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THE WORLDS No.1 BEST SELLING
UNIVERSAL PROGRAMMING AND TESTING SYSTEM.
Elf

*

More sold worldwide than any other of
its type.

Software supplied to write own test

program and test more than 1500 ICs. The latest
version of the PC82 is based on the experience

*

gained after a 7 year production run of over

UK users include BT, IBM, MOD, THORN
EMI, MOTOROLA, SANYO, RACAL

*

High quality Textool or Yamaichi zero
insertion force sockets.

Protection circuitry to protect against
wrong insertion of devices.
Ground control circuitry using relay

*

Rugged screened cabling.
High speed PC interface card designed

The PC82 Universal Programmer and Tester is a

PC -based development tool designed to

100,000 units.

The PC82 is the US version of the Sunshine
Expro 60, and therefore can be offered at a very

competitive price for a product of such high
quality. The PC82 has undergone extensive
testing and inspection by various major IC

*

manufacturers and has won their professional
approval and support. Many do in fact use the
PC82 for their own use!

vectors for custom ICs and ASICs etc.

for use with all PC models from XT to

switching.
One model covers the widest range of
devices, at the lowest cost.

486.

No need to tie up a slow parallel port.m

Over 1500 different devices (including
more than 100 MPU's) supported.
Tests and or identifies a wide range of
logic devices.

The PC82 can program E/EPROM, Serial PROM,
EPROM, MPU, DSP, PLD, EPLD, PEEL, GAL, FPL,
MACH, MAX, and many more. It comes with a 40
pin DIP socket capable of programming devices

Two year free software update.

Speed

optimised

range

of

programming algorithms.

.

tr111,1iliTitf,mt

with 8 to 40 pins. Adding special adaptors, the
PC82 can program devices up to 84 pins in DIP,
PLCC, LCC, QFP, SOP and PGA packages.

The unit can also test digital ICs such as the TTL
74/54 series, CMOS 40/45 series, DRAM (even
SIMM/SIP modules) and SRAM. The PC82 can

even check and identify unmarked devices.

Customers can write their own test vectors to
program non standard devices. Furthermore it
can perform functional vector testing of PLDs
using the JEDEC standard test vectors created
by PLD compilers such as PALASM, OPALjr,
ABLE, CUPL etc. or by the user.
The PC82's hardware circuits are composed of 40
set pin -driver circuits each with TTL I/O control,

D/A voltage output control, ground control,
noise filter circuit control, and OSC crystal
frequency control. The PC82 shares all the PC's
resources such as CPU, memory, I/O hard disk,
keyboard, display and power supply.
A dedicated plug in card with rugged connecting

cable ensures fast transfer of data to the
programmer without tying up a standard parallel

or serial port. Will work in all PC compatibles
from PC XT to 486.
The pull -down menus of the software makes the
PC82 one of the easiest and most user-friendly
programmers available. A full library of file

conversion utilities is supplied as standard.

NOW SUPPLIED WITH SPECIAL VALUE
ADDED SOFTWARE (worth over £300 if
bought seperately):
*

MICROTEC disassemblers for Z8, 8085,
8048. 8051, 6809 & 68HC11

*

NATIONAL SEMICONDUCTOR OPALjr
PAL/PLD development software.

*

BATCH SOFTWARE for productiok.
programming.

Our stocked range of own manufactured and
imported Sunshine products include:
*
*

Super fast EPROM Erasers.
1,

4 & 8 gang EPROM 8Mbit production

programmers.
*

Battery operated portable EPROM

*
*

"In circuit" Emulators.
Handy pocket IC testers.

programmers.

The frequent software updates provided by
Sunshine enables the customer to immediately
program newly released ICs. It even supports
EPROMs to 16Mbit.
Over 20 engineers are employed by Sunshine to

develop new software and hardware for the

ORDERING INFORMATION
PC82 complete with interface card,
cable, software and manual

only zaup

PC82. Not many competitors can boast of similar
support!

Please add £7 carriage (by overnight courier) for
UK orders, £20 for export orders, and VAT where
applicable.

Citadel, a 32 year old company are the UK agents

ACCESS, MASTERCARD, VISA or CWO.

and service centre for the Sunshine range of
programmers, testers and in circuit emulators
and have a team of engineers trained to give
local support in Europe.

Official orders are welcome from Government
bodies & local authorities.
Free demo disk with device list available.

CP
CITADEL PRODUCTS LTD
DEPT. WW, 50 HIGH ST.,
EDGWARE, MIDDX. HA8 7EP.
Phone now on: 081 951 1848/9
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The 180 series of multimeters pro

MULTI

ed features and are supplied complete with prob
battery and rubber holsters. 183: 3.5 digit LCD, ACV,
ACA, DCA, resistance, continuity buzzer, diode test, h
basic accuracy 0.5%. 185: As 183 plus bar graph, temp.
40°C to 1370°C), capacitance (lpF to 40uF), frequency

to 200kHz), max/min, edit, %, compare, basic accur
0.3%. 187: As 185 plus Auto ranging. 285: As 185 but
digit true rms, basic accuracy 0.05%.
EPROM PROGRAMMER/EMULATOR

I

he SPlOOD is a
eprom program

emulator with extended power via a PC remote link.
eproms up to 1M Bit (expandable to 4M Bit) can
programmed, empty checked, listed, ed.
emulated.

The SC series are high performance micro
ased frequency counters with advanced featu
SC40: 5Hz to 400MHz, hand held, battery powered, 8 di
LCD, sensitivity typically 10mV, hold, min, max, ave, diff,
variable gate and filter. SC130: as SC40 but 5Hz to 1.3GHz.
SC230: Bench version of SC130, backlit LCD, RS232 as
standard.
COUNTERS

cessor

SC40 - E104.58, SC13018.08, SC230 - £175.08

S84162110 - £262.50, 5641608 - £150.87

SG4160B, 100kHz to 150MHz (450
int/ext modulation. SG4162AD: As SG41
equency counter.
A professional range of high qual
025: 20MHz dual trace, full featured (i
100MHz dual trace, cursor readout (inc.
gle trace.

I

2020: 0.02MHz to 2MH
generator r,
s include sine, squ

quency readout, output wa

triangle, skewed sine, pulse an
lin & log sweep, DC offset and symmetry. FG2020B:
0.5Hz to 500kHz function generator providing sine, square
TTL,

MX2020 - £233.83, FG202013 - £159.

and triangle waveforms.
POWER SUPPLIES

e PS series of low cost bench

r dual output with output protect
PS303: single DC power supply, 0-30V 3A. PS303D:
tracking DC power supply 2x0 -30V 3A. PS2243: DC p

I

INSTRUMENT

The MX9000, suitable for a br

range
ombines four instruments includi
1. Tripl
supply with LCD offering 0-50V 0.
15V 1A, 5V 2A, with full overcurrent protection. 2. An 8 digit

LED 1Hz-100MHz frequency counter with gating rates of
0.1Hz, 1Hz, 10Hz, 100Hz providing resolution to 0.1Hz plus
attenuation inputs and data hold. 3. A 0.02Hz to 2MHz full
featured sweep/function generator producing sine, square.
PS303 - £154.65, PS3030 - £283.86, PS2243 - £119.26

triangle, skewed sine, pulse and a TTL output and lin or log.
sweep. Outputs of 500 and 6000 impedance are standard
features. 4. Auto/manual 3.5 digit LCD multimeter readin
DCV, DCA, ACV, ACA, resistance and relative
measurement with data hold functions.

The MIC4070D LCD digital LCR
meter provides capacitance, inductance, resistance and dissipation measurement. Capacitance
ranges are from 0.1pf to 20,000uf plus dissipation. Inductance ranges from 0.1pH to 200H plus
a
digital readout of dissipation. Resistance
ranges from 1m0 to 20M0. Housed in rugged
ABS case with integral stand complete with
battery and probes.
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CIRCLE NO. 106 ON REPLY CARD

442.

OR please debit m'

I enclose a cheque to the value of £
the sum of £

he clamp meter provides
following ranges, ACA to 600A,

MX9000 - £468.83

Please Allow 28 Days Delivery

COMMENT

Screening out investment
EDITOR

Frank Ogden
081-652 3128
DEPUTY EDITOR

Jonathan Campbell
081-652 8638
CONSULTANT

Derek Rowe
DESIGN & PRODUCTION
Alan Kerr
EDITORIAL ADMINISTRATION

Lorraine Spindler

081-652 3614
ADVERTISEMENT MANAGER

Carol Nobbs
081-652 3899
SALES EXECUTIVES

Pat Bunce

081-652 8339
ADVERTISING PRODUCTION

'The most interesting picture show in
I town isn't happening where you would
expect it to be. Even before Japan has
mastered the difficulties associated with
making active matrix flat panel displays,
the Koreans are rushing to set up
production lines for this process critical
product.
Roughly speaking, Korea is getting ready
to do to the Japanese in flat panel displays
what it did to them in the memory market.
Except that this time, it is not even
allowing Japan to enjoy a period of
dominance.
There are a few things about this which
are ironic. Firstly it must induce a sense of
déjà vu to the former US memory
manufacturers. Secondly the Koreans; in
the shape of Hyundai, are setting up a flat
panel plant in Silicon Valley's very own
backyard in Oakland, California. Thirdly,
their success, when it comes, will be based
on advanced chemical vapour deposition
equipment of US origin while the Japanese
struggle with development of home grown
processing technology.
Generally speaking, America isn't

terribly worried about being left out of the
flat panel party even though, eventually,
the value of the market for high quality TV
and computer flat panel screens will
compare with that of the silicon inside the
machines themselves. The US computer
companies, who have mostly given up any
pretence of commodity component
manufacture, would like nothing more than
to see the Japanese and the Koreans slicing
each others' margins to death on these high
priced items.
There is another group of people who
will also experience déjà vu among other
emotions. Former workers at the now
defunct Liverpool company Rytrak would
be able to tell you about a world beating
low pressure chemical vapour deposition
process which could place high quality
polysilicon on glass substrates up to 14in
diagonal. And this was back in 1989. Set
up by former employees of the deeply
unimaginative GEC, Rytrak simply starved
to death for want of a $2m in long term
investment. The Japanese and Koreans
now feel that it is worth spending £billions
just four years later.
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TV through the letterbox
A m I the only person in the world to be
irritated by broadcasters' attempts to
condition us to letterbox pictures? While
there is good argument for transmitting films
originally made for the cinema with a black
band above and below the picture, there is
absolutely none for producing dedicated TV
programmes in this format.
The combination of arrogance and
stupidity among broadcasters is
breathtaking. Having unsuccessfully
attempted to foist MAC based pictures on an
indifferent population, these twerps have
now seized upon 16:9 as an excuse to make
us buy more sets. No one has asked me if I
am unhappy with my 4:3 picture and I don't

suppose that they have asked anyone else
either.
Well, just for the record, I am happy with
my 625 line, 4:3 picture. It's not perfect but
it is good enough for me. I am prepared to
wait for the new extended PAL systems
which should allow optional widescreen
without the element of compulsion. I have
no intention of buying another set simply
because Philips and Thomson perceive 16:9
pictures to be good for new business and
have the financial clout to influence our
softheaded broadcasters.
These wretched people would do far better
to concern themselves with the content of
the picture than its shape. Frank Ogden.
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UPDATE
Digital TV system attracts US interest
A four -into -one digital compression TV

rlsystem developed by Britain's National
Transcommunications (NTL) has attracted
orders in America before its formal launch
at the Las Vegas industry fair NAB in April.
System 2000 is "the first commercial
implementation of the MPEG standard in
broadcasting" according to NTL, the
privatised transmission arm of ITV. Its
initial markets will be for distribution to
cable head -ends, plus satellite news gathering and backhaul (bringing in outside
broadcast material), where the primary
consideration is saving transponder costs.
However, as NTL chief executive Dr John
Forrest explained during a demonstration at
its Crawley Court HQ, it is an "open
system" and could well become the basis of
a multi -channel direct -to -home service
within a couple of years.
At four TV channels to a transponder,
System 2000 removes more than 95% of the
data from a studio standard 216Mbit/s
picture to produce, with audio and error -

protection, a final 8.48Mbit/s bitstream.
In the demonstration this signal, and a
4Mbit/s signal, which would permit eight
channels per transponder, were uplinked via
Eutelsat to a 1.2m dish, and then shown
side -by -side on two monitors. The same
source, a tape including footage of horse racing, a notably tricky subject for
compression, and part of the opening
sequence from Silence of the Lambs, was
used for both. The only noticeable
differences were some "crawling" around
the edges of the credit -title lettering on the
4Mbit/s picture, and a slightly longer delay
in the more heavily -compressed signal
reaching the screen. Picture quality was
virtually indistinguishable - 4Mbit/s was
visibly inferior to the critical eye, but would
not be noticeably so in general viewing. It
was in any case better - at a horizontal
resolution of 352 - than VHS video. The
system can be upgraded for HDTV, at
around 12Mbit/s.
As a full MPEG system, it can interface

Super -cool trap brings new light
A nd from the darkness came light. The
rlbright yellow spot at the centre of the
photograph contains about one billion
sodium atoms caught in a unique trap.
The red line comprises atoms passing
near the trap, some of which will also be
ensnared.
This trap, built at the University of
Rochester in New York, uses laser light.
At room temperature atoms vibrate at
about 500m/s. By hitting these atoms
with powerful jets of photons, these
atoms can be slowed down to speeds of
only lcm/s. And, as temperature is really

444

only a measure of the speed atoms
vibrate, the temperature drops to within
three millionths of a degree of absolute
zero.
A super -cool atom puffs up to 1000

times larger than before, becoming bigger
than some transistors and behaving like a
fuzzy cloud. Researchers believe that
these big atoms could be used for what
they term atom optics. They are looking
to build atom microscopes,
interferometers, and even lasers using
these super -cool atoms.

with any other system designed to the
standard, and has already been successfully
matched with equipment developed by
Scientific Atlanta, with which NTL has
marketing and development links.
"We were able to make our equipment
work with Scientific Atlanta's within a day.
All eight million bits agreed," was how
Mike Windram of NTL's advanced products
division put it. Both systems are "as MPEG
2 as possible", pending finalisation this year
of this broadcast version of the standard.
NTL uses its own ICs for the encoder, and
the C -Cube CL950 chip in the decoder. But
System 2000 has no formal similarity with
Spectre, the terrestrial digital system being
developed by NTL under contract for the
ITC, which is designed to fit additional
digital channels around an existing analogue
programme, and within the same spectrum
band.
At present a System 2000 decoder costs
around £4000, and an uplink £75,000 per
channel, considerably cheaper than the £1 to
3 million annual rental currently being asked
for a transponder. NTL has no plans to
develop a domestic model itself, but is
confident that, with an open industry
standard, a consumer goods manufacturer
could bring one to the market at a realistic
price - less than £400.
Peter Willis

Radiation limits for
radiocomms
The National Radiological Protection
Board has included new limits on
pulsed and RF radiations in the 2GHz
band in new proposals for guidelines on
exposure to non -ionising radiation.
Recent public concern over the safety of
increased mobile telephone use has
resulted from an uncertainty over the
effect of low power pulsed radiation.
According to the NRPB: "Pulsed
microwave and RF radiations can
interact with tissue to produce effects
which are different from those caused
by continuous wave radiation."
Pulsed radiation can under certain
conditions be audible to the recipient.
This, said the NRPB, can be avoided at
2.45GHz if, in any 30us interval the
specific energy absorption in the head is
less than 10mJ/kg, corresponding to an
incident energy density of 280mJ/sq m.
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Intel chip too expensive, too slow?
Motorola says it will undercut Intel's
Pentium chip prices substantially with
its PowerPC chips and will soon start
offering first samples of its 68060
microprocessor.
A 50MHz PowerPC 601 microprocessor
will cost $280 and the 66MHz version just
$374 in volume. This compares with Intel
chip prices ranging from $750 to $950. The
chips will be available in volume quantities
in the third quarter of 1993. Motorola hopes
that its aggressive prices will attract
customers wishing to build systems to
compete with PowerPC systems from IBM

and Apple.
The 68060 is a more powerful version of
its 68040 microprocessor. Sources close to
Motorola say that the microprocessor will be
available in sample quantities in the third
quarter of 1993 with volume shipments
beginning in early 1994.
So far, Apple is the only systems
manufacturer planning to use the 68060 in
new products scheduled for introduction in
early 1994. Pricing has not yet been set, but
is expected to be around $500 for the
50MHz version. There will also be a 66MHz
version.

NCR plans a wireless world
A

fter three years of successful operation
in the US, wireless lans from NCR are
being introduced around the world. The firm
has introduced the product in some
European countries in the last month and
plans to spread it to other countries on the
continent during the summer.
There has also just been a launch in Japan,
and further launches are planned this year
for Australia, the Far East, and the Middle
East.
Called Wavelan, the product uses spread
spectrum technology to link computers by

radio waves rather than cabling. They will
operate at frequencies around 2.5GHz
depending on local conditions and frequency
allocations.
NCR first started working on this project
some six to seven years ago because it saw a
change in social trends towards greater
mobility.
Dr Khaled Maffei, an NCR vice president,
said: "People are no longer accepting being
tethered to terminals, telephones, and work
areas. Offices, work areas, and service
locations are continuously changing.

Organisational structure is changing based
on skills and not physical locations."
One of the problems with this is that
computers and point of sale machines tend
to be limited in mobility because of the
cabling. The idea behind wireless lans is to
link them using the radio waves. This means
they can be moved anywhere in an office or
work area without tearing up carpets and
ceilings to move the wiring.
The product comes in the form of a plugin 16 -bit AT or MCA card with a radio
antenna attached. A PCMCIA version is
planned for later this year. The system is
fully compatible with Ethernet or token ring
networks and can be linked to existing wired
networks using the firm's Wavepoint access
bridge.
In an open office the transmission range is
between 150 and 180m. If there are
partitions (with the antenna below the
partition level) this drops to 30 to 60m. In
closed offices with walls then 15 to 30m is
the range. And in offices with concrete walls
the range drops to less than 10m.
The spread spectrum technology used has
its origins in the 1940s when it was used for
secure military communications. The
transmitter diffuses its radio signals over a
range of frequencies making it difficult to
detect, jam, or monitor. The NCR product
has extra security by way of user-codeable
encryption chips on the Wavelan card.

Silicon fluid valve
D edwood Microsystems is shipping
icommercial quantities of silicon valves
built using thermopneumatic technology
developed at Stanford University.
Redwood can make an electrically
controlled fluid valve using semiconductor
etching techniques which is smaller, more
accurate and potentially much cheaper than
mechanical alternatives, according to
Redwood's president Perry Constantine.
Primary market will be instrumentation for
process control and food production.
In the Fluistor valve, a well is etched out
of a wafer of silicon leaving only a thin
membrane at the bottom to act as a
diaphragm. The well is filled with a control
liquid. A piece of Pyrex to which metal
heating elements have been fixed is then
sandwiched on top of the silicon so that the
wires are in contact with the control liquid.
This is then attached to a second Pyrex
wafer underneath the silicon which contains
channels and holes through which the fluid
to be controlled can pass.
As current flows through the heating
elements, the control liquid expands and
forces the silicon membrane downwards
restricting flow through the channels in the
Pyrex. Wires sandwiched between the
channel layer and the silicon can inform the
control circuitry when the valve is fully
closed so that the power can be turned off.
Deflection of the silicon varies directly
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Resistive
Heater

Silicon
Diaphragm

Control
Liquid

with applied current making the valve
suitable for precision work. Deflection can
vary between 0 and 501.tm and the elastic
properties of silicon means it returns to its
original position when the fluid is cooled.
Redwood Microsystems
415-6171200
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UPDATE

Russian semiconductors to get cheap boost
Russia is to pump 120bn roubles (£120m)
of state aid into its electronics industry
this year with priority going to programmes
assisting the conversion of military
production into commercial production.
Russian silicon costs just one fifth of the
Western equivalent.
"The programme has been approved by
President Yeltsin and the Supreme Soviet in
the budget for 1993," said Anatoly Andreev,
Head of the State Committee on the Defence
Industry, announcing the decision at a recent
conference in Zelenograd, near Moscow,
organised by East/West Electronics of
Sevenoaks.
"We regard electronics as a priority," said
Andreev, "and particularly microelectronics
where the potential of the Russian market is
enormous... unlimited. For instance in
Russia the number of chips owned per head
of population is eight compared to 200 per
head in Japan and America.
"In microelectronics we must do and do,
and manufacture and manufacture," added
Andreev.
"We have a powerful scientific structure

and we have to put it to the service of the
microelectronics industry which is only 60%
loaded". Asked if he was expecting to get
some of Andreev's 120bn roubles, Valery
Dshkhunyan, director of Angstrem, one of
Russia's largest chip companies, said: "In
May or June there may be some money
transferred to us. Last year there was no
government investment. This year, in spite
of the difficult situation, the government is
beginning to realise that electronics is a key
industry where government support is
necessary. At least the government realises
our difficulties. Up to now we've been
mostly relying on low interest rate credits
and co-operation with customers."
Andreev defined the scale of
Dshkhunyan's task: "In 1992 80% of
microelectronics output went into military
applications." In the West, the equivalent
figure is 3.4%.
One of many surprising revelations arising
from the conference was that Russian
semiconductor companies can make a 4in
wafer for $35.
Western delegates were asking their

Russian counterparts why, if their costs are
so low, their wafer fabs are only half full.
The cost in a Western fab for a 4in wafer of
equivalent technology would be around
$250.
Some companies are taking advantage of
this low production cost. Micron, one of the
big chip producers, is selling $lm worth of
4in wafers to Samsung of Korea every year.
According to Micron's Vladimir Necludoff
they are charging Samsung $35 for an
unscribed wafer and $50 for a wafer of diced
die.

The chips being sold by Micron to
Samsung are calculator and watch chips.
The technology involved is 1.5i.tm cmos.
And Angstrem is making calculator chips,
games chips, microcontrollers, and standard
cell asics for customers in Hong Kong,
Singapore and Taiwan.
"It is not a strategic policy," said
Dshkhunyan. "It is designed for survival
until we go to a higher level of technology."
The Angstrem plan is to move to higher
value products incorporating higher
technology.
David Manners

EC initiative boosts UK competitiveness

How much do you earn?

international competitiveness of the
The
UK's manufacturing industry will
benefit from the success of universities in
producing a new breed of manufacturing
systems engineer, according to the
Engineering Council.
Broadly based courses, introduced in 1988
as part of the council's manufacturing
systems engineering initiative, are key to
meeting industry's needs for engineers who
can work with new manufacturing
technologies and automated processes, says
the council.

rlincreased by 9.28% since 1991,

Pictured are the three winners of the 1993
Young Electronic Designer Awards,
sponsored by Texas Instruments and Mercury
Communications. They are from the left
Nicola Hay, Philip Pegden, and Emma Lye.
Hay of Woldingham School in Surrey
achieved her success with an electronic
device to monitor water contamination in
brake fluid, now a requirement of the MOT.
Pegden of Tonbridge School designed a
computerised quadraphonic sound effects
system for theatres. And Lye of Bancroft's
School in Essex won her prize with an
electronic elbow which tests the temperature
of a baby's bath water.
The Engineering Council has just
announced a new set of awards to promote
inventiveness and originality in young people
in engineering design and development. They
will run parallel with the council's existing
Young Engineer for Britain competition.

446

A verage earnings of IEEIE members have

Professor Keith Foster from the council
said: "The success of this initiative should
certainly change the views of those who
have blamed industry's lack of growth on
the shortage of people qualified in
manufacturing disciplines."
He added: "The courses appear to have
attracted students looking for a broader
educational base in engineering. Many will
take a career in line management in industry
which should lead to excellent prospects for
moving into top management."

according to the latest survey by the
institution. This compares with 7.7% overall
for non -manual employees in industry.
The annual salary for highest earners has
gone up by £5000 to £39,000 while the
median earnings of IEEIE members are at
£24,000 with more than 47% of those
surveyed earning this amount.
The best pay in 1991 was in broadcasting,
telecommunications, and postal services.
Today the big money can be found in
electricity generation and distribution, and
chemical and allied processing.
Some 21% of members have an HND or
degree compared with only 18% in 1991.

World's biggest gigaflop
What is expected to be the highest
performance supercomputer in the
world, the Intel Paragon XP/S, is on
schedule for completion this summer.
It is being installed in the Sandia National

Laboratories' plant in Albuquerque, New
Mexico, and will be used by researchers in
the USA for military, scientific, and
industrial problems.
When finished its performance will be
140Gflops with 1872 parallel computational
nodes each consisting of two i860XP
processors. Computer memory will be
38Gbyte.
Arthur Hale, manager of Sandia's parallel
computing science department, said: "The
computer has performance and memory
capabilities that should allow us to solve
problems that were previously unsolvable."
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UPDATE

HSE investigates new glycol ether
miscarriage risks
The Health and Safety Executive is reexamining the risks to women working
in the semiconductor manufacturing industry
following recent reports of miscarriages
associated with work involving exposure to
glycol ethers.
The HSE is about to issue information to
the industry on the control of exposure.
A recent study by the American
Semiconductor Industry Association found a
miscarriage rate of 12 to 14% for women

exposed to glycol ethers compared to a
normal background rate of 10% in other
groups.
The use of glycol ethers in the UK is
already covered under the Coshh
regulations. But Coshh came into force in
1989, before the recent studies.
Some have already started to phase out the
use of the most potentially hazardous glycol
ethers.

Pal plus to lead widescreen introduction?
Could the first widescreen TV services be
in Palplus - even on satellite? The
question arose at the first live public
demonstration of the system, hosted by
Nokia as part of its London Trade Show in
April.
"Unlike digital systems," said Richard
Ellis, head of the UK Palplus development
group, who introduced the showing,
"Pa1plus is here today, specified and capable
of being transmitted over terrestrial or
satellite systems.
"With the apparent collapse of the Mac
directive, it may be that a new European
initiative for wide-screen will accelerate the
introduction of Palplus."
The development programme is on
schedule, and prototype receivers, working
from over -air transmissions will be shown at
the Berlin Funkaustellung this autumn, with
a possible service launch in 1995.
The Palplus initiative came originally from
a consortium of European terrestrial
broadcasters, including the BBC and ITV,
concerned that they would be squeezed out
if satellite channels started widescreen Mac
services.
It was a "defensive strategy" to protect the
viewing base. There are still no plans "at

this stage" for terrestrial broadcasters to lead
the field in widescreen, said Ellis. However,
he emphasised its suitability for satellite.
"Palplus would go through existing
transmitters with very little modification,
and will travel satisfactorily over satellite
channels," he explained. The cost of a
decoder would be "something like a mid market satellite receiver," he added.
Palplus relies on processing a 576 line
source down to 432 active lines -a letterbox
picture - and using a helper signal, similar
to the colour subcarrier and buried in the
black bands, to restore picture quality.
Palplus also reduces those old Pal
bugbears, cross -colour and cross -luminance
artifacts. The result, as seen in the
demonstration, is a picture of impressive
quality, though the chosen material - slow pans and zooms around a garden, with closeups of flowers - was criticised by some in
the audience as too easy.
The only real drawback to satellite
introduction at present is encryption.
"The Palplus algorithm is pretty
complicated, and if you get anything out of
place it won't work," Ellis explained.
Encryption, he said, "is being looked at".
Peter Willis

Meteor scatter for voice comms
Mobile communications systems which
bounce radio signals off meteor trails
in the earth's upper atmosphere are
becoming increasingly important to the
military says the latest Jane's Military
Communications. But they are also to enjoy
a civil boost.
The Department of Trade and Industry has
already awarded a UK licence to one
operator planning to use the meteor burst
technology for commercial use.
Last year US radio specialist Meteor
Communications Corp (MCC), working
with Alascom, demonstrated the first twoway voice link using meteor burst
technology over a distance of 940km.
The systems bounce radio signals off the
ionised vapour trails of meteors entering the

earth's atmosphere 100km above the earth.
These trails are short-lived, typically less
than 2s, but the sheer number of micro meteors entering the atmosphere, billions a
day, create a reliable radio wave reflector.
The meteor systems are long range, up to
2000km, and highly directional making
them harder to jam or tap.
Meteor Communications' European
subsidiary has been licensed by the DTI to
use meteor burst technology for telemetry
services to mobile or fixed terminals in the
UK and Western Europe.
The company's meteor burst
communications station operates in the 40 to
50MHz band with a 500W transmit power.
The system can support 4 or 8kbit/s data
rates over 2000km
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Hollow spheres from just five microns
across have been introduced by Emerson
& Cuming to provide reduced dielectric
constants for electronics materials. The
Eccosphere SDT Series of microspheres
have been designed for use in thin film
laminates, pastes and tapes.

Texas talk of MPEG audio
Texas Instruments has entered the
lucrative MPEG decompression chip
market with a single -chip MPEG audio IC,
with plans for video compression chips to
follow later this year.
TI's first offering is a top of -the -range
audio chip, costing around $15, with built-in
datastream parsing and timestamp extraction
,for synchronisation with video. Gerard
Benbassat, TI's multimedia technical
marketing boss, said simplified versions
selling at less than $10 will appear soon.
TI has a technology exchange deal for
MPEG video decompression technology
with C -Cube Microsystems, and Benbassat
said a chip will be announced later this year.
He added that a real-time MPEG video
compression chip, using homegrown
technology, will also be launched this year.
TI is the latest of a clutch of major chip
makers to announce MPEG ICs, including
Motorola, SGS Thomson, Philips, and LSI
Logic.
"We believe compression is going to be
the major semiconductor market of the late
1990s, replacing the computer market of the
1980s," Benbassat forecast.
He sees digital radio, due to hit the market
in 1995, as one of the largest potential
markets for audio decompression: "There
are around 700 million FM radio tuners in
Europe," he pointed out.
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SMALL SELECTION ONLY LISTED- EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK
Marconi TF2008 - AM -FM signal generator - Also sweeper - 10Kcis - 510Mc/s - from £350
tested to £500 as new with manual - probe kit in wooden carrying box.
HP Frequency comb generator type 8406A - £400.
HP Sampling Voltmeter (Broadband) type 3406A - £200.
HP Vector Voltmeter type 8405A - £400 to £600 - old or new colour.
HP Synthesiser/signal generator type 8672A- 2 to 18GHz £4000.
HP OscillographIc recorder type 7404A -4 track - £350.
HP Plotter type 9872B -4 pen - £300.
HP Sweep Oscillators type 8690 A & B + plug -ins from 10Mds to 18GHz also 18-40GHz. RO.R.

Farnell power unit H60/50 - £400 tested.
H.P. FX doubler 938A or 940A - £300.
Racal/Dana 9300 RMS voltmeter - £250.
H.P. sweeper plug -ins - 86240A - 2-8.4GHz - 86260A - 12.4-18GHz - 86260AH03 - 1015GHz - 86290B -2-18.6GHz. 86245A 5.9-12.4GHz.
Telequipment CT71 curve tracer - £200.
H.P. 461A amplifier - 1kc-150Mc/s - old colour - £100.

HP Network Analyser type 8407A + 8412A + 8601A- 100Kc/s- 110Mc/s -£500-£1000.
HP Down Converter type 117108 -.01-11Mc/s - £450.
HP Pulse Modulator type 11720A -2-18GHz -£1000.
HP Modulator type 8403A - £100-£200.

Tektronix oscilloscopes type 2215A - 60Mc/s - c/w book & probe - £400.
Tektronix monitor type 604 - £100.
Marconi TF2330 or TF2330A wave analysers -£100-£150.
HP5006A Signature Analyser £250 + book.

HP Pin Modulators for above -many different frequencies -£150.
HP Counter type 5342A - 18GHz - LED readout - £1500.
HP Signal Generator type 8640B - Opt001 + 003 - .5-512Mcis AM/FM -£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 Analyser 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 - 8743
- 8746 - 8650. From £1000.
HP Signal Generator type 8660C - .1-2600Mc/s. AM/FM - £3000. 1300Mc/s £2000.
HP Signal Generator type 8656A -0.1-990Mc/s. AM/FM - £2000.
HP 8699B Sweep Pi -0.1-4GHz £750 - HP8690B Mainframe £250.
Racal/Dana 9301A-9302 RF Millivoltmeter - 1.5-2GHz - £250-£400.
Racal/Dana Counters 9915M -9916 -9917- 9921 - £150 to £450. Fitted FX standards.
Racal/Dana Modulation Meter type 9009 -8Mc/s- 1.5GHz - £250.
Racal - SG Brown Comprehensive Headset Tester (with artificial head) Z1A200/1 - £350.
Marconi AF Power Meter type 8936 - £200.
Marconi RCL Bridge type TF2700 -£150.

HP10783A numeric display. £150.
HP 3763A error detector. £250.

Marconi/Saunders Signal Sources type - 6058B - 6070A - 6055B - 6059A -60576-6056£250-L350. 400MGs to 18GHz.
Marconi TF1245 Circuit magnification meter + 1246 & 1247 Oscillators -£100-£300.
Marconi microwave 6600A sweep osc., mainframe with 6650 PI - 18-26.5GHz or 6651 PI -26.540GHz - £1000 or PI only £600.

Marconi distortion meter type TF2331 -£150, TF2331A - £200.
Microwave Systems MOS/3600 Microwave frequency stabilizer -1GHz to 40GHz £1 k.

Tektronix Plug -Ins 7A13 -7A14 -7A18 - 7A24 - 7A26 -7A11 -7M11 -7511 - 7D10 -7512 S1 - S2 - S6 - S52 - P0506- SC504 -SG502 - SG503 -SG504- DC503 -DC508- DD501 WR501 - DM501A - FG501A-TG501 - PG502 -DC505A- FG504 - P.O.R.
Ailtech Stoddart receiver type 17/27A- .01-32Mc/s - £2500.
Ailtech Stoddart receiver type 37/57- 30-1000Mc/s- £2500.
Alffech Stoddart receiver type NM65T- 1 to lOGHz -£1500.
Gould J3B Test oscillator + manual - £200.
Infra -red Binoculars in fibre -glass carrying case - tested - £100. Infra -red AFV sights £100.
ACL Field intensity meter receiver type SR - 209 - 6. Plugs -ins from 5Mc/s to 4GHz - P.O.R.

Tektronix 491 spectrum analyser -1.5GHz-40GHz - as new -£1000 or IOWA 40GHz.
Tektronix Mainframes - 7603 - 7623A - 7633 - 7704A - 7844 - 7904 - TM501 - TM503 TM506 - 7904 - 7834 - 7104.
Knott Polyskanner WM1001 + WM5001 + WM3002 + WM4001 - £500.
Ailtech 136 Precision test RX + 13505 head 2 - 4GHz - £350.
SE Lab Eight Four -FM 4 Channel recorder - £200.
Al ltech 757 Spectrum Analyser - 001 22GHz - Digital Storage + Readout - £3000.
Dranetz 606 Power line disturbance analyser - £250.
Precision Aneroid barometers- 900-1050Mb - mechanical digit readout with electronic indicator
- battery powered. Housed in polished wood carrying box - tested -£100-£200-£250. 1, 2 or 3.
HP1417 SPECTRUM ANALYSERS -ALL NEW COLOURS
TESTED WITH OPERATING MANUAL
HP141T+8552A or B IF -8553B RF -lkHz-110Mc/s-A IF- £1300 or B IF- £1400.
HP141T+8552A or B IF -8554B RF- 100kHz-1250Mc/s-A IF -£1400 or B IF- £1500.
HP141T+8552A or B IF -8555A RF- 10Mc./s-18GHz-A IF - £2400 or B IF - £2500.
HP141T+8552A or B IF -8556A RF - 20Hz-300kHz-A IF -A IF - £1200 or B IF -£1300.
HP8443A tracking generator/counter -100kHz-110Mc./s- £500.
HP84456 tracking pre -selector DC-18GHz - £750.
HP ANZ UNITS AVAILABLE SEPARATELY- NEW COLOURS -TESTED.

B&K 4812 calibrator heed.

H.P. 8750A storage normalizer.

Racal/Dana signal generator 9082 - 1.5-520Mc/s - £800.
Racal/Dana signal generator 9082H - 1.5-520Mc/s - £900.
Claude Lyons Compuline - line condition monitor - in case- LMP1 +LCM1 £500.
Efratom Atomic FX standard FRT FRK .1
5-10Mc/s. £3K tested.
Racal 40 recorder - £350 - £450 in carrying bag as new.
HP8350A sweep oscillator mainframe + HP11869A RF PI adaptor - £1500.
Alitech - precision automatic noise figure indicator type 75 - £250.
Adret FX synthesizer 2230A - 1Mds. £250.
Tektronix -7512-731 4 -fl 1 -7S11 -S1 -S52 -S53.
Rotek 610 AC/DC calibrator. £2K + book.
Marconi TF2512 RF power meter- 10 or 30 watts - 50 ohms - E80.
Marconi multiplex tester type 2830.
Marconi digital simulator type 2828A.
Marconi channel access switch type 2831.
Marconi automatic distortion meter type TF2337A - £150.
Marconi mod meters type TF2304- £250.
HP 5240A counter- 10Hz to 12.4GHz - £400.
1

HP 3763A error detector.
HP 8016A word generator.
HP 489A micro -wave amp -1-2GHz.

HP 8565A spectrum analyser -.01-22GHz - £4k.
HP 5065A rubidium vapour FX standard - £5k.
Fluke 893A differential meters - £100 ea.
Systron Donner counter type 60546- 2OMc/s-24GHz - LED readout -Elk.
Takeda Riken TR4120 tracking scope + TR1604P digital memory.
EG&G Parc model 4001 indicator + 4203 signal averager Pl.
Systron Donner 6120 counter/timer A+B+C inputs- 18GHz -Elk.
Racal/Dana 9083 signal source - two tone - £250.
Systron Donner signal generator 1702 - synthesized to 1GHz - AM/FM.
Systron Donner microwave counter 6057- 18GHz - Nixey tube - £600.
Racal/Dana synthesized signal generator 9081 - 520Mc/s -AM-FM. £600.
Farnell SSG520 synthesized signal generator - 520Mc/s - £500.
Farnell TTS520 test set - £500 - both £900.
Tektronix plug -ins - AM503 - PG501 - PG508 - PS503A.
Tektronix TM515 mainframe + TM5006 mainframe.
Cole power line monitor T1085 - £250.
Claude Lyons LCM1P line condition monitor - £250.
Rhodes & Schwarz power signal generator SLRD-280- 2750Mds. £250-£600.
Rhodes & Schwarz vector analyser - ZPV+ El +E3 tuners - .3-2000Mc/s.
Bell & Howell TMA3000 tape motion analyser - £250.
Ball Efratom PTB-100 rubidium standard mounted in Tek Pl.,
Ball Efratom rubidium standard PT2568-FRKL.
Trend Data tester type 100- £150.
Fames electronic load type RB1030-35.
Fairchild interference analyser model EMC -25 - 14kc/s-1GHz.
Fluke 1720A instrument controller+ keyboard.
Marconi 2442 - microwave counter - 26.5GHz -£1500.

Racal/Dana counters - 9904 - 9905 - 9906 -9915 -9916 -9917 - 9921 -50Mc/s- 3GHz £100-£450 - all fitted with FX standards.
B&K 7003 tape recorder - £300.

HP1417 mainframe- £550 - 8552A IF -£450- 85526 IF -£550-85536 RF -lkHz-110Mcis £550 - 8554B-RF - 100kHz-1250Mc/s -£650- 8555A-RF - 10Mc./s-18GHz -£1550.

BAK 2425 voltmeter -£150.

HP 3580A LF-spectrum analyser - 5kHz to 50kHz - LED readout- digital storage -£1600 with
instruction manual - internal rechargeable battery.
Tektronix 7D20 plug-in 2 -channel programmable digitizer - 70 Mc/s - for 7000 mainframes £500 - manual - £50.
Datron 1065 Auto Cal digital multimeter with instruction manual - £500.
Racal MA 259 FX standard. Output 100kc/s-1Mc/s-5Mc/s- intemal NiCad battery -£150.
Aerial array on metal plate 9"x 9" containing 4 aerials plus Narda detector -.100-11GHz. Using
N type and SMA plugs & sockets - ex eqpt -C100.
EIP 451 microwave pulse counter 18GHz -£1000.
Marconi RF Power Amplifier TF2175 - 1.5Mc/s to 520Mc/s with book - £100.
Marconi 6155A Signal Source - 1 to 2 GHz - LED readout - £600.
Schlumberger 2741 Programmable Microwave Counter - 10Hz to 7.1GHz - £750.
Schlu mberger 2720 Programmable Universal Counter 0 to 1250MGs - £600.
HP 2225CR Thinkjet Printer -£100.
TEK 576 Calibration Fixture - 067-0597-99 - £250.
HP 8006A Word Generator -£150.
HP 1645A Data Error Analyser -£150.
Texscan Rotary Attenuators - BNC/SMA 0-10-60-100DBS -£50-£150.
HP 809C Slotted Line Carriages - various frequencies to 18GHZ -£100 to £300.
HP 532-536-537 Frequency Meters - various frequencies -£150-£250.
Barr & Stroud variable filter EF3 0.1Hz-100kc/s + high pass + low pass- £150.
S.E. Lab SM215 Mkl 1 transfer standard voltmeter- 1000 volts.
Ailtech Stoddart P7 programmer - £200.
H.P. 6941B muitiprogrammer extender. £100.
Fluke Y2000 RTD selector + Fluke 1120A IEEE -488 -translator + Fluke 2180 RTD digital
thermometer + 9 probes. £350 all three items.

Wiltron sweeper mainframe 610D - £500.
HP3200B VHF oscillator - 10-500Mc/s - £200.
HP3747A selective level measuring set.
HP3586A selective level meter.
HP5345A electronic counter.
HP4815A RF vector Impedance meter c/w probe. £500-£600.
Marconi TF2092 noise receiver. A, B or C plus filters.
Marconi TF2091 noise generator. A, B or C plus filters.
Tektronix oscilloscope 485- 350MGs - £500.
HP180TR, HP1827 mainframes £300-£500.
Bell & Howell CSM2000B recorders.
HP5345A automatic frequency convertor -.015-4GHz.
Fluke 8506A thermal RMS digital multimeter.
HP3581A wave analyser.
Philips panoramic receiver type PM7800 - 1 to 20GHz.
Marconi 6700A sweep oscillator+ 6730A - 1 to 2GHz.
Wiltron scaler network analyser 560+3 heads. El k.
R&S signal generator SMS -0.4-1040Mc/s - £1500.

H.P. 6181 DC current source. £150.
H.P. 59501A - HP -I13 isolated D/A/power supply programmer.
H.P. 3438A digital multimeter.
H.P. 6177C DC current source. £150.
H.P. 6207B DC power supply.
H.P. 741B AC/DC differential voltmeter standard (old colour) £100.
H.P. 6209B DC power unit.
Fluke 80 high voltage divider.
Fluke 431C high voltage DC supply.
Tektronix M2 gated delay calibration fixture. 067-0712-00.

Tektronix precision DC divider calibration fixture. 067-0503-00.
Tektronix overdrive recovery calibration fixture. 067-0608-00.
Avo VCM163 valve tester+ book £300.
H.P. 50117 logic trouble shooting kit. £150.
Marconi TF2163S attenuator - 1GHz. £200.
PPM 8000 programmable scanner.
Fluke 730A DC transfer standard.
B&K 4815 calibrator head.

B&K 4921 4149 outdoor microphone.

HP85586 spectrum ANZ PI -.1-1500Mc/s - o/c -£1000. N/C -£1500 -To fit HP180 series
mainframe available -£100 to £500.
HP8505A network ANZ + 8503A S parameter test set + 8501A normalizer - £4k.
HP8505A network ANZ + 8502A test set - £3k.
Racal/Dana 9087 signal generator - 1300Mc/s - £2k.
Racal/Dana VLF frequency standard equipment. Tracor receiver type 900A + difference
meter type 527E 'rubidium standard type 9475 - £2750.
Marconi 6960-6960A power meters with 6910 heads - 10Mc/s - 20GHz or 6912 - 30kHz4.2GHz - £800-f 1000.
HP8444A-HP8444A opt 59 tracking generator Clk-E2k.
B&K dual recorder type 2308.
HP8755A scaler ANZ with heads Elk.
Tektronix 475 - 200Mc/s oscilloscopes - £350 less attachments to £500 c/w manual, probes etc.
HP signal generators type 626 - 628 - frequency 1OGHz-21GHz.
HP 432A -435A or B -436A - power meters + powerheads - 10Mc/s-40GHz - £200-£280.
HP3730B down convertor - £200.
Bradley oscilloscope calibrator type 192 - £600.
Spectrascope SD330A LF mealtime ANZ - 20Hz-50kHz - LED readout - tested - £500.
HP8620A or 8620C sweep generators - £250 to £ 1 k with IEEE.

Barr & Stroud variable filter EF3 0.1Hz-100kGs+ high pass+ low pass - £150.
Tektronix 7L12 analyser - .1Mcis-1.8GHz -£1500 - 7L14 ANZ - £2k.
Marconi TF2370 spectrum ANZ -110Mcis - £1200-£2k.
Marconi TF2370 spectrum ANZ +TK2373 FX extender 1250Mc/s+trk gen - £2.5k-E3k.
Racal receivers -RA17L-RA1217-RA1218-RA1772-RA1792 - P.O.R.
Systron Donner microwave counter 6057 - 18GHz - nixey tube - £600.
HP8614A signal gen 800Mc/s-2.4GHz old colour £200, new colour £400.
HP8616A signal gen 1.8GHz-4.5GHz old colour £200, new colour £400.

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. S.A.E. FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS. AVAILABILITY OR PRICE CHANGE. VAT AND CARR., EXTRA.
ITEMS MARKED TESTED HAVE 30 -DAY WARRANTY.

WANTED: TEST EQPT - VALVES - PLUGS & SOCKETS - SYNCROS - TRANSMITTING & RECEIVING EQPT. ETC.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel. No. (0274) 684007. Fax 651160.
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4-46

ELECTRONICS WORLD+WIRELESS WORLD June 1993

RESEARCH NOTES
Limits pushed back for phased array antennas
A Penn State University researcher has
developed a novel nesting technique
which could eliminate many of the
drawbacks of that vital ingredient of
communications and weather forecasting
systems - the phased array antenna. The
technique is the brainchild of James
Breakall, who has designed what he calls a
three dimensional frequency -independent
phased -array antenna, or 3D-fipa.
In theory the system has no upper
frequency limit, requires no band switching,
no frequency selective filters and no other
frequency dependent hardware. Large
bandwidth also offers rapid beam steering
and frequency agility.
Conventional phased array antennas are

Professor lames Breakall has been tackling
drawbacks of the phased array antenna.

Single plane phased array log -periodic system

made up of numerous single antennas,
individually limited by their size to a
particular narrow frequency range. The
range of such arrays is also limited by their
configuration, especially the spacing
between the centres of the antennas. This is
physically fixed, but altered electrically to
accommodate small frequency changes and
to steer the beam.
With such conventional designs, an
increase in the operating frequency
eventually leads to development of
extraneous lobes which compete with the
main lobe, interfering with and skewing the
beam. The effect can only be avoided by
using complex multiple arrays in which the
electrical spacing between the individual
antennas changes only minimally with
frequency.
Breakall's design sidesteps many of these
limitations by using an entirely different
geometry. His design relies on an original
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Scale model of the 3D-fipa antenna constructed at the Applied Research Lab, Penn State
University.

version of the log periodic antenna, where
every part of any section of a structure is a
scaled version of another part of that
structure. In effect the antenna is a 3D
fractal.
The 3D-fipa has its elements arranged to
form a multi -layer or nested structure in
which the spacings and heights are constant
over a specified frequency range. The
arrangement allows wideband working and
is also claimed to reduce radically the
development of unwanted sidelobes or main
beam distortion.
First full-scale implementation of a 3Dfipa antenna will most likely be in Sweden
where it will form part of a 10-13GW
ionospheric radar covering the frequency
range of 5-70MHz
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0 ARTWORK IN
ideas are quickly captured using the ULTIcap schematic design Tool. ULTIcap uses
checks to prevent logic errors. Schematic editing is painless; simply click your start and end
LTlcap automatically wires them for you. ULTIcap's auto snap to pin and auto junction
sure your netlist is complete, thereby relieving you of tedious netlist checking.
ULTIshell, the integrated user interface, makes sure all
your deSign information is transferred correctly from
ULTIcap to ULTlboard. Good manual placement tools are
vital to 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
you to further optimise your layout.

DU can quickly route your critical tracks.
7.noard's REAL-TIME DESIGN RULE CHECK
not allow you to make illegal connections or
violate 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.

IPT'

rd's backannotation automatically
your ULTIcap schematic with any pin
e 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.
CIRCLE NO. 109 ON REPLY CARD
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Longer days are not just for summer
Readers in the UK and much of the
northern hemisphere are now enjoying
longer hours of daylight thanks to the arrival
of summer. But how many realise that the
day as a whole has been getting ever so
slightly longer for thousands of years? Now,
work deciphering ancient clay tablets at the
British Museum has enabled researchers to
put an accurate figure on this change.
Astronomers have long known that day
length has been on the increase - Royal
Greenwich Observatory investigators have
been studying variations in the day length
for many decades - though it has been very
difficult to make any real measure of how
much. But recently, Dr Leslie Morrison, an
astronomer at the RGO, and Dr Richard
Stephenson of Durham University explained
to a meeting of the Royal Astronomical
Society how they had used the tablets to
quantify the effect.
The tablets, originally made in Babylon
2700 years ago, contain records of lunar and
solar eclipses in cuneiform script. They have
only fairly recently been translated and
contain information about when and where
eclipses were seen in ancient Babylon, all
carefully and accurately recorded.
It seems the ancient Babylonians noted the
time at which the Sun went over the horizon
and then measured the interval between
sunset and the onset of lunar eclipses. The
time was measured, not with hour glasses,
but by measuring the angular movement of
the stars across the heavens. One degree of
movement corresponds to four minutes, so
ancient eclipses were recorded to an
accuracy of four minutes.
Using the inevitable computer, Morrison
and Stephenson worked out when these
various eclipses should have happened, on
the assumption that the time from then until
now has consisted of days that are the same

length as today's. They found that in every
case the discrepancy between the time the
Babylonians saw an eclipse and the time
calculated by the computer was something
like five hours. This implies that over a
period of 2700 years the Earth's rotational
clock has in fact lost five hours.
Five hours over nearly 3000 years may not
seem like very much - and indeed it isn't.
Translating the figures into everyday terms
means that the day has lengthened by an
average of 1-7ms every century. It is a tiny
amount, even over the whole of human
history. But as Dr Morrison points out, it is a
great deal since the Earth was originally
formed.
What has been happening over geological
time scales is a transfer of angular
momentum between the spin of the Earth
and the orbit of the moon. The earth is
gradually spinning more slowly while the
moon moves away from the Earth at about
0.03m a year. Eventually (in millions of
years time) the earth will end up with one
face toward the moon all the time.
Then the length of the day and the length
of the month will both become about 47 of
our present days. Just
think of the
administrative
complications that will

*OAP(

sitytriAlbliroara.

ifigiont 4144 tAlreirk

04,er+.1.4*Alifardir-

Joi11=14,16:i

alefitig4'

110

,

6/006!

plot 04/.61;160010..
_40

1

rkgovattigaillione,r41,,,
zrovir,,041,P,,,aWn
:,konoreigcle51.4tOir

.),

erikx
orkPlf Or M.

cause!
Top, Babylonian tablets
are still revealing secrets
for modern astronomers.

