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THE WORLDS No.1 BEST SELLING
UNIVERSAL PROGRAMMING AND TESTING SYSTEM.
The PC82 Universal Programmer and Tester is a

*

More sold worldwide than any other of
its type.

*

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

*

High quality Textool or Yamaichi zero
insertion force sockets.

*
*

Rugged screened cabling.
High speed PC interface card designed

PC -based development tool designed to
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
100,000 units.

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

*

vectors for custom ICs and ASICs etc.

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

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

*

No need to tie up a slow parallel port.

for use with all PC models from XT to

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!

486.
*
*

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

Software supplied to write own test

Two year free software update.
*

Speed

optimised

range

of

programming algorithms.

logic devices.

The PC82 can program E/EPROM, Serial PROM,
BPROM, MPU, DSP, PLD, EPLD, PEEL, GAL, FPL,

MACH, MAX, and many more. It comes with a 40
pin DIP socket capable of programming devices

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 production
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
programmers.

*
*

"In circuit" Emulators.
Handy pocket IC testers.

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

CP
£395

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.

CITADEL PRODUCTS LTD
DEPT. WW, 50 HIGH ST.,
EDGWARE, MIDDX. HA8 7EP.
Phone now on: 081 951 1848/9
VISA

Free demo disk with device list available.
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THE BEST LOW COST PROGRAMMERS
DESIGNED & MANUFACTURED IN THE UK
SPEEDMASTER 1000
SPEEDMASTER 1000E
UNIVERSAL PROGRAMMER

Superfast PC based programmer
III Programmes; EPROMS UP TO 8M BIT,
FLASH EPROMS, EEPROMS, BPROMS,
NVRAMs, MICROs (8748/51),
PALs, GALs, EPLDs, PEELS,
MACHS, MAPLs, MAX
III Plugs directly into
Cettlt

4
OP" S

parallel port
1000E Version has ROM/RAM
emulator built in: 128k
(1 Mbit) standard,
OSfie

S

optional 512K (4Mbit)

MICROMASTER 1000
MICROMASTER 1000E
UNIVERSAL PROGRAMMER

Programmes: EPROMS UP TO 8M BIT.
FLASH EPROMS, EEPROMS,
BPROMS, NVRAMs, PALs,
GALs, EPLDs, PEELs,
MACHs, MAPLs, MAX etc.
II PLUS over 80 different Micros
including 8748/51, 68HC705, 68HC711,
PICs, Z86, TMS320, TMS370 etc DIPs
WITHOUT ADAPTORS OR
PERSONALITY MODULES!

0

Package adaptors available.
1000E Version has ROM/
RAM emulator built in:
128K (1Mbit) standard,
optional 512K (4 Mbit)

IS

olOs
5Get

SPEEDMASTER 8000
GANG/SET PROGRAMMER
8 way, Pc or stand alone
III Super -fast programming times,

manufacturer recommended
algorithms
32 pin devices as standard
Support for 8748,51,

s

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

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 etc supported by
all our universal programmers.
Li 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!
E All our programmers and programme/emulators work off the standard parallel port with any IBM
compatible PC, even laptops
7 Unbeaten programming times: Programme a 27256 in just 5 SECONDS including download and verify.
Easy upgrade path between Models.
0 Y

0
FOR 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

ICE TECHNOLOGY LTD, UNIT 4, PENISTONE COURT, STATION BUILDINGS, PENISTONE, S. YORKS, S30 6HG, UK.
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Most people reading last month's
lead news story 'Government bans
sale of unbuggable phones' will
have felt a degree of pleasure at the thought
of Big Brother deprived of the ability to
snoop on its citizens.
To recap, the DTI has vetoed the
incorporation of an advanced encryption
algorithm into the new GSM portable phone
standard because conversations made using
the system will be unable to be decoded by
parties other than the intended recipient, at
least in real time. This has alarmed both the
FBI in the US and our own intelligence
services who fear that their targets will be
able to communicate freely through
relatively secure channels.
A direct result of the veto is that
manufacturing and export plans for the new
phone system are being delayed or
postponed. Although this allows other Far
Eastern digital cell phone systems to gain
competitive advantage, the real questions
seem to concern whether governments
should snoop on their citizens.
The instinctive reaction is to applaud any
development which reduces a State's ability
to interfere yet this seems to be at odds with
other, equally instinctive attitudes. For
instance, most people would accept that car
number plates perform a socially useful
function. Similarly, they may be used in
evidence when prosecuting dangerous
drivers.
Slightly removed but equally acceptable
would be the use of number plates an
identifier where a car is used in the
commission of non -motoring crime.
Continuing the motoring analogy, consider
the roads themselves. Anyone who drives in
a law-abiding fashion may use them

unmolested for their own purposes. The
police and security services regularly track
target vehicles along a route but most of us
wouldn't know and couldn't care.
Likewise the public phone system. The
majority of people do not give a second
thought about the possible eavesdropping by
other parties on a private conversation. In
reality, the public phone system is just that:
public. Police and security services intercept
at will, with or without a court warrant yet
most of us lose no sleep over this.
On the contrary, we welcome the proper use
of intercept in bringing criminals to book
and the placing of terrorists behind bars. It is
hard to criticise the use of the phone
system's digital technology to facilitate this:
for instance the special arrangements on call
box lines, the ability to set up a remote
intercept with a few keystrokes, the terminal
identifiers which are as useful as a car
number plate.
The Government has made a mistake in
creating a fuss over encryption standards for
portable phones. It has simply reminded
criminals of the dangers of using the public
phone system. They will make a special
effort to conduct their business in a way
which can't be intercepted by the
Government or anyone else.
No parliamentary committee could ever
eliminate the occasional abuse of technology
by those who are supposed to act in our
interests. However, official surveillance
systems are, on balance, a good thing in a
democracy. Our principal goal should be to
increase its strength. A Bill of Rights and a
Freedom of Information Act seems to
provide the best check against the routine
abuse of official surveillance.
Frank Ogden
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UPDATE
Radio chips star at US convention
The world's chip companies look for a
quickly growing market in chips which
go into pocket telephones and PC -based
wireless modems. The problem for the chipmakers is how to provide highly integrated,
high frequency chips which operate at low
power.
ISSCC '93 covered both sides of
radiocomms - the baseband signal
processing functions, and the IF/RF
modulation functions. Two papers covering
the IF and RF modulation and demodulation
functions came from National
Semiconductor and AT&T.
The National paper described a fully
integrated bipolar or cmos front end with
built-in image rejection on a monolithic
chip. The use of a quadrature two-phase
mixer to implement the RF to IF frequency
conversion greatly simplifies the receiver
hardware by eliminating the costly, bulky
filters required with a single mixer.
The 2.5GHz image reject front end,
consists of an LNA, complex mixer, bias
and power -down stages, and contains on chip all the required elements including the
mixer phase shifting circuitry. The chip
consumes 60mW in a 15GHz, 0.8t.tm
bicmos process technology. At 1.89GHz
with a 111MHz IF signal, image rejection is
14.1dB, conversion gain 7.6dB and the noise
figure is 18dB.
The front end comprises an RF amplifier,
an image reject mixer, three phase shifters,
output, bias and power -down circuits. The
image -reject mixer is composed of two

Gilbert -cell mixers. The RC phase shift
circuits are connected to both mixers. One
phase shifter performs the image rejection
while the other loads the other side of the
mixer. The dummy section ensures the
mixers are loaded equally increasing image
rejection by 8dB.
A second paper on the IF/RF function
came from AT&T. It described a two chip

ash designers can now use a microwave
LI holographic modelling technique to
check the phase integrity of their aerial
systems.
Developed by ERA Technology, these

Amplitude (0>-20dB)

268
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BT in touch with virtual reality
ritish Telecom is developing virtual
U reality techniques to help in repairing
electronic circuits. The picture shows
Melanie Collins, a BT technician, at the end
of a virtual reality link being instructed by
an expert in the repair of electronic
equipment.
BT is working on four virtual reality
projects - telepresence, data visualisation,
emotional icons, and controlling a
communications network. Telepresence
applications include mobile teleworking
between head office and service centres,
directing medical operations from remote
locations, and electronic news gathering.
Visualisation techniques can be used, say,
to build up a picture of lightning strike
patterns as they affect a telecommunications
network. Emotional icons can be used to
provide a humanised interface with data in
network control applications and can also be
linked to artificial intelligence to assist
decision making.

Microwave focus

n

900MHz transceiver for the North American
IS -54 dual -mode cellular telephone
standard.
One chip is a direct up -conversion
modulator. The other is a double conversion
receiver. Both are made in 12GHz bipolar
technology. As the modulator performs

techniques produce a holographic phase map
which creates three dimensional models of
the reflector's amplitude and phase profile.
The maps help to identify feed and
reflector misalignments which can be

Phase (180°>-180°)

catastrophic for the large reflector antenna
and phased array radars used in military and
civil communications. The system, which
involves calculation of the aerial aperture
field in both complex far -field and near -field
patterns, will run on a variety of software
platforms including dos. Contact Chris
White, ERA, 0372-374151.

Phase (0c>70-)
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ISSCC CONTINUED
direct up -conversion, there is only one local
oscillator and no intermediate frequency
filtering is necessary. The inputs to the
modulator are the local oscillator, and
balanced I and Q baseband signals.
The local oscillator input is buffered and
sent to a phase splitter to produce two
signals in quadrature. These are then mixed
with the I and Q baseband signals to produce
a single sideband suppressed carrier RF
output signal. The modulator is designed to
avoid generating spurious signals. The

-26dBc adjacent channel and -45dBc
alternate channel noise requirements of IS54
are met.
The receiver chip uses two intermediate
frequencies with the second made up of a
dual path; one for analogue FM and the
other for digital DQPSK demodulation. A
RF front end amplifies and demodulates the
RF band to the first intermediate frequency
at which the first channel selective filtering
is performed. The RF signal can be
attenuated by 26dB, preventing strong
wanted channels from overdriving later
stages. Operated from 5V the total power
dissipation of the set is 310mW.
Combined silicon area is 9mm2.
Two ISSCC papers covered baseband
signal processing functions. In the first,
Motorola described a DC -coupled
compander for reducing background noise
levels in cordless telephones. The second,
from AT&T, outlined a single chip
incorporating transmit, receive, a DPSQPSK
modulator, two A/D converters, four D/A
converters and associated analogue and
digital filters.

Manufacturing under
the microscope
The UK manufacturing industry has
come under the spotlight in a study
being carried out by the London Business
School and IBM.
Researchers are going round the
country carrying out detailed interviews
with more than 200 companies in the
first part of a major benchmarking
exercise for manufacturers.
Its aim, according to Phil Hanson from
IBM, is "to answer the questions that
have dogged UK industry for years: Is it
behind the rest of the world? Are
manufacturing practices outdated? How
far are we from being really world
class?"
The plan is for comparable studies to
be made in Germany, Japan, and the
USA in the next two years.
Manufacturing sites of all sizes are being
visited.
The interviewing stage will be
completed this month (April) and results
of the Made in Britain survey, as it is
being called, will be published before the
end of the year.

A new generation of VLSI technology the quarter micron generation - was
demonstrated at the '93 ISSCC along with
the 256Mbit drams that are the fruit of it.
But, it seems, even dram designers are
having to move up the design hierarchy
from designing at the cell level to designing
in blocks.
Memories. One of the design features of
Hitachi's 256Mbit dram was a subarray
replacement redundancy technique.
Conventional redundancy techniques of
replacing defective lines by on -chip spare
lines will, apparently, no longer be sufficient
for drams of 256Mbit and beyond. Instead a
subarray-by-subarray replacement technique
has to be used. The downside for using the
subarray technique is an area increase of
3.5%. The upside is that using the technique
should double yields.
Another key design issue for Hitachi's
256Mbit was how to reduce the data retention current (comprising both refresh
and standby current). Although low voltage
operation is effective in reducing refresh
current, it causes an increase in standby
current due to the subthreshold current of
deep-submicron MOS transistors.
Hitachi solved the refresh current problem
by reducing the operating voltage from 3.3V
to 1.5V. The standby current problem as
been addressed by inserting a switching
pmos transistor between the wordline
voltage and the driver transistors' common source terminal which limits the
subthreshold current to the driver transistors
in the standby state. The result is that the
total data retention current of a 256Mbit can
be less than that of a 64Mbit.
Analogue systems. Analogue technology, it
seems, continues to push away at the
frontiers of active filter technology and three
analogue papers at this year's conference
demonstrated the design limits in low
distortion, high operating frequency and low
operating voltage. Massachusetts Institute of
Technology demonstrated a 2V cmos op
amp where the chip swings very close to
either rail with a gain bandwidth of 63MHz.
An enhancement technique provides gains
of more than 10,000 with operation down to
2V. The swing is symmetrical with the
output going to within 100mV of either rail.
In a couple of sessions on emerging
technologies, this year's ISSCC showed
some interesting hints of where
microelectronics technology could be
heading. Two papers looked at mixing
microelectronics and micromechanics to
make smart micro -machines, and an MIT
paper discussed extending micro -machining
into binary optics.
Tohoku University described the use of
multiple wavelengths to extend on -chip
parallel computing into a third dimension. A
breakthrough potential in nanoelectronics in
the use of resonant tunnelling transistors and

Single electron may
open the door for
terabit chips
A n experimental circuit could open the way
rlfor the first terabit chips. The circuit has
been jointly developed by scientists at
Cambridge University and Hitachi in Japan.
In the quest to develop a single electron
memory cell, they have built a circuit about
0.03mm across with minimum feature sizes of
one micron. It stores a charge of about 100
electrons.
The researchers believe the circuit
demonstrates the possibility of building
smaller true single electron memory cells.
Hitachi has already started on work this using
a scanning tunnelling microscope. The circuit
was described in the 18th February 1993
edition of Electronics Letters.
Hitachi expects to see the first working
device within two years.

The cell already developed uses two
multiple tunnel junctions to control the flow
of electrons along a conductive path leading
to a capacitor memory cell and a charge
sensing detector. The junctions write and
erase the memory cell by squeezing a
conductive path with an electric field so that
electrons are allowed past one at a time.
Changing the field strength can turn this
current on and off.
As conventional semiconductor technology
improves with smaller line widths the
problems from quantum mechanical effects
may make it impossible for devices to
accurately control the small number of
electrons that run through the circuit.
The researchers hope that the technology
they are developing will be able to control
individual electrons paving the way for
memory chips with capacities more than
64Gbit. Leon Clifford, Electronics Weekly

Continued over
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ISSCC CONTINUED
diodes was the subject of a paper by Texas
Instruments.
Fuzzy logic. In the field of neural networks
a digital special-purpose hardware
accelerator for a model of a biological
neuron was the subject of one paper while
two other neural nets based on a new device
called a neuron mos transistor were
described. These devices feature multiple
control electrodes capacitively coupled to
the gate of the device. Tohoku University
described how a logic gate made from a
neuron MOS transistor can act as an AND,
OR, XOR, XNOR or INHIBIT function by

setting voltages on the various control
electrodes.
Two papers took fuzzy processing used in
cameras into automotive engine control. A
Siemens paper described a fuzzy logic
coprocessor small enough to be a macrocell
in an asic while retaining the ability to
process inferences quickly.
Built in li.tm cmos, Siemens' fuzzy
controller module includes ram within a chip
area of 6.4mm2. Rom is on -chip, 64Kbit in
this case but the amount depends on
application. The device has a maximum
clock speed of 20MHz, and takes 126.5ps to
compute a result from four inputs and 1000
rules at 10MHz.
The user can choose one of eight fuzzy
algorithms: the aggregation of weights in the
rule evaluator can be performed using the
MAX operation or the Bounded Sum method;
the inference unit computes the possibility
distribution of the output (the fuzzy output)
with the min -max or min -bounded sum
methods; the defuzzification or calculation
of a discrete output value is performed using
either the centre -of -gravity or mean -of -

maxima methods.
The host microcontroller communicates
with the fuzzy controller via an 8 -bit
address/data bus. In the development
system, the knowledge based memory
(KBM) is a separate device that stores the
rules, the membership functions of inputs
and outputs, and the knowledge -based
descriptors. In final implementation the
KBM can be implemented in on -chip rom as
well as external rom devices.
David Manners, Electronics Weekly.

ERA sees large impact

from neural nets
Artificial neural networking will have
considerable impact in the next decade
on control, signal, and image processing,
according to a report from ERA
Technology.
The report looks at recent applications in
speech, handwriting, credit rating, and the
control of vehicles and robots. It also
describes a practical demonstration of neural
networking as applied to fabric inspection
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Scientist find a way round the oval
The first semiconductor laser to produce a
low divergence circular beam of light has
been developed by scientists from IBM,
Rochester University, and Cornell
University. The beam can widen or diverge
by less than half a degree, compared to 30°
for a typical commercial semiconductor
laser. From such a laser a point -like beam
would be 58ft wide after travelling 50ft,
compared with 10.5in with the new laser.
Semiconductor lasers produce an oval
beam which causes problems when
squeezed into circular optical fibre.
Sometimes only 30% of the light gets into
the fibre.
The new device is a 150µm surface
emitting laser made of gallium arsenide. It
has a concentric circle grating (see picture)
made up of 600 grooves etched into the
semiconductor surface. As the laser light
fans out from the centre of the grating
towards the grooves, the waves are deflected
by the grating's ridges and interfere with
each other, producing a coherent laser beam
which is emitted from its surface.
A small portion of the light does escape
from the sides, but this may end up being
useful in developing laser arrays.

062903 25KV XW.
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jedec plans 2.5V chip spec
The Joint Electronic Development
Engineering Council (Jedec) plans to
complete specifications for chips operating
from 2.5V power supplies within the next
year. Although 3.3V ICs have only just
started breaking into the market, work has
started on the development of the new
standard that will further reduce the power
requirements of portable equipment such as
notebook and palmtop computers.
Key members pushing the development
include Dec, Hewlett-Packard, Apple, Intel,
AMD, and NEC.
According to Michael Pearson, chair of
the 2.5V interface task group in Jedec's JC16 committee, there are two main reasons
for lowering the voltage. First, as ICs

and ground probing radar.
Neural computing attempts to process data
in a similar fashion to the human brain.
These networks are trainable and do not
need complex computer programs.
ERA says that this can lead to solutions to
problems in machine vision, linear control
of non-linear plant, pattern recognition, and
modelling chaotic systems.

EC helps women
The Engineering Council has published a
guide listing initiatives to attract girls and
women into engineering.
The guide has been published as part of
the Wise (women into science and

continue to shrink in size, the amount of
power used must also be lowered to let
them perform at optimum levels.
The second reason is to save battery life
in portable devices and notebook PCs.
While the development of the 2.5V
standard has been backed by several
industry players. it is also meeting some
resistance. Hitachi of America said that it
may be a little premature to develop a new
voltage standard because it wants to keep
only two generations of drams using
different voltages, and if there were more
than a couple of choices, it would force
Hitachi to support additional types of
drams.
engineering) campaign.
Courses are listed for various age groups
starting at 13 years old. Some of these
provide girls and women with practical help.
And some have hours to suit mothers with
children at school or offer childcare
facilities.
It is called Awards, courses, visits and is
being sent to all secondary schools in the
UK, careers services, and further and higher
education institutions. Awards for girls and
women are listed as are details of visits to
engineering departments in education and
industry.
Copies are available free from The
Engineering Council, 10 Maltravers Street,
London WC2R 3ER (send A5 sae)
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EASY FAST & POWERFUL
CAD SOFTWARE THAT GIVES YOU THE EDGE
ISIS - SCHEMATIC CAPTURE

ARES - PCB DESIGN

Easy to use yet extremely
powerful schematic entry system

Advanced netlist based PCB

Schematic drawing for MS
Windows 3.X - produces high

with all the features you need to

layout software newly updated
to version 2.5. Major new

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

quality schematics like you see

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 1.10 includes
library browser and export to

I

I

WMF and EPS files.

I
CI 11011,111101111141DMIN110141114111111.11

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,

Graphical User Interface.
Real time snap.

Auto track necking.
s Curved, 45/90 or any angle tracks.
Extensive through hole and SMT
package libraries as standard.
2D drawing capability with symbol
library.

Connectivity highlight.
Output to printers, plotters,

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

Postscript, Gerber and NC drill.

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

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

forward design modification.

Postscript.

Export designs to DTP and WP
packages.

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

Component renumber and
back -annotate to ISIS.
Full physical and electrical design
rule checks.

Autorouter handles single, double or
multi -layer boards.

Power plane generator.
Strategy & DRC information

Automatic annotation/packaging.
ASCII data import database facility.

loadable from ISIS.
Gerber import utility available.

from

from

to use.

It

also has many

advanced features from ISIS
& ARES, not normally found
in entry level products.
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Call us today on 0274 542868 or
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Electronics

fax 0274 481078

fix a demo pack

Combination, multi -copy and elealional
clicrniints available. Prices exc P&P and VAT
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RESEARCH NOTES
Harmonic way to find circuit faults
Greek researchers have taken another
step nearer development of the self analysing circuit by using the harmonic
content of the power supply current to reveal
critical information about circuit operation.
Some months ago we read of a self -testing
cmos circuit that would measure its own
power consumption and flag any obvious
faults (Op amp that tests itself, Research
Notes, EW + WW, October 92, p. 800). The
approach allowed a clearly malfunctioning
circuit to be identified and possibly switched
out of use. Supply current measurements not
only give a go/no-go indication, they can
also indicate to some extent the nature of the
fault, depending on whether the current is up
or down and by how much.
The analysis has now been taken further in
a recent paper by D K Papakostas and A A

Thessaloniki in Greece (Electronics Letters,
Vol 29, No 1). They have shown that even
more information about the functioning or
non-functioning of a circuit can be extracted
by studying the spectrum of the power
supply current - in other words its harmonic
content - when the circuit is handling a test
signal. The fundamental frequency in this
case is of course determined by the
frequency of the test signal
Their approach is based on the knowledge
that /p, in most circuits is critically
dependent on a whole variety of parameters,
right down to parasitic capacitances. All
faults, say Papakostas and Hatzopoulos, can
be considered as changes in some branch
currents that will cause more or less
significant changes in the supply current.
The Greek researchers have developed
fault "dictionaries" using not just variations
in RMS values of supply current, but also
the values of the first five harmonics of its
spectrum. Analysis of higher order
harmonics was not deemed necessary.
An example of the circuits tested using the
harmonic approach is the active filter. Using
the Spice program, a total of 32 "hard" faults
- 15 open circuits and 17 short circuits were simulated. Shorts were defined as
connections of less than 10; open -circuits as
more than I012.
With only the basic RMS current value
used, 15 simulated faults were spotted,
though only three could be precisely
localised. But using the enhanced fault
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Active filter circuit demonstrates the effect of
analysing power supply current.

- 70 -/
0 no took

spectral
harmonics allowed, detection of all 32 faults
and localisation of 30 of them was achieved
- a vast improvement.
Take the example of resistor RF2 in the
diagram. If this resistor goes short or open
circuit, the power consumption remains the
same. But if the harmonic structure of /ps, is
analysed, the two fault conditions can very
readily be distinguished from each other and
from the normal operating condition.
The only two fault conditions which can
be sensed but not precisely located, say the
authors, are R6 open -circuit and RA shortcircuit.

MIRF2_S

- 90

F12_0

dB -1101

-1201
-130-'
-140-'

-150-.
4

harmonic

Comparing harmonics for RF2 shorted
(RF2_S) and R2 open (R2 0).

Darker side of the universe
Astronomers analysing data from the
orbiting Rosat X-ray observatory have
found evidence for huge amounts of
mysterious so-called "dark matter" in and
around small groups of galaxies. This
discovery provides more evidence in
support of current theories that the
observable sky accounts for only 5% of the
total mass of the universe. The rest is
thought to consist of dark matter, so named
because it radiates no energy and hence can
not be observed directly.
Dark matter is important because its
existence - or lack of it - places powerful
constraints on how the universe will
eventually end. If there were no dark

matter, the expansion that began with the
Big Bang some 15,000 million years ago
would, according to modern cosmological
theories, go on forever. On the other hand,
if 95% of the universe does consist of dark
matter, then its gravitational attraction
would eventually bring the expansion of
the universe to a halt or even reverse it,
leading eventually to what has been dubbed
the "Big Crunch".
The latest evidence from the Rosat team
comes from X-ray images of three galaxies
known as the NGC 2300 group, located
about 150 million light years away in the
direction of the constellation of Cepheus.
They show that the galaxies are immersed
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ANCHOR SURPLUS LTD
THE CATTLE MARKET
NOTTINGHAM
NG2 3GY
TEL: (0602) 864902 & 864041
FAX: (0602) 864667

MARCONI TF 2022 Signal Generators AM FM
10Khz to
FARNELL RB1030-35 Electronic Loads 30V at 35A Capability. 3.5
Digit LED Readout of Volts and Amps
£99
RACAL RF Millivoltmeters 9301
SAYROSA 252 Automatic Modulation Meters

£199
£115
£99

9302

£299
£199
£499
£649
£75

MARCONI TF 2008 10khz to 520 mhz AM FM sweep
MARCONI TF 2015 10mhz to 520 mhz AM FM
FARNELL SSG520 Synthesised Signal Gens 10Mhz-520Mhz
FARNELL TTS520 Transmitter Test Sets 10Mhz-520Mhz
FARNELL LA520 Wide Band Amplifiers (27db) for SSG520

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 Tester
TEK/Telequipment D755 50Mhz Dual Trace and Timebase

TEK/Telequipment D83 Dual Trace and Timebase
PHILIPS PM3217 50Mhz Dual Trace and Timebase
GOULD 0S3600 + DM3010 100Mhz Dual Trace and TB +DVM
TEK 475 200Mhz Dual Trace and Timebase
HP1740A Dual Trace and Timebase 100Mhz
TEK 2215 60Mhz Dual Trace and Timebase
HP1741A 100Mhz Dual Trace and Timebase + Storage
All prices excluding VAT & carriage.

£150
£175
£245
£275
£325

£375
£475
£575
£575
£675
VISA
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in a huge cloud of hot gas about 1-3 million
light years in diameter.
The team believe that a cloud like this
would have dissipated into space long ago,
were it not held together by the gravity of an
immense mass. The mass required to
restrain the gas cloud is calculated to be
some 25 times greater than that of the three

visible galaxies themselves.
Dr Richard Mushotsky of Nasa's Goddard
Space Flight Center says that one of the
galaxies has a very strange shape, looking as
if it is running into a wall. But examining an
optical photograph shows no "wall" there to
see. Yet something - presumably dark
matter - must be exerting a very strong

gravitational pull to hold the visible galaxy
in its rather strange configuration.
Although this latest X-ray data adds to the
growing body of evidence that the universe
is pervaded by large amounts of this
invisible dark matter, astronomers still do
not have the slightest idea of what it might
consist.

Bright lights time for the optical computer?
A research team at the University of
..Colorado at Boulder has built what is
believed to be the world's first generalpurpose optical computer that stores its own
program and processes information using
light. It was developed under the direction of
electrical and computer engineering
professors Harry Jordan and Vincent
Heuring.
Heuring emphasises that, while optical
processing is not new, this present
machine's ability to manipulate instructions
defines it as an all -optical computer. Two
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years ago AT&T Bell Labs developed an
optical processor capable of performing
calculations with light beams. But that
machine relied on electronically -held control
programs.
The Colorado machine, described
formally as a bit -serial optical computer,
consists of a complex array of lasers, optical
switches and optical fibres, about the size of
a large desk. Laser beams are used to encode
the computer's instructions and data into
light pulses that are then stored in about 4km
of spooled glass fibre. Information fed into

one end of the fibre emerges 20tis later. At
this rate about a thousand bits of data can be
fed into one end of the fibre before one
comes out at the other.
Describing this novel form of optical
dynamic memory, Harry Jordan says: "For
the first time we have a computer in which
the program and the data are always on the
fly in the form of light, eliminating the need
for static storage."
Control beams from other lasers are used
to route the light pulses from the memory
through individual optical switches for
processing. The machine's 66 optical
switches - fabricated from lithium niobate
by AT&T - can be turned on and off at
microsecond rates to perform simple
calculations. In addition to the main memory
fibre spool, the computer's fibre network
includes a number of shorter delay loops
that also store data dynamically. All the light
pulses are precisely timed with a master
laser clock running at 50MHz.
The proof -of -concept machine is
comparable in power to a small personal
computer, though it is still a along way from
being a marketable product. The Colorado
team predict that although optical
components will increasingly feature in
hybrid commercial machines, an all -optical
commercial computer is probably several
decades away. They believe that the next
generation of optical computers will have
millions of switches interconnected through
free space, using mirrors instead of fibres.
All -optical computers will eventually have
a number of advantages over present-day
electronic machines, the main ones deriving
from the fact that photons - the units of light
- can cross each other without mutual
interference. Because of this, and because
photons do not require wires for travel, an
unlimited number of "soft" interconnections
can easily be made. Light pulses are also
faster and more predictable in their
behaviour than electrical pulses and retain
their shape better.
First applications for all -optical computers
are likely to include super -speed graphics
processing and telecomms switching.
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Surplus always
wanted for cash!

THE ORIGINAL SURPLUS WONDERLAND!

Surplus always
wanted for cash!,

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 3-1/2" floppy
12" green screen
360k 5-1/4" floppy
Clock & calendar with
EGA driver on board
included
battery back up
2 serial & 1 parallel ports
BRAND NEW AND BOXED!
In good used condition
MS-DOS 4.01

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
VGA card installed
BRAND NEW AND BOXED!

oniyE249.00 0,4E425.00,F,

Optional FITTED extras: 640K RAM £39. 12' CGA colour
monitor with card £39. 2nd 5-1/4" 360K floppy £29.95. 20

(F)

mbyte MFM hard drive £99.

/The Philips 9CM073 is suggested for the PC286 and the\

oni,E99 __ (F)

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
`for the PC286 and £39.00 for the PC386.

14" Forefront Model MTS-9600 SVGA
muftisync 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-

POWER SUPPLIES

FLOPPY DISK DRIVES
51/4 " from £22.95 - 31/2" 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 31/2' drives enables us
+24v 4a (6a peak). All outputs fully regulated with over voltage
to present prime product at industry beating low prices! All units
(unless stated) are removed from often brand new equipment protection on the +5v output. AC input selectable for 110/240
£85.00 (B)
and are fully tested, aft ned and shipped to you with a 90 day vac. Dims13" x 5' x 2.5'. Fully guaranteed R FE.
guarantee and operate from standard voltages and are of stand- Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v
ard size. All are IBM-PC compatible (if 31/2" supported).
£59.95(B)
(2A). 5v ft 20A. 12v ft 1.5A. Switch mode. New.
£29.95(B) Astec AC -8151 40 watts. Switch mode. +5v @ 2.5a. +12v ft
3.5" Panasonic JU363/4 720K or equivalent
£22.95(B)
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only* £29.95(B) 2a. -12v ft 0.1a. 6-1/4' x x 1-3/4'.New
£29.95(B) Greendale 19ABOE 60 watts switch mode.+5v ft 6a,±12v
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop
1a,+15v
ft
1a.
RFE
and
fully
tested.11
x
20
x5.5cms.
£24.95(C)
5.25" EXTRA SPECIAL BRAND NEW Mitsubishi MF501B
360K. Absolutely standard fits most computers £22.95(B) Conver AC130. 130 watt hi -grade VDE spec.Switch mode.+5v
15a, -5v ft 1a,±12v ft 6a.27 x 12.5 x 6.5cms.New. £49.95(C)
Data cable included in price.
£175.00(E) Boshert 13090.Switch mode.ldeal for drives & system. +5v@ 6a,
Shugart 800/801 SS refurbished & tested
£29.95(B)
Shugart 851 double sided refurbished & tested
£275.00(E) +12v @ 2.5a, -12v ft 0.5a, -5v @ 0.5a.
Mitsubishi M2894-63 double sided switchable
Famell G6/40A. Switch mode. 5v ft 40a.Encased £95.00(C)
£250.00(E) Famell G24/5S. As above but 24v ft 5a.
hard or soft sectors- BRAND NEW
£65.00(C)
Dual 8" drives with 2 mbyte capacity housed in a smart case
BBC Model B APM Board
with built in power supply! Ideal as exterior drives! £499.00(F)

End of line purchase scoop! Brand new NEC D2246 8' 85

£100 CASH FOR THE
MOST NOVEL
DEMONSTRATABLE
APPLICATION!

megabyte of hard disk storage! Full CPU control and industry
standard SMD interface. Ultra hi speed transfer and access time
leaves the good old ST506 interface standing. In mint condition
£299(E
and comes complete with manual. Onl

chimedes etc. In good used condition (possible minor screen
£159(E)
bums). 90 day guarantee. 15' x 14' x 12'. Only
14" Philips Model CM8873 VGA multisync
with 640 x 480 resolution. CGA, EGA or
,::

VGA, digitaVanalog, switch selectable.

li

g Sound with volume control. There is also a
special `Text' switch for word processing,
m ia i "'':.i:l spreadsheets and the like: Compatible with

IBM PC's, Amiga, Atari (excluding the

monochrome high resolution mode), BBC,
Archimedes etc. Good used condition (possible minor screen
£139(E)
bums) 90 day guarantee. 15' x 14' x 12'. Only
Philips 9CM073 similar (not identical) to above for EGA/CGA
PC and compats. 640 x 350 resolution. With Text switch with
£99(E)
amber or green screen selection. 14' x 12' x 13-1/2'
KME 10" high definition colour monitors. Nice ,

tight 0.28' dot pitch for superb clarity and
modem styling. Operates from any 15.625 khz
sync RGB video source, with RGB analog and

composite sync such as Atari, Commodore
Amiga, Acom Archimedes & BBC. Measures
only 13.5" x 12' x 11'. Also works as quality Tv wan our FiLiB

board. A major purchase Telebox. 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
and compatibles
computer at a parts only price. Used as a front end graphics Brand new Centronic 14" monitor for IBM PCequivalent.Hi-res
QUALITY COLOUR TV!! system on large networked systems the architecture of the BBC Ntl loweru than everdot price) Completely69 CGA
8 Mhz
pixels. Bi
Mitsubishi
si
heglgiving
r
board has so many similarities to the regular BBC model B that bandwidth. A Super npronitor in attractive stylemouldedgcase.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
..
complete with a connector panel which brings all the I/O to 'D' quality ex -equipment fully tested with a 90
TUNER!
The TELEBOX consists of an attractive fully cased mains and BNC type connectors - all you have to do is provide +5 and day guarantee. In an attractive two tone
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

THE AMAZING TELEBOX!

Converts your colour monitor into a

.

MICROVITEC, ATARI, SANYO, SONY, COMMODORE, 6502, RAM and an SAA5050 teletext chip. Three 27128 been removed for contractual£69
PHILIPS, TATUNG, AMSTRAD and many more. The composite EPROMS contain the custom operating system on which we reasons. Only
20"
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
most television receivers (TELEBOX MB). Push button controls
on the front panel allow reception of 8 fully tuneable 'off air' UHF
colour television or video channels. TELEBOX MB covers virtually all television frequencies VHF and UHF including the
HYPE RBAND as used by most cable TV operators. Composite
and RGB video outputs are located on the rear panel for direct
connection to most makes of monitor. For complete compatibility
- even for monitors without sound - an integral 4 watt audio

(E)

22" and 26" AV SPECIALS

provides diagnostic information on the video output. On board Superbly made 'UK manufacture. PIL all solid state colour
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. live teak style case. Perfect for Schools,Shops,Disco, Clubs.
dims: main board 13' x 10'. I/O board 14' x 3'. Supplied tested In EXCELLENT little used condition with full 90 day guarantee.
with circuit diagram, data and competition entry form.
20"....£135 22"....£155 26"....£185 (F)
CALL FOR PRICING ON NTSC VERSIONS!

only £29.95 or 2 for £53 (B)

Superb Quality 6 foot 40u

SPECIAL INTEREST

19" Rack Cabinets

£ 470
£2950
Fujitsu M3041 600 LPM band printer
zt:.
..
£ 150
DEC
LS/02
CPU
board
£32.95
Telebox ST for composite video input monitors
eft....
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.
£ 650
Calcomp 1036 large drum 3 pen plotter
,.........
& hyperband For overseas PAL versions state Thurlby LA 160B logic analyser
£ 375
..
Top quality 19' rack cabinets made in UK
5.5 or 6mhz sound specification.
£ 950
£69.95 1 5kw 115v 60hz power source
by Optima Enclosures Ltd. Units feature
Telebox RGB for analogue RGB monitors (15khz)
£69.95 Anton Pillar 400 Hz 3 phase frequency converter 75Kw POA
designer, smoked acrylic lockable front
Shipping code on all Teleboxes is (B)
POA
Newton Derby 400 Hz 70 Kw converter
ial,
£750
door, full height lockable half louvered back
Nikon PL -2 Projection lens meter/scope
RGB Telebox also suitable for IBM multisync monitors with RGB
£2000
analog and composite sync. Overseas versions VHF & UHF call.
Sekonic SD 150H 18 channel Hybrid recorder
door and removable side panels. Fully ad£1850
HP 7580A Al 8 pen high speed drum plotter
SECAM / NTSC not available.
justable internal fixing struts, ready
Kenwood DA -3501 CD tester, laser pickup simulator
£ 350 punched for any configuration of equipment mounting plus ready
mounted integral 12 way 13 amp socket switched mains distribuBRAND NEW PRINTERS
Brand new and boxed 230 volts uninlerruptable power supplies
lion strip make these racks some of the most versatile we have
from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD Microllne 183. NLQ 17x17 dot matrix. Full width.
£139 (D) ever sold. Racks may be stacked side by side and therefore
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK Hyundai HDP-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions
are internal, MUD has them in a matching case. Times from 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:
interrupt are 5 and 15 minutes respectively. Complete with full Centronics 152-2 9 x 7 dot matrix. Full width.
£149 (D) Rack 1 Complete with removable side panels.. ..... £275.00 (G)
£525 (G) Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" width £ 99 (D) Rack 2 Less side panels
MUK
£249 (F) MUD
operation manuals
£145.00 (G)

amplifier and low level Hi Fi audio output are provided as Trio 0-18 vdc bench PSU. 30 amps. New
standard.

"`
....

Massive Reductions
Virtually New, Ultra Smart!
Less Than Half Price!

No Break Uninterruptable PSU's

1992 Winter Issue of Display News now available - send large SAE - POCKED with bargain:I
MAIL ORDER & OFFICES

r

r ...

"Mae

Upper Norwood,
London SE19 3XF.

i rrigTriuniivirc
_cLCL
L

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

LONDON SHOP
Open Mon -Sat 9-5.30

Thursday till 9.00pm
215 Whitehorse Lane.
South Norwood.
London. SE25 .

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

081-679-1888

ALL ENQUIRIES

081.679.4414
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,Universities,Schools & Local Autho lies
welcome -minimum account order £30. Carriage charges (A)4.2.00. (A1)=E3.75. (B)=£5.50. (C)--£8.50. (13).£11.50. (E)=E14.00 (F)=£18.00 (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 prior notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted forcash.
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RESEARCH NOTES

Thinnest wire in the world
C cientists in Japan have produced what
Jis probably the thinnest metallic wire in
the world -a mere 2nm in diameter. The
development could be significant, both for
fundamental science and electronics.
The breakthrough that made the latest
development possible was the discovery
about seven years ago of "Buckyballs",
football -shaped molecules consisting of 60
or more atoms of carbon arranged in a
lattice structure. Buckyballs, or
Buckminster fullerenes to give them their
formal title, were named after the inventor
of the geodesic dome and have, over the
years, proved singularly interesting
research subjects. Chemists have used
them to trap atoms, while physicists have
made them both semiconducting and
superconducting.
Just over a year ago, Sumio Iijima from
NEC's Fundamental Research Laboratory
in Tsukuba, Japan, discovered yet another
interesting three-dimensional carbon
structure whilst investigating buckyballs.
By chance Iijima and his team had
synthesised what have now been dubbed

nanotubes. These are hollow carbon tubes,
just over a nanometre in diameter, built
from concentric graphite -like sheets.
Hot on their heels, NEC colleagues
Thomas Ebbesen and Pulickel Ajayan
developed a way of synthesising
nanotubes in bulk. Now, following
speculation that these tubes might be able
to act as fine capillaries and suck up
liquids - rather like super slim drinking
straws - the original NEC team led by
Sumio Iijima have demonstrated that this
is indeed possible.
In Nature (Vol 361, No 6410) they
explain how the nanotubes were opened
up and made to suck up molten lead. The
process involves electron beam
evaporation of the lead onto the surfaces
of freshly prepared carbon nanotubes. The
samples were then heated to 400°C above the melting point lead - and
examination by transmission electron
microscope showed that many of the
nanotubes had acquired tiny nanometrediameter lead cores.
Precisely how the process opens up the

normally -closed tubes and allows the lead
to enter is not yet known. The team
speculate that it may be the result of a
chemical reaction between the lead, the
carbon atom tubes and oxygen.
Although the tube fillings appear to be a
little disordered structurally - and there is
as yet no certainty that these micro -wires
consist of pure lead - the prospects are
nevertheless exciting. Nanotubes may one
day prove to be a practical means of
manufacturing extremely fine electrical
wiring, far thinner than anything that be
created by etching or vapour deposition.
While lead is not the greatest electrical
conductor, there is no reason why the
technique can not be applied to copper or
silver. It may also prove valuable for
encapsulating materials that are not
chemically stable when exposed to air.
From a theoretical point of view,
nanometre-diameter wire can be expected
to reveal some of the interesting properties
associated with low -dimensional structures
in general. Studies of quantum electronics
too may be greatly accelerated.
.

Study says chip -making puts babies at risk
pregnant women working in chip
fabrication areas are 40% more likely to
suffer miscarriages than women working in
non -fabrication areas. That is one
conclusion to come out of the largest health
study of representative samples of the US's
I

seven states. The San Jose -based
Semiconductor Industry Association funded
the multidisciplinary study which was
designed and conducted independently by
the University of California Davis.

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

quarter -of -a -million workers in the
semiconductor industry.

Researchers at the University of
California Davis School of Medicine led by
Dr Marc B Schenker, a professor of
occupational and environmental health, have
also shown that the odds of women chip
fabrication workers becoming pregnant are
about 50% lower than women from non fabrication control groups.
The precise reasons for these striking
differences are not entirely known, but the
UC Davis researchers and their
collaborators say the findings suggest that
exposure to photoresist or developer
solvents - including glycol ethers - may be
responsible for the higher rates of
miscarriage.
In the three-year, $3.8 million study,
researchers evaluated the health conditions
of 15,000 workers from 14 company sites in
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M & B RADIO (LEEDS)
THE NORTH'S LEADING USED TEST/EQUIPMENT DEALER
OSCILLOSCOPES

WAVETEK 193 20MHZ SWEEP FUNCTION GENERATOR
FARNELL ESG520 520MHZ SYNTHESIZED PORTABLE

TEKTRONIX 475 200MHZ OSCILLOSCOPES WITH PROBES/
MANUAL
[400
TEKTRONIX 4658 100 MHZ WITH DIGITAL MULTIMETER (AS
NEW)
[475
TEKTRONIX 4658 I 00MHZ DUAL TRACE.
1.375
TEKTRONIX 465 I 00MHZ DUAL TRACE.
[300
TEKTRONIX 466 100MHZ STORAGE WITH DVM OPTION.. .......... [450
[550
KIKUSUI COS6100 100MHZ 5 CHANNEL
IWATSU SS6I 71 100MHZ 4 TRACE + CURSORS
[900
TEKTRONIX 5103/51310N T.B. 2 -5A2ON DIFFERENTIAL
PLUGINS..
[195
PHILIPS PM32I7 50MHZ DUAL TRACE WITH PROBES/MANUAL [375

GENERATOR .
L295
PHILIPS 5114 100KHZ TO 1 IOMHZ AM/FM/SWEEP.............................[100
EATON 3552B BROADBAND RE AMPLIFIER......
[1000
KALAMUS WIDEBAND RF POWER AMPLIFIER 3 -TO I 000MHZ....... L7S0
FARNELL UI.520 RF AMPUFIER 13 TO
LI 75
FARNELL LFM2 SINE SQUARE WAVE OSCILLATOR..............................1.85

PHILIPS 3200 15MHZ MAINS/BATT PORTABLE ........................................£90

TEKTRONIX T935A 35MHZ DUAL TRACE PORTABLE.
BALLANTINE 10028 15MHZ DUAL TRACE BATT PORTABLE
TELEQUIPMENT 1332 DUAL TRACE BATT PORTABLE....
HITACHI V650F 60MHZ 3 TRACE
HITACHI V222 20MHZ DUAL TRACE
GOULD 053600 100MHZ DUAL TRACE WITH DVM OPT
GOULD 054000 10MHZ DUAL TRACE DIGITAL STORAGE

.

[175
[195
[135
[275
[225
[275

[195
SCOPE
GOULD 0525015 I SMHZ DUAL TRACE COMPLETE WITH PROBE/
MANUAL
U25
GOULD 051420 20MHZ DIGITAL STORAGE OSCILLOSCOPE......... [325
FARNELL DTCI2 I 2MHZ DUAL TRACE/COMPONENT TESTER,,,. [195
FARNELLDT I2-5 I 2MHZ DUAL TRACE
[150
TELEQUIPMENT D67A 35MHZ DUAL BEAM .
LI95
TELEQUIPMENT DM64 20MHZ STORAGE OSCILLOSCOPE........... [135
HP I 727A 275MHZ STORAGE OSCILLOSCOPE
[450

SIGNAL GENERATOR§

MARCONI 2955 COMMUNICATIONS TEST SET..........

[250
MARCONI TF2331 DISTORTION FACTOR

.[2.500
FLUKE 5408 THERMAL TRANSFER STANDARD .................................... [850

EFRATOM FRT ATOMIC FREQUENCY STANDARD

[750

BRADLEY 156 OSCILLOSCOPE

RACAL 9841 3GHZ FREQUENCY
[225
MARCONI 2432A 560MHZ FREQUENCY COUNTER
[200
NARDA 3020A BI DIRECTIONAL COUPLER 50 TO I GHZ
[250
NARDA 3001-30 DIRECTIONAL COUPLER 460 TO 960 MHZ ...............L85
NARDA 3022 BIDIRECTIONAL COUPLER I TO 4GHZ........................050
NARDA 769/6 150W 6DB HIGH POWER ATT (NEW) ........................... L100
BIRD TENUUNE 8343 100W 6DB ATT.
[100
BIRD TERMAUNE 8201 50 OHM SOON
.......
[SOO
HP 9133 COMPUTER 150 TOUCH SCREEN/PRINTER...

.

(PAIR)

ADRET 740A I OKHZ TO 2.7GHZ SYNTHESIZED GENERATOR_ ._ L1950
. [195
ADRET 20230A I MHZ SYNTHESIZED SOURCE..
POLRAD 1106ET 1.8 TO 4.6GHZ COMPLETE WITH
MODULATOR
L550

L200

[750
[1000

HP 745A AC CAUBRATOFL
HP 8405A VECTOR VOLTMETER +

.

MARCONI 6960 RF POWER METER 6912 HEAD 30KHZ TO 4.2GHZ

HP 3455A HIGH STABILITY VOLTMETER

HP 394A VARIABLE ATTENUATOR IGHZ TO 2GHZ.......................... [125

HP 34680 DIGITAL MULTIMETER 51/2
[400
HP 5306 GPIB MULTIMETER/COUNTER...
.............. [225
HP 8750A STORAGE NORMALIZER.
[400
HP 53482A 225MHZ FREQUENCY COUNTER..................................... LI95
HP 46IA AMPLIFIER I KHZ I 50MHZ .
L100
.

LEADER LCT910A CRT TESTER/REJUVENATOR
AMBER 4400A MULTIPURPOSE AUDIO TEST SET.....................-.... [550
FERROGRAPH RTS2/ATU I TAPE RECORDER TEST SET.................. L300

.

