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enough! Modern electronics permeates our lives
and the installation/maintenance professional is
faced with problems where voltage and current
measurements are just not enough. The shape and
timing of signals is an important factor in many
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featured autoranging oscilloscope all in one
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battery -powered 1kg package. TekMeter is so
simple to use you don't need a training course -

timing of signals to be observed.

even to look at signal shapes!

'

HCIICtF
RE

Choose between 3 new models - the THM550

-81 .7 Hz
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Display of signal shape lets you find
faults that DMM can not show.

single -channel version at £649.00, the THM560
dual -channel version at £775.00 and the THM565
dual -channel version, with backlight at £995.00.

Whichever one you choose, it will help you to
find out what's going on and solve the problem!

TekToolsTm - Smart Tools Work Better
Tel: 0800 412200

TekDIRECT, FREEPOST, Fourth Avenue, Globe Park, Marlow, Bucks, SL7 1YZ. Fax: 0628 474799
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SYSTEM 200 DEVICE PROGRAMMER

KESTREL
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COMPONENTS LTD
r All items guaranteed to manufacturers' spec.
* Many other items available.
'Exclusive of V.A.T. and post and package'

SYSTEM

Programs 24,28,32 pin EPROMS, EEPROMS,
FLASH and Emulators as standard,
quickly, reliably and at low cost.

Expandable to cover virtually any programmable part including serial EEPROMs,
PALs, GALs, EPLDs and microcontrollers, in
many different packages.
DESIGN:

Not a plug in card but connecting to the PC
serial or parallel port; it comes complete
with powerful yet easy to control software,
cable and manual.

SUPPORT: UK design, manufacture and support. Same
day dispatch, 12 month warranty. 10 day
money back guarantee.
ASK FOR FREE
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IRELAND 1-2800395
GERMANY 089/4602071

MOP ELECTRONICS Ltd.
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NORWAY 0702-17890
ITALY
FRANCE
SWEDEN

02 92 10 35 54
1 69 30 13 79
08 590 32185

EPROMS
2764A
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27256-25
27C256-15
27C512-15
27C010-15
MAX232
D8748H
D8749H
80C31-12

80085A
82C55-8MEG

1+

100+

2.50
2.30
2.20
2.20
2.50
3.00
5.60
1.35
4.20
4.40
2.60
2.60
1.95

2.20
1.68
2.10
1.85
2.20
2.40
3.70
0.95
3.40
3.50
1.80
1.80
1.58
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1.85
6522P
2.40
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Z80A CPU
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2.90
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4.90
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0.32

100+
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2.28
1.80
2.38
2.50
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1.65
3.98
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0.85
1.40
0.25
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Phone for full price list
All memory prices are fluctuating daily, please phone to
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178 Brighton Road,
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Tel: 081-668 7522. Fax: 081-668 4190.
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Low cost data acquisition for IBM PCs & compatibles
Easy to use data acquisition products that allow your PC to be used as a range of useful test and measurement instruments,
or as an advanced data logger. Installed in seconds they simply plug into the parallel port (except the ADC -16 which connects
to the serial port). They require no power supply and take up no expansion slots. Each comes with a comprehensive manual.
Software drivers are included for users who wish to write their own software. Software supplied on 3.5" disk.

PicoScope

O

'Virtual instrument' software. Storagellir
scope with trigger, timebase, rulers
offset. Real time spectrum
analysis with min/max frequency and
signal averaging. Multiple meters on
screen (digital and bargraph). Printer
and file handling support.

Single channel of analog input
8 bit resolution 22kHz sampling (ADC -10)
12 bit resolution 18kHz sampling (ADC -12)
(sampling speed based on 33MHz/386PC)
0-5V input range
BNC input allows use of scope probes

and

PicoLog

Advanced

data

logging

software

package. Collect, store, display and
print data from 1 sample per ms to
per day. Record average, min/max or
scaled values (linear, equation, table
look -up). Report types: monitor (with

ADC -10/12

NEW ,47,eloo

Virtual Instrument
Dual Channel 12 -bit resolution

1

min/max alarms),
graphs. tabulation

Prices
ADC -10 with PicoScope £49
ADC -11 with PicoScope £85
ADC -12 with PicoScope £85
ADC -16 with PicoLog
£115

VISA

y -t

graphs,

The ADC 100 offers both a high sampling
rate (100kHz) and a high resolution. It is
idea as a general purpose test instrument

x -y

either in the lab or in the field. A flexible input

range (±200mV to ±20V) allows the unit to
conr ect directly to a wide variety of signals.

The ADC -10/11/12 are available with both Picoscope and
PicoLog for an additional £10.
Existing ADC -10/11/12 users
can add PicoLog for £25.

Digital Storage Scope Chart Recorder
Spectrum Analyser
Data Logger
Frequency Meter
Voltmeter

ADC -100

ADC -100 with PicoScope £199
ADC -100 with PicoScope & PicoLog £209

Pico Technology Ltd. Broadway House, 149-151 St Neots Road, Hardwick, Cambridge CB3 7QJ, UK

TEL: 0954-211716 FAX: 0954-211880

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT.
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Its all in the game
often gets the impression that
electronics for such things as business,
defence, communication and scientific
research leads development of the art. This
may just about be true at present, but not for
much longer. The drive increasingly comes
from consumer leisure.
We are about to see real changes in our
everyday experience coming from consumer
electronics. And they will also affect the way
in which we do business. Let me give an
example of consumer technology affecting
our own business, magazine publishing.
British Telecom and other PTTs are
currently experimenting with video -on demand, a service to deliver your personal
viewing schedule directly to your home. At
present, if you don't like the terrestrial or
satellite offerings of an evening, you must rent
a video from your local newsagent or
wherever. Very soon, the PTT will be able to
deliver your viewing choice in 1.5Mb/s digital
form directly to your home via the same
exchange line which operates the telephone.
The viewer dials in a viewing request and
back comes the film down the telephone line.
Compare this with the existing business
equivalent. While a great improvement on the
14.2kbaud of a top quality analogue line, data
at 64kb/s from ISDN seems primitive by
comparison. Video compression and modem
technology for consumer use is streets ahead
of the commercial equivalent. Important for
its acceptance, it will be cheap because it will
have been designed for a mass market.
Businesses of all sorts will jump at the chance
to squirt high bandwidth signals about using
consumer derived equipment. For instance, all
those things which we as publishers may offer
our readers on cd-rom could be made
available via the telephone network. The

magazine which you are now reading could
soon be transmitted in its entirety by
electronics. This might include the current
issue plus the complete archive going back
five yea's.
And for those people who are sceptical
about the possibility of electronics ever
replacing paper, I would recommend that they
take a look at Encarta, Microsoft's
encyclopaedia on cd-rom. While one may hate
the Americanised content of this work, the
hierarchal data access is without parallel.
Everything on the cd-rom is content
addressable and searchable and all subject
texts include highlighted keywords for cross
reference. These may be examined at will by
double mouse click on the highlighted word. I
assure you that if you had your magazines and
other pictorial/textual matter delivered and
updated regularly in electronic form, you
would never look at a paper magazine again...
except on a train or plane, perhaps.
But who wants to be tied to a telephone
line? There are currently some 250 high
power satellite transponders available for
rental with operators bending over backwards
to find suitable traffic. Ten seconds of
transponder time could squirt this entire
magazine, diagrams and all, to every corner of
the country. The reader would plug his PC
into a decoder connected to a standard
domestic satellite receiver. We could then
update your magazine once a month, once a
week, once a day or once an hour...
All this goes full -circle to Arthur C Clarke's
seminal article Extra Terrestrial Relays.
Upheavals in magazine publishing will be just
a single shot in the information revolution
which is about to overwhelm us.
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UPDATE
Intel and Hewlett-Packard in micro design pact
After two decades of sticking to
the x86 architecture, Intel has
announced it is devising a new
microprocessor architecture in
association with Hewlett-Packard.
Both companies claim that the
reason for the link -up is a
technological breakthrough that will
dramatically increase microprocessor
power. First fruits of the link are not
expected until 1999 and Intel will
carry on with its proposed
development of Pentium successors
P6 and P7.
Unlike its main micro rival, the
IBM/Motorola/Apple consortium
making PowerPC, Intel does not
intend to set up a common
microprocessor development centre.
Instead, Intel and HP will design chip

sets independently but with a
common architecture.
It is expected that HP will
concentrate on making high -end
chips for mainframes, servers and
workstations while Intel concentrates
on chips for the lower -end, mainly
PCs. Only Intel will sell the chips to
other manufacturers but H -P will
have the right to use them in its
products.
The companies have been
collaborating on the project since
January and only announced it now
because the teams of people had
become so large that the project was
becoming leaky.
It is generally thought that the
reasons propelling Intel into the deal
are a feeling that the x86 architecture

is running out of steam. There is also
a perception among big computer
systems buyers that Intel is a provider
of components for desk -top
computing and not one for the heavyduty end of the computer market.
The chips developed under the link
will run all existing Intel and HP
applications software. Neither
company would say if applications
will run under some form of
hardware emulation, the emerging
technique of performing the
emulation function on -chip, or if they
will be truly native to the
architecture. Nor is it revealed
whether the chips will be able to run
other people's software, for instance
PowerPC's. David Manners,
Electronics Weekly.

PowerPC outsells Pentium
Apple Computers PowerPC

machines have out sold their
Pentium -based rivals since their
launch in March.
According to market research firm
Computer Intelligence Infocorp,
Apple sold 66,300 PowerPC based
systems in the first three months
since its introduction in March 14.
This compares with 40,900 systems
sold in the same period based on
Intel's Pentium microprocessor.
The sales figures were for the US
market. Worldwide sales of the
Power Macintosh were 200,900
units. The results, while encouraging
for Apple, include a large initial
demand for Power Macintosh
models with at least 45,000 units
sold within the first two weeks.
Apple's goal is to sell at least one
million PowerPC based systems

within the first year of introduction.
The market research firm had
some other good news for Apple.
Profit margins on PowerPC based
systems are more than double
compared with Pentium models.
This means that Apple can reinvest
more money in new product
development and marketing than
competitors manufacturing Intel
based systems
But despite the good sales figures,
Apple's attempts to win over PC
users with emulation technology
running on its Power Macintosh
systems has not worked. Almost all
buyers of Power Macintosh models
are Macintosh users. The failure to
win PC customers is blamed on poor
emulation technology. Apple and
other companies are developing
better emulation technology.

More to Harwell than nuclear reactors: AEA Technology recently opened its doors
at the Culham and Didcot research centres to show of its commercial R&D
capability. Its expertise in semiconductor processing and battery design are just a
couple of examples where its work could be of direct relevance to the electronics
industry.
The picture shows a batch of 100mm wafers about to be bombarded with
protons at high energy which will deform the silicon structure to leave gaps. These
gaps will later act as trapping centres or lifetime killers' which terminate the
minority carriers in semiconductor junctions. This improves device switching time.
By controlling the energy of the proton source, the gaps may be controlled in size
and depth to produce an optimum substrate for bipolar switching transistors.
Other work at AEA Technology includes development of a lithium polymer
battery system which allows the construction of a battery laminate just 200pm
thick. This can be shaped and sized to any requirement.
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TEK 492P Spectrum Analysers 50Khz to 21Ghz 1Khz res. IEEE (GP1B).
Rack/bench option 4999
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We are now open 7 DAYS a week
Monday -Friday 9am to 6pm
Saturday 8am to 4pm
SUNDAY 10am to 4pm

VISA

August 1994

ELECTRONICS WORLD+WIRELESS WORLD

621

UPDATE

World's first 64Mbit synchronous dram
Ahead of everyone, Fujitsu has
announced a synchronous
64Mbit dram and says it will present
engineering samples in August.
Access time for the chip is just 6ns.
The process used is 0.35µm.
The six -man Fujitsu design team,
led by Yukinori Kodama, divided
the column access path into three
pipeline stages.
To increase operating speed they
developed an address incrementing
pipeline scheme which can
concurrently access data at two
consecutive addresses. Using this
scheme, the area penalty is 1.5%
Callbox in the sky: US
more than that of conventional drams
dominated consortium
but it can operate at high clock rates:
Globalstar, one of
around half a dozen
at 100MHz, the device allows data
groups planning to offer transfer rates of 100Mbyte/s.
satellite based mobile
Instead of the conventional two telephone services in
bank structure, the designers have
1998, claims that it has
gone for four data banks allowing
the simplest proposal.
for greater independence of
Forty eight low earth
operating areas and, consequently,
orbit satellites will act
as radio basestations for increased throughput.
Each bank has two cell array
a new breed of dual

blocks which are separated by the
word decoder. Each block has eight
global bus lines which are connected
to eight DQ pins.
The global bus lines are formed
with the second metal layer and are
laid out on the shunting area - they
do not carry an area penalty. During
a burst read/write operation, the
separated cell array blocks are
activated concurrently.
Bit data from each of the eight DQ
pins at two consecutive addresses is
read or written simultaneously. This

2 -bit prefetch increases the bandwidth
of a sequential data transfer.
The Fujitsu team recommends a
terminated low voltage ttl interface
which terminates a transfer line in
the middle potential of the power
supply voltage and the ground
potential. The output circuit matches
the impedance of the transfer line
and therefore the interface responds
to data transfer at 100MHz.
The chip size is 21.06 x 11.02mm
and contains 140 million transistors
and capacitors.

PDAs fail to deliver the goods
market for Personal Digital

The
Assistant (PDA) devices has failed
to develop as quickly as industry
analysts predicted, creating problems
for computer firms that expected it to
be the next growth market.
According to market research firm
Link Resources, fewer than 49,000
PDAs were sold in the first quarter of
1994, and the rate for the second

quarter is not expected to be much
better.
In addition to the slow market,
Motorola and IBM report
manufacturing problems for their
PDAs and Compaq Computer has
delayed plans for its Mobile
Companions PDA-like devices based
on Microsoft's W inP ad software
interface.

mode handsets which

will work on either
existing terrestrial
cellular networks or the
CDMA based Globalstar
network. There is no
complex routeing of
calls in space, radio
calls are quickly
beamed back down to
an earth station and
onto the local PSTN.
Globalstar's partners

include cellular
operator Vodafone and
CDMA specialist
Qualcomm.

62,7

Cordless videophone uses dect
K researchers have
demonstrated the feasibility of a
cordless videophone, by transmitting
compressed video pictures over the
dect, the European digital cordless
telephone protocol.
Paul Stein, head of radio comms
research at Roke Manor Research,
said that it is technically feasible to
use a dect cordless phone, fitted with
a solid state camera and screen, as a
I

video telephone. Siemens, which
owns Roke, is believed to be
interested in commercialising the
technology in its dect handsets.
Roke's first demonstration system
is a slow scan tv format which allows
a cordless network of dect handsets
to be used for security surveillance.
The system uses a single timeslot in
the dect 32kbit/s radio channel to
transmit a compressed video picture

running at two frames per second. A
dect transceiver fitted with a camera
transmits the video data via a
standard wall -mounted base station
to a second handset linked to a PC,
which displays the picture.
Although dect's ADPCM coding
scheme limits the picture quality
achievable in a single 32kbit/s
channel, Stein said that picture
quality can be increased by using
more than one time slot to transmit
the video data.
Standard H.261 videoconferencing
codecs rely on a minimum 64kbit/s
data channel, which can be supported
by the dect protocol using two
32kbit/s slots. Because time division
multiple access (TDMA) radio
carrier modulation is used, the
relevant time slots need not be
adjacent and can be multiplexed with
other traffic on the cordless network.
Video data inevitably makes heavy
use of the 12 available radio
channels in each dect carrier and
consequently there is a trade off
between picture quality and network
capacity. Stein, however, is confident
that video telephony, running at 30
frames per second is realistic.
Siemens is said to be very
interested in the possibilities of
cordless videophones.
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Nynex backs video on demand
Nynex, one of the largest UK
cable operators, will offer the
first video -on -demand services on
its broadband cable network by the
end of the year, and it is investing
£200m in the venture.
The cable company is buying a
head -end system and set -top
decoders from General Instruments
in a contract worth at least 120m
over the next six years. A Nynex
spokesman said the value could be
larger if the market for video -on demand took off. "This gives us a

potential for video -on -demand and
we will be offering a kind of video on -demand service late 1994, early
1995," said the spokesman.
Nynex is also buying £80m worth
of switching and transmission
systems from Nokia Telecom
which, like the General Instruments
equipment, will be deployed in the
company's ten franchises in the
north west of England.
This represents Nokia's largest
contract with a UK cable company.
It will supply it DX200 digital

switches which will support a total
of 100,000 telephone lines.
General Instruments' MPEGbased ICFT 2000 set top box will
allow users to select, order and pay
for individual tv programmes.
Last year Nynex executives said
there were no plans for interactive
TV services. The U-turn is possibly
a response to BT, which is testing a
service using ADSL technology on
analogue telephone lines this year.
Richard Wilson, Electronics
Weekly.

British police test remote
control car stop
hree British police forces are
testing radio technology which
will enable them to remotely control
and stop stolen vehicles. The police
in Northumbria, Kent and London
are testing an electronic device,
called DemonScan, which once
fitted in a car as an anti -theft device,
allows remote control of the
vehicle's speed, down to between 20
and 80 per cent of its full value, and
eventually stopping it.
The system activates itself once a
thief has bypassed the immobiliser
system, causing it to send a signal
which can be picked up by police
vehicles fitted with a radio

transceiver up to I km away. The
police car can then follow it and
gradually reduce its speed by
remotely controlling the car's
fuelling via its engine management
system.
DemonScan, when perfected, will
add £250 to vehicle price but will
be free to the police force. The
company behind DemonScan, is
the Kent based Knightwatch,
which developed the device under

the 'Sold Secure - Partnership
Against Car Theft' organisation.
that provides testing and
endorsement services for vehicle
security devices.

Microsoft loses software patent battle
Microsoft and Stac Electronics
have settled their differences

on data compression for computer
disks. Although the two companies
now talk of cooperation, the
agreement is a climb down by
Microsoft, following a decision
handed down in June by a judge in
Los Angeles.
In February, Judge Edward
Rafeedie held that Microsoft's
DoubleSpace infringed Stac's
patents and a jury awarded Stac $120
million damages. Microsoft took the
module out of dos in the USA, and
gave customers a token promising a
new system when it was ready.
In granting the injunction Judge
Rafeedie was at pains to reassure the
15 million people who have bought
the Version 6 of dos which includes
DoubleSpace, and the near 100
million others who use earlier
versions of dos which have no
compression. They can all continue
to use their PCs.

Stac's two US patents, USP 4 701
745 and 5 016 009. claim the root
idea of searching data for sequences
of bytes which are identical to
sequences already processed, and
then storing only code which
identifies the location of previously
stored identical sequences.
Within weeks Microsoft and Stac
Electronics settled a cross licensing
agreement. Microsoft will now be

able to use Stac's compression
technology.
In return, Stac will be able to use
the 'pre -load' technique which
Microsoft developed for seamlessly
strapping a compression system to
the MS-DOS operating system on
which 90% of all personal
computers now rely.
Microsoft will pay Stac $1 million
a month in royalties, for 43 months,
and pay $39.9m for shares in Stac.
Barry Fox

Full colour led display
ntegrated full -colour led based
I displays can now be built thanks
to a breakthrough from Toshiba
scientists.
They have developed a high brightness blue-green led that can
be constructed witt conventional
red leds on a single substrate to
create full -colour displays. Leds
have found favour in outdoor
displays because o' their high
brightness, but full -colour displays
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could not be built because the blue
primary colour was lacking.
The Toshiba led structure
employs p and n -type layers of
zinc selenide (ZnSe) grown on a
gallium arsenide substrate. The
Hue -green led produces a
trightness of 2Cd at a wavelength
of 500nm. Its spectra width is just
I3nm. The structure is designed to
ensure current flows iorizontally
.cross the p and n -type layers.

School to school: ISDN
was at the centre of a
technology link -up
demonstration between
St John's School,

Marlborough, and
Bookholzberg School,
Gandesrkesee in North
Germany. Arranged by
multimedia expert
Digithurst, the
demonstration is part of
a European Union
research programme.
The system includes
video conference,
translation and co -

working facilities. The
latter lets two people
work together remotely
using the same
computer screen. The
system is designed for
use in schools as a
language learning aid,
and also in the

publishing industry.
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UPDATE

Self wins EW+WW/H-P writer's award
The winner of this year's Author
Award Scheme sponsored by
Hewlett-Packard is Douglas Self for
his series of articles Distortion in
power amplifiers which appeared
between July 93 and March 94.
The judges, who were unanimous
in their decision, were impressed
both by the original observations
presented in the series, and the
rigorous investigations undertaken
by Douglas Self used to support his
assertions.
Douglas was presented with his
prize, a Hewlett-Packard HP54600A
100MHz digital storage scope worth
£2500, by Alan Grahame,
UK director of Test and
Measurement at the
company's Bracknell
headquarters.
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Distortion in
power amplifiers
1: the suuri Ls of distnrlion

Calling rf
designers:

94/95
Writer's
Award
features

f4000 prize

Following the success of last
year's Writers Award, Electronics
World + Wireless World and

Hewlett-Packard will be launching a
new scheme to run from October 1,
1994 to September 30, 1995.
The prize for the coming year's
award is truly magnificent: a £4000
Hewlett-Packard HP8647A 1GHz
programmable signal generator with
HPIB interface, solid state
programmable attenuator and built
in AM -FM modulation capability.
Unlike last year's scheme, only
articles which have an element of rf
design will be eligible for
consideration by the judging panel. It
is hoped that this year's award will
focus writer interest on rf engineering
in line with the growing importance
of radio frequency systems to an
increasingly cordless world.
The aim of the award scheme is to
locate freelance authors who can
bring applied electronics design
alive for other people. We want to
commission articles on circuit
design using the wealth of modern
components and techniques now
available but, for this year, with a
focus on rf and microwaves.
Qualifying topics might include
direct digital synthesis, microstrip
design, application engineering for
commercially available rf ICs and
modules, receiver design, PLL,
frequency generation and rf

IUDS'

Tilt]'
Oscilloscope

A

.t....eor Pbricestel

1-1P54.500.4

I 00.. Jiwtil

measurement, wideband circuit
design, spread spectrum systems,
microstrip and planar aerials... The
list will hopefully be endless.
All articles accepted for
publication will be paid for - in the
region of several hundred pounds
for a typical design feature.
If you have a potential article to
discuss, please call us on 081-652
3128, or write for further details to
The Editor, Electronics World,

Quadrant House, The Quadrant,
Sutton SM2 5AS.

Rough ride for video CD
Video CDs are now going on sale amid
total confusion and compatibility
problems in the PC and video market.
Stickers on the covers of the first discs
(Pavarotti and Dinosaurs from Castle
Communications) explain that "video cd
will play back on cd-i players with fmv
cartridge, Amiga CD -32, 3DO, PCs with
MPEG, Apple Mac with MPEG". Inside
an insert slip promises that, "This disc can
be viewed on any player which is MPEG
compatible". Wisely Philips plays it safer
and labels its first White Book CDs
(movies such as Indecent Proposal) with
talk of playback on cd-i players or any
system that is "compatible with the video
cd standard".
In theory a video cd should play back on
any PC fitted with a cd-rom drive and
MPEG video decoder board (eg Sigma
Designs' ReelMagic). In practice it will
often display pictures which lurch and
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jerk, with sound that spurts in bursts.
This may happen on fast, high spec PCs,
hooked to fast, high spec rom drives. To
add to the confusion, the same PC rom
systems may deliver smooth motion and
sound when playing MPEG game discs
marketed by Sigma.
So far the manufacturers have failed to
give a clear explanation for this.
There are now three types of cd-rom
disc.The MPEG CDs sold for use with the
ReelMagic board do not follow the White
Book standard. Instead they package the
MPEG video as ISO 9660 rom files which
any fast rom drive can read at full speed.
This is why a rom drive and RM board
may play RM's MPEG discs perfectly,
while failing to play White Book video cds
properly.
Sony has modified its 33A rom drive to
work at full speed in 2/2 mode. The
modification involved changing rom chips

in the player which store the firmware.
Sigma now bundles the Sony drive with an
RM decoder as an upgrade kit.
This will be no consolation to all those
PC users who have already bought what
they believe to be fast drives, and now find
that they are obsolete. It will be no
consolation to PC users who now buy new
drives, or multimedia PCs, before the
manufacturers are forced to admit that
they are obsolete. Even if manufacturers
provide new firmware in replacement rom
chips, retrofitting will be a clumsy and
expensive operation.
The situation will not resolve until the
2/2 requirement is publicised and
manufacturers start labelling rom drives as
`White Book' or 'video cd compatible'.
No manufacturer with a warehouse full of
White Book incompatible drives will start
'compatible' labelling any sooner than
absolutely necessary. B. F.
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TELEVISION TRANSMITTERS AND TRANSPOSERS
* Up to 100 watts RF output
* Studio, satellite, VCR or RF input
* Single channel - bands I, HI, IV or V
* NTSC or PAL system B, G, H or I
* Automatic output protection
* Output power meter
* Integral forced air cooling
* Integral power supply
* Dimensions 4 units high 19" panel
* Prices (ex -works and ex -VAT)
£2,650
5W
£2,950
low
£3,250
15W
* High stability crystal locked output
£3,950
30W
* Phase lock loop and saw filter technology
£4,950
50W
* Transposers can up or down convert in bands I, III, IV or V.
£9,950
100W
* Aerials and feeder cables also supplied
RESEARCH COMMUNICATIONS LTD
Unit 1, Aerodrome Industrial Complex, Aerodrome Road, Hawkinge, Folkestone, Kent CT18 7AG, UK
Fax: (UK) 0303 893838 (Overseas) 44 303 893838

Tel: (UK) 0303 893631 (Overseas) 44 303 893631
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30p
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IA's. have a range of 0.25w 0.5w lw and '2w solid
carbon resistors. please send SAE for list

P.C. .100W PSI' (Intel pan 2010350(11) with stan(lard nuithertmard and 5 disk drive connectors.
fans and mains inlet/outlet connectors on back
and switch on the side Ilop tor tower case) dims
212x149x I 49mm excluding switch. 026.00 each
£138.00 tor 6

MX180 Digital multimeter

17
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I 000vdc

75000) 21dohrn 200mA transistor Hfe 9v and

£12.95
1.5v batter, test
AML) 27256-3 Epronis
£2.00 each £1.25-100+
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DIP owns li 3PCO 12 pin (ERG S(C-3-023)
each 40p..100+
Disk drive boxes for 5.25 disk drive with room for a

power suppik . light grey plastic.
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Hand held ultrasonic re1/11/IC control

049.50 for 10
£3.95

CV2486 gas relay. 30x1Onim die wall 3 wire termi0AIS, will also work . a noon Ugh.
each £7.50 per 100
A23 12v battery for car alarms or lighters
each 050.00 per 100

20p
75p

All products advertised are new and unused unless otherwise stated.
Wide range of CMOS TTL 74HC 74F Linear Transistors kits. Rechargeable baneries. capacitors. tools etc
always in stock. Please add LI.95 towards p&p. VAT included in all prices

.11)G Electronics, 276.278 Chatsworth Road, Chesterfield S40 2BH
AccessNisa

(0246) 211202

Callers welcome
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DC-Dt convertor Reliability model V i 2P5 12v in 50

(2Vk'ERTY keyboard 58 key good quality switches
f5.00
10
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THE DEFINITIVE `OFF -AIR'
FREQUENCY STANDARD
.'"

....

. 1141.
In

Still Only

6

-P- 12e.
- -

. Provides 10MHs. 5MHz 8. I MHz
* Use a for calibrating equiprnent that relies on quartz crystals. TCX0s,
VXCOs. oven crystals
r Phase locks to DROITWICH (rubidiurnicontrolled and traceable to NPL)
* For ADDED VALUE also phase locks to ALLOUIS (cesium controlled
and traceable lo OP - French eq to NPL)
* British designed and British manufactured
* Options available include enhanced receiver. Sine wave outputs and
13MHz output for GSM. Prices on appl cation.

£195 +VAT
carriage extra

Output frequencies 10MHz, 5MHz, 1MHz

Short term stability - better
than 1010 -9 (1 sec)
Typical -4x10 -9 (1 sec)
Long term - tends to
2010-19 (1000 sec)

SUPERB DUAL TRACE SCOPES, TELEOUIPMENT D61A, 10mV SENSITIVITY,
10uS-500mS/DIV (& x5), X -Y INPUTS, Z -MOD, INT/EXTITV TRIGS, ETC. FROM £99
£75
C69 ROBIN 0M200 LIGHT MET EF10-50K LUX
HP 608F SIG GEN 10-455MHz AM/CW
EIO TO C25
f95 TEKTRONIX 545 PLUG -INS. VARIOUS
PLESSEY TCT10 SIG GEN/ANAL 50-300 BD I
FROM
£95
XT's
WITH
MONITORS
AND
KEYBOARDS
MUIRHEADK231A TEMP CONT PRECISION SD CELL £195
£95
C59 LEVELL TM38 MICRO V -METER 3MHz
MARCO.< TF2212 kV DISPLAY
POA
E89 HP4951C PROTOCOL ANAL 818179A RS232CN24
LEVELL TM12 TRANSISTOR CIARACTC METER
C35 TIME ELECTRONICS 2004 DC V STANDARD 0.005% POA
95K 4423 STATISTICAL DIST ANALYSER
POA
C39 TIME ELECTRONICS 20039 DC V POT 0.02%
BACHARACH MV2 MERCURY SNIFFERS
POA
C95 HP6131C DIGITAL VOLTAGE SOURCE
DAWE 1405D(R.S 1 SOUND LEVEL METER
POA
1,25 HP6140A DIGITAL CURRENT SOURCE
QUAD 333 STEREO POWER AMPS
POA
POA LING DYN VIB GEN 4065 PA300 PWR OSC
DRAKE VN2700 MATCHING N/WORK & PS- PSU
0975
C750 9012026 SONAR SCANNER. SURFACE UNIT
PHILIPS PM3065 100MHz DUAL TRACE & T13
CP0A
£95
RADIOMETER
BKF6
DIST.
NETER
20Hz-20KHz
SCOPE < 4S6 6MHz SINGLE TRACE
C135
SCOPE< 4D1OBL.S. 10MHz WITH EXTENDED LF T/B £149 CITOH CX6000 6 -PEN A4 PLOTTER. CENT/RS232
£149
C195 GOULD 2400 4 -PEN CHART RECORDER
LEADER .30-9C ALIGNMENT SCOPE
FROM C35 TO [139
£175 X -Y RECORDERS A311 A4
IWATSU SS5116 DUAL TRACE OMHz
£165 PHILIPS PM6456 FM STEREO GENERATOR
TELEOUPMENT D1011 10MHz DUAL TRACE
f195
£450 MARCONI TF2300 FM/AM MODULATION METER
TEKTRONIX 2215 60MHz DUAL TRACE DE_ T/B
C95
C249 MCKENZIE 7DAY TEMPA-ILMIDITY RECORDER
TEKTRONIX 453A 50MHz DUAL TRACE DE T/B
C125
£395
FEEDBACK
SS0603
1MHz
SINE/SO
OSC
H.P. 8445A VECTOR V/METER I GHz
POA
£215 COMMUNICATIONS RECEIVERS, HF, LF, VHF
TELEOJ PMENT D67A 25MHz, OT, DEL T/E
£79
£295 LCR BRIDGE WAYNE KEFFI CT492
HITACHI VC 6015 10MHz DIGITAL STORAC E
C195
£149 LCRO BRIDGE AVO B151
HP134t A X -Y DISPLAYS
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C69 LCR BRIDGE MARCON TF2700
OERTL NG V20 SINGLE PAN BAL 0.1mg/20g
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C69 LCR BRIDGE MARCON TF2701
ANALYTCAL BALANCES WITI- WEIGHTS 1509
£95
£149 LCR MARCONI TF1313 0.25%
MARCONI TF2330 WAVE ANALYSER 20Hr50Klir
C95
£95
LCR
COMPONENT
COMPARATOR
AVO
CZ457/S
LEVEL . TM6B MICRO V -METER 450MHz

UST AVAILABLE BUT 10(0'4 OF UNLISTED BARGAINS FOR CALLERS. ALL PRICES EXC. OF P&P AND VAT
QUALITY ELECTRONIC EQUIPMENT ALWAYS WANTED

4

HALCYON ELECTRONICS

VISA

423. KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383. FAX 081-542 0340
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RESEARCH NOTES
Jonathan Campbell

DSP flattens steel precisely...

In the arduous
environment of a
steel rolling mill, DSP
can be used to track
the distance between
rollers up to 60mm
apart to a resolution
of 0.25pm.

DSP technology could find itself
being used in the anything but
quiet environment of a prototype
steel rolling mill. Engineering
research consultant Adrian March
has developed a system that relies
on dsp to process linear
measurements in absolute terms
rather than relative ones.
Normally coordinate measuring
systems simply count the number of
scale positions between one position

and another. March's optical device
determines the 'actual' position
under the reading head so it can not
be thrown off by dirt or power cuts or steel sheet slamming into the
mechanics. In the steel mill the
system will need to measure roll
separation of up to 60mm with a
resolution of 0.25pm.
Measurement depends on reading
a transmissive scale consisting of
binary pseudo -random patterns. By

Picture courtesy Adrian March

reading a small length, absolute
position can be determined.
Imaging optics have been replaced
by a lens that focuses light from a
led into a parallel beam to shadow
the scale on a standard linear charge coupled device. The image from the
sensor is read out at intervals
between 0.5-5ms.
DSP interpretation consists first in
recognising the position to the
nearest ccd pixel of the primary
pseudo -random number pattern. The
process involves a mathematical
correlation which establishes the
position in which the best match is
obtained against a reference number
string. That done, an interpolation
can be performed to a fraction of a
scale division.
Any variations in scale accuracy
are overcome by reading at least 256
scale divisions at all times. For
highest accuracy a scale can be
calibrated and a look -up table used
by the processor to correct residual
errors at all points along its length.
In theory, March says, the system
can measure up to 24m and down to
fractions of a mm, with claimed
resolution of an Angstrom.
A second system, aimed at a
different application, is due to go
into production at the end of this
year. It will measure a distance of
1mm with a resolution of I nm.

...and sharpens hearing
Fast developing dsp technology
could hold out new hope for
millions of partially deaf people
who are unable to benefit from
current hearing aid design, if work
being carried out at Washington
University comes to fruition.
Devices that work and people
actually want to use would be the
result, according to Washington's
A. Maynard Engebretson who has
been testing a dsp-based device with
impressive results.
Professor Engebretson, who holds
posts in both the Department of
Otolaryngology and the department
of Computer Science at Washington
University, says (IEEE Engineering
in Medicine and Biology, April/May
1994, pp.238-248) that today's
hearing aids are simply not good
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enough. "It is not uncommon for a
person to buy a hearing aid and then
not use it because it does not help
very much", he says.
But with dsp technology: "it
would appear that the stage is set for
a major advance in hearing aid
development".
Engebretson likens the impaired
ear to a flawed instrument such as a
spectrum analyser with defective
channels.
Part of the difficulty with hearing
aid design is that the ear behaves
differently for soft sounds near the
hearing threshold than it does for
loud sounds. There are also
physiological and psychological
characteristics of an impaired ear
that have to be taken into account.
The situation is complicated by the

fact that hearing aid development
requires a knowledge of acoustics,
transducers, signal processing,
auditory physiology and
psychophysics as well as low power
semiconductor technology.
Current hearing aid design using
analogue circuitry is very close to
its limits in terms of size constraints
and fundamental transistor scaling
considerations. Dynamic range of
an op amp - the building block of
an electronic filter - decreases as
the three -halves power of feature
size. With hearing aid dynamic
range only just being acceptable
now, further size reduction is not
practical. But the elementary
amplifier (inverter) of a digital
processor requires only enough
dynamic range to resolve two states.
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Overall dynamic range is
determined by the number of digital
stages used.
In a digital processing structure,
complexity increases as the inverse
of the square of the feature size and
switching energy decreases as the
cube of feature size. So as feature
size is reduced, greater dynamic
range and complexity is possible
with less power consumed.
Modem hearing aids still reflect
their 1940s origins, though growing
from single -transistor amplifiers to
modem multichannel designs
containing thousands of transistors.
Multiple channels attempt to
provide different compression
characteristics for different
frequency ranges and tiny
potentiometers are often used to
adjust the compression
characteristics. Newer hearing aids
may be electronically
programmable, with parameters
down -loaded from a computer based fitting system and stored in
digital registers.
But tests on digital hearing aids
carried out at the Central Institute
for the Deaf at Washington
University could radically alter
hearing aid design. Functionality of
the prototype devices includes four channel compression, adaptive noise
reduction and feedback cancellation.
For example, feedback cancellation,
using an adaptive fir filter, provided
an additional hearing aid gain
margin of between 10-15dB,
meaning roughly an additional 2030dB of patient hearing loss that can

be accommodated by the aid.
Partially deaf people, using the
device adjusted to a gain of their
own liking for various conditions,
improved their word identification
scores by 7% with this facility.
Adaptive noise reduction creates
an estimate of the stationary
components of signal and noise then
uses an inverse filter to reduce
hearing -aid gain at frequencies
where the estimate is large.
Engebretson says noise reduction
was preferred by patients for both
soft and loud speech, and word
intelligibility scores was much
improved for soft speech in the
presence of machinery noise.
FIR filters were also used to
experiment with what Engebretson
refers to as level -dependent -spectral
shaping (LDSS). Work was based
on the fact that hearing -impaired
people preferred different gains and
frequency responses depending on
signal level. Frequency responses of
two channels were set to the
person's preferred frequency
responses when listening to soft and
loud speech and the other two
channels set at in-between,
interpolated, values.
Though there was little difference
in loud speech in noise conditions,
soft speech in noise using LDSS
produced significant improvements
over a wide range of signal levels.
Much work still has to be done
before dsp hearing aids become a
reality. One question yet to be
answered is: what exactly is
required from a hearing aid?
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Engebretson summed up the
current position as that we are
technically at a point where we can
create very sophisticated hearing
aids. But the question is what
exactly do we want to do?
"Building circuitry is just a matter
off putting up the money and getting
people together. The problem is that
we don't have nice neat categories
of hearing impairment. Research
depends so much on the individual
patient that it is difficult to produce
general solutions".

Top - multichannel
hearing aid pushing
current hearing aid
design to its limits.
Bottom -dsp design
could open up new
possibilities for people
with hearing
impairments.

Sharing the secret to scientific problem solving
How secret is secret! It you've
got a PC, 599 computer powered friends, access to the
Internet communications network
and eight months to spare you might
just be able to find out. That's what
it took Arjen Lenstra of Bellcore in
Redbank, USA, Paul Leyland of
Oxford University and colleagues at
MIT to unzip one of the methods
used by cryptographers to keep
messages for their eyes only. But
the record -breaking cooperative
computing feat may have
ramifications far outside the arcane
world of cryptography.
What the code -breakers did was to
find the two massive prime factor
keys of a 129 -digit code. In effect
they had cracked the code used in
the RSA method of encryption
where two very large prime
numbers are multiplied together to
create a third gigantic number. The

shear physical sue of the numbers
involved makes it very difficult to
find those original factors from the
product alone. Decoding encoded
messages depends on knowing both
factors as well as the large number
that has been used to code the
message.
The degree of security given by
using a 129 digit product can be
judged from the massive amount of
computing power and time that was
needed to factor it. But as far as
cryptographers are concerned, the
code was cracked, and indicates that
they must move to using much
bigger numbers, perhaps 400 digits
long.

There is, however, a much
broader lesson for the scientific
community in terms of problem
solving.
Dividing a task between 600
volunteers running 1600 machines
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varying in size between parallel
supercomputers and humble PCs, is
the biggest demonstration of
distributed number -crunching so far
attempted.
In the search for the factors, with
such large numbers involved, the
only way to progress was to use an
algorithm to look at the
relationships between pairs of
numbers and see how close they
come to a solution. All those
relationships were then collected
together and cross-referenced in a
database.
Paul Leyland of Oxford

University told EW WW that
finding the prime factors involved a
search similar in magnitude to
needing to find millions of needles
in a galactic -sized haystack.
"We were using an algorithm that
looked for interesting relationships
between numbers. When we had
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enough interesting relationships, we
put them together".
But there are an infinite number of
relationships and only one
relationship in 100 million is
interesting. The team had decided
they needed 8.2 million interesting
bits of data to solve the puzzle,
meaning they had to investigate 8.2
million x 100 million relationships.
Their method was to call on
volunteers to link up to a central

MIT computer, using electronic
mail, and down -load the necessary
code to enable them to do their own
chunk of processing. The MIT
computer also gave them
instructions on what to do and a
place in the haystack to start
searching for their needles.
When their program had been
processed, volunteer data was e mailed back to MIT where it was
batched up.

After eight months toil, two prime
numbers of 64 and 65 digits, were
squeezed out the other end.
"Similar techniques have been used
over the past 5 years though ours was
by the far the largest project to do
this", says Paul Leyland.
But without doubt, the real
achievement was the coordination of
so much, and so diverse, computing
power in the pursuit of a single
scientific goal.

Polarity proposal that is music to the ears
Would the kettledrum sound

different if struck from the
inside rather than outside? It might
seem the sort of problem to worry
only the most dedicated of
percussionists. In fact it is part of
the much wider issue of acoustic
polarity - can we hear when
polarity of reproduced music has

compression

Recording

Process

Playback
Equipment

compression
If compressions at the
microphone were
reproduced as
rarefactions at the
loudspeaker, the

polarity of trumpet
sound reaching our ear
would have been
inverted. But would we
notice the difference?
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been reversed: when loudspeakers
have been incorrectly wired up for
example? The answer is a qualified
yes, but you have to look hard to
find out cases where it matters.
The researchers who posed the
kettledrum question, throwing down
the gauntlet for avant garde
musicians the world over, are
Richard Greiner, professor of
electrical and computer engineering
at University of Wisconsin, and
Douglas Melton, a sound and
vibration specialist at Digisonix Inc.
They were prompted (Journal of the
Audio Engineering Society, Vol 42,
No 4, pp.245-253) by the fact that
polarity inversion does not distort
the phase and amplitude
relationships between frequency
components of a signal, nor does it
change the temporal shape of a

transient signal. But it does present
the ear with a fundamentally
different signal - compressions are
replaced by rarefactions and vice
versa.
The eardrum at any instant is
"pushed" instead of "pulled", an
effect that audiophiles have long
wondered if they should include on
their hit list along with the need for
reduced phaseshift, phase linearity
and minimum phaseness in audio
equipment.
Up to now, there seems to have
been little attempt in recording
practice to maintain original
polarity - in the consumer market
Greiner and Melton describe the
situation as "total chaos". But with
processing in the digital domain
making it easier to control polarity,
they decided that now was the time
to determine the contribution that
absolute acoustic polarity makes to
the accuracy of reproduced sound.
Previous experiments have proved
that when the polarity of a simple
waveform is switched, listeners
describe a change of pitch or timbre
of the signal. So Greiner and Melton
set up a listening room in such as
way that this effect was apparent to
almost everyone. Then with the help
of 39 students at Wisconsin they set
out to listen to a range of
instruments played in various styles
to see if the effect could still be
heard.
Musical examples demonstrating
large asymmetry in the time domain
were selected, as this property was
felt to be significant when a signal
was inverted, with individual
instruments highlighted in the
pieces. The result was that the
ability to hear the polarity inversion
gave only a slight positive bias, with
piano and classical guitar yielding

significantly higher correct
responses.
The masking factor seems to be
that music is usually so complex
that there is often too much going
on to allow human concentration on
subtle effects, and vibrato, tremolo
and instrument filigree may obscure
inversion.
The fact that the guitar and piano
were most often picked out when
inverted, instruments showing little
asymmetry, suggests that is not the
property most affecting inversion.
More likely, they say, is that there
are other psychoacoustic effects
caused by the attack and decay
properties of the signal that help the
ear identify the correct acoustic
polarity of the signal.
The authors conclude that though
polarity inversion is not easily
heard, it can be picked up in certain
circumstances. It makes sense to
keep track of polarity during the
recording process to avoid any
problems later. Then, when
someone actually does play their
kettledrum from the inside, we'll all

be able to appreciate their efforts.
John Wilson has relinquished his
post as EW+WW Research Notes

creator -a function he has
executed splendidly for the past
eight years. This results from his
promotion to a new and more
demanding position at the BBC.
Although this means the loss of one
of our most valued contributors, we
wish John every success in his new
position.
Taking over from John is former
EW+WW deputy editor Johnathan
Campbell, who has a lust for
scientific knowledge and a keen
nose for a story. Of course we wish
Johnathan every success too.
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via our PC
Today's teletext broadcasts contain a wealth of information on diverse
subjects from share prices to weather. Laurence Cook's teletext plugin for the PC opens up the possibility of grabbing this information and
printing it, processing it or turning it into a database.
Broadcast teletext services are a useful,
regularly updated and essentially free
source of information on a wide range of
topics. Accessed via a tv screen however, teletext information cannot be printed or saved for
future reference.
A solution to the transient nature of teletext
is the subject of this article. Described here is

a complete teletext adaptor that plugs into a
single slot in your PC. It accepts a standard
antenna input and appears to the PC as a standard serial communication port.
With suitable software, your PC becomes a

teletext terminal with the ability to print or
save pages to disk

System requirements
IBM PC -AT or

compatible with DOS
3.3 or higher
640K ram minimum

or ram. Built into
the adaptor's tuner
is an intermediate frequency
stage
together with highperformance, facto-

Hercules, CGA, EGA,
VGA or SVGA graphics

ry pre -aligned video

adaptor
Free 8 or 16 bit slot for

lators. As a result,

3/4 -length card.
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and audio demodubaseband video and
audio signals can be
made available via

sockets at the rear of the PC. These can feed

multimedia cards or other devices which
might rely on such signals in the future.

My complete teletext adaptor is a threequarter length printed circuit board laid out
entirely for conventional through -hole components. As such it lends itself to small quantity and one -offs. Details of the board are presented at the end of this article.

Design overview
As is clear from Fig. 1, the adaptor divides
into distinct functional blocks.
Using a ready built module with baseband

outputs for the tuner section save a lot of
design and commissioning work. Made by
Philips, the chosen module has a digitally syn-

thesised front-end. Using an enclosed and
decoupled module also avoids problems with
emi emanating from inside the PC.
Control of the tuner is carried out via an I2C
bus interface, which is common in many modem TV sets. Synchronous clock and data lines
of the I2C bus are driven by simply toggling
bits on a parallel port.
Since I had already developed PC terminal
software for an external adaptor that connect-

ed to a serial communication port, I developed

the teletext adaptor with the same interface.
This has the advantage of making software
easy to write. Jumpers allow setting the interface up as COM1 to COM4, with interrupts
IRQ3 or IRQ4. More on this later.
Because the Philips tuner has varicap diodes
it needs a stabilised 30V, but the PC only has
12 and 5V rails. A simple charge pump generates about 50V from the PC's 12V rail. This
is then shunt stabilised to 30V. The 5 and 12V
supplies are used by the adaptor's co -processor and analogue circuits respectively. They
are first filtered by small inductors and decoupled capacitively.
Off -air video from the tuner module passes
to the video interface. Here, recovery of the
6.9375MHz clock and data from up to 16 data
lines per tv frame take place.

Within the video interface, data slicing is
carried out by a Philips SAA523 I . This device
connects to a separate level shifter which con-

verts the chip's output to ttl levels for connection to the digital block that follows. Offair sync is extracted by the chip and

conditioned as line and frame syncs before
also passing to the digital block.
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In earlier designs, level shifting was performed by two expensive high-speed com-

these straightforward signals to the chosen

socket for external use but its main purpose is
driving the data slicer in the video interface.

uart, a National Semiconductor NS16550AF,
is simple.
In the original IBM PC specification only
addresses for communication ports COM1 and

parators to minimise skew between clock and

data. This design uses a much cheaper dual
comparator. Initially I discounted the dual
comparator because it had poorer switching
times combined with a broader tolerance. This

could have caused reception errors due to
skew with jittery off -air signals.
A little thought and experimentation
revealed however that differential delay
between channels is most important. Since the
chosen IC has both comparators on the same

PC communications. Signals of interest on
the 31 way card edge connector of the PC ISA

read and write signals and system reset. Power

standard has developed defining addresses for
COM3 and COM4.
My design follows the four communication -

rails and ground are also used. Interfacing

port standard, jumpers J101,102 setting the

cations interface and direct memory access
controller.

UHF tuner/
I.F. strip/
demodulators

e
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Aerial
input

1\

Audio
out
Video
out

Clock

Logic
block

ly integrated device has a Z80 -compatible
instruction set but with additional instructions
and enhanced microcode.
Integrated features of the processor include
a high-speed multi -protocol serial communi-

Fig. 1. Essentials of an

1°C controls
clock

Status LEDS

substrate, the actual skew is no worse than
with two separate, expensive chips.
At the core of the logic block is a 10MHz
Hitachi HD64I80S microprocessor. This high-

COM2 were defined. However a de -facto

bus are shown in Fig. 2. These are the lower
eight data bits, SDO to SD7, the lower ten
address bits, SAO to SA9, address enable, i/o

Video
interface

Data

Sy ncs
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Composite video
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Flow
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Se ial
data
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supply

P.C.

\ comport

bus

2\

+12 V
+30 V

-6V

3

off -air teletext decoder
card for the PC. In
addition to feeding
teletext data to the PC,
the adaptor also makes tv
audio and video from the
synthesized tuner
available. No external
power supplies are
needed, but some power
conditioning is required
for comparators and the
tuner varicap.

These were key factors in my decision to
use the device. Off -air data is clocked into the

serial controller and shifted by the direct memory -access controller into memory for
processing. Even with the fast serial interface
feeding the dma controller, the data capture

Fig. 2. To make hardware convenient and software writing easy, the teletext decoder is
designed as a PC -slot card with an interface to any one of the four dos COM ports. The
NS16550 universal asynchronous receiver/transmitter, or uart, interfaces to the PC slot using
straightforward data, addressing and control signals.

A

leaves only 20ms for processing before the
next packet of data arrives.
Pages requested by the host PC are pro-

IBM PC 310NY .

215

2

507

A 3

SO8

. 4

506

A

cessed by the 64180, which maintains an output buffer in ram. It then offloads the buffer
more slowly at 9600 baud via its on -chip uart
directly into the PC communication -port uart.
From there, the data passes to the ISA bus and
onward to the terminal software.
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E21 to E69, the tuner covers the entire UK uhf
tv band.
Tuner input is via a standard coaxial antenna socket which is an integral part of the casing housing the electronics. Since the casting
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and video. Designed for European channels
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absolutely all filings are accounted for before
attempting to plug in the board.
Remaining connections are presented as pins
on the edge of the case, which is intended for
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vertical mounting in a tv set. There is little
room between slots in the PC so the tuner is
laid flat on the pcb and connected via long
wire -wrap type pins. Double -sided adhesive
tape may be needed for anchoring the tuner to
the board.
Audio from the tuner is fed via point TP25
and dc block C31 to phono socket P4. This is
off -air sound. When debugging the adaptor
it's handy to have a monitor amplifier to hear
whether the tuner has actually locked on to a

U11.4] /.PC74HC00

Ull-C ,PC7411C110
8 1/.1_12205 31
lea RC 31.9aT
8 2

12206 31

OW

U1S5 -A / SN7ALSO4

I 11

XIX
NOr

31.

>>"

uf

7

1

" T"'"
A2

27

u1S5-0 /.01,41.5.4
AS
SA4

37

/

ecrrr

corr

1

1114321/1.2 OSC
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SA)

12
13
J111

/ S14741..4

given channel if the data side of things still
isn't working.
Off -air video from the tuner feeds a phono

August 1994 ELECTRONICS WORLD + WIRELESS WORLD

u102 / SN7 44 22

U1S40 /.51474125

631

,,;!

DESIGN
U4 -C / . PC74.14

Fig. 3. Teletext information is
separated from raw video by an
SAA5231 data slicer. Off -air
composite video appears at pin 27
while sync pulses are presented at
pin 25.
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Buffering is needed to provide sufficient
drive for the uart when it has to send data or

inverted by /C4A and presented as active low

line syncs to the 64180 uart's data -carrier
detect (DCD) pin. This is configured as a general-purpose input pin.
Monostable /Cm produces an 8.5p s pulse
every line sync which is fed back to the sand-

castle input of /C3, pin 22. This makes the

status messages via the ISA bus. Should sev-

chip respond as though it had other members
of its family connected to it .
Timing components R13 and C6 should be

eral cards be plugged into the bus, the uart

accurate for correct operation. In the data

would be overloaded if connected directly.
On the arrival of data, the uart alerts the PC
by generating an interrupt signal. This is fed
via /C1040 to ISA bus common -interrupt line

slicer, crystal X2 oscillates at twice the broadcast data rate, which is exactly 444 times line
rate. Inductor L1 and C14 prevent the crystal

IRQ3 or IRQ4, depending on the setting of
jumper J103. Recommended settings are

mental.

shown in the table.

