a typical multi-
track desk, in which the main causes for con-
cern are distortion, headroom, noise and cost.
Distortion and headroom come top of the
author’s list; a comparison of the headroom
and performance expectations of a quality
domestic amplifier against those of a studio-
quality switch is worthwhile pursuing as an
example.

Signal levels of —70dBu are often handled in
a mixing desk, in contrast to those in domestic
equipment where -48dBu from a magnetic
cartridge is the minimum, so that switching
noise must be of the same order of magnitude
as noise from the source if system S:R ratio is
not to be compromised. Any switching ele-
ment in the audio chain must be transparent in
use!, since damage done at the source is irre-
trievable.

Conversely, transients from a drum kit reach
up to +24dBu (about +8dBu from a CD
domestically), driving following op-amps
almost to saturation and greatly exacerbating
switching problems. Before signal reaches the
mixer, audio levels are, to all intents and pur-

‘poses, uncontrolled, and any intervening

switch must be able to cope with the same

maximum signal level as the rest of the chan-
nel strip electronics.

Switching devices
A brief wish list for a pro-audio active switch
is shown below, and corresponds closely to
that for its mechanical counterpart:
minimum feedthrough in off position (infinite
Ropp); minimum insertion loss in on position
(zero Ron); minimum crosstalk;

transparent in use (no noise or distortion
added),

zero offset voltage;

zero power dissipation;

analogue signals are well isolated from the
switch-control signals;

zero cost.

Table 1 shows a comparison of the various
competing devices used for switching? .
Mechanical switches come close to the ideal,
since the Ron:RoFr ratio is highest and the
analogue signal is completely isolated from
the switch control function. Despite this, its
mechanical nature makes it unsuitable, since
there are contacts to bounce or pit, a physical
mass must be moved to actuate the switch,
and its susceptibility to vibration. Finally, it
cannot change states very quickly, and con-
sumes more power than a solid-state switch.

Fets, bipolar transistors, diodes, and triacs or

thyristors can all be used as switches, but the
TABLE 1 ] last two are for power applications and diodes
mechanical  bipolar n-channel  pmos need DC bias — feasible for RF, but out of the
switch transistor  fet fet question for quality audio; bipolar transistors

On resistance (Ro.) 10120 100 300 100Q are upidirectional and have a DC qffset.
Off leakage 10pA 100pA 100pA 100pA This !eaves t.he ﬁeld-effgct transistor as the
Offset voltage 0 10mVv ) ) only viable discrete semiconductor option.
Max. switching rate 1kHz 100kHz 10MHz 50MHz Like the bipolar transistor, on and off
impedance ratio is high, although the fet’s is
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Muititrack/stereo routing
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higher by a huge order of magnitude. Further, and in real terms means some amplitude mod- m‘c:’
the channel of a fet contains no p-n junctions  ulation of the input waveform as it passes \
and consequently no offset, so that symmetri-  through the fet. 7 “
cal switching is possible. There are also no The mosfet presents itself as a serious con- Vap = 10V
base-bias current errors, Rgy is low, and tender for active pro-audio switching purpos- 100 obl
power consumption is minuscule. Varying the  es. Despite differences in chemical structure N
gate voltage has the effect of varying the resis-  and physical construction, mosfet character- —— N
tance of the drain/source channel and means istics are basically the same as a fet’s, Vop=15V ] |
that the device can be used as a voltage-con-  although, the mosfet gate is of even higher AN
trolled resistor or attenuator. The gate is very  impedance than the basic fet and so better iso- 0 5 10 15

high impedance and so almost completely iso-
lated from the signal path. Further, the admit-
tance-to-input capacitance is the highest of any
contemporary device.

Although some n-channel junction fets come
close to being ideal switches, they are not per-
fect because the awkward range of the control
voltage makes interfacing with the popular
logic families a difficult and sometimes
expensive task. A large control voltage swing
is necessary because it also determines the
voltage range through which the output signal
is able to swing without clipping. This signal-
handling capability ultimately determines
operating headroom through the switch.

A further problem? illustrated in Fig. 2, is
the way in which the “on” resistance of the fet
is altered by the signal level across it, which
cannot be readily compensated for. This vari-
able error term is known as Rgy modulation

lated. Drive-voltage range is rather easier to
handle than that of the fet.

Integrated devices

In IC analogue switches, mosfets are con-
nected back-to-back to provide an almost ideal
bidirectional analogue transmission gate®;
4000 series cmos analogue switches, the 4016
and its more recent successor the 4066, are the
best known types.

Early versions of cmos analogue switches
presented raw mos elements at the input and
output ports; the high impedance “off” state
inherent in any cmos design meant that
destruction of the switching elements was pos-
sible if static was allowed to infiltrate the cir-
cuitry. Moreover, if the input signal magnitude
even momentarily exceeded the supply volt-
age of the device, the mos junctions became
reverse-biased. This was the cause of latch-ups

Signal channel voltage (volts)

and could, in some instances, lead to the pre-
mature expiry of the IC. Subsequent genera-
tions of the chip provided some protection in
the form of diodes on the gates.

This remedied some of the more disastrous
faults inherent in the earlier generation ICs,
but input signals in excess of the chip supply
rails are still able to cause momentary break-
over of the switching elements, although the
symptom is no longer as terminal as it once
was. The 40/6 and 4066 are 16-pin dil IC
packages containing four identical cmos trans-
mission gates. The maximum supply voltage
between Vpp and Vgg is 18V, corresponding
to a maximum signal level through the switch
of +18dB referred to 0.775V RMS. Such a
low absolute voltage swing seriously restricts
headroom.
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Fig. 3. Equivalent circuit of a mosfet, showing on
and off resistances and parasitic capacitances.
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Fig. 4. Parasitic capacitances produce the
switching transients shown for threshold
voltages of 2V and 4V, with an input voltage of
+1V.
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Fig. 5. All the capacitances associated with a
mosfet switch cause problems. Putting several
devices within a single package inevitably
creates cross talk between devices.