The actual time of lunar
eclipses has been

different from the
calculated time, due to
lengthening of the day.

Sound method for keeping cool
struments lowered deep into boreholes
llito listen to underground murmurs can
survive only a short time before the natural
heat from the Earth overwhelms the
package and causes the electronic
components to fail. The limited duration
considerably hampers attempts, for
example, to record and analyse seismic
signals. But an "acoustic" refrigerator no
bigger than two beer cans stacked end to
end could offer a new way to protect
electronics from the high temperatures
encountered at the bottoms of geological
exploration wells.
The miniature fridge, designed and
patented by Gloria Bennett of the Nuclear
Technology and Engineering Division of
the Los Alamos National Laboratory in

New Mexico, would allow instruments for
geological analysis to work for many days
at a time at maximum depth, where the
most useful and sensitive information is
obtained.
Design relies on a sound wave to
compress a gas and initiate a cooling cycle
not unlike that of a domestic fridge. But
there are no moving parts and no fluids to
leak.

The unit starts with a heat -driven
acoustic engine, converting heat into
sound. Emitted into a volume of the right
shape, the sound can be maintained as a
standing acoustic wave capable of
compressing a gas that fills the volume.
The standing wave powers a cycle of
compression and expansion that makes
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one end of the refrigerator hot and the
other end cool, providing a way to expel
heat from the system.
Miniature pipes conduct heat from an
electronics package to the cool end of the
refrigerator while larger pipes convey the
heat from the hot end to the well -bore. In
practice this can cool the electronics
package from a damaging 300°C to a
manageable 150°C
The patented design was developed
specifically for the needs of the Los
Alamos Laboratory's dry rock geothermal
energy programme. But it could find an
application in anything from deep -bore oil
exploration to basic geological or seismic
research.
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M & B RADIO (LEEDS)
THE NORTH'S LEADING USED TEST/EQUIPMENT DEALER
coSCILLOSCOPES

MARCONI 2000 20HZ TO 20KHZ WITH METERED ATTENUATOR L125

TEKTRONIX 2445A I 50MHZ FOUR TRACE..............
TEKTRONIX 475 200MHZ DUAL TRACE WITH PROBES ..........
TEKTRONIX 4658 100 MHZ WITH DVM OPTION (AS NEW)..

0500
(400
[475

TEKTRONIX 464 I 00MHZ STORAGE WITH DVM OPTION
050
KIKUSUI C06100 100MHZ 5 CHANNEL..
... L550
IWATSU SS6I22 I 00MHZ 4 TRACE CURSORS READOUT................. 000
PHILIPS PM32I7 50MHZ DUAL TRACE WITH PROBES/MANUAL 075
BALLANTINE 10221.1 5MHZ DUAL TRACE BATT PORTABLE
LI95
TELEQUIPMENT 034 I 5MHZ BATT PORTABLE
L 145

HITACHI V222 20MHZ DUAL TRACE WITH MANUAL.................. (225
PHILIPS PM32I 4 25MHZ DUAL TRACE.
L225
TEKTRONIX 221 SMHZ BATE PORTABLE
LI 75
GOULD 053600 100MHZ DUAL TRACE WITH DVM OPTION......... L250
GOULD 054000 10MHZ DUAL TRACE DIGITAL STORAGE.............. L195
GOULD 052508 15MHZ DUAL TRACE MANUAL
[135
FARNELL DTC 12 12MHZ DUAL TRACE/COMPONENT TESTER..... II 75

TELEQUIPMENT DM63 50MHZ STORAGE DUAL TRACE
HP I727A 275MHZ STORAGE DUAL TRACE

075

TEST EQUIPMENT
EFRATOM FRT ATOMIC FREQUENCY STANDARD ................
L2500
HP 5065A RUBIDIUM VAPOR FREQUENCY STANDARD ............ L1500
MARCONI 2955 COMMUNICATIONS TEST SET
L3000
MARCONI 2305 MODULATION METER...
L2000
MARCONI 2337A AUTO DISTORTION METER...................................... L200
MARCONI 2331 DISTORTION FACTOR METER
.. L250
MARCONI 2700 LCR BRIDGE ..
1200.
EATON 3552B BROADBAND RF AMPLIFIER..
L1000
KALAMUS WIDEBAND RF POWER AMPUFIER .5 TO 1000MHZ.... 050
FARNELL LA520 RF AMPLIFIER 1.5MHZ TO 520MHZ
050
FARNELL LFM4 AUDIO OSCILLATOR
L200
FARNELL TM8 TRUE RMS SAMPLING RF METER (AS NEW) IGHZ L350
FARNELL PTSI000 PORTABLE TRANSMITTER TEST SET IGHZ...... L700
.

.

[1950
11250
..L8S0
12000

[1750

MARCONI 2015/2171 SYNCHRONIZER 10MHZ TO 520MHZ (AS
NEW)....
...1.325
MARCONI 2015 I OMHZ TO 520MHZ AM/FM/CW ................................. LI95
MARCONI 20I6A 10KHZ TO I 20MHZ (RF TRIP)
L200
HP 86408 503 KHZ TO 1024 MHZ OPT 001 002
L1300
HP 86408 500 KHZ TO 1024 MHZ OPT 001
11000

SCOPADAPTOR 9060 (FFT)

L 195

POWERSENSE LINE ANALYSER
AMBER 4400/4 MULTIPURPOSE AUDIO TEST SET

L450
L450

BIRD TENUUNE 8343 100W 6DB ATTENUATOR (UNUSED).......... L100
BIRD TERMALINE 8201 50 OHM 500W
..L 100
NARDA 3020A BI DIRECTIONAL COUPLER 50MHZ TO 1000MHZ L250
NARDA 3022131 DIRECTIONAL COUPLER IGHZ TO 4GHZ ............. 050
NARDA 3001.30 DIRECTIONAL COUPLER 460MHZ TO 960MHZ 8101)
NARDA 769/6 150W 6DB HIGH POWER ATT (NEW)
L
RACAL DANA 5002 WIDEBAND LEVEL METER
L700
RACAL DANA 9303 TRUE RMS RF LEVEL
L700
RACAL DANA 6000 MICROPROCESSING DVM ....................................£300
RACAL DANA 9000 MICROPROCESSING TIMER COUNTER
520MHZ
RACAL DANA 488 IEEE STD 488 BUS ANALYSER
.. L250
RACAL DANA 1002 THERMAL PFUNTER.
.050
RACAL DANA9302 RF MILLIVOLTMETER I OKHZTO 1500MHZ...... L450
RACAL 930IA RF MILLIVOLTMETER 10KHZ TO I 500MHZ................. 1300
RACAL 9009 MODULATION METERS (AS
L300
RACAL DANA 1998 I .3GHZ FREQ COUNTER/TIMER..
.. 050
.

.

.

HP 33108 0.0005HZ TO 5MHZ FUNCTION GENERATOR................... L300
ADRET 740A 10 KHZ TO 1.1 GHZ SYNTHESIZED ............................... L 1750
RACAL DANA 9082 1.5MHZ TO 520MHZ SYNTHESIZED ..
050
FARNELL 55G2000 10KHZ TO 2GHZ SYNTHESIZED AS NEW ...... 0250
FARNELL SSG 1000 10KHZ TO IGHZ SYNTHESIZED AS NEW__ L 1500
FARNELL SSGS20 I OMHZ TO 520MHZ SYNTHESIZED.................... L500
ADRET 20230A I MHZ SYNTHESIZED SOURCE .............
095
POLRAD I106ET 1.8 TO 4.6GHZ WITH MODULATOR....................... 4550
ROHDE & SCHWARZE TYPE SMC I 4.8GHZ TO 12.6GHZ .............. L695
WAVETEK 193 20MHZ SWEEP FUNCTION GENERATOR.................. L295
PHILIPS PM5324 100KHZ TO 110MHZ AM/FM/SWEEP........................ 095
MARCONI 2020 SOKHZ TO 520MHZ SYNTHESIZED.
095

L250

LYONS PG73 PULSE GENERATOR
FEEDBACK SSO603 SINE/SQUARE AUDIO OSCILLATOR

LI45

050
1I50

FEEDBACK 602 VARIABLE PHASE OSCILLATOR .................................. 1145

FEEDBACK SFG6I f 12MHZ SWEEP FUNCTION GENERATOR...-. L245
FEEDBACK TFA TRANSFER FUNCTION ANALYSER.......................... L295
FEEDBACK EW604 ELECTRONIC WATTMETER ..................................L195
HP 3455A HIGH STABILITY VOLTMETER GPIB
11200
HP 8405A VECTOR VOLTMETER + ACCESSORIES.............................. L 1000
055
HP 897IB NOISE FIGURE TEST SET
HP 8406A COMB FREQUENCY GENERATOR ......................................... L495

HP 3466A DIGITAL MULT1METER

TEKTRONIX 529 WAVEFORM MONITOR ..
L200
TEKTRONIX 1502 TIME DOMAIN REFLECTOMETER.......................... L500

SIGNAL GENERATORS
MARCON 12019A I 024MHZ AM/FM
MARCONI 2018A 80KHZ TO 520MHZ
MARCONI 2018 80KHZ TO 520MHZ SYNTHESIZED.....................
MARCONI 2017 I OKHZ TO I024MHZ.
MARCONI 2022E 10 KHZ TO I GHZ
MARCONI 2008 10 KHZ TO 520 MHZ INC RF PROBE KIT/

BICCTEST T43IM CABLE TEST SET
COSSOR 437 CABLE LOGGER....
PHILIPS PM2434 DC MICROVOLTMETER
FARNELL 1330/5 POWER SUPPLY 0-30VOLT
WAYNE KERR 44C AUDIO MEASURING SET

L345

L395
HP 9133 COMPUTER 150 TOUCH SCREEN/JET PRINTER..................... L350

HP 8750A STORAGE NORMAUZER
HP 65113 TEST OSCILLATOR..
HP 3400A TRUE RMS VOLTMETER

C200
ISO

HP 394A VARIABLE ATTENUATOR IGHZ TO 2GHZ........................... L125
HP 46IA AM PUNER I KHZ 150MHZ
L100
L85
HP 6294 PSU 0 TO 60 VOLTS I AMP
HP 3406A SAMPLING VOLTMETER
5225
HP 50058 SIGNATURE MULTIMETER

SPECTRUM ANALYSERS
HP 8558B I OMHZ TO I.5GHZ WITH 1827
HP 141T 85528 IF 855413/85538 RE UNITS 110/12.50MHZ SYSTEM

L2200

HP 3580A 5HZ TO SOKHZ ANALYSER (NEW)....................................... L2000

WAYNE KERR RA200/ADSUALM2 AUDIO FRED RESPONSE
ANALYSER
MARCONI 2370 11 OMHZ

L650

RADIO EQUIPMENT
RACAL RA2309B/RA2295 90MHZ TO400MHZ .....................................L'900

RACAL 9903 TIMER COUNTER
..L100
RACAL 9904 TIMER COUNTER
RACAL 9915 10HZ TO 520MHZ FREQUENCY COUNTER.................. [ISO
RACAL 9919 I .IGHZ FREQUENCY COUNTER/TIMER.........................1325
MARCONI 2432A 560MHZ FREQUENCY COUNTER
095
MARCONI 6960 RF POWER METER 6912 HEAD 30KHZ TO 4.2GHZ
HP 43SA POWER METER 8482H HEAD

L650

BULK PURCHASE SPECIALS
HP 180 50MHZ OSCILLOSCOPES

MARCONI 1101 RC OSCILLATOR 20HZ TO 20KHZ .
ADCOLA 777 DESOLDER1NG STATION
RACAL 9059 560MHZ FREQUENCY COUNTER WITH FREQ
STANDARD..

LI45

II50 /95

COMMUNICATIONS TESTING
FARNELL SSG520 10 TO 520 MHZ
SYNTHESIZED SIGNAL GENERATOR
10HZ RESOLUTION
AM/FM MODULATION 1KHZ AND 400 HZ
ATTENUATION RANGE OF 119dB IN 1dB STEPS
WITH OUTPUT CONTROL BETWEEN THE 1dB
STEPS

TTS 520 TRANSMITTER TEST SET

SELF CONTAINED RADIOTELEPHONE
TEST SETUP

ONLY

£800

CONTAINS RF FREQ COUNTER;
MODULATION METER; RF POWER METER;
AF POWER METER; AF COUNTER;
AF VOLTMETER; AF SYNTHESIZER;
AF DISTORTION ANALYSER;
WEIGHTING FILTERS;
RF POWER/LOAD AND ATTENUATORS
UP TO 100 WATTS
IEEE 488/SG1GB-B

THE PAIR WITH 30 DAYS WARRANTY

ALL PRICES PLUS VAT AND CARRIAGE

86 Bishopsgate Street, Leeds LS I 4BB
Tel: (0532) 435649 Fax: (0532) 426881
CIRCLE NO. 110 ON REPLY CARD

452

ELECTRONICS WORLD+WIRELESS WORLD June 1993

RESEARCH NOTES

Mercurial boost to superconductor technology
progress in high temperature
superconductors - materials that lose all
their resistance at temperatures well above
absolute zero - looks to be revitalised by a
development of a composite material
containing mercury.
Most ceramic materials are either difficult
to manufacture or difficult to operate under
practical conditions. They also often regain
their electrical resistance in the presence of
strong magnetic fields or when carrying
large currents. Since one of the main
applications for superconductors would be
in the creation of powerful fields, the
drawback has proved a major obstacle to
commercialisation.
Structure has tended to be increasingly
complex variations on a theme of barium,
bismuth, thallium, copper and oxygen. There
are dozens of them and more than one
commentator has observed cynically that for
anyone who is not a specialist in this field, it
is difficult to keep up with the vast volume
of published literature.
But in Nature (Vol 362, No 6417), Sergei
Putilin at Moscow State University, together
with French and American colleagues,
describes a mercury -based superconductor
that could well lift the flagging spirits of
superconductor research. There are
suggestions, too, that it might provide a way
of raising the present superconducting
temperature record.
Composite superconductors have been
developed that are significantly more
workable and more resistant to the effects of
magnetic fields. The superconducting

Structure of HgBa2CuO4. with the large circles
representing Ba, medium representing Hg and
small, 0 atoms. Cu atoms are inside the
octahedra.

temperature, or Tc, has also slowly crept up
to the -146°C record currently held by a
superconductor containing two layers of
thallium oxide sandwiched between three
layers of copper oxide.
But the new material just developed by

Putilin et al contains a single layer of
mercury oxide (HgO) sandwiched between
copper oxide layers. As with so many
discoveries of this type, it was arrived at
partly by calculation and partly by trial and
error. Over a rather crackly phone line from
Moscow, Putilin said: "I tried to predict the
approximate structure of the compound and
then to synthesise it. I varied the conditions
and one of the synthesised compounds gave
a positive result."
In this instance, positive means that the
new material is much easier to make than
existing thallium -based superconductors and
has superior electrical characteristics. Early
indications also suggest that because of its
compact crystal structure, the new
superconductor should be capable of
carrying more current and operating in
higher magnetic fields.
Other researchers in the field are now
suggesting that if the new mercury -based
superconductor were to be synthesised as a
double or triple sandwich like the thallium
ones, it might easily set new records in
terms of operating temperature.
The new material is clearly still a long
way away from becoming the ideal
superconductor - cheap, easily worked and
operating at room -temperature. But it has
certainly opened up a new avenue in what
was becoming a highly congested and slow moving area of research.

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

Lithium power under the bonnet
A practical electric car seems to have
,,,been always "five years away", with

a

the reasoning being that some new battery
development "just needs perfecting".
Perhaps at last the lithium battery really
could make that timescale a reality.
Lead acid cells are getting better, but
they are still extremely heavy; nickel based cells have problems of cost and
toxicity, while sodium/sulphur batteries
need temperatures of around 350°C to
work efficiently.
The lithium battery offers hope, though
the technical problems of developing a
high energy density rechargeable version
have been immense. Lithium is a highly
reactive metal, placing considerable
restraints on the electrolyte material, and
substances which are chemically
compatible usually have far too much
electrical resistance to be satisfactory in a
high power battery.
Other potential electrolyte materials

undergo physical changes - such as
volume alterations - which would soon
destroy the integrity of a cell. The ideal
electrolyte for a rechargeable lithium
battery would have high ionic
conductivity, be chemically compatible
with lithium and at the same time be
flexible enough to survive the physical
rigours of numerous charge/discharge
cycles.
Unfortunately, of the various theoretical
options for an electrolyte, lithium salts
dissolved in organic liquids carry the risk
of leakage and fire, while glasses and
ceramics containing lithium ions are
inherently brittle. Elastomeric polymers
would be ideal, though up to now have not
possessed sufficient conductivity at room
temperature.
But progress looks to have been made
(Nature ,Vol 362, No 6416) by a group
based in the Department of Chemistry at
Arizona State University. C A Angell and
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his colleagues report the development of
an electrolyte that combines the ionic
conductivity of ceramic electrolytes with
the flexibility of polymeric ones. What
they have done is to dissolve polymers polyethylene oxide and polypropylene
oxide - in a mixture of low melting point
lithium salts (acetate, perchlorate and
chloride etc). The result is a new class of
rubbery materials that are good electrical
conductors, even at room temperature.
This "salt -in -polymer" system is still a
long way from being the lightweight
practical vehicle battery for which
everyone has been waiting - there are still
important questions relating to safety and
durability. But the ability to create a
flexible ionically conductive electrolyte
that works at room temperature in a
lithium system is an important step
forward.
Perhaps the all -electric car really is only
five years away.
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The audio amplifier presented
here by John Linsley Hood has
evolved directly from his much
respected original design
which made its first
appearance in the late
Seventies. Using a combination
of mosfets and other modern
components, it preserves the
minimalist approach which
contributed much to the
excellent performance of its

An integrated
audio amplifier

ancestor.

Towards the end of the 1970's, following a period when I had been involved
in the creation of increasingly complex transistor audio amplifiers, I was

asked to consider a minimalist approach to
design. The resulting amplifier was to be
about 30W output, which would be fairly easy
to build and free from problems.
To avoid the additional complications
incurred by the need for speaker protection, I
opted for a single supply -line system with a

capacitor coupled output. This layout also
allowed for a slow ramp -up on output DC

aim at providing the ultimate performance. In
the event, the design which I suggested was
substantially better than anything which could
be bought from the average high street shop.
In the hands of the golden ears reviewers, it
was immediately compared with the best units

which were around, at five to ten times the
price. Not surprisingly, some of these were
thought to be a bit better. This comparison
was, perhaps, a bit unfair, since it was not a
comparison between equals. But I knew that
the original design could be persuaded to
deliver more performance by altering the out-

voltage lessening the normal 'switch -on' plop.

put stage. This was based on monolithic

The entire system, with the exception of a
transformer/rectifier plus reservoir capacitor

Darlington power transistors in the original
design. Replacing these with mosfets would
certainly improve this section.

PSU, would be held on two PCBs, one for the
preamp. and one for the power amp.

The resulting design was eventually published in Hi-Fi News in January 1980, since I
felt that there might be others who would welcome a pleasant sounding DIY circuit which
was not too complicated to build. Predictably,

this led to it becoming a lot more widely
known and used.
The problem now was that the design criteria for the original system as specified did not
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Mosfets in the output
Because power mosfets have a very much

forego
the
desirable
single
pole
(-6dB/octave)* type of compensation system,

with feedback applied over the whole gain
block, which makes such a contribution to the

quality of the transient response, and makes
amplifiers which use this type of I -IF compensation so restful to listen to.
In addition, mosfets are free from a variety
of problems which affect bipolar devices such

as hole storage, a shortcoming which can
impair the audio performance of conventional
transistors when they are used at high current,
as is the case in output stages.
I therefore evolved a modified design, at the
end of 1980, which used power mosfets in the

output stages. This mod gave a noticeable
increase in the transparency of the sound, par-

ticularly in the middle to upper frequency
range; this puts the sound quality some way
ahead of its bipolar transistor rivals. It also

higher transition frequency than normal power
transistors, their use allows the negative feedback compensation characteristics of the cir-

ends to output transistor failures.

cuit to be designed around a unity gain frequency which is ten times higher than the

weight and solidity in the bass through the use
of loudspeaker coupling capacitors. This deficiency would only be noticed by comparison

equivalent value for bipolar power transistors.
Moreover, one can do this without having to

The only remaining disadvantage of the
original simple amplifier was rather less

with the best there was, and then only when
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AUDIO DESIGN
the LS units were of very high quality, and the
size of the listening room was large enough to

Inputs

accommodate the LF pressure waves. The
answer was straightforward - to use a direct

Fig. 1. Schematic layout of the integrated
amplifier system. This minimalist design is
based on the original Linsley Hood
amplifier.

coupled design, and a stabilised power supply,

to give really rigid bipolar supply lines, but
this, of course, would make it rather more
expensive to build.

RC-lad I

Mag,Pu

Re -organising the power amplifier layout to
operate as a direct coupled system between a
bipolar pair of power supply lines did not, in
do

R.I.A.A.
stage

aO

itself, present any great difficulty, and the
availability of a ±15V pair of lines for the

Input
buffer &
balance

To preamp

Cancel

C)up
/-0 S2
Rumble
filter

+15V 0 -15V

preamp would greatly assist design in this part
of the circuit.

©

Tone/

S3

©,

® Tape out
0
0

S4

Tape in

control

To power
amplifier

Mains
input

Component choice

Stabilised
power
supplies

My feeling about the use of ICs in low power
audio applications is that, in unity gain stages,
there is no audible difference whatever
between an IC op -amp and a carefully thought

out discrete component equivalent circuit provided that one doesn't ask it to give too

0

+30/40V
-30/40V

into the signal path from the input sockets to
the input to the power amplifier.
Indeed, the only constant part of the preamp
circuit is the input buffer stage which operates
at a normal gain of 2. It provides channel balance facilities, and matches the output
impedance of some of the auxiliary units to
the low source impedance needed at the inputs
of the tone controls, rumble filter and power
amplifier.

much gain, and one uses a decent audio quality device. In this context, there are some very

good ones now available in the convenient
dual device packages, such as the LF353 , the
TL052, the NE5532, the SSM2139, or the
recently introduced LM833, which is possibly

the best of them all. All of these are dual
amplifiers; one need not worry about cross
talk in using the two halves in parallel parts of
a stereo chain.

correction networks: the system ultimately
reverts to a unity gain stage as the frequency
increases, whereas the RIAA specification
calls for network gain to decrease to zero.
The performance difference between shunt
and series feedback RIAA gain block can be

RIAA stage. I originally intended to use an IC

version of an earlier design, but experience
with a system based on an input impedance
conversion stage, followed by a shunt feedback RIAA equalisation stage has convinced
me that this topology is preferable The final

small benefit with greater circuit complexity,
and added chance of constructional error.
A practical compromise is therefore to use
ICs only in unity or low gain level positions,
or to organise the circuitry, as, for example, in

seen quite clearly on an oscilloscope, and
there are, I believe, audible sound differences
between designs in which the 1-20kHz part of
the curve is correctly equalised, and those in
which it is not.
In addition, by virtue of its nature, a virtual
earth shunt equalisation layout offers a degree
of protection from possible input overload due
to common mode input voltage excursions of

circuit is shown in Fig. 2.
In order to cater for the use of both moving
magnet or low output moving coil cartridges,
I have used a low noise IC type VC]) as a flat
frequency response input gain stage, followed
by an fet input IC, (IC2) as a shunt feedback
RIAA stage, with the frequency response correction obtained by R7/R8 and C5/C6/C7.

an RIAA equalising stage, so that the gain
requirement is divided as evenly as possible
between two halves of an op -amp package,
and both parts operate at a gain level which is

low enough to avoid any detectable differences. These basic design concepts were
adopted for the new design.
The basic circuit layout of the new amplifi-

RV4
Volume

to the difference between these two systems in
the gain and phase characteristics of the upper
(1kHz - 20kHz) part of the RIAA curve. The
almost universally employed series feedback
system cannot, reproduce the upper part of the
required frequency response curve completely accurately without the use of additional gain

The preamplifier

I feel that high stage gain amplifiers still
require discrete components to deliver the
ultimate in sound quality. One pays for this

Power
amplifier

L.S.

the kind which can happen very easily with
series feedback circuits on vinyl disc replay.

er is shown in Fig. 1, and owes a lot in its
thinking to an earlier 80W design in that I
have arranged the layout to allow the tone

associated with either series or shunt feedback

(*Footnote. It is never possible to achieve a pure single pole
type of feedback loop stabilisation, which would offer a true
90° margin of stability at the unity gain point, because both

systems is very low, and this removes the
major reason for the use of series feedback

stray capacitances, and the semiconductors themselves especially the output devices, will introduce unwanted

controls or rumble filter to be switched out of
circuit when they are not needed, and generally to introduce as few elements as possible

networks.

phase shift effects, which will lessen the phase margin. For
this reason, it is desirable to tailor the HF roll -off so that the
loop gain is adequately low before these effects occur).

Used in this way, the noise background

Preference for the shunt feedback type of
equalisation circuit, where practicable, is due
C7

Fig. 2. RIAA

amplifier and input
selector stage. The

virtual earth
arrangement for the
curve compensation
network allows
much higher
accuracy than the
normal series
feedback
arrangements,
particularly in the
range 1 to 20kHz.

C8
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These voltage peaks can arise as a result of

surface scratches, or dust particles in the

Input

R18

0

IC3a

O0

R17

00
6k8

RV 1b
OV #1

R19

IS

IC5a

100n

68k

Balance
33k

RV1a

R2

22k

All IC's. LM353/LM833 or TL052

10k

To

high output voltages from the p.u. cartridge. If
an input buffer stage is used, care should be
taken to ensure that its response is fast enough

and its gain low enough, to avoid merely
referring the problem one stage further back.

470n
R20

10k

220

II

22n

1k5

Output

S2

220

R16

groove, producing instantaneous relatively

Cancel

Input switching. The required input drive
voltage for the power amplifier stage is in the
range 570 - 40mV rms depending on the chosen output power rating and, since the input
buffer stage has a gain of 2 at the centre setting of the balance control, this means that the
aux input signal levels required for maximum

on other channel

1k5

output power will be in the range 280
Fig. 3. Input buffer, balance and rumble filter. Great attention must be paid to the
location of earth returns to ensure that circulating speaker and hum currents do not
enter the signal path.

normal 2V rms output to a level which is more
convenient in use.
Input buffer stage. This is as shown in

Physical design considerations

Fig. 3.

With the balance control set in the middle
position, the gain of this stage is approximately two, as noted above, and the lower

Since the design of the preamplifier allows the rumble filter and tone controls to
be switched out of circuit, it follows that, if not required, they may be omitted
altogether. Similarly, if the user only wishes to use CD, tape or radio tuner inputs,
the RIAA stage can also be omitted leaving only the input switching, buffer, gain
and balance controls between the input sockets and the power amplifier input.
As with the original prototype, it is suggested that all the preamp circuitry, with
controls and switching components, and all the power amp circuitry, with
heatsinks, should be collected on two separate PCBs for ease of testing. It would be
prudent to set aside some space on the preamp PCB to accommodate any add on
boards for optional stages not originally included in case they are required later. A
further PCB will, of course, be needed to accommodate the components used in
the stabilised power supply system.
A toroidal mains transformer should be used since the RIAA stage, in its moving
coil input sensitivity position, will be sensitive to hum pick up from stray fields; the
lower external mains field from a toroidal transformer will help to keep the overall
hum background to a low level.
As with all audio amps, great care should be taken with the layout of the earthing
system. Remember that the peak currents which flow between the mains
transformer, the rectifiers and reservoir capacitors may be in the hundreds of
amperes region. Audibly significant voltages will be generated if any part of them is
allowed to flow between points in the signal earth line.
Adopt the normal practice of choosing some single, central earthing point to
which all these heavy current wires - from transformer centre taps, reservoir
capacitor OV tags, LS return terminals, and the output line of the power amplifier can be taken individually.
In the case of a single box power amp/preamp combination, it is preferable that
the metal case should be earthed to the preamp circuit at the earthy side of the
pickup input terminals, and nowhere else, so the central earthing point should be
isolated from the chassis. The preamp OV line should be connected to the signal
input sockets at its input end, and to the common earthing post at its output.
The power amplifier input OV line, 0V7 (see Fig.5), should be connected for
preference to the output OV line of the preamp and the bottom ends of the gain
control pots. The constructor should be prepared to do a little experimenting
(switching off power between times) to see which of the preamp OV connection
layouts gives the lowest background hum level.
Care should also be taken that all the input signal leads are screened, and that
their paths should keep them well away from the mains transformer and power
amp outputs. It should also be a matter of common sense to ensure that the
amplifier input sockets and the speaker output and mains input connectors are kept
well apart.
I hope that Hart Electronic Kits, Ltd., of Penylan Mill, Oswestry, Shropshire phone
0691-652894 will provide a kit for this design, which will simplify construction,
and avoid possible problems in circuit layout.
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I have provided a separate, lower sen-

sitivity, input for CD players to reduce their

-3dB point in the frequency response curve is

11Hz. The balance control allows a gain
adjustment of ±10dB. The maximum input
signal which can be accepted at the mid position of the balance control is 5V rms.
Rumble filter. This is arranged to have a turn-

over frequency of 33Hz and an attenuation
slope below this frequency of -22dB/octave.
Above the cut-off frequency, the frequency
response is flat, and the stage has unity gain.
As in the other stages, I have arranged the two
halves of the op. amp. so that they handle the
equivalent portions of the signal in each chan-

nel, because this makes for a slightly tidier
PCB layout.

Tone control module. This is shown in fig.4,
and is of a normal Baxandall type layout, and

allows about ±18dB lift/cut at 40Hz and
20kHz w.r.t. 1kHz, at maximum or minimum
settings of the controls. With the Treble and
Bass control potentiometers set in their halfway positions, the frequency response of this
module is flat, and it has unity gain. As with
the other stages, it can be switched out of circuit when not required.
The output to the power amplifier is taken
directly from either the input buffer stage via

the gain control, RV3, or the output from a
tape recorder or from the outputs of the rumble filter or tone control module, all of which

have a typical output impedance of about
2500.

Power amplifier
The circuit of this is shown in Fig. 5, and is of

a fairly conventional layout, apart from one or

two innovations, borrowed from my earlier
class NAB 35-40W design, (EW+WW March
1989).
An input long-tailed pair stage, TR/ and Tr4,

is fed from a 550pA constant current source,
(Tr2/Tr5), and has an output DC offset adjust-
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ing potentiometer, R17/, in its emitter circuit.

The input signal is taken from the volume
control via a DC blocking capacitor, CI, and
an input HF roll -off network, (R2/C3), which
attenuates the input signal beyond 100kHz,
and helps ensure freedom from slew -rate limiting effects. The gain and symmetry of the
input stage is improved by the use of a current
mirror circuit, (Tr2/Tr5), as its collector load,
and the output from this is used to drive an
mos gain stage, Tr7, which again has a 15mA
constant current source as its drain load.
This configuration is very linear and is used
to drive a push-pull pair of Hitachi mosfets,
HF stabilisation of the whole feedback system is provided by R9 and C8, which
is in a position which does not lead to slew rate limiting.
The output mosfets are sufficiently robust
that adequate overload protection is given by
the input diode/zener chain, D ilD21ZD2aD3,
and the current limit in the stabilised power
supplies. The quiescent current for the output
stages should be set to about 100mA (it is not
at all critical) by means of RV2.

Input from rumble filter
S3

Treble

Cl

C2

R2

Cancel

R6

RV3

R4

A

2k2

4µ7

91

0
C6

Volume'

4117

8k2 RV2 100k

Input from
tape recorder

1F

2k2

100k

Bass

S4

220

C5

11-A/W/--AMN-AMN-1
2112

Output to
tape recorder

Cancel

To power
amplifier

k

195 18k2

10k log.
C3

C4 147g

47µ I

LF353/0P227
R3

10k

Fig. 4. The Baxandall tone control stage. This may be omitted if not required.

Performance
The general behaviour of the amplifier is fully
up to the best of contemporary expectations,
with a good transient response, free from over-

iting, or transient intermodulation distortion.
The absence of TID makes an important con-

judgments on rock music, the assessed sound
quality of hi-fi amplifiers or any other audio

tribution to the comfort of listening to any

gear is heavily loaded towards vocal and

amplifier for a lengthy period of time.
As an aside, I think it is a sad commentary
on reviewing practice that hi-fi writers often
give ecstatic reports on new equipment which
presents an immediately exciting sound, when

string bass reproduction. This quality depends

experience should have taught that it often
conceals, or is an aspect of, performance deficiencies which eventually grate on the listener's ears.

shoot or ripple, apart from a small amount
with pure capacitive loads, due to L1, which is

included to avoid any possible unwanted
effects if the amp. is coupled to LS cables

Power supplies.
The rigidity, and freedom from ripple and

with a high self capacitance: power mosfets
tend to oscillate at HF when used as source
followers to drive capacitive loads.

other rubbish, in the power supply lines is an
important factor in the sound quality of any
audio amplifier at the bottom end of the audio
frequency band. Because most of the young
golden eared fraternity, whose views dominate
the pages of hi-fi magazines form their sonic

Over the range 100Hz - 10kHz, the harmonic distortion is well below 0.01% at all
power levels below the clipping point, and the
whole design seems free from slew -rate lim-

Fig. 5. Direct coupled mosfet power
amplifier capable of delivering up to 50W
into 8S2 with the right power rails. The
output devices run at 100mA quiescent
current although the precise value is
uncritical. The HF compensation pole is
much higher than for equivalent bipolar

mainly on the low impedance of the power
supply lines, and a stabilised supply is a more
cost-effective way of achieving this than the
use of massive supply line reservoir capacitors.
The circuit I have used for the power supplies is shown in Fig. 6. /CI, as the basic control element. R2 forms an output load for this,
and causes it to draw current, (up to 10mA),
from the pass transistor, Tr2, via a buffer transistor, Tr3, which is used to isolate the input of

/CI from the output of the power supply,
which could exceed ICI's maximum input
voltage rating.
If the current drawn from the pass transistor
causes the output voltage to fall, more current

is drawn from Tr] base than if the system

41----4) +30/35/40V
stabilised
R12
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half). The other half
uses complementary
semiconductors to
produce a negative
supply with the
electrolytics
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polarised.

a

a

47p
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Fig. 6. Stabilised
power supply (one

C13
100n

BD236

7815

BD235

1C8

100T

C14
470p

Tr3

To -ve supp y
1C2

P.S.U.
to
C9
preamp.

2k2

BC416

1k

1W

Try
OV#2

To power amp
R1

2k7

R6

100+

Mains
input

+30-40V

Tr2

OR22

C3
100n

T00n

Ti00n
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100n

R3

S
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R2
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OV#2

operates with the TrifiC1/Tr3/Tr2 chain in
equilibrium, and Tr2 is turned on harder to

However, if the output voltage falls (increas-

and the transistors, Tr i-Tr5, are NPN types

ing the voltage drop across Tr?), then an

supply this extra current.
The current limiting function is performed

appear on Tr4 base, via R4 and R6, which

rather than PNP and vice -versa.
The specification of the transformer, and the
voltage ratings of the reservoir capacitors, will

by Tr4 and R7, in that if the current flow
through R7 causes the voltage developed
across Tr4 base to exceed some 0.55V, then
Tr4 will be turned on and will steal the base
current from Tr2. This provides an absolute
current limit of about 3.8 amperes from the
supply, when there is no significant voltage
drop across Tr2.

increasing proportion of that voltage drop will

reduces the total output current, to keep with-

in Tr2's safe operating area. This re-entrant
power supply characteristic will offer some
measure of speaker protection without the
need for output fuses.

I have only shown one half of the bipolar
supply system since the other half is identical,
with the exception that /C/ and /C2 are 7915

depend on the required output power and I
have shown some suitable options in a small
table at the top of Fig. 6. The transistors specified will serve for all of these power options,

though one should make sure that the heat sinking on Tr2 remains adequate at higher
power levels.
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HF BASE STATIONS & MOBILES
2-30MHz
20 channels
synthesised
100 watts RF o/p
cost efficient
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We have taken the synthesised all mode FRG8800 communicaformance as well as being suited to communicaitons 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
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LOW COST PC SPECIALISTS - ALL EXPANDABLE - ALL PC COMPATIBLE
386 AT - PC386
286 AT - PC286

8088 XT - PC99

2 serial & 1 parallel
640k RAM expandable
ports
with standard SIMMS
12 Mhz Landmark speed MS-DOS 4.01
256k RAM - expandable Factory burnt -in
Co -processor socket
20 meg hard disk
to 640k
Standard 84 key
Enhanced 102 key
1.2 meg 5-1/4" floppy
keyboard
4.7 Mhz speed
keyboard
1.4 meg 3-1w floppy
12" green screen
360k 5-1/4" floppy
Clock & calendar with
EGA
driver
on
board
battery back up
2 serial & 1 parallel ports included
BRAND NEW AND BOXED!
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MS-DOS 4.01
Optional FITTED extras: 640K RAM £39. 12' CGA colour
monitor with card £39. 2nd 5-1/4' 360K floppy £29.95. 20
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2 serial & 1 parallel
2 meg RAM expanded
ports
by slots
20 Mhz with 32k cache. MS-DOS 4.01
Expandable to 64k
Co -processor socket
40 meg hard disk
Enhanced 102 keyboard
1.2 meg 5-1/4" floppy
Kwik Disk Accelerator
Software - FREE
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BRAND NEW AND BOXED!

onlyE249.00, onlyE425.00,,

PThe Philips 9CM073 is suggested for the PC286 and the%

MONITORS

CM8873 for the PC386. Either may use the SVGA MTS-9600
if a suitable card is installed. We can fit this at a cost of £49.00

14" Forefront Model MTS-9600 SVGA
muttisync with resolution of 1024 x 768.0.28
pitch. 'Text' switch for word processing etc.
Overscan switch included. Ideal for the PC 386 or PC -286 with SVGA card added. Also
compatibe with BBC, Amiga, Atari (including
the monochrome high resolution mode), Ar-

jqr the PC286 and £39.00 for the PC386.
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FLOPPY DISK DRIVES
5 /4 " from £22.95 -3 /2" from £21.95!

Power One SPL200-5200P 200 watt (250 w peak).Semi open
frame giving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a,
Massive purchases of standard 51/4' and 312" drives enables us +24v 4a (6a peak). All outputs fully regulated with over voltage
chimedes etc. In good used condition (possible minor screen
to present prime product at industry beating low prices! All units
£159(E)
(unless stated) are removed from often brand new equipment protection on the +5v output. AC input selectable for 110/240 bums). 90 day guarantee. 15' x 14' x 12'. Only
£85.00 (B)
14" Philips Model CM8873 VGA muflisync
and are fully tested, aligned and shipped to you with a 90 day vac. Dims13' x 5' x 2.5'. Fully guaranteed RFE.
guarantee and operate from standard voltages and are of stand- Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v
.i with 640 x 480 resolution. CGA, EGA or
ard size. All are IBM-PC compatible (if 312' supported).
VGA, digitaVanalog, switch selectable.
(2A). 5v at 20A. ± 12v at 1.5A. Switch mode. New. £59.95(B)
Sound with volume control. There is also a
(
£29.95(B) Astec AC -8151 40 watts. Switch mode. +5v U 2.5a. +12v @
3.5" Panasonic JU363/4 720K or equivalent
£22.95(B)
.:. special "Text' switch for word processing,
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only £29.95(B) 2a. -12v @ 0.1a. 6-1/4' x 4' x 1-3/4".New
£29.95(B) Greendale 19ABOE 60 watts switch mode.+5v 6 6a,±12v at
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop
"may?'.: --::: spreadsheets and the like. Compatible with
IBM PC's, Amiga, Atari (excluding the
1a,+15v at 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C)
5.25" EXTRA SPECIAL BRAND NEW Mitsubishi MF501B
monochrome high resolution mode), BBC,
360K. Absolutely standard fits most computers £22.95(B) Conver AC130. 130 watt hi -grade VDE spec.Switch mode.+5v
@ 15a, -5v 0) la,±12v @ 6a.27 x12.5 x 6.5cms.New. £49.95(C) Archimedes etc. Good used condition (possible minor screen
Data cable included in price.
£139(E)
£175.00(E) Boshert 13090.Switch mode.Ideal for drives & system. +5v@ 6a, bums) 90 day guarantee. 15" x 14" x 12'. Only
Shugart 800/801 SS refurbished & tested
£275.00(E) +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a.
Shugart 851 double sided refurbished & tested
£29.95(B) Philips 9CM073 similar (not identical) to above for EGA/CGA
Mitsubishi M2894-63 double sided switchable
Famell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C) PC and compats. 640 x 350 resolution. With Text switch with
£250.00(E) Famell G24/5S. As above but 24v 0 5a.
hard or soft sectors- BRAND NEW
£65.00(C) amber or green screen selection. 14' x 12' x 13-1/2"........£99(E)
Dual 8" drives with 2 mbyte capacity housed in a smart case
KME 10" high definition colour monitors. Nice
BBC Model B APM Board
with built in power supply! Ideal as exterior drives! £499.00(F)
tight 0.28' dot pitch for superb clarity and
modem styling. Operates from any 15.625 khz
End of line purchase scoop! Brand new NEC D2246 8' 85
£100 CASH FOR THE
sync RGB video source, with RGB analog and
megabyte of hard disk storage! Full CPU control and industry
MOST NOVEL
standard SMD interface. Ultra hi speed transfer and access time
composite sync such as Atari, Commodore
DEMONSTRATABLE
leaves the good old ST506 interface standing. In mint condition
Amiga, Acorn Archimedes & BBC. Measures
£299 E
and comes com late with manual. Onl
only 13.5' x 12" x 11'. Also works as quality Tv won our HUB
APPLICATION!
THE AMAZING TELEBOX!
BBC Model B type computer on a board. A major purchaseTelebox. Good used condition. 90 day guarantee. Only £125 (E)
£145 (E)
allows us to offer you the PROFESSIONAL version of the BBC KME as above for PC EGA standard.
Brand new Centronic 14 monitor for IBM PC and compatibles
Converts your colour monitor into a
computer at a parts only price. Used as a front end graphics at a lower than ever price! Completely CGA equivalent. Hi-res
QUALITY COLOUR TV!! system on large networked systems the architecture of the BBC
iishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz
board has so many similarities to the regular BBC model B that bandwidth. A super monitor in attractive style moulded case.Full
TV SOUND
we are sure that with a bit of experimentation and ingenuity many 90 day guarantee. Only
£129 (E)
& VIDEO
useful applications will be found for this board!! It is supplied NEC CGA 12' IBM-PC compatible. High toi..,:,--:.........,,,:,...
..,.
complete with a connector panel which brings all the I/O to 'D' quality ex -equipment fully tested with a 90
TUNER!
and
BNC
type
connectors
all
you
have
to
do
is
provide
+5
and
day
guarantee.
In
an
attractive
two
tone
The TELEBOX consists of an attractive fully cased mains
powered unit, containing all electronics ready to plug into a host ± 12 v DC. The APM consists of a single PCB with most major ribbed grey plastic case measuring 15'L x
of video monitors made by manufacturers such as ic's socketed. The ic's are too numerous to list but include a 13'W x 12'H. The front cosmetic bezel has
.A

MICROVITEC, ATARI, SANYO, SONY, COMMODORE, 6502, RAM and an SAA5050 teletext chip. Three 27128 been removed for contractual Ece.
ou (E)
EPROMS contain the custom operating system on which we reasons. Only
PHILIPS, TATUNG, AMSTRAD and many more. The composite

20" 22" and 26" AV SPECIALS
video output will also plug directly into most video recorders, have no data, On application of DC power the system boots and
allowing reception of TV channels not normally receivable on provides diagnostic information on the video output. On board Superbly made 'IJK manufacture. PiL all solid state colour
most television receivers (TELEBOX MB). Push button controls DIP switches and jumpers select the ECONET address and monitors, complete with composite video & sound inputs. AttraCenable the four extra EPROM sockets for user software. Appx. tive teak style case. Perfect for Schools,Shops,Disco, Clubs.
on the front panel allow reception of 8 fully tuneable 'off air' UHF
colour television or video channels. TELEBOX MB covers vir- dims: main board 13' x 10'. I/O board 14' x 3'. Supplied tested In EXCELLENT little used condition with full 90 day guarantee.
20"....£135 22"....£155 26"....£185 (F)
tually all television frequencies VHF and UHF including the with circuit die ram, data and competition entry form.
CALL FOR PRICING ON NTSC VERSIONS!
HYPERBAND as used by most cable TV operators. Composite
or
(B)
Only
and RGB video outputs are located on the rear panel for direct
Superb Quality 6 foot 40u

£29.95 2 for £53

connection to most makes of monitor. For complete compatibility

SPECIAL INTEREST

- even for monitors without sound an integral 4 watt audio
£ 470
0-18 vdc bench PSU. 30 amps. New
amplifier and low level Hi Fi audio output are provided as Trio
£2950
Fujitsu M3041 600 LPM band printer
standard.
£ 150
DEC
LS/02
CPU
board
£32.95
for
composite
video
input
monitors
Telebox ST
Rhode
&
Schwarz
SBUF
TV
test
transmitter
£36.50
Telebox STL as ST but with integral speaker
£6500
25-1000mhz. Complete with SBTF2 Modulator
Telebox MB as ST with Multiband tuner VHF -UHF -Cable.
£ 367550
Calcomp 1036 large drum 3 pen plotter
& hyperband For overseas PAL versions state Thurlby LA 160B logic analyser
£69.95 1.5kw 115v 60hz power source
5.5 or 6mhz sound specification.
£ 950
£69.95 Anton Pillar 400 Hz 3 phase frequency converter 75KwPOA
Telebox RGB for analogue RGB monitors (15khz)
POA
Shipping code on all Teleboxes is (B)
Newton Derby 400 Hz 70 Kw converter
£750
RGB Telebox also suitable for IBM mu Itisync monitors with RGB Nikon PL -2 Projection lens meter/scope
£2000
Sekonic SD 150H 18 channel Hybrid recorder
analog and composite sync. Overseas versions VHF & UHF call.
SECAM / NTSC not available.

No Break Uninterruptable PSU's
Brand new and boxed 230 volts uninterruptable power supplies

from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK

are internal, MUD has them in a matching case. Times from
interrupt are 5 and 15 minutes respectively. Complete with full
£525 (G)
MUK
£249 (F) MUD
operation manuals

19" Rack Cabinets
4......

!!.....

tea

..21 :.S

..til

Massive Reductions
Virtually New, Ultra Smart!
Less Than Half Price!
Top quality 19' rack cabinets made in UK
by Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front
door, full height lockable half louvered back
door and removable side panels. Fully ad -

£1850
justable internal fixing struts, ready
£ 350 punched for any configuration of equipment mounting plus ready
mounted integral 12 way 13 amp socket switched mains distribuBRAND NEW PRINTERS
tion strip make these racks some of the most versatile we have
£139 (D) ever sold. Racks may be stacked side by side and therefore
Microllne 183. NLQ 17x17 dot matrix. Full width.
Hyundai HDP-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions
Qume LetterPro 20 daisy. Qume QS -3 interface. £39.95 (D) are 77-1/2'H x 32-1/2'D x 22'W. Order as:
£149 (D) Rack 1 Complete with removable side panels
Centronics 152-2 9 x 7 dot matrix. Full width.
£275.00 (G)
Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" width £ 99 (D) Rack 2 Less side panels
£145.00 (G)

HP 7580A A1 8 pen high speed drum plotter
Kenwood DA -3501 CD tester, laser pickup simulator

1992 Winter Issue of Display News now available - send large SAE - PECKED with bargain:I
.11111e. :See.

:... : -...

.".

MAIL ORDER & OFFICES

Open Mon -Fri 9.00-5.30
Dept WW, 32 Biggin Way,

:

-EL ECTRONICf-

:

Upper Norwood.
London SE19 3XF.

LONDON SHOP
Open Mon -Sat 9-5.30

Thursday till 9.00pm
215 Whitehorse Lane,
South Norwood,
London, 5E25 .

ALL ENQUIRIES

DISTEL © The Original
Free dial -up database!
1000's of items+info on line
V21, V22 & V22 bis

08116794414

081-679-1888

Fax -081-679-1927

All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. PO orders from Govemment,Unlversltles,Schools & Local Authorities
welcome -minimum account order £30. Carriage charges (A)=£2.00. (A1)=E3.75. (B)=£5.50. (C)=03.50. (D)=£11.50. (E)414.00 (F)=E18.00 (G)=Call . Scotland surcharge: call.
All goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. All guarantees on a return to base basis.Rights reserved to
change prices & specifications without odor notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted forcash.
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HIS Hewlett-Packard oscilloscope combines the feel
and display of a top line analogue instrument with the
precision and programmability of digital electronics.

is DSO is easy to use because it was designed by
electronics engineers for electronics engineers.
Electronics World is looking for freelance authors who
can bring applied electronics design alive for other electronics
professionals through their writing. We want to commission

ew ett- ac ar
HP54600A
100MHz digital
storage scope could
be yours when ou
wri
Electronics
d + Wireless

articles on circuit design using the wealth of modern
components now available to electronics engineers. Possible

areas of interest could be RF, microwave, audio, video,
consumer electronics, data acquisition, signal processing and
computer peripherals.
All articles accepted for publication will be paid for - in

the journal that
design engineers pay
to read.

the region of several hundred pounds for a typical design
feature.
The author of the best script received over the period

1993 to May 30, 1994 will receive an HP54600A
oscilloscope in addition to the normal author's fee.
The judging panel will be drawn from Electronics
World and Hewlett-Packard.
June I,

For further details about our quest for

the best call or write to:
Frank Ogden, Editor, ELECTRONICS WORLD.
Quadrant House, The Quadrant, Sutton

SM2 5AS.

Tel 081-652 3128

PC
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8051 DEVELOPMENT
EASED BY C
System

requirements
PC compatible (AT
or above
recommended)
640K
Spare half size PC
card slot

5.25/3.5in floppy
Hard disc
recommended
Mono display
CGA/EGANGA/SV
GA recommended)
Mouse
recommended
Flash Designs 8051

emulator and C
development
system.

Development systems range from the basic and cheap
blowing of an eprom and testing it - suitable only for

the simplest systems - to advanced and expensive
hardware ice (in -circuit emulation). At this expensive end,
the microprocessor chip is temporarily replaced by hardware

running exactly like the real processor, but allowing full
access to registers and bus lines for the development process.
Between these two extremes is a third option, accessing the
system through the memory chips rather than the processor.

This is the solution offered by Flash Designs (and also by
Trace Technology, see December EW + WW). The memory
system contains not just the program under development, but
an extra one used solely during the development phase. Once
finished the extra code is not needed, and the eprom can be
blown with just the finished program. In the Flash Designs
product the debug routine is very small - around 250 bytes and the solution provides most of the benefits of a complete
hardware ice, but at a much lower cost.