Serial data lines SIN and SOUT, together
with handshake lines RTS and CTS, connected
to the uart in the microprocessor. This provides
out -of -band flow control between the microprocessor and the system, ensuring commands
and data are not lost. All other uart serial port
signals are ignored, being left unconnected or
strapped to an appropriate level.

A separate oscillator module provides the
1.8432MHz ttl clock needed for the uart. My
attempts to find a clever way of obtaining this
clock from one of the other chips failed.

Video interfacing. Shown in Fig. 3, the video
interface revolves around a Philips SAA523 I
bipolar data slicer. Off -air composite video

appears at pin 27. The chip strips out sync
pulses and presents them at pin 25. They are

Table 1. COM-port jumper settings
used on the PC teletext board
COM1
COM2
COM3
COM4

() i2

from oscillating at harmonics of its fundaThe oscillator locks onto the data stream,
and is divided by two to provide true recovered data and clock signals at pins 15 and 14
respectively. Since these signals are not at ttl
levels /CI -a rather unusual dual comparator

- is needed to convert them. It is powered
from +12V and -6V, will accept inputs with a
high dc offset, and produces complementary
ttl outputs.
In this design, recovered clock from IC3 is

that the teletext receiver can operate
without supervision. It can survive
power failure or static -induced interruptions and recover whatever configuration it was last loaded with.
Connected to the microprocessor are 32K of
eprom and 32K of ram, decoded on -chip by
/CSO and /CS1 respectively. These occupy the
full lower 64K physical address space. The
third on -chip decode line, /CS2, is used to trigger the watchdog and is selected via the on chip memory manager. No external decoding
logic is involved in selecting memory devices.
Or gate /C13 generates memory and i/o read
and write pulses. Access to the control port
/C12 and associated circuitry by the read and

write pulses is possible when All is true,
LATCH is low.
The lower three bits control the status leds,
the next three control eeprom /C,, and the top
two bits produce I2C clock and data signals.
These are applied to the tuner module via
points 7.13 and T,4. Gates /C50,c direct the I2C
and eeprom data onto the microprocessor data

bus from the latch when an IN instruction is
executed. Thus with very little circuitry, the
firmware is able to indicate its status, save and
reload its configuration, and control the
Philips tuner.
Connector P1 is provided for future expan-

sion, such as the control of auxiliary I2C

buffered by Tr2 then integrated by R12/C27/C28

devices in commercial applications, or as a

so as to generate a reference level at pin 13 of

medium speed link to, say, text -to -speech con-

the comparator. This reference is the mid-

verters. This could be a useful application of
teletext for the blind.

point of the signal.
After hf compensation provided by Ci3, the
signal is fed via R11 to pin 13 of the comparator. This makes dc offset on IC3 irrelevant. As
a result, a ttl version of the data clock appears
with unity mark -space ratio at pin 1 of /CI.

Recovered data follows a similar path
through Tr1 to arrive at pin 8 of IC1. Delays
through /CI are closely matched between each
half, so the phase relationship between important clock and data signals is preserved.
Now, the clock and data signals are applied
directly to the microprocessor serial interface
clock and data pins.

J101

J102

3

3

3

1

3

4

3

1

Logic block. Although the heart of the sys-

3

1

1

tem, this

IRQ
4

ISA bus so pressing the PC reset button also resets the co -processor.
Inclusion of a watchdog reset
timer, in conjunction with on -board

Div

11J-- C211 /.202P

xx /. 19. 67151/SCI

required address according to Table 1. These
jumpers select the true or complement address
lines A4 and A8 for decoding together with
remaining addresses from A3 to A9 in nand
gate /C102. This generates an active -low chip select signal directly feeding uart /C103 and bidirectional buffer /C101.

or-ed with a reset signal from the

non-volatile memory, /C9, means

-0V
CO I. I SNP

SPHS

serves as a longstop should the software run out of control. It also provides a clean power -on reset signal
for the microprocessor; its output is

Since the microprocessor is only available as
a surface -mount plcc part, the board has been
tracked to take an 84 -pin through -hole socket.
A bonus of the socket is that it allows the relatively expensive processor to be fitted last,
minimising the chances of esd damage.

The processor needs to be a 10MHz part,
specifically the HD64180SCP10, which can
be clocked at up to 20MHz. In this design the
clock is 19.6608MHz which divides down to
allow the uart to operate at 9600baud exactly.

In addition, the maximum data rate of the
communication interface under dma transfer is

a function of clock speed. This clock fresection

is

essentially simple.

quency is high enough to accommodate the
broadcast data rate.
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/ PC7441C32
21
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1114
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38

n

META
C4001
CT

.7

Pi

.SIR R.

Mr..

311

U13 -C 1. PC740117312

TP1

IVRY
Tow
33

PET

34

RIR

02

Miff

GO

MEW

U13-0 / . rC74I1C33

3

l

simply programmed to look for the framing
code as a sync byte. Having set up the dma
controller to shift 43 bytes into ram, the processor simply waits while a line of data is
moved into memory. Now the processor can
sample both frame and line syncs, so it can
detect what lines to expect data on, and when

70

IMRE!

U13

TX.
77
73

EMUS

RWIRT

Ut 3-A

kc

TACA
111XCIA

WTT

TIATT

111

113

AI

131

TEST POINT

the last data line of that frame has occurred. At

the appropriate time the processor begins to
examine this data.
There is almost 20ms available for the processor to move those lines forming part of a

requested page into an intermediate buffer

4. 4C

AI

[MEW

elf

/

Tin I
RUT.

41

13

area. In fact, up to six pages can be assembled

err

AI 1

rtne

simultaneously if specified by the terminal

P111

CRT

software. When the buffers are complete, they

TINI
113

07

P7

are transferred into the global output buffer.
From there they are transferred via the uart
link to the PC communication port.
In addition to the recognition and transfer
process, all headers of the selected magazine
are sent out in a sort of queue -jumping fashion, so as to maintain an accurate clock dis-

90

A
C6
A4

03

43

03
01

Power supply. Rails of +5V, -12V and +12V
from the PC are decoupled by inductors L101,
L102 and L103 respectively.

Power for the data slicer /C3, comparator
IC1, and tuner module is provided by the 12V
rail. Feed to the tuner is further filtered by L13
and C I 5 before being applied to point T24 as a
supply to the local oscillator. Since psu
designs for PCs vary, noise levels on the supply rails are uncertain so heavy decoupling is
advisable.
Inverter /C106 and associated components

LSSa 2 SE

....

U7 /.113.12213614

.!

8 B aBSE.
1127C26.

Fig. 4. Data
processing, including

recognition of
teletext data frames,
is carried out by a
64180 processor
running at just under
10MHz, i.e. half the
crystal frequency.
With minimal
circuitry, the
firmware is able to
indicate status, save
and reload the
configuration, and
control the Philips
tuner.

pump the +12V rail up to 50V or so, Fig. 5;
Gate A of the IC is a free -running oscillator
which drives the diode -capacitor chain, culminating in C114. So many stages are needed
because of losses due to output impedance of
the gates.
Following the voltage multiplier, resistive

current limiting followed by a shunt zener
diode provides a highly stable tuning voltage
for the front end. Note that /C106 must be the
device specified for this circuit to work.

To power the dual comparator only, the
-12V rail is dropped to -6V by R15 and ZD 1.

ADDRESS BUS

How it works...
Broadcast data is contained in up to 16

television lines per frame within the
frame blanking period, Fig. 6. Each
line comprises data at 6.9375Mbit/s
with a logic one corresponding to 66%
of white, and a logic zero to black, or
thereabouts, Fig. 7.
Lines start with a stream of one and

PI

zero bits for clock run-in, followed
immediately by a framing code to
allow byte synchronisation within the
receiver Fig. 8. Normally, framing is
carried out by feeding the data into a
serial -in -parallel -out shift register then

examining the data with a wide nand

gate and inverters. This results in a

719 41.11.111, 11011rT

714 41. TIMM POINT

F0844 MODULE

13100.13

pulse when the desired pattern is present.
In this system, the microprocessor is
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DESIGN
TPi

DIU ,.1.4140

13, 02 ,.1.140

CIOB /
U10B-A

C100

/

0,04 /.1.44,10

0,07 / 1.140

0100 / INI413

/ TEST POINT

/

0100 /

Fig. 5. Voltage multiplier
used to supply the
synthesized tuner's varicap.
The free -running oscillator
on the left feeds the
multiplier chain, producing
around 50V on the right.
Following current limiting, a
shunt zener produces a
stable 30V varicap feed.

.33V

.1.714

HFF401BET

0103 i

0105 /

U10B-C / NEF401000

U100-0 / WF401000

0100-C ,HEF40111G0

7

4718EBE

(EMI:5) POWERED FROM +12v RAIL

TELETEXT CD -PROCESSOR VARICAP SUPPLY

120_' dye

play on -screen. Headers are the top row of the

terminal software. The tsr picks up the local
channel numbers from the configuration file
and uses them to send to the PC communica-

display, the line with the date in it, while a
magazine is the jargon for page hundreds.
Empty page buffers are thus available for

DATA
TIMING
REFERENCE

LINE
TIMING

REFERENCE

tion port as required. On quitting the program,
the tsr is unloaded.

assembling the next transmission of the
required pages, row by row.
Control of the co -processor is achieved over
the serial link, using a well -established protocol. Operator page requests are converted into
a format that the firmware understands by the
terminal software. This protocol is available to
programmers.
Addition of a tuner required the command
set to be extended to select Channels E21 to
E69, which was fairly easy to implement. Less

Commissioning
There is no substitute for a thorough visual

Line
Sync

Puke

Clock Run-in

Framing
Code

inspection of all the components before pow-

ering -on. Time spent here is worthwhile.
Further testing depends on what test equipment you have access to.
A PC card extender for example allows easy
access to a powered board for measurements.
Clearly the first thing to check is the power
supply and look for activity on the crystals and
oscillator module. Thereafter you should set
up the communication so as not to clash with
existing devices. I used COM3.
Next, connect a good quality tv aerial and
run the batch program supplied, having first

easy was modifying the terminal software
which in a commercial application had been
produced without regard for such extensions.

In order to leave working software well
alone, I chose to use a terminate -stay -resident

(tsr) program to supplement the keyboard
commands. The required channel, 0 to 9, is

edited the default.cnf file to include local

simply typed in as, say, Alt -C2 for BBC2, and
so on.

channels and the chosen PC communication
port and IRQ settings. Type Alt-Cl, to select
BBC1, and 100, for page 100. You should be
rewarded with page 100 on screen with headers rolling past. If not, then there is a fault.
The external audio and video outputs are a
good starting point although the software will

Correspondence between E channel numbers and single -digit selection is achieved by

extending the default configuration file to
include local tv channel numbers. To invoke
teletext operation, a batch file is run on the
host PC which first loads the tsr then runs the

need to have selected a channel for this to

Fig. 8. Signalling the start of teletext data is a
clock synchronisation run in comprising ones
and zeroes. Immediately following is framing
information that ensures that whatever is
decoding the data starts reading it at the first
bit of the first byte.

work. You can look for activity on the I2C bus
when a channel is selected. A command from

the PC causes LED' to flash. Off -air syncs
cause LED2 to flash, and data to the PC causes LED3 to flash.

Reading
Figures 6, 7 and 8 are taken from the
September 1976 Broadcast Teletext
Specification, ISBN 0 563 17261 4.

field -blanking intim/al (25 lines)

marble Teletext Deta-Lines

(x.

initial
Lpint:

622

6

310

318

7

8

9

319 320 321

10

11

322 323 324

12

13

14

15

161

325 326 327 328 3

17

I

18

330 331

fines

19

20

332

21

333

22 i

,3

334 335

Fig. 6. Broadcast teletext data streams appear in up to 16 lines per tv frame, all within the
blanking period. Data is transmitted at 6.9375Mbit/s.

634

BLACK

- LEVEL

DerLine
17

(330)

Binary '0'
01X21%
Binary 'I' level: 661061%

maroon

336

co -processor pcb, a full parts list,
terminal program and programmed
eprom for £65 inclusive. Overseas
add £5 postage.

Please note that although this
offer is made in good faith,
EW+WW has no involvement in it
and therefore cannot take
responsibility for any problems
that may arise relating to
transactions between Citifax and

wog,. WHITE
LEVEL

Fig. 7. In the teletext
lines of a broadcast tv
frame, a logic 0
corresponds to black
level while 66%
white represents a
logic one.

24

Component availability
A double -sided circuit board, with
gold plated edge connectors,
together with the required eprom
and terminal program, are available
from Citifax, EW+WW, 9 Goose
Cote Hill , Bolton BL7 9UQ, United
Kingdom. Tel./fax +44-0 204
307293.
The package includes the teletext

DerLine

ITS line

16 (331)

18 13321

readers.

Brie Data
Amplitude

Peak taper
Data Amplitude

ELECTRONICS WORLD + WIRELESS WORLD August 1994

Announcing a new range of affordable,
powerful W ndows based PCB and schematic
design pactages from POWERware.

Quickroute 3.0

DESIGNER

PCB & Schematic Design System for Windows 3.1
Edit

File

PCB and schematic design with all the new
'Easy -Edit' features and an Auto router!

Quickroute 3.0 - ICAORADEMO SCHI
Options Library Symbol Help

Tools

View

RI Kral=

I

RI C)

DESIGNER+

Track 0.03Illn

£149 *

For larger PCB and schematic designs,
adds Gerber and NC -Drill support.

ea

12

0

11

PRO

13

5

7400

PRO+

0

g1.0
lee

For more details, contact

£299 *

Advanced schematic capture for
management of larger schematics. Gerber
import facility for file exchanging.

IC2d

I

£199 *

Schematiz capture, with integrated
rats -nest generation and auto -router.
Export net -lists for design checking.

7400
4

9

£99 *

from

* Prices exclude post & packing, etc.

£99*

POWERware, 14 Ley Lane,

Tel/Fax 061 449 7101

Margie Bridge, Stockport,
SK6 5DD, UK.

excluding P+P

CIRCLE NO. 112 ON REPLY CARD

H.P 534IA Frequenc Counter 5061Hz - I 5G

PHILIPS 3065 24-1 Channels 100MHZ Dual TB Delay Sweep

C500

L500

L200

0125
0200
0300
£350

. only C350

MARCONI 2018 Synthesised AMIN Sig Gen 80101z- 520MHz .......
II P. 85408 Signal Generator 20X4- 1024MHz (opts 001/002/003)
M.P. 86200 Sweep Oscillator with 88245A 5.9- 12 4Ghlz

.. £100

SYSTRON DONNUI 1702 Synthesized AM/FM Sig Gee 100Hz - IGHz
RACAL 9081 Synthesised Afft/FM Sig Gen 1.5 - 520MHz
FARRELL SS0520 Synthesized A06116 Sig Gen 10- 520MHz
MARCONI 2361 Sweep Generator System 254X:- 10001461
MARCONI TF2008 AM/FM Srg Gen 104111 - 510MHz Sweep 1 amity
MARCONI TF2015 AM/FM Sig Gen 10- 520MHz
MARCONI TF2015 with synchronizer TF2171 Hock boo)

0600
0500
£400
0300
L200
L250
L375
L250
0375

PHILIPS PM5326 AM/FM 31404751-256470/141 limited/
N.P. 850I6 Sweep Generator 100104r - 110MHz

.

MARCONI TF200213 AM/1M Sig Gen 10490 - 88MHz with Dig
Synchronizer

LI500
L500

0300
0300
L150

MARAUDERS 66004 MicrowaveSweep Osc with 6651 Plug in 26 5
0300
L300

40011z

HP 86900 Microwave Sweep So with 8697A Plug-in 26 5-40G14/
LYONS PD71.1 Pulse Gen PRE 1Hz - 5MHz 10 nanosecs

£7

.

FARREL PG101 Pulse Gen 1s 10MHz (I sa 111z1

C150

L175
L100
LI 250

C400

342 digit DMM with FEE._
341
OLARTRON 7045 4
digit Multimeter Vol vamps.Ohm s
MARCONI 131313A Universal ICR Bridge 0 IS
WAYNE RUM 6424 Digital Component Meter ICR

£10
£125
L125
£60

EATNIUT 113 RIC Bridge

MARCONI TF230013 Modulation Meter !PEEP 1O1 - I 2GH7.
TMER 2065 Distortion factor Meter 6 dhlz - (4101z 0 01%
RACAL 93014 True RBIS Millivonmeter 10Khlz - 1014 ._

LIM
.

..

L12

..

(200

RACAUDANA P25 Pulse Gen IHz - 50MHz Dual Output

£150
L300

1460501446123 AC Voltmeter Dual Channel IX: - 500KHz. 3000 L100
L75
L300
L250
L200
£50

00V

LEADER LMV181A AC Mill mollmeter 5110- 1MHz, 11130' - 300V
ARNELL IV570M52 70 Volts 5 Amps/35 Volts 10 AMOO Metered

WEIL B30/2030 Volts 20 Amps. Venable

NEWLITT PACKARD 1740A Oscilloscopes 1006H z Dual Trace Delay

MARCONI TF2016 with Synchronizer TF2173 (Lock Kati

LIDO

SOURTRON 7150 6)21

LIGO

MARCONI TF2016 MAMA Sig Gen LOKHz i 120MHz

L125

U50
L400
£225

MP 1714A Dual Trace 10019110 Delay Sweep Analogue Storage_-.
NIS IS LUST A SIMPLE. MANY DINERS AVIJLABLE

£200

0500
£400
£350

.

L150
L150

DATRON 106552I digit Aulocal Multimeler loth ACTIC,Ohms HOE.0600
0200
er AC/DC/Ohms
_
P 31904 5 Olga

TEKTRONIX 465 Dual Trace 100MHz Delay Sweep.._.L400

-

LI75

MARCONI 2437 Universal Counterffirner DC - !OOMHz 8 digit
MARCONI 243IA Fr equency Counter 10Hz - 2011MHz 3 digit
MARCONI 24304 Frequency Counter IOW - 806IHz 8 digit--.
RACAL 9918 Frequency Counter lOhlz 5206011 9 digir
RACAL 9913 frequency Meter 10H z- 200MHz t digit
..
RACAL 9911 Frequency Meter 1011 - 120MHz . digit
RACAL 9905 Universal Counter/Timer DC-20010Hz 8 Tigit
....
RACAL 9904 Universal Counter/Timer DC -50M11, 7d get..
RACAL 9901 Univwsal Counter/Timer DC-50MItz 6 Aga.
BAIRN 10616 6 k2 digit Autocal Multimeter Hue 6145 AC/Current
.

£750

TEKTRONIX 485 Dual Trace 350 MHz Delay Sweep
TEKTRONIX 475 Dual Trace 200 MHz Delay Sweep
TEKTRONIX 465B Dual Trace 10014112 Delay Sweep

Sweep

.

.

L700
L600

TEKTRONIX 2235 Dual Trace 100MHz Delay Sweep

111401415650F Dual Trace 60MHz Delay Sweep
PHILIPS P/13217 Dual Trace WM14 Delay Sweep
LEADER180-5204 Dual Trace 35MHz
GOULD 051100 Dual Trace 30MHz.
MATSU SS5702 Dual Trace 20MHz
GOULD 002508 Dual Trace 15 MHz...
..
TELEDIIIPTIENT 032 Dual Ira. 10MHz Ma nx Batlery*
DUNBAR 70315 Dual Trace 20MHz Mains/Battery

LLD

MARCONI 2435 Digital Frequency Meter 2@i,hlz

TEKTRONIX 7000 SERIES OSCILLOSCOPES
AVAILABLE FROM £200. PLUG -INS SOLD
SEPARATELY

TEKTRONIX SC504 Dual Trace 80MHz in TA1503B An new
TEKTRONIX 2215 Dual Trace 60MHz Delay Sweep..
TEKTRONIX 455 Dual Trace 50MHz Delay Sweep

L950
L350
L900

EIPDANA 35ID Mircowave frequency Counter 20H1 - 18GHz..

WE HAVE THE WIDEST CHOICE OF
USED OSCILLOSCOPES IN THE COUNTRY

FARRELL 830/10 30 Volts 10 Amps Vanable
..
ARNELL L30A 0 - 50 Volts, 0 -0 5 Amps. Matered
MARCONI (WEIR) TF2154 0 - 305 1A, 0 - 15V 2k 1 - 7 5V dA Metered C60
L200
RANDEINWRG Model 472R 4-/-- 2KV Metered
0200
RACAL 9009 Automatic Mod Meter 10MHz - I 5GHz Wide Deviation
LUX
RACY/DANA 9104 AF Power Meter( MHz - IC Hr. I krt. - 300W
L15
10 C1160 Valve Tester (Valve Data not included/

P 5006 Signature Analyser
P, 50044 Signature Analyser ....

0150
0100
L550
L500
L350

.

FERROGRAPN RTS2 Audio Test Set anth AN
LINDOS LAI Mk2B Audio Analyser
VITAMIN BP501 Audio Analyser

....

PANNELL isolating Transloane,
GU500, 240v 500VA, unused

C50

isolating Transformers 50084 uncased

C30

_

NEW EQUIPMENT
HANES OSCILLOSCOPE H611005 Triple Trace 100MI1 Delay Tirnebase . CUT
IIAMEG OSCILLOSCOPE 11M604 Dual Trace 611M11, Delay Sweep.
f.153
HAMEG OSCILLOSCOPE HM203 I Dual Trace 20Mhe Component Tester C362
NAMES OSCILLOSCOPE HM205 3 Dual Trace 20MHz Digital Storage. -...L653

All other models available- all oscilloscopes supplied welt 2 probes
11611E1 1 COEN Vibration bolter System. Consoling of moiler control

1047 Power Amp 2708 6000,0,, Body 4802 lop to 17804 - 400W)
OTHER BLK EQUIPMENT AVAILABLE

METEOR 100 FREQUENCY COUNTER 1009111.
METEOR 600 FREQUENCY COUNTER 600MM
METEOR 1000 FREQUENCY COUNTER IGHT

SPECTRUM ANALYSERS
..
X.P. 35508 1.10 05Hz - 50KH1
A00I150 MS628 with Tracking Generator 10KHz

MULLS 641-1 101414 -18050
Al. 1417 with 8555A & 8552B 106114; - 18CHz

L1000

I/00MHz

BLACK STY EQUNKNIEWL (P&P all units 65)
APOLLO 10-100MHz Counter Timer Ratio/Pe rodif me interval etc
APOLLO 100.100MHz (As above will, more tynctovist

01500
L1500
01700

£222
0325
£119

_

LI45
LI 09
LI 19
L229

HIPITOR 500 FUNCTION GEN 0.1140-5001at Prie1dGri
ORION COLOUR BAR GENERATOR Pal/PIA/a eo

Al other Black Star Equipment available
OSCILLOSCOPE PROBES Swachable 01 x 10 114:14 13)

... ........

C12

Used Equipment -GUARANTEED. Manuals supplied If possible.

MEG APROM device programmer. IEPROMS, E2PROMS, and FLASH memories from 2k (2716) to
8 Meg (27C0801. Runs on IBM PC via the centronics port using standard printer cable. Works on all
PC compatibles, laptops, and notebooks. No special port requirements.
Uses approved programming algorithms. Very fast program and verify 27C512
(64K Bytes) M 45 seconds.
Only £99.95
Full screen editor software supports Bin, Intel Hex, motorola S and Asc formats.

Top quality components used throughout including production ZIF socket.
Requires external power supply 18-23v AC or DC (op 250ma. (optional extra (£6.50)

PICPROC; Programs Piel6C54-55-55-57.71-84. Centronics port interface same as Megaproin.
data memory in Pic I 6C84.
Powerful editing software to Read, write & copy Pic devices in
Only £69.95
Unit nulpplied with IBM software & 2 months parts & labour guarantee.
Requires external power 15-20v AC or DC Or: 250ma. (optional extra i6.50)

EPROM EMULATOR Works on ANY computer with centronics printer port. Data sent tit the
printer appears in the target board Eprorn socket. Emulates from lk to 32k Byte (271:2561 roots.
boarc, switchable. Power supplied from target Rom socket (less than 10ma 3 Very last download.
Software supplied for IBM PC to convert and send Intel Hex. Motorola S. ASC
Only £49.95
and Bin tiles.
Board supplied with software and 12 months parts and labour guarantee.
PC SCOPE Convert your IBM PC Mto a Storage Oscilloscope with our Al)l converter. Simply plug
into the printer port (no power requkred ). Sample rate 10k to 30k per second.
Software supplied for Scope and Voltmeter. AiD source to write your own
Only £29.95
programs.

DEVELOPMENT SOFTWARE
Develop software on your IBM PC tor other Microprocessors, Controllers, Pic's etc. Software has
fully integrated Text Editor, Assembler, Disassembler and Simulator.
The Simulator displays all registers :long with disassembled code program counter. Condition code
register. The user can single-step. go with breakpoints, watch memory etc. change any/all registers/
memory locations at any time (on the fly).
Code can he Saved to disk and.or downloaded directly to our EPROM Emulator. All software
supplied with sample ASM tiles and user documentation.
Very powert ul software as supplied to universities. colleges ITECS and Industry.
Asaylohle for the following:MCS8051;52 552 series
PIC10C5415/6/7
liD63/0409

Software £19.95
Software £29.95
Software £49.95

MCS8048/49 series
P1t16C71/84

Software £19.95
Software £29.95

LOW COST PIC ICE (In -Circuit Emulator)
Plus into the printer port and runs in conjunction with the PIC development simulator software.
Appears to the target system as a normal Pic device including OSC2 and RTC.C. in out. Runs in real
time from the IBM PC changes math:. to File registers reflected on target.
Only £89.95
Supplied with Software of your chace Pic54-57 or Pic 71/84
All hardware carries a 12 months parts and labour Guarantee. No VA -1 payable.
Please add LISA for Carriage. SAE or TEL for further detail,.

This is a VERY SMALL SAMPLE OF STOCK. SAE or Telep one for lists. Please check availability before ordering.
CARRIAGE all units E16. VAT to be a ded to Total of Goods and Carriage.

JOHN MORRISON DEPT WW

STEWART of READING

4 Rein Gardens, Tingley
West Yorkshire
Tel (or Fax): 0532 537507

110 WYKEHAM ROAD, READING, BERKS RG6 1PL

nTelephone: (0734) 268041. Fax: (0734)

351696Callers

to=

VISA

Welcome 9am-5.30pm Monday to Friday (until 8pm Thursday)
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SEALED LEAD ACID Battery, 6v 80/100 AH made for BT. ex
equipment but ok E45 each ref APR47. Ideal electric vehicle etc.
ASTEC SWITCHED MODE PSU Gives +5 0 3.75A, +1201.5A,
-120.4A. 230/110, cased, BM41012. £9.99 ref APR10P3.

TORFIODIAL TX 30-630 480VA, Perfect for Mosfet amplifiers
etc. 120mm die 55mm thick. E18.99 ref APR19.

MOD WIRE Perfect for repairing PCB's, wire wrap etc. Thin
insulated wire on 500m reels. Our price Just £9.99 ref APR10P8.

12v MOVING LIGHT Controller. Made by Hells, 6 channels
rated at 90siatts each. Speed control, cased. £34.99 ref APR35.

ELACTRON FLASH TUBEA5 used In police carflashIng lights
etc, full spec supplied, 80-100 flashes a min. £9.99 ref AP R10P5.
24v 66WATT Cased power supply. New. £13.99 ref ARR14.
STETHOSCOPE Fully functioning stethoscope, ideal for listening to hearts, pipes, motors etc. £6 ref MAR6P8.

OUTDOOR SOLAR PATH LIGHT Captures sunlight during
the day and automatically switches on a built In lamp at dusk.
Complete with seales lead add battery etc.E19.99 ref MAR20P1.

ALARM VERSION Of above unit comes with built In alarm and

NEW BULL ELECTRICAL STORE

WOLVERHAMPTON
BRANCH
NOW OPEN AT 55A WORCESTER

ST TEL 0902 22039
100MHZ OSCILLOSCOPES now in

stock, 12x10cm screen, delayed
sweep, 1 Mohm / 25pf inputs, modes-

chl , ch2, add, chop, alt, dual. 460 x
305 x 200mm, 17kgs, £267+Vat includes insurance and carriage.

pir to deter Intruders. £24.99 ref MAR25P4.

CLOCKMAKER KR Hours of tun making your own clock,
complete Instructions end everything you need. £7.99 ref MAR8P2.

INFRARED LASER NIGHT SCOPES

the ground floor against forcred entry. Indudesmains power supply
and Integral battery backup. Powerful Internal sounder, will take
external bell if req'd. Retail E150+, ours? E49.99 ref MAR50P1.

Second generation image intensifier
complete with hand grip attachment
with built in laser lamp for zero light

TELEPHONE CABLE White 6 core 100m reel complete with a
pack of 100 dips. ideal 'phone extns etc. £7.99 ref MAR8P3.
VIEVVDATARETURNSE6 made byTandata, indudes 1200.75

conditions. Supplied with Pentax
42mm camera mount, 1.6kg, uses

modem, k/bd, RGB and comp o/p, printer po.. No P SU.E6 MAG6P7

1xPP3,32(AA's (all supplied).E245+Vat

CARETAKER VOLUMETRIC Alarm, will cover the whole of

IBM PC CASE AND PSU Ideal base for building your own PC
Ex equipment but OK. £14.00 each REF: MAG14P2

SOLAR POWER LAB SPECIAL You get TWO 61x6* 6v
130mA solar cells, 4 LEDs, wire, buzzer, switch plus 1 relay or
motor.Superb value kit just E5.99 REF: MAG6P8

SOLID STATE RELAYS will switch 25A mains. Input 15-26v
DC 57x43x21mm with terminal screws £3.99 REF MAG4P 10

300DPI U DTP MONITOR Brand new, TTUECL inputs. 15'
landscape, 1206/1664 pixel complete with drcuit diag to help you
interface with your projects. JUST £24.99. REF MAG25P1

ULTRAMINI BUG MIC 6mmx3.5mm made by AKG..5-12v
electretcondenser. CostE12 ea, Our?fourfor£3.99 REF MAG10P2

RGB/CGA/EGA/TTL COLOUR MONITORS 12' in good
condition. Back anodised metal case. £99 each REF MAG99P1

GX4000 GAMES MACHINES returns so ok for spares or
repair £9 each (no games) REF MAG9P1
C64 COMPUTERS Returns, so ok for spares etc £9 ref MAG9P2
FUSELAGE LIGHTS 3 foot by 4' panel 1/W thidc with 3 panels
that glow green when a voltage is applied. Good for night lights,front

panels, signs,disco etc 50-100v per strip. £25 ref MAG25P2
ANSWER PHONES Returns with 2 faults, we give you the bits
for 1 fault, you have to find the other yourself. BT Response 200s
E18 ea REF MAG18P 1. PSU £5 ref MAG5P12.

SWITCHED MODE PSU ex equip, 60w +5v @5A, -5v0. 5A,
+12v02A,-12v0.5A 120/220v cased 245x88x55mm IECinput
socket E6.99 REF MAG7P1

(2 of them are infrared) 500:1

industry standard. Just £6.99 REF MAG7P3
PPC MODEM CARDS. These are high spec plug in cards made
for the Amstrad laptop computers. 2400 baud dial up unit complete
with leads. Clearance pace is E5 REF: MAG5P1

INFRA RED REMOTE CONT ROLLERS Originally made for
hi spec satellite equipment but perfect for all sorts of remote control
projects. Our clearance puce is just £2 REF: MAG2

EXTREME CAUTION AND UNDER
QUALIFIED GUIDANCE. £349+Vat.

LOW COST WALK IE TALKIES Pair of battery operated units

talkies with a range of up to 2 kilometres in open country. Units
measure 22(52x155rivn. Complete with casesand earpieces. 2xPP3

AMSTRAD 1512DD
AND POWER SUPPLY WAS £59.00
REF: MA G39

3FT X 1FT 10WATT SOLAR PANELS

14.5v/700mA
NOW AVAILABLE BY MAIL ORDER

£33.95
(PLUS 5100 SPECIAL PACKAGING CHARGE)

TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE

APPLICATIONS, SOME OF WHICH MAY BE CAR BATTERY
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANY.

COMMODORE MICRODRIVE SYSTEM mini storage
device for 064's 4 times faster than disc drives, 10 times faster
than tapes. Complete unit just E12 REF:MAG12P1
units which are 'returns' as they are quite comprehensive units

HEADPHONES ExVirgin Atlantic. 8 pairsforE2 REF: MAG2P8
PROXIMITY SENSORS These are small PCB's with what look

telephone to amplify the sound -it also works quite well on the cable
running along the wall! Price is £5 REF: MAG5P7

DOS PACKS Microsoft version 3.3 or higher complete with all
manuals or price just £5 REF: MAG5P8 Worth it just for the very

WINDUP SOLAR POWERED RADIO AM/FM radio complete

COMMODORE 64 TAPE DRIVES Customer returns at £4
REF: MAG4P9 Fully tested units are £12 REF. MAG12P5.
MAINS CABLES These are 2 core standard black 2 metre mains
cables fitted with a 13A plug on one end, cable the other. Ideal for
projects, low cost manufactuhng etc. Pack of 10 for £3 REF: MAG3P8

Pack of 100 £20 REF: MAG20P5
MICROWAVE TIMER Electronic Omer with relay output suitable
to make enlarger Omer etc E4 REF: MAG4P4

MOBILE CAR PHONE 86.99 Well almost! complete in car
phone excluding the box of electronics normally hidden under seat.
Can be made to illuminate with 12v also has built in light sensor so
displayonly illuminateswhen dark. Totally convi nci ng! REF: MAG6P6

ALARM BEACONS Zenon strobe made to mount on an external
bell box but could be used for caravans etc. 12v operation. Just
connect up and itflashes regularly) £5 REF: MAG5P 11

FIRE ALARM CONTROL PANEL High quality metal cased
alarm panel 350x 165x80mm.VVith key. Comes with electronics but
no information. sale price 7.99 REF: MAG8P6

REMOTE CONTROL PCB These are receiver boards for
garage door opening systems Another use? £4 ea REF: MAG4P5

6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm

£££££££WE BUY SURPLUS STOCK£££.££££

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99

TURN YOUR SURPLUS STOCK INTO CASH.
IMMEDIATE SETTLEMENT. WE WILL ALSO QUOTE FOR
COMPLETE FACTORY CLEARANCE.

LOPTX Line output transformers believed to be for hi res colour

MINIMUM GOODS ORDER L500 TRADE ORDERS FROM divoLLrtad+, SCHOOLS,
UNIVERSITIES, & LOCAL AUTHORPRES WELCOME ALL GOODS SUPPLIM SUBJECT To
OUR CONDITIONS OF SALE AND UNLESS OTHERWISE STATED GUARANTEED FOR 30
DAYS RIGHTS RESERVED TO CHANGE PRICES & SPECIFICATIONS WITHOUT PRIOR
NOTICE ORDERS SUBJECT TO STOCK QUOTATIONS WILLINGLY GIVEN FOR WAND
TIES HIGHER THAN THOSE STATED

'SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

BULL
ELECTRICAL
250 PORTLAND ROAD HOVE SUSSEX

separate H sync, V sync, and video. 12v DC. £8.00 REF: MAG8P2.

LQ3600 PRINTER ASSEMBLIES Made by Amstrad they are

PLEASE ALLOW 7 - 10 DAYS FOR DELIVERY

entire mechanical printer assemblies including ph nthead, stepper
motors etc etc In fact everything berths case and electronics, a good
stripper! £5 REF: MAG5P3 or 2 for £8 REF: MAG8P3

above speaker) 2 for £2 REF: MAG2P5 or 4 for E3 REF: MAG3P4
AT KEYBOARDS Made by Ap ricot these quality keyboards need
just a small mod to run on any AT, they work perfectly but you will
have to put up with t or 2 foreign keycaps! Price £6 REF: MAG8P3
PC CASES Again mixed types so you take a chance next one off
the pile £12 REF:MAG12 or two the same for E20 REF: MAG20P4

WHERE A PORTABLE 12V SUPPLY IS REQUIRED. REF: MAG34

BN3 5QT
MAIL ORDER TERMS: CASH PO OR CHEQUE
MTH ORDER PLUS £3.00 POST PLUS VAT.

req'd. £30.00 pair REF: MAG30

COMPOSITE VIDEO KIT. Converts composite video into

TWEETERS 2' diameter good quality tweeter 140R (ok with the

with hand charger and solar panel! E14 REF: MAG14P1

our television into a basic VGA screen,

with a range of about 200' Ideal for garden use oras an educational

'MINATURE RADIO TRANSCEIVERS A pair of wake

Good quality. E2 each REF: MAG2P4 or 4 for £6 REF: MAG8P2

upgrade. Intro price £49.99 +Vat.

Just plug in and it coverts your col-

1994 CATALOGUE.

toy. Price is E8 a pair REF: MAG 8P1 2 x PP3 req'd.

TOP QUALITY SPEAKERS Made for HI Fl televisions these
are 10 watt 4R Jap made 4' round with large shielded magnets.

perfect for laptops, saves lugging
monitors about or just as acheap

'PC PAL' VGA TO TV CONVERTER

PLEASE SEND 45P , A4 SIZED SAE FOR YOUR FREE COPY.

to any FM receiver. Price is £15 REF: MAG15P1

(8A,140v,1 ON) 1 N channel, 1P channel, £3 a pair REF: MAG3P2

comprehensive manual! 5.2T only.
DOS PACK Microsoft version 5 Onginal software but no manuals hence only £3 REF: MAG3P8 5.2T only.
CTM644 CO LO U R MON TOR_ M ade to w ork with t he CPC464
home computer. Standard RGB input so will work with other machines. Refurbished E59.00 REF:MAG59
PIR DETECTOR Made by famous UK alarm manufacturer these
are hi spec, long range internal units 12v operation. Slight marks on
case and unboxed (although brand new) £8 REF: MAG8P5

VIDEOSENDER UNIT. Transmitsboth audioand video signals

500' range! 2 transmit power levels. Reqs PP3 9v battery. Tuneable

100 WATT MOSFET PAIRSame spec as 2SK343 and 2SJ413

3P5 or 20 for £8 REF: MAG8P4
SNOOPERS EAR? Original made to dip over the earpiece of

for the above motor but ok for any 12v motor up to 30A. Complete
with PCB etc. A heat sink may be required. E17.00 REF: MAG17

'FM CORDLESS MICROPHONE Small hand held unit with a

E79 each, these units are designed to convert and ordinary phone
Into a payphone. The units have the locks missing and sometimes
broken hinges. However they can be adapted for their original use
or used for something else?? Price Is just £3 REF: MA03P1

phy. Supplied complete with mains
power supply.790x65mm. Use with

UNIVERSAL SPEED CONTROLLER KR Designed by us

from either a video camera, video recorder, TV or Computer etc to
any standard TVsetin a 100' ranger (tune TV to a spare channel) 12v
DC op. PriceisE15 REF: MA015 12v psu is E5 extra REF: MAG5P2

TALKING COINBOX STRIPPER originally made to retell at

like a source and sensor LED on one end and lots of components on
the rest of the PCB. Complete with fly leads. Pack of 5E3 REF: MAG:

TOWERS INTERNATIONAL TRANSISTOR GUIDE. A
very useful book for finding equivalent transistors, readouts, specs
etc. £20 REF: MAG20P1
SINCLAIRC6 MOTORS We have a few left without gearboxes.
These are 12v DC 3,300 rpm 6'x4', 114' OP shaft. £25 REF: MAG25

to detective agendas. 9v battery req'd. £14 REF: MAG14

polarizer built in so good for hologra-

NOW ONLY £39.00

360K 6.26 brand new half height floppy dhves IBMcompatible

'FM BUG BUILT AN DTESTED suparlordestgn told. Supplied

they could be used for other projects etc. Let us know how many you
need at just 50p a unit (minimum 10).

GEIGER COUNTER KIT Low cost professional twin tube,

(tagged) ex equip, 55x32x32rnm. £3 a pack. REF MAG3P 11
13.BV 1.9A psu cased with leads. Just £9.99 REF MAG10P3

stability. Works to any FM radio. 9v battery req'd. £5 REF: MAG5PS

1 5mW, Helium neon, 3 switchable
wave lengths .63um,l. 1 5um,3.39um

1512 BASE UNIT AND KEYBOARD AND TWO
5.25" 360K DRIVES . ALL YOU NEED IS A MONITOR

AA NICAD PACK encapsulated pack of 8 AA nicad batteries

' FM BUG KIT New design with PCB embedded coil for extra

SCHOOL STRIPPERS We have quite a few of the above

POWER SUPPLY fully cased with mains and o/p leads 17v DC
900mA output. Bargain price £599 ref MAG6P9
ACORN ARCHIMEDES PSU +5v 0 4.4A. on/off sw uncased,
selectable mains input, 145x100x45mm E7 REF MAG7P2
complete with PCB and components. £29 REF MAG29P1
SINCLAIR C613' w heels complete with tube, tyre and cyde style
bearing £6 ea REF MAGSP 10

UNIVERSAL PC POWER SUPPLY complete with I1y1
switch, fan etc. Two types available 150w at £15 REF:MAG
(23x23x23mm) and 200hri at £20 REF: MAG20P3 (23x23):23m
FIATRANSMITTER housed in a standard working 13Aadepterll
the bug runs directly off the mains so lasts forever' why pay £700?
or price Is £26 REF: MAG26 Transmits to any FM radio.

NEW HIGH POWER LASERS

PLUG IN PSU 9V 200mA DC £2.99 each REF MAG3P9

PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P 10

SPEAKERWIRE Brown 2 core 100foot hank E2 REF: MA
LED PACK of 100 standard red 5m lads £5 REF MA051,4

TELEPHONE ORDERS WELCOME

TEL: 0273 203500
FAX: 0273 323077

130mA Bargain price just £5.99 ea REF MAG6P12.
ref MAG5P13 ideal for experimenters! 30m forE12.99 ref MAG13P1
monitors but useful for getting high voltages from low ones! £2 each
REF: MAG2P12 bumper pack of 10 for Ell REF: MAG12P3.

BOTH SHOPS OPEN 9-5.30
SIX DAYS A WEEK
PORTABLE RADIATION DETECTOR

£49.99
A Hand held personal Gamma and X Ray detector. This unit contains two Geiger Tubes, has a 4
digit LCD display with a Piezo speaker, giving an

audio visual indication. The unit detects high
energy electromagnetic quanta with an energy
from 30K eV to over 1.2M eV and a measuring
range of 5-9999 UR/h or 10-99990 Nr/h. Supplied

complete with handbook.

REF: MAG50
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One source predicts that
video CD sales will
exceed 16 million by
1998. With films on CD
about to hit the shops,
George Cole looks at
events that led to current
video -compression
standards.

This autumn, Panasonic is launching
a home audio system with a difference. Called SC-VC/0 , this system

will include a new type of compact -disc
machine with the ability to play conventional
audio and video CDs - which store over an
hour of digital full -motion video, or fmv.
Video CD is a cross -platform system whose
software can be played on domestic players,
such as Compact Disc Interactive equipment,
consoles such
as
computer
games
Commodore's Amiga CD32, and desktop PCs.
Consumer electronics companies hope video
CD will boost sales of compact -disc players,
while computer companies think that the ability to play full-length movies on your PC or
games machine will prove appealing.
Video CD is not the first CD -based format
to offer pictures or even video. The compact disc Digital Audio Red Book standard, set by

Sony and Philips in the late 1970s, Fig. 1,
makes provision for a CD plus graphics,
CD+G, system.
Around 97% of the data stored on an audio

CD is for music and error correction. Sub codes containing control information take up
the remaining 3%. These sub -codes are called

P, Q, R, S, T, U, V and W. The first two, P
and Q, are used for features such as track
indentification and track time, while R -W are
set aside for graphics.

There is space for up to 1500 graphic ele-

VIDEO

compact disc
ments, each with a display size of 288 by 192
pixels. The graphics look like a teletext picture
and can display up to 16 colours from a palette

of 4096. It takes around 2.5-10 seconds to
draw each display, which can also be scrolled
off the screen.
Ordinary CD decks ignore sub -codes R to

W, but players equipped with a CD+G
decoder can display them on any television
screen. It was thought that many record companies would make use of the graphics to display song lyrics and artist information, but few
bothered.
JVC launched CD+G decoders in the US,
Germany and Japan, where they were used for
karaoke titles. But few CDs featured graphics.
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WEA launched several CD+G discs, some of

which can still be found in music shops. A
few multimedia players however, among them
CD-i decks, also include CD+G decoders.
A

Specific data
organization

Video
CD

Audio
video coding

MPEG-1

General
disc format
Non -audio

applications
Disc
technology

''White book"
ISO 11172

CD -1 (bridge)

"Green book"

CD-ROM

"Yellow book"

CD -DA (digital audio)

-4- "Red book"

Fig. 1. Video CD technology pyramid.
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In 1985, Sony and Philips launched the cdrom, or Yellow Book standard, which enables
a CD to store over 600M -byte of data. This
data may be in the form of sound, text or pic-

The other video CD

At the 1993 Midem music festival,
tures. Although a cd-rom can store over
Monmouth -based Nimbus Technology
250,000 pages of text, it can only hold a small
and Engineering created a stir by
amount of uncompressed digital video.
showing two compact discs holding
A video frame uses around 800K -byte of
over an hour of MPEG-1 video.
data and tv systems like PAL display 25
Playable on many conventional CD
frames a second to create the illusion of
decks, the first of these discs held 79
motion. Simple mathematics shows that a CD
minutes of video. The second held
could only store less than a minute of digital
135 minutes of full -motion video.
video. Another problem is that CD transfer
Nimbus said that this too could be
rate is only 1.5M-bit/s, which is far too slow
played on ordinary CD decks, albeit
for displaying 25 frames a second.
with a small adjustment to the laser
In 1987, Philips announced Compact Disc
system.
Video, CDV, which stored analogue video and
Both long playing CDs were made
16 -bit pcm audio on the same disc. A 12cm
possible by a new mastering system
CDV disc stored six minutes of video and
developed by NTE and called video
sound, plus a further 20 minutes of audio.
CD. The company planned to launch
Philips hoped that CDV would appeal to
add-on MPEG-1 decoders priced at
music buyers, but the format flopped.
around £100. These would include a
CL -450 MPEG-1 chip set designed by
Practical CD video - almost
C -Cube Microsystems and link directly
During the same year, researchers from into the digital output socket of a CD
RCA's David Sarnoff Laboratories in New
player.
Jersey astounded the world by displaying a
NTE said that roughly one third of
CD which held over an hour of digital full the world's 120 million CD decks had
motion video. Called DVI, for Digital Video
a digital output connection and that
Interactive, the system which made it possible
such a socket was becoming a
used powerful algorithms to reduce a 800K byte frame to just 5K -byte. DVI works by
comparing each frame and only coding the
differences. It also analyses a frame for repetitive or redundant information. This might be
large areas of the same colour, such as sea or
sky.
DVI was a fine technical achievement, but
the complex number crunching needed meant

that it took a super computer over a day to
compress an hour of video. What is more,
playback DVI boards designed for desktop
PCs initially cost thousands of dollars.

Moving pictures through the window
In 1988, the CD-i Green Book standard was
set. Originally, the CD-i specification included motion video, which played video running

at around 15 frames per second in a small

Video CD software specifications
Video system
Parameter
Coding Method
Resolution (pixel)
Frame rate (Hz)
Pel aspect ratio
Bit rate (bit/sec)

NTSC
MPEG-1
352h x 240v
29.97
1.0950
1151.929k

PAL
MPEG-1

first MPEG standard, MPEG-1, was not set
until November 1992 -a year after CD-i was
launched in North America. As a result, the
first decks had space for a plug-in full -motion
video cartridge to hold the MPEG chipset.

In January 1993, Nimbus Technology and

known as the White Book. Video CD is based
on another standard known as Karaoke CD,
which is a sub -set of CD-i. Karaoke CD was
developed by Philips and JVC.
Video CD is designed for linear video programmes, such as music videos, and stores up
to 74 minutes of MPEG-1 video and audio on a
CD. There are two specifications for PAL and
NTSC systems, shown in the table, although all
video CDs will play on all video CD decks.
Initially, the announcement stated that video

CDs would play on a variety of player formats. These included CD-i decks with an addon full -motion -video cartridge, dedicated
video CD players, PCs with a MPEG card and

cd-rom drive and modified audio CD decks
with an add-on video CD decoder.
News that modified audio CD decks could
be used caused confusion. It suggested that
owners of existing CD decks could upgrade to
video CD with an add-on decoder. But this is
not the case.

Video CD uses a CD-ROM-XA 'bridge

25
0.9157
1151.929k

storing over an hour of MPEG-1 video on a
CD and offered it to music, film and video
companies; there is more on this in the inset

disc', which includes a header telling the play-

panel.

the audio output is muted to protect the speak-

er that it contains computer data. If you try
playing an XA disc in most music CD decks,
ers from damaging white noise. Philips has

Born from karaoke
On 29 June 1993 however, JVC, Philips, Sony
and Matsushita - owner of Panasonic,
Technics and JVC - announced the video CD

format. It was covered by a new standard
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Although the development caused
excitement worldwide, Philips
stemmed the fervour by claiming that
Nimbus's long-playing discs broke the
CD standard and would not play on
all audio decks.
Nimbus decided to press ahead with
its 79 -minute disc - which was within
the Red Book standard. The company
offered an MPEG-1 compression
service to film and video companies,
charging $100 per minute of video
material. It also sold a couple of its
new mastering systems to China.
But the announcement of the 'new'
video CD shocked NTE. Athough it
claimed that many Hollywood film
companies preferred its system, NTE's
alternative became significantly less
attractive. Earlier this year, NTE was
still demonstrating its system to
Hollywood, but there is no sign of any
software company backing it.

Engineering demonstrated a system capable of

MPEG LAYER -II
44.1k
224k
ON or OFF
Dual channel or stereo
1

A development in May of 1988 forced
Philips to change its mind. Jointly, the
International Standards Organisation and
International Electrotechnical Commission set
up the Moving Picture Experts Group, MPEG,
to establish a world standard for digital video.
The group included representatives from computer, consumer electronics and telecommunications companies.
In 1989, Philips announced that CD-i would
include digital video based on the MPEG standard and hoped to launch the first CD-i players with full -motion video capability. But the

player.

352h x 288v

Audio
Coding method
Sampling rate (Hz)
Bit rate (bit/sec)
Emphasis
Mode

window on the screen. At the time Philips said
that it was not practical to include full -motion
video.

standard feature on most new
machines. By plugging the decoder
into their tv set, users could watch
video movies on their audio CD

since confirmed that it will not market add-on
decoder boxes.
In August 1993, the basic specifications for

video CD were released, with news of two
optional features. One of these is for display -
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ing still pictures, which can be in standard resolution, at 353 by 288 pixels, or high resolution with 704 by 480 pixels.

video CD discs, but dedicated CD-i titles.
Philips says the Paramount deal was struck
before the video CD announcement and there

It is also possible to put control codes on
video CDs for branching interactive pro-

was no time to convert its video encoders.
Philips has since switched its mastering sys-

grammes used for educational or training pro-

tem over to White Book encoding. This

grammes and the like. In January 1994, the

means that there are now two types of CD-i
first video CD standard, known as version 1.1,
movies: those which only play on CD-i decks
was set.
and those which play on CD-i and video CD
machines.
Better than VHS
Another problem has been caused by the
Video CD offers 'better than VHS' picture difference between the CD-i and video CD
quality and titles can also include widescreen
standards. The Green Book standard defines a
pictures and Dolby Surround sound. A num- picture 384 pixels wide, compared with 352
ber of electronics companies have shown pixels for the White Book. The result is that
video CD players, including Panasonic, Sony, when a video CD is played in a CD-i deck
Goldstar, Samsung and Fisher. These
there are thin black bands at the sides of the
machines will run video and audio CDs, but picture.
not CD-i or cd-rom titles. They will also offer
Initial video CD titles also looked slightly
video -recorder type features such as still frame
distorted in CD-i players because of the difand picture search.
ference between the 15MHz clock speed of
Home multimedia formats CD-i and 3D0 CD-i and video CD, which was set at
also support video CD and Commodore has 13.5MHz. Philips has since adapted the CD-i
launched a £200 add-on decoder for its Amiga
full -motion video cartridge which now autoCD32 system. Atari is promising the same for matically changes the clock speed, depending
its Jaguar games system, while US company on the type of disc being played.
ReelMagic has launched a MPEG-1 video
card for PCs, priced £400. Video CD software
supporters include Polygram, BMG, Warner,
Paramount and MGM/UA.
But video CD has not been without its problems. One of these is the confusion caused by

Commercial constraints
Other problems have been commercial.
Different frame rates, line numbers and colour

Philips, which has launched a number of

encoding systems used for PAL and NTSC
television formats mean that VHS tapes and
laser discs bought in the US will not play in

movies on CD. The films are part of a deal

most PAL machines.

with Paramount, announced in autumn 1993,
which involves the launch of 50 Paramount

Film companies use these differences to
negotiate separate deals in PAL and NTSC
territories and stagger release dates. Most
movies appear on video in the US months

movies on CD-i over the next two years.
However, the first movies to appear were not

MPEG video compression
There are several MPEG standards
under development. MPEG-1, now
known as ISO 11172, is optimised for
storage media, such as CD. The idea
was to develop a digital video system
whose data rate was below the CD's
1.5M-bit/s ceiling.
The data rate of MPEG-1 video is
approximately 1.2M-bit/s, with 224Kbit/s allocated for the audio. MPEG-1
video is also being used for
asymmetrical digital subscriber loop,
ADSL, systems used by telephone
video -on -demand services. This
enables full motion video to be sent
down narrow -band copper telephone
wires into homes. MPEG-1 picture
quality is claimed to be better than
VHS, and in some cases can approach
Super VHS.