The more modern derivatives of the B
series, the HC/HCT types, although faster and
with smaller Rgyn, use much lower supply rails
of the order of 10V. Distortion, although quot-
ed as 0.02% for a 1V 1kHz input signal,
becomes a woeful 0.4% in rudimentary
switching arrangements, such as those shown.

Since integrated fet switches are usually
structured as series elements, additional
switches in the signal pathway worsen both
the amount and variation of Rgy in conducting
mode. Also, variations in the control voltage
vary the error ratio Voyr: VN because Roy is a
function of the effective switching threshold
which alters with Veontror- In simple circuit
arrangements, there is no straightforward way
of maintaining a constant Rox.
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Various methods of alleviating this problem,
such as increasing all surrounding impedances
so that variation is reduced, are often used.
This produces a voltage divider effect, and so
it has been customary to make the load, Ry,
much larger than the combination of Ry and
Rs. Also, the source impedance must be of the
same order of magnitude as Rgy so that when
turned off, leakage currents of the fets return
to a low-impedance channel signal source.
Another problem inherent in switches of this
type is the way in which impedance (and
hence isolation) diminishes with increasing
frequency.

Transients

Fets, because of the capacitive coupling’
shown in Fig. 3, can introduce switching tran-
sients of the type seen in Fig. 4, for threshold
voltages of 2V and 4V and a control voltage
of 1V, to the signal being controlled. In all
mosfets, transmission of an on or off com-
mand is followed by a delay proportional to
the magnitude and rate of change of the gate
control voltage. At turn-on, the delay is
lengthened by the RC time constant of the gate
bulk capacitance and the impedance in the
control circuit. Impedances in the signal path
cause a similar effect at switch-off. As Vg
goes negative, energy is pulled from the
source and load impedances through the gate-
source and  gate-drain  capacitances.
Conversely, when Vg goes positive, energy is
pushed out through the same paths.

The situation is most serious if the signal is
sourced from a high impedance and the switch
has a low on impedance. A related bad habit
of the 4066 is to momentarily short the input
to ground during changes of state. Charge
transferred to the summing node through the
gate-channel capacitance at the transitions of
the gate is Q = Cyc (Vourinish) - VOUT(slan)zv
where Cy is the gate channel capacitance, typ-
ically in the region of S5pF. . Note that the
amount of charge transferred depends only
upon the total voltage change at the gate, not
on its rise time. Slowing down the gate signal
gives rise to a smaller amplitude glitch of
longer duration, the area under the graph being
the same in both cases. Since the gate-channel
capacitance is distributed over the length of
the channel, some of the charge is coupled
back to the switch input. Because of this, the
size of the glitch depends on the signal source
impedance and so is smallest when driven by
a voltage source with an ideal zero output
impedance. Also, reducing load impedance
reduces the size of the glitch at the expense of
loading the source and introducing error and
non-linearity due to the finite nature of Roy.
Switch IC designers are able to minimise tran-
sients at the summing node by driving adja-
cent channels with coincident “on” and “off”
control signals. With this arrangement, theo-
retically, negative-going transients from the
channels turning on will partially cancel out
positive-going transients from those channels
which are turning off.
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Nevertheless, the glitch problem, or “control
signal feedthrough”, always remains because
the devices are switches, either on or off with
no provision for the control of the in-between
states. Using a low- impedance gate driver can
help, since transients should be inclined to
sink into the driver rather than into the output,
while the effect would be improved by using a
high source impedance, at the expense of larg-
er transients in any channel switched on. In
essence, the gate voltage cannot be slowed
down and the transition from one logic level
to the other must always involve a step with
theoretically infinite rise time. Even expen-
sive, video-type multiplexers or switches suf-
fer to some extent from the problem.

With discrete fet switch designs, it can be
minimised by using carefully synchronised
ramp voltages/appropriate time constants to
control the devices. In this way, and as already
stated, the upshot is a low amplitude glitch of
relatively long duration. If the glitch amplitude
is below or approaching the console noise
floor, it matters little how long it lasts. The
time aspect is, of course, relative and equates
to perhaps hundreds of microseconds of low
level noise as opposed to tens of microseconds
of high level glitch.

All of the above is much worse when the
switches are used to route analogue rather than
digital signals. AC signals may also vary the
effective values of Vg (as well as Ron and
Rogr) which spuriously charges any fet capac-
itances. These in turn cause voltage offsets at
the summing node and, since the channel is

supposed to be off, the condition is known as
AC feedthrough or channel feedthrough noise.
The main cause is charge transfer through the
gate-source and gate-drain capacitances of any
channels switched off.

All capacitances inherent and present in
mosfet semiconductor architecture cause prob-
lems. Putting several analogue switches in one
IC causes crosstalk since there is cross-chan-
nel capacitance, an effect which increases with
frequency and with signal impedance in the
channel to which the signal is coupled.
Common-sense use of the gates within the IC,
with no hostile signals present on adjacent
pins of the package and the adoption of RF
design rules in the layout of PCBs reduces the
crosstalk problem. Using separate packages
makes crosstalk a purely mechanical consid-
eration.

Distortion
Improving the distortion performance requires
similar techniques. Since distortion caused by
the modulation effect is dependent on the
absolute signal voltage across the switch, the
obvious solution is to arrange that the signal
level is kept as small as possible, Fig. 6.

Figure 7 shows a method of maintaining
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