RACAL DANA 9000 MICROPROCESSING TIMER COUNTER
51 OMHZ
........................... [295

_

MARCONI 2017 I OKHZ TO 1024MHZ
_
C2250
HP 86408 I 024MHZ COMPLETE WITH OPT 001/002/003...................(1550
WAVETEK 2520 200KHZ TO 2.7GHZ
[1950
MARCONI 2015/2171 SYNCHRONIZER I OMHZ TO 520MHZ .APVFM/
CW SIGNAL GENERATOR
(as new coodiston)..
[325
MARCONI 2016A I OKHZ TO I 20KHZ (RF
LI95
MARCONI 2016 1 OKHZ TO I 20MHZ AM/FM.
LI 45
FARNELL SSG2000 I OKHZ TO 2GHZ SYNTHESIZED.
.12250
FARNELL SSG 1000 I OKHZ TO IGHZ SYNTHESIZED._
[1500
FARNELL SSG520 520MHZ SYNTHESIZED
.[500
FARNELL SSG520 +11'5520 MOBILE RADIO TEST STATION

[295
[200
[225

HP 651B TEST OSCILLATOR.
HP 333A DISTORTION METER._

RACAL DANA 930IA TRUE EMS VOLTMETER...................................... L450
HP 3400A TRUE RMS VOLTMETER
[145
.

.e 7000

TEST EOUIPMENT

FARNELL LFM4 OSCILLATOR
[200
FARNELL TM8 TRUE MS SAMPLING RF MILLIVOLTMETER IGHZ [350

RACAL DANA 1998 FREQUENCY COUNTER. ..........

....L2000

H/P 3580A 5HZ TO S0KHZ SPECTRUM ANALYSER (new)..
H/P 854613 22GHZ SPECTRUM ANALYSER..

£295

TEKTRONIX 1481R WAVEFORM MONITOR
TEKTRONIX 14IA PAL TEST SIGNAL GENERATOR
RACAL DANA 5002 WIDEBAND LEVELL METER.

RACAL DANA 488 IEEE STD 488 BUS ANALYSER.............................. .[2.50
[145
SINADDER 3 METER

[500
[750
[750
[750

RACAL DANA 9303 TRUE RMS RF LEVELL METER

BULK PURCHASE SPECIALS

[145
MARCONI 1101 RC OSCILLATOR 20CS TO 20KCS

OS

SPECTRUM ANALYSERS

AVO 8 MULTIMETERS CASE + BATTERY LEADS....

TEKTRONIX 496P 1 .8GHZ PROGRAMMABLE.
.L3500
H/P 85508 1.5GHZ 1827 MAIN FRAME
.L1600
H/P 141711552B IF 85548 1250MHZ F 85538 1 IOMHZ COMPLETE
AUDIO TO RF SYSTEM
.L2250
H/P 65558 18GHZ PLUGIN (NEW BOXED) ..
.[2350
ROHDE/SCHWARZ ZAM S1 20GHZ SCALAR NETWORK
ANALYSER
.L2850
ANRITSU MS3401A I OKHZ TO 30MHZ NETWORK ANALYSER [2000
WAYNE KERR RA200/ADS I /ALM2 FREQUENCY RESPONSE
ANALYSER (AS new)
... [650

UNAOHM EP594 TV FIELD STRENGTH METER 48 TO 860MHZ
ADCOLA 777 DESOLDERING STATION...
FLUKE 0000A HIGH GRADE DIGITAL MULTIMETER.

[150

.

L100

RADIO EQUIPMENT
RACAL RA1792 HF RECEIVERS ..
RACAL RA23098 F RA229S 90 TO 400MHZ .........

EDDYSTONE 770U 150 TO 500MHZ .
EDDYSTONE 9905 250 TO 850MHZ
PHILIPS 88MHZ TO 108MHZ BROADCAST TX

[195
[4000

ALL PRICES PLUS VAT AND CARRIAGE

86 Bishopsgate Street, Leeds LS I 4BB
Tel: (0532) 435649 Fax: (0532) 426881
(WILL NO. 109 0.' REND CARL)

ADVANCED
ACTIVE AERIAL

NEW

THE DEFINITIVE `OFF -AIR'
FREQUENCY STANDARD
HALCYON
do.

ADVANCED ACTIVE AMA

-..11111

MI

0

0 0 0- 1

The aerial consists of an outdoor head unit with a control

and power unit and offers exceptional intermodulation
performances: SOIP +90dBm, TOIP +55dBm. For the first
time this permits full use of an active system around the If
and mf broadcast bands where products found are only
those radiated from transmitter sites.
General purpose professional reception 4kHz-30MHz.
--10dB gain, field strength in volts/metre to 50 Ohms.
Preselector and attenuators allow full dynamic range to

be realised on practical receivers and spectrum analysers.

carriage extra

Provides 10MHz, 5MHz & I MHz
* Use it for calibrating equipment that relies on quartz crystals,
TCX0s, VXCOs, oven crystals
* Phase locks to DROITWICH (rubidium controlled and traceable to
NPL)

* Full ADDED VALUE also phase locks to ALLOUIS (cesium
controlled and traceable to OP- French eq to NPL)
* British designed and British manufactured
LEADER LB0522 20MHz DUAL TRACE
TELEOUIPMENT 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
TELEOUIPMENT D67A 25MHZ, 21, DEL T/B
H.P. 1700A 35MHZ DUAL TRACE
SCOPEX 4D25 25MHZ DUAL TRACE

volts/metre version.

* Broadcast Monitor Receiver 150kHz-30MHz. * Stabilizer and Frequency Shifters for Howl Reduction * Stereo

Variable Emphasis Limiter 3 * 10 -Outlet Distribution
Amplifier 4 * PPM10 In -vision PPM and chart recorder. *

Twin Twin PPM Rack and Box Units. * PPM5 hybrid,
PPM9 microprocessor and PPM8 IEC/DIN -50/+6dB
drives and meter movements * Broadcast Stereo Coders.

* Stereo Disc Amplifiers

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

Typical - -±2x10- (1 sec)
Long term -tends to

2010012(1 sec)

DEFIBRILATOR 50-400 JOULES BATT/MAINS
FARNELL FG1 FUNC GEN .2-2.2MHZ

£249
£345

COMMUNICATIONS RECEIVERS, VARIOUS
POA
PERISCOPES MILITARY No. 43 Mk.3
C19
LCR MARCONI TF2701 IN SITU BRIDGE
£125
LCR MARCONI TF868A BRIDGE
C59
LCR COMPONENT COMPARATOR AVO CZ457/S
£75
WAYNE KERR B321 LOW IND. BRIDGE
C39
LEVELL TM65 MICRO V -METER 450MHZ
£95
LEVELL TM3B MICRO V -METER 3MHZ
£85
OERTLING 020 SINGLE PAN BALANCES 200GM
C95
ANALYTICAL BALANCES WITH WEIGHTS 250GM
£69
VACUUM PUMPS TYP 100 MBAR (28L/MIN)
£95
CALIBRATION STANDARDS CN/UR
POA
COSSOR CRM533A VHF NAV/COM RF SIGN GEN WITH
TOPAZ 91007-11 7.5KVA 120/240-120/240 ISOL
£175

£450
£29

From £475

C99

MARCONI TF2304 AM/FM MOD METER PRTBLE
XFORMERS SEC 30-0-30V 20A, UNIV PRI'S C -Core
CONSTANT VOLTAGE TRANSF'S 150VA-2KVA

£249

MARCONI TF2331 DIST'N FACTOR METER
MARCONI TF2300 FM/AM MODULATION METER

C175

-.4k,

Short term stability better than 1x10-611 sec)

£199
£249

C475

2x 5A18N, 5510N TIME BASE
£750
TEK 545/585 SERIES PLUG -INS
From f10
VVANDEUGOLTERMANN SPM-2 LEVEL METER
£169
WANDEUGOLTERMANN SPM-3 LEVEL METER
£189
WANDEUGOLTERMANN PS -3 SIGNAL GEN
£169

NASCOM/GEMINI CARDS, VARIOUS
DECADE R/CN/ BOXES

10MHz, 5MHz, 1MHz

£215
£249

£149
£129

HAMEG 203-5 20MHZ, 2 TRACE, COMP TESTER
HITACHI VC 6015 IOMHZ DIGITAL STORAGE
H.P. 1340A X -Y DISPLAYS
TEK 5L4N 100KHZ SPECT ANAL WITH 5110 M/F,

Output frequencies -

KAYE DEE, PNEUMO UV EXP UNIT 390 x 260mm
£175
BARCO CDCT5451 20" M/SYNC RGB I/PS
£495
CONRAC 20" RGB HI-RES LONG PERS, M/SYNC
£495
HITACHI 20" CM2073A/301 ROB CAD/DTP ETC
£395
BOONTON 92BD, RF MILLIVOLT METER
£295
HP 5420A DIGITAL SIGNAL ANALYSER, WITH
HP 54410A ANALOG/DIGITAL CONVERTER, AND
HP 544705 DIGITAL FILTER
£750
FARNELL E350 0-350v 100mA, a 6.3V
£49 to £69

C225

BECKMAN 9020 20MHZ DUAL TRACE

Noise -150dBm in 1Hz. Clipping 16 volts/metre. Also 50

-El

Only

95.+VAT

£20
POA

f195

E49
£1 29

POA KINGSHILL NS1540 15V 40A PSU CASED, AS NEW
From £15

HALCYON ELECTRONICS

£195

iw-m

423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383.
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SSB:

third method, fourth explanation
In spite of the occasional burst of enthusiasm in
recent years, the direct conversion SSB receiver has
been overlooked. And, in a neglected corner of a
neglected subject lies the Weaver receiver. It
deserves better. For the professional, it is a natural
candidate for use with digital signal processing
techniques. For the radio amateur, it is a receiver
design that will be novel to most, and is fascinating
to play with. By Nic Hamilton G4TXG.
Because the output of the RF mixers is at audio frequency,
receiver works in literature. Donald Weaver, in his the Weaver receiver is classed as a direct conversion receivpaper A Third Method of Generation & Detection of er. However, the receiver is best viewed as a type of super ingle-Sideband Signals' uses plenty of sin and cos het, with two parallel audio IF stages between the first (RF)
maths. This is fine for mathematicians, but not so good for and second (AF) mixers. This article uses superhet termiengineers. The Radio Communication Handbook2 uses dia- nology. Fig. 1 shows the block diagram of a Weaver receiver.
grams that resemble articles of evening dress. The method of
Consider one of the IF low pass filters. It has a cutoff freexplanation is reminiscent of a Victorian manual of etiquette quency of 1.3kHz, half the width of the final audio output.
on how to tie a bow tie. It starts off with a tie and neck. This may seem rather surprising, but look at Fig. 2. This
Then there a few illustrations showing fingers, neck and tie shows the signals to be found at various points on the block
in impossible positions, and finally a perfectly formed knot diagram. The left hand column shows that there are two possurmounted by a huge grin.
sible RF input frequencies that will generate an IF output of
1 kHz. One is 1 kHz above the 1st LO frequency, and one
Single-Sideband Systems and Circuits3 uses the concept of
negative frequency with a complex number topping.
1kHz below the 1st LO frequency. So, although the IF audio
Although these concepts are rather tricky to master, this filter is only 1.3kHz wide, the information passing through
last method is the best; the Weaver receiver becomes simple the filter is due to an RF bandwidth of 2.6kHz, half of which
to understand, and there are many other uses for these con- is below the 1st LO frequency, and half above. This process
cepts4. An alternative explanation follows.
of getting a quart into a pint pot is achieved by the mixer
The receiver system works by converting the RF input folding the audio spectrum over.
down to audio frequencies in one direct step, without using
Unfortunately, this folded signal is unintelligible as ordiintermediate frequency stages. For reasons to be discussed nary speech, so the job that the Weaver receiver performs is
later, this is done twice, using two RF mixers, one of which to unfold the audio spectrum into something intelligible.
is supplied with an LO signal phase shifted in comparison to
To do this, a second RF mixer is used, but it is provided
the other. The resulting audio signals are then passed with an LO that is phase shifted by 90° with respect to the
through low-pass filters and finally combined in a second' LO of the first mixer (sin and cos are 90° apart). This extra
`rotary' AF mixer stage, which is driven by a second LO.
mixer also provides a folded audio output, however the out -
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put is folded differently. The second column
of Fig. 2 shows the waveforms on the outputs
of the two mixers. Note that, while the waveform at X is the same for both RF input frequencies, the waveform at Y is phase inverted.

This is not to say that the waveform at X is
useless, on the contrary, it serves as the reference that enables the phase inversion on point
Y to be seen.
At this point in the discussion, it is simpler
to consider these X and Y IF signals as being
connected to the X and Y plates of an oscillo-

scope to form a Lissajous figure. The result
for both RF input frequencies will be a circle
(This is why sin and cos are called circular

functions). However, the RF input that is
1kHz above the LO frequency will give an
anti -clockwise rotating spot, and the RF input
that is 1kHz below the LO frequency will give
a clockwise rotating spot.

Explaining AF mixing
To recover the original audio signal, the X and

Y IF signals are connected to the rotary AF
mixer. This imparts an extra clockwise or anti-

clockwise twist to the spot's motion. The
speed of this extra twist is 1.7kHz, which is
the second LO frequency. The resulting outputs are shown in the right-hand two columns
of Fig. 2. The outputs are still circles, but with

differing rates of rotation, depending on
whether the original RF signal was greater or
less than the first LO frequency.

Assume that the receiver is to be used to
demodulate USB. The upper row of Fig. 2
shows that an RF input of 1.001MHz gives an

Fig. 1. The Weaver receiver
principle. Although it looks like a
direct conversion to baseband
system, it is in fact a heterodyne
arrangement with an intermediate
frequency of 1.7kHz. Individual
sidebands are resolved by

quadrature product detection at
1.7kHz. Although the IF audio
filter is only 1.3kHz wide, the
information passing through the
filter is due to an RF bandwidth of
2.6kHz, half of which is below the
1st LO frequency, and half above.
This process of getting a quart into
a pint pot is achieved by the mixer
folding the audio spectrum over.
The second mixer unfolds it to its
full width.

translate the RF input down to audio frequen-

mixer is 2.7kHz. The lower row shows that an
RF input frequency 1MHz-lkHz also gives an
IF of 1kHz, but this time gives a rotary mixer
output of 700Hz.
If the Weaver receiver is used to demodulate
LSB, the direction of the extra twist from the
rotary AF mixer is reversed. The RF input of
1.001N1Hz now gives a 700Hz AF output, and

cies. So it will be assumed that LO-RF, the
difference frequency, is the wanted output.
The ideal RF mixer would have two inputs,
RF and LO, and the output would consist of
just one frequency, the difference between the
input frequencies. It would have no harmonic
responses. How might this be achieved?
To generate a lower frequency output, the
cycles of the input waveform must be lengthened thus the output must be phase -retarded

the RF input frequency 1MHz-lkHz an output of 2.7kHz.
The circuit of the rotary mixer that gives this
extra twist is discussed later. Note that, for the
purposes of this illustration, the receiver has

each cycle with respect to the input. To do
this, a voltage variable phase shifter is

two audio outputs with a 90° relative phase
shift. This allows the rotary AF mixer outputs
to be discussed as circular Lissajous figures.
However, for an SSB receiver, only one of the
two outputs is needed.

IF of 1kHz, and the output from the rotary
Mixers
Fig. 2 shows the signals to be found at various
points on the block diagram. The left hand
column indicates that there are two possible RF
input frequencies that will generate an IF output
of 1kHz. One is 1 kHz above the 1st LO
frequency, and one 1kHz below the 1st LO
frequency.

RF INPUT SIGNAL

For the direct conversion receiver, the RF
mixers' performance is vital: apart from the
LO, there is very little other RF circuitry. If a
direct conversion receiver does not work satisfactorily, the RF mixer is usually to blame.
The wanted output frequency from an RF
mixer can be either LO+RF or LO-RF. In the

direct conversion receiver, the mixer must

0'.5"

I
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RF MIXER OUTPUT SIGNALS ( X and Y)
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required. It must be able to shift the phase of
the input signal by a full 360°, and be continuously variable. A block diagram of a circuit
which does this is shown in Fig. 3.
The circuit works by splitting the incoming
RF signal into a 0° and a 90° component. The
two signals are then passed to two balanced
mixers. These act both as phase inverters and
as voltage controlled attenuators. The phase
inverter action means that the phase of the
upper mixer's output can be either 0° or 180°,
and the phase of the lower mixer's output can
be either 90° or 270°. A judicious mixture of
these four phases results in a continuously
variable phase from the output of the sum-
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harmonic response will be similarly small.

Design considerations

The Weaver receiver has been ignored as a design for analogue receivers. For receivers
using digital signal processing it has been considered and rejected". The reasons for
this rejection are quoted as these.
"The problem of DC offsets would necessitate AC coupling. However, this would place
a notch in the effective receiver passband which could be troublesome for certain
modulation modes."
This design proves that the central notch can be made as narrow as 10Hz. The resultant
degradation of SSB is negligible. Even when tuning around a strong carrier wave, the
notch is quite hard to find by ear. However, the notch does result in a short burst of
1.7kHz from the receiver output each time there is a large change in LO frequency.
For the HF band, the synthesiser would have to cover over two decades of frequency
range and provide quadrature outputs. The VCO must have a one octave frequency range.
To receive the full HF frequency range, extra divide by two circuits may be used. It is
simple to make the frequency dividers provide the necessary 90° outputs.
Gain and phase matching of the (cos and sin) channels have to be accurately
maintained over a very wide bandwidth to avoid sideband image problems. This receiver
achieved an AF distortion suppression of 30dB without difficulty, and this is almost
inaudible. DSP techniques would reduce the distortion.
1/f noise in the mixers and audio amplifiers should be minimised. The receiver's noise
figure is about 20dB, which is about 10dB higher than a standard HF receiver. This is
mainly due to the choice of amplifier circuit at the input of the LP IF filter. The noise floor
could be lowered, but this would reveal 1/f noise and greater hum sensitivity. The
advantage would be that, given a clean LO, lowering the receiver's noise floor would
further increase its spurious free dynamic range.
RF sub -octave filtering would be essential to prevent unwanted signals at harmonics of
the input signal from mixing with harmonics of the local oscillator. This design makes the
point that, by running the mixers with an accurate square wave drive, and by using 3rd
harmonic response cancellation, the complexity of the preselector is considerably
reduced.
Remember that it is standard practice to quote the suppressed carrier frequency of an
SSB signal. So, for LSB, the receiver should display L0+1.7kHz, and for USB, the receiver
should display LO-1.7kHz.

This is not the case for the 3rd harmonic
response, which will have a conversion loss
only 20log(1/3) or 9.5dB larger than the fun-

damental frequency conversion loss. The
upper mixer drive in Fig. 3 may also be
expressed as a Fourier series:
C(t)=4/E[co s tut -1 /3c os3cot+
/5c os5 wt -1 /7c os7an+ ...]
1

Compare the two series, and notice that the
terms for the 3rd and 7th harmonics change
signs. This results in the two mixers giving the
same AF amplitude output in response to a 3rd

or 7th harmonic RF input frequency, but the
outputs are phase inverted with respect to each

other. When they are added together in the
summing junction, these harmonic responses
cancel. The result of this is a mixer in which

all the harmonic responses cancel, with the
exception of the 5th, 9th 13th etc.
It is difficult in practice to build the RF input
phase shifter so that the accuracy is better than
4°. This gives a theoretical 3rd harmonic signal cancellation of 29dB (see box). Add to this
the 3rd harmonic conversion loss (see above)
of 9.5dB. Thus the minimum 3rd and 7th har-

monic rejection should be about 40dB.
Inaccuracies of the 0/180° phase shift in the
mixer limit the even order harmonic rejection
to about 50dB.

The effects of error
For a pure sine wave input to the receiver, the

outputs of the IF amplifier/filters should be
equal and have 90° phase shift. However, the
phase and amplitude are always slightly in
error, so the Lissajous figure, which should be

ming junction. This judicious mixture is
arrived at by yet another 0° and 90° splitting
of the LO signal.

Squarewave LO drive
Using a double balanced diode ring mixer as a

voltage variable RF attenuator is likely to
cause intermodulation products. Imagine that
the LO input is a sine wave. As the instantaneous LO voltage nears OV, the RF voltage
has a greater effect on the diode current, so the
mixer attenuation varies depending on the RF
input waveform. This is another way of saying
that it is generating intermodulation products.

To avoid this, the mixers must be provided
with a square -wave LO drives in order to
achieve the required strong signal handling

performance. This works because the diode
current is at its saturation value most of the
time, and passes through the OV danger zone
much more quickly.
In this receiver, the square wave input to the
mixer is generated by a frequency divider with

a 1:1 duty cycle output waveform. The LO
mixer drive of the lower mixer in Fig. 3 can

site direction to the main component. The
demodulator interprets this as a small signal of

the opposite sideband to the main signal, so,
when demodulating USB, the distortion takes
the form of an LSB image. This is the worst
case in -band AF distortion referred to in Table 1.

Note that the harmonic responses of the

be expressed as a Fourier series:

mixers give a residual output from the two IF
filters. Although the resultant frequency seen

S(0=4/Ksincot+1/3sin3on+
1/5sin5cut+1/7sin7cot+...]

in the filters will be the same, the relative
phase and amplitude between the two signals

This shows that the second harmonic component of the mixer drive waveform is theoretically zero. In fact it will be present, but will be
very small. The result is that the mixer's 2nd

BALANCED MIXER

MIXER OUTPUT

SUMMING JUNCTION

BALANCED MIXER

280

a perfect circle, is always slightly elliptical.
This elipticity can be viewed as the result of a
small circular component rotating in the oppo-

will be random for any given frequency.
Because the two IFs have signals that are not
of identical amplitude and 90° phase shift, the

rotary mixer will not be certain whether to
Fig. 3. The ideal RF mixer for a Weaver principle
front end. The circuit works by splitting the
incoming RF signal into a 0° and a 90°
component. The two signals are then passed to
two balanced mixers. These act both as phase
inverters and as voltage controlled attenuators.
The phase inverter action means that the phase
of the upper mixer's output can be either 0° or
180°, and the phase of the lower mixer's output
can be either 90° or 270°. A judicious mixture
of these four phases results in a continuously
variable phase from the output of the summing

junction.
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give a USB or an LSB output, and so gives a
mixture of both.
Spurious demodulation is possibly the worst
fault of direct conversion receivers: strong signals (usually 7MHz AM broadcast) are direct-

Table 1. Performance figures for the prototype receiver. The measurements
were made with the RF attenuator and preselector disconnected.
Frequency coverage
1.5 to 30MHz
Detector type
SSB (USB or LSB)
RX 3rd order input intercept point
+16dBm
Selectivity
see graph
Centre frequency notch width
10Hz at 3dB points
Sensitivity
-108dBm for 12dB SINAD
Harmonic responses (receive frequency 2MHz w.r.t. -108dBm):

ly demodulated to audio frequencies, irre-

spective of the LO frequency. Spurious
demodulation occurs because of imbalance in

the mixer. The SBLI is inherently well balanced: it has all its diodes fabricated on one
substrate. The SRA1H uses a ring of eight

34 dB at 6MHz (3rd )
12 dB at 10MHz (5th )
18 dB at 18MHz (9th )
21 dB at 26MHz (13th )
50±3dB the rest
Sub -harmonic response (2MHz in) w.r.t. -108dBm:
83dB (RX at 4MHz)
AF distortion
30dB below wanted tone
Spurious demodulation (100% AM)
-30dBm for 12dB SINAD

matched diodes in separate packages, and will

not be so well balanced. This may explain
why the spurious demodulation performance
of the two types is similar, even though the
SRAIH has a higher 3rd order input intercept
point.
However, the third order intermodulation
products start appearing above the receiver

noise floor at the same signal level as the

LSB

USB

onset of spurious demodulation. In fact, for a
superhet, an AF detector on the mixer output
would be a good indication of mixer RF overload.
20

In the Weaver receiver, the spuriously
demodulated signals are frequency shifted by
the second mixer, making them unintelligible.
This is an advantage: off tune SSB interference is subjectively far less annoying than, for
example, being able to hear the BBC World
Service in the background on every frequency.
All direct conversion receivers are prone to
pick up power line hum. This is due to a combination of direct pickup and LO radiation6.

To reduce hum, homodyne and phasing

RX
40

Response

r
60

( dB)
80

receivers have a 400Hz high pass filter on the
mixer outputs. This removes 50Hz and its first
seven harmonics without any loss of SSB signal information. The Weaver receiver cannot

do this because the IF filters must pass frequencies down to 5Hz. In this receiver, any
hum is converted by the AF mixer into two
tones close to 1.7kHz, which are impossible to

-5

-4

-3

-2

3

4

Offset from the TX suppressed carrier frequency

5

( kHz )

Receiver selectivity graph.

filter out. As a result, the Weaver receiver's
mixers must have a hum output much smaller
than other direct conversion receiver types.

the susceptibility of the receiver to interference from intermodulation products or direct

The isolator passes the signals from the pre -can be applied. It must therefore work over the
selector to the mixer at unity gain, but attenu- full frequency range of the receiver.
ates LO leakage from the mixer attempting to
The 1.3kHz LP IF filter and amplifier
travel in the opposite direction by up to 80dB.
stages have a 6th order 0.1dB Chebyshev freReference 6 explains the use of an isolator to quency response. A more complex filter
reduce local oscillator radiation and RF genwould give better selectivity, but it would
erated hum and microphony.
make the phase and amplitude matching of the
The 900 phase shifter is a broadband two stages harder. It is instructive (and pretty)
device, but, because its only function is to can- to connect the outputs of these filters to the X
cel the 3rd harmonic response of the mixers, and Y plates of an oscilloscope. The true phathe frequency range of the cancellation need sor nature of the RF input signals can then be
only be from the 3rd harmonic frequency of displayed. It is, for instance, easy to spot the
the lowest input frequency to the receiver's broadcast stations that have AM to PM contop frequency. This phase shifter gives 90°±4° version, or dynamic carrier control.
over a 4 to 30MHz frequency range.
The 5Hz high pass filter removes the DC
The complex mixer (Fig. 5) is an implecomponent of the IF signal that is to be con-

demodulation. The second function is to attenuate sub -harmonic frequencies. These will suf-

mentation of Fig. 3, one to provide the sine
output and one the cosine. The mixers are

fer harmonic distortion in the isolator and
mixer, and give spurious products at the
receiver frequency. The third function is to
attenuate frequencies at harmonics of the

driven by a square wave derived from a divide
by four flip-flop stage. The two square waves

Implementation
Looking at block diagram Fig. 4, the main
receiver components are these:
The attenuator reduces the signal levels

arriving at the mixer when necessary. A
7.2MHz half -wave dipole at night can produce
signal levels as high as OdBm (223mV across
500 or 1mW) - causing severe direct demodulation. It is high time automatic RF attenuators were standard in HF receiver design.
The preselector performs three functions.
The first is simply to minimise the out -of -band
RF energy arriving at the mixer. This reduces

receiver frequency. These may produce harmonic responses from the mixer.

nected to the rotary mixer. Most of this DC
component arises from mixer imbalance, and
the residue from amplifier offsets. The DC

have a 90° relative phase shift. This phase
shift is used to give the correct phase relationship between the two IF filter signals in

level controls the amount of 1.7kHz in the output, so the spurious content must be removed.
The mixer DC offset depends on the LO frequency, so, for each large frequency change, a

order that the correct USB or LSB detection

step function is applied to the HP filter. The
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3kHz LP
IF FILTER/AMP

5Hz HP

AF (cos)

tiD
f
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AF MIXER
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41

4 PHASE SHIFTER
AF OUT

90.

ATTENUATOR/
PRESELECTOR

-71

( 0 SQUARE WAVE)

ISOLATOR

I

( 90° SOUARE WAVE)

3 2kHz LP

>

PHASE
SHIFT

AF (sin)
'COMPLEX'

1.3kHz LP

MIXER

IF FILTER/AMP

5Hz HP

POWER

Fig. 4. Receiver block diagram.

SUPPLY

transient response of the HP filter causes a

ference and no signal. The subsequent loudspeaker amplifier will therefore be AC coupled. The frequency response of the receiver
from the RF input to the loudspeaker output

sible notch width in the centre of the AF pass -

The 3.2kHz LP filter removes the 3rd and
higher harmonics of the 2nd LO frequency,
and some high frequency mixing products
which are generated by the Rotary AF mixer
because it operates in discrete phase steps.

band, and the desire for the ping caused by

Circuits are not given for the attenuator, pre -

have an extra notch 800Hz wide centred on

each frequency change to be shortest.
A 0.5Hz high pass filter would result in less
of the AF passband being lost, but would take

selector, LO, or AGC stages since there is

a long time to arrive at its final value. This
would result in a prolonged 1.7kHz whistle

Receiver frequency response
The effects of all the audio frequency signal

The isolator stages use two dual grounded gate

every time the receiver's frequency was
changed. 5Hz was chosen as a reasonable

processing can be seen in the graph (see Table
1). The fundamental shape is of two 1.3kHz
LP filters glued back-to-back, and centred on
the 2nd LO frequency of 1.7kHz. In the centre
of the passband is a 10Hz wide notch formed
by the 5Hz HP filters. The 3.2kHz LP filter's
cut-off can be seen at ±3.2kHz; it causes the
receiver response to roll -off faster on the high

push-pull type in order to reduce the second
harmonic distortion. Both live and ground of

1.7kHz ping at the receiver output. So the cut-

off frequency of the filter is a compromise
between the desire to use the narrowest pos-

compromise, and gives a negligible reduction
in speech intelligibility7.
The rotary AF mixer is a rotating switch
which selects one of eight phases for the AF
output. If four phases are used, an audio image
appears between 3.8kHz and 6.4kHz, and this
imposes a severe filter requirement on the sub-

sequent LP filter. With eight phases, this
image is moved up to 10.6kHz to 13.2kHz,
well out of harm's way.

will thus resemble the response graph, but will
0Hz.

nothing unusual or design specific about them.

RF circuit description

frequency side of the passband than the low
frequency side.
At the AF output shown on Fig. 4, all frequencies less than 400Hz will contain inter -

JFETs. The circuit6 has been adapted to a
the RF input are connected to the receiver
using 100nF capacitors. The LO input is similarly decoupled. This stops 50Hz hum current
from flowing from the ground of the antenna
connector or external LO, past the low noise
AF input, and into the mains supply earth. A
small potential due to this current would be
developed at the low noise input of the 1.3kHz
LP IF amplifier.
The 90° phase shifter, if made with perfect

AF
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components, would give the response shown

Signal Cancellation

in the graph, right -a computer simulation.
Unfortunately, the most accurate inductors to
hand had a tolerance of 10%. As previously
explained, a 3rd harmonic rejection of about

There are two places in the receiver
architecture where the signal path splits
into two, which then rejoin. At each of these
joining places, the aim is to cancel out
unwanted signals. This happens in the RF
mixer where 3rd and 7th harmonic
responses of the mixers are cancelled out,
and again in the rotary mixer where the two
low frequency IF signals are combined in
order to cancel out the unwanted sideband.
In the first instance cancellation depends
on the accuracy of the 90° phase shifting
network. This is composed of all pass filters,
so the amplitude error will be very small,
and the phase error dominant. However, the
amplitude error can be dominant; for
example, there is a 90° hybrid junction
design that has constant phase difference,
but has amplitude ripple.
This is the exception. The phase error is
dominant in most circuits, imagine the
errors to be due to an RC LP filter. At one
tenth of the cutoff frequency, the amplitude

40dB could be expected depending on the
accuracy of the 90° passive phase shifter. This
has not been achieved, see Table 1. Note that

this harmonic rejection was measured at
6MHz, which is where the inaccuracy of the
90° phase shift is greatest, so the phase error
due to component tolerance was positive, and
added to the predicted error.
The phase shifter design is simplified by

using a branch impedance of 1000, which
means that the inductors must be exactly
10,000 times the capacitor values, so the E6
series of component values can be used.
The LO divider is a 74F74. This provides a

square wave drive current of 14mA for the
mixers. The 74F logic series is not guaranteed
to operate at a clock rate higher than 100MHz;

this would limit the maximum receiver frequency to 25MHz. In practice, all the devices

so far tried have operated at greater than
120MHz. For higher guaranteed speeds, use

error is 0.044dB, and the phase error is 5.7°.
Look at the graph; it shows the amount of
signal cancellation that may be expected for
various phase and amplitude errors. An
amplitude error of 0.044dB with no phase
error gives a signal cancellation greater than
50dB, whereas a 5.7° phase error with no
amplitude error gives a signal cancellation
of 27dB. The lower value of signal
cancellation will prevail.
There is also a less obvious splitting and
combining point in each of the balanced
mixers. These work by selecting a phase of
either 0° or 180°, depending on the
direction of the instantaneous LO current
flow through the mixer. The phase shift
between these two states must be exactly
180° and the amplitude of the two states
must be exactly equal for the even order
harmonic responses to cancel completely. In
this case, the two paths through the mixer
may be thought of as splitting and rejoining
in time.

ECL.

The mixer inputs are connected in series,

10

giving an input impedance of 10052 to match
the phase shifter impedance. The IF outputs of
the mixers are matched at RF by a 510 resistor. At AF, the mixers are mismatched. This
reduces the audio band 3rd order input inter-

20
-o

cept point of the receiver, but improves its

c 30

noise figure.

LP IF filter/amp circuit description
The input to the 1.3kHz low pass IF
filter/amplifier stages could have used a

ri)
ro

40

U

diplexera. In these, the filtering provided by

Tts

the diplexer is calculated to be part of the
overall filter response. For more complex

-050

designs of diplexer using Chebyshev/Inverse
Chebyshev or Cauer/Cauer pairs, see reference

60
0.1

8. Be warned that Cauer diplexers have a
nasty habit of requiring negative values of out-

1.0

put capacitance on the high pass side. The
actual circuit is shown in Fig. 6. These have to
be realised using transformers and some mathematical sleight of hand, and transformers are
microphonic.
However, we live in an age where the aim is

to avoid using inductors at all costs. So this
design uses a second order filter stage9. The
input resistance is formed by the 50Q source

10

100

Phase error (degrees)
impedance of the complex mixer circuit. This

the poles with the highest Q, so this

low input resistance results in a high input
capacitance to ground, which provides an
excellent opportunity to prevent LO signal

designed using a low sensitivity section. The
design procedure for this section produces a
fixed R/C ratio, where R and C may be chosen
at will.
The 20dB amplifier output stage raises the
signal level to a value that is just sufficient to

escaping from the mixer compartment.
The second audio stage is similar to the first,
and has a gain of 20dB. The third stage has
7.5k
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Fig. 6. 1.3kHz low pass IF filter/amplifier stages
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make the leakage of the 2nd harmonic of the
1.7kHz LO inaudible in the front-end noise.
Rotary AF mixer description
The 5Hz high pass filters must be first order to

keep the transient response free of overshoot"). For this a simple resistor/capacitor
time -constant is used. An alternative but more
complex candidate for this circuit is the criti-

Fig. 7. Four phase product detector described by
the author as a rotary mixer. It contains two
inverters: one on the sine channel and one on
the cosine channel, their outputs are -sine and
-cosine creating four phases to choose from.
Four more phases are interpolated by the
resistor networks around the analogue inputs of
the DG508 analogue switch.

cally damped filter, which has a transient
response that arrives at the final value rather
more promptly than a resistor/capacitor filter.
The OP117 op -amps have very low DC offset, and would normally require no adjustment. However, a small amount of 1.7kHz
leaks from the subsequent mixer circuit into
the AF output. The offset potentiometers on
the op -amps allow a small amount of signal to

pass in anti -phase to the mixer leakage thus
cancelling it out.
The rotary mixer contains two inverters:
one on the sine channel and one on the cosine
channel, their outputs are -sine and -cosine
creating four phases to choose from, Fig. 7.
Four more phases are interpolated by the
resistor networks around the analogue inputs
of the DG508 analogue switch. The resistor
values are chosen such that, at the DG508, the

counter outputs is unused. This gives a choice
of using a clock rate of 27.2kHz, and not using
the Qi output of the 4029, or of using a clock
rate of 13.6kHz, and not using the Q4 output.
While this last option provides identical control of the DG508, some of the 850Hz gener-

ated by the 4029 inevitably leaks into the
audio output, so the 27.2kHz option is to be
preferred. Note that the majority of low frequency circuitry is enclosed by a screened
box, and that all the supply and signal connections are made using feed -through filters.
This must be done to prevent RF harmonics of
the 2nd LO from leaking into the RF stages of
the receiver.

source impedance of all eight phases are

The 3.2kHz low pass output filter is a 5th

equal. Also, the sine, cosine, -sine and -cosine
phases are attenuated by a voltage ratio of 0.5,
so that all the phases have an equal RMS volt-

DG508 rotary mixer to choose from.
The second LO is generated by a 555 oscillating at 27.2kHz. This signal is connected to
the 4029 up/down counter. As the DG508 has

order 0.1dB Chebyshev filter9. The filter input
resistor has been reduced in value to allow for
the mixer source impedance.
In the output of the conventional mixer (balanced modulator), the sum and difference frequencies are present at the same time. This is
because the conventional mixer approximates
to the rotary mixer by using two phases: 0 and

only three digital inputs, one of the four

180 degrees. The mixer cannot distinguish

age. There are now eight phases for the

284

between clockwise and anti -clockwise rotation. The output contains the two frequencies
as if the mixer were rotating both clockwise
and anti -clockwise simultaneously.
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USA te1:011- 44 - 480 461778 fax 011- 44 - 480 494042
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joins the Windows club
Users who know Spice well will be up and running
with SpiceAge for Windows with little delay.

System

requirements
System

requirements are
not specified, but
the review was
carried out using:
Windows 3.1.
Windows 386
Enhanced mode
8Mbytes ram
486 PC
VGA screen

Output to a
Windows supported
pen plotter or
printer.

Windows pull -down menus give access to all aspects
of the package, including setting test nodes, starting simulations and plotting the graphs. No great increase in functionality is claimed over previous versions, so the question for
any potential user is whether support for Windows is a worthwhile addition.

Simulation speed is adequate - for small networks. But
some circuits require a small time step so that sampling rate
errors may be removed. Under these circumstances simulation can take several minutes - even on a fast 486 machine.
Even so, processing is still significantly faster than wiring
and checking a breadboard.
Overall, the simulation capability is impressive. Frequency
or time response can be displayed for any node, with four
nodes specified at any one time. In the frequency domain, the

response can be displayed as a Bode plot, a complex plot
(Nyquist) or as real and imaginary parts. In the time domain,
the responses of the systen to a wide variety of predifined
generators can be displayed as either XT or XY (Lissajous's
figure). Tolerances on a particular response for variations in

component values or changes in temperature can be disSpiceAge for
Windows edit
window shows the
analysis options

File

*

Edit Network
Prototype Butte

* A frequency respon
V1
R1
C1

p1:0
p1:1

p1:2
p1:2
p1:2
p1:3
p1:4
p1:4
p1:4

LI
L2
C2
C3

L3
R3

played as a family of response curves for each variant.
Fourier analysis of the time response allows determination
of harmonics in the waveform. But be careful here as there
may not be an integral number of fundamental periods in the
transient analysis. The Hanning window option, sometimes
SPICLAGL cAspicedgerietsbptcnip
Analyse Fre . uency lime Presentation
tolerances _Ilk
e ohm.
frequency Response

V -f

Spot Phasor
Phasor sweep

IVI<V
V-%

Help

V-%

Transient

V -t

referred to as the raised cosine window, can help, enhancing
the repetitive nature of the waveform by weighting the data
at the centre of the window relative to the edges.
Graphing could be better. Graph scales can be set, but to
display the resealed graph requires a tedious resimulation.
On the plus side there is a very useful real time cursor which
enables, as the mouse is moved, the XY co-ordinates of the

cursor to be displayed at the top of the window. Also the
delta mode, implemented when the left hand mouse button is
depressed, makes for quick and convenient determination of

-3dB points, bandwidth and risetimes accurately from the
graph. Scaling is normally automatic, and seems to be sufficient, though a pop up window will control the scale of the
graph if required.
One of the sillier aspects of the system is the scrollable tool
bar, the "ribbon of buttons" used to input the correct component type letter into the Spice model. For example, pointing the mouse at the resistor icon and clicking, results in "R"

being input. Of course the "R" can be pressed on the keyboard, and as this is a tool for analysing an existing design,
the nodes and components would have already been defined
and would only take a few seconds to key in by hand.

.0000

Impedance Response Z -f
Spot Impedance
Impedance sweep
Z-%
QC Quiescent
Quiescent sweep

Spice is now available in a
Windows version. John Anderson
finds a good package - with one or
two shortcomings.

Quiescent analysis and models
A circuit can be analysed for its DC quiescent levels, presented in table form. Unfortunately presentation could be better. The font is small, and when the quiescent conditions are
analysed using a Monte Carlo technique on the component
tolerances, the table of values is both crowded and illegible.
One useful feature is that some models have a temperature

coefficient built into their definition, allowing analysis of
temperature effects on the circuit response. What a pity this
does not extend to making temperature the dependent variable so that attributes can be directly plotted against it.
*I

1

IRI
*1

1

28()

111

*'4

6

1±_

I+

Models comprise a set of primitives, eg resistor and capacitor, and library networks such as transistors and op amps.
Library networks created by the user are treated in the same
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Left: A simple Butterworth filter definition

Help

Prototype Butterworth ban r ass filter, Impedance one ohm.
* A frequency response shows a flat pass band
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Below: Displaying a filter frequency and phase response
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way as any other circuit, except their file extension is .LIB
rather than .CMP.
But compatibility could be a problem. There are several
dialects of the "standard" Spice language, so models supplied

by op -amp manufacturers may not run immediately on
SpiceAge. However, the manual provides two methods of
defining the same component, including the normal
syntax of the original SPICE simulators.

.MODEL

Manual

III
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1111.111
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folintatave

lime

Fre uen

Analyse

rworth ba

r,

p

ince

I

* A frequency response shows a flat pass band
V1
1

The package comprises a loose-leaf A5 manual and a
disk and the software is not copy protected. The manual
appears to have been produced quite cheaply with
single sided photocopied pages, but is well written and
logically arranged.
Installation is simple and uneventful.

100,

4.0

p1:0

p2:1

v=1.0000 Ex= -Step

p1:1

p2:2
p2:0
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v.1.000u
v=100.0u

Transient 1 #8.41 it,

Air.

Spice for beginners?
Spice is a modelling system for electronic networks,
where a series of attributes and parameters of the
component parts of the network are individually
defined. Modelling takes the form of frequency, time or
quiescent simulations.
Emphasis these days is on "right first time", and Spice
offers the opportunity to check circuit performance
without recourse to any lab work. But beware, Spice

0.0/0

Ni

001

.74.

4'0

M.

IN,

-1

)00.

//Iv

/00.

tf

will not simulate things for which there is no
information - eg parasitic inductances and
capacitances - and unmodeled modes of circuit
operation such as inputs exceeding the supply voltage

Transient response window far a filter

etc.

Butterworth filter complex plane response using SpiceAge for Windows

Further, aliasing due to the effective sampling rate
can cause spurious results. Thu.s it should be used as a
useful test-bed for the circuit operation, and offers an
ideal tool to tolerance the circuit.

//Ow

lr

Elle

Edit

Network Analyse Frequency Time Presentation
e Butterworth band pass filter, Impedance one ohm.

Help

Half a good idea?
Halfway through entering a circuit I decided I should
save the file. But when I tried, the only response was a
beep from the computer, no disc access and no
message. Indeed as much as I tried I could not save
the file either as itself or as an alias. Using the
Windows clipboard eventually allowed me to save file,
and I then looked into the problem. What I found was
that there was a syntax error in one line and SpiceAge
was refusing to save until the file was syntactically
correct. Great idea - but a message to that effect
would have helped!
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MT1:0

MT2:2
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v=100.00

p2:2
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Get a bidirectional trigger pulse by using two pulse gens in series
v=1.0000 Fx=Pulse Fr=11.000
p2:mid
p1:0

gate+

!ate-

.2:3..,=-1.000

.131

(=Puise Fr=11.000

The only way round this is to analyse for a particular component setting and icon the graph for later comparison with
different component settings.

The different windows that pop up for setting graph

v=168.00 Fx=Sine Fr=10.000

p2:1

"W-rr

R load

Help

D1=100.0m
0011m

De:
De:

1;f 1

400.0

3000 =

200.0

colours, selecting the nodes to monitor and other features are
utilitarian and intuitive to use.
SpiceAge for Windows is a very competent analysis tool,
capable of taking on most electronic and dynamic systems
models. There are one or two rough edges, but it is, without
question, a really good cae tool which every engineer should
consider for tackling analogue circuits.
That said, what the package really needs is schematic capture and netlist, so that the node list format can be extracted
from the actual circuit diagram. The advantages this would
give are clear - minimal effort expended inputting data and
a guarantee that there are no discrepancies between circuit
and model.

Development of the software has been going on for two
years, in a continuous manner (indicated by the test software
revision number V1.182).

100 0

-11F-11

0.000,

9Ti

we.

200

2.0

0.0

411166-

300..

Complex time
response for a triac

Worthwhile windows?

circuit

The program's use of Windows is a curious mix of good and

But its £395 price tag takes it into an area where some
potential users might opt for a cheaper dos product instead.
That would be a shame because the system under Windows is
intuitive, easy to use and delivers the results.

Supplier Details

bad. To its credit are the neat autoscaled graphs of results
ready for output as metafiles or direct to printer. On the debit
side is the almost illegible text, the inability to bring the edit

SpiceAge for Windows, £395 + VAT.
Those Engineers Ltd, 31 Birkbeck Road, Mill Hill,
London
Tel: 081 906 0155 Fax: 081 906 0969

window to the front and the need to discard analysis windows because changes in the component node list file are not
transferred to the current analysis.