The MPEG-2 standard is designed
for data rates of 2-15M-bit/s and
aimed at digital broadcast services,

including HDTV. A new generation of
cd-roms wil also use MPEG-2 to offer
even better Dicture quality. MPEG-3
was origir ally designed for HDTV, but
its work is now part of MPEG-2.
MPEG-4 will be aimed at low bit -rate
transmission systems, such as video
phones, where the data rate is in tens
of kilobits/sec.
Note that MPEG is concerned with
the organ sation and synchronisation
of the outoLt digital bit stream. It does
not define tle encoding algoritnms
used to compress the audio and video.
This leaves companies free to develop
their own a gorithms and opens the
way for improved compressior. It also
explains why some MPEG-1 pictures
look much netter than others.
Additioially, MPEG does not define
what scrambling and encryption
systems companies may wish to use,
so there are likely to be many different
conditioral access systems on the
market.
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Digital video
data rate

1 pixel = 16 bits
720 pixels

CD data rate

160 Mbits
per sec

480 {
lines

Total time = 74 minutes

Digital video
storage capacity

CD storage
capacity

Fig. 2. The video encoding challenge - storing a
710G -hit film on a half -gigabit CD.
Anolog video
MPEG-1

Preprocessing

encoder

Digital video
(uncompressed)

Digital video pictute
Picture
pixel
matrix

Luminance -1'
Chrominance -Cr,Cb
(160 Mbits/sec)
Compressed video
serial bitstream
(1.15 Mbitsisec)

Display

Post processing

MPEG-1

decoder

Fig. 3. Video encoding/decoding scheme for the
MPEG-1 standard.

before they reach Europe. But video CD
breaks this barrier and discs can be bought and
used anywhere.
The only caveat to this is that discs designed

for NTSC display a letterbox picture when
played in a PAL machine. This is because
PAL pictures have 288 lines, compared with
240 lines for NTSC; in PAL, these lines are
repeaied sequentially to produce a full display.
As a result of the line difference. PAL pictures
look stretched on an NTSC video CD player.

In practice, the letterbox effect is not too
obtrusive and most people find it acceptable especially if it means they can watch a movie
long before its UK release date.
Film companies have insisted on separate

mastering for PAL and NTSC titles. They
want their stars to 'always look their best'.
Earlier this year, Paramount began inserting
blocking codes into its titles to stop NTSC
discs being played in PAL machines. A com-

promise has now been reached. European
viewers playing an NTSC video CD see a
warning at the start of the disc stating that the
title is designed for NTSC.
Panasonic's first UK video CD system, the
SC-VC/0, will cost around £800. Most movies

on video CD will be on two or three discs,
although carousel players, which store several or more discs are promised. Also promised
are portable video CD decks with liquid -crystal video screens. Next year, Philips is expected to announce a new CD standard offering
longer playing time and better picture quality.
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Low detail and
high redundancy

High detail and
low redundancy

Fig. 4. In video compression, redundancy in
individual pictures is exploited.

Frame 2

Frame 1

Frame 3
Time

Panasonic predicts that by 1998, world sales of video CD players could be well over 16 million

Fig. 5. There is also redundancy in sequences of
pictures that can be removed to save memory.
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Storing over an hour of digital video on a CD
is difficult, as Fig. 2 implies.
Figure 3 shows the general encoding/decoding scheme. The process starts with a high quality analogue or video source which is preprocessed to obtain a Y/C video signal. This is
fed to the encoder where it is compressed then
multiplexed with the audio stream.
Also added to the data stream are graphics,

1/2 compression

Fig. 7. Here, quantizing the dct components
involves scaling down by a factor of 12.

such as logos and copyright messages, and

Zigzag scan

5

5

0

0

0

Run length coding

0

Data volume
= 4 bits a 16 words
= 64 bits
1/4

compression

10

5

5

"0" a 11

0

Huffman coding

control codes for chapter selection, etc. In the
player, the MPEG-1 decoder decompresses
the audio and video. Post processing is used to
produce a display output.
Currently, MPEG-1 encoders cost between
£50,000 and £100,000, but prices are expected to fall rapidly. Encoding costs around £90
per minute, so a 90 -minute movie can be mastered for around £8000 - which is relatively

cheap. The video CD mastering process is
1110

0

0

10

110

16 bits

Fig. 8. Variable -length coding involves scanning
the pattern in a zig-zag to produce a bit stream.
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the domestic video recorder, which offers
longer playing times, masses of cheap soft-

MPEG technology breakdown

Data volume
= 4 bits x 16 words
= 64 bits

10

year, rising to 16.4 million by 1998. However,
the company does not see video CD replacing

ware - and recordability. Indeed, Panasonic is
a supporter of a new home digital vcr format
called dvr. However, the company says that
video CD should make audio -only CD players
obsolete by the end of the decade.

-1

Data volume
= 8 bits x 16 words
= 128 bits

nance value, Fig. 6. Discrete cosine transform
is used to produce a set of numbers representing the spatial frequency. This is the speed at
which the luminance value changes between

the discs are non -wearing and offer fast

1

15

Data volume
Vertical
8 bits x 16 words
space
frequency = 128 bits

-1

-2

dct. First, an eight -by -eight segment of pixels,

-1

59

59

is little change between successive frames.
The process used to sort out the redundant
data is known as discrete cosine transform,

Video CDs will cost around £16 for a single
disc and £20 for a double -disc set. Panasonic
says consumers will like video CD because

-2

120

Fig. 6. The process used to sort out
redundant data is known as discrete cosine
transform, or dct.

120

Video companies find video CD attractive

because it costs around $1 to press a CD compared with $3 for duplicating a tape.

shown in Fig. 15.
MPEG exploits redundancy within a frame
and between each frame, Figs 4, 5. There are
large areas of repetitive detail in the locomotive image. In addition, the short time interval
between each frame of 1/25s means that there

called a block, is analysed and each pixel is
assigned a number which represents its lumi-

adjacent pixels. The new set of numbers are
known as output coefficients.
Within the dct matrix, the top left number,
in this case 120, is most important. It represents the average luminance value for the area
being analysed. The 120 looks high for the
average value because in this example the val-

ues have been scaled down by a factor of 8
rather than 16, for simplicity's sake.
The small values of 1 and -1 indicate that
there are no fast changes in brightness from
pixel to pixel. Note that at this stage we have
still not reduced the amount of data. It is still
128 bits, comprising 8 bits by 16 words.
During compression, the first stage involves
the quantization of the dct values, Fig. 7. In
this example, the numbers are scaled down by
a factor of 12. This means we now need four,
rather than eight, bits to code each word, halving the amount of data.
Variable length coding is used in the next
stage, Fig. 8. Here, the output coefficients are
scanned in a zig-zag fashion to produce a string
of bits. Zig-zagging is used because the numbers furthest away from the average value are
more likely to have the lowest luminance value.
Visually, this makes them least important.

A long string of zeros is usually produced

by this process. The next step is to use
Huffman coding. The shortest length code is
assigned to the most frequent data value and
the longest length code for the least frequent
data value?

A long string of zeros can also be represented by a small number of bits. This reduces

the data by a factor of four. These processes
are also applied to the colour signal data.
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Fig. 13. Video CD
decoding elements.
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while B and P
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Fig. 9. Further compression is possible by
analysing motion over successive frames.
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Fig 14. In the player,
a switch routes data
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whether the disc is
audio or video.
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Fig. 10. The image of a moving train need only
be stored once, together with a motion vector.
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and decoding
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motion vexctor
Past
Present

Component
DVCR
Program
control
information

Digital
audio

Digital
video

MPEG
audio
encoder
MPEG
video
encoder

Future

Encoding method:
Bidirectional interpolation

CD-ROM
master
recorder

Fig. 11. Encoding a bidirectional picture involves
interpolating from a non -compensated I
reference frame and a predictve P frame.
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Fig. 12. Video CD picture organisation. Since B
frames take longest to encode, output frames
are shuffled by the encoder.

Another compression process, namely
motion detection and compensation, analyses
differences between frames. Figure 9 shows a
train moving across a screen. If detail of the
engine has already been encoded in the previous frame the only further information needed is the number of pixels moved in the current frame. This is known as the displacement
value or motion vector, and requires far less
coding.

Motion vectors are produced by analysing
the frames before and after the current frame.
This works by storing the frames in memory
and calculating the displacement values.

ised by the encoder. The B frames produce the
largest data compression, but take the longest
to encode. For this reason, output frames are
shuffled by the encoder to increase speed.

The current frame may also contain new

Video CD uses an MPEG audio format

information - part of the first carriage in this
case - which is known as the prediction error,
Fig. 10. This is coded using dct and added to
the motion compensated frame.
There are three types of frame involved in
the compression process, Fig. 11. The I frame

known as Layer -II. This has a bit rate of 224kbit/s. It gives stereo or dual channel sound and

is the reference frame and no motion compensation is applied to this. The P or predictive frames are produced by motion compensated process. Bi-directional or B frames are
produced by an interpolation method which
uses the motion vectors from an I and P frame
or two P frames.
This process combines blocks of data known
as macroblocks from both the I and P frames
to create an average value. Macroblocks comprise four luminance and two colour blocks.
Figure 12 shows how the frames are organ -
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represents a compression ratio of 6.3 when
compared with CD audio.
MPEG uses a coding system similar to the
Precision Adaptive Sub -band Coding, PASC,
process used by the digital compact cassette.
Audio is sampled at 44.1kHz, split into 32 frequency sub -bands, and analysed. Frequencies
which are hidden or masked are discarded to
reduce the amount of data.
Elements of the the video -CD decoder are
shown in Fig. 13. I frames are sent via the top
route, while B and P frames follow the bottom
route. A switch detects each type of frame.
Figure 14 is a block diagram of a video CD
player. The switch here detects whether the

machine is playing an audio or video CD.
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FOR NOISE IMMUNITY
Under certain circumstances, it is possi-

ble to recover at least an approximation of data that has become corrupted
by noise. However recovery techniques should
be only used as a last resort.

Lord Rutherford once advised, "If your
experiment needs statistics - think of a better
one." In this instance the 'better experiment'
relies on preventing the noise from corrupting
the data in the first place.

Sensor buffering
In most data acquisition systems, the most vulnerable element will be the sensor itself. Sensors
often need some form of excitation, or drive.
Noise at this node is often transferred to the output, possibly as a multiplicative distortion.
Every inch of extra cable - shielded or not between your sensor and its processing electronics is a further reduction in signal integrity.
One solution is to insert a sensor interface buffer

as close to the sensor as physically possible.
This interface should produce any sensor drive

In passing from its
source to a data
acquisition system, a
low-level transducer
signal inevitably picks
up noise. There are
ways of recovering
signals from noise, as
described in last
month's issue, but
here, Dave Robinson
looks at a better
alternative - building
in noise immunity.

needed, amplify sensor output and convert the
information into a robust transmittable form.

Fortunately modern electronics make the
design of sensor buffers straightforward. They
can be very compact, and can be designed to
consume very little power, Fig 1.

Power for sensor buffers
Powering these buffers can be a problem;
there are three methods that generally work
well:

battery power
remote power and dc/dc converters
local mains with isolated communication
links.

Battery power offers many advantages. Each
buffer unit can be totally isolated. Noise generation mechanisms such as earth loops are
much easier to handle.
Using cmos devices, a small battery with
regulation electronics can provide months of

trouble free running without maintenance.
This is, however also the major disadvantage.
Batteries do expire, and at fairly unpredictable

Fig. 1. To ensure that a low-level signal from a

remote sensor can be received at a distance
with integrity, an excellent solution is to intro-

times. Two questions need answering-does

duce a buffer subsystem as close to the sensor
as possible.

the buffer enclosure facilitate battery changes

and will the system function if one sensor
becomes inoperative? Rechargeable batteries,

perhaps charged from solar cells, can solve

Sensor buffer box

To

sensor

et

Sensor drive

electronics

Transmitter

control
p.To node

many problems.
If power has to be transferred from the central controller some distance from the sensor
buffer, considerable noise can be picked up on
the power lines. As zero volts often acts as the
signal reference point, noise picked up on this
line can prove troublesome.

One excellent solution is to use the transmitted power as input to an isolated output dc to -dc converter within the sensor buffer unit,
From

sensor

Amplifier

Power

Fig 2. In this way, the isolated zero volts of
the converter output and system zero volts
need not be brought together until the signal is
safely back into your central control system.
An alternative, ingenious and very popular
method of powering remote sensors is the so

called 4-20mA current loop. This forms a
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complete two wire power distribution and

Host computer

communication system. Power is provided on
the loop by the control unit. The sensor circuitry at the far end essentially modulates the
current flowing in the loop, according to the
parameter being measured.

1

Electronics r

Electronics

Sensor buffer box

Sensor

Screened signal cable

.-r

Local ground

System ground

1

Power4 lines

Since data is communicated by switching
current in the loop between 4 and 20mA, there

is always at least 4mA available on the loop
for powering the transducer circuitry. This
system works extremely well; it is fairly
immune to noise pickup and is supported by
most of the major manufacturers in the field.
Powering the buffer and the central control
node from their own local mains supplies which may be a fair distance apart - is problematical, Fig 3.

Isolated DC -DC converter

Power supply

Fig. 2. Powering a sensor buffer from a host can cause grounding problems. One solution is to
regenerate clean power supplies using isolated dc -to -dc converters within the sensor buffer unit.

Signal buffer box

Host computer

In my experience, this configuration has
been the cause of a great deal of heartache mainly caused by the varying earth potentials.

Connecting the signal earths of the two systems results in what can be quite large and

_-J

noisy currents flowing through the earth wire.

The easiest safe method of powering the
remote nodes from their local mains is to use
completely isolated data transfer between the

nodes and the control node. Options here
include, telemetry, optical -fibre links and
opto-isolator with copper cabling.

Sensor drive signals
Where appropriate, drive signals depend on
the type of sensor you are using.

Mains power
(sensor buffer box)

Mains power
(host system)

Fig. 3. When the host and remote signal buffer have independent mains -derived power supplies, the

two are connected via their earths. If the two are also linked by a signal earth ground loops will
inevitably cause problems.

A thermocouple for example, does not need
any drive. Platinum resistance thermometers
normally require a dc supply, as do a strain
gauge bridges.
With dc -excited sensors similar to prts and
strain gauges, it is worth considering the

Lowpass filter

advantages to be gained from using an ac
excitation signal instead. Frequency -selective
amplifiers, lock in amplifiers, phase sensitive
detectors and so called box -car integrators are
electronic amplifiers designed to produce a dc
value. Amplitude of this value is directly proportional to input signal whose frequency and
phase are equal to the reference clock provided to the amplifier, Fig 4.
Suitable ac -to -dc converters can easily be
made from switched -input amplifiers. Exciting
the sensor with a known frequency modulates

the sensor output signal with the same frequency. Any change in signal level anywhere
else in the spectrum is entirely due to noise,
and can therefore be ignored -a process that
the `lock -in' amplifier does superbly.

The lock in amplifier is driven from the
same oscillator as is driving the sensor. It

-0

AD522

Input

e..111-.

4

( DC output

Output

Lowpass.SCH

Instrumentation
amplifier

Transducer bridge

I(
I(

Block diagram of art
AC excited transducer bridge and
decoding electronics

AC coupling
7404

Oscillator
Frequency out

automatically follows any frequency drift in

the excitation generator, allowing a quite
crude oscillator to be used. This is better than
using a straightforward filter to isolate the signal, as this would require a much more stable

frequency standard. Note that the speed of
your oscillator should be substantially faster
than the maximum rate of change that you are
expecting from your signal.

OSC. SCH

Data protocols
After amplifying and decoding sensor output,
the buffer unit has to convert the signal into a
format suitable for transfer to the central control node -a crucial task.
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Fig. 4. With certain types of transducer, noise
problems can be reduced by exciting the sensor

with an ac signal. At the receiving end, a frequency -selective amplifier driven by the exciter

clock makes sure that unwanted signals are
rejected.
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Fig. 5. In a purely analogue system, the ramp's
detail is obscured by noise. Converting the
clean ramp to frequency -modulated format
reduces the effects of noise.

Amplitude

Time

Amplitude

What are the criteria? Obviously the transmission should be more immune to interference and noise pickup than simply transmitting the raw sensor data. The first option is to
send the amplified analogue output down a
wire. Assuming that noise picked up has a
fixed amplitude, then there must he a value of
gain for which the signal-to-noise ratio
becomes acceptable.
Screening the cable helps to diminish noise

pickup, as does using a differential format.
Differential encoding produces two signals.
Difference between the two signals is proportional to the amplified sensor signal. Provided
that the conductors follow similar paths to the

oto

control node, then any pickup should be
Time

almost identical on both cables.
Feeding the resulting differential signals into
a differential amplifier results in recovery of
the original signal. Noise on the other hand,

being common mode,

Transducer types
Transducer is a general name for electronic components that interact with the

signal and convert it to some form of

Change in resistance:
strain gauges
thermistors
platinum resistance thermometers
light dependent resistor
position measuring potentiometer

non -electrical output. Examples are
loudspeakers, which convert an electric
signal into an acoustic one, and
solenoids, which convert between elec-

Change in inductance:
position LVDT
metal detector

real world. They fall into two key categories,
namely input and output transducers.

Output transducers take an electrical

tricity and movement. Output transducers are usually called actuators.
Input transducers - the main subject of
this article - take some form of non electrical input and produce an electrically
measurable parameter change. Input
transducers are called sensors. Sensors
have been designed to use changes in
virtual every conceivable electrical
parameter. Although far from exhaustive,

the following list outlines some of the
more common types.
Change in charge:
Pyroelectric infrared detectors
Microphones

Change in current:
Geiger Muller detector
Photod iode

Photomultiplier
Smoke detectors

Change in voltage:
thermocouple
photodiode
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is

rejected. Again

screening this double cable is a sensible precaution.

The multiplex disadvantage
Now all that remains is to interface the data
into a data -acquisition board. This is true
where one sensor is concerned, but consider
what is needed if data is being acquired from
more than one source.
In certain cases, a data -acquisition card with

input multiplexer may be suitable. This is

Change in capacitance:
accelerometers
microphones
Sensors fall into two categories. One is
direct output sensors, which produce a
measurable electrical effect representing
the parameter being measured. A ther-

mocouple is a simple example of this
type of sensor. It produces an output
voltage which is a direct function of the
temperature difference between the so
called hot and cold junctions.
The other category of sensor requires
some form of drive or stimulus which is
modified or modulated by the parameter
being measured. Resistive sensors usually fall into this category. In almost all
cases, the signals provided by the sensors are very low level, and need to be
preprocessed prior to being digitised for
digital processing.

especially so if the data has been transferred
using a low noise protocol such as current loop technology.
Consider the following situation however,
involving 16 remote sensors. These are interrogated at the same sample rate. This means
that during any complete multiplexer cycle,
each of the sensors is only being looked at for
a sixteenth of the total time.
In other words, 93.75% of the data from the
sensor is wasted. If some way of using this
lost data could be found then the square -root
law shows that signal-to-noise ratio could be
increased substantially. From this argument
you can see that the major drawback in the use

of a simple signal multiplexer is that it succeeds in decreasing our potential signal-to-

noise ratio by a factor proportional to the
square root of the number of channels on the
multiplexer. For the above simple example,

the factor is four. So what is the solution?
Until recently the only answer would have
been to use frequency modulation.

Frequency modulation
There is much to commend frequency modulation. To implement it, each sensor buffer is
fitted with a device known as a voltage -to -frequency converter. These are very accurate
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voltage -controlled oscillators. Their output
amplitude remains fixed. Frequency of the
output signal on the other hand is directly pro-

Reset

portional to input voltage - in this case the
amplified sensor output. Once frequency modulated, the signal is transmitted directly to the
acquisition system.

Power on reset

Being essentially digital, the fm signal is
easily transmitted via an optical fibre, ensuring
no noise pickup and complete isolation

Power on reset

20

7

Uninitialised interrupt
vectors

Initialised interrupt
vectors

between the buffer and control node. Even if
the cheaper option of screened electrical cable
is opted for, isolation can still be accomplished
using a standard opto-isolator.
Noise immunity provided by this technique

Code start

comes from two directions; the first can be
seen from Fig 5. In the top diagram, the ramp
illustrates what an amplified and noise -contaminated analogue signal might look like on
arriving at the control node. Although general
shape of the ramp is clear, any fine detail is
lost in the noise.
A fragment of a frequency -modulated waveform being transmitted down exactly the same
transmission cable is shown in the second diagram. Its statistical noise corruption is identical. Removing the noise from the first waveform is not a trivial operation, relying on the

techniques covered in last month's issue.

Dynamic halt

average voltage at the input of the voltage -to frequency converter. If this integration period
is made equal to the sample period, the accu-

mulated count is a highly suitable format for

applying averaging to the incoming data.
Because the technique is immune from noise

pickup on the transmission line, it helps to
remove the noise already corrupting your sensor reading before it reaches the sensor buffer.

As the resulting count is already in digital
form, its interface to the control computer
becomes trivial.

interrupt

Normal operation

9

voltage converters and digital frequency integrators.
Frequency -to -voltage converters are com-

At the end of the integration period, the

_Noise induced

T

Normal operation

demodulated. This can be implemented via
several devices, among them frequency -to -

count reached is directly proportional to the

Code

End of code

Random code in
uninitialised
memory

sion line and frequency -to -voltage converter
are transparent. Any change in voltage at the
input produces a proportional change in voltage at the output. Noise corruption affects the
amplitude of the signal. Because the information travelling down the transmission line is
encoded as a frequency change, the signal output is virtually identical to the signal input.
Another efficient way of reconstructing the
data is via a digital frequency integrator. It has
the advantage that it removes the need for any
analogue to digital converters at the control
node end. Incoming frequency modulation is
simply allowed to increment a counter for a
fixed period of time. The faster the frequency,
the higher the count.

Noise induced_
interrupt

10

Removing it from the second however is very
simple.
The second advantage of fm stems from the
way that the frequency encoded information is

plementary to voltage -to -frequency converters.
In essence the voltage -to -converter, transmis-

9

4

Code

11

RETI

Fig. 6. Sloppy coding can lead to noise -induced system crash-

es a). Chart b) shows how a little forethought can avoid this
problem.

rupt handler can be very difficult to detect.

Intelligent buffers
Powerful yet low power microcontrollers and
microprocessors have considerably changed
the nature of data acquisition. It is now possi-

ble to build in intelligence directly into the
sensor buffer unit. This opens up options like
applying sophisticated preprocessing to your
sensor data locally. Preprocessing is application dependent but might well include removing noise from sensor input, sensor linearisation and temperature compensation.
Inserting intelligence at this position
expands your options but it can also introduce
pitfalls. To avoid them, make sure that any
local power supplies are clean. If you have to
receive the power from a remote source, then
regenerate the rails via isolated dc -to -dc converters and use copious decoupling. Also use
separate power planes to distribute power, as
opposed to simple tracking.
On the logic -signal side, make sure that any
unused interrupt lines and dma requests are
strapped in their inactive states using pull up
resistors. Do not leave them floating. Ensure
that interrupt handling routines are included
for all unused interrupt lines. These should

comprise at least a return from interrupt
instruction, even though you have tied the
input line inactive, Fig 6. Problems caused by
noise -induced interrupts to a non-existent inter-
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Make sure that the reset line is filtered
against transients. Include hardware so that the
processor can perform a cold reset to all distributed elements of the system under software
control. This is essential for restarting a multi sensor system synchronously.
Include hardware and software to perform a

watchdog function. When running normally,
the software outputs periodic pulses that are
detected by hardware. If the software runs out
of control after a noise induced excursion, the
watchdog pulses stop and the hardware causes a reset, bringing the system back under control.

Fill all unused program memory with no operation instructions. This avoids the possibility of having an accidental 'dynamic halt'
or similar instruction due to random bit patterns left in the prom.
When writing your seria communications
software, do not rely on serial information get-

ting through even at RS232 levels; expect
your messages to become corrupted. Include
some form of error checking, and handshake

between the sensor buffer box and control
node. Also consider using a synchronous protocol. These often automatically handle cyclic
redundancy checking, etc. Both Motorola and

Hitachi produce cost-effective micros with
built in support for this.
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COMPUTER ICS
8742 1 SHOT
£8
8742 WIPED
TMS320
£5
TMS320 I SHOT
AM27CO20-125L1 SURFACE MOUNT EPROM USED/
WIPED
MM16450 UART CHIP
MM16550 UART CHIP few only
P8271 BBC DISC CONTROLLER CHIP EX EQPT
SAA5050 TELETEXT CHIP EX EQPT

£5
£3

£1.50
£5 ea
£12 ea
£25
£5

2817A-20 (2K x8) EEPROM ex awl
D41256C-15 256Kx1 PULLS

£2

9 FOR £5
80C31 MICRO
£2
P8749H MICRO
£5
D8751-8 NEW
£10
MK48Z02-20 ZERO POWER RAM EQUIV 6116LP
£4
NEW 4164-15
£1
USED 41256-15
£1
USED 4164-15
60p
BBC VIDEO ULA
£10
8051 MICRO
£1.25
8 x 4164 SIP MODULE NEW
£8
FLOPPY DISC CONTROLLER CHIPS 1771
£16
FLOPPY DISC CONTROLLER CHIPS 1772
£17.50
68000-8 PROCESSOR NEW
£6
HD6384-8
£5
ALL USED EPROMS ERASED AND BLANK CHECKED
2716-45 USED
£2100/£1
2732-45 USED
£2100/£1
2764.30 USED
£2100/£1.60
27C256-30 USED
C2
27C512 USED
£3.50
1702 EPROM EX EQPT
£5
2114 EX EQPT 50p 4116 EX EQPT
70p
6264-15 8k STATIC RAM
£2
GR281 NON VOLATILE RAM EQUIV 6116
£5
Z80A S10-0
£1.25
80387-16 CO PROCESSOR (OK WITH 25MHz 386)
£35
7126 31/2 DIGIT LCD DRIVER CHIP
£2 ea
2816A-30 HOUSE MARKED
£2
USED TMS2532JL
£2.50
2708 USED
£2
TMS77C82 USED/WIPED
£5
HM6167LP-8
65p
M27C4001-15
£8
68000-10 PROCESSOR
£6

REGULATORS
LM338K
LM323K 5V 3A PLASTIC
LM323K 5VA METAL
SANKEN STR451 USED IN AMSTRAD MONITORS
78H12ASC 12V 5A
LM317H TO5 CAN
LM317T PLASTIC T0220 variable
LM317 METAL

£6
£2
£3
£5
£5
£1
£1

£2.20

7812 METAL 12V lA
7805/12/15/24
7905/12/15/24
CA3085 T099 variable rag

£1

25p
25p
2/£1

CRYSTAL OSCILLATORS
2M4576 3M6864 5M0 5M76 6M144 7M000 7M3728 8M000
12M000 14M3181 17M6256 16M257 18M000 20M000 23M587
24M000 25M175 27M0 27M036 28M322 32M000 35M4816
40M000 44M4444 44M900 48M000 64M000 1M000 1M8432
4M000 10M000 16M000 18M432000 19M0500 20M0500
38M10000 56M6092 76M1 84M0
£1.50 each

CRYSTALS
4M0256 10M368 17M6256 18M432 25M000 28M4694 31M4696
48M000 55M500 111M80 112M80 114M318 114M80 1 MO
1M8432 2M000 2M4576 2M77 3M00 3M2768 3M579545
3M58564 3M93216 4M000 4M19304 4M433619 4M608 4M9152
5M000 5M0688 6M0000 6M400 8M000 8M488 9M8304 10M240
10M245 10M70000 11M000 12M000 13M000 13M270 14M000
14M381818 15M000 16M000 16M5888 17M000 20M000
21M300 21M855 22M1184 24M000 34M368 38M75625
36M76875 36M78125 36M79375 36M80625 36M81875
36M83125 36M84375 38M900 49M504 54M19166 54M7416
57M75833 60M000 69M545 69M550 BN 26M995 RD27M045
OR27M095 YW27M145 GN27M195 I3127M245 3M225 El each

TRANSISTORS

MPSA92
2N2907A
BC477, BC488
BC107 BCY70 PREFORMED LEADS
full spec
BC557, BC238C, BC308B
2N3819 FETS short leads

10/£1
10/E1

10/£1

£1 £4/100 £30/1000
£1/30 £3.50/100
4/£1

POWER TRANSISTORS
0C29

P POWER FET IRF9531 8A 60V
N POWER FET IRF531 8A 60V
2SC1520 sim BF259
TIP 141/2 £1 ea TIP 112/42B
SE9301 100V 1DA DARL SIM TIP121
PLASTIC 3055 OR 2955 equiv 50p
BUZ31 POWER FET TO -220200V 12.5A

£1.35 ea
3/£1
2/£1
2/£1

100/f35
2/£1

28 PIN USED
£3
40 PIN NEW
£10
SINGLE IN LINE 32 WAY CAN BE GANGED FOR USE WITH
ANY DUAL IN LINE DEVICES . . COUPLING SUPPLIED
2/
£1.50
.

QUARTZ HALOGEN LAMPS
£1 ea HOLDERS 60p ea
£2.50 each

MISCELLANEOUS
MINIATURE FERRITE MAGNETS 4x4x3mm
10/0
ALPS MOTORISED DUAL 47K LOG pots with spindle, works on
6v -12v
£1.50 ea
TL071 LO NOISE OP AMP
5 for £1

KEYTRONICS
TEL. 0279-505543
FAX. 0279-757656

P 0 BOX 634
BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX

G-16

£1

BT PLUG + LEAD
3/£1
13A MOULDED PLUG +2m lead
El
MIN. TOGGLE SWITCH 1 POLE do PCB type
WV
LCD MODULE sim. LM018 but needs 150 to 250V AC for display
40 x2 characters 182 x35 x 13mm
£10
TL431 2.5 to 36V1-092 ADJ. SHUNT REG
2/£1
6-32 UNC 5/16 POZI PAN SCREWS
£1/100
NUTS
C1.25/100
PUSH SWITCH CHANGEOVER
2/£1
RS232 SERIAL CABLE D25 WAY MALE CONNECTORS
£5.90 ea (£1.30)
25 FEET LONG, 15 PINS WIRED BRAID + FOIL SCREENS
INMAC LIST PRICE £30
LCD DISPLAY sim Hitachi LM016L
£6.50
AMERICAN 2/3 PIN CHASSIS SOCKET
2/£1
WIRE ENDED FUSES 0.25A
30/£1
NEW ULTRASONIC TRANSDUCERS 32kHz
£2/pr
Also available 28 slot vari-bus backplane same size +
Price
NEW
POWERFUL SMALL CYLINDRICAL MAGNETS
3/£1
BNC 500HM SCREENED CHASSIS SOCKET
2/£1
SMALL MICROWAVE DIODES AE1 OC1026A
2/£1
D.I.L. SWITCHES 10 -WAY £1 8 -WAY &Op 4/5/6 -WAY
80p
180VOLT 1WATT ZENERS also 12V & 75V
20/£1
MIN GLASS NEONS
10/CI
RELAY 5V 2 -pole changeover looks like RS 355-741 marked
STC 47WBost
£1 ea
MINIATURE CO -AX FREE PLUG RS 456-071
2/£1
MINIATURE CO -AX PCB SKT RS 456-093
2/E1
PCB WITH 2N2646 UNIJUNCTION WITH 12V 4 -POLE RELAY
£1

400 MEGOHM THICK FILM RESISTORS
4/£1
STRAIN GAUGES 40 ohm Foil type polyester backed balco grid
alloy
£1.50 ea 10+ £1
ELECTRET MICROPHONE INSERT
£0.90
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304-267
£2.50 100+ £1.50
HALL EFFECT IC UGS3040 + magnet
El
OSCILLOSCOPE PROBE SWITCHED x 1 x 10
£12
1 pole 12 -way rotary switch
4/£1
AUDIO CS LM380 LM386 TDA 2003
£1 ea
555 TIMERS £1 741 OP AMP
6/£1
ZN414 AM RADIO CHIP
00p
COAX PLUGS nice ones
4/E1
COAX BACK TO BACK JOINERS
3/el
4 x 4 MEMBRANE KEYBOARD
£1.50
INDUCTOR 20tH 1.5A
5/£1
1.25" PANEL FUSEHOLDERS
3/E1
CHROMED STEEL HINGES 14.5x 1" OPEN
£1 each
12V 1.2W small w/e lamps fit most modern cars
10/£1
STEREO CASSETTE HEAD
£2
MONO CASS. HEAD £1 ERASE HEAD
THERMAL CUT OUTS 50 77 85 120°C
flea
THERMAL FUSES 220°C/121°C 240V 15A
5/E1
TRANSISTOR MOUNTING PADS TO -5/1-0-18
0/1000
TO -3 TRANSISTOR COVERS
10/£1

PCB PINS FIT or VERO

200/£1

TO -220 micas + bushes
TO -3 micas + bushes

10/50p 100/£2

Large heat spphrinklug sleeving pack

IEC chas
filter 10A
POTS SHORT SPINDLES 2K5 10K 25K 1M 2M5
40k U/S TRANSDUCERS EX-EQPT NO DATA
LM335Z 10MV/degree C

15/£1
£2

Ea
4/£1

£1/pr
Cl

21E1

3/£1 100/£22

TEXTOOL ZIF SOCKETS

12V 50watt LAMP TYPE M312
24V 150 WATTS LAMP TYPE Al/215

TL081 OP AMP
4 for £1
47000u 25v SPRAGUE 36D
£3.50 (£2)
12 way dil sw
£3 for £1
lONF 63V X7R PHILIPS SURFACE MOUNT 160K
available
£30/4000 box
SWITCHED MODE PSU 40 WATT UNCASED OTY.
AVAILABLE +5v 5A, +12V 2A, 12V 500mA FLOATING
£9.95 (£2)
330nF 10% 250V X2 AC RATED PHILIPS
£20/100
220R 2.5W WIREWOUND RESISTOR 60K AVAILABLE
£50/1000
CMOS 555 TIMERS
2/£1
2/3 AA LITHIUM cells as used in compact cameras
2/£1.50
ICM7126CPL CMOS 31/2 DIGIT LCD DRIVER CHIP
£2ea
36 CORE 7/0.2mm OVERALL SCREENED
t50/100m
LITHIUM CELL 1/2 AA SIZE
2 FOR £1
PASSIVE INFRA RED SENSOR CHIP + MIRROR + CIRCUIT
£2 each
EUROCARD 21-SLOT BACK PLANE 96/96 -WAY
£25 ea
"PROTONIC 24 VARIBUS" 16.7"55" FIBREGLASS
MULTILAYER PRH PCB
EUROCARD 96 -WAY EXTENDER BOARD 290x 100mm
£10 ea
"PROTONIC 24" c/w 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 4161264 -WAY A/C SOCKET WIRE WRAP PINS
£1
DIN 41612 64 -WAY A/C PLUG PCB RIGHT ANGLE
£1
DIN 41612 64 -WAY A.43 SOCKET WIRE WRAP (2 -ROW BODY)

£1

BNC TO 4MM BINDING POST SIM RS 455-961
£1
MIN PCB POWER RELAYS 10.5v COIL 6A CONTACTS 1 pole
c/o
£1
AVEL-LINDBERG MOULDED TRANSFORMER TYPE OB10
15+15V 10VA QTY. AVAILABLE
£2 ea
BANDOLIERED COMPONENTS ASSORTED Rs, Cs, ZENERS
£5/1000
LCD MODULE 16 CHAR. X 1 LINE (SIMILAR TO HITACHI
LM10)
£5
KYNAR WIRE WRAP WIRE
El/REEL
OPI1264A 10kV OPTO ISOLATOR
£1.35 sa 100+ £1 ea
'LOVE STORY' CLOCKWORK MUSICAL BOX MECHANISM
MADE BY SANKYO
El ea
Telephone cable clips with hardened pins
500/£2

DIODES AND RECTIFIERS
Al 15M 3A NOV FAST RECOVERY DIODE
1N5407 3A 1000V
1N4148
1N4004 SO4 lA 300V
1N5401 3A 100V
BA158 lA 400V fast recovery

4/£1
8/£1

100/£1.50
100/£3
10/£1

BY127 1200V 1.2A
BY254 800V 3A
BY255 1300V 3A
6A 100V SIMILAR MR751
1A 600V BRIDGE RECTIFIER
4A 100V BRIDGE
6A 100V BRIDGE
10A 200V BRIDGE
25A 200 V BRIDGE £2
25A 400V BRIDGE £2.50
2KBP02 IN LINE 2A 200V BRIDGE REC

10/£1
6/£1
6/£1
4/£1
4/£1
3/£1
2/£1

£1.50
10/£113

10/£22
6/£1

SCRS
PULSE TRANSFORMERS 1:1+1
2P4M EQUIV C106D
TICV106D 800mA 400C SCR 3/£1
MEU21 PROG. UNIJUNCTION

TRIACS

£1.25
3/£1

100/E15
3/E1

DIACS 4/£1

NEC TRIAC ACO8F 8A 600V TO220
TXAL225 8A 500V 5mA GATE
BTA 08-400 ISO TAB 400V 5mA GATE
TRAL223OD 30A 400V ISOLATED STUD
TRIAC 1 A 800V TLC3817 16k AVAILABLE

5/C2 100S30

2 El 100/£35
90p
. £5 ea

5 FOR £1 £15/100

CONNECTORS
D25 IDC PLUG OR SOCKET
34 -way card edge IDCCONNECTOR (disk drive type)
CENTRONICS 36 WAY IDC PLUG
CENTRONICS 36 WAY IDC SKT
BBC TO CENTRONICS PRINTER LEAD 1.5M
CENTRONICS 36 WAY PLUG SOLDER TYPE
USED CENTRONICS 36W PLUG + SKT
14 WAY IDC BLOCK HEADER SKI*.

El
£1.25
£2.50
£4.00
£3
£4
£3
5/£1

PHOTO DEVICES
HI BRIGHTNESS LEDS CC(24 RED
SLOTTED OPTO-SWITCH OPCOA OPB815
2N5777
TIL81 PHOTO TRANSISTOR
TIL38 INFRA RED LED
4N25, OP12252 OPTO ISOLATOR
PHOTO DIODE 50P
MEL12 (PHOTO DARLINGTON BASE n/c)
LED's RED 3 or 5mm 12/£1
LED's GREEN OR YELLOW 10/£1
FLASHING RED OR GREEN LED 5mm 50p
HIGH SPEED MEDIUM AREA PHOTODIODE RS651.

5/£1

£1.30
50p
£1

5/£1

50p
6/£2
50p
100/£6

100/£40
/"TE406

995

£10 ea

STC NTC BEAD THERMISTORS
022 220R, G13 1K, G23 2K, G24 20K, GM 50K, G26 200K,
RES 20°C DIRECTLY HEATED TYPE
El ea
FS22BW NTC BEAD INSIDE END OF 1" GLASS PROBE RES
20°C 200R
£1 ea
A13 DIRECTLY HEATED BEAD THERMISTOR lk res. ideal for
audio Wien Bridge Oscillator
£2 ea

CERMET MULTI TURN PRESETS 3/4"
10R 20R 100R 200R 250R 500R 2K 2K2 2K5 5K 10K 47K 50K
100K 200K 500K 2M
50p ea

IC SOCKETS
£1 per TUBE
£2 per TUBE
3 for £1

14/16/18/20/24/28/40 -WAY DIL SKTS
8 -WAY DIL SKITS

32 -WAY TURNED PIN Sias. 7k available
SIMM SOCKET FOR 2 x 30 -way SIMMS

£1

POLYESTER/POLYCARB CAPS

330nF 10% 250V AC X2 RATED PHILIPS TYPE 330.... £20/100
100n, 220n 63V 5mm
20/E1 11002
1n/3n3/5n6/8n2/10n 1% 63V 10mm
I OW15n/22n/33n/47n/66n 10mm rad
100/£3.50
100n 250V radial 10mm
100/£3
100n 600V Sprague axial 10/£1
100/£6 (£1)
2112 160V rad 22mm, 2112 100V rad 15mm
100/£10
10n/33n/47n 250V AC x rated 15mm
10/£1
1y 600V MIXED DIELECTRIC
50p ea
ly0 100V rad 15mm, 1 y0 22mm rad
100/£6

RF BITS
SAW FILTERS SW662/SW661 PLESSEY SIGNAL
TECHNOLOGY 379.5 MHZ
£1, 50 ea "NE
FX3286 FERRITE RING ID 5mm OD lOmm
ASTEC UM1233 UHF VIDEO MODULATORS (NO SOUND)
1
1250 STOCK
£1.50 **NEW
MARCONI MICROWAVE DIODES TYPES DC2929, DC2962,
DC4229F1/F2
£1 EA
XTAL FILTERS 21M4 55M0
£2 ea
ALL TRIMMERS
for
35.5Opp
VIOLET
YELLOW 5-65pF RED 10-110pF GREY 5-25pF
SMALL MULLARD 2 to 22pF
3 FOR 50p £10/100
TRANSISTORS 2N4427, 2N3866, 2N5109
80p

rti

ea.
60p ea

CERAMIC FILTERS 4M5/6M/9M/10M7
FEED THRU' CERAMIC CAPS 1000pF
SL610
6 VOLT TELEDYNE RELAYS 2 POLE CHANGEOVER
(BFY51 TRANSISTOR CAN SIZE)
2N2222 METAL
P2N2222A PLASTIC
2N2369A

10/E1
£5

£2
5/£1
10/£1

5S1

VN1OKM

4/£1

PLESSEY ICS EX -STOCK
SL350G SL360G SL362C SL403D SL423A
SL521B SL523C SL541B SL850C SL1021A
SP8655 SP8719DG

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

100/D1.50
100/£6

100/£3
100E5
100/£8
£6/100

lyF 50v 5mm

100/£3

SEND £1 STAMPS FOR CURRENT IC + SEMI STOCK LIST -ALSO AVAILABLE ON
31/2" FLOPPY DISK

MAIL ORDER ONLY

MIN. CASH ORDER £5.00. OFFICIAL ORDERS WELCOME
UNIVERSITIES/COLLEGES/SCHOOLS/GOVT. DEPARTMENTS
MIN. ACCOUNT ORDER £10.00
P&P AS SHOWN IN BRACKETS (HEAVY ITEMS) OTHERWISE 95p

ADD 171/2% VAT TO TOTAL
ELECTRONIC COMPONENTS BOUGHT FOR CASH

.111=1
VISA

MEM
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New maps for
Smith's world
The Smith chart is the rf engineer's best friend. Ian White
reviews Z -Match for Windows, the new Smith -chart program
from Number One Systems.
The Smith chart is a visual way of designing and
understanding impedance transformations in
networks and transmission lines. Designed for
pencil and paper it remains a powerful design tool;
whatever you can draw on a paper chart, you can also
draw on a computer screen.
The programming challenge is to keep all the paper
chart's good features and then to add facilities unique to the
computerised version. Although previous versions of
Number One Systems' Z -Match software for dos came
close to those objectives, Z -Match for Windows has made it.

more.

A cross -shaped flashing cursor represents the current
operating point for dragging and dropping around the
display using the mouse. Cursor movement can be either
free or constrained to follow an arc of constant R, X or
VSWR away from its starting point, something you could

Qlsplay

Locate

ImoodoomeOhmic

I

2 -Match for Windows Z Number One Systems Ltd
Irate De ;ion Net,t,rM III 1001s Help
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On the screen
The main display is divided into two areas, the Smith chart
on the right and the control and information panel on the
left (Fig. 1). You draw on the chart in the usual Windows
fashion using the mouse. Buttons on the left-hand panel
control the main functions, so you seldom need to pull
down the menus from the top of the screen. The non-linear
scales that used to be the bane of the paper chart are
replaced by precise numerical displays, linked to the
position of the mouse cursor on the display.
The Smith chart has always been essentially a visual
design aid (see the sidebar for an explanation of how the
chart works). You draw lines and curves corresponding to
your design ideas, and watch what happens to the circuit
impedances and other parameters. Quite frequently you
need to back -track to an earlier point and reconsider what
to do next or even throw away the existing chart and start
again with a clean sheet. The software makes good use of
the Windows environment to provide these facilities and

circle

t Ile

1.stod

11.311111

How Oa

Z

Comer Melo

Rd Mods
I
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I

O 111011r

Foototorar MN ISM
CosooM 1.1111

Load

Fig. 1. Z -Match for Windows displays its power with a complicated Smith chart,
showing stability and gain circles. Note the cross -shaped cursor over the point marked
Source: the panel at the left of the screen displays a range of information about the
cursor location, including its absolute and normalized impedance. Quick -change
buttons control the most used features of the chart.

not do on a paper chart without first drawing the relevant
arc. Whenever you move the cursor, numerical displays of
nine parameters are very rapidly updated once again, a
facility unique to a computerised Smith chart.
Alternatively you can type in an explicit impedance and
the cursor will go there. If you want to leave a permanent
mark at any cursor position, simply double-click the
mouse button.
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For back -tracking and erasing mistakes, Z -Match for
Windows has an undo function which successively
removes objects you had drawn on the chart and restores
the cursor to its previous position.
The final requirements to replace the basic paper Smith
chart are somewhere to file your work for later retrieval, a
waste -basket and an endless supply of clean charts.
Windows' familiar File menu provides these functions
using Save, Save As, Open and New and of course you can
always send a chart to the Windows system printer.
Together, all these features provide a good simulation of
the familiar paper -and -pencil environment.
Many other functions are accessible through the menu
system. For example, several of the numerical displays
make use of the system reference frequency (in MHz), the
reference impedance Zo and the velocity factor of the
transmission line, any of which can be changed using the
Display - Parameters sub -menu. In addition, buttons in the
left-hand panel provide shortcuts to the most useful
charting functions.
The software makes two of the most difficult Smith chart
operations simple. You can convert with a single click
between impedance and admittance charts (see sidebar),
allowing the addition of admittances in parallel just as
easily as impedances in series. The whole chart flips,
leaving the cursor exactly where it was on the screen while
maintaining your trace of previous movements. Two clicks
draws a unit conductance circle on an impedance chart, or
a unit -resistance circle on an admittance chart.
To understand what it was like without these aids,
imagine navigating using two road -maps, one showing

only major roads and the other showing only minor roads.
You could manage it with practice, but you wouldn't ever
want to! These features of the software banish one of the
most confusing aspects of the paper Smith chart.
The other difficult routine operation is impedance
renormalization which occurs on moving from one system
impedance to another. The software offers two ways of
doing this. Either you can type in a new system reference
impedance Zo (and optionally have the cursor position
recalculated) or you can specify any cursor location as the
new reference impedance; all subsequent cursor
movements and displays are referenced to this location on
the chart. It is easy to alternate between two different
reference impedances.

Advanced functions
A regular use of the Smith chart is to design impedance
matching networks, starting from some arbitrary
impedance and usually ending at the reference impedance
Zo in the centre of the chart. The technique is to work your
way in towards the centre by adding reactances in series or
in parallel.
Reactance in series is added by moving along a constant resistance line on the impedance chart, while reactance in
parallel is added by moving along a constant -conductance
line on the admittance chart. In many practical cases the
quickest route home is via a point further out towards the
periphery of the chart. All this is straightforward in ZMatch for Windows, but the software also has a special
network synthesis function which draws the circuit
diagram of the network you have designed.

Smith chart refresher
A

ny impedance can be represented as
RtjX where R is the resistive or "real"
component and X is the reactive component,
positive for inductance and negative for
capacitance. Although you can plot R and X
on conventional rectangular coordinates, it
can be difficult to represent the very low
and very high values that occur in
transmission -line calculations.
The problem of very low and high
impedances is solved by two techniques:
normalization and logarithmic axes. When
working in a system that has a defined
lecnnoMPUMMM.BWATCHAIO
Ldil

page

Laput

I formal

Table

Tools

Help

standard impedance Zo, for example a
transmission -line impedance of son, it is
useful to normalize all impedances, so that
R becomes R/Z0 and X becomes X/Zo. Thus
a normalized impedance of 2+j1.5
represents 100+j7551 in a 500 system.
Logarithmic resistance and reactance
scales are possible because real -life rf
resistances and reactances do not truly
reach either zero or infinity.
Fig. A shows a logarithmic resistance reactance plot using rectangular axes, with a
single "zero -to -infinity" scale for resistance
A) One way to represent all
practicable impedances R ± jX
on two rectangular axes. All
combinations of resistance and
reactance that have a
normalized voltage standing
wave ratio of 2.0 will fall on
the constant-VSWR circle. To
transform this diagram into a
Smith chart Figure 8, bend the
two reactance axes round so

that all three "infinity" points
meet at the right-hand end of
the resistance axis.
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and two mirror -image scales for positive
and negative reactances. The system
reference impedance Zo falls in the centre of
the normalized plot, at 1+j0.
What happens if you plot all impedances
corresponding to a voltage standing wave
ratio vswr of say 2.0 on this diagram? The
two relevant points on the normalized
resistance axis are 2.0+j0 and 0.5+j0, and
these are equidistant from the origin
because the scale is logarithmic. The two
corresponding points on the normalized
reactance axis are 1+j0.71 and 1-j0.71. If
we scale the axes appropriately, these four
points can be made to lie on a circle.
Moving around this constant vswr circle,
one complete revolution will pass through
all possible combinations of resistance and
reactance that produce a vswr of 2,
equivalent to having travelled a half -wave
along a transmission line.
Unfortunately the angular scale is not
linear: 1+j0.71 represents a phase angle of
35° rather than 90° as it appears on Fig. A.
The genius of Phillip Smith was to realise
what happens when the straight-line
reactance axes of Fig. A are bent around to
form two half -circles whose "infinity" ends
join together at the right of the chart. Figure
A has become transformed to Fig. B, a
Smith chart. Remarkably, the vswr circle
remains a circle, but its phase -angle scale
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The resulting netlist can be saved in a file format
compatible with Number One Systems' Analyser nodal
analysis software. Similarly you can read in results files
from Analyser and have Z -Match plot them in Smith chart
form.
S -parameters are widely used in rf design, and the
review software also handles them. Device data may be
entered either manually or from files (the package contains
the Motorola device library in industry -standard S2P
format). It will interpolate frequency dependent file data to
the desired frequency, and gives an immediate indication
whether the device is stable at a selected frequency. It can
then go on to calculate stability circles, source and load
impedances, etc.

In Figure 1 the program has calculated and plotted the
input and output stability circles (the stable area is towards
the middle of the chart), a constant -gain circle for a user
selected value of 12dB, and a suitable source impedance.
You can then go on to match this impedance using the
network synthesis function described earlier.
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Off the map
The information panel beside the Smith chart can display
its data in several alternative forms, avoiding the need for
routine interconversions. In addition there is an RF Tools
menu offering interconversions between power and
voltage ratios, dB and dBm; and between VSWR,
reflection coefficient and return loss. The same menu also
offers reactance and resonance calculations, and a designer
for simple transmission -line transformers to match any
arbitrary impedance to Zo.

has now become linear. What is more, the
entire Smith chart can be constructed from
one horizontal straight line and a series of
simple arcs and circles.
The horizontal diameter still represents
pure resistance, ranging from zero to
infinity with R=1 at the centre of the chart.
Lines of constant resistance are circles,
crossing the horizontal diameter at
normalized values of R=0.5, 1, 2 and so on.
R is zero all around the periphery of the
chart, except at the "infinity" point where
all the constant -R circles meet tangentially.
Positive reactances lie above the horizontal
diameter, negative reactances below. Lines
of constant reactance are arcs of circles,
mirror -imaged above and below the
diameter and all converging on the
"infinity" point. Figure B shows all these
characteristics.
Thus you can plot any practicable
impedance on a Smith chart, and watch how
it changes as you travel on a constant-vswr
circle along the transmission line.
Anticlockwise is forwards towards the load,
clockwise is backwards towards the
generator, and a full revolution of the chart
represents 180° along the line, in other
words a half wavelength.
What happens if you add an inductance in
series with an impedance already plotted?
You move along a constant -resistance circle

Fig. 2. The receiver noise figure and intermodulation calculator from
the rf Tools menu. The top three rows of data refer to the individual
modules in the block diagram drawn above. The bottom four rows
show how the cascaded stages interad to produce the overall
system performance. Double-click on any module box to alter its
data, and the whole display is automatically recalculated.