C/8051 combination
Combining the C language and the popular 8051 single chip
controller is a popular option. But a knowledge of the 8051

DATA POD
SRAM/EEPROM
SOCKET

Flash Designs universal emulator
package provides a software
development system for a range of
processors - including the 8051 -

at an entry level price of f400,
says Len Freeman.

assembly language is still desirable when it comes to debugging, as one C instruction may convert to a dozen assembly
language instructions. To see what is happening requires a
dip into the actual language of the processor. Beginners are

well advised to start with the development system built
around just the assembler - currently being included free of
charge by Flash Designs.
The C -/AR compiler, available at additional cost, supports
all C data types, which can also be viewed and edited "on the
fly". Flash Designs also provides support for other compilers
such as Keil.
Hardware consists of a plug in PC controller card, with ribbon cable to the ram emulator pods. In turn, these are connected to the memory sockets of the target board. The pod

(or pods if both code and data emulation is chosen), are
stackable with a footprint of only 9cm by 14cm. The required
5V power supply is taken from the target board.

EPROM
SOCKET

P.C.

PROGRAM
CODE POD

WIRE -OR

YOUR TARGET
SYSTEM
YOUR
PROGRAM

Programs and data can then be down-loaded/up-loaded
from the PC into the ram pods using direct memory access,
making this a very fast process. Most of the tools needed for
software development are available, such as setting break
points, single stepping and a display of all processor registers.
The other main feature is that operation can be carried out
while simultaneously viewing the source file - in assembly

language, in mixed C and assembler, or in C, to provide
source code debugging.
Turbo -Trace

The software is menu -driven, with a window type display,
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Fit@

u

Screw

1111

TraPO

Sou
17

fill = 0;

18

1381

\

750000

MOV

?0001:
19

while (1)

20
1384

\

Stopped
8031 MicroWatch
PC :72: ACC 00
RO RI R2 R3 R4 R5
DPTR 0072
B 00 BO 00 02 00 00 BE 20
TIMO 0020 SP 02 R1 01 00 00 00 22 10
TIMI 9120
IE 08 B2 00 40 00 00 2A 21
TMOD 00
IP 00 03 00 00 00 00 85 10
SOUP 00
PO 50 P1 88 P2 00 P3 01
wifidow

{

PSW -> CY
80

22

for (count.0;
CLR
MOV
MOV

23
\

1385
1386

E4
F500

\

1388

F500

\

00
00

00
08

NOP

00

21

1

R6

AC

FO

0

0

1

RS1 RSO OV
0

0

LID

P

0

0

0

TCON -> TF1 TR1 TF8 TRO 1E1 III 1E0 ITO
00
0
0
0
0
0
0
0
0
SCON -> SMO
SM2 REN T88 ABB T1 R1
01

8

0

0

0

0

0

0

1

?0004:

and the mouse is used in the usual way, moving or resizing
windows for example. A "Microwatch" window shows all
registers, and probably the most useful source file to view in
the background behind this window is a mixed C and assembler file.

The software will run under dos, or Windows 3 where

Ti

\

138A

C3

\

138B

\

138D

\

138F

E500
940A
E580

Nolp AR -F3

CLR
MOV
SUBS
MOV

rom

A,$LOCBD main+1
Ad110
A,$LOCBD main

Mow; (,) (*) (UM

(1)414),

(1400)

multi -tasking is allowed, though the run -speed is then some-

Microwatch window at top right displays all registers. In the background a source
file is shown, in this case a mixed C and assembler file.

what slower. Basic version of the system allows only for
software break points. An optional "TurboTrace" allows

p

hardware break points to be set as well, and these seem more
versatile and easier to use. But they should not be set immediately after JUMP -type instructions. When a hardware break
point is reached, there are several ways of continuing:

Single stepping (Microwatch is updated);
animate - a slow motion mode which allows registers to
be observed while a "tracker bar" highlights the relevant
instruction in the source file;
continue until the next breakpoint, and
snapshot, where the program runs at full speed until it hits
the break point again, when it gives a system "snapshot" and
continually repeats. Break points can be toggled on and off
from the keyboard, provided program execution is stopped
first, and options are automatically displayed at the bottom of

:Au
1
BO 1 MicroW tch
ACC OA
RO R1 R2 R3 R4 R5 R6 R7
PC
DPTR 8028
B D9
BO D9 01 80 28 4D 95 CS 00
B1 4C BE B2 5C 00 OA 00 01
TIME 0080 SP 13
TIM1 0000
IE El
B2 88 29 44 10 FF 13 08 28
TMOD 88
IP E0
R3 88 28 08 7D 12 BF 11 9C
'T`l IF F3
PO 43 P1 FF P2 04 P3 FB
Source View
-4
13F2
7002
JNZ
$+4
0500
INC
$LOCBD ma
13F4
DEC
13F6
14
A
13F7
FB
MOO
R3,A
13F8
AFOO
MOV
R7,$LOCBD
13FA
120000
LCALL
?C_ST PTR
gResults[count] = 0.8;

Paused
Stack

T1 T2 Buf
Hex View

mem 21
08081
08002

49
OF

08003
08084
08085

DB

61015

41

A

5D

I

BOW ?Y
NCO 13
10 9

1385

4

1397

6

I3D6

sp = gString;

13E1

for

7
8
9

More pros than cons
The product is a very useful, cost effective package, representing a quantum jump forward from the simple "burn and
test" system. Disadvantages centre mainly around the learning curve for the package, compounded by a manual, which
while comprehensive is not very user friendly.

A more comprehensible manual would be a great help,
particularly for first time users who might be keen to move
on to a development system such as this. Experienced users
will probably not find the manual a problem.
The help menu is good, though fairly basic, and is context
sensitive.
Occasionally, difficulties can be experienced in using it,
and the only solution seems to be to come out of the system

and start again. The odd telephone call to Flash Designs
might be necessary (it was for me) though the help needed

Fl Help

F3 Lend

F4 Rhrh

(

;count).0

{

0

13EA

1

13FD

*sp++ =
gResultslcoun

aainAndult,

Ipumitama

Alt -X twit

NO

Source View
C
for (count.0; c
gResults(coun

3

point is encountered. TurboTrace also has four logic probes,
allowing the state of individual lines to be recorded before or

address bus lines).
Processor type can be changed for only £25 - excluding
the compiler of course -a great advantage for organisations,
such as colleges who may work with several different processors

44

Netb

.

the screen under the title "Target Control" when a break
after a breakpoint is encountered (as well as the data and

-+T

P8 41 OW*

Beginners starter pack: ram -blow 256K £349 (1Mbyte
f489 + VAT) includes ram -blow emulator, PC
emulator controller card, 4Mbyte prommer, universal
AMICE software. Microwatch requires Mwatch
personality.
Starter pack plus: Starter pack plus TurboTrace f798
(f938 1Mbyte).

tomigioAmmv Amp

F9 Nur,4tor

I

Options
displayed under
the title "Target
Control" when a
break point is
encountered.
Also shown are
sections of the
two source files,
one in the
original C and the
other in mixed C
and assembler.

Professional : Starter pack plus TurboTrace and
second ram -blow emulator pod, 2 x 256K f 1028
(256K + 1Mbyte f1148, 2 x 1Mbyte f 1268).

Flash Designs Ltd, PO Box 167, Crawley, West
Sussex RH11 9YE. Tel/Fax: 0293 551229

was readily available.
Overall, the criticisms certainly do not outweigh the great
benefits provided by such a versatile and cost effective development system.
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Software with the
quality label
Effective quality management relies on good analysis of process data.
Don Bradbury finds Northwest Analytical's QA charting and analysis
package has quality running all the way through it

Adoption of total quality management (TQM) by man-

System

requirements

ufacturing industry is irresistible and irreversible.

compatible
CGA, Hercules,

Version 4.2 of Northwest Analytical's Quality Analyst
(QA) sets out to crunch TQM data down into various process
efficiency indices, backed up by a drawer full of charting and
statistical techniques. QA's aim is to help identify process
variation and determine its cause - the very essence of qual-

EGA or VGA

ity control -a goal well achieved by an excellent perfor-

Dos 3.2 or later
512K ram
3.5in or 5.25in
floppy
Hard disk
Compatible with

mance on almost every level.
Those experienced in the field, with an established under-

PC -XT, AT, PS/2 or

OS/2 and

Windows

QA's aim is to help
identify process
variation and
determine its cause.

464

standing of quality control and statistical concepts, will
quickly grasp the operation essentials of this heavyweight
program. Users without such knowledge might need a course
in the basics. To help them, UK agent Adept Scientific runs
periodic seminars on statistical process control using QA to
demonstrate the principles.
Admittedly, at £550 plus £10 postage and 17.5% VAT, QA

potential purchasers will need a firm justification for its
acquisition. But even this price does not put it among the

more expensive examples of software in its class.
Unfortunately, the market is relatively small and niche, so
giveaway prices or bulk -sale discounts are not very likely.

Menu or command operation
A main menu gives direct access to creation and editing of
files, variable control charts, attribute (defect) control charts,
graphs and reports, statistical analysis, file manipulation, run
file execution, program set up and utilities, and the import
and export of data from other files. Function keys, described
along the bottom of the screen, can also be used to run certain activities.
In menu mode, general types of function are presented for
selection from submenus. But more experienced users will

tend to favour the command mode, even though routine
names have to be remembered to use it, as it gives access to
all routines including some not listed in menus. (There is also

Protracted installation
I nstallation is rather protracted, though for those
familiar with PC configuration, the process need
take only about ten minutes.
Modular design allows a wider range of problem
solving than is possible with a rigidly structured
system, and this module approach is reflected in the
105 files occupying about 4Mbyte of disk space that
automatically unpack from archives during
installation - DAT files also included contain excellent
tutorial material.
A fair amount of hardware may need to be
configured by selecting various option and this can
be a little daunting. But a short cut is to accept the
default options and then modify the configuration
later if necessary.
If any of essentials are omitted, specifically the
video and printer and/or plotter types, the program
prompts for answers it needs before allowing the user
to proceed. More detailed configuration involves
setting dos environment variables, the required hard
copy mode, and additional device definitions
including colour modifications, chart size and fill
patterns, font selection, multipliers.
It is also possible to have automatic wrapping of
long output so that the width of a graph can be set to
a value greater than the physical width of the paper.
Where continuous paper is used, output is then
wrapped onto the next page.
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Heavyweight manuals
A is big in every sense. Even the smallest of the
three manuals, Program set up and configuration,
con ains no less than fifty eight A4 pages. As all the
manuals, it is very detailed, with many screen dumps
and much repetition of instructions to keep new users
on the right track.
Another exhaustive manual takes the first time user
through a set of tutorials and exercises to master the
options for quality control charting and analysis. They

also show how production and modification of a
process capability report is achieved, to create a
histogram with a normal, folded, or skewed
probability distribution, with mean, process capability,
target, and specification limits and index options.
Tutorials also cover the control of printer output,
setting up control limits and evaluating potential
process capability.
Data transformation is prominent in QA, and along
with such processes as new data creation from
existing variables, methods for grouping individual
measurements, creating a short -run control chart, and
the use of median and median/individual charts, is
well covered.

S4

56

58

6E1

62

Proh Lim:

64

66

( 52.464

68
,

78

68.514,

The choice of charts should cover all the needs of the quality analyst.

Number

Defective Parts

np-chart

a batch mode, see "Creating run files".) Modes can be
switched at will.
Prompt -and -response operation always gives a default
option which is the most likely choice depending on previous
operations. But once all options are understood a first letter
mode of response speeds progress.
A point to note is that the row/column data entry routine

must leave an "even" file structure because data files are
essentially text files. Another is that restrictions on naming
variables include a length of between two and eight unique
alphanumeric characters which a few users might find a little limiting.
Two data editors are included. One allows data cells to be
ordered in a spreadsheet -like array, while the other is line -oriented. Other data manipulating facilities include file merge,
extracting row and/or column data, sorting data, using a conversion utility from single column to multiple column or sub:
group form, and a report generator that takes a QA data file
and produces a layout in a more formal format.

Data manipulation
Data subsets can be created based on user defined criteria and
the package also offers a random number generator and subgroup convertor outputting average, range, and standard deviation.

Choice of control charts is wide and will be more than

1

enough for most people, while graphics facilities allow scatter plots of data sets to be added - even data from different
files.
Defining a data window for charting enables QA to produce a rolling progression. So that, for example, a day's data

can be added while simultaneously dropping off the first
day's data in a file, producing a graph of a fixed number of
points.

Presentation can be brightened up by using the graphics
editor to place and modify comments, add titles and footers,
or change a scale in a chart.
Sensibly, statistical analyses functions are targeted squarely at the quality analyst and will surely cover most analysis
needs in this department.
The substantial data processing required, even with quite
modest data sets, means QA does not run with conspicuous
rapidity on a machine such as a 16MHz 286 PC (though my

June 1993 ELECTRONICS WORLD + WIRELESS WORLD

File conversion

np-chart showing
number of units
defective.

Most users will not be interested in file conversion.
Those that do need it, will probably want to
interface QA with a spreadsheet and QA has no
problem converting data for the common ones.
For example many existing analysts use the package
with Lotus 1-2-3 data files, or tack QA output on to their
current information management program. These
practices are some of the reasons why the text data file
format was chosen for QA.
But other external ascii files can be handled too.
Word processor output, database managers, or
mainframe down -loads can be cleaned up by one of
QA's file conversion, utilities. Other utilities convert
between QA data files and DIF format or SYLK files, and
Datamyte data -only -report files and Mitutoyo DL -10
data logger information can be converted to QA format.
Data files can also be rotated through 90°, turning rows
into columns and visa versa.
There are also graphics file conversion utilities
handling encapsulated postscript, HPGL (Hewlett
Packard Graphics Language), and Lotus PIC files.
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since the early eighties have steadily improved the reputation
of the product.
Now it looks unlikely to disappoint, though special situations can bring particular needs, so check the alternatives if

you are in the SPC software market. Look around and you
might find a few companies who will supply demo disks, but
this generally applies to programs with much wider appealA
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Autoscaled scatter plot.

Batch mode operation allows creation of run files,
which may include rem statements to explain
what the programmer is intending, executed from a
menu or from a command line prompt. Batching can
considerably speed up repetitious work, so that such
factors as the number of plots per page and how they
are placed, for example, can be defined.
The list of supported output devices is extensive
and fully documented in the set up and
configuration guide.

Charting and analyses capability
Control charts include:
X -bar, range, and standard deviation; p (percentage
defects), np (number defective), u (non -conformities
per unit), and c (control chart for non -conformities);
individual measurement, median, and range control
charts; exponentially weighted moving average,
range, and standard deviation; and cusum,
autoscaled run, and out -of -control summaries.
Other graphics add scatter plots of data sets and can
even include data from different files.

Linear regression
with user specified
confidence limits.

Invicta 25MHz 486SX proved itself more than adequate to
the task). All modules run more efficiently with higher processing power, and a fair amount of hard disk activity will
test the patience of users with limited hardware performance.

No competition?...
At first glance there seems to be a lot of competitors to QA.
For example many have tried - and some still do - to make
a spreadsheet or standard commercial graphing program such
as the otherwise excellent Lotus 1-2-3 or Statgraphics do the
job. But QA is much better aligned to the task, and the best of
the competition generally comes from programs costing up to
twice as much.

Statistical analyses include:
analysis of variance, linear correlation, multiple
regression, polynomial regression, and single
variable regression for linear, exponential,
logarithmic, and power equations. Chitest,
calculations for the Kruskal-Wallis statistic, Sumstat
for computing descriptive statistics such as mean
and standard deviation, several types of t -statistic for
making comparisons, the Weibull probability plot
and analysis of life test routine, as well as the WaldWolfowitz run statistic for evaluating the tendency
for data to form runs. All these add substantially to
the functionality of the program.

Supplier Details
Quality Analyst (QA) £550 + £10 postage + VAT is
available from Adept Scientific Micro Systems Ltd,
6 Business Centre West, Avenue One, Letchworth,
Herts, SG6 2HB. Tel: 0462 480055 Fax: 0462
480213.

PQ Systems' SQCPack, Third Millenium's Inpro-SPC,
and Lighthouse Systems' SPC-Lite come to mind. But where
QA scores is in its friendly user interface and its facility for
customisation - points which have rated highly in the list of
favourable comments from users.
Northwest Analytical has plainly been in the SPC (ilatis-

tical process control) business long enough to know the
needs of its customers, and the six versions of QA produced
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EASY FAST & POWERFUL
CAD SOFTWARE THAT GIVES YOU THE EDGE
ISIS - SCHEMATIC CAPTURE

ARES - PCB DESIGN

ISIS ILLUSTRATOR

Easy to use yet extremely
powerful schematic entry system
with all the features you need to

Advanced netlist based PCB
layout software newly updated
to version 2.5. Major new

Schematic capture for MS
Windows 3.1 - produces high
quality schematics like you see

create input for ARES or other

features include SMT library,

in

CAD software. Now available in a
super -fast 32 bit version capable
of handling huge designs even on
AO -sized sheets.

real time snap (for those tricky
SMT spacings), thermal relief

choice of line thicknesses, fill

the magazines with your

styles, fonts, colours etc. Once
entered, drawings can be
copied to most Windows
software through the clipboard.

power planes and enhanced
autorouting.

New version 2 includes
netlisting, bill of materials,

hierarchy, and much more.
An ideal front end for
Windows Simulation and
PCB design.
C' 101

Graphical User Interface gives
exceptional ease of use - two mouse
clicks will place & route a wire.

Automatic wire routing, dot
placement, label generation.

2D drawing capability with symbol
library.

Comprehensive device libraries.
Heterogeneous devices (e.g. relay
and coil) allowed in different places
on the schematic.
Special support for connector pins put each pin just where you want it.

Output to printers, plotters,

new low prices from

Graphical User Interface.
Real time snap.
Auto track necking.
Curved, 45/90 or any angle tracks.
Extensive through hole and SMT

£99

package libraries as standard.
capability with symbol
library.
2ij
drawing

Connectivity highlight.
Output to printers, plotters,

CADPAK - BUDGET PRICE CAD

Postscript, Gerber and NC drill.

Gerber View facility.
Graphics export for DTP etc.
Advanced netlist management with

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

forward design modification.

Postscript.

I

CI INIMIGUILOWNE0161141,11CM%110 MACIEEN

Export designs to DTP and WP
packages.

Component renumber and
back -annotate to ISIS.

Netlist formats for most popular PCB
& simulation software.
Bill of Materials and Electrical Rules
Check reports.
Multi -sheet and hierarchical design
support.

Automatic annotation/packaging.
ASCII data import database facility.

Full physical and electrical design
rule checks.

Autorouter handles single, double or
multi -layer boards.

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

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

Gerber import utility available.

from

from

superb value at only

£275

E275

079

apccner
Electronics

Call us today on 0274 542868 or
fax 0274 481078 for a demo pack.
Combination, multi -copy and educational
discounts available. Prices exc P&P and VAT

14 Marriner's Drive, Bradford, BD9 4JT.

CIRCLE NO. 107 ON REPLY CARD
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MICROWAVE CONTROL PANEL. Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 relay
outputs one for power and one for pulsed power (programmable).
Ideal for all sorts of precision timer applications etc. Now only E4.00
ref 4P151. Good experimenters board.
FIBRE OPTIC CABLE. Stranded optical fibres sheathed in black
PVC. Five metre length E7.00 ref 7P29R or £2 a metre.
12V SOLAR CELL. 200mA output ideal for trickle charging etc. 303
mm square. Our price £15.00 ref 15P42R. Gives up

THIS MONTHS
SPECIAL OFFERS
AMSTRAD MP3 #19.00

to 15v.

PASSIVE INFRA -RED MOTION SENSOR.
timer (8 secs -15 mins), 50' range with a 90 deg
coverage. Manual overide facility. Complete with
wall brackets, bulb holders etc. Brand new and
guaranteed. Now only E19.00 ref 19P29
Pack of two PAR38 bulbs for above unit £12.00 ref
12P43R

EMERGENCY LIGHTING #5.00

VIDEO SENDER UNIT. Transmit both audio and video signals
from either a video camera, video recorder or computer to any

Fully cased units with two swivel lamps mounted
on the top. Just add a 6V sealed lead acid battery
and you have a complete automatic system.
Gives about 3 hours of light as soon as the mains

standard TV set within a 100' range! (tune TV to a spare channel).
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref
5P191R. Turn your camcorder into a cordless camera!
FM TRANSMITTER Housed in a standard working 13A adapter
(bug is mains driven). £26.00 ref 26P2R. Good range.

MINATURE RADIO TRANSCEIVERS. A pair of wake
talkies with a range of up to 2 kilometres. Units measure iftfil
22x52x 155mm Complete with cases and earpieces. £30.00 "
ref 30P12R

fail.
I

j

Our Price #5.00. REF: EW5P1

-

FM CORDLESS MICROPHONE. Small hand held unit
with a 500' range! 2 transmit power levels. Reqs PP3 battery.
Tuneable to any FM receiver. Our price £15 ref 15P42AR.

12 BANDCOMMUNICATIONSRECEIVER.9shortbands,
FM, AM and LW DX/local switch, tuning 'eye' mains or battery.
Complete with shoulderstrap and mainslead. £19 ref 19P14R.
Ideal for listening all over the world.

CAR STEREO AND FM RADIO. Low cost stereo system giving
5 watts per channel. Signal to noise ratio better than 45db,
wow and flutter less than .35%. Neg earth. E19.00ref 19P30
I
LOW COST WALIKIE TALKIES. Pair of battery operated ..
units with a range of about 200'. Our price £8.00 a pair ref
8P50R. Ideal for garden use or as an educational toy.
7 CHANNEL GRAPHIC EQUALIZER plus a 60watt power amp!

20-21KHZ 4-8R 12-14v DC negative earth. Cased. £25 ref 25P14R.

NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 ref
4P44R. 2 x Cs £4.00 ref 4P73R, 4 x D's £9.00 ref 9P 12R, 1 x PP3
£6.00 ref 6P35R Pack of 10 AAA,s £4.00 ref 4P92R.

TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The ultimate equivalents book. New ed. £20.00 ref 20P32R.
GEIGER COUNT ER KIT. Canpletewith tube, PCB and all components to build a battery operated geiger counter. £39.00 ref 39P 1R

FM BUG KIT. New design with PCB embedded coil. Transmits to
any FM radio. 9v battery req'd. £5.00 ref 5P158R. 35mm square.
FM BUG Built and tested superior 9v operation £14.00 ref 14P3R
COMPOSITE VIDEO KITS. These convert composite video into
separate -I sync, V sync and video. 12v DC. £8.00 ref 8P39R.
SINCLAIR C5 MOTORS. 12v 29A (full load) 3300 rpm 6'x4" 1/4'
0/P shaft. New. £22.00 ref 20P22R. Limited stocks.
As above but with fitted 4 to 1 inline reduction box (800rpm) and
toothed nylon belt drive cog £45.00 ref 40P8R. 800 rpm.
ELECTRONIC SPEED CONTROL KIT .for C5 motor. PCB and all
components to build a speed controller (0-95% of speed). Uses
pulse width modulation. £17.00 ref 17P3R. Potentiometer control.
SOLAR POWERED NICAD CHARGER. Charges 4 AA
nicads in 8 hours. Brand new and cased E6.00 ref 6P3R. 2xC
cell model £6.00.

ACORN DATA RECORDER ALF503. Made for BBC
computer but suitable for others. Includes mains adapter, leads and
book. £15.00 ref 15P43R

VIDEO TAPES. Three hour superior quality tapes made under
licence from the famous JVC company. Pack of 10 tapes New low
price £15.00 ref J15P4
PHILIPS LASER. 2MW HELIUM NEON LASERT UBE. BRAND

NEW FULL SPEC £40.00 REF 40P1OR. MAINS POWER
SUPPLY KIT £20.00 REF 20P33R READY BUILT AND
TESTED LASER IN ONE CASE £75.00 REF 75P4R.
12 TO 220V INVERTER KIT. As supplied it will handle up to about
15w at 220v b ut with a largertransforrner it will handle 80 watts. Basic

kit £12.00 ref 12P17R. Larger transformer £12.00 ref 12P41R.
WIND UP SOLAR POWERED RADIO! FM/AM Radio takes
rechargeable batteries. Complete with hand charger and sdar
panel. £14.00 REF 14P200RA.

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R.
FRESNEL MAGNIFYING LENS. 83 x 52mm £1.00 ref BD827R.

12V 19A TRANSFORMER Ex equipment £20 but OK.
POWER SUPPLIES Made for the Spectrum plus 3 give +5 @
2A, +12 @700mA & -12 @ 50mA. £8 ref Q8P3
UNIVERSAL BATTERY CHARGER. Takes AA's, C's, D's and
PP3 nicads. Holds up to 5 batteries at once. New and cased, mains
operated. £6.00 ref 6P36R.

IN CAR POWER SUPPLY. Plugs into cigar socket and gives
3,4,5,6,7.5,9, and 12v outputs at 800mA. Complete with universal
spider plug. £5.00 ref 5P 167R.
QUICK CUPPA? 12v immersion heater with lead and cigar lighter
plug £3.00 ref 3P92R. Ideal for tea on the move!

LED PACK . 50 red, 50 green, 50 yellow all 5mm £8.00 ref 8P52

MINIMUM GOODS ORDER £5.00. TRADE ORDERS
FROM GOVERNMENT, SCHOOLS, UNIVERSITIES,
& LOCAL AUTHORITIES WELCOME, ALL GOODS
SUPPLIED 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 QUANTITIES HIGHER
THAN THOSE STATED.
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286 PC PACKAGE
you get
286 PC with 1mb RAM
MONO MONITOR
102 KEYBOARD
1 FLOPPY DRIVE
40MB HARD DRIVE
DESKTOP CASE

VHF/UHF TV Receiver,converts RGB or
composite monitor into colour TV. Brand new
and cased.
#19.00 each. REF: EW I9P I

Complete with daylight sensor, adjustable lights on

MAINS CABLE WITH PLUG from
30p each

COMPLETE SYSTEM
READY TO GO

You can have a 2 Mtr length of mains cable with a
fitted 13A plug (with sleeved pins) for just 30p!
Minimum quantity: PKT 10 #3.00 REF: EW3P1
or you can have PKT 100 #27.00 REF: EW27P2

OUR PRICE JUST

CORDLESS PHONES (non working)
#30.00 for 3

£299.00 !

These are BT Curlews. They are not new and
have been stored in sunlight so the plastic cases
are discoloured. They also have handset aerial
missing. This is a standard telescopic aerial piece of wire will do! These are NON
RETURNABLE.
Our Price PKT 3 for #30.00. REF: EW3OP1

PC CASES Desktop case +psu £51.60 ref BPCC1, Deluxe slimline

case +psu £60.00 ref BPCC2, Minitower case +psu £51.60 ref
BPCC3, Deluxe midi case +psu £90.00 ref BPCC4.
MONITORS Mitac 14' SVGA .39DP £174 ref BPCM02, Mitac 14'
SVGA .28DP £202 ref BPCM 01.
MEMORY 256K Simm 7Ons £8.40 ref BPCM11, 1MB Simm 7Ons
£26.40 ref BPCMI2, 4MB Simm 7Ons £96 ref BPCMI3

MICE 2 button serial mouse with 3.5' s/ware. £8.40 ref BPCMI6,
3button serial mouse with 3.5 s/ware £9.60 ref BPCMI7.
KEYBOARDS 102 AT UK standard keyboard £18.60 ref BPCMI4,

ANSWER PHONES from only
#18.00

Deluxe keyboard 102 AT UK £26.40 ref BPCMI5.
SOFTWARE MS DOS V5 OEM version. £39.60 ref BPCMI3, MS
WINDOWS V3.1 OEM version. £42 ref BPCMI9.
MOTHERBOARDS 286-16 Headland chipset£46.80 ref BPCMBt,
386SX-33 Acer chipset £82.80 ref BPCMB2, 386SX-40 UMC with
64K cache E110 ref BPCMB3, 486SX-25 UMC with 64k cache £191
ref BPCME14, 486DX-33 UMC with 256k cache £378 ref BPCMB5,
486DX-66 UMC with 256k cache E515 ref BPCMB6.
FLOPPY DRIVES 1.44mb 3.5' drive £32.34 ret BPCDD05, 1.2MB
5.25' drive £3840. 3.5' mounting kit £5 ref BPCDD07.

Yes its true BT approved push button dialling.
These are customer returned units and have two
faults. We will supply you with a chip to cure one
of the faults then you have to sort out the other
problem! NON RETURNABLE.
Price #18.00 each REF: EW18P2
or #60.00 PKT 4 REF: EW60P2

HARD DRIVES 42MB IDE 17ms £99 ref BPCD001, 89MB IDE
16ms ref BPCDD02, 130MB IDE 15ms £215 ref BPCDD03, 213MB
IDE 14ms E298 ref BPCDD04.
VIDEO CARDS 256k C&T 8 bit SVGA card £19.20 ref BPCVC01,

ANSWER PHONES - HIGH SPEC
LCD DISPLAY

512k Indent 9000 16 bit SVGA card E31.20 ref BPCVCO2, 1MB
Trident 8900 16 bit SVGA card £45 ref BPCVC03, 1MB Cirrus
AVGA3 16.7M colours £48 ref BPCVC04, 1MB Tseng multimedia

Once again, BT approved push button dialling
answerphones. LCD display, digital speech chip,
fast rewind, memories plus all the features found
on a BT Response 400 machine. Again, we will
supply you with a chip to cure one of the faults
then you have to sort out the other problem!
NON -RETURNABLE.
Price #28.00 each REF: EW28P2
or #100.00 PKT 4 REF: EW100P1

£82.80 ref BPCVC05.
ADD ON CARDS M ulti1/0 card 2 sepal, 1 parralel, 1 game, 2 floppy,

2 IDE hard drives. £11 ref BPCA0001, ADLIB sound card with
speakers £37 ref BPCA00O2, Orchid sound card with speakers £63
ref BPCA00O3.

EXAMPLES OF COMPLETE SYSTEMS
386SX-33 SYSTEM
386SX-33 board at £82.80, case £51.60, 2MB ram E52.80, 42MB
dove £99, 512SVGA card £31.20, 3.5' FDD E32.34, multi I/O card
£11 SVGA colour monitor £174, 102 kiboard, £25 build tee if required. Total £579.34

486DX-33 SYSTEM
4860x-33 board £378, case £51.60, 2MB ram E52.80, 89MB drive
E166, 512 SVGA card £31.20, 3.5' FDD £32.34, multi I/o card £11,
SVGA monitor E174, 102 k/board E18.60, £25 build tee if required.
Total £939.84.

POWER SUPPLIES for ANSWER
PHONES above

ALL PC PARTS AND SYSTEMS ARE GUARANTEED FOR 1
YEAR PARTS AND LABOUR.

If you need a DC plug in power supply for the
above answer phones they are #4.00 each.
Price #4.00 each REF: EW4P5

IN SUSSEX? CALL IN AND SEE US!

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

BULL
ELECTRICAL
250 PORTLAND ROAD HOVE SUSSEX
BN3 5QT
MAIL ORDER TERMS: CASH PO OR CHEQUE
WITH ORDER PLUS £3.00 POST PLUS VAT.
PLEASE ALLOW 7 -10 DAYS FOR DELIVERY

TELEPHONE ORDERS WELCOME
TEL: 0273 203500
VIM
FAX: 0273 323077
L
CIRCLE NO. 115 ON REPLY CARD

TURN YOUR SURPLUS STOCK INTO
CASH. IMMEDIATE SETTLEMENT.
WE WILL ALSO QUOTE FOR
COMPLETE FACTORY CLEARANCE.
MUCH MUCH MORE IN OUR 1993

CATALOGUE. PLEASE SEND 41P , A4
I

SIZED SAE FOR YOUR FREE COPY.
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A lost listener
Your news item about the coverage
of scientific matters by the BBC
(EW + WW, May 1993) couldn't be
more apt at this time because this
sad state of affairs was thrown into
sharp relief quite recently for me,
since as a music lover and an early
refugee from our "new and
improved Radio 3", I have found a
comfortable haven in German
satellite radio.
Last month, the AES held its
convention in Berlin and one of the
events was a seminar to
commemorate the development of
stereo tape recording by German
radio 50 years ago. The two hour
discussion with copious and
impressive demonstrations from
archive tapes (including a complete
Beethoven Emperor concerto
recorded in 1944) was broadcast.
I received it via a German
receiver, from a digital transmission
on one of the 16 regional and
national network stations accessible
from TV -Sat 2 in near -CD quality.
Up to eight will be transmitting
classical music at any one time,
from excellent live sources from all
over Europe and fine in-house
digital tapes. And no analogue
compression, the latest iniquity to
degrade standards on BBC Radio 3.
Can one possibly imagine the
BBC ever doing anything like this? I
think not. There, too, we have a true
reflection of the status of the
engineer in this country, which is a
national disgrace.
Reg Williamson
Whitehill Staffordshire

E=Zzzzzz2
Am I the only reader who is getting
bored with the correspondence about
the validity of Einstein's theories?
There are plenty of other exciting
topics out there waiting to be
tackled. How about the nature of the
electron (or the photon); are they
particles or waves? Do sidebands
really exist? Can we trust quantum
mechanics? What is the life
expectancy of Schrodinger's cat, as
judged by (a) Schrodinger and (b)
the cat? Has anyone seen any N rays, polywater or phlogiston
recently? Is the earth flat?
Come on, give Einstein's theories
a rest.
John Ball
Woodridge Suffolk

Quantum leaps
over the top
The claims made for quantum
cryptography (EW + WW, Research
Notes, May 1993) are more than a
little over the top.
While actual transmission would
have the security to be expected of
an optical fibre, the code itself is
actually a variant of the well-known
Enigma code, conveniently ready
prepared in binary. It also has the
same structure as the genetic code of
which, as we all know, the human
variant is in the process of being
decrypted in its entirety.
Quantum spin geometrical
dissection is a much more secure
code in that it has very high
redundancy combinatoric
complexities. The codes for
individual alphanumerics are also
intermixed and the resulting
partitioned encryptions can be
further randomised. Resolution of
the enormous combinatoric
complexity of a message of more
than minimal length would be
beyond any computer since the
transmitted version would, to all
intents and purposes, be returned to
a random binary state.
A simple version consists of first
assigning specified 4 x 4 matrix
codes to the alphanumeric and other
symbols it is required to transmit.
An 8 from 16 code would give
40,320 (factorial 8) permutations, of
which only 256, say, would be used
as symbol codes.
Messages are initially constructed
by assembling symbol matrices edge
to edge as a contiguous tiling in the
plane, then subjected to geometrical
dissection by partitioning into four 2
x 2 matrices. These corner matrices
are then exchanged, under a
rotational key system, with those of
adjacent 4 x 4 matrices. This
operation only requires rotations of
2 x 2 elements as complete blocks.
The partitioned elements can, after
re -assembly, be further exchanged
under different nested scalings such
that the final transmission is
completely randomised when
transmitted in serial form. The key
can be constructed from unused 4 x
4 symbol codes and hidden in the
transmission or transmitted in
another message. Dataflow methods
can be used for decryption.
Brian Clement
Crickhowell Powys
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War or money?
I was a little shocked by Frank Ogden's comment: "The nature of power"
(EW + WW, March 1993) about the Balkan war. His opinion is that the

rest of Europe should stay out of it if there is no money in it for us!
To me this is an extremely narrow-minded way of thinking.
In the Balkans, more than 200,000 have been killed so far, and the
Serbs are acting more and more aggressively. It is the worst situation in
Europe since World War II regarding brutality and torture.
If human rights are supposed to have any meaning, the international
community should react to such a situation, by military intervention if
necessary.
If the conflict were to spread to Turkey, Greece, and Bulgaria, we
would have a major conflict on the doorsteps of Europe. From this neither
Frank Ogden, Europe, nor the rest of the world would benefit or get any
money. There would just be more and more human suffering.
Stephan H Jensen Helsingor
Denmark

Drawing the line
With regards to your comment "Right to eavesdrop?" (EW + WW, April
1993), you may think that "official surveillance systems are, on balance,
a good thing in a democracy". You should know that if the technology
exists officially then there is a high probability that it will be available
unofficially.
When people use what they think are reasonable secure systems, the
results of unofficial surveillance can be costly or somewhat embarrassing
- remember Camillagate.
Your motoring analogy is also weak - number plates are very easy to
change. The line between official and Big Brother is narrow and anything
that can reduce the potential power of state over citizen, or citizen over
citizen should not be dismissed.
It is probable that the rules on telephone tapping do not apply at the
border interface. When I call the UK are my conversations monitored and
my faxes printed? This faxed letter may have been read by someone we
don't know, even before it is on your desk. Doesn't that make you
uncomfortable? It does me.
Mark Plews
Herrsching
Germany

Why don't pigs fly?
Arenon Goldberg's letter, "Did the
Earth Move?", (EW + WW, April
1993) suggests that light is slowing
down; starlight's red shift is not due
to the Doppler effect; the universe is
not expanding; it is only a few
thousand years old; and the earth is
at the centre of the universe.
This reminds me of another
outbreak of vernal equinoctial
correspondence of a few years ago
when it was proposed that the
aeronautical way to the stars was to
be by an air breathing rocket
launcher.
On studying this latter proposal in
detail it turned out to be totally
impracticable. To explain why this

is so, one can make an analogy and
transpose air to water. It is like
asking a naval architect to design a
submarine to travel underwater at
460knots so that it can leap like a
salmon out into the air to an altitude
of 1.6km!
Euan Orr
Portchester
Hants
Sounds like a great idea to me - Ed.

Catt's challenge
A new initiative is needed to break
the stalemate in electromagnetic
theory. I am probably the best
known name in this field, but
nobody with accreditation in the
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subject will admit to having heard or
read my theories, or comment
favourably or unfavourably on my
theories or competence.
In particular, nobody with
accreditation in electromagnetic
theory will admit to having heard of,
or comment on, the Catt Anomaly
(EW + WW, September 1987), on
which I rest my case.
As a result, the question of
whether text books and college
courses should be modified cannot
be addressed.
This is why I am setting up the
Classical Electromagnetic Theory
Defence Fund as an attempt to break
the log -jam which has persisted for
more than a decade. I am donating
100 to the fund.
The idea is to pay three accredited
experts in electromagnetic theory if
and when they attend a meeting
where they defend the classical
theory against the Catt Anomaly.
The meeting will be tape recorded
and each defender given a copy of
the tape. They will be paid whether
or not they succeed in their defence.
Critics of classical electromagnetism
will not be paid.
Before the meeting, suitable
institutions such as the IEE and
Institute of Physics will be asked to
authorise the three experts as
appropriate defenders of the
classical theory. Donors to the fund
will also have a say in who the
experts are.
If, as I suspect, nobody with
proper accreditation can be found to
defend against the Catt Anomaly
and the fund gradually builds up
over the years, then classical
electrodynamics will take its proper
place alongside poltergeists and
other idiocies.

Ivor Catt
St Albans
Hertfordshire

Diabolical waves
On the subject of light, Martin W
Bemer's letter (EW + WW, January)
repeated the often -asked question
"Waves of what?". A substantially
correct answer was given by James
Clerk Maxwell in 1865: "Light is an
electromagnetic [em] disturbance
propagated through the em field
according to em laws."
In the wake of more than a
century's developments, I brought
Maxwell's theory up-to-date in 1983
in "On Maxwell's Ether" published
in Lettere al Nuovo Cimento. This
paper suffers from the drawback that
it was written in such a way as not to
offend too much of the post -1905
sensitivities (otherwise it would
have not been published).
Nevertheless, it clarifies some of the
fundamental issues.
Einstein maintained that relativity
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did not overthrow the classical
theories (of Newton and Maxwell),
but instead generalised and
improved on them. That this is
incorrect is demonstrated thus: if an
experimenter measures the speed of
light and obtains the value c (about
300,000km/s) with respect to the
source, one would be entitled to say
that this is a particle behaviour. If an
experimenter measures the speed of
light and obtains the value c with
respect to a medium of propagation,
one would be entitled to say that this
is a wave behaviour. But if one
postulates that c may be referred to
any and every coordinate system,

that would be a truly diabolical
behaviour!
T Theocharis

London

A case of

blurred vision
Martin W Berner asks in "Read
shift" (EW + WW, January 1993),
for an explanation of the cosmical
red shift Doppler effect in terms of
the invariant, relativistic velocity of
light basic concept.

Entering the SpiceAge

The sad message is that no
explanation seems to exist on this
basis. And, from a lack of
reasonable alternatives,
cosmologists have introduced
imaginary expanding effects of
space and the universe.
However, from a clear physical
point of view, there may exist two
possible reasons for a Doppler effect
to appear: a true Doppler effect if a
light ether exists; or a false Doppler
effect if light is pure particles.
In the first case the true Doppler
effect is associated with an active
light ether medium.
If wt = wavelength as produced on

Your reviewer John Anderson did an excellent job on
our product SpiceAge for Windows (EW + WW, April
1993). The few criticisms that he made have nearly
all been made independently by our users and have
now been dealt with.
He is quite correct in pointing out the continuous
nature of the program's development and indeed the
current version of SpiceAge for Windows is 2.059
with the manual now on its third release. Because all
our customers have been updated free of charge
"from birth" right through to version 2.027 (the
penultimate release), it has been necessary to ensure
that the manual paper costs are kept reasonably low.
To answer a specific criticism, the component
ribbon at the foot of the edit window has its prime
purpose in accessing the hypertext help system for
that component and it is not intended as a means for
entering a component. To use a component's key

letter for help implies that very knowledge and rather
defeats the purpose.
Also, the edit window in v2.059 can now be placed
on top of the analysis windows.
The scaleable fonts of Windows 3.1 can result in
very small text when windows are contracted but are
always clear on full screen windows. The alternative,
which Graham Baxter removed in response to user's
requests from earlier versions, is to disable the text
when it becomes smaller than a threshold size.
A point that Baxter and I would like emphasised is
that SpiceAge is not Spice, Baxter built it from the
ground up on entirely original code. The
compatibility with Spice is provided for convenience
but SpiceAge is entirely free of the constraints of
Spice and will develop accordingly.
CIT Clarke
Those Engineers
London

Share...

Charles H Small

The product review, "Ranger 2: the shareware worth
the layout?", (EW + WW, April 1993) misapplies the
term "shareware". True shareware comprises the
complete program and documentation, which is not
the case with this version of Ranger 2.
Shareware is one of the most interesting
phenomena in all of personal computing. Seetrax is
not the first marketer to attempt to change the
shareware concept to suit its own marketing plans. I
doubt it will be the last.
Therefore, I am very careful about which program
gets called "shareware" in EDN. MicroSim has
always had the good grace to call the reduced
capacity version of pSpice their "educational"
version. Another acceptable term is "demo" version.

...where?
First of all, thank you for your generous review of my
software CC4 Calculus Calculator (EW + WW,
March 1993). Your readers should know, however,
that this software is not supported as shareware.
Three years ago I sold my work to Prentice Hall,
but 1 forgot to tell my beta testers not to distribute
their copies. Some of them released the product to
their local bulletin boards thinking that it was still
shareware. From there it has spread as far as the UK..
I don't mind if it circulates this way, since I gain
more in publicity than I lose in sales, but the free
version is not the final one.

EON Magazine
Newton
Massachusetts
USA

Editor's note: The whole point of shareware is to give
people a chance to try out a working version of a
program before deciding whether or not to buy the
full version. If shareware always contained the
complete program and documentation, there would
be no incentive for users to pay up and register. That
is why most shareware has key features, such as the
ability to save, disabled, or alternatively has
annoying 'please register" messages popping up at
inconvenient times.
The final version is sold as X(Plore), and it comes
with a 250 page manual from Prentice Hall. The cost
in the US is around $30.
Your readers should also know that Prentice Hall
sells a version of the manual without the disk, and
they can avoid purchasing that version by specifying
the ISBN number (0-13-014226-3) or demanding the
book with disk.
A Macintosh version of X(Plore) will appear in
January.
David Meredith

Department of Mathematics
San Francisco State University
USA
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the transmitter side with the receiver
at rest, wr = wavelength as measured
on the receiver side with the
transmitter and receiver moving, w,
= the wavelength as measured when
the transmitter and receiver are at
rest, ft = frequency of the transmitter
= 1/dt, c = propagation velocity of
wave in ether relative to the ether, vt
= velocity of the transmitter related
to the ether, vr = velocity of the
receiver related to the ether, and dt =
time interval between two
transmitted pulses:
At transmitter side
w, = dt.c - dt.vt = wo/c.(c-v0)
At receiver side
wr = wr

giving
wr = wo.(1-vdc)
Frequency at the receiver side
1/fr = wrI(c+vr)

fr = (l+v,Ic)lwr
fr = (11w0).(1+vrIc)1(1-vjc)
= fo.(1+v,10/(1-vt/c)
Hence for the ether wave:
wr = wo.(1-vlc)
Jr = fo.(1+vdc)/(1-vt/c)

In the second case of light as a
particle or matter wave, light is
transported by pure particles.
Velocities of those particles are
determined by the output velocity at
the source and the velocity as
measured by an observer by adding
the source velocity in relation to this
observer.
For the transmitter side
wt = d,.(c+v,)- dt.v,= dpc = clfo
= constant
On the receiver side, the time for an
interval to pass the receiver moving
with velocity yt in relation to a
common reference (the same as for
the transmitter) is:
tr = wi/(c+vt-v,) = 1/fFrom that
= fo.(1+(vcv,)/c)
For light as matter wave
wr = wr = c/fo

Jr = fo.(1+v,v,)/c)
Hence, if light is a stream of
particles, the Doppler shift is a false
effect, giving only a shift in
frequency.
The Doppler effect in the particle
case is received because of an
invariant in transmitting velocity in
relation to the receiving system,
hence making Einstein's concept
useless. And because even the ether
concept is inhibited in Einstein's
theories, it is impossible to see any
reasonable cause or reason to the
cosmical red shift described in
relative terms. Only the pure old
Newtonian method seems to remain.
Ove Tedenstig
Marsta
Sweden

Clocking on

station uses a very sophisticated
microprocessor -driven clock which
was described in the French version
of Elektor Electronic. A kit is also
available from Selectronic (Lille,
Tel: 20 52 98 52 Fax: 20 52 1204).
Signature unreadable
Carrieres
France

UK's stifled
innovation
Phillip Darrington's article
"Pursuing a lost course" on Captain
Heinz Lipschutz (EW + WW, May
1992) and the ensuing
correspondence highlights a problem
faced in this country by many
inventors and theoreticians. It is a
problem which needs to be seriously
addressed by manufacturers and, I'm
sorry to say, the paper committees of
some professional journals.
I have written a number of papers
in an attempt to transfer technology
from the air transport to the shipping
industry, where it was, and still is,
very badly needed. Most of these
appeared in the proceedings of the
Ship Control Systems Symposium
held in this country and abroad,
although some appeared in the
journals of the Institute of
Navigation and the IERE.
But publication only came about
after manufacturers in the UK,
particularly in the shipping industry,
rejected them for illogical and
obscure reasons. In one case I am
confident that the rejection was to
protect a monopoly.
In every case my proposals were
ultimately taken up, mainly by
foreign competitors, with zero
financial rewards to me.
I have found that patenting, unless
you are prepared to manufacture
yourself, is a waste of money.
Patents can easily be broken. And
some firms hire a small team to see
how patents can be legally breached.
Paper committees on professional
journals are little better. I served on
one and saw excellent articles
rejected because of a tendency to
scorn work in an attempt to display
one-upmanship. Some reviewers
love to make cutting remarks
scrawled in red ink across the
submission.
This stifles innovation and has a
knock on effect on industry.
Obviously, some articles should be
rejected, but the importance of
unbiased reviews cannot be
overstressed.
WH Canner
Winborne
Dorset

In answer to RMW Quaile's letter
(EW + WW, February) on the French
long wave station France Inter, the

Micro -Controller Development Systems
8748/9 Series and 8751 Series
No Emulator or Programmer required
This is what a customer said:
"Your system has proved an excellent and very economic way
fora hobbyist to get into embedded microprocessors".

Please note no charge is made for software, and will
require registration for continued use. Built £64.68 + VAT,
Kit £49 + VAT.

D.S. (C.Eng MIEE) Southend-on-Sea

KARE 51 8751 System. As above, but using 8751 OTP Micro
with Monitor Downloader Program. Built £15.14 + VAT, Kit
£59 + VAT.

RARE 48 8748/9 System. Recommended for beginners
Includes Single Board Computer. Using 8749 OTP Micro with
built in Monitor/Downloader prog. Allows downloading of
assembled progs to non-volatile 2K memory. Edit individual
bytes and examine memory. Switch to external memory to run

loaded program. Comes complete with Shareware Editor,
Assembler and Comms package. RS232 inter -connect lead.
All IC's socketed. In fact all you need, is an IBM compatible
PC and a 5v power supply. Software available on 31/2 or 51/4.

68H011 Dev Kit available soon.
SINGLE BOARD MICROS

SBM 40 Single board micro -controller with 80C40 micro,
Latch, 2K memory. Built £29.00 + VAT, Kit £19.95 + VAT.
SBM 30 Single board micro -controller with 80032 micro,
Latch, 2K memory. 16 I/0s available. Built £29 + VAT, Kit
£19.95 + VAT.

PC EPROM PROGRAMMER
Internal Card for PC, XT, AT, 386, 486 or Compatible

£128 + VAT "Special Offer"
* Affordable
* Easy to instal, just plug in
* Programs E(E)proms and flash memory
* Supports 2716 through 27C2001 EPROMS
* Reads, programs, verifies and saves to disk
* Accepts Intel hex, Motorola S, and binary format
* Requires 8 -bit bus slot of MS-DOS PC with 512K ram.
* Supplied with software and 60 page handbook
* 1 year warranty
* MICRO ADAPTORS AVAILABLE

STAND-ALONE PROGRAMMERS also available
Call us today for further information and DEMO DISK

KARE ELECTRONICS
32 Pear Tree Avenue, Ditton, Aylesford
Kent ME20 6EB Tel: 0732 844633
CIRCLE NO. 116 ON REPLY CARD

LANGREX
SUPPLIES LTD

R.S.T.

R.S.T.

One of the largest stockists and
distributors of electronic valves, tubes
and semiconductors in this country.
Over 5 million items in stock covering more than
6,000 different types, including CRT's, camera
tubes, diodes, ignitrons, image intensifiers, IC's,
klystrons, magnetrons, microwave devices, opto
electronics, photomultipliers, receiving tubes,
rectifiers, tetrodes, thryatons, transistors,
transmitting tubes, triodes, vidicons.
All from major UK & USA manufacturers.
Where still available.
Obsolete items a speciality. Quotations by
return. Telephone/telex or fax despatch within 24
hours on stock items. Accounts to approved
customers. Mail order service available.

