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Dataman's new S4 programmer costs £495
You could have one lomorrow on approval*
If you've been waiting for S4 we have
some good news. It's available now.
S4 is the 1992 successor
to Dataman's S3
programmer,
which was
launched in 1987.
The range goes
back through S2,
in 1982, to the
original Softy
'><N
created in 1978.
Like its predecessors,
Softy4 is apractical
and versatile tool with
emulation and product
development features.
S4 is portable, powerful
and self-contained.
Design and manufacture are
State of the Art. S4 holds a huge
library of EPROMS, EEPROMS,
FLASH and One Time
Programmables. Software upgrades
to the Library are free for the life of
the product, and may be installed from
a PROM by pressing a key. S4 makes
other programmers seem oversized,
slow and outdated. S4 is now the
preferred tool for engineers working
on microsystem development.

-
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Q prototype runs the same code that their
product will run in the real world.

Dimensions & Options
S4 measures 18 x 11 x 4 cm
and weighs 520 grams.
128k x 8 (1MB) of user
memory is standard, but
upgrading to
512k x 8 is as easy as
plugging in a
4MB low -power
static CMOS
RAM.
The stated price
includes Charger,
EMUlead, Write
Lead, Library ROM,
Terminal Driver Software
with Utilities and carriage in U.K. but

Battery Powered
S4 has a rechargeable NICAD battery.
On average, you can do a week's work
without recharging. On a single
charge, up to a thousand PROMS can
be programmed - and charging is fast:
it only takes an hour. Normal
operation can continue during the
charging process.

Continuous Memory
Continuous Memory means never
losing your Data, Configuration or
Device Library. You can pick up S4
and carry on where you left off, even
after a year on the shelf. If the
NICAD battery loses all of its charge,
RAM contents are preserved by the
LITHIUM backup battery.

Remote Control
S4 can be operated via it's RS232
Serial Port. The standard D25 socket
connects to your computer. Using
batch files or a terminal program, all
functions are available from your PC
keyboard and screen.

Free Terminal Program
You could use any communications
software to talk to S4. But the
Terminal Driver program, which we
include free, is the best choice. It has
Help Screens to explain S4's functions
and it sends and receives at up to
115200 baud - that's twelve times as
fast as 9600 baud. At this speed a 64
kilobyte file downloads in 9 seconds.
There is a memory resident (TSR)
option too, which uses only 6k of your
precious memory, and lets you "hot
key" a file to S4. Standard upload and

Your microprocessor can write to S4
as well as read. If you put your
variables and stack in S4's memory
space, you can inspect and edit
them. You can write a short monitor
program to show your internal
registers.
S4's memory emulation is an
inexpensive alternative to a full MDS
and it works with any microprocessor.
Many engineers prefer it because their

not VAT.

*Money -back Guarantee
download formats include: ASCII,
BINARY, INTELHEX, MOTOROLA
and TEKHEX.

S4 loads its Library of
programmables from a PROM
in its socket,
like a computer
loads data from disk.
Software upgrades are
available free. Download the
latest Device Library from our
Bulletin Board.
Microsystem Development
With S4 you can develop and debug
microsystems using Memory
Emulation. This is an extension of
ROM emulation, used for prototype
development, especially useful for
single -chip "piggy back" micros.
When you unpack your S4 you will
find an Emulator Lead with a 24/28/32
pin DIL plug and a Write Lead with a
microhook. Plug the EMULead in
place of your ROM. Hook the
Write -Lead to your microprocessor's
write -line. Download your assembled
code into S4. Press the EMULate key
and your prototype runs the program.
S4 can look like ROM or RAM, up to
512K bytes, to your target system.
Access -time depends on S4 s RAM.
We are currently shipping 85ns parts.
CIRCLE NO. 101 ON REPLY CARD

We want you to buy an S4 and use it
with your complete approval you will
get your money back, immediately, no
questions asked.
VISA

Call us with your credit card details.
Stock permitting, we are willing
send goods on 30 days sale -or -return
to established U.K. companies on
sight of a legitimate order.

Customer Support
Dataman's customer list reads like
Who's Who In Electronics.
Dataman provides support,
information interchange, utilities and
latest software for S4, S3, Omni -Pro
and SDE Editor -Assembler on our
Bulletin Board which can be reached
at any time, day or night.

DATAribill
Station Road MAIDEN NEWTON
Dorset DT2 OAE United Kingdom
Phone 0300-20719
Fax
0300-21012
Telex 418442
BBS
0300-21095
Modem 12/24/96 V32 HST N,8,1
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pulse waveform
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computer
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TSA250 will adapt virtually any oscilloscope into a powerful
Spectrum Analyser.
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Examining UK domestic politics for a
moment, EFA has welded together some
extraordinary domestic alliances: the
Foreign Office says it remains a good idea
because it proves that we in the UK are good
Europeans; the Department of Trade and
Industry says that it is a good idea because it
believes what British Aerospace told it about
40,000 job losses; the Ministry of Defence
says that EFA is a good idea because the old
soviet defence industry is still selling some
pretty mean warplanes to the rest of the
world. But most surprising of all, the Labour
opposition supports the government in this
£20 billion job creation scheme, presumably
because it thinks that is what it is.
Few people would suggest that a
government has no responsibility to promote
high technology, even for defence purposes,
but the sort of money which EFA will
gobble up is almost unimaginable; it could
pay for the equally anachronistic Trident
submarine defence system in its entirety.
Just a fraction of the £20 billion spend
could launch a global class electronics
initiative to research, design and produce the
sort of products which the rest of the world
wants to buy: a fully digital broadcast
television system is such an example.
Associated programmes for chip research
and display technology would spin off far
more widely than overpriced, esoteric
airframes and weapons systems.