8) A basic Smith chart, showing
the same constant-VSWR circle
as Figure A. The horizontal
resistance axis is still the same,
and all other components consist
of simple arcs and circles. To
convert this impedance chart
into an admittance chart, mirror image it from right to left.
The Smith chart is the rf design
engineer's best friend. Once you
know your way around, it
provides a convenient and
simple way of solving all manner
of problems of impedance
transformation, amplifier design
and stability analysis. Here's how
it works.

LEI

L'..

into the region of higher inductive
reactance. How much has the phase angle
changed as a result? Draw straight lines out
from the centre of the circle through your
origin and destination points, and measure
the angle between them not forgetting that
every 1° on the chart represents 0.5° along
the transmission line.
Once you know how to read the map,
there are yet more wonders in Smith's
World. Thanks to its logarithmic scaling,
the Smith chart works equally well as an
admittance 1/Z chart, which opens the way
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to dealing with impedances added in
parallel. Changes of characteristic
impedance are handled very easily: you can
either renormalize all the plotted
impedances; or else take advantage of the
fact that a constant-vswr circle can be
centred anywhere on the chart and will still
remain a true circle. This latter property
opens yet further paths to the analysis of
amplifier stability and noise figure, both of
which can be represented using constant value circles.
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Although receiver noise and intermodulation
calculations are not directly related to Smith charts, it is
useful to have these facilities to hand. Fig. 2 shows how
the concept is implemented in Z -Match for Windows.
Double-click on the box representing a module in the
block diagram and a window opens, into which you can
enter data relevant to that module. On closing the window,
the software recomputes the noise and intermodulation
performance of the whole system. Noise performance can
be displayed as either noise figure (dB) or noise
temperature (K). This Windows "applet" has its own File
menu with facilities to save and retrieve designs, and to
print out the block diagrams and results.

The package
The software comes with a thorough and well -written 125page manual, and installation from the single program disk
is quick and straightforward. The Motorola device library
comes on a second disk, and need not be permanently
installed.
Even if you start out knowing very little about Smith
charts, the manual gives an extensive explanation of the
concepts followed by worked examples to introduce you to
the software implementation. Lack of experience may even
be an advantage, because experienced Smith chart users
may need to unlearn some cherished techniques that were
actually geared to the inadequacies of the paper chart.
In spite of a price which may deter amateurs, Z -Match
for Windows could easily make itself indispensable to any
professional rf design engineer.

BROADCAST MONITOR
RECEIVER 2
150kHz-30MHz

We have taken the synthesised all mode FRG8800 communica-

tions receiver and made over 30 modifications to provide a

SYSTEM REQUIREMENTS
286, 386 or 486 -based PC (at least 16MHz
386SX preferred)
Coprocessor is used if available
Graphics display and monitor (at least colour
VGA preferred)
Mouse
Windows 3.0 or later, under DOS 3.0 or later

3.5in 1.44MB floppy disk drive
1MB hard disk space (program will run from
floppy disk)

PRICE

Price £245.00 + VAT (upgrade from Z -Match
for dos £50.00 + VAT)
SUPPLIER DETAILS

Number One Systems Ltd, Harding Way,
Somersham Road, St Ives, Cambridgeshire
13E17 4WR. Telephone 0480 461778, fax
0480 494042.

ADVERTISERS
PLEASE NOTE
For all your future

receiver for rebroadcast purposes or checking transmitter performance as well as being suited to communications use and news
gathering from international short wave stations.

The modifications include four additional circuit boards providing
*Rechargeable memory and clock back-up *Balanced Audio line
output *Reduced AM distortion *Buffered IF output for monitoring
transmitted modulation envelope on an oscilloscope *Mains safety
improvements.

The receiver is available in free standing or rack mounting form
and all the original microprocessor features are retained. The new
AM system achieves exceptionally low distortion:THD, 200Hz-6kHz

at 90% modulation -44dB, 0.6% (originally 20dB, 10%).
*Advanced Active Aerial 4kHz-30MHz *PPM10 In -vision PPM

and chart recorder *Twin Twin PPM Rack and Box Units

*Stabilizers and Fixed Shift Circuit Boards for howl reduction
*10 Outlet Distribution Amplifier 4 *Stereo Variable Emphasis
Limiter 3 *Stereo Disc Amplifier 4 *Peak Deviation Meter *PPM5
hybrid, PPM9 microprocessor and PPM8 IEC/DIN -50/+6dB
drives and movements *Broadcast Stereo Coders

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh,
Surrey GU6 7BG.
Telephone: 0483 275997. Fax: 276477

enquiries on

advertising rates,
please contact
Malcolm Wells on:

Tel: 081-652 3620
Fax: 081-652 8956
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Low power PWM with programmable shutdown
Combined features of the UCC1570

V 1m

R5

R1

family of pulse width modulators are
low power and high-speed operation.
Typical start-up current is 85µA, running
current is 1mA, and the device can drive a
power mosfet at up to 500kHz. Peak gate
drive current is IA.
As this circuit diagram from the 1570
family preliminary data sheet shows, the
device is intended for use in switching
supplies. It is optimised for isolated designs
with primary side control and a voltage
mode feed -back loop.
Made in bicmos technology, the three
versions in the range have a low start up
current requirement. This allows efficient
off-line starting with a bootstrapped low voltage supply. Voltage feedforward
provides fast and accurate response to wide
line voltage variation without the noise
sensitivity associated with current -mode
control.
Fast current limiting is included with the
ability to latch off after a programmable
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Controller for pwm power supplies. Fault -counting
shut down means that the device stays operational
during brief overloads but shuts down completely
if the overload persists.
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Current versus frequency for the UCC1570
pwm controller while in operating mode
shows that little current is needed to operate
the device - even at high switching speeds
and with high mosfet gate capacitance.
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The UCC1570 is
designed for isolated
psus with primary -side
control and voltage mode feedback.

Although it needs only
lmA of running
current, it can drive a
power mosfet at up to
500kHz.

number of repetitive faults has occurred.
This enables the power supply to withstand
a temporary overload, while still shutting
down in the event of a permanent fault.
A built-in maximum duty -cycle clamp is
programmable between 20% to 80%. Line
voltage sensing is enhanced by the provision
of a programmable window of allowable
operation. Further facilities offered by the
devices are an optocoupler interface and
fault latch -off or automatic -restart options.
Notes on how to calculate the components
shown are included in the data sheet.
Unitrode UK Ltd, 6 Creswell Park,
Blackheath, London SE3 9RD. Tel. 081
318 1431, fax 081 318 2549.
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Video selection for broadcast industry
C

final routeing and buffering circuits for

J video feature in Maxim's Analog Design
Guide 3/8.
In the oscillograph, input versus output is
shown for a 180MHz video buffer with
guaranteed 0.99V/V gain over its
temperature range of -40 to 85°C. This
buffer, the MAX405, has a differential phase
and gain errors of 0.01° and 0.03%. In
addition, it holds its gain with loads as low
as 5052. Suitable for driving NTSC, PAL or
SECAM, the device operates from ±5V
supplies and has a slew rate of 650V/ps.
For the eight -by -four crosspoint switch
shown, Maxim claims the highest
integration and precision in the industry.

VIN
4Vpp

Votrr

Operating at WWI lz and handling

The final circuit is a four -pole, two-way
switch for selecting rgb video and sync from
two sources. Output swing, provided by
buffers with a gain of 2, is ±2V with a 5011
load and the device operates up to 100MHz.
Other video circuits in the note cover triple
and quad 100MHz buffers with no external
feedback and a 250MHz no -feedback video
amplifier with a slew rate of 850V/p s.

`broadcast -quality' video, the MAX458 and
459 switches incorporate a digital control
interface and output buffers. In the 458,
these four buffers are unity gain while in the
459 they have a gain of 2. This extra gain is
for driving 1 500 back -terminated cable
directly, without needing feedback resistors.
Phase error is 0.06° while differential gain
error is 0.03%.
One of eight video channels is selectable
via the MAX440. It has a 160MHz response,
250V/µs slew rate and can switch a pixel in
15ns. Differential gain and phase errors are
0.03° and 0.04% respectively. There are also
four and two -channel versions of this switch.
With a differential
phase error of 0.01°
and a gain error of
0.03%, the
MAX405 buffers
video up to
180MHz and
provides 0.99V/V
gain over its full

Maxim Integrated Products, 21C
Horseshoe Park, Pangbourne, Reading
RG8 7JW. Tel. 0734 845255, fax 0734
843863.
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Designed for routeing
broadcast quality
composite video, this 8 by -4 crosspoint switch
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MAX440

has both cable -drive
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Useful in applications such as selecting
surveillance camera sources, the MAX440 eight way switch has pin -selectable frequency
compensation and operates to 160MHz.
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The MAX466,

intended for
switching
between two
RGB-plus-sync
sources, has

100MHz 6dB
buffer amplifiers
capable of

driving t2V into
a MO load.
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Integrated
frontend devices
for DECT
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17
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1

f, FREQUENCY (GHz)

1w, LO FREQUENCY (GHz)

Local oscillator versus rf feedthrough for the
1803 1.8GHz up -converter.

Gain and noise of the 1804 DECT low -noise
amplifier versus frequency.

local -oscillator buffer amplifier. The device
provides 10dB intermediate -to -radio frequency conversion gain and has a usable
frequency range of 1.7 to 2.5GHz.
Within the 1804 is an rf amplifier with a
2.3dB noise figure and providing 14dB gain.
The mixer section provides 4dB of gain, with

typically 13dB noise. Usable frequency
range of the device is 1.8 to 1.925GHz.

Motorola European Literature Centre, 88
Tanners Drive, Blakelands, Milton
Keynes MK14 5BP. Tel. 0908 614614,
fax 0908 618650.

LO IN

IF OUT

C1

ICI
2

C3

C2
C3, C4
C5
L1

L2
L3, L4

12 pF (110 MHz) or 7.5 pF (240 MHz)
0.8 pF
100 pF
1000 pF
82 nH (110 MHz) or 15 nH (240 MHz)
8.2 nH
0.3 nH (Microstrip)

Complementary to the 1803
up -converter, the 8104
integrated DECT Ina and
down -mixer has a 0.9d8

mixer input intercept point
and needs only -5dBm of
local -oscillator power.
Components are for 110 and
240MHz IFs.

ANTENNA
C1

C2

100 pF

T

C3

39 pF

1

I

470 pF
100 pF
0.1 p.F (optional)

RX EN

LO IN

IF IN

TX EN

PIN I

This integrated
antenna switch for
1.8GHz is said to

allow higher power
wireless systems

than traditional
GaAs switches.

39 pF

39 pF
T___

0
RX

VC

VSS

100 pF

'6,4

O
11F = 240 MHz

hree ICs designed to simplify and
miniaturise DECT-compatible equipment
have been introduced by Motorola.
These application diagrams are from
device data sheets for the new devices,
namely the MRFIC1801, 1803 and 1804.
The 1801 is a 1.8GHz antenna switch, the
1803 an up -converter, and the 1804 a
combined INA and down -mixer.
Also suitable for the Japan Personal Handy
Phone standard, JPHP, and other personal
communication systems, all three devices are
produced in surface -mount packaging. They
operate from 85° down to -30°C, rendering
them suitable for all-weather use.
With the exception of the antenna switch,
which can run from a rail up to 5.5V,
operation is from a single 2.7-3.3V supply.
Combined consumption of both converters is
typically just over 100mW, while current
needed for the antenna switch is 300pA in
transmit mode, or 50pA when receiving.
Transmission insertion loss of the 1801
antenna switch is typically 0.75dB, while the
1dB compression point is quoted as 29dBm.
Capable of operating at frequencies from 1.5
to 2.5GHz, the switch is activated via a
simple onkoff logic input and exhibits 22dB
transmit to receive isolation.
Incorporated in the 1803 up -converter are
an active up -mixer, exciter amplifier and
V00

2.16
5

Tx
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Combined within this up converter for DECT and other
personal communication systems
are an active up -mixer, an exciter
amplifier and local -oscillator
buffer. No external baluns are
needed and the IF, LO and RF
ports are matched to 505I.
LO OUT

RF OUT

VDD
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Micropower op -amp for 2.7V supplies
-1-- hese circuits are designs based on a new

op -amp from National Semiconductor.
Called the LMC6572, this IC is optimised for
low -voltage and battery -powered applications
involving supplies down to 2.7V.
To obtain a rail -to -rail output swing at low
supply voltages and relatively high loads, the
unity -gain output buffer traditionally found in
ICs has been abandoned. Instead, output is
taken directly from an integrator. This is said
to provide low output impedance combined
with high gain.
Feed -forward techniques are used to
maintain stability over a wider range of
operating conditions than is usual for
micropower op -amps. Ultra -low -power op I

amps are normally very slow. This device has
a 0.22MHz gain -bandwidth product together
with a typical slew rate of 90V/ms given a
2.7V supply.
There is a quad version of the LM6572 dual
op -amp called the LM6574. In the joint
65 72/6574 data sheet, there is further
information on how the devices are
compensated for input capacitance and
capacitive loading. There is also further text
on pcb layout for high -impedance circuitry.

R4

Vika

0.068 pi

Since each op -amp in
the LM6572 consumes
037

470k

470k
R3

470k

typically 40pA, a 1Hz
oscillator such as this
can run for long
periods from two small
dry cells.

National Semiconductor, The Maple,
Kembrey Park, Swindon, Wiltshire SN2
6UT, Tel. 0793 614141, fax 0793 697522
v,

FEEDBACK

Air improves op -amp guarding

CAPACITOR

Most op -amp application information
prescribes making guard rings for high impedance op -amp inputs from a ring of pcb
copper. According to the LM6572 data sheet,
guarding is improved using air insulation.
To implement air insulation, the IC input
pin concerned is bent away from the pcb.
Components are then soldered directly to the
pin. NS admits that some of the advantages
of using a pcb are lost, but says that these

8 CAVANS WAY,
BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF
Tel: 0203 650702
Fax: 0203 650773
Mobile: 0860 400683
(Premises situated close to Eastern -by-pass In Coventry with easy
access to M1, M6, M40, M42. M45 and M69)

OSCILLOSCOPES
Gould 400- 20MHz D.S.O. 100 Ms/s
Gould 054000, 0S4200, 0S4020, 0S245
Gould 0S3000 - 40MHz, dual ch.
Gould 4035 - 20MHz digital storage
Gould 4050 - 35MHz digital storage
Gould 5110 -100MHz intelligent oscilloscope
Hewlett Packard 1707A, 1707B - 75MHz dual ch.
Hewlett Packard 1740A, 1741A, 1744A, 100MHz dual ch
Hewlett Packard 182C - 100MHz 4 ch
Hitachi V422 - 40MHz dual ch.

£1000
from E125
£250
C600

£750
£950

from £275
from £350
£350

£300
Nicolet 3091 - Low freq D.S.O.£1100

Nicolet 4094 -4 channel low frequency D S.0.
Tektronix 2201 - 20MHz D.S.O. dual ch.
Tektronix 2213 - 60MHz dual ch.
Tektronix 2215 - 60MHz dual ch.
Tektronix 2230- 100MHz digital storage
Tektronix 2235- 100MHz dual ch. (portable)
Tektronix 2246 - 100MHz 4 channel (as new)
Tektronix 2335 -100MHz dual ch. (portable)
Tektronix 465/46519 - 100MHz dual ch.
Tektronix 475 - 200MHz dual ch.
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch.
Tektronix 7704 - 250MHz 4 ch.
Tektronix 7834/7844 - 400MHz 4 ch.
Tektronix 7904 - 500MHz
Philips 3206, 3211, 3212, 3217, 3226, 3240, 3243,
3244, 3261, 3262 (2ch -I- 4 ch.)

£500
£675
£425
£450
£1650
£800
£995
£750

from £350
£450

from £300
from £650
from £750
from £850

from

Solarlron Schiumberger CD1740 - 20MHz 4 ch
Other scopes available too

£250

.111111113=1:=111
AiltechHewlett Packard 3580A - 5Hz -50KHz
Hewlett Packard 3582A - 25KHz analyser. dual channel ..
Hewlett Packard 8590A - 10MHz -1.5GHz (as new)
Hewlett Packard 859013 - 9KHz - 1.8GHz
Hewlett Packard 8754A - Network Analyser 4 - 1300MHz
Hewlett Packard 1827 with 6559A (10MHz -21GHz)
£4500
Hewlett Packard 4953 Protocol analyser
Marconi 2370 - 110MHz
Rohde IS Schwarz- SWOB 5 Polyskop 0.1 - 1300MHz
Tektronix 7L18 with 7603 mainframe (1.5-18GHz)

E2200
£1250
£2500
£4500
£4750
£3500

£3750

Tektronix 492 -21GHz
Texscan AL51A - 1GHz

£2500
£1250
£2750
£3500
£5500
£1300

Anritsu ML93B/ML9213 Optical power meter with sensor
Anritsu ME538C Microwave system analyser (Rx
Tx)
B&K 2511 +1621 Vibration test set
Bak 2511 Vibration meter
Bak 2515 Vibration analyser

£2000
£3500
£2000
£1500
£4500

RESISTOR

OP AMP

//11=1:VZ
SOLDER CONNECTION

can often be outweighed by the
improvement in guarding performance

Dranetz 305 Phase meter
Dymar 1585 AF Power meter
£175£250
Dymer 2085 AF Power meter
£200
Farnell RB 1030.35 Electronic load 1Kw
£450
Farnell AMM/B Automatic modulation meter
£150
Faroe!! 2081 R/F Power meter
PGA
Farnell SSG520 Sig. Gen. 10 - 520MHz
Farnell TTS520 Transmitter test set
y £900
Farnell SG1B Sig. Gen. interlace
Feedback TWG300 Test waveform generator ..
£200
Fischer Betescope 2040/2060 Coating thickness computer 6 non
destructive coating measurement instrument 8 many jigs and extras
all for £2000
Fluke 5200A Programmable AC calibrator
POA
Fluke 8010A Digital multimeter
£125
Fluke 8922A True RMS voltmeter
POA
Fluke 95020 Current shunt
POA
Gay Milano FTMIC/FTM3C - FTM - Fast transient monilo,
£250
General Red 1658 LCR Digibndge
£250
General Rod 1621 Precision capacitance measurement system POA
Hewlett Packard 180TR Display unit with 87558 swept. amp. an E350
Hewlett Packard 436A Power meter + 8481A sensor
£950
Hewlett Packard 32008 VHF oscillator, 10-500MHz
£175
Hewlett Packard 3400A RMS voltmeter
C150
Hewlett Packard 3403C True RMS voltmeter
Hewlett Packard 3406A Broadband sampling voltmeter
£1751250
Hewlett Packard 3437A System voltmeter
£350
Hewlett Packard 3438A Digital multimeter
£200
Hewlett Packard 3476A Digital multimeter
£100
Hewlett Packard 3478A Digital voltmeter, 4 wire system, IEEE £650
Hewlett Packard 3490 Digital multimeter
POA
Hewlett Packard 3702B/3705A/3710A/3716A Microwave link
analyser
£1500
Hewlett Packard 3730A Down converter (with 3738A or 3737A) £200
Hewlett Packard 3760/3761 Data gen + error detector
each £300
Hewlett Packard 3762/3763 Data gen + error detector
each £350
Hewlett Packard 3777A Channel selector
£250
Hewlett Packard 3779A Primary multiplex analyser
£800
Hewlett Packard 400E/F AC voltmeter
£150
Hewlett Packard 4193A Vector impedance meter
£3500
Hewlett Packard 4204A Oscillator 10Hz -1MHz
£250
Hewlett Packard 435A Power meter (less sensor)
0350
Hewlett Packard 456A AC current probe
POA
Hewlett Packard 415E SWR meter
£275
Hewlett Packard 5335A Universal counter with IEEE
£1800
Hewlett Packard 5342A Microwave freq. count. 18GHz
£1500
Hewlett Packard 595018 HP IB isolated D/A power supply
programmer
£150
Hewlett Packard 6181C D.C. current source
£150
Hewlett Packard 7402 Recorder with 17401A x 2 plug -ins
C300
Hewlett Packard 800513 Pulse generator
£250
Hewlett Packard 8011A Pulse gen. a 1Hz - 20MHz
£500
Hewlett Packard 8012B Pulse generator
£750
Hewlett Packard 80136 Pulse gen. 1Hz - 50MHz ...
C750
Hewlett Packard 8406A Frequency comb. generator
C500
Hewlett Packard 8443A Tracking gen/counter with IEEE
[450
Hewlett Packard 84458 Automatic presetter
£700
Hewlett Packard 8601A 110MHz Gen/sweeper 110MHz
f350
Hewlett Packard 8620C Sweep oscillator mainframe
f500
Hewlett Packard 86548 10- 520MHz Sig. Gen.
C650
Hewlett Packard 8750A Storage normaliser
£400
Hewlett Packard 938A Freq. doubler
£250
Hewlett Packard 8640B with opt 001
£825
Kelthley 197 20MHz with 'IEEE
C400
Lyons PG73N/PG75/PG2B/P0 Pulse generator
from £225

Non -inverting gain of 10 amplifier designed
to handle capacitive loads. A feedback -loop
pole induces phase lag at the op -amp's
unity -gain crossover frequency. This results
in oscillation or underdamped response
when driving capacitive loads -a problem
solved here by the addition of a few passive
components.

Marconi 2019A 80KHz - 1040MHz sig. gen.
Marconi 2022D 10KHz -1GHz sig. gen.
Marconi 2306 Programmable interface
Marconi 2337 Automatic dist. meter
Marconi 2356 20MHz level oscillator
Marconi 2432A 500MHz digital freq. meter
Marconi 2830 Multiplex tester
Marconi 2831 Channel access switch
Marconi 6920 Power sensor
Philips PM 2525 Multimeter WF IEEE
Philips PM 5167 10MHz functiongen
Philips PM 5190 LF synthesizer whet GPIB
Philips 5390 1GHz signal gen.
Philips PM 5519 Colour TV pattern gen.
Philips PM 5716 Pulse generator high freq. trios
Philips PM 6672 1GHz timer/counter WF IEEE
Philips PM 8272 XYT chart recorder
Photodyne 800 Fibre optic attenuator
Projectina CH9345 Microscope
Racal Dana 202 Logic analyser + 68000 disassembler
Racal Dana 3100 40-130MHz synthesiser
Racal Dana 5002 Wideband level meter
Racal Dana 5003 Digital m/meter
Racal Dana 9000 Microprocessing timer/count. 52MHz
Racal Dana 9009 Modulation meter
Racal Dana 9081 Synth. sig. gen 520MHz
Racal Dana 9084 Synth. sig. gen. 104MHz
Racal Dana 9242D Programmable PSU 25V -2A
Racal Dana 9246S Programmable PSU 25V -10A
Racal Dana 9303 True RMS/RF level meter
Racal Dana 9341 LCR databridge
Racal Dana 9500 Universal timer/counter 100MHz
Racal Dana 9917 UHF frequency meter 560MHz
Racal Dana 9919 UHF frequency meter 1GHz
Rohde 8 Schwarz 13838711 Digital 0 meter
Soiartron Schlumb 1170 Freq. response analyser
Tektronix TM503, SG503, PG506, TG501 Scope calibrator
Tektronix 834 Data comms analyser
W8G SPM12 Level meter 200Hz-6MHz
W8G PSI2 Level generator 200Hz-6MHz
Watanabe WTR211 3 pen plotter
Wavetek 157 Programmable waveform synthesiser
Wayne Kerr 8424/8 LCR Component meter set
Weller D800/D1301 Desoldering station
Weller D900 Desoldenng station
Wiltron 352 Low freq. differential input phase meter

£1850

(1950
£500
POA
11300

£200
£1250
£500

f400
[850
£400
£800
£1250
£400
£600
£650
£500
£350
£800
£250
£750
£650
Et 50
£250
£225
£550
E450

£300
C400

£650
£250

f200
[175
£275
£400
£500
E2200
E500
£500
0500
£250
£300
0200
C175

£150
C350

SPECIAL OFFERS - Phoenix 5500A Telecoms analyser, ex.
demo. as new with 12 months calibration + 12 months guarantee
fitted with V24 interlace. A variety of interface options available Ring/Fax for details. Navtel 9440 Protocol analyser, ex. demo. as
new 118000 new - cost now £3500. Navtel 9410 PCB based protocol
analyser ex. demo. as new £3000 new - cost now £1500.

MANY MORE ITEMS AVAILABLE -SEND
LARGE S.A.E. FOR LIST OF EQUIPMENT
ALL EQUIPMENT IS USED- WITH 30 DAYS
GUARANTEE. PLEASE CHECK FOR
AVAILABILITY BEFORE ORDERING CARRIAGE & VAT TO BE ADDED
TO ALL GOODS

CIRCLE NO. 117 ON REPLY CARD
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Next Month September issue
On Sa e August 25
Free to all UK readers: The latest Zetex power
transistor technology in their world famous E -Line package.
We are giving away two top quality ZTX689B devices.
Each 20V npn transistor is capable of passing 3A

continuous current, 8A peak, with a low saturation
voltage - just 0.5V at 1A. The current gain of these small
devices is outstanding: a guaranteed minimum of 400 at
2A collector current.

In the same issue: Circuits for rms conversion. There
are only two types of circuit which will measure the power
content of a signal directly. You can either amplify it and
use the resulting output to heat a thermocouple, or you can
process the signal with a root mean square algorithm.
Danny Ayers tells all.

FREE with

October issue

On Sale Septem er 29
NIAVNI,

RADIO &
ELECTRONICS
ENGINEER'S

POCKET BOOK
I itTH EDITION
KEITH BRINDLEY

The Radio & Electronic Engineer's Pocket Book. This is a
include the most frequently needed
specia edition edited
date
information
for electronics engineers. If you
and up
work with applied electronics, then you will need this book.

In the same issue: Work with International Rectifier's latest
power control chip using a sample cevice supplied through
the maGazine and enter our free design competition.

To My Newsagent
Plea.te reserve the September 1994 issue of Electronics World
and every issue until further notice.

I wil collect/please deliver to...
Name
Adaress
sr, jai I tlition

ELECTRONICS

WORLD

+WIN II ss %%ORLI)
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Imagine a semiconductor technology which delivers VLSI density from
transistors with a transition frequency greater than 100GHz, yet costs virtually no more to process than standard cmos. The new silicon -germanium IC
manufacturing process suggests that it might just deserve the hyperbole "the
most significant development in electronics since cmos".
Jon Mosely investigates.

Silicon germanium:
the integrated future?
In essence, silicon -germanium (or
SiGe) is a slightly tweaked silicon process, that improves both the gain and
the speed of transistors. In fact, it is

fast enough to replace gallium
arsenide in most commercial

tt,Y4Y1,L,1,

1111118BLIEIL_
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developers Analog Devices and IBM
announced that not only was SiGe a viable
technology, but that a complex IC had
been fabricated which delivered
extraordinary results. The part was
a 12 -bit digital to analogue con111.
1111
verter which could be clocked
Ll
at 1GHz, and drew less than
11111111111i11111i111;"..'
11111 till
UL111111 lllll
I W. This is about two and a
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applications, including digital
cellular telephones and wireless lans (frequencies up to
3GHz). Finally, as a silicon

I

1111

I

11

process, it can be made
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inexpensively on existing gm
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process lines and may
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easily be integrated with

/

conventional circuits such
as sub -micron vlsi cmos.
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fastest Si transistors reported anywhere; and
shows how much faster SiGe is.
The technology has been discussed for a few

years, but became real when joint process

656

The fact that a IC of
such density (3000
devices) had been made,
and reportedly with high

yields, obviously made

I

L

LIE

fastest
commercially
available silicon DAC.

SiGe a lot more than a

,

voltage product (IWO of these transistors is an
impressive 48,000. This measures the quality
of a current source, a key property of an analogue circuit; to be useful for precision tasks
the product must reach at least into the thousands). In other words, the speed has not been
achieved at the expense of having worthwhile
devices.
To give an idea of just how radical this leap
in performance is Fig. 1 is a graph of the

laVVIIW
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._L
I

This means that a sin- u
gle chip cellphone, inte1,J.14,14.11. 11.1.1_14134,141.
1,118 0 .111. 0. II grating DSP, mixed -sig- ../.0aLeec
LL
nal and rf stage into one
11
L
chip, is quite conceivable.
,4'9.`cit.4AL
Better still, it could be quite
affordable.
_L
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heterojunction bipolar transistors
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with fr as high as 110GHz, almost
I L.,
twice those reported for any convenILL
L
tional silicon process and comparable to
GaAs. Perhaps as importantly, the beta -early
I_
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half times faster than the

JUUlii

I -P.14 Li

vague possibility or labo-

ratory curiosity, and the
further results that have
emerged since seem to confirm its potential.

The commercialisation of
SiGe technology results from a
collaboration between IBM's
Thomas J Watson research laboratory, which developed the process and
will

be doing the manufacture, and

Analog Devices which designs and will market the ICs.

Conventional circuits are made with pure

"This is about two
and a half times
faster than the
fastest commercially
available silicon
DAC"

silicon/silicon junctions (homojunctions);
adding a second material (in this case a silicon/germanium alloy) forms a heterojunction,
with a natural electric field generated where
the two different materials meet. By controlling the concentration of germanium, a graded

junction can be built (Fig. 2) with a profile
that affects the properties of the transistor,
increasing both gain and speed. This bandgap

engineering improves device performance.
Germanium has a smaller bandgap than silicon; introducing a small amount of it reduces
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75 GHz fT in non -self -aligned SiGe HBT (1990)
-2x better than Si BJT!

AEo.o.(x = 0)
- AEg.c,,,(x = 0)

AEg.G.(grade) = 4E,,G.(x =
80

Fig. 2. SiGe HBT
Band Diagram. The
germanium is
implanted across the
base of the transistor,

so
c!.

§- 40

- drift field!

Ec

with concentration
rising toward the
collector. This graded

0

d 20

WS'
emitter

mil

junction causes a

Ger

drift field which
1980

1990

1985

Publication date

n -Si

P SiII

accelerates electrons
through the
transistor.

0

Fig. 1. Trends in cut off frequency. SiGe is a
huge leap in speed over the fastest Si transistors
reported.

collector

Oxide deposition and planarization
W damascene stud formation
AICu metal rie

the transistor's base bandgap and increases
electron injection, increasing gain, B. The
increased gain allows a more heavily doped
base, lowering the base resistance. Finally, the
bandgap can be controlled to generate an elec-

tric field as great as 30,000V/cm across the
base, accelerating the electrons and reducing
their transit time through the transistor.
In effect, the heterojunction 'tilts' the circuit,

,;,%%.0,10,

6.1%.11, 0.11."

forming a slope down which electrons can
slide more quickly than before. This reduces
the energy and time required to move from

one side of the junction to the other. Some
engineers have referred to the addition of germanium as 'electron grease' since it eases the
movement of the particles.
The concept has been known since the 50s,
but the difficult part has been in successfully
fabricating a heterojunction. Although silicon
and germanium share the same crystal structure, their lattice spacings differ: Ge's is 4%

greater than that of Si. If the pure materials
were simply deposited together, this mismatch would cause strain, forming defects and
preventing circuits from operating. By analo-

gy, if a nut and bolt are of different screw
pitches it may be possible to force a match,
but the threads will be stripped. This mismatch frustrated engineers trying to build
SiGe heterojunction devices.
The answer was developed by Dr Bernard

Fig. 3. The structure
of an SiGe HBT
Poly resistor

SiGe HBT

Myerson, IBM Research Fellow who leads the
IBM SiGe team.

The approach uses a silicon -germanium
alloy, which has a lattice spacing part -way
between the two substances, reducing the
mismatch and strain. As a result. the hetero-

Ft (GHz)
60

GaAs HI9T 2 x 5 um"2

v1

50

40

junction can be made between the pure silicon
and the alloy without defects, although the lattice is still under some stress.

30

The junction is built up with low tempera-

20

ture ultra high vacuum chemical vapour deposition (UHV/CVD), which uses a mixture of
gases to leave a thin, highly controlled, layer
of atoms on top of a silicon substrate.
Conventionally CVD requires high tempera -

II

SiGe 0.5 x 1 0 um"2

I

I

um 2

Si 0.5
I

/

1 I-V

I

I

GaAs FE' 0.5 x 5 um"2

10

.2e111x
1.5 um"2

SiBiCMOS

0

001

ii

10

0.1

Ic or Id (mA)

Fmax = GHz
80

GaAs HBT 2 x 5 urn"2

Table 1. Test results for competing rf technologies
A/GaAs/
GaAs HBT

70

GaAs
mesfet
M/A-COM

Si BJT
bicmos

SiGe
HBT
ADI IBM

Si

Device minimum size (pm)

0.5 x 1

0.5 x

2x5

0.5 x 5

1.2 x 1.5

BVCEO/BVDS (V)

4

4

15

8

6

f -r (GHz)

50
55
28
16
0.5
0.9

32

SO

30

13

35

70

11

24

19

60
20

11

13

13

'.5

0.3

F. (GHz)

G. (dB)
NF min (dB)

@2GHz
@1OGHz
@2GHz
@1OGHz

BJT
IBM
1

9

9

Added efficiency (%) @3V

70
0.1-1

0.1-1

1

\

40

I#

oo.*

." 1

30

Si 0 5 x

um"2

20

SiBiCMOS
10

1

2 x 1.5 um"2

..\ -.4

-411.,....

0

0.01

-6

9

GO 'W5V

70
10.000

40
0.1-1

Source: Kerrmarec et al, IEEE MTT-S, San Diego May 23-25 1994

I

SiGe 0.5 x 1.0 um 2

17

12

-10

GaAs FET 0.5 x 5 um"2

60
50

0.9

-1dB Pout (dB)
1/f corner (kHz)

Htschi

I

0.1

10

1

Ic or Id (mA)

Fig. 4 and 5 show the transition frequency (FT)
and maximum oscillation frequency (Fmax) of
the SiGe HBTs and compares this to alternative
processes.
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Pout (dBm) or Gain (dB)

Nadd (%)

30

Gmax (dB)

75

20

30

/ 7* ------r

Gain

*

25

/

10

SiGe HBT 0.5 x 2.5 urri"2
20
0
15

*

ii,...

65

...--III
55

Pout

45

Fmax = 60 GHz

Nadd

-10

10

35

GaAs FET 0.5 urn x 300 urn
5

-20

Fmax = 55 GHz

25

0

10

100

-30
-25

F equency (GHz)

15

-20

-15

-10

-5

0

Pin (dBm)

Fig. 6 and 7 show the gain and eta( iency of the SiGe HBTs and compares this to alternative

processes.

Highest published level of SiGe HBT integration achieved to date
-2854 SiGe HBT's
-1465 polysilicon resistors
-2 levels of metallization

Input

4to 16

latches

decode

M -S

latches

32

(12)

32

t1 Equalizing Ft

12

delay
16

MSB
current
switches,
sources
LSB
current
switches,
sources

IOUT

R2R
16

Vref

Fig. 8. 12 -bit

1GHz digital
to analogue
converter:
block
diagram.

ladder

and all O's at the input

-100

-g -300

SiGe HBT. While researchers outside IBM
(including Motorola, M/A-COM, NEC and

-400
-500
0

2

3

4

5

Time (ns)

Fig. 9. 12 -bit 1GHz digital to analogue
converter: output waveform.

"The key fact of
SiGe is not merely
its speed, but that
such speed can be
achieved from a
standard silicon
process using

existing equipment"
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pled amplifiers or zero IF down converters.
There are some aspects which are difficult to
determine about a technology which has hardly moved out of the conference circuit. One
concern is reliability. Due to the strain in the
lattice, it is possible that devices will not cope

well with radiation or high temperatures.
However, this is only speculation - the experimental results have not been revealed.
Breakdown voltage - just 4V between collector/base - may be more problematic. This

allows a maximum swing of just 8V. While
adequate for low power signal processing or
receiver circuits, it looks very low when discussing a power amplifier. Even for battery
powered systems, the power amplifier still

needs a good voltage swing and 8V

is

marginal. When you consider battery over voltage or antenna mismatch, it is probable
that an rf PA design would not be practical in

merely its speed, but that such speed can be
achieved from a standard silicon process using
existing equipment and compatible conven-

the deposition at temperatures low enough for
the circuit to endure.
Figure 3 shows the structure of a complete

5-; -200

l/f corner frequency - between 100Hz and
I kHz - allowing them to be used for dc cou-

Commercially, the key fact of SiGe is not

(Harame et al, IEDM 93)

tures, but this will not work for SiGe, as the
strained material will fail. By developing their
own innovative CVD process machinery, Dr
Myerson and his team were able to perform

0

(Figs 6 and 7)
SiGe transistors are comparable in speed to
gallium arsenide mesfets or HBTs. However,
unlike GaAs. the SiGe devices have a very low

SiGe.

Clk

Multiplexed between all

a 70% power added efficiency at 900MHz and

operation from either 3V or I.5V supplies.

35

tional cmos. IBM will be manufacturing the
new devices on a full-size 8in wafer line. As a
result the volumes and economies of scale are
immense.
Because the process is based upon a silicon

substrate, it is easy to combine it with conventional circuits: for example sub -micron
cmos. This would allow single chip cellular
radios using SiGe for the front end radio stage,

Daimler Benz) are also working on SiGe, they
are achieving fewer devices and lower yields.
In addition, most are working on classic mesa

and cmos for the complex digital and mixed -

structures, which are incompatible with conventional processing techniques.
The first devices were fabricated in 1989,
and even those trial parts achieved speeds
more than twice of the fastest comparable silicon device (fT of 75GHz). More recent results
have achieved even higher speeds -fT up to

the dac, and this will be available at the end of
the year. Apparently, it is now being sampled

117GHz.

Figures 4 and 5 show the transition frequency and maximum oscillation frequency
(fmax) of SiGe HBTs and compares this to
alternative processes.
Not only are these fast transistors, they are

signal stages.

The first SiGe product will be a version of

for use in a fibre to the kerb application in
Eastern Europe; a number of channels are
combined and digitised before being sent
down a fibre -optic link at rates of 9Gbits/s. At
the kerbside they are received and fed into the
12 -bit dac, to produce a 750MHz bandwidth

analogue signal. Figure 8 shows the block
diagram while Fig. 9 gives the output waveform for toggling between 0 and full scale at a
rate of IGHz. Incidentally, the dac may be

pVa of a low voltage, high speed silicon

faster than 1GHz but, at the time these results
were released, that was the maximum speed of
the available test equipment!
Subsequent commercial products are likely
to be highly integrated blocks for use in wire-

device would typically be under 1000 com-

less

pared to the 48,000 achieved by SiGe.

transceivers in a chip. This would combine upand down -converters, frequency synthesisers,
mixers and amplifiers into a single block.
Silicon germanium has the potential to rede-

also exceptional analogue transistors. Their
13Va is at least an order of magnitude better
than the fast silicon processes used today. The

The gain and noise performance are also
good: 25dB gain at 2GHz with a corresponding noise figure of 0.5dB at 2GHz and low l/f
noise. Finally, the process seems to achieve
good efficiency (critically important for
portable and battery powered equipment), with

systems,

perhaps even complete rf

fine high speed semiconductors. The only
question is when it will be solid enough for an
appearance in catalogues?
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Applying
crysta Is
This round up of general-purpose crystal oscillator
designs - both discrete component and logic -gate
based - satisfies frequency generation requirements
from kilohertz to 200MHz. By Martin Eccles.
uartz crystals used for time keeping
and frequency references combine
three key features - extremely high
Q, small physical size relative to alternative
timing devices with the same performance,
and excellent temperature stability.
Frequency stability of a crystal is limited in
the short term by its temperature coefficient
crystals
with an AT cut generally provide the best temperature coefficient and usually have stability
tolerances of ±0.0025% or ±0.005% from -55
to 105°C.
Between 1 and 200MHz, AT -cut crystals are
normally chosen. They represent the best compromise between temperature stability and frequency accuracy and frequency pulling capa-

bility. Above around 27MHz however, AT
crystals are normally only available for use in
overtone mode. This is restrictive since overtone oscillators are more difficult to design and
are prone to spurious responses, Fig. 1.
Recently, BT -cut crystals have been devel-

oped to overcome the overtone problem.

Free quartz -crystal
In an exclusive offer to Electronics World &
Wireless World readers, specialist quartz
crystal manufacturer IQD is giving away
designers packs comprising four popular
crystals and data.
By simply filling in and returning the reply
card located between pages 672 and 673

Description Package
HC49/4H
A160K 15MHz
A123A 4194.304kHz HC49
A103A 32.7680kHz 3X8
HC49
A166A 32MHz

Fifth Overtone

lhird Overtone
Fundamental

Fig. 1. Operating a crystal at an overtone of its
fundamental is tricky. The oscillator circuit
needs to be carefully designed to make sure that
the spurious response points have no influence
on the final output signal.

These operate in fundamental mode up to
46MHz - almost double the frequency of traditional AT -cut alternatives. In addition, the
BT -cut devices can operate in overtone mode.

Load capacitance and
frequency pulling
of this issua, the first 300 readers
respondinc will receive this designer's pack
- completely free of charge.
Please note that all correspondence
relating -o the offer should be diected to
IQD. The company's address is given at
the end of this article.

designer's
pack
Sample p'ack parts
Part

Responses

Cut

Use and typical circuit

AT
AT
Tuning fork
AT 3rd o/t

Microorocessor clocking, Fig 6
Timers and RTCs, Fig. 14 lower
Clocks/watches, Figs 13 & 14 lower
Microprocessor clocking, Fig. 7
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Near a crystal's resonant frequency, lowering
capacitive loading on the device increases its
output and frequency, Fig. 2. In addition to
any external loading, the crystal has its own
shunt capacitance, Co, which is typically
between 3 and 15pF. When making calculations, this capacitance should be added to that
of the load.
Figure 3 shows how far the frequency of a
typical crystal can be pulled by changing its
load capacitance. The degree of pulling for a
given configuration is obtained by;
C,106

2(C

CL )2
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where C1 is motional capacitance, CL is load

capacitance and Co is shunt capacitance.
Typical values for motional and inherent shunt
capacitances are shown in Table 1.
All crystals operate at series resonance. The
term parallel resonant is often used to describe

a crystal designed to handle a high load

impedance across its terminals. Series resonance exists within the crystal, whereas parallel resonance exists only as a crystal measurement phenomenon.

?ms
C1

LI

Using quartz crystals
For a circuit to oscillate, it has to have both

X1

9A2

T&-c,

positive feedback and a loop gain greater than
unity. Without any other frequency -sensitive
elements in its oscillator circuit, a crystal will
oscillate in its fundamental mode. Frequency
dependent components need to be added to the

COM

TR1: BC 108 type

8A8,,?k[13: 888480m1114"
01)p

circuit to force the crystal to oscillate at an

Fig. 5. Relative to circuitry needed for oscillators
working at under 150kHz, this circuit for 150 to
550kHz is much simpler.

overtone.
Closing an oscillator's feedback loop causes
sine wave oscillations which gradually build

up, clip, and approach a square wave as the
circuit overloads. Crystal oscillators can usu-

+9V

ally provide either a sine or square wave. The
driving signal is usually a square wave while
the crystal output is always a sine wave. Either
of these waveforms can form the output.
10pF

117pF

Fig. 2. Lowering capacitive loading on a crystal
increases its output frequency.

-20
-15

V

N2

rms

XI

COM

Below 150kHz. Because equivalent series
resistance of a crystal is high at low frequencies, high amplifier gain is needed. In Fig. 4,
which is optimised for 50kHz, the gain problem is solved using dual cascaded common emitter stages.
Two diodes limit crystal drive level to avoid
damage, while tuning in the middle transis-

TR1:C2
BC 108

type
f(MHz) R3 C2(pF)C3(pF)C4(pF)

Vi311:311
Fig. 6. Designed for use with high -stability AT cut crystals, this oscillator operates between
0.95 and 21MHz.

tor's collector adds selectivity. For parallel
resonance, the adjustable capacitor provides
calibration. For series calibration, replace the
trimmer with 1nF and trim via the inductor.

<0

150 to 550kHz. For this frequency range, DC
and CT -cut crystals are normally used with a

selective amplifier to suppress unwanted
modes, Fig. 5. Initially, the crystal is shorted
and frequency is adjusted to near the crystal
2

3

5

4

7

10

15

20

30

50

CI in FF

Fig. 3. When estimating how far a crystal's
frequency can be pulled by changing its load
capacitance, C,, both package shunt
capacitance, C, and motional capacitance C,
need to be taken into account.

inductor can be used for trimming.
Series -resonance is preferable but a parallel resonant device can be used if the first capacitor is replaced by one with a value equal to
the crystal load capacitance.
0.95 to 21MHz. Circuitry in Fig. 6 is designed
for high -stability AT -cut crystals calibrated at

parallel resonance and operating in funda15K

f (MHz) C1 (pF) C2 (pF) C3 (pF) C4 (pF)

frequency via the inductor. Afterwards, the

-1

II

+6V

1R

15 to 105MHz. At higher frequencies, crystals

_&3

T

gi

mental mode.

0

5K

specially designed to oscillate at their overtones are mainly used. Examples of third and
fifth overtone oscillators are shown in Figs 7

Ron

5iOn
TR1

Vans

DIV
Ti

I

I

a

& 8 respectively. The first example handles
crystals from 15 to 63MHz while the second is
suitable for 50 to 105MHz. As with Fig. 5, the
crystal is initially shorted and the oscillator set

to run as near as possible to the crystal frequency via the inductor. After removing the
short, the inductor can be used for trimming.
By adding a tuned circuit at twice or three
times the crystal frequency in the transistor's

out how far the device's frequency can be pulled.
888

COM

; SEE TEXT
IGO? type

go7-W1-117bn

Fig. 4. At frequencies below 150kHz, equivalent
series resistance of a crystal is high so oscillator
circuits need to have a high gain.

660

Fig. 7. Third -overtone crystal oscillator
configuration for frequencies from 15 to
63MHz.

Table 1. Using motional and inherent shunt capacitances of a crystal, it is possible to work

D2

I I

TAI: BC 108 type

Frequency (MHz)
1 to 2
2-4
4-6.5
6.5-30
21-150
60-150
85-210

Vibration mode
fundamental
fundamental
fundamental
fundamental
3rd o/tone
5th o/tone
7th o/tone

C1 (f F)

5-8
6-12
8-20
16-25
1-2.5
<0.7
<0.4

Co (PF)
3
3

5
6
6

6
6
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1.1,r1= BF 180 type

+9V

330

AD OV2

Crystal characteristics

glp
1

shown below.

A crystal's equivalent circuit

1

83V rms

Series combination R1, C1 and CI represent the

Ll

quartz wni e Co is shunt capacitance of the
electrodes n parallel with capacitance of the

TR1

can.

T

T

T

Reactance versus frequency is also shown.
Resonant frequency F5 is given by;

COM

Fig. 8. By driving a crystal into its fifth overtone
mode, this oscillator circuit extends useful
frequency range to cover 50 to 105MHz.

-L 02

C4 1n

3K3

2!r- C,

Re

TR1 = BF 180 type
C2. C3

22p
C4

Typical crystal parameters

- 10pf
C2 + C3

C1 -1n

ADJUST THE RATIO
C2, C3 TO SUIT
THE FOLLOWING CIRCUIT

R2

1K2

3

where F5 is series resonant frequency in hertz,
L1 is motional arm inductance in henries and
C1 is mo-icnal arm capacitanoe in farads.

+9V

0/P

R1

Impedance
representation
of a quartz
cry stal

1

Fs =

1

1

330

L1=
com

L2co .7pF

of.Co

200kHz

Parameter

Fundamental

HI

2ki2
27H
0.024pF

L.

Fig. 9. Above 105MHz, stray capacitances make
designing a reliable oscillator difficult. To help
prevent oscillation not controlled by the crystal,
this circuit uses a small inductor in parallel with
the crystal to tune out its static capacitance.

C,.9pF
CI

0

18x10

2MHz

30MHz

3rd 0/tone
100f2

2052

520mH
0.012pF

11rnil
0.0026pF

4pF

6pF

18x103

18x'03

90MHz
5th o/tone
40t2
6mH

0.0005pF
4pF
18x103

collector, it is possible to extract harmonics of

the crystal frequency. This is a simple and
economical way of making a vhf oscillator.
Butler emitter *Mower at zokihiz

capecttabve tap

Es

0.201v

EA

0.2V/1!v

E5

Above 105MHz.
capacitances can make high -frequency oscillators difficult to design. In the solution shown
in Fig. 9, a small inductor is added over the
crystal to compensate for its inherent capacitance, which may cause undesirable effects.
Tuning is carried out via the other inductor or
by inserting a variable reactance in series with
the crystal.
20-200MHz. Parasitics can be eliminated by
using an oscillator relying on the crystal's har-

monics. Figure 10 a) is such an example for
0.01 microsecontYdivision
N 5179

operation at around 20MHz. In it, the crystal is
tapped into the capacitive side of the LC tank.

Four signal diodes provide base biasing.
+1.9VDC

R3

100

Fig. 10. Problems with
parasitics can be overcome
by using a harmonic crystal
oscillator. These three
examples cover 20, 50 and
100MHz respectively.

Emitter output driving the crystal is 2552 while
the crystal load is around 35g. Figures 10 b,c)

show values needed to make the same circuit
operate at 50 and 100MHz respectively.

Oscillators from logic gates
Designs for oscillators using standard ttl logic
gates as their active components are shown in
Fig.

11. With nand gates, unused inputs

should be tied to the positive rail while with
nor gates spare inputs should be grounded.
In Figs 11 a,b), for frequencies of less than
1MHz and I-4MHz respectively, the fixed
capacitors are best determined experimentally;
Cl

9.18pF
C2

33pF

the dotted component may not be needed at
all. Figure 11 c) is for frequencies from 4 to
I 4MHz.

Jitter can be a problem in ttl-based oscillators due to random phase shift within the IC.
In addition, the relatively high crystal drive
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level can affect long-term stability. A discrete
<I MHZ

component oscillator followed by a buffer
such as those in Fig. 12 provides better stability.
In the first buffer, the resistor in the supply

rail decouples the oscillator stage. The complementary buffer has more active components but offers faster switching and improved
capacitive load driving. Note that drive level
from some of the preceding discrete component oscillators may need reducing to interface
to these buffers.
470

11(MHz) CI (pn C2 (pF) REV (mIcroH)
330
330
220
330

220
180
150
120

100
68
39
22

Fig. 11. Three crystal oscillators based
on ttl logic gates, covering <1MHz,
1-4MHz and 4-15MHz respectively.
Many similar circuits have been

produced in the past but not all work
reliably and at the intended frequency.

Ca =1.1 CL
Cb = 4 CL

R = -v(1lw2ce Re)
where
Re = RI (1 + (Co/CL))

Fig. 13. Using cmos logic, a crystal
oscillator can be made from only two
gates. This design works up to about
3MHz.

R2

120
0/F'
VP

10n

0.09-2V rms

COM

781-474 3906, TR2N 2389Ps IQ SEE TEXT
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Consumption (pA)
CD4060

Cmos oscillators

1.5

A typical cmos gate oscillator with the crystal
forming part of a pi network is shown in Fig.

2

13.

This design will work up to 3MHz but

R3

R4

MAKS

T11: 18
CMOS2C7

2.5
3

7

values found via the formulas on the diagram
may need adjusting to take account of stray
capacitance due to component layout. Resistor
R is expressed in terms of crystal load capacitance CL and its equivalent series resistance at
parallel resonance Re.

3.5

7

4

9

4.5

20

5

31

5.5

For operation above 3MHz, resistor R is
omitted and the crystal connected directly
between the inverter input and output. Low

8

46
65
180
362
603
895
1252

values of crystal load capacitance, of say
l2pF, and/or a high supply voltage may be

6
10
12
14
16

74HC4060

2.3
4.8
34.9
117
256
449
687.3
979
1325
1712
2148

needed for reliable operation.

Reducing power
Timing, clock and calendar circuits often rely
on battery -powered frequency references. As
a result, power consumption of the frequency
reference is important.
Two commonly used timing crystals, both
implemented in oscillators designed around a
single logic gate, are shown in Fig. 14. Given
a 5V supply, the 4000 series cmos gate with a

32kHz watch crystal consumes only 30µA.
For the same supply, the I -IC gate alternative
increases current to 1300µA, mainly due to its
higher switching frequency.
Even though the HC circuit appears much
worse in terms of power consumption, it can
still provide significant advantages in battery powered applications - in addition to the benefits of its higher operating frequency.