LANGREX SUPPLIES LTD
1 Mayo Road, Croydon, Surrey CR0 2QP.
Tel: 081-684 1166
Telex: 946708
Fax: 081-684 3056
CIRCLE NO. 117 ON REPLY CARD
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CLOS

G THE LOOP
Nowadays, programmable divider speed
may extend to 10GHz with the latest GaAs
ICs, but there is a price in high output noise.
ECL chips allow programmable divider design

up to 500MHz, but price and power consumption are both high. Inexpensive 3GHz silicon fixed prescalers are available and exhibit good noise performance, reasonable prices
and low power consumption. When working
at UHF/SHF, the design shown in Fig. 2 is
used, in which a prescaler with a fixed divider

ratio K precedes the programmable divider
proper. This makes the VCO frequency K
times lower and makes for simpler design.
With a prescaler in the basic circuit of Fig.1,
the formula for output frequency will change
to Foi,F-FdxNxKIM. Frequency spacing is K
times wider and to regain the smaller spacing,
the comparison frequency must be changed.
One also should decrease the cutoff frequency
of the loop filter and redesign the band -stop

filter which rejects the pulses and the comparison frequency (if such a filter is used)

although a smaller loop filter bandwidth

2: divider
The performance of
phase locked frequency
synthesis systems are

determined largely by
the ratio of reference to
output frequency.
Dimitry Alafinovckt
explains schemes which
allow small channel
spacing from high
reference frequencies.
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requency synthesisers produce output
signals whose frequency and stability is
proportional to that of a reference oscillator. It may generate one frequency or
many at exact intervals. Tuning is in discrete
steps in contrast to that of LC or RC oscillators with analogue tuning elements. Step size
may be as small as a few hertz or some fractions of hertz.
There are several independent ways of constructing a synthesiser, all of which have their

advantages and disadvantages, but the PLL
version is the cheapest and the most common
method. Figure 1 shows a simplified, basic
PLL frequency synthesiser which is the same
as that analysed in the first part of this series.
All the theoretical conclusions made earlier
hold up for the examples presented here.
In the steady state F0,0=FdxNIM, where Fd
is the crystal reference frequency, N is the pro-

grammable division ratio between VCO and
phase comparator, while M is the fixed division ratio between reference oscillator and
phase comparator.
Prescalers
The system shown in Fig. 1 is, in principle,
universal and valid for any frequency band,
but there are two practical considerations; the
speed of the programmable divider and the
bandwidth of VCO retuning.

inevitably increases switching time.
All the effects mentioned above are particularly severe when K is more than 10-20. It
leads to this sort of situation. A programmable
divider might have a maximum operating frequency of 10MHz while the VCO output frequency could be 1.5GHz. The prescaler has
K=150 and if frequency spacing is, say,
10kHz, the comparison frequency turns out to
be l0kHz/150=66.6Hz which is unacceptable
for all sorts of reasons. The prime among them
is that the loop filter would have to possess a
very long time constant to deal with the low
reference frequency ruling out the possibility

of reducing sideband output noise through
loop servo action.

Dual -modulus dividers
A simple circuit allows the use of a prescaler
with the divider ratio K without changing the
PLL comparison frequency. This is achieved
with a dual -modulus divider, a counter with
two possible division ratios, K or K+1 and a
control input to determine which division ratio
is being applied.
Figure 3 shows an arrangement for a DMD
made up from two programmable dividers, N1
and N2. In general, this circuit replaces the
whole programmable divider shown in Fig. 2.
N1 and N2 are presettable counters producing
a borrow output when the state of the counter
is zero and the RS trigger controls the divider
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Frequency
divider 1

Crystal
oscillator

HO-

Wco

Wco

Frequency
divider 2

Phase
detector
woo

wout

m

n

Cardinal characteristics

WC()

m
111

Fig. 1.* Elemental
arrangement of a
PLL frequency
synthesiser. Output
frequency is that of
the crystal

oscillator
multiplied by N/M,
the division ratios
of the dividers.

Nmin, Nmax divider program

Loop

ti

filter

Voltage controlled
oscillator

*

ti

woo

wout = m n

me

Variable ratio
frequency divider

covco To VCO

Stability. Unstabilised crystal
oscillators provide a basic stability
of 5Oppm which can be reduced to
around lOppm with thermal
stabilisation. Selected, oven controlled crystals can provide
1 ppm of stability or better.

to
To

phase detector

ot
Prescaler
K = const

Fig. 2.* At high
frequencies,
prescalers before

wvco

the voltage -

KN

controlled
oscillator offer
better noise
performance than
UHF GaAs
dividers.

to
N divider program

Frequency spacing. This depends
on the application. For example, the
channel selector of a television
receiver usually has a frequency
spacing of 62.5kHz, but taking into
account frequency prescalers, the
comparison frequency in such a PLL
is 62.5/8=7.8125kHz. The output
frequency spacing can be higher
than the comparison frequency but
the inverse is quite possible and it
will be considered later.

Spectrum purity. This is extremely
important, especially in synthesisers
for communications sets and
precision measuring circuits. Output
noise may be divided into
amplitude and phase or frequency
modulation. The drive for spectrum
purity requires extra circuitry and a
considerable amount of calculation
at the design stage.

to

To VCO wIN

RS

trigger

me

Dual

Set modulus (K+1)
Fig. 3.* Dual -

"Modulus"

modulus
divider

K or (K+1)

Set modulus K

Data for N2

womo

Out

womb
N2

N1
(01DMD

Out

CODMD

Load N1

To phase detector wont

awkward
comparison
frequencies, the
result of using a
simple
prescaler.

WOMD

Data for N1

modulus
dividers avoid

Load N2

" The author has annotated his drawings in
radians/second, to. Hz, a more familiar unit, could be
substituted for omega - Ed.

ratio (modulus) of the DMD. Borrow output
of the counter A I is the circuit output and sets

trigger to give modulus K; the state of the
counter N1 having already decreased by the

the trigger so that the modulus is equal to

value

K+1; counter N2 sets the modulus equal to K.
Assume the counters N1 and N2 to be loaded
with the coefficients N1 and N2, N1 being
more than N2; the trigger is set for modulus
K+1 and the input is present. DMD divides the

When counter N1 output becomes zero, signal
from its borrow output sets up modulus K+1
and also loads the counters N1 and N2.
While N2 is at zero, N2(K+1) input pulses

1

input frequency by K+1 and the output is
F ml(K+1). When N2 has counted down to
zero, the pulse from its borrow output sets the

N2. Counting continues, but the frequency at the DMD output is already FinIK.

are received, after which N1= -NI -N2. While N1
is at zero, the input sees K(Nr-N2) pulses. The

One should not aim for a purer
spectrum than is necessary in a
specific case, or the design will be
more expensive and circuit
complexity will escalate.
For example, in a channel selector
for a television receiver using a PLL
as the local oscillator, the measured
signal-to-noise ratio of the oscillator
signal might be 54dB and the
frequency stability no better than
lOppm. No synthesiser noise is
visible on the screen or can be
heard over the loudspeaker; quality
is quite sufficient for this case. But
the SNR and frequency stability
allowable for a TV receiver would
not be good enough for a TV
transmitter.

Switching time of the output
frequency - the retuning rate of the
synthesiser - again depends on the
application. In a communication
receiver, for example, it must be
less than 10ms to allow rapid
frequency scanning when searching
for and fine tuning on the signal.
Switching time in a stationary
broadcast transmitter could be a few
seconds. It is important to
remember that if requirements are
too high, the design will always be
expensive and complex.

total number of input pulses for one output

me
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100 n
I

5V

I

750

IC1 SP8690
6800

Input _1

Cl

OUT

CT10/11

IC2 74LS90
14

11

C1

IC3.1

12

CT10/11

t
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2

(011.1

C2

10k

2
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IC3 SN74LSOO

11

C2
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8
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2,3 6 7 10

-s12

Output

+5 V

Win

To N2 counter

IC3.2

Wmt -100 or 101

680

4

Fig. 4. Programming a dual -modulus divider to divide by 100 or 101 by two
logic inputs. Maximum operating frequency of the circuit shown is 250MHz;
minimum 20MHz.

(Set 10)

To N1 counter
9
10

/C3.3

(Set 11)

Fig. 5. LSI is taking over from traditional circuitry. This is a microprocessor controlled synthesiser featuring the Philips TSA5510T chip, working up to
1.3GHz or more with an external prescaler.
ii. 0
Charge -

VHF/UHF

Signal input 1 014
Signal input 2 013

o2
O
3

Prescaler
by 8
Crystal
oscillator

pump
output

15 -bit

programmable
divider

Digital
phase
detector

Divider
by 512

Power -down
detector

15 -bit

In -lock

la ch

detector

Programmable
current amp.

Drive
output

Con rol data
latch

12

Supply
voltage

SCL
12C -bus

I2C-bus

0

Logic

Gate

5

16

+5 V

transceiver
4

15

0-4
SDA

Ground

"7
8 -bit latch

Address
selection

port information

TTL leve
comparator

6

6 76

8

6

96106

Input/output port

counter needs no change in comparison fre-

the minimum value of N1 must be more than
N2 or the counter will be in trouble. For example, when K=3/4, N2min=0, NimIn=1 and the
total minimum divider ratio is equal 0+3x1=3;
and when K=100/101 the minimum divider
ratio grows to 100.

quency in the PLL, as it did when using a

The maximum operating frequency of a dual

prescaler only (Fig. 2).
The circuit, of course, becomes complicated,
but justifiably so since it simplifies the circuit
as a whole. But the technique has a drawback:

modulus divider system without any other

pulse is N2(K+1) + K(I V j-N2) = KN ri-N2, the

divider ratio in the circuit shown in Fig. 3;
output frequency is F (nu= F inl(KN2+N 1). The
result is that counters N1 and N2 operate at

maximum input frequency, Fin/K, but the
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form of prescaling is currently about
1000MHz. Fixed dividers ahead of the DMD
can currently extend reliable PLL synthesis to

around 8GHz at narrow channel spacing.

Note that UHF/SHF prescalers not only
have an upper operating frequency, but also a
lower one for satisfactory operation that may
be more than 30MHz. Fast counters chips may

misfunction at low input frequencies since
their inputs, which often exhibit negative
resistance characteristics at VHF, may oscillate with stray input inductance during long
transition times. This causes a miscount in the
output.
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Figure 4 shows how to change the divider
ratio of a DMD by adding a divide -by -10
counter and a few logic ICs. The SP8690 is

CHOICE OF COMPARISON FREQUENCY

a

10/11 DMD, working up to 500MHz; two
inputs, PE1 and PE2, are used to program the
divider ratio. Until the 74LS90 counter reaches state 9 (1001 in binary), there is logical 1 at
pin 1 of IC3 and the DMD is set to divide by

10. A 9 at the output of /C2 means that
9x10=90 pulses have been received at the

Any pulse residue from the phase detector breaking through the loop filter
causes parasitic frequency modulation (of the VCO. Assume the amplitude of
these pulses to be very small and the deviation of the VCO frequency F,
caused by them to be much less than the comparison frequency F01, or
Fvcc/Fp1«.1, where Fvco/Fcf is the frequency- modulation index (Kfm). The VCO
output spectrum with narrow -band FM caused by the breakthrough pulses can be
represented as

DMD input. After this, there is logical 0 at the

= Acoscot +(A X Kfin

input PE1 and the 9 at the output of IC3
changes to 0 in 11 input pulses if PE2=0, or in
10 if PE2=1. Total divider ratios are therefore
90+11=101 or 90+10=100. The trigger formed
by /C3.2 and /C33 is controlled by the output
of counters All and N2.

X Km, / 2)cos(Wt -

= (AK

cally all the components for a synthesiser

=K

work up to 1GHz and more.
Synthesiser chips without prescalers work-

ing up to 150MHz, are mainly intended for
use in consumer electronics. Such ICs consume considerably less power and are there-

/ 2) / A
/2

=8F,., / 2F,,
For a VCO with the slope Svc, and a pulse breakthrough amplitude at the loop
filter output Vp, the frequency deviation caused by the pulses is

except the VCO. In two distinct groups, there
are low -frequency types with the two counters
N1 and N2 that work up to 10MHz and need
an additional DMD for the work on higher fre-

quencies; the UHF/SHF variety, having a
prescaler, DMD and N1 and N2 counters to

Fr

where A is the amplitude of the carrier frequency, and AKfir,/2 is the amplitude of
the alias components, the two appearing in the ratio

Chip systems
Frequency synthesisers using discrete components and the type of DMD shown in Fig. 4
have become a thing of the past: LSI ICs having virtually taken over. They contain practi-

2)cos(olt

3Fi<0= Vp SIVo
Rac

=

12F,

Taken together these indicate that when the PLL comparison frequency
increases. other things vary as follows: The same filtering coefficients in the loop
filter being equal, the amplitude of the alias components in the spectrum of the
VCO output signal decreases; decreasing the VCO slope leads to a decrease in
the frequency modulation index of the spurious pulses and results in a reduction
in parasitic components in the synthesiser output signal.

fore well suited to battery powered equipment.

All currently available synthesiser ICs are
designed to work with microcontrollers, the
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Fig. 6. Controlling sub -band switching by microcontroller in
TSA5510T, which has five i/o ports.
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Tuning Voltage +1...+24 V
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Fig. 8. Alternative scheme for sub -band switching, in which
sections of tuning inductor are grounded via the switching diode.

k

1

10k

1k

10 k

Fig. 7. Mosfet voltage -controlled oscillator with capacitor -switching diodes to
give two sub -bands. Varactor diode D1 tunes within the bands.

__ 22 n

counters being programmed by a three -wire
bus or I2C bus, although there are some chips,
for example the MC145146 by Motorola, with
a parallel interface.
Figure 5 is a simplified block diagram of an

the guaranteed minimum operating frequency.

Access by the microcontroller to five I/O
ports is a noteworthy feature of the chip.
Figure 6 shows a synthesiser in which the

VCO has five sub -bands switched by the
band -select signals. External transistor Tr6

This, as we have seen before, is acceptable for
television receivers:
UHF synthesiser chips have their own problems, the main one being noise between inter-

allows the tuning voltage range to increase to

nal IC circuits. To make an synthesiser with
-110dB parasitic noise at 10kHz away from
the carrier (as for a half decent signal genera-

band of 64-1300MHz is determined by the

several tens of volts and Try works as an

tor) the PLL must be designed in discrete

fixed prescaler with a divider ratio of 8, which

active noise filter to prevent power -supply dis-

is succeeded by a programmed divider with

turbances getting to the VCO. With a 4MHz
crystal, comparison frequency is 7.8125kHz
so that, taking into account the prescaler by 8,
the minimum frequency spacing is 62.5kHz.

form, with extreme anti -noise precautions.
It is always necessary to use either several
VCOs or one VCO with several sub -bands for
broad -band synthesisers. The reason is simple
- noise on the VCO control input causes par-

I2C-controlled type by Philips, the TSA5510T,
which contains all but the VCO. Its frequency

ratios of 256-32767; the upper limit of
1300MHz can be expanded considerably by
using an additional prescaler, but 64MHz is

asitic frequency modulation at the output.
Clearly, the higher VCO sensitivity in Hz/V,
the higher the frequency deviation caused by
the noise is and the worse the signal to noise
ratio.
Figure 7 shows the mosfet VCO described
in the first part of the article, modified to produce several sub -bands. Additional capacitors
C1 and C2 tune the sub -bands, the varactor
diode Di, controlled by the phase -detector,

47 k
+12 V

Fig. 9. Similar arrangement to
that in Fig.8, but in a microstrip
UHF oscillator.

Band 1
47 k

or

-12 V

Band 2

3

HI

Tuning voltage -4,Wy-

tuning within each sub band. For reliable

100 k
C

BF979

-I-C4

3

1 000

02

T1000

T

switching, D2 and D3 are given reverse offset
by the resistive divider R1R2; the band -select
inputs correspond to the control signals in Fig.
6.

Tr1

47 k

C1

_I_

L1

- 1,05
35 mm

15

mm_l_
21 mm

7 mm

7 mm

It is sometimes convenient to arrange two
sub -bands by grounding part of the tuning
coil, as in Fig. 8. In UHF/SHF VCOs, a simi-

lar technique reduces the length of the
47k

6.8 k

680

-1

06

microstrip line by switching diodes to get several sub -bands. This circuit, shown in Fig. 9,
will work at frequencies up to 1GHz.

Output
430...800 MHz

A common problem is the time taken to

Di , D2

1

c8
1470 n

1

+12VI

*c7
4700

5082-2800
C30.4

4pF

* chip -capacitors
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change frequency, particularly severe in true
frequency modulators. The time constant of
the loop filter must be such that the PLL does
not respond to the lowest -frequency baseband
products. In broadcasting, the lowest modula-
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Smallest Stag U -V Eraser

LI Capacity for up to five
24/28/32 -pin DIP devices or

F

four 40 -pin DIP devices
LI

Adjustable timer: 0 - 60 mins

CI Anti -static foam lined device
drawer
LI Power indicator lamp
ILI

m

Safety interlock on drawer prevents accidental exposure to
U -V light

ILI

Lowest cost 'quality' eraser
available

Li Robust and light proof plastic
casing

The SE1T is designed
specifically for those who
only need to erase EPROMs in
low volumes.

It has the capacity to
simultaneously erase up to

CD

The exposure time is simply
set on the mechanical timer

and erasure commences as
soon as the drawer is closed
and the micro -switch is
activated.

five devices (24, 28 or 32 -pin
DIP) and its high output tube
ensures that complete erasure

Accidental opening of the
drawer during erasure will

of the devices is achieved in

tube to prevent accidental

the least possible time.

exposure to U -V light.

Device Drawer
of SE1T Eraser

automatically extinguish the
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CI Rapid programming of all
popular EPROMs and FLASH
devices

GI High speed algorithms for
ultimate performance
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Dedicated interface card leaves
ports free
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CI Menu driven software for ease
of use
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Easy file management

Stratos 2 is a programmer for

cable to the Programming Site

24, 28 and 32 -pin DIP EPROMs
from 2716 to 4M bit. More than
250
devices from 26

which is housed in a rugged

manufacturers are supported
including 'FLASH' devices.

High speed programming
algorithms such as Quick Pulse

Programming*, Flashrite*,

steel case.

As well as the hardware,
Stratos 2 comes with its own

operating software: fully
menu -driven; all colour (with
a suitable monitor); on -screen
manual and context sensitive
help displays. These features

silicon: constant current and
voltage monitoring; connect
tests; reversed/faulty device

tests and system integrity
checks are performed.

Additionally, all programming
algorithms conform strictly to

the device manufacturers'
recommendations. This is

guide the operator through

made possible by the unique
programmable voltage supply

EPROM programmers in the

the programming of devices

on the interface board.

world.

one step at a time, making
Stratos 2 one of the easiest

Whatever device you are

Presto* and SNAP!* are used to
make Stratos 2 one of the fastest

It has its own dedicated
interface board that simply

EPROM programmers to use.

plugs into a half slot on a

Not only does Stratos 2 make

PC/XT/ATTM or compatible.

life easy for the user, it also

This is connected via ribbon

makes life SAFE for their

Fax Back Order Form

Qty

As an expeditious method of

Item
SE1T Eraser

programming with Stratos 2,
you can be sure it is in the best
possible hands.

Total
@ £95.00

Stratos 2 Programmer
@ £295.00
P&P £10.00/item (£15.00/pair)

order processing your Stratos 2

and/or SE1T, please use this

VAT @ 17.5%

sheet as a Fax Back which will
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C4

R8

470 n

1-6- +12V

1M

Control input
(loop bandwidth)

/C1 CD4046

di

16

Signal with
comparison
frequency

14

to VCO via
programmable divider

13

REF

to tuning diode of VCO

Control input

Loop bandwidth

OV

Small

+12 V

Broad

Di
1N4148

VCO

+12 V

//

R4

led

33 K

R6

33 K

S

1kR5

Fig.10. Reconciling required narrow bandwidth
to avoid response to low modulation
frequencies and need for wide bandwidth for
rapid lock. Out of lock, bandwidth is
automatically widened by phase detector at
control input of mosfet, Tri.

Output =

Tr2

synthesiser, the loop filter being formed by

too long and special circuits must be used to
reduce the duration of the transient processes.

R13, C12 and Tr/R, controlling the loop band-

width from pin I via Tr2.
In the in -lock condition, very short negative
pulses appear at pin 1 and when not in lock,
there are short positive pulses at this pin. The
loop filter is the usual lag -lead filter with an
additional capacitor C2 for better pulse filter-

mismatch in the loop and to narrow it when
the PLL is in lock. A frequency -phase detector

with the 4046 PLL chip makes this easier,

Bandpass 1
28,000...28,099 MHz

Frequency multiplier by 4
co -4

Mixer 1

Double
balanced
mixer

Crystal
oscillator
in thermostat

ing. Pulses from pin 1 are smoothed by R4C3
and the DC taken Tr2 base so that, in the in lock condition, there is a high level at the base
of Tr2, Tr] is open -circuit and there is about
0.2V at the collector of Tr2. Lock is indicated
by the led. Tr, is off and exerts no influence
upon the loop filter time constant.
If loop is not in lock, Tr2 is off, its collector
sits at 12V, the lock indicator goes out and Tr1
conducts placing R1 in parallel with Tr] and

Loop filter

VCO2

ti

ti
Output

80,000...108,000 MHZ

10

Mixer 2

Div 3

5 MHz

Limiter 1

Divider
by 50

50

PLL 2

8,000...
8,099 MHz
0)

HUH

when PLL ""
V, when PLL notin-loc in-lock"

2N2222

C3

time to within 0.1% takes 10-20s. This is often

An almost universal way of dealing with this
is to widen the loop bandwidth when there is a

12V,

100 n

having an output indicating the state of lock in
the PLL (pin 1). Figure 10 shows part of the

tion frequency is 30Hz, the time constant of
the loop filter is l -2s or more and switching

O

80,000...80,990 MHZ

CD 4027 +
CD 4018

Bandpass 2
59...
80 MHz

Double
balanced
mixer

59 ..80 MHz
Limiter 2

100 kHz

CD 4018 v

VCO

Phase detector 1

Phase
detec or 2

SP8690 +
3 x (SN47LS93)

1

0)

Counter
5

10

Divider by 10
CD 4046

CD 4046
J

Loop filter 1
SP8690 + 4 x (SN74LS93)

Div.2
Div K1 = 8000...8099

PLL 1

Programmable divider 1

K1

programmable
divider 2
K2 = 590...800

Fig. 11. Two -loop phase -locked loop producing 88-108MHz output with 1kHz spacing designed to give the small spacing at high speed.
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DESIGN

R2 - about 7000+R2. If this value is about
0.1281, the loop bandwidth becomes 10 times
wider and the transient processes correspondingly shorter. After having set the in -lock condition, Tri is off and the initial loop bandwidth

is restored. Due to the smoothing effect of
R4C3, everything proceeds smoothly.

A microcontroller can be used to switch
loop filter bandwidth by way of the loop bandwidth input. Before switching frequency, the
microcontroller widens the loop bandwidth by
applying 12V at this input; it then switches the
frequency, removes the 12V and passes con-

trol to the circuit described above. Diode Di
decouples the control input. Signal at Tr2 collector can also be used to eliminate odd noises that may arrive at the receiver output during
tuning by either reducing volume or disabling
the speaker output.

produces frequencies in the 87.5MHz to
108MHz range, with 1kHz spacing. It was
designed as FM broadcast test equipment
where there were no very high demands on
spectrum purity. Signal to noise of the synthesiser output signal was to be no less than
60dB. On the other hand, however, the switching time was to be less than 10ms to speed up
the test programme. Experience showed that a
one -loop synthesiser with a I kHz comparison

frequency could be made with either the
required spectral purity or with the switching
time less than 10 ms, but not both, so a two loop approach was adopted. In general outline
this synthesiser consists of two almost identical PLLs and a few additional units.
A 5MHz, thermostatically controlled crystal
oscillator with 0.05ppm stability was chosen
as reference oscillator. Two counters divide its

output by 50 and by 100 to give 10kHz for

More than one loop
Discussion so far has centred on PLL synthesisers using one loop. In the case where high-

speed frequency switching and small frequency spacing are required, types with two or
more loops are usually used. Naturally, these
devices are more complex but the end justifies
the means and the use of UHF LSI ICs makes
design considerable easier.

Figure 11 shows a two -loop PLL which

PLLI and 100kHz for PLL2. PLLI is an ordinary PLL with a phase -frequency detector;
VC0/ output frequency is in the range 80.0080.99MHz, divided by 10 in counter DIV3 to
give 8.000-8.099MHz. The crystal oscillator
signal also goes to a 4x frequency multiplier
which consists of two double -balanced mixers

with a mosfet buffer amplifier. Signal frequency from the output of DIV3 and the
20MHz multiplier output are summed in

LOW COST RANGER1 PCB
DESIGN FROM SEETRAX
Circuit Schematic
Circuit Capture
PCB Design

Host Of Outputs

mixer], at the output of which a band-pass filter suppresses all conversion by-products of
more than 60dB.

The IF of 28.000-28.099MHz goes to the
input of mixer 2, which is part of PLL2. This is
almost analogous to PLLI, but mixer 2 is part
of it and the signal at 2 output is the difference
between the VCO2 frequency and the IF. The
second band-pass filter has a bandwidth of 59-

80MHz, all by-products being suppressed by
at least 60dB. DIV2 has a division ratio 590800.

Let the division ratio of DIVI be 8075, so
that the output frequency of VCO1 is

80.75MHz; the frequency at the output of
divider 3 is 8.075MHz and the signal frequency at band-pass filter 1 output is
28.075MHz. If DIV2 is set to divide by 655,

then the signal frequency at VCO2 output is
(655x0.1)+28.075 = 93.575MHz. It results
that two PLLs with comparison frequencies
10kHz and 100kHz produce an output signal
with 1kHz frequency spacing. The switching
time in this synthesiser is determined, in general, by the parameters of the most passive

unit in the system, the band-pass filter in
PLL'. This is a lag -lead filter with a cutoff frequency equal of 4.5kHz. Total switching time
of the synthesiser is 10ms or less.

Continued next month.
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SYSTEM 200 DEVICE PROGRAMMER

rPC

PROGRAMMER

Programs:
EPROMs E2PROMs
Flash EPROMs

16 bit wide EPROMs
Intel 8748
and 8751 families
only

/

/
/
/
/
/

/
/

le 1 3 9

Contact SMART Communications for our full range of programmers
including stand-alone , gang and GAL programmers
and our comprehensive universal device programmers

081-441 3890
Fax: 081-441 1843

Tel:

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

SYSTEM:

Reads verifies and programs devices
from 2716 to 27080 (8 Megabits)
Automatically sets programming voltage
Requires only 512k of memory
Supports Binary, Intel Hex and Motorola S formats
Split and shuffle for programming sets of EPROMs
Several programming algorithms, Including:
Quick Pulse and Intelligent Algorithms
Load and Save to disk
Editor with several entry modes
including string and hex
MACRO capabilty for single stroke operation
year warranty
1

M hr\RT

Expandable to cover virtually any programmable part including serial E2, PALS,
GALS, EPLD's and microcontrollers from all
manufacturers.
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.

DESIGN:

SUPPORT: UK design, manufacture and support. Same
day dispatch, 12 month warranty. 10 day
money back guarantee.
ASK FOR FREE
visa
INFORMATION
PACK

m

MQP ELECTRONICS Ltd.
Park Road Centre
Malmesbury, Wiltshire. SN16 OBX. UK
TEL. 0666 825146 FAX. 0666 825141

COMMUNICATIONS
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GERMANY 089 / 4602071
NORWAY
071-17890
02 92 10 35 54
ITALY
FRANCE
(1)69.41.28.01
Also from VEROSPEED UK
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APPROVED

Additional
product lines
include:-

Standard Range of Toroidal
Transformers to EN 60742
We are pleased to announce our

twelve standard ranges of
toroidal transformers approved
to EN 60742.

EN 60742
The European Standard EN
60742 (based on the international standard IEC 742),
covers the requirements for
Isolating Transformers and
Safety Isolating Transformers.
It

was ratified

in

1988 by

CENELEC, giving the standard
the status of a national standard
without any alteration for
CENELEC members.
The standard is recognised as a

national standard by each of
the eighteen member countries
of CENELEC and is known as
BS 3535
0551

in the UK and VDE

in Germany.

AS EN 60742 is derived from
IEC 742, it is in the main
identical to any other national

standard derived from IEC
742, such as the Australian
standard AS 3108.

DesignOptions:-

Twelve Power Ratings

Electrostatic Screens

We currently manufacture

Safety Screens

twelve approved power ratings
of toroidal transformers:-

Magnetic Shields

15VA, 30VA, 50VA, 80VA,

Low Mechanical Noise

120VA, 160VA, 225VA,
300VA, 500VA, 625VA,

Low Stray Field

800VA & IkVA!

Potted Centres

Audio Grade Transformers
100V Line Transformers
Inverter Transformers
Autotransformers
Fully Potted Transformers
Low Profile Transformers
Designs to UL & CSA
Standards

Medical Equipment
Transformers (IEC 601 /
BS 5724)

Valve Output Transformers

KEMA Approval

Custom Designs from 15VA to 3kVA

Our transformers were tested
and approved by N.V.KEMA
the national CENELEC body

Antrim Transformers Ltd

of the Netherlands. KEMA

25

KEUR agreement 919691. We
are also approved to ISO 9003.

Randalstown Road, Antrim,

Co Antrim, N.Ireland, BT41 4LD

Tel: 08494 28734

Fax: 08494 68745
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PRODUCTION/ATE.
SECOND USER EQUIPMENT

1PROMulator
ROM Emulator

HUGE SAVINGS=

Fast

TV TEST
POA
Tektronix 172I-SCH, Vectorsscope, PAL POA
Tektronix 1731 Waveform -Monitor, PAL
POA
Tektronix 1720 Vectorsuope, NTSC
POA
Tektronix 1730 Waveform -Monitor, NTSC POA
Tektronix 1721 Vet torsscope, PAL

Tektronix 1740 Waveform-Mon/Vectorssc.,

POA
POA

NTSC

Tektronix WFM-300, Comp-Wavefi-Mon
Tektronix 1485 R PAUNTSC Waveform Monitor

POA
Tektronix 521 Vectorxope
POA
TEK 1411 Gen. TSPI I, TSGI5,SP612, TS611,

ENVIRONMENTAL
TEST
ACE5 F5360 Test Chamber 360 Litre -20 to
L2,495

MONTFORD TSPK2ELM2 Thermal Shock
Chamber -70 to 200e

GALLENKAMP OVR Humidity Oven
ALTITUDE TEST CHAMBER - Temp-

L2,475
£1,500

LCall
POA

Hurnidity/Vacuum. Configured to suit

MICROTON 295D 20 Litre

MISCELLANEOUS
MARCONI 2871 Data Analyser
MARCONI 893B AF POWER
KANE MAY 1000 "Infratrace" Infra -Red
Thermometer Oc to +1000c Carry Case

L1,750
L275
L395

SIGMA MECHANICAL COMPARATOR
MODEL 201-13
TEK 1503B-04 TDR
TEK I502C-03 TDR
TEK 1503C-03-04-06 TDR
MARCONI 2955 Radio Test Set

TS6I3, TS6I6 PAL

VIBRATION
Ling Dynamic. LDS 135 32KVA Amplifier. LDS
Vibration Head on Air Bed 8 Cooling Fan, EDS
Field Power Supply, LDS Transformer
5G30
Call for details

SOLDERING
MACHINES
SOLBRAZE RD3' Solder Pot with Solder
ROTADIP RD6" Solder Pot with Solder
KIRSTENIetwave Solder
WELLER DS801 Desoldering Station

4295
1495

POA

075

SOLDERABILITY TESTER CEMCO

L475
L495

SOLDERABILITY Rework Station 1000
ELECTROVERT EUROPAK 299

LCall
LCall
L5,750

Tektronix TSG-300, YUV-Sync+TestpatternGen.
POA
Tektronix TSG-371, YUV-Sync +Testpattern-

POA

Gen.

PCB ASSEMBLY
SIEMENS HS 180 Line High Speed Surface Mount
Assembly Line
LCall
SVECIA SSM Screen Printer
L12,000
SIEMENS MS72 Automatic Pick 8 Place
LCall
SIEMENS MS90 Automatk Pick 8 Place
LCall
UNIVERSAL MULTIMOD 6772A
L10,500
AMISTAR A16448 Automatic Sequencer Axial
Lead Inserter
LCall
Inserter

BLAKELL LS300 Assembly Station

L34,950

CCTV Viewing System. 3430343" X -Y Table.
B&L Microscope.

Top
AXIAL Lead Forming Machine
HELLER 715 Lead Forming Machine

L995
L295
£2,995

From L2,950

C60

£45
L45
L35
L25
L35

MAINS
MONITORING

/

via one standard
printer port

/

Downloads 272 5 6

/

In

/

3 seconds

Accepts Intel Hex,

and Binary files

L395

41,645
L3,450
£9,750
L4,950

OSCILLOSCOPES
HP54501A Digitizing
TEK2201 Digital Storage
TEK222 I OMHz DSO Batt. Portable
TEK2336 100MHz
TEK2445 150MHz
TEK2465A 350MHz
PHILIPS 3320 200MHz DSO
HP 54120T 20GHz Digital

HP3582A 0.02Hz-25.5KHz
HP3585A 20Hz-40MHz
MARCONI 2380/2382 400MHz

L2,450
4695
L995
L975
41,350
42,495
L2,495

0 350

L3,750
L5,750
L4,950

From (13,000
HP3065 Configured to suit
TERADYNE Z875 Board Test
POA
TERADYNE L210 Call for details
ZEHNTEL 850 Configure to suit
FACTRON 333 Board Test
POA
GENRAD 2272/2276 Systems
POA

METERS
RACAL 9919 UHF Frequency Meter
FLUKE 8520A GP I B Multirneter
HP3478A HP I B Multimeter
HP5350B 20GH: Counter

L295
£495
£495
£2,975

SCHLUMBERGER 1834-SA1 18
L1,500
OCE 613 DIE LINE PRINTER. Perfect for Plans/
Circuit Digs

£950

HP13751A Network Analyser 500MHz
HP875I IA S -Parameter Test Set
1-1P875 12A Transmission/Reflection Test Set Type
N. RF Cable Kit
NEW 1991
Package Price L 12,950

WANTED
If you have manufacturing equipment to sell, give us a call. We
can turn your under-utilised assets into cash.

Subscribe Now for Your FREE Copy
See latest issue of Buyers News for full listing and Terms & Conditions. Prices exclude VAT,
Buyers Premium not included

ALTERNATIVE DISTRIBUTION (UK) LTD
Tel: 071-284 4074 (UK) Fax: 071-267 7363 (UK)
146 Camden Street, London NW1 9PF
CIRCLE NO. 122 ON REPLY CARD

Emulates 24, 28, 32,
40 and 42 pin devices

Full screen editor
Other models available
up to 8 Megabits and
with bi-directional
communications
CALL FOR
FULL DATA SHEET

Mr

COMMUNICATIONS

CIRCLE NO. 123 ON REPLY CARD

From 4995

NETWORK ANALYSERS
HP8753B Network Analysers 66Hz
HP85047A 5 -Parameter Test Set 6GHz
HPI I 857D Cable Set
HP85033C Calibration Kit
Package Price L14,950
NEW 1989

Tel: 081-441 3890
Fax: 081-441 1843

SIGNAL SOURCES
HP332SA Func. Gen
HP3335A Synth/Level Gen.
HP8662A Sig. Gen.
HP8350A/86290B Sweep
HP8640B Sig. Gen.

/

Mblt EPROMs

Motorola S -Records

CLEANING
PLANT

PLOTTER

CLAUDE LYONS "Computine" Line Condition

480

Emulates up to 4
1

ACS
L235
COAXIAL CABLE/CUT & STRIP Bench

ATE SYSTEMS

POWER SUPPLIES

Monitor, LCMI 245, 240V Printer. As New.
With Transit Case

L4,500

ELECTRONIC COUNTING SCALES

SPECTRUM

Aluminium or Gold Wire Wedge Bonder.
835-5-0 13 Eyepoint Pattern Recognition System.

FARNELL TOPS I Pew, Supple
FARNELL 66-40A
FARNELL 612-30A
FARNELL 06-20$
FARNELL G5 -5M
FARNELL COUNTANT GPE 1000/12

LCall
Front L45

ASSEMBLY WORKFRAMES

ANALYSERS

KUUCKE & SOFFA 1470.2 Automatic

2 Channel Ultrasonic Generator.
Lead Locator

/

ROBIN AMBOTECH Axial/DIL

WIRE BONDERS
HUGHES 2460-111 New 1990 Excellent
Condition

Flexible

L200

Generator
POA
Tektronix TSG-273, Digital 02/D3 Syne- A -Test pattern -Generator+ Audio -Generator
POA

KERRY 1500/2HP Ultrasonic Cleaner with
Automatic Hoist
48,500
KERRY I 500/4HP Four Stage Ultrasonic Cleaning
System
LCall
KERRY 450/2HP
£2,750

TEST SYSTEM

TREIBER 700B I6" Tovec Wave
SOLTEC 6412 Wave Solder

(Call
(Call

SYSTEMS VIDEO GENCODER 2461
ABACUS ARTA 600
CAMERA & LENS CTV
Tektronix SPG-271, Syne + Testpattern-

L500
L4,000
L6,000
L5,400
L3,950

Lambda Wave Solder

£3,500

Field Electric Ltd. Tel: 081-953 6009. 3 Shenley Rd, Borehamwood,
Herts. WD6 1AA. 081-953 6009; Fax: 081-207 6375
Switch mode power supplies 240V AC input 5V DC 40a mp £29.
5V DC 40amp -12V DC 4amp +15V DC 11 amp £48.
Plantronics (Auralite) type headsets very lightweight new BT approved ideal for
comms: £15.95 c/p £3.00.
Farnell fan -cooled PSU 240V AC input +12V DC 4amp -12V DC 1 amp +5V DC
10A -5V DC 5amp £16 c/p £7.00.
Wyse compatible terminals by Falco c/with keyboards. Swivel & tilt monitor £135.
Wyse 50 terminal new & boxed c/with keyboard. Swivel & tilt monitor (115vac) £200.
Monitor Mover. Rotates 360°. Hold up to 25kgs. Weight space for keyboard. Clamps
to desk £39 c./p £8.75.

102 key at keyboard (click) type: 5 pin din plug connector: long cable £25.00 c/p £5.00.
Philips IBM compatible mouse: 2 button new £12.95 c/p £2.00.
New & boxed for sealed lead acid batteries. Battery charger auto sensing up to 8A
@ 12v input 240VAC. Type BC812 £25 c/p £8.00
New & boxed for sealed lead acid batteries. Battery charger 24v 800MA Max. Type
27.6 £10.90 Gp £4.75
286-12 at Motherboards complete with CPU:BIOS: etc various. On board hard &
floppy disk cont= Serial para ports: Real time clock: some with on board VGA. £13.95
c/p untested CIP £5.00
Barco CD66 RGB monitor 26" £260 c/p please ring
5.25" floppy/hard disk case complete with PSU for external disk new £55 c/p £7.50

Farnell stabilised B30/20 power supply 0-30V 20A linear £295.
Farnell DT12/5 12MHz o'scope £175.
Famell D30/4 power supply £250.
Hewlett Packard 180C o'scope m/frame c/with 1804A 4chn. vert. amp 50MHz
1821A time base delay gen. £375.
Hewlett Packard 221A square wave gen. 1Hz/10MHz £55.
Hewlett Packard 7015A X -Y recorder £225.
Wavetec waveform gen. 159 £250.
Trend data distortion gen. £165.
Schlumberger 4900 RF-AF measuring unit £290.
Tektronix 191 constant amplitude sig. gen. £150.
Dolch Atlas 9600 logic analyser c/with software P.O.A.
Date! tester 10A. Data link tester (modems etc) £175.
Schlumberger 4000 precision signal gen. £350.
Hewlet Packard 1600A logic state analyzer complete with pods etc £250.
RFL 912 Gaussmeter with probe £125.
Thurlby 19 -GP IEEE -488 converter £50.
Tektronix 2901 Time Mark Gen £85.
AEI FB22 Gaussmeter with probe £75.
Philips PW 9501 conductivity meter £125.
Denton linear amp MLA 2500 £450.
Dolch Atlas 9600 logic analyser c/with software £775.
Wandel Goltermann, measuring set for group delay & attenuation: receiver LDE-2 £350

All above prices +171/2% VAT. Please ring for c/p rates.

Mill 1
VISA

We would Ilke the opportunity to tender for surplus equipment

Official orders credit card telephone orders accepted with
Access, Amex, Diners, Visa cards. Overseas enquiries welcome
I c/p rates U.K. mainland only. Please ring for c/p rates not shown.
All prices inc. V.A.T. unless stated. Stock list available.
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INSTRUMENTATION
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Measuring L and C at
frequency
and on a budget
Need a cheap -to -build
instrument to measure
capacitors and

inductors at the
operating frequency?
lan Hickman describes
a constant level RF
source coupled up to a
versatile LC analyser.

In the development labs of large companies,
measurement of inductance or capacitance

could not be easier. Simply connect the
component to be measured to a network analyser and make an s11 measurement. The mark-

er function can be used to obtain a screen
read-out of the capacitance (or inductance)
and the associated loss resistance - or the real
and imaginary part of the impedance - at the

frequency of interest. Change of apparent
value with frequency can also be displayed as
a Smith chart.
Unfortunately, the electronics engineer

working outside the big lab will find the
£15,000 cost of a network analyser to be a real
obstacle.

Measuring capacitors presents no great
problem since digital capacitance meters are
cheap and readily available at less than £50 many construction have also appeared over
the years. Most capacitors are near -ideal com-

FREQUENCY CHOICES

The traditional method of measuring
I inductance and capacitance is the Q
meter. Models were available from
manufacturers such as Hewlett Packard,
Advance and Boonton. A well known early
Marconi model came in a box almost a foot
deep, with all controls, meters etc on the
"front" panel, actually the top surface
which was about two feet square. Highest
operating frequency for this model was
25MHz and, perhaps for this reason,
decade multiples of 250kHz are common
frequencies for Q measurements.
The other common frequencies are
decade multiples of 790kHz, perhaps
because that is roughly root ten times
250kHz, giving two (geometrically) equally
spaced spot test frequencies per decade
and, it is also half the frequency
corresponding to 107 radians per second.

ponents and the frequency at which they are
measured is largely immaterial. But engineers
wanting to measure loss resistance at a given
Fig. la). Two transistor oscillator
looks at first sight like an emitter
follower driving a grounded base
stage. But the earth point is an
arbitrary convention. b) If the
decoupling capacitors in a) are shown
as short circuits at RF, the circuit is
seen to be a balanced push-pull
oscillator.

frequency are going to need a much more
advanced measuring instrument. Similarly,
inductors set much more severe measurement

problems, since an inductor is really only
usable over about two decades of frequency -

Since the Q of commercially available
inductors, such as those used in this design, is
commonly quoted at certain frequencies (see
box), they were selected for the internal test
frequency generator.

at least for air -cored types. At higher frequencies the inductor resonates with its own
self capacitance, while at about a hundredth of
that frequency, Q drops to the point where it is

Circuit details

of little use in a practical circuit.

lower driving a grounded base stage, and it

The two -transistor test generator basic circuit
(Fig. 1 a) looks at first sight like an emitter folcan indeed be analysed as such. But it is functionally equivalent to the push-pull oscillator

of Fig. 1 b. In any half cycle of the voltage

D. Decouple
or couple

a

(AC short
circuit)

appearing across the tank circuit, one transistor is cut off while current through both of the
tail resistors flows through the other transistor.
The tank circuit receives the total tail current,
chopped up into a (near) square wave.
The transistors act largely as switches and
amplitude of the tank voltage is given by its
dynamic resistance Rd multiplied by the fundamental component of the current square wave.
Full circuit of the test set (Fig. 2, excluding
power supplies) shows that tank circuits giving seven fixed spot test frequencies are avail -

410
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Quantifying internal capacitance
L

F2
(w2)

(w1)

(92 -

(L(C CS5

L(Ci-Ci)
LC

CO22

(about 4k..(2); or would do if the Qs were all

load, R16. IC acts as a buffer to drive the
meter M1. Tgain of the buffer stage is
adjustable over the range unity to x 12 by
means of R17. The tuning capacitor C15 is a

equal, as is roughly the case. The figure is

500pF twin gang type, where one half has had

reduced to about 700R by the shunting effect

all the moving plates but one removed. The
operation is not nearly as tricky as it sounds,

of R2 and R6, giving a loop gain from Tr2 base
to Tr] collector of roughly 700 divided by R4,

1

= (LC)"

owing to the high value of the following DC

circuits, so that they all have the same Rd

L

F1

able, together with a facility for feeding in an
external test signal of any desired frequency.
The same LC ratio is employed for all the tank

but is perhaps not for the ham-fisted. The
modification reduces the maximum capacitance of C/5 to around 45pF, including the
stray capacitances added by S2, S3, Di and

about times 14 or well in excess of unity,
ensuring reliable oscillation. Given a total tail
current through R3 and R5 of around 10mA,
this provides a large enough swing across the

Tr5.
At lower frequencies, S3 switches the 500pF

If C, is known then C is determined.

tank circuit to chop the tail current into a

Let

respectable square wave, ensuring the amplitude of oscillation varies little from range to
range.
On the other hand, in the EXT OSC IN position of SI, the collector load of Tr] is reduced
to 47R, giving a loop gain of less than unity,
preventing oscillation. The RF tank voltage (or
ext osc input) is buffered by Tr3, the output of
which drives a test current (determined by the
setting of R9) into a cascode circuit composed

For measuring capacitors, the test inductor
LT (L8) is switched into circuit, and resonated

of Tr4 and Try.
The output admittance of a cascode stage is
very low - especially when the first transistor

C15 capacitance gives the effective capaci-

co2

then

.c+c,
So

A=c,,

c,

c

A

For example, if C= (25p+
and CI = 8.33 (= 33.3p -25p) then

=(!13--25)p

a

NB. Assumes F, is well below the self - resonant
frequency of L, so that L is effectively the same at F,
and F2.

Fig. 2. The switched frequency RF source (Tr1 to
Tr3) provides a constant level drive source to the
reactance under test, and

detector/measurement circuit 01 ICI.

C9

C3

RI

inductors to resonate over the range 250kHz to
79MHz - or even 100MHz (using tank circuit
C9 L7).

with C15 near maximum capacitance. The
unknown capacitor is then connected to the

1

test terminals - an Oxley pin projecting
through the panel and an earth tag - and resonance restored by reducing C15. The change in
tance of the unknown capacitor at the test frequency used.

is driven in grounded base - so that the test
circuit is driven by a near ideal constant current generator. Of course, at the higher fre-

then C,ry = (C- 25p) = (71kC - 25)p

C1.1

section in parallel, enabling a wide range of

quencies, the cascode's output impedance will
fall, but so will the Rd of any practical circuit
to be measured. So the design is adequate, and
much easier to implement than the traditional
Q meter scheme, where an RF current (mea-

Constructional tips
This simple test instrument has proved very
useful. But for best results some care is needed both in construction and in use.
The prototype was constructed in a diecast
box, guaranteeing the absence of direct cou-

sured by a thermocouple meter) is passed

pling between an inductor under test and

through a very low resistance placed in series
with the LC circuit under test.

whichever tank circuit is in use. Compact construction, especially around the test terminals,
is essential to minimise stray inductance and

The voltage across the inductance under
test, resonated with C15, is detected by D1,
which places very little loading on the circuit

capacitance which could cause problems at
100MHz.

010

4

(!)

10n

C15a

Lx/Cx

O

C4-8
L2-6

5b

C2I

-100n

Hi

Sk1

C 0/O L
S
S2

100n

0000000

0

D1 HP5802
2303

Nf

Lo

rT

L8

7

R16 I10M

ICI

C16
10p

R2

a

4

SI

6h8

TL042

R17 2

Tr2

MI

Tr

R13

C17
On

390

1

1 clA

820
C22

618
100n

47
10n

R3 > 2k2

95

2k7
10n

Ext osc
OI OSC Out

C20

-I5V

On

LI (Nom)

MHz

C3

0.25
0.79

680n 580 ST -1-12

2.5

68n

270n 14µH ST -1-08
6.5µH ST -1-06

7.9

180p

1.591-1 ST -1-02

25

56p

79

10p

100

6p6

5209H 142-09J08
1659H 150-05J08
98µH 150-03.108

L8 9.5µH ST -1-07

Tr1-4 BC183
Tr5- BF245
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To achieve this, while keeping the mechanics simple, the capacitance scales have been
placed upon the side of the box, with all other
controls on the top (Fig. 3a). Miniature, or
sub -miniature, components are recommended,
especially for S2 and S3, as is use of a ground
plane. In the prototype, the ground plane was

simply a sheet of single sided copper clad
SRBP, clamped to the underside of the front
panel by the mounting bushes of SI and R9
and connected by a wide piece of copper tape
to the frame of C15.
Fresh air construction is used for all parts of

the circuitry operating at RF - 1 OnF decoupling capacitors being soldered to the ground
plane wherever needed. Their opposite ends
are used as mounting points for the other com-

ponents -a form of construction which is as
crude and ugly as it is cheap and effective
(Fig. 3b).
As there was no intention to put the unit into
production, there is no point in going through

iterations to optimise PC layout. /Ci was

L AND C EQUIVALENT CIRCUIT

n addition to series loss component r, and a
I series inductance L a capacitor has a shunt
loss component R. Except in the case of
electrolytic capacitors, Rp is usually so high
that it may be ignored. At the frequency F,
where C resonates with L, the capacitor
looks resistive, and looks inductive above
this frequency. For a tantalum electrolytic of
a few microfarads, F, is usually around
100kHz, with a very low Q. Dissipation due
to the loss resistance r, determines the
maximum current that a capacitor, eg a mica
type in an RF PA, can safely carry. Care
should be taken when paralleling two
decoupling capacitors, since for some types
the Q at series resonance can be quite high.
If having the same (nominal) value, one may
resonate at a somewhat lower frequency than
the other: at a slightly higher frequency its
inductive reactance can resonate with the
other capacitor - result, no decoupling at that
frequency!
I

mounted on a scrap of strip board soldered to
the ground plane, with the supplies brought in
from the power unit mounted in the base of
the box via a plug and socket.

rs
AMAr-40--

Good practice is to make one capacitor at
least ten times as large as the other.
Where a capacitor has a parasitic series
inductance L, an inductor has a parasitic
shunt capacitance Cr,. This cannot accurately
be considered lumped, being distributed
between the various turns of the winding.
Inductors are much more imperfect
components than capacitors. Whereas the
latter can be used over a frequency range of
107:1 or more, the range between the self
resonant frequency of an inductor and the
frequency at which its Q has fallen to an
embarrassingly low value is as little as 100:1
- at least for air -cored types, including those
with a slug adjuster. High Ai inductor pot
cores can provide a large inductance with
very few turns, reducing C,,, especially if the
turns are spaced, resulting in a wider useful
operating frequency range.

C

Ls

jw\Ars

Cp

Inductor

Calibration
Calibration presents some interesting prob-

Capacitor

lems, solvable with the aid of four or five
100pF I% capacitors readily ordered by post.
Using various series/parallel combinations,
capacitances of 20, 25, 33, 50, 67, 100, 125,

etc up to 500pF can be made up. But the
tricky part is how to take into account the
stray capacitance associated with the test circuit.