UK electronics desperately needs
inducement on a scale that only a massive
government programme can provide but
EFA is definitely the wrong programme. So
how can our politicians be so stupid or

corrupt in failing to recognise this? It is
simply that the aerospace/defence industry
led by British Aerospace and GEC enjoys an
incredibly effective lobbying system in
which retiring Forces personnel are engaged
by these companies to promote corporate
interests in their old Ministry departments.
The result has been a run of spectacularly
expensive defence contracts followed by
equally spectacular failures. For example,
GEC's Nimrod programme wasted £800
million. EFA will make this look like petty
cash. The economist John Maynard Keynes
was only half joking when he suggested that
the easiest way of involving industry in
public spending programmes was to dig a
large hole, fill it with old banknotes, cover
them with earth, and then issue companies
with licences to dig them out again.
But it isn't just the money which lunatic
programmes consume. They distort the
entire industry infrastructure - or that which
remains - because defence contracts do not
encourage the commercial discipline which
participating electronics companies need in
servicing wider markets.
If there is a real defence requirement for a
new fighter aircraft, this should be put out to
tender in a free competition which includes
Mikoyan and Sukoi. Who knows, the result
could be a MiG-29 airframe stuffed with
British electronics. This would put the wind
up the boardroom gangsters who currently
control the UK defence industry, give
concrete help to the struggling CIS, provide
defence of the realm and save the taxpayer
vast sums of money.

Frank Ogden
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Big names design single chip PC
US semiconductor makers are racing to
produce a single chip processor
combining all the logic and processing
required for a 32 -bit PC.
Recent talks between Intel and VLSI Technology Incorporated (VTI) may be aimed at
developing just such products, according to
insiders. Intel executives have already said
that the company plans to compress all the
logic needed for a 32 -bit PC onto a single
chip by 1993. Intel recently announced it was
working with IBM in this area.
Texas Instruments and chipset vendor
Chips & Technologies are also working on
single chip PCs which should appear next
year.
Such devices will produce powerful new
laptop and palm top computers and cut the
cost of desktop machines, as well as fusing
microprocessor and chipset sales into a single
$1.5bn-plus annual market.
VTI already makes house -keeping chipsets
for 386 and 486 microprocessors which are
being redesigned to operate on 3.3V power
supplies. Low power single chip devices
combining Intel 386 and 486 microprocessor
cores with VTI chipset circuitry could result
from an agreement.
Meanwhile TI plans to integrate the 486
clone microprocessor licensed from Cyrix
with its own 32 -hit PC chipsets using a

0.51.un cmos semiconductor process.
Single chip PCs will increase competition
for stand-alone 386 and 486 microprocessors
and clones. But Intel rival AMD will not

according to UK chief Dave Brand.
However, Intel will be able to protect
profits from stand-alone processors by
ramping up production of a new device,

undermine sales of 386 clone products with
integrated chipsets unless it can add value,

code -named PS.

Leon Clifford, Electronics Weekly.

Racing performance from battery micro
A microprocessor claiming the highest

ravailable ratio of computing
performance to power consumption has been
launched by US chip maker VLSI
Technology Incorporated (VTI).
VTI's implementation of the Arm6I0 32 bit risc micro delivers around 18Mips or
29kDhrystones at 25MHz with a power
dissipation of less than 600mW.
It is aimed squarely at portable and handheld applications, according to VTI's new
product director Jeff Hendy. The chip is
fully compatible with Sun, Dos and
Macintosh operating systems.
Based on advanced samples, US computer
maker Apple designed the chip into its
Newton hand-held battery powered
computer, launched recently, because of its
combination of performance and low power
- according to Apple Newton chief Larry
Tesler. Apple reportedly clocks the chip at
20MHz so that it can run at 3.3V on 90mA
of current supplied by batteries.
Based on the architecture developed by

VTI-backed Cambridge -based Advanced
Risc Machines, the Arm610 includes a 32 bit processor core, on -board memory
management, 4kbytes of cache and a write
buffer. It is functionally identical to the
recently announced Arm600 but comes
without support for a coprocessor.
Made on VTI's 1µm cmos process
samples are available now. A 0.8i.tm
implementation will be sampled in
September delivering 25Mips at 35MHz
running on a 5V supply.

Cambridge -based Acorn Computers is
planning to launch a new generation of
Archimedes PCs based around the Arm600
risc microprocessor. The machines will
deliver between 20 and 25Mips.
By integrating key logic circuitry, Acorn
plans to cut the chip count and keep prices
down. Plans involve eventually integrating
memory control, video and i/o together with
the processor core on a single chip.
LC

Electronic holograms colour our world

Removing an oxide fuel flask from the
storage pond at RISIF's new nuclear
reprocessing plant. Safety at the 750 acre
site relies on integrity of information,
from field transmitters, ensured by signal
conditioning equipment from Rochester
Instrument Systems.