Firstly, during tests based on a National
Semiconductor 7411C4060 device, oscillation

started at 1.1V. The traditional cmos 4060
needs 3V. And at 1.5V, the HC -based oscilla-

CIA05:158

Supply (V)
1.1

Cl

4-6
6-9
9-11.5
11.5-14

Table 2. Power consumption of cmos
versus high-speed cmos crystal oscillators
shows that the high-speed alternative is
suitable for low -voltage battery
applications. Test circuits for both sets of
results incorporated a 32kHz watch
crystal. Over the supply ranges
measured, frequency change was 0.1Hz.

Fig. 12. A more elegant alternative
to the logic -gate based oscillator is
to use a discrete component circuit
then buffer the output to produce
logic level. This eliminates the jitter
associated with logic -gate designs.

tor consumed less than 5uA, Table 2. As a
bonus, the HC produced much faster edges
than the 4000 -series IC.
Frequency of a tuning fork watch crystal has
a significant negative temperature coefficient.
In a watch, this is of little consequence since

human body temperature remains constant,
but there are many applications where
temperature coefficient does matter.
Using a more stable higher frequency crystal
and dividing it down circumvents this

Inside the can
Crystal resonators rely on the
piezoelectric effect of quartz.
Applying stress to a quartz crystal
produces an electric charge
perpendicular to the stress.
Conversely, applying an electric field
causes the crystal to deflect
mechanically.
In a quartz crystal resonator, a
sliver of quartz is placed between
two electrodes that apply the field.
An ac signal applied to the electrodes
causes the resonator to vibrate. When
the frequency of the signal is near a
mechanical resonance point of the
quartz, amplitude of the vibrations
becomes very large.
Resonant vibration of the quartz
produces a sinusoidal electric field
controlling the effective impedance
between the electrodes. This
impedance is strongly dependent on
the excitation frequency and
possesses an extremely high Q.
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DESIGN
Fig. 14. Two timing circuits - one using a watch
crystal and one a crystal with a frequency often
used for real-time clocks. Although the highspeed cmos circuit consumes more power with
a 5V supply, it can have benefits in battery
circuits since it operates down to 1.5V. It is also
significantly more stable.

32.768 KHz watch crystal circuit
U1

Inverter input LF

11

Q4

05
06
Suitable crystals for use in this

Q7

circuit are 1QC types A103A, A10313.

Q8

A1030 and At 03E.

problem. With a faster crystal, it is quite easy
to achieve stability of ±lOppm over between 0
to 50°C.

09

Other low frequency tuning fork type
crystals should also work in this
circuit althougn some component
changes may be required.

Feedback bias resistor

010
012
013

R1

Q14

To reduce current flowing around the

Inverter input LF

circuit, low -power oscillators are designed
with a relatively small crystal load of typically
12pF. Using a 74HC4060, the circuit shown
consumes about 2.4mA at 5V. It will start

4060R4HC4060

560 K

Watch crystal

c,

C2
NPO ceramic
10 pF

GND

NPO ceramic
22 pF

J_

reliably with a 1.5V supply, at which point the
circuit draws about 3601.1A.

4.194304 MHz at cut timing crystal circuit

In both circuits, NPO or COG dielectric
capacitors should be used in the network

U2

Inverter input HF 11

04
05

GND

around the crystal because of their low

Q6

temperature coefficient.

Crystal source
Crystals suitable for all the applications
described in this article - and most
other quartz crystal applications - can
be obtained from IQD at Station Road,
Crewkerne, Somerset TA1 8 7AR. Tel.
0460 74433, fax 0460 72578. IQD also
supplied the information upon which
this article is based.

Q7

Suitable crystal for use in this circuit is
IQD type A123A.
Other parallel resonant crystals (between
4.0 MHz and 20.0 MHz) could be used
providing the other component values are
altered to suit the load capacity of the
crystal.

08
09
010
012
013

Series resistor R3 would generally not be
required for crystals 8.0 MHz and higher
in frequency.

R4

Q14

Inverter input HF
100 R

74HC4060

Crystal

C3

NPO ceramic T
5.6 pF

GND

C4
NPO ceramic
10 pF

J_
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000

L325
L200
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050
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000
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L400

000
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L2000
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L2000
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4400
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000
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050
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050

FILTER

000
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000
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000
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in grasping electrical and
electronics theory. This book has
been written to help such
students to understand the
mathematical principles
underlying their subject so that
they can go on with confidence
to tackle problems in practical
circuits. Paperback 256 pages.
Price £14.95
0 7506 0924 9

COMMUNICATION
SERVICES VIA
SATELLITE

INSTRUMENTATION
AND TEST GEAR
CIRCUITS MANUAL

CIRCUIT MANUALS
Ray Marston
A series of books dealing with
their subjects in an easy -to -read
and non -mathematical manner,
presenting the reader with many
practical applications and
circuits. They are specifically
written, for the design engineer,
technician and the experimenter,
as well as the electronics student
and amateur. All the titles are
written by Ray Marston, a
freelance electronics design
engineer and international writer.

Op -amp Circuits Manual
Paperback 224 pages
Price £13.95
0 434 912077

Audio IC Circuits Manual
Paperback 168 pages
Price £13.95
0 434 912107
CMOS Circuits Manual
Paperback 192 pages
Price £13.95
0 434 912123

Electronic Alarm Circuits
Manual
Paperback 144 pages
Price £13.95
0 7506 00640

Timer/Generator Circuits
Manual
Paperback 224 pages
Price £13.95 0 434 912913

Programmable Logic
Handbook
Geoff Bostock
Logic circuit designers are
increasingly turning to
programmable logic devices as a
means of solving problems. This
book, for the established
electronics engineer, student and
technician, is a thorough
introduction to programmable
logic. Geoff Bostock will take you
to a level where you, as a
designer, can take full advantage
of the growing product range of
ASICs and other self programmable arrays used in
computer and control systems.
Paperback 256 pages.
Price £19.95
0 7506 0808 0

Understand Electrical and
Electronic Maths
Owen Bishop
People who find maths difficult
often have, as a result, difficulty

Diode, Transistor and FET
Circuits Manual
Paperback 240 pages
Price £13.95
0 7506 0228 7

Instrumentation and Test Gear
Circuits Manual
Ray Marston
Modern instrumentation and test
gear circuits of value to the
industrial, commercial, or
amateur electronic engineer or
designer make up this book.
Almost 500 outstandingly useful
and carefully selected practical
circuits are in here. This is one
book you must have if you need
access to practical working
circuits ranging from simple
attenuators and bridges to
complex digital panel meters,
waveform generators, and scope
trace doublers. Paperback 400
pages.
Price £16.95
0 7506 0758 0

Logic Designers Handbook
Andrew Parr
Easy to read, but none the less
thorough, this book on digital
circuits is for use by students and
engineers and provides an
accessible source of data on
devices in the TTL and CMOS
families. It's a 'Designers
Handbook' that will live on the
designer's bench rather than on
the bookshelf. The basic theory
is explained and then supported
with specific practical examples.
Paperback 488 pages.
Price £25.00
0 7506 0535 9

Digital Audio and Compact
Disc Technology
Luc Baert, Luc Theunissen &
Guido Vergult
Essential reading for audio
engineers, students and hi-fi
enthusiasts. A clew and easy -to follow introduction and includes a
technical description of DAT
(digital audio tape). Contents
includes principles of digital
signal processing, sampling,
quantization, A/D conversion
systems, codes for digital
magnetic recording. principles of
error correction, the compact
disc, CD encoding, optoservo circuits in CD players,
signal processing, digital audio
recording systems, °CM, Video
8, R-DAT and S-DAT. Paperback
240 pages.
Price £16.95
0 7506 0614 2

NEWNES POCKET BOOKS
A series of handy, inexpensive,
pocket sized books to be kept by
your side and used every day.
Their size makes them an ideal
'travelling' companion as well.

Newnes Electronics
Engineer's Pocket Book
Keith Brindley
Hardback 319 pages
Price £12.95
0 7506 0937 0
Newnes Electronics Assembly
Pocket Book
Keith Brindley
Hardback 304 pages
Price £10.95
0 7506 0222 8
Newnes Television and Video
Engineer's Pocket Book
Eugene Trundle
Hardback 384 pages
Price £12.95
0 7506 0677 0

Newnes Circuit Calculations
Pocket Book
T Davies
Hardback 300 pages
Price £10.95
0 7506 0195 7

Newnes Data Communications
Pocket Book
Michael Tooley
Hardback 192 pages
Price £12.95
0 7506 0427 1

Newnes Telecommunications
Pocket Book
JE Varrall & EA Edis
Hardback 400 pages
Price £12.95
0 7506 0307 0
Newnes Z80 Pocket Book
Chris Roberts
Hardback 185 pages
Price £12.95
0 7506 0308 9
Newnes 68000 Pocket Book
Mike Tooley
Hardback 257 pages
Price £12.95
0 7506 0309 7

Newnes Electrical Pocket
Book
21st edition
E A Parr
Paperback 526 pages
£12.95

0 7506 05138

Newnes Electric Circuits
Pocket Book Linear IC
Ray Marston
Hardback 336 pages
Price £12.95

0 7506 0132 9

Newnes Guide to Satellite TV
D J Stephenson
A practical guide, without
excessive theory of mathematics,
to the installation and servicing of
satellite TV receiving equipment
for those professionally
employed in the aerial rigging/TV
trades. Hardback 256 pages.
Price £17.95
0 7506 0215 5

Newnes Practical RF
Handbook
Ian Hickman
Pressure on the RF spectrum
has never been greater and it's
people with knowledge and skills
of RF design who are now in
demand in the electronics
industry to design, produce,
maintain and use equipment
capable of working in this
crowded environment. This
practical introduction to modern
RF circuit design will equip you
with the necessary RF
knowledge and skills to enable
you to compete effectively in the
industry. Paperback 320 pages.
Price £16.95
0 7506 0871 4

Troubleshooting Analog
Circuits
R A Pease
Bob Pease is one of the legends
of analog design. Over the years,
he's developed techniques and
methods to expedite the often difficult tasks of debugging and

troubleshooting analog circuits.
Now, Bob has compiled his
'battle -tested' methods in the
pages of this book. Based on his
immensely popular series in EDN
Magazine, the book contains a
wealth of new material and
advice for Digital/Analog
electronics engineers on using
simple equipment to
troubleshoot. Paperback 217

explaining how the system
functions; describing several
actual systems and giving
several analyses and design
rules. You can't afford to be
without this invaluable
technology update if you're a
systems design engineer, service
engineer or technician.
Paperback 400 pages.
Price £25.00
0 7506 0437 9

pages.

Price £14.95

Digital Logic Design
Brian Holdsworth

0 7506 16326

PC -Based Instrumentation and
Control
M Tooley
Do you need information to
enable you to select the
necessary hardware and
software to implement a wide

As one of the most successful
and well established electronics
textbooks on digital logic design,
this book reflects recent
developments in the digital fields.
The book also covers new
functional logic symbols and
logic design using MSI and
programmable logic arrays.
Paperback 448 pages.
Price 119. 50
0 7506 0501 4

range of practical PC -based
instrumentation and control
systems? Then this book is for
you. Paperback 320 pages.
Price £14.95
0 7506 1631 8

The Circuit Designers
Companion
T Wiliams

Electronic Circuits Handbook
M Tooley
Provides you with a unique
collection of practical working
circuits together with supporting
information so that circuits can
be produced in the shortest
possible time and without
recourse to theoretical texts.
Paperback 345 pages.
Price £24.95
0 7506 0750 5

This compendium of practical
wisdom concerning the real world aspects of electronic circuit
design is invaluable for linear
and digital designers alike.
Hardback 320 pages.
Price £25 00
0 7506 1142 1
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DBS is already with us, and will
create a series of new technical
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RF ENGINEERING

New wave

MICROWAVES

5: oscillator and amplifier devices

The GaAs mesfet and its
derivatives provide the
active element of choice

in low noise and
medium power amplifier
designs to 30GHz.
However, new
technologies look
increasingly attractive.
Most exploit the features
of the heterostructure.
Mike Hosking reports on
the new wave of
semiconductor devices.
*Mike Hosking is a lecturer in
telecommunications and microwaves at the
University of Portsmouth.

Gunn and impatt devices, once the main

active components for microwave
power generation, are now being rele-

gated to millimetre wave and high power
operation. The competition has come from
mesfet technology, particularly high electron

mobility transistor (hemt) and the pseudomorphic hemt or phemt.

These devices take over from the silicon
BJT in the overlapping technology band
between 2GHz and 4GHz and offer low noise,
good efficiency and medium power levels up

to the millimetre wave region and beyond
(>30GHz). In recent years, a further contender

has appeared on the technology stage: the
GaAs heterojunction bipolar transistor (HBT).
This possesses many of the advantages of the
Si BJT: notably low phase noise, high power added efficiency and a medium power output;
but translated in frequency through the
microwave and into the millimetre bands.
Frequency multiplication, as a means of signal generation, is not now widely used except

when very low phase noise is needed. One
particular technique of interest uses a device
called a step recovery diode as a harmonic
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generator and is used in certain local oscillator
and instrumentation applications.

small width (=Ipm) and a low resistance n type collector contact. Although operation is

Microwave transistors

possible at frequencies above lOGHz. for most
practical purposes the BJT is technology lim-

Starting at the lower end of the microwave
region, the silicon BJT dominates amplifier
and oscillator technology. Low phase noise

time from the emitter -base junction to the col-

and optimal power -added efficiency are essential to PCS mobile phone equipment. The BJT
can easily and reliably provide several watts of
output power at greater than 30% efficiency in
the 960MHz to 1400MHz bands. Bicmos, rel-

evant to the signal processing stages of these
systems, combines bipolar speed with cmos
complexity.
Si BJT technology can also generate sever-

al hundred watts from a single transistor
amplifier at around 1GHz. Solid state radars
using hundreds of such high power modules,
have been successfully integrated into antenna
arrays for L -band operation (between IGHz
and 2GHz).
Construction of the microwave Si BJT, Fig.
1 a, is not so different from its lower frequency counterpart and consists of a very highly
doped n -type emitter, a p -type base region of

ited to below about 4GHz. Electron transit
lector sets the upper frequency limit, but the
length of this region cannot be made arbitrarily narrow because of voltage breakdown and
power handling.

As the mobility of electrons in silicon is
greater than that of holes, microwave transistors are always n -p -n types with electrons as
the majority carriers. The maximum frequency of oscillation is a function of the time constant created between collector -base capacitance and base resistance. Interdigital
geometry for the base -emitter junction. Fig.
1b,

allows an increase in current by the

increase in emitter periphery, without increasing the capacitance.
The BJT exhibits low phase noise, general-

ly many times better than that which can be
achieved with fet technology. The phones
used in PCS, typically have an rf subsystem as
shown in Fig. 2, where the same voltage con -
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trolled oscillator is used to generate the data modulated, up -converted carrier as well as the

emitter

(a)

base

LO for the receiver. With the emphasis on
spectrum conservation and a likely change
from FM and FSK to high order (16 to 64
state) QAM modulation, phase noise perfor-

(h)

base

Z_

102

passivation

Emitter

mance is vital. This assures the Si BJT a place

in the design of power amplifiers for these

n' substrate

systems.

Mesfet devices

Base

The GaAs mesfet dominates low noise amplifier and medium power amplifier applications
from microwave to millimetric frequencies. It
has revolutionised the performance of DBS
receivers and is replacing the travelling wave
tube in satellite transponders.

co e or
Fig. 1. Basic structure of the silicon bipolar transistor (a) with (b) the general type of interdigitated
emitter which allows the current to be increased without a corresponding increase in capacitance.
up-converter

At microwave frequencies, the rectifying
junction of the fet is a metal -semiconductor
interface of Schottky barrier type, Fig 3a.
Electrons in the n -type GaAs diffuse into the

high power
Amplifier

data
modulator

metal to form a barrier potential and leave
behind a region of high resistance containing
few free carriers: the depletion region.
Minority carriers play little part in the operation of the junction and, thus, there are virtually no charge storage effects. This allows the

To and from digital
sub-systOm

junction to switch from conducting to non-

antenna
switch

voltage controlled
oscillator

conducting states at microwave and millimetre
wave frequencies.
Like conventional fets, a reverse bias

applied between the gate and source will
increase the height of the depletion region
until it equals that of the channel, thus pinching -off the current between drain and source.
Hence, this is a means of controlling output
current and of applying modulation. The mesfet is a transit time device in that the cut-off

frequency is determined by the saturation
velocity of the electrons and by the time taken
to traverse the gate length, L. Thus GaAs, with

its higher mobility is preferred to silicon for
microwave fets.
A 1pm gate length allows operation up to
lOGHz and present lithography can achieve
0.1pm resolution, resulting in achievable oper-

IF amplifier and
demodulator

down-converter

Fig. 2. Typical rf section of a PCS communicator. Different technologies are being used to produce
highly optimised devices for each of the major components.

of about 12dB. As a power device, several
hundred milliwatts with power -added efficiency greater than 25% could be provided at
the same frequency.

Heterojunctions

ating frequencies of 60GHz and higher. At
around lOGHz, a chip -only noise figure of

Two variants of the classic mesfet device, the
hemt and phemt, extend the mesfet operating
envelope. Fig. 3b shows the construction profile of the hemt for comparison with the stan-

less than 1dB could be expected, with a gain

dard mesfet. The device is still a FET with

gate

GaAs

source

drain

n-type AIGaAs

1 p.m undoped GaAs buffer layer

insulating GaAs substrate

Fig. 3. Schematic layering of
variations of the fet to produce the
standard GaAs mesfet (a); the hemt
(b); the phemt (c). The last two
structures rely on the conduction
channel formed in a high mobility
two-dimensional electron gas cloud
which confines the carriers.

gate

gate

rum

source

regard to its method of operation but, instead
of the n -type GaAs channel, the hemt has a
thinner (.500A) layer of highly doped, n -type
AIGaAs grown onto an even thinner (=40A)
undoped AIGaAs layer. This, in turn is grown
onto the normal undoped GaAs buffer layer
thick. The key operational difference is
that the donor atoms lie in the AlGaAs layer
which has an energy band gap of 1.72eV compared with the 1.42eV band gap of GaAs. This
creates what is called a potential well of 0.3eV
and, when electrons enter the gate channel
from the source contact, they are drawn to
this energy well and form a narrow sheet of
charge. This sheet lies as a thin (<100A) layer
on the GaAs side of the junction, as shown,
and is referred to as a two-dimensional electron gas (2 -DEG).
In a mesfet, the current fills the whole width
of the gate channel defined by the extent of
the depletion region. Hence, electrons in the

hemt are travelling in the undoped GaAs

(a)

GaAs
thin n+ AlGaAs
40 A AIGaAs spacer

low-noi e amplifier

source

drain

V/ A

1 Rrn undoped GaAs buffer layer

-7711 rmin

GaAs

thin n- AlGaAs
30 A AIGaAs spacer

200 A

2-DEG

insulating GaAs substrate
(b)
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1 um undoped GaAs buffer layer

drain

-DEG

insulating GaAs substrate
(c)
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which contains virtually no donor atoms in
this thin electron gas layer. They experience
no impurity scattering, with the result that
mobility is increased three -fold over that of
the GaAs mesfet with a corresponding
improvement in performance. About 0.5dB
noise figure at 10dB gain could be obtained at
around 10GHz and cut-off frequencies well
above 100GHz have been achieved. The hemt

is also well suited to power applications:
Texas Instruments, for example, offers a
device delivering over 5W at about 40% efficiency around 10GHz using 0.5pm geometry.
Further improvements to performance can

be obtained by modification to the device
structure, Fig. 3c. For a sub -micron gate
length, the current gain -bandwidth product
([max) of the hemt is approximately given by:

is called `pseudomorphic' because there is a
slight mismatch between the lattice structure
of InGaAs and the GaAs buffer layer. With
careful control of the layer thickness, the strain
of this mismatch can be accommodated by the

InGaAs lattice which distorts to 'mirror' the
GaAs structure. Hence, `pseudomorphie.
The result of these device modifications are
incentives for a higher frequency of operation
(fma>200GHz) and lower noise figure (<1dB

at 20GHz) with efficiencies around 30%.
Phemts have been commercially available for
several years, but development is continuous
and performance increases steadily.
There is also development effort being spent
on the manufacture of hemt devices using InP
instead of GaAs to deliver higher frequencies
and lower noise. Operation to 300GHz is pre-

dicted and Hughes in the USA has already

f,a =2 id- .z
H

space qualified a 1.2dB noise figure InP hemt

at 60GHz. Cooling of fet devices to liquid

where V, is the transit velocity of electrons
under the gate and 1 is the gate length. Thus, a
material having a higher electron velocity will

contribute directly to a higher frequency of
operation.

InGaAs has a peak electron velocity over
30% greater than GaAs and, in the phemt, a

nitrogen temperatures of 77K results in general noise figure improvement. However, the
hemt and phemt structures perform exceptionally well and noise figures similar to those
only obtainable at present with cooled masers
are predicted from InP.

fact, is additionally confined by the 0.17eV

Bipolar heterojunctions
The latest in microwave transistors is the
GaAs heterojunction bipolar device which
offers hundreds of milliwatts at 40 to 50%

energy band gap of this material. The structure

efficiency at millimetric frequencies. The ver-

thin (=200A) layer is introduced on top of the
GaAs buffer layer. The two dimensional gas
penetrates this higher velocity region and, in

'tter

Fig. 4. Structure of the heteojunction bipolar transistor. The
p' GaAs base key to its high frequency and low
noise performance lies in the
AlGaAs layer and the high doping
possible of the base region.

equivalent
to:

Fig. 5. Basic structure

and equivalent circuit
of the step recovery
diode under different
bias conditions. Unlike
the normal p-i-n diode,

p-type

intrinsic
silicon

under forward bias
+ charge
storage

n-type

emphasis on lithography can be relaxed; 2)im
geometry is typical, c.f. fet structure.
Transit time is determined by layer thickness
and doping: a simpler and higher -yield process. Fig. 4 shows one structure of the HBT,
with the epitaxial layer hierarchy grown upon

the collector substrate. The base -collector
junction is GaAs, but the main difference from
the BJT lies in the base material, typically of
n -type AlGaAs. The electron mobility in this

material is greater than that of GaAs (and
much greater than silicon) thereby increasing
the frequency of operation.
Perhaps more importantly the base region of
the HBT may be much more heavily doped
than the emitter, thereby reducing base resistance and reducing the base -emitter capacitance. The wide bandgap of the emitter prevents hole injection from the base. Also, high
current capability is possible as the whole of
the emitter area conducts uniformly. Thus, all
the desirable features of the Si BJT are translated to higher frequencies (4 to 40GHz at present).

The vertical process technology also circumvents the surface defect limitations of the
fet resulting in superior phase noise performance. As an example, Class AB operation at
10GHz has produced in excess of 55% power
added efficiency with greater than 10dB gain
and a power output of greater than 300 mW.

Both mesfet and HBT devices are themselves compatible with monolithic technology,
leading to integrated low noise or high power
amplifiers with optimised performance.

Step recovery multiplication
Although largely replaced by fundamental
oscillators, one method, used in instrumentation to generate marker frequencies and local
oscillator signals, uses the step recovery diode
(SRD or snap varactor). It requires simple circuit design and only a single frequency input;
the output comprises pure harmonics of the
input.
The efficiency of this process is proportion-

al to 1/n, where n is the harmonic number,

there is no
intermediate
impedance state.

under reverse bias

c -I I-0
Forward conduction
and charge storage

snap time

Diode
current

tical topology of the HBT means that the

fast transition to
zero charge.
Time

whereas the normal varactor multiplier using
its non-linear capacitance as the multiplying
mechanism has an efficiency proportional to
1/n2. Thus, the comb generator is suited to
high -order multiplication and can give outputs
of 10's of milliwatts, or more, into the millimetre band at about 30GHz.
At frequencies below 10GHz, several watts
of output are possible. Multiplication factors
up to 10 are typical and efficiency, depending
upon n and frequency, can exceed 65%.
The SRD itself is made from silicon and its
doping profile is of the p-i-n form shown in
Fig. 5, where the intrinsic layer is relatively
thin and the exact grading of the p-i junction is
crucial to performance.

Successful operation depends upon the
Charge
extraction

668

Fig. 6 Output current waveform of the
step recovery diode superimposed on a
dc bias level showing the snap action of
the junction when all the charge has
been removed.

charge storage properties of the diode and silicon is preferred because of its minority carrier
lifetime. This is the time for which the carrier
will remain in its free state before recombination: in Si this can be made to be similar to the
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Low pass input
filter

period of the input rf cycle.
The diode of Fig. 5 has two extreme states

Input
matching

0

under conditions of bias: forward bias will
inject charge into the i-region and the SRD

Impulse
generator

will appear as a low -value resistance. Reverse
bias will remove charge leaving, essentially, a
0

1

Relative
output power
( dB )

(0.6V *1.0V) and an input RF waveform is
superimposed.

region fills with electrons and holes. As the
input waveform goes negative, charge injection will cease: however, conduction will con-

tinue as the i-region charge can still

be

removed because it has been 'stored' due to

the long carrier lifetime. There will come a
point, though, in the negative cycle when all
charge has been removed and the diode will
change state to its high impedance (capacitive)
state. The essence of the SRD principle is that

this change of state occurs very rapidly: typically in tens of picoseconds and thus appears
as a fast, transient spike.
Figure 7 shows a typical comb generator

circuit using the SRD. The diode is inductively driven by the input waveform. In some
high frequency designs the impulse inductor

0
Bias input

basis of the SRD mechanism. Fig. 6 shows the
condition where the SRD is forward biased to
just below
its
conduction
threshold

will essentially follow the rf input. The i-

--O

SRD

parallel -plate capacitance. However, for the
duration of the carrier lifetime, there will be a
transitory state of charge storage which is the

During the positive half cycle, the SRD is
driven into conduction and the output current

Output
filter
(bandpass)

Output
matching

Joao

Fig. 7. Main components
of the SRD comb
generator showing a
typical spectral output
comb. The bandpass
filter could be fixed or
variable in order to
select a particular
harmonic.

°

Input frequency at 1 GHz

-10

-20 2

4

10

Frequency output before filter ( GHz )

can be the actual package inductance. During
the charge -extraction portion of the rf cycle,
energy builds up in this inductance and then,
when the diode snaps into its rapid impedance

ticular harmonic. The output frequency spectrum and stability matches that of the input
source. If this is a low -noise, high quality
oscillator, then so too will be the output. Input
frequencies cannot be too low in frequency
and typically range from 250 MHz to lOGHz,
depending upon the required output range.

change, the energy in this transient shock
excites the output circuit (usually a length of
transmission line) into resonance. This produces a comb of harmonics of the input frequency each input cycle. The final output

Next month: circuits and methods for tuning
and stabilising microwave sources.

stage is often a bandpass filter, selecting a par -
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The transformer
ratio arm bridge
Every so often,
it becomes

worthwhile to
reinvent the
wheel.

Ian Hickman
speculates on a
new type of
instrumentation
based on the
age-old bridge
measurement
technique.

Fig. la) General two port
pi network expressed in
parallel components.
b) s -parameter

measurement of two port
pi network

The bridge principle in electrical measurements
has been extended far beyond Wheatstone's
original application for the measurement of
resistance at dc. It has been adapted for measuring
inductance, capacitance and even frequency (e.g.
Wien bridge).
Bridge methods have largely fallen into disuse,
especially for rf measurements. The reason is that
each measurement is taken at a spot frequency and
involves adjusting two standards for balance.
Investigating the variation of impedance or
admittance of an unknown with frequency is tedious,
involving a large number of spot measurements. It is
so much easier to connect the unknown to a network
analyser and take an sii measurement covering the
frequency range of interest. The answer can be viewed
instantly as an angular vector plot versus frequency,
or I and Q components, or as a Smith chart display,
with the value corresponding to a marker at any
desired spot frequency indicated on the screen as a
numerical readout.
Often the unknown is not a simple two terminal
impedance, but a two port pi network, as in Fig. 1 a.
Given three independent equations relating the three
unknowns to three measured values, the various
impedances or admittances can be calculated. So any
three of the four s -parameter measurements in Fig. lb
should in theory suffice, permitting the evaluation of
the three impedances.
In practice, if Zi and Z3 are low and Z2 high, the
computation will involve the difference of two large
quantities, magnifying any measurement errors and
may lead to a large margin of error for the calculated
value of Z2. This is precisely where a particular type
of rf bridge, the transformer -ratio -arm -bridge, scores
over other methods. The trab was developed during
WWII by Mr Gilbert Mayo of the BBC Research
Department, and subsequently further developed and
marketed by at least two companies in the U.K.

The transformer bridge
Figure 2a shows an rf trab in its simplest form. An rf
test signal from a bridge source or signal generator is
applied, via a stepdown transformer T1, to a calibrated
variable standard capacitor Cs and a conductance
standard Gs which is effectively variable from 1/R i
821

N__

1/Z2 = Y2 = G2 II 82

822

1/Z3 = Y3 = G3 II B3

= Y1 = G1 II Bi

812

(a)
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down to zero by means of the non -inductive calibrated
variable resistor R. The other ends of these two
components are connected to one end of a centre tapped symmetrical winding on T2. The unknown is
connected between the output of Ti and the other end
of the centre tapped winding on T2. An output winding
on T2 is connected to a bridge detector, which can be
any radio receiver covering the band of interest.
In use, C, and G, are adjusted until there is no
detectable output at the receiver. Balance occurs when
the parallel components C, and G, of the unknown
are equal to the capacitance setting of C, (marked on
its dial) and the effective value of Gs (which is
marked on the dial of R5). Balance occurs as a result
of the current flowing via the standards through one
half of the balanced symmetrical winding of T2
equalling the current flowing via the unknown
through the other half of the winding. As the number
of turns on each half winding are the same, there is no
net magnetising force, and consequently no resultant
flux on the core. There is thus no voltage induced in
the output winding, but equally, there is no voltage
appearing across either half of the centre -tapped
winding either. Thus T2 acts as a virtual earth, the
significance of which will appear in a moment.
Note that a trab inherently measures Z2 in terms of
an admittance Y2, i.e. equivalent components G, in
parallel with Bs. Given the known test frequency,
these can be converted to the equivalent series
components R, and X, using the formulae in Fig. 2b,
or using a Smith Chart.
As shown in Fig. 2a, the range of the unknown that
the bridge can handle is limited to C, not exceeding
the maximum value of Cs, and G, not higher than
1/R1, with no capability at all for measuring either
inductance, or negative conductance. This capability
can be provided by the modified arrangement of Fig.
2b. Here, the terminals to which the unknown are
connected are mounted upon two substantial blocks of
metal, firmly bolted together with an insulating film
between, to form a capacitance equal to Cs max/2. The
dial of Cs is now calibrated in positive and negative
values of capacitance, with zero occurring where Cs is
set at Cs max/2; this arrangement was employed in the
Wayne Kerr trabs.
Similarly, a resistor of value 2R i can be added in
parallel with the unknown terminals, allowing for
negative values of conductance and permitting
measurements on active devices. The shunt
components of resistance (or conductance) and
capacitance of the unknown could be read directly
from the dials, at any test frequency. Inductance, on
the other hand, was read as a negative capacitance.
Knowing the test frequency enables the susceptance
of the negative capacitance, and hence of the
unknown inductive component, to be calculated, from

(b)
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Susceptance "B" standard

which the value of inductance itself was readily
derived.
Although shown with the source connected to Ti and
the detector to T2, a trab can be used with the source
and detector interchanged, where convenient.

Source

Extended possibilities

T - To T2

'Non -inductive

Detector

N - neutral
C - common

R, with R1 form the
conductance "G" standard

Fig. 3 shows how the trab is inherently adapted for

three terminal measurements, permitting the accurate
measurement of Y2 whatever the values of Yi and Y3, by
virtue of the bridge's neutral connection. It can be seen
that admittance Y1 shunts the source whilst Y3 shunts
the detector (T2 is a virtual earth). Thus while Y1 in
particular may reduce bridge sensitivity slightly, neither
Yi nor Y3 affects the accuracy of the measurement of /12.
The operation of adaptors which extend the range of
a bridge is of interest not only from the electrical point
of view, but also because they illustrate the usefulness
of the Binomial Theorem, which should really be called
"The Engineer's Friend". The LE305, a well specified
but low frequency bridge from Hatfield Instruments
consisted of two non -inductive 10052 resistors in a
massive metal housing which are interconnected with
the common and neutral terminals of the bridge and, by
means of a substantial plug, with one of the multiplier
terminals associated with T2. The unknown to be
measured was connected between the junction of the
two resistors and the bridge neutral terminal, see Fig. 4.
If Z, is a resistance of 152 or less, the current if will be
determined virtually solely by R2 (and the bridge drive
voltage at the common terminal). The volt drop e will
thus be directly proportional to Z5, and hence so will the
current i2 delivered to T2. If Z, is zero, i2 will be zero
and bridge balance will be achieved.
As Z,, increases, so R2 must be advanced, so its dial
in fact now reads resistance directly instead of
conductance. Similarly, if Z, is an inductive reactance,
the voltage across it and hence i2 will both be leading
and must be balanced by a capacitive current via Cs fed
to the opposite side of T2.
For an inductive Z,,, as the frequency increases, so
will e in Fig. 4, and hence also i2. Thus there will be no
change in the setting of C, for balance, so that with the
low impedance adaptor in use, it is now inductive
unknowns that become independent of frequency, even
though they are measured by comparison with a
capacitive standard. Furthermore, the unknown is now
measured as series components r+jx, rather than shunt
components G+jB. If Z, is resistive, then the error due to
the finite voltage e subtracting from the available bridge
drive voltage reaches 2% for Z, = 152. (The I% increase
in mesh resistance 10051+152 results in a 1% decrease in
furthermore, the lt2 unknown is shunted by the
second 1000 resistor, so e is reduced overall by 2%, per
the binomial expansion, ignoring second order terms.)
The reactive component of Z, may be up to MI, since
the component of e due to it subtracts from the bridge
drive voltage rms-wise, rather than directly.

Automated trab?
A bit of speculation. A self -balancing trab - if such a
thing existed - could directly measure the parallel
components of susceptance of the series element of a pi
network. The drive signal could then be swept, to give
an impedance versus frequency display, not unlike a
network analyser. For instance, the variable
conductance standard formed by R1 and R, in Fig. 2
could be replaced by a four quadrant multiplier, with
the rf applied to the X port and the control signal to the
Y port. The output would thus be adjustable in both
amplitude and sign, avoiding the need for selecting one

T

Unknown 2 terminal admittance Y,
(a)

R, « R.

Insulated terminal blocks
Capacitance C to T = Csrpp12

Y = G + jB

1 /Rp + j

(z - Rs + jXs)
If the equivalent series components of the unknown are
required, then
Rp Xp2

Rs -

and Xs -

Rp2 + Xe

Rp Xp

Re + xe
(b)

Fig. 2a) In its simplest form, a trab measures only capacitance and conductance
(resistance).

b) With modifications, it can also measure negative capacitances (inductance) and
negative conductances. Additional circuitry (not shown) is required to permit balancing
of the bridge with C, and it, set to zero, before connecting the unknown.

Fig. 3 Circuit showing how
a trab is inherently
perfectly adapted for three
terminal measurements.
Admittance Y1 shunts the
source whilst Y3 shunts the
detector (T2 is a virtual
earth). Thus while they may
reduce bridge sensitivity
slightly, neither affects the
accuracy of the

z2 = 2,

1 /z = Y, = Y, (at balance)

measurement of Y2.

rs

Low impedance
adaptor

^2

1

At balance, Ys = G + jB = G,,

T

Ri = R2 = 100S2 = R

Fig. 4. Showing how a low
impedance adaptor not
only extends the
measurement range of a
trab, but also turns
conductance into
resistance, and capacitive
susceptance into inductive
reactance and vice versa.

j0) Cs

Then L, = Cs R2 (independant of 0.))
or C = 1 /(1:12 o02 Cs)

and R = Gs R2

side of T2 or the other. The bridge output from T2 would
be synchronously detected and the resultant fed back to
the Y port of the multiplier to automatically achieve a
balance with the conductance of the unknown.
The degree of balance achieved would depend upon
the loop gain. The variable susceptance could be
obtained from another multiplier instead of Cs, by
feeding its X port from a quadrature version of the drive
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Fig. 5a) Trab with autobalance facilities
b) As the multipliers can implement rf outputs of both
polarity, i.e. can ad as both negative and positive
conductance and susceptance standards, T2 is redundant,
and can be replaced by an op -amp virtual earth.
c) As a), with sweep facility and Smith Chart display.

arm
Quadrant
(as in -pulse arm)

DDS

Clock

Loop filter
amplifier
(in -phase 'G' arm)

4 quadrant multipliers MI - M4: EL 4083/4084 (100 MHz)
or AD834 (500 MHz)

Frequency
setting
and display
(a)

From
M3

TO M2 M4
111111

Current
feedback
opamp

(b)

DDS

F2

From

Clock

F,

xy

D.D.S.

OA

Frequency

0 13
000 00

word

Oscilloscope
in x/y mode

setting -.-

Sweep

signal. This requirement is easily met since sine and
cosine outputs are available as standard from many
direct digital synthesizer chips.
The arrangement might look something like Fig.
5a, where the synchronous detectors could be
multipliers identical to those used as the G and B
standards, fed through lengths of line to compensate
the path -length through the bridge. As the multipliers
can implement rf outputs of both polarity, i.e. can act
as both negative and positive conductance and
susceptance standards, T2 is in fact redundant. It can
be replaced by an current feedback op -amp virtual
earth as in Fig. 5b: conveniently the multipliers
provide current outputs. Fig. 5c shows how a swept
measurement, with Smith Chart display of the
unknown as a function of frequency, might be
organised.
The only disadvantage of this 'active trab'
arrangement is that a very low output impedance
buffer is needed to drive the unknown. Any reduction
of the I drive voltage due to loading by Z1 (or indeed
Z2) will affect the conductance standard equally and
thus cause no error with this arrangement, it will not
correspondingly affect the susceptance standard arm.m

clock

Reference

Accumulator

1. Ian Hickman, Design Brief, EW+WW0ct 93, p972.
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C HERE!

If you have followed our
series on the use of the C
programming language, then
you will recognise its value
to the practising engineer.
But, rather than turning up
old issues of the journal to
check your design for a
digital filter, why not have all
the articles collected
together in one book,
Interfacing with C?
The book is a storehouse of
information that will be of
lasting value to anyone
involved in the design of
filters, A -to -D conversion,
convolution, Fourier and
many other applications,
with not a soldering iron in
sight.
To complement the
published series, Howard

INTERFACING

WITH C
by

HOWARD HUTCHINGS
Interfacing with C can be obtained from Lorraine Spindler, Room
L333, Quadrant House, The Quadrant, Sutton, Surrey SM5 2AS.
Please make cheques for £14.95 (which includes postage and
packing) payable to Reed Business Publishing Group.
Alternatively, you can telephone your order, quoting a
credit card number. Telephone 081-652 3614.
A disk containing all the example listings used in this book is
available at £29.96. Please specify size required.

Hutchings has written
additional chapters on D -to A and A -to -D conversion,
waveform synthesis and
audio special effects,
including echo and
reverberation. An appendix
provides a "getting started"
introduction to the running
of the many programs
scattered throughout the
book.
This is a practical guide to
real-time programming, the
programs provided having
been tested and proved. It is
a distillation of the teaching
of computer -assisted

engineering at Humberside
Polytechnic, at which Dr
Hutchings is a senior
lecturer.
Source code listings for the
programs described in the
book are available on disk.

SCIENCE

Electronics help police to
see the genetic picture
Britain's police are
shortly set to make
substantially more
use of DNA
fingerprinting in
human identification.
Tom Ivan explains
how instrumentation
is developing to make
the process more
practical.

Under the latest Criminal Justice Bill,

soon to become law, police will be
able to take DNA samples, without
consent, from anyone arrested for a recordable
offence. The resulting molecular 'fingerprints'
will be stored in a national database.
DNA testing for forensic and other identifi-

cation purposes has already become well
established since professor Alec Jeffreys of
Leicester University invented the technique in
1985. Now public and commercial laboratories provide it as a service - though in the UK,

Cellmark Diagnostics, part of Zeneca, is the
only commercial lab.
The US government meanwhile, takes and
holds samples from all its military personnel.
Legal challenges have been made to the technique. But its validity is now accepted,
because every individual has certain inherited
patterns within the DNA molecule which are,
for practical purposes, unique - better than I
in 1012 - except for identical twins.

sequences of the highly significant nitrogenous bases in the DNA molecule (see box).
DNA fingerprints are images derived from a
molecular pattern in the body's cells. The patterns are composed of short sequences of base

molecules, typically 20 bases long, which
keep on repeating consecutively along a DNA
strand at particular locations.
Two factors make the pattern specific to an

individual: the number of repeats at a given
location and hence the overall length of the
repeating section, normally in the range 4000
to 20,000 base pairs; and the particular locations on the DNA molecule at which these
repetitions occur.
Both features vary enormously from person
to person and are inherited - so are useful for
paternity investigations - but are not part of
the functional genes .

Only the methodology is being refined, with
electronics and computers automating some of
the processes.
Automated scanner made by Bio-Rad
Laboratories. The GS Gene Reader scans
autoradiograph films for DNA sequence
analysis. Digitised images and a
corresponding list of base letters are
displayed on the workstation screen.

Obtaining a DNA fingerprint
The technology for DNA fingerprinting is
based on electrophoresis. In addition, optical
scanning, digitisation and data analysis are

used to map and list both the numbers and

DNA fingerprint, resembling a bar code, is an
autoradiograph taken from an electrophoresis
separation. Each dark band represents probe selected DNA fragments of a particular length,
measured in number of base molecules. The
pattern is specific to an individual.
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Key to detection
Detecting the molecular pattern is a little like
probing an unknown lock with a known key to
see if it fits. The probe is a short length of sin-

short, base -pair sequences of the DNA and
bind to them, slicing the duplex DNA at or
near these positions.
The resulting assortment of fragments is

gle -strand DNA with a known sequence of

placed in an electrophoresis cell and separated

bases, derived by cloning from a human

according to length (see box). A continuous
distribution of fragment lengths is the out-

source. It will fit any complementary sequence
on a single strand of the DNA being tested, so
`recognising' it in a process called hybridisation. The repeating sections detected are subsequently translated into an image by sorting

the repeating sections into their different
lengths. Then a purified solution of the DNA
sample - commonly obtained from blood, saliva, hair roots or semen - is treated with one or

more enzymes

cut the double -helix
molecules at points on each side of the repeating section. The enzymes recognise particular,
to

come, from about 200 base pairs (bp) to
20kbp or more, along a 'lane' in the electrophoresis gel. Only those fragments containing the wanted repeat sections have to be
identified.
Sodium hydroxide is used to split the DNA
into single strands, then the gel is dried and its

to a solution containing the probe, which is
radioactively labelled. Binding occurs between
the probe and only those lengths of separated DNA -fragments which include the repeating
sections.

X-ray film exposed to the membrane produces an autoradiograph (arg), and detected
fragment lengths with their radioactive
labelling stand out as a pattern of dark bands
on the developed film. This is the fingerprint.

The process does not identify the actual
locations of the repeating sections on the

distribution of fragments is transferred to a

molecule. A different method detects repeat
lengths at single, chosen molecule locations
and produces only two bands on the arg. The

solid support - normally a nylon membrane by a process called Southern blotting.
The membrane is exposed for several hours

paternity tests while the second, single -locus
type, is used mainly for forensic work.

first, multi -locus form is used mainly for

Structure of human DNA
DNA, or deoxyribonucleic acid, exists in most cells cf
living organisms - from single -celled bacteria to
multicellular animals. In the nuclei of human cells,
with proteins, it forms the substance of our 46
chromosomes, and carries the genes for the copying
process when cells divide and proliferate to grow and
repair the body.
Its form is polymeric, consisting of a long chain of
smaller molecules of four distinct types called
nucleotides. In a single human cell the total length is
about 2m. Each nucleotide comprises three yet smaller
molecules: a sugar ring, a phosphate group and a
nitrogenous base formed from carbon, hydrogen,
oxygen, nitrogen and phosphorus.
The four nucleotides have different nitrogenous bases
- adenine (A), thymine (T), cytosine (C) and guanine
(G) - and it is these that form the 'symbols' of the
genetic and DNA fingerprinting information through
their changing sequence along the structure.
The DNA molecule, the famous double helix can be
likened to a twisted rope ladder. The two sides of the
ladder are made up of alternating, covalently-bonded
sugar and phosphate molecules from the nucleotides:
the rungs are pairs of bases.
There are about 6x109 of these base -pairs in the DNA
of a human cell. A complete 360° turn of the double
helix is about ten base -pairs and 3.4nm long.
Base A always pairs with base T, and C with G, so
the two halves of the ladder - single strands of the
molecule - are complementary. The complementary
bases are held together by relatively weak hydrogen
bonds, allowing easy chemical separation of the two
strands.
A single existing strand of DNA forms a template for
a new, complementary strand to be synthesised onto it.
This template also allows short segments of single strand DNA from other sources to chemically bind to
parts of it (hybridisation).
Called probes, such external segments with known
base sequences are used in DNA fingerprinting to
detect patterns of base sequences at different locations
on the human molecule.
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Electronic interpretation
Electronic scanning of the electrophoresis
bands speeds up the interpretation process,
reduces subjective errors in reading and produces data suitable for computer processing
and analysis.

Scanning can be used directly on the fingerprints themselves but also, with a different
electrophoresis separation, in sequence analysis, to find the \ -G-C-T base sequences (see

box) in DNA samples and probes.
For fingerprint args the scanning system is

essentially a digital densitometer. A video
camera or linear ccd array scans the image and

the resulting signals are digitised. One FBI

profile an associated pc derives the positions
of the bands and calculates the corresponding
DNA fragment lengths.

Software can also locate the lane boundaries, correct image distortion, control the

system uses a quantisation of 512 by 480 pixels and 256 grey levels.
ARG bands are fuzzy and of varying density (not sharp as in the figure) so the information obtained is a profile of density against dis-

digitisation, perform statistical analysis, display data and graphics on the pc screen and
finally control disk storage and/or transfer of
data to a database.

tance along the arg. From the peaks in this

Sequence analysis
DNA sequence analysis sometimes requires
scanning systems to work on arg films and
sometimes directly on electrophoresis gels.
The biochemical reactions for determining
base sequence involve four sets of copies of
the DNA, each a gradually lengthening frag-

Electrophoresis
Electrophoresis separates colloidal particles by size. Here the particles are
different length fragments of DNA and are made to migrate through an electrolyte
solution by applying an electric field.
Each fragment carries a net charge, resulting from its own molecular
composition and the ions in the electrolyte. The moving force on each fragment
is proportional to the product of the net charge and the electric field strength.
Rate of migration, the electrophoretic mobility, is measured as velocity per unit
field strength. It depends partly on a potential difference, determined by the electrolyte, between the outside of the ion layer bonded to the fragment and parts
of the electrolyte some distance away.
Other variables affecting it are viscosity and dielectric strength of the solution.
Mobility is directly proportional to the net charge on the fragment and inversely
proportional to its size - smaller fragments travel faster.
But free liquid does not allow stable separation of fragments. So the electrolyte
is supported in a porous medium, a slab of gel impregnated with the liquid.
Fragments migrate through the gel pores when a voltage is applied across the slab
through electrolyte reservoirs. Resolution of size separation is increased, because
the gel acts like a mechanical sieve, allowing the shorter fragments through easily
but retarding the longer ones.
When the electric field is switched off the DNA fragments end up distributed
according to length at various distances along the gel.
In commercial systems the gel, made from agarose or polyacrylamide, is about
1mm thick and mounted either horizontally or vertically. At one end is a well,
into which the purified DNA solution is placed. The electrolyte is chosen for its
hydrogen ion concentration (pH) and acts as a buffer solution, to keep the pH
relatively constant. DNA fragments have a net negative charge and are therefore
attracted towards the anode electrode.
Voltages range from 30V to 100V for DNA fingerprinting, or up to about 3000V
for DNA sequence analysis. Time required for separation is normally several
hours. Using a number of wells in the gel enables different DNA samples to be
electrophoresed simultaneously for comparison, forming parallel electrophoresis
lanes in the gel.
Resolution of larger DNA fragments (above 100kb) can be improved by
periodically reversing the electric field and hence direction of migration.
Typically the cyclic forward:reverse time ratio is 3:1 and times can be anything
from seconds to hours. Programmable pulse generators are used for this purpose.

30 - 100V range
power supply

ment ending on one of A -G -C -T. A four -well
electrophoresis cell separates the fragments on
the same gel, producing a succession of bands

in each lane, A hands in one, G in another, C

and T. From the relative distances of these
bands along their four lanes, a continuing
sequence of bases can be read off such as
GTATGCCAT...
Electrophoresis bands are then scanned,
translated into letters and then data transferred

into a computer for processing and storage.
The reader uses a 1728 -element ccd linear
array to scan arg films with a resolution of
50pm. Variable speed scanning improves res-

olution where the bands are closely spaced.
economising on computer memory when high
resolution is not needed.
CCD signals are digitised and transferred to
a Sun Sparc workstation where pattern recognition software identifies lanes, corrects errors
and translates into base letters. The workstation screen displays a four -lane band pattern

and alongside it a list of the corresponding
sequence of base letters. Reading and processing at a rate of about 50 bases/min are
possible.
Sequence -analysis instruments aim at high
accuracy as well as speed, eliminating the arg

stage and possible reading errors by sensing

the electrophoresis gel directly. They also
work in real time by detecting fragment
lengths and translating them into base letters
while electrophoresis is proceeding.
Reaction products are combined and electrophoresed in a single gel lane, sandwiched
between glass plates, and each is labelled with

a fluorescent material of distinct emission
wavelength.

As the DNA fragments thus identified
Perspex
container

illuminated by an argon ion laser beam, exciting the fluorophores so they emit light of dif-

ferent colours, a wavelength for each DNA
base. A lens collects the light and focuses it
through an optical bandpass filter, one for
each colour, onto a photomultiplier tube. As
electrophoresis proceeds, the pmt signal, a

Platinum wire
electrodes
Electrolyte
reservoirs

approach the end of the 25cm lane they are

Impregnated gel
flooded by electrolyte

Principle of electrophoresis cell. The electrolyte solution just covers the gel slab to
maintain a conductive path through it.

succession of peaks, is a -to -d converted and
the resulting data is processed and translated

into a sequence of DNA base letters. The
complete optical system mechanically traverses up to 24 such single lanes, scanning
them in succession.

676

ELECTRONICS WORLD + WIRELESS WORLD August 1994

£1 BARGAIN PACKS

BARGAINS GALORE

BARGAINS GALORE

In fact...cheaper than £1 because if you buy 10 you
can choose one other and receive It free!
1 x 12v Stepper Motor. 7.5 degree. Order Ref: 910.
1 x 10 pack Screwdrivers. Order Ref: 909.
2 x 5 amp Pull Cord Ceiling Switches. Brown. Order

Speed Controller for 12v DC Motors. Suitable for motors
with horse powe-s up to one third and drawing currents up
to 30A. Gives very good control and speed. Uses mosfets
and is based on a well tried circuit which appsared in the

Ultra Thin Drills, actually 0.3mm. To buy these regular

Ref: 921.

Model Engineer some time ago. The complete Nit with case
and on/off switch is available, price £18. Order Ref: 18P8.

Ex -British Telecom Insulation Tester Otter. We have a

equipment, :his box is extremely tough and would be ideal
for keeping your small tools in, internal size approx.
101/2"x4WerY high. Complete with carrying strap, price £2,
Order Ref: 2P283B.

5 x reels Insulation Tape. Order Ref: 911.
4 x 14mm Ball -races. Order Ref: 912.
2 x Cord Grip Switch lamp Holders. Order Ref: 913.
1 x DC Voltage Reducer. 12v -6v. Order Ref: 916.
1 x 10 amp 40v Bridge Rectifier. Order Ref. 889.

quantity of these that are slightly faulty. There las been no
attempt at repairing them. They are not missing any parts
so should be reoairable. The moving coil movement is in

perfect working order so even if you cannot repair the
instrument to perform all its original functions, you would be

superior sound. Order Ref: 896.
2 x 25W Crossovers. For 4ohm loudspeakers. Order

able to use it for another instrument that yon. need. We
supply a circuit diagram of the instrument and chances are
that you will find the fault and be able to repair it. Price of

Ref: 22.