If the unit were only going to be used for
measuring capacitors, the internal stray capacitance could be ignored, and the scale simply
calibrated in terms of the capacitance added at
the test terminals. But to measure inductors,
knowing the frequency at which the circuit is

resonated, requires also a knowledge of the
true total circuit capacitance.
First step is to assemble the unit and fit the
pointer knob of C15. With the capacitor fully
in mesh, make a reference mark on the blank
scale so that the knob can always be refitted in

exactly the same position if subsequently
removed. Set S2 to "C", S3 to LO, the gang to
minimum capacitance and connect a capacitance of 25pF to the test terminals. Feed in an
external test signal, and note the frequency at
which resonance is indicated. Now increase
capacitance to 33pF and repeat the procedure.
From these results, the method shown (see
box "Quantifying internal capacitance") will
give a close approximation to the test circuit's

true internal capacitance. Knowing this, the
various combinations of the 100pF capacitors
can be used to calibrate the HI and LO scales,
making due allowance for the internal capac-

itance. The spot test frequencies of 250,
790kHz, 2.5, 7.9, 25, 79 and 100MHz should
now be set up, by adjusting the cores of LI to

L9, respectively. For this purpose, the frequency can be monitored at BNC coaxial
socket Ski.

Operation

Higher spot frequency

In use, R,7 should normally be set anticlockwise at the minimum gain setting, with just
enough drive applied to the test circuit by R9
to give full scale deflection. Under these conditions, the RF signal into the detector is large
enough to give a linear response.
So, by detuning either side of resonance to
71% of meter FSD and noting the two capacitance values, the Q of the inductor under test
can be estimated. (If the average of the two
values, divided by their difference, is 25, then

Incorporating a higher spot test frequency, say

the Q is 50, courtesy of an approximation
based upon the binomial theorem.)

At higher frequencies, where the lower
value of Rd of the test circuit is such that full
scale deflection cannot be achieved even with
R9 at maximum, R,7 should be advanced as
necessary. As mentioned, capacitors are measured by switching the test inductor LT into
circuit and noting the reduction in value of C15
required to restore resonance
when the unknown capacitor
is connected to the test terminals. As the Q of the capacitor
under test is likely to be
greater than that of LT, estimation of the capacitor's Q is

250MHz, would have been useful but is not

possible with the transistors used - even
144MHz proved unattainable. In principle,
using higher frequency transistors should provide the answer. But it then becomes difficult

to avoid parasitic oscillations due to stray
inductance and capacitance associated with Si.
A really miniature Si might do the trick, but a

better scheme would be a separate 250MHz
oscillator and buffer, powered up when Tr1_3
were not, and vice versa.
Overall, though it lacks the convenience of
a network analyser the instrument is undoubtedly a useful tool. Even without using an ext
osc, the nearest spot frequency can always be
used to measure an inductor at a factor of not
more than the fourth root of ten removed from

the intended operating frequency, over the
range 140kHz to 178MHz.

usually not possible -a limitation the instrument shares
with traditional Q meters.

Fig. 3a). Completed test set,
showing controls on two faces
of the box b) Internal view,
showing the "fresh air"
construction on a ground
plane.
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Electronic Designs Right First Time?
From Schematic Capture
'^"9x998

Create your schematics quickly and efficiently
on your PC using EASY -PC Professional.
Areas of the circuit can be highlighted on
screen and simulated automatically using our
PULSAR, ANALYSER Ill and Z -MATCH II
simulation programs.
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Z -MATCH II

If the results of the simulations are not as expected, the configuration and component values of the circuit
can be modified until the required performance is achieved.

to Printed Circuit Board Design!
111111111111111/40

The design, complete with connectivity,
can then be translated into the PCB.
The connectivity and design rules can
be checked automatically to ensure that
the PCB matches the schematic.
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Demonstration discs now available.
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00000 24006000

Affordable Electronics CAD
EASY -PC: Low cost, entry level PCB and

00
00

0 11
)1,

EASY -PC Professional

$195.00

£98.00

$375.00

£195.00

Number One Systems Ltd.

$195.00

£98.00

$375.00

£195.00

Harding Way, St. Ives, Huntingdon,
Cambs. PE17 4WR, UK.

$195.00

£98.00

Analoue Circuit Simulator- 750 nodes.

$375.00

£195.00

Smith Chart program for RF
En ineers - direct import from ANALYSER III.

$375.00

£195.00

Schematic CAD.
EASY -PC Professional: Schematic Capture

and PCB CAD. Links directly to ANALYSER
Ill and PULSAR.

PULSAR: Low cost Digital Circuit Simulator

- 1500 ate caaci

.

PULSAR Professional: Digital Circuit
Simulator - 50,000 sate ca .aci
ANALYSER Ill: Low cost Linear Analogue
Circuit Simulator - 130 nodes.
.

ANALYSER Ill Professional: Linear
Z -MATCH II:

We operate a no penalty upgrade policy.
You can upgrade at any time to the
professional version of a program for the
difference in price.

For Full Information: Please Write, Phone or Fax.

US$

prices
include
Post and
Packing

Sterling
Prices
exclude

P&P
and

Tel: 0480 461778
Fax: 0480 494042
USA te1:011- 44 - 480 461778 fax 011- 44 - 480 494042
VISA, MasterCard, AMERICAN EXPRESS

VAT.
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UTILITIES

Goerizel
alternative to the
Fourier transform
Sometimes the results of the FFT
may not be in the best form for
display on a particular screen.
Allen Brown shows how the
Goertzel algorithm is a useful
alternative.

ABOUT THIS NEW COLUMN
Recognising that computing plays an ever increasing part in
the design and operation of electronics, we are starting a
reader software ideas section, Utilities. Its object is to present
fragments of code, together with an explanation of program
operation. The subject matter should be relevant to
electronics and potentially useful to others.
We don't particularly care whether the the code is written in
high level language or assembler provided that the format is
appropriate to the intended application.
For further details about getting your software ideas
published please see the box at the end of this article.

Frank Ogden
One problem with using the 1-1-1 to find the frequency content of a signal relates to the number
of input data points and the number of spectral
points. Normally if there are N data points then the I+ 1
will give N/2 unique spectral points which may not always
be desirable.
For example an engineer may require a spectral map to
fill the display area of a screen which has 600 pixels
(VGA for instance) but only has 100 data points to begin
with. One way to provide a spectrum when the number of
data points is different to the required number of spectral
points is to use the Goertzel algorithm, developed as
follows. The FT (or more precisely the discrete FT) is
given by:
n=N -1

I* Listing 1
Coding of the Goertzel Algorithm. The input data is fetched from two data files called
test r.dat and test_i which are in the root directory of drive C. The real and image
spectral- data is stored in files real.dat and imag.dat which are also in the root directory
of C. Although the routine given here is for complex input data, it can be modified to
cater for real data points only. */

#include <stdio.h>
#include <math.h>
#define N 100 /* Number of input data points "/
#define K 400 /* Number of spectral points */

X(k)= Ix(n)W: ,

float GOERTZEL( float x[][2]);

n=0

static float x[N][2);
static n;
static char x data[80];

where x(n) is the input data (which can be complex) and
w Nnk

= cos(

2 irkn

)

j sin(

2 irkn
)

main()

/* Open pointer to the read only file */

FILE *fp;

Bearing in mind that Wisink=1 then we may express X(k) as,
n=N -1

X(k)=

x(n)W Nk(N-n)
n=0

/* Input data points from a disc file which
is in C drive. The ASCII string data must be converted
into floating point numbers. */
if( (fp = fopen( "c:\\test_r.dat", "r" )) 1= NULL )

which can be thought of as a filter mechanism where the
finite length filter WN4N-n)convolves with the input data
x(n). Nw variable y k( n) can now be defined:

for( n=0; n <= N-1; n++ )
fgets( x_data, 80, fp );
x[n][0] = atof( x_data );

/* Real data points */

m=N -1

yk(n)= Ex(m)141"-m)
m=0

1

else

printf( "Error reading test_r.dat \n ");

Impulse response of this filter is given by:
}

fclose( fp );

h f (n) = V 1,,-k" u(n),
if( (fp = fopen( "c:\\test_i.dat", "r" )) 1= NULL)

where u(n) is a step input ( u(n) = 1 for n 0, and 0
otherwise). The Z -transform of hf( n) will lead to:

for( n=0; n <= N-1; n++ )
fgets( x_data, 80, fp );
x[n][1] = atof( x_data );

n=N -1

H kW= 1WNk" u(n)z'
n=0

Expanding the right hand side of the equation and recognising that it is a geometric progression, tit becomes,
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/* Imaginary data points */

else

printf( "Error reading test_i.dat 1n " );
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1

Hk(Z)=

1

fclose ( fp );

k-

l-WN Z

GOERTZEL( x );
1

float GOERTZEL( float x[][2])

float vr1, vr2, vi1, vi2, temp, yfr, yfi;
float c, s, phi, wn;
static float real[K], imag[K];
int j, k ;

FILE *rip; I" Pointer for real spectral file'/
FILE "ifp; /* Pointer for imag spectral file "1

I

'

But to implement this filter would involve complex
multiplications and these can be avoided by expressing this
equation as:
(1 -wlycz-')

1

Hk (z)=

1-W,,,kz-1 (1-14z-1).

Leading to,

Hk(z)

1- Witt

1- 2 cos( 2 Irk )z-1 +z-2

/* Begin the Goertzel Algorithm "I

Now let

wn = 3.14159265 / K ;

Yk(Z)lik(Z)
for( k=0 ; k <= K-1 ; k++)
vr1 = vr2 = 0;
vi1 = vi2 = 0;
phi = wn k;

°Z 1= X k(Z)Vk(Z)
So
Yk(Z)
Vk(Z)

c = cos(phi);
s = sin(phi);

for( j=0; j <= N-1; j++)
temp = vr1;
vr1 = 2 * c vr1 - vr2 + x[j][0];
vr2 = temp;
temp = vi1;

vii = 2 * c * vi1 - vi2 + x[j][1];
vi2 = temp;

yfr = c * vr1 - vr2 - s * vi1;
yfi = c * vi1 - vi2 + s * vr1;
real[k] = yfr ;
imag[k] = yfi

z-1

and
Vk(Z)

Xk(Z)

1

1- 2 cos(2rk)z_I +z-2

By using the inverse Z -transform these last two equations
will lead to two difference equations,
vk(n)= 2cos(-2irk)vk(n-1)-vk(n-2)+ x(n)

;

/* Open disc files real.dat and imag.dat to deposit the
spectral data from the Goertzel Algorithm */

and

yk(n)= yk(n)-WNk v k(n-1)
rfp = fopen( "c:\\real.dat", "W" );
ifp = fopen( "c:\\imag.dat", "w" );
if( rfp 1= NULL II ifp != NULL)

for( k=0 ; k <= K-1; k++)
fprintf( rfp, "%f \n", real[k]);
fprintf( ifp, "%f \n", imag[k]);
1

else

printf( "Error with spectral file \n ");
1

fciose( rfp );
fclose( ifp );
1

486

yk(n) represents the spectral data points generated from
the input data points x(n). These equations (shown diagrammatically in the figure) form the kernel of the
Goertzel algorithm and can be implemented directly. The
listing shows the coding of the two difference equations in
C. As an example The second figure shows two traces of
input data (upper traces) which are combined to form the
complex data set x[ ][21. These are stored as separate data
files, test_r.dat and test_i.dat. Also shown in the figure,
(lower traces) are the output spectra from the Goertzel
algorithm (400 spectral points each).
Although the code was compiled using Microsoft C
compiler (Version 7), it can be compiled for any processor
(including a DSP device) which has provisions for handling floating point numbers - provided suitable changes
are made to the i/o features.
The Goertzel Algorithm is not as fast as the FFT, but it
does have a speed advantage over the discrete FT (see first
equation).
Note also that the above routine does not include a
windowing function which is sometimes required to
minimise the "fringe" effects of finite data sample sets.
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DO YOU HAVE AN IDEA SUITABLE FOR PUBLICATION IN
THE EW + WW UTILITIES DIRECTORY?

vk(n)

y(n)
<(n)

Many aspects of electronics engineering still rely on tedious calculations or the
irksome modifcation of "classical" methods to make them more appropriate to
the practical environement of the lab/workshop. The result is that engineers
often develop their own software routines, getting the computer do the hard
work. Now EW + WW is going to publish the best of these ideas in a new
regular section of the magazine - Utilities Directory.
Readers are invited to send in useful and practical software ideas to be
considered for publication. We will pay for all listings that appear in the EW +

De ay

2eos(-2N

Delay

WW Utilities Directory.
Code listing must be included, along with an outline explanation of what is

v,(n-2)

happening and supplied on disk, with a hard copy.
Please send your ideas to Frank Ogden, EW + WW, Quadrant House, The
Quadrant, Sutton, Surrey, SM2 5AS.

Schematic representation of the Goertzelalgorithm.

FFT

When presented with a signal, the engineer often requires knowledge of its
frequency content. If the signal is subjected to the Fourier Transform (FT), the
resulting complex data represents the frequency spectral from which the phase
and magnitude information can be derived. The well known algorithm for
deriving the FT is the Fast Fourier Transform (FFT), but it is not the only method
of calculating the FT.

Input data and output spectra from the Goertzel algorithm

DADiSP Worksheet
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BOOKS TO BUY
Programmable Logic Handbook
Geoff Bostock

Understand Electrical and Electronic

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 £20.95

Maths
Owen Bishop
People who find maths difficult often
have, as a result, difficulty 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 £15.95
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.

COMMUNICATION
SERVICES VIA
SATELLITE
TRANSISTOR AND FET

f'1'

Op -amp Circuits Manual
Paperback 224 pages
Price £13.95

"ROWTS MANUAL

Audio IC Circuits Manual
Paperback 168 pages
Price £14.95

INSTRUMENTATION
AND TEST GEAR
CIRCUITS MANUAL

CMOS Circuits Manual
Paperback 192 pages
Price £14.95

Electronic Alarm Circuits Manual
Paperback 144 pages
Price £14.95

Return to: Lorraine Spindler, Room L333, Quadrant House,
The Quadrant, Sutton, Surrey, SM2 5AS
Please send me the following books

I enclose a cheque/postal order/eurocheque to the value of £

made payable to Reed Business Publishing Ltd, or debit my Access/Visa/
American Express/Diners Club with £
Card Number

Expiry date

Name
Address

Postcode

Date

4g8

Phone

Signature

Power Control Circuits Manual
Paperback 224 pages
Price £13.95
Timer/Generator Circuits Manual
Paperback 224 pages
Price £14.95
Diode, Transistor and FET Circuits
Manual
Paperback 240 pages
Price £14.95

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 £17.95

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 £20.95

Digital Audio and Compact Disc
Technology
Luc Baert, Luc Theunissen & Guido
Vergult
Essential reading for audio engineers,
students and hi-fi enthusiasts. A clear
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, optoelectronics and the optical block, servo
circuits in CD players, signal processing,
digital audio recording systems, PCM,
Video 8, R-DAT and S-DAT. Paperback
240 pages.
Price £18.95

Return to: Lorraine Spindler,
Room L333,
Quadrant House, The Quadrant,
Sutton, Surrey, SM2 5AS.
Prices include postage and
packaging. Please allow 21
days for delivery.

Credit card orders accepted
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 £13.95
Newnes Electronics Assembly Pocket
Book
Keith Brindley
Hardback 304 pages
Price £11.95
Newnes Television and Video
Engineer's Pocket Book
Eugene Trundle
Hardback 384 pages
Price £13.95

Newnes Circuit Calculations Pocket
Book
T Davies
Hardback 300 pages
Price £11.95

Newnes Data Communications
Pocket Book
Michael Tooley
Hardback 192 pages
Price £13.95

Newnes Telecommunications Pocket
Book
JE Varrall & EA Edis
Hardback 400 pages
Price £13.95
Newnes Z80 Pocket Book
Chris Roberts
Hardback 185 pages
Price £13.95
Newnes 68000 Pocket Book
Mike Tooley
Hardback 257 pages
Price £11.95

Newnes Electrical Pocket Book
21st edition
E A Parr
Paperback 526 pages
£13.95

Newnes Electric Circuits Pocket Book
Linear IC
Ray Marston
Hardback 336 pages
Price £13.95

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 £19.95

by phone 081 652 3614
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 £17.95

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 pages.
Price £15.95

engineer, service engineer or
technician. Paperback 400 pages.
Price £27.00

Digital Logic Design
Brian Holdsworth
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 £20.95

The Circuit Designers Companion
T Wiliams
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 £26.50

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 range of
practical PC -based instrumentation and
control systems? Then this book is for
you. Paperback 320 pages.
Price £15.95

DATA
COMMUNICATIONS

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 £25.95

TELEVISION

& VIDEO

Communication Services via Satellite
G E Lewis
DBS is already with us, and will create a
series of new technical problems for
engineers/technicians in television and
communication services. This book
gives you the solutions to these
problems by: 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
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The TSL220 light -to -

An easier route to
light measurement
ypical light sensing elements convert light to a
signal current, voltage, or resistance. Most
applications require amplification before use.
Digital output will additionally require some form
of ADC to process the linear signal. The light -to -frequency
converter provides all this and many other useful benefits.
Since the signal is in the form of a frequency, dynamic
range is not limited by supply voltage and noise - over
100dB may be easily obtained. The TSL220 can be set up
to measure light intensity from dusk to full sunlight in a
single range.
Once converted to a frequency, the signal is virtually
noise immune and may be transmitted over cables from

frequency converter is
designed to convert light
intensity levels into a
digital format. It provides
a simple, low-cost method
of light -to -digital
conversion. The output
may be coupled to
isolated circuitry or other
equipment through the
use of a simple
optocoupler.
By Frank Ogden.

1 000

II-

Amplifier
Inputt (6)

(4)

MOS op amp

TSL 220 internal
diagram and
pinouts. The supply
voltage should be

kept within the
range 4 to 10V. It
draws about 7mA.

Amplifier
output

Vm

Hysteresis
level detector

0/S

L -I

C

One
shot

I
Photodiode
equivalent
circuit

100

(3)1

(2) Frequency
output

lo-Nsiiiimr-

Output frequency
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mEmmilimommir;dminguin

Reset switches

capacitor values.

001 11=MMIIP:A=MMIIIIIIMMEN11111
(3)

10

Ground

Pin numbers shown in parenthesis

remote sensors to other parts of the system. Being a serial
data form, the signals of several sensors may be
multiplexed to a single processor port or counter using
digital logic. Integration of the frequency signal will
eliminate low frequency (such as 50 or 100Hz)
interference or allow measurement of long-term light
exposure rates.

Circuit description
The TSL220 current -to frequency converter circuit consists
of an op -amp integrator, transistor reset switches, a level
detector, and a one-shot pulse generator. The output
voltage is a cmos compatible pulse train of a frequency
directly proportional to the light intensity falling on an
integral photodiode. The output frequency may be

REAEER SERVICES OFFER:
To obtain your free sample of the Texas Instruments TSL220 light to -frequency converter, fill in and send off the special reply card
located between pages 496 and 497 of this issue.

This reader services offer is being handled directly by Texas
Instruments. Our editorial office is unable to assist in any queries
relating to it.

490

10

7::.E.SEEP

100

1 000

Ee - irradiance - µW/cm2

measured using pulse counting, period timing, or
integration techniques; the output frequency for a given
light intensity at the input depends on an external capacitor
value.

The integrator produces a ramp with a slope proportional
to the photodiode current. The level detector resets the
integrator when the ramp reaches an upper threshold
voltage. The cycle is then repeated, thus producing the
frequency signal. The output of the level detector triggers
the monostable to produce the fixed -width output pulse.
During the integration phase of operation, the reset
switches are open, allowing the photodiode current to
charge the integrating capacitor C towards the upper
threshold voltage of the level detector. The charging time
is proportional to photodiode current and capacitor value.
When the upper threshold voltage is reached, the level
detector changes state, triggering the one-shot. The level
detector also turns on the reset switches, shorting the
photodiode node to ground. The capacitor is then rapidly
discharged through an internal load resistor toward the
lower threshold voltage. Since this discharge time is very
short compared to the integration time, the frequency is
determined by the integration period. When the lower
threshold voltage is reached, the reset switches open, and
the photocurrent again begins to charge the capacitor
toward the upper threshold voltage.
The device is packaged in a clear plastic 8 -pin dual -in
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a
Vco

TSL220 DIODE PHOTOCURRENT WITH VARIOUS FILTER TYPES

Ambient light

\\4

1kn

Voo

To blanking inputs (BI)

3

a

Out
TSL220

11.11.11.
2

100

2N3904
or equivalent
TIL 306, 307, 308, 309, 311

670/16/12

Automatic dimming circuit. The timing capacitor is set to
maximum and minimum brightness levels

line package and has an active chip area of 4.13mm2.

a
Ili

if

Design considerations
The capacitor value should be determined by the light
level available, the required measurement time, and the
measurement technique employed. The capacitor value
also affects output pulse width and thus the duty cycle of
the output signal. Precision measurement requires use of a
low leakage component. Its leads should be kept as short
as possible and the capacitor placed close to the device to
minimise noise pickup and stray capacitance. Additionally,
a grounded guard ring should be used around pins 6, 7,
and 8 and the capacitor leads to isolate this input from
potential leakage currents. Its value will depend on the
maximum amount of illumination available to the sensor,
and the desired output frequency range.
If a system is to function outdoors, it must be designed
to operate under daylight conditions. Although the TSL220
will work at much higher light levels than those quoted in
the spec sheet (1000µW/cm2), there is a limit beyond
which the device no longer operates. This corresponds to
approximately 0.4mA of photocurrent which may easily be
exceeded in full sunlight.
If the device is to operate under high intensity light
conditions, a neutral density or other type of filter must be
used to ensure proper operation over the full light range.
From Table 1, the maximum light condition (full sunlight)
would generate a photocurrent of 0.225mA, which does
not exceed the internal photocurrent limitation.

Condition
Sunlight (noon)
Sunlight (afternoon)
Clear sky (zenith)
Clear sky (horizon)
Evening twilight
Shade (sunny day)
Office lighting
Dusk
Nightfall

No filter

IR filter

Light

µA

µA
225
200

Lux

1100
980
53

140,000
125,00
6250
3125
1875
435
550
70

10
5
3

21

15

0.7
0.8
0.12
0.0025

6
2

0.85
0.018

F.,,b C=lOnF
kHz
130
120
7

3.5
2

0.485
0.61

0.005
0.002

1.5

HDSP2 Lvx series), the brightness may be controlled in
discrete steps by writing the appropriate control word to
the display. Other displays such as the TIL311 may be
dimmed using the blanking input to periodically turn off
the display at a rate high enough to be unnoticeable to the
eye. The blanking signal may be generated using periodic
interrupts or a timer on the MCU. Similarly, the variable
duty -cycle technique may be used to control the intensity
of incandescent bulbs or discrete leds for display
backlighting or dial illumination.
5V
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1-111O
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SN74123

100 pF =r-

14

K

j

2
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A typical application
The operating range and simple interface of the TSL220
make it ideal for use in microprocessor -based systems to
adjust display brightness to compensate for ambient
lighting conditions. The system described here, built
around a Motorola 6805 series microcontroller, could be
used to provide display adjustment in systems such as
vehicles or portable equipment under indoor and outdoor
conditions. The device connects directly to an MCU input
port. No other interface components are required for this;
if it had been required to hook up with LS TTL, a 3.3k11
pulldown resistor to ground would have been needed.To
determine the optimum capacitor value, the limitations
imposed by the microprocessor speed must be considered.
The maximum clock speed of the processor (4MHz) and
the necessary instruction cycle time to perform the
counting function will limit the maximum input frequency
from the TSL220 to about 41kHz, with a minimum pulse
width of 6i_ts. A capacitor value of 0.05µF will satisfy both
conditions with plenty of safety margin.
The microcontroller, which is assumed to be resident in
the system and already performing other functions, is used
to scale the input received from the TSL220 and adjust the
display brightness based on empirically determined
thresholds or lookup tables. Various methods could be
used to adjust the display brightness. When decoded
alphanumeric displays are used (such as the H -P
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Digital light meter. The NE555 controls the timing period over which the internal
display counters integrate the pulses from the TSL220. It also enables the display latches
to provide a stable reading. The monostable provides a short reset pulse to the display
counters clearing them down for the next count.

LSD

Vcc
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2
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Out
TSL220
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9

CLR

SC
PC

131
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1
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10
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to
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6
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9
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9
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141 8

e
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Vcc

Vcc
5

14

8

Reset

0-0

T1L306

T1L306

T1L306

Vcc
C,

R,

0.01 uF
NE555

Exposure time = 1.1 Rt Cr

hkil
2
1

8

4

Start

I
A slight variation on the light meter is the digital exposure meter. The integral display
counters show a single count total for a preset period determined by the 555 time
constant, the actual value of which is 1.1125Ct5
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WE HAVE THE WIDEST CHOICE USED
OSCILLOSCOPES IN TIE COUNTRY

Low cost data acquisition for IBM PCs & compatibles

DORM 1061A - 61
Current

E200

PHILIPS PM2534 Multi Function DMM 33/2-604 Mad with GPIB.1EEE

E450

MARCONI Digital Frequency Meter 24300 Iffir-80MIN........

E125

MARCONI Digital Frequency Meter 2431A 10Hz-200MHz ......

51 50

MARCONI Universal Counter Timer 2437 DC-100MHz

E175

MARCONI Universal Counter Timer 2438 DC-520MHz.

E225

E800

HP 33116 Function Generator 0.1111180 Sine7Sogri

E125

0450

MULTTNETER Handheld. M2355-31 ranges AC/DC 10 Amps Diode(Transl sty(

Dual Trade Plug-in with TB from £200
Many Plug-in options available. 4 Traces;
Differential etc. PLUG -INS SOLD SEPARATELY

They are supplied with easy to use software which colleen doh
for either display or print-out.

TEKTRONIX 2336 Dual True 100MHz Delay Sweep Ruggensed
PHILIPS 3070 Dual Trace 100MHz Delay Sweep Eng View Cursors
HITACHI 61050F Dual Trace 100MHz Dual TB with 4 Channel 16346

51000

KIKUSUI COMMON 3 Channel -r- Ch4/C715 Trig View 10011Hz Delay

8 - bit resolution

ADC- 1 0

Sweep.

C600

BLACK STAR Jupiter 500 Sine/Sp/7n 0.INZ-50011HZ ..

E550

FEEDBACK FG600 Sine/Sq/In 0.1H2 -100K117

10-25K samples per second

H.P. 1715A Dual -Trace 200MHz Delay Sweep
TEKTRONIX 465 Dual Trace 100MHz Delay Sweep

.. ENO
E450

Oscilloscope/Voltmeter software

TEKTRONIX 2225 Dual Trace 50MHz Alt TB Mag

0-5V input range

HITACHI 6525 Dual Trace 50MM CRT Readout/Cursors ........
PHILIPS PM3217 Dual Trace 506111, Delay Sweep

Connects to printer port

..............EA75
0400

HITACHI V650F Dual Trace 60MHz Delay Sweep

£49

£400

TELEOUIPTIENT D83 Dual Trace 50MIN Delay Sweep
HITACHI 4422 Dual Trace 40MM
TRIO CS1830 Dual Trace 30MHz Delay Sweep

........ L200

....D25
......8300..

--.£200

Kinn 5530 Dual Trace 3061H1
COULD 051100 Dual Trace 30MHr.....
GOULTI OS1508 Dual Trace 15MHz........... .....

£100
E125

SCOPE% 14515 Dual Trace )5MHz

E125

THIS IS JUST A SAMPLE- MANY OTHERS AVAILABLE

I0 - bit rennin

ADC -1 1

PHILIPS PM5193 PROGRAMMABLE SYNTHESIZER/FUNCTION GENERATOR

11 channel

£1500

OIMHz-501611z. IEEE -488. As new.

5-10N samples per second

Mann 2019 Synthesized AM/FM Sig Gen 80K14-1040MHz

5200
MARCONI 2018 Synthesized AINFAI Sig Gen 8001,520PAH:
E950
MUM PS0520H Synthesised Sig Gen AM/FM 100K111-510MHZ
E600
LEADER L50216 AM/FM Sig Gen 2 ranges 0.11- 30MHZ & 75-115MHz E40
P 545 Microwave Frequency Counter 10610 11611, ..
£1400
685
EIP ArdNet 351D Microwave Frequency Counter 20111-18alz.

Data logger software
0-2.5V input range
C.annests to printer port

E75

P 339A Distortion Measunng Set 10Hz-LIOKHz

t1500

RACAL/MU 1991 Hammond Universal Counter

£110

1450

RACAL 9302 RE Millivoltmeter True RMS 101110-1.5010

ACA 9301A RE Millivoltmeter True RMS 10100-1.50Hz
1300
RACAL 9009 Automatic Mod. Meter TOMM-1.56Hz VIde Deviation.......... £25
H.P. Pulse Generator type 2I4B
TONS PG73N Pulse Gm. PRE 1Hz-20MM
MARCONI 2610 True RMS Voltmeter .
GOULD Biornation MODS Logic Analyser
EITHLEY 224 Programmable Current Source
KEITHLEY 19751/1 Digtt Autoranging Microvolt DMA with 1511

8, 12,16- bit resolution + sign
8 s/e or 4 differential inputs

.0150

HP 141T with 8555A & IF Plug-in 10MHz-18GIlz .....

Data logger software
Connects to serial port

£99

E800

.

1

2350
1125

WAYNE KERR 4210 LCR Meter Accurary 0.1%......

1600

AVO AC DC Breakdown Leakage & 'matron Tester R/1215L/2

E600

................

EDO

TELE01.11PMERT CT71 Curve Tracer ....... .............................

050

MARCONI TF2700 Universal LCR Bridge Battery Irom..........

E150

FARRELL PSI. 7065A/306 10A type P/S7E4682. Metered....

ERTO

FARRELL PSI 606 256. Metered type I160/25

E400

AVO Valve Charactertstic Meter VCMI63

..

FARRELL PSI. 30V56 Metered type L30E.

E80

FARRELL Isolating Transformer GLIM 500 Watts, unused.

EH

FARRELL SSG520 Synthesised Sig Gen 10-520MHz

E400

Mod Meter. RF Power Meter. AF Voltmeter. Al Distortion Meter AF
11,1118,,e`

£400

SOLD AS A PAIR

E750

E847

NAMES OSCILLOSCOPE HM604 Dual Trace 60MHz Delay Sweep...........

E653

HOMES OSCILLOSCOPE HM205. 3 Dual Trace 20MHz Deal Storage....£852

APOLLO 10-100MHz Counter Time Rationnce/Time interval etc

£222

APOLLO 100-100MHz (As above with more tunctions)

E325

E109

METEOR 600 FREQUENCY COUNTER 6001,10z

E135

HP 140T with 85541 &8552A 500kM-1250MHz

f 1 005

METEOR 1000 FREQUENCY COUNTER 1GHz.....

E179

HP 14 IT vnth 8556A & 85520 2OHL300kHz

£1000

HP 140T with 8553L 88552A 1k112-110Mli0

58 00

El 500

1UPITOR 500 FUNCTION GEN 0 1141-5000Sine150/Tr,

6110

ORION COLOUR BAR GENERATOR Patin/Nide°

E229

All other Black Star Equipment available

Er 500

....

Ell

OSCILLOSCOPE PROBES Switchable x 1 x10 (11P 03)

nil

This is a VERY SMALL SAMPLE OF STOCK. SAE or Telep one for lists. Please check availability before ordering.
CARRIAGE all units C16. VAT to be added to Total of Goods and Carriage.

151 St Nees Road, Hardwick, Cambridge CB3 701

STEWART of READING

1250
.£350

CIRCLE NO. 127 ON REPLY CARD

_from £150
MIPS 3226-151181-12 DUAL CHANNEL
.................from £200
PHILIPS 3240-50MHz DUAL CHANNEL
from £325
PHILIPS 3261-120MHz DUAL CHANNEL.
1280
TEKTRONIX 453-100MHz DUAL CHANNEL.

RACAL DANA

. tP0A

3100 SYNTHESLTER 40-130 MHz..

5002 WIDEBAND LEVEL METER .........................................£000
-.0150
5003 DIGITAL MULTEMETER...
9000 MICROPROCESSING TIBOR/COUNTER 500MHz -.1275
9081 SYNTHESIZED SIGNAL GENERATOR- 520611n.......5600
42115
9063 2 TONE SIGNAL SOURCE
.f.250
9242D PROGRAMMABLE POWER SUPPLY 25V OA
9246$ PROGRAMMABLE POWER SUPPLY 25V -10A.........£400
.£275
93000 RMS VOLTMETER
-1250
9300 RMS VOLTMERE.
....1250
9341 LCR DATAB/UDGE

. IPOA

10MHz_

.£700

9084 SYNTHESIZED SIGNAL GENERATOR ..
9475 RUBIDIUM FREQUENCY STANDARD

NEW

from F.350

TEKTRONIX WITH ANALOGUE STORAGE 71323-100MHz 4

from 000

1615A LOGIC ANALYSERS .....-...__ _..... ........ ...... ._........1.200
180TH WITH 8755B- SWEPT AMPLTTUTDE ANALYSER
.1380
(RACK MOUNTED ...
..
..
-TIM
32008 VHF OSCILLATOR 10-50061112 ... ..

moon FUNCITONGENERATOR wrrtineininikda-IN

.E100

3400A RMS VOLTMETER ..
3406A BROADBAND SAMPLING VOLTMETER ......._........5178

3710A IF/BASEBAND TRANSMTITER III Thu WITH 3716A
.. 21.23C

14/11 Tx.

3702B IFBASEBAND RECEIVER FITTED WITH 37021A
(DIFFERENTIAL PHASE DETECTOR).

3710A AND 37010 MAIM UP
MICROWAVE LINK ANALYSER
...per pair 1760
3762A DATA GENERATOR
per par £700
3763A ERROR DETECTOR
3964A INSTRUMENTATION RECORDER (AS NEW
MO
IMMACULATE CONDITION)..
1150
400 FLT/WE AC VOLTMETER-.

MARCONI

SF CTA 9A MILLIWATT POWER METER.
IT 131 UNIVERSAL BRIDGE 0-1% .
TF 893A AF POWER METER._
TF 10669/6 FM SIGNAL GENERATOR.
TF 1073 R/F ATTENUATOR 0-100dB.
IT 1245 0 METER.
TF 1247 20-300MHz OSCILLATOR-Ti 2016A AWFMSIGNAL GDIQU,- iTOR tosau-

. MO
. f 100

_150
1100
...£70

IWO

.t250

. £178
120Mliz .
7T 2081/4 DIGITAL ERROR DETECTOR .............................5360
TF 20918 (WHITE) NOISE GENERATOR ....................._.....1203

MISCELLANEOUS

11500

ADRET 740A 51274114 SYNTHESISER..

DATRON 4700 WITH OPTIONS 20 AND 90 .........

.... ......... 25.81(

MUTSU ME538C MICROWAVE SYSTEM ANALYSER 03K
DATMAIUC AUTOMATIC TRANSISTOR TESTER (COST

Ma

TEKTRONIX 465 100MHz DUAL TRACE......_..L450
TEKTRONIX 46513 100MHz DUAL TRACE....._ ...__..........£900
TEKTRONIX 468 100MHz DIGITAL STORAGE
TRACE
9500/9515 UNIVERSAL COUNTER/TIMER 61214116.......... PGA
9520 FREQUENCY COUNTER 10MHz .._
9824 UHF FREQUENCY METER - 0- 0058010.....................£15
£160
9839 FRQUENCY COUNTER (UHF) -5801012
..L100
9901 SOMHz UNIVERSAL COUNTER TIMER
[KO
9903 50MHz UNIVERSAL COUNTER TIMER

9905 FREQUENCY COUNTER 200MW
9917 FREQUENCY METER (UHF FREQ. COUNTER -

£125

560MHz)
9919 FRQUENCY METER (UHF FREE/ COUNTER 101f2)
9932 INSTRUMENT INTERFACE ..
9303 TRUE RMS R/F LEVEL METER

T175

f275

400E AC VOLTMETER
400 E AC VOLTMETER
415E SAM METER
5342A MICROWAVE FREQUENCY COUNTER- 1.8

£150
£150

t275

GHZ
65I8 TEST OSCILLATOR 0-10.81110..
7010B X -Y RECORDER.

11280
_2150

8620C SWEEP OSCILLATOR (MAINFRAMES) .... ...,...... _2250
86900 SWEEP OSCILLATOR WITH 894 PLUGn (8-12.9

GH2)

3580A 5H,SOICH: AUDIO SPECTRUM ANALYffig....... £1250
3582A DUAL CHANNEL 251Ilis SPECTRUM
0300
ANALYSER
3585A 20117.-40MHz SPECTRUM ANALYSER

5.51t

3760A DATA GENERATOR.....................................POA
3761A ERROR DETECTOR .
. POA
3779A PRIMARY MULTIPLEX ANALYSER........................ POA

IT 20928 (WHITE) NOISE RECEIVER...
Tr 2103 SINE/SQUARE 10MHz OSCLIATOR
(BATTERY)

.. £200

.850

ME
TF 2213/1 X -Y DISPLAY
f195
TF 2300 FM/AM MODULATION METER..
TF 2330B FM/AM MODULATION METER
..8100
TF 2330 WAVE ANALYZER 20H2 -508H2
TF 2370/1 110MHz SPECTRUM ANALYZER ......................£1290
.1200
Ti 2432A 5606412 DIGITAL FREQUENCY write.
TF 2800A VIDEO VOLTMETER
TF 2600 SENSITIVE VALVE VOLTMETER..
ADRET 740A 0-512 MHZ SYNTHESIZER..

.275
..E15

item

MARKEM 175 HOT FOIL LABEL PRINTING MACHINE 02.5K
AVO RM2101/12 BREAKDOWN, LEAKAGE & IONISATION
_I 750

TESTER .

PULSEITIC 192 CALIBRATOR (AS NEW )

_11250

26K

SEND SAE FOR LIST OF EQUIPMENT, TOO NUMEROUS TO LIST HERE

ALL EQUIPMENT IS USED, WITH 30 DAYS GUARANTEE
PLEASE CHECK AVAILABILITY BEFORE ORDERING. CARRIAGE + VAT TO BE ADDED TO ALL GOODS

8, CAVANS WAY, BINLEY INDUSTRIAL ESTATE,
ENTRY CV3 2SF

TELNET
COUNIT
(Premses situated close to Eastern Bypass ,r1 Coventrywith easy access to MI, M6 M40 M69)
Telephone: 0203-650702 Fax: 0203-650773
CIRCLE NO. 128 ON REPLY CARD

* Provides 10MHz, 5MHz & 1MHz
* Use it for calibrating equipment that relies on quartz crystals, TCXOs,
VXCO5, oven crystals
* Phase locks to DROITWICH (rubidium controlled and traceable to NPL)
* For ADDED VALUE also phase locks to ALLOUIS (cesium controlled
and traceable to OP - French eq to NPL)
* British designed and British manufactured

Output frequencies -

MR

10MHz, 5MHz, 1MHz

Short term stability - better
than 1x10- 8(1 sec),

Typical - -±4x10- (1 sec)
Long term -tends to
24113-12(10:0sec)

..L125

23.52

HEWLETT PACKARD

THE DEFINITIVE `OFF -AIR'
FREQUENCY STANDARD

TEKTRONIX 2335-100MHz DUAL CHANNEL .
t575
...t1250
TEKTRONIX 2445-150MHz DUAL CHANNEL.
TEKTRONIX 7313-100MW 4 CHANNEL WITH ANALOGUE
from E3.50
STORAGE

TEKTRONIX
TEKTRONIX 7603.£300 400MHz 4 CHANNEL

.f.350

WITH ANALOGUE STORAGE.

IIETfln

110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Telephone: 10734) 268041. Fax: (0734) 351696. Callers Welcome 9am-5.30pm Mon -Fri (until 8pm Thurs).

TELNET

HEWLETT PACKARD 1741A-100MM DUAL CHANNEL
WITH
IE STORAGE
HEWLETT PACK ARD 1744A- ION& ENIAL 'CHANT&

Oa

All other models available- all oscilloscopes supplied with 1 probes

E250

Used Equipment - GUARANTEED. Manuals supplied If possible.

GOULD 054200 -DIGITAL STORAGE.
HEWLETT PACKARD 1740A-100MHz DUAL
CHANNEL

UR

NEW EQUIPMENT
HAMER OSCILLOSCOPE I1161005 Triple Trace 100MHz Delay Timeba se

E500

£1000

IL

FARRELL TTS520 Transmitter Test Set. Consisting of F/AF Counter. RI

HP 1411 welt 8554134 85525 500kHr-1250MHz..

CIRCLE NO. 126 ON REPLY CARD

492

.........................

RACALOANA 9341 Databridge Automat. Measurements 1.0 R &

METEOR 100 FREQUENCY COUNTER 1001/Hz

HP 182C with 8558B 100kHZ-1500MHz.

TEL: 0954 - 211716 FAX: 0954 211880

NEW LOOK) NOW .

RACAL/DANA RE Power Mete: 9104

WAYNE KERR 8414 RCL Meter LCD Display

60000
01500

MARCONI TF2370 30Hz-110MHz ...........

PICO TECHNOLOGY LTD

OSCILLOSCOPES

IRS

NAMES OSCILLOSCOPE HM203. 7 Dual Trace 20MHz Component Tester E362

All ;trims oidesivo of VAL

VISA

060

FARRELL ELECTRONIC LOAD R131030-35

goo

SPECTRUM ANALYSERS

2.5V input range

A

E70

...

..

BLACK STAN EQUIPMENT (P&P all units 05/

216 or 300 8 -bit samples per second

Broadway Nouse, 149

Tester. Freq Counter....F.32.50

TEKTRONIX 475 Dual Trace 200MHz Delay Sweep

one channel

ADC- 1 6

E1250

KELM PUPAE() 3490A Bench M altimeter. 5 digit. AC/DC(0h m s

TEKTRONIX 7000 SERIES OSCILLOSCOPES

All our products ore easy to install they tanned Away to
either the printer or serial port and require no power supply.

digit 8,100,1 Multimeter with true RMS AC

H.P. 5315A 1GHz F/CTR, OPTS 1, 2 8 3
FLUKE 8050A DIGITAL MULTI M ETER

£750

FISONS FI-MONITORS, LIQUID LEVEL DET'N
TELEQUIPMENT S61 SINGLE TRACE 5MHz SCOPE
PHILIPS PM6456 FM STEREO GENERATOR
MARCONI TF2333 M/F OSC/LEVEL METER
H.P. 8405A VECTOR VIMETER 1GHz
PHILIPS PM3226 15MHz DUAL TRACE
LEADER LB0522 20MHz DUAL TRACE
TELEQUIPMENT D61A 10MHz DUAL TRACE
SE LABS SM111 18MHz DUAL TRACE
TEK 465B 100MHZ DUAL TRACE DEL T/B
HP 1740A 100MHZ DUAL TRACE DEL T/B
HAMEG HZ65 COMPONENT TESTER
TEKTRONIX 520 521A PAL V/SCOPES
From
TELEQUIPMENT 067A 25MHZ, 2T, DEL T/B
H.P. 1700A 35MHZ DUAL TRACE

£85
£95
£149

SCOPEX 4D25 25MHZ DUAL TRACE
BECKMAN 9020 20MHZ DUAL TRACE
HITACHI VC 6015 10MHZ DIGITAL STORAGE
H.P. 1340A X -Y DISPLAYS

£169

WANDEUGOLTERMANN PS -3 SIGNAL GEN
MARCONI TF2304 AM/FM MOD METER PRTBLE

£169

E179

£595
£195

£225
£149
C129
£475
C450

£29

£475
£215
£249

£249
£345
£149
From £10
TEK 545/585 SERIES PLUG -INS
WANDEIJGOLTERMANN SPM-2 LEVEL METER
£169
WANDEUGOLTERMANN SPM-3 LEVEL METER
£169

XFORMERS SEC 30-0-300 20A, UNIV P RI'S C -Core

CONSTANT VOLTAGE TRANSF'S 150VA-2KVA

£249
£20
POA

MARCONI TF2331 DISTN FACTOR METER
£175
MARCONI TF2300 FM/AM MODULATION METER
£195
NASCOWGEMINI CARDS, VARIOUS
POA
MARCONI 3658 MORSE KEY BRAND NEW
£75
McKENZIE 7 DAY TEMP/HUMIDITY RCRDR
£95
19" RACK CASE 20U X 31" DEEP
£99
FEEDBACK SS0603 1MHz SINE/SO OSC
£125
AVERY 9:1 8 99:1 SCALES
C125
KAYE DEE, PNEUMO UV EXP UNIT 390 x 260mm
£175
BARCO CDCT5451 20" M/SYNC RGB UPS
£495
CONRAC 20' RGB HI-RES LONG PERS, M/SYNC
C495
HITACHI 20" CM2073A/301 RGB CAD/DTP ETC
£395
BOONTON 92BD, RF MILUVOLT METER
£295
FARNELL E350 0-350v 100mA, 2x 6.3V
£49 to £69
FARNELL FG1 FUNC GEN .2-2.2MHZ
129
COMMUNICATIONS RECEIVERS, VARIOUS
POA
PERISCOPES MILITARY No. 43 Mk.3
£19
LCR MARCONI TF1313 0.25%
£95
£59
LCR MARCONI TF868A BRIDGE
LCR COMPONENT COMPARATOR AVO CZ457/S
£95
WAYNE KERR 8321 LOW IND. BRIDGE
C39
LEVEL TM613 MICRO V -METER 450MHZ
C95
LEVELL TM3B MICRO V -METER 3MHZ
C85
OERTLING V20 SINGLE PAN BALANCES 200GM
C95
ANALYTICAL BALANCES WITH WEIGHTS 250GM
C69
VACUUM PUMPS TYP 100 MBAR (28UMIN)
£95
TOPAZ 91007-11 7-50A 120/240-120/240 (SQL
£175
KINGSHILL NS1540 15V 40A PSU's CASED, AS NEW

£195

HALCYON ELECTRONICS 423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383. FAX 081-542 0340
CIRCLE NO. 129 ON REPLY CARD
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APPLICATIONS
Drivers for IGBTs include short circuit Non-linear filter
improves wideband
protection
noise performance

Requirements for insulated gate bipolar
transistor drive circuits are similar to
those for a power mosfet driver. A series
gate resistor damps oscillations due to stray
inductance and input capacitance, as well as
limiting charge and discharge currents. But,
as Toshiba's note IGBT Drive Conditions
points out, the IGBT gate resistor not only
determines switching performance, but also
controls the device's dissipation under shortcircuit conditions.
All five drivers mentioned within the note
provide the necessary ±15V swing and all
but one, which receives its signal via a pulse
transformer, are optically isolated. In the
circuit shown, Tr5 offers protection by
limiting current to the IGBT's peak collector
rating under fault conditions. When the
collector of Tr3 is pulled upwards

excessively by its load during saturation, Tr5
turns on to reduce the IGBT gate voltage to
a level determined potential divider R2,3.
The zener diode determines the IGBT
collector voltage level at which Tr5 turns on
and Tr6 is needed to discharge the capacitor.
One of the remaining circuits is identical
to the one shown with the exception that it
has no R3. As a result, the protection
mechanism turns the IGBT off rather than
limiting it. There is also a driver that
provides an error signal, via logic gates,
indicating a short circuit. Transient
overloads, which the IGBT can handle, are
filtered out by the logic.

Toshiba Electronics (UK) Ltd, Riverside
Way, Camberley, Surrey GU15 3YA,
Phone 0276 694600.

+15V

300 K

-I

K oise is commonly filtered to improve
signal-to-noise ratio in data conversion
systems. Such filtering has the drawback
that it decreases bandwidth which in turn
increases settling time. One solution is
claimed to be a non-linear low-pass filter
which provides a 4 -to -1 improvement over a
traditional single -pole RC filter, reducing
settling time from 147 to 37µs.
With simple non-linear filters based on
diodes strategically based to provide
charge/discharge paths for the capacitor
elements, benefits of the circuit reduce as
the input step voltage reduces. This
improved circuit reduces that drawback by
reducing the threshold below the diode
voltage drop. A full discussion is presented
in Burr Brown's application bulletin AB022.
To understand how a non-linear filter can
improve settling time, consider the simple
diode clamped nonlinear filter shown in Fig. 1.

1-*
R1

100K0
R2

144

D1 I -22V

2SC2710

04AZ22
Rg

T3

MG8N6ES1

1500

R,

T2

10kil

25A1150
OV
8

Diodes
1N4148
VouT

1
6

R3

33K s-2,

TLP559

For 10kHz, C, = 1592pF.
f

1.2K0
T4

2SC2458

2SC2458

2SC
245

- C1

5600

10pF

-15V

ICP
Ic

+15

NOMINAL IC

VGE
-15

411-110.
SHORT
CIRCUIT
(DURATION s 1 MS)

= 1/(2 IC II, C,)

T6

T5

Short circuit
detected
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Fig. 1. Settling time is improved because the

filter capacitor C1 is charged faster through the
low forward biased diode impedance during the
initial portion of a large input step change.

Settling time is improved because the filter
capacitor C1 is charged faster through the
low forward biased diode impedance during
the initial portion of a large input step
change. When the difference between the
input and output voltage becomes less than
the forward biased diode drop, the diode
turns off and C1 reacts with Ri alone. At this
point, the circuit behaves like a normal
single pole RC filter.
Assuming diode resistance is negligible,

493
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For 10kHz, C, = 1592pF.

. 1/(2 ir R, C,)
Fig. 2. Improved nonlinear filter can improve
0.01% settling time for a conventional filter by
4/1 for a 20V step.

the improvement in settling time depends on
the ratio of the input step voltage to the
forward biased diode voltage.
Improvement in settling time only occurs
when the voltage step is much larger than
the diode drop. Small steps show less
improvement over normal circuit time
constant dictates. As the step change
approaches the forward biased diode
voltage, the simple nonlinear filter offers no
improvement.
By reducing the threshold to below one
diode drop, the settling time can be
improved for smaller inputs. The improved
nonlinear filter shown in Fig. 2 allows
adjustment of the threshold to a small
arbitrary value by adjusting the ratio of R1
and R2.

To see how the improved non-linear filter
works, notice that the op -amp forces the
voltage at its inverting input to be the same

as at the non -inverting input. For small
differences between the output voltage and
the input voltage, the difference is dropped
across the 10k52 resistor, RI and the filter
behaves like a single -pole filter with an RC
time constant. The voltage divider formed
by R1 and R2 amplifies the voltage
difference across R I, as seen at the top of R2,
by (1 + R2/R1). As the voltage across the R1,
R2 divider becomes larger, one of the diodes
(which one depends on signal polarity)
begins to conduct, and the capacitor is
rapidly charged through it. This occurs at a
voltage difference between the input and
output of about 0.6V/(1 + R2/R1) or about
20mV with the values shown. With the
diode forward biased, the time constant of
the filter becomes very small, limited only
by op amp slew rate or current limit.
To determine the component values for the
improved nonlinear filter, consider the
noise -reduction requirements of the filter.
For example, if you want to filter the noise
of a 20V full-scale signal to 0.01%
resolution, the peak noise must be filtered to
less than 0.01% of 20V, i.e. 2mV peak.
A clamp threshold of ten times this peak
(20mV) is an arbitrary but ample threshold.
The component values shown in Fig. 2
achieve this. For a 20V step as before, the
improvement in settling time is
ln(0.02/20)=6.9 time constants. In other
words, for a 20V step, the improved
nonlinear filter can improve 0.01% settling
time from 9.2 time constants to (9.2) - (6.9)
= 2.3 time constants -a four -to -one
improvement.
In some instances, the input signal may
have noise peaks above the 20mV threshold
of the nonlinear filter. If the noise of the
input signal to the nonlinear filter is greater
than the 20mV threshold, the filter will

MI

Fig. 3. Improved nonlinear filter with extra
networks to ensure stability when driving
capacitive loads.

mistake the noise for a step input and fail to
filter it out. To prevent this situation an
input pre -filter can be added to the nonlinear
filter as shown in Fig. 3. The prefilter's
bandwidth is set by R4 and C3. To minimize
the prefilter's effect on settling time, its
bandwidth is set ten times higher than the
bandwidth of the nonlinear filter. At this
higher bandwidth, the prefilter's effect on
settling time is negligible.
Burr Brown International Ltd, 1 Millfield
House, Woodshots Meadow, Watford,
Hertfordshire, Phone 0923 33837.

a

a

Data line driving with isolation
I n Maxim's article What the EIA
I Specs Don't Tell You, there is a
circuit demonstrating that the
MAX250 has a built-in transformer
driver to provide power to the
RS232 driver on the output side of
the isolation barrier. A discussion
of the effects of cable capacitance
is included in this article, which
appears in the company's data
book, as are tables comparing
EIA232D, EIA423A, EIA422A
and RS485 standards. Transformer
requirements are discussed in the
MAX250 data sheet.
Maxim Integrated Products UK
Ltd, 21c Horseshoe Park,
Pangbourne, Reading, Berkshire
RG8 7JW, Phone 0734 845255.