620

Acombination of computers and
holograms may provide colour images
in three dimensions suitable for designing
cars and viewing holographic TV as a result
of work carried out at Massachusetts
Institute of Technology.
The MIT method relies on eliminating
image details not essential in creating the
image. To achieve this, a description of the
information contained in a holographic
image is transmitted from a supercomputer
database in a type of semantic image
encoding.
The computer takes these simplified image
codes and converts them into signals
representing the optical fringe patterns
which will display a hologram made up of
192 horizontal lines. Each of the lines

Georgia Tech: looking for a third dimension.
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UPDATE

contains 16 other lines to create 32,000
picture elements.
After removal of unnecessary holographic
data, the light signals modulate radio
frequency signals. These are then amplified
and applied to three transducers connected
to a tellurium dioxide, acousto-optical
crystal. The resulting ultrasonic waves travel
through the crystal, thus changing the
refractive index as the pitch changes and the
wavefront moves forward.
A laser sends light through the crystal
which is diffracted. The laser beam hits a
polygon mirror which freezes the
information by spinning in the opposite

direction and at the same speed as the sound
waves. At every 16 lines, a vertical scanner
moves down a step for the scan line that
follows. Finally, a lens focused on the
spinning mirror magnifies the scan lines into
a holographic image that appears to "float"
in a background of black.
To date, the images have been simple ones
such as three-dimensional cubes. More
complex detail in a scene will require more
complex code to achieve a holographic
effect using the computer.
The Multimedia Laboratory at the Georgia
Tech is also developing 3-D with an optical
digitiser which automatically provides

detailed computer descriptions of threedimensional objects. The device is intended
to replace the tiring work currently done in
manually digitising objects using a pen and
other basic tools.
GeorgiaTech's scanner uses three video
cameras to obtain data about an object's
contours as it slowly rotates on a turntable.
Proprietary electronic equipment converts
the video input to the basic mathematical
description that models complex objects.
This information is stored in a standard
.DXF format file which can then be
manipulated in colour, form and texture.

Martin Cheek.

Wristwatch technology opens up mini hard disc market
Hewlett-Packard has launched a 1.3in
21Mbyte drive measuring 10.5mm by
36.5mm by 50.8mm. For the first time mini
hard drives are appearing that rival the space
and power advantages boasted by more
costly memory chips - vital to the emerging
generation of handheld electronic gadgets.
Other drive makers led by US -firms Seagate
and Conner are set to follow. Indeed, two
weeks ago Seagate unveiled a 65Mbyte
1.8in drive.
Mini drive makers will be helped by the
appearance of highly integrated disk drive
control chipsets. Chip maker AT&T
Microelectronics collaborated in developing
the control chips for the HP drive - slashing

the chip count from 15 chips in a 1.8in drive
down to eight - and has now launched its
contribution as a stand-alone product called
Reach 2.
With the annual worldwide market for
mobile computer memories expected to
reach $20bn a year by the end of the decade,
the race is on to develop cheap and small
non-volatile mass storage.
Solid state memory gained an edge back in
the early 1980s when the semiconductor arm
of Japanese giant Toshiba developed flash
memory chips which retain data when the
power goes off. However, flash is still
expensive. A 20Mbyte flash -based plug-in
computer memory card costs around $600.
Compare that with the $250 apiece volume
price offered by HP for its 21Mbyte
Kittyhawk 1.3in drive. That works out $30
per Mbyte for flash as against $12 per
Mbyte for Kittyhawk. US chip maker Intel
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is predicting that flash will reach $10 per
Mbyte sometime in 1995.
HP is confident mini drive costs will fall
even further as production volumes increase.
HP is highlighting the built-in shock sensing chip -based technology analogous to
the air -bag crash systems being fitted to
modern cars. The chip can sense a fall and
brace the drive for the shock before it
happens: it will survive a 1m drop on to
concrete.
Manufacturing techniques borrowed
directly from the watch making industry
contribute to shock resistance. Indeed, HP
has signed up Japanese watch maker Citizen
to manufacture its new generation of mini
hard drives..
The reliability of mini hard drive
technology is also improving. HP is
claiming a mean time between failures of
300,000 hours - over 34 years. Seagate
claims 250,000 hours for its 1.8in drive.
The Kittyhawk mechanical module is
designed to perform 100,000 start/stops
without failing, over 100 times a working
day for five years. This compares directly
with the 100,000 read-write cycles available
to eeprom type memory.
The use of different materials adds to the
ruggedness and reliability of the mini drive.
HP has opted to use sputtered, thin film
glass -based media to make the double deck
1.3in diameter disks rather than
conventional aluminium substrate media.
Glass is stronger than steel in its
unblemished form.
The material also has the advantage that it
is inherently smoother than aluminium
allowing the read/write heads to fly round
closer to the surface.
But semiconductor mass memory scores in
power consumption. Both HP's and
Seagate's newly launched mini drives
require 5V power supplies rather than the
3.3V standard that is emerging for battery
powered handheld electronic devices.
"Its our firm intention to go to 3.3V as
soon as we can," said HP market
development manager Dayrell Drake. This
will happen as soon as we can implement
the full drive control chipset on a 3.3V