Fig 8 Flex. Fig. 8 flat white pvc, flexible with .4 sq. mm

Lightweight Stereo Headphones. Moving coil so

2 x Nicad Constant Current Chargers. Easily adaptable to charge almost any nicad battery. Order Ref: 30.
18v -0-18v lOva Mains Transformer. Order Ref: 813.

2 x White Plastic Boxes. With lids, approx. 3" cube.
Lid has square hole through the centre so these are
ideal for light operated switch. Order Ref: 132.

2 x Reed Relay Kits. You get 8 reed switches and 2
coil sets. Order Ret: 148.

12v -0-12v Eva Mains Transformer. PCB mounting.
Order Ref: 938.

1 x Big Pull Solenoid. Mains operated. Has 1/2" pull.
Order Ref: 871.
1 x Big Push Solenoid. Mains operated. Has 1/2" push.
Order Ref: 872.

1 x Mini Mono Amp. 3W into 4 ohm speaker or 1W
into 8 ohm. Order Ref: 495.
1 x Mini Stereo 1W Amp. Order Ref: 870.
15v DC 150ma PSU. Nicely cased. Order Ref: 942.

1 x In -Flight Stereo Unit is a stereo amp. Has two
most useful mini moving coil speakers. Made for BOAC
passengers. Order Ref: 29.
1 x 0-1mA Panel Meter. Full vision fact 70mm square.
Scaled 0-100. Order Ref: 756.

2 x Lithium Batteries. 2.5V penlight size. Order Ref:

the instrument with circuit diagram is £3. Order Ref: 3P176.

cores. Ideal for speaker extensions and bell c rcuits. Also
adequately insulated for mains lighting. 50m ccil £2. Order
Ref: 2P345. 12m coil £1. Order Ref: 1014.
Friedland Underdome Bell. Their ref: 792. A loud ringer
but very neat, 3" diameter, complete with wall firing screws,
£4. Order Ref: 4P75.
12v 10amp Switch Mode Power Supply. For only £9.50
and a little bit of work because you have to convert our
135W PSU. Modifications are relatively simple - we supply
instructions. Simply order PSU Ref: 9.5P2 and request
modification details. Price still £9.50.
Are you making Mini Bugs? We can offer the ideal box.
White plastic without any decoration or printing. This has an

on/off switch in the top left-hand corner and a hole just
above to take a telescopic or wire aerial. The case is large
enough to take a PP3 battery and a PCB and wren finished
it will have a really professional look. Box with switch £1,
Order Ref: 1006. Size approximately 4"x3"xl
thick and
its cover is held by four screws.
Siren/Horn/Hooter/Klaxon. It isn't any of these - it does the

same job but is quite nice to look at and could even be
described as ornamental. It is Swiss made aid in a grey
plastic case, could be free standing or screwed down
indoors or out. t is mains driven and when switched on it
makes a shock ng noise (its loudness is adjustable). You
could switch it on to scare an intruder or arra ige for your

874.

burglar alarm to do the same. Price £5. Order Ref: 5P226.

2 x 3m Telephone Leads. With BT flat plug. Ideal for
'phone extensions, fax, etc. Order Ref: 552.
1 x 12V Solenoid. Has good 1/2" pull or could push if

Medicine Cupboard Alarm. Or it could be used to warn

modified. Order Ref: 232.

when any cupboard door is opened. The light shining on the
unit makes the bell ring. Completely built and reatly cased,
requires only a battery. £3. Order Ref: 3P155.

Don't Let It Overflow! Be it bath, sink, cellar, sump or any
other thing that could flood. This device will tell you when

4 x In -Flex Switches. With neon on/off lights, saves
leaving things switched on. Order Ref: 7.
2 x 6V 1A Mains Transformers. Upright mounting with
fixing clamps. Order Ref: 9.
2 x Humidity Switches. As the air becomes damper,
the membrane stretches and operates a micro switch.
Order Ref: 32.

the water has risen to the pre-set level. Adjustat le over quite

a useful range. Neatly cased for wall mounting, ready to
work when battery fitted. £3. Order Ref: 3P15.
Very Powerful Mains Motor. With extra long (21/2") shafts
extending out each side. Makes it ideal for a reversing
arrangement fo-, as you know, shaded pole m )tors are not

5 x 13A Rocker Switch. Three tags so on/off, or

reversible. £3. Order Ref: 3P157.

changeover with centre off. Order Ref: 42.
Mini Cassette Motor. 9v. Order Ref: 944.

2P324.

1 x Suck or Blow -Operated Pressure Switch. Or it
can be operated by any low pressure variation such as
water level in tanks. Order Ref: 67.
1 x 6V 750mA Power Supply. Nicely cased with mains
input and 6V output lead. Order Ref: 103A.
2 x Stripper Boards. Each contains a 400V 2A bridge
rectifier and 14 other diodes and rectifiers as well as
dozens of condensers, etc. Order Ref: 120.
12 Very Fine Drills. For PCB boards etc. Normal cost
about 80p each. Order Ref: 128.

5 x Motors for Model Aeroplanes. Spin to start so
needs no switch. Order Ref: 134.
6 x Microphone Inserts. Magnetic 400 ohm, also act
as speakers. Order Ref: 139.

6 x Neon Indicators. In panel mounting holders with
lens. Order Ref: 180.
1 x In -Flex Simmerstat. Keeps your soldering iron etc
always at the ready. Order Ref: 196.
1 x Mains Solenoid. Very powerful as 1/2" pull, or could
push if modified. Order Ref: 199.

Solar Panel Bargain. Gives 3v at 200mA. Order Ref:
£1 Super Bargain
12V axial fan for only £1, ideal for equipment cooling,
brand new, made by West German company. Brushless
so virtually everlasting. Needs simple transistor drive
circuit, we include diagram. Only £1, Order Ref: 919.
When we supply this we will include a list of approximately 800 of our other £1 bargains.

and you need never be late. Order Ref: 211.
4 x 12V Alarms. Makes a noise about as loud as a car
horn. All brand new. Order Ret: 221.
2 x (6"x4") Speakers. 16 ohm 5 watts, so can be joined
in parallel to make a high wattage column. Order Ref:
243.
1

x Panostat. Controls output of boiling ring from

simmer up to boil. Order Ref: 252.
2 x Oblong Push Switches. For bell or chimes, these

can switch mains up to 5A so could be foot switch if
fitted in pattress. Order Ref: 263.
50 x Mixed Silicon Diodes. Order Ref: 293.

1 x 6 Digit Mains Operated Counter. Standard size
but counts in even numbers. Order Ref: 28.
2 x 6V Operated Reed Relays. One normally on, other
normally closed. Order Ref: 48.
1 x Cabinet Lock. With two keys. Order Ref: 55.
61/2" 8 ohm 5 watt Speaker. Order Ref: 824.
1

x Shaded Pole Mains Motor. 3/4" stack, so quite

powerful. Order Ref: 85.

2 x 5 Aluminium Fan Blades. Could be fitted to the
above motor. Order Ref: 86.
1 x Case. 31/2x21/4x13/4 with 13A socket pins. Order
Ref: 845.

and yellow. £2.50, Order Ref. 2.5P9. Or on standard 3x3
cream metal switch plate, £3, Order Ref. 3P174.

45A Double Pole Mains Switch. Mounted on a 6x31/2

aluminium plate, beautifully finished in gold, with pilot light.
Top quality, made by MEM, £2, Order Ret: 2F316.
Amstrad 3" Disk Drive. Brand new and standard replacement for many Amstrad and other machines, £20, Order
Ref: 20P28.
Touch Dimmers 40W -250W, no knob to turn, just finger on
front plate, will give more, or less light, or off. Silver plate on
white background, right size to replace normal switch £5,
Order Ref. 5P230.

2 x Cases. 21/2x21/4x13/4 with 13A pins. Order Ref: 565.

4 x Luminous Rocker Switches. 10A mains. Order
Ref: 793.

4 x Different Standard V3 Micro Switches. Order Ref:
340.

4 x Different Sub Min Micro Switches. Order Ref:
313.

12/24 DC Solenoid. The construction of this is such that
will push or pull. With 24V this is terrifically powerful but is
still quite good at 12V. £1, Order Ref: 877.
Don't Stand Out In The Cold Our 12m telephone extension
i

lead has a flat BT socket one end and flat BT plug other end,
£2, Order Ref: 2P338.

20W 5" 4 Ohm Speaker mounted on baffle wth front grille,
£3, Order Ref: 3P145. Matching 4 ohm 20W tweeter on
separate baffle, £1.50, Order Ret: 1.5P9.

LCD 31/2 Digit Panel Meter
This is a multi range voltmeter/ammeter using the AD converter chip 7106 to provide 5 ranges each of
volts and amps. Supplied with full data sheet. Special
snip price of £12, Order Ref: 12P19.

Telephone Extension Wire 4 core correctly colour coded,
intended for permanent extensions, 25m coil, £2, Order Ref.
2P339.

High Power Switch Mode PSU. Normal mains input, 3

-4-12V at 4A, +5V at 16A and -12V at

Ultra Sonic Transducers. Two metal cased units, one
transmits, cne receives. Built to operate around 40kHz.
Price £1.50 the pair, Order Ref: 1.5P/4.
Power Sup Sly with Extras. Mains input is fused and filtered
and the 12'1 DC output is voltage regulated. Intended for
high class equipment, this is mounted on a PCB and, also

mounted oi the board but easily removed, are two 12V
relays and viezo sounder,£3, Order Ref: 3P80B.

Insulation Tester with Multimeter. Internally generates
voltages which enable you to read insulation directly in
megohms. The multimeter has four ranges, AC/DC volts, 3
ranges DC milliamps, 3 ranges resistance and 5 amp range.
These instr rments are ex -British Telecom but in very good
condition, tested and guaranteed OK, probably cost at least
£50, yours ror only £7.50 with leads, carrying case £2 extra,
Order Ret: 7.5P/4.
Mains Isolation Transformer. Stops you getting "to earth"
shocks. 23eV in and 230V out. 150 watt, £7.50, Order Ref:
7.5P/5 and a 250W version is £10, Order Ref: 10P97.
Mains 230' Fan. Best make "PAPST', 41/2" square, metal
blades, £8, Order Ref: 8P8.
2MW Lase,. Helium neon by Philips, full spec. £30, Order
Ref: 30P1. Sower supply for this in kit form with case is £15,
Order Ref: 15P16, or in larger case to house tube as well
£18, Order Fief: 18P2. The larger unit, made up, tested and
ready to use, complete with laser tube £69, Order Ref: 69P1.
12v Bohm speaker, only £1.50 and waterproof.
Solar Chager. Holds 4AA nicads and recharges these in 8
hours, in very neat plastic case £6, Order Ref: 6P3.
Ferrite Aeial Rod. 8" long x 3/8" diameter, made by Mullard.
Complete with two coils, 2 for £1, Order Ref: 832P.

Air Spaced Trimmer Caps. 2-20pf, ideal for precision
tuning UHF circuits, 4 for £1, Order Ref: 818B.

Modem Amstrad FM240 As new condition but customer
return, so you may need to fault find, £6, Order Ref. 6P34.
Amstrad Fower Unit. 13.5V at 1.9A or 12V at 2A encased
and with leads and output plug, normal mains input £6,
Order Ref: 6P23.
80W Mains Transformer. Two available, good quality, both
with norma primaries and upright mounting, one is 20V 4A,
Order Ref: 3P106, the other 40V 2A, Order Ref: 3P107, only
£3 each.
Project Bc x. Size approx. 8"x4"x41/2" metal, sprayed grey,

louvred ends for ventilation otherwise undrilled. Made for
GPO so best quality, only £3 each, Order Ref: 3P74.

Sentinel Component Board Amongst hundred of other
parts, this ias 15 ICs, all plug in so do not need soldering.
Cost well cver £100, yours for £4, Order Ref. 4P67.
Sinclair 9' 2.1A Power Supply Made to operate the 138K
Spectrum Plus 2, cased with input and output leads.
Originally I sled at around £15, are brand new, our price is
only £3, 0 -der Ref. 3P151.
Experimenting with Valves. Don't spend a fortune on a
mains trarsformer, we can supply one with standard mains
input and r ecs. of 250-0-250V at 75mA and 6.3V at 3A, £5,
Order Ref 5P167.
discontinued high quality music centre, gives real hi-fi and
only £4 per pair, Order Ret: 4P57.
Water Pump. Very powerful, mains operated, £10, Order
Ref: 10P71.
0-1mA Fu I Vision Panel Meter. VA" square, scaled 0-100
but scale easily removed for re -writing, £1 each, Order Ref:
756.

VU Metes. Illuminate this from behind becomes on/off
indicator a well, 11/2" square, 75 each, Order Ref: 366.
Amstrad Keyboard Model KB5 This is a most comprehensive keyboard, having over 100 keys including, of course,
full nume ical and qwerty. Brand new, still in maker's
packing, £5, Order Ref. 5P202.
1 RPM Motor. This is only 2W so will not cost much to run.
Speed is deal for revolving mirrors or lights. £2, Order Ref.
2P328.

Motorise that Trolley!
You could with Sinclair C5 1/2rd hp
12v battery motor
Still available, price £21. Order Ref: 21P1

outputs:

You Can Stand On It! Made to house GPO telephone

15W 8 Calm 8" Speaker 8 3" Tweeter. Made for a

40W -250W Light Dimmers On standard plate o put directly
'n place of flush switch. Available in colours, green, red, blue

1 x Electric Clock. Mains operated. Put this in a box

costs a torture. However, these are packed in half dozens
and the prica to you is £1 per pack, Order Ref: 797B.

1/2A.

Completely erclosed in plated steel case. Brand new. Our
special offer price of £9.50, Order Ref: 9.5P1.

Philips 9" High Resolution Monitor. Black and white in
metal frame for easy mounting. Brand new, still in maker's
packing, offered at less than price of tube alone, only £15,
Order Ref: 15P1.

High Current AC Mains Relay This has a 230v coil and
changeover switch rated at 15A with PCB mounting with
clear plastic cover. £1, Order Ref. 965.

Unusual Solenoid. Solenoids normally have to be energised to pull in and hold the core, this is a disadvantage where
the applia-nce is left on for most of the time. We now have
magnetic solenoids which hold the core until a voltage is
applied to release it. £2, Order Ref. 2P327.
Mains FII er. Resin impregnated, nicely cased, pcb mounting. £2, Ceder Ref. 2P315.
200VA Mains Transformer. Secondary voltages 8v -0-8v.
So you could have 16v at 12A or 8v at 25A. Could be ideal
for car staler charger, soil heating, spot welding, carbon rod
welding o' driving high powered amplifiers etc. £15, Order
Ref. 15P51.

Prices include VAT. Send cheque/postal order or ring
and quote credit card number. Add £3 post and packing
Orders o rer £25 post free.

NI&B ELECTRICAL
SUPPLIES LTD

Pilgrim Works (Dept. WW),
Stairbridge Lane, Bolney,
Sussex RH17 5PA
Telephone (0444) 881965 phone for Fax
Callers to 12 Boundary Road,
Hove, Sussex
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK
Marconi TF2091 noise generator. A, B or C plus filters - 1100-1350.
HP1807R, HP182T mainframes £300-1500.
Fluke 8506A thermal RMS digital multimeter. £400.
Philips panoramic receiver type PM7900 -1 to 20GHz- £400.
Marconi 6700A sweep oscillator + 6730A -1 to 2GHz - 1500.
HP8505A network ANZ + 8503A S parameter test set + 8501A normalizer - 14k.

NEW LOW PRICE - NEW COLOUR

HP141T
SPECTRUM ANALYSERS

Racal/Dana VLF frequency standard equipment. Tracer receiver type 900A + difference meter
type 527E + rubidium standard type 9475 - E2750.
HP signal generators type 626 - 628 - frequency lOGHz- 21GHz.
HP 432A - 435A or B -436A- power meters + powerheads- Mc/s -40GHz- 1200-11000.

TESTED
HP141T + 8552A or B IF
A IF £600 or BIF -£700.

RF- 1kHz- 110Mc/s -

HP141T + 8552A or B IF - 8554B RF - 100kHz

-

1250Mc/s -A IF £800 or B IF- £900.
HP141T + 8552A or B IF - 8555A RF - 10Mc/s - 18GHz

-A IF £1400 or B IF - £1600. The mixer in this unit
costs £1000, we test every one for correct gain

before despatch.
HP141T + 8552A or B IF - 8556A RF - 20Hz - 300kHz A IF £600 or BIF- £700.

HP ANZ UNITS
AVAILABLE SEPARATELY
NEW COLOUR - TESTED

HP 8660 A -B -C syn S/G. AM + FM + 101(els to 110Mds PI - 1Mc/s to 1300Mds - 1Mc/s to
2500Mc/s - 1750-12800.
HP 86406 S/G AM -FM 512Mc/s or 1024Mc/s. Opt 001 or 002 or 003- 0300-£1250.
HP 8656A S/G AM -FM 0.1 -990Mc/s- 11500.
HP 86226 Sweep PI - 01 - 2.4GHz + ATT- £1750.
HP 8629A Sweep PI -2 -18GHz -£1000.
HP 86290B Sweep PI -2 - 18GHz- 11250.
HP 86 Series Pi's in stock - splitband from 10Mds - 18.6GHz - 1250 -Ilk.
HP 8620C Mainframe - £250. IEEE - £500.

HP 8615A Programmable signal source-1MHz- 50Mc/s- opt 002 -Elk.
HP 8601A Sweep generator .1 - 110Mc/s- £300.

HP141T Mainframe - £350 - 8552A IF - £200 - 8552B
IF -£300 - 8553B RF - 1kHz -110Mc/s -£200 - 8554B
RF - 100kHz - 1250Mc/s - £400. 8555A RF - 10Mc/s 18GHz -£1000. 8556A RF - 20HZ - 300KHZ -£250.

HP8443A Tracking Generator Counter - 100kHz 110Mc/s -£300 -£400.
HP8445B Tracking Pre -selector DC - 18GHz - £400£600 or HP8445A - £250.
HP8444A Tracking Generator -£750 - 1300Mc/s.

HP8444A Opt 059 Tracking Generator- £1000 -1500Mc/s.

SPECIAL OFFER -14 ONLY

HP140T (NON -STORAGE)
Mainframe Plus 8552A IF Plug -In Plus 8556A RF Plug-

In 20Hz - 300kHz Plus 85536 RF Plug -In 1kHz
110Mc/s. Tested with instructions -£700.

-

Marconi TF2008 - AM -FM signal generator - also sweeper - 10Kc/s - 510Mcis - from £250 - tested
to £400 as new with manual - probe kit in wooden carrying box.

HP Frequency comb generator type 8406 -1400.
HP Vector Voltmeter type 8405A - 1400 to £600 - old or new colour.
HP Sweep Oscillators type 8690 A & B + plug -ins from 10Mc/s to 18GHz also 18-40GHz. P.O.R..
HP Network Analyzer type 8407A + 8412A + 8501A - 100Kc/s -110Mds - £500 - £1000.
HP Amplifier type 8447A - 1-400Mc/s £200- HP8447F. 1-1300Mc/s £400.
HP Frequency Counter type 5340A - 18GHz £1000 - rear output £800.
HP 8410 -A -B -C Network Analyzer 110Mc/s to 12GHz or 18GHz - plus most other units and

displays used in this set-up -8411a -8412-8413-8414-8418-8740 8741

8742

8746 - 8650. From £1000.
Racal/Dana 9301A- 9302 RF Millivoltmeter - 1.5-2GHz - 1250-1400.
Racal/Dana Counters 9915M -9916 - 9917 - 9921 -£150 to £450. Fitted FX standards.
Racal/Dana Modulation Meter type 9009 - 8Mc/s - 1.5GHz - £250.
Marconi RCL Bridge type TF2700 -£150.

8743

Marconi/Saunders Signal Sources type - 6058B - 6070A - 6055A - 6059A - 6057A - 6056 £250-1350. 400Mds to 18GHz.
Marconi TF1245 Circuit Magnification meter + 1246 & 1247 Oscillators - 1100-£300.
Marconi microwave 6600A sweep osc., mainframe with 6650 PI - 18-26.5GHz or 6651 PI - 26.540GHz - E1000 or PI only £600. MF only £250.

Marconi distortion meter type TF2331 -£150. TF2331A - 200.
Tektronix Plug -Ins 7A13 - 7A14 - 7A18 - 7A24 - 7A26 -7A11 -7M11 -7S11 - 7D10 - 7S12 - S1

- S2 - S6 - S52 - PG506 - SC504 - SG502 - SG503 - SG504 - DC503 -00508 - DD501 WR 501 - DM501A- FG501A-7G501 - PG502 - DC505A- FG504- 71380 + 85-7692A
Gould J3B test oscillator + manual - £200.

Tektronix Mainframes- 7603 -7623A-7613 -7704A- 7844-7904 - TM501 -7M503 -TM506 7904-7834-7104-7623-7633.
Alltech 757 Spectrum Analyser - 001 22GHz- Digital storage + readout - £2000.
Marconi 6155A Signal Source - 1 to 2GHz - LED readout - £400.
Barr & Stroud Variable filter EF3 0.1Hz - 100kds + high pass + low pass -£150.
Marconi TF2163S attenuator -1GHz. £200.
Farnell power unit H60/50 - 1400 tested. 1160/25 - £250.
Racal/Dana 9300 RMS voltmeter - £250.
HP 8750A storage normalizer - £400 with lead + S.A or N,A Interface.
Marconi TF2330 - or TF2330A wave analysers -£100-1150.
Racal/Dana signal generator 9082 - 1.5-520Mc/s - £500.
Racal/Dana signal generator 9082H - 1.5-520Mds - £600.

Tektronix - 7S14 -7711 -7S11 - 7512 - S1 - S2 - S39 -S47- S51 - S52 - S53 -7M11.
Marconi mod meters type TF2304 - £250.
HP 5065A rubidrum vapour FX standard -12.5k.
Systron Donner counter type 6054B - 20Mc/s - 24GHz - LED readout -Elk.
Racal/Dana 9083 signal source - two tone - £250.
Systron Donner - signal generator 1702 - synthesized to 1GHz - AM/FM - £600.
Tektronix TM515 mainframe + TM5006 mainframe -1450 -1850.
Rhodes & Schwartz power signal generator SLRD-280 - 2750Mc/s - 1250-1600.
Ball Efratom ru bid rum standard P7256B-FRKL -£1000.
Farnall electronic load type RB1030-35 - E350.

Racal/Dana counters - 9904 - 9905 - 9906 -9915 - 9916 - 9917 - 9921 - 50Mds - 3GHz - 1100E450 - all fitted with FX standards.
HP4815A RF vector impedance meter char probe -1500-1600.
Marconi TF2092 noise receiver. A, B or C plus filters -£100-1350.

Bradley oscilloscope calibrator type 192 - MOO.
Barr & Stroud variable filter EF3 0.1Hz -100Kcis + high pass + low pass -£150.
Marconi TF2370 spectrum ANZ -110Mc/s - £900.
Marconi TF2370 spectrum ANZ + TK2375 FX extender 1250Mc/s + 1st gen -11.5k.
HP8614A signal generator 800Mc/s -2.4GHz, new colour £400.
HP8616A signal gen 1.8GHz-4.5GHz, new colour £400.
HP 3325A syn function gen 20Mcis -£1500.
HP 3336A or B syn level generator -1500-1600.
HP 3586B or C selective level meter - 1750-11000.
HP 3575A gain phase meter 1Hz - 13Mc/s- 1400.
HP 8671A syn microwave 2- 6.2GHz- E2k.
HP 8683D S/G microwave 2.3 - 13GHz - opt 001 - 003 - E4.5k.

HP 4261A LCR meter + 16038A test leads -1400.
HP 427113 LCR meter 1MHz digital meter + 16063A test adaptor HP 4342A Q meter 22kHz- 70Mc/s 16462A + qty of 10 inductors -1850.
HP 3488A HP -113 switch control unit - E500 + control modules various -E175 each.
HP 3561A Dynamic signal ANZ - E3k.
HP 8160A 50Mc/s programmable pulse generator - £1400.
HP 853A MF ANZ + 85586 - 0.1 - 1500Mc/s- 12500.
HP 8349A Microwave Amp 2 - 20GHz Solid state- 11500
HP 3585A Analyser 20Hz - 4OMc/s - E4k.
HP 85696 Analyser .01 - 22GHz - £5k.
HP 3580A Analyser 5Hz - 50kHz - El k.
HP 1980B Oscilloscope measurement system - £600.
HP 3455A Digital voltmeter -1500.
HP 3437A System voltmeter -£300.
HP 3581C Selective voltmeter - E500.
HP 5370A Universal time interval counter - 1450.
HP 5335A Universal counter - 200Mc/s -1500.
HP 5328A Universal counter - 500Mc./s - E250.
HP 6034A System power supply - 0- 60V - 0- 10 amps - 1500.
HP 3960A 3964A Instrumentation tape recorders - 1300-1500.
HP 5150A Thermal printer - E250.
HP 1645A Data error analyser -E150.
HP 4437A Attenuator- £150.
HP 3717A 70Mc/s modulator - 1400.

HP 3710A - 3715A - 3716A - 370213 - 37038 - 3705A - 3711A - 37916 - 3712A - 37936
microwave link analyser - P.O.R.
HP 3730A+ B RF down converter- P.O.R.
HP 3552A Transmission test set - £400.
HP 3763A Error detector -1500.
HP 3764A Digital transmission analyser -1600.
HP 3770A Amp delay distortion analyser -1400.
HP 3780A Pattern generator detector - E400.
HP 3781A Pattern generator - 1400.
HP 37816 Pattern generator (bell) - £300.
HP 3782A Error detector- E400.
HP 37826 Error detector (bell) - 1300.
HP 3785A Jitter generator + receiver - £750 -Elk.
HP 8006A Word generator -1100-1150.
HP 8016A Word generator - 1250.
HP 8170A Logic pattern generator - £500.
HP 59401A Bus system analyser - £350.
HP 59500A Multiprogrammer HP -16 -E300.
Philips PM5390 RF syn - 0.1 - 1GHz -AM + FM - 11250.
Philips PM5519 Colour T.V. pattern generator - 1250.
S.A. Spectral Dynamics SD345 spectrascope 111 - LF ANZ - 12500.
Tektronix 57912 Transient waveform digitizer - programmable - E400.
Tektronix 496 Analyzer lkHz - 1.8GHz - £3.5k.

Tektronix TR503 + TM503 tracking generator 0.1 - 1.8GHz -Ilk- or TR502.
Tektronix 576 Curve tracer + adaptors - E900.
Tektronix 577 Curve tracer + adaptors -E900.
Tektronix 1502/1503 TDR cable test set -11000.
Tektronix 7L5 LF analyser -0 - 5Mr/s -MCI. OPT 25 -11000.
Tektronix AM503 Current probe + TM501 m/frame - 11000.
Tektronix SC501 - SC502 - SC503 - SC504 oscilloscopes - E75-1350.

Tektronix 465 - 4658 - 475 - 2213A -2215- 2225 -2235 - 2245 -2246- 1250-11000.
Kikusui 100Mc/s Oscilloscope COS6100M - £350.
Farnell PSG520 Signal generator - £400.
Nicolet 3091 LF oscilloscope -11000.
Racal 1991 -1992 - 1988 - 1300Mds counters- 1500-1900.
Tek 2445 150Mc/s oscilloscope - 11400.
Fluke 80K-40 High voltage probe in case - BN -1100.
Racal Recorders - Store 4- 4D- 7 -14 channels in stock -1250 - E500.
Racal Store Horse Recorder & control - 1400-1750 Tested.
EIP 545 microwavel8GHz counter- E1200.
Fluke 510A AC ref standard- 400Hz- £200.
Fluke 355A DC voltage standard - E300.
Schlumberger 5229 Oscilloscope- 500Mc/s - 1500.
Solartron 1170 FX response ANZ - LED dislay -1280.
Wiltron 610D Sweep Generator + 6124C PI -4 - 8GHz - £400.
Wiltron 6100 Sweep Generator + 61084D PI - 1Mc/s- 1500Mc/s -1500.
Time Electronics 9814 Voltage calibrator - £750.
Time Electronics 9811 Programmable resistance - 1600.
Time Electronics 2004 D.C. voltage standard -17000.
HP 869913 Sweep PI YIG oscillator .01 - 4GHz - 1300. 8690B MF - E250. Both E500.
Schlumberger 1250 Frequency response ANZ -12500.

Dummy Loads & power att up to 2.5 kilowatts FX up to 18GHz - microwave parts new and ex
equipt - relays - attenuators - switches - wavegu ides - Vigs - SMA -APC7 plugs - adaptors,
etc.

MK Items in stock -ask for list.
W&G Items in stock -ask for list.
Power Supplies Heavy duty + bench in stock- Farnell - HP -Weir -Thurlby- Racal etc. Ask for list.

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE. VAT AND CARRIAGE EXTRA
ITEMS MARKED TESTED HAVE 30 DAY WARRANTY. WANTED: TEST EQUIPMENT -VALVES -PLUGS AND SOCKETS-SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel. No: 0214) 684001. Fax: 651160

VISA
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resistance is constant. Motorola Ltd.
Tel., 0908 614614; fax, 0908 618650.

Asics
Cost-effective asics. Although small
asics are out of fashion, they can be
much cheaper to develop.
Accordingly, Sharp has a special deal
on asics with up to 2000 gates, which
will handle glue logic, pals and eplds
in one chip. Minimum quantity is 5000
pieces and the typical once -only cost
is around £10000, design time being
1-4 weeks. Hero Electronics Ltd. Tel.,
0525 4055015; fax, 0525 402383.

Linear integrated
circuits
100MHz video switches. A series of
two -channel, 100MHz video buffers
from Maxim, the MAX463/4/5/6, are
single -chip devices containing video
switches that switch between two rgb
sources or rgb+sync. in less than
2Ons, directly driving ±2.5V irto 750
back -terminated cables. MAX463/464
buffers have fixed unity gain, the

Eighth -order 100kHz Ip filter.
LTC1066-1 by Linear Technology is

others a fixed gain of 2 for 7551 back terminated use. A shutdown mode
reduces current and also tri-states the
output to allow multiple switches to be
in parallel. Cross -talk is better than
60dB. Maxim Integrated Products UK
Ltd. Tel., 0734 845255; fax, 0734
843863.

an eighth -order, pin -selectable, elliptic
or linear -phase low-pass filter that
offers up to 100kHz cut-off and 14 -bit
dc gain linearity. It has a 94dB
signal:noise ratio and is suitable for
use as an anti-aliasing or smoothing
filter in 12 or 14 -bit data acquisition.
The device is clock -tunable from
10Hz to 100kHz; clock:cut-off
frequency ratio is 50 and the input is
sampled twice to reduce the risk of
aliasing. Ripple in the pass band is
±0.15dB and there is 80dB of stop
band attenuation at 2.3 times cut-off.
Linear Technology (UK) Ltd. Tel.,
0276 677676; fax, 0276 64851.

First phemt amplifier. H -P says its
MGA-86576 is the first commercial
low -noise amplifier to use a GaAs
phemt, which is to say
pseudomorphic high electron mobility
transistor. Although similer in concept
to silicon microwave ICs, the new
device extends frequency to over
8GHz and reduces a front-end
component count from two reesfets
and 20 components to one MGA86576 and three component. Noise
figure is 1.6dB, 4GHz gain 23dB.
Hewlett-Packard Ltd. Tel. 0344
362277; fax, 0344 362269.

A -to -d and d -to -a

converters

Delta -sigma modulator. Crystal
Semiconductor offers the CS5321 24 bit, fourth -order, 256-timesoversampled delta -sigma modulator
for seismic and general scientific
measurement. Its dynamic range is
123dB with a -118dB distortion level
at 256x, and the device dissipates
70mW per channel - modulator and
filter. A switched -capacitor
architecture minimises the effects of
clock jitter without the use of vcos and
plls. Crystal Semiconductor
Corporation. Tel., 0101 512 442 7555;
fax, 0101 5512 445 7581.

Subscriber loop circuits. New ICs
from AT&T for subscriber loop use
include the T7256, which offers all the
functions of a Basic Rate ISDN
termination, and a family subscriber
loop interface circuits
(ATTL7554/7561/7564) form a
versatile solution for shor-lcop
analogue use. The four sacs provide
independent adjustment of open -loop
voltage, feed resistance anc current
limit and the ISDN interface performs

Discrete active devices
SM power mosfets. Motorola's
MiniMOS surface -mounted, high density, n- and p -channel and
complementary power mosfets
feature 200m0 or less on -resistance,
achieved by laying down six million
cells per square inch. The body diode
has a shorter and softer recovery time
and less stored charge, generating
less noise during switching when
compared with previous mosfets.
They are rated at 50, 30, 20 and 12V
breakdown and have a gate/source
voltage of 2.7V, at which voltage on -
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all network termination functions
without a microprocessor. AT&T
Microelectronics. Tel., 0732 742999;
fax, 0732 741221.

V.32bis chipset. The CL-MD1414BA
three -chip set from Cirrus Logic is
claimed to be the first to offer a highperformance data, fax and voice
modem and a sound card, needing
only an external 32kbyte sram. All
popular standards are supported,
including V.32bis, CCITT v.32,
V.22bis, Bell 212A and 103 for data
and CCITT V.17, V.29, V.27ter and
V.21 ch2 for fax. Users may dial from
a keyboard and use a headset for
voice. Cirrus Logic Inc. Tel ,(USA)
0101 510 623 8300; fax, 0101 510
226 2240.

'Fastest' op -amp. Analog claims the
industry speed record for its AD8001
800MHz op -amp, which achieves this
performance on 5mA from ±5V. It is
meant mainly for video application,
providing 0.1dB gain flatness to
100MHz, 0.01% differential gain error
at a gain of 2 into 1500, 1200V/ps
slewing and a lOns settling time for a
2V step to within 0.1%. Worst
harmonic component at 20MHz is at
-60dB and voltage noise at 10kHz is
1.8nVA'Hz. The device wil drive uo to
six 750 cables. Analog Devices Ltd.
Tel, 0932 253320; fax, 0932 2474)1.
Zero -drift op -amp. The LTC1152
low -power op -amp by Linear takes
rail -to -rail nput and produces rail- o -

rail output swings, even into heav,
loads. It is Jnity-gain stable into
2000pF wth no extra components_
and one extra C enables r. to drive
unlimited :apacitive loads Offset
voltage is 1 pV, offset drift 1 OnV/°C,

cmrr and power supply rejection are
130dB ani 120dB and open -loop gain
130dB. Low frequency no se is kept to
2pV pk-pl.. and GB product is 1MHz.
Linear Technology (UK) Ltd. Tel.,
0276 677376; fax, 0276 64851.

Gilbert -cell array. Harris's HFA3101
is a low-cost, silicon Gilbert -cell array
intended in the main for rf mixing and
amplification use up to 2.5GHz.
Power gain -bandwidth product is
5GHz and the transistor fr is 10GHz.
Harris claims for it low cost, easier
design and lower power consumption
than discrete components and GaAs
chips. Transistor noise figure is 2.5dB
into 500. Spice models and rf-specific
scattering parameters are available.
Harris Semiconductor UK. Tel., 0276
686886; fax, 0276 682323.

Logic building blocks
Fast bus switch. Cypress's
CYBUS3384 bus switch is a Fast
Cmos Technology (FCT) bus switch
for bidirectional data transfer between
multiple buses or between 5V and
3.3V devices. Propagation delay is
less than 250ns. FCT devices are
also available as FCT-T types with ttl
output, or as FCT2-T with 250
terminating resistors to further reduce
ground bounce. Ambar Components
Ltd. Tel., 0844 261144; fax, 0844
261789.

Fast changeover camera.
Pearpoint's P328 dual -sensor ccdbased camera can switch
between colour and intensified image modes in less than 1.5s,
also switching rapidly between
zones with greatly differing
illumination levels. The
changeover block has the two
sensors back -to -beck on the same
axis, a gain limiter ensuring that
the intensified -image sensor is not
exposed to high light levels to
prolong its life. The image
intensifier has a gain of 90, so that
real-time video is produced in
levels down to 10-3Iux, the eht
unit being built in. PAL, NTSC and
S -Video signals are available.
Pearpoint Ltd. TeL, 0420 489901;
fax, 0420 477597
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Clock recovery chip. AD802-155BR
from Analog is a clock recovery and
data retiming device at rates of up to
155.52Mbit/s. It uses frequency lock
for acquisition and tracking and phase
lock for close, low -jitter tracking,
needing only a single external
capacitor. Lock is maintained through
a 240 -bit transitionless data run. The
device tracks the SONET 0C-3
standard jitter -tolerance mask and its
jitter bandwidth is 130kHz. Analog
Devices Ltd. Tel, 0932 253320; fax,
0932 247401.

Memory chips
Flash/eeprom. SST's Superflash is a
128K by 8 cmos memory chip
combining the reliability of an eeprom
with the small size of the Superflash
memory cell. The new technique uses
thick oxide tunnelling to increase
endurance and eliminate the over erasing associated with the thin
tunnel oxide process. Erasing is by
sector, taking less than 10ms to erase
and rewrite a page sector and there is
software and hardware write
protection. No 12V supply is needed.
Ambar Components Ltd. Tel., 0844
261144; fax, 0844 261789.

Microprocessors and
controllers
Improved PIC16C54. An improved
version of Microchip's PIC16C54 8 -bit
microcontroller uses a 0.9pm double layer metal wafer process and is
powered by a single lithium battery. It
is a risc-like device operating at up to
20MHz and with a fuse configurator to
select RC timing circuits and
crystal/resonator clock options.
Memory is 512 words of eprom for
program and 25byte of static ram for
data. Peripherals include an 8 -bit
clock/counter with a programmable
prescaler, watchdog timer and 12i/o
lines with individual directional
control. Current drain in sleep mode is
4pA. Arizona Microchip Technology
Ltd. Tel., 0628 850303; fax, 0628
850178.

Risc 1486 replacement. The Rab2it
chipset from NEC enables the 1486
processor to be replaced by a risc
chip, providing a link between the
NEC VR4X00 processors and the PC
bus and between processor and
conventional or synchronous dram.
Currently available are the i/o
controller and a memory controller;
the third device - to provide a direct
connection to Rambus dram - will be
made available later this year. The
3.3V or 5V i/o controller handles dma
and interrupt requests from PC AT
systems and can be used with VR
4200/4400PC/4400SC processors.
NEC Electronics (UK) Ltd. Tel., 0908
691133; fax, 0908 670290.

numbers ending in zero. In the
German TOP system, it captures all
pages on an index page and will work
with the Advanced Header
transmissions in Austria and Belgium.
Automatic television tuning and video
recorder control are also carried out.
GEC Plessey Semiconductors Ltd.
Tel., 0793 518510; fax, 0793 518582.

100Mbyte/s Fibre Channel. AT&T is
to sample two ICs that meet the Fibre
Channel physical interface for
100Mbyte/s data transfer in
networked computer groups and for
connecting peripherals. DA204/5
chips use less than 5W from 5V and
provide the retiming, transmit and
receive functions for 1Gbit/s products
now under development by Ancor and
Finisar in America. AT&T
Microelectronics. Tel., 0732 742999;
fax, 0732 741221.

Overvoltage protector. Harris's
SP721 is a low-cost
discharge/overvoltage protector,
capable of handling six inputs,
including microprocessor i/o and
buses, from voltages up to 15kV. It
switches in 6ns and takes up to 2A of
peak current, triggering when the
voltage on positive or negative lines
increases by more than one diode
drop and returning to normal
operation after the transient
disappears. Normally, the device
appears as 3pF input capacitance
and draws 1 nA leakage. Voltage
range is 4.5-30V dc. Harris
Semiconductor UK. Tel., 0276
686886; fax, 0276 682323.

Game sound generator. For the
games market, Yamaha offers the
YMZ280 eight -channel sound
generator, which takes a 4 -bit adpcm
input or 8/16 -bit linear pcm to produce
the eight channels. It samples at up to
44.1kHz maximum or 172Hz
minimum, an external address space
16Mbyte being available for waveform
data in rom or sram. Also on offer is
the YAC513 d -to -a converter and the
YSS225 effects processor, which
samples up to 48kHz and has a delay

time of 1.5s. Polar Electronics. Tel.,
0525 377093; fax, 0525 378367.

Optical devices
Laser diode modulation head. The
AVX-SRB module by Avtech is a bias T modulation head, which combines
the dc output of a laser diode driver
with an rf modulation input in the
10MHz-1.5GHz range to drive 3 -pin
and 4 -pin laser diodes, which fit into a
socket in the head. A current of 0500mA is applied to the laser diode,
maximum rf input power being
100mW for 125mA pk-pk current
swing about the dc bias current. The
module mates with heat sinks and
coolers and takes laser diode drivers
by Seastar. Lyons Instruments Ltd.
Tel., 0992 768888; fax, 0992 788000.

Multi -chip leds. Multi -chip leds in the
EBT range can be used as direct
replacements for panel -mounting
incandescent lamps. The devices
consist of several led chips bonded
directly onto a substrate, conferring
better resistance to shock, no surge,
longer life and lower heat when
compared to filament lamps. Devices
with 4, 6 or 8 chips are produced in
red, yellow or green with a choice of
series or parallel connections. EAOHighland Electronics Ltd. Tel., 0444
236000; fax, 0444 236641.

Oscillators
Surface -mounted oscillators.
Contained in a plastic package
measuring 13 by 9.8 by 1.7mm, IQD's
10X0-50 series of surface -mount
oscillators work in the 1-70MHz
range, with frequency stabilities of
t100ppm or ±5Oppm, including load,
supply and temperature (0-70°C)
variations. All are described in a new
Data Book, now available. IQD Ltd.
Tel., 0460 77155; fax, 0460 72578.

Power semiconductors
Isolated Hexfets. Low gate -charge
Hexfets from IR are now in a fully
isolated TO -220 FulIPak, which

Function generator.
With a frequency range of 0.1mHz-10MHz, Fluke's PM5138A
synthesised function generator provides up to 40V pk-pk protected
output Into either 5052 or 60012. Seven standard waveforms are
produced and an arbitrary one that can be created on a PC using
Fluke's Any Wave software, and down -loaded on the optional
IEEE488 or RS232 Interface. Waveforms can also be captured on a
digital oscilloscope and directly transferred to the PM5138A.
Modulation Includes am, fm, psk, burst, gating and linear o log.
sweep. Fluke UK Ltd. Tel., 0923 240511; fax, 0923 225067.

guarantees 2.5kV rms isolation, its
thermal resistance comparing well
with other methods of isolation. First
FulIPak parts are 400-600V types with
the same current and resistance
characteristics as Hexfets, but having
a gate charge reduced from 63nC to
39nC, Miller capacitance from 120pF
to 18pF and input C down to 1100pF.
International Rectifier. Tel., 0883
713215; fax. 0883 714234.

Pulse transformer/mosfet interface.
HV400MJ/883 takes its input directly
from a pulse transformer and drives a
power mosfet at switching rates up to
300kHz, or about three times the usual
frequency obtained without the use of
fairly complicated discrete circuitry.
Harris's IC is a 6A device for use as a
power switch building block for high
and low -side switches, secondary -side
regulators and synchronous rectifiers.
driving capacitive loads in the 5-100nF
range. Two pins allow independent
control of rise and fall times. Harris
Semiconductor UK. Tel., 0276 686886;
fax, 0276 682323.

High -current IGBT. The
MG600Q1US41 from Toshiba is a
1200V, 600A insulated -gate bipolar
transistor with only 20nH inductance
between positive and negative
terminals, its gates being protected by
integrated back-to-back zeners.
Saturation voltage with a resistive
load is 3V and current fall time 200ns.
A signal -collector terminal allows
simple desaturation detection.
Toshiba Electronics (UK) Ltd. Tel.,
0276 694600; fax, 0276 691583.

Micropower regulator. Cherry's CS 8101 linear voltage regulator takes
only 70pA of quiescent power (50pV
in sleep mode), drops out at 5.2V to
give a 5V output and provides a
microprocessor reset pin, keyed from
the output, valid down to 1V output
voltage. The device is protected
against esd, overvoltage, shorts,
thermal runaway and reversed battery,
and is pin -compatible with the National
Semiconductor LP2950/51. Clere
Electronics Ltd. Tel.. 0635 298574;
fax, 0635 297717.

PASSIVE
Passive components
Ceramic resonators. Ceramic
resonators provided with built-in
capacitors, ZTS components from
Integrity Technology Corp. cover the
2-12MHz frequency range. Capacitors
are either 30pF connected for ttl use
or 100pF for cmos. Frequency
tolerance is ±0.3% per year. Integrity
Technology Corporation. Tel., (USA)
0101408 262-8640; fax, 0101408

Mixed -signal ICs

262-1680.

Forward -thinking teletext chip.

Improved electrolytics. Nichicon's

MV1817 is a GEC Plessey teletext
decoder that captures and stores in
dram up to 256 pages for rapid
viewing. It stores all linked pages in
the same magazine, ten pages either
side of the current one and all page

680

WT range of surface -mounted
electrolytic capacitors now handle up
to 60mA ripple current at 100pF and
10-16V operating voltage. Load life is
32000h at 55°C, range is 0.1-100pF
and working voltages 1-50V. The
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Ceramic resonators. In five package

and prices down to £1 .50. T'iese ABS
boxes are in two types: the i series
with a recessed top for membrane
keypads and the standard series with
a flat top. OKW Enclosures Ltd. Tel.,
0489 538858; fax, 0489 583836.

styles, ceramic resonators by
Panasonic cover the 3.58-35MHz
frequency range. There are two
ranges of leaded components, all with
a height off -board of 5mm and three
of chips, two of which stand 2.5mm
high and the third 1.8mm. All are
based on PCM ceramics and can be
supplied as general-purpose types or
with integral capacitors. Tolerance is
down to ±0.3% and ten-year drift to
-0.1%. Panasonic Industrial (Europe)
Ltd. Tel., 0344 863444; fax, 0344
861656.

Pocket boxes. These boxes by OKW
feature IP65 sealing, a recessed top
to take membrane keypads and a
battery compartment to avoid the use
of the less reliable battery clips often
found in this type of case. They are in
flame-retardant ABS and ccme in
three sizes from 85 by 46 by 16mm to
120 by 65 by 22 mm. Internal pcb
mountings are provided and belt clips,
emc protection and silk-screening are
offered. OKW Enclosures Ltd. Tel.,
0489 538858; fax, 0489 583836.

range measures 5.5mm high and
diameters are 3-6.3mm. Nichicon
(Europe) Ltd. Tel., 0276 685393; fax,
0276 686531.

SM ceramic C sample kits. Eight
surface -mounting sample kits for
Philips's 0603, 0805 and 1206
standard and microwave capacitors
are now available, containing
representative samples with rated
voltages of 63V for the microwave
types and 63/20V for the standards. A
variety of terminations and capacitor
characteristics is presented. Gothic
Crellon Ltd. Tel., 0734 788878; fax,
0734 776095.

Dielectric filter. AVX announces the
PDFC series of dielectric filters meant
for use in telecomms, particularly in
the DECT sector. Frequency range is
1.8-2GHz, insertion loss 3dB and, for
compatibility with the newest
equipment, size is 6.5 by 5.5 by 3mm.
Filters to provide lower insertion loss
and improved stop -band attenuation
are available to order. AVX Ltd. Tel.,
0252 336868; fax, 0252 346643.

Connectors and cabling
Sealed BNC. From Bulgin, a range of
sealed connectors that incorporate
500 or 750 bnc inserts and that can
be assembled into any of the five Mini
Buccaneer bodies to provide sealing
to IP66, BS5490:1977. Dust caps
preserve the connectors'
invulnerability to dust and moisture
when the connectors are separated. A
brochure of Buccaneer sealed
products is available. Gothic Crellon
Ltd. Tel., 0734 788878; fax, 0734

Custom capacitors. Suflex
Capacitors has a new cosbm
design and manufacture
service for prototype and short
runs as well as production
quantities. Plastic -film
components can be proiu'ted
in polypropylene,
polycarbonate, polyester aid
polystyrene in values from
picofarads to microfarads and
with working voltages U3 to
30kV. Customers speci'y size,
shape, encapsulation aid fixing
method. Suflex CapacibrE Ltd.
Tel., 0633 615511; fax, 0633
613583.

and extraction forces. Through -hole
and wire -wrap versions are made and
the connectors meet IEC 352-S.
Quiller Switches Ltd. Tel., 0202
417744; fax, 0202 421255.

Shielded ribbon connectors. High density mini delta ribbon (mcr) board mounted plug connectors from 3M in
the 101 series are for internal and
external i/o use where small size,
emi/rfi shielding and electrostatic
discharge before mating are needed.
The 101 is a right-angled through hole -mounted plug in staggered four row form on a 0.05in by 0 075in
matrix and is a miniature version of
the standard D ribbon or Centronics
connectors, being rated at 500
insertions/ withdrawals. It is available
in 20, 26, 36 and 50 -way versions 3M
United Kingdom plc. Tel., 0344
858000; fax, 0344 858758.

776095.

Filters

PCMCIA memory. Fujitsu's FCN
560H PCMCIA memory cards
connectors are single and double
types for mounting 68 -pole memory
boards on PCs, conforming to
JEIDA/PCMCIA I and II standards,
They come with straight or rightangled pins, with or without an ejector
and with polarisation. Resistance of
the gold-plated pins is 40m0
maximum. Electrospeed. Tel., 0703
644555; fax, 0703 610282.

Coaxial filters. Three diameters of
coaxial filter by Atlantic Microwave
cover the 30-5000MHz frequency
range in band-pass or low-pass form.
Depending on the number of sections,
they offer a 70dB rejecticn with low
insertion loss and 1.5:1 vswr. Bandpass units with 2-12 sectors can be
specified at 500, 750 or 1COO and

Eurocard connectors. The range of
Siemens DIN41612 connectors is
now available from Quiller. They are
in two parts and come with contact
ratings up to 5A and rf types, meeting
all major standards. Also available is
a range of press -fit connectors with a
highly compliant press -fit zone to give
good connection with low insertion

with pass bands of 1-10C% of centre
frequency. Unit size is 9.5-19mm
diameter and 50-450mm in length.
Atlantic Microwave Ltd. Tel., 0376
550220; fax, 0376 552145.

Hardware
Instrument cases. Serpac generalpurpose cases are intended for
almost anything from test instrument
enclosured to computer interfaces,
having a precision fit, a textured finish
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Compact keyboard. Providing the
full recommended 3mm travel,
Cherry's G84-4100 low -profile,
compact keyboard is said by the
company to be the smallest standard
keyboard available, its enclosure
measuring 23.5mm by 281mm by
131.5mm. There is an enclosed
version with tilt feet and a model
supplied without the housing.
Mechanical keyswitches do not
deteriorate with time and temperature
and keycaps are available for most
languages. Cherry Electrical Products
Ltd. Tel., 0582 763100; fax, 0582
768883.

Instrumentation
High -current probe. A current probe
for use with multimeters and
oscilloscopes, the PR1000-1 from
Lem Heme, uses Hall effect to
measure currents up to 1000A peak
at frequencies up to 10MHz to an
accuracy of ±1% of reading ±0.5A
Output is 1 mV/A. Lem Heme Ltd. Tel.,
0695 20535; fax, 0695 50279.

a universal monitor to work with the
Raytel T series of sensing heads in
the -50 to 3000°C range. Features
include variable emissivity and
peak/valley hold for sampling
temperature of objects on a conveyor
belt while ignoring the belt
temperature. Objects down to 1mm
can be measured as well as those at
long distance and laser sighting
heads are on offer. Calex Electronics
Ltd. Tel., 0525 373178; fax, 0525
851319.

True-rms oscilloscope. TTi's
Scopemaster range cf lcd
oscilloscopes now includes the
SM630, which offers five
measurement functions, including the
indication of true-rms quantities. It
functions as digital storage
oscilloscope, digital multimeter, data
logger, counter/timer and serial data
analyser. Bandwidth of the dso is
20MHz, with a maximum sampling
rate of 20Msample/s, roll mode down
to 200s/div. and repetitive sampling to
2.5ns resolution. The 3000 -count
dmm provides ac and de current and
voltage scales, R, continuity and
diode test and the logger stores up to
1000 readings. Thurlby Thandar
Instruments Ltd. Tel., 0480 412451;
fax, 0480 450409.

Literature
Pressure sensors. Motorola has
revised its data book on
microprocessor -compatible pressure
sensor devices, which contains data
sheets and application notes
describing interfaces to users'
circuitry, together with information on
evaluation boards. Motorola Inc. Tel.,
0908 614614; fax, 0908 618650.