014190

.5V
1:1 TRANSFORMER
SEE TABLES 2 AND 3

2
U
14

4

TTUCMOS
INPUTS ll

3

5

6

re

12

a

10

9

TTUCMOS
OUTPUTS

KouT

11

8 EN

CONTROL

1

7

SHUTDOWN
GND

T1µF
6N136 HIGHER SPEED ALTERNATE
OPTOCOUPLER
8

a

a
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Controller has built-in LCD driver
I n order to demonstrate uses of its four bit microcontroller, NEC has produced
note AN183 describing how the device
can form the basis of a general-purpose
event counter with LCD.
From the circuit one can see that the
µPD753xx controller has a built-in LCD
driver which in this case drives a 112

Pressure sensor

controls motor
E eedback information needed to maintain a
I particular pressure is provided by a
piezoelectric pressure sensor in this circuit
from Motorola's booklet Pressure Sensors

Vdd

(BR11210).

al

segment, four-backplane display. A full
software listing is included in the
description.
NEC Electronics UK Ltd, Cygnus
House, Sunrise Parkway, Linford
Wood Business Centre, Linford Wood,
Milton Keynes MK14 6NP, Phone
0908 691133.

Vp Vd

Output from the MPX5100 sensor is
compared with a reference from divider R11_
3 to determine whether the MC33033
controller turns the brushless motor on or
off. Output of the sensor varies from about
0.5 to 4.5V for corresponding pressures
from 0 to 100kPa. Hysteresis is built into the
circuit to avoid chatter.
Also in the booklet are descriptions of the
sensor technology, reliability issues and a
variety of application circuits, one of which
is a microprocessor -based manometer with
LCD. A software listing is included.
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Custom metalwork
good & quick!

cvic

Plus a wide range of rack -mounting
cases etc. from stock.
Send for our new oduct Catalogue.

Chelmer Valve Company
Worldwide supplier
with 30 year's experience
Electron tubes: Transmitting,
Industrial, Microwave, Audio,

Receiving, Display, etc, etc.
For Maintenance, Spares or
Production.
Semiconductors: Transistors,
Thyristors, Diodes, RF, Power I/C's,
etc.
We have one of the largest stocks
in the U.K.

iva

* TRY US! *

so

FAX, PHONE, POST OR TELEX YOUR REQUIREMENTS

130 NEW LONDON ROAD, CHELMSFORD,
ESSEX CM2 ORG, ENGLAND

IPK Broadcast Systems
3 Darwin Close Reading Berks RG2 0TB

Telephone: (0245) 355296/265865
Fax: (024S) 490064
Telex: 995398 SEEVEE G

Tel: (0734) 311030 Fax: (0734) 313836
IPX

CIRCLE NO. 130 ON REPLY CARD

CIRCLE NO. 131 ON REPLY CARD

REPRINTS
a ready made sales aid
If you are interested in a particular article or
advertisement, you should take advantage of our reprint
service. We offer an excellent, reasonably priced service.
For further details and a quotation (minimum no. 250),
contact:
Jan Crowther
Room 1006, Quadrant House, The Quadrant
Sutton, Surrey SM2 5AS, UK
Telephone: 081-652 8229 Fax: 081-652 4728
CIRCLE NO. 132 ON REPLY CARD
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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
Hutchings has written
additional chapters on D -to -

a

A and A -to -D conversion,

INTERFACING

WITH C
by

HOWARD HUTCHINGS
Interfacing with C can be obtained from Lorraine Spindler, Room
1333, 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.

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.
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TELEVISION
Subscribe to the magazine
that experienced electronics
professionals never miss
Servicing solutions
TV fault finding
New Products
VCR clinic
Satellite TV
Equipment reviews

Whatever your interest in the world of television electronics, there's a
wealth of news, advice and hard information for you in TELEVISION.
TELEVISION offers you a definitive guide to today's TV electronics
'business, keeping you up-to-date with new developments in TV, video and
satellite - whilst furnishing you with 'hands-on' advice and information on
the latest equipment.

Readers' letters

EVERY MONTH - EVERYTHING YOU NEED TO KNOW
Once you are a subscriber to TELEVISION you'll enjoy a great information
advantage. You'll be ahead of all of the latest product developments - you'll
receive inside information on important techniques and time -saving work
methods - and, importantly, you'll have access to the most comprehensive
marketplace for components and services in the UK.

CD players casebook
Components
News and comment
And much more!

Quite simply TELEVISION is the 'bible' of the television electronics industry - if you want to keep
up with the competition, you can't afford to be without it.
SUBSCRIBING IS SIMPLE

Complete the coupon and return it to us at TELEVISION, Reed Business Publishing, FREEPOST,
9th Floor, Quadrant House, The Quadrant, SUTTON, Surrey SM2 5BR
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SAVE £3
SAVE £8

A 11111kr

ir" PAN,

1 L I enclose a cheque for £
to Reed Business Publishing
2 Please charge my:

Job Title

Access
Diners Club
Expiry Date

Company

DPIEELILIf LiLIED

Name

Address

made payable

Visa
Fl American Express

ab.

_

..,

-IL_

3 Please invoice me/my company
Order No

Postcode
Telephone No

4 Or alternatively just ring our credit card hot-line or
0622 721666 and quote reference RJ3

Fax No.

Are you registered for VAT, Yes
No 1- 1
If yes, please supply your registration Number

Reed Business Publishing
Company Registered in England
(registered number 151537)
VAT no: 235723565

Please send a VAT receipt
Signature

Date

Prices apply to UK, Isle of Man, and Channel Islands only.

ANALOGUE DESIGN

a
a

a
a

No perfect waveforms
in an imperfect world
Digital engineers who
always visualise
waveforms from gates
and flip-flops as crisp,
vertical rises are not
living in the real world.

When signals are in a hurry, it can be

crucial to remember that waveforms from gates and flop -flops
have finite rise -times and delays and that the
output of a gate may not change at the same
time as the input.
For example, if the data input of a D flipflop rises just before the clock pulse is applied,
the output goes high. If the data input rises just
after, the output goes low. But if the D input
moves at the wrong time, the output can show
"metastability", hanging momentarily halfway

between high and low and taking several

Serialised from
Troubleshooting
Analog Circuits
by Robert Pease.

dozen nanoseconds to finally decide which
way to go. Or, if the data comes a moment
earlier or later, the result might be an abnormally narrow output pulse -a "runt pulse."
Feeding a runt pulse to another flip-flop or

counter can easily cause it to respond falsely
and count to a new state that might be illegal.
So they should be avoided - and make sure

that you don't clock flip-flops at random
times. Fig. la contains an example of a D flipflop application that can exhibit this problem.
When the comparator state changes at random
times, it will occasionally change at precisely
the wrong time - on the clock's rising edge -

making the output pulse narrower or wider
Fig. la). Runt pulses cause problems in this
simple A -to -D. The comparator state changes
at random times. Occasionally, the state will
change at precisely the wrong time - on the
clock's rising edge - making the output pulse
narrower or wider than normal. The problem
can be solved by using two flip-flops with the
clocks separated by a delay.

Pulse output
with duty cycle
proportional to Vin

Comparator

Comparator
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Pulse output
with duty cycle
proportional to Vin

499

ANALOGUE DESIGN

than normal. In certain types of A -to -D converters, the effect can cause non -linearity or
distortion. A good solution is to use a delayed
clock to transfer the data into a second flipflop (Fig. 1 b).
A classic example of a glitch (another name
for a runt pulse) occurs when a ripple counter,
such as a 7493, feeds into a decoder, such as a
7442. When the counter makes a carry from
0111 to 1000, for a few nanoseconds the out-

put code will be 0000, and the decoder can
spit out a narrow pulse of perhaps 6-8ns in
duration corresponding to 0000. Even on a
good scope, such a pulse can be just narrow
enough to escape detection. If the decoder
were merely feeding a led display, the sub -

For cmos,

= Vs

R2 - 1-Vs

Example: +V, = 5V, -V, = -5V, R, = R, = 10k
For TFL choose

Op amp or comparator
(LM339,324 or similar)

Fig. 2. Driving logic from an op amp
operating from the usual large supply
voltages requires an attenuator between
the amplifier and the logic IC. The
following equations show how to
calculate the attenuator ratios.

+V
R2

+ 0.16mA

R1

Example: +v =5V, -V, = -5V, R, = 4.7k, R2 = 2.2k
For TFL choose
I

R2

- +V,
+ 0.16MA
R,

Example: +V, =5V,
5V, -y, = -5V, R, =4.7k, R, =3k

microsecond light pulse would never be seen,

but if the decoded output goes to a digital

Of course, the unbuffered parts are faster with

counter, a false count can occur.

light capacitive loads, but the buffered ones
are faster with heavy loads. So in a critical
application, remember that substituting different vendors' parts can mess up a circuit.
Be careful when interfacing from linear ICs

Digital system engineers often use logic
analysers, storage scopes, and scopes with
very broad band widths to look for glitches or
runt pulses and the conditions that cause them.
In analog systems, a logic analyser may not be
an option, but these nasty narrow pulses often
do exist, and must be considered.
Another fact to remember about digital ICs
is that many cmos ICs have the same pinouts

ator output, the overshoot went away.
So, even when using a fairly high impedance probe, be prepared for the possi-

bility that looking at a signal can seriously
affect it - even when it is as mundane and

supposedly robust as a TTL output. You

into digital ones. For example, an LM324 running on a single 5V supply does not have a lot
of margin to drive cmos inputs. But an op amp
running on ±5 or ±10V would need some kind
of attenuation or resistive protection to avoid

should be prepared to build your own special-

abusing the logic device inputs (Fig.

D -to -A converters are pretty simple machines,

2).

problems. If the manufacturer designed it correctly and it is not being misapplyed, a D -to -A
will not usually cause much grief.
But one area where D -to -As can cause trouble is with noise. Most D -to -As are not char -

Likewise, it is
considered
bad

form to overdrive
the inputs of digital
ICs just because
Fig. 3a) Cmos pulse generator, not

they are protected
by built-in clamp
diodes. For exam-

recommended because, with the

ple, you can make a

values shown, it overdrives the

pulse generator, as
per Fig. 3, but it is
considered
poor

gate inputs excessively - as a wave-

form (b) indicate.

purpose probes to allow you to see what is
really going on.

D -to -A converters are generally docile

and usually give excellent results with few

Fig. 4. Addition of resistors to the circuit of
(Fig. 3a) helps reduce overdrive, but the
addition of diode clamps in the shunt leg of
the attenuators (b) is more effective. If two
two -input Nand gates are available, circuit (c)
is the best implementation.

practice to drive the
inputs hard into the

rail and beyond, as

as TTL parts. For example, the 74193,
74LS193, and 74C193 have the same pinouts.

On the other hand, some of the older cmos
parts have pinouts that differ from those of
similarly numbered TTL devices. The 74C86

pinout is the same as the 74L86 but differs
from the 7486. Beware!
Similarly, some cmos devices have many -

but not all - of their functions in common
with those of their TTL counterparts. For
example, the 74C74 has the same pinout and
95% of the same functions as the TTL 7474.

will be the case if the capacitance is more than
0.01µF or the power supply voltage is higher

than 6V. The circuits in Fig. 4 do as good a
job without overdriving the inputs.
I have been cautioned that some LS-TTL
parts such as DM74LS86 and 74,575 are very

touchy when their inputs are pulled below
ground - even micro -momentarily - and give
false readings for a long time. It sounds to me
that there are probably currents being injected
into tubs, as with an LM339: Thus, these are

unhappy parts if the inputs are overdriven

Both follow, mostly, the same truth table,
except that when both the preset and clear

much below ground.

inputs are pulled low, the TTL device's out-

Probing questions
A number of years ago, I was watching the
negative transition of an ordinary TTL gate,
and I was concerned by the way it was overshooting to -0.4V. I set up an attenuator with

puts (Q and /Q) both go low, whereas the
cmos outputs both go high.
In some cases there is a choice of buffered
gate (CD4001BN), an unbuffered gate
(CD4001),
an unbuffered
inverter
(MM74HCU04), or a buffered inverter
(MM74HC04). Sometimes, specifying a part

number will bring an unbuffered part from
one vendor and a buffered one from another.

500

1pF in the input leg (Fig. 5), and was astounded to see that if I looked at the waveform with

an ordinary (11pF) probe, the overshoot
occurred. But if I disconnected the probe from
the gate output and connected it to the attenu-
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acterised or guaranteed to reject high -frequency noise and spikes on the supply volt-

analogue output, but will not completely eliminate it. The bus can move around incessantly,

ages. In some cases, DC rejection can be 80 or
100dB, but high -frequency noise on a supply
can come through to the output virtually unattenuated.
So the system must be planned carefully. It
might be a good idea, in a critical application,

and capacitive coupling or even PC -board
leakage will sometimes cause significant
crosstalk into the analogue world. Even IC

ital signals to pass through to the analogue
side and show up on the D -to -A output.
Nobody has a spec for rejection of the noise

sockets can contribute to this noise. If it could
be proved that such noise would not bother a
circuit, it could be forgotten. The problem is
that meaningful measurements of such effects
can only be made on an operating prototype computer modelling is not going to simulate
this.
Multiplying D -to -As are popular and quite
versatile. But a multiplying D -to -A's linearity
can be degraded if the output amplifier's offset voltage is not very close to zero.
Degradation of linearity has been estimated at
0.01% per millivolt of offset. Fortunately, low
offset op amps are pretty cheap these days -at

on D -to -A bit lines in either the high or low

least a low offset op amp is cheaper than a

state: maybe vendors should specify this

trim -pot.

parameter, because some D -to -As are good;
others are not.
I even recall a case where I had to preload
the TTL outputs of a modular D-to-A's internal storage register with a 21d2 resistor from

Another imperfection of any multiplying D -to -A is its AC
response for different
codes. Put in a 30kHz
sine wave as the ref-

to use a completely separate power -supply
regulator for a precision D -to -A. At least plen-

ty of good power -supply bypass capacitors
should be added right at the power supply pins

- ceramic and tantalum capacitors.

Sometimes feeding signals to a D -to -A
without passing them through buffers, allows
the noise, ringing, and slow settling of the dig-

each line to ground. Otherwise they would
overshoot when going high and then recover

erence

when going from a code of 1000 0000 to a
code of 0111 1111.

In fact, if the frequency is above 5kHz, a
0.2% or larger error might result because the
multiplying D -to -A's ladders, whose attenuation is a linear function of the input code at
DC, become slightly non-linear at high frequencies due to stray capacitance. Non -linearity can be 0.2%, and the phase change as
the input code is varied can exceed 2°, even
with a 5kHz reference. So don't let these AC
errors in multiplying D -to -As come as a surprise.
Another problem with D -to -As is the output
Fig. 5. An ordinary high -impedance probe can
cause TTL ouputs to appear to overshoot when

observed, but not when they are not being
observed. The effect can be eliminated by
making a very -high impedance probe that
presents only a 1 pF capacitive load.

This probe causes TTL gate to overshoot
at high -to -low transition

TTL

and no-one

with a long slow tail, an attenuated version of
which would then appear on the D -to -A output.

should really be surprised if the gain
from the reference to

11p, x10 Probe

On -chip buffers at a D -to -A's input can help
cut down feed -through from the bit lines to the

the output changes by
more than 1LSB

This probe
does not

Troubleshooting Analog Circuits
In this book Bob Pease brings together many of the techniques
he has developed over the years to expedite debugging and
trouble -shooting analogue circuits.
Based on his popular series in the US's EDN magazine, the
book also contains new and updated material. Pease's
approach to problem identification and isolation makes the
book a useful aid to any analogue or digital engineer whether experienced or not.

Available direct by postal application to Lorraine Spindler, EW
+ WW, Quadrant House, The Quadrant, Sutton, Surrey SM2
5AS. Cost £21.45 including postage and packing. Cheques
made payable to Reed Business Publishing Ltd.

Troubleshooting
Analoc
Circuits
ANia

Published by Butterworth -Heinemann.
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ANCHOR SURPLUS LTD
THE CATTLE MARKET
NOTTINGHAM
NG2 3GY
TEL: (0602) 864902 & 864041
FAX: (0602) 864667

OSCILLOSCOPE SPECIAL
+1' cp(cec.-

" '410,11.14

ay.

Philips PM3217 oscilloscope Special Offer

for 1 month only tested + Cal verified £295.o0
Other oscilloscopes in stock include:
MARCONI TF 2022 Signal Generators AM FM
10Khz to 1000Mhz
£1100
FARNELL RB1030-35 Electronic Loads 30V at
35A Capability. 3.5 Digit LED Readout of Volts and
Amps
£199
RACAL RF Millivoltmeters 9301
£99
9302
£115
SAYROSA 252 Automatic Modulation Meters £99
MARCONI TF 2008 10khz to 520 mhz AM FM
£299
sweep
MARCONI TF 2015 10mhz to 520 mhz AM
FM
£199
FARNELL SSG520 Synthesised Signal Gens
10Mhz-520Mhz
£499
FARNELL TTS520 Transmitter Test Sets 10Mhz£649
520Mhz
FARNELL LA520 Wide Band Amplifiers (27db)
for SSG520
£75
BIRD DUMMY LOADS 150W £80 500W £95

OSCILLOSCOPES

34 Models in Stock

. .

. These are just a selection

FARNELL DTV 12-14 12Mhz Dual Trace
FARNELL DTC12 12Mhz with Component

£150

Tester

£175

TEK/Telequipment D755 50Mhz Dual Trace and
Timebase
£245

TEK/Telequipment D83 Dual Trace and
Timebase

£275

GOULD 053600 + DM3010 100Mhz Dual Trace
and TB + DVM
£375
TEK 475 200Mhz Dual Trace and Timebase

£475

HP1740A Dual Trace and Timebase 100Mhz £575
TEK 2215 60Mhz Dual Trace and Timebase

£575

HP1741A 100Mhz Dual Trace and Timebase +
Storage
£675

All prices excluding VAT & carriage.

LVISA

CIRCLE NO. 134 ON REPLY CARD
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NEW PRODUCTS CLASSIFIED

ACTIVE
Asics
8GHz transistor array. Four field configurable transistor arrays by
Harris in the HFAXXXX series contain
8GHz n -p -n and/or 5.5GHz p -n -p

devices, which are designed for
analogue circuitry. Each transistor
can work independently, being
isolated by means of the Harris UHF1
trench and bonded -wafer isolation
technique, their characteristics
tracking with temperature. Pspice
models are available. Harris
Semiconductor (UK), 0276 686886.

A -to -D & D -to -A

converters
12 -bit A -to -D. Analog's AD1674, an
upgrade from the AD574/674, is
claimed to be the only device in a 28 pin dip or SOIC to include a wide band (1MHz) sample -and hold
amplifier. Conversion rate is
100ks/s/10µs; THD typically -90dB;

signal-to-noise plus distortion -70dB
and intermodulation distortion -80dB.
Three -state buffers allow direct
connection to external digital circuitry.
Analog Devices, 0932 253320.

Discrete active devices
Protected mosfet. A 60V power
mosfet from Zetex operates in
avalanche mode during an over voltage state, absorbing a repetitive
5mJ. Continuous current handling is
0.6A. With a drain current of 1mA, the
4206AV gate -source threshold is
between 1.3V and 3V, on resistance
at 10V being 10. Operating
temperature -50°C to 150°C. Zetex
plc, 061 627 4963.

Digital signal processor
Fast DSP. Although otherwise
identical to Analog's ADSP-21020
family, ADSP-21020KG is about four
times as fast as other devices that
cost roughly the same. It features
0.58ms execution time for a 1024 point complex FFT, an operation that
can take up to 2ms with other
devices. Other features remain the
same as in the earlier version. Analog
Devices, 0932 253320.

Linear integrated
circuits
Quad audio switch. Meant for audio
signal routeing, Analog's SSM-2404
quad switch IC contains four single pole, single -throw bilateral switches in
its 20 -pin plastic or SOIC package. An
on resistance of typically 450,
combined with 0.0065% THD from 2V
RMS at 1kHz, off -state isolation and
cross -talk of -100dB and -94dB, and
wide -band noise density of 0.6gV
peak combine the advantages of
analogue switching with better audio
performance. Analog Devices, 0932
253320.

frequencies up to 2GHz. Dead zone
and noise are reduced and power
consumption is 18mW. Supply
voltage is 2.7V -5.5V. National
Semiconductor, 01049 81 41-10 35
50

Single -chip AM/FM receivers.

Vari-gain amplifiers. 35MHz
bandwidth, -60dBc total harmonic

TEA5710/1/2 by Philips are single chip receivers with integrated mosfet
RF stages and IF/mixer/demodulator
stages for AM and FM reception. In
addition, TEA5711/2 have stereo
decoders and the 5712 an IF counter
output for use with PLL frequency
synthesisers. AM sensitivity is
1.6mV/m for 26dB s:n, tuning range
being up to 30MHz. Sensitivity on FM
is 2µV at 26dB s:n. Philips
Semiconductors Ltd, 071 436 4144.

distortion and 1.4nVh1Hz input noise
are features of Analog's AD600 and
AD602 dual -channel variable -gain
amplifiers for AGC application. Gain is
continuously variable over a 40dB
range by a linear control voltage with
a scale factor of 32dB/V. Gain ripple
is ±0.2dB. Amplifiers can be
cascaded to give a total control range
of 80dB. Analog Devices, 0932
253320.

Precision op -amps. To condition
low-level signals from battery powered sensors with high accuracy,
Texas has the TLC2272 and
TLC2274 dual and quad cmos op amps. They are packed in Texas's
Thin Shrink Small Outline Packages
with a height of 1.1mm and are
intended to amplify signals from
automotive devices, temperature and

Modulation IC. Generating AM, FM,
PM or compound carriers at UHF, the
RF2402 from RF Micro Devices
contains all necessary components
including differential amplifiers for
base -band inputs, a 90° hybrid phase
splitter, limiting local -oscillator
amplifierss, mixers, combining
amplifier and output amplifier. Anglia
Microwaves Ltd, 0277 630000.
45MHz op -amps. Dual and quad op amps by Linear Technology are in
SO8 (dual) or the 16 -lead SO
package. Settling time is 9Ons for a
10V step and the devices are stable
into any capacitive load. Minimum
open -loop gain is 70dB into 5000
from a trimmed input offset of 2mV.
Slew rate is 400V/µs. Micro Call Ltd,
0844 261939.
Rail -to -rail op -amps. With what is
claimed to be an unique combination
of rail -to -rail input and output,
National's LMC6482 and 6484 cmos
op -amps accept single supply lines of
between 3V and 15V. Input offset
voltage is 7500 and common -mode
rejection ratio a minimum of 70dB.
The devices work into loads down to
6000. National Semiconductor,
01049 81 41-10 35 50

RF synthesisers. The first in a series
of RF products by National is the
PLLatinum series of phase -locked loop RF synthesisers operating at

June 1993 ELECTRONICS WORLD + WIRELESS WORLD

pressure sensors, etc. A rail -to -rail
output swing and a 950gV input
offset, accompanied by low noise and
high input impedance, allow the
devices to replace more expensive
instrumentation amplifiers. Texas
Instruments, 0234 223252.

Logic building blocks
Pulse -delay chip. Digitally
programmable delay between an
input trigger edge and an output edge
is provided by Analog's AD9505
pulse -edge delay vernier chip. Delay
is between 1.5ns and 25ns and is
controlled by a built-in 8 -bit D -to -A
converter to 1 Ops resolution. At
60MHz, differential non -linearity is

±1LSB. Incremental delays are
programmable on the fly. Analog
Devices, 0932 253320.

Low -power clock. Clock circuits
needing only 5µA at 32kHz are
realisable using the Harris HA7210
crystal -controlled oscillator chip in 27V systems. It is programmable from
10kHz to 10MHz and is provided with
a disable pin to switch the output to a
high -impedance state for test or when
several oscillators are in use. Harris
Semiconductor (UK), 0276 686886.

Memory chips
Video field memory. Oki's
MSM514221A is a 1Mbit video field
memory with a cycle time of 3Ons and

Laser diode. Sony's SLD323V
near -infrared laser diode emits
800mW through a 100p.m
aperture at 790-830nm enough optical density for
material processing and
medical applications. Power
taken is 1.3A at 3V, threshold
current being 0.3A. Sony
Semiconductor Europe Ltd,
0784 466660.

is designed for first -in, first -out serial
data access in digital or high definition television involving special
effects or freeze frame. Typical
current consumption is 50mA.
Highland Electronics Ltd, 0444
236000.

16Mbil dram. HY5116XXX series
drams by Hyundai are in cmos silicon gate technology and offer access
times down to 6Ons. They need a 5V
supply and interface directly with logic
such as Schottky TTL. Hyundai
Electronics Europe, 081 741 8634.
Mixed -signal ICs.
Image compression. A chipset by
Zoran allows the development of full motion video and still -image
compression products, including
computer boards for multi -media
application, digital still cameras and
peripherals. The set includes a
discrete cosine transform processor
and an image coder/decoder perform
compression complying with the
JPEG baseline standard. Emphasis is
on low cost.

Optical devices
3W laser diode. A GaAlAs laser
diode from Sony, the SLD325ZT has
maximum optical output of 3.3W in
the 790-830nm band. It is contained
in a 12 -pin flat pack with integral
photodiode, thermistor and
thermoelectric cooler so that its
emission wavelength is adjustable by
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Mosfet power switch. Hitachi's
2SJ317 is a p -channel mosfet
intended use in portable equipment,
in which some of the circuitry can be
switched off when not needed to
reduce power consumption. On
resistance of this 12V, 2A device,
which has a 2.5V gate drive, is 0.280
at 4V. Surface -mounted, the mosfet
measures only 4.5mm by 2.5mm by
1.5mm. Hitachi Europe Ltd, 0628
585000.

5A step-down converter. Maxim's
MAX724 pulse -width -modulated DC DC converter has an internal 6.5A
switch and is optimised for step-down
working. It takes a 8V -40V input (60V

for the /H version), the output being
settable to any voltage between 2.5V
and the input voltage by two resistors.
Maxim Integrated Products Ltd, 0734
845255.

Oscillators
Oscillators. Oscillators in the
new Champion Technologies
range crystal types compatible
withTTL, cmos and ECL, SM
clock oscillators working up to
40MHz, voltage -controlled
oscillators, temperature controlled types and high frequency TTL clocks for
130MHz working. Acal
Electronics Ltd, 0344 727272.

varying the temperature. Sony
Semiconductor Europe Ltd, 0784
466660.

Voltage dropper. Semtech's EZ
Dropper provides a constant 1.7V or
2V drop while passing currents 0.1A
to 1A. Two versions give 3V and 3.3V
outputs from 5V input, while the third
provides an adjustable output from
2.7V to 3.3V, external components
extending the range of adjustment to
1.5-10V. No filtering is needed, since
the devices produce no EMI or
spikes. Semtech Ltd, 0592 773520.

Switching regulator. UC2575
regulators contain all the active
functions needed to form a buck
switching regulator in one chip, giving
±3% tolerance and driving a 1A load.
A 40V output is standard, but there is
also a 60V version, the UC2575HV,
both types producing 5V, 12V or 15V
outputs. Unitrode (UK) Ltd, 081 318
1431.

Power semiconductors
Power -factor correction. Micro
Linear's ML4830 is a power factor
corrector for fluorescent -light ballasts.
It uses average -current sensing, with
a current -fed multiplier and over voltage protection, producing power
factors of better than 0.99 at over
99% efficiency. The ballast section
allows programmable pre -heat and
tube out -of -socket interrupt times,
controlling light output by means of
tube current feedback and either
frequency or pulse -width modulation.
Ambar Components Ltd, 0844
261144.

Battery power controller. Replacing
five ICs normally used for power
conversion and regulation in Battery powered equipment, Micro Linear's
ML4862 has a built-in DC -to -DC
converter and regulator. Battery
voltage from 5.5V to 20V is controlled
to 5V or 3.3V, depending on
configuration. The chip provides
mosfet drive to turn off unused
sections of circuit and will disconnect
the battery on connection of an AC
adaptor. Ambar Components Ltd,
0844 261144.
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Passive components
Ceramic PSU capacitors. MF30
capacitors from AVX are high -value
multilayer types for power input and
output filters in resonant converters,
DC -DC converters and other PSU
types. In 50V, 100V and 200V DC
versions, capcitance covers the range
11.tF to 100µF, with very low ESR and
ESL figures. AVX Ltd, 0252 336868.

Ceramic discs. Cera-Mite high voltage disc ceramic capacitors cover
the 100pF to 0.01µF range of values
at voltages from 1 kV DC to 10kV DC
in seven series, including the EIA
class III types. The components are
tested to 4kV AC and conform to most
of the international standards for
coupling, by-pass and RFI/EMI filters.

Two of the series possess ultra -stable
capacitance over a range of
temperature, frequency and voltage
variation. Acal Electronics Ltd, 0344
727272.

tolerances to ±5% and capacitances
up to 18µF. Vitramon Ltd, 0628
524933.

SM inductors. Toko's D7 range of

Bicolour led. Dialight's series 5503605 circuit board indicator has two
leds, green and yellow, in a rightangle 5mm package. Luminous
intensity is 5mcd at 10mA. BLP
Components Ltd, 0638 665161.

low -profile, surface -mounted
inductors are less than 5mm high.

Inductance values from li.tH to 4700
are available in current ratings 0.1953.12A. There is also a magnetically
shielded version with an external
ferrite ring. Coil terminations are
separate from the mounting pads.
Cirkit Distribution Ltd, 0992 444111.
HF crystals. Crystals in the AB
HC49/SD3 range from Flint comes in
164 frequencies from 3.2MHz to
48MHz, with others up to 70MHz on
request. The devices withstand
infrared, wave and vapour -phase
soldering for surface -mounting. Flint
Distribution, 0530 510333.

Surge suppressors. Designed to
protect automotive electronics against
huge transient, Harris's TVS chips will
take a 24.5V jump sstart for five
minutes and up to 25j of transient
energy in less space than a
conventional zener diode.
V18AUMLA1210/1812/2220 are rated
at 3j/10j/25j and the surface mounting
eliminates package -lead inductance
for quick response. They have a
symmetrical breakdown and go into a
shorted state when over -stressed.
Harris Semiconductor (UK), 0276
686886.

Chip inductors. Surface -mounted
chip inductors from Murata exhibit a
2% tolerance, allowing many
oscillator types to dispense with
adjustment components. LQS33N
coils have a Q of over 80 and values
from 11.tH to 100µH, also possessing
an integral ferrite shield, which assists
with high mounting density. Murata
Electronics (UK) Ltd, 0252 811666.

Electrolytics. ST electrolytic
capacitors made by Nichicon operate
from -55°C to 105°C, having a load
life of 32.000 hours at 55°C. Values
are 0.1µF to 2201.tF at working
voltages of 6.3V to 50V. Leakage
current is 3µA and maximum ripple
130mA. Nichicon (Europe) Ltd, 0276
685393.

EMI cores. For both round and flat
cables, the Tokin ferrite cores for
noise suppression are hinged and
non -hinged types working up to
300MHz with nylon or stainless steel
clamps. Pedoka Electronics Ltd, 0493
440047.

SMPS capacitors. Vitramon's VK50
and VK60 series boxed radial
capacitors are meant for use in
switched -mode power supplies,
delivering best ESR and ESL
performance between 100kHz and
1MHz. Ceramic dielectrics provide

Displays

LC monitor. Meant for outside broadcast and ENG use, the CM L500 active -matrix thin-film transistor
liquid -crystal video monitor by Hitachi
Denshi measures 102mm by 77mm,
which gives 720 by 479 pixels, and
works for two hours on an NP -1 NiCd
battery or can use a 12V source.
Video input is NTSC or pal at 1V pkpk into 750. Horizontal and vertical
resolution is 350 tv lines, pixels being
arranged as RGB triangles. Hitachi
Denshi (UK) Ltd, 081-202 4311.

Filters
Satellite Tx/Rx filters. Intended for
use in satellite communications,
Matthey's new range includes base band video filters, group -delay
equalisers, pre -emphasis and de emphasis networks and a 70MHz
band-pass filter for IF shaping.
Matthey Electronics, 0782 577588.

Hardware
Mount adaptors. Chip -specific
adaptors from Genalog convert
surface -mounting versions of to the
pin grid array format with pin
compatibility, so that cheaper quad
flat packs can be used on a board
designed for PGAs. Other adaptors
are available to convert from SM
packages to other types of through hole mounting. Genalog Ltd, 0580
753754.

Liquid dispenser. Auto Tube from
Fisnar dispenses liquids or pastes
from a manufacturer's "toothpaste"
tube without mess or waste. A foot
valve or timer control the dose and
the unit is hand-held or can be bench
mounted. I Fisnar Inc., 0101 201 7961477.

Controlled fans. Intelligent
temperature control of Papst's 6200
NT cooling fans reduces noise and
wear. Normally, the fans run at
between half and full speed, only
reaching full speed in exceptional
conditions. Maximum free air flow is
410 cubic metres/hour with a noise
pressure of 52dBa in the optimum
speed range. All electronics are
housed within the fan. Papst plc, 0264
342200.

Heat sinks. Penguin coolers by
Wakefield are direct -mounting heat
sinks for use with Intel, AMD and
Motorola microprocessors and
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chipsets. There is also an adhesive attached range of sinks with
extremely flat bases that need no
thermal compound. Warth
International Ltd, 0342 315044.

Instrumentation
Digital phase meter. At frequencies
from 5Hz to 500kHz, the Clarke -Hess
6000 digital phase meter measures
phase angle to a resolution of
10millidegrees, automatically
selecting amplitude and phase range.
Signal and reference channels accept
10mV-350V inputs, regardless of
waveform, and there is an optically
isolated IEEE -488 interface. Lyons
Instruments Ltd, 0992 467161.

Waveform generator. Any desired
shape of waveform is available from

Digital multimeters. With full

S

autoranging on all functions,
Wavetek's 2000 series of
optical -fibre backlit -display
instruments meets IEC1010
safety requirements. Features
include 10,000 count
resolution, menu control, tueRMS measurement,
capacitance up to 2000µF, a
logic probe, 1 ms peak hold
memory, an analogue bar graph and an intermittent
detector. Alarms for dangerous
situations and overload are
included. Wavetek Ltd, 0384
442393.

the Philips PM5150 arbitrary
waveform generator. It has a library of
20 waveforms, but also 31K of nonvolatile memory for storing waveforms
defined by the user. Waveforms are
synthesised to 12 bits and can be
defined by drawing by keypad or
mouse and stored, whereupon adding
subtracting and multiplying can supply
composite waveforms. They can also
be down -loaded from a DSO or
produced on a PC and loaded from
there. Philips Test & Measurement,
0923 240511.

Audio analyser. UPD, a versatile
digital/analogue audio analyser by
R&S, has its own PC. There are builtin generators with less than 115dB
distortion and two -channel
measurement for stereo. The FFT
analyser samples at 32-768kHz,
inputs and outputs are serial to 32 bits
and parallel to to 27 bits. New
functions are simply loaded from
software, with
no extra hardware needed. Rohde &
Schwarz UK Ltd, 0252 811377.
1.3GHz counter. The SC -230
microprocessor -based frequency
counter from Saje includes RS232
communication as standard.
Frequency range is 5Hz-1.3GHz at a
sensitivity of 10mV. Multi -gating
provides readings of minimum,
maximum, average or difference and
a hold facility; RPM is also measured.
Display is a backlit LCD. Saje
Electronics, 0223 425440.

Tek TDS 400 improvements. At no
extra cost, Tektronix offers

S
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enhancements to its TDS 400 series
of digitising oscilloscopes. Roll mode
enables the capture of low -speed
events; template generation and test
allows limit specification for displayed
waveforms; and record length is
increased from 5000 to 15000 points,
with 60,000 as a low-priced option.
Further options include an
RS232/Centronics interface with
spooler, a printer pack and an FFT
pack. Tektronix UK Ltd, 0628 486000.

Literature
Multimeter/software. A brochure
from AVO describes a range of
multimeters and the Avowins software
which allows the multimeters to
download to a PC via an adaptor, the
data being communicated by way of
infrared links. AVO International, 0304
202620.
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Amplicon 1993. Amplicon Liveline's
first 1993 catalogue is 10% updated
and now shows which products are
subject to BS5750 quality checks, the
company being accredited in 1992.
New this year are the 200 series data
acquisition system, OWS and TW
DC -DC converters, a new series of
DAP boards and software and some
new software packages. Amplicon
Liveline Ltd, (Free)0800 525 335.

1GHz oscilloscope. With 5K
memory per channel, 8 -bit flash
converters, pattern and glitch
trigger, the models 9320 and
9324 digital oscilloscopes by
LeCroy also offer a range of
waveform -processing capability;
options include FFT, enhanced
resolution, waveform maths and
averaging. The internal floppy
drive and memory card interface
are both dos -compatible and an
internal graphics printer gives a
screen dump in 10s. LeCroy Ltd,
0235 533114.

the LM 300 is 0.2mm. Matsushita
Automation Ltd, 0908 231555.

Power supplies
DC -DC converters. Working from 2060V input, OWS DC -DC converters
from Amplicon come in the 2in by 2in
standard EMI/RFI-shielded case,
supply 25W and provide 5V or 12V
output. With continuous short-circuit
protection and remote on/off control,
output voltage accuracy is ±1%,
stabilisation and regulation ±1%,
isolation voltage is 50V DC and
switching frequency 300kHz.
Amplicon Liveline Ltd, (Free)0800 525
335.

Power supplies. In 160 pages,
Gresham's Power Supply Guide
provides data and applications
information on a range of AC/DC,
DC/DC and DC/AC supplies,
including some from Power General
and Philips. Gresham Power
Electronics Ltd, 0722 413060.
Sensors. Laser -based analogue
sensors, optical -fibre sensors and
photosensors are all covered in
Matsushita's shortform colour
catalogue, which features the new LM
laser sensor range with the glass lens
for accuracy. Resolution accuracy of
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Lithium batteries. Custom-made,
high-energy density lithium-thionyl
chloride batteries are available from
Battery Engineering in a range of
sizes from 7mm to 64mm diameter in
discharge capacities of 0.08 to 135
amp -hours. They are made in
stainless steel with hermetic seals,
and come with a variety of
terminations. These batteries retain
up to 80% of capacity after 10 years
and operate at temperatures between
-55°C and 200°C. Battery
Engineering Inc., 0101 617 361-7555.
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DC -to -DC converters. C -series
converters made by TDK provide
compactness, RF screening and
remote switching. At 800mW, the
CHG type sits on an area of 33.5mm
by 22.5mm, while the 10W CAP takes
up 49.5mm by 39.5mm. MTBF for all
is between one and two million hours.
Other sizes in the series provide
single and dual outputs at 5V, 12V or
15V. TDK UK Ltd, 0737 772323.

Radio communications
products
Microwave VCOs. Qualcomm's wide band and microwave voltage controlled oscillators cover the
650MHz-2.5GHz frequency range and
are designed for use at temperatures
from zero to 70°C. The Q3500 family
use hyper -abrupt varactor-based
techniques to eliminate moding,
dropout and sub -harmonic pumping.
Phase noise is -69dBc/Hz at 1 kHz
offset in the 650MHz-1.3GHz version.
Chronos Technology Ltd, 0989
85471.

Switches and relays
Reed switches. Although only 10mm
long, the miniature dry reed switches
from Clare switch 5VA, having
hermetically sealed ruthenium
sputtered contacts and flat leads for
surface mounting. C P Clare
Corporation, 0460 41771.

intended for the new generation of
industrial PCs using the ISA
architecture, the 4210 series. The
card has 128Kbyte of cache memory
and up to 64Mbyte of dram. The
board will accept systems without
keyboards, disks or monitors and
supports MS -dos, OS/2, Windows,
SCO Xenix Unix, QNX and PICK.
Gothic Crellon Ltd, 0734 788878.

or

15mips CPUs. CPUs from MPE's
range use the Harris RTX family of
risc processors to achieve 15mips
performance, making possible a
1Mword/s data acquisition system.
RTX processors have a dual-stach
architecture suited to Forth, op -codes
matching a large subset of Forth -83.
In conjunction with an adaptor board,
the cards may be used as
accelerators for PCs; bus interfaces
for STE and VME are also available.
MicroProcessor Engineering Ltd 0703

a

631441.

Development and
evaluation

Data communications
products

Eprom programmer. Taking up to
eight eproms, the PCL-908 gang
programmer will take devices of up to
8Mbit capacity. It is based on the
Zilog Super -8 and needs nothing
extra to work, although there is a port
for PC control and an optional
software package. Each eprom is
isolated with current -limiting circuitry.
The unit will perform a blank check,
write and verify cycle on eight 27C010
eproms in less than 23s. Integrated
Measurement Systems , 0703
771143.

Data logger. The Megger DL2 data
logger and LCM1 HV interface
perform remote data logging on signal
inputs including three-phase voltage,
current and phase angle. RS232 and
modem control by PC allows data to
be down -loaded without interrupting
data logging, and new recording
requirements to be loaded. AVO
International, 0304 202620.

Transducers and
sensors

PC data acquisition. IMS have

Temperature sensor. Smartec's

one provides A -to -D and D -to -A

SMT 160 is a miniature sensor
producing a digital output proportional
to temperature from -45°C to 130°C
with a linearity better than 0.2°C over
most of the range. Power
consumption is less than lmW and
cable length may be up to 20m. No
calibration is needed. Eurorep, 0480
861717.

conversion, digital input and digital
output, giving eight 12 -bit analogue
inputs, a 12 -bit analogue output, and
16 digital inputs and outputs.
Analogue input is programmable from
0.3125V to 5V and analogue output is
0-5V or 0-10V with a 30ps settling
time. Integrated Measurement
Systems, 0703 771143.

added the PCL-711S to the PC -Lab
range of data -acquisition cards. This

Palm -top ICE. iceMaster-PE
by Metalink is a full in -circuit
8051 emulator contained in a
11 by 8 by 2.3cm case. No
separate probe or host cards
are needed, the unit being
connected to the host computer
by RS232 and to the target via
its system CPU socket The unit
offers real-time, non -intrusive
operation up to 40MHz,
transparent trace memory, 64K
possible triggers, performance
analyser and full symbolic and
source -level debugging. Reflex
Technology Ltd, 0484 465907.

MI

Portable GUIs. WNDX Portable
Development Tools have been
introduced to allow designers to move
a graphical user interface from one
system to another, quickly and with
no performance loss. All the attributes
of a GUI, such as cursors, dialogue
boxes, icons, can be developed RTS,
0624 623841.
MI

Displacement transducer. Available
in front, side or rear mountings,
models LP -10F and LP-10FB linear
displacement transducers using
conductive plastic have lifetimes of
250 million cycles. Used as voltage
dividers, the units have values
between 1id2 and 5000 with linearity
of ±10u at 300mW. Mechanical travel
is 12mm and hysteresis is less than
0.1%. Kynmore Engineering Co. Ltd,
071 405 6060.

Software

inr"1

PCB design. Vutrax PCB
design software from
Computamation handles
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Computer board level
products
66MHz PC. Texas has a 66MHz
486DX cpu card for passive backlane
PC systems, the D486DX2C/66 being
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hybrid, flexible, SMT, plated through and multilayer circuit
boards from drawing the circuit
to final artwork production,
producing many outputs for
pick -and -place and automatic
test. The package will run on
IBM PCs or on Sun Sparc
Unix workstations, the two
being compatible.
Computamation Systems Ltd,
0525 378939.
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2M 3 -CORE LEAD terminating with flat pin instrument socket, £1, Order Ref.
AMSTRAD 3" DISK DRIVE Standard replacement or, why not have an extra
879. Ditto but with plug on the other end so that you could use this to extend an
one? £20, Order Ref. 20P28.
instrument lead. £1.50, Order Ref. 1.5P10.
SILENT EFFORTLESS MOVEMENT with our 14mm ballrace complete with
INFRA RED RECEIVER CONTROLLER, made by Thorn to channel switch their
removable spindle. 4 for £1, Order Ref. 912.
T.V. receivers. Mounted on panel with luminous channel indicator, mains on/off
6-12V AXIAL FAN is a Japanese -made 12v DC brushless axial fan, 93mm
switch, leads and plugs all yours for £2, Order Ref. 2P304.
square. Its optimum is 12 but it performs equally well at only 6v and its current
HIGH QUALITY KEY SWITCH, single pole on/off or change- over through panel
then is only 100mA. £4. Order Ref. 4P65.
mounted by hexagonal nut. Complete with 2 keys. Regular price £3, our price
FM CORDLESS RADIO MIKE, hand-held battery -operated, a good performer
£1.50, Order Ref. 1.5P12.
with a really professional look. Has usual shaped body and head and is tuneable
DIGITAL MULTI TESTER M3800, single switching covers 30 ranges including
to transmit and be picked up on the FM band of any radio. Yours for only £8.50,
20A ac and dc. 10 meg input impedence, 31/2 LCD display. Currently advertised
Order Ref. 8.5P1.
2by5prnia4ny dealers at nearly £40, our price only £25, Order Ref.
PUSH BUTTON EDGE SWITCH gold-plated contacts, 1A 50V.
Top push counts up, bottom push counts down. BCD switching. SPECIAL SPRING OFFE4N
ANALOGUE TESTER, input impedence 2K ohms per volt. It
Switches clip together. 2 for £1. Order Ref. 915.
115, that's almost the
has 14 ranges, ac volts 0-500, dc volts 0-500, dc current 500
POWER SUPPLY WITH EXTRAS mains input is fused and
complete range, of the
micro amps at 250 miliamp, resistance 0-1 meg-ohm, decibels
filtered and the 12V dc output is voltage regulated. Intended for
famous Smart kits at full
20 ±56dB. Fitted diode protection, overall size 90x60x3Omm.
high-class equipment, this is mounted on a PCB and, also
trade discount. Illustrated
Complete with test prod's, price £7.50, Order Ref. 7.5P8.
mounted on the board but easily removed, are 2 12V relays and
catalogue
price
£1,
2" 50 OHM LOUDSPEAKER, replacement for pocket radio,
a Piezo sounder. £3, Order Ref. 3P800.
deductable
as
soon
as
you
baby alarm, etc. Also makes good pillow 'phone. 2 for £1, Order
ULTRASONIC TRANSDUCERS 2 metal cased units, one
have
ordered
kits
to
the
Ref. 905.
transmits, one receives. Built to operate around 40kHz. Price
value
of
£20.
J LCD CLOCK MODULE, 1.5v battery -operated, fits nicely into
£1.50 the pair, Order Ref. 1.5P/4.
our 50p project box. Order Ref 876. Only £2, Order Ref 2P307.
100W MAINS TRANSFORMER normal primary 20 0 20 at
AMSTRAD KEYBOARD MODEL KB5, very comprehensive, has over 100
2.5A. £4, Order Ref. 4P24. 40V at 2.5A, £4, Order Ref. 4P59 50V at 2A. £4,
keys, £5, Order Ref. 5P202.
Order Ref. 4P60.
SENTINEL COMPONENT BOARD, amongst hundreds of other parts, this has
PHILIPS 9" HIGH RESOLUTION MONITOR black & white in metal frame for
15 ICs, all plug in so don't need de -soldering. Cost well over £100, yours for £4,
easy mounting, brand new, still in maker's packing, offered at less than price of
Order Ref. 4P67.
tube alone, only £15, Order Ref. 15P1.
9V
2.1A POWER SUPPLY, made for Sinclair to operate their 128K Spectrum
16 -CHARACTER 2 -LINE DISPLAY screen size 85mm x 36mm, Alpha -numeric
Plus 2. £3, Order Ref. 3P151.
LCD dot matrix module with integral microprocessor made by Epson, their Ref.
SCREWDRIVERS - pocket sized. Will save you having to worry where you left
16027AR, £8, Order Ref. 8P48.
the last one! 10 for £1. Order Ref. 909.
INSULATION TESTER WITH MULTIMETER internally generates voltages
STEPPER MOTOR BARGAIN This is just a mini motor, 12v operated and 7.5°
which enable you to read insulation directly in megohms. The multimeter has
step angle. Offered at the very low price of only £1, Order Ref. 910.
four ranges. AC/DC volts, 3 ranges DC milliamps, 3 ranges resistance and 5
STANDARD CASSETTE MOTOR for 9v recorder players. This is brushless and
amp range. These instruments are ex British Telecom, but in very good
condition, tested and guaranteed OK, probably cost at least
has internal electronics to facilitate speed changes and
THIS MONTH'S SUPER reverse. £1.50 each, Order Ref. 1.5P14.
£50 each, yours for only £7.50, with leads, carrying case £2
CAR SOCKET PLUG tubular construction to take small pcb
extra, Order Ref. 7.5P/4.
BARGAIN
etc. £1, Order Ref. 917.
MAINS 230V FAN best make "PAPST" 41/2" square, metal
12v axial fan for only £1! Ideal for
THIS COULD SAVE YOU EXPENSIVE BATTERIES an in -car
blades, £8, Order Ref. 8P8.
equipment cooling, brand new, made
unit for operating 6v radio, cassette player, etc. from car lighter
2MW LASER Helium Neon by PHILIPS, full spec. £30, Order
by West German company. Brushless
Ref. 30P1. Power supply for this in kit form with case is £15
so virtually everlasting. Supplied
socket. £2, Order Ref. 2P318.
READY BUILT .5W FM TRANSMITTER tested and working.
complete with simple 12v transistor
Order Ref. 15P16, or in larger case to house tube as well £18,
Very compact unit, with electret microphone, 3v operated. £6,
Order Ref. 18P2. The larger unit, made up, tested and ready to
circuit. Only £1, Order Ref. 919. When
we supply this we will include a list of
Order Ref. 6P29. Will fit, with batteries, in our project box, Order
use, complete with laser tube £69, Order Ref. 69P1.

bargain Ref. 876.
1/3 HP 12V MOTOR - THE FAMOUS SINCLAIR C5 brand new, \azprox. 800 of our other
METAL PROJECT CASE nickel plated, size 151/2x51/2x21/2", so
£15, Order Ref. 15P8.
ideal to take the Philips laser with its power supply or just a power supply. Has
SOLAR CHARGER holds 4 AA nicads and recharges these in 8 hours, in very
instrument type mains input plug, output socket and built in on/off switch. £7.50,
neat plastic case, £6, Order Ref. 6P3.
AIR SPACED TRIMMER CAPS 2-20 pf ideal for precision tuning UHF circuits, 4
Order Ref. 7.5P9.
SUPER STRIPPER originally intended to be a power supply unit, this has many
for £1, Order Ref. 818B.
top class, easily removable, components including 2 power mosfets, power
45A DOUBLE POLE MAINS SWITCH mounted on a 6531/2 aluminium plate,
rectifiers, 2 HF transformers, a complete mains input fused and filtered, plus
beautifully finished in gold and with pilot light. Top quality, made by MEM, £2.
dozens of other top class components. Component value probably over £50,
Order Ref. 2P316.
yours for only £5, Order Ref. 5P212.
MAINS ISOLATION TRANSFORMER stops you getting "to earth" shocks.
WIRE WOUND RESISTORS mainly 5 and 6W. Almost a complete range
230V in and 230V out. 150watt upright mounting, £7.50, Order Ref. 7.5P/5 and a
available with prices from 20p each for small quantities, to 10p each for 100 of a
250W version is £10, Order Ref. 10P97.
MINI MONO AMP on PCB. Size 4" x 2" with front panel holding volume control
value. Just order values required or send for list.
STOP THOSE PEAKS as they come through the mains, they can damage your
and with spare hole for switch or tone control. Output is 4 watts into 4 -ohm
equipment. 2A unit is a combination of cores and caps gives complete
speaker using 12V or 1 watt into 8 -ohm using 9V. Brand new and perfect, only
protection. £2, Order Ref. 2P315.
£1 each, Order Ref. 495.
INSULATION TAPE 5 rolls of assorted colours, only £1, Order Ref. 911.
AMSTRAD POWER UNIT 13.5V at 1.9A encased and with leads and output
GENERAL PURPOSE FAN KIT comprises beautifully made
plug, normal mains input £6, Order Ref. 6P23.
DC VOLTAGE REDUCER 12V -6V @ 500 ma on quite small
COMPUTER\ "Boxer" fan, transformer and switch to give dual speed and off
SHARP
pcb with heat sink. £1. Order Ref. 916.
from the mains. £6, Order Ref. 6P28.
BITS
DOUBLE HEADPHONE OUTLET A standard type stereo plug
80W MAINS TRANSFORMERS two available, good quality,
both with normal primaries and upright mounting, one is 20V
Disk drive, £15: Printer lead, with 2 leads coming out, each terminating with a standard size
4A, Order Ref. 3P106, the other 40V 2A, Order Ref. 3P107,
stereo socket thus enabling 2 people to listen from the one
£4: Interface with 2 disks &
outlet, Very well made. Price £2, Order Ref. 2P312.
only £3 each.
manual, £9: Disks, £1 each
PROJECT BOX size approx 8" x 4" x 41/2" metal, sprayed
12V POWER SUPPLY Plugs into 13A socket and gives 200mA
grey, louvred ends for ventilation otherwise undrilled. Made for
or 10 for £9: Expansion box dc out. Price £2, Order Ref. 2P313.
ASTEC 135W PSU Mains input, 3 outputs:- +12v at 4A, +5v at
GPO so best quality, only £3 each, Order Ref. 3P74.
with power supply, £15.
12V SOLENOID has good 1/2" pull or could push if modified,
16A and -12v at /2A. In plated steel case, brand new, £9.50,
Order Ref. 9.5P4.
size approx 11/2" long by 1" square, £1, Order Ref. 232.
100W
AMPLIFIER
KIT Uses Darlington power transistors. Sound quality is
15W 8 -OHM 8" SPEAKER & 3" TWEETER made for a discontinued high -quality
really good. Frequency response of 10Hz to 45kHz. £18, Order Ref. 18P6.
music centre, gives real hi-fi, and only £4 per pair, Order Ref. 4P57.
GOODMANS 20W, 5", 4ohm speaker, made for Ford. £3, Order Ref. 3P145.
20W, 4 OHM TWEETER. £1.50, Order Ref. 1.5P9.
61/2", 12W MAX, 8 ohm, Japanese made (Sanyo) speaker, £1.50, Order Ref.
1.5P11.