SPECTRUM ANALYSERS

RALFE ELECTRONICS

HEWLETT PACKARD

36 EASTCOTE LANE. S HARROW. MIDDLESEX HA2 800

TEL: 081-422 3593. FAX: 081-423 4009

-4IM;
16.711161.611

gil
II

NOW
IN

e

40th
8&K2031 narrow band audio analyser
£1500
£1500
POLARAD 632A-1 100kHz-20 Hz. Digital storage
YEAR
£1500
HP3580A 5Hz-50kHz audio spectrum analyser
£3500
HP3582Adual-channe125kHz analyser
£6000
HP3585A 20Hz-40MHz GPIB analyser
TEST EQUIPMENT
£1500
HP855813/182C 1500MHz analyser
£5000
HP182C/8559A 0.01-2IGHz spectrum analyser
£1250
BOONTON 102F AM/FM signal generator 05.-1040MHz
£5000
HP8565A0.01-22GHz (or 40GHz with ekt mixers)
£1000
BRUEL & KJAER 2610 measuring amplifier
SPECIAL DEAL:180Hz SYSTEMS: HP140T/8552A/8555A
£1000
BRUEL & KJAER 2307 level recorder
(modern colours) CHEAPEST EVER PRICE £1750
£1850
BRUEL & KJAER 2317 portable level recorder
ALLOTHERPLUG-INUNITS AVAILABLE. CALL FOR SPECIAL PRICES
£2000
BRUEL & KJAER 2031 spectrum analyser
£2750
MARCONI TF2370/2373 extended 1250MHz analyser
F1250
BRUEL & KJAER 4712 frequency response tracer
£4000
MARCONI 2380/2382 400MHz system
DATRON 1065 digital multimeter
£750
£1950
POLARAD 632A-1 100kHz-2GHz digital storage
FARNELL PSG1000 portable sig gen 100Hz-1GHz synth
f1500
FLANN MICROWAVE 27072 frequency meter 73-113GHz
£275
FLUKE 8050A 41/2 -digit bench DMM
£200
£2000
2017 signal generator
£500
KEITHLEY 195 GPIB digital multimeter
£950
2018 synthesized signal generator 80kHz-520MHz
MAURY MICROWAVE 8650E TNC-calibration kit
£1500
2019A synthesized signal generator 80kHz-1040MHz
£2250
£1500
PHILIPS PM5193 synthesized function generator
£4750
2030 signal generator (with 2nd oscillator option)
£500
PHILIPS PM5597 VHF modulators £250, PM5598 UHF
£800
2610 rms-voltmeter 51-1z-25MHz 2mV-700V full scale
£450
PHILIPS PM2534 digital multimeter
2503 RF power meter to 100W DC -1 GHz
£200
MANY MORE 2nd -USER INSTRUMENTS
f1000
28280/2829 dgeal simulator/analyser
AVAILABLE FROM STOCK. PLEASE REQUEST
£1500
2831 multiplex tester
OUR CURRENT LISTING, WE WILL FAX LISTS AND
£4500
2955A mobile radio test set MORE WANTED FOR CUSTOMERS
£1250
2956 NIficellular adaptor, latest issue software
SHIP GOODS WORLDWIDE
£750
6059A signal source 12-18GHz
£300
RACAL 9008 automatic modulation meter £325. 9009
£200
6140 GPIB adapter
£450
RACAL -DANA 9302 RF milli -voltmeter 1.5GHz
£350
6460/6420 power meter 10MHz-12.4GHz 0.3uW-10mW
£275
RACAL -DANA 9512 counter/timer 512MHz
£400
6460/6423 power meter 10MHz-12.4Glilz 0.3mW-3W
£325
RACAL 9300 RMS voltmeter -80dB to +50dB
£1000
6600A sweep generator 26.5-40GHz
£1000
RACAL Store 4 4 -channel tape recorder
£1000
67008 sweep oscillator 8-12.4GH2 & 12.4-I8GHz
RACAL 9341 LCR databridge component tester
£350
£1000
6960/6910digital RF power meter 10MHz-20GHz GPIB
ROHDE & SCHWARZ SMS signal generator IEEE & 1HGz
£1750
£150
6912 power sensor 30kHz-4.2GHz for above yeses
£1000
SCHAFFNER NSG430 static discharge simulator
£350
893B audio power meter
£1250
SYSTRON-DONNER 1300 synth' GPIB sig gen 100Hz-IGHz
£750
0A2805A PCM regenerator test set
TEKTRONIX TM503/SG503/TG501 /PG506 scope calibrator
£2250
TF201512171 signal generator AM/FM 10-520MHz
£400
TEKTRONIX J16 digital photometer
£275
£350
TF2304 automatic modulation meter
£1000
TEKTRONIX 14850 full spec' TV waveform monitor
£2000
TF2370 110MHz spectrum analyser
TEKTRONIX 1503/03/04 TDR cable tester
£1500
£1000
TF2910/4 non-linear distortion (video) analyser
£2950
TEKTRONIX 1503B/03/04 TDR cable tester
£1250
TF2914A TV insertion signal analyser
£475
TEKTRONIX 2225 50MHz dual -trace oscilloscope
£500
TF2910 TV interval timer
TEKTRONIX 2235 100MHz o'scope f750. 2236 1000MHz
£950
TEKTRONIX AA501A distortion analyser (plug-in) unit
£850
TEKTRONIX 7000 -series MANY CONFIGURATIONS, PLEASE CALL
£1250
TELONIC 1205A 1-1500MHz sweep generator
THURLBY PL320T-GP 0-300 2A twice psu. GPIB.
£350
WAYNE KERR B905 automatic precision bridge
£1150
WAYNE KERR RA200 ADS1 fre uen re 'rise ana ser
£850

MARCONI INSTRUMENTS

URGENTLY REQUIRED -'HIGH-END'
Test Equipment by Brand Names. TOP
prices paid for HP, TEKTRONIX,
MARCONI etc. PLEASE CALL US

MIRIk+`

v

£500
3312A function generator 0.1Hz-13MHz
£400
3344 distortion meter
£1550
339A distortion meter (option 01)
£250
3506A sampling voltmeter
each £125
355C attenuator DC-1GHz 0-11db & 3550 0-120db
£1500
3580A audio frequency spectrum analyser
£6000
3585A spectrum analyser 20Hz-40MHz 0.1Hz res' HP1B
£1250
3575A gain/phase meter 11-Iz-13MHz dbV & ratio & 0 opt 01
3711k3712A microwave link analyser (MLA) with 3793138 37308/37368 RF
£4000
down -converter (1.7-4.2GHz)
£325
400FL mV -meter 100uV-300Vfs. 20Hz-4MHz
£350
415E swr meter
£6500
4192A LF impedance analyser

42764/001 LCZ meter
432A/4784 microwave power meter 10MHz-10GHz
432/0486A 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
5334A frequency counter 100MHz HPIB
6253A dual power supply 0-20V 0-3A twice
6274B bench metered power supply 0-60V& 0-154
6825A bipolar power supply/amp - 2010 +20vdc 0 -IA
70300A tracking generator plug-in unit
709074 external mixer tor 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
80138 pulse generator 50MHz
816A slotted line 1.8-18GHz with carriage 809C & 447B
84054 vector voltmeter, voltage & phase to 1000MHz
8406A comb generator
85054 network analyser system including 8503A S -parameter test set and
8501A storage normaliser
8600A digital marker generator for 8601A
8601A 110M Hz sweep generator
86144 signal generator 800MHz-2. 4GHz
8671A synthesized signal generator 2-6.2GHz
89544 transceiver interface

£1 750

£400
£600
£500
£150
£200
£1000
£225
£350
£350
£2000
£1750
£350
£350
£500
£600
£500
£950
£1000

£5000
£250
£500

f1000
£2500
£250

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 items covered by our 90 -day parts and
labour guarantee and 7 -day 'Right to Refuse' warranty.

ALL PRICES SUBJECTTO ADDITIONAL VAT AND CARRIAGE
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RANGER 2:
the shareware worth the layout?
Seetrax has made a version of its Ranger2 software
available on shareware. Martin Cummings
says hurry while stocks last.
Last year we reviewed Ranger], an entry level PCB
System

design package with its expensive stable -mate, Ranger2.
It is a sign of the fast moving cad market that Seetrax is
now offering a version of Ranger2 free of charge, on shareware. The package includes schematic capture, PCB layout

requirements
Hard disk
EGA display
Mouse or digitiser

and autorouter, output drivers and a manual. Quality, features and performance of the package are a match for most of
the competition. So what is the catch?
For many people there isn't one. In an interesting marketing ploy, Seetrax is offering a version of its software with all
the features - but with restricted capacity - for nothing. The

limitation is 32 parts or 128 component pins. Up to this

pad

Some high
resolution screen
drivers are
supported up to

NI R S
AL L00

6ILNAN

768 by 1024.

NONELE
NIN00N
OROSEi
SETUP
I1

llllllll

MOVE

ROTATE

FLIP

DELIS(

RIND

?ALISO. ftSIGICR,

Components are
taken from the tray
and placed on the
schematic.

limit a problem. To them it is a very attractive offer, and I
fully recommend they take advantage of it.
Using Ranger2
As with similar packages an outer menu or shell co-ordinates
all the programs necessary in the design cycle. It organises all

the relevant files for a job and allows jobs to be given a
meaningful name up to 28 characters long - saving many

Hot hm

ALIGN will ensure that components are exactly placed, ready
for connecting up.

Tripe

:

Parts list can be
printed or sent to a
file.

test juL
Sot I

point the package is a fully functional design tool: beyond
the threshold you can design but can neither save nor output.
Offering Ranger2 as try -before -you -buy shareware is no
doubt seen by Seetrax as a good way of demonstrating the
software. Get a feel for all the functions, climb up the learning curve, then if you are happy, buy the full version without
the limitations.
Some non-professionals, and perhaps those working in
educational establishments, will probably not find the 32 part
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A library is built up for each job and can be listed on screen
or printed.

Manual
The free version of Ranger2 is delivered on two 720k disks together with a
professionally printed 90 page A5 demonstration manual. Most of the
booklet is a training exercise; fold -out diagrams and plenty of text navigate
you through a design from start to finish. The simple two sheet design uses
about 30 components so gives an immediate feel for the complexity
allowed by the free version.
Those who register and pay the £20 fee are rewarded with a 400 page
reference manual.
Software and libraries are expanded as they are installed onto the hard
disk and eventually occupy 3Mbytes - the installation routine gives full
control over where things go by asking questions at every step.

Ranger 2 brief specifications
Up to eight sheets per design
16 layers
One thou resolution
Component flip for double sided placement
Automatic net length minimisation
Up to 32in square board
Signal highlight capability
Multi strategy autorouter
Gerber photoplotter output

Output for drilling and routing machines

Supplier Details
Demonstration version (32 parts, 128 pins) free of charge
Shareware registration fee £20
Full version (1400 parts, 16000 pins) £599
Seetrax, Hinton Daubnay House, Broadway Lane, Lovedean, Hants P08 OSG.
Tel: 0705 591037. Fax: 0705 599036

Copper fill can be implemented on selected sections of the
board, either solid or as a cross hatch pattern.

hours thinking up awful abbreviations. Like all the main
screens this menu is text based, but it is mouse operated and
easy to use.
The schematic editor screen layout has menu boxes down
the left hand side and along the bottom. They are well organised into screen control functions such as pan and zoom, with
a separate set for design work. Operation has a nice feel to it,
the menu boxes turn green as you move over them then turn
red when selected - there is also no inadvertent operation as
was found in the Rangerl review.
Five fixed magnification levels can be selected and one or
two levels can be jumped depending on which mouse button
is pressed. It might be useful to have variable magnification

selected by defining a zoom window, but the fixed levels
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seem adequate in practice. In addition to mouse control, all
the screen control functions can also be keyboard selected,
for example Fl for zoom, space bar for pan.
The grid can be called up on both schematic capture and
layout editors. On schematic capture the grid pitch is set and
you have to live with it. Pitch is adjusted according to zoom
level and it is important when drawing to know that Ranger
will snap onto either the full or half grid position.
The artwork editor allows full control over grid pitch - I
would prefer full control on both but have to accept that the
automatic adjustment is good enough in most cases.
Plenty of scope is available to draw a schematic. It can be
spread over up to eight sheets, each of which can be from A5

up to Al in size, and is an extremely useful function for
organising circuits onto sheets relating to function with well
defined interface signals between them. (But don't get too
excited about this ability if you are limited by the demo software to the 32 parts.)

28 volumes of components
To add a symbol, select it from the master library and put it
in what is called the tray. Components can be searched for in
the libraries. So if looking for a IN4002, type in 1 and it can
find over 300, IN and it knows of 33, 1N400 it can find 7
and 1N4002 it finds just one.
The full version of the software comes with 28 volumes of
components, each volume being a category, for example volume 12 is Zilog microprocessor devices, volume 25 is A -to D converters, and so on. The demonstration software only
includes 11 volumes although this still leaves a surprisingly
good spread of components - particularly for the amount of

money involved - and even includes some surface mount
devices.
As a design is built up, parts are transferred into a job spe-

cific library. The device library editor shows all the components so far used by the job. By clicking on a device a text
screen lists seven key details such as symbols per device, terminals per device, which outline to use, and so on. Creating
a new device involves entering these details and drawing the
graphic symbol to use on the schematic.
Several configuration screens allow pad and drill and track

sizes to be defined. Various shapes of pad are possible
including square, rectangular and round ended. Track sizes
from lin down to 0.001in can be defined in steps of 1 thou
and the press of a key will switch from imperial to metric
units.
Of the 16 layers, layer 0 is reserved for drilled pads, layers
1 and 2 are the outer copper layers, and all the others can
have their function defined as copper, silk screen, ground

ed - although this is probably not as useful as it sounds.
Having defined the outline of the board, component placement is performed manually. Ranger attaches each component in turn to the cursor and as it is placed the next is ready

and waiting, so placement is as fast as the mouse can be
clicked.

During this exercise the signals can be made visible and
will rubber band to help optimise placement. The X and Y
alignment feature so useful for schematic drawing is equally
pleasurable to use for component alignment.
Tracks can be laid manually. But the reasonably competent
autorouter will do the job, following four different routing
strategies for power, memory, and two types of orthogonal
layouts. Any two layers can be routed or the autorouter can
be configured to route in single sided mode.
In addition, costs can be selected for certain routing compromises and this will further influence the layout achieved
because the algorithm will always try to minimise costs. The
autorouter will also fill selected areas with copper leaving
clearance around pads and tracks. Copper can either be solid
or a cross hatch pattern.

Ranger's design rule checker will check the complete
design to ensure a specified clearance has been maintained.
Some other packages provide a list of violations in the form
of a printout but Ranger puts a marker on the artwork so the
problem can quickly be located and assessed.
After all the work has been completed and any clearance
problems resolved the artwork can be printed or plotted. No
guidance on this is included in the demonstration manual so

there must be a voyage of discovery through the menu
screens (though I have it on good authority that the most
recent release includes a chapter on output in the README
file).

The design can be output to the usual selection of dot
matrix printers, laser printers, pen plotters or photoplotters.
Several levels of quality can be achieved with dot matrix
printers by selecting single, double or quadruple passes of the
print head. For those operating on a shoe string, it is surprising how good a multipass dot matrix print turns out.

Best user interface
In general, the user interface is one of the best I have come
across. Screen update is so fast that it ceases to be noticed.
Moving connections and tracks takes a bit of practice, but
adjusting the position of components and text is smooth and
natural and the commands are all readily available at the
press of either a mouse button or key.

There is no doubt that, without the 32 part limitation,
Ranger2 is a competent design tool with an easy to use per-

plane, or several other power planes. The colour for all

sonality and sufficient features to compete well with the

screen items can be selected.
Moving symbols around the screen is easy and smooth.
The align function makes later connection simplicity itself.
First of all choose a component with which others are to be
aligned. Then, when in either X or Y align mode, click on
any other components and they jump into alignment.
The result is a neatly arranged schematic and, more impor-

many other packages available.
The version distributed free shares all these benefits and at
first sight appears too good to miss.
It is fair to say that many of Rangers's good features are
wasted on small circuits; for example the autorouter, multi
sheet schematics and automatic component numbering will
be of little or no benefit.
There are no catches, but take a look at typical circuits that
are likely to be laid out and count the components before
excitement gets the better of you.
Those in secondary or further education should also take
note. As well as demonstration software the shareware version is also a superb training aid. If you want to learn about
integrated schematic capture and PCB layout, or you need to
teach others, this is an excellent opportunity and a very good
deal.

tantly,there is no messy position adjustment to straighten
wires when connecting up. The feature is simple and very
effective and one that I have not come across elsewhere.
The final step is to allocate part numbers, RI, R2, etc, and
values. Part numbers can be allocated automatically at the
press of the ALLOCATE ALL menu box, or it one by one man-

ually if required.

Completed schematic
Once the schematic design is complete, Ranger will generate
parts and wiring lists. Both can be printed or edited and with
the addition of user part numbers the parts list could form the
basis for a bill of materials. Any unused pins can also be list-
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BARGAINS Man New Ones This Month
SILENT EFFORTLESS MOVEMENT with our 35mm ballrace complete with
removable spindle. 4 for £1, Order Ref. 912.
6-12V AXIAL FAN is a Japanese -made 12v DC brushless axial fan, 93mm
square. Its optimum is 12 but it performs equally well at only 6v and its current
then is only 100mA.

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.
ILLUMINATION PANEL intended to illuminate imitation log effect fire. 16 6v
FM CORDLESS RADIO MIKE, hand-held battery -operated professional model,
bulbs, coloured red and foil reflector panel. It should be quite easy to modify for
has usual shaped body and head and is tuneable to transmit and be picked up
almost any log effect fire. £2. Order Ref. 2P2317.
on the FM band of any radio. Yours for only £8.50, Order Ref. 8.5P1.
SWITCHED BC CORD GRIP LAMPHOLDERS. Always useful. A good make,
4 MORE SPEAKERS:
3 for £1. Order Ref. 913.
Order Ref. 1.5P11 is Japanese -made 61/2", 8ohm, rated at 12W max. This is a
2M 3 -CORE LEAD terminating with flat pin instrument socket, £1, Order Ref.
very fine reproducer. The makers are SANYO. Yours for £1.50
879. Ditto but with plug on the other end so that you could use this to extend
Order Ref. 900 is another Far East -made 61/2", 4ohm, 12W
an instrument lead. £1.50, Order Ref. 1.5P10.
max speaker. Very nicely made, using Japanese Hitachi tools
INFRA RED RECEIVER CONTROLLER, made by Thorn to
LIMITED
SUPPLY
ITEMS
and technique, only £1.
channel switch their T.V. receivers. Mounted on panel with
are only described in our
Order Ref. 896 is 61/2", 6ohm, 10W, exceptionally good
luminous channel indicator, mains on/off switch, leads and
sounder and yours for only £1.
plugs all yours for £2, Order Ref. 2P304.
newsletter. Many appear in
Order Ref. 897 is another 8ohm speaker rated at 5W but its
HIGH QUALITY KEY SWITCH, single pole on/off or changeour current issue. If you
unusual feature is that it has a built-in tweeter. Still only £1.
over through panel mounted by hexagonal nut. Complete with
order
something
this
month
SAFETY LEADS curly coil so they contract but don't hang
2 keys. Regular price £3, our price £1.50, Order Ref. 1.5P12.
you will receive this.
down. Could easily save a child from being scalded. 2 -core, 5A,
DIGITAL MULTI TESTER M3800, single switching covers 30
extends to 3m, £1, Order Ref. 846, 2 -core, 13A, extends to 1 m,
£1 each, Order Ref. 847, 3 -core, 13A, extends to 3m, £2 each,

ranges including 20A ac and dc. 10 meg input impedence, 31/2

Order Ref. 2P290.
POWER SUPPLY WITH EXTRAS mains input is fused and filtered and the 12V

LCD display. Currently advertised by many dealers at nearly
£40, our price only £25, Order Ref. 25P14.
ANALOGUE TESTER, input impedence 2K ohms per volt. It has 14 ranges, ac

dc output is voltage regulated. Intended for high-class equipment, this

is

volts 0-500, dc volts 0-500, dc current 500 micro amps at 250 miliamp,

mounted on a PCB and, also mounted on the board but easily removed, are 2

resistance 0-1 meg-ohm, decibels 20 ±56dB. Fitted diode protection, overall
size 90x60x3Omm. Complete with test prod's, price £7.50, Order Ref. 7.5P8.
2" 50 OHM LOUDSPEAKER, replacement for pocket radio, baby alarm, etc.
Also makes good pillow 'phone. 2 for £1, Order Ref. 905.
LCD CLOCK MODULE, 1.5v battery -operated, fits nicely into our 50p project
box. Order Ref 876. Only £2, Order Ref 2P307.
AMSTRAD KEYBOARD MODEL KB5, very comprehensive, has over 100
keys, £5, Order Ref. 5P202.
SENTINEL COMPONENT BOARD, amongst hundreds of other parts, this has

12V relays and a Piezo sounder. £3, Order Ref. 3P80B.
ULTRASONIC TRANSDUCERS 2 metal cased units, one transmits, one
receives. Built to operate around 40kHz. Price £1.50 the pair, Order Ref. 1.5P/4.
100W MAINS TRANSFORMER normal primary 20-0-20 at 2.5A, £4, Order Ref.

4P24. 40V at 2.5A, £4, Order Ref. 4P59. 50V at 2A, £4, Order Ref. 4P60.
PHILIPS 9" HIGH RESOLUTION MONITOR black & white in metal frame for
easy mounting, brand new, still in maker's packing, offered at less than price of

tube alone, only £15, Order Ref. 15P1.
16 -CHARACTER 2 -LINE DISPLAY screen size 85mm x 36mm, Alpha -numeric
LCD dot matrix module with integral microprocessor made by

Epson, their Ref. 16027AR, £8, Order Ref. 8P48.
INSULATION TESTER WITH MULTIMETER internally generates voltages which enable you to read insulation directly in
megohms. The multimeter has four ranges. AC/DC volts, 3
ranges DC milliamps, 3 ranges resistance and 5 amp range.
These instruments are ex British Telecom, but in very good
condition, tested and guaranteed OK, probably cost at least
£50 each, yours for only £7.50, with leads, carrying case £2
extra, Order Ref. 7.5P/4.
MAINS 230V FAN best make "PAPST" 41/2" square, metal
blades, £8, Order Ref. 8P8.
2MW LASER Helium Neon by PHILIPS, full spec. £30, Order
Ref. 30P1. Power supply for this in kit form with case is £15

15 ICs, all plug in so don't need de -soldering. Cost well over £100, yours for £4,

OPERATING
SYSTEMS

Order Ref. 4P67.
9V 2.1A POWER SUPPLY, made for Sinclair to operate their
128K Spectrum Plus 2. £3, Order Ref. 3P151.

12V 250 MILLIAMP SOLAR PANEL, could keep that 12v

battery charged where there is no access to the mains. £15,
Order Ref. 15P47.
SCREWDRIVERS - pocket sized. Will save you having to
worry where you left the last one! 10 for £1, Order Ref. 909.
STEPPER MOTOR BARGAIN This is just a mini motor, 12v
operated and 7.5° step angle. Offered at the very low price of
only £1, Order Ref. 910.
STANDARD CASSETTE MOTOR for 9v recorder players. This
is brushless and has internal electronics to facilitate speed
changes and reverse. £1.50 each, Order Ref. 1.5P14.
MINI CASSETTE MOTOR but will operate from 1v upwards as it is so well
made. Speed, of course, increases with voltage and is speed regulated at 9v.
£1, Order Ref. 540.
STOP THOSE PEAKS as they come through the mains, they can damage your
equipment. 2A unit is a combination of cores and caps gives complete
protection. £2, Order Ref. 2P315.
SOLAR KIT BARGAIN A recent lucky purchase enables us to offer 2 solar
models at approximately half price. The Aeroplane kit comprises all the parts to
make a model aeroplane, solar cell and solar motor to drive its propellor. The
kit was £7.50 but can be yours for only £3.75, Order Ref. 3.75P1. The second
one is the Vintage Gramophone. Again, all the parts to make the model, the

Fully user documented and
including software. MS-DOS
3.20, £5, Order Ref. 5P207:
MS-DOS 3.3, £5, Order Ref.
5P208: MS-DOS 4.01, £10,
Order Ref. 10P99.

Order Ref. 15P16, or in larger case to house tube as well £18, Order Ref. 18P2.
The larger unit, made up, tested and ready to use, complete with laser tube £69,
Order Ref. 69P1.
1/3 HP 12V MOTOR - THE FAMOUS SINCLAIR C5 brand new, £15, Order Ref.
15P8.

SOLAR CHARGER holds 4 AA nicads and recharges these in 8 hours, in very

neat plastic case, £6, Order Ref. 6P3.

AIR SPACED TRIMMER CAPS 2-20 pf ideal for precision tuning UHF circuits,
4 for £1, Order Ref. 818B.
45A DOUBLE POLE MAINS SWITCH mounted on a 6x31/2 aluminium plate,
beautifully finished in gold and with pilot light. Top quality, made by MEM, £2.
Order Ref. 2P316.
solar cell which drives the module which plays the tune. Again, the kit was £7.50,
MAINS ISOLATION TRANSFORMER stops you getting "to earth" shocks.
now only £3.75, Order Ref. 3.75P2.
230V in and 230V out. 150watt upright mounting, £7.50, Order Ref. 7.5P/5 and
INSULATION TAPE 5 rolls of assorted colours, only £1, Order Ref. 911.
a 250W version is £10, Order Ref. 10P79.
GENERAL PURPOSE FAN KIT comprises beautifully made "Boxer" fan,
MINI MONO AMP on PCB. Size 4" x 2" with front panel holding
transformer and switch to give dual speed and off from the
volume control and with spare hole for switch or tone control,
mains. Complete with perforated front panel which, if bent,
Output is 4 watts into 4 -ohm speaker using 12V or 1 watt into
could make a suitable stand for a desk fan, etc. Or, it could be
8 -ohm using 9V. Brand new and perfect, only £1 each, Order
used as a general purpose blower or for fume extraction in
Ref. 495.
cooker hood, etc. Complete kit £6, Order Ref. 6P28.
AMSTRAD POWER UNIT 13.5V at 1.9A encased and with
DOUBLE HEADPHONE OUTLET A standard type stereo plug
720K 31/2 infloppy disk
leads and output plug, normal mains input £6, Order Ref. 6P23.
with 2 leads coming out, each terminating with a standard size
double sided by top maker
ATARI 64XE COMPUTER at 65K this is quite powerful, so
stereo socket thus enabling 2 people to listen from the one
suitable for home or business, unused and in perfect order but
outlet. Very well made. Price £2, Order Ref. 2P312.
(Epson), 4 for £100.
less PSU, only £19.50, Order Ref. 19.5P/5B.
12V POWER SUPPLY Plugs into 13A socket and gives 200mA
Order Ref. 914.
80W MAINS TRANSFORMERS two available, good quality,
dc out. Price £2, Order Ref. 2P313.
both with normal primaries and upright mounting, one is 20V
ASTEC 135W PSU Mains input, 3 outputs:- +12v at 4A, +5v
4A, Order Ref. 3P106, the other 40V 2A, Order Ref. 3P107,
at 16A and -12v at 1/2A. In plated steel case, brand new, £9.50,
only £3 each.
Order Ref. 9.5P4.
PROJECT BOX size approx 8" x 4" x 41/2" metal, sprayed grey, louvred ends
DIMMER SWITCH on standard electrical plate to replace normal wall switch.
for ventilation otherwise undrilled. Made for GPO so best quality, only £3 each,
500W, slightly coloured but takes emulsion. Only £2, Order Ref. 2P309.
Order Ref. 3P74.
12V SOLENOID has good 1/2" pull or could push if modified, size approx 11/2"
long by 1" square, £1, Order Ref. 232.

JUST
ARRIVED

15W 8 -OHM 8" SPEAKER & 3" TWEETER made for a discontinued high -quality

music centre, gives real hi-fi, and only £4 per pair, Order Ref. 4P57.
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.
12V 2A MAINS TRANSFORMER upright mounting with mounting clamp. Price
£1.50, Order Ref. 1.5P8.
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.
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.

Prices include VAT. Send cheque/postal
order or ring and quote credit card number.
Add £3 post and packing. Orders over £50 post free.

M&B ELECTRICAL SUPPLIES LTD.,
Pilgrim Works (Dept. WW), Stairbridge Lane,
Bolney, Sussex RH17 5PA
Telephone or Fax: 0444 881965
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Did the earth
move?
In response to the queries raised by
AJ Quinton (EW + WW, Letters,
August 1992) and Martin W Berner
(Letters, January 1993), there is
much evidence to show that special
relativity's postulate of the absolute
constancy of the speed of light is
incorrect.
Devices such as the navigational
laser -ring interferometric gyroscope,
the lasers used for geodetic
surveying, the wide-angle
Michelson interferometer for
Doppler imaging, the global
positioning satellite, the monitors of
wavelike perturbations in the
ionospheric F region, the behaviour
of the transponder in Pioneer 10,
right down to ordinary police radars,
all show that Av = c±v, not Av = c.
If special relativity is incorrect,
then the famous zero -velocity result
of the 1887 Michelson-Morley
experiment, and the less well-known
positive result of the 1924
Michelson -Gale experiment favour
the geocentric paradigm, that is the
earth really is stationary in an
absolute sense at the centre of the
universe, and that it's the latter
that's doing the moving!
This is the opinion of an
increasing number of top-notch PhD
scientists, such as the Tychonian
Society in the USA and the Cercle
Scientifique et Historique in Europe
(see "The earth is not moving - 400
years of deception exposed", M Hall
1992).

Recent independent research in
Australia and Russia has shown that
there has been a decrease in the
speed of light, which has many farreaching effects in all areas of
science, and implies that the usual
estimates for the age of the universe
have to be downgraded from billions
to only thousands of years (see
Richard Milton's "The facts of life Shattering the myth of Darwinism",
1992).

In addition, a decrease in the
speed of light has the effect of
shifting light from the stars to the
red end of the spectrum, just like the
Doppler effect, and voids the
necessity to interpret the red shift as
being due to an expanding universe.
Contrary to the impression given
by the media, close examination of
the evidence for the Big Bang makes

it turn out to be more of a damp
squib (see E Lemer's "The Big
Bang never happened", 1992).
Arenon Goldberg
London

Consider the case when radiation
from the source is observed
transverse to the direction of motion,
that is 0 = 90°.

There must be many readers who,
like Martin W Berner (EW + WW,
Letters, January 1993) are mystified,
if not completely baffled, by the
theory of Doppler shift as applied to
light.

The mystery, I suspect, stems
from Einstein's postulate that the
speed of light (c) as measured by all
observers is independent of the
speed of the source or the observer.
An alternative theory (Letters,
November 1990 and March 1991),
postulates that an observer moving
with velocity V towards a light
source would measure the velocity
of the light to be the vector sum (c +

The theory is difficult to prove by
experiment because, except for
high-energy particles, nothing on
our planet moves at a speed
comparable to that of light. For
instance, satellites orbit the earth at
about 8000m/s, which is only
0.000027c. So, for most practical

purposes on earth, (c +V). c.
However, many galaxies beyond
the Milky Way are known to be
travelling at speeds that are a high
fraction of the speed of light, and
astronomers measure the Doppler
Shift in the light from such galaxies
to estimate their speeds of recession.
Einstein's postulate implies that
the speed of galactic light reaching
Earth from such galaxies is the same
as the speed of light from a local
source. This, I believe, has lead to
some misinterpretation of
astronomical data.
For those who are interested in the
mathematics: According to
Einstein's theory, if a source of
frequency F is moving with velocity
V at an angle B relative to an
observer, then the observer would
measure the frequency to be f where:

f -F

- V2
c2

1-(1cos0

John Ferguson
Camberley

According to the first equation

Light fantastic

f - F11 C2 - V2

1

and from the second equation

f=F

and a receiver plus counter/timer
would determine which of the two
theories is correct. Any suggestions
would be welcome.

C2 + V2
2

Expressed in plain English,
according to Einstein's theory, if the
relative velocity V is at right angles
to the line connecting source and
observer, then the observed
frequency f is lower than the
transmitted frequency F (as in
equation 1). According to the
alternative theory, the observed
frequency f is higher than the
transmitted frequency F as in
equation 2. A test using a laser pulse
transmitter (prf controlled by USO)

Power response
I would like to respond to two of the
comments that have appeared in
letters pages about my article
"Natural radiation focused by power
lines" (EW + WW, November
1992).

Harold Kirkham's letter (EW +
WW, March 1993) neatly pinpoints
the areas that need more research,
but I can answer some of his points.
First, his comment on the labelling
of the graph - it should be "of
normal" as he suggests - mea culpa.
The Geiger tube I used for the
field measurements detects charged
particles over 50keV which
penetrate the charge space inside the

Water winner
With regards to Peter Wivell's request (EW + WW, Letters, February
1993) for help in his project to improve power distribution to remote
villagers in Nepal. my suggestion would be to eliminate or reduce the
distance the batteries have to be moved. I do not know much about
Nepal except that it is a mountainous country and, I assume, has many
fast -flowing streams.
I therefore propose the construction of many small charging stations
(one per dwelling, even) using a vehicle alternator or old dynamo
driven by a water wheel. A belt drive may be required to run the
machine at a suitable speed.
Given a supply of used or military surplus electrical machines, which
should not prove too difficult or costly to secure, the technology
involved in this is certainly within the capabilities of the villagers.
Another possibility which is rather more innovative is a solid fuel
thermoelectric charger. Only copper and iron conductors would be
cheap enough, and about 300 hot junctions are required for charging a
12V battery if the temperature difference is in the region of 400K.
Nevertheless it may be practical - I seem to remember a report many
years ago of a radio powered by a paraffin lamp developed for the
eastern USSR.
For a discharge limiter, a simple solution would be a relay whose
coil is in series with a zener diode across the battery and whose make
contact is in series with load. It might be possible to make the relays
locally if magnet wire were supplied. The zener diodes would have to
be brought in but are not costly items. To prevent chattering, the relay
armature might lock in the released position until manually reset. This
is a simple mechanical matter.
John Woodgate
Rayleigh
Essex

But according to the alternative theory

f =F

Vz

+2( L)cos 0 +1
c
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tube. Biologists classify charged
particles up to 1MeV as most
destructive to cells.
The graph showing the zone of
interaction is a distillation of many
hundreds of field readings with the
detector tube parallel, or at right
angles, to the line at varying
distances.
Here's how the figures break
down: tube self count 30/min;
average background away from line
about 50/min; this gives a net sky
plus ground count of 20/min; and
this is factored 33% sky, 67%
ground or about 7/14.
If the ground count is stable and
remains at 14, any increase in
recorded count will be due to extra
sky particles. To get a doubling of
sky rate the total count must rise to
more than 58/min.
To make sure that the figures used
were conservative, I double checked
all field readings against the
recording taken on the fixed detector
in the lab. Those coinciding with a
solar emission peak were not used.
The exact particle dynamics near a

multiphase power line are
complicated, and will not be as
simple as Kirkham makes out. True,
the net electrodynamic effect of an
individual conductor will be zero
over each cycle, but the current and
voltage curves may not be
accurately in phase and adjacent
phases will be 120deg different, so
the electrodynamic effect between
phases will not average zero unless
each particle passes through the
electrodynamic balance point
between the lines at the correct
angle. All interactions will be
nonlinear because of the inverse
square law effect of distance from
the line. The particle interaction
between crossing lines, or entering
switchyards or distribution networks
on the upper floors of large
buildings will provide great scope
for future analysis!
DE Jeffers of the National Grid
Company makes some more general
points (Letters, February 1993).
First, I totally agree with Professor
Doll's report which found no firm
evidence that the electromagnetic

TV makes you sick
Video games have recently refocused attention on the danger of
epileptic fits being triggered by high -intensity visual stimulation at
certain pulse repetition frequencies. The effect is of course well
known. I remember studies being done on it several decades ago at the
National Hospital for Nervous Diseases, London, and the Medical
Research Council's Applied Psychology Unit, Cambridge.
Now that television production companies are increasingly using
computer -generated graphics for title sequences, commercials, and
other visual effects in programmes, the possible danger to the public
could be greatly extended.
Some of the optical patterns use regularly pulsating areas of high brightness, high -saturation colour. The purpose is obviously to capture
the viewer's attention by getting him or her emotionally excited
through the visual cortex of the brain.
As free-market competition for ratings gets fiercer and Britain's
television moves further and further down market as a result, this kind
of assault on the sensory nervous system could well intensify.
Do these production companies, and the broadcasting organisations,
really know what they are doing? Have the graphics designers and
producers paid any attention to the neurophysiological effects on
viewers that could result from this kind of visual stimulation?
I don't think I am myself vulnerable to epileptic fits but have
certainly experienced short attacks of nausea or vertigo while viewing
some of these graphics effects - and I don't just mean aesthetic dislike.
Tom Ivall
Staines

Middlesex
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radiation from power systems is a
direct carcinogenic hazard.
The effect I described is quite
different, and fits the observed
epidemiological data published since
1976, much better than any other
explanation to date. It also has the
great virtue that no new disease
mechanism has to be invented,
because the effects of penetrating
radiation are well documented, and
current bioresearch shows that all
ionising radiation has an effect on
cell replication -even at levels well
below current safety limits.
The other important point to come
from my research is that sky
radiation is much more solar
emission dependent than suspected
and that secondary charged particles
are highly organised by the ambient
electric and magnetic field as they
reach the ground.
This means that people living and
working near power lines are subject
to wide variations in natural
radiation over the solar cycle,
especially if they live at altitude or
high geomagnetic latitudes where
the magnetosphere concentrates
incoming solar particles in the
auroral zone.
There is some independent
evidence for a geomagnetic latitude
effect on cancer statistics. Taking
the so-called radiation cancers we
find that the IARC lists male
average incidence at 300 per million
for Scandinavia and 150 per million
for central Europe. There will also
be an altitude effect. It may not be
coincidental that the first studies to
show a link between power line
routing and cancers in the 1970s
were based on Denver which is at
5000 feet where the sky background
rate will be at least double.
A good test of my hypothesis that
solar particles can influence cancer
statistics close to power lines would
be to see if there is an 11 year period
in childhood leukaemia cases.
There's lots more to find out!
Anthony Hopwood
Upton -on -Severn

Worcester

Twin speakers
In response to PC Meunier's letter
"Speakers in series" (EW + WW,
November 1992) issue, connecting
loudspeakers in series is often
convenient but I have never seen it
advocated for high-fidelity
applications. In fact, way back in
1958. GA Briggs in his brilliant
book Loudspeakers pointed out:

"The virtues of parallel working are
already well known".
I guess though that non -hi-fi
loudspeakers were Meunier's case in
point since there is no mention of
damping factor.
In cases where different types of
loudspeaker are to be connected
together then I can imagine that
transformers allowing parallel
connection might offer a better
solution.
Obviously no two speakers are
identical, but when the speakers are
the same type, surely connecting
them in series causes less
degradation than introducing all the
non-linearities of a transformer into
the circuit? As a bonus, the series
solution is cheaper, lighter, less
labour intensive, and possibly even
more efficient.
Martin Eccles
Newcastle-under-Lyme
Staffordshire

Will to work
I live among what is left of British
industry in the north west of
England near a wool combing
factory. Most mill owner's, like the
consumer electronics industry (such
as making radios and televisions),
took their money and ran when it
became cheaper to produce in the
Far East.
It is not that industry needs to get
off its bottom, people, as we have
seen with the miners, are desperate
to work. If industry could produce
goods that are wanted at a
reasonable price, rather than
importing goods to an ever
increasing extent, there would be
hope for us all.
Peter C Gregory
Ashton-under-Lyne

The ears have it
I read Ben Duncan's article "Proof
of the golden ears hypothesis" (EW
+ WW, June 1992) with much
interest concerning what I take to be
noise and harmonic distortion
improvements by using series
connected capacitors.
Rather than explain this away
without practical examples, as Phil
Denniss did in "Distorted Proof'
(Letters, November 1992), I have
tried the idea in a Quad 405(2) amp
issue 7 on C,8, C19, and C lo.
Improvements I noted were in the
near total absence of mains noise
(hum). I have noticed no sonic
degradation comparing my amp to
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another of the same specification.
I have also tried an earlier
suggestion concerning R12 and C6
and my own idea of replacing/C1
with an AD847 op amp, all with
good results.
I consider the practical application
of ideas should have a larger voice
than those who elect to put pen to
paper rather than plug in their
soldering iron and at least try.
Furthermore, the market place
continues to dictate an interest in
valve equipment despite its poor
harmonic distortion. Perhaps
chasing mathematical perfection
without reference to actual listening
is an aim which satisfies some, but
falls short of any real involvement in
why musicians seek to provide
enjoyment for us the listeners.
Chris Daly
Tasmania Australia

Beavering a way
across land
Your reply to Andrew Ainger (EW
+ WW, December 1992) that
communication via earth probes
"emerged in the early 50s" was
roughly right, but you didn't say
which century.
Almost from the inception of the
telegraph, attempts have been made
to signal via probes in earth and
water, initially using sensitive
galvanometers and later headphones.
Ranges up to llun have been
reported.
In World War I, field telephones
using an earth return were
vulnerable to eavesdropping.
Around 1960, a published article
claimed a range of a mile using CW
via an audio oscillator/power amp,
transmitter, and voltage amp
receiver.ln the 1960s, I chose earth
probe communications as a youth
club project. Transmitters used were
a 20W valve amp and a 4W
transistor portable amp, both having
multiple tapped output transformers
to match the earth impedance, which
varied with moisture content.
Receivers were two -transistor
headphone amps.
We seldom did better than about
0.5km, although with up to 30 eager
young beavers to keep occupied, the
situation was not conducive to
serious investigation. Contrary to
Ainger's experience, there was
plenty of interference.
RF filters were required to
attenuate broadcast signals (the
entire AM band simultaneously),

together with 300Hz high-pass
filters to remove 50Hz+ harmonics
from supply system earth leakage.
Even then, higher harmonics were
present with up to the 20th being
easily heard, and I suspect this was
the main factor limiting receiver
sensitivity.
A tuned carrier seemed a good
idea, and a system consisting of a
4W power oscillator on 80kHz, with
an LF converter feeding a receiver
with BFO at the other end, was
tested. Results were poor, but before
this could be investigated the project
was abandoned.
There may be a snag. The earth,
being a conductor, will radiate, and
receive, electromagnetic waves,
even if inefficiently (see above, re
AM interference). If this happens,
the earth station merely becomes
another transmitter adding to the
existing spectrum load.
Hopefully there may be bands of
frequencies too high or too low to be
radiated in this way.
I commend Ainger in his efforts,
and will applaud if he reports
answers to his CQs. I will applaud
loudly, with astonishment, if he can
generate a signal in Harpenden
which is heard in New Zealand.
His linear resistance wire model is
not a good analogy for earth
impedance. Most of the voltage
drops occur in the immediate
vicinity of the probes, where earth
current density is high.
Between probes, the earth is, for
practical purposes, of infinite crosssection. So the measured impedance
between two probes has more to do
with probe contact with the soil than
with conductivity or distance
between the probes (though these
should be as far apart as possible.
These questions have been well
researched by the electricity supply
industry and literature is available.
I suggest the circuits shown
should include a DC blocking
capacitor in series with the probes to
prevent electrochemical potentials
from the probes upsetting the
amplifier DC conditions.
In a permanent installation, some
means of isolating the probes during
thunderstorms is mandatory since
lightning strikes can generate
dangerous or even fatal earth
potentials.
If he contacts me (by mail, not
earth!) I can supply further details of
our tests including a method of
measuring probe efficiency.
Ronald Salter
Victoria Australia
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Lipschutz defence
Perhaps the most insulting aspect of WF Blanchard's letter (EW + WW,
February 1993) is his description of Captain Lipschutz's work as
"ideas". As was pointed out in the original article (May 1992), the
version of the equipment using the radio method was well worked out
and built. It was intended, as was also pointed out, as a simple method of
demonstrating automatic plotting, which would have been the preferred
method of display for the inertial system to come if the first
demonstration had attracted more than a cursory glance.
Lipschutz was not an inexperienced navigator at the time; he already
had his pilot's licence and was employed as a radio officer at Lydda.
Indeed, his work was held in such high esteem that it was the authorities
there who asked him to submit his work. He was, and is, no amateur.
Errors caused by skywaves would be relative to the power of the beam
and the main beam would predominate. Even lower frequencies have
been used for many years in ADF beacons that surround the globe, with
very little trouble from skywaves. Airliners still use beacon -hopping as a
valid method of navigation, although the need for it is now, of course,
diminished by other means of navigation.
As regards the plotting relative to true north, means not described in
the article afforded a method of carrying that out. It was incorporated in
a differential drive that would allow the aircraft to bank and turn without
affecting the results.
Lipschutz was largely responsible for installing the Adcock antenna at
Lydda and was responsible for feeding data to aircrews. He was fully
aware of the characteristics of Adcock antennas. But the main thrust of
the article was intended to show that the arrogance experienced by
Lipschutz probably cost many aircrew lives. Since the equipment was
tested and shown to work as expected, it seemed at least possible that
someone, somewhere might show some interest, in view of the fact that
navigation was in such a parlous state that more crews were lost when
trying to find their home bases than were shot down over enemy
territory.
It does no one any good at all to denigrate the work of others,
particularly in wartime when so much is at stake. Or in peacetime either,
for it is still happening. How much highly marketable ingenuity has
found stony ground in the UK since the war and yet has been able to
flower for another country's profit?
Philip Darrington
Appledore
Kent

IFF guide
With reference to the correspondence on navigation aids (EW + WW,
February 1993 and earlier), from 1941 onwards all coastal command
aircraft not fitted with centimetre radar had at least ASV Mk II (air to
surface vessels, 176MHz), even Beaufighters.
We used to modify IFF (identification friend or foe) sets to act as
homing beacons. Since this was then a secondary system, these beacons
worked to maximum radar range (100 nautical miles) particularly with
Wellingtons which had stacked dipoles on the fuselage as well as yagis
under the wings. They were much appreciated by the air crews.
Of course they could have been used by the Germans to attack our
bases but I personally saw only one such attack when the hangar which
housed the beacon at Wick in Scotland was machine gunned by a
reconnaissance aircraft early in 1942.
We used these beacons all over the Mediterranean subsequently.
Eric Carr
Basingstoke
Hants
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1:0
5: the software engine
Having covered the radio
and computer hardware,
Philip Mattos returns to the
software design.
Conventionally the
reduction of the spread spectrum signal to a single
carrier is done in hardware.
To do this in software is
unique, and demands a
very fast processor.

timer has a resolution of a microsecond, and
an interrupt response of up to three microsec-

The GPS signal arrives at the antenna

some 20dB below the noise,

at

onds. Read on, it can be done without any

1.5GHz, spread over a 2MHz bandwidth. We rely on the radio system to
amplify it to a level that can be digitised, and
to downconvert it to a frequency that can be
sampled. It cannot improve the signal to noise
ratio however.

hardware assistance.
Once the system is locked, it can be easily
understood. The traditional all -hardware
design, circa 1980 is shown in Fig. 1. The signal is filtered only after correlation, so the frequency must be scanned until it hits the filter.

Extraction of the signal from the noise

However the code generator must also be

requires correlation with a code identical to
that used in the satellite to spread the carrier,
and the code must be exactly in synchronism
with received signal. 'Correlate' means multiply each sample of signal by the appropriate
bit of the code, and integrate over the length
(epoch) of the code, or several epochs.
This operation gathers in the energy from

drifted through all possible phase relationships

with the signal, and both must be correct
simultaneously.

This process is known as acquisition, and
takes considerable time.
Once the system is locked, it must be held
locked by tracking the code -phase, the carrier
phase, and the extracted data modulation.

the 2MHz bandwidth, back to a single carrier,
plus the 50 baud data. In the lms code epoch

The data must be interpreted to give the
required information about the satellite orbits

it gives 30dB S/N gain; in the 20ms data bit
time, 43dB. These are of course theoretical
numbers, but practice comes close if it can be
made to work.
To do this, one has to simultaneously find
and hold the satellite in the time and frequency domain, to an accuracy of about 1 Ons and

Fig. 1 Fully hardware system (circa 1980). The
original hardware systems adjusted the LO to hit
a narrow filter, then ran three correlator
channels, to maintain the tracker, the central
one to extract the data in a phase locked loop.
This took a PC board per satellite.

100Hz. This is interesting when the CPU
1kHz BW
from
Radio
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and clock errors, then in concert with the timing information derived from the code tracker,
the user position is calculated.
Finally, most systems also include a layer of
navigation functions, such as distance to next
waypoint, estimated time of arrival, off-track
error etc

Screen

Radio
I/O

11.1

GPS

1E1

User

/Nav

Console
I/O

Software structure
The software is organised in a series of parallel processes or tasks, as shown in Fig. 2. The
transputer is a parallel processor executing any
number of tasks apparently simultaneously. It
can do this because it has a hardware scheduler, almost a thousand times faster than the
equivalent function performed in a software
operating system.

Keyboard
Fig. 2. All -software system overview. A parallel processor like the transputer allows simple
programming, as if there were a CPU per task. Only the console I/O process is hardware dependent,
and then only at the lowest level.

It is thus programmed as if there were a
CPU available for each task. This makes each
task simple and efficient, while the hardware -

managed communication between the tasks
gives automatic synchronisation.
There are five major processes in the system
between the input from the radio, and the output to the screen. The first two run at high priority, the rest at low.

I/O. The first is the I/O process that handles
the data from the radio. The data is packed
bytes of one bit samples. As the system samples at 2MHz, a byte is delivered every 4µs.
The I/O task runs once a millisecond, and simply executes an input instruction to load 256
bytes of data from the transputer link. This
takes less than a microsecond to execute, but
must be done immediately the buffer is full, as
it is only 41.ts until the next byte. Alternate milliseconds are loaded into two different buffers

("ping-pong" buffers).

Synchroniser. There is not sufficient time,
even with the transputer's rapid re -schedule
time, to manage communications from this
task in under the 4µs limit. Thus communication with the next real task, the GPS task itself,
is not direct, but via a synchroniser task. There
are three shared memory areas between the
I/O and synchroniser tasks... the two buffers,
and a sync word.