Disturbance analysers. Avo's PDA2
power disturbance analyser will now
show pulse direction as well as
amplitude and duration, using a
current sensor kit. By placing the
analyser at several points. the user
can determine whether, for example,
noise pulses come from the
equipment or from the mains. The
two -channel instrument evaluates
disturbances on single and threephase, 400Hz and dc supplies, results
being shown on an lcd or built-in
plotter. An RS232 port enables
remote control and data downloading.
Avo International Ltd. Tel., 0304
202620; fax, 0304 207342.
Panel meters. The 30 -model Select
range of oanel meters from Sitam is in
five groups containing voltage and
current , meters, process meters, rate
and frequency monitors, batch
counters and temperature indicators.
Display is by red or green leds and
the user can set the instrument Lp
and protect the setting by a password
or two cc ncealed buttons. Sifam Ltd.
Tel., 0803 613822; fax, 0803 613926.

IR monitor. New from the Raytek
range of non -contact infrared
temperature measuring
instrumentation, the Thermalert 30 is

Production equipment
Laser PCB machining. Tracks
CAD Systems has a laboratory
pcb machining tool, the LPKF,
which can cut seven conductor
paths between two IC pads,
leaving 40pm Isolation channels,
cutting with a resolution of 1pm
to an accuracy of 2pm. It cuts
standard FR4 or copper -coated
ceramic materiel, producing
clean, square edges. Services
needed are power, compressed
air and water - no clean room
necessary. Tracks CAD Systems
Ltd. Tel., 0344 55046; fax, 0344
860547.
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Materials

Wide -range dc -to -dc converters.

UV coating. A new type of ultraviolet
conformal coating has been
introduced by Intertronics which cures
as well in shadows as it does in direct
uv light. Dymax Darc Cure cures in a
few seconds throughout the entire
coating by means of a post -cure
reaction with air, without the use of
aqueous or chemical accelerators.
The coatings are free of solvent and
ozone -depleting chemicals and can
be inspected under black light.
Intertronics Ltd. Tel., 0865 842842;
fax, 0865 842172.

Single -output UWR and dual -output
BWR 10W and 20W converters take
an input range of 4.6-13.2V in an

Power supplies

Radio communications
products

Low -profile transformers.

operating temperature range of -25°C
to 105°C. Outputs are 3.3, 5, 12, 15
and ±15V and sizes are 2 by 1 by
0.375in in the 10W type and 2 by 2 by
0.45in for the 20W version. The pwm
techniques adopted confer 84%
efficiency and 200ps transient
response. There is overvoltage
shutdown and i/o isolation of 500V dc.
Datel (UK) Ltd. Tel., 0256 880444;
fax, 0256 880706.

Clairtronic's new low -profile
encapsulated power transformers
cover the 3-50VA range from the now
harmonised mains input of 230V. All
produce two outputs, which may be
connected in serial or parallel and
there is one-time thermal fusing.
Materials used are flame-retardant to
UL 94VO. Clairtronic Ltd. Tel., 0753
692022; fax, 0753 535096.

RF cable. SMC's range of cables
includes the UR67, which gives a loss
at 150MHz of 9.3dB/100m and at
2000MHz 53dB. 10E-SFB exhibits
3.8dB loss at 150MHz and 16.8dB at
2000MHz. South Midlands
Communications Ltd. Tel., 0703
255111; fax, 0703 263507.

600mA dc -to -dc converter. From a
two -cell input, Linear's LT1302
converter supplies 5V at up to 600mA
at 87% efficiency. Quiescent current
is 200pA, reduced to 15pA at logic -

Automotive relays. SAM relays from
Selectronic are compact and offer

controlled shutdown. The internal n -p n power switch can handle over 2A
and switch at 400kHz, so that small
components can be used. Micro Call
Ltd. Tel., 0844 261939; fax, 0844
261678.

Efficient step-up converters.
MAX856/7/8/9 are current -limited,
step-up dc -to -dc converters claimed
by Maxim to offer the world's best
combination of efficiency (85% at
100mA), low quiescent current (25pA)
and low shutdown current (1pA).
MAX856/8 accept a 0.8-6V input and
produce a pin -selected 3.3V or 5V
output, while MAX857/9 give
adjustable output between 2.7V and
6V. Maxim Integrated Products UK
Ltd. Tel., 0734 845255; fax, 0734
843863.

Switches and relays
15V dc 20A, 24V dc 15A switching
current for use in vehicle control
systems. The standard SAM single pole device measures 17 by 12 by
16.1mm, the two -pole type comprising
two of those in one package. Ambient
temperature range is -25°C to 80°C.
Selectronic Ltd. Tel., 0993 778000;
fax, 0993 772512.

Transducers and
sensors
Load washer. Control Tranducers
has the Model LW -M load washer,
temperature -compensated and

hermetically sealed to measure bolt
stresses, axial thrust, static, dynamic
and clamping forces. Ranges are
300-150,000kg and comes in sizes
from 34mm diameter, 26mm thick.
Creep is ±0.2% fsd over four hours,
repeatability ±0.1%, non -linearity and
hysteresis better than ±0.2%. With a
bridge impedance of 3500, sensitivity
is 2mV/V. Control Transducers. Tel.,
0234 217704; fax, 0234 217083.

COMPUTER
Computer board -level
products
Single -board computer. The Octagon
PC -425 is a single -board computer for
embedding in systems needing only
limited i/o. It uses a 386/25 cpu and
387 co -processor (486 at the moment
on special offer). Features include dos
5.0 in rom, four silicon disks giving
2.2Mbyte, keyboard connector and
speaker, COM1 and COM2 ports with
jumpered RS232, RS422 and optoisolated RS485 interfaces and a rack
for opto-isolated i/o modules accepting
digital and analogue modules. Gothic
Crellon Ltd. Tel., 0734 788878; fax,
0734 776095.

Data acquisition boards. Two more
in the 200 series of data acquisition
boards are introduced by Amplicon
Liveline. PC234 has four channels of
bipolar analogue voltage output at
16bit resolution, a four -wire voltage
sensing circuit on each channel
eliminating load and cable resistance
errors. It provides four -quadrant d/a
multiplication. PC224 gives 16 bipolar
channels with an independent ground
line taken to source. Both give

00

.011

120W UPS. BI -UPS, which is short for
built-in uninterruptible power supplies,
is a range of 120W ac supplies from
Magnum that are able to supply 17in
colour monitors in battery backup
mode. The units protect themselves
and other equipment against a whole
range of supply line disturbances in
compliance with UL1449, and give
backup for 30min during blackouts. If
the ac supply drops below 82% of
nominal, the ups switches to battery
backup. Magnum Power Solutions
Ltd. Tel., 0236 433325; fax, 0236
427366.

Software

Dc -to -dc converters. A new range of
converters from Schroff includes an
extended pluggable type for use with
SELV circuits. There four in/out
ranges from 8.5-18V to 80-160V, with
5V, 12V, 15V and 24V outputs, single,
dual or triple at 25W, 60W or 120W.
Overvoltage and short-circuit
protection is provided on inputs and
outputs. Schroff UK Ltd. Tel., 0442
240471; fax, 0442 213508.

Interactive Spice. ICAP/4 Virtual Circuit Design Lab from Intusoft is a
circuit simulation system that is completely interactive, integrating
schematic entry, the new IsSPICE4 simulator, libraries and graphical
waveform analysis. It runs under Windows 3.1X, NT and 4.0. When
IsSPICE4 is started, the user may examine the design by running
different analyses, changing circuit values and measuring the results,
without having to close and restart the simulator and alter the Soice input
netlist. A cross -probing tool allows the display of waveforms on the circuit
diagram and the interactive stimulus mode enables the user to sweep
any number of component or parameter values to compare circuit
performance. Technology Services Ltd, Tel. 0638 561460, fax C638
561721.
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Data communications
Single -cable video, audio and data.
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sequential or simultaneous update on
all channels and features included are
internal clock, external clock source,
three programmable counters and an
external trigger. Programs can be
written in Quick Basic, Turbo Pascal
and C/C++. Amplicon Liveline Ltd.
Tel., 0800 525 335 (free); fax, 0273
570215.

Stand-alone or rack -mounted optical fibre transmitters and receivers by
Fiber Options are intended for cctv,
carrying two-way video, audio and
data by fm on one 50m or 62.5m
cable. A typical application would be
in remote camera control, where
pan/tilt-zoom, windscreen wiper and
heater are controllable by RS232,
RS422 or TTL levels and the audio
and video go to the control centre on
the same link. Auriga (Europe) plc.
Tel., 0908 274200; fax, 0908 378998.

Development and
evaluation
83CL782 development. Ashling
Microsystems has a new development
system for the Philips 83CL782 low power microcontroller family, based on
an 8051 core and used in cordless
telephones, DECT, pagers and
portable GPS. The Ashling system
provides real-time, non -intrusive
emulation of all devices and package
styles in the family and source -level
debugging under Windows 3.1 is
available for all the 8051 languages.
Ashling Microsystems Ltd. Tel.,
010353-61-334466; fax, 010353-61334477.

Embedded bios v2.0. The General
Software Inc. Embedded bios is a rom
bios development kit with full feature
support for the Intel 386EX processor
in embedded designs. The new kit has
support for PCMCIA, Intel Flash, Intel
System Management Mode (SMM),
synchronous serial i/o, watchdog
timer, power management and the on chip 386EX processor devices. There
is a disassembler and debugger for
hardware drivers and v2.0 also
includes standard desktop PC AT bios
functions such as Post, cmos support,
setup screen, protected mode, PC AT
keyboard support, serial and parallel
i/o, floppy and IDE drives, clock and
video functions. Great Western
Instruments Ltd. Tel., 0272 860400;
fax, 0272 860401.

O

PowerPC compilers for Power Mac.
OM

Motorola's PowerPC C, C++ and
Fortran microprocessor compilers are
to be ported to Apple's Power
Macintosh range of computers, where
they will be compatible with the
Macintosh Programmers' Workshop
development environment. There are
also plans to do the same for the
Metrowerks Code Warrior
environment, so that users will be
able to use Motorola's compilers
without having to adopt a new
development environment. Both
projects are to be completed this
year. Motorola Inc. Tel., 0908 614614;
fax, 0908 618650.
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Surplus always
wanted for cash!

THE ORIGINAL SURPLUS WONDERLAND!
STOCKS

Surplus always
wanted for cash!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING
THE OFFER OF 1994 !
Computer
PC SCOOP
SPECIAL 811Y
Controlled

LOW COST PC's - ALL EXPANDABLE - ALL PC COMPATIBLE

"...

COMPLETE

AT 286
40Mb HD + 3Mb Ram

COLOUR SYSTEM
ONLY £99.00

4416

One of the most amazing surplus deals

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems A massive bulk purchase enables us to bring you a COMPLETE

Made in the USA to an industrial specification, the system was ready to run colour PC system at an ur heard of price!
designed for reliability. The compact case houses the motherboard, The Display Electronics PC99 system comprises of fully com-

Laser Video
Disk Player

that we ever been able to offer you!

The Philips VP410 LaserVision player, in as new condition, unit features fill computer control, Plays standard 12' LaserVision disks with

startlir g visual and audio quality in two channel stereo or mono.

PSU and EGA video card with single 514" 1.2 Mb floppy disk drive & patible and expandable XT PC with 256k of RAM, 5'4' 360k floppy When pontrolled by a computer, it may also be used as a versatile
integral 40Mb hard disk drive to the front. Real time clock with bat- disk drive, 12 CGA colour monitor, standard 84 key keyboard, high quality storage / retrieval medium. It will play back either
tery backup is provided as standard. Supplied in good used condition MS DOS and all connecting cables - Just plug in and go II Ideal Laser \rision CAV (active play) or CLV (Long Play) discs (which covcomplete with enhanced keyboard, 640k + 2Mb RAM, DOS 4.01 students, schools or anybody wishing to learn the world of PC's ers mcst types of commercially available video discs). Some of the
on an ultra low budget. Don't miss this opportunity. many features of this incredible machine are:
and 90 DAY Full Guarantee. Ready to Run I
Fully guaranteed for 90 Days.
RGB / COMPOSITE VIDEO OUTPUT
Order as HIGRADE 286
RS -232 INTERFACE
£99.00 (E)
Order as PC99COL
PAL/RGB DECODER
BNC+SCART INTERFACE
£29.00
Optional Fitted extras: 640k RAM
£29.00
FAST RANDOM ACCESS
Optional Fitted extras: VGA graphics card
IR+WI 1ED REMOTE CONTROL
£29.95
2nd
floppy
drive,
specify
51/4"
360k
or
31/2'
720k
£32.95
1.4Mb 31/2" floppy disk drive (instead of 1.2 Mb)
Above prices for PC99 otter ONLY.
£49.00
NE2000 Ethernet (thick, thin or twisted) network card

ONLY

f 6 9. 00 (E)

FLOPPY DISK DRIVES 3.5"- 8"
5.25" from £22.95 - 3.5" from £24.95

SPECIAL PURCHASE

VIDEO MONITOR SPECIALS

BBC Model B APM Board

Superb quality 14" FOREFRONT MTS-9600 SVGA Multisync

Multimode monitor 0.28 dot pitch with resolution o
.... , 1024 x 768. The multi mode Coif allows direct conMassive purchases of standard 5.25" and 3.5" drives enables us to
nection to a host of computers including IBM PC's ir
present prime product at industry beating low prices! All units (unless
CGA, EGA, VGA & SVGA modes, BBC, COMstated) are BRAND NEW or removed from often brand new equipMODORE (including Amiga 12C0), ARCHIMEDES
ment and are fully tested, aligned and shipped to you with a 90 day
etc. The H version will also function with the ATARI in
guarantee and operate from standard voltages and are of standard
all modes inc Hi RES monochome. Complete with
size. All are IBM-PC compatible (if 3.5" supported on your PC).
'text'
switching for WP use. Syncs down to 15 kHz
£24.95(B)
3.5" Panasonic JU363/4 720K or equivalent
£36.95(B) Supplied in EXCELLENT We used condition with full 90 day guarantee.
3.5' Mitsubishi MF355C-L. 1.4 Meg. Laptops only
£159.00 (E)
Order
as
MTS-9600
/ H for ATARI
£29.95 B)
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop
£139.00 (E)
£29.95 B) All modes as above Order as MTS-9600 /S
5.25' Teac FD-55GFR 1.2 Meg
£22.95(B) ELECTROHOME ECM-1211SBU 12" VGA mall sync monitor with
5.25" BRAND NEW Mitsubishi MF501B 360K
resolution 640 x 480. Multi input selection; 9pin CGA/ EGA ; 15 pin
Data cable included in price.
£195.00(E) VGA or 5 BNC connectors. 0.31 pitch. Compatible with PCs, Amiga,
Shugart 80W801 8" SS refurbished & tested
Atari and others. In good used condition (possible minor screen
Shugart 851 8" double sided refurbished & tested
£99.00 (E)
£250.00 E burns). 90 day guarantee.
Mitsubishi M2894-63 8" sided switchable NEW
£285.00 E
Mitsubishi M2896 -63-02U 8' DS slimline NEW
KME 10" high definition colour monitors. Nice tight
0.28' dot pitch for superb clarity and modern
Dual 8" drives with 2 mbyte capacity housed in a smart case with
1499.00(F) styling. Operates from any 15.625 khz sync RGB
built in power supply. Ideal as exterior drives!
video source, with RGB analog and composite
sync such as Atari, Commodore Amiga, Acorn
Archimedes & BBC. Measures only 13.5" x 12' x
End of line purchase scoop! Brand new NEC D2246 8" 85 Mbyte
11". Only £125 (E)
of hard disk storage! Full industry standard SMD interface. Ultra hi Good used condition. 90 day guarantee.
speed data transfer and access time, replaces Fujitsu equivalent
KME 10" as above for PC EGA standard £145.00 (E)
£299.00(E) NEC CGA 12" colour IBM-PC compatible. High
model. complete with manual. Only
£59.95(C)
quality ex -equipment fully tested with a 90 day
3.5' FUJI FK-309-26 20mb MFM I/F RFE
£69.95(C) guarantee. In an attractive two tone ribbed grey
3.5" CONNER CP3024 20 mb IDE I/F (or equiv )RFE
£99.00(C) plastic case measuring 15"L x 13"W x 12'H. The
3.5" CONNER CP3044 40mb IDE I/F (or equiv.)RFE
£99.00(C) front cosmetic bezel has been removed for con3.5" RODIME R03057S 45mb SCSI I/F (Mac & Acorn)
(or equiv.) RFE £49.95(C) tractual reasons.
5.25" MINISCRIBE 3425 20mb MFM
Only £49.00(E)
£69.95(C)
5.25' SEAGATE ST -238R 30 mb RLL I/F Refurb
20" 22" and 26" AV SPECIALS
£89.95(C)
5.25" CDC 94205-51 40mb HH MFM I/F RFE tested
£195.00(E) Superbly made UK manufacture. PIL all solid state colour monitors,
FUJITSU M2322K 160Mb SMD I/F RFE tested
8"
Hard disc controllers for MFM IDE, SCSI, RLL etc. from £16.95
complete with composite video & optional sound inputs. Attractive
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.
In EXCELLENT little used condition with full 90 day guarantee.

HARD DISK DRIVES

THE AMAZING TELEBOX

Converts your colour monitor into a QUALITY COLOUR TV!!

20"....£135

22"....£155 26"....£185 (r)

£100 CASH FOR THE MOST
NOVEL DEMONSTRABLE
APPLICATION
BBC Model B type computer on a board. A major purchase allows us
to offer you the PROFESSIONAL version of the BBC computer at a
parts >nly price. Used as a front end graphics system on large networked systems the architecture of the BBC board has so many similarities to the regular BBC model B that we are sure that with a bit of
exper mentation and ingenuity many useful applications will be found
for this board!! It is supplied complete with a connector panel which
brings all the I/O's to 'D' and BNC type connectors - all you have to
do is provide +5 and +12 v DC. The APM consists of a single PCB

with nost major ic's socketed. The ic's are too numerous to list but
induce a 6502 / 6512 CPU, RAM and an SAA5050 teletext chip.
Three 27128 EPROMS contain the custom operating system on
whict we have no data, On application of DC power the system
boots -and provides diagnostic information to

the video output. On board DIP switches Only £29.95
and jimpers select the ECONET address
and enable the four extra EPROM sockets
for user software. Appx. dims: main board g13' x 10". I/O board 14' x 3'. Supplied test-

19" RACK CABINETS
Superb quality 6 foot 40u

Virtually New, Ultra Smart
Less than Half Price!

cos,
k -c.

c- m
c -c.

Call for info / list

MITSUBUSHI MMF-D6D12DL 60 x 25 mm 12v D
MITSUBUSHI MMF-09612DH 92 x 25 mm 12v DC £5.95 10 £53
£7.95 10 / £69
PANCAKE 12-3.5 92 x 18 mm 12v DC
EX -EQUIP 120 x 38mm AC fans - tested specify 110 or 240 v £6.95
EX -EQUIP 80 x 38mm AC fans - tested specify 110 or 240 v £5.95
£45.95
VERO rack mount 1U x 19' fan tray specify 110 or 240v
IMHOF B26 1900 rack mnt 3U x 19 Blower 110/240v NEW £79.95
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

Andrews LARGE 6 m Satellite Dish + mount (For Voyager!)
RED TOP IR Heat seeking missile (not armed I!)
Rhode & Schwarz SBUF TV test transmitter 25-1000mhz.
complete with SBTF2 Modulator

£950
P 3A

£5995

£330
Tektronix 1L30 Spectrum analyer plug in
£375
Thuriby LA 1608 logic analyser
£950
GEC 1.5kw 115v 60hz power source
£850
Brush 2Kw 400 Hz 3 phase frequency converter
POA
Anton Pillar 75 kW 400 Hz 3 phase frequency converter
POA
Newton Derby 70 KW 400 Hz 3 phase frequency converter
£750
Nikon PL -2 Projection lens meter/scope
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1395
OBSOLETE - SHORT SUPPLY - BULK
£1350
HP 7580A Al 8 pen HPGL high speed drum plotter
£350
Kenwood DA -3501 CD tester, laser pickup s mulator
£125
Computer MCA1613APC 16mm auto iris lenses 'C' mount
£585
For MAJOR SAVINGS - SAE or CALL FOR LATEST LIST Seaward PAT 2000 dual voltage computerised PAT tester

IC's TRANSISTORS DIODES

5,000,000 items EX STOCK

er, smoked acrylic lockable front door, full
height lockable half louvered back door and
removable side panels. Fully adjustable internal fixing struts, ready punched for any config-

kt,

uration of equipment mounting plus ready
mounted integral 12 way 13 amp socket
racks some of the most versatile we have

SPECIAL INTEREST

£4.95 10 / £42

Top quality 19' rack cabinets made in UK by
Optima Enclosures Ltd. Units feature design -

switched mains distribution strip make these

DC POWER SUPPLIES
10,000 Power Supplies Ex Stock

The TELEBOX consists of an attractive fully cased mains powered Power One SPL200-5200P 200 watt (250 w peak).Semi open
unit, containing all electronics ready to plug into a host of video moni- frame giving +5v 35a, -5v 1.5a, +12v 4a (8a peek), -12v 1.5a, +24y
tors made by manufacturers such as MICROVITEC, ATARI, 4a (6a peak). All outputs fully regulated with oier voltage protecticn
SANYO, SONY, COMMODORE, PHILIPS, TATUNG, AMSTRAD on the +5v output. AC input selectable for 110/240 vac. Dims13" >
£85.0018)
and many more. The composite video output will also plug directly 5" x 2.5". Fully guaranteed RFE.
into most video recorders, allowing reception of TV channels not nor- Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v
£59.95(8)
mally receivable on most television receivers' (TELEBOX MB). Push (2A). 5v 0 20A. & 12v @ 1.5A. Switch mode.New.
button controls on the front panel allow reception of 8 fully tuneable Astec AC -8151 40 watts. Switch mode. +5v 0 2.5a. +12v 0 2a.
£22.95(3)
'off air' UHF colour television channels. TELEBOX MB covers virtual- -12v 0 0.1a. 6-1/4' x 4' x 1-3/4" RFE tested
ly all television frequencies VHF and UHF including the HYPER - Lambada LYS-PV-12 200 watt switch mode.+12V DC @ 29a
£59.95(.74
RFE and fully tested.
BAND as used by most cable TV operators. A composite video semi enclosed, 10" x x
output is located on the rear panel for direct connection to most Conver AC130. 130 watt hi -grade VDE spec.E witch mode.+5v
£49.95(0)
makes of monitor. For complete compatibility even for monitors 15a, -5v 0 la,+12v 0 6a.27 x 12.5 x 6.5cmstiew.
without sound - an integral 4 watt audio amplifier and low level Hi Fi Boshert 13090.Switch mode.Ideal for drives & system. +5v0 6a
£29.95(3)
+12v 0 2.5a, -12v 0 0.5a, -5v 0 0.5a.
audio output are provided as standard.
£95.00(')
£32.95 Farnell G6/40A. Switch mode. 5v 0 40a.Enca sod
TELEBOX ST for composite video input type monitors
£36.50
TELEBOX STL as ST but with integral speaker
TELEBOX MB Multiband VHF -UHF -Cable- Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6mhz sound specification.
£2100
Zeta 3220-05 AO 4 pen HPGL RS232 fast drum plotter
'For cable / hyperband reception Telebox MB should be connected
£575
Avitel VDA-3100 Video Distribution Amps.1 ir 92 out
to cable type socket. Shipping code on all Teleboxes is (B)
1470
Trio 0-18 vdc bench PSU. 30 amps. New
£2950
Fujitsu M3041 600 LPM band printer

FANS & BLOWERS

for £53 (B)

ed wi Si circuit diagram, data and competition entry form.

9" Mono cased, Black 8 White for CCTV Used /Tested £49.00 (C)

TV SOUND
& VIDEO
TUNER!

E399.00(F)

ever sold. Racks may be stacked side by side and therefore require
only two side panels to stand singly or in bays
Overall dimensions are: 77-1/2' H x 32-1/2' D x 22' W. Order as:
£295.00 (G)
Rack 1 Complete with removable side panels.
£175.00 (G)
Rack 2 Rack, Less side panels

Over 400 racks in all sizes from stock !
Call with your requirements.

LOW COST RAM UPGRADES
INTEL 'ABOVE' Memory Expansion Board. Full length PC -XT and
PC -AT compatible card with 2 Mbytes of memory on board. Card is
fully selectable for Expanded or Extended (286 processor and
abo-e) memory. Full data and driver disk supplied. In good used
concition fully tested and guaranteed.
Win lows compatible. Order as: ABOVE CARD £59.95(A1)
Hall length 8 bit memory upgrade cards for PC AT XT expands
menory either 256k or 512k in 64k steps. May also be used to fill
in RAM above 640k DOS limit. Complete with data.
£32.95(A))
Ordar as: XT RAM UG. 256k
£38.95(A1)
512k
F.29.95(A1)
1 M EG x 9 SIMM 9 chip 120ns only

lo Break Uninterruptible PSU's
Braid new and boxed 230 volts 1 KVa uninterruptible power supply
iron system from Dense!. Model MUD 1085-AHBH. Complete with
seared lead acid batteries in matching case. Approx time from internr,
rup' is 15 minutes. Complete with full manual.
.IJU (G)
Order as: MUD 1
EMERSON ACCUCARD UPS, brand new 8 Bit half length PC corn pat ole card for all IBM XT/AT compatibles. Card provides DC power
to al internal system components in the event of power supply failure The Accusaver software provided uses only 6k of base RAM
anc automatically copies all system, expanded and video memory to
the hard disk in the event of loss of power. When power is returned
the machine is returned to the exact status when the power failed !
The unit features full self diagnostics on boot and is supplied with full
fitting instructions and manual. Normal price £189.00

Only £99.00)B) or 2 for £195(c)

Issue 12 of DispkyNews now available - send large SSE - PACKED with bargains!
LONDON SHOP

Open Mon -Sat 9:00-5:30
215 Whitehorse Lane
South Norwood
LONDON SE25

-ELECTROIYIESff.I/
VISA

ESTABLISHED
25 YEARS

DISTEL © The Original
FREE On line Database
Info on 1000's of kerns
V21,V22, V22 BIS

ALL MAIL & OFFICES

081 679 1888

LONDON SE19 3XF

Open Mon -Fri 9.00-5:30

Dep-. WW . 32 Biggin Way

Upper Norwood

ALL

ENQUIRIES

081
679 4414
FAX 081 679 1927
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DESIGN

Digital filters

simplified
With DSP replacing
analogue equivalents
in almost all areas of
electronics, digital
filters are becoming
increasingly important.
Bob Lawlor* looks at
how a fieldprogrammable gate
array can simplify the
design of both infinite
and finite -impulse
response filters.

There are two types of digital -filter, one
with finite -impulse response, FIR, the

other with infinite -impulse response,
IIR. A digital FIR filter is a discrete -time filter. Any sample of its output sequence is equal
to a weighted sum of a finite number of past
and present samples of the input sequence.
Mathematically an n -tap FIR filter is
expressed as,
,-1

y(k)=

Ic1 x(k - j)

j.o
where .v(k) and y(k) represent the input and
output sequences respectively and represents
the filter coefficients.
Figure 1 shows an FIR filter block diagram.

The t -boxes represent unit sample delays.
Sampling frequency depends on the application. For example an audio system might war-

rant up to 40k samples per second while the

standard sampling frequency for video is
13.5M samples per second. How many bits
there are in each sample also depends on the
application, hi-fi audio being typically sixteen
bits and video eight bits.

Filter coefficients, co, cl, etc. multiply or
weight the delay outputs. Resulting product
terms are summed together to form the filtered
output data sequence, y(k). The name finite impulse response is derived from the fact that

an impulse injected into the input will cause
the output to become active, i.e. non -zero, for

only a finite duration.
A key advantage of FIR filters is that they
can be designed to have a linear phase char-

acteristic, Fig. 2(a). This means that if the
input signal to the FIR filter has more than one
frequency component - and most real signals

have a wide spread of frequencies - then in
passing through the filter, all frequency components undergo the same delay.
For example, if the two frequency components of Fig. 2(b) each undergo delay T, the
phase change of the higher frequency component is proportionally greater than that of the
lower frequency component. If on the other
hand the phase characteristic is non-linear,
then different frequencies undergo different
delays, causing so-called phase distortion.
The ear is extremely sensitive to phase distortion which would occur if the audio signal
was processed by a filter having a non-linear
phase characteristic. In a composite video sig-

nal, the colour information is coded in the
phase of the subcarrier, so phase distortion
appears as colour distortion.

IIR digital filters
A digital infinite -impulse response filter is a
discrete -time filter. Any sample of its output
sequence is equal to a weighted sum of a finite

number of past and present samples of the
input sequence, and also of the past output
samples.

Input
x(k)

*Bob Lawlor was the winner of our December 1992
competition, sponsored by Xilinix. He was a senior
R&D engineer with Sony, and has recently
established his own DSP consultancy.
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Fig. 1. In a digital finite -impulse
response filter, output sequence is
the weighted sum of a finite
number of past and present input
samples.

Ou put
y(k)
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RGB, an FIR bandpass filter centred on the
subcarrier frequency, and a video field rate

Fig. 2. Finite -

impulse response
filters can

linear
phase

phase
change

FIR comb filter combine to produce very high

quality separation of the luminance and

produce a linear

chrominance data. Subcarrier frequency is

phase

4.43MHz for PAL, digital video is sampled at
13.5MHz and the video field rate is 50Hz.
This results in a much clearer picture than is

characteristic (a).

non-linear
phase

If two frequency
components each
undergo delay T,
as in (b), phase
change of the
higher component

frequency
(b)

(a)

possible with conventional TV sets, Fig 6.
This type of video decoding is used in the pro-

fessional video industry, for example in the
Sony BVX100 digital decoder.
Each of the FIR filters and the subtracter can
be implemented readily using a single Xilinx
FPGA. The 50Hz FIR comb filter would need

is proportionally
greater than the
lower.
Input
x(k)

two external field stores, but so also would
other implementations.
Since the Xilinx FPGAs are so easily repro-

grammable the FIR filter transfer functions
can be changed on a field by field basis. This
is very useful in adaptive signal processing

Output
y(k)

S

applications.

Implementing the FIR filter

00

0

II

Mathematically this can be expressed as,
ni

y(k)= Iajx(k -j)-ibiy(k - j)
i=o

j=t)

where again x(k) and y(k) represent the input
and output sequences respectively. There are
now two sets of filter coefficients, namely the
feed forward coefficients, aj, and the feedback
coefficients, hj.
The name infinite -impulse response comes
from the fact that an impulse injected into the
input can cause the output to remain active for

In Fig I, values of coefficients co, t '1
determine the filter characteristicsi. Being
readily reprogrammed. the Xilinx FPGAs
makes changing the resolution to suit the

Fig. 3. Elements of a
digital finite -impulse
response filter.

I

application easy. A prototype filter for example could be implemented with relatively low
resolution. At the pre -production stage, reso-

an infinite duration. Inclusion of previous output samples in the present output sample computation is called feedback. For this reason IIR
filters are often referred to as recursive filters
and FIR filters as non -recursive.
An advantage of IIR filters is that they gen-

erally require less hardware than their FIR
counterparts. For most applications however,
this advantage is outweighed by their non-linear phase characteristic.

Video application
In decoding composite video to component

lution could then be increased to enhance
overall system quality. Existing asic generalpurpose FIR filters are mostly fixed in terms
of resolution.
In order to control round -off error, the multiplier outputs must be kept at full resolution.
If for example the coefficients are n -bit numbers, then the multiplier outputs should be 2n bit numbers. The final rounding to n bits will
be done at the summer output.
In most cases the filter response needed is
symmetrical so that co=com ci=cn, etc. This
means that by adding the relevant delay out -

EXAMPLE 1: AUDIO FIR FILTER APPLICATION

A popular technique used for both audio and video data
ccmpression is sub -band coding. This involves splitting the
audio spectrum into bands, Figs 4, 5 using a number of FIR
buidpass filters. Next the different filter outputs are quantized

..

with different resolutions, i.e. bits per sample. Lower
frequency bands are genera ly given a higher number of bits
per sansple than higher frequency bands.

Digital audio
input
40 kSamples/sec

I

BF F1

I--

Bandpass filters

1

5)

0

2

3

4

5

6

7

BF'F2

8

To quantizers

aa
20 kHz

LH

Frequency

(NYOJIST)

Fig. 4. Spectral segmentation FIR bandpass responses for audio
sub -band coding
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BPF8

Fig. 5. finite -impulse response bandpass filters used
at audio sub -band coder front end. These filters can

be implemented

FPGAs.
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puts before the coefficient multiplication
stage, the number of multipliers required is
reduced from 2n+1 to n+ I.
Also, using general purpose multipliers to

specification within a specified tolerance.
The greater the number of coefficients, the
more difficult it becomes to find a set of convenient coefficients. An easy way around this

realise the required filter response as indicated

using a Xilinx FPGA is to implement the

in Fig. 1 can introduce redundancy. By using
a shift -and -add technique, a Xilinx FPGA can

desired filter as a cascade connection of small-

remove this redundancy allowing a much

er filters, i.e. with fewer taps. When two or
more FIR filters are cascaded, the resulting

more efficient implementation of the required
FIR filter.

transfer function is equal to the product of the
individual transfer functions.

Shifting -and -adding
Consider an 8 -bit two's complement number:

sb7b6bsb4b3b2bt
This consists of a sign -bit, s, and seven other
bits b7_1. To multiply this number by a half, it

is necessary only to shift it one place to the
right, duplicating the sign -bit:
s s b7 b6 b5 b4 b3 b2 b1

If the original number is thought of as having

range of -128 (100000002) to +127

a

(011111112) in integer steps, then the shifted
number has a possible range of -64
(1100000002) to +63.5 (0011111112) in half
integer steps.
By shifting the original number two places

to the right, you effectively multiply it by a

For example, the bandpass filter transfer
function of Fig 7(c) could be implemented as
a cascade connection of a lowpass filter, Fig
7(a) and a highpass filter, Fig 7(b). The relatively undemanding transfer functions of the
low- and highpass filters make it easy to find
convenient coefficients for their shift -and -add
implementation in the FPGA.
If a sharper bandpass transfer function were
required, the above filter could simply be cascaded with an identical version of itself, Fig
7(d). As the individual filters in the cascade
chain are relatively simple, a large number of
them can be incorporated into a single Xilinx

FPGA device, yielding a complex overall

quarter. The sum of these two shifted numbers
is therefore equal to the original number multiplied by three quarters. This process of shifting and adding can be continued to implement

-I
FIR
BPF

IIR
PAL
RGB

Reference
1. Rabiner, L. R. and Gold, B.,

Theory and Application of Digital

_IFIR comb
filter

----(to

1

Luminance

Fig. 6. Decoder for high quality
video filtering provides a
clearer picture than is possible
with conventional methods.

(a)

shifting process because it is inherent in the
routing. As a result, each multiplication can be
implemented with adders alone. Extra delays
in the form of D -type flip-flops may be needed between the addition stages, depending on

LPF

the coefficient value and the sampling frequency.
Clearly, the coefficient value determines the
number of addition stages necessary to implement the product. Each logic one in the coef-

Modulated
chrominance
demodulator)

Delay

the product of any two digital numbers.

There is no requirement for CLBs in the

infite impulse filter
lowpass filter
phase alternate line
red green blue

LPF

Signal Processing, Prentice -Hall.

transfer function.

Digital composite
video UP
13.5 Msamples/sec

Glossary
ASIC application specific IC.
BPF
bandpass filter
CLB
configurable logic block, a
functional element from
which the user's logic is
constructed.
DAT digital audio tape
DCC digital compact cassette
DSP
digital signal processing
FIR
finite -impulse response
FPGA field programmable gate
array
HPF
highpass filter

Frequency
(b)

ficient binary representation represents an
HPF

adder input in hardware terms. The fewer the

number of ones, the lower the hardware
Fig. 7. Stringent FIR transfer
function realisation by
cascade connection of simple
FIR filters.

requirement. This is why 1/2 (010000002) and

1/4 (001000002), assuming a range of -1 to
+127/128, are convenient coefficients.
A coefficient like 011111112 is not as difficult as it may appear because it can be implemented as its two's complement inverse
(100000012). The resulting product is then
inverted before being fed to the final summer.
One way to guarantee convenient coefficients is as follows. Firstly design the filter
using a standard filter design technique such
as the Remez Exchange Algorithm'. This will
produce 'not -necessarily -convenient' coefficients in terms of ease of implementation by a

Frequency
(c)

LPF

HPF

Frequency
(d)

shift -and -add technique. It does however min-

imise the deviation from the desired ideal filter specification. Secondly, carrying out a discrete space search around these coefficients to
produce a convenient set of coefficients. These

keep deviation from the desired ideal filter
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ELECTRONIC ENGINEERS
6th Edition

REFERENCE BOOK
This reference book is divided into fwe parts:
techniques, physical phenomena, mate-ials and
components: electronic design and appications. The sixth
edition was updated throughout to take intc account
changes in standards and materials as wel as advances
in techniques, and was expanded to include new
chapters on surface mount technology, harcware and
software design techniques, semi -custom electronics and
data communications.

6th Edition

ELECTRONICS
ENGINEER'S
REFERENCE

BOOK

Fraidoon Mazda
has worked in the
electronics and
to ecommunicat ons industry for
cver twenty years,
and is currently
Product and
Operations
Manager, Generic
Network

lianagement,
with Northern
Telecom. -le is
-he author of six
-echnica books
translated into
'our lancuages)
and the editor of
the

Communisations
Engineers
Reference Book
published by
Butterworth -

Heinemann.

Edited by F F Mazda
CONTENTS:

Techniques
Trigono-retric
functions and
general formulae;
Calculus; Series and transforms; Matrices anc determinants,
Electric circuit theory; Statistics. Physical Phenomena
Quantities and units; Electricity, UV; Radiation: The ianosphere

and troposphere. Materials and components Resistive
materials and components. Dielectric materials and components;
Magnetic materials: Inductors and transfo-mers; Relays.
Piezoelectric materials and components: connectors; Printed
circuits; Power sources. Discrete semicorduc:ors, Microwave
semiconductor devices. Optical dig tal integra-ed circuits; Linear
integrated circuits; Semiconductor memories; Microprocessors;
Application -specific integrated circuits; Electron micrcscopy;
Digital design. Software engineering; Diglal systems analysis;
Control systems: Antennas and arrays: Nbise management in
electronic hardware: Noise and communication; CompLter aided
design: Television and sound broadcastir g. Applications
Communication satellites: Point-to-point comrrunicat on; Fibre optic communication: The integrated services digital -etwork
(ISDN); Local area networks; Radar systems computers and
their application. Videotape record ng; Office communications;
Medical electronics.

1006 pages PAPERBACK ISBN 07506 0809 9
£42.50 (inc post & packaging)
Please return to: Lorraine Spindler, Foom L333,
Quadrant House, The Quadrant, Sulon, Surrey SM2 5AS

F F Mazda

* Now available to Electronics World & Wireless World readers
in paperback.
Expert coverage of all aspects of electronics
Over 50 contributors
* For electronic engineers, technicians and students
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Add VAT at local rate
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accompanying invoice within 30 days. I will attach my business
card/letterhead and have signed the form below.
I

Guarantee: If yoi_. are not completely satisfied, books may be
returned within 30 days in a resalable condition for a full refund.
Remittance enclosed £
Cheques should be made payable to Reed Book Services Ltd.
Please debit my credit card as follows:

Access/Master
Amex

Barclay/Visa
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Exp date

Credit Card No.
NAME (Please print)
ORGAN ISATION

STREET
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SIGNATURE
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CIRCUIT IDEAS

SEND YOUR CIRCUIT IDEAS TO THE EDITOR, ELECTRONICS WORLD,

QUADRANT HOUSE, THE QUADRANT, SUTTON, SURREY SM2 SAS

Do you have an original circuit idea for publication? We are giving £100 cash for the month's
top design. Other authors will receive £25 cash for each circuit idea published. We are looking
for ingenuity in the use of modern components.

611111111,122.
Single -pot polarity
and gain adjustment
Using the 2:1 gain difference between
inverting and non -inverting
operational amplifiers, one control varies
the output between a replica of the input
and an inverted version, both being at
unity gain.
Its uses include audio processing in
which, used with a bucket -brigade delay
element, it will allow the positions and
amplitudes of the peaks and nulls of a
comb filter to be adjusted.
Ben Sullivan
I,Vdterlooville
Hampshire

4.15V

-15V

Potentiometer R, varies output from inverted to non -inverted version of the input at unity gain.

Full -wave rectifier uses single amplifier
ncorporating an op -amp, one diode and a
I fet, this rectifier is linear down to less than
I mV, assuming that the op -amp's input
voltage offset is compensated. Performance
depends on input amplitude, being around
20% down at 'kHz and 50mV input.
On a negative half -cycle, the p -channel fet is
open -circuit and the result is a unity -gain
inverter. With a positive half -cycle, the fet

Out

1N4148
1/2 LM358

Simple, but accurate full -wave rectifier, linear
down to less than 1 mV.

6

111

BS250

conducts in reverse mode due to the
presence of the large open -loop signal on its
gate and the signal appears at the output.
Giuseppe Faini
Milan
Italy

mst
d

-5V

YOU COULD BE USING A 1GHz
' SPECTRUM ANALYSER ADAPTOR!
Got a good idea? Then this Thurlby-Thandar Instruments
TSA1000 spectrum analyser adaptor could be yours.
Covering the frequency range 400kHz to over 1GHz with a
logarithmic display range of 70dB ±1.5dB, it turns a basic
oscilloscope into a precision spectrum analyser with digital readout
calibration.
Recognising the importance of good design, TTI will be giving

away one of these excellent instruments every six months to
the best circuit idea published in the preceding period until further

notice. This incentive will be in addition to our £100 monthly
star author's fee together with £25 for all other ideas published.
TT
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Our judging criteria are ingenuity and originality in the use of
modern components with simplicity particularly valued.
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Frequency doubler

+5V

-I-TL square waves at the input to the
I 74LS I 23 dual monostable
multivibrator produce output pulses at
double the input frequency. 1N4148
switching diodes Or together the outputs
on pins 5 and 13, the two square -wave
inputs having triggered the two
monostables on opposite edges. Output
pulse width is 3.3ps with 101d2 and 470pF
timing components according to the timing
equation, pulse width = 0.7CR. Since the
package introduces 50pF residual
capacitance and since R must lie between
51d1 and 260ka the practical minimum
pulse width is around 350ns.
The process can be continued by driving
a similar circuit with this output.
Mike McGlinchy
Mount View
California

1e0nt

fin

0b

fin

Cext

470p

1N4 48 (2)

Oa

2fin

TTL pulse -frequency doubler for operation up to about 2.5MHz with a pulse
whit!: of 350ns minimum.

USA

Low-level crossover is maximally flat
High and low frequency outputs from this
low-level crossover network, Fig. 1, are
in maximally flat, two -pole Butterworth
form with 12dB/octave final slopes.
Output curves shown indicate that the
amplifier is active mainly around the
crossover frequency - in this case, lkHz.
Values shown are in ohms and farads, the
crossover being at 0)=1. Since input and
output of the amplifier are dc -blocked, the
practical circuit can use a single supply with
the non -inverting input biased to half the
supply voltage. A snag is the lowish input
and high output impedances, but a practical
circuit would include means of correcting
them.
Analysing the circuit of Fig. 2 shows the
basic section, which gives 12dB/octave, but
which cannot be maximally flat. Figure 3 is
more or less the same circuit with gain;
resistors and capacitors are of equal value.
Since the desired transmission is

T=

Amplifier output is in bandpass form with
its centre frequency u)=1. The high-pass
circuit using that voltage is added to the
low-pass section to form the complete
crossover.
Actual component values for the circuit
are calculated as follows, and given f= !kHz
and C=4n7
x

R, =
112

R2 =

7
3A /2

1

The circuit was built using an LF356 op
amp although a better device should be used
for serious applications. The response
departs from the theoretical only by the
component tolerances used in the actual
circuit.
McKenny W Egerton Jr
Owing Mills
Maryland
USA

= 71.83 kS2

2 irfC

x

1

2fC
ir

= 55.87kS2
1V

x2

Ri =
3

-15.96kil

1

irfC

Hi out
OV

-PB
In

Fig. 3. Resulting lowpass section.

1

p2 + pla +1

Amp ifier output - Hz

where p = jw, assume a 1V output and
work backwards to make the input
en, = p2 +

e =1+3 pA + p2(A2 + AB)
so

3A = -a and A2 + AB = 1
or
A=

L2 and
3

B2 =

7

10k

10

1111111/11111111111

20

11111110/11111111111h111111111

farads.

dB

Low out
R3

R3

=1+pA+A[p+p(1+pA+pB)]

1k

Fig. 1. Low-level crossover circuit with values
normalised to w =1, components in ohms and

+1.

From Fig. 3
ern

100

0--WW-11-1AAN--11-0

30 11111111111111111111111111111111111

40

I

I

Fig. 2. Basic lowpass circuit, which
needs gain for maximal flatness.
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Fig. 4. Output characteristic of final circuit
Amplifier takes part mainly around crossover
frequency.
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Grounded -load

current pump
mprovements on the Howland current
I source proposed by Steele and Green'
demand close resistor matching to avoid
gross error2. This circuit needs no matching.
The source uses two zener diodes as
voltage regulators, the control voltage V,
thereby generated riding over the feedback
voltage. Output voltage is the sum of load
voltage and Vc, which gives a constant V,
across the sense resistor R5, load current
therefore being 1,/,/k. Lower -voltage zeners
are preferable in this circuit.

Ashwani Karnal
Bhaba Atomic Research Centre
Jammu
India

Linear optocoupler cancels errors
Using a dual optocoupler and an

instrumentation amplifier, this
isolation amplifier is linear and operates
well above the cut-off frequency of
much more expensive commercial
devices.

Input and output.
The required circuit gain is obtained
by setting Rg, gain being 1+50/Rg. As
shown, the total circuit gain is unity, but
optocouplers do vary.

A triangular waveform at 500Hz
showed no measurable distortion at up
to 2.5V and 2% at ±8V. As regards
frequency, a ±1V input gave a -3dB
point of 150kHz. Input impedance is
around 8ki2, but a buffer could easily

To achieve a linear transfer function,
the leds in the optocoupler are run in
series at 1mA, the resulting differential
signal appearing at the collectors of the
transistors Tri,2 with virtually all errors
cancelled out. Variable R7 corrects for
any offset. A useful feature of the
6N136 is that it has a screen between

be used.

CID Catto
Cambridge
R5
11k

Loc +15V

Rem +15V
R6

Loc +5V

10k
R1

R7
2k

15k

0111

v,,
O

R3

114

2k2

2k2

-0-R9

Rg -0_
VCC

Q em

Tr1
OV

° Vout
D2V,

Tr2

O

-v cc

-0-Vee

GND

R2
15k

Current source poses no resistor -matching
problems.

IC2

6N136

REF -0--1-0Loc

OV

AMP -02

Rem = Remote aower
Loc = Local power

Rem -15V

-0-

Loc

5V

References
1. Steele, J & Green, T. Tame, Those Versatile
Current -Source Circuits. Electronic Design,
Oct. 15, 1992.
2. Baker C B. Current Source Saves Resistors.
Electronic Design, June 25, 1992.

Low-cost, but linear and wide -band, optically isolated amplifier. Running leds
differentially cancels out errors.

Disabled person's television remote controller
A dapting a remote control unit for use by
someone with limited hand movement,
this circuit steps through the four channels

+3V

100k

+3V

and standby in response to pressure on an
elbow -operated microswitch. Output fets are

mode.

Half the dual monostable /C/a debounces
the microswitch, clocks the 4017 decoded
decade counter and triggers the second
monostable to produce a 0.5s pulse,
simulating a button press. Decoded outputs
from the 4017 are buffered in the tri-state
4503 hex. buffer and used to drive the
button fets.
Since power for the adaptor comes from
the controller, decoupling must prevent
current spikes from the transmitter led
clocking the counter.

2

OV

in parallel with the controller buttons, so that
the controller is still operable in its normal

5

Q
B

220n

14

ICia
CD4538

27

IC2
13

CD4017 3

4

Microswitch

OV

3

13

10

10

5
7

IC3

To other
lets (not

CD4503

12

) shown)

911

Remote control
handset switch matrix

5L

+V

15

15

ZVN
2106A

3V

-

1M

470k
ZVN

2106A
15

OV

1M
10

B

0, 0.

IC16

0

CD4538
A

C Drinkwater
Wotton-under-Edge
Gloucestershire

14

CK

OV

(T)

13

0

9

Not all switches shown
3V

Disabled person's tv controller adaptor, operated by microswitch
to step through channels and standby.
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Current -biased
Class -B output stage
C ince, unlike the old germanium types, silicon power transistors
J do not need low -impedance sources to take account of thermal
leakage effects. it seems strange that modern designs still appear
to provide the low impedance. Indeed, the use of voltage sources
can give rise to trouble due to amplification of thermal effects.

Op amp
supplies
+15V

From op
amp

This design uses current sources.
No bias adjustment is needed and RJR,. are chosen to suit the

supply rails, in this case ±20V to give 20W into 851. It is
interesting that quiescent current increases as the power supply
falls, reaching a maximum of 120mA at ±12V. which is small
enough to avoid latch -up. This effect may eliminate crossover
effects as output current peaks. Short-circuit protection is applied
to the BC2/3/183 current mirrors by means of the diodes.
The circuit possesses some voltage gain, so that an op -amp or
even the output of a personal stereo will drive it to full power.
The type of Darlington output device with built-in bias
resistance is unsuitable for this application.

Anon
Rotherham
South Yorkshire

(if used)

TIP3055

-15V

[41

(short-circuit protection diodes)

Would this contributor please send his full name and
address to our editorial offices? Ed.

Silicon audio power output stage, using current drive to the
output transistors and needing no bias adjustment.

\PCI3s for Douglas Self's
power amplifier series
Circuit boards for Douglas Self's high-performance
power amplifier are now available via EW+WW.
Detailed on page 139 of the February issue, Douglas
Self's state-of-the-art power amplifier is the
culmination of ideas from one of the most detailed
studies of power amplifier design ever published in a
monthly magazine. Capable of delivering up to 100W
into 8Q. the amplifier features a distortion figure of
0.0015% at 50W and is designed around a new
approach to feedback.
Designed by Douglas himself, the fibreglass boards
have silk-screened component IDs and solder masking
to minimise the possibility of shorts. Sold in pairs, the
boards are supplied with additional detailed
constructional notes.
Each board pair costs £45, which includes VAT and
postage, UK and overseas. Credit card orders can be
placed 24 hours on 081-652 8956. Alternatively, send
a postal order or cheque made payable to Reed
Business Publishing to EW+WW, The Quadrant,
Sutton, Surrey SM2 5AS.
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LETTERS
Critical response
I cannot agree with Graham
Maynard's rather vague analysis of
class A and B amplifiers (Letters,
June). Apart from anything else, I
don't care for the way he, at a critical
point in the argument, turns

"conceivably" into allegedly solid
fact in the next sentence. Back emfs
from reactive loads do not cause
detectable interrnodulationl and even
if they did, a higher feedback factor
would surely reduce rather than
increase the effect. As far as I know,
no-one has ever argued that nfb does
not effectively reduce amplifier
output impedance. To go on and
state as a another fact that higher
levels of nib cause "audible
confusion" (whatever that is,
presumably some sort of distortion)
is simply wrong.
Using nfb to correct an amplifier
with second -harmonic distortion
creates third and higher -order
products that did not exist before.
Baxandall2 brilliantly demonstrated
this, showing that these higher
products have a maximum value for
very low amounts of nib (say 2I OdB) and that as nth is increased to
more practical levels (like 30dB) the
level of all the higher products
decreases. The result is surely a
powerful argument against the use of
low nib factors.
As for the sliding -bias scheme, I
can hardly comment as Maynard's
diagram seems to have been
misdrawn: Tr8, the driver for Try, has
disappeared, so the drive to Try is
now in the wrong phase. Worse still,

Tr9 is turned hard on via the two
diodes and the only result of building
the circuit as shown will be a loud
bang as two power transistors lay
down their lives to protect the ht fuses.

Turning to Marcel van de Gevel's
comments (Letters, May) concerning
control of quiescent currents, I agree
completely. But I would mildly point
out that I specifically mentioned
"harmonic AB", which gives the
long, smooth device -to -device
transition he describes, in Part 5 of
the series. I also gave a reference to

the intriguing work of F A Thus, and
I do have well -thumbed copies of all
the other references he quotes. The
trouble with these schemes as they
currently exist is that they depend on
IC techniques such as matched and
collector -area -scaled bjts. A discrete
component version would no doubt
be possible, but it would need to be
designed from the ground up and
would represent a serious piece of
research work - not something that
can be dealt with as an adjunct to a
larger article. Anyone care to have a

go? (An approximation to harmonic
AB can be achieved by eliminating
the usual output emitter -resistors;
crossover gain variations are less, but
still exist, and there is a clear and
present danger of thermal runaway.)
I am sorry that Chris Bulman
(Letters, May) finds my class -A
quiescent regulator inelegantly
intrusive; surely it can't be too bad,
having only three transistors, and not
even being in the direct signal path?
At least it is effective.
As far as I can determine from re-

PSpice plots of output device currents for the complete closed -loop
amplifier. The plots in Part 8 of Self's Distortion in Power Amplifiers
series were all done open -loop.