process, he said. And Seagate president Alan
Shugart said that his company is also
developing drives capable of running off
3.3V power supplies.
Flash also offers quicker access than hard
drives. But the new HP mini drive powers
up in 0.75s, has an average seek time of
18ms, a data transfer rate of 0.9Mbyte/s and
a latency of 5.6ms. These should all
improve as mini drives shrink further.
Capacity of mini drives also looks set to
grow. The use of glass disk media has
helped push the along track storage density
up to 20,000 bits per linear cm and a track
density of 945 tracks per cm. (Compared
with 18,900 bits per inch and 780 tracks per
inch on 1.8in drive technology).
That works out at a storage density of
around 20Mbits per square cm. Densities of
330Mbits per square cm have been achieved
in the laboratory and will eventually lead to
350Mbyte capacity double -platter mini
drives. Currently, Kittyhawk only makes
use of three of the four available storage
surfaces, although new small head
technology should allow all four surfaces to
be used and may even make four -platter
gigabyte drives possible.
Mini drives will be battling with flash
memory for control of the potentially huge
market for plug-in memory cards as well as
going into the traditional hard drive market
for built-in mass storage.
HP is already said to be working on a
0.9in version.
LC
LM12458 FREE SAMPLES
Are you still waiting for your LM12458 sample pack?
We know that quite a few people are and the reason
is simply that National Semiconductor has been
overwhelmed by the response to this offer.
Please have patience. All requests will be
honoured although it might take another eight weeks
to do so.
Meanwhile, if you have a commercial application
which is being held back through lack of a sample
pack, you are invited to contact National
Semiconductor at its Swindon office: the company
has held back a few packs for this contingency.

Editor
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Micro AMPS
£99

805 1

'C' COM PILER

Preprocessor, compiler, optimiser
Integer implementation
Inline assembler
Assembler level simulator and monitor
Single chip to fully expanded memory

£99

£99

Micro C is not a re -worked small C
Other code generators available: 68HC11, 6809.
8085/Z80
Low cost cross assembler available: 8031/8051,
6800/01/03/05/09/11,8085/Z80, 8096

8051 BASIC COMPILER

£99

Specific functions to access 8051 SFRs and

Integer BASIC compiler
Supports single chip mode
8051 cross assembler included
High level debugger runs on PC
Standard Basic commands supported

internal memory
Line editor included, accepts text files
Generates INTEL hex format output
Output suitable for 87C751

8051 ICE (ICE51rm)
Low cost 8051 In -Circuit Emulator
Low power, 5 volt operation
Plugs directly into the 8051 processor
socket on target hardware

32K Bytes of battery -backed RAM for
program/data
Single stepping and break points
TM

Assign memory and SFRs
Upload/download INTEL hex files
PC host software communicates via serial port
Monitor file supplied in assembly form
On -screen disassembly of code
I2C drivers available
Real time clock version available

ICE5I is a trademark of Intel Corp.

87C751 ICE (ICE751)
Low cost 87C751 In -Circuit Emulator

Emulation cable plugs into the 87C751
processor socket on target hardware
On -board programmer for DIL devices
PLCC adaptor available for 87C751
Programs 87C752 DIL and PLCC devices
through optional adaptors

8051 BOOK
Architecture, Programming
and Applications (£49.95).
This book includes a free

assembler and simulator for
personal or educational use

MACH 1

An RTX2000/1 PC based
evaluation board featuring the

RTX2001

processor

Forth
capable of

RISC

sustaining up to 12 MIPS

Monitor uses only 48 bytes of program memory
Upload/download INTEL hex files
Assign memory and SFRs
Set break points
I2C drivers available
On -screen disassembly of code
PC host software communicates via serial port

PEB552

I2C

The Philips evaluation board
for the 800552 processor
variant, a monitor and
programming adaptor are
available for this product

Quick Basic development tools

ICC2000
An 8 channel intelligent
communications card using

FORTH+ +
A low cost RTX200/1
compiler optimised for use on

the RTX2001 RISC Forth
processor capable of

the IBM PC based MACH1

sustaining up to 12 MIPS

available which includes I2C

monitor

program,

I2C

connector/cable assembly and
parallel I/O demo board

development board but can be
interfaced to other boards

The 8051: An Introductory Course
This is a one day course aimed at customers who need to become familiar with the MCS51 (8051)
microcontroller family, and designed to give a detailed look at the generic 8051 processor facilities.

1L

66Smithbrook Kilns, Cranleigh, Surrey, GU6 8J,J, UK
Tel: +44(0)483 268999, Fax: +44(0)483 268397
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UPDATE

Shining prospect for cheap lasers
A research team at Bell Northern
Research, a division of Northern
Telecom, Canada, claims to have made a
breakthrough in semiconductor laser design
which will result in powerful, low cost
devices for all branches of the public
switched network.
The new device, smaller than a grain of
salt, is called a circular -grating surface
emitting laser. It emits a powerful,
collimated circular column of light from its
top surface that notably improves the
coupling efficiency of laser light into optical
fibres. In contrast, conventional lasers
generate a divergent light beam that requires
a precise positioning of the fibre to capture
the light efficiently.
The new laser uses a circular grating,
similar in appearance to the tracks of a
compact disc, to reflect light upward. The
grating, only a fraction of a millimetre in
diameter, consists of hundreds of concentric

grooves, critically spaced to collimate the
beam from an area 10,000 times larger than
conventional lasers. The resulting low divergence beam closely matches the
numerical aperture (acceptance angle) of the
fibre and facilitates the transfer of optical
signals.

The active device is a multilayer laser
structure of indium -gallium -arsenide phosphide (InGaAsP), grown on an indium
phosphide (InP) substrate that produces a
wavelength of 1.31.tm.
Because its surface emitting design can be
fabricated as laser arrays, circular grating
lasers could be integrated into advanced
applications such as optical switching,
optical computing. and optical backplanes.
BNR estimates that its new laser could
reduce the price of telecomms quality lasers
to tens of dollars, an order of magnitude
reduction.

Remote sense: Fresh air,

solitude and a healthy lifestyle. What more could the
villagers of Kilchiaran on
the remote and beautiful
Scottish island of Islay
want? A digital
telecommunications
network it seems. That at
least is the view of BT and
the Highlands and Islands
Enterprise. In a joint
exercise they are spendin

fl6 million to link the
Islands into the digital
world. Surely only the
introduction of multi -stop
car -parks now stands
between the islanders and

complete integration into

Air robots fail
challenge
1992 International Aerial Robotics

The
Competition, organised by the Georgia
Institute of Technology brought teams
from eight colleges, more than twice as
many as joined the first event in 1991.
Four of the machines were able to fly at
least briefly under their own computer
control, and only one crashed.
The task of finding, retrieving and flying
metal disks across a three-foot barrier was
still too difficult for the student -built craft,
which were designed to fly without a
human operator.
But Georgia Tech is not discouraged:
"We had more vehicles flying this year,
and more vehicles flying autonomously for
at least a portion of their flights," said Rob
Michelson. vice-president of the
Association for Unmanned Vehicle
Systems, the event's sponsor. "They are
moving toward longer and longer flights in
which the vehicles are using their own
sensing and intelligence to fly by
themselves."
The armada of air vehicles assembled in
Georgia Tech's Bobby Dodd Stadium
included several helicopters, a billowing
grey blimp, a "tailsitter" aircraft and the
top scoring vehicle: a "flying gyroscope"
based on a toy store hula -hoop and built
for $700.
After nine hours of flying and attempting
to fly under the blistering sun, a panel of
judges awarded prize to three home town
teams: $5000 to the Georgia Tech builders
of the "flying gyroscope," $3000 to the
student builders of a helicopter from the
Southern College of Technology in
Marietta, and $2000 to a second Georgia
Tech team also fielding a helicopter.

the 1990s.

MISSING...

Virtual certainty for space
ccienti

at Nasa's Ames Research Center

Care researching the possibilities of virtual
reality as a tool for planetary exploration. A
prototype multi -sensory virtual workstation
contains a custom-built, head -mounted
stereo video display, fibre optic gloves and
magnetic motion trackers. It recognizes
voice commands and can talk in its own
electronic speech.
Researchers hope that virtual -reality tools
will allow astronauts and scientists to get a
feel for computer -generated worlds. For

example, it will let scientists plan optimal
routes for robots and humans to explore the
surface of the Moon and Mars. Astronauts
can also try out space repair tasks and
perfect their skills before they launch.

With Nasa's developing technology,
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researchers can also study the flow of air
over an airplane or spacecraft from any
angle, or take a supposedly realistic voyage
into the heart of a black hole.
The virtual system contains a
computerised description, known as the
database, in which a user can study and
manipulate objects. This database can be a
physical place, such as a planet's surface
created from digitised images sent back by
space probes but it can also be abstract
ozone levels at various heights in the Earth's
atmosphere.
Nasa's system is capable of rendering
4000 flat -shaded polygons in 1/30th of a
second, thus allowing smooth real-time
animation of scenes of moderate complexity.
MC

CUTTING ANTENNA TESTING DOWN TO
SIZE - July issue: Those who read Mike
Christieson's excellent article about antenna
modelling in last month's issue may have
been left wondering about the identity of the
supplier of the equipment which formed the
basis for the article. It was Feedback
Instruments Ltd of Crowborough, 0892663719 without whose assistance this article
would not have been possible.

...LINK
ABI ELECTRONICS: Last issue subscribers

missed out on an information insert prepared
by ABI Electronics and circulated with
newsstand copies. This issue we have
included that information in the details of the
Professional Sertvices offer - see p.658.
Editor
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Omni -Pro II - The Next Generation
When you get a new product, what are

your main concerns? Freedom from
frustration is certainly one important
consideration, for your time is valuable.
You will want a product which is reliable
and sophisticated, yet simple to use, with
clearly written documentation. You will

be looking for a high standard of
technical support and regular upgrades
for the product.
We at Dataman recognise how difficult it
can be to choose between programmers
which look and cost much the same. So,
instead, why not concentrate your effort

into choosing a reliable vendor.
Dataman has been the leading

vendor of low-cost

Truly Universal
Omni -Pro II has universal pin -drivers

Software Development from £195

Datamag's Software Development

Environment, SDE, comprises a
two-wincow Editor, Macro Assembler,
Linker, L.ibrarian, Serial Comms and

which will accommodate a very wide
selection of parts. You can program
BIPOLARS, PROMS, E/EEPROMS,

intelligent Make facility. The latter
reassembles selectively just those files

E/EEPLDS and MICRO -

Emulator or Programmer. It's quick and
painless. If the assembler finds a mistake
it puts ycu back in the Editor at the right
place to Ex it.
The Mulri-Processor version supports all
common micros - please ask for list. The
Disassen bier makes source files out of
object code - from a ROM, for example.
SDE is not copy -protected.

PALS, GALS, FPLAS, PEELS,
CONTROLLERS. The latest FLASH

EPROMS are supported too. The list has

1250 devices already and substantial
numbers of new devices will be added
FREE every quarter.
We have optimised

programming
speeds,
using

programmers for

you hare edited, links them and

downlozds the object -code to your

£695
SDE Multi -processors & Disassemblers
SDE Multi -processors (includes 82 micros) £395
.£195
SDE Single -processor

as long as the

£297
OPAL from NS
Are you looking for a PLD design tool?
Then OPAL could be just what you need.
It supports state machine, truth table and

Boolean equation entry, also
optimisation, verification and
implementation, for a great many PLDs.
Erase an EPROM in ten seconds!

algorithms
like Quickpulse,

Flashrite and TI

market

has existed.

Any of our

Snap and have already

gained parts approval

Dataman has always

Binary. You can also send JEDEC files

well -supported products.

JEDEC standard vector testing is

That's why we're still here! We take
technical support seriously. We give you
your money back, if you're not satisfied.
These are important points to consider.
But now let's take a look at some of the
special benefits of owning Omni -Pro II.
What Benefits?
Well, for instance, the interface is not via

the computer's parallel port, which is
speed -limited, and probably connected
to your printer. A dedicated plug-in half
card performs fast data transfers.
The software is a professional package in
full colour that will run in only 400K of
RAM. What's more it will run on any
PC/AT or compatible - even the latest
486 machines. That's because Omni -Pro
II has its own independent clock - some
programmers rely on the computer for

timing, and won't work with faster
machines.

Ground pins are connected by relays -

not by logic outputs. Some vendors

Erase EPROMS on the

bench, in the PCB or in the programmer.

supported: a full array of test condition
codes can be generated.

Remember - you get a 30 day
money -back guarantee, FREE
quarterly software updates and
FREE technical support - as
much as you need. Phone now
for a free Demo Disk and
up-to-date Device -List.
Omni -Pro II comes with a FREE copy of

NS's superb Open Programmable

Architecture Language - OPAL Junior.
£495
Omni -Pro II - complete
Gang -of -eight Programmer

£395

This production programmer from

Dataman can handle all 25 and 27 pin
EPROMs up to 512K bits. Programs
eight copies from a master EPROM, or
from an object file. The G8 offe::s fast

programming methods and three,

user -selectable programming vo_tages.

changed without even having to remove

workshop being supplied, as standard, in
a high quality steel case.

G8 is clearly designed for the busy

the cover. A complete range of PLCC
adapters is available.

(253.7nm).

from all popular PLD compilers and

won't approve programmers which don't
ground pins in this way.

The. 40 -pin Textool socket can be

UV light at the right wavelength

from TI, NS and ICT. We
in any standard format: Intel Hex,
Motorola, Tek Hex, HP64000ABS or

supplied excellent

trigger. The strobe eraser puts out intense

provide fast downloading of files

customers will

tell you that

Simply hold the gun right over the
EPROM's window and squeeze the

alwawii
UK customers please add VAT.
Major credit cards accepted.
UK delivery available next
working day.

Ditriiman
Station Road, MAIDEN NEWTON,
Dorset DT2 OAE, England
0300-20719
Phone ..
0300-21012
Fax
Telex

..

Bulletin Board
CIRCLE NO. 108 ON REPLY ( ARI)

£175

Strobe Eraser

418442
0300-21095
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REGULARS
RESEARCH NOTES

How to sneak up on a submarine
A

new "silent" method of detecting
underwater objects offers the chance to
track submarines without the submariners
being aware that they are under observation.
The technique is entirely passive - unlike
sonar, the acoustic equivalent of radar - and
no sound is emitted from the equipment
itself, making it ideal for any covert form of
monitoring.
Fundamental to the new technique described by researchers from the Scripps
Institution of Oceanography in La Jolla,
California, and Florida Atlantic University
(Nature, Vol 356 No 6367) - is the presence
of a continuous and continual spectrum of
underwater background noise. At all
frequencies up to around 50kHz there is a
constant wash of sound created by breaking
waves and by wind on the sea surface (Fig. 1).

Because of the obvious analogy with
white light the researchers describe it as
acoustic "daylight", and what they are now
working on is the acoustic equivalent of
daylight photography.
But compared with photography, the use
of natural underwater noise is fraught with

difficulties, the most limiting of which is
sound absorption in the ocean. Although
acoustic energy travels better in water than
in air, the team reckons that a useful
detection range for their system would be
about lkm at 20kHz. Lower frequencies
suffer less attenuation, but would offer much
less in terms of angular resolution.
Even at 50kHz - considered the maximum
practical limit where thermal noise swamps
ambient noise - the wavelength of sound in
seawater is around 3cm. This is around
100,000 times longer than the wavelength of
green light in air. The researchers admit in
their paper that an acoustic system would
need an aperture of around 600m to achieve
a similar resolution to the human eye!
Nevertheless they say that a very useful
performance could be achieved by image
enhancement techniques of the sort used in
synthetic aperture radar and infra red remote
sensing. They add that, unlike active sonar
systems, acoustic daylight techniques would
actually benefit from unwanted noise
sources and from multipath reflections
underwater. This would make them idea for

use in harbours, estuaries and in the vicinity
of oil rigs.
To test the principle, a 1.22m diameter
parabolic reflector fitted with a low -noise
hydrophone was lowered off the end of the
Scripps pier. Three rectangular plywood
targets 0.9m x 0.7m were then lowered into
the sea about 7m from the reflector; they
could be rotated on a vertical axis, thus
making them alternately "visible" and
invisible' to the detector (Fig 2).
Results of this experiment showed that the
system works in principle, though the group
admits that so far it represents just one pixel
of an image. More pixels would require
more beams with more complex acoustic
optics. Nevertheless they believe it should
ultimately be possible to display a colour
image of underwater objects on a screen.
Such false colour would represent the
frequency -dependent reflectivity of the
objects in question. Even without the colour,
an acoustic daylight system would offer
what no current active systems offer -a
pictorial output that can be interpreted by
untrained operators.