The I/O job does not run on milliseconds
timed by the transputer clock, but by counting
the bytes of data from the radio. Thus it is the

sample clock that controls it. They may or
may not be the same... on a portable, they
would be, for economy of crystals, but on a
PC -based GPS, the transputer clock is supplied by the mother board, so differs. Thus
each time a buffer is full, the I/O job reads the

transputer timer and puts the value into the
sync word.
The synchroniser job reads the sync word,
and waits to one millisecond later, plus a 301is
safety margin, before accessing buffer A, then
another millisecond, then accesses buffer B.

This method guarantees that the sync job is
never using the CPU at the instant the I/O job
needs to swing the buffers, and also guarantees that processing is never done on an input
buffer while it is being written.
The synchroniser job simply idles main -

Fig. 3. Breaking down the GPS task into its sub -processes. GPS is by far the most complex process,
both to design and to compute. Most of the CPU time is used in the tracker, after acquirer has
finished, but the complex maths is in the satellite manager and position calculator

taining sync until it gets a request from the
GPS job for a block of data, which it then
delivers over an Occam channel from the
appropriate buffer.

actually handle the display, because that is
hardware dependent, and thus isolated for
portability to different licensee's screens/keyboards.

The navigation task takes the calculated
GPS. The GPS job is the main part of the task,

and is in fact some six tasks internally as
shown in Fig. 3. The main tasks are

(1) to acquire the satellites, that is to get

into lock in the time and frequency
domain;
(2) to track them, ie maintain lock, a much
easier task;
(3) to manage them, that is select the cor-

rect ones according to elevation, geometry, health, etc;
(4) to download data from them, in order
to know their orbital positions and other
system information;
(5) to manage the data, purging that which
is out of date;
(6) most importantly, to calculate the user
position.
How each of these is done will be covered

in summary later... full detail would fill a
book. Acquisition, tracking and downloading
will be covered in detail seen from the flow of
the signal point of view.

position in WGS84 coordinates, and translates
them into the coordinate scheme of the user's
choice... my software supports the 47 datums
of the GPS spec, in Lat-Long, UK Ordnance

Survey Grid Reference, in UTM (Universal
Transverse Mercator), and MGRS (Military
Grid Reference System). OSGB is supported
to one metre resolution for surveyors, or the
conventional 6 figure, 100 metre version for
leisure use.
Additionally, waypoints and route plans are
supported here. Waypoints are simply stored
positions, with textual names in my version,
and route plans are threads through the way points. Normally entered before the journey,
or in a yacht even before the season, one route

is selected, and the receiver will then advise
the distance and course to steer to the next
point, the same from the last point, the expected time of arrival and many other parameters.
Part of the user task is the dialogue to allow

selection of which parameters to display,
because they cannot easily be displayed at the
same time due to limitations of screen size.

User/Nay. The user task is the one that imple-

ments the user commands, and generates the
information requested for display. It does not
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Console Handler. As mentioned earlier, this

is essentially a hardware driver to maintain
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PERFORMANCE
The performance of a GPS receiver is not
easily quantifiable as it depends so much
on the importance of particular features to a
particular user. Accuracy should not be a
feature, as the receiver does not contribute
significantly to the errors in standalone
operation. The errors are essentially the
ionosphere and Selective Availability.
The figures show the accuracy of the
system at a surveyed point over many hours,
with multiple constellations. Left hand figure
is just before the end of the Gulf war, when

Ill I'

t

there was no SA, and also benefits from
being 0200 to 0500 local time, when there is
almost no ionospheric effect. There are only
two spikes of error over 10 metres, and the
RMS error is less than five metres.
Right hand figure is a week later when SA
was reactivated, and the steep curve down
from 90 metres of error is typical of SA.
Cold start time, warm start time, and
reacquisition time after obstruction are other
measures, and for a portable, size, weight
and power consumption. One example of a

a-1,4,1

Performance without SA. The position plot against
time for 18/4/91 shows the performance before dawn
(no ionosphere problems) with an rms error of about
five metres from a surveyed position, over four
different constellation

portability. This is essential, as for example on
one clients implementation, the screen driver

Performance with SA. A week later, with SA turned on, and in
the day time, the position wanders by up to 90 metres, but two
receivers behave identically, so the error can be removed by
differential means.

is used to put any length of text string on the
screen.

bus was also the keyboard matrix column
driver, so keyboard and screen were inextricably linked.
On another version a dual UART is used, to
any appropriate terminal. On yet another, the
transputer card is inserted in a PC, and the I/O
is over the PC bus to a server program on the
PC giving access to the PC's own keyboard
and screen.
The level of message passing from user job
to console handler is low. For example:
user.to.console ! display.string ;
SIZE
string:: string

The signal processing software is best under-

stood by following the flow of the signal
through the software, rather than the flow of
control through the code. It is also easier to
understand the acquisition process, of finding

time and frequency lock with the satellite,
after the tracking process is understood,
though in real life, they occur in the reverse
order.

Figure 4 shows the down convert and code
track part of the software, needed to maintain

-b.
Code
Gen

298

Software walkthrough

100Hz

Example
1.5001MHz

1.496 MHz

C)

small light portable is the Panasonic KXG5500, which has a low-cost 32 -bit transputer
as its computing engine.
Tolerance of reflections and partial
obscuration by trees are parameters very
hard to measure, and are often driven by the
antenna in use, but for the car installation are
very important. In the car, the user sees only
the percentage availability of the system, as
shown by the cross on his map -display.

0
0

Squarers

timing lock. The incoming signal is one bit per
sample, with the samples at a 2MHz rate. The
transfer frequency from the radio is anywhere
from zero to 2MHz, but band limited to about

1MHz. The first task is to mix it down to
baseband, using a software local oscillator
(LO). The LO is set 4kHz below the nominal
carrier, but this has to be found empirically
because temperature drifts of the oscillators
can move it by a few tens of kilohertz. The

output of this mixer is a signal centred at
4kHz, but still 1MHz wide... a problem in
hardware, but here we are simply multiplying
numbers together.
A x (B x C) and (A x B) x C are identical if
there is no numerical overflow, so we can do
either first. The benefit of doing the mixdown
first is that it can then be shared between all
the satellites and not repeated for each.
The second mixer multiplies the signal by a
locally generated copy of the satellite spread-

ing code, which reverses the spreading and

Fig. 4. Downconvert and code track software.
Shown as a signal flow diagram, as if it were
hardware, the DSP software is very easily
understood. This section runs both when
downloading and when positioning, the prime
output being signal for downloading, and code phase when positioning.
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HF BASE STATIONS & MOBILES
2-30MHz
II 20 channels

PRODUCTION/A.T.E.

synthesised

SECOND USER EQUIPMENT

I 100 watts RF o/p

HUGE SAVINGSPIZEt

cost efficient
II 6 channel (crystal)

2-18MHz
II robust construction

ATE SYSTEMS

PCB ASSEMBLY

MARCONI 540 256 Digital/768
Universal Points
C28,500
MARCONI 515 Call for details. Only

SIEMENS HSI80 Line High Speed
Surface Mount Assembly Line. Call

/Call

used 200 hrs.

100W RF
remote controller option

SMC can offer a complete range of HF and VHF
communications equipment including towers, trailor
mounted towers, antennas, cables, repeaters, mobiles,
interconnect, etc. The company has over 30 years
experience installing, supplying and OPERATING
communications equipment.
For all your requirements contact:

SMC
SOUTH MIDLANDS COMMUNICATIONS LIMITED
S M House, School Close, Chandlers Ford Ind Est.
Eastleigh, Hampshire, SO5 3BY
Tel: (0703) 255111 Fax: (0703) 263507

MARCONI 510 system available.
Configured to suit.
From 09,995
MARCONI 80R 512 Test
Points
C21,900
FRACTRON 730 Call for
[Call
Configuration
GENRAD 2272 1024 Driver Sensor/
£28,500
224 Speed Plus
GENRAD 2276XP 1088 Test
Coffers
Points
HP 3065 Configured to suit. From
L13,000

for details.
SVECIA SSM Screen Printer L12,000

CLEANING PLANT
KERRY I500/2HP Ultrasonic
Cleaner With Automatic
Hoist
L8,500
KERRY I 500/4HP Four Stage
Ultrasonic Cleaning System
[Call
KERRY 450/2HP
C2,975
KERRY USC450/2RF Ultrasonic
Cleaner
0955

TEST EQUIPMENT
L1645

HP 3325A Function Gen
HP 3335A Synth/Level Gen
HP 3478A Multimeter/HPIB
HP 3582A Spec Analyser
HP 3585A Spec Analyser
HP 8662A Sig Gen
HP 8350A/86290B Sweep
HP 8640B Sig Gen

From L995

MARCONI 2871 Data ANA
MARCONI 893B AF Power

L1750
4275

TEK 2445 150MHz Scope
TEK 222 10MHz DSO Portable
FLUKE 8520A GPIB
SCHLUMBERGER 1834-S A I

E1350
E995
£495

Plotter
OCE 613 Printer
RACAL 9919 UHF Counter

[1500

0450
E495

43750
E5750
E9750
L4950

FARNELL TOPSI Power Supply
FARNELL TOPS3D Power
TEK 2465A 350MHz Scope
TEK 2336 100MHz Scope
PHILIPS PM 3320 A/80 200MHz
DFO

E60

£150
£2,495

075
E2,495

CLAUDE LYONS "Compuline" Line
Condition Monitor. LCMI-245 240V
Monitor, LMP1-245 240V Line Monitor
Printer "As new" condition. Transit
L795
KANE MAY 1000 "Infratrace" Infra -Red
Case.

Thermometer 0°C to +1000°C. Carry
L395

Case.

£950
L295

SIGMA MECHANICAL COMPARATOR
MODEL 201-13
0500

SPECIAL OFFERS
CIRCLE NO. 114 ON REPLY CARD

Custom metalwork
good & quick!
Plus a wide range of rack -mounting
cases etc. from stock.
Send for our new oduct Catalogue.

HP 9845B Computer/Monitor/
Keyboard
HP 267 I G Printer
STAG Various Adaptor Modules
45
STAG SE I OOT PROM Eraser

4150
E75
each

4100

4235
41495
DEK 250 Screen Printer
ELITE FORMAT Axial Lead Form
£495
Machine
PCB Assembly "Flip Over" Work
Frames
from L40
FARNELL STABILISED POWER

4125
4295
495

SUPPLY G6 -40A
G12 -30A
G6-205
GS-SM

Counting Scales
L45

ERASER COAX -3 Coaxial Cable Cut/
4995
Strip
4195
HP 8405A Vector Voltmeter
HP 84 I 2A Phase Magnitude
Display
HP 84I2B Phase Magnitude
Display

HP 8410B Network Analyser
HP 84I8A Auxiliary Display

HP 84I4A Polar Display
4100
SOLBRAZE RD3/RD6 Solder Pot from
L295
WEIGHDATA AC5 Electronic

L45
45

435
425
435

COUNTANT GPE 1000/12

ENVIRONMENTAL TEST

WIRE BONDERS

ACE FS360360 litre Test Chamber
E2,495
-20 to I 50C
MONTFORD TSPK2ELM2 Thermal
Shock Chamber -70 to
L2,475
200C
GRIFFIN Bench Oven. AMB to +

HUGHES 2460-111 Single Point TAB.
Bonding Head with Pulse Tip. Solderite
Re -Flow System. Pattern Recognition.
CCD Close Circuit TV. Auto Focus.
Dual 80 Track. Floppy Disk Drives.
New 1990. Excellent
condition.
L34,950

C199

KULICKE & SOFFA 1470-2
Automatic Aluminium or Gold Wire
Wedge Bonder. 835-5-0 13 Eyepoint
Pattern Recognition System. CCTV

200°C

PERN 360 litre Burn -in Oven 0395
GALLENKAMP OVR Humidity
£1,500
Oven
ALTITUDE TEST CHAMBER ONLY
Temperature - Humidity - Vacuum.
Can be configured to your
requirements. Call for details [Call

Viewing System, 3/ex1/2 inch X -Y

Table B&L Microscope. 2 Channel
Ultrasonic Generator. Missing Wire
Detector. Lead Locator.
From
E2,950

SOLDERING MACHINES
ELECTROVERT EUROPAK 299
Lambda Wave Soldering
CCall
Machine
TREIBER 700 Wave Soldering [Call

SOLTEC 6412 Wave
Soldering
TREIBER 700B 16" Tovec
Wave

C5750

CCall

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

k

See latest issue of Buyers News for full listing and Terms & Conditions. Prices exclude VAT.
Buyers Premium not included

IPK Broadcast Systems
3 Darwin Close Reading Berks RG2 OTB
Tel: (0734) 311030 Fax: (0734) 313836
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regenerates the carrier, simultaneously spreading out any interfering carriers.
The benefits of the downconversion and the

despreading are not seen until the resultant
samples are filtered. As the frequency has
been brought down to about 4kHz, not zero,

20 ms
Filters

the first filter is reasonably wide at 641.1s. This
is achieved by adding the samples in groups of

Unsampled
Data
out

128, with the further benefit that the 2046
samples per millisecond become 16 samples, a
much more manageable number.

The next stage is to bring the signal even
close to baseband, and reduce the bandwidth
further. This is done by mixing it with another software LO, again from a memory buffer,
so CPU time is only used at start-up. 32 versions are held, at 250Hz intervals from 0
to allow for the doppler shift between
the satellites even after the first LO has compensated for the radio temperature drift. The
nearest channel is used, both as in phase and
quadrature signals (I+Q): both channels are
then low pass filtered to yield just one IQ sample pair per millisecond.
These are passed to the carrier tracker process for downloading data, but are also used
internally to control the code tracker.
Code tracking. Due to the motion of the
satellites, the motion of the user, and differences in reference oscillator frequencies, the
relative time offset between the user and the
satellite varies. To keep the synthetic code in
sync with the received one, it must be adjusted finely - to about lOns accuracy.

This is achieved by dithering the timing
back and forward by one sample period, and
maintaining two average amplitudes, one for
the early version, and one for the late version.

The normalised ratio between these two
amplitudes, (E-L)/(E+L), gives an error signal

that can be used to manage the tracking in a
stable feedback loop.
Note that the error signal does not indicate
when to step the code generator phase by one

Loop filter
2f

Software
Oscillator

Error
1f

I

1f0
Fig. 5. Carrier Tracker 2f loop. The carrier
tracker only runs during downloading, and
again mimics earlier hardware designs... with
the advantage that a software oscillator can
output several frequencies and phases, and take
phase steps on command.

nal has now become a kilohertz wide, a 30dB
signal to noise ratio gain. The residual carrier

frequency is now also very low, less than
250Hz.

The final step is to run a software phase locked loop (PLL) to remove all the carrier,
yielding a precise frequency measurement,
and the demodulated data, Fig. 5.
The IQ pairs are squared to remove the data
phase inversions, but this puts in a DC offset
dependent on the signal amplitude. To avoid
this, they are recombined as 12-Q2, which
removes the DC and gives a continuous signal
at twice the carrier frequency (2f).
A PLL is run on this, generating both the 2f

signal to maintain the loop, and regenerated
noise free I and Q carriers in phase with the
original signals. They are multiplied by the

sample. That would result in very coarse

original signals to yield two copies of the

tracking. The code generator is run at a pre calculated rate of drift relative to the reference

modulation. These are filtered in a 20ms filter

clock, and the error signal, integrated over
several seconds, is used to make fine adjust-

ments to that rate. Only if the error is very
severe is there a direct adjustment made to the

code phase. This illustrates the flexibility of
having all the algorithm in software. Further
benefits are achieved by having different time

constants for the loop when searching for
satellites, and when locked, with a ramp inbetween the two.
Independence of code and carrier tracking
loops is yet another difference between this
and conventional receivers. Many receivers
achieve smooth code tracking only by feed-

to match the baud rate and reduce the noise
bandwidth, and are then combined to reject
the noise present from the image frequency.
The filters are classic integrating filters, and
do not reduce the sample population, as we do

not wish to smear data peaks. They simply
add 20 samples together. However a classic
implementation as shown in Fig. 6a requires
19 add operations per millisecond. The version of Fig. 6b requires just one add and one
subtract, and the storage space for the 20 inte-

gers was needed in both versions. More
important than the 18 arithmetic operations
saved is the indexed loading of the operands.

back from the carrier tracker. While very

Data Extraction

effective on a large ship, this makes them fail
very easily on land, with trees and reflections
preventing the carrier tracker from locking

To extract the data and the 20ms timing edges
needed for position resolution, the structure of
Fig. 7 is used. The filtered data, if noise free,

would be reduced from square waves to
Demodulation. The 2046 samples/ms have
now become just one IQ pair per millisecond.
More important is that a megahertz wide sig-

300

Fig. 6a and b. Filter implementations. This is a
continuous 20ms filter that optimally drags
50baud data from the noise. In fact, at this point
the GPS signal is well above the noise, as it has
been filtered to a few hundred hertz bandwidth.
The two implementations shown produce the
same output, but one is ten times faster. Note it
must be cleared at startup.

noise conveniently hits a deep notch. The data

amplitude is sampled at three points, nominally early, punctual and late. The sign of the
punctual signal is then the data bit, 0 or 1,
while the normalised ratio of the rectified
early and late signals (E-L)/(E+L), as in the
code tracker, is used to advance or retard the
sampling point. This is done directly on the
phase, however, as the data edges are synchronous with the code epochs, so are not con-

ramps, but achieving the same peak amplitude, while any noise at a frequency higher

tinuous, but must fall on a one millisecond
clock edge in satellite time. Thus the tracker
has simply to find the correct one of 20 pos-

than 25Hz is severely attenuated. In fact 50Hz

sible phases.
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1101.

What more do you need than a practical,

-

111F

jzioni

easy to use and fast program to design
your electronics in your own way?

.1.
a

Layol is the ideal solution to do just that.
Just ask the thousands ofsatisfied users!
Layo I
> Netlist import via Project Manager from Layol Schematics
> Also for OrCAD/SDT, Schema III, Tango etc.
> Forward Annotation
> Graphics netlist entry
> Manual-, Interactive and Auto Routing
> Design Rule Checking
> SMD Support
> Extensive component library
> User definable Macro's
E9

0

IMF ELEC
RN

1'T
Layol 's priced at £99 up to £999 (ex. carriage & VAT) which includes:
Layol Schematics, 90 days FREE updates and technical support.

Powerfull output drivers for:
> Gerber photoplotters
> Excellon, Sieb&Meyer and HPGL drillingmachines
> HPGL, DMPL compatible penplotters (with open pads)
> Adobe 2.0 Postscript (with open pads and 10 greyscales)
> HP-Laserjet, Deskjet and Epson compatible printers

UK Distributor

International headquarters

Pentagram Electronic Designs
6, Pasture Close, Clayton, Bradford BD14 6 LY
Phone: (0274) 882609 Fax: (0274) 882295

Baas Electronics by Rijksstraatweg 42
3281 LW Numansdorp The Netherlands
Phone: (+31) 1865 4211 Fax: (+31) 1865 3480
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TEKTRONIX 7000 SERIES OSCILLOSCOPES

01150

Resistance/Current

OATRON 1061A -61/2 digit Autocal Multimeter with True RMS ACT

0250
cu rent
MATRON 1065 - 51/2 digit Autocal Multimeter. AC/DC/Ohms with IEEE L600

Differential etc. PLUG -INS SOLD SEPARATELY
0000

TEKTRONIX 2336 Dual Trace 100MHz Delay Sweep Ruggehsed

PHILIPS 3070 Dual Trace 100MHz Delay Sweep Trig View Cie. Cursors

HEWLETT PACKARD 3490A Bench Mulfimeter. 5 digit. AC/DC/Ohrns ... £200

PHILIPS PM2534 Multi Function OMM 31/2-61/2 digit with GP18/IEEE ... 0450

..... L900

Liquid Crystal Display

MARCONI Olgital Frequency Meter 24300 10Hz-80MHz ............................ 1I25

HITACHI VI050F Dual Trace 100MHz Dual TB with 4 Channel Mode........L450

MARCONI Digital Frequency Meter 24310 10Hz-200MHz

SCHLUMBERCER 5218 Dual Trace 200MHz Delay Sweep with Trig View

C375

MARCONI Universal Counter Timer 2437 DC-100MHz.

TEKTRONIX 475 Dual Trace 200MHz Delay Sweep

E550

MARCONI Universal Counter Timer 2438 DC-520MHz ............................ L225

HP. 17150 Dual -Trace 200MHz Delay Sweep

E500

HP 331I0 Function Generator 0.1Hz-IMHz.Sine/Sq/Tn............................075

£500

MULTIMETER Handheld M2355-32 ranges AC/DC 10 Amps Diode/Transistor

TEKTRONIX 4658 Dual Trace 100MHz Delay Sweep.

.....

TEKTRONIX 465 Dual Trace 100MHz Delay Sweep

...

................. L450

HAMEG 1005 Triple Trace 100MHz Delay Timebase.

E525

PP. 17400 Dual Trace 100MHz Delay Sweep

L400

TEKTRONIX 2225 Dual Trace 50MHe Alternate TB Magnification

0450

PHILIPS PM3217 Dual Trace 50MHz Delay Sweep

000

HITACHI V650F Dual Trace 60MHz Delay Sweep....................

0400

.

0200

TELEQUIPMENT D83 Dual Trace 50MHz Delay Sweep
.......

KIKUSUI 5530 Dual Trace 30MHz.

0200

..

C200

GOULD 05300 Dual Trace 20MHz.
THIS

IS MST A SAMPLE - MANY OTHERS AVAILABLE

PHILIPS PM5193 PROGRAMMABLE SYNTHESIZER/FUNCTION GENERATOR

0.1MHz-50MHz. IEEE -488. As new

,1500

Tester. Freq Counter ..........

..

..

.

075

FARRELL ELECTRONIC LOAD RBI030-35

IkW 30 Amp 35 Volt

£400

ROCAVDANA RF Power Meter 9104.

C800

RACALPANA 5341 Databridge Automatic Measurements L.C.R & 0 0350
WAYNE KERR 8424 RCL Meter LCD Display................................
020

MAO Valve Characteristic Meter VCM163.....................................

0300

TELEOUIPMENT C771 Curve Tracer

L250

MARCONI TF2700 Universal LCR Bridge Battery from

0150

FARRELL PSU. 70115A/306 10A type TVS70Mk2. Metered...

0300

FARRELL PSI, 60025A. Metered type H60/25

L400
L613

MARCONI 2018 Synthesized AM/FM Sig Gen 80KHz-520MHz ...................0850
GPI8

EIP 545 Microwave Frequency Counter 1019-18Giie

.

EIP Autolet 351D Microwave Frequency Counter 201E -18G11;

FARRELL 100520 Synthesised Sig Gen 10-520MHz

FARRELL TTS520 Transmitter Test Set Consisting of F/AF Counter, RI

01400

Mod Meter, RF Power Meter, AF Voltmeter, AF Distortion Meter; AT

........01 500

HP 339A Distortion Measuring Set 1019-1101(Hz
RACAL/DANA 1991 Nanosecond Universal Counter

080

RACAL 9302 RF Millivoltmeter True RMS 10KHz-I.5011,

645

RACAL 930I0 RE Millivoltmeter True RIND 10101z -1 .56H1

L300

RACAL 9009 Automat. Mod. Meter 10MHz-1.5Gliz Wide Deviations_ .. L250
H.P. Pulse Generator type 2148

EM°

LYONS pg739 Pulse Gen. PRE 191-20MHz

9150

MARCONI 2610 True RMS Voltmeter

980

GOULD Blomation 15002 logic Analyser..._..0500
0000

KEITHLEY 224 Programmable Current Source .

L400

E200
L950

Synthesiser

L400

SOLD AS A PAIR

L750

NEW EQUIPMENT
NAMEG OSCILLOSCOPE HMI005 Triple Trace 100MHz Delay Timebase ...LBO
HAMEG OSCILLOSCOPE HM604 Dual Trace 60MHz Delay Sweep

.....0653

NAMED OSCILLOSCOPE HM203. 7 Dual Trace 20MHz Component Tester 6362
HAMEG OSCILLOSCOPE H41205 3 Dual Trace 20MHz Digital Storage...... 8653

All other models available- all oscilloscopes supplied with 2 probes

gm( STAR EQUI MDR (P&P all units 051
APOLLO 10-100MHz Counter Timer Ratio/Period/Time interval etc.......L222

SPECTRUM ANALYSERS
HP 141T with 8555A & If Plug in 10MHz-18a,

L2000

HP 141T with 855413 & 8552B 500kHz-1250MHz ..

L1300

HP 1407 with 85541. 885520 500199-1250MHz .

'I'M

HP 14IT with 8556A & 85528 20Hz-300kHz......
HP 140T with 85534 & 85520 1k19-110MHz ......

01000
6000

MARCONI TF2370 30H1-110MHz.

L1500

HP 1820 with 85588 100kHZ-1500MHz.

0500

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

E325

METEOR 600 FREQUENCY COUNTER 600MHz

005
035

METEOR 1000 FREQUENCY COUNTER IGHT

L178

IUPITOR 500 FUNCTION GEN 0 IHz-500kHz Sine/Sq9n

£110

ORION COLOUR BAR GENERATOR Pal/TV/Video

E220

METEOR 100 FREQUENCY COUNTER 100MHz........... ....

.

All other Black Star Equipment available

.01

OSCILLOSCOPE PROBES Switchable 01 x 10 (P&P 031

Used Equipment - GUARANTEED. Manuals supplied if possible.

=

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

0

STEVVART of READING
110 WYKEHAM ROAD, READING, BERKS RG5 IPL

Telephone: (0734) 268041. Fax: (0734) 351696. Callers Welcome 9am-5.30pm Mon -Fri (until 8pm Thurs).
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A. All items guaranteed to manufacturers' spec.
* Many other items available.
'Exclusive of V.A.T. and post and package'

AVO AC/DC Breakdown Leakage &lonation Tester RM215U2 .......... L600

C2000

MARCONI 2017 Stable, Low noise AM/FM Sig Gen 10KHz-1024MHz.

COMPONENTS LTD

C32.50

..

FARRELL Pal. 3005A Metered type L30E.
MARCONI 2019 Synthesized AM/FM Sig Gen 80199-1040M19.............

KESTREL
ELECTRONIC

WWI 1071 - 71/2 digit Autocal DC Multimetehvoth True RMS AC/

Dual Trade Plug-in with TB from £200
Many Plug-in options available. 4 Traces;
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1+
EPROMS
2764A-250
27C64-150
27C128-150
27128A-200
27256-250
27C256-200
27C512-150
27C010-150
ICL8211

MM58274CN
PAL22V10
6522P

1.80
1.80
1.85
1.65
1.85
1.98
2.50
3.30
0.90
4.40
4.00
2.40

100+
1.70
1.70
1.65
1.50
1.70
1.80

2.00
2.80
0.65
3.60
3.80
1.80

STATIC RAMS
62256LP-100
62256LP-70
6264LP-100
6264LP-70
6116ALP-100
628128LP-80
Z80A CTC
Z80A P10
Z80A S10/0
Z8OB CTC

Z8530 (4 meg)
8255-5

1+

100+

3.00
3.30
1.50
1.70
0.85
10.50
1.00

2.50
2.80
1.40
1.55
0.70
10.00
0.75
0.75
1.40
0.82
0.80
1.20

1.00
1.80
1.20
1.40
1.50

74LS, 74HC, 74HCT Series available

Phone for full price list
All memory prices are fluctuating daily, please phone to
confirm prices

178 Brighton Road,
Purley, Surrey CR8 4HA
Tel: 081-668 7522. Fax: 081-668 4190.
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3

Input 1000
samples/sec

Output
50 bps

with an FFT. This covers 16kHz, and yields
output bins of 1kHz bandwidth. This is done
for all 2046 correlation phases, on one millisecond of data. If the magnitude of any bin
exceeds a threshold, it is mixed down to base band using 4ms of data. While this is done, a

list of the rolling best 10 phases is stored.
Finally, the best ten are processed for a further

4ms, to both confirm the amplitudes, and
establish a range -rate that can set the tracker
off on the right path. The best amplitude of the
ten is then run live off -air.
The fact that the transputer can process the

Early Punctual Late
-5ms Oms +5ms

Strobe Generator

spread -spectrum for one satellite at about
seven times real time rate means this acquisition process is very rapid. In fact the limiting

process is the one second delay inserted to
allow accurate range -rate estimation. As a
result, the early implementations did not use

1

E

L

E

L

Waveforms
(noise free signal)

113

the subtle trick of calculating the expected frequencies for the 2nd and subsequent satellites,

3

The data bits are then scanned for the

after calibrating from the first, but this has
Fig. 7. Data -bit Extractor. Data is extracted by
detecting the peaks and running a narrow
bandwidth PLL to maintain correct sampling.
The rectifier removes the data from the tracking
channel. Note this is dependent on the
integration ramp from the 20ms filter. If the
filter were omitted, this would need a
differentiator to find edges, which gives very
poor noise performance.

preamble, a defined pattern that identifies the
start of a packet, or subframe in GPS terminology. While acquiring, this must be done on

a per bit (20ms) basis, but once found it is
automatically maintained by counting, so need

only be checked for correctness on a 0.6s
basis. The preamble defines both word and
subframe sync, so subframe of 10 30 -bit
words is assembled, and passed to a backage. This is best done on a subframe basis,
rather than per word, because the checksum
overlaps between words.

Acquisition mode
Acquisition is much harder than tracking,
because instead of one code phase to compute
for, we must do 2046. Instead of one 250Hz
channel, we must cover about a hundred. On
the other hand, it does not need to be done in
real time, because in a software solution, off -

repeated processing off line.

The code -phase search is unavoidable,

unique match between the transputer instruction set and this task, it can do it some seven
times faster than this!
The critical feature is coding the radio signal
at one bit per sample. This obviates the need
for AGC in the radio, but more importantly
allows the samples to be packed 32 to a word
inside the computer.
The most demanding task is the front end of
the software, where the two mixing stages and
the filter are implemented. Mixing is multiplication. If you cannot accept that, take two
sine waves, sin(wit) = sin(A), sin(att) = sin(B)
Traditional expansions give
sinA sinB = (cos(A-B)-cos(A+B))/2

The change to cosines is simply a ninety

.4

Background task
1 loop every 6 seconds
A

Input one databit

START

4
Preamble
atch?

Input subframe

This upsets the human brain until it

Yes

Set word subframe sync

Checksum it

0

No

Yes

Pack into subframe

Yes

4

302

-1 =

1

1 x-1 =-1

-110.

Unpack data contents

X

-1 x 1=-1
No

System Page

is

realised that the binary 0 does not represent a
null value, but represents -1, which matches
our perception:

-1

es

Store in database

0

Transmit to background job

degree phase shift, and the two terms are now
the sum and difference frequencies, as expected from a hardware mixer.
In the one bit per sample world, multiplication is an exclusive -OR or differ operation, ie
Ox 0 =0
0x1=1
1x0=1
1x1=0

No

Yes

No CPU could be expected to perform an

the loop at a 0.5gs rate. But because of a

50 loops/sec

Subframe
full ?

ware at the system level, it may be interesting
to see the detail of the most CPU -intensive
task, the de -spreading or correlation process.

have done one at 10MHz) the phase step may
be more than one sample during acquisition.
The same structure is used as the code -tracker
described above, but the loop is opened and
swept through all the possible offsets.
The problem is also minimised by reducing
the bandwidth in steps, not directly to 250Hz.
First the output of the correlator is processed

START

Pack into current word

Having understood the function of the soft-

though on high sample rate machines (we

Fig. 8. Data operations. Data operations are
shown as a flow chart, as they are not
continuous. In the foreground, bits are packed
into words, and words into subframes. In the
background, the subframes are checked for
errors, and either archived or decoded.

air samples can be stored in memory for

Yes

Critical signal processing

expression evaluation inside a loop, and repeat

ground task for parity/checksum tests and stor-

In sync
already?

now been added to increase the sensitivity still
further.

1X 1=

1

The apparent inversion of the result using
exclusive OR is not a problem: its only the
same as using an amplifier that inverts.
Thus in the transputer we can multiply two
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TELNET
OSCILLOSCOPES
HEWLETT PACKARD 1741A-100MHz DUAL TRACE

ANALOGUE STORAGE SCOPE......_........_025

HEWLETT PACKARD 1744A-100MHz DUAL TRACE
ANALOGUE STORAGE SCOPE
HEWLETT PACKARD 182C.100MHz 4 CHANNEL ..........000
050
PHILIPS 3211-15MHz DUAL TRACE
PHILIPS 3217-50MIW DUAL TRACE ...........................from £250
PHILIPS 3226-15MHz DUAL TRACE.........
PHILIPS 3240-50MHz DUAL TRACE ...........................from £250

PHILIPS 3261-120MHz DUAL TRACE........._from £325
GOULD 0S4200 DIGITAL STORAGE SCOPE DUAL
TRACE

SYSTEM 200 DEVICE PROGRAMMER
075

TEKTRONIX 74038 607,111z
TEKTRONIX 7623 100MHz
TEKTRONIX 7904-500MHz

f.P0A

tP0A

TEKTRONIX 7313 100MHz 4 CHANNEL ANALOGUE
1325
STORAGE SCOPE
TEKTRONIX 2230 100MHz
VOA
£POA
TEKTRONIX 2335 100MHz
EPOA
TEKTRONIX 11201 400MHz PROG DIGITIZING
TEKTRONIX 11302.A 500MHz PROG DIGITIZING WITH
£PGA
750MHz INTEGRAL COUNTER

SPEC ANALYSERS

..IL250
AVIRCON 2370 100MHz.
LEW
TEKTRONIX 494P 101OLT-ZIGHL as new
1.P0A
TEKTRONIX 494 10816-21G11; as new..
SOME TROLLEYS AVAILABLE FOR ABOVE SCOPES -CHEAP
AVO CZ457/6 COMPONENT COMPARATORS.....................150
HEWLETT PACKARD 182T WITH 87558 SWEPT
MARCONI TYPE 60575/1 SIGNAL SOURCE 443GHB.......1.299
AL
AMPLITUDE
Almost New 000
HATFIELD TYPE 1000 PSOPHOMETER
HEWLETT PACKARD 18015 WITH 87558 SWEPT
t 150
HATFIELD TYPE 1015 LEVEL MEASURING SET ..
1250
AMPLITUDE ANALYSER
HATFIELD TYPE 1016 LEVEL OSC
.1150
PHILIPS PM 8226 SIX LINE PEN RECORDERS..._1299
RADIO SPARES MAINS FILTERS ISOLATING
HEWLETT PACKARD RMS VOLTMETER -MODELS
From 030
TRANSFORMERS) EPMS - 207481
.From 025
4000 4000.400F
POWER SUPPLIES BY SOLARTRON/WAYNE
HEWLETT PACKARD TEST OSCILLATOR 6518 10Hz TO
KERR WEIR COUNTANT AND FARRELL - SUCH AS 130I,
10MHz
LT301,1305, E350, L30F, LI210C etc .......... From 05 to 0120
LYONS PULSE GENERATORS TYPE PG2B 0-10MHz.........£250
DIGITAL 1VIULTIMETERS FLUKE
MARCONI ELECTRONIC VOLTMETER TF 2604..._...........£30
t100/12E80/75
8010A 80509, 8800A 8600A..
TEL.R.LaT MODEL 260 1.5G11z LINEAR UP CONVERTOR
f10 to L60
AVO1 MODEL a AND SELECTLB
.1200
INPUT 240MHz 350MHz OUTPUT 1440-1550MHz..
FREQUENCY COUNTERS RACAL
HEWLETT PACKARD 3730A DOWN CONVERTOR WITH
955899903/9905
.....
From
010 to 060
3738A OSCILLATOR - 6.3GH.B.5GHz DOWN TO
t75
ADVANCE
TC17A
1500
70MHz
METROHM POLARECORD (POLARGRAPH) -626.......
WANDEL & GOLTERMANN DISPLAY UNIT SG3 200Hz-

SYSTEM:

Expandable to cover virtually any pro-

METROHN VA -TIMER 621........_.....1K

20MHz

HEWLETT PACKARD 8745A 15 PARAMETER TEST SET
1300
(0.10112-2011.)..
1150
ADRET CODASYN 301 SYNTHESISER 0-11.111.
WANDEL & GOLTERMANN PS 60 LEVEL GENERATOR
1200
61f1H-18.6MHz
WANDEL & GOLTERMANN SPM 60 LEVEL METER 60-1z1500
18 6MHz
WANDEL h GOLTERMANN PS 12 LEVEL GENERATOR
200110-4.5MHz AND 200Hz-6MHz ......................................1500
WANDEL & GOLTERMANN SPM 12 LEVEL METER 200Hz1.500
4.5MHz AND 20011z-6MHz
1500
SIEMENS D2008 LEVEL METER 20011z -18.6M11;
SIEMENS W2008 LEVEL OSC 2001H-18.661Hz.
HEWLETT PACKARD 8620C SWEEP OSCILLATOR
NMINFRAMES
HEWLETT PACKARD RMS VOLTMETERS - 3406A BROADBAND SAMPLING VOLTMETERS.
.L150
HEWLETT PACKARD LOGIC ANALYSERS WITH PODS -

METROHN VA STAND (FOR PLARGRAPHIC AND
VOLTAMMETR1C ANALYSIBS).
..t100
OERTLING R40 SCALES
..000
OERTLING 040 SCALES
DEMITRON NON DESTRUCTIVE THICKNESS TWIT/ £2.50
PROJECTINA CH9435 PHOTOMICROSCOPE (SWLSS
0650
MADE)
BRYANS SOUTHERN SERIES 4000 ULTRA VIOLET
OSCI1.1 0rRAPH
from £70
METROHN PATS TESTERS.
WPA LONG SCALE GALVONOMEITR.
150
150
PYE SCALAMP FLUXMETER
CORNING EEL UNIGALVO
MEECO INSTRUMENTS ELECTROLYTIC WATER
.1150
ANALYSER
MULTICORE SOLDERABIALTTY TEST MACHINE MK

II

DESIGN:

000

BENTFUIM 223 AND 217 LOCK IN AMPLIFIER AND

m

ALL EQUIPMENT IS USED, WITH 30 DAYS GUARANTEE
PLEASE CHECK AVAILABILITY BEFORE ORDERING.
CARRIAGE CAN BE ARRANGED - VAT TO BE ADDED TO TOTAL PRICE OF ALL GOODS AND CARRIAGE.

UNIT 8, CAVANS WAY,
BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF

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

(Premises Mated close to Eastern Bypass in Coventry with easy access to MI. M6. M90, M69)

Telephone: 0203-650702

Fax: 0203-650773
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Finally... an upgradeable PCB

CAD system to suit any budget
BoardMakerl - Entry level
PCB and schematic drafting
Easy and intuitive to use
Surface mount support
90 , 45' and curved track corners
Ground plane fill
Copper highlight and clearance checking

£95

BoardMaker2 - Advanced level
All the features of BoardMakerl plus
Full netlist support - OrCad. Schema, Tango, CadStar
Full Design Rule Checking - mechanical & electrical
Top down modification from the schematic
Component renumber with back annotation

£295

Database ASCII, BOM
Thermal power plane support with full DRC

Report generator

BoardRouter - Gridless autorouter

£200

Output drivers - Included as standard
- 9 & 24 pin Dot matrix. HPLaserjet and PostScript
Penplotters - HP, Roland. Houston & Graphtec
Photoplotters - All Gerber 3X00 and 4X00
NC Drill plus annotated drill drawings to HPGL. Gerber and DXF (BM2)

Printers

I

Call for info or FREE
evaluation kit
Tsien (UK) Limited
(0223) 277 777
Phone
(0223) 277 747
Fax

/

I

:

:

:

-40

tsien

Tsien (UK) Ltd. Cambridge Research Labs, 181A Huntingdon Road. Cambridge CBS 003
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GERMANY 089 / 4602071
NORWAY 071-17890
ITALY
02 92 10 35 54
FRANCE
(1)69.41.28.01
Also from VEROSPEED UK
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Maker

Simultaneous multi -layer routing
SMD and analogue support
Full interrupt, resume, pan and zoom while routing

grammable 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.

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

FISCHER THROUGH -HOLE PLATING MEASUREMENT
FISCHERSCOPE BETA 2060 (NON DESTRUCTIVE
DEVICE
COATING THICKNESS MEASURING INSTRUMENTS FISCHERSCOPE BETA 2040 COATING THICKNESS
BASED ON THE BETA BAC1CSCATTER PRINCIPLE.......
COMPUTER .
FISCHER PRINTER F3050
FISCHER
WP24DH -HAND PRESS.
FISCHER POROPRIN'T SD .
FISCHER F1-12 PRESS..
FISCHER PROPR1NT S (ELECTROGRAPHIC POROSITY
TESTER)
ALL ABOVE C.ANBE PURCHASED AS JOB LOT

TELNET

Programs 24,28,32 pin EPROMS, EEPROMS,
FLASH and Emulators as standard,
quickly, reliably and at low cost.
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32 -bit variables using the XOR instruction,
which will take two machine cycles, 100ns at
20MHz, the slowest available transputer
speed, or 66ns at 30MHz. The critical part is

that we have multiplied 32 samples in one
instruction, or an equivalent time per sample
of 3ns or 2ns respectively.
Fine. This is excellent, but many machines
have XOR instructions, and at least one other
has the serial link I/O facility that allows the
data to be loaded this fast in the first place.
The final crunch is the filtering operation.

The traditional DSP enthusiast would be
looking for a MAC, or multiply and accumulate instruction to do both jobs, but the transputer is a very fast general purpose processor,
not a DSP.
It does however have the BITCOUNT
instruction. This counts the number of bits set
in a word, with a facility to add -in a previous
result, making it cascadable over any number
of words.

This instruction takes a worst case of 34
cycles on a 32 bit machine, 18 on a 16 -bit
transputer. Thus the total processing time for
32 samples is some 36 cycles, less than 2µs,
for 16µs of signal samples.

However we have left out the overheads.
The operands for these instructions have to be
loaded, and the results stored, and the whole

sequence run in a loop. Loading takes four
cycles per operand, and storing is avoided by
keeping the rolling result in a register, as the
transputer's register stack is deep enough. The
loop overheads become negligible by putting
16 copies of the code in line before looping.

Thus the resultant time is 44 cycles per 32
samples, 2.2µs on a 20MHz machine, 1.5µs on
a 30MHz CPU.
The Occam code for the high-speed processing is shown in Fig. 9, and the equivalent
assembler in Fig. 10. Note that with help from

the programmer, ie the way in which the
expression is nested with no intermediate storage, the Occam is just as efficient as the
assembler.
When acquiring timing lock with the satellites, the carrier phase is not important, so the
code above premixes the carrier and synthetic

Fig. 9. Occam code to implement doivnconvert and
correlate. The Occam to correlate one millisecond of
signal, from 1.5MHz carrier, 2MHz bandwidth to 4kHz
carrier, nominally 100Hz bandwidth in 1 kHz noise
bandwidth, is very simple and requires only six lines (a).
However for maximum efficiency, equal to assembler,
version (b) is used, with loops opened out, constant
indices, and no storing of intermediate results.

(a) Simple Occam

SEQ point= 0 FOR 16
SEQ
accumulate := 0
SEQ input = 0 FOR 4
accumulate :=
BITCOUNT(LOcode[point*4+input]>< signal[poine4+input],accumulate)
result[output] := accumulate -64

(b) Efficient Occam
VAL point IS 0:
VAL LO IS [LOcode FROM point'4 FOR 4]:
VAL sig IS [signal FROM point*4 FOR 4]:
result[point]:=
BITCOUNT(L0[3]><sig[3],BITCOUNT(L0[2]<sig[2],
BITCOUNT(L0[1]><sig[1],BITCOUNT(1_0[0]><sig[0],-64))))

All repeated 16 times in line, through 16 values of point

Fig. 10.
Assembler code

to implement
downconvert and
correlate. The
instructions
generated for the
inner loop take

Instruction
LDL
LDNL
LDL
LDNL

Machine cycles (33ns on 30MHz CPU)

LOptr
Index
Sigptr
Index

XOR
BITCOUNT

COUNT operations with -64.
In acquisition, the work done next on these
16 samples is an FFT. In tracking, it is further
downconversion in I+Q, some 32 multiplies,

around 20µs. However as this now occurs
only once per millisecond, it is no longer a
problem.

One or two transputers
The GPS receiver based on the software

phase distorts the carrier phase. Also, the work

described here has been running since 1989 in
some guise, with first positions in mid 1990,
and the software has been essentially

over several satellites.
Thus in the 2046 samples per millisecond

models, the downconversion is done separately.
In the 2000 samples/ms models, where car-

rier -phase compensation is much easier, as
each millisecond is the same number of bytes
(250), rather than (256,256,256,255), the combined -then -compensate method is used.

The output of the mix/filter operation is a
block of 16 samples every millisecond, each

representing 64µs. Each now has a value
between -64 and +63, ie, seven significant
bits, but they occupy a full machine word, 16

or 32 bits depending on processor. This is
important, as sign -extension is very slow. It
comes for free here by pre -loading the BIT -
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2

2 (inc one prefix)

less than a tenth
34 (worst case)
of the CPU time
per satellite... or
Total
44 cycles, 1.5 microsecs
acquisition can
be done ten times Repeat 64 times in line, indices 0-3, adjusting pointers every 4
faster than real
Eight extra cycles to adjust pointers (0.25ps) or (16 x 0.25) + (64 x 1.5) ps
time, using a
which equals 100ps of CPU time to process 1ms of real time
single set of radio
data

code in advance. When running live, this is
not so easy, as each adjustment to the code -

of the first down conversion can be shared

2
2
2

unchanged since February 1991. The major
effort put into it since then has been re -hosting
it onto different CPU boards, different I/O sys-

tems for clients, and of course the occasional
bug -fix. My serious effort in the meanwhile
has gone into the radio design, covered in an
earlier article, and into studies as to how it can
be improved for the next serious client.
The major deficiency with the current single

tial at cold -start, and on a change of satellite,
positioning is interrupted.
These problems are very unfortunate considering that the major benefit of the software
approach is the acquisition and re -acquisition
time.
The solution is to provide two transputers,
with the benefits of full parallel downloading
and positioning, and plenty of spare CPU for
map handling, as described in the third article
in this series. This has now been built and is
running in the office. It is transportable, but
not portable. It went to the Wireless World
studios for photography in October 1992, and
the maps displayed in the screen -shots were
real, not superimposed.

Applications
The pros and cons of raster and vector maps,
colours, pan and zoom will all be covered in
the next article, on applications of GPS. The
technology is now at the stage where it is a

transputer system is that while it can code

small black box costing a few hundred

track four satellites simultaneously for positioning, it can only carrier track on one satellite at a time (20MHz CPU). A 30MHz CPU
could handle two, but the software changes
would be so major that it was not worthwhile.
This means that data downloading is sequen-

pounds/dollars that is built in to a larger system, be it a jumbo jet or a combine -harvester
Philip Mattos is a consultant engineer with
lnmos, SGS-Thomson.
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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 Oscillographlc recorder type 7404A -4 track - £350.
HP Plotter type 9872B -4 pen - £300.
HP Sweep Oscillators type 8690 A & B + plug -ins from 10Mc/s to 18GHz also 18-40GHz. P.O.R.

B&K 4812 calibrator head.
Farnell power unit H60/50 - £400 tested.
H.P. FX doubler 938A or 940A - £300.
Racal/Dana 9300 RMS voltmeter - £250.

HP Network Analyser type 8407A + 8412A + 8601A - 100Kcis -110Mds -£500-£1000.
HP Down Converter type 11710B -.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 - .5-512Mcds 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 110Mds to 12GHz or 18GHz - plus most other units and

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

displays used in this set-up -8411A -8412 -8413 -8414 -8418 - 8740 - 8741 - 8742 - 8743

Racal 4D recorder - £350 - £450 in carrying bag as new.
HP8350A sweep oscillator mainframe + HP11869A RF Pi adaptor -£1500.
Ailtech - precision automatic noise figure indicator type 75- £250.
Adret FX synthesizer 2230A - 1Mc/s. £250.

- 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. Fined FX standards.