Date/Ties run:

JLI-WQ.CIR

11/28/93

Cless-A 0/P, Mad -Loop.
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reading the 1969 article, John
Linsley Hood's psu is essentially
constant -voltage, though with that
voltage rather uncertainly
determined by transistor 13, as indeed
is the amplifier quiescent current (/q).
If this psu really does play an
important role in protecting against
thermal runaway in the amplifier
then I would suggest that the
amplifier design could possibly be
improved. It hardly counts as an
effective method of /ci control.
Since the matter has been aired, I
may as well report my own
experiences with this design. With an
/q of 1 .25A, the thd at 10W/811 and
I kHz was 0.25%, which I found
rather discouraging. The output
transistors are not driven so as to
give pure push-pull action, and the
sum of output -device currents (which
in true push-pull is virtually constant
over a cycle) varies by more than
40% (see PSpice plot).
The logic behind dc -coupled
amplifiers is not obscure. Reservoir
capacitors are simply storage
elements, and have no direct effect
on the amplifier output. That is (or
should be) in the iron grip of a hefty
negative feedback factor, and
immune to ht rail influence. In
contrast, an output capacitor handles
the signal after the nfb has controlled
it, and so any capacitor -distortion it
may generate at If is passed on
untouched to the loudspeakers.
Any dc -coupled amp must have a
dependable offset -protection system.
I can only admire the breath -taking
audacity of Mr Bulman's scheme for
cooling output transistors by making
them boil water. One might object on
the pedestrian grounds that the
junction -case thermal resistance of
even the heftiest TO3 transistors is a
0.7°C/W and so observing a 200°C
junction temp maximum reduces the
permissible power dissipation from
250 to 70W. I might also point out
that elevated temperatures degrade
reliability - however this is to detract
from the grand sweep of the concept.
Since the transistor cases appear to
be in actual contact with the water,
there are presumably four
electrically -isolated boiling tanks,
two for each channel, each with their
own condensers and circulating
pumps. The arrangement will make
for an impressive -looking piece of
equipment, reminiscent of the
engine -room of a medium-sized
steam -tug. Deionised water could be
used to minimise conduction - but
this is not the ideal basis for a good
cup of tea. I cannot resist speculating
on the software used to test the
system. Handel's Water Music is an

obvious choice; tapes of steam radio
might be even more appropriate.

Douglas Self
Forest Gate

London
References
1. Cordell, R. Interface Intermodulation
in Amplifiers, Wireless World, Feb
1983, p.30.
2. Baxandall, P. Audio Power
Amplifier Design: Part 5, Wireless
World, Dec 1978, p.56.

Beach buff
Alan Dyke's criticism of audio
mysticism makes sense - except for
his reference to sand -filled speaker
stands, of which I have just bought a
pair.
Producing stands with hollow
vertical supports is presumably
cheaper than using solid stock which
would be better and heavier. So

filling them with something to
facilitate coupling the base of the
cabinet to floor, in view of the
powerful magnet and coil action of
the main drivers, makes sense.

Liquid, especially water, would
actually transmit sound vibrations
faster than in air. Sand is freely
available at low cost - especially if
you are near a beach as I am.
Spikes through the carpet pile to
floor complete the set-up, and are
necessary when using the new D

Self amp, of which mine must be
one of the first examples.

Hugh Haines
Sunderland

Small world
H G Groenevelt seems not to
appreciate the difference between a
theory and a theorem. There is all
the difference in the world. Maybe
that accounts for his confusion.

R H Pearson
Lincs

Amnesty appeal
Mu'taz Qutlabi is an electrical
engineer with Aleppo Electricity
Company. He is 38, married with
one child, and this July sees his 12th
year of imprisonment as a Syrian
Prisoner of Conscience.
Mu'taz, detained in Damascus, is
just one of thousands of political
prisoners held in Syria without
charge or trial, for their peacefully
held beliefs. Many are detained
under emergency legislation in force
since 1963, suspending all
constitutional protection against
abuse by the state. Others have been
held for more than 20 years, face
torture - routine in Syria - and are
denied the chance to challenge the
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legality of their detention.
Mu'taz is being held at Fir'Amn
al-Dawla prison, and Amnesty
International is calling upon the
Syrian authorities to release him
immediately. Every letter of support
helps. Please write saying you have
read about his case. Courteous
letters in English should be sent to:
His Excellency, President Hafez al
Assad, Presidential Palace, Abu
Rummaneh, Al-rashid Street,
Damascus, Syrian Arab Republic.
Paul Horvath
Rochdale Amnesty
Lancs

Hidden meaning
Unfortunately a short paragraph is
missing in my article
Optoelectronics by design (EW

May 1994, pp. 364-369). The
box titled 'Units and meanings'
should conclude with two equations
relating to the presented drawings
(Fig. d, middle and bottom).
The equations regarding proximity
sensors should read:
WW,

Ur= S.R.G.Ieltan((0)1612

...(4)

where to is the transmitter diode half
power angle and d is the distance to
a large object, and,
...(5)

Ur=S.R.G.le[r/d212

where r is the radius of a small
object at distance d.
The final part of the article refers
to a calculation based on equation
(4).
Tore Arne Nielsen
Denmark

Graphic example
In my ankle on Arnold Sugden
(EW+WW, pp. 486-487) a small
error appeared in the published
version of the matrix. Please would
you publish a correction so my
colleagues at Keele will continue to
talk to me?
R

R
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Gates didn't, but another company
did. It's called the Amiga... Ed.

IC - can you?
Can any EW+WW reader help me
find a superseded integrated circuit?
I have a Rohde & Schwarz test
unit called an smpu, manufactured
about 17-18 years ago. It is a radio set test assembly for testing mobile
radio transceivers up to 500MHz. I
use it for testing radios provided by
my club for communications at
motor sport events.
No payment is received for the
work which is really part of my
hobby. So I can not justify spending
large amounts of money on repair.
The unit is a fine piece of test
equipment and most comuonents are
bog -standard garden-variety.
Unfortunately, the microprocessor
has died. It is an Intel 4004, a very
early four -bit micro which does not
appear to be available at traditional
Australian component suppliers.
Rohde & Schwarz can supply the
device - for A$450! While I can
understand the need to charge this
amount to cover the cost of storing
this chip for 20 years, I still can not
afford it.
What I am hoping for is that
somewhere out there is a hoarder
like me, who has a box full of Intel
4004s just gathering dust.
If any one can help I would be
most appreciative.
David Ireland,
77 Vahland Avenue
Riverton
Western Australia, 6148.
Tel: 61 9 457 2733
Fax: 61 9 326 6669

Decoding US actions

0

Vh\I
J

Incidentally, as one who is still
climbing the steep learning curve of
Windows after no problems
whatsoever with the delightfully
simple gui of the Atari, why on earth
didn't Bill Gates produce a fully
integrated dos with gui? Now, of
course, he cannot; it would kill
Windows stone dead.
Reg Williamson

I found Robert Schifreen's article on
the DES data encryption standard
(Big Brother's protectim racket,
EW+WW, May, p.388) very
interesting. Back in October 1998 I
recall an IEEE Review claiming that
the US National Security Agency
was withdrawing its support for the
NBS Data Encryption Standard introduced in 1977 because: "The
tools of attack are that much
stronger now". It makes the
proposed US legislation to outlaw
DES quite puzzling.
TI Wynn
Newport

Calling cable suppliers...
I cannot help but think that there is rather more involved than logic and
mere engineering principles when discussing sound reproduction.
My hearing is bad, cutting off at around 8k1 -1z, and I am by no means
musical so I will leave the esoterics of subjective testing to those who
believe themselves so qualified. But I would suggest that those really
interested should perform proper double-blind tests on a reasonably large
number of people, as psycholagists do. Whether imperfect electrolytics
and other components cause audile distortion or not seems a moot point.
Over the last 25 years I have designed something like 3000 separate
items: from a 25kA rectifier to a vhf synthesised transceiver, and
including a few audio systems. When involved with the audio projects, 1
remember looking at response curves of the loudspeakers, as published
by manufacturers. All those that I saw resembled a cross-section of the
Himalayas.
While I well appreciate the difference between amplitude variations and
(harmonic) distortion and non -linearity, I cannot really see the point in
aiming for an amplifier chain THD of 0.0001% with existing transducers.
Perhaps someone could comment on the linearity, or lack thereof, of a
coil moving in the magnetic field of a loudspeaker?
My guess is that the flux density is not totally uniform across the entire
gap: so the deflection of the coil will not be a perfect reflection of the
drive current. This of course will lead to distortion, most likely a
reduction in amplitude of the peak of the wave (assuming the flux
decreases towards the edge of the gap).
I have no idea what happens to the cone of the speaker when driven by
complex waveforms, but would imagine that it would make an interesting
study. What I would Re to know is the figure for transducer linearity,
both at the microphone and loudspeaker ends of the chain.
With these figures, one could then determine what level of amplifier
distortion was acceptably small, and what was ridiculous.
As electronic design is a creative art, there is always the drive to
achieve the ultimate, the perfect, or in the case of audio circuits, zero
distortion. But, as all of those involved in design know, one must
maintain a sense of reality, and know when it is time to shoot the
engineer.
Perhaps an EW+WW reader familiar with loudspeaker and microphone
performance could respond with some hard facts concerning transducer
linearity?
Until such time, I don t think I'll be buying any silver loudspeaker
cables.
Charles Frizell
Harare

...to prove a difference
Gold-plated speaker cables, silver-plated, platinum -plated etc... isn't it
apparent that we professional engineers are starting to behave like
amateurs. Neither the Yes nor No fraternity can produce irrefutable
evidence that their beliefs are correct. I say 'beliefs' because without
proof, that is what they must remain.
The continuing dialogue echoes the heated discussions that took place,
many years ago, when the particular attributes of moving -iron and
balanced -armature loudspeakers were compared. But that was resolved
with the introduction of the moving -coil loudspeaker which quickly
killed off the two warring factions.
There might be individuals who honestly believe they can detect a
difference when special cables are used. But there are also far more
audiophiles who declare that claim to be a load of rubbish.
I accept that 'might' does not necessarily mean 'right' any more than it
did for the flat earth proponents of years ago. But until we have proof one
way or the other, we are all just flogging a dead horse.
Logic tells us there should be no difference. Perhaps our logic is
wrong, although I thought we were involved in a science more exact
than most. Ramblings on the subject suggest we are actually a bunch of
dabblers.
We should drop the perhapses and maybes and shut -up until someone
produces proof either way. Could a supplier help by publishing details of
test procedures? Come-on all you special cable manufacturers out there.
Tell us the secret of your product. Or did I hear you say you do not have
patent cover, or a registered design, or have not been granted a Kitemark?
RL Tufft
Thirsk
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USING RF TRANSISTORS
Combined efforts bring power pay-offs
Splitting a signal to
provide multiple inputs
for several amplifier
modules then
recombining the result
is an obvious way of
boosting power output.
Norm Dye and Helge
Granberg describe
different possible
combiner/splitter
configurations and
show why they all have
a place in the designer's

When the required power output

module. The power combiner then recombines

exceeds the capabilities of a single
power amplifier, multiple stages or

the module outputs ready for feeding into a

of a combiner used in reverse - divides the

single load.
Combiners are closely related to wide -band
transformers in design and construction - the
main difference is how the lines or windings
are connected (power splitters have the same

input signal into multiple equal amplitude out-

configuration, so need not be treated sepa-

puts. These are applied to the inputs of each

rately).

"modules" can be combined to produce the
required result.
A splitter - simply a lower -powered version

25

Output 25 0

zo = 50 0

zo = 50 0

Output 16.6

(a)

(b)

zo = 50 0

25 0

PC

z°=2552

portfolio.

OtM:

From the book RF
Transistors: principles

and practical
applications.

ct

12.50
25 0
zo = 50 0

Output 12.5 0
(c)

Output 12.5 52

(d)

zo = 50 0

50 0 inp.

50 S2 inp.

180°

180°

50TlinpRI.I
zo = 50 0

0510:inp:.

50 0 output
(e)

(f)

Fig. 1. a), b) and c) represent straight in -phase combiners. Even and odd numbers of input ports are
possible with them. d) and e) are staggered or "totem pole" structures, which are adaptable only to
even numbers of ports. 0 is a 180° combiner that requires no step-up transformer into 5052. Note
that step-up transformers are not shown for a), b), c) and d).
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Wideband power combiners need to have
low insertion loss over the required bandwidth; provide isolation (minimum coupling)
between the input ports, and show low return
loss at the input ports over the required bandwidth.

Their operating bandwidth should be wide
too - or wider than the amplifier modules or
they will restrict the overall bandwidth of the
combined amplifiers.
Several different types of power combiners
are available, each having advantages regarding frequency spectrum, bandwidth and other
preferred features.

Four main combiner types
Zero degree device: ideally there will be no
phase shift between the input ports and the
combined output. The device can be designed
for even or odd number inputs up to a practical limit. Practical frequency range is up to
about 500MHz. These combiners are most

be taken into account when designing the

Fig. 2. Commercial four -port splitter-combiner
for use at 1.6-20MHz and power levels up to
1 kW. The device is of the type shown in Fig. 1 c
but the combiner lacks the power pick-up coils.
The 500 lines are realised by metal tubes with a
proper size of insulated conductor threaded
through the tube, reducing construction costs.
Note the compactness of the units, where the
step-up transformer is right next to the
combiner structure.

input power splitter. Practical frequency range
is up to about 100MHz.
90° hybrid: two port unit having, by nature,
a narrower bandwidth than the above config-

For example, in a four -port system designed
to deliver I kW with 250W modules, with one

common at lower frequencies because of their
versatility and straight forward design.

180° device: the two input ports or sets of
input ports are 180° out of phase. The device
is only applicable to even numbers of inputs:
eg 2, 4, etc. Out -of -phase characteristic must

urations. The device is applicable from low
frequencies to microwaves in proper design
configurations.
"Wilkinson combiner": relatively narrow

module disabled power output would be

bandwidth characteristics, but simple and
inexpensive. The practical frequency range

combiner. in a straight zero -degree combiner
(Figs. la, 1 b, and 1c) all resistors are of equal
value and the power dissipated in each would
be (188/3) = 62.5W in a four port system.

can be up to microwaves (1-2GHz).
The input power-splitter must be of the same

In a two -port combiner system having a

ter used with a 180° combiner for example

maximum output power max if one amplifier
fails the output power will decrease to a value
6dB below Pmax. Half the power loss is due to
lack of power from the disabled module and
an additional 3dB is lost because the power

In -phase and 180° combiners
Transmission line techniques are commonly
used in in -phase and 180° power combiners to
produce lowest losses and widest bandwidths.

One primary function of an rf power combiner is to provide port -to -port isolation 30dB is typical and acceptable. By this, the
output of one amplifier module will be sufficiently isolated from the others. If a failure in
one occurs, the remaining amplifiers will not
be affected and will still be operating into the

from the remaining module now divides
equally between the balancing resistor and the
output load.
In this case the balancing resistor must dissipate 1/4 of the original Pmax
Values of the balancing resistors depend on
the number of combiner ports and how many
ports are assumed disabled at one lime (as can

be seen in the expression for Pout given
above). Sometimes these resistors, which must

be of the non -inductive type, are referred as

original load impedance. Amplitude unbalance

dump loads since power due to phase- or

is usually created by a completely disabled
module (the "source" for the combiner) or,
sometimes, more than one disabled source.
Power output with various numbers of dis-

amplitude -unbalance is directed to them. In
most cases even if one module fails, the system is forced into a shut -down mode. So the
balancing resistors do not have to dissipate
significant power.
In the failure detection method using pickup coils (Fig. 1c) the signal pick-up coils (pc)

abled sources can be calculated as:
Pout = (P1N)N

where P is the total power of operative
sources, N is the total number of initial sources
and N1 is the number of operative sources.

C-

GND

0

GND

90°

,,,,,
ISOL

(a)

(750/4)3 = 562W. The difference power of
I88W would be dissipated in the balancing
resistors, dividing according to the type of

type as the output combiner. An in -phase split -

would produce zero combined output power,
since the outputs from each amplifier module
would cancel.

4

IN

can be small toroids wound with multiple
turns of wire. These can form the secondaries
for rf voltage step-up transformers whose primaries are the leads of the balancing resistors
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(a)
IN

ISOL

0°

(c)
Fig. 3. The line hybrid, a) and b), is widely used
at vhf and uhf since it can be made compact by
folding the lines. Its lumped constant equivalent
is shown in 3c. The complete uhf coupler has
dimensions of approximately 38nvn square and

3.5mm thick

(eg, two-way carbon type) threaded through
the toroids.

RF voltages in the secondaries - generated
by the unbalance due to a module failure - can
then be rectified and processed to operate the
shut -down circuitry. If the a, h and c outputs
(Fig. 1c) are kept separated, each one can be
made to operate an indicator, showing which
module has failed. Resistor (R) values are not
critical, since the power will be shut-off with-

in a millisecond or so making the load mismatch unimportant.
But, for operation under reduced power con-

ditions, the balancing resistors must handle
continuous power levels. Here high -power
resistors must be used that can be heat sunk,
and that are "floating", with the resistor ele-
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3

Values of 25, 16.6, and 12.552 result for two,

three and four -port combiners (Figs. la, lb
and lc).
Examples of 180° power combiners include

a "totem pole" structure (Fig. 1e) and a system consisting of a pair of two port hybrids
and a balun (Fig. 1f).
3/4i,

70 it

(a)

OUT

IN
3

C4

ISOL

4

(b)

Fig. 4. Ring hybrid (a) and its lumped equivalent
(b). In b), Cl and C2 can be paralleled into
single units twice the value.

a

IN

21

OUT
13

b

A.4

1

IN

a

b

14
ISOL

IN

nated as Zodd. Zeven is the impedance control-

In cascaded or totem pole structures, the balancing resistor values follow the values of the

2

ISOL

constants limited the couplers to a lowest prac-

tical frequency of approximately 175MHz,

to -port isolation figures of 27-40dB have been
measured on both the in -phase and 180° combiners over a bandwidth of several octaves.

more practical.

because of physical outlines or cost.

(b)

Fig. 5. The branch line hybrid (a) and its lumped
equivalent (b). As in the ring hybrid equivalent,
the paralleled capacitors (Cl and C2) can be
combined into single units.

ment electrically isolated from its mounting
structure.

In the event of a failure of one module
(which is the most common case), the balancing resistor values can be determined from the
formula:

R=ZinIN

where N is the number of input ports.
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If Zeven = 2552 as in this case, then Zodd must

formance over wider bandwidths is possible
with fractional -integer equal -delay transformers.
In a commercially available four -port split ter -combiner (Fig. 2) intended for use at 1.630MHz and up to power levels of I kW, port -

nectors and do not suit many designers

4

'i(Zeven X Zodd) = Zin(5052)

taps are made to the coax braid. Improved per-

3

IN

and is typically 4/2. Then Zodd must be calculated for a value that gives:

implemented with a 4:1 transformer wound
with coaxial cable where the corresponding

step-up transformer means bandwidth characteristics are enhanced - though this combiner
is covered by a US patent.
Impedance ratios such as 2:1 and 3:1 can be

90° hybrids

1

ling the coupling coefficient between the lines

be 10012 for Zin = 1(2.5 x 103) = 5012. The
Zeven and Zodd values can be modified for
greater isolation or extended bandwidth, but
the .\/(Zeven x Zodd) relationship is always
valid.
Typical bandwidths of these couplers are
about 15% with 1:1.5 vswr and port -to -port
isolation ranging from 20 to 30dB.
In the past, dielectric materials were Teflon fibreglass (dielectric constant around 2.5) or
epoxy -fibreglass (5). Low values of dielectric

Several manufacturers make high power

OUT

The mutual impedance between the two
lines is designated as Zeven, whereas the

impedance from the lines to ground is desig-

combiners for use at frequencies up to uhf, but
most units are housed in enclosures with con-

(a)

wiched between two ground planes, again separated by a dielectric.

Comparing the 180° and in -phase combiners

lines can be halved and the lack of the 4:1
IN

a dielectric. In addition the structure is sand-

shows that the 180° type can be superior in
input vswr, but that the latter has better port to -port isolation characteristics.

two -port hybrids and transmission line transformers.
It is possible to design a system that does
not require a step-up transformer (Fig. If). Its
simplicity is attractive compared to other four port combiners. The number of transmission

1

frequency ranges, consists of two transmission
lines (microstrip) of A/4 in length separated by

One class of hybrid that is a variation of the
two -port is the quadrature, and quadraturecouplers can be realised in several different
forms.
A quadrature combiner usually refers to a
passive device with one input port, two output
ports (or vice versa) separated by 90° phase,
and an isolated port.
Some networks that can be considered as
quadrature couplers are:

Line hybrid (Fig. 3);
3A/2 ring coupler (commonly known as rat race, Fig. 4);
branch coupler, widely used in small signal
mixer circuitry but also applicable to use as a
power combiner (Fig. 5);
Wilkinson combiner, consisting of a series
of A/4 transmission lines (Fig. 6). Though not
a quadrature coupler like those mentioned
above, it is included because all four types are
based on the principle of a delay generated by
a quarter wavelength transmission line.

though even at these frequencies the couplers
were bulky.
Today, advances in dielectrics have brought

materials with dielectric constants of 10 or
higher, making lower frequency couplers

To realise any kind of a practical size or
shape factor, the lines are usually folded sev-

eral times (Fig. 3b) and the total electrical
length calculated for 1/4 according to the
dielectric constant of the medium.
A variation of the line combiner, designed
with lumped constant elements for use at low
frequencies, would behave much like its counterpart, the stripline quadrature hybrid. In a

true representation of the stripline design,
capacitors (C in Fig. 3c) should be split and
their centre taps grounded to simulate Zodd.
Zeven would be determined by the mutual line
impedance and the electrical length of the line,
which should also be A/4.

In practice, the transmission line can be
made of twisted enamelled wires or two
lengths of low impedance coaxial cable with
their braids connected together and floating.
The centre conductors are left to form two
symmetrical lines.
Another adaptation, especially suited to low
frequency use, is Fisher's hybrid (resembling

more closely the hybrid shown in Fig. 3c).
Very tight coupling between the lines is
required, and line physical lengths need not be

A/4 since they are electrically lengthened by

the presence of the magnetic medium. C
depends on the line coupling coefficient and
may not be necessary at all in some cases.
The phase relationship is the same as in the
stripline hybrid and port isolations are comparable too. Bandwidth achievable depends on

Line hybrids
The line hybrid (Fig. 3a), one of the most

line inductance - and so properties of the
magnetic core - as well as the line mutual

common combiners used in the vhf and uhf

capacitance (coupling). But using the tech -
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The input signal from port 2 cancels at port
4 because the two-way paths differ by a half

R

50 0 IN

wavelength. Advantages of a ring hybrid

j50

3

include simplicity of construction and a reasonable tolerance for variations in line
impedance. In addition, the power at the out-

50 0 OUT

put ports can be adjusted by varying the

50 0 IN
50 CI IN

impedances of the interconnecting lines.
L

-j50

A simple hybrid ring can provide a good
match and excellent isolation over a 8-10%
bandwidth.

50 0 IN
(b)

(a)

Fig. 6. Wilkinson combiner (a) and it4 lumped equivalent (b). In practice b) may not be feasible for
more than two input ports.

niques described, it may be possible to develop quadrature hybrids for wider bandwidths
than the 10-15% normally attributed to this
type of coupler.

Ring hybrids
The hybrid ring, (3/2)X hybrid or "rat race"
(Fig. 4) as it is commonly called is a directional coupler that can be used to sample rf
power travelling in different directions. As a
result, it is also adaptable for mixer, power
splitter, and combiner applications.
Construction is usually with microstrip
transmission lines, a technique that limits use
to about 1000MHz and above. Coaxial cable
designs can extend the frequency range down
to 200-300MHz, but such structures become
bulky.
A simple hybrid ring consists

sion line in which input, output and isolation
ports are connected in four places. If the
impedances of these ports are 500, characteristic impedance of the transmission -line ring is:
Zo = \(Zin2 iV)

where N is the number of active ports is 2,
then,

Zo = J(5 x 103) = 70.70

frequency response to audio frequencies.
Deriving a lumped -circuit equivalent is simple and entails replacing each length of trans-

Each of the four ports is separated by quarter -wavelength sections making the remaining
part of the ring three-quarter wavelengths - so
the total circumference is 1.5 wavelengths.

mission line by its pi equivalent (Fig. 4b).

The hybrid ring is commonly used as a
power splitter or combiner. If a signal is
applied to port (Fig. 4a), power will be
equally divided between ports 2 and 4 and

section.
Since all capacitors will be of equal value,
C1 and C2 can be paralleled into a single unit,
2 x CI and 2 x C2 respectively. All branches
must have a Z0 of Z;0\12 or 70.70 as the line
sections in the microstrip design. All inductors
in the circuit are also of equal value, calculated as:

1

their phase relationship will be 180°.
On the other hand, power incident at port 2
will also be equally divided between ports 1

and 3. But the two output signals will be of
similar phase.
When port 2 is used as the input in a com-

Three pi networks represent the X/4 sections,
namely C3 -L -C1, C1 -L -C2 and C2 -L -C3. The

lowest branch - L -C4 -L - forms the 3/2 X

L = (Z;,, -V2)/27/0 and C = 1/(27rinZin\12)

biner, any power reflected at output port 3,
due to a mismatch, arrives at the other output
port 1 by two paths.
One signal travels a half -wavelength in a
clockwise rotation from port 3, and
the clockwise signal appears at port 1 delayed
by a full wavelength. The half wave difference
in arrival, and equal path loss results in cancellation of the two signals at port 4, with total
cancellation resulting in highest port -to -port
isolation. The reflected signal from any mismatch at port 3 arrives at port 4, in phase from
both circular paths, where it is dissipated. This
port is designated as the isolation port, where

For example, designing a lumped constant
ring combiner for a frequency of 100MHz.

a termination absorbs any power due to the

for 100MHz are 20-25dB and 0.4-0.45dB

unbalance between output ports.

respectively.

Testing splitters and combiners
Multiple port configurations make the
performance of splitters and combiners
difficult to test. But a possible method is
to terminate all outputs except one and
make the measurements between the
one unterminated output and the single
input port. Each output port would be
sequentially tested, revealing the
amount of insertion loss, return loss,
and the phase angle over the desired
frequency spectrum.
To test isolation characteristics
between the output ports, the input and
all output ports but two should be terminated. Isolation can then be measured between all output ports by
sequentially switching terminations and
active ports.

Ring hybrids can also be designed with
lumped constant elements - extending low

One qLick test would be to connect
all the multiple output ports together
(back -to -Pack), leaving two open ports
compatible with a standard 5052 system
- though this would not provide information on Sort -to -port isolation characteristics of the output.
These trs= methods are applicable to
most types of splitter or combiner.
Testing Gar be carried out with a network analyser or an rf test stat on consisting of a signal source, load. and
appropriate means for measur ng forward and reflected power. The rf test
station is probably the more accurate of
the two methods, since the subject
devices cai be driven with a more realistic level of rf. In either case, the
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Then:
L = 70.7/628 = 0.11pH and

C = 1/(628 x 70.7) = 22.5pF.
Capacitors Cis and Cgs combined would then
be 45pF each. The isolation and insertion loss
characteristics are greatly dependent on component tolerances, loss factors (Q), and symmetry of the total structure. Typical numbers

amount of return loss, insertion loss and
also, ii the case of the network analyser, tie phase relationship can be
found
Phase error can be as much as 25°,
but th s would still create on:y a 0.22dB
loss. Fhase errors of around 10° - typical maximums - have negligible effect.
Influence of source amplitudes are
also e<aggerated. In a two port system,
a 50% difference in source power outputs produces only an approximate
0.2dB loss in the combined output.
Figures may vary depending on the
type cf combiner, but we can conclude
that, ii practice, the effect of amplitude
unbalance between the input ports of a
comb ner (especially with a failed
source) is far more dominant than the
phase relationship.
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Branch line couplers
Branch line couplers are the easiest types to
construct - most often as two -branch, 3dB
units (Fig. 5a). The main transmission line is
coupled to a branch line by two quarter -wave

lines, each spaced a quarter -wave apart.
Simple microstrip configurations can produce

coupling values from 3 to 9dB. Used as a
power combiner, the device acts as a quadrature
coupler with output signals 90° out of phase.
Overall bandwidth of branch -line couplers is

rather narrow compared to the hybrid rings.
Bandwidth can be increased by adding more
branches, though this is not popular because
additional branches have higher impedances,
and as well as increased losses, the microstrip
tolerances become critical.
The use of transformer sections in the main
lines results in characteristic impedances of
the branch lines equal to those of the input and

output arms. The impedance of these transformer sections (a in Fig. 5a), also called main
lines, can be figured as:
Z0 = -\/(Z,n x Zow/2)

For a 500 system:
Z0 = .\/(50 x 50/2) = 35.4Q.

Impedance of the branch lines (b in Fig. 5a)
will be 5012 too.

Both the hybrid ring and the branch line
coupler are very versatile devices. With the
ring coupler, impedance transformation is possible by varying the characteristic impedances
of the A/4 line sections.

Similarly the transformer or the main line
impedance can be varied in a branch -line cou-

pler, producing impedance transformation
between the input and output ports. Though
this function may only be necessary when
devices are used for non -power -splitting combining applications such as mixers.
The branch -line coupler is physically smaller than the hybrid ring since its loop periphery

measures only one full wavelength. But its
practical low -frequency limit is in the low
microwave region. Construction using coiled
coaxial lines would bring the lowest practical
frequency into the 150-200MHz region.
Lower frequency versions can be realised with
lumped element designs (Fig. 5b) where the
principle is the same as with the hybrid ring:
each A/4 transmission line section is replaced
by a Tr.LC network. In the hybrid ring equiva-

lent, there are three such networks. The
branch -line equivalent requires four, two for
35.40 impedance and two for 5052. Using the

formula to calculate component values for
100MHz, the 35.40 branches (a) will be:
L = 35.4/628 = 56nH
and:

C = 1/(628 x 35.4) = 45pF.
Similarly the 5012 branches (b) are L = 80nH
and C = 32pF. The combined capacitances (C1
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+ C2) will be 45 + 32pF = 78pF. Component
tolerances are critical.

Wilkinson couplers
One other power combiner that uses quarter
wave transmission lines is the Wilkinson
hybrid, though it should not really be called a
hybrid since that describes a device with two
input or output ports.
The Wilkinson coupler is a reciprocal network and sums N coherent sources to a common port, all in one step. Any number of ports
can be designed for (Fig. 6a) and so it is commonly called an N -way coupler.
In a similar way to other types of combiners,
the device can be used for power splitting as

well as combining. But unlike quadrature
hybrids, all inputs are in equal phase relative
to the output, but create a delay of 90°. Since
the line length between any two ports is A/2,
the power arriving at each port is 180° out of
phase with the power from any other port and
so cancels, providing isolation between inputs.
The port -to -port isolation and vswr are theoretically perfect at mid -band (where the lines
provide a 90° phase shift) and degrade at frequencies away from band centre. In practice
the amount of isolation and the vswr are primarily dependent on the phase relationship
(line impedance and length) of the transmission lines.
Typical numbers for the isolation are 2025dB and for the vswr, 1.2:1. The balancing

resistors (R) have an important role in that
isolate and match the input

ports. Normally they would not dissipate
power, but any unbalance between input ports
would result in power dissipation by them.

only be practical up to three-four sections. For
N number of input ports, the line impedances
are calculated as: Zo = '\)(42N). So the Z0 for
a two -port system is 70.752; for a three port
system, 86.652; for a four port system 10012,

and so on. The balancing resistor values
(which are equal) can be obtained as: R =
Z02/N4.
Operation of a lumped equivalent of a two port Wilkinson power combiner (Fig. 6b) is
based on the same principle as the ring and
branch -line coupler equivalents - that the A/4
sections are simulated with 71 networks. The
two 5052 balancing resistors have been combined into a single 10052 unit because the centre tap is "floating."

Similarly, the Cs between the input ports
have been combined to a -j100Q reactance,
since it is not necessary for their centre tap to
be grounded. The reactances shown can be
converted to required values of capacitance
and inductance for the centre of the operating
frequency band.

The lumped constant version of the
Wilkinson combiner works well, with comparable isolation and vswr characteristics to its
transmission line counterpart. But component
tolerances must be kept within 1-2%.

Radio Frequency

Transistors
Principle, and Practical Applications

With two -port combiners, if the power to
one input port is completely lost due to a failure of an amplifier module, then half of the
power output from the remaining module will
be dissipated in the balancing resistor. This is
the case with all two -port combiners
described. (Refer to straight in -phase com-

biners and Fig. lc where a system shut-off
under the condition of an amplifier failure is
described).
Perfect output -port amplitude -balance (due
to its symmetry) is a benefit of the Wilkinson

coupler, with equal phases at all of its input
ports.
Chief advantage for high power applications

stems from the series of combined balancing
resistors. Perfect isolation requires completely non -inductive resistors, which must be heat sunk.

Overall, the Wilkinson N -way combiner constructed with coaxial, stripline, or
microstrip transmission lines - offers a relatively low cost method of combining several
signals with a fair amount of isolation and low
vswr.
Bandwith of operation is relatively narrow,
compared with 90° hybrids. For bandwidths
wider than 15-20%, multiple lines of appropriate lengths can be cascaded, with stepped

characteristic impedances for an optimum
design with Chebyshev response. But the
method will add to line IR losses, and may

Norm Dye and Helge Granber;
Norm Dye is Motorola's product planning manager
in the Semiconductor Products Sector, and Helge
Granberg is Member of Technical Staff, Radio
Frequency Power Group (Semiconductor Products) at
Motorola. Their rf transistors book includes practical
examples from the frequency spectrum from 2MHz to
microwaves, with special emphasis on the uhf
frequencies .
RF Transistors: Principles and practical applications is
available by postal application to room L333
EW+WW, Quadrant House, The Quadrant, Sutton,
Surrey, SM2 SAS.

Cheques made payable to Reed Books Services.
Credit card orders accepted by phone (081 652 3614).

288pp HARDBACK 07506 9059 3 Cost £19.95 +
Postage £2.50
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TEST & MEASUREMENT

Measurement of rf power
at the milliwatt level
It is sometimes necessary
to measure rf power at

the milliwatt level. This
usually requires the use
of expensive equipment
and the achieved
accuracy depends on the
standard of calibration.
In this note,
Nick Wheeler describes
an inexpensive thermal
device which can be
calibrated with dc and
has good overload
capability.

The Analog Devices AD590 is a two -ter-

minal current regulator with the property of passing a current which increases linearly at the rate of 1µA/°C, independent
of supply voltage, over range of 4 to 30V.
The device is in a TO -52 case similar in size
to a TO -18 miniature metal can. This case has

a gold-plated base through which the two
active leads pass, together with a third lead
connected to the case.
The AD590 is specified for storage up to
155°C and for lOs lead soldering temperature
at 300°C. Typical low melting -point solder
melts at 179°C.
It proved easy, and apparently non-destructive, to solder two 1000 chip resistors to the
gold-plated base. The gold plating facilitates
this. These form a relatively non -inductive
500 load when connected in parallel, which is
fed by length of RG-402 semi -rigid
microwave coaxial cable.
The outer conductor of the coax is soldered
to the case pin of the AD590. The two leads of
the AD590 need to be decoupled by chip
capacitors as close in as possible, to prevent rf
pickup.
At typical laboratory temperature, the device

will draw about 295µA; the specification is

298.2µA at 25°C. On test, a sample drew
291.2µA at an ambient level of 20°C. This
corresponds to a nominal 18.7°C. As the maximum calibration error is ±1°C and the mea-

surement was at the 1% accuracy level, this
was satisfactory. On applying one volt to the

500 load, the current increased by 4µA. A
volt across 500 dissipates 20mW.
This simple form of the instrument measures
small difference between two large quantities.
This is bad practice.
By using two sensors in a differential circuit

derived from the Analog Devices databook,
and applying the signal to one of them, measurements may be made to the milliwatt level.
The devices should be made as similar as possible and mounted in a draught -proof enclosure, thermally insulated from each other but
otherwise identical in relation to the environment. I used foam polystyrene to achieve this.

On transferring the signal input from one
sensor to the other, a large output of reversed
polarity should result. It is most unlikely to be
identical. Both devices should be calibrated
with dc at inputs up to 200mW. The resulting
calibration curves are non-linear, falling off at

higher inputs. This is because the heat loss
from a heated object is proportional to the
square of its temperature above ambient.
This is not a quick -response system. About

90% of the final reading is reached in a
minute. Also note that a series of readings
should start with the lowest input. Otherwise
time must be allowed for cooling off between
measurements.
Also note that when measuring rf, this is a
true rms measurement. Measurements made at
50MHz using a good 100MHz oscilloscope to
determine the applied voltage corresponded to
the dc calibration within a few percent.
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Apart from ensuring that the two sensors are mounted in a similar
thermal environment, attention should be paid to decoupling of the
leadouts with chip capacitors to avoid measurement rf rectifying in
the junctions.

700

RMS rf power meter - typical calibration curve for
differential circuit.
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Please send to Electronics World & Wireless World, Classified, 3rd Floor,
Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS. Tel: Malcolm Wells on
081-652-3620.

ELECTRONIC UPDATE
A regular advertising feature enabling
readers to obtain more information
on companies' products or services.

Contact Malcolm Wells on
081-652 3620

LabWindows/CVI
Brochure

The system 2000 is an ideal
programmer for the production environment. Fast progModels S2200 and S2400

ramming results

The LabWindows/CVI Brochure,

high
throughput and rigorous verification leads to Umproved
quality control. Single key

from National Instruments,

in

explains how users can build
instrumentation applications on
Windows PCs and Sun SPARCsta-

tions using the ANSI C programming language and LabWindows/

functions and checks against
misoperation facilitates its
use by unskilled staff.
Gang and Set Programmers for
20, 28 6 32 pin EPROMs. EEPROMs,
FLASH, Emulators and OTPs up to 8M bit.

CVI data acquisition, analysis, and
presentation libraries.

NATIONAL INSTRUMENTS
For further information

MQP ELECTRONICS LTD.
Tel: 0666 825 W6
Fax: 0666 825141

FREEPHONE 0800 289877
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OLSON ELECTRONICS LIMITED is
a leading manufacturer in the field of
mains distribution panels of every
shape and size to suit a variety of
needs. For use in Broadcasting,
Computing, Data Communications,
Defence, Education, Finance,
Health etc. All panels are
manufactured to BS5733. BRITISH
AMERICAN, FRENCH, GERMAN
CEE22/IEC and many other
sockets. Most countries catered for.

SPICE AID Simulation
5,10-5001 011110(

CIRCLE NO. 143 ON REPLY CARD

Mixed Analogue and Digital
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All SPICE 2G6 analyses
Behavioural Modelling
Graphical post -processor

FREE 10 transistor version
640K version £395
32 bit extd. mem. ver. £695
Schematic front-end £149

To receive your FREE working evaluation version just send a 1.44MB
HD 3.5in disk to: EW+WW Otter, CRaG Systems, 8 Shakespeare Rd,
Thatcham, Newbury, Berks
RG13 4DG, Tel (0635) 873670
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2nd EDITION TOKO RF
CATALOGUE

ENGINEERING
& SCIENTIFIC PC

associated sub -systems.

Cirkit have just published the 2nd
Edition of the Toko RF Catalogue,
featuring details of Tokos' extensive
range of RF coils, inductors, filters
and comms ICs.
The 128 page catalogue includes
many new products such as;
Surface mount high current
inductors, surface mount multilayer
inductors, helical filters at 2.5GHz
and a new section of push button
and tact switches.

Please contact integrated measurement systems for a free catalogue

Clrkit Distribution Ltd, Park Lane,
Broxbourne, Herts, EN10 7N0

The new 230 page 1994 PC -LAB
catalogue covers an extensive range
of PC -based data acquisition, measurement, control, and interface

plug-in cards plus supporting software packages for engineering &
scientific applications. Also inclu-

des 19" rack mounting industrial
PCS, custom OEM PC chassis and

copy.

Tel:(0703) 771143

INDUSTRIAL PCs
Arcom's PCbus range

is

Irlalucto, Vat -fob',
C0:1,
Soo

Motolvt
I

Sw+,t,)?t,.

Tel: (0992) 441 306
Fax: (0992) 441 306
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Fax: (0703) 704301

PCbus
Catalogue

1150511 111111,

.11C0

All panels are available ex -stock and
can be bought direct from OLSON.

Olson Electronics Limited
Tel: 081 885 2884
Fax: 081 885 2496

'2

expressly

developed for embedded control and
data acquisition, providing high integ-

rity industrial solutions with:
full range of CPU and I/O functions
* industrial EMC enclosures * mezzanine bus expansion industry standard signal conditioning Windows I/

O drivers with predictable performance.

Arcom Control Systems makes plug -

High Speed EPROM & FLASH

Programming from your PC
O Programs EPROMs to 4 Mbits/
32 -pins

O Superfast 8, 16 & 32 -bit

programming
ID Approved algorithms
O Menu driven software included

Sophisticated editor functions
Easy file management
FREE demo disk available

Stag Programmers Limited

together PC solutions for industry a

Martinfleld Welwyn Garden City,

reality!

Hertordshire, AL7 1 JT UK

Please forward all enquiries to Alan
Timmins at: Arcom Control Systems

Tel: (0707) 332148
Fax: (0707) 371503

Cambridge CBI 4WH, UK. Tel:

CIRCLE NO. 149 ON REPLY CARD

Ltd, Units 8-10 Clifton Road.
+ 44 (0)233 411200 Fax: 411457

RALFE ELECTRONICS

SPECTRUM ANALYSERS
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IN
£4500

1FR A80002.46Hz version of above

£5250

HP3580A5Hz-50kHz audio spectrum analyser

£1500

.DI TRIB ZIONE E ASSISTENZA ITALY: IL RADIO ROMA 06 71 90250

TEST EQUIPMENT

HP3582A dual -channel 25kHz analyser

£3500

HP3585A20Hz-40MHz GPIB analyser

£4500

MARCONI TF2370 110MHz

£1250

ADVANTEST TR4133A 199kHz-2000Hz Hi -spec spectrum
analyser

£8500

AM/FM synthesized signal generator 80kHz-IGHz
as above, improved spec

6059A signal source 12-18GHz

6460/6423 power meter 10MHz -12.4GHz 0.3mW -3W
670013 sweep oscillator 8 - 12.4GH: & 12.4 -18GH:

£17250

£2500

415E swr meter

BRUEL & KJAER 2317 portable level recorder

£1850
£750

BRUEL & KJAER 3513 portable vibration analyser

£3500

BRUEL &KJAER 2515 vbration analyser
AVORM215L-2 insulation & breakdown tester
DATRON 1065 digital multimeter

E5000

£650
£750

DRANETZ 606-3 line disturbance analyser
KEITHLEY 192 programmable dmm

0275
£400

£3,250

MOO

£325

RACAL 9341 LCR databridge component tester

£350

RACAL -DANA 9302 RF milli -voltmeter 1.5GHz

£450

500

6253A dual power supply 0-20V 0-3A twice

£225
0350

7035B X -Y single pen analogue chart recorder

£350

8011A pulse generator 0.1Hz-20MHz

£500

816A slotted line 1.8-18GHz with carriage 809C & 447B

£500

8350Bsweep generator main-frame

£2250

8405A vector voltmeter, vottage & phase to 1000MHz

£950

8620C sweep generator, many plug-in units available
£2500

17530 Ott 850409 NETWORK ANALYSERS

IONS -PARANOIA TEST SET as new, calibrated, E22510

PLEASE NOTE: ALL OUR EQUIPMENT IS NOW OPERATIONVERIFICATION
TESTED BEFORE DESPATCH BY INDEPENDENT LABORATORY

£1000

RACAL -DANA 9303 level meter, digital

ROBERTS & ARMSTRONG t/o-cable end -cut measure unit

TF2910 TV Interval timer

£1500

8671A synthesized signal generator 2- 6.2GHz

RACAL 9300 RMS voltmeter-80dB to +5Cdb

£1250

£500

54501A digitising oscilloscope 100MHz 10MS/s

£1750

RACAL 9082 synthesized AM/FM sig' gen' 5-520MHz

F1000

£600

50058 signature mufti -meter, programmable

70907A external mixer for 70000-ser spectrum analyser

£22000 each

£400

TF2914A TV Insertion signal analyser

£400

432A/R486A uwave power meter 26.5-40GHz (wavegukie)

£2000

£300

TF2910/4 non-linear distortion (video) analyser

£5000

432A/478A microwave power meter 10MHz-10GHz

70300A tracking generator plug-in unit

RACAL 9008 automatic modulation meter £325. 9009

£750

4275A multi-freguency LCR component meter

£2000

£350

0A2805A PCM regenerator test set

£4000

6825A bipolar power supply/arnp -20 to +2Cnrcic 0-1A

CALL US NOW B

C350

£350

4274A multi -frequency (100Hz-100kHz)LCR component meter

£1500

MUCH MORE, FULLY REFURBISHED, FULLY GUARANTEED TEST
EQU PM EN T AVAILABLE FROM STOCK. PLEASE REQUEST OUR
CURRENT LISTINGS. WE CAN FAX LISTS & SHIP GOODS WORLDWIDE.HIGH-END EQUIPMENT ALWAYS WANTED FOR STOCK.

C150

£2500

3586A selective level meter

(1950

8936 audio power meter

£1250

3335A synthesizer/level generator with option al

3552A transmission test set

£750

6912 power sensor 30kHz -4.2GH: f or above series

3457A digital mutmeter

£1000

DRANETZ 626 mains disturbance analyser/2 0 PA -6001

£1000

£1500

42250

£1750

E750

6460/6420 power meter 10MHz- 12.4GHz 0.3uW- 10mW

£200

339A distortion meter

£2500

TEKTRONIX 1503C/3/4/5/6 tdr cable tester

£1500

331A distortion meter

BRUEL& KJAER 2307 level recorder

TEKTRONIC CSA803A COMMUNICATIONS SIGNAL ANALYSER

£1000

---

BRUEL & KJAER 2511 vibration meter set/1621 fitter

As new, supplied with IxSD22 head

2830 multiplex tester

lerirFi

ANRITSUME518A PCM portable error rate test set

MAURY MICROWAVE 8650E INC-calibration kit
NAG RA IV -SJ tape recorder

2828A/2829 digital simulator/analyser

il

i

3336A level generator

BRUEL & KJAER 1618 band bass filter

MARCONI INSTRUMENTS
2919A

"I

40th
YEAR

IFR A7550 1GHz portable analyser w tracking gen op

2019

HEWLETT PACKARD

36 EASTCOTE LANE. S. HARROW. MIDDLESEX HA2 8DB
TEL. 081-422 3593 FAX: 081-423 4009

TEKTRONIXJ16 digital photometer

BOO

£250

TEKTRONIX 1503C/03/04/05/06 TDR cable tester

£3250

WAVETEX MOO -1400 MHz sweep generator

£750

WAYNE KERR 6905 automatic precision bridge

£950

We would be pleased to handle all grades of calibration or NAMAS certification
by same laboratory at cost price. All items covered by our 90 -day parts and labour
guarantee and 7 -day 'Right to Refuse' (money back) warranty.

ALL PRICES SUBJECT TO ADDITIONAL VAT AND CARRIAGE
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FROM CONCEPT TO ARTWORK IN 1 DAY
WI 44.

n ideas are quickly caplured using the LILTIcEp schematic design Tool. ULTIcap uses
E checks to prevent logic errors. Schematic editing is painless: simply click your start and end
ULTIcap automatically hires them for you. ULT cap's auto snap to pin and auto junction
points
featUre'S ensure your netlist is complete. thereby relieving vou of tedious netlist checking.
Your d
REAL-

41%
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e integrated user interface. makes sure all
ULTIsh
information is transferred correctly from
your d
ULTlboard. Good manual placement tools are
ULTIca
4111146 the progress of your design. therefore ULTlboard
gives you a powerful suite of REAL-TIME functions such
as, FORCE VECTORS. RATS NEST RECONNECT and
DENSITY HISTOGRAMS. Pin and gate swapping allows
ycu to further optimise your layout.

, au can quickly route your critical tracks.
o:ard's REAL-TIME DESIGN RULE CHECK
no; allow you to make illegal connections or
iiolate your design rules. ULTlboard's powerful
TRACE SHOVE, and REROUTE -WHILE -MOVE
algorithms guarantee that any manual track
editing is flawless. Blind and buried vias and
surface mount designs are fully supported.
.

If you need partial ground planes, then
with the Dos extended board systems you
can automatically create copper polygons
simply by drawing the outline. The polygon
is then filled with copper of the desired net.
all correct pins are connected to the
polygon with thermal relief connections
and user defined gaps are respected
around all other pads and tracks.

ULTlboard's autorouter allows you to
control which parts of your board are
autorouted, either selected nets. or a
component, or a window of the board, or
the whole board. ULTlboard's intelligent
router uses copper sharing techniques to
minimise route lengths. Automatic via
minimisation reduces the number of vias to
decrease production costs. The autorouter
will handle up to 32 layers, as well as
single sided routing.

ULTlboard's backannotation automatically
updates your ULTIcap schematic with any pin
and gate swaps or component renumbering.
Finally, your design is post processed to generate
pen / photo plots, dot matrix/laser or postscript
prints and custom drill files.
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ULTlboard PCB Design/ULTIcap

Schematic Design Systems are available
in low-cost DOS versions, fully compatible
with and upgradable to the 16 and 32 bit
DOS -extended and UNIX versions,

featuring unlimited design capacity.

dge,wove,
LQ\ALl:

t

ULTimate Technology UK Ltd. 2 Bacchus House. Calleva Park, Aldermaston Berkshire RG7 4CAN Fax: 0734 - 815323 Phone: 0734 - 812030

want
it.
What does it do?
d 8- B I T EPROM

g 16 -BIT EPROM*
EEPROM

g SERIAL EEPROM*
g FLASH

g PIC*
g 8751*
g EMULATION
L FREE UPGRADES
1 TOTALLY HANDHELD\
Li 3 YEAR GUARANTEE

g AVAILABLE TODAY!
Requires optional modules.

A 32 pin ZIF socket programs a huge library of
EPROMs, EEPROMs and FLASH devices up
to 8Mbit. And our unique user loadable
Library means that new parts can be added
quickly, and at no cost. All software upgrades
are free and available for 24hr download from
our high speed bulletin boards.

Emulation
See your code running before committing yourself
to an EPROM. With S4's powerful and easy -to use internal emulation system, download your
code to S4, press 'EMULATE', and your target
system runs in real time as if an EPROM was
plugged in to the socket. Use S4's 'EDIT
command to make minor alterations to your code
and see the changes happen immediately- just
one reason why S4 is used by the world's car
manufacturers to develop advanced engine
management systems in real time! With S4
emulation there's no need for trailing cables or
external power sources; earth loop problems are
a thing of the past. S4 even emulates RAM.

Remote Control
As well as being totally stand alone and self
contained, S4 can be operated remotely via it's
serial port at speeds up to 115,200 Baud. We
supply you with a FREE disk containing custom
terminal software and a pop-up TSR communications utility.

The Company
Dataman has been designing and selling
innovative programmers world-wide for over 15

years. As well as having
sales and support offices in
both the UK and the USA, we
\
supply the world demand for our
products via a network of approves.
dealers stretching from Norway to
Australia.

Size:
186 x /// x 46mm
Weight: 5I5g

The Package
S4 comes complete with mains charger,
emulation leads, comprehensive manual,
PC software and a spare library ROM;
there are no hidden extras to buy.
Uprading S4's device library is free, does
not involve costly internal ROM upgrades
and technical support is free for life. Only
S4 comes with a three year guarantee.

Availability
S4 is always in stock and we ship worldwide on a
daily basis. Call now for delivery TOMORROW.
Bona -fide UK customers can try S4 for thirty days
without risk. 16,000 users can't be wrong!

Credit card hotline:

0300
320719
for same -day dispatch

Station Road, Maiden Newton, Dorset DT2 OAE, UK. Telephone: 0300 320719; Fax: 0300 321012; Telex: 418442; BBS: 0300 321095 24hr: Modem:
32bis/16.8K HST
22 Lake Beauty Drive, Suite 101, Orlando, FL 32806, U.S.A. Telephone: (407) 649-3335; Fax: (407) 649-3310; BBS: (407) 649-3159 24hr: Modem V32bis/16.8K HST
CIRCLE NO. 101 ON REPLY CARD