61/2". 8 OHM SPEAKER with built in tweeter, £1, Order Ref. 897.
0-1MA FULL VISION PANEL METER 23/4" square, scaled 0100 but scale easily
removed for re -writing. £1 each, Order Ref. 756.

PROJECT BOX a first-class, Japanese two-part moulding size 95 x 66 x
23mm.

This is nicely finished and very substantial. You get 2 for £1, Order Ref. 876.
AM/FM RADIO CHASSIS with separate LCD module to display time and set off
alarm. This is complete with loudspeaker but is not cased. Price £3.50. Order
Ref. 3.5P5.

Prices include VAT. Send cheque/postal
order or ring and quote credit card number.
Add £3 post and packing. Orders over £50 post free.

2, 3 AND 4 -WAY TERMINAL BLOCKS the usual grub screw types. Parcel
containing a mixture of the 3 types, giving you 100 ways for £1, Order Ref. 875.
FULLY ENCLOSED MAINS TRANSFORMERS with 2m 3 core lead terminating
with a 13A plug. Secondary rated at 6v 4A. Brought out on a well insulated 2 core
lead terminating with insulated push on tags. £3. Order Ref. 3P152. Ditto but 8A,
£4. Order Ref. 4P69.
SWITCHED BC CORD GRIP LAMPHOLDERS. Always useful. A good make, 3
for £1. Order Ref. 913.

M&B ELECTRICAL SUPPLIES LTD.,
Pilgrim Works (Dept. WW), Stairbridge Lane,
Bolney, Sussex RH17 5PA
Telephone or Fax: 0444 881965
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First reach your
conclusion!
The father of a deeper

insight into electrical
phenomena and a precursor of Coulomb, or
a scientific fraud?
Leonid N Kryzhanovsky
asseses the contribution
of Charles Stanhope.

In his book published in London in 1779,
Charles Stanhope presents an experiment4
which was at the core of much of his thinking on electrostatic induction.

An uncharged conductor AB of circular
cross-section is suspended horizontally on
insulators (silk strings or ribbons) a certain
distance apart from a small charged ball 0
located at the same height (in Stanhope's setup, a metal ball was connected by a stud to the
prime conductor of an electrostatic generator).
It has long since been recognised5 that if the
ball 0 is charged, say, positively, the end A of
the rod AB is found to be charged negatively

while the other end, B, positively. Stanhope

assumed an electrical neutral N to exist
between A and B. Using an electroscope in the

form of two small cork balls fixed at the ends

Experimental philosophy
neveloping the methodology of Sir Isaac
V Newton (1643-1727), life-long President
of the Royal Society of London from 1703,
Francis Hauksbee (c 1666-1713), curator and

demonstrator of experiments of the Royal

The great tragedy of
science - the
slaying of a beautiful
hypothesis by an

Society, wrote in the preface to his book:
"The Learned World is now almost

ugly fact. TH Huxley

generally convinc'd, that... there's no other
way of Improving Natural Philosophy, but by
Demonstrations and Conclusions founded

of a linen thread suspended at its middle point,

upon Experiments judiciously and accurately

made"'.
This remains the guide -line of modern
scientists. The situation is presented more
specifically by Richard F Feynman (1965
Nobel Prize in physics):
"In general we look for a new law by the
following process. First we guess it. Then we
compute the consequences of the guess to see

what would be implied if this law that we
guessed is right. Then we compare the result
of the computation to nature, with experiment

or experience, compare it directly with
observation, to see if it works. If it disagrees
with experiment it is wrong. In that simple
statement is the key to science"2.

he looked for the position of N, at which the
electroscope threads stayed plumb, for different values of OA.
By this series of experiments, Stanhope

wanted to confirm his hypothesis that the
"density of electricity of the electrical atmosphere" in which a body is immersed varies
inversely as the square of the distance from
the body creating this atmosphere6.

In modern terms: the linear density t(x) of
the charge induced on the conductor AB by a
point charge located at the point 0 is inversely proportional to the square of the distance x

from the point 0 to a point P on the rod,
'0)=142 (x = OP, 0,45x5.0B).

Pedigree
Viscount Charles Mahon (1753-1816)
became a Fellow of the Royal Society in
1772, an early honour favoured by the fact
that the 19 -year -old Charles had solved a
prize-winning problem on a pendulum clock
proposed by the Learned Society of
Copenhagen3. His case was also helped at

the Royal Society by the support of his
influential father.
During the War of the Spanish Succession,
Charles's grandfather Earl Stanhope had
received the title of Mahon for the seizure of

the port bearing this name on the Isle of
Minorca. After the death of his father in 1786,
Charles became the third Earl Stanhope.

From 1780 until his succession to the
peerage

in
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rod as a fictitious linear charge (we use this
approximation in all the calculations below)

he was member of

Lesage (1724-1803). An adherent of obsolete

mechanistic views of electricity, Lesage,
nevertheless, was perhaps the first to put
forward the idea of an electrostatic
telegraph16 which was as progressive as
impracticable.

point charge (in the numerical method below,
we take into account the actual configuration
of the system).
Stanhope's method may be characterised as:
first equations, then physical ideas. Such an
approach was used to advantage in the early

20th century in the creation of quantum
mechanics and the theory of relativity.
Starting from

and
ON

OB

1-(x)dx = f T(x)dx

Stanhope represents the actual charge on the

The author is with the Popov Central Museum
of Communications, St. Petersburg.

1786,

Parliament. Educated under the opposing
influences of conservative Eaton and
democratic Geneva, he took in politics the
radical democratic side. Being "in a minority
of one" in the House of Lords, he seceded
from Parliament from 1795 to 1800.2125
His Geneva preceptor was George -Louis

OA

ON

and the prime conductor -stud -ball system, as a
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leads the reader by writing that it was not easy
to determine experimentally the position of N

Stanhope obtained
AN = 0A.AB/(AB + 2.0A

(1)

by simple manipulations reducible to a compact form7.
Without presenting his experimental results,
Stanhope merely declares that all of his exper-

iments in finding the position of the neutral
are in "excellent agreement" with his theory.
He gives a table of results calculated from the

above equation, and this table may well be
taken for a table of experimental data. He mis-

with an accuracy of a hundredth or even an
eightieth of AB. The reason given by him for
the difficulty is quite clear: in the vicinity of
N, at both sides, the response of the electroscope was very weak8.

Correct criticism
The declared accuracy was out of the question,
as we shall show.

But many were disuaded from criticising
"one of the best mathematicians of Europe" -

a description found on the title -page of the
French translation of Stanhope's book.
Among the victims of an uncritical approach
to his work was Thomas Young (1773-1829)
who even attributed to Stanhope the discovery
of the Coulomb law9 - the equation z(x) =--1/x2

being apparently similar to the famous law
published six years after the appearance of
Stanhope's book.
Some contemporaries of Stanhope rightly
criticised his work. For example, John

Robinson (1739-1805) experimentally disproved Stanhope's results (unfortunately,

Solving Stanhope's problem
Stanhope gives the complete geometry of
his experimental arrangement a metal ball,
4.5in. (0.114m) in diameter, with 0 as its
centre, is joined by a stud 0.75in (0.019m) in
dia, to a prime conductor in the form of a
cylindrical envelope, 1ft (0.30m) in dia and
6ft (1.83m) long, terminated in hemispheres.
Total length of the prime conductor -stud -ball
system was 6ft 9in (2.06m). Rod AB is 3.75in.
(0.095m) in dia and 3ft 4in (1.02m) long, and
also terminated in hemispheres. The clear
distance between the ball and the rod was
varied between 4ft and 4in. For smaller
distances, sparking occurred, from which it
can be concluded that the output of
Stanhope's electrostatic generator could be
about 200kV11.
"Stanhope's problem" has been solved at St
Petersburg Technical University under the
guidance of GV Podporkin using the charge
simulation techniques, a method
implemented by the Triton program13.
Podporkin took the earth into account, and
the rod was assumed to be suspended 1.5m
above a conducting plane. To solve the
problem, the prime conductor, stud and rod
were divided into 7, 3 and 13 parts,
respectively, and all assumed to be cylinders;
the sphere was taken as such.
Distribution of the charge induced along
the rod has been computed in a piecewiseconstant approximation. After smoothing the
bar graphs obtained for different ball -to -rod
spacings, the charge distribution was found to
be always of the form shown in the graph
(thick curve).
With the clear distance between the ball
and the rod varied from 10 to 120cm, which
corresponds to OA varying from 15.7 to
125.7cm, or from 15.4 to 123% of AB, the
position of the neutral, AN, has been found to
vary from 35.3 to 44.5cm, or from 34.6 to
43.5% of AB, as shown in the graph (thick
curve).

The computed results fit reasonably well
into the equation which obtains if Stanhope's
idea of the "inverse -square law" is reconciled
with the electrical neutrality of the rod as a
whole.

0
de
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1
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12D 23 X

Charge distribution along the rod obtained by the numerical method (thick curve) and
from r(x)----1/x2 -a (thin curve).

AN = [0A.(0A+ABJ°.5 - OA (2)
We can explain this by letting the charge
distribution along the rod be represented by a
curve of the form given by 1/x2. The curve
must cross the X axis at N so as to satisfy the
neutrality condition of the rod. Thus, t(x).--1/x2
- a for OA x OB. So "Stanhope's curve"
must be displaced vertically by a (thin curve,
Fig. 2). To find a, put down the neutrality

dependencies calculated from Eqs. (1) and (2)
(curves 1 and 2 respectively), in addition to
the dependence shown by the above
numerical method (thick curve).
Note that Eq (1) gives not the position of the
electrical neutral but the position of the
centre of masses of the rod AB with respect to
0. That is how far Stanhope was led away by
the analogy between static electricity and
gravitation.

condition, with equal magnitudes of the total
charges on AN and NB,
ON

--

OB

1

OA

A

dx = I

ON

12X

a dx

Inegrating and then solving the equation for a
yields

a = 1/[0A.(0A+AB)1°.5
By substituting a in 1/x2 -a and equating this
to zero, we find
X

= ON = E0A.(0A+AB)1o.5

So AN = ON - OA.
The lower graph shows the AN vs OA

N

B

Stanhope's experimental arrangement. Point N was proposed as electrically neutral,
confirming to Stanhope the inverse square law for distance and charge density. He claimed
to verify his hypothesis with a crude electroscope.
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Null -point position obtained by the
numerical method (thick curve), and from
Eqs (1) and (2) respectively.
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Robinson also did not publish his own experimental data)10.
Still, Stanhope's experiment was a landmark
on the way to the quantification of electrical

Stanhope's inventions
Stanhope invented a method of securing
buildings from fire (which, however,
proved impracticable), the printing press and
the microscoic lens which bear his name, a
monochord for tuning musical instruments, a
steam carraige and a steamshop for

conveying coal from Newcastle to London
(which, however, said Lord Holland, "would
have consumed its cargo before it could have
reached its destination")17 and contrived

mathematical machines. He projected a
canal to link up his Devonshire estate with

science and so deserves to be analysed from

the modern standpoint.
Scientific "misconduct"
By the modem standard, Stanhope's account
of his experiment is a serious scientific misconduct. He thought he knew the answer and
just "cut the corner", which is usually the basis
for scientific fraud14. Nevertheless, Stanhope's

work stimulated a deeper insight into and a
quantitative approach to electrical phenomena
so that, in a way, Stanhope may be regared as
a precursor of Coulomb.

Stanhope was never properly engaged in
electrical research again - with the exception
of a case study of electrocution by lightning

presented by him to the Royal Society in
1787.

the Bristol channel, taking the levels himself,

and experimented with new methods of
raising and lowering the barges. He made a

Fields of High -Voltage Apparatus (in Russian),

new kind of cement, more durable than
ordinary mortar, and slates and tiles
composed of tar, chalk and fine sand.

As for his mathematical machines, he
claimed that they were capable of not only
making calculations but also performing
complicated logical operations and drawing
faultless conclusions. Thus, Stanhope

anticipated the quantification of electrical
science and the development of computers.

Leipzig, 1863, vol.2, column 985.
4. C Mahon, Principes d'electricite, transl.,
Brussels, 1781, pp.23 ff. The English original
was not in my reach.
5. B Franklin, Experiments: A New Edition of
Franklin's Experiments and Observations on
Electricity, ed. I B Cohen, Cambridge (Mass.),
1941, pp.302-306.
6. Reference 4, p.55.
9. H Cavendish, The Electrical Researches of
the Honourable Henry Cavendish, ed. J Clerk
Maxwell, Cambridge, 1879, p.xlvii.
10. J Robinson, A System of Mechanical
Philosophy, ed. D Brewster, in 4 vols.,
London, 1822, vol.4, p.45.
11. B S Finn, "Output of Eighteenth -Century
Electrostatic Machines", The British Journal for
the History of Science, 1971, vol.5, No.19,
pp.289-291.
12. H Steinbigler, "Digitale Berechnung
elektrischer Felder", Elektrotechnische
Zeitschrift A, 1969, vol.90 pp.663-666.
13. YeS Kolechitsky, Calculation of the Electric
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DESIGN

All

pass for

universal SC filters
In a previous article, the
MAX293 preconfigured
SC device was used to
design an elliptic,
variable frequency lowpass filter. Now Bashir
Al-Hashimi shows how
to design all -pass filters
using universal SC
devices.
Amplitude

Designers wanting to define a custom
filter type and specification need to use
universal switched capcitor filters.
Commercially available universal SC devices
consist of one to four 2nd -order filter sections,

with each section configured to yield low
pass, high pass, band pass notch or all -pass fil-

ters. But though preconfigured SC filters are
available for low pass, high pass, band pass
and notch filters, they are not available to produce all -pass networks.
Universal SC devices contain one to four
2nd -order filter sections per chip. The 2nd -

Design example
The design process using universal SC filters
can be carried out in the following steps:

Choose the appropriate mode.
Define the 2nd -order filter design parameters (H0, F0, Q) - determined by the characteristics required of the filter being designed.
Choose the appropriate (Folk/Fo) ratio and

calculate the values of external resistors
required. Resistor values may be obtained
from the tables or the design software supplied
by the IC manufacturer.

order filter is normally based on the state -variable configuration'. In its basic form, this circuit
consists of two integrators and a
summing amplifier. By adding external resis-

tors, this configuration can be used to generate low pass, high pass, band pass, notch or
all -pass filtering functions.

N/AP/HP

S

BP

LP

V,0

Second -order filters are characterised by Ho,

Ho defines the filter gain while Q
represents the filter quality factor. Fo defines
Fo and Q.

the cut-off frequency of low pass and high

Frequency
(a)

Delay

pass filters, and may also represent the centre
(resonant) frequency of band pass, notch or
all -pass filters.
In universal SC filters these design parameters are set using a combination of a clock and
external resistors. The different ways of connecting the resistors are called the filter operating modes. Usually, commercial universal
SC devices have up to seven different operating modes which determine the complexity
and/or flexibility of the final filter.
For example, mode 1 in the MAX265 uni-

versal device from Maxim, allows the simplest implementation of low pass and band
pass filters using only two external resistors.
But the limitation of this mode is that Fo and
Q of the filter cannot be tuned. Low pass and
band pass filters with tunable characteristics
need mode 3, with the tuning ability achieved
at the expense of introducing two more resistors.
(b)

Upper. Amplitude response of an all -pass
filter. Lower. Delay response of 2nd -order

Other modes allow different compromises
of filter type, flexibility and performance to
be achieved.

all -pass filter.
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State variable circuit consists of two integrators
and a summing amplifier.
REF LEVEL
175.00mSEC

/DIV
MARKER 4 840.000Hz
50.000HSEC OELAY(UDF)
510.69mSEC

-,....,...START 100.000Hz
AMPTD -16.088m

STOP 4 900.000Hz
DELAY APER 96.00Hz

Fig. 1. Group delay response of a 5kHz low
pass elliptic filter.

511

DESIGN

Delay equalisation
All -pass filters have the frequency characteristics shown in the graphs on
the previous page. The theoretical amplitude response does not change
with frequency while the delay response of 2nd -order all -pass filter has
the shape of the lower graph. The filters are used to provide delay
equalisation, and for this reason they are often called delay equalisers.
If a signal is to pass through a filter without distortion, the filter delay
characteristics must be considered. To minimise signal distortion, the
filter must exhibit a linear phase -frequency characteristic. The derivative
of the phase function is a measure of the delay (or group delay) through
the filter. A typical phase curve for a sharp cut-off filter is shown in Fig.
A, with its group delay curve shown in Fig. B. Deviation from "linear
phase" gives rise to the variation in group delay response, meaning that
signals of different frequencies within the filter pass band will be
delayed differently through the filter. The result is dispersion and adds to
the ringing caused by Fourier truncation.
Classic "ringing" noticed on a square waveform is a combination of
truncation of the Fourier series and non-linear phase as shown in Fig. C.
Minimum possible ringing is obtained by having a filter with constant
group delay. This can be achieved by cascading all -pass networks with
the appropriate characteristic to "build up" a constant delay from the
filter group delay curve. Figure D shows the group delay graph of the
filter to be equalised together with the delay responses of the two
required all -pass filters denoted by D, and D2 respectively. In this
example, equalisation is required such that the total delay graph (filter
plus group delay equaliser) is with in 801.ts over the frequency range of
10-5kHz. Adding the three delays graph (filter and the 2 group delay
Date/Time run: 11/11/92

17:29.46

800us+

equalisers) gives the total delay graph shown in Fig. D. Effect of
the group delay equalisation on the ringing is shown in Fig. E.

Date/Time run- 11/11/92

Temperature. 27 0

17:29 46

Od

-+

-100d ......

-300d

-4000

4

-4.

-5000+
0.0Kh

1.010

4

-I-

-I..

.44-

4 OKh

3.010

2 OKh

5.51h

6.01(

. 05(8)

Frequency

Fig. A. Typical phase curve for a sharp cut-off filter

Temperature. 27 0

-+

Date/Time run: 11/12/92

4

-+

09-48-15

Temperature: 27,0

-f

-+

.4+

800us+

Total delay

600us

600us
(Filter. + Delay equellser)

400us
400us

D2

01

'

Cb

...

200ua+

Filter

200us

-Ous4

-t

0u9+
0.010

2.OKh

1.01(h

3.0Kh

4 OKh

S. OKh

6 OKh

vg(8)

-I1 OKh

-2000s+
0 OKh

-F.

-4.

2.010

3.0Kh

-I.

44.

4 OKh

5.0Kh

-I6.0Kh

vq(11)03

vg(13)

. vg(8)

Frequency

Frequency

Fig. B. Group delay curve. Deviation from "linear phase" gives
rise to the variation in group delay response. Signals of different
frequencies within the filter pass band will be delayed differently
through the filter.
Date/Time run. 11/11/92

Temperature: 27 0

10.26.10

-f

1 2V+

Fig. C. Classic "ringing" noticed on a square waveform is a
combination of truncation of the Fourier series and non-linear
phase.
Date/Time run: 11/11/92

1.28+

10 49-03

Temperature: 27.0

-+

Mai
0. BY

0.8V

0 4V

0.4V+

0.08

008

0,4V+
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0 Oas

O. Sas

-.
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.4
1 Sms

.4
2 Oms

-4..

2.5m9

-4.

3 Oms

-+
.-43 5ms 4.0ms

v(8)
Tye*

Fig. D. Group delay graph of the filter to be equalised together
with the delay responses of the two required all -pass filters
denoted by Di and D2 respectively.
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-0.4V+

-+

0.0ms

0.5ms

1

O- ms

1 5ms

2 Oms

2 5- as

3.0ms

3 Sms 4.0aa

v(31)

Fig. E. Effect of a group delay equalisation.
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50µs over the frequency range of
10Hz-4.6kHz. The group delay graph of the
filter is shown in Fig. 1.
Using an optimisation program2 to define
the parameters of the all -pass filters required
to give the target response, one solution indicates that two 2nd -order sections will satisfy
the requirement.
Several commercially available universal

Section 1
R3

-VAA,

Filter IN

RI

R2

SC devices can be used to implement the
INA

APA

SI A

group delay equaliser.
One is the MAX265 from Maxim, a device
containing two 2nd -order filter sections that
can configured to yield the required all -pass

V+

BPA

+5 V

filters. Mode 4 of the MAX265 is the only
mode available for implementing all -pass filters.
To design 2nd -order all -pass filters, param-

SA/B

250 kHZ
500 kHZ

eters F and Q are required, in this case

CLKA

MAX265B
CLKB

FO

obtained from the optimisation routine men-

Fl

tioned earlier. F and Q parameters of each

F2

2nd -order all -pass filter are:

F3
F4
F5

-

BPB

SIB

APB

1st -section
2nd -section

-5 V

Although, each 2nd -order filter of the
MAX265 has its own clock input, they must
both share the same (E,./k/F0) ratio, externally
programmed by six pins -strapped inputs. The
ratio varies approximately over the range of

INB

0.1µF
R2

RI

100 to 200 in 64 steps, given in the data sheet.

-5 V
Filter out
R3

Since preconfigured SC filters are not avail-

able to produce all -pass networks, we will
look at design of group delay equalisers using
such networks.

First, assume that a system requires the
group delay ripple of a 5kHz elliptic filter
(considered in detail in "Better design with SC

filters", EW + WW, May) to be flat within
/DIV
0.500dB

START 100.000Hz
AMPTD -15.0dBm

Fig. 2. Resistors of 1% tolerance were used in
practical implementation of the complete
group delay equaliser.
Fig. 3a). Amplitude response of the group delay
equaliser. It should be a straight line but has 1dR
roll off. b) Delay response of the group delay
equaliser.

MARKER 100.000Hz
-0.099dB
MAG(UDF)

STOP 5 000.000Hz
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So, to implement the design, the (Fak/F)
ratio of 149.23 is selected from the data sheet.
This ratio is chosen so that the required clock

signal of each all -pass filter section can be
closely derived from the master clock signal

Section 2

REF LEVEL
-0.925dB

Q = 0.638, F0= 1.70kHz
Q = 1.259, F = 3.40kHz

REF LEVEL
250.00µSEC

(500kHz) used to set the pass band edge of the
5kHz filter considered in the previous article
(EW + WW, May).

Having decided on the clock ratio, resistor
values and the clock signal for each section
are obtained using the Maxim filter design
software. Given the F0 and Q of each all -pass
filter, the program outputs:

/DIV
MARKER 149.000Hz
50.000µSEC DELAY(UDF)
368.08µSEC

START 100.000Hz
AMPTD -15.OdBm

STOP 5 000.000Hz
DELAY APER 98.00Hz
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DESIGN

REF LEVEL
-1.250dB

/DIV
0.500dB

MARKER 136.750Hz
MAG(UDF)
-0.354dB

START 100.000Hz
AMPTD -15.0dBm

STOP 5 000.000Hz

REF LEVEL
528.00µSEC

/DIV

MARKER 158.750Hz
20.000µSEC DELAY(UDF)
535.50µSEC

START 100.000Hz
AMPTD -15.OdBm

STOP 4 800.000Hz
DELAY APER 94.00Hz

Fig. 4a). Amplitude response of filter and group dealy equaliser combined. b). Delay response of the filter andgroup delay equaliser combined.

delay response of the filter and the group
delay equaliser combined. Equaliser amplitude

(Fig. 3a) - theoretically a straight line - has
about 1dB roll -off. Achieved group delay ripple is <50µs up to 4.6kHz (Fig. 4b). Variation
in practical amplitude and group
delay
response from the theoretical targets are due to
the tolerance in clock signals used to drive the

all -pass sections and to the MAX265B itself
which has 2% tolerance on FD and Q.
The group delay equaliser has been
Left Fig. 5. Top

trace: 5kHz elliptic
filter output
waveform.
Bottom trace: 500Hz
input square

designed theoretically to yield <40µs group
delay ripple. Figure 5 shows a 500Hz square
waveform after passing through the low pass
elliptic filter without any group delay equalisation.

After group delay equalisation (Fig. 6) the
overshoot has been reduced considerably and
the square waveform has a better symmetry.

Choose preconfigured devices
Universal SC devices can be used to produce
all -pass filters not available as preconfigured
Fig. 6. Waveform
after group delay
equalisation. Top
trace: 5kHz elliptic

filter output
waveform without

devices. But the design process is significantly more involved for universal SC devices
rather than preconfigured devices, and this is
true for all filter configurations. So, wherever possible, use preconfigured devices and
only resort to universal devices when necessary.

any group
equalisation.
Bottom trace: With
group delay
equalisation.

1st -section R1 = 20k12, R2 = 20k52,
R3 = 25.445k0, (F,./k/F0) = 149.225,

Clk freq = 253.7kHz.
2nd -section Ri= 30.786k12, R2=30.786k0,
R3=201S1, (F,./k/F) = 149.225,
Clk freq = 507.38kHz
N= 0 1 1 1 (code for the pin setting for
ratio F,Ik/F0).
1

514

1

Actual clock signals used for each section
are 250kHz and 500kHz respectively. The
complete group delay equaliser circuit is
shown in Fig. 2.
Resistors of 1% tolerance are used in the
practical implementation. Figure 3 shows the
amplitude and the delay response of the delay
equaliser and Fig. 4 shows the amplitude and
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Three-phase indicator
DO YOU HAVE A
f100 CIRCUIT? AS

IC -D

Phase 1

A

1N4004

1M

IC -E

470 10V

Al 1
D

IC -A

ed

10

11

C2

OF THE JULY ISSUE,

C

IC -F

13

2

B

2

EACH MONTH'S
TOP CIRCUIT IDEA
AUTHOR WILL

00

74HC14

R10

51k

IC -B

Phase 3

R6

Ik5

Multi -coloured leds show
sequence of three-phase
supply.
G

phase sequence in a three-phase supply is
I shown by red and green leds.
Phase 1 drives a red led, is rectified to provide 5V for the gates and, after the 74HC14,

If the phases are in order, phase 2 red led is
on and phase 3 red led off so that, since the
pairs of leds are in the same packages, phase 2
shows yellow and phase 3 green. If phases 2
and 3 are out of order, phase 2 is green and
phase 3 yellow.

emerges as 3ms negative -going pulses. Phase
2 drives a green led and is inverted to drive
the red led, which is also controlled by the
3ms pulses from point D. Phase 3 is the same
as phase 2.

cessor's A -to -D converter is retained for
either polarity, a differential type being
unnecessary. The circuit provides for automatic polarity recognition and either automatic software or manual range setting.
TL074 op -amps 1 and 2 provide inverted

+5V

Interface

6
Ok

DC

circuit for
voltage

10

monitoring
330

Ii

vout

406
100p

Vin

3

Range

oxi

Ox10
05100
4051

O Sign

10
47k

100n

Vin

100k

THE USE OF

MODERN
COMPONENTS

Torrance
California

Originally intended as a microprocessor
interface for DC, or average, peak and
RMS AC voltage monitoring under software
control, this will also serve as the core of an
analogue voltmeter for DC and RMS measurement. Full resolution from the micropro-

9

WORTH f25. WE
ARE LOOKING FOR
INGENUITY AND
ORIGINALITY IN

Yongping Xia

Microprocessor/analogue voltmeter

100k

RECEIVE f100. ALL
OTHER PUBLISHED
IDEAS WILL BE

by
microproces
sor or
analogue
voltmeter to
indicate
RMS or DC
of either
polarity.

and non -inverted inputs to two fet switches
in the 4066, scaled by RJR,. Op -amps 3 and
4 are comparators, which recognise polarity
and drive the fet gates in such a way that the
output capacitor charges or discharges unidirectionally. The three -coloured led across
their outputs shows red or green for polarity
and yellow for AC.
For an analogue indication, a 2.5V meter
across the output capacitor will serve and
manual range -resistor selection eliminates
the 4051 multiplexer, which is software controlled when the circuit is used as a microprocessor interface. With R alone in series
with the meter, DC or an average -value
reading results; to make it read RMS, the
1052 resistor across it increases the reading
by 1.11.
On a practical note, the input limiting
diodes must be shielded against light and
high R,.,, values require care with the layout.
H Maidment
Wilton
Salisbury
Wiltshire.

O OV

A
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Veml

Vs

-Vs'

Measuring voltage in interference

\s/

Venn

Vsync pulse

1

ADC

1

1

1

1

1

I

1

I

I

I

1VADC auI

2

Fig.1.

Interference -

Vs
R1

reducing
circuit for low frequency
voltage
measurement
in the
presence of
EMI of up to
100 times
signal
amplitude.

AC power
line

11°

(Mains)
50(60)Hz

Vs + Vemi

Sync, pulse

1

1

1

1

1

1

111111

1

1

ADC oulpul

Sensor
Vs+Vemi
F'g.2. Sync. pulses initiate A -to -D

Vemi

tconversion when EMI is at zero, leaving
pure signal.

A lthough integrating A -to -D converters can
educe the effects of mains -frequency
interference when measuring small, low -frequency voltages, other types of interference,
the periods of whose fundamental and harmonics are not multiples of A -to -D integration
time, still cause trouble. This circuit alleviates
this situation.
In essence, a sample of input signal is taken
at the moment the interference is at zero, so
that the remaining input is purely signal. The
A -to -D holds the sample until the next EMI zero sync. pulse one period of interference
later.
Figure 1 is the basic idea when the only
interference is at mains frequency. Signal plus
noise is amplified and passed to the converter,
which only produces a conversion when the
mains -frequency sync. pulse appears from the
logic circuit. Figure 2 shows the effect.
In the case of random -frequency interference, it is preferable to use a dummy sensor
instead of the step-down transformer, reproducing the measuring sensor's resistance,
capacitance and inductance, connected by the

5

2

Vs
C

ADC

Fig. 3. Simple

storage circuit to
allow slower A -

Start

IC

S

to -D converters.

Q

RS

flip-flop
11_

1L
From sync. pulse former

same length of line and taken to a similar
amplifier. The rest of the circuit is the same as
that of Fig. 1. If the interference is at a relatively high frequency, phase shift between the
sensor and dummy sensor inputs should be
negligible. A TDC1 1007 converter, with a
conversion time of 0.151.1s, and an AD509
amplifier worked well in the prototype.
To use a slower converter, the simple capacitive storage circuit in Fig. 3 is feasible. Sync.
pulses open the switch and begin the conver-

sion, the converter's ready pulse closing the
switch to allow a further reading at the next
sync. The capacitor discharge time must not
exceed one period.
At low signal frequencies, this circuit is
valid when EMI is up to 100 times greater
than signal voltage.
N T Lavrentiev
Moscow
Russia

555 has high mark:space
A n astable flip-flop using a 555 timer in
the usual circuit will not operate with a
duty cycle of less than 50%. Diode D/
shown in the diagram overcomes the problem; it allows a duty cycle from very near
zero to virtually 100% while keeping a reasonably constant frequency.
T(nn) =

RIC( In

3-k
1-3k

In

and 7.(fp=0.695R2C, where
Ri=k, + resistance of upper leg of pot.,
R7=Rh + resistance of lower leg of pot.,
k=diode forward drop/supply voltage.
If the diode drop is very small compared
with the supply voltage, k can be neglected.

giving T(,)=0.695 R,C, duty cycle

3-k

R2/(R2+Ri) and frequency = 1.44/C(R/i-R2).
Cyril WW Palihawadana

2 -3k

Sana'a

Republic of Yemen
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Adding the diode to a 555 multi vibrator
circuit allows a much larger range of duty
cycles - from virtually zero to 100% - with a
fairly constant frequency.
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Coarse/fine D -to -A audio attenuator
All this is avoided by the inclusion of R3
in series with the internal feedback
resistor. Making this value R12* means
that DAC B reference voltage is only a
function of the ratio R1:R2. Resistor R3
should also have a temp.comp. similar to
that of R1,2. Resistor R4 compensates for

8 -bit digital -to -analogue converters

Two
are combined in this circuit to obtain

an effective resolution of 14 bits, offering
coarse and fine control.
Ignoring R34 in the diagram, R1,2 will
combine the output currents of the
AD7528 dual A -to -D converter. Resistors
Rin2 attenuate the input by the required
amount; for example, if R1=63R3, the
reference voltage of DAC B is 1/64 that of
DAC A and the range of DAC B is 4 least significant bits of DAC A. A Vin of 2.56V
gives a DAC B reference voltage of 40mV
and an LSB of 156µV.
Problems exist, however, with the basic
arrangement. The output would not be
monotonic, since the ratio of R12 would
need to be perfect and the input offset
voltage of the output amplifier would
contribute a code -dependent noise gain
term. Additionally, there is the loading of
DAC B input R across R2, although this
can be eased by making the resistance a
low value. Then again, the temperature
coefficients of R,,2 will not match that of
the internal ladder.

R3.

Output voltage is now

Vout=-DAVIN - DBVIN[R2I(R1+R2)1,

DAB being fractional representations of
the input code N in decimal; that is, DA =
NA/256.

*Brokaw, Paul. Input resistor stabilises
MDAC's gain, EDN. Jan. 7, 1981, p.210.
John Wynne
Analog Devices
Limerick Ireland

Two 8 -bit DACs combine to
make a 14 -bit system for
audio attenuation.

Vin
Vout

Current source has 170V voltage compliance
switched to give 25,50,75 and 100mA output to the load. Current into the Am- pin is a
very stable 601.1A and, since this is referred
to the output, it sets a minimum output current of 60µA and therefore a maximum load
resistance. The rest of the circuit is designed
to manage this.
In the low position of S2, maximum

Using a three -terminal adjustable voltage
regulator chip, the TL783C, this circuit
arrangement will drive switchable currents
from 25mA to 100mA into a load varying

between a few ohms and up to 1.7ka
TL783C maintains a nominal and stable
1.25V between ouT and ADI pins, which is
used to drive current through resistors

input/output voltage and dissipation are no
problem, but an increasing load resistance
reduces Vin-Vout and Vout-liadi. Comparator
ICIb turns on Tr3 and the led illuminates to
show out -of -range at about a lki2 load resistance at 100mA.
With S2 at high, a load resistance of less
than 70052 or a short circuit would destroy
the circuit, although the load
can go up to 1.71(0. In this
+10V
situation, the 3W zener
across the TL783C limits
4k7
14 10 12
25
VinVadj, the schmitt ICia
PS Do 8
10V
detecting the limiting voltage
100k Tr1
CK
9
16
and clocking the flip-flop.
GND CLQ
2N 1N
Both Tr2 and Tr3 turn on, the
7
13
4005
907
relay disconnects the input
74C74
Tr2
and led D1 lights. A reset to
2N
Arm
the flip-flop reinstates the
0
2369
2µ
circuit when order is
Re3 set
restored.
D1
Voltage compliance in the
low mode is 110V; taking
into account both modes,

10

994k*

510
S1

High

D3

100n
1N4007

14
BZTO3C

L
0
a

170V.
I I Meyer

d

T
1N4005

10k
1µ

15k

1000p1

IC4

Tr3

12

8 IC1B

+10V

3

ITODYS

1

2N2369

5k1

10k

Paris.

470
D2

Voltage regulator chip used in a
25-100mA current source with
voltage compliance up to 170V.

LM317
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COMPUTER ICS
P8271 BBC DISC CONTROLLER CHIP EX EQPT
£20
SAA5050 TELETEXT CHIP EX EQPT
£5
2817A-20 (2K x8) EEPROM ex eqpt
£2
80088A-2 used
£1.25
27C64-25 used/wiped
£1.50 100+ £1
27S191 PROM
£2
IMS1400P-45
£2
80C31 MICRO
£2
P8749H MICRO
£5
D8751-8 NEW
£10
USED+WIPED
£10
D41257C-15 (256K x 1 DRAM)
£1 es
NEW 4164-15
USED 41256-15
£1
USED 4164-15
60p
BBC VIDEO ULA
£10
6845 CRT
£5
6522 PIA
£3
AY3-1015D UART
£2.50
9 x 41256-15 SIMM
£10
8 x 4164 SIP MODULE NEW
£8
2864 EPROM
£3
27128A 250ns EPROM USED
£2 NEW £2.30
27C1001 -20Z NEW 1M EPROM
£8
FLOPPY DISC CONTROLLER CHIPS 1771
£10
FLOPPY DISC CONTROLLER CHIPS 1772
£17.50
68000-8 PROCESSOR NEW
£6
HD6384-8
£5
ALL USED EPROMS ERASED AND BLANK CHECKED
CAN BE PROGRAMMED IF DESIRED
2716.45 USED
£2 100/£1
2732-45 USED
£2 100/£1
2764-30 USED
£2100/1£1.80
27C256-30 USED
£2
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
TMS27PC128-25 ONE SHOT 27C128
£1 ea iooirm
80387-16 CO -PROCESSOR (OK WITH 25MHZ 388)
£40
7126 31/2 DIGIT LCD DRIVER CHIP
£2 ea
2816A-30 HOUSE MARKED

£2 each QUANTITY AVAILABLE

REGULATORS
LM338K
£6
LM323K 5V3A METAL
£3
SANKEN STR451 USED IN AMSTRAD MONITORS
£5
78H12ASC 12V 5A
£5
78M05 5V 0.5A
7/£1
LM317H TO5 CAN
£1
LM317T PLASTIC TO220 variable
£1
LM317 METAL
£2.20
7812 METAL 12V 1A
£1
7805/12/15/24V plastic
25p 100+ 20p 1000+ 15p
7905/12/15/24 plastic
25p 100+ 20p 1000+ 15p
variable reg
CA3085 T
2/E1
L387 5v 1/2A WITH RESET OUTPUT
Elea £50/100

CRYSTAL OSCILLATORS
1M000 1M8432 4M000 10M000 16M000 18M432000 19M0500
20M0500 38M10000 56M6092
£1.50 each

CRYSTALS
IMO 1M8432 2M000 2M304 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 22M1 184 24M000 34M368
36M75625 36M76875 36M78125 36M79375 36M80625
36M81875 36M83125 36M84375 38M900 49M504 54M19166
54M7416 57M7Airt.3 60M000 69M545 69M550

TRANSISTORS
BC107 BCY70 PREFORMED LEADS
full spec
BC557, BC238C, BC308B
2N3819 FETS short leads

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

POWER TRANSISTORS
P POWER FET IRF9531 8A 60V
N POWER FET IRF531 8A 60V
2SC1520 sim BF259
TIP 141/2 £1 ea TIP 112/125/4213
TIP35B/TIP35C
SE9301 100V 1DA DARL SIM TIP121
PLASTIC 3055 OR 2955 equiv 5I3p
2N3773 NPN 25A 160V £1.60
2N3055H

3/E1

3/£1 100
2/£1

£1.50
2/£1

100/£35
10/E14

4 for £2

TEXTOOL ZIF SOCKETS
28 WAY ZIF EX NEW EQUIPMENT
£2.50
40 WAY NEW
£5
SINGLE IN LINE 32 WAY CAN BE GANGED FOR USE WITH
ANY DUAL IN LINE DEVICES .
COUPLING SUPPUED
2/£1.50

CAPACITORS COMPUTER GRADE
24,000pF 50V
10,000pF 100V SPRAGUE/PHIUPS

£10a

"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/F3/C SOCKET WIRE WRAP PINS £1.30
DIN 41612 64 -WAY A/C SOCKET WIRE WRAP PINS
£1
DIN 41612 64 -WAY A/C PLUG PCB RIGHT ANGLE
DIN 41612 64 -WAY &a SOCKET WIRE WRAP (2 -ROW BODY)
£1

BT PLUG +LEAD
341
13A MOULDED PLUG+2m lead
£1
MIN. TOGGLE SWITCH 1 POLE c/o PCB type
5/E1
LCD MODULE sim. LA4018 but needs 150 to 250V AC for display
40 x2 characters 182x 35 x 13mm
£10
TL431 2.5 to 36V T092 ADJ. SHUNT REG
2/£01
6-32 UNC 5/16 POZI PAN SCREWS
£1/10
NUTS
£1.25/100
PUSH SWITCH CHANGEOVER
2/E1
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
STICK ON CABINET FEET RS NO 543-327
30t1
LCD DISPLAY sim Hitachi LM016L
£6.50
AMERICAN 2/3 PIN CHASSIS SOCKET
WEI
HUMIDITY SWITCH ADJUSTABLE
£2
WIRE ENDED FUSES 0.25A
NEW ULTRASONIC TRANSDUCERS 32kHz
Also available 28 slot vari-bus backplane same size +
Price
NEW
POWERFUL SMALL CYLINDRICAL MAGNETS
3/ei
BNC 500HM SCREENED CHASSIS SOCKET
2/ci
SMALL MICROWAVE DIODES AE1 0C1026A
1
D.I.L. SWITCHES 10 -WAY £1 8 -WAY 80p 4/5/6 -WAY
180VOLT 1WATT ZENERS also 12V & 75V
20/£1
VN 1OLM 60V 1/2A 5 Ohm TO -92 mostet
4/£1 100/T20
MIN GLASS NEONS
10/£1
RELAY 5V 2 -pole changeover looks like RS 355-741 marked
STC 47WBost
£1 ea
MINIATURE CO -AX FREE PLUG RS 456-071
2/E1
MINIATURE CO -AX FREE SKT RS 456-273
2/£1.50
DIL REED RELAY 2 POLE n/i3 CONTACTS
EL
PCB WITH 2N2646 UNIJUNCTION WITH 12V 4 -POLE RELAY
£1

400m 0.5W thick film resistors (yes four hundred megohms)
4/£1

STRAIN GAUGES 40 ohm Foil type polyester backed balco grid
alloy
£1.50 as 10+ £1
ELECTRET MICROPHONE INSERT
£0.90
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304-267

£2.50100+ £1.50
HALL EFFECT IC UGS3040 + magnet
£1
OSCILLOSCOPE PROBE SWITCHED x1 x10
£12
1 pole 12 -way rotary switch
4/£1
AUDIO ICS LM380 LM386 TDA 2003
El ea
555 TIMERS £1 741 OP AMP
1
ZN414 AM RADIO CHIP
BOp
COAX PLUGS nice ones
4/£1
COAX BACK TO BACK JOINERS
3/£1
4x4 MEMBRANE KEYBOARD
£1.50
INDUCTOR 20pH 1.5A
5/£1
1.25" PANEL FUSEHOLDERS
3/£1
CHROMED STEEL HINGES 14.5x 1" OPEN
£1 each
12V 1.2W small w/e lamps fit most modem cars
10/£1
STEREO CASSETTE HEAD
£2
MONO CASS. HEAD £1 ERASE HEAD
50p
THERMAL CUT OUTS 50 77 85 120°C
El as
5/£1
THERMAL FUSES 220°C/121°C 240V 15A
TRANSISTOR MOUNTING PADS To-5tro-18
£3/1000
TO -3 TRANSISTOR COVERS
10/E1
PCB PINS FIT 0.1" VERO
2oo/E1
TO -220 micas + bushes
10/50p 100/£2
TO -3 micas + bushes
15/£1
PTFE min screened cable
10m/E1
Large heat shrink sleeving pack
£2
IEC chassis plug filter 10A
£3
POTS SHORT SPINDLES 2K5 10K 25K 1M 2M5
4/£1
40k U/S TRANSDUCERS EX-EQPT NO DATA
£1/pr
LM335Z 10MV/degree C
el
LM234Z CONST. CURRENT I.C.
£1
BNC TO 4MM BINDING POST SIM RS 455-961
£1
4/E1
BUTTON CELLS SIM. AG1 AG12
MIN PCB POWER RELAY 1 V COIL 6V CONTACTS 2 P C/O
£1.25
AVEL-LINDBERG MOULDED TRANSFORMER TYPE OB10
15+15V 10VA OTY. 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
£1/REEL
OPI1264A 10kV OPTO ISOLATOR
£1.35 ea 100+ £1 as
'LOVE STORY' CLOCKWORK MUSICAL BOX MECHANISM
MADE BY SANKYO
El ea
Telephone cable clips with hardened pins
500/£2
.

£3 (E1.30)
£6 (£2.00)

QUARTZ HALOGEN LAMPS
12V 50watt LAMP TYPE M312
24V 150 WATTS LAMP TYPE A1/215

CMOS 555 TIMERS 20k available
2/£1 £30/100
ICM7126CPL CMOS 31/2 DIGIT LCD DRIVER CHIP
£2ea
'SAFEBLOCKS' MADE BY RENDAR ... MAINS 'RAT TRAP'
USED
£4 ea
36 CORE 7/0.2mm OVERALL SCREENED
£50/100m
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
£25a
"PROTONIC 24 VARIBUS" 16.7" x 5" FIBREGLASS
MULTILAYER PRH PCB
EUROCARD 96 -WAY EXTENDER BOARD 290 x 100mm

Eta HOLDERS 60p ea
£2.50 each

NEW BITS
100nF 63V X7R PHILIPS SURFACE MOUNT 30K available
£42/4000 box

MISCELLANEOUS
ETHERNET 4 PAIR TRANSCEIVER CABLE BELDEN TYPE
£60 for 50 metres
9892
SIM RS 381-018 Each pair foil screened + overall braided
screen
£300 for 305 metre drum
+ plus PVC outer sheath. ON 305 metre drums
330nF 10% 250V X2 AC RATED PHILIPS 60K
AVAILABLE
£20/100
220R 2.5W WIREWOUND RESISTOR 60K AVAILABLE
£50/1000

KEYTRONICS
TEL. 0279-505543
FAX. 0279-757656

PO BOX 634
BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX

DIODES AND RECTIFIERS
Al 15M 3A 600V FAST RECOVERY DIODE

4/£1
8/E1

1145407 3A 1000V

100/£1.50
100/£3

1144148

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

10/£1

100/£3
10/£1
8/T1

BY255 1300V 3A
6A 100V SIMILAR MR751
1A 600V BRIDGE RECTIFIER
4A 100V BRIDGE
6A 100V BRIDGE
8A 200V BRIDGE
10A 200V BRIDGE
25A 200 V BRIDGE £2
25A 400V BRIDGE £2.50
2KBP02 IN LINE 2A 200V BRIDGE REC

1

2/t1

2/£1.35
£1.50
10/£18
10/£22
8/£1

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

TRIACS

£1.25
3/£1

100/£15
3/£1

DIACS 4/£1

NEC TRIAC ACO8F 8A 600V T0220
TXAL22513A 500V 5mA GATE
BTA 08-400 ISO TAB 400V 5mA GATE
TRAL2230D 30A 400V ISOLATED STUD
TRIAC lA 800V TLC381T 16k AVAILABLE

5/£2 100/E30
2/£1 100/£35
90p
£5 ee
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5 FOR El f15/100

CONNECTORS
D25 IDC SOCKET FUJITSU
34 -way card edge IDCCONNECTOR (disk drive type)
CENTRONICS 36 WAY IDC PLUG
CENTRONICS 36 WAY QC SKT
BBC TO CENTRONICS PRINTER LEAD 1.5M
CENTRONICS 36 WAY PLUG SOLDER TYPE
USED CENTRONICS 36W PLUG+ SKT

£2
£1.25
£2.50
£4.00

f3

£4
£3

PHOTO DEVICES
HI BRIGHTNESS LEDS CQX24 RED
SLOTTED OPTO-SWITCH OPCOA OPB815
2N5777
TIL81 PHOTO TRANSISTOR
11L38 INFRA RED LED
4N25, OP12252 OPTO ISOLATOR
PHOTO DIODE 50P
MELI2 (PHOTO DARLINGTON BASE n/c)
LED's RED 3 or 5mm 12/e1
LED's GREEN OR YELLOW lo/ei
FLASHING RED OR GREEN LED 5mm 50p
HIGH SPEED MEDIUM AREA PHOTODIODE RS651995

5/£1

£1.30
50p
£1

V11,

6/e2
50p
100/c6
1oo/e6
100/£40
£10 ea

STC NTC BEAD THERMISTORS
G22 220R, G13 1K, G23 2K, G24 20K, G54 50K, G25 200K,
RES 20°C DIRECTLY HEATED TYPE
£1 ea
FS22BW NTC BEAD INSIDE END OF 1" GLASS PROBE RES
20°C 200R
£1 ea
Al 3 DIRECTLY HEATED BEAD THERMISTOR lk res. ideal for
audio Wien Bridge Oscillator
£2 as

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

IC SOCKETS
14/16/18/20/24/28/40 -WAY DIL SKIS
8 -WAY DIL SKITS
32 -WAY TURNED PIN SKTS. 7k available
SIMM SOCKET FOR 2 x 30 -way SIMMS

£1 per TUBE
£2 per TUBE
3 for £1
£1

SOLID STATE RELAYS
40A 250V AC SOLID STATE RELAYS

£10

POLYESTER/POLYCARB CAPS
330NF 10% 250VAC X2 RATED PHILIPS TYPE 330 60K
AVAILABLE
£20/100
100n, 220n 63V 5mm
1 100/£3
1n/3n3/5n6/8n2/10n 1% 63V 10mm
100/£5
10n/15n/22n/33n/47n/66n 10mm red
100/£3.50
100n 250V radial 10mm
1
100n 600V Sprague axial 10/r1
100/£6 £1)
2µ2 160V rad 22mm, 2p2 100V rad 15mm
1
10
10n/33n/47n 250V AC a rated 15mm
10/£1
1 p 600V MIXED DIELECTRIC
50p as
1u0 100V rad 15mm, 1110 22mm rad
icootte

RF BITS
XTAL FILTERS 21M4 55M0
£2 es
ALL TRIMMERS
3 for 50p
TRIMMERS larger type GREY 2-25pF
YELLOW S-65pF
VIOLET
5-105pF
SMALL 5pF 2 pin mounting 5mm centres
SMALL MULLARD 2 to 22pF
3 FOR 50p £10/100
TRANSISTORS 2N4427, 2N3866, 2N5109
80p
ea.