Racal/Dana Modulation Meter type 9009 -8Mds- 1.5GHz - £250.
Racal - SG Brown Comprehensive Headset Tester (with artificial head) Z1A200/1 - £350.
Marconi AF Power Meter type 893B- £200.
Marconi RCL Bridge type TF2700 -£150.
Marconi/Saunders Signal Sources type - 605813 - 6070A - 6055B - 6059A - 6057B -6056£250-L350. 400Mc/s 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 Elk.

Tektronix Plug -ins 7A13- 7A14- 7A18- 7A24 - 7A26 -7A11 -7M11 -7511 - 7D10 -7S12 S1- S2 - S6 - 552 - PG506 - 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.
Ailtech Stoddart receiver type NM657- 1 to 10GHz -£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 IOW's 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.
Ailtech 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 -85538 RF -lkliz-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 B1F-8555A RF - 10Mc/s-18GHz-A IF- £2400 or B IF- £2500.
HP1417+8552A or B IF -8556A RF - 20Hz-300kHz-A IF -A IF -£1200 or B IF -£1300.
HP8443A tracking generator/counter- 100kHz-110Mds - £500.
HP8445B tracking pre -selector DC-18GHz - £750.
HP ANZ UNITS AVAILABLE SEPARATELY - NEW COLOURS -TESTED.
HP141T mainframe - £550 - 8552A IF - £450 - 85528 IF - £550 - 8553B RF -lkHz-110Mc./s £550 - 8554B-RF - 100kHz-1250Mc./s - £650 - 8555A-RF - 10Mcis-18GHz -£1550.
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 digftizer - 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 - internal NiCad battery -£150.
Aerial array on metal plate 9"x9" containing 4 aerials plus Narda detector -.100-11GHz. Using
N type and SMA plugs & sockets - ex eqpt -£100.
EIP 451 microwave pulse counter 18GHz - £1000.
Marconi RF Power Amplifier TF2175 - 1.5Mc/s to 520Mcds with book - £100.
Marconi 6155A Signal Source - 1 to 2 GHz - LED readout - £600.
Schlumberger 2741 Programmable Microwave Counter- 10Hz to 7.1GHz - £750.
Schlumberger 2720 Programmable Universal Counter 0 to 1250Mcis - £600.
HP 2225CR Thlnkjet 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-100kcis + high pass + low pass -£150.
S.E. Lab SM215 Mk11 transfer standard voltmeter - 1000 volts.
Ailtech Stoddart P7 programmer - £200.
H.P. 6941B multiprogrammer extender. £100.
Fluke Y2000 RTD selector + Fluke 1120A IEEE -488 -translator + Fluke 2180 RTD digital
thermometer + 9 probes. £350 all three items.
H.P. 6181 DC current source. £150.
H.P. 59501A - HP-IB 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. 5011T logic trouble shooting kit. £150.
Marconi TF2163S attenuator - 1GHz. £200.
PPM 8000 programmable scanner.
Fluke 730A DC transfer standard.
B&K 4815 calibrator head.

H.P. sweeper plug -Ins - 86240A - 2-8.4GHz - 86260A - 12.4-18GHz - 86260AH03 - 10-15GHz - 86290B -2-18.6GHz. 86245A 5.9-12.4GHz.
Telequipment CT71 curve tracer -£200.
H.P. 461A amplifier - 1kc-150Mc/s - old colour - £100.
H.P. 8750A storage normalizer.

Racal/Dana signal generator 9082 -1.5-520Mds - £800.
Racal/Dana signal generator 9082H -1.5-520Mc/s - £900.
Claude Lyons Compuline - line condition monitor- in case - LMP1 +LCM1 £500.
5-10Mc/s. £3K tested.
Efratom Atomic FX standard FRT FRK .1
1

Tektronix -7512-7S14-7711-7511-51-552-553.
Rotek 610 AC/DC calibrator. £2K + book.
Marconi TF2512 RF power meter- 10 or 30 watts - 50 ohms - £80.
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.
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 6054B- 2OMc/s-24GHz - LED readout -£1k.
Takeda Riken TR4120 tracking scope + TR1604P digital memory.
EG&G Parc model 4001 indicator + 4203 signal averager Pl.

Systron Donner 6120 counter/timer A+13+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 - 520Mcis - AM -FM. MOO.
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+ Et +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.
Farnell 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 -MOO.
B&K 2425 voltmeter -E150.
B&K 4921+ 4149 outdoor microphone.

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 - 350Mcis - £500.
HP180TR, HP182T mainframes E300 -E500.
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. Elk.

R&S signal generator SMS -0.4-1040Mc/s - £1500.
HP8558B spectrum ANZ PI - .1-1500Mes -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 - £46.
HP8505A network ANZ + 8502A test set - £3k.
Racal/Dana 9087 signal generator - 1300Mcis - £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-£1000.
HP8444A-HP8444A opt 59 tracking generator £1k -£2k.
B&K dual recorder type 2308.
HP8755A scaler ANZ with heads £1k.
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.
HP37308 down convertor - £200.
Bradley oscilloscope calibrator type 192 - £600.
Spectrascope SD330A LF realtime ANZ -20Hz-50kHz - LED readout - tested - £500.
HP8620A or 8620C sweep generators -£25010 Elk with IEEE.
Barr & Stroud variable filter EF3 0.1Hz-100kc/s+ high pass+ low pass -£150.
Tektronix 7L12 analyser -.1Mc/s-1.8GHz -£1500 - 7L14 ANZ - £2k.
Marconi TF2370 spectrum ANZ -110Mc/s - £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 3D-OAY WARRANTY.

WANTED: TEST EQPT - VALV ES - PLUGS & SOCKETS - SYNCROS - TRANSMITTING & RECEIVING EQPT. ETC.
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ANALOGUE DESIGN

Analysing performance
of current mode op amps
Current mode amplifiers have much in common with conventional op amps.
Potentially they offer much more performance in many applications. Terrence Finnegan
lays down the design rules to get the best out of your application.
Current mode amplifiers are now over
ten years old. They originated in their
present form from the Comlinear

Corporation of Loveland, Colorado, who
brought out a hybrid in 1980 and who I think
hold the basic patents covering the concept.

But the early devices did not catch on
because they were expensive, around £150
each, and Comlinear probably tried to push

D(s) on the closed loop response. Locations of
the closed loop poles are now functions of G.
This is the chief design failure of traditional
voltage mode op amps, mathematically stated,
leading to difficulty in compensation and gain bandwidth product specmanship among manufacturers. The several gain stages also cause

the technology too far. The CLC220 for

propagation delays and slew rate problems
(see "Current alternative to operational
amplifiers" by Frank Ogden, EW + WW,

instance had a bandwidth of over 200MHz.
But the concept did take hold and Elantec
brought out the first monolithic device, the

August, pp.643-644)).
Comlinear reasoned that if they could develop an amplifier structure which would remove

EL2020, in the mid 1980s eventually followed

G from the denominator of the closed loop
gain expression, then performance would

by devices from PMI, Analog Devices and
others.
Comlinear's approach to design focused on

improve dramatically. They succeeded in this

the traditional op -amp's variation of band-

born.

width with gain.
Conventional op -amps (Fig. 1) have a differential, high impedance input stage which
feeds several following gain stages. Open loop

In one of its application noted the company
describes operation of the non -inverting current mode op amp.
In Fig. 2, the unity gain input buffer forces

output of the amplifier to a first order is

V2 to equal V1. Current line flowing into or out

V0=A(s)[Vi-V2], where A(s) is a complex gain
function.

of the input terminal is amplified by a transimpedance amplifier, generating the output
voltage. The complex transfer function of the
transimpedance amplifier is A(s) ohms and

With the feedback completed, a sample of
the output voltage is applied to the inverting
input and the closed loop gain becomes:
G

Vo

V'= 1+
where

G

aim - and the current mode amplifier was

V 0=1 im,A(s). Operation is described by:

/;v=11-12
V, -V2

V2

A(s)

G -R1+

R2

R2

Ri

Fig. 1. Standard non -inverting voltage mode op
amp, with the location of the closed loop poles
being a function of G.

But Vo=hA(s) and V2=1//, forced by the
buffer. So

To see the effect the gain setting G has on the
frequency response, A(s) is separated into a
numerator N(s) containing the zeros of the frequency response and a denominator D(s) containing the poles of the response. Substituting

Vo

A(s)

1

lRl

1

Vo

R2

R2

this into the expression for the closed loop

which after re -arranging and again letting

gain and re -arranging gives:

G=(R1+R2)/R1 becomes:

V
V,

=G

N(s)
N(s)+ G.D(s)

G
171

1+

R2

A(s)

G not only scales the gain magnitude as
expected, but it also multiplies the effect of

Again setting A(s)=N(s)ID(s), we have:
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Fig. 2. Non -inverting current mode op amp.
Pole locations - hence performance - can be
held constant.

=G.
V1

N(s)
N(s)+ R2.D(s)

The closed loop gain equations for the two
operating modes are now in the same form
and we see that R2 has replaced G in the fre-
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POLES AND ZEROS: A QUESTION OF TRANSFORMATION

The transfer function of any device is the ratio of
the Laplace transform of the output of the device
to the Laplace transform of the input signal
causing that output, for all initial conditions zero.
the Laplace integral which generates the
transform is defined as:
Lp = fo'e-gdt

Fig. 3. Expanded non -inverting current mode

circuit.

quency dependent term of the transfer function. Since R2 can be held constant, whereas G

cannot, the pole locations and hence the performance can be held constant.
Gain setting is varied by changing R1, while
the bandwidth is adjusted through R2. Most
manufacturers design their amplifiers to work
with particular values for R2, optimised for the

internal capacitances present and for various
load conditions. Sometimes R2 is already built
into the device to optimise this particular variable and to minimise stray capacitances - particularly across R2, which upset the stability.
Current mode or transimpedance amplifiers,
as a rule, are not noted for high gain accuracy,
either AC or DC and a more complete analysis will define the AC and DC performance,
starting from the more complex block diagram
of Fig. 3. Rim,, is the output resistance of the
unity gain buffer Al driving the inverting input

terminal. A mirror of the current flowing in
this buffer also flows into the transimpedance
ZT, developing a voltage across it, which is
applied to a second unity gain buffer A2 driving the output.
Assume for the moment that A2 is perfect.
ZT is a complex impedance made up of RT in
parallel with Cr and is a simplified equivalent
of one of the internal nodes. To get a feel for
the numbers, Rim, is 10-10052, RT is 1-15MS2
and Cr is 4-10pf, depending on the device.
Transforming the impedances into admittances, the five nodal equations describing the
relevant operation of this circuit are:
= (E2

El)Yinv

E2Y1 + (E2

E4)12

Iiw =(E1 -E2)Yin,

where s is a complex frequency variable of the
form s=a+jco. All possible values of s are
therefore defined as points on a plane called the
s -plane, having axes nand je. The input signal is
not specified and for convenience, a signal
having an easily transformed equation is usually
chosen. The simplest signal to use is the unit
impulse, which has a transform equal to one. This
simplifies the definition of the transfer function to:
"The transfer function of any device is the
Laplace transform of the output of the device in
response to a unit impulse input".
From this information, the transient response of
any circuit in response to any input stimulus can
be derived.
When the input signal is a constant amplitude
constant frequency sinusoid, as is usually the
case for circuit analysis, the output signal at
steady state will also be sinusoidal, but of
differing amplitude and/or phase. In this case, the
expression for the frequency transfer function is
simplified and is obtained from the s transfer
function by setting cr=0 and using the substitution
s=jw.

For linear RLC circuits, the frequency transfer
function can also be derived using standard AC
circuit theory. The familiar equation of a straight
line is y=mx+c where x is the independent
variable, y the dependent variable, m the slope
and c the intercept on the Y axis. The equation
may be more conveniently recast for our use as
p=a is+a2

where s is the complex frequency as before.
When a transfer function is the quotient of linear
terms, represented by this equation, it is called
bilinear. So any bilinear transfer function of the
form T(s)=N(s)/D(s) may be represented as:

T(s)=

ais+a2
bis + b2

s+
h1

expression for the closed loop voltage gain as:

G-

E4

El
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a,

.

s +b2

=

-

Yinv

(YI +Y2

YT (Y1 + Y2 + Yinv + Y2 Yinv

T(s)=

ss+ a,

is useful in the "all -pass" circuit, because the
rising gain characteristic of the zero at +al
exactly cancels the falling gain characteristic of

the pole at -al, while the two lagging phase
characteristics add together giving an overall
-180° phase lag when o>>a. The circuit finds
application as a phase compensator, or where
several are used together, a differential output
between two properly designed circuits can
provide an exact 90° phase difference over a
wide frequency spread -a useful analogue
function.
More complex transfer functions can have
multiple poles and/or zeros, which need not
necessarily be located just on the real axes. For
instance, second -order transfer functions with
terms in s2 have pole -pairs which are complex
conjugates of each other, which can be located

s+z,
S+p1

b1

Solving these nodal equations gives the

frequency, as before, but with a lagging phase.
Since a corresponding pole cannot exist on the
positive axis, there is no way of cancelling out
the "right -half -plane zero" and instability can
sometimes result, for instance in flyback, boost
and Cuk switch -mode power supply topologies.
But the function

anywhere in the left -half of the s -plane.

T(s)=a,

12 =

will lead and will be +45° when
The effects
of a zero therefore tend to cancel out those of a
pole and are often introduced in loop
compensation to improve stability.
Obviously, a coincident pole and zero will
cancel completely and have no net effect. A zero
in the transfer function on the positive real axis
however can be a problem. It will cause the
output amplitude to increase with rising

where the coefficients a and b are real constants
and may be positive or negative. If T(s) is written
in the form

13 = E3 YT =

E3 = En

For first order transfer functions, p1 is always
on the negative real axis, while z1 may be on
either the positive or the negative part of the real
axis. A pole in the transfer function will cause the
output amplitude to fall with rising frequency at
-20dB/decade, starting at the pole frequency, and
the phase of the output will lag increasingly
behind the input with rising frequency, the phase
being -45° when
The reverse is true for a zero in the transfer
function on the negative real axis. Gain will rise
at +20dB/decade above the zero, while the phase

then we say that z1 is the zero of T(s) and pi is
the pole of T(s). These quantities are located on
the real axis of the s -plane, at s= z1 and s= -p1, as
shown in the figure. (Poles are conventionally
shown by a cross, and zeros by a circle).

-Z

-P1

a

Fig. 4. Pole and zero location on the s -plane
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Some relationships for simple first -order transfer functions, between pole/zero locations on the s -plane and
magnitude and phase responses.
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AC behaviour
The important parameters defining AC
behaviour are transcapacitance CT and feedback resistor R2. The time constant formed by
these components is analogous to the dominant pole of a conventional op amp and cannot
be reduced below a critical value if the closed
loop is to remain stable.

Some manufacturers quote this ratio as a

Transforming the admittances back into

"goodness factor" for their op amps. While

resistances in the closed loop gain equation,

this may be true at the device level, the in -cir-

substituting Yi=(1+sCTRT)/RT and simplifying
yields:

cuit loop gain is clearly the factor of interest
and the above analysis shows that the equivalent open loop voltage of a current mode op
amp depends on R1. Also, ratio of the open

Aeq =

+ sCTRT )(R,R, +

+ RiR2)+RiRr

Now RAT is larger than all the other resistive
products and R IR2>R,(Rj+R2). Hence:

G-

RI + R2

R,(1+ sC R2)

showing that the time constant CTR2 forms the
dominant pole and thus defines the bandwidth.
There are also subsidiary poles formed by R1

and Rine which modify the shape of the frequency response curve.
DC behaviour
The gain at DC can easily be computed from
the gain equation and simplifies to
G=(R1-FR2)/R/ as expected. But, it is instructive to compare the equivalent open loop gains
of voltage mode and current mode op amps, to

assess their comparative performance. The
gain of a standard voltage mode op amp in the
same circuit configuration is given by:
A°(Y' + Y2)

G =v° =

171+Y2(1+A0)

where Ao is the op amp gain.
Designate Aeq as the gain of the equivalent
voltage mode op amp which would have the
same circuit performance as a current mode op
amp, and we can say that:
Aeg1Yi+Y2)
Y1 +Y2(1+ A.q)

BOOK REVIEW

G. RT
R2

-RT
R,

RT (Ri + R2)

G=

RT (RI + R2 )

when R2 > RI

technology.
Optical fibres in general terms and their
RT/R2- effectively fixed for all closed loop
use in communications form an initial
gains as R2 is either specified by the manuchapter, as an introduction to more speciffacturer or built into the device.
ic discussion. Five chapters cover fibres
and connection practice, both theoretical
Buffer A2
and practical considerations being treated,
In practice, buffer A2 is a compound emitter and are followed by three more on cables,
follower, having a finite gain and therefore a
highways in general and highway design
finite input impedance directly proportional to
in particular. A final chapter on the hardthe load. Input impedance appears across RT
ware of optical fibres then presents the
and so the in -circuit value of RT and hence the
choices available in cables and assemeffective loop gain die,/ is load dependent.
blies, connectors, splicing and enclosures.
Bandwidth will also be affected by any load
Specifying fibre systems appears to be an
capacitance, reflected back across CT.
undeveloped art, its vagueness contrasting
Performance is usually quoted for a given
sharply with that commonly found in copload, often 4000, and the actual performance
per cabled systems; one chapter is therewith the user load can be quite different. Do
fore an attempt to introduce a little rigour
not forget that R2 also forms a part of the load.
into the process.
Acceptance testing, installation practice
Comparison between operating modes
and final acceptance testing are all subject
An interesting comparison can be drawn from to contractual obligations and are therethis analyses about the way the two paramefore supremely important if reputations
ters of gain and bandwidth transform between
are to survive a contract; three chapters
the two operating modes. Voltage mode
describe methods of ensuring survival of
devices have a fixed loop gain and a variable
both reputations and systems.
closed loop bandwidth. In contrast, current
Documentation and maintenance form the
mode devices have a variable loop gain and a
two final chapters in the design and instalfixed closed loop bandwidth. Table 1 sumlation part of the book, but the penultimarises the performance parameters.
mate section is illustrative of the author's

loop gain to the closed loop gain equals

We can also indicate the magnitude of the
gain -bandwidth product for a current mode
device as GBW=RTI2nCTR )R2, although

whether this has any practical significance is a
matter of conjecture.

Yinv (Y1 + Y2)

YT(Yi +Y2 + Ygnv )+ Y2 Yin.

From which

AeQ

Yinv(Yi +Y2)

Yr(Yi +Y2 +Yinv)

Reference
1. Application Note 300-1, "A New Approach to
Op Amp Design", Comlinear Corporation, March

RT (R, +R2)

R, R2 + R,(R, +R2
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Fibre Optic Cabling, by Mike Gilmore,
extends the understanding of optical
fibres needed for practical application in
telecommunications and data-comms to a
more soundly based level, at which theory
can confidently be applied to unfamiliar
techniques. Nonetheless, this is essentially
a practical treatment for engineers and
laymen alike, which also covers the
installation and commercial aspects of the

experience with real systems -a case
study. Future developments such as single -mode fibres and fixed, blown -fibre
cables are then discussed in an end -piece.
This is no "penny -a -line" text cobbled
together by a media man, but is the result
of hard-won experience by a practitioner,
the author not only being Managing
Director of an optical -fibre cabling company, but also chairman of one of the BSI
working groups in this area.
Butterworth Heinemann, 318 pp, hardback, £35.

1985

Operating mode

Voltage mode

Open loop gain
Closed loop bandwidth

A0, fixed by device manufacture
Aocra R R2 varies with the closed loop gain
f-3dB-GBVV/G, varies with the closed loop gain f_3d8-1/2nCTR2, fixed by device manufacture

Current mode
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Electronics Workbench°
The electronics lab in a computer

...you can do 10 times as many experiments with Electronics
Workbench than you'd get done with the real stuff."
CC

- Jerry Pournelle, Ph.D., Byte Magazine

Building and testing circuits is fast and
easy with Electronics Workbench. Just
click -and -drag with a mouse to add
parts, run wires, and adjust
instruments. The traces on the
simulated instruments are the same as
you'd get on real equipment.
DOS Professional Version - UK£189
DOS Personal Plus Version - UK£139
Macintosh Version - UK1139
Shipping £2.50. Offer valid in UK and Ireland only.
Macintosh and DOS Personal Plus versions are in monochrome
only. All trademarks are the property of their respective owners.

Includes two independent modules:
Analog Module with passive and active
components including transistors, diodes,
and op -amps; a function generator, an
oscilloscope, a multimeter, and a Bode plotter.

Digital Module with gates, flip-flops, adders,
a word generator, a logic analyzer, and a
unique logic converter and simplifier.

Robinson Marshall (Europe)
To order in UK, call

0827-66212 or fax 55688
To order in Ireland, call or fax

1-2829883

CIRCLE NO. 125 ON REPLY CARD
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Credit card orders accepted by phone 081 652 3614

BOOKS TO

BUY
Analog Electronics
Ian Hickman
Good all-round electronics designers are hard to
find, according to the recruitment specialists. There
are either bad all-rounders or good specialist (for
example, microwave, power supply,
microprocessors specialists). Many young
designers have been lured away from the
fundamentals of electronic design to more
'glamorous' digital work. yet there are many simple
pieces of electronic equipment for which a purely
analogue realisation is still cheaper, more reliable
and more appropriate than a microprocessor -based
solution. Analogue staff are in desperately short
supply, and in many fields - telecommunications for
example - analogue skills are very much in demand.
Ian Hickman's latest book includes many examples
from his large collection of circuits (built up over
thirty years in commercial, professional and defence
electronics), selected for their usefulness in a wide
range of applications. Hardback 300pages.
Price £32-40

Circuit Designers Companion
Tim Williams
This compendium of practical wisdom concerning
the real -world aspects of electronic circuit design
will be invaluable for linear and digital designers
alike. The subjects covered include grounding,
printed circuit design and layout, linear ICs, logic
circuits and their interfaces, power supplies,
electromagnetic compatibility, safety and thermal
management. How to design to production and to
cost restraints is stressed throughout. The style is
direct, lucid and non-academic, aimed at the
practising designer who needs straightforward,easyto-follow advice. Hardback 320pages.
Price £26-50

Electronic Alarm Circuits Manual
R M Marston
One hundred and forty useful alarm circuits, of a
variety of types, are shown in this volume. The
operating principle of each one is explained in
concise but comprehensive terms, and brief
construction notes are given where necessary.
Aimed at the practical design engineer, technician
and experimenter, as well as the electronics student
and amateur. Paperback 144pages.
Price £13-95

Filter Handbook
Stephan Niewiadomski
A guide to electronic filter design and
implementation, clearly written and without the
enormous amount of mathematics usually found in
books on this subject. Especially of interest for
electronics engineers and technicians, students,
enthusiasts and also radio amateurs. Hardback
208pages.
Price £26-50

Modern Electronic Test Equipment
Keith Brindley
Describes in a down-to-earth manner how the main
categories of test equipment work, allowing the
reader to compare available instruments, make an
informed choice and then to use the equipment to
the best advantage. Any engineer, technician,
scientist, student or teacher who reads the book will
have a better understanding of the equipment and
get better service from his instruments. Paperback
224pages.
Price £15-95

Servicing Personal Computers
Michael Tooley
This book sets out the principles and practice of
personal computer servicing in a handy reference
manual. It contains a wealth of information,
including a large number of circuit and block
diagrams. Various software diagnostic routines
have been included together with listings and,
where appropriate, actual screen dumps. Numerous
photographs show typical adjustments and
alignment points. It is for anyone concerned with the
maintenance of personal computer equipment or
peripherals, whether professional service
technician, student or enthusiast. Hardback
256pages.
Price £27-00
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Newnes 68000 Pocket Book
Mike Tooley. Hardback 257pages.
Price £13-95

Newnes 8086 Pocket Book
Ian Sinclair. Hardback 342pages.
Price £11-95

Newnes Electrical Pocket Book
21st Edition
E A Parr. Paperback 526pages.
Price £13-95

Diode, Transistor and FET Circuits Manual
R M Marston

Price £11.95

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, AID 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 SDAT. Hardback 240pages.
Price £18-45

Newnes Z80 Pocket Book
Chris Roberts
Aimed at practising electronic and software
engineers and technicians involved with the design.
manufacture, testing of maintenance of Z80 type
microprocessors based equipment. It is also aimed
at students following courses in microprocessor
related subjects. Contents include packages,
pinouts and specifications; processor operation and
signal timing; internal architecture; the flags;
instruction address modes; instruction set; interrupt
response; programming techniques and support
chips. Hardback 185pages.
Price £13-95
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Newnes Electronic Assembly Book
Keith Brindley. Hardback 304pages.

Business Publishing Ltd or Please debit my Access/Visa/American Express/Diners Club with

Signature
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A compendium of facts, figures and formulae for the
designer, student, service engineer and all those
interested in radio and electronics. Paperback
328pages.
Price £10.95

Newnes Radio and Electronics Engineer's
Pocket Book
Keith Brindley

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

expiry date

SYSTEM DESIGN

Specifically aimed at the practical design engineer,
technician and experimenter but will also be of
interest to the electronics student and the amateur.
Subjects covered include basic diode circuits;
Special diode circuits; Transistor principles;
Transistor amplifier circuits; Transistor oscillators
and astables; Transistor audio amplifiers; Transistor
circuit miscellany; FET Principles; JFET circuits;
MOSFET circuits; VMOS circuits; Unijunction
transistor circuits. Over 340 carefully selected and
outstandingly useful practical circuits, diagrams,
graphs and tables. Paperback 240pages.
Price £13-95
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Return to: Lorraine Spindler, Rm L333, Quadrant House, The Quadrant, Sutton, Surrey SM2
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The Scanner Handbook:
A Complete Guide to the Use and Applications
of Desktop Scanners
Stephen Beale and James Cavucto
Desktop scanners are quickly becoming standard
components in personal computer systems. With
these electronic reading devices, you can
incorporate photographs and illustrations into a
desktop publishing program, convert printed
documents into text files, and perform advance capability facsimile transmission. The book is an
informative guide to selecting, installing and using a
scanner. Paperback 254pages.
Price £20-95

Open Systems:
The Basic Guide to OSI and its implementation
Peter Judge
A concise, clear guide to this complex area of
computer standards, untrammelled by jargon and
with appropriate analogies to simplify this difficult
topic. This book is essential for users and suppliers
and is required reading for all in the computer
industry.
"It is the best introduction to the subject I have

Credit card orders accepted by phone 081 652 3614
more practical way than
other books. Chaos is not just a way of
generating computer graphics, or a mathematical
curiosity. It has relevance to the real world and the
easiest way to explore and visualize chaos is
through the computer screen. The book uses the
computer as a tool and provides programs to run
that demonstrate the concepts, including type in and
go listings, which even the initiated will appreciate
as they are absent from other books. Paperback
366 pages.
Price £19-95

OP -AMP
CIRCUITS MANUAL
R. M. MARSt
Ian Sinclair

POWER

PRACTICAL
ELECTRONICS
VNEW VP
M

seen" - John Spackman, former Director.
Computing and Information Services, British
Telecom. Paperback 184pages.
Price £13-95

Audio IC Circuits Manual
R M Marston
Contents include: audio and pre -amp circuits, dual
audio pre -amp circuits, audio power amplifier
circuits, high -power audio circuits, LED bar -graph
displays and CCD audio delay -line circuits.
Paperback 176pages.
Price £13-95

Analog Circuit Design
Art, science and personalities
Edited by Jim Williams
Thirty well known contributors share some of their
insights, knowledge, and perspectives on analogue
design. Taken as a whole, these authors
demonstrate that analogue design is less a set of
techniques and methods to be rigorously followed
than a way of thinking about things. This book isn't
a text book, nor is it really a 'tutorial' in conventional
sense of the term. Instead, its primary goal is to
help the reader think in an analogue way. It is the
latest title in the 'EDN series for Design Engineers'.
Hardback 390pages.
Price £32-00

Troubleshooting Analog Circuits
Robert A Pease,
Troubleshooting Analog Circuits is based on a
series of articles that became one of EDN's most
successful and well-read, and found an enthusiastic
audience among electronic engineers and
technicians.
Contents: Introduction; Troubleshooting linear
circuits - the beginning; Choosing the right
equipment: Getting down to the component level;
Solving capacitor -based troubles; Preventing
material and assembly problems; Solving active component problems; Identifying transistor troubles;
Operational amplifiers - the supreme activators;
Quashing spurious oscillations: The analogue -digital
boundary: Dealing with power components; Roundup of loose ends; Floobydust: Letters to Bob;
Troubleshooting charts; Appendices. Hardback
220pages.
Price £21-45
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maths and jargon are kept to a minimum. After an
introduction to the groundwork of electronic circuits digital and analog components, op amps and PALS
- the reader goes on to discover how
microprocessors work and how they are used in
bus -based systems. Michael spinks uses real
industrial circuits as examples - including some with
specialized applications - and includes a chapter on
practical problems such as debugging, and a
comprehensive glossary. Paperback 247 pages.
Price £21-95

Communication Services Via Satellite
G.E. Lewis
Satellite communication systems are capable of
carrying not only all existing telecommunications
services to reach previously inaccessible areas, but
also new services which were not feasible before
the advent of satellites. Satellite communications
systems create a series of new technical problems.
requiring new solutions, for the engineers involved
in communications and television services
equipment. Such engineers will find this book an
invaluable guide to how the system signal is coded,
modulated, demodulated and processed, and they
will obtain a good understanding of the way in which
the system functions. Several actual systems are
described and a number of analyses and design
rules are included. This book is aimed at systems
design engineers involved in the commissioning,
design and installation of communications and
television services equipment. Service engineers
and technicians will also find it valuable reading.
Paperback 386 pages.
Price £27-00

Power Control Circuits Manual
R. M. Marston

The Chaos Cookbook
A Practical Programming Guide with type -in and -go Listings
Joe Pritchard

Ian Sinclair has completely update and revised this
popular title. It still contains a carefully selected
collection of standard circuits, rules -of -thumb, and
design data for professional engineers, students
and enthusiasts involved in radio and electronics,
but is now over one hundred pages bigger. The
book covers many areas not available elsewhere in
such a handy volume, and this new edition now
includes chapters on microprocessors and
microprocessor systems, digital -analogue
conversions, computer aids in electronics plus
hardware components and practical work.
Paperback 338 pages.
Price £15-95

It is rare for mathematics to capture popular
imagination but chaos has done so. Chaos sets
ultimate limits on what science can predict. It is
mathematics theory about prediction, a model that
describes the relationship between past and future.
explaining how natural and man-made systems
behave. Equations defining chaotic systems are
often very simple but give rise to exceedingly
complex and, if the behaviour is converted into a
computer graphics display, beautiful results. The
Chaos Cookbook examines chaos theory in a much

Newnes Electric Circuits Pocket Book
Linear IC
Ray Marston
Newnes Electronic Circuits Pocket book is aimed
directly at those engineers, technicians, students
and competent experimenters who can build a
design directly from a circuit diagram, and if
necessary modify it to suit individual needs.
Hardback 336pages.
Price £13-95

Microprocessor System Design
A Practical Introduction
Michael Spinks
An introduction to essential concepts and
techniques underlying the design of useful
electronic circuits, especially microprocessor boards
and their peripherals.
No previous knowledge of electronics is assumed:
new terms and ideas are explained as they arise.

OP -AMP Circuits Manual
R. M. Marston
The operational amplifier (op -amp) is a direct coupled high -gain differential amplifier that can
readily be used as the basis of a variety of ac or dc
amplifiers, instrumentation circuits, oscillators, tone
generators and sensing circuits etc. It is one of the
most popular and versatile 'building blocks' used in
modern electronic circuit design and is available in
three basic forms: the 'standard' (741, etc.) type, the
'Norton' (LM3900, etc.) type and the OTA (CA3080
and LM13600, etc.) types. This manual explains
how each of these devices works and shows how to
use them in practical applications. The manual
presents a total of over 300 practical circuits,
diagrams and tables, and is specifically aimed at the
practical design engineer, technician and
experimenter. Easy -to -read, down-to-earth, non mathematical but a very comprehensive manual.
Paperback 211 pages.
Price £13-95

Electronic power control circuits can be used to
control (either manually or automatically) the
brilliance of lamps, the speed of motors, the
temperature of heating devices such as electric fires
or radiators, or the loudness of audio signals, etc.
This control can be achieved using
electromechanical switches or relays, or electronic
components such as transistors, SRCs, TRIACs, or
power ICs, etc. This book takes an in-depth look at
the whole subject of electronic power control, and
presents the reader with a vast range of useful
circuits and diagrams. Contents: Basic principles,
Switch and relay circuits: CMOS
switches/selectors; AC power control circuits; DC
power control circuits; DC motor control circuits;
Audio power control circuits; DC power supply
circuits. Paperback 198 pages.
Price £13.95

Practical Electronics Handbook
Ian Sinclair

Books published by Butterworth -Heinemann .

PECIAL OFFS

MIC-ROPROCESSOR

ARCM T ECTIIRI S
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CISC & DSI'

Microprocessor Architectures and Systems
RISC, CISC & DSP
Steve Heath
A guide to microprocessor architectures explaining the differences,
advantages and disadvantages, and design implications. With most
semiconductor manufacturers supplying only one type of architecture,
processors becoming more complex than mainframe computers, and
design cycles shortening from two years to six months, it is vital for
designers to choose the right processor. Steve Heath is processor
technology specialist for Motorola.Hardback 300pages.
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LOG AMPS FOR RADAR -

AND MUCH MORE
Log amps are useful for the problems associated with
identifying radar pulses. But there are many other
applications too. Ian Hickman explores their versatility.
The free -space inverse square law applies to prop-

agation in both the outgoing and return signal
paths for RF radiation pulses. Returned signal
power from a given sized target is therefore inversely

Fig. 1. True log amplifier.
At low signal levels,
considerable gain is
provided by TR1 and TR4,
which have no emitter
degeneration (gain setting)
resistors. At higher levels,
these transistors limit, but
the input is now large
enough to cause a
significant contribution
from TR2 and TR3, which
operate at unity gain. At
even larger signal levels,
these also limit, so the gain
falls still further. At very
low input signal levels, the
output from the stage starts
to rise significantly, just
before a similar preceding
stage reaches limiting.

proportional to the fourth power of distance - the well
known basic R4 radar range law.
With the consequent huge variations in the size of target returns with range, a fixed gain IF amplifier would
be useless. The return from a target at short range would
overload it, whilst at long range the signal would be too
small to operate the detector. One alternative is a swept
gain IF amplifier, where the gain is at minimum immediately after the transmitted pulse and increases progressively with elapsed time thereafter.
Because the scheme has its own difficulties and is not
always convenient, a popular arrangement is the logarithmic amplifier. With this, if a target flies towards the
radar, instead of the return signal rising by 12dB (amplitude increasing by a factor of x4) every time the range
halves, it increases only by a fixed increment, determined by the scaling of the amplifier's log law.
This requires a certain amount of circuit ingenuity: the
basic arrangement is an amplifier with a modest, fixed
amount of gain, and the ability to accept an input as
large as its output when overdriven. Figure 1 explains
the principle of operation of such a "true log amplifier"
stage, such as the GEC Plessey Semiconductors SL531.
An IF strip consisting of a cascade of such stages provides maximum gain when none of the stages is limiting. As the input increases, more and more stages go
into limiting, starting with the last stage, until the gain of
the whole strip falls to x 1 (0dB). If the output of each

stage is fitted with a diode detector, the sum of the
VGC

TR5
TR1

RF
In

Decouple

detected output voltages will increase approximately as
the logarithm of the strip's input signal. Thus a dynam-

ic range of many tens of dB can be compressed to a
manageable range of as many equal voltage increments.
A strip of true log amps provides, at the output of the
last stage, an IF signal output which is hard limited for
all but the very smallest inputs. It thus acts like the IF
strip in an FM receiver, and any phase information carried by the returns can be extracted. The "amplitude" of
the return is indicated by the detected log (video) output;
if it is well above the surrounding voltage level due to
clutter, the target can be detected with high probability
of detection and low probability of false alarms.
Many (in fact most) log amps have a built-in detector:
if the log amp integrates several stages, the detected outputs are combined into a single video output. If target
detection is the only required function, then the limited
IF output from the back end of the strip is in fact superfluous, although many log amps make it available anyway for use if required.
The GEC Plessey Semiconductors SL521 and SL523
are single and two stage log amps with bandwidths of

140MHz and 100MHz respectively; the two detected
outputs in the SL523 are combined internally into a single video output. These devices may be simply cascaded: RF output of one to the RF input of the next, to pro-

vide log ranges of 80dB or more. The later SL3522,
designed for use in the 100 - 600MHz range, is a successive detection 500MHz 75dB log range device in a
28 pin package, integrating seven stages and providing
an on -chip video amplifier with facilities for adjustment
of gain and offset (i.e. slope and intercept, discussed
below) as well as a limited IF output.
The design of many log amps, such as those just mentioned', includes internal on -chip decoupling capacitors
which limit the lower frequency of operation to around
5MHz. These are not accessible at package pins and so
it is not possible to extend the operating range down to
lower frequencies by strapping in additional off -chip
capacitors. This limitation does not apply to the recent-

ly released Analog Devices AD606, which is a nine
stage 80dB range successive detection log amp with
final stage providing a limited IF output. It is usable to
RF

Out

beyond 50MHz and operates over an input range of
-75dBm to +5dBm.
The block diagram is shown in Fig. 2a, which indicates the seven cascaded amplifier/video detector stages
in the main signal path preceding the final limiter stage,
and a further two amplifier/video detector "lift" stages
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(high -end detectors) in a side -chain fed via a 22dB attenuator. This extends the operational input range above the
level at which the main IF cascade is limiting solidly in

all stages. Pins 3 and 4 are normally left open circuit,
whilst OPCM (output common, pin 7) should be connected to ground.
The 2pA per dB out of the one pole filter, flowing into

the 9.375k0 resistor between pins 4 and 7 (ground)
defines a log slope law of 18.75mV/dB at the input to

the x2 buffer amplifier input (pin 5) and hence of
37.5mV/dB (typ at 10.7MHz) at the video output VLOG
pin 6. The absence of any dependence on internal cou-
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b)

piing or decoupling capacitors in the main signal path
means that the device operates in principle down to dc,
and in practice down to 100Hz or less, Figure 2b.
In radar applications, the log law (slope) and intercept

(output voltage with zero IF input signal level) are
important. These may be adjusted by injecting currents
derived from VLOG and from a fixed reference voltage
respectively, as described later, into pin 5. A limited version of the IF signal may be taken from LMLO and/or or
LMHI (pins 8 and 9, if they are connected to the +5V sup-

ply rail via 2000 resistors) - useful in applications

Fig. 2a (left). Block
diagram of the
Analog Devices

AD606 50MHz,
80dB demodulating
logarithmic amplifier
with limiter output;
2b (above) shows
that the device
operates at
frequencies down to
the audio range.
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Fig. 3a. Circuit used to view the log operation at low
frequency; 36 input signal (lower trace), increasing in 10dB
steps and the corresponding VLOG output (upper trace).
The dip at the end of each 10dB step is due to the
momentary interruption of the signal as the attenuator
setting is reduced by 10dB and the following overshoot to
the settling of the Sallen-Key filter.
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Fig. 4a. A simple RF power meter using the AD606;
4b. AD606 slope and intercept adjustment using pin 5;
4c. AD606 nominal transfer function;
4d. AD606 log conformance at 10.7MHz
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R2

50k0

the first stage would unbalance the two half cycles:

SLOPE
ADJUSTMENT
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IF output. For this purpose, the variation of phase with
input signal level is specified in the data sheet. If an IF
output is not required, these pins should be connected
directly to the decoupled +5V.
The wide operating frequency range gives the chip
great versatility for applications other than radar; for
example, in an FM receiver, the detected video output
with its logarithmic characteristic makes an ideal RSSI
(received signal strength indicator). It can also be used
in a low cost RF power meter and even in an audio level
meter.

Principles of radar
In radar, a pulse of RF radiation - for example from an aeroplane - is
transmitted from an antenna. The antenna (generally the same and
probably directional) then receives the echo.
The radar designer faces a number of problems; for example in the
usual single antenna radar, some kind of a switch is needed to route the
transmit power to the antenna whilst protecting the receiver from
overload. At other times all of the miniscule (small) received signal is
routed from the antenna to the receiver.
From then on, it is a battle to pull out wanted target returns from
clutter (background returns from clouds, the ground or sea, etc) or, at
maximum range, receiver noise, in order to maximise the Probability of
Detection, PD , whilst minimising the Probability of False Alarm, PFA
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To see how this would work, I connected the device
as in Figure 3a, which calls for a little explanation on at
least two counts. Firstly, each of the detectors in the log
stages acts as a full wave rectifier. This is fine at high
input signal levels, but at very low levels the offset in
indeed, the offset could be greater than the peak to peak
input swing, resulting in no rectification at all.
Therefore, the device includes an internal offset -nulling
servo -loop (see Figure 2a), from the output of the penultimate stage back to the input stage. For this to be effective at dc, the input must always be ac coupled as shown
in Figs 3 and 4 and further, the input should present a
low impedance at INLO and man (pins 1 and 16) so that

the input stage "sees" only the ac input signal and not
any ac via the nulling loop.
Turning to the second point, the cut-off frequency of
the internal Sallen and Key lowpass filter driving the
VLOG output at pin 6, is high, due to the 2pF capacitors
used, so that at audio, the log output at pin 6 will show
a rather squashed looking full wave rectified sinewave.
This is fine if the indicating instrument is a moving coil
meter, since its inertia will do the necessary smoothing.
Likewise, many DVMs incorporate a filter with a low
cut-off frequency on the dc voltage ranges. However, as
it was intended to display VLOG on an oscilloscope, the
smoothing had to be carried out by the circuit and was in
fact done in the device itself. The cut-off frequency of
the Sallen and Key filter was lowered by bridging 1µF
capacitors across the internal 2pF capacitors.
Fortunately, all the necessary circuit nodes were available at the device's pins.
The 317Hz input to the chip and the VLOG output were
displayed on the lower and upper traces of the oscilloscope respectively, Figure 3b. With the attenuator set to

90dB, the input was of course too small to see. The

ELECTRONICS WORLD + WIRELESS WORLD April 1993

DESIGN BRIEF

attenuation was reduced to zero in 10dB steps, using the

4

digital storage oscilloscope in roll mode, with all the
steps clearly visible on the upper trace. The 317Hz test
signal is not very completely delineated, due to having
only three or four points per sample at the 0.5s/div
sweep speed, but its peak amplitude (about 2V, somewhat in excess of the device's recommended maximum
input of 1Vrms) is clearly indicated.
The 80 to 70dB step is somewhat compressed, probably owing to picking up stray RF signals since the
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INPUT AMPLITUDE - dem

device was mounted on an experimental plug board, and
not enclosed in a screened box. With its high gain and
wide frequency response, this chip will pick up any signals that are around.
The device proved remarkably stable and easy to use,
although bear in mind that pins 8 and 9 were connected
directly to the decoupled positive supply rail, as the limited IF output was not required in this instance.
Figure 4a shows how a very simple RF power meter,
reading directly in dBm, can be designed using this IC.
Note that here, the slope and and intercept adjustment
have been implemented externally in the meter circuit,
rather than internally via pin 5. Where this is not possible, the arrangement of Fig. 4b should be used.
This is altogether a most useful device: if it is hung on
the output of a TV tuner with a sawtooth on its varactor
tuning input, it provides a simple spectrum analyser with
80dB range log display. Clearly some extra IF selectivity in front of the AD606 would be advisable.
References
1. GEC Plessey Semiconductors Professional Products IC

Handbook.
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HYPOTHESIS

The healing face of
electromagnetic fields
How can the same

portion of the
electromagnetic
spectrum both hurt and
heal? Elizabeth Davies
explains that the secret
seems to be in our ability

to tune them to our
needs

all news about electromagnetic

these fields by exogenous signal generators,

fields is bad. Extensive publicity has
been given to the role of electromag-

utilising Helmholz coils, (a non-invasive tech-

Nof

netic (EM) fields

in

the onset of child

leukaemias1. Worries over our exposure to
mains frequencies and the fields produced by
transformers have followed. But EM fields are
not only thought to cause disease - they are
also thought to cure it.
Over the last thirty years, low frequency EM
fields have been finding more and more therapeutic applications. In orthopaedics they are
used routinely by some surgeons to stimulate
delayed bone union2. Many limbs have been
saved from amputation by this technique.
Long-term venous ulcers, creating holes in
flesh right down to the bare bone, have been
healed quickly and completely by EM fields,
and necrotic hip joints and osteoporotically
thin bones have been revived to health and full
density by low frequency fields.
So fields that can hurt, seem also to have a
role in healing. By modulating cell growth to
create a synchronised tumour cell population,
a single dose of cytotoxic drug may be used to
destroy all the tumour cells in one go, avoid-

ing many of the side effects of prolonged
chemotherapy.

Black box/bone box?
The inherent beneficial effects of EM fields on

bone cells seem to stem from the material
structure of bone. Bone has piezoelectric

It

-2

318

potentiostat were then adjusted until the
induced electric field picked up by the electrodes was identical to that produced by the
mechanical deformation. Inductive coupling of
the signal, via Helmholz coils, avoided signal
distortion evidenced by direct coupling, due to
different dielectric properties of the many biological tissues involved in transmitting the signal. Variations of the signal were used to treat
the damaged bones of live animals, (dogs, rabbits, rats, chickens).

By comparing the results with damaged

Unclear picture

-2ms-

,1111,111.

face of a bone, which was then subjected to
mechanical loading - as in normal biological
activity - and the electric signals produced
were recorded on an oscilloscope.
Mechanical stimulation was stopped and a
coil of copper wire placed close to the bone
was connected to a Taccusel PIT -20-2A
potentiostat. Driving characteristics of the

occurrence of indigenous fields may be essential to normal bone function. Reproduction of

YOMONOM0011.1., *O.

.1111111111

oped for optimising the waveform of the electrical stimulation, by simulating the endogenous waveform.
Shielded electrodes were attached to the sur-

erties due to its collagen matrix. Natural

it produces streaming potentials in its fluids
during stress; and it has semiconductor propexperimentally, though not clinically.

Following years of research (see box History) by 1974 a method had been devel-

bones of a similar control group given placebo
treatment, the most effective signal was optimised. In this way signals were developed for
different pathological conditions of bone and
other connective tissue.

properties: it reacts electrically to deformation;

Bart's bone box has been used

nique) or by implanting electrodes (an invasive, surgical technique) has been shown to
heal bones: the electronic signal generators
used are known colloquially as "bone boxes".

OtTIS -

But the scanty and incomplete picture formed
by the research to date, shows that a great
deal more time and money must be invested in
unravelling the important parameters of both
signal and receiver in this apparently important biophysical interaction.
Many orthopaedic therapeutic devices are
now on the market, all designed by different

companies and generating different signal
waveforms, and all claim to have an indispensable characteristic in their waveform
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CONGRESS LANDMARK
The First World Congress for
Electricity and Magnetism in
Biology and Medicine takes place
this June in Florida, bringing
together the four main sponsoring
journals in this field:
Bioelectromagnetic Society,
Biological Repair and Growth
Society, Bioelectrochemical Society,
and the European
Bioelectromagnetics Association.
The Congress is also sponsored and
supported by the IEEE Engineering in
Medicine and Biology Society, by
the IEEE Power Engineering Society,
by URSI Commission and by other
international and industrial bodies.
Men and women from a variety of
disciplines will be attending and the
beneficial as well as the hazardous
effects will be discussed. The
Congress should lead to heightened
awareness and communication
about the benign possibilities of
electromagnetic fields, and perhaps
it will generate a more coordinated
international research initiative. It

will certainly be a landmark for the
future development of healing fields.

Companies such as EBI are looking forward to
the day when non-invasive treatment by EM
fields will become an accepted technique.

sisting of pulse trains of 3.5kHz pulses gated
at 15Hz, induces a voltage of 2mV/cm in the
bone.