Reflector
deployment
site
Tar

e s ON

Scripps
pier
Targets OFF

<\c
Parabolic
reflector

Hydrophone

vryF
101

102

to'

FREQUENCY IkHz1

Seaward orientation

Fig. 1. At all frequencies up to around 50kHz there is a
constant wash of sound.

Fig. 2. Evaluating underwater testing using ambient sound.
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Hot tip for a Braille interface
Blind people may find it a little easier to
make more effective use of computers
thanks to a development by electronics
engineer Gilbert De May and psychologist
Andre Vandierendonck of the University
of Ghent in Belgium. De May and
Vandierendonck have built a new output
device that translates electrical signals into
Braille that can be read with the fingers.
But unlike existing electromagnetic
readers or Braillers that use paper or raised
pins, the Belgian device translates the
signals into heat.
De May says that the technology is
really nothing more than thick film
resistance elements printed onto a ceramic
substrate. The individual elements are dots
0.25mm across and arranged in the
standard Braille pattern, ie a vertical 3 x 2
matrix. The eventual idea is to stack the
units so as to make 80 characters available
at once. Each character is switched off
immediately it has been read so as to
prevent the substrate heating up and
destroying the heat differential.
At the moment the researchers are
testing prototypes on both blind and
sighted people and the results are
encouraging. They reckon that the use of

eight instead of six resistors will enable
the system to create not just Braille, but
also normal english characters and
mathematical symbols. Given several rows
of characters, it should also be possible to
make graphics that are readable by blind
people.
Depending on how much support is
forthcoming from industry, De May
believes it ought to be possible to produce

Sensitive technology: blind computer users
could benefit from a new device which
makes use of heat to convey alphanumerics
and graphics.

a whole screen thermal reader for no more
than £350. This compares with several
thousand for current 80 -character
electromagnetic device.

Reversing the effects of electric shock
uture victims of high voltage industrial
i accidents may have a better chance of
recovering from the associated severe tissue
damage. The possibility has been opened up
by researchers at the University of Chicago
Medical Center who claim to have
demonstrated, for the first time, the ability to
repair damaged cell membranes in the body.
Their treatment, described in a paper
published in May in the Proceedings of the
National Academy of Sciences, depends on
intravenous injection of an industrial
emulsifier -a poloxamer - to prevent and
even reverse much of the damage caused by
severe electrical trauma.
Dr Raphael Lee, author of the paper, says
that although the work has so far only
involved animal organs there is clear
evidence from tissue culture studies that the
substance is just as effective at restoring the
damaged membranes of human cells.
Clinical trials in humans with life threatening or limb -threatening injuries
caused by high -voltage electrical energy are
expected to begin next year.
In a series of studies, Lee and colleagues
Philip River, Fu Shih Pan and Robert
Wollman, exposed muscles, which were still
attached by the artery and vein to the hind
legs of rats, to high -voltage supply,

simulating a typical industrial accident. The
shocks were strong enough to cause severe
damage to the muscles - the tissue most
vulnerable to electrical trauma - but brief
enough to avoid the excess tissue heating
caused by extended contact.
Each rat showed immediate evidence of
tissue damage in the shocked limb.
Electrical impedance, a sensitive measure of
all membrane damage, fell abruptly by 50%.
Twenty minutes after the shock, the rats
were injected with either poloxamer, a saline
solution or a solution of saline plus neutrally
charged dextran. Rats which received the
poloxamer showed dramatic and lasting
recovery. Within 15min, the electrical
impedance in the isolated muscles returned
to 77% of normal, enough of a recovery to
rescue the tissue. "The recovery was not
complete," says Lee. "But the critical defect,
damage to the cell membrane, was
apparently repaired and the cells remained
viable."
Although an estimated 2500 Americans
each year are victims of industrial accidents
resulting in severe electrical trauma and
another 1000 to 1500 are hospitalised for
injuries caused by lightning, fundamental
research into the precise mechanism that
causes those injuries is still in its infancy.
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Mechanism revealed
Progress in treating electrical trauma has
long been hampered by misunderstanding of
the basic mechanism of tissue damage
caused by an electrical current. Until
recently, the damage was primarily
attributed to thermal mechanisms, excessive
heating in the region through which the
current passed. In many electrical trauma
victims, the thermal injury may be less
important; cell -membrane damage resulting
from exposure to a strong electric field is
probably the central event leading to tissue
death.
Cells in a current's path, Lee has
demonstrated, are damaged by a process
called electroporation. Electric forces bore
minute pores into the cell's membrane,
which allows substances outside the cell,
primarily calcium and sodium ions, to flow
in unregulated. If the pores become large
enough, the cell ruptures, spilling out its
contents like a water -filled balloon pricked
with a pin.
The timing of cell death is also unusual;
tissues damaged by pure electrical forces
can appear perfectly healthy hours after the
injury and still not survive.
While nothing can salvage the charred
cells near the points of contact with a
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powerful electrical current, there is a
window of opportunity for cells damaged
primarily by electroporation. From 30min to
as long as a few hours after contact, even
perforated cells can be saved. The injected
poloxamer is taken up by damaged cells,
where it apparently seals the tiny leaks in the
membranes and allows the repair process to
begin.
Details of timing, dose and methods of
delivery of poloxamer - as well as new
diagnostic tools to assess electrical damage

prior to treatment and measure the effects of
therapy - are still being refined. Lee and his
colleagues hope to begin clinical trials of
poloxamer for electrical trauma victims once
the precision of these diagnostic tests has
been confirmed.
Since the chemical has long been
approved by the Food and Drug
Administration for other medical uses, this
finding sets the stage for the development of
effective medical therapy for victims of
high -voltage electrical shock.