CERAMIC FILTERS 4M5/6M/9M/10M7
FEED THRU' CERAMIC CAPS 1000pF
SL810
74N16 MOTOROLA CELLULAR CAR PHONE 0/P
MODULE
6 VOLT TELEDYNE RELAYS 2 POLE CHANGEOVER
(BFY51 TRANSISTOR CAN SIZE)
2N2222 METAL
P2N7222A PLASTIC
2N2369A

60p ea
10/£1
£5

£5 ea
£2
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PLESSEY ICS EX -STOCK
SL35OG SL36OG SL362C SL4030 SL423A
SL521B SL523C SL541B SL85OC SL1021A
SP8655 SP8719DG

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

luF 50v 5mm

100/£4.50
100/£6
100/£3
100/£5
100/£8
£6/100

SEND £1 STAMPS FOR CURRENT IC + SEMI STOCK LIST -ALSO AVAILABLE ON
315" 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
CIRCLE NO. 158 ON REPLY CARD
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I COMPARATIVELY BETTER

THAN THE OP -AMP?
Comparators have much in common with op amps. But Ian Hickman
shows why the comparator is the better choice in some applications.
Most ICs can be classified simply as either analogue or digital. But some - such as A -to -DID to -A converters - straddle the divide between
the two. One of the earliest chips to fall into this category is the comparator, a device whose sole function is
to signal as quickly and accurately as possible whether
an analogue input voltage is above or below an arbitrary
threshold. As such it may be regarded as a 1 -bit A -to -D,

Tr7

Try

and indeed at least one is integrated inside a conventional A -to -D converter IC, and many in the case of a
flash converter. The analogue input voltage is applied to

one input pin and a reference voltage to the other.
Output is high if the voltage at the non -inverting input is

higher than at the inverting input, and vice versa, just
like an op amp.
But unlike an op amp, a comparator is designed to
operate for long periods with the inputs "toggled"; ie at

a difference of several or many volts - a condition
which can cause unpredictable long-term changes in
input offset voltage in some op amps. Furthermore,

D2

6.2 V

Output
Inputs

Dual in-Line
Tr8

Ground

NC
2

.7 k

comparators are designed to respond rapidly when the
input crosses the threshold. An op amp can take a long
time to recover from the toggled condition, as various
internal stages are cut off or saturated.

-IN
T 10

Various nput Overdrives

TUH/1 041 0-1

(Fig. 2a). The reason is not difficult to see. A compara-
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Fig. 1. 710 comparator.

defining network, the comparator is actually used open

30

I

NC

Top View

tor has a gain similar to the open loop gain of an op
amp. But whereas the latter is operated with a gain
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NC
V
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V.
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Response Time for
Various nput Overdrives

Response Time for

4
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68 S2

encountered problem is oscillation when the two inputs
dwell at, or very near, the same voltage. Oscillation can
occur when the input passes through the reference voltage with a slow -moving input such as a ramp waveform

NC

IN

Tr9

Design precautions
Useful as they are, precautions are necessary when
designing comparators into a circuit. A commonly

NC

GND

R6

04080MM

Performance on positive and negative -going inputs

(at the inverting input pin)
for various degrees of
overdrive.
Like an op amp, a
comparator exhibits a high
CMRR, common mode

rejection ratio. (National
Semiconductor
Corporation)
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5V

Fig. 2a). (Left). Positive and negative ramp -voltage

input (upper trace, 0.2V/div) applied to an LM311
comparator, and resultant output (lower trace,
5V/div). "A" timebase (100µs/div) intensified by B
(1µs/div). (Right). Same traces on MIX timebase (A
switching to B at start of intensified period). In
addition to multiple transitions at the output, hash
kickback is visible on the input.
b) (Far right). As a), but with hysteresis applied to
the comparator (A timebase, 0.1µs/div), showing
single clean transition.
c) Circuits relating to a) and b).
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Comparator choice
One of the earliest IC comparators was the SN72710 or 0710, still available
under type numbers such as LM710. By comparison with many more modern
devices this is still one of the fastest (Fig. 1) and it has a low impedance output
designed to interface directly with TTL. With the input switching from 100mV one
side of the reference to 5mV the other side (ie 5mV "overdrive"), the response time
to the nominal TTL threshold of 1.4V is typically 4Ons for both positive- and
negative -going inputs. Other types show distinctly different delays.
Like an op amp, a comparator exhibits high common mode rejection. But since it
is usually operated with one input tied to ground or some other reference voltage,
this is usually of little significance.
Despite its speed, the 710 does have some disadvantages; it has no facility for
adjusting the input offset to zero (found on many more modern types) and needs
+12V and -6V supply rails. The 711 contains two comparators each generally
similar to the 710, with outputs internally ORed and brought out to a single pin.
Typical of a later generation of comparators is the LM111/211/311 family, with
input bias currents hundreds of times lower than the 710 and with much wider
ranges of input, differential input and supply rail voltages - up to 30V or more. This
family can be used with the usual ±15V supply rails found in much analogue
circuitry. But since the input common mode range includes the negative rail, it can
also be used with a single +5V supply. The family also offers an offset null facility
and an NPN open collector output structure which conveniently interfaces with the
internal input pull-up of TTL. As a result, many comparator outputs can be "wire
ORed" - or should that be "wire NORed"?
Nothing comes for free of course, and the price in this case is a response time of
170ns for negative -going inputs and nearer 200ns for positive (with the output
loaded by a 5000 resistor to +5V).
Two further tricks are possible: if the open collector output is connected directly
to the positive supply rail and the output taken between ground pin (the emitter of
the NPN output transistor) and the negative supply rail, then, in a dual supply
circuit, something approaching a rail -to -rail output swing is obtained. Note that
using the output stage in this manner as an emitter follower instead of as an inverter
reverses the function of the two input pins, the invert pin becoming non -invert and
vice versa. A 50V, 50mA output transistor rating enables the device to drive lamps,
solenoids or relays directly while, one of the two input offset adjust pins acts as a
strobe input. Pulling it low (for details, see the data sheet) disables the device.

loop. Stray capacitance from output back to the non inverting input - including that internal to the device can cause oscillation by providing AC -coupled positive
feedback. Another cause can be disturbances on the sup-

ply rail(s) due to current spiking as the output stage
switches.

The usual solution is to apply a touch of deliberate
DC -coupled positive feedback, the resulting hysteresis
ensuring a clean single transition at the output (Fig. 2b).
Some comparators have a small degree of hysteresis
built-in: 500µV for the Analog Devices AD790 which
also incorporates a low impedance output stage especially designed to avoid supply -rail -disturbing current
spikes during output transitions -a feature it shares with
a number of other modern comparators. Disadvantage to
incorporating hysteresis is that the switching level on the
input waveform differs slightly for positive- and negative -going inputs and in some applications this may not
be acceptable. Until a few years ago there was no simple
way round the problem other than the clumsy expedient
of using two separate comparators, one to detect the positive -going threshold and another for the negative. The
faster the comparator - and ECL comparators are very
fast - the more likely becomes oscillation on slow -moving inputs. As an example of the speeds involved, the
VC7697 dual ultra -fast ECL comparator (from VTC Inc,
pin compatible versions from other makers) has a typical input to output propagation delay of just 1.4ns, permitting signal processing applications at up to 600MHz.
Latch -enable inputs enable each half of the device to
work in either track -hold or sample -hold mode.
Fast comparators make a ground plane construction
mandatory and even then, special precautions to avoid
oscillation may be necessary, up to the ultimate step of

breaking the loop. Loop breaking is how the Elantec
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EL2019 clocked comparator works. A master/slave flipflop is interposed between the internal comparator output and the output pin of the device. State of the inputs
is held in the master stage but only transferred into the

slave section on the rising edge of a clock pulse. Any
disturbance to the input from a transition at the output

-08 +V

CLK

Clock IN

- -V

Master -slave
flip-flop

4

Digital
_c) pound
1

+IN

D

Q

-IN

D

Q

Bias circuits

(a)

7

Switched
bias
circuits

Output

subsides before the next clock pulse, so the loop is effectively broken and a clean, single transition - indicating

that the input has just passed the threshold - is assured
(Fig. 3).

The time when the input passes the threshold is of
course quantised to the nearest clock pulse. But a high
speed clock and a slow slewing input makes this of little significance.
Without hysteresis, the positive and negative thresholds are exactly equal and the relative polarity of the

input is indicated with perfect accuracy for input
changes in either direction - subject to the finite gain of
the comparator section and the time quantisation. The
Elantec EL2018 is generally similar but has a transparent latch (for use in track/hold applications) instead of a
master/slave flip flop. Both devices have tri-state outputs, controlled by chip select inputs. Voltage gain is
103dB and the 4V output swing corresponds to less than
30µVrms uncertainty at the input, more than adequate
for a 16 -bit A -to -D converter.

5

Comparators in use
Comparators have hundreds of uses in addition to their

Chip select
input
CS

application in A -to -Ds. One is in the very common
requirement to indicate whether a voltage rail is within
its specified limits or not. The basic arrangement is the
"window comparator" (Fig. 4a) where one comparator
compares the input with the lower threshold, and another with the upper. If either output goes low, the rail voltage is out of limits - signalled to the system controller
and/or indicated by a lamp or led. By arranging that the

Fig. 3a). Elantec EL2019
fast, high voltage

comparator with master
slave flip-flop offers
typical set-up and hold
times of 12ns and -3ns
respectively.
b) The three state TTL
compatible output stage
draws a constant supply
current, preventing
supply line glitches.
c) This feature, plus the
fact that the output can
change state only
following a positive clock
edge, prevents the
possibility of oscillation.
d) Using the chip select
bar three -state feature to
monitor several
inputs.(Elantec Inc)
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-15 V
VREF UPPER

To TTL input
vin

Monitored
voltage

VREF LOWER

+15 V

IC1, -LM311 8 pin dil
-15 V< V1,, +15 V

Lamp
Or

led
(a)

1M

100 k

-NAM

Set

iiyWy-- window
width

+15 V

V,n

100 k

+15 V

47 n

100 k

lamp is normally lit, then the lamp -out condition indicates trouble, either voltage out of limits or lamp failure.
A dual/quad comparator such as the LM393/LM339
can provide one or two such circuits in a single package.
With a little ingenuity, a quad comparator can furnish
four window comparators (Fig. 4b) and a single comparator indicates in- or out -of -window by oscillating or
not. In -window, both leds are lit, one or other dimming
slightly as the corresponding limit is approached. When
the limit is reached the cessation of oscillation is abrupt,
the appropriate led suddenly extinguishing and indicating whether the voltage is too high or too low (or possibly lamp failure).
Another application uses a comparator in a circuit for
producing symmetrical square waves from an asymmetrical input (Fig. 5). A combined op-amp/comparator
such as the LM392 is convenientbut will limit operation
to a modest frequency range, since this handy eight pin
device does not have offset null facilities for either the
op amp or the comparator section. Using a separate op
amp and comparator with offset adjust facilities enables

the operational frequency range to be considerably

Set

window
centre

Fig. 4a). Basic window comparator, with logic output (low
indicates out of limits) or lamp indication (lamp out
indicates out of limits or lamp fault). Dedicated window
comparator chips are also available.
b) Window comparator using a single comparator: either
led out indicates voltage out -of -limits (or possibly led
failure).

extended: upwards - where the peak to peak output from
the integrator becomes small; and downwards, by using
higher values for R2 and R3, given a fet or cmos input op

25 k

-15 V

-15 V

33 k

1k
LEDs

77\ 77\
(b)

A
IN

Output (to buffer)

amp. Note that neither edge of the equal mark/space
ratio output square wave will coincide with either edge
of the asymmetrical input square wave. The circuit operates on the assumption that the comparator output swing
has equal peak positive and negative values. For equal
rail voltages this is the case, to a close approximation.

Waveform generators
Comparators are also useful items in waveform generators of all sorts (Fig. 6). Waveform generator ICs such as
the 8038 are very convenient for fixed frequency operation, but the circuit shown is much more flexible where

a wide frequency range is required. There is also the
additional advantage that the frequency is directly proportional to the value of the frequency setting potentiometer, rather than inversely proportional.
(a)

IC1 - Lu. 392
+15 V

A

oEqual areas
B

R, + R2. 1 M

With the aid of a ten -turn digit dial, the 10K frequency setting resistor R provides a direct digital readout of
frequency. 10% or even 20% tolerance range capacitors
C can be used, since the top frequency on each range
can be individually set by the appropriate 4K7 preset
pot. Given equal supply rail voltages, the triangle and
square wave outputs are both DC free, ie symmetrical
about earth, while the output frequency is independent

of the actual value of the (equal) supply rail volts. A

-

comparator is used for /C2 on account of its rapid
response - the slow recovery of an op -amp from the togC

gled state would spoil the linearity of the frequency
read-out on the top frequency range, highlighting the

0V--

Delay

-

Delay)
(b)

522

Fig. 5a). Circuit for converting asymmetrical square waves
into symmetrical ones. C1R, should be large enough to
pass the lowest input frequency Fmk, with minimal sag.
R2C2 should be such that at FmiN ICia output almost
reaches the rails. R3C3 should be much greater than 1/Fmin.
b) Waveforms associated with the above circuit.
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principle of "horses for courses". An
op -amp can be used as a comparator

Buffered low -impedance
triangular
output

(and vice versa), but in general the
results are not optimum.

+7.5 V

AM

-7.5 V
+15V

N

High voltage damping
An interesting exception to this rule
is the Comlinear CLC501 high-speed

100 k

100 k
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current -feedback op amp, which fea-

tures a unique capability for output

8 2k

voltage clamping. The device has the
usual eight pin dil pinout except that
pins 5 and 8 are clamp pins Vow, and
Vhigh. These internally buffered pins
may be set, for example, to limit the

LM311

BC184
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4

output swing to the standard TTL
1111

10k

8

1N4148

levels. Clamping avoids saturation,
resulting in a very fast recovery time
from overload of just ins.

-15V
NAM`
10k

a

C

470 nF 470 nF

Fig. 6. Circuit of a simple square- and
triangle -wave function generator with
digital readout of frequency from ten turn digit dial associated with
potentiometer R.
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WHITE NOISE
by Hot Carrier
Deaf to the bad news about portable phones

Dumbo decibel

Who is going to pay for retrofitting RF
suppression to thousands of existing hearing
aids to counter the extraordinarily high
levels of acoustic interference from GSM
and DECT portable phones? The problem is
susceptibility of hearing aids to the on/off
transmitter modulation pattern of the
phones; for example the TDD/TDMA frame
of DECT consists of 5ms transmit and 5ms
receive alternately. The result is that a
hearing aid may be bombarded with a high
level RF carrier with 100% 100Hz square
wave modulation. For the wearer, that's as
loud as standing by a jet plane.
True, a hearing aid doesn't exactly
reproduce frequencies as low as 100Hz. But
the harmonics of the signal extend all the
way across the audio band from 100Hz
upwards, or, in the case of GSM with its
4.615ms frame, from 230Hz up. New

well -publicised pronouncement from one
of the business organisations recently
flagged up excessive time spent on meetings
as one of the contributory causes of our
industrial malaise. Certainly the main task
for a middle manager when things aren't
going too well is often to be seen to be
doing something, and holding a meeting can
fit the bill. But another cause which might
have been mentioned was the limited technical background of many managers.
I recall an antenna distribution system
where the signal was to be split between so
many listening posts that the level at each
would be too low, even with the 20dB
antenna preamplifier to be supplied. The
manager in charge, looking for a solution,
was told by a mischievous engineer that
another similar preamp could always be
added in series with the first, after all 40dB
gain should be more than enough. His
response: "Oh, can you add dBs, just like
that?".

hearing aids can be designed to incorporate
immunity to high localised RF fields. But
who's going to pay for retrofitting existing
hearing aids. Is it the fault of the aids? After
all they are only supposed to pick up
acoustic sound waves, not to act as radio
receivers (other than for LF induction
loops). But then, when they were designed,
no-one foresaw the hazard of high level RF
fields impinging upon them.
The situation is similar to the amateur radio -transmitter -interferes -with -TV

syndrome, except that a TV is supposed to
receive radio signals, so it could reasonably
be expected to be designed to receive only
the required ones.
Pity that hearing -aid wearers won't be able
to hear all the inevitable arguments above
the sound of the roaring in their ears.

Video phone highlights lack of vision
Congrats are due to the people at Marconi,
whose video phone system is being adopted
around the world, boosting its chances of
becoming a de facto standard. Such success
scored by a UK electronics company is all
the more creditable in the light of the
absence of
UK government support on anything like
the scale common in other European
countries. UK governments seem to see any
financial encouragement for industry as
automatically falling under the heading of
propping up lame ducks. Other European
countries - and even more so Japan - see
investment as a strategic necessity for the

future. In the US, the government can not
give money away to its electronics industry.
President Clinton's plan for a $17 billion
four-year technology support programme for
the industry is coming up against almost
unanimous disapproval. Industrialists don't
want it, being under no illusions as to where
the money would come from, namely taxes
that reduce the strings -free private capital
available to their companies in the first
place. The money is supposedly there
anyway, from the "peace dividend". Better,
they say, that the US government use it to
reduce its huge annual deficit. Nice to have
the choice though isn't it.

Thought please
Computer games, needing little more than
hair-trigger rapid reflexes, might be more
active than just watching tv, but surely there
are more challenging pursuits on which
tomorrow's adults (including engineers) can
cut their intellectual teeth? What we want is
not a race of instant button pushers, but
people with a reasoned, questioning
outlooks on life.
One engineer I knew was given the job of
measuring the performance of a batch of
passive LC filters. He was using a
LO/SLMS set-up, a level oscillator plus
selective measuring set. One of the
parameters he was measuring was insertion
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loss at top and bottom of the pass -band, and
he solemnly recorded the results for each
filter in the batch. In many cases, the
recorded insertion loss was -0.1 or even

-0.2dB! But that was what the instruments
said. Needless to say, the problem was
wrong terminations, as so often the case
with filters.
A more inquisitive mind would have asked
where the "extra" power was coming from an attitude more likely to be fostered by the
constructive pastimes of yesteryear such as
Meccano, railway or aero modelling than by
the likes of Super Nintendo.

From Russia with love
Last year, AT&T Co announced it was hiring one hundred scientists working on optical fibre research at the Russian Academy
of Sciences in Moscow. The Russian scientists will be paid the same as before the deal
- about $60 per month - which must represent real bargain basement research.
Corning Inc has said it also was planning to
hire about the same number of scientists,
working on basic research in glass. Both
companies say that the Russians would
retain any resultant patent rights within
Russia and would get bonuses for outstanding work.
It makes a change from financing low
cost revolutions in South America.

Virtual (harsh) reality
The patent rights relating to virtual reality
previously owned by the US company VPL
Research are now the property of the French
company Thomson CSF SA. This blow to
US efforts to stay competitive in the field
came about because VPL had pledged the
patents as collateral for a one million dollar
loan from Thomson CSF, on which it subsequently defaulted.
I suppose it's just another form of inward oops - virtual investment.

June 1993 ELECTRONICS WORLD + WIRELESS WORLD

1

CLASSIFIED
FAX 081 652 8931

TEL 081 652 8339

ARTICLES FOR SALE

APPOINTMENTS

BIG BUYERS' BARGAINS

lZv Brushless fan, Japanese -made
31/2" 50 ohm Speakers
FM Band Radio Mike
61/2" 8 ohm Speaker
12v Mini Stepper Motor
Philips Laser
12v 2A Power Supply

Could you do this job?

£3
38p
£6
70p
75p
£18
£5

Working with VSO in a developing country can be the experience of a

VERY MANY MORE, LIST AVAILABLE

Minimum order L20), but can be mixed

Factors

lifetime - full of professional challenge and job satisfaction. Current

J23.l54
Pilgrim Works. Stairbridge Lane,
Bolney, Sussex RH17 5PA.

opportunities include:

Tel or Fax (0444) 881965

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC, INTO CASH

We have a constant demand for
people to work in hospitals to assist in
training and up -grading of skills of

volunteers to assist in training and

Contact:
COLES-HARDING & CO. 103 South Brink

repair in the above, You will need a City

Wisbech, Cambs PE14 ORJ.
ESTABLISHED OVER 15 YEARS

and Guilds in Radio and TV servicing
with some relevant work experience.

Tel: 0945 584188 Fax: 0945 475216

You will be working with school leavers

FOR SALE Fluke 9010A Micro System
roubleshooter with 3 interface pods
9000A -Z80, 9000A-8085, 9000A-6502.

technical students to assist them in
adapting their skills to repair and
maintain equipment in small district

who have a very basic education, and and provincial hospitals.
We have an occasional variety of
assisting them to get skills for this kind
jobs in electronics for qualified people
of work.

Tel 0742-762100

GOULD OSCILLOSCOPES 0S1000/
20Mhz £145. 0S4000/10Mhz Digital
£295, 0S4040/50Mhz Digital + IEEE/
GPIB £695. TEL (0482) 840036.

a

Electra -medical technicians

VSO has several requests for

Immediate settlement.
We also welcome the opportunity to quote for
complete factory clearance.

Buyers of Surplus Inventory
411

Radio and TV repair work

Television/ video Engineer

FREE CLASSIFIED

and welcome enquiries in this sector.

An engineer is required by the

For more details, please complete

Broadcasting Corporation of Belize to

and return the coupon to: Enquiries

work in their TV unit. There are 69 Unit, 317 Putney Bridge Road, London
staff in BCB, the engineer would be SW15 2PN.
Or simply call Moyna Wooding on
expected to do some on the job staff

ELECTRONIC COMPONENTS Bargain
bags. New capacitors, resistors, IC's,

connectors, stepper motors, PSU's, &
scrap PCB's SAE to; Ian Stirling, Cottaracre Star Of Markinch, Glenrothes
KY7 6LA.
TEKTRONIX 491 Spectrum analyser 1.5
to 40 Ghz £450 Tel 0568 612456.

training.

081-780 1331 (24 hrs .

UNIX, PHILLIPS ENGINEERING

la

Development systems, full specification
printer, emulation pods, debugger com-

plier, intel, motorola, and much more
£250 bargain 051-652-4324.

ADVIIISERSIVASENOI
For all your future enquiries
PLEASE PRINT CLEARLY

on advertising rates, please contact

Name
Telephone
Address

Pat Bum on:

1e1:08116528339
Postcode
EWW06

Fax:081.6528931

I

VSO provides medical insurance, NI contributions, return air fares

Land various grants and allowances. A local rate of pay and
accommodation are provided by the country concerned.

CELLULAR TELEPHONE MODIFICATION HANDBOOK

VSO is a registered charity which sends men and women volunteers to
Charity no. 313757
share their skills with people in poorer countries.

AVAL "PKW" PROGRAMMERS
FROM £350

How are hackers making cellular phone calls for free?

E/FEE/EEPROM (16K-16Mbit), PLD, EPLD

How to have two phones with the same number
Techniques for decoding & changing cellular phones' NAMS
Descriptions of cellular phones's vulnerabilities'
Cellular phone manufacturers ESN codes

Manufacturer Approved Algorithms

Complete Manual only £ 50
SPY Supply, 108 New Bond Street
London WlY 9AA
(US) 617.327-7272

Sold or educational a ur ioses onl

I

VSO

It's a working experience.

June 1993

ELECTRONICS WORLD+WIRELESS WORLD

Free HOST PC Communication Software
High performance and quality
User friendly and easy to operate
For product information, please contact:
AVAL CORPORATION LIMITED Unit 11, Deansgrange
Industrial Estate, Kill Lane, Deansgrange, County Dublin
Tel: 010-353-1-2892136 Fax: 010-353-1-2892070
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ARTICLES WANTED

ARTICLES FOR SALE

VALVES AND C.R.T.s
(also Magnetrons, Klystrons, 4CX250/350)

WE WANT TO BUY !!

Minimum order charge

of £50 + VAT

WAREHOUSE CLEARANCE OF CATHODE RAY TUBES
CRT's for monitors, scopes, radars etc, (not domestic television). BIG
discounts available for orders of 10 or more pieces. Offers considered.
Enquires from Trade/Export most welcome. We have large quantities of
the following types, plus 400 other types in smaller quantities. Updated
March 1993 Catalogue available on request.

IN VIEW OF THE EXREMELY
RAPID CHANGE TAKING PLACE
IN THE ELECTRONICS
INDUSTRY, LARGE QUANTITIES
OF COMPONENTS BECOME
REDUNDANT. WE ARE CASH
PURCHASERS OF SUCH
MATERIALS AND WOULD
APPRECIATE A TELEPHONE
CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND
COLLECT.
R.HENSON LTD.
21 Lodge Lane, N.Finchley,
London N12 8JG.
5 Mins, from Tally Ho Corner.
TELEPHONE
081-445-2713/0749
FAX 081-445-5702.

2J 3D P1

3RP1A
3JP1
3WP1

5AP7
7ABP33A
12CSP4
89L
190CB4
1074H
1396P
1424A G1

95447 GM
CME1431W
CME1523W
CME2024W
CME3132GH
CRE1400
CV1587
CV1976
CV2302
CV2472

£12.00
P.O.A.
£12.00
£12.00
P.O.A.
£12.00
£18.00
£18.00
£29.00
£29.00
£29.00
£29.00
P.O.A.
£14.00
£18.00
£14.00
£21.00
£18.00
£29.00
£47.00
£53.00
£41.00

CV3946
CV8897
D10-210GH
D13-611GH
D13-611GM
D13-630GM
D14-150GH
D14-173GM
D14-173GR
014-181GM
D14-200GM
D14-270GH/50
D16-100GH/67
D15-100GH/97
DG7-5
DG7-6
DG7-32

007-36
E4412-6-9
F28-13OLDS
F16-101GM
F21-130GR

£12.00
£46.00
£53.00
£53.00
£53.00
£53.00
£53.00
£53.00
£53.00
£53.00
£53.00
£53.00
£53.00
£53.00
£53.00
£41.00
£24.00
£12.00
£29.00
£100.00
£41.00
£41.00

F31-12LD
LD708
LD729
M7 -120W

M14-100GH
M14-100LC
M17-151GVR
M23-112GV
M31 -182V
M31 -184W
M31-19OGR

M31-191GW
M31 -271W

M31-325GH
M36 -141W
M40 -120W
M44-12OLC
MV6-5
SE32BP31
SE5FP31
SEJP31

£88.00
£41.00
£41.00
£10.50
£12.00
£23.00
£112.00
£41.00
£41.00
£41.00
£41.00
£41.00
£41.00
£29.00
£41.00
£41.00
£41.00
£47.00
£41.00
£41.00
£23.00

Please add £3 P&P in UK and 171/2% VAT. For overseas P&P please enquire. 10,000
pieces In stock. 400 types. Please enquire for any type not listed above. We also have
In stock: camera tubes, image Intensifiers, magnetrons, vldlcons and audio valves.
We wish to purchase the following valve types KT66, KT88, PX4, PX25, DA100.
MINIMUM ORDER £50.00 UK £100.00 EXPORT. CALLERS STRICTLY BY
APPOINTMENT ONLY

13ILLINGTON EXPORT Ltd
Unit 1E. Gillmans Industrial Estate. Billingshurst. Sussex RH14 9EZ.
Callers by appointment only.
Telephone: 0403 784961 Fax: 0403 783519
Min. UK order £50 VAT. Min. Export order f50 Carriage.
I

WANTED

STEWART OF READING
110 WYKEHAM ROAD,
READING, RG6 1PL,

TEL: 0734 68041
FAX: 0734 351696

TOP PRICES PAID FOR ALL
TYPES OF SURPLUS TEST
EQUIPMENT, COMPUTER
EQUIPMENT, COMPONENTS
etc. ANY QUANTITY.

103

Test equipment, receivers,
valves, transmitters,
components, cable and
electronic scrap and
quantity.
Prompt service and cash.
M & B RADIO

86 Bishopgate Street,

WANTED
High -end Test Equipment, only brand
names as Hewlett-Packard,
Tektronix, Rhode & Schwarz, Marconi
etc. Top prices paid.

Please send or fax your offer to:
NTS ELEKTRONIK
Alter Apeler Weg 5, 2858 Schiffdorf,
West Germany
TEL:

FAX:

01049 4706 7044
01049 4706 7049

WANTED VALVES, especially KT66,
KT88, PX4, PX25 (also transistors, IC's,
capacitors, valve radios/hi-fi). If possible

send written list for offer by return to

Billington Export, 1E Gillmans Ind Est,
Billingshurst, Sussex, RH14 9EZ. Tel:
0403 784961. Fax: 0403 783519

Leeds LS1 4BB
Tel: 0532 435649
Fax: 0532 426881

WANTED

COPY SERVICE ALSO AVAILABLE

A.R. Sinclair, Electronics, Stockholders,
2 Normans Lane, Rabley Heath, Welwyn,
Herts AL6 9TO. Telephone: 0438 812 193.
Mobile: 0860 214302. Fax: 0438 812 387

Spectrum analysers, signal generators, comma test sets, etc.

ralfe electronics
Please call 081-422 3593 or fax us on 081-423 4009
526

ORIGINAL SERVICE MANUALS FOR SALE

TOP PRICES PAID FOR ALL TYPES OF
ELECTRONICS EQUIPMENT

PROFESSIONAL TEST & MEASUREMENT EQUIPMENT

SUPPLIER OF QUALITY USED
TEST INSTRUMENTS
ANALYSERS, BRIDGES, CALIBRATORS,
VOLTMETERS, GENERATORS, OSCILLOSCOPES,
POWER METERS, ETC.
ALWAYS AVAILABLE

Receivers, Transmitters, Test
Equipment, Components, Cable
and Electronic, Scrap. Boxes,
PCB's, Plugs and Sockets,
Computers, Edge Connectors.

WANTED WANTED WANTED

Cooke International

780

EXPORT, TRADE AND U.K. ENQUIRIES WELCOME.
SEND S.A.E. FOR LISTS OF EQUIPMENT AND

MANUALS.
ALL PRICES EXCLUDE VAT AND CARRIAGE
DISCOUNT FOR BULK ORDERS.

SHIPPING ARRANGED

OPEN MONDAY -FRIDAY 9AM-5PM
ELECTRONIC TEST & MEASURING INSTRUMENTS

Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, P022 OEB
Tel: (+44) 0243 545111/2
Fax: (+44) 0243 542457
* COMMUNICATIONS EQUIPMENT PURCHASED *
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ELECTRONIC UPDATE
A regular advertising feature enabling
readers to obtain more information
on companies' products or services.

Contact Pat Bunce on
081-652 8339

8...16... 32...
Delqwing power for the illttlik

DEBUGGING POWER
FOR THE FUTURE
A new 12 page product brochure

The National Instruments

gives an informative insight into the

VXI brochure describes the

FREE VXI BROCHURE

scope and power of Pentica Sys-

company's embedded PC and

tems' MIME -700 in -circuit emulator.
The MIME -700 offers fast and profitable development and dubugging of

GPIB controllers, MXIbus
interface kits for multiple

microprocessor systems. The

platforms, and NI-VXI,

the concepts of Pentica's MIME -600,
expanding and enhancing mapping,

LabWindows, and LabVIEW
software for developing and

MIME -700 extends and improves

breakpoints and trace facilities, to
support today's 16- and 16/32 -bit

controlling VXI instrumentation systems.

systems.

PENTICA SYSTEMS LIMITED

NATIONAL INSTRUMENTS

Tel: (0734) 792101
Fax: (0734) 774081

MIME

S DISTRIBUTION PANELS
DOUBLE POLE
NED SOCKETS

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.
All panels are available ex -stock and
can be bought direct from OLSON.

Olson Electronics Limited
Tel: 081 885 2884
Fax: 081 885 2496
CIRCLE NO. 143 ON REPLY CARD

IR Group, Europe's leading
supplier of used
instrumentation, has
published the latest update
of models available. With a
range from power supplies
to network analysers, most
items are available on short
delivery and come with a
12 month parts and labour
warranty. For a detailed
quotation call
LONDON 911ARICA465TER
061 973 6251

0753 670000

075.6401

061

ELECTRONICS

WORLD
+ WIRELESS WORLD
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Cheap DSP to

transform audio
amp design?

Working with
switched
capacitor Rem

4

1

Gennany's
imperial
wireless system
Tests discredit
CFA theory

One,.
11.11409660164

Squashing

I

parasitic
oscillations

SPECIAL FEATURE: tltr

Tel: 0800 289877

CIRCLE NO. 142 ON REPLY CARD

700

0753 670000_
CIRCLE NO. 144 ON REPLY CARD

ELECTRONIC UPDATE is
Electronic World and
Wireless World's section for
advertisers to market their
product information. From
catalogues to newsletters,
Data Update is designed to
present your product
information in a clear and
attractive manner while our
"CIRCLE NUMBERS"
help readers to obtain the
information they need fast.
CIRCLE NO. 145 ON REPLY CARD

CIRCLE NO. 146 ON REPLY CARD
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DATAUPDATE is
Electronics Weekly's
section for advertisers to
market their product
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catalogues to newsletters
Data Update is designed to
present your product
information in a clear and
attractive manner, whilst
our colour coded enquiry
numbers help readers to
obtain the information they
need fast.
CIRCLE NO. 147 ON REPLY CARD

2nd EDITION TOKO RF
CATALOGUE
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.

Cirkit Distribution Ltd, Park Lane,
Broxbourne, Hefts, EN10 7NO

Tel: (0992) 441306
Fax: (0992) 441306

CIRCLE NO. 148 ON REPLY CARD

High Speed EPROM & FLASH

Programming from your PC
Programs EPROMs to 4 Mbits/
32 -pins

IA Superfast 8, 16 & 32 -bit

programming
O Approved algorithms
O Menu driven software included
Sophisticated editor functions
El Easy file management
O FREE demo disk available

Stag Programmers Limited
Martinfield Welwyn Garden City,
Herfordshire, AL7 1 JT UK

Tel: (0707) 332148
Fax: (0707) 371503
CIRCLE NO. 149 ON REPLY CARD
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RALFE ELECTRONICS

SPECTRUM ANALYSERS

HEWLETT PACKARD

36 EASTCOTE LANE. S. HARROW, MIDDLESEX HA2 8DB
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TEL: 081-422 3593. FAX: 081-423 4009
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NOW
IN

40th
YEAR

£1500
£1500
£3500
£6000

B&K 2031 narrow band audio analyser
HP3580A 5Hz-50kHz audio spectrum analyser
HP3582A dual -channel 25kHz analyser
HP3585A 20Hz-40MHz GPIB analyser
HP85588/182C 1500MHz analyser
HP182C/8559A 0.01-21GHz spectrum analyser
HP8565A 0.01-22GHz (or 40GHz with ext mixers)

£1500
£5000
£5000

SPECIAL DEAL: 18GHz SYSTEMS: HP140T/8552A/8555A
(modem colours) CHEAPEST EVER PRICE £1750
ALL OTHER PLUG-IN UNITS AVAILABLE. CALL FOR SPECIAL PRICES
42000
£7000
£4500

MARCONI TF2370110MHz analyser
HP8569B 10MHz-22GHz, ext mixing to 115GHz, HPIB
HP8565A 10MHz-22GHz (up to 40GHz with external mixers)

TEST EQUIPMENT

MARCONI INSTRUMENTS
2017 signal generator
2305 automatic modulation meter GPIB
2019A synthesized signal generator 80kHz-1040MHz
2955N2960 (TAGS BAND III opts) mobile radio test set
2828A/2829 digital simulator/analyser
2831 multiplex tester
2955A mobile radio test set MOREWANTED FOR CUSTOMERS
6059A signal source 12-18GHz
6140 GPIB adapter

£1250

BOONTON 102F AM/FM signal generator 05.-1040MHz
BRUEL & KJAER 3534 sound & vibration field measuring set
comprising 2231 SLM/4155, 1625 filter set, 4230 etc.
BRUEL & KJAER 2511 vibration meter set/1621 filter
BRUEL & KJAER 2610 measuring amplifier
BRUEL & KJAER 2307 level recorder
BRUEL & KJAER 2318 graphics printer
BR UEL & KJAER1618 band bass filter
BRUEL & KJAER 4426 noise level analyser cJw 2312 printer

£3500
£2250
£1000
£1000
£950
£750
£2000

* MUCH MORE. ASK FOR FULL B&K STOCK LIST*
£2000
£2750
£2250
£7000
£1000
£1500
£4500
£750
£200

£750
£1250
£275
£275
£200
£500
£1500
£1500
£1500

DATRON 1065 digital multimeter
DRANETZ 626 mains disturbance analyser/2 x PA -6001
DRANETZ 606-3 line disturbance analyser
FLANN MICROWAVE 27072 frequency meter 73-113GHz
FLUKE 8050A 41/2 -digit bench DMM
KEITHLEY 195 GPIB digital multimeter
MAURY MICROWAVE 8650E TNC-calibration kit
NAGRA IV- SJ tape recorder
PHILIPS PM5193 synthesized function generator

MANY MORE FULLY RE -FURBISHED, FULLY GUARANTEED
TEST INSTRUMENTS AVAILABLE FROM STOCK. PLEASE ASK FOR
OUR CURRENT LISTING. WE CAN FAX LISTS & SHIP GOODS
WORLDWIDE. HIGH -END EQUIPMENT ALWAYS WANTED FOR

STOCK. "CALLUS NOW"
6460/6420 power meter 10MHz-12.4GHz 0.3uW-10mW
6460/6423 power meter 10MHz-12.4GHz 0.3mW-3W
6600A sweep generator 26.5-40GHz
67008 sweep oscillator 8-12.4GHz & 12.4-18GHz
6912 power sensor 30kHz-4.2GHz for above series
893B audio power meter
0A2805A PCM regenerator test set
TF2304 automatic modulation meter
TF2910/4 non-linear distortion (video) analyser
TF2914A TV insertion signal analyser
TF2910TV interval timer

£350
£400
£1000
£1000
£150
£350
£750
£350
£1000
£1250
£500

PHILIPS PM2534 digital muttimeter

£450

RACAL 9008 automatic modulation meter £325.9009
RACAL 9081 synthesized AM/FM sig' gen' 5-520mHz
RACAL 9300 RMS voltmeter -80dB to +50dB
RACAL -DANA 9302 RF milli -voltmeter 1.5GHz
ROHDE &SCHWARZ SMSsigna generator IEEE & 1HGz
SCHAFFNER NSG430 static discharge simulator
TEKTRONIX TM503/SG503/TG501/PG506 scope calibrator
TEKTRONIX AA501A distortion analyser (plug-in) unit
TEKTRONIX 7000 -series MANY CONFIGURATIONS, PLEASE CALL
TELONIC 1205A 1-1500MHz sweep generator

£300
£650
£325
£450
£1750
£1000
£2250
£850
£1250

£400
334A distortion meter
£1550
339A distortion meter (option 01)
£250
3406A sampling voltmeter
each £125
355C attenuator DC-1GHz 0-11db & 3550 0-120db
£750
3552A transmission test set
£1500
3325A function generator
£1500
3335A synthesizer/level generator (opt 01)
8620C sweep generators various plug-in units, please call
£1500
3580A audio frequency spectrum analyser
£6000
3585A spectrum analyser 20Hz-40MHz 0.1Hz res' I+PIB
£1250
3575A gain/phase meter 1Hz-13MHz dbV & ratio & o opt 01
3711A/3712A microwave link analyser (MLA) with 37938 & 37308/37368 OF
£4000
down -converter (1.7-4.20-tz)
£325
400FL mV -meter 100uV-300V fs. 20Hz-4MHz

415E swr meter
4276A/001 LCZ meter
432A/478A microwave power meter 10MHz-10GHz
432A/R486A uwave power meter 26.5-40GHz (waveguide)
50058 signature multi -meter, programmable
532A (R) frequency meter 26.5-40GHz waveguide WG28
5328A frequency counter 100MHz
6253A dual power supply 0-20V 0-3A twice
62748 bench metered power supply 0-60V & 0-15A
6825A bipolar power supply/amp -20 to +20vdc 0-1A
70300A tracking generator plug-in unit
70907A external mixer for 70000-ser spectrum analyser
7035B X -Y single pen analogue chart recorder
779D dual -directional coupler 1.7-12.4GHz (also others)
8011A pulse generator 0.1Hz-20MHz
8013B pulse generator 50MHz
816A slotted line 1.8-18GHz with carriage 809C & 4478
8405A vector voltmeter, voltage & phase to 1000MHz
8406A comb generator
8505A network analyser system including 8503A S -parameter test set and
8501A storage normaliser
8600A digital marker generator for 8601A
8601A 110MHz sweep generator
8614A signal generator 800MHz-2.4Gliz
8671A synthesized signal generator 2-6.2GHz

E350

IMO

in

£1750
£400
£600
£500
£150
£200
£225
£400
£350
£2000
£1750
£350
£350
£500
£600
£500
£950
£1000
£5000
£250
£500
£1000
£2500

PLEASE NOTE: ALL OUR EQUIPMENT IS NOW OPERATION -VERIFICATION
TESTED BEFORE DESPATCH BY INDEPENDENT LABORATORY

We would be pleased to handle all grades of calibration or NAMAS certification
by same laboratory at cost price. All hems covered by our 90 -day parts and
labour guarantee and 7 -day 'Rig ht to Refuse' (money back) warranty.
ALL PRICES SUBJECT TO ADDITIONAL VAT AND CARRIAGE

CIRCLE NO. 138 ON REPLY CARD
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THE BEST LOW COST PROGRAMMERS
DESIGNED & MANUFACTURED IN THE UK
if

SPEEDMASTER 1000
SPEEDMASTER 1000E
UNIVERSAL PROGRAMMER

Superfast PC based programmer
MI Programmes; EPROMS UP TO 8M BIT,
FLASH EPROMS, EEPROMS, BPROMS,
EINVRAMs, MICROs (8748/51),
PALs, GALs, EPLDs, PEELS,
MACHS, MAPLs, MAX

0° S

Plugs directly into

paralle port
1000E Version has ROM/RAM
emulator built in: 128k
mo(1 Mbit) standard,
optional 512K (4Mbit)

0

10
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MICROMASTER 1000
MICROMASTER 1000E
UNIVERSAL PROGRAMMER

Programmes: EPROMS -UP TO 8M BIT.
FLASH EPROMS, EEPROMS,
41BPROMS, NVRAMs, PALs,
Os. olf,
GALs, EPLDs, PEELs,
MACHs, MAPLs, MAX etc.
is PLUS over 80 different Micros
including 8748/51, 68HC705, 68HC711,
PICs, Z86, TMS320, TMS370 etc DIPs
WITHOUT ADAPTORS OR
EiPERSONALITY MODULES!

Package adaptors available.
"' 1000E Version has ROM/
RAM emulator built in:
11128K (1Mbit) standard,
optional 512K (4 Mbit)
7,1

SPEEDMASTER 8000
GANG/SET PROGRAMMER
II 8 way, Pc or stand alone
Super -fast programming times,
El manufacturer recommended
algorithms

32 pin devices as standard
Support for 8748,51,

TMS370, PIC Micros and
40 pins.

WHY BUY AN INFERIOR IMPORTED PROGRAMMER WHEN YOU CAN HAVE A MANUFACTURER
APPROVED UNIVERSAL PROGRAMMER/EMULATOR DIRECT FROM ICE TECHNOLOGY!
We offer the best range of low-cost programmers available, now including our unique
UNIVERSAL PROGRAMMERS WITH BUILT IN EMULATORS
Es

E.]

Unrivalled device support, for example the Micromaster 1000 programmes PICS, Z86, 87C705, 68HC705,
TMS370, 77C82 ETC WITHOUT ADAPTORS, as well as the full range of Eproms, PLDs etcsupported by
all our universal programmers.
Approved by National Semiconductor for their full range of PALs, GALs, and MAPLs - other programmers
claiming approval are often only approved for EPROMs - a much less exacting specification!
All our programmers and programme/emulators work off the standard parallel port with any IBM
compatible PC, even laptops
Unbeaten programming times: Programme a 27256 in just 5 SECONDS including download and verity.
Easy upgrade path between Models.
GY
(:)\.

7OR MORE DETAILS, DEVICE LIST AND DEMO DISK CALL NOW ON

TEL +44 (0)226 767404 FAX +44 (0)226 370434

CIRCLE NO. 105 ON REPLY CARD

T TECHNOLOGY LTD, UNIT 4, PENISTONE COURT, STATION BUILDINGS, PENISTONE, S. YORKS, S30 6HG, UK.
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Dataman's new S4 programmer costs £495
You could have one tomorrow
tomorrow on approval*
If you've been waiting for S4 we have
some good news. It's available now.
S4 is the 1992 successor
to Dataman's S3
programmer,
which was
launched in 1987.
The range goes
back through S2,
in 1982, to the
original Softy
created in 1978.
Like its predecessors,
Softy4 is a practical
and versatile tool with
emulation and product
development features.
S4 is portable, powerful
and self-contained.
Design and manufacture are
State of the Art. S4 holds a huge
library of EPROMS, EEPROMS,
FLASH and One Time
Programmables. Software upgrades
to the Library are free for the life of
the product, and may be installed from
a PROM by pressing a key. S4 makes
other programmers seem oversized,
slow and outdated. S4 is now the
preferred tool for engineers working
on microsystem development.

Your microprocessor can write to S4
as well as read. If you put your
variables and stack in S4's memory
space, you can inspect and edit
them. You can write a short monitor
program to show your internal
registers.

S4's memory emulation is an
inexpensive alternative to a full MDS
and it works with any microprocessor.
Many engineers prefer it because their
prototype runs the same code that their
product will run in the real world.

Dimensions & Options
S4 measures 18 x 11 x 4 cm
and weighs 520 grams.
128k x 8 (1MB) of user
memory is standard, but
upgrading to
512k x 8 is as easy as
plugging in a
4MB low -power
static CMOS
RAM.
The stated price
includes Charger,
EMUlead, Write
Lead, Library ROM,
Terminal Driver Software
with Utilities and carriage in U.K. but

Battery Powered
S4 has a rechargeable NICAD battery.
On average, you can do a week's work
without recharging. On a single
charge, up to a thousand PROMS can
be programmed - and charging is fast:
it only takes an hour. Normal
operation can continue during the
charging process.

Continuous Memory
Continuous Memory means never
losing your Data, Configuration or
Device Library. You can pick up S4
and carry on where you left off, even
after a year on the shelf. If the
NICAD battery loses all of its charge,
RAM contents are preserved by the
LITHIUM backup battery.

Remote Control
S4 can be operated via it's RS232
Serial Port. The standard D25 socket
connects to your computer. Using
batch files or a terminal program, all
functions are available from your PC
keyboard and screen.

Free Terminal Program
You could use any communications
software to talk to S4. But the
Terminal Driver program, which we
include free, is the best choice. It has
Help Screens to explain S4's functions
and it sends and receives at up to
115200 baud - that's twelve times as
fast as 9600 baud. At this speed a 64
kilobyte file downloads in 9 seconds.
There is a memory resident (TSR)
option too, which uses only 6k of your
precious memory, and lets you "hot
key" a file to S4. Standard upload and

not VAT.

*Money -back Guarantee
download formats include: ASCII,
BINARY, INTELHEX, MOTOROLA
and TEKHEX.

S4 loads its Library of
programmables from a PROM
in its socket,
like a computer
loads data from disk.
Software upgrades are
available free. Download the
latest Device Library from our
Bulletin Board.
Microsystem Development
With S4 you can develop and debug
microsystems using Memory
Emulation. This is an extension of
ROM emulation, used for prototype
development, especially useful for
single -chip "piggy back" micros.
When you unpack your S4 you will
find an Emulator Lead with a 24/28/32
pin DIL plug and a Write Lead with a
microhook. Plug the EMULead in
place of your ROM. Hook the
Write -Lead to your microprocessor's
write -line. Download your assembled
code into S4. Press the EMULate key
and your prototype runs the program.
S4 can look like ROM or RAM, up to
512K bytes, to your target sistem.
Access -time depends on S4 s RAM.
We are currently shipping 85ns parts.
CIRCLE NO. 102 ON REPLY CARD
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We want you to buy an S4 and use it

for up to 30 days. If it doesn't meet

with your complete approval
get your money back, immediately, no
questions asked.
VISA

MEM

1111

Call us with your credit card details.
Stock permitting, we are willing
send goods on 30 days sale -or -return
to established U.K. companies on
sight of a legitimate order.

Customer Support
Dataman's customer list reads like
Who's Who In Electronics.
Dataman provides support,
information interchange, utilities and
latest software for S4, S3, Omni -Pro
and SDE Editor -Assembler on our
Bulletin Board which can be reached
at any time, day or night.

Diluiman

PROGRAMMERS LTD
Station Road MAIDEN NEWTON
Dorset DT2 OAE United Kingdom
Phone 0300-20719
Fax
0300-21012
Telex 418442
BBS

0300-21095
Modem 12/24/96 V32 HST N,8,1
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