Both these last signals have proved effective

clinically.
Frequency dependency

design. Unfortunately, commercial interests
and patents have added mystique to the important parameters of each waveform. The wave-

form is frequently a square shaped pulse, or series of pulses known as a pulse train, but the
range of signals is diverse.

The signal from the Bares bone box,
designed by Phil Byrne (Newcastle) induces
4mV in a 98 -turn search coil, equivalent to
0.4gauss on a calibrated Hall probe. The pulse
is asymmetrical and pulse repetition is 500Hz,
gated at 50Hz. So far this signal has been use

experimentally, but not clinically.
Bassett's signal used to treat osteonecrosis

Fourier analysis of the clinically effective signals, reveal maximum power in the low frequency part of the spectrum, about 0.7Hz5. Dr
Ross Adey, of the Brain Research Institute of

the University of California, claims that the
biological response to EM fields is frequency
and dose dependent6.
In 1980 Ross performed experiments with

cat brain tissue, showing that the binding of
calcium ions was affected by weak electromagnetic fields of a strength and frequency
similar to endogenously produced fields seen

on the electroencephalogram (EEG). He
showed how a 147MHz field at tissue inten-

sity of 0.8mW/cm2 increased calcium ion

induced in the 65 -turn, 42 gauge wire search

efflux from brain tissue only when amplitude
modulated at 6-20Hz. Maximum stimulation
was at 16Hz, and outside this frequency range
window there was no effect. Using a similar
waveform, C S Blackman in the US noted a

coil is 21.5mV positive and 3mV negative.

narrow field intensity window, maximal at

Peak flux density is 5.4mT.
To treat a non -uniting fracture, a signal con-

0.75mW/cm2.
Adey, repeating his experiments, confirmed
an intensity window between 0.1 and

(dying bone) is a single asymmetric pulse
repeated at 72Hz. It induces a voltage of 11.5mV/cm in the bone, and peak voltage

-0.38ms

1mW/cm2, using a 450MHz carrier wave
amplitude modulated at 16Hz. Similarly, out-

side this amplitude window, there was no
response. By contrast, ELF fields between 620Hz, inducing field intensities lower by several orders of magnitude, decreased calcium

-4.6 msOsteonecrosis has been treated by Bassett's
signal.

efflux. The interesting observation was that
the frequency and size of the response of the
tissue was the same whether it was stimulated
or damped.
Consistency of the magnitude of response,

HISTORY
I n 1959, the early pioneers of the
therapeutic technique, Dr Robert
Becker and Dr Andrew Bassett3, were
working on regeneration of amphibian
limbs when they realised the potential
of the EM field technique for human
orthopaedic pathologies. As a result
they were persuaded to use
electromagnetic fields as a last resort in
the case of severe bone trauma offering an alternative to amputation.
Their success rate, even in the face of
complications such as gangrene, was so
outstanding that other orthopaedic
surgeons soon took notice. As a result
Bassett developed his own equipment,
marketing it through a company he
formed for the purpose, Electrobiology
Incorporated, (EBI) of New Jersey, USA.
EBI is still researching and developing
new equipment, funding research in
laboratories all over the world, and has
its own research directors.
In the US, the FDA (Food and Drug

Administration) has funded a
symposium to review and explore
further the possible uses of
electromagnetic field therapy.
Conclusions of the scientific meeting
were that electromagnetic field
therapies would soon become a
complementary medicine, available to
every doctor.
Between 1984 and 1989 some
excellent work, funded by EBI, was
carried out at Strangeways Laboratory in
Cambridge, by Sylvia Fitton -Jackson,
Richard Farndale and Clifford Murray4
using an in vitro bone cell model. This,
and other in depth studies, helped EDI
to develop a clinical signal that proved
effective.

10-15% increase in efflux in either direction,
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together with the extreme sensitivity to narrow
frequency and amplitude windows, suggested

Signal used to treat non -uniting fracture.

tary and even supplementary therapy for many
diseases. Fine tuning of the body by EM fields

to Adey that a particular class of calcium
membrane sites was sensitive to low frequency EM fields. Sensitivity was possibly caused

taining only a fraction of the harmonic at

by alterations in charge and hydrogen ion

15Hz, as with a lower amplitude (10-4T2/s)
pure sine wave - when that sine wave was at

binding using quantum biochemical effects.

15Hz.

Adey's discovery has been corroborated
independently by many other scientists in different laboratories.

Electrical/mechanical link
Clinton Rubin's excellent experiments have
shown a link between mechanical and electrical stimulation of bone. The effect suggests
that longitudinal acoustical waves, as well as
transverse EM waves, can be used to modulate
cell growth. Rubin found a growth response of
bone cells, maximising at 15Hz, and went on

to show how this could be reproduced by
externally applied EMF, with a maximal
response, again, at 15Hz. He achieved the
same stimulatory effect on bone growth with a
higher amplitude (10-3T2/s) square pulse, con -

The Cyclotron Resonance theory proposed
by Liboff and others attempts to explain the
effect of EM fields on living matter through
interaction with ions at a cell membrane level.
Interestingly, it predicts a resonant response
for calcium ions around 15Hz.
Neglected therapy
Researching EM field therapy involves hand-

ling large numbers of variables and reproducibility is difficult. As a result some excellent workers have been glad to leave the field.
Nevertheless, many respected researchers

who have seen for themselves the subtle
metabolic changes effected by EMF, are pos-

itive that this effect will be used in the next
century, when our understanding has grown.

CALLING ELECTRONICS ENGINEERS
he signal/tissue response must be researched more thoroughly - different
I tissues seem to respond differently to different signals. But one practical

problem is that only a small range of signal parameters can be investigated
thoroughly with one biological model in the time scale of a normal research
project. Researchers have used a range of models and signal parameters, but few
have attempted a really substantial study using one model for a whole range of
signal parameters, or vice versa. The problem lies in the temporal and financial
constraints imposed on any piece of research.
What is wanted is a good, inexpensive variable research tool, so that basic
research can be standardised. Researchers need a signal generator, inductively
coupled to Helmholz coils, that will produce, athermally, square pulses as well
as sine waves - of different frequencies, amplitudes, continuous or gated in
trains.

The unit would also need to generate, via a second pair of coils, a DC magnetic
field of variable strength. With this addition, it could also be used to test the
cyclotron resonance theory.
Such a tool could be used with a number of specified biological models, to
exhaust all of its parameters, and a completed map compiled. Until this happens
research remains enigmatic, exciting but fragmentary and lacking in systematic
coordination of investigative effort.
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The technique could provide a complemenmight provide a remedy for presently incurable diseases, such as multiple sclerosis and
osteoarthritis.
Yet this innovative non-invasive therapeutic
technique remains underfunded and languishing in relative obscurity, applied and
researched only by a few visionary and committed individuals. Many doctors are unaware
of the existence of a therapeutic application of
EM fields, and some biologists still adamant-

ly deny any possible effect of insubstantial
"fields" upon solid flesh and bone.
The effects are subtle, there is no doubt, and
their safety needs to be further explored. Only
collaboration of electronic engineers, mathematicians, biologists, doctors, physicists, biochemists and chemists will unravel the knot of
bioelectromagnetic interactions.
*Elizabeth Davies is currently completing her PhD research
thesis. She is employed in the Pharmacy Department,
University of Brighton.
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featuring unlimited design capacity.
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Purchase price is 100% credited when upgrading 1,,

a bigger version. Also suitable for study & hobby
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Preset on time for battery equipment
This circuit was designed to switch an
I alarm on for a short time after a switch is
momentarily made, while normally drawing
no current.
Operating switch Sw1 applies voltage to the
load and to the 555 timer /CI. Current drawn
by the 555 illuminates the led, D2, to indicate that the circuit is on and also to reduce
current drain by lowering the supply voltage
to the timer. At switch -on, pin 3 of the timer
is high, so that Trzi are both conducting.
After the momentary switch contact, Tr2 still

supplies load current until C1 charges
through RI - about 2s with the values
shown. Capacitor C1 eventually triggers the
timer, pin 3 goes low, both transistors turn
off and the circuit becomes quiescent. Diode
D1 discharges the capacitor when the load

voltage collapses.
Resistor R2 is an additional load to avoid an
intermediate state in which feedback puts
the timer into a linear configuration.

Steve Winder
Ipswich

Load is energised for a short time after a switch is
momentarily made. Circuit normally takes virtually no
current, so is useful for battery -powered equipment.

MOMENTARY SWITCH

9V
LOAD

Tr1

D1

1N4148

BC560

D2

LED
LOAD

Tr1

100k

BC560

R4

9V

MOMENTARY
SWITCH

R1

100k

8

R3

160k

ICI
Tr2

1M

10R

555

BC550
cmos schmitt
inverter

$ R2

C1

10k

22uF

Alternative arrangement recommended
by our editorial consultant

State machine for 2.5s division ratio
n Circuit Ideas for December 1991,
p.1051, Yongping Xia proposed a method
of pulse frequency division by 2.5. My
method uses a programmable logic device
and state machine technique, thereby
showing that PLDs can be used for
asynchronous logic.
Figure 1 shows input and output, which
are to be repeated until the starting
input/output relationship is repeated, the
divider then cycling in a loop.
Input conditions for every state transition
are shown in Fig. 2, the state chart

S111 SO

SiSII S3J. S2

561514IS12 S8 S9 S11I SO

Fig. 1. Input and output waveforms of 2.5
divider. Cycle repeats when starting
conditions are repeated.
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compiled by inspection of the waveforms
in Fig. 1. Each of the ten states is given an
unique state code and, since the operation
is asynchronous, it must be a Gray code
sequence in which the progression is by a
change of only one code bit each time.
To program the PLD, one must prepare a
file to define pin functions, state code bits
and logic conditions for active inputs and
outputs. In the several design software
packages such as Cupl, Abel and some
shareware software from the manufacturers
mentioned in this journal for July 1989
p.667, there is provision for defining
transitions using the format:
Again, in an asynchronous system, the
PLD clock input must be programmed and
connected in the inactive state. A rough
idea of a practical circuit is shown in Fig.
3, but a manufacturer's data is needed for a
working design.
I Austin
Wallasey
Merseyside

present(state) if(input condition)
if(input condition)
out(output).

next(state)
next(state)

Fig. 2. State chart of divider system. Ten
states are needed, numbered in Gray code,
since the system is asynchronous.

clock
(not used)
reset
RST CLK

input

output

4

state feedback
(if not inside PLO)
Fig. 3. Basic implementation of system.
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This stepper motor controller uses no discrete
semiconductors, the diodes being contained in the
transistor array XR 2003. The circuit controls motors
taking up to 500mA per winding.

Stepper motor
control
Two chips, a universal shift register

D
+5V

74194

I and a darlington transistor array,
form a stepper motor controller with no
10k
visible discrete devices; the free -wheelData Input (left)
ing winding diodes are in the array.
2
Data Input (right)
7
Pulses into the data shift right/left inputs
Clock
of the 74194 universal shift register pro9
duce logic sequences for both directions
6
10
of motor rotation, depending on the
C2
Direction
polarity of the direction control signal to (CW/CCW=1/0) 5V
the So and Si inputs; the input data is
10k
sequentially output from Q0_3 or Q3_0 at
Reset
each positive -going clock pulse.
Each device in the XR2003 seven -tran10uF
sistor array handles a 500mA continuous collector current at up to 45V and
devices may be paralleled. The inverter
SO
on the direction input to the 74194 is
Si
part of the XR2003.
V Lakhshminarayanan
CLEAR
Waveforms seen in
DSR
Centre for Development of
the circuit for
DSL

---_

Telematics
Bangalore
India

B

C

D2

D3

04

C2B

A

OA

B

OB

C

QC

D

QD

15

14

14

C2C

3

3

12

C2D

SRSI
2

SLSI

C26

CLK
SO
S1

CLR

IC2 = XR2003

DIODES Dl -D4 ARE IN IC2

IC1

IC1/2, PIN 8 = OV

ICI, PIN 16 = +5V

CLOCK
I

I"

clockwise motor
rotation.

00

L
01
Q2
Q3

clear shift right

DO YOU HAVE A Programmable
£100 CIRCUIT? instrumentation amplifier
AS OF THE JULY
ISSUE, EACH MONTH'S
TOP CIRCUIT IDEA
AUTHOR WILL
RECEIVE £100. ALL
OTHER PUBLISHED
IDEAS WILL BE
WORTH A MINIMUM OF
£25. WE ARE LOOKING
FOR INGENUITY AND
ORIGINALITY IN THE
USE OF MODERN
COMPONENTS

ain of this three -op -amp amplifier is

V given by A=(1+2R/R,), x being the
value of one of the resistors in the 1H5070.
Selecting this resistor by the Ao-A2 lines
produces a programmed -gain amplifier.
The TAB 1042, as well as being a
conventional op -amp, is also an analogue

switch, shutting down when no bias current
goes to pin 8. A timer feeds pin 8, so that the
operating time is programmable from about
ls to 24h.
Kamil Kraus
Rokycany
Czechoslovakia
AMP IS TAB1042

SUPPLIES ARE +/-12V

+12V

+5V

Vin

AO

10K

10K

IH5070

18
6

4

5

7

Vont

Al

16

A2

5

R

R6

R8

R7
HCT555
19

24

25

26

28

27

_L

10K

O
Vin

12V
10K

Three op -amp instrumentation amplifier, programmed in time range and gain, which is set by
selecting one of the 1115070 resistors by the A0 -A2 digital input.
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4 -digit display for binary data
To present 14 -bit binary signals on a

DIM N(4)

SEGMENT(I) = 10

seven -segment display, this circuit uses
three ICs, one of them an eprom.
In the diagram, the Q4 and Q5 outputs of
the free -running counter ICI drive the A14
and Al5 addresses of the 64Kbyte eprom
IC3, input data being taken to A0-13. Output
from IC3 00-06 is a seven -segment drive
signal for the display, taken via current limiting resistors.
Outputs Q4 and Q5 from ICI drive a 3 -to 8 decoder IC2, whose outputs Y0-3 select
one of the four dispays, since the input data
chooses four different addresses. As an
example, if the input is 1A4Chex.,
equivalent to 6732, the address is I A4Chex.
when ICI Q4 and Q5 are 0, IC2 Y0=0 and
the right-hand display operates. Since
Y1,2,3=0, the other three are off. If Q4=1
and Q5=0, the address is 3A4Chex., Y1=0
and the next display comes on. In this way,
if 1A4Chex., 3A4Chex., 5A4Chex. and
7A4Chex are programmed with the seven segment of 2,3,7,6 respectively, the displays
show these characters one by one, flicker
being reduced by a high scan speed.
Maximum display is 9999 and the display
is off for greater numbers.
The following QuickBasic listing
generates the eprom files, files 1 to 4 storing
the seven-segmant forms of four digits right
to left.

DIM SEGMENT(4)

END SELECT

WRITE `I, SEGMENT(I)

OPEN "DATA1" FOR OUTPUT AS #1
OPEN "DATA2" FOR OUTPUT AS #2

NEXT I

OPEN "DATA3" FOR OUTPUT AS #3

NEXT NUMBER

OPEN "DATA4" FOR OUTPUT AS #4

CLOSE #1

CLOSE #2
FOR NUMBER = 0 TO 9999

CLOSE #3

N(1) = NUMBER-INT(NUMBER/10)*10
N(3)=INT(NUMBER/100)-INT(NUMBER/1000)*10
N(4) = INT(NUMBER/1000)
FOR I = 1 TO 4
CASE 0

SEGMENT(I) = 40
CASE 1

Transconductance
squarer

SEGMENT(I) = 79
CASE 2

SEGMENT(I) = 24
CASE 3

SEGMENT(I) = 30
CASE 4

SEGMENT(I) = 19
CASE 5

SEGMENT(I) = 12
CASE 6

SEGMENT(I) = 02
CASE 7

SEGMENT(I) = 78
CASE 8

SEGMENT(I) = 00

+5V

2N3906 x 4

14 -bit binary data
connected to DO -13
appears on the seven segment display,
numbers being shown
one at a time at a speed

AAr-1k

high enough to avoid
flicker.

1k x7
1

9

1

An op -amp and a dual fet combine to
give an output kvi2 when vi>0.
National Semiconductor's 2N5452 n channel dual fet has good matching
between the two devices and low output
conductance. Normally, the voltage
between the fet gates and the non inverting op -amp input is constant at Vp,
the pinch -off voltage of the two
transistors. VGS2 is (v;++
and i0N1 is
proportional to vi2.
The coefficient k is adjustable by
means of the 51d2 input variable, the two
diodes and the 4.71a2 resistor ensuring
that imn does not exceed ims and
affording negative feedback should vi+
become greater than IVpl. Output voltage
must lie within the 5-15V range.
Including an absolute -value detector at
the input produces a true squarer, in that
either polarity of input gives the same
output.
With a 741, the circuit works at several
kilohertz.
Alexandru Ciubotaru
University of Texas at Arlington
Texas
USA

11

1

5432 0197
noon
OrNC1V(n(ON1

}}}}}}}}
1C2

111

2 3 5 6 7

Yongping Xia
West Virginia University
Morgantown WV, USA

SELECT CASE N(I)

CASE 9

1k

CLOSE #4

N(2) = INT(NUMBER/10)-INT(NUMBER/100)*10

89

Ola and 01b are matched pair on the same chip

74HC138

0.- CV c0,1- LACO N00000000

1C2

2N5452

00

2 3

CO

O,A

000

<000

27512

6 4 5

+5V

st

Ww
<C<<<<<<<<<<<<<<< lop
222
22
22
02
0 9
7 6 5 4 3 541 32671
0.-Cs1C0,11101,-0001

<fn
CNN

0113

Vi>0

5k

yes'

2 3

u) (ON- c0 Cr, 0 CO Ma

9 0

00
CUL.

ICI

a

-15V

CD4060
cc

2

D13

2N5452

4k7

7 5 4 6 4 3 5

0000000500

DO

Vi

Current at the output of this simple circuit is
proportional to the square of the input
voltage, for inputs greater than zero.
Absolute -value circuit makes it a true
squarer.
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BENCH POWER SUPPLIES Superbly made fully cased (metal)

90 WATT MAINS MOTORS Ex equipment but ok Good general

MICROWAVE CONTROL PANEL Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 relay

giving 12v at 2A plus a 6V supply. Fused and short circuit protected

pupose unit £9 00 ref F9P1

For sale at less than the cost of the case, Our pnce is £4.00 ref

HI Fl SPEAKER BARGAIN Originally made for TV sets they)

outputs one for power and one for pulsed power (programmable)
Ideal for all sorts of precision timer applications etc. Now only £4.00
ref 4P151. Good eapen mentors board.
FIBRE OPTIC CABLE.Stranded optical fibres sheathed in black
PVC. Five metre length £7.00 ref 7P29R or £2 a metre.
12V SOLAR CELL200mA output ideal for tnckle
charging etc. 300 mm square Our pnce £1500 ref
15P42R. Gives up to 15v

4P103R

consist of a 4" 10 watt4R speaker and a 2" 14OR tweeter h you want
two of each plus 2 crossovers for £5.00 ref F51.2

SPEAKER WIRE Brown twin core 100 feet for £200 REF 2P79R
720K 3 1 a DISC DRIVE FOR EiBrand new lofts made by JVC
complete with tech info just £9.009 they have a metal tab instead of
a button and you may want to fit en led. Combined power and data
cable easily modified to IBM standard. ref L9P2.
MONO VGA MONITORS £59 Standard IBM compatible monitor
made by Amstrad. Ex display Our price just £59. Ref 59P4RB
CAR BATTERY CHARGER Brand new units complete with panel
meter and leads 6 or 12v output £7.00 ref J7P2.

PASSIVE INFRA -RED MOTION SENSOR.
Complete with dayhght sensor, adjustable lights on

.p.L.0

EMERGENCY LIGHTING SYSTEM
Fully cased complete with 2 adjustable flood lights. All you need is a
standard 6v lead acid battery Our price is just £10 ref J10P29

AMSTRAD 464 COMPUTERSCustomer returned units complete
with a monitor for past £35i These units are faulty non returnable.

WOLSEY DIAAC DECODERS
Made for installation in hotels etc as the main sat receiver no data but
fully cased qualty unit. £20 ref K20P1. Suitable psu £8 ref K8P3.

timer (8 secs -15 mins), 5a range with a 90 deg
coverage. Manual overide facility. Complete with

CUSTOMER RETURNED SPECTRUM +2
Complete but sold as seen so may need attention £25 00 ref J25P1

REMOTE CONTROLS
Brand new infra red CONTROLS originally made for controling

wall brackets, but holders etc Brand new and guars..5.,7',1
anteed Now only £19.00 ref 19P29
Pack of two PAR38 bulbs for above unit £1200 ref 12P43R

CUSTOMER RETURNED SPECTRUM +3

WOLSEY satelhte receivers £2 ea ref K2P1 or 20 for El 9 ref K19P1.

Complete but sold as seen so may need attention £25 00 ref J25P2

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

DOS PACKSComplete set of PC discs with DOS 32, basic,
gemdesktop & gem paint No manuals, 51/4" discs £10 ref KlOP2

.0
ir

CORDLESS TIE CUP MICROPHONE

AMSTRAD 1640DD BASE UNITS

standard TV set within a 100' range! (tune TV to a spare channel).
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £500 ref
5P191R. Turn your camcorder into a cordless camera!

BRAND NEW AND CASED

CHASSIS MOUNT TRANSFORMERS

TWO BUILT IN 5 1/4" DRIVES

FM TRANSMITTERHoused in a standard working 13A adapter
(bug is mains driven). £26.00 ref 26P2R Good range
IMMATURE RADIO TRANSCEIVERS A par of watse ..X
talkies with a range of up to 2 kilometres. Units measure

MOTHER BOARD WITH 640K MEMORY

KEYBOARD, MOUSE & MANUAL

22x52x155mm Complete with cases and earpieces
£30.00 ref 30P12R

transmits between 88-108MHZ FM 52cm x 2cm, uses L R44 watch
battery. Complete with wire aerial & battery. £16 ref K16P1.
240v primary, 12v secondary 20VA £2 ref K2P2
240v primary, 16v secondary 10A (spit winding). £10 ref Ll OP1

100 RED LED PACK (5MM) £5 REF K5P2
12V STEPPER MOTOR Ideal for models etc. 3" dia. £2 ref J2P14
CAPACITOR BARGAIN PACK 100 CERAMICS £2 REF J2P2.

SPECTRUM JOYSTICKS TWO FOR £5 REF J5P2.

OUR PRICE JUST

FM CORDLESS MICROPHONE Small hand held unit 111-----J
with a 500 range, 2 transmit power levels Reqs PP3 battery. Tun-

AMSTRAD PC CASE, POWER SUPPLY AND 720k FLOPP
DRIVE ALL THIS FOR £30 REF030P15

-

eable to any FM receiver. Our price £15 ref 15P42AR.

£79!!!!

12 BAND COMMUNICATIONS RECEIVER. 9 short-- ---.
bands, FM, AM and LW DX/local switch, tuning 'eye' mains or 'mg]
battery. Complete with shoulder strap and mains lead £19 ref ..!.2*'-`-`-ART
19P14R. Ideal for listerOng all over the world.

USEFUL POWER SUPPUES. 18v 900mA dc output (regulated)
fully cased with mains cable and DC out cable £6 ref KEPI

UNCASED PC POWER SUPPUES. Standard PC eau without

TO D TYPE LEADS

CAR STEREO AND FM RADIO.Low cost stereo system giving

Standard Scam on one end, Hi density D type (standard VGA

5 watts per channel. Signal to rose ratio better than 45db, wow and
flutter less than .35% Neg earth. £19.00ref 19P30

OZONE FRIENDLY LATEX

connector) on the other. Pack of ten leads only £7.00 ref 7P2R
250mlbottle of liquid rubber Basin 2 hours. Ideal for mounting PCB's
fixing wires etc £2.00 each ref 2P379R

LOW COST WALIKIE TALKIESPar 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 EQUALIZERplus a 60 watt

VIEWDATA SYSTEMS
Brand new units made by TANDATA complete with 1200/75 built in
modem infra red remote controlled qwerty keyboard BT appproved
P restel compatible, Centronics printer port RGB colour and compos-

=;

power amp, 20-21KHZ 4-8R 12-14v DC negative earth. Cased. E25
ref 25P14R.

ite output (works with ordinary television) complete with power
supply and fully cased. Our price is only MOO ref 20P1R
COMMODORE 64 COMPENDIUM Pack consisting of a Com-

NICAD BATTERIES. Brand new top quality 4 a AA's £4.00 ref
4P44R. 2 x C's E4.00 ref 4P7314, 4 D's £9.00 ref 9P12R, 1 a PP3
£6.00 ref 6P35R Peck of 10 AAA,s £4.00 ref 4P92R

modore 64 computer, power supply, data recorder and software. All
for £69 ref 069P1

TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The ultimate equivalents book. New ed £20.00 ref 20P32R
GEIGER COUNTER KIT.Complete with tube, PCB and all components to build a battery operated geiger counter. £39.00 ref 39P1 R

PPC MODEM CARDS Made for the Amstrad PPC1640/1512
range these are plug in modules that operate at 2400 baud No data
£15 ref 015P5

FM BUG KIT.New design with PCB embedded cod 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 H sync, V sync and video 12v DC. £8.00 ref 8P39R
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 rpm 6"a4" 1/4"
0/1, shah. New. £20 00 ref 20P22R. Limited stocks
As above but with fitted 4 to 1 inane reduction box (80Orpm) and
toothed nylon belt drive cog £40.00 ref 40P8R. 800 rpm.
ELECTRONIC SPEED CONTROL KITfor 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

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 C15.00 ref J15P4

PHIUPS LASER. 2MW HEUUM NEON LASER TUBE.
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 KITAs supplied it vial handle up to about
15w at 220v but with a largertransformentarill handle 80 watts Basic
kit El 2 00 ref 12P17R Larger transformer £12.00 ref 12P41 R.

25 WATT STEREO AMPLIFIER IC. STK043 With the addition
of a handful of components you can build a 25 watt amplifier £4.00
ref 4P69R (Ciroat dia included)

PP3 nicads. Holds up to 5 batteries at once. New and cased, mans
operated £6.00 ref 6P36R
IN CAR POWER SUPPLY.Plugs into agar socket and gives3,4,5,6,7.5,9,

and 12v outputs at 800mA Complete with universal
spider plug. £5.00 ref 5P167R.
QUICK CUPPA7 12v immersion heater with lead and cigar lighter
plug E3.00 ref 3P92R. Ideal for tea on the move!
LED PACK .50 red. 50 green, 50 yellow all 5mm £8 00 ref 8P52
IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel
£5.00 ref 5P186R. 3 metre version £6.00 ref 6P50.
COPPER CLAD STRIP BOARD17"x 4" of .1" pitch "vero" board
£4.00 a sheet ref 4P62R or 2 sheets for E7.00 ref 7P22R
STRIP BOARD CUTTING TOOL.E200 ref 2P352R.

WINDUP SOLAR POWERED RADIO! FM/AM radio takes rechargeable batteries. Complete with hand charger 8 solar panel
14P200R. Set of 2 AA nicads £2 ref L2P9

PC STYLE POWER SUPPLY Made by
AZTEC 110v or 240v input. +50 15A.+12
@5A,-12@ .5A,-5 @ 3A. Fully cased with
fan, on/off switch, IEC inlet and standard
PC flyleads. £l5.00 ref Ft 5P4

TELEPHONE HANDSETS10 brand new handsets with mic and
speaker only £3.00 for 10 ref 3P146R

MODEMS FOR £1.25? These modems are suitable for stripping
only hence they are only 4 for £5 ref J5P3

£10 ref Q1 0P3.

SOLAR POWERED WOODEN MODELS. Complete with solar

AMSTRAD DMP4000 PRINTER ASSEMBLIES Entire pnnter

panel, motor and full instructions £9 ref J9P2 3 dill £20 ref J20P3.
SOUND OPERATED LIGHT. Clap your hands and light comes
on. Turns after preset delay (4 AA's req'd) £2 ref J2P3

TOROIDAL TRANSFORMER 146VA with tappings at 8v, 10v and
32v will give 50v at 3A or 32 at 4A etc. Centre tapped primary £9 ref
09P2. Fixing kit is £2 ref 02P1
AERIAL BRACKETS Wall plate 7.5" sq complete with rawl bolts,
10" stand off brackets with standard tube clamps Will take up to Z'
mast. Substantial bracket (would take body weight). £7 ref 07P1
TV SOUND RECEIVERS Popular units that with the addition of a
speaker act as a to sound receiver. Ideal as a stand alone unit or for
connecting into HI Fl £12 ref 012P4
2,000 COMPONENTS FOR £3 Yes thats right' just send us £3 and
you can have 1,000 resistors plus 1,000 capacitors! Our choice of
value. Order ref 03P1.
ETRI FANS Mains, 11 watt 80mm diameter. ES Ref 06P3.
LIGHTGUNS Originally made for the Spectrum+2 but may have
other uses (good stripper). £2 Ref 02P3
GX4000 GAMES CONSOLES Complete with motor raang game.
psu and joystick £15 ref Q1 5P3. Extra 4 games £12 ref 012P2
VCR RABBIT SYSTEM Lets you control your VCR from a second
set using the VCR remote control. Retail £99 ours £3911,
CAMERAS Customer returned units. 3 for £10 ref Ll OP2
STEAM ENGINE Standard Mamod 1332
engine complete with boiler piston etc £30
ref 30P200
-

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R
12V 19A TRANSFORMER Ex equipment £20 but OK.
POWER SUPPUES Made for the Spectrum plus 3 give +5 @
2A, +12 @700ralA & -12 @ 50mA. £8 ref 08P3
UNIVERSAL BATTERY CHARGER.Takes AA's. Qs. D's and

EPROMS 27C64 PACK OF 10 07 REF M7P1. 27C256 PK OF
10 £9 REF 119P1. 27C512 PK OF 10 £10 REF M10P1.

cal assembles including pnnt head, platen, cables, stepper motors
etc etc intact everything bar the electronics and case) Our price just

Everything bar the electronics and case. Our once lust £20 ref
020P2

inroads in 8 hours. Brand new and cased £6.00 ref 6P3R 2oC

FRESNEL MAGNIFYING LENS 83 x 52mm £1 00 ref BD827R

AMSTRAD L03500 PRINTER ASSEMBLIES Entire mechani-

assemblies including pnnt head, platen, cables, stepper motors etc

cal model £6.00.

case, fan etc. Good for spare or low cost PC, £4 ref L4P6
RADAR DETECTORS. Detects X and K bands lie speed traps).
Not legal In the UK so only available If you Intend to exportit. £59
ref J59P1.
100 WATT MOSFET PAIR.Same spec as 25k343 and 2S..1413
(8A,140v, 100w) 1 N channel and 1 P channel. £3 a par ref J3P9.
LOW COST CAPS. 1.000 capacitors £3 (31.9,25v) ref J3P10
VELCRO. 1 metre length 20mm wide. blue £2 ref J2P16
JUG KETTLE ELEMENTS. Good general purpose heating element just £3 ea ref £3P8 or 5 for £10 ref J10P3
VERY BIG MOTOR. 200v induction 1.1 kw 1410 rpm 10"a7' GEC
1" keyed shaft Brand new £95 ref ..195P1
BIG MOTOR. 220-240v I 425rpm 2.8A 5/81h" keyed shaft GEC 6.5"
x 8" complete with mounting plate £38 ref J38P1.
SMALL MOTOR. Electrolux 160 watt 3,000 rpm, 220-240v 5/8"
shaft precision built £18 ref J18P1

HANDHELD TONE DIALLERS
Small units that are designed to hold
over the mouth place of a telephone to
send MF dialling tones Ideal for the
remote control of answer machines £5.00 ref 5P2

AMAZINGTALKING COINBOXI
Fully programmable talking, lockable combox BT approved, retail
once is £79 ours is just £299 ref J29P2
ANSWER PHONES E15 Customer retumed units with 1112 faults one

FERGUSON SRB1 REMOTE CONTROLS. Brand new units
ideal for a spare or have two remotes' £4 each
5 1/4" 360K DISC DRIVE Made for AMSTRAD 1640/1512 machines. White I ront Our price just £9 ref 09P1

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

case +psu £60.00 ref BPCC2, Minrtower ca. +psu £51.60 ref
BPCC3, Dekae midi case +psu £90.00 ref BPCC4.
MONITORS Mitac 14" SVGA .39DP £174 ref BPCM32, Mitac 14"
SVGA 28DP £202 ref BPCM01.
MEMORY 256K Simm 70ns £E40 ref BPCM11, 1 MB Simm 7Ons
£26.40 ref BPCMI2, 4MB Simm 7Ons E96 ref BPCMI3
MICE 2 button serial mouse with 3.5" s/ware. £8.40 ref BPCMI6,
3button sepal mouse with 3.5" s/ware £9.60 ref BPCMI7
KEYBOARDS 102 AT UK standard keyboard £18.60 ref BPCMI4,
Deluxe keyboard 102 AT UK £26.40 ref BPCMI5.
SOFTWARE MS DOS V5 OEM version £39.60 ref BPCMI6, MS
WINDOWS V3.1 OEM version. £42 ref BPCMI9
MOTHERBOARDS 286-16 Headland chipset £46.80 ref
BPCME11 , 356SX-33 Acer chipset £82.80 ref BPCM132, 386SX-40
UMC with 64K cache £110 ref BPCMB3, 486SX-25 UMC with 64k
cache El 91 ref BPCMB4, 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 ref BPCD1305, 1 2MB
5.25" drive £38.40.3.5" mounting kit £5 ref BPCDD07

HARD DRIVES 42MB IDE 17ms £99 ref BPCDD01, 89MB IDE
16rns ref BPCDD02, 130MB IDE 15ms E215 ref BPCOD03, 213MB
IDE 14ms £298 ref BPCDD04.
VIDEO CARDS 256k GET 8 bit SVGA card £1920 ref BPCVC01,
512k Trident 9000 16 tart SVGA card £31 20 ref BPCVCO2, 1MB

Trident 8900 16 bit SVGA card £45 ref BPCVC03, 1MB Cirrus

we tell you how to fix the other you do your self, £18 ref J18P2 or 4
for E60 ref J60P3 BT approved (retail price £79 959 each)

AVGA3 16.7M colours £48 ref BPCVC04, 1MB Tseng multimedia
£82.80 ref BPCVC05
ADD ON CARDS Mule I/O card 2 renal, 1 parralel, 1 game, 2floppy,

COMMODORE 64 MICRODRIVE SYSTEM

2 IDE herd drives £11 ref BPCA0001. ADLIB sound card with

Complete cased brand new drives with cartridge and software 10
times faster than tape machines works with any Commodore 64
setup. The orginal price for these was £49.00 but we can offer them
to you at only £25.00! Ref 25P1R

speakers £37 ref BPCA00O2, Orchid sound card with speakers £63
ref BPCA00O3.

BULL
ELECTRICAL
250 PORTLAND ROAD HOVE SUSSEX
BN3 50T TELEPHONE 0273 203500
MAIL ORDER TERMS: CASH PO OR CHEQUE
WITH ORDER PLUS £3,00 POST PLUS VAT.
PLEASE ALLOW 7 - 10 DAYS FOR DELIVERY

EXAMPLES OF COMPLETE SYSTEMS
386SX-33 SYSTEM
386SX-33 board at £82.80, case £51.60, 2MB ram £52.80, 42MB
dnve £99, 512SVGA card E31.20, 3.5" FDD £32.34, multi LO card
£11 SVGA colour monitor £174. 102 Aboard, E25 build fee if required. Total £579.34

486DX-33 SYSTEM
48600-33 board E378, case £51 60, 2MB ram 052.60, B9M8 drive
card £1 1,
£166, 512 SVGA card 031.20, 3.5" FDD £32.34, multi
SVGA monitor £174, 102 k/board £18.60, £25 build fee if required.
Total £939.84

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

1993 CATALOGUE AVAILABLE WITH ALL ORDERS IF REQUESTED OTHERWISE A4 SAE FOR FREE COPY.

FAX 0273 323077
SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

IN SUSSEX? CALL IN AND SEE US!
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COMPUTER ICS

MISCELLANEOUS

P8271 BBC DISC CONTROLLER CHIP EX EQPT
£20
SAA5050 TELETEXT CHIP EX EQPT
£5
2817A-20 (2K x 8) EEPROM ex egpt
£2
80088A-2 used
£1.25
27C64-25 used/wiped
£1.50 100+ £1
27S191 PROM
£2
IMS1400P-45
E2
80C31 MICRO
£2
P8749H MICRO
£5
D8751-8 NEW
£10
USED +WIPED
£6
D41257C-15 (256K x 1 DRAM)
£1 ea
NEW 4164-15
£1
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
£6
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
£2100/£1
2732-45 USED
£2100/£1
2764-30 USED
£2 100/£1.60
27C256-30 USED
£2
27C512 USED
£3.50
1702 EPROM EX EOPT
£5
2114 EX EQPT 50p 4118 EX EOPT
70p
6264-15 8k STATIC RAM
£2
GR281 NON VOLATILE RAM EQUIV 8116
£5
Z80A S10-0
£1.25
TMS27PC128-25 ONE SHOT 27C128
Cl.. 100/£70
80387-16 CO -PROCESSOR (OK WITH 25MHz 286)
E50
7126 31/2 DIGIT LCD DRIVER CHIP
£2 ea
2816A-30 HOUSE MARKED

£2 each QUANTITY AVAILABLE

REGULATORS
SANKEN STR451 USED IN AMSTRAD MONITORS
78H12ASC 12V 5A
78M05 5V 0.5A

£5
es
7/£1

LM317H TO5 CAN

LM317T PLASTIC T0220 variable
LM317 METAL
7812 METAL 12V lA
7805/12/15/24V plastic
7905/12/15/24 plastic

£1
£1

£2.20
£1

25p 100+ 20p 1000+ 15p
25p 100+ 20p 1000+ 15p

CA3085 10099 variable rag
L387 5v 1/2A WITH RESET OUTPUT

2/£1

BT PLUG + LEAD
3/£1
13A MOULDED PLUG+2m lead
£1
MIN. TOGGLE SWITCH 1 POLE c/o PCB type
5/£1
LCD MODULE sim. LM018 but needs 150 to 250V AC for display
40 x 2 characters 182x 35 x 13mm .
£10
TL431 2.5 to 36V 1092 ADJ. SHUNT REG
2/£1
6-32 UNC 5/18 POZI PAN SCREWS
f1/100
NUTS
E1.25/100
PUSH SWITCH CHANGEOVER
2/£1
RS232 SERIAL CABLE D25 WAY MALE CONNECTORS
£5.90 sa (£1.30)
25 FEET LONG, 15 PINS WIRED BRAID + FOIL SCREENS
INMAC LIST PRICE £30
STICK ON CABINET FEET RS NO 543-327
30/£1
LCD DISPLAY sim Hitachi LM016L
£6.50

AMERICAN 2/3 PIN CHASSIS SOCKET
HUMIDITY SWITCH ADJUSTABLE
WIRE ENDED FUSES 0.25A
NEW ULTRASONIC TRANSDUCERS 32kHz
Also available 28 slot varl-bus backplane same size +
Price
POWERFUL SMALL CYLINDRICAL MAGNETS
BNC 500HM SCREENED CHASSIS SOCKET
SMALL MICROWAVE DIODES AE1 0C1028A

2/C1

£2

£ pr
NEW

0/1
2/E1
1

D.I.L. SWITCHES 10 -WAY £1 8 -WAY 80p 4/5/6 -WAY
180VOLT 1WATT ZENERS also 12V & 75V
20/E1
VN 1OLM 80V 1/2A 5 Ohm TO -92 mosfet
4/El 100/£20
MIN GLASS NEONS
10/e1
RELAY 5V 2 -pole changeover looks like RS 355-741 marked

STC 47WBost
£1 Si
MINIATURE CO -AX FREE PLUG RS 456-071
2/el
MINIATURE CO -AX FREE SKT RS 456.273
$/£1,50
DIL REED RELAY 2 POLE n/o CONTACTS
££
PCB WITH 2N2848 UNIJUNCTION WITH 12V4 -POLE RELAY
£1

400m 0.5W thIck film resistors (yes four hundred megohme)

Cies £50/100

CRYSTAL OSCILLATORS
I m000 1M8432 4M000 10M000 18M000 18M432000 19M0500
20M0500 38M10000 56M6092
£1.50 each

CRYSTALS
IMO 1 M8432 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 22M1184 24M000 34M368
36M75625 36M76875 36M78125 36M79375 36M80625
36M81875 36M83125 36M84375 38M900 49M504 54M19166
54M7416 57M75833 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 112/125/42B
TIP35B/TIP35C
SE9301 100V 1DA DARL SIM TIP121
PLASTIC 3055 OR 2955 equiv 50p
2N3773 NPN 25A 160V £1.60
2N3055H

3/£1
'Cl2

3/£1 100/£22
2/E1

£1.50
2/£1

100/£35
10/£14

4 for £2

4/el

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 SUPPLIED
2/£1.50

CAPACITORS COMPUTER GRADE
24,000pF 50V
10,000pF 100V SPRAGUE/PHILIPS

£3 (£1.30)
£6 (£2.00)

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

NEW BITS
ETHERNET 4 PAIR TRANSCEIVER CABLE BELDEN TYPE
9892
£60 for 50 metres
SIM RS 361-018 Each pair foil screened + overall braided
screen
£300 for 305 metre drum
+ plus PVC outer sheath. ON 305 metre drums
10nF 63V X7R PHILIPS SURFACE MOUNT 160K
available
£30/4000 box
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

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

4/£1
4/£1
3/E1
2/E1

2/£1.35
£1.50
10/£18
10/E22
8/E1

SCRS

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

TRIACS

NEC TRIAC ACO8F 8A 600V 10220
TXAL225 8A 500V 5mA GATE
BTA 08-400 ISO TAB 400V 5mA GATE
TRAL2230D 30A 400V ISOLATED STUD
TRIAC 1A 800V TLC381T 16k AVAILABLE

£1.25
3fE1

100/£15
3/£1

DIACS 4/£1

5/£2 100/£30
2/£1 100/£35
90p
£5 ea

5 FOR £1 £15/100

CONNECTORS

D25 IDC SOCKET FUJITSU
34 -way card edge IDCCONNECTOR (disk drive type)
CENTRONICS 36 WAY IDC PLUG
CENTRONICS 36 WAY IDC SKT
BBC TO CENTRONICS PRINTER LEAD 1.5M
CENTRONICS 36 WAY PLUG SOLDER TYPE
USED CENTRONICS 36W PLUG+SKT

HI BRIGHTNESS LEDS CQX24 RED
SLOTTED OPTO-SWITCH OPCOA OPB815
2N5777
TIL81 PHOTO TRANSISTOR
TIL38 INFRA RED LED
41925, OP12252 OPTO ISOLATOR
PHOTO DIODE 50P
MEL12 (PHOTO DARLINGTON BASE n/c)
LED's RED 3 or 5mm 12/£1
LED's GREEN OR YELLOW 1
1
FLASHING RED OR GREEN L D 5mm S5oppp

£1

Sop

loo/Ee
1

100

HIGH SPEED MEDIUM AREA PHOTODIO E RS851995

£10 ea

STC NTC BEAD THERMISTORS

022 220R, 013 1K, 023 2K, G24 20K, 054 50K, 025 200K,
RES 20°C DIRECTLY HEATED TYPE
Cl..
FS22BW NTC BEAD INSIDE END OF 1" GLASS PROBE RES
20°C 200R
Cl is
Al 3 DIRECTLY HEATED BEAD THERMISTOR 1k res, Ideal for
audio Wien Bridge Oscillator
£2 ea

IC SOCKETS

5/E1

BNC TO 4MM BINDING POST SIM RS 455-961
£1
BUTTON CELLS SIM. AG10/AG12
4/£1
MIN PCB POWER RELAY 12V COIL 6V CONTACTS 2 P C/O
£1.25
AVEL-LINDBERG MOULDED TRANSFORMER TYPE 0810
15+15V 10VA QTY. AVAILABLE
£2 ea
BANDOLIERED COMPONENTS ASSORTED Rs, Cs, ZENERS
£5/1000
LCD MODULE 16 CHAR. X 1 LINE (SIMILAR TO HITACHI
LM10)
£5
KYNAR WIRE WRAP WIRE
£1/REEL
OPI1264A 10kV OPTO ISOLATOR
£1.35 ea 100+ Cl ea
'LOVE STORY' CLOCKWORK MUSICAL BOX MECHANISM
MADE BY SANKYO
£1 ea
Telephone cable clips with hardened pins
500/£2

DIODES AND RECTIFIERS

Al 15M 3A 600V FAST RECOVERY DIODE
1N5407 3A 1000V

4/e1
8/£1

100/£1.50
100/£3

1144148

1N4004 SD4 1A 300V
1N5401 3A 100V
BA158 1A 400V fast recovery
BY127 1200V 1.2A
BY254 800V 3A
BY255 1300V 3A

10/E1

100/E3
10/E1
8/£1
6/E1

£4
£3

5/£1

£2.50 100+ £1.50
HALL EFFECT IC UGS3040 + magnet
£1
OSCILLOSCOPE PROBE SWITCHED x1 x10
£12
1 pole 12 -way rotary switch
4/E1
AUDIO ICS LM380 LM386 TDA 2003
£1 Si
555 TIMERS £1 741 OP AMP
1
ZN414 AM RADIO CHIP
VOP
COAX PLUGS nice ones
4/£1
COAX BACK TO BACK JOINERS
341
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 modern cars
10/£1
STEREO CASSETTE HEAD
E2
MONO CASS. HEAD £1 ERASE HEAD
50p
THERMAL CUT OUTS 50 77 85 120°C
£1 ea
TRANSISTOR MOUNTING PADS TO-5/TO-18
E3/1000
TO -3 TRANSISTOR COVERS
10/£1
PCB PINS FIT 0.1" VERO
200/£1
TO -220 micas + bushes
10/50p 100/E2
TO -3 micas + bushes
15/E1
PTFE min screened cable
10m/£1
Large heat shrink sleeving pack
£2
IEC chassis plug filter 10A
£3
POTS SHORT SPINDLES 2K5 10K 25K 1M 2M5
4/t1
40k U/S TRANSDUCERS EX-EQPT NO DATA
£1/pr
LM335Z 10MV/degree C
£1'

£4.00
£3

£1.30
50p

CERMET MULTI TURN PRESETS 3/4"

THERMAL FUSES 220T/121T 240V 15A

£2
E1.25
£2.50

PHOTO DEVICES
CE

STRAIN GAUGES 40 ohm Foil type polyester backed balco grid
alloy
£1.50 sa 10+ £1
ELECTRET MICROPHONE INSERT
£0.90
Linear Hall effect IC Micro Switch no 613 SS4 aim RS 304-267

LM234Z CONST. CURRENT I.C.£1

TEXTOOL ZIF SOCKETS

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
E50/100m
LITHIUM CELL 1/2 AA SIZE
2 FOR £1
PASSIVE INFRA RED SENSOR CHIP + MIRROR + CIRCUIT
£2 each
EUROCARD 21 -SLOT BACK PLANE 96/96 -WAY
£25 ea
"PROTONIC 24 VARIBUS" 16.7"x5" FIBREGLASS
MULTILAYER PRH PCB
EUROCARD 96 -WAY EXTENDER BOARD 290x 100mm
£10 ea
"PROTONIC 24" c/w 2 SUPPORT ARMS/EJECTORS.
DIN 41612 96 -WAY A/I3/C SOCKET PCB RIGHT ANGLE £1 .30
DIN 41612 96 -WAY A/13/C SOCKET WIRE WRAP PINS
£1 .30
DIN 4161264 -WAY A/C SOCKET WIRE WRAP PINS
£1
DIN 41612 64 -WAY A/C PLUG PCB RIGHT ANGLE
£1
DIN 41612 64 -WAY A/B SOCKET WIRE WRAP (2 -ROW BODY)

lOR 20R 100R 200R 250R 500R 2K 2K2 2K5 5K 10K 47K 50K
100K 200K 500K 2M
50p ea

20/24/28/40 -WAY DIL SKTS
IL SKITS
32 -WAY TURNED PIN SKTS. 7k available
SIMM SOCKET FOR 2 x 30 -way SIMMS
14/16/1
8- WAY

£1 per TUBE
£2 per TUBE
3 for £1
£1

SOLID STATE RELAYS

40A 250V AC SOLID STATE RELAYS

POLYESTER/POLYCARB CAPS

100n, 220n 63V 5min
1n/3n3/5n6/8n2/10n 1% 63V 10mm
1On/15n/22n/33n/47n/66n 10mm rad
100n 250V radial 10mm
100n 600V Sprague axial 10/£1
2p2 160V rad 22mm, 2112 100V rad 15mm
10n/33n/47n 250V AC x rated 15mm
1 p 600V MIXED DIELECTRIC
1p0 100V rad 15mm, 1p0 22mm rad

£10

20/£1 100/£3
100/£5
100/E3.50
100/£3
100/£6 (E1)
100/£10
10/£1

50p ea

1000

RF BITS

XTAL FILTERS 21M4 55M0
£2 ea
ALL TRIMMERS
3 for 50p
TRIMMERS larger type GREY 2-25pF
YELLOW 5-65pF
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
SL610
74N16 MOTOROLA CELLULAR CAR PHONE 0/P
MODULE
6 VOLT TELEDYNE RELAYS 2 POLE CHANGEOVER
(BFY51 TRANSISTOR CAN SIZE)
2N2222 METAL
P2N2222A PLASTIC
2N2369A

60p ea
10/91
£5

£5 ea
£2
5/£1
10/£1
5/£1

PLESSEY ICS EX -STOCK

SL350G SL360G SL362C SL403D SL423A
SL521B SL523C SL541B SL85OC SL1021A
SP8655 SP8719DG

MONOLITHIC CERAMIC CAPACITOR
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
1/xF 50v 5mm

100/£6
100/£3
100/£5
100/£8
£6/100

SEND £1 STAMPS FOR CURRENT IC+ SEMI STOCK LIST -ALSO AVAILABLE ON
31,5" 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

VISA
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NEW PRODUCTS CLASSIFIED

ACTIVE
A -to -D & D -to -A

converters
Television D -to -As. Maximum
conversion rate of 60MHz, with a
linearity error of 0.1% are offered by
Fujitsu's MB40730/60 10 -bit digital -to -

analogue conveters. The /30 variant
accepts ECLinput and provides 0 to 2V output, while /60 takes TTL input
to give 3-5V output. Hawke
Components Ltd, 0256 880800.