The magnetic attraction in all of us
Molluscs, bacteria, honeybees, pigeons
and salmon all have it - and so do
human beings according to a team at the
California Institute of Technology: magnetic
sense.
Researchers, led by Dr Joe Kirschvink,
have reported isolation of microscopic
crystals of the magnetic mineral magnetite
from samples of human brain tissue.
Presence of the magnetite may explain a

variety of observations from the apparent
existence of a primitive human magnetic
sense, right through to some of the possible
biological effects of electromagnetic fields
that have been hotly debated in these pages.
Kirschvink's paper: "Magnetite
Biomineralisation in the Human Brain," has
been accepted for publicity in the

Proceedings of the National Academy of
Sciences and was recently revealed at a
news conference hosted by Caltech.
The presence of magnetite in biological
materials is something that has been known
for a long time, and the fact that it has now
been demonstrated in human tissue is
therefore no great surprise. But it does
provide a plausible mechanism for the
ability of humans to sense or react to
electromagnetic influences. This is
especially so since the magnetite crystals
are not only permanently magnetised, but
also exhibit metallic -type electrical
conductivity.
The scientists obtained samples of human
brain material from the Alzheimer's
Disease Research Center Consortium of

World's smallest mosfets
A team from IBM's Thomas J Watson

./Research Center in Yorktown
Heights, NY, claim to have made the
world's smallest transistors. These
experimental devices -n -channel mosfets
- are a mere 700nm by 150nm and are
enclosed by an isolation trench 150nm
wide. Within this structure is a gate
electrode of 100nm by 150nm, while
source, drain and gate contacts measure
150nm by 200nm.
The IBM team, who presented details
of their achievement at the 36th

International Symposium on Electron, Ion
and Photo beams, in Orlando, says that
overlay and fabrication tolerances need to
be within 25nm for all levels of the
device. These tolerances were achieved
using special electron beam
nanolithography fabrication techniques
which IBM says are not necessarily
appropriate for mass production at the
present time.
The new transistors, which operate at
room temperature, are scaled down
versions of conventional mosfets and
work along entirely conventional lines.
This is in spite of the fact that the
dimensions are in the size range where
quantum effects would be expected.
Work is now going on to optimise the
device characteristics and to test them as
part of prototype high speed logic and
memory circuits. The intention is to
implement them in cmos and eventually
to create 4Gbit dynamic random access
memory chips within the first decade of
the 21st century
Smaller than a wavelength of visible light. IBM's
mosfets may eventually find themselves in
gigabit memories.

Southern California. The samples came
from autopsies of seven patients within 12 to
24 hours after their deaths. (Four of these
patients were suspected of having
Alzheimer's Disease, and three were not.
The researchers noted no systematic
differences between the brains of the
Alzheimer's patients and the others in their
magnetic characteristics.)
To avoid possible metallic contamination,
brain samples were dissected using ceramic
or Teflon -coated instruments. The samples
were transported to a magnetically shielded,
dust -free clean room within Kirschvink's
Caltech laboratory. In this room elaborate
precautions are taken to keep microscopic
dust particles, some of which are magnetic,
from contaminating the samples or the
chemicals used in their preparation.
Kirschvink says he is struck by the
similarities between the human magnetite
and the magnetite found in magnetic
bacteria. Magnetic bacteria sometimes have
long strings of magnetite crystals organised
in cellular organelles called magnetosomes.
These bacteria clearly use the
magnetosomes to sense the Earth's
magnetic field. Bacteria swimming in a
pond could use information about the
Earth's magnetic field to tell up from down,
as long as the pond wasn't right on the
equator, since magnetic field lines descend
into the Earth's interior. A bacterium that
wanted to go down, away from the surface
and toward the nutrient -rich mud on the
bottom, would follow the north pole of its
magnet in the northern hemisphere and the
south pole of its magnet in the southern
hemisphere."
Kirschvink emphasises, however, that the
amount of magnetite in the human brain is
tiny - less than 7Ong/g of tissue. It is so little
that he doubts if it will ever be found in situ.

He is also unsure about the practical
significance of his discovery. "Our studies
of the magnetite crystals we isolated from
human brain tissue show that they could be
moved around by magnetic fields only
slightly stronger than the Earth's natural
magnetic field. If, for example, these
crystals are coupled to ion channels within
human cells, electromagnetic fields could be
opening and closing these channels, with
unknown biological consequences."
Kirschvink says he knows his study has
the potential to be misunderstood. "I want to
be absolutely clear about what I am saying
and what I am not saying. Yes, there is
magnetite in human brain tissue. Yes, it is
possible that the presence of magnetite may
mediate any health effects of
electromagnetic fields. But in my opinion,