S/H amplifier. LF6197 is a highspeed sample -and -hold amplifier from
National Semiconductor, which will
acquire a 10V step to within 0.01% in
160ns. It uses ±5V to ±18V supplies
and is input -compatible with cmos,
TTL or ECL. National Semiconductor,
0793 614141.

8 -channel data acquisition.
Unitrode's MN7450/1 self -calibrating,
8 -channel, 47kHz, 16 -bit data
acquisition devices contain an input
multiplexer, software -programmable gain amplifier and a 16 -bit sampling
A -to -D converter. The input
multiplexer has make-before-breal
operation and latched address inputs,
and the amplifier is gain programmable for A=1,2,4 or 8 with
no extra components. MN7450 allows
inputs of 0-5V or ±5V, while MN7451
accepts 0-10V or ±10V. Unitrode (UK)
Ltd, 081 318 1431.

Discrete active devices
Fast rectifiers. For use with high frequency switched -mode power
supplies, inverters and as freewheeling diodes, GI has available the
Ultra Gold UG series of superfast
rectifiers, which exhibit a recovery
time of 15ns. Maximum voltage in the
range is 200V and operating
temperature is -65°C to 150°C.
General Instrument (UK) Ltd, 0895
272911.

Another fast rectifier. Rectifiers by
GI in the BYV26D/E series are
miniature glass passivated junction
types with short recovery times and
peak reverse ratings up to 1kV.
General Instrument (UK) Ltd, 0895
272911.

410mW Zeners. Surface -mounted
zeners from ITT in the BZT52 range
offer a 410mW capacity and meet the
E24 standard. Thirty versions in
voltages from 2.7V to 51V at 5mA
have leakage currents down to
0.050. Maximum current is 250mA
at 25deg.C. ITT Semiconductors,
0932 336116.

Video switch. Siliconix's new
DG641/2 cmos analogue switches
exhibit an on resistance of, typically,
8Q and 50 respectively. With a
bandwidth of 500MHz, current
handling capacity is 75mA/100mA.
Crosstalk at 5MHz is 87dB/85dB.
Siliconix Ltd, 0635 30905.

Digital signal processor
Adaptive comb filter video gen.
Motorola's MC141621 advanced
comb filter video signal processor
separates luminance and
chrominance from composite video
signals. This being an "advanced"
design, it it examines the horizontal
and vertical signal transitions before
selecting the type of filtering to
minimise dot -crawl, cross -colour and
colour smear. The device can also be
used in A -to -D conversion or as a
normal comb filter. Motorola Inc.,
(USA) (602)244-3818.
Fast, 3V DSP. TI's TMS320C5x 16 bit digital signal processor range now
includes 3.3V devices having
increased speed to 25ns, rather than
suffering the more common reduction
in speed. There is power
management to give 1.5mA/Mips and
two power -down modes for increased
battery life. Texas Instruments, 0234
223252.

Linear integrated
circuits
9MHz dual op -amp. A "Butler" front
end -a combined jfet and bipolar
circuit - is used in Analog's OP -285
op -amp to give a 9MHz
gain/bandwidth, 15V/µs slewing,
250# offset and 6nVA/Hz. Long-term
voltage drift is 3000. Analog
Devices, 0932 253320.

50MHz log amplifier. Although
chiefly intended as a demodulating
logarithimic amplifier for signal
strength indication in mobile
telephones and receivers, Analog's
AD606 is also useful as a limting
amplifier in FM demodulators and in
wireless lans; both limting and
logarithmic outps are present.
Dynamic range is -75 to 5dBm to
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within ±1dB. Analog Devices, 0932
253320.

850MHz video buffer. Packaged as a
standard op -amp, Harris's new
HFA1112 closed -loop buffer amplifier
combines 850MHz bandwidth with
0.033dB gain flatness to 100MHz,
1,700V/ps slewing and programmable
gain of +1, -1 or +2. Third -harmonic
distortion is -80dB at 50MHz and
differential phase and gain are
0.02degree and 0.02%. Harris's
UHF1 technology is employed in the
new device. Harris Semiconductor,
0276 686886.

Mosfet driver. LTC1154 is a single,
high -side mosfet driver that has
extensive overload protection, draws

only 80 standby and 85µA on. To
drive n -channel fets for high -side
switching, an internal charge pump is
incorporated, as is programmable
over -current sensing. An enable input
allows control of banks of the devices.
Linear Technology Ltd, 0276 677676.

Supervisor ICs. Maxim's MAX703/4
offer protection to sensitive circuitry
against power failure, providing
battery back-up, power failure
warning, automatic and manual reset,
while drawing only 2001.1A of
quiescent current and 501.tA in back-

up mode. MAX703 is meant for 5%
supplies and the 704 for 10% rails.
Ram contents are protected by
switching to an emergency voltage
when the supply falls below the trip
threshold. Maxim Integrated Products
Ltd, 0734 845255.

180W audio amplifier. Using mixed
bipolar/cmos/dmos, SGS-Thomson's
TDA7294 is a class -AB audio power
amplifier, working on up to ±40V to
give 50W continuous and 180W with
a music signal. At 5W and 1kHz, THD
is 0.005% and over the full band of
20Hz-20kHz and at 50W, THD is
0.1%. Muting is effective for a short
time after switch -on to avoid snaps,
crackles and pops. SGS-Thomson
Microelectronics, 0628 890800.

Logic building blocks
Delay lines. A choice of four
programmable delays is available in
the Dallas DS1020 8 -bit delay line, a
cmos device whose delay is variable
in 256 steps to maxima of 73.75ns in
the fastest device or to 520ns in the
slowest of four. Logic states are
reproduced without inversion at the
output after the delay. There is an
inherent delay of 1 Ons in all the
devices. Joseph Electronics Ltd, 021
643 6999.

Mixed -signal ICs.
Telephone chip. Mitel's
TC200C is a digital telephone
circuit, which has a high-level
data control formatter for the
ISDN interface. Fully differential
audio paths have gain controls
for transmit, receive and side
tones and a transmit amplifier.
A -law and 4 -law are

implemented, with CCITT
G.714 filtering. Transducers
interface directly to the device.
The use of digital signal
processing enables half duplex, hands -free
speakerphone switching and
the TC200C generates all 16
DTMF tones. Mitel
Semiconductor, 0291 430000.

DTMF receivers. Mitel's MT3X7XB
family of low -power DTMF receivers
are 8 -pin devices for integrated
telephone answering machine, end to -end signalling and fax application.
These devices decode all 16 tone
pairs into a 4 -bit binary form, clocked
out synchronously as serial data. The
/70B has a software -controlled guard
time, while the /71B uses an internal
counter for guard -time validation with
no other guard -time circuit. Mitel
Semiconductor, 0291 430000.

Memory chips
Data saver. If the voltage supply to
the Xicor's Autostore Novram falls
below a preset level, automatically
saves the contents of a computer's
sram in a shadow eeprom, with no
intervention from the computer's
processor. At power -up, the data is
recalled into the less-than-35ns sram
for use. Data is thereby protected
during accidental power failures or
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180W. Bipolar, mosfet and Class -A
modules are available, each with heat
sink and protective circuitry. Total
harmonic distortion produced by the
mosfet designs is less than 0.005%.
Cirkit Distribution Ltd, 0992 444111.

500V, 2A mosfet driver. An
"intelligent" half -bridge mosfet and
igfet driver IC from Harris, the
HIP2500, drives a high -side ncahnnel power switch from low -side
logic with no requirement for isolation.
Operation is up to 500kHz, switching
in less than 15Ons, and the 2A drive
will turn a 3000pF mosfet gate on in
less than 25ns. Harris Semiconductor
(UK) 0276 686886.

PSU for notebooks. Linear

Compensated oscillators. As
an alternative to oven -controlled
crystal oscillators, SEI offers the
OD9208 series of digitally
compensated devices that cost
less than half the price of oven
types and use a hundredth of
the power. Short-term stability
is better than 2 x 10-9 and in
the long term better than
0.5ppm in a year. Frequencies
range from 4MHz to 25MHz
with a tolerance of better than
±0.3ppm. External adjustment
can handle ±5ppm. SEI Ltd,
0706 367501.

system crashes. Micro Call Ltd, 0844
261939.

Microprocessors and
controllers

power. Sharp Electronics GmbH,
(Germany) 040/23 760

PC stereo. In two chips, Crystal
Semiconductor's CS4215 audio
codec and CS4231 digital audio
controller confer 16 -bit stereo audio
on the PC. Software support,
including Windows drivers, is
supplied. Design is such that the PC's
CPU is not overloaded. Sequoia
Technolgy Ltd, 0734 311822.

Optical devices
SM leds. Dialight claims its microLED
series to be the smallest surface mounted leds in the world. They are
made in both top -view and rightangle -view forms, the top -view
version having a 180deg. viewing
angle and measuring 3.2 by 1.27 by
1.2mm. The devices come in a
number of colours including blue and
infrared emitters and detectors for
700, 880 and 940nm. BLP
Components Ltd, 0638 665161.

3V microcontrollers. New in the
Hitachi H8/300 family of
microcontrollers is the H8/329 series,
which is equivalent to the earlier
H8/325, but with 3V operation.Four
members of the series, H8/329/8/7/6,
offer 32K rom and 1Kb ram, 24K/1Kb,
16K/512b and 8K/256b respectively,
all having 8 -channel, 8 -bit A -to -D

converters, full uart interface, 51 i/o
ports, a 16 -bit timer and an 8 -bit
counter/timer. Operating speed is
5MHz. Hitachi Europe Ltd, 0628
585000.

Embedded engine. Sharp's LH72501
embedded engine includes
components to control interfaces,
buses, system frequency etc., in
addition to the CPU, which features
virtually all the functions of a PC XT compatible computer in one chip. At
3V, the chip takes 50mA at 8MHz.
Three separate power -saving modes
are available, keyboard entries and
mouse movements restoring full
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Technology has a 300mA DC -DC
converter for notebooks, palmtops
and other battery -powered
equipment. From two AA batteres, the
device will generate 5V at 150mA, or
300mA at 5V from a 9V battery.
LT1108 needs only an inductor, a
diode and a capacitor and has a 1 A
power switch on -chip. Versions with
fixed 5V or 12V or adjustable outputs
are available. Linear Technology (UK)
Ltd, 0276 677676.

Power plus logic. TI's Power+Logic
family of devices contain cmos logic
and power transistors in the same dip
package and are claimed to give a
65% dissipation saving and up to a
thousand times reduction in power
consumption over bipolar peripheral
drivers. Available devices are octal
designs: TP106529, an 8 -bit
addressable latch; TPIC6273, a D type flip-flop latch; and TPIC6595, an
8 -bit shift register. All have low -side
power mosfet output. Texas
Instruments, 0234 223252.

Power semiconductors
Audio power modules. All ILP audio
power amplifier modules are now
stocked by Cirkit Distribution. The
range covers modules fromthose for
low -power hi-fi amplifiers to units for
high -power stage amplifiers - 15-

Chip thermistors. Ten components
in Murata's NTH5G range of chip
thermistors operate at temperatures
from -40 to 125°C, the range of 25°C
resistances being 3.3k0 -68k0.
Normal tolerance is 10%, but there is
a 5% option. All have a maximum
power dissipation of 210mW. Murata
Electronics (UK) Ltd, 0252 811666.

EMI suppression. Three -terminal
capacitors by Murata, meant for
interference suppression, have
moulded -in ferrite beads to shorten
the centre lead and increase filter
performance and reduce off -board
height. Components in the DSS family
cover the range 47pF-22nF. Surtech
Interconnection Ltd, 0256 51221.

Chip capacitors. Multilayer chip
capacitors by TDK in the 16V Hi -Cap
series have values up to 4.7µF.
These ceramic devices use 10um
layers and are packaged in 04021206 cases, using X7R, X7S or Y5V
dielectrics, the X7R/S types offering
greater temperature stability. TDK UK
Ltd, 0737 772323.

Metal -film resistors. Three ranges of
metal -film resistors from Vishay offer
temperature coefficients of 15ppm/°C
(VY55), 25ppm/°C (VE55) and
5Oppm/°C (VC55). Tolerances
available are 0.05%, 0.1% and 0.5%.
The epoxy encapsulation withstands
immersion in solder to 300°C.
Vishay Components (UK) Ltd, 0915
144155.

Displays

PASSIVE

Direct digital synthesiser. For
outputs up to 12MHz, Novatech's
DDS -3 synthesiser kit is
programmable for sine and TTUcmos
output in 2Hz steps. Output is 1.4Vpkpk into an open circuit. Output
frequency can be changed in less
than 250ns and there is better than
-90dBc phase noise at ikHz offset,
-45dBc spurious and -4OdBc
harmonic. The kit contains all
necessary components, including a
PCB. Novatech Instruments Inc., (US)
206 328 6902.

taped for automatic placing. Q values
at 2GHz are up to 55, with self
resonance between 2.2GHz and
10GHz, inductance range being
2.7nH-15nH. AVX Ltd, 0252 336868.

Passive components
High -power, non -reactive R. Power
Film Systems has a range of high power, non -reactive resistors in aircooled (CP series) and water-cooled
(A series) versions. Both types have
alumina ceramic bodies and glazed
film elements. Power rating of C types
in still air at 40°C ambient is between
10W and 1 kW, with a temperature
coefficient of 300ppm. The A series
offer a coefficient of 100ppm. AMS
Electronic Ltd, 0803 200655.
SM inductor. The ACCU-L surface mounted inductor from AVX, meant
for the cellular communications sector
and for the T&M industry, is in a
standard 0805 low -profile package,

LCD graphics. Three LCD graphics
modules by Hitachi, meant for the
handheld computer market, provide a
320 by 240 resolution, which is
equivalent to a quarter VGA, in a slim
package weighing 200g. Colours
available are blue on grey, blue on
white and black on white. Two of the
modules are back -lit by fluorescent
tubes. Hitachi claims that the displays
"seriously challenge CRTs and other
technologies in a wide range of
applications". Hitachi Europe Ltd,
0628 585000.

Filters
Microwave filters. Frequency selective limiting filters from GEC Marconi provide selective limiting of
high-level signals without affecting
coincident small signals at other
frequencies in the pass band.
Bandwidth is up to 1GHz in the 1.54GHz range, frequency selectivity
being better tha 10MHz for up to
30dB compression of high-level
signals. GEC -Marconi Research,
0245 73331.
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Filter modules. Kemo's 1600 series
of filter modules is meant for data acquisition use, and is digitally
programmable to cut off over a 255:1
frequency range, three models now
available cutting off from 2Hz to
51kHz. There is low variation of DC
offset with programmed cut-off
frequency a nd no high -frequency
clock breakthrough or input aliasing,
the filters being continuous -time
designs. Low, high, band-pass and
band -stop types are available and
there is an evaluation board. Kemo
Ltd, 081 658 3838.

Instrumentation
Pattern generator. GV-698 is
Promax's multi -standard video pattern
generator, which produces test
patterns for pal, Secam and NTSC
broadcast systems, any of the formats
within these systems being available
in the one instrument. The instrument
produces eight pages of teletext and
Nicam signals. A carrier is tuned by
keyboard, manual tuning or by
channel number to a resolution of
50kHz. Alban Electronics Ltd, 0727
832266.

PC frequency generator. Smooth
transitions between all the
frequencies needed to run PCs from
286 to 486 turbo are handled by the
Integrated Circuit Systems 1CS2655

Large display. Lascar's
DMX908 7.92mm dot-matrix
liquid -crystal display is an
eight -character, two-line type
offering 0.5mA consumption
(50mA with back lighting) , a
low profile, high contrast and a
wide viewing angle. Interface is
standard, being IDC header.
Lascar Electronics Ltd, 0794
884567.

desk -top instrument. Output is up to
135MHz and consists of clocks for
general comms, keyboard, floppy,
system reference, bus and CPU.
Amega Technology, 0256 330301.

Sig. gen for modulation analyser.
Rohde & Schwarz's FMA modulation
analyser family is augmented by the
AM/FM calibrator/AF generator, which
supplies AM or FM signals for
calibration and an unmodulated
10MHz level calibrator.
Outputsinclude single and two-tone
signals, stereo multiplex and
VOR/ILS/Tacan baseband signals.
Together, the two form a complete
transmitter test set for broadcast,
communications and avionics. Rohde
& Schwarz UK Ltd, 0252 811377.

Literature
D -to -As for frequency synthesis.
Analog Devices has a 12 -page
application note on the choice and
use of analogue -to -digital converters
in direct digital frequency synthesis.
The note goes into the background of
the subject before discussing the
relevant types of A -to -D converter.
Analog Devices, 0932 253320.

Crystals and oscillators. The 1993
McKnight Fordahl catalogue is now
available, being, in effect, a reference
manual on frequency -generating
devices. It is free on request.
McKnight Fordahl Ltd, 0703 848961.

Data conversion. MicronetWorks
conversion products catalogue is now
available, containing data on over 75
families in D -to -A and A -to -D devices

and data acquisition. Unitrode (UK)
Ltd, 081 318 1431.

Power supplies
DC/DC converter. From a wide tolerance 5V input, Power General's

HDU1-35 DC -to -DC converter
provides 3.3-5V or 2-5V power for
mixed -voltage systems. A single
output is selected to provide 2Vor
3.3V, 24W or 33W. Case size is 2in
square and .0825in in height. It offers
remote shut -down, continuous short
protection and a pi filter internally for
low EMI. Stabilisation and regulation
are both 1%. Gresham Power
Electronics Ltd, 0722 413060.

Radio communications
products
900MHz power module.Two
modules from Motorola in the
MHW804 series operate in the 806940MHz frequency range, accepting a
1 mW input and producing an output
of 4W. Power needed is at 7.5V.
MHW804-1 works between 800870MHz, while MHW804-2 is an 896940MHz device. Motorola Inc., (USA)
(602)244-3818.

Hitachi's V209 oscilloscope
measures 215 by 110 by
350mm, but has many of the
features of a standard bench
instrument. The display is 63.5
by 50.8mm and sensitivity
5mV/division (1mV with
multiplication) and the timebase
speed is from 0.5µs/division to
0.2s/division. The two channels
may be chopped, added or
alternated or used in X/Y form.
Thurlby Thandar Instruments,
0480 412451.

transducers have a life of over 10
million cycles. Depending on the
model, linearity is from 0.25% to 2%
and the servo or bush -mounted
devices are available in four models
of size 9 with a diameter of 22.2mm.
Vishay Components (UK) Ltd, 0915
144155.

GaAs RF power. Motorola has a
range of gallium arsenide RF power
modules for use in cellular
telephones. These surface -mounted
devices provide a minimum gain of
26.5dB on an RF input of 5mW to
give 1.4W output. Over the four
bands, efficiency is 60% and noise is
-95dB maximum. Motorola Ltd, 0908
614614.

Switches and relays
Mos relays. Optical mos relays from
OKI in the OCMXXX range use a
GaAs led, and fet input/output,
offering 400V switching and up to 4kV
isolation. Both DC and AC/DC types
are on offer. OKI Electric Europe
GmbH, Germany 213115960.

Transducers and
sensors
Displacement transducer. At a
maximum rotation speed of 150rpm,
Vishay's ECO rotary displacement
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Miniature 20MHz oscilloscope.

COMPUTER
Computer board level
products
Audio for virtual reality. The
Convolvotron from Crystal River
allows the addition of "3-D" audio to
virtual -reality applications, using
headphones. Several different modes
can be used: up to four independent
sound sources can be positioned in
an anechoic environment; a single
source with reflections from six
surfaces are simulated; and further
PC cards work in parallel to support
more sources. Inputs are four
synchronised 16 -bit A -to -D converters
sampling at 50kHz and outputs are
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Low cost data acquisition for IBM PCs & compatibles
All our products are easy to install they
either the printer or serial port and require no power supply.
They are supplied with easy to use software which collects
for either display or print-out.
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8 - bIt resolution

ADC -10

one channel
10-25K samples per second

Oscilloscope/Voltmeter software
0-5V input range
Connects to printer port

£49

et&

10 bit resolution
II channel

ADC -1 1

5-10K samples per second

Data logger software
0-2.5V input range
Connects to printer port

£75
8, 12 16 - bit resolution

ADC -16

sign

8 s/e or 4 differential inputs
116 or 300 8 -bit samples per second

LL 25V input range
Date logger software
Connects to serial port

£99

All prices cecinas,* et VAE

PICO TECHNOLOGY LTD
Broadway House, 149. 151 St Nests Road, Hardwick, Cambridge CB3 70J

A

VISA

TEL: 0954 211716 FAX: 0954 211880
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TELECOMMUNICATIONS
TRAINING
A MODULAR SYSTEM

two independent 16 -bit D -to -A

Windows accelerator. A

converters for conventional stereo.
Division Ltd, 0454 615554.

Windows accelerator card
running at 800 by 600 pixels
and a 16 -bit palette is
introduced by Surtech.
Sprinter 2 has 1Mbyte of ram,
is powered by the Weitek 5186
processor and accelerates
Windows activity by up to 25
times. It supports 286, 386 or
486 dos and is supplied with
Windows 3.0 and 3.1 drivers
and high -resolution dos drivers
for Lotus 1-2-3, AutoCad,
Word, Worperfect and Ventura
Publisher. Surtech
Interconnection Ltd, 0256
51221.

Software
Design on 386/486 PCs. Schematic
Design Tools 386+ from Orcad is a
true protected -mode design tool using
32 -bit addressing and data structures.
It is compatible with all current Orcad
products, and existing STD designs
and libraries are translatable into
STD386+ format. ARS Microsystems
Ltd, 0256 381400.

CAD translators. Instead of the
normally rather messy methods
adopted to use files generated by a
given cad system in a different
environment, the RSI-Translator's
range of intelligent database
translators accept cad files in the one
format, interpret and assign all the
information and write the data out in a
different format. Software up -grades
are accepted. Betronex Ltd, 0920
469131.

Half -bridge simulation. HB-SIM by
Design Automation is intended to
ease the design of half -bridge (Class
D) power amplifiers or power
converters. The prgram simulates

TIMS is a new telecommunications training
product covering analogue and digital signal
processing techniques.
It can easily be incorporated into any
existing course on telecommunications in
universities and colleges.
For further details contact:
ELLMAX ELECTRONICS LTD.,
Unit 29, Leyton Business Centre,
Etloe Road, Leyton, London, E10 7BT.
Telephone: (081) 539 0136
Fax: (081) 539 7746

ELLMAX

steady-state periodic time -domain
waveforms up to 1000 times faster
than Spice, or half a second on a
33MHz 486 PC. Also presented are
power output, power input and power
loss in each component, and
harmonic spectra. Any parameter can
be swept, the plot of swept parameter
and result being drawn. Design
Automation Inc., (USA) 617 8628998.

PC multimedia. PictureBook 2,
MicroEye 2C video -in -VGA and
TV/teletext capture are cards and
software to enable a PC to control
and use a wide variety of video and
teletext information, and to compile
"electronic books". MicroEye 2C
merges live video from cameras,

video or Canon Ion with VGA displays
in a window up to full size. TV1is a
teletext decoder card to provide a
Windows application with teletext, and
PictureBook 2 is a Windows 3.1 compatible system for the creation of
books from a variety of inputs,
including live video. Digithurst Ltd,
0763 242955.

Heat -transfer computation. HotBox
from CHAM is software to assist
designers to plan and check cooling
strategy in electronic equipment.
Solving fluid -flow and heat -transfer
equations, HotBox calculates flow
patterns and temperature distribution,
displaying them in an easily
interpreted manner. It runs on most
computers, including the PC.
Concentration, Heat, Momentum,
081-947 7651.
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APPLICATIONS
Diodes in temperature measurement
While almost any silicon diode is usable
as temperature -measurement

transducer, giving about -2mV/°C slope in a
reasonably linear manner, Motorola's
MTS102 silicon temperature sensor is
designed for the job in automotive,
industrial and consumer use. It provides
higher accuracy at ±2°C from -40°C to
150°C and comes in a TO -92 package. The
electronics needed to make a complete
system consists of diode excitation,
offsetting and amplification and Burr Brown's application bulletin AB -036
discusses these requirements in detail.
Figure 1 is the circuit diagram of the

dual single -supply device for 5V working.
Its inputs common -mode to ground and the
output reaches to within 15mV of the supply
voltage. There are two disadvantages to this
basic circuit: span and zero adjustments are
interactive and the output decreases for
increasing temperature. If the output goes to
a digital system, neither of these should be
important.
Transfer function is

-2.315 and -2.183 in mV/°C.
The circuit of Fig. 2 affords independent
adjustment of span and zero by virtue of

Motorola
MTS102

Vo =VBE(l+R2 /Ri)-100pAxR2,
R1 is

(SY) / ST )x(VBE25 +Tc x(Tmm - 25° C))-(Tv xV1)

100 pAx ((5V0 / 87')-Tc)

and R2 is
R2 = R,

x(

V.- (-V.- 100pA R,) (1 + RiR,) + 100pA R,
(51/A I ST)

i),

Where:

V.- voltage across diode (V)
Adjust span first with R, or R2 then adjust zero with R

V.. V. (1 + RIR) - 100pA 192

where VBE25 is the diode voltage at 25°C,
is the Tiny output voltage, Tc is the diode
temperature coefficient and TAim is the
minimum process temperature. VBE25 lies
between 0.580 and 0.620 for Tc between

for noninteractive trim.

Fig. 3. If temperature -to -voltage inversion is a
problem, this arrangement avoids it, but needs a
negative power supply line.
4.5V to 36v

Where:

V.- voltage across diode (V)
Zero and span adjustments with
A, and R, are interactive.

11)RE'

100pA

Fig. 1. Half a Burr -Brown OPA1013 dual op amp, a B -B REF200 current reference and a
Motorola MTS102 silicon temperature sensor
make up this bask temperature measurement

circuit.

simplest type of system. A current source for
exciting the diode gives the best results,
since resistor bias suffers from the effects of
power -supply variation, particularly in low voltage, single -rail circuits. Fortunately,
Burr -Brown's REF200 dual 100µA current
source/sink perfectly matches the MTS102,
which is specified for 100µA working. In
the circuit of Fig.1, one of the sources
excites the diode and the other supplies
offset current.
Choice of op -amp for signal conditioning
is not difficult; any precision type is usable,
but B -B recommends its OPA177 low-cost
type for ±15V supplies and the OPA1013

R2ER0

Motorola
MTS102
T -T

Vo

100µA R.,

(1 + R2/R, ) - V. R/R,

Where:
V0

(V.+ 100pA Rte) (1 + R,/R,) - 100µA A,

Where:

V.. voltage across diode (V)
Adjust span first with R, or R2 then adjust zero with R
for noninteractive trim.

Fig. 2. Addition of Rzero avoids interaction of
span and zero controls.

April 1993 ELECTRONICS WORLD + WIRELESS WORLD

V,,

voltage across diode [V]

Adjust span first with R, or R2 then adjust zero
with R,, for noninteractive trim.

Fig. 4. Combination of Figs. 2 and 3 gives
independent control of span and zero and non inverting output, but uses a single -ended
positive supply.
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in series with the diode. A method of
calculating component values is given in the
bulletin.
This circuit also has the possible drawback
that its output is inverting, which brings us
to Fig. 3, in which the temperature -to voltage conversion is positive, although a
negative power supply line is needed.
Otherwise, the circuit is the same as that of
Fig. 2, with the diode and reference
reversed.
To obtain the best of both worlds, the
circuit in Fig. 4 is a non -inverting, single supply design. The sensor output goes to the
inverting op -amp input, the buffer Al
preventing sensor loading.
Finally, the arrangement of Fig. 5
measures the differential temperature
between two sensor diodes.
Burr -Brown International Ltd, 1 Millfield
House, Woodshots Meadow, Watford,
Hertfordshire WD1 8YX. Telephone 923
33837.

0 4.5V to 36V

Rzero

REF200
38 A

100pA

100pA
R2

100k0

100kG

Al-

R3

R4

100kfl

10001

OPA1013

- A2

OPA1013

©

Motorola
MTS102

Motorola
MTS102

V°. ((V. + 100pA Rya) - (V. + 100pA Rte,)) GAIN
GAIN - 2 + 2

RzEao

Adjust zero and span in any order.

Fig. 5. Differential circuit using both op -amps in the OPA1013.

Synthesised oscillators for radio
Motorola's MCI45170 is a frequency

type for use at 9.2MHz and 12.19 MHz, and
a VHF oscillator for up to 160MHz (or
rather less at temperatures over 85°C).
Figure 1 is the basic configuration: the
MC145170, a filter and the voltage -

synthesiser with a very wide range from a few hertz to 160MHz. Application
note AN1207 gives enough information to
allow the design of two oscillators: an HF

controlled oscillator, plus an output buffer,
the contents of the Motorola chip being
indicated in Fig. 2. Operation is as normal;
the reference oscillator and the VCO feed
the multiplying and dividing counters, their

DIVIDE VALUE

Essential

constituents of the
Motorola chip,
which also has the
reference oscillator
and the divide and
multiply counters.

1
REFERENCE

REFERENCE

COUNTER

OSCILLATOR

(R COUNTER)

fR

TO

PHASE
DETECTOR
FROM

COUNTER

VCONCM

(N COUNTER)

Fig. 1. Basic block diagram of a phase -locked loop frequency synthesiser, in this case using
Motorola's MC145170 PLL IC and a low-pass
filter.

MULTIPLYING VALUE

+5V

4.6 MHz

0.011 µF

1 -2 V p -p
SOURCE

+5V

LOW-PASS

VCM

FILTER

16

- 0.01 µF
MC145170

- 47 pF
-HE- 0.01 µF

C

R1

PDout

MCU

2.41(Q

16

0.01 µF

DATA IN

Fig.3. MC145170 in an HF oscillator for
9.2-12.19MHz working in 230kHz steps.

BIAS

R2

SYNTHESIZER

1 MQ

+5V

1.5 kQ

PLL

FREQUENCY

I(

FILTER

VCONCM

2N7002
MC1658

1.8 MO

E-

ENABLE
0

CLOCK

01IµF

0.01_µF

9

-rwv_
1 MQ

1 MO

0.01 !IF

0.01

1..F

OUTPUT
MC74HCUO4

MC74HCUO4

510 Q
LOW-PASS FILTER
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Fig.4. A VHF oscillator using the
MC145170, this time with both
outputs driving a differential
amplifier, the LF351. Increased
filtering reduces VCO sidebands.
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011

10 kS2

MC1648

011
7

8

1000 pF

390 pF
C5

T
outputs being compared in the phase
detector. Either a sine oscillator or a voltage controlled multivibrator followed by an
integrator can be used.
Figure 3 is the circuit of the HF
synthesiser, which has a resolution of
230kHz, a lock time of 8ms and overshoot a
maximum of 15%. In this case, a square wave output is acceptable and an MC1658
voltage -controlled multivibrator can be
used; since its input loading is fairly large at
350µA maximum, the fet in the active filter
avoids filter response degradation. Resistor
R1 and C are the filter components and the
application note provides a method of
component calculation.

To program the circuit, three registers
must be programmed: the C register, which
configures the device, setting the phase
detector to the correct polarity, turning off
unused outputs and activating the phase detector output; the R register for the divider
providing the phase detector reference; and
the N register, which sets the tuned
frequency. Both C and R registers are
programmed once on power -up.
The buffer A cleans up the MC1658 output
before feeding it back to the synthesiser,
since any spurious signal would cause
miscounting in the N counter. A buffer's
response is low enough to perform the
filtering.

Figure 4 is the VHF synthesiser, which
has a range of 140-160MHz in 100kHz steps
and uses both fR and ft, outputs of the
MC145170; hence the op -amp. Filter
calculations are again given in the note. In
this case, the filtering is enhanced to avoid a
small amount of reference frequency feeding
through the filter and giving rise to larger
VCO sidebands. Enhancements consist of
the op -amp feedback components together
with the split R112 and Cc, and the input
circuitry to the MC1648 VCO -R14 and C5.

Motorola Ltd, European Literature
Centre, 88 Tanners Drive, Blakelands,
Milton Keynes MK14 5BP.

More gain from the SL61 40
GEC Plessey's SL6140 is broadband
amplifier IC with AGC, providing
15dB of linear gain into 500 at 400MHz, or
over 45dB into 1kS2. The AGC controls gain
over a 70dB range by voltage applied to an
external series resistor. Bandwidth depends
on the load, being 25-400MHz for loads of
1k0-501-2.

Application note AN45 describes a method
of tuning input and output to match a 500
source and load and to give increased gain
over a smaller bandwidth. Figure 1 is the
circuit diagram of a single -ended 100MHz
amplifier having 35dB power gain.
At the input, a parallel tuned circuit across
the differential inputs has the signal applied
to one end via the coupling capacitor, the

Fig. 1. Tuning input and output of GEC Plessey's SL6140 wide -band amplifier increases its stage gain
from 15dB to 35dB, albeit with reduced bandwidth. This is a 100MHz amplifier matched to 5052 in
and out.
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other end being decoupled. Since capacitor
C/ forms part of the matching network, the
tuned frequency is given by
f=1/[21t0IL*C*C/1/4(C+C/)].
Output matching is done by connecting a
parallel tuned circuit from one of the open collector amplifier outputs to Vcc, the
coupling capacitor again forming a part of
the matching network from a high amplifier
impedance to the 50L1 load. Coupling
capacitors C1,2 are adjustable to set

maximum gain, short of oscillation caused
by too high impedances at input and output.
Since only one amplifier output is used in
this circuit, an improvement is brought
about by transformer coupling to the output,
as shown in Fig. 2, in which both are in use
to effect a further 6dB increase in gain.
GEC Plessey Semiconductors Ltd,
Cheney Manor, Swindon, Wiltshire SN2
2QW. Telephone 0793 518000.

Fig. 2. Using transformer coupling at the output
brings the other amplifier output into play and
gives another 6dB of gain.

Frequency scanner
(7 EC Plessey's SL6639-1

is a direct -

conversion FSK data receiver for up to
200MHz working and featuring extremely
low power consumption -about 3.7mW. It is
intended for use in pagers, direction
indicators, security systems and remote
control. Application Note AN96 describes a
scanning system to be used with the
SL6639-1, which scans the local oscillator,
detects a transmission and the received data

NOTE: -

Output to

0

POTS ARE FOR EVALUATION ONLY

L°

I2M
+5V
1.2M

10K

10K

Stop pulse

Input

D2

0.82nF

500K

DI

Fig. 1. Block diagram of scanner system for GEC
Plessey's SL6639-1 FM data receiver.
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Fig. 3. Stop pulse circuit which uses a gyrator simulating
1H inductance.
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470n

Fig. 2. Ramp generator. Ramp rate set by P1,
rate in slow section by P2. Pulses from stop
circuit detected and used to switch capacitor
charging current to low level, slowing the ramp.

Stop
Circuit

Ramp

Generator

D3

P2

Pin 28

-41

Sweep range

100K

SL6639 - 1

Local

T5

100K
P1

130K

Data out

Oscillator

470K

T3

Output
stop

and goes on to scan the rest of the band. The
system needs no expensive components,
runs at audio frequencies and requires only
minor changes to the SL6639-1 demo board.
Figure 1 is the system diagram, which
shows that a ramp generator scans the local
oscillator through the required band. The
appearance of a signal from the receiver test
output to the stop circuit causes a series of
pulses which are used to slow the ramp rate,
so that the scanning slows to a rate, settable
by P2 in Fig. 2, low enough to allow the
receiver to detect the correct number of bits.
Stop pulses come from the circuit of Fig.
3, which consists of a high -impedance input
amplifier, a gyrator simulating a 1H
inductance to resonate at 1kHz, and a
comparator. When the output of the LC
tuned circuit exceeds the threshold set on the
comparator, pulses are produced. All the op amps are contained in one TAB1043.
A constant -current source, D2 and T3 in
Fig. 3, feeds a capacitor to produce the ramp
waveform. Potentiometer P3 sets a volatge
on the comparator input which, when
exceeded by the ramp, generates a reset
pulse at the comparator output to switch on
T4 and take the ramp back to zero. When
stop pulses are detected by D1, T1 switches
T2 off, reducing capacitor current and
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slowing the ramp to a rate set by P2.
Figure 4 is the local oscillator, a circuit
designed for the SL6639, but with no crystal.
It is a Colpitts type with a Varactor diode
tuning control accepting the ramp input.

GEC Plessey Semiconductors, Cheney

Manor, Swindon, Wiltshire SN2 2QW.
Telephone 0793 518000.

The incoming signal is split into two parts and
frequency converted to baseband. The two
paths are produced in phase quadrature and
detected in a phase detector which provides a
digital output. The quadrature network may be
in either the signal path or the local oscillator

vccl
From Ramp

F

Generator

path.
To Phase

R1

Fig. 3

SL6639 OPERATION

Shift Circuit

The input to the system is an FSK data
modulated signal with a modulation index of
18, ft and fo represent the "steady state"

A/1/1/
To Pin 21 (SL663-1)

R1 and R2 are chosen for desired frequency and sweep range.
Varactor Diode Capacitance Appears in Parallel with C18.
1

fc=
2n

(cvc 4- C18) X C19 -1
(Cvc + C18) + C19

Fig. 4. Local
oscillator, using
ramp input to vary
diode capacitance
and therefore tuned
frequency.

frequencies lie modulated with continuous "1"
and "0" respectively).
When the LO is at the nominal carrier
frequency, then a continuous "0" or "1" will
produce an audio frequency, at the output of the
mixers corresponding to the difference between
fo and fc or ft and fc. If the LO is precisely at fc,
then the resultant output signal will be at the
same frequency regardless of the data state;
nevertheless, the relative phases of the two
paths will reverse between "0" and "1" states.
By applying the amplified outputs of the
mixers to a phase discriminator, the digital data
is reproduced.

The component values depend upon the choice of centre frequency
and sweep range required.
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FREQUENCY COUNTERS
MX1010F and MX1100F are 8 -digit frequency counters offering a
broad range of features.
MX1010F 1Hz to 100MHz sensitivity of 15mV and resolution to
0.1 Hz. data auto set. 10:1 attenuator. high impedance input £129 00 plus VAT (£151.58).
MX1100F: 1Hz to 1GHz. features as MX1010F except ranges
70MHz to 1GHz and 50S2 impedance. £160.00 plus VAT (£188.00).
SC -130 and SC -40 are full featured. microprocessor -based, hand
held frequency counters providing portability and high performance.
Both instruments provide measurement of frequency. period, count
and RPM plus a view facility enabling min, max. av and difference
readings.
SC -130: 5Hz to 1 3GHz, 8 digit readout. sensitivity typically 10mV.
high impedance input. battery condition indicator. £109.00 plus VAT
(£128.08)
SC -40: As SC -130 except 5Hz to 400MHz. £89.00 plus VAT
(£104.58).

MX1010F MX1100F

FG 506 FG513

MULTIMETERS
The 180 series of high performance multimeters provide advanced
features and are supplied complete with probes, battery and rubber
holster. The case is dust and splash proof making it ideal in most
environments. Designed to meet IEC348 Class II safety standard.
183: 31/2 digit large LCD display, ACV, DCV, ACA. DCA, resistance, continuity buzzer, diode test, hold, basic accuracy 0.5%.
£39.50 plus VAT (£46.41).
185: 31/2 digit LCD, bar graph, ACV, DCV, ACA, DCA, resistance,
continuity buzzer diode test, hold, temperature (-40°C to 1370`C),
capacitance (1pF to 40µF), frequency (1Hz to 200kHz), max min,
edit, %. compare. basic accuracy 0.3%. £74.50 plus VAT (£87.54)
187: As 185 except auto ranging. £99.50 plus VAT (£116.91)
285: As 185 except 41/2 digit true rms, basic accuracy 0.05%.
£109.50 plus VAT (£128.66).

THE 180 SERIES

MIC

MULTIMETERS (2)

-u

The MX170B and MIC-6E offer low cost measurement yet retain a
large number of features. Supplied complete with probes.
MX170B: 31/2 digit LCD. compact size, ACV, DCV. DCA, resistance. diode test. low voltage battery test. £24.00 plus VAT
(£28.20).
MIC-6E: 31/2 digit LCD, ACV. DCV. ACA, DCA, resistance, diode
test. buzzer.
£33.50 plus VAT (£39.36).

20MHz 2 -CH OSCILLOSCOPE
The CS4025 20MHz dual trace oscilloscope offers a comprehensive range of facilities including a high sensitivity vertical amplifier
providing from 1 mV to 5V/div in CH1. ALT, CHOP, ADD, CH2
modes with inverse polarity on CH2. The horizontal timebase offers a
sweep range of 0 5s/cliv to 0.5ps/div plus x10 sweep expansion and
X -Y mode. Triggering can be auto or normal from vert, CH1, CH2,
line or external sources with coupling provided for AC, TV -F and
TV -L. The CS4025 is supplied complete with matching probes for
£295.00 plus VAT (£346.62).

DIGITAL
MULTIMETER

MX1708

-

40,

MIC-6E

PROGRAMMABLE POWER SUPPLIES
The PPS series of GPIB programmable DC power supplies offer
high performance yet are extremely competitively priced using a 16
x 2 backlit LCD and 14 button keypad. All functions and conditions
are easily selected and displayed. Overvoltage and overcurrent are
selectable as is output enable/disable. Terminals for output and
sense are provided on the front and rear to allow easy rack mounting.
PPS -1322 0-32V 2A (GPIB) £375.00 plus VAT (£440.63)
PPS -2322: Dual 0-32V 2A (GPIB) £555.00 plus VAT (£652.13)

20MHz 2 -CH OSCILLOSCOPE
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FUNCTION GENERATOR
The MX2020 0.02Hz - 2MHz sweep function generator with LED
digital display offers a broad range of features. Output waveforms
include sine. square. triangle. skewed sine, pulse and TTL. Lin and
log sweeps are standard as is symmetry, DC offset and switchable
output impedance from 5052 to 60052. The digital display provides
readout of the generators' frequency or can operate as separate
10MHz frequency counter. £199.00 plus VAT (£233.83).

LCR METER
The MIC-4070D LCD digital LCR meter provides capacitance,
inductance. resistance and dissipation measurement. Capacitance.
ranges are from 0 1pF to 20,000pF plus dissipation. Inductance
ranges from 0.10 to 200H plus a digital readout of dissipation.
Resistance ranges from 1mS1 to 20MQ. Housed in a rugged ABS
case with integral stand it is supplied complete with battery and
probes at £85.00 plus VAT (£99.88)

PROGRAMMABLE POWER SUPPLIES

FOUR INSTRUMENTS IN ONE
The MX9000 combines four instruments to suit a broad range of
applications in both education and industrial markets including
development work stations where space is at a premium.
The instruments include:
1. A triple output power supply with LCD display offering 0-50V
0.5A, 15V 1A. 5V 2A with full overcurrent protection;
2. An 8 -digit LED display 1Hz - 100MHz frequency counter with
gating rates of 0.1Hz, 1Hz 10Hz and 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, triangle, skewed sine, pulse and a TTL output
and linear or logarithmic sweep. Outputs of 5051 and 60052
impedance are standard features;
4. An auto/manual 31/2 digit LCD rnultimeter reading DCV, DCA,
ACV, ACA. resistance, and relative measurement with data hold
functions.
The MX9000 represents exceptionally good value at only £399.00
plus VAT (£468.83).

MX2020

FG SERIES FUNCTION GENERATORS

MX 9000

The FG500 series sweep/function generators provide two powerful
instruments in one package, a 6MHz or 13MHz sweep/function
generator and an intelligent 100MHz frequency counter. The microprocessor based instruments offer sophisticated facilities yet
remain extremely competitively priced. A menu driven display
allows easy set up and operation. A 16 character by 2 -line LCD
display provides clear and unambiguous readout of generator output and frequency measurement.
FG-506: 2Hz to 6MHz sweep/function with 100MHz counter
£325.00 plus VAT (£381.88)
FG-513: 2Hz to 13MHz sweep/function with 100MHz counter
£482.00 plus VAT (£566.35)

MIC-40701

Credit card orders accepted by phone 081 652 3614
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ANALOGUE DESIGN

OPERATIONAL
ANIFNIFIERS
the supreme activators
Although external
components often
determine an op amp's
performance, the chips

Extemal components often determine an

check to see if there's an oscillation on the

op amp's performance. But op amps

is popular because external components define
its gain and transfer characteristics.

power -supply bus or an excessive amount of
phase shift in the feedback circuit.
If the step response looks lousy, you check
your scope or your probes or your signal generator because they're as likely to be the problem as the op amp is. The overall performance
of your circuit is often determined by those
passive components. And yet, there are excep-

So, if an amplifier's gain is wrong, you

tions. There are still a few ways an op amp

aren't always absolutely trouble -free:
Oscillations and noise are two possible
areas of difficulty, among others. It is mostly
the components around op amps that cause
many of their problems. After all, the op amp

themselves are not
always trouble -free:
oscillations and noise
represent two possible
areas of difficulty.

quickly learn that you should check the resistor tolerances, not the op amp. If you have an

itself can foul up.

AC amplifier or filter or integrator whose

should be aware of the kind of op -amp errors
that aren't significant. First of all, it generally
isn't reasonable to expect an op amp's gain to

response is wrong, you check the capacitors,
not the op amp. If you see an oscillation, you

Before we discuss serious problems, you

be linear, nor is its nonlinearity all that significant.

Serialised from
the book

For example, what if an op amp's gain is
600,000 for positive signals but 900,000 for
negative signals? That sounds pretty bad. Yet,
this mismatch of gain slope causes a non linearities; of about 10µV in a 20Vp_p unity gain
converter. The voltage coefficients and tem-

100

perature coefficient errors of the feedback

Analog Circui

resistors will cause a lot more error than that.

Even the best film resistors have a voltage
coefficient of 0.1ppm/V, which will cause

10

more non linearity than this gain error.
Recently I heard a foolish fellow argue that

an op amp with a high DC gain such as
2,000,000 or 5,000,000 has no advantage over
1.0

an amplifier with a DC gain of 300,000
because, unless your signal frequency is lower
than 0.1 Hz, you cannot take advantage of this
high gain. Obviously, I don't agree with that.
If you have a step signal, the output settles to

0.1
1

10

100

1K

10K 100K

Frequency - Hz

1M

10M

the precise correct value in less than a millisecond - not is or more. The amplifier with
the higher gain settles to a more precise value.
It does not take any more time. I guess he just

doesn't understand how op amps work.
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Fig. 1. If you run an op amp at such high
impedances that 18 x R is more than 20mV,
you'll be generating big errors, and a Valso trim
pot can't help you cancel them out. Please don't
even try!

Fig. 2. The CMRR of an op amp can't be represented by a single number. It makes more sense to look
at the CMRR curve, d Vos versus dVcm, and note its nonlinearities, compared to a straight line with a
constant slope of I part in 100,000.

Especially since he doesn't even want to talk
about gain nonlinearity!
Many old amplifiers had low DC gain and

An uncommon mode
A good example of misconstrued specs is the
common mode error. We often speak of an op
amp as having about CMRR (common mode

poor gain linearity whereas more modern
devices like the NSC OP -07 and the LM607
(gain = 6,000,000 min) have much less.
Similarly, an op amp may have an offset voltage temperature coefficient specification
of 1)N/°C, but the op amp's drift may actual-

ly be 0.33µV/°C at some temperatures and
1.211V/°C at others. Twenty or thirty years
ago, battles and wars were fought over this
kind of specsmanship, but these days, most
engineers agree that you don't need to sweat
the small stuff. Most applications don't require

an offset drift less than 0.98µV for each and

every degree: most cases are quite happy
when a IpirC op amp drifts less than 49µN

rejection ratio) of 100dB. Does this number
mean that the common mode error is exactly
one part in 100,000 with a nice linear error of
INV per volt? Well, this performance is possible, but not likely. It' s more likely that the
offset voltage error as a function of common
mode voltage is nonlinear. In some regions,
the slope of AV°, will be much better than 1
part in 100,000. In other regions, it may be
worse.
It really bugs me when people say "The op
amp has a common mode gain, Alio and differential gain, AvD, and that the CMRR is the
ratio of the two. This statement is silly: It's not

age,Vcm and observe the linear and nonlinear
parts of the curve of the sort shown in Fig. 2.

How not to test for CMRR
First thing to remember is how not to measure
CMRR. In Fig 3, driving a sine wave or triangle wave into point A, will make it seem as
if the output error, as seen by a floating scope,
will be (N+1) x [VCM/CMRR]. But that's not
quite true: you will see (N+1) x [CM Error +

Gain Error]. So, at moderate frequencies
where the gain is rolling off and the CMRR is
still high, it is mostly the gain error that will
be seen, and the curve of CMRR vs frequency
will look just as bad as the Bode plot.
An LF356 run in the circuit of Fig. 3 gives
an error of 4mVpp at 1kHz -a large quadra-

ture error, 90° out of phase with the output

There is one classical caveat. Namely: If

these gain numbers could ever be observed or
measured with any precision or repeatability
on any modem op amp. Avoid the absurdity
of trying to measure a "common mode gain of

(see the upper trace in Fig. 4.
If you think that is the CM error, you might
say the CMRR is as low as 5000 at 1kHz, and
falls rapidly as the frequency increases. The
actual CMRR error is about 0.2 mV (see the
lower trace of Fig. 6) and thus the CMRR is
about 100,000 at 1kHz or any lower frequen-

you run an op amp in a high impedance circuit

zero" to compute that your CMRR slope is

cy.

such that the bias current causes significant
errors when it flows through the input and
feedback resistors, do not use the V0 pot to
get the circuit's output to zero. Example, if
you have an LM741 as a unity gain follower

infinite. You'll get more meaningful results if
you just measure the change in offset voltage,

over 50°C.

Also, you don't often need to worry about
bias current and its temperature coefficient, or

the gain error's TC. If the errors are well
behaved and fit inside a small box, well, that's
a pretty good part.

reasonable to say that the op amp has a differential gain or common mode gain that can
be represented by a single number. Neither of

Vas, as a function of common mode volt-

with a source impedance of 5001S/ and a
feedback resistor of 4701d2, the 741's offset
current of 200nA (worst -case) could cause an
output offset of 100mV. If you try to use the
Vos trim pot to trim out that error, it won't be
able to do it. See Fig. 1.
If you have only 20 or 40mV of this / x R
error, you may be able to trim it out, but the
TC and stability will be lousy. So you should
be aware that in any case where the /0, x R is
more than a few millivolts, you have a potential for bad DC error, and there's hardly any

Note also that, on this unit, the CM error is

not really linear: as -9V is approached, the
error becomes more nonlinear. (This is a
OUTPUT ERROR

nR

(1hRnoll) (n+1)

FUNCTION
GENERATOR

FLOATING
SCOPE

A
VERROR

-1111-10-\

III-

H

way to trim out the errors without causing
other errors.
When you get a case like this, unless you are
willing to accept a crude error, then you ought

to be using a better op amp with lower bias

OPTIONAL LINK
TO GROUND

Fig. 3. Not a CMRR test because Vormr=V,,,,/CMRR+VoulAv

currents.
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FUNCTION
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BUFFER
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2N3904

Fig. 5. Evaluating CMRR with confidence
and precision, both AC and DC.

Fig. 4. Upper trace shows the "CMRR" error
taken using the circuit of Fig. 3.
But it is not the CMRR error, it is really the gain
error, 4mVpk-pk at 1kHz
Lower trace shows the actual common -mode
error - about 1/20 the size of the gain error measured using the circuit of Fig.7.

.01

Connect the output to a scope in cross -plot
(X -Y) mode and trim that pot until the output

error is very small - until the slope is nominally flat. Whether or not the CMRR error is
balanced out by the resistor error is unimpor-

-9V/+12V CM range on a 12V supply; I
chose a -12V supply so my function generator
could overdrive the inputs.)

tant. Just observe that the output error, as
viewed on a cross -plot scope, is quite small.

How to test properly
So how can we test for CMRR and get the
right results? Fig. 5 is a fine circuit, even if it
has limitations.
If R1 = R11 = 1k, R2= -12
R = 10k, and R3 =
200k and R4 = a 5000 pot, single -turn carbon

Now connect in Riooa, a nice low value
such as 2000. Computing the noise gain, it
rises from 11 to 111. It was (1 + R2/RI), and
then increases to (1 + R21121) plus (R2 +
RI2)1R lop. In this example, that is an increase
of 100. This means a change of Vont equal to
100 times the input error voltage (and that is
VCM divided by CMRR).
Of course, it is unlikely for this error voltage

or similar, the noise gain is defined as I +
[Rf/Rin], or about 11. If we put a +11V sine
wave into the signal input, the CM voltage is
about -10V. The output error signal will be
about 11 times the error voltage plus some
function of the mismatch of all those resistors.

to be a linear function of VCM. So look at it
with a scope in cross -plot (X -Y) mode. Too
many people pretend that CMRR is constant

Another good reason to use a scope in the
XY mode is to allow visual subtraction of he
noise. An AC voltmeter can certainly not be
used to detect the CMRR error. For example,

in Fig. 4, the CM error is fairly stated as
0.2mVp_p, not 0.3mVp_p (as it might be if a

meter that counted the noise was used ). A
good amplifier with a CMRR of about 100dB
will show the CM error to be about 200µVp_p;
as this is magnified by 100, an output error of

20mVp_p can easily be seen. With a really
good unit having a CMRR of 120 or 140dB,
the aim will be to clip in the RI ob - eg at 200
- and then the i (noise gain) will be 1000.
The noise will be magnified by 1000 - but so
will the error.

When CI = CA = 5pF,
measureVi =VA; when
CI =CB= 1000pF,
measure Vi =VB. Then
Ci,,=CA x (VB-VA)/[VAVg x CA/CBI. For best
results, connect the
signal to the plus

iM
100 mV p -p

e- I MHz

(a)
10v PROOF

r

r

5pF

22k
22k

CROSSPLOT
SCOPE

input of the DUT with
a small gator clip. Do
not put the plus input
pin into the device's
socket. Circuit (b)
allows testing of an op
amp's differential
input capacitance. For
this circuit
Cin(differentiab = V2(p-p)

100 mV p -p

a -1 MHz

X ctotainvi(p-

Vz

DC

COUPLED

loo
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at all levels and that CM error is a linear function of VCM. They just look at two points and
assume every other voltage has a linear error.

Fig. 6. Circuit (a)
allows testing of an op
amp's common -mode
input capacitance.

c,

(b)

b

3K

PF

T

p)-V2(p-p)], where
Coral = CiMcommon
mode) + Ccable
Cscope

in + 100pF.
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This circuit provides a high resolution view
and gives a good feel for what is happening,
rather than just showing numbers. For exam-

significant speed, there has to be a significant

ple, with a 22mVp_p output signal that is
caused by a 220/ error signal, the CMRR

Also beware of op amp models and what
they might mistakenly say. For instance, the

really is way up near a million, which is much
more useful than a cold "119.2dB" statement.
It also teaches that the slope and the curvature
of the display are important. Not all amplifiers
with the same "119.2dB" of CMRR are actu-

"standard" equation for a single -pole op amp's
gain is A= Ao( 1/1 + jwT), implying that when
the DC gain Ao changes, the high -frequency
gain, A, changes likewise. But this is incorrect.

ally the same; some have a positive slope,

high frequency response and the spread of DC

some a negative slope, and some curve, so that
if a two -point measurement is taken, the slope
points are chosen. (Increasing the amplitude of

gain, on any op amp. Several ways can be
used to get an op amp's DC gain to change:
change the temperature, add on or lift off a
load resistor, or swap for an amplifier with

the input signal makes it plain where severe

higher or lower DC gain.

changes wildly, depending on which two

error voltage across the inputs for at least a
short time.

There is almost no correlation between the

distortion sets in - that is the extent of the

Although the DC gain can vary several

common mode range.)
The limitation is that with the noise gain set
as high as 100, then this circuit will be 3dB
down at FGBW/100. So only use this up to

octaves in any one of these cases, the gain bandwidth product stays about the same. If
there ever were any op amps whose responses
did vary with the DC gain, they were abandoned many years ago as unacceptable.

about 1kHz on an ordinary 1MHz op amp,
and only up to 100Hz at a gain of 1000.

Op amp spec sheets often give the open loop
output impedance as 5052. But by inspecting

Bias current
Another op amp spec not to worry about is the
differential input impedance: instead, measure
the bias current. There is a close correlation
between the bias current and the input
impedance of most op amps, so if the bias current is low enough, the input impedance (dif-

the gain specs at two different load resistor
values, the DC gain can be seen to fall by a
factor of two when a load of lkS2 is applied. If

an op amp has an output impedance of
its gain will fall by a factor of two when a
Ild/ load is applied. But if its output

ferential and common mode) must be high
enough. Generally, an ordinary differential

impedance were 5052, as the spec sheet
claimed, the gain would only fall 5%. So,
whether it is a computer model or a real

bipolar stage has a differential input
impedance of 1/(20 x lb), where lb is the bias

amplifier, be suspicious of output impedances
that are claimed to be unrealistically low.

current. This number varies if the op amp
includes emitter degeneration resistors or

Real trouble

internal bias compensation circuitry.
Common mode input resistance can easily

What real trouble can an op amp cause? A

be tested by measuring 1h as a function of
Vol. The circuits of Fig. 6 are quite useful
here. Input capacitance data is nominally of
interest only for high impedance high speed

is changing, the thermocouples of the op

buffers or for filters, to make sure that the second source device has the same capacitance as

the op amps that are already working adequately.

part may have a bad Vos. Or if the temperature

amp's Kovar leads may cause small voltage
differences between the op amp leads and the
copper of the PC board. Such differences can
amount to 1/10 or 1/20 of a Celsius degree
times 35µV/°C, equal to 2-3µV.
Remember, too, that not all op amps of any
one type have the exact same output voltage

swing or current drive or frequency response.
Designers can fall into the habit of expecting
False error characteristics
Sometimes, an op amp may exhibit an "error"parts to be better than average. When they
that looks like a bad problem, but isn't. For receive parts that are still much better than the
example, if an op amp's output is ramping at guaranteed spec but worse than average or
-0.3V4s, it might be surprising to find that "typical," they find themselves in trouble.
the inverting input, a summing point, is not at
ground. Instead, it may be 15 or 30 or 100mV Occasional oscillations
away from ground. How can the offset voltage One of the most troublesome problems associated with op amps is oscillation. Just as an
be so bad if the spec is only 2 or 4mV?
oscillator can be built out of any gain block,
Why is the inverting input not at the "virtuthen it must be accepted that any gain block
al ground" that the books teach us?
The virtual ground theory is applicable at can also oscillate when not wanted. Op amps
DC and low frequencies, but if the output is are no exception, though most op are well
moving at a moderate or fast speed, then behaved, and only four basic precautions need
expecting the summing point to be exactly at to be taken to avoid oscillations.

ground is unreasonable. In this example,
dVout/dt equals 2.7t x the unity gain frequency x
the input voltage. So 15mV of Vin is quite rea-

Always use some power -supply bypass

sonable for a medium bandwidth .op amp,
such as an LF356, and 50 or 70mV is quite

near the op amp. For high frequency op amps,
the bypass capacitors should be very close to

reasonable for an LM74I .
To make an op amp move its output at any

the device for best results. Ceramic and tan-

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.

ROBERT

A.

PEASE

Troubleshooting
Analog
Circuits
"CS

NI

I JO3,Ji~F_MTti

CREDIT CARD ORDERS
ACCEPTED BY PHONE

081 652 3614

capacitors on each supply and install them
Published by Butterworth -Heinemann.

talum bypass capacitors are often needed.
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10k

R

10k

Fig. 7. The basic

inverter (a) and
integrator (c) can
be easily
modified to
decouple
capacitive loads
(b) and (d).

10k

10k

47

z47

nR

Many analyses claim to predict capacitive
loading effects when the op amp's output is
resistive. But the output impedance of an op
amp is usually not purely resistive, and if the
impedance is low at audio frequencies, it often

starts to rise inductively at high frequencies,
just when you need it low.

phase lag in the feedback path. Of course there
are exceptions, such as the LF357 or LM349,
which are stable at gains or noise gains greater

Conversely, some op amps (such as the

than 10. Adding a big feedback capacitor

NSC LM6361) have a high output impedance
at low frequency which falls at high frequen-

across the feedback paths of these op amps

cies - a capacitive output characteristic. So
adding more capacitance on the output just
slows down the op amp a little and does not
change its phase very much. But if an op amp
is driving a remote, low resistive load that has
the same impedance as the cable, the terminated cable will look resistive at all frequencies and capacitive loading may not be a problem.

An inverter's and integrator's capacitive
load can be decoupled as shown in Fig. 7. If
Fig. 8. By adding just a single resistor, the noise
gain of a standard integrator can be tailored.

Using bypass capacitors is not just a rule of
thumb, but a matter of good engineering.

Avoid unnecessary capacitive loads; they
can cause an op amp to develop additional
phase shift, making the op -amp circuit ring or

oscillate. For example a 1 x scope probe, a
coaxial cable or other shielded wire added to
an op amp used to convey its output to another circuit. Unless the op amp is proven to be
stable driving that load, add some stabilising
circuits. It does not take a lot of work to apply
a square wave or a pulse to the op amp to see
if its output rings badly or not. Check the op
amp's response with both positive and negative output voltages because many op amps

with PNP follower outputs are less stable
when V°,,, is negative or the output is sinking
a current.
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Add a feedback capacitor across RF
unless it can be shown that this capacitor is
not necessary (or is doing more harm than
good). This capacitor's function is to prevent

the components are well chosen, any op amp
can drive any capacitive load from 100pF to
100µF. The DC and low -frequency gain is
perfectly controlled, but when the load capacitor grows large, the op amp will slow down
and will eventually just have trouble slewing
the heavy load.
Good starting point component values are
R1 = 47 to 4700 and CF = 100pF. These val-

ues usually work well for capacitive loads
from 100pF to 20,000pF. To make an integrator or a follower required an additional
4.71d2 resistor as indicated in Fig. 7d.
In some cases, as with an LM110 voltage
follower, the feedback path from the output to
the inverting input is internally connected and
thus unavailable for tailoring. Here we can tailor noise gain. Noise gain is defined as 1/13,

where 13 is the attenuation of an op amp's
feedback network, as seen at the op amp's

inputs, referred to the output signal. For
instance, the (3 of the standard inverter configuration (Fig. 8a) equals Z1/(Z1+ Z2), so the
noise gain equals N + 1. Noise gain can be
raised as shown in Fig. 8b.

would be exactly the wrong thing to do,
although in some cases 0.5 or 1pF may be
helpful.
Two formulae can be used to obtain considerably improved bandwidth and excellent stability.
For high values of gain and of RF, use:
Ctn

GBW RF

where GBW is the gain -bandwidth product. In
those cases in which the gain or impedance is
low, such as where (1+RF/R1n)5211(GBw X RF
ZCin), use the following equation

CF -

C'n

(2 2RF
Rin

These equations came from real analytical
approaches that have been around for 20
years. The value of CF computed is not that
critical; it is just a starting point. The circuit
must be built, trimmed and tested for overshoot, ringing, and freedom from oscillation.
If the equation gave 1pF and a clean response
can be obtained only with 10pF, you would be
suspicious of the formula.
Note that when moving from a breadboard

to a PC board, the stray capacitances can
change, so the value of CF must be rechecked.
In some cases a separate capacitor may not be
needed if 0.5pF is built into the board.
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Multi -DEVICE PROGRAMMER
EPROMs - EEPROMs - FLASH - Micros

Introductory Offer

only

PLDs - GALs

-

£299.00

Fast Programming - Intelligent Algorithms
Connects to Computer Port
On Line "HELP" System
Easy to Use Menu Driven Software
Supports a Wide Range of Devices
without Adapters. Including:EPROMs E2PROMs Flash EPROMs

PLDs GALs PALCEs - 16V8, 20V10, 22V10
8748 and 8051 families including 87C751

NEW

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

2 Field End, Arkley, Barnet, Herts EN5 3EZ

Telephone: 081-441 3890
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DEVELOPING ANTENNAS
FOR BEAM STATIONS
The four -panel Canadian transmitter at Bodmin.
Nearest, to the right of the picture, is the absorber
and signalling panel, which kept the load on the
generators constant between "marking" and
"spacing" in the Morse transmission by diverting the
high-tension supply through resistances by type
CAM2 oil -cooled valves during spacing periods. In
the foreground are two signalling relays, with a
change -over switch on the diagonal panel. Two
magnifiers, one for each waveband follow, and the
end panel contains the No 1 magnifier, or power
oscillator and the high -frequency coupling circuits,
which convey energy to the aerials.

Above The two lines of aerial masts at the Bodmin
beam station , opened in 1926 to handle short-wave
transmissions to Canada and South Africa. The
beams followed great circle tracks, each at right angles to its line of aerial masts. Alignment required
celestial accuracy.
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The shortwave Imperial wireless chain - the beam system
as it came to be called - like its long -wave high power
predecessor was based on pairs of stations, a transmitter

and receiver. Many were in fact conversions of stations
begun for high -power links.
Experiments by Marconi and colleagues in 1923/24, using

wavelengths between 92 and 32m had established that the
shorter the wavelength, the longer the daylight range (when
signals were supposedly at their weakest).
Test transmissions on 32m, using a power of only 12kW,
were received in Montreal, New York, Buenos Aires and
Sydney, in October 1924. These results came just in time to
halt mast construction at some of the planned stations.
Smaller antenna and reflector systems could be substituted.
These consisted of a five -mast system, the 287ft high masts
spaced 650ft apart, producing a 1300ft antenna path for each
of the two discrete wavelengths.
Precise alignment of the masts was of vital importance, and
had to be carried out with great care - using fixes on the sun
and stars - to ensure that they were square -on to the shortest
great circle path to the destination.
The angle of elevation was 10-15° from the horizontal for

ranges of 2000 miles upwards. Phasing coils were used
between half -wave sections to bring antennas into phase
(later replaced by a zigzag array to produce non -radiating
phase reversing).
To ensure the efficient transmission of high -frequency

power between the transmitter and the antennas, C S
Franklin, who designed the array, devised the concentric
feeder. This consisted of air -insulated concentric copper
A standard wave meter, used for checking the transmitted
wavelengths.

The machinery hall at Rodmin. Power required was less than
20 kW, compared with up to 1000kW for an equivalent
longwave transmitter. Rectifiers, in the background,
provided high-tension DC anode supplies for the valve
transmitters.
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The Australian Beam Station at Grimsby was designed to work
in two directions, west in the morning and east in the evening,
both following the great circle path, in order to allow for the
effect of the position and altitude of the sun on transmissions.
Two aerial systems, either side of a central reflector, were
employed, and can be seen here either side of one of the three
masts. The reflector can be traced just to the right of the mast
by a line of balance weights, used to keep the array taut under
wind pressure.

tubes, held apart by porcelain spacers - in principle the same
design as modern coaxial cable. It was carried on iron supports driven into the ground. A symmetrical branched distribution kept the supply to all the antenna wires in phase.
Transmitters used a valve drive taking less than 100W; output was then amplified in three successive stages. Duplicate
drives were installed where different wavelengths were used

for day and night transmissions, permitting a wavelength
change to be effected in about 10 minutes.
New valves had to be designed to overcome problems with
the high frequencies in use. These were the oil -cooled CAT
(cooled anode transmitting) valves.
The receivers consisted of a single RF stage and demodulator with additional AF amplification stages as required. To
cope with frequency drift from the transmitters, the tuned
stages were given fairly wide band-pass, while limiting circuits were used to offset fluctuations in signal strength due to
the ionosphere.

Bodmin in Cornwall was the transmitting station for
Canada and South Africa, with the receiving station at
Bridgewater, Somerset. Grimsby and Skegness, on the East

Coast, served Australia and India, while Dorchester and
Somerton covered North and South America.
The Australian desk at the Central Radio Office, London, where
messages were sent to Grimsby, and received from Skegness, by
land line, and from where the automatic stations were
controlled.
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WARNING!
THIS TAX COULD SERIOUSLY
DAMAGE THE HEALTH OF
YOUR BUSINESS
Tt is strongly rumoured the government

VAT on specialist business magazines

will impose VAT on magazines and
newspapers. Not just daily and Sunday

would be a tax on information, a

newspapers, but magazines like this

tax which would drastically reduce
the range and quality of information

designed to help you in work, to run
your business. Specialist information

that helps businesses grow, compete,
increase efficiency and market their
products. Information which only the

which can only be obtained from

specialist business press provides.

one. Magazines providing information

specialist magazines.

Public opinion can change govern-

For publications bought by you or

ment policy. If the information provided

your company it will mean an increase
in cover price. It is also possible that

by the business press is important to

magazines you received free will be

information, fill in the form below and

subject to an imputed cover price,

send it freepost to Ian Locks at the

forced to pay a non-refundable tax on

Periodical Publishers Association.
In addition, a letter to your MP would
be very helpful.

income they can't earn, money they
haven't got. Your favourite most job useful magazine could be closed down.

you, if you disagree with a tax on

Published by Electronics and Wireless World in the interest of preserving
a most useful source of business information.
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Ian Locks, Chief Executive, Periodical Publishers Association, Freepost, WC2B 6UN

I disagree with any government proposal to tax information, by imposing VAT on
specialist business magazines.
Name:

Job Title:

34-1

OBITUARY

JOHN "RADIO" BROWN
JIG Brown C.ENG MIEE

execution of agents operating in the field.
Light but powerful suitcase transmitter -

In 1944 Britain needed communication

who died on January 11 1993, aged 77, was a
brilliant electronic engineer and inventor of

receivers designed and produced by Brown,

receivers covering from 150kHz to 15MHz to
enable radio broadcasts to be heard anywhere

the A Mk I and B Mk II, carried the SOE

in the world. The coded broadcasts would

several devices that proved of vital importance
to the War effort in 1940-45.
After the war, he carried out valuable work

communications load for the duration of the

indicate the arrival of parachutists, and other
SOE activities, and the extensive waveband
was needed to penetrate the extensive enemy
jamming of so many frequencies being broad-

in the development of medical electronics,
notably for cardiac investigations and treatment. But he is perhaps best remembered for
his work with the Special Operations
Executive (SOE). Communications between
the UK, agents in the field and underground
groups in occupied Europe and other parts of

the world were crucial to success of SOE

War.

The equipment usually had a power output
of about 20W and operated on Morse code, in
the range 3-15MHz - it must be remembered
that at the time radio transmission and recep-

tion were dependent on thermionic valves
consuming relatively high power.
Not content with designing the communications equipment, John Brown also developed the ancillaries, including a pedal generator adaptable for wind drive and a
thermocouple charger for the batteries. The
charger consisted of a large number of couples
housed in a brazier, and in a single night this
could fully charge the accumulators.

cast by the BBC. To meet the requirement
John Brown designed, in very little time, the
miniature communications receiver (MCR),
20,000 of which were rapidly produced and

dropped in occupied countries all over the
world.

It is impossible to estimate the value of
Brown's work and his contribution to the success of SOE operations. But countless lives
were saved by the efficient communications
enabled by his designs.
Brown held the rank of Major in the Royal
Signals and after demobilisation ran his own
company Aveley Electric where he carried out

John "Radio" Brown
died on January 11 1993,

development of important electronics con-

aged 77.

radio techniques.

nected with cardiac diagnosis. He travelled to

several countries lecturing on clandestine
Charles B Bovill

activities. It was John "Radio" Brown, exploiting his skill, exceptional technical knowledge
and attention to the minutest detail, that made
this communication possible.

Development work, carried out day and
night at SOE station IX by John Brown, laid
much of the basis for good communications.
His originality in producing light and small
transmitter -receivers overcame the difficulties

experienced with previous large and heavy
equipment that had led to the arrest and often
John Brown's suitcase radio employed a
6V6 as PA and a 7H7 as crystal oscillator.
The superhet receiver used three valves.
The PA coil output circuits were flexible

enough to load up to anything - including
a bedstead.
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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
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Quickroute for Window; 3/3.1 and DOS
A New Generation of PCB and Schematic Design Software
Quickroute 2.0 for Windows 3/3.1
Supports over 150 printers/plotters

Our first product - Quickroute 1.2 for DOS - was called 'exceptional value for money'
by Everyday Electronics (Sep92) and EW&WW (May92) said 'Cheap .. it may be.
But .. Quickroutes performance puts it in an altogether much bigger league'. Now
there are two new versions: Quickroute 2.0 for Windows, and Quickroute 1.5 for
DOS, and they are even better!
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Marple Bridge, Stockport, SK6 5DD, UK.
Telephone 0860 602486
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FAX 081 652 8931

TEL 081 652 8339

ARTICLES FOR SALE

VALVES AND C.R.T.s

VISA

(also Magnetrons, Klystrons, 4CX250/350)
Minimum order charge of f: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.
Enquiries 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.
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 -2100H
D13-611GH
D13-611GM
D13-630GM
D14-150GH
D14-173GM
D14-173GR
D14.181GM
014-200GM
D14-270GH/50
D16 -1000H/67
D15-100GH/97
DG7-5
DG7-6

007-32
DG7-36
E4412 -B-9
F28-13OLDS
F16-101GM
F21-13OGR

£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
M31-190GR
M31.191GW
M31 -271W

M31-325GH
M36 -141W
M40 -120W

M44-120LC
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

Cooke International
SUPPLIER OF QUALITY USED
TEST INSTRUMENTS
ANALYSERS, BRIDGES, CALIBRATORS,
VOLTMETERS, GENERATORS, OSCILLOSCOPES,
POWER METERS, ETC.
ALWAYS AVAILABLE

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE

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.

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

OPEN MONDAY -FRIDAY 9AM-5PM

in stock: camera tubes, image intensifiers, magnatrons, vidicons and audio valves.
We wish to purchase the following valve types KT6B, KT88, PX4, PX25, DA100.
MINIMUM ORDER £50.00 UK. £100.00 EXPORT. CALLERS STRICTLY BY
APPOINTMENT ONLY

BILLINGTON 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 £50 + Carriage.

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC, INTO CASH
Immediate settlement.
We also welcome the opportunity to quote for
complete factory clearance.

Contact.
COLES-HARDING & CO. 103 South Brink
Wisbech, Cambs PE14 ORJ.
ESTABLISHED OVER 15 YEARS

Buyers of Surplus Inventory

GOLLEDGE
ELECMONICS -

SHIPPING ARRANGED

ELECTRONIC TEST & MEASURING INSTRUMENTS

Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, P022 OEB
Fax: (+4410243 542457
Tel: (+44) 0243 545111/2
* COMMUNICATIONS EQUIPMENT PURCHASED *

ARTICLES WANTED

CRYSTALS OSCILLATORS FILTERS
Comprehensive stocks of standard items. Over
650 stock lines. Specials made to order.
OEM support: design advice, prototype quantities, production schedules.
Personal and export orders welcome.
SAE for our latest product information sheets.
GOLLEDGE ELECTRONICS LTD

Tel: 0945 584188 Fax: 0945 475216

Merriott, Somerset, TA16 5NS

Tel: 0460 73718 Fax: 0460 76340

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:
HTB ELEKTRONIK
Alter Apeler Weg 5, 2858 Schiffdorf,
West Germany
TEL:

01049 4706 7044

FAX: 01049 4706 7049

WANTED

Test equipment, receivers, valves,
transmitters, components, cable
and electronic scrap and quantity.
Prompt service and cash.
M & B RADIO

86 Bishopgate Street,
Leeds LS1 4BB
Tel: 0532 435649
Fax: 0532 426881

9956

CELLULAR TELEPHONE MODIFICATION HANDBOOK

How are hackers making cellular phone calls for free?
How to have two phones with the same number

STEWART OF READING

Complete Manual only £ 50

TOP PRICES PAID FOR ALL TYPES OF
ELECTRONICS EQUIPMENT

TEL: 0734 68041
FAX: 0734 351696

SPY Supply, 108 New Bond Street
London W1Y 9AA
(US) 617-327-7272

A.R. Sinclair, Electronics, Stockholders,
2 Normans Lane, Rabley Heath, Welwyn,
Herts AL6 910. Telephone: 0438 812 193.

Techniques for decoding & changing cellular phones' NAMS
Descriptions of cellular phones's vulnerabilities!
Cellular phone manufacturers ESN codes

Sold for educational purposes only

350

WANTED
Receivers, Transmitters, Test
Equipment, Components, Cable
and Electronic, Scrap. Boxes,
PCB's, Plugs and Sockets,
Computers, Edge Connectors.

110 WYKEHAM ROAD,
READING, RG6 1RL.

Mobile: 0860 214302. Fax: 0438 812 387
780

TOP PRICES PAID FOR ALL
TYPES OF SURPLUS TEST
EQUIPMENT, COMPUTER
EQUIPMENT, COMPONENTS
etc. ANY QUANTITY.
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APPOINTMENTS

ARTICLES WANTED

WE WANT TO BUY !!
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.

ELECTRONIC COMPONENTS Bargain

WANTED USER MANUAL For intersil
Eprom Programmer 6920 -CEP to buy or
loan for copy against deposit. Bill 0635
868112.

KY7 6LA.

SMALL COMPUTER and PSU

WANTED Information, samples of "DS"
electrical fittings (with replaceable fuse)

Berks, SL5 9HT. (0344) 24136.

Andrew Emmerson, 71 Falcutt Way,
Northampton, NN2 8PH.
WANTED MANUAL for Dumont oscillo-

scope type 1100P. J.P. Mawson, 280

Abbeydale Road, Sheffield
Phone 0742 552125.

S7

1FL.

(patented for computer game) £10.00
Samtaonix, 28 Llanvair Drive, Ascot,
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

ADVERTISERS
PLEASE NOTE
For all your future
enquiries on advertising
rates, please contact
Pat Bunce on:

Tel: 081-652 8339
Fax: 081-652 8931
April 1993

EISCAT Scientific Association a new radar station, the EISCAT
Svalbard Radar (ESR), will be built on the island of Spitsbergen in the
Svalbard Archipelago north of Norway.
For the construction of the EISCAT Svalbard Radar instrumentation a

System Integration Engineer
will be installed. This engineer will assist the Radar Project Engineer
in technical matters and conduct and supervise digital engineering as
well as the interfacing of digital and analogue instrumentation of the
ESR system, work on the acquisition of auxiliary subsystems,
specification and execution of test procedures, the implementation of
monitoring and control systems and the integration, tests and quality

control of the ESR system to be installed on Svalbard.
A highly qualified and well motivated individual, possessing a degree
in electronic engineering, computer engineering or technical physics as
well as practical knowledge of digital and analogue instrumentation is
required. Familiarity with modern system software design is important
and practical knowledge of RF engineering is desirable. The successful

candidate should be prepared to be substantially involved in the
practical construction of the radar system. An ability to communicate

effectively in spoken and written English is essential. The system
integration engineer will initially work at the EISCAT site in Tromso,
Norway, but must also be willing to spend considerable time at the
Svalbard site during the system implementation and tests.
This position will be available for a period of four years through the
entire construction, implementation, test and initial operation phase
of the EISCAT Svalbard Radar. The salary will depend on qualifications and experience and will follow the corresponding Scandinavian
scales.

More information on the EISCAT Scientific Association and a detailed
description of the EISCAT Svalbard Radar can be obtained from The

Director, EISCAT Headquarters, P.O. Box 812, S-981 28 Kiruna,
Sweden (Tel.: +46-980-79153; Fax: +46-980-79161). Applications
should be sent to the same address by 30 April 1993.

SERVICES

FREE CLASSIFIED
bags. New capacitors, resistors, IC's,
connectors, stepper motors, PSU's, &
scrap PCB's SAE to; Ian Stirling, Cottaracre Star Of Markinch, Glenrothes

The EISCAT Scientific Association performs iononspheric research
with incoherent scatter radar systems operated in northern Norway,
Finland and Sweden. As an important step in the evolution of the
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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
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DISK DRIVE CONTROLLER CARDS (carr. 42.50)
XT ALL L37,50, XT SCSI 129.50, AT MFM 119.95, AT SCSI C37.50, AT ESDI (Cache) L49. AT IDE Sec I/O cards.
Multi SCSI yard for hard drive, CD, WORM, tape etc Future Domain firmware £49. High transfer rate intelligent SCSVIDE card supports
all devices under 115005. Unix. OS/2 and Netware with SCSI and IDE interfaces on one card L119,
SCSI Cache accepts up to 16 Mbyte RAM. Ultimate high speed EISA or ISA £299. IDE Cache 16 bit up to 16 meg on board L109.

IBM COMPATIBLE AT MOTHERBOARDS, CARDS etc.
66 1114x 486 DX2 baby size motherboard with 256K cache. Co -processor built in. Fin cooled CPU. 1649. Landmark 220MH, 33 MHz
486 DX baby size motherboard with extra 64K cache. Floating point co -processor built into CPU. Eight expansion slots OPTI WA
thipset 0399 (carr. L5). 50 MHz and 66 MHz P.O.A. 40 MHz 486 SX motherboard as above but twice the speed! Fan cooled CPU L249.
33 MHz 386 SX 179, EISA 486 top spec EISA systems now in stock please ring fora quote for a system, VESA !oral bus a proving to
be the new standard and is simply the fastest, we have many different options so please give us a call. 486 FAN KIT heatsink and fan
assembly for all 486 chips L25. I Mbyte SIMM RAM for 386/486 (70m) L24

I/O CARDS
AT MULTI I/O card with

parallel. 2 serial,
game, 2 floppy. IDE hard drive L12.95 AT I/O card. parallel, 2 serial, game L9,95.
Mouse Microsoft compatible, serial with all software L9.95 (carr. L4) Keyboard 102 key UK, top quality click action (L24.95 lour. L4)

FASTEST MATMOS IBM COMPATIBLE AVAILABLE 66 MHz VESA 32 BIT LOCAL BUS 486 DX

I

I

Spec
NETWORK PRODUCTS
486-66 DX2 Intel CPU, 8 Meg Rain (up to 64 MB on board max), 32 bk cache controller with
4 hard
MB (16
Meg
drive. MB max). 212
Ethernet card Novell NE -2000 compatible 16.bit L75 (carr L2). All network cables and connectors in stock.
VESA 32 bit VGA card using Tseng Labs. Accelerator up co 1280 by 1024. Desktop caw and 102 keyboard. 2 serial, genie and
parallel ports, 1.44 15 inch drive and mouse
AT/XT CASES WITH PSU
1

1

Performance:
Landmark: well in excess of 200 Core test: Access 0.1 none Transfer 17.5 MB/sec 3D benchmark: 45.6 11995

486 CAD/DTP SYSTEM WITH 1280 x 1024 MONITOR
486 33 MHz DX cache system web 150 Mbyte hard drive, cache controller, 3.5 -inch 1.44 floppy, 4 megs RAM (upgradeable to 32 Meg.).
full tower case, 102 keyboard, 2 serial, parallel ports. AMI bins. Microfleld Graphics TB colour graphics controlkr with 2 Mbytes video
RAM and 8 MIPS processor, Hkacht I5 -inch ultra high resolution monitor to dhplay 1 280 0 1024 non -interlaced.
Will drive Windows 3.1. ACAD 9, 10, II or 12 etc, Cancelled defence order limited stocks 11349. With 20 -inch monitor 1P0A. Ask
for colour leaflet! or quote for machine to your spec. based around the stunning graphics card.

Desktop with 3,5.25 -inch and 1,3.5.inch bays, latest styling, L34.95 With 200W pots L59 (carr £6.50).
Mini tower 169 (carr L6.50). Full size tower with 6 x 5.25 -inch bays, 230W psu, digital speed display, wits all motherboards inc. 486,
199 (carr L10).

MONITORS

I

1280 BY 1024 WINDOWS GRAPHICS WORKSTATION
Matmos 486-40 combines the high speed of the hard drive cache controller with the 1280 by 1024 resolution of Microfield graphics
card ideal for DTP/Graphics work 1 Meg Ram (Up to 32 M8 on board max), ISO Meg hard drive, Desktop case and 102 keyboard, 2
erial, I game and parallel ports, 1.44 3.5 inch drive and moose Microfleld Graphics T8 colour graphics controller wkh 2 Mbytes video
RAM and 8 MIPS processor. Hite& 15 inch ultra high resolution monitor to display 1283 n 1024 non interlaced. L979.
I

MONO HERCULES: 12 -inch high res. display, L49 (cart 16.50).
MONO VGA 12 -inch paper white high resolution /59 (cam L6.50).
COLOUR VGA 14 inch 640 by 480. with tilt and swivel stand L149. (carr. L6.50)
COLOUR SUPER VGA: 14 -inch up to 1024 by 768 multisync.. 0,2B dot pitch. Very high quality display. 1189 (interlaced), L249 (non interlaced) (cur L10).

CAD COLOUR
IS -Inch fixed frequency 64kHz. Hitachi HM4115 with MIcrofleld Graphics TO driver card for Autocad and Windows 3/3.1 at
1280 by 1024 non interlaced (new) 1299. (p.o.e. for carriage for above)

486 NOVELL FILE SERVER

VGA CARDS AND WINDOWS ACCELERATORS

486 40MHz cache syarem with 640 Mbyte Seagate hard drive, 3.5 inch 1.44 floppy, 4 rnegs RAM (upgradeable to 32 Mess), full tower
case, 102 keyboard. 2 serial, I parallel ports. AMI bloc. Mono Monitor, 16 bit NE2000 Ethernet card, L1199 or with 66 MHz 486 L.1599.

TOP SPEC. 486 SYSTEMS

Mono graphics card.
16 -bit VGA card 256K, all emulations, up to 800,600, with software to run all major packages. Oak chip set Switchable for use in
XT's, L29 95.

40 MI -Ix 486 SX cache system, Mbyte RAM. 1.44 Mbyte floppy drive, I/O card etc. 1369.
33 MI -111 DX 486 cache system. with I Mbyte RAM £499. 60 MHz DX 486 cache system L599. 66 MHz DX2 486 cache system L699
EISA 66 MHO 486 DX system L999 VESA local bus 40/50 or 66 MHz POA.
Phone for lowest price quote on a complete system Co your requirements.
Carriage on systems LIO. See below for add-ons and other stock kerns.
I

386 LAPSTOPS/ 486 NOTEBOOKS
386-20 OLIVETTI laptop with 2 MElyte Ram, 65 Mbyte hard drive, VGA LCD =reef, charger, seriaPparalleINGA ports, one 16 bit

I6 -bit 1024x768 super VGA card. Very high resolution with I Mbyte and drivers for Windows, Acad. VP etc. Full manuals and disks.
Latest version of the industry standard Trident chip set. £49.
SO MHz S3 Windows Accelerator Latest high speed accelerator card using the full 50 MHz S3 chmset C179 (carr L2).
Cirrus Hi -Colour Video Accelerator 5.4K colours high speed (Similar to 53) latest design, 1 Mbyte L69. Tseng Labs version L79
EISA 53 Windows Accelerator the EISA graphics card available. Full 32 bit operation L179. Local Bus VESA standard with TSENG
Labs accelerator C179. MICROFIELD TB 1280 by 1024 non interlaced 64 bit 8 MIPS video processor 2 Mbyte Ram driven for AusoCed
9, 10, 11 and 12 and Windows 3.1 with 15 Inch non interLaced Hitachi colour monitor L299. Please ring for other video cards !minding
Local Bus options, (carr. on cards 12.00).

expansion slot and case 1599.

186-2S Trust Notebook with 4 MByte Ram, 80 Mbyte hard drive, excellent high speed VGA LCD screen, charger, serial/paralleINGA
ports and case LI299.

MATMOS 25/33 MHz 386 SYSTEMS
Latest style high quality 386 33 MHz SX computer with AMI Bloc. 2 serial. parallel ports, Mbyte RAM. eight slots, Hard and Floppy
controller (stare SCSI. ESDI, MFM or IDE), 1.2 or 1.44 Mbyte floppy drive and small footprint luxury desktop case L239.
I

I

PRINTERS
INKJET: Hewlett Packard Deskjet SOO industry standard with three year guarantee L299 (carr L10)
DOT MATRIX: Samsung 300 CPS 9 pin with full Epson compatibility. Very fast and beautifully made L 119 (cart L7.50)

MODEM AND FAX/MODEM CARDS
Hayes Compatible 2400BPS internal modern fully compatible with MNP 5 error correction. Auto dial/answer and speed sensing.
Works with Windows 3. Protons. Crosstalk etc. L69 (car. L4)
Modern Fax card 9600 BPS fax card with 4800 BPS Hayes tomcat. modem with all software C99 (new model) 9600/9600 BPS model
L139,

POWER SUPPLY
Astec BMI40 IBM XT/AT compatible 1SOW; +5V at 15A,

SOFTWARE AND DISKS

All Hewlet Packard and Cannon Laser and inkjet printers available - please call.

FLOPPY DISK DRIVES
360K 5.25 MO IBM standard half -height drive £29.95 (carr. L150). 1.44 Mbyte 33 -inch Citizen OSDA39C third -height drive for
ATs, grey bezel C31.95 (carr (4).
1.2 Mbyte 5.25 -inch Panasonic half height C39,95 (carr L4).
Kit to fit 15 inch drive in 5.25 inch space suitable all Citizen drives inc. cable adaptors £4.99 (carr. free with drives)
IBM standard floppy disk drive cable C3.

12V at SA, -5V at 0.3A, - 12V at 0,5k fan cooled, rear panel switch,

good value at L19.50 (carr. L4)

DR DOS 6 C19.95 MS DOSS C39.95 (carr (4). Windows 3,1 /MSDOS 5 Latest version from Microsoft on 3.5 inch disks L74.95 (carr
(4) Microsoft Works Latest version for Windows WP, Spreadsheet, Database and graphics L59 (cur bi). 3.5 inch disks Box of ten 1.14
Mbyte preformatted (9.95 (carr C2)

HARD DISK DRIVES
MFM: 10 Mbyte NEC 5124 5.25 -inch L25
SCSI: Seagate 330 Meg ST4376 L359
IDE: 120 Meg 15 inch LI99. 220 Meg Western Digital 12 msec, okra fast 2 year warranty L299
ESDI: All with free cache controller 141 Mbyte Toshiba ex -equipment full height L189. ISO Meg NCL 3.5 inch high speed L239
(1209 In machines). 330 Mbyte Micropolis 1574 full height C459 (1399 in machines) 640 Mbyte Seagate ST4766E 15 nuec 515
inch full height. Reliable Wren 6 drive 0699 (1645 in machines)

VAT and carriage must be added to all items (quotes for carriage overseas).
* Everything new, and guaranteed one year unless stated: ex-dem. products guaranteed 6 months.
* Access and Visa telephone service

MATMOS LTD., UNIT 1 I THE ENTERPRISE PARK, LEWES
ROAD, LINDFIELD, WEST SUSSEX RH I6 2LX.
0444 482091 and 0444 483830 (Fax 0444 484258).

FUJITSU PROFESSIONAL HARD DRIVES Top build quality

results in drives of outaranding reliability and performance.
Recommended for critical data, high speed applications all drives are 3.5 inch and come with 5 year warranty. Carrier delivery L8.50
330 Mbyte SCSI £599 330 Meg IDE C579, 500 Mbyte SCSI L699, 500 Meg IDE L679

Matmos Ltd has been trading successfully since 1976

CIRCLE NO. 135 ON REPLY CARD

INDEX TO ADVERTISERS

PAGE
Alternative
Publishing Ltd

Johns Radio
299

PAGE

PAGE
Pico Technology

330

Ralfe Electronics

288

301

Robinson Marshall

311

305

Kestral Electronic

Anchor Surplus

273

Baas Electronics BV

301

Keytronics

326

Seetrax Ltd

317

Bull Electrical

325

Lab Centre

217

Smart Communications

343

Citadel Products Ltd

IFC

M&B Electrical

292

SMC Ltd

299

Dataman Designs

IBC

M&B Radio (Leeds)

277

Stewart of Reading

301

303

Surrey Electronics. Ltd

Components Ltd

Display Electronics Ltd

275

MQP Electronics

Ellmax Electronics Ltd

330

Maplin Electronics

OBC

Telnet

.

277
303

Halcyon Electronics Ltd 277

Matmos Ltd

ICE Technology Ltd

266

Number One Systems Ltd 285

Tsien Ltd

IPK Broadcast Systems

299

Powerware

Ultimate Technology .... 321

352

349

Those Engineers Ltd .... 343
303

OVERSEAS ADVERTISEMENT AGENTS

France and Belgium: Pierre Mussard, 18-20 Place de la Madeleine, Paris 75008.
United States of America: Jay Fenman, Reed Business Ltd., 205 East 42nd Street, New York, NY 10017 - Telephone (212) 867 2080 - Telex 23827.

Printed in Great Britain by BPCC Magazines (Carlisle) Ltd, and typeset by Marlin Graphics, Sidcup, Kent DA14 5DT, for the proprietors, Reed Business Publishing Ltd, Quadrant
House, The Quadrant, Sutton, Surrey SM2 5AS. © Reed Publishing Ltd 1992. Electronics and Wireless World can be obtained from the following: AUSTRALIA and NEWZEALAND:
Gordon & Gotch Ltd, INDIA: A.B. Wheeler & Co, CANADA: The Wm Dawson Subscription Service Ltd; Gordon & Gotch Ltd, SOUTH AFRICA: Central News Agency Ltd; William
Dawson & Sons (S.A.) Ltd; UNITED STATES: Worldwide Media Services Inc., 115 East 23rd Street, NEW YORK, N.Y. 10010. USA. Electronics & Wireless World $5.95 (74513).

352

ELECTRONICS WORLD+WIRELESS WORLD April 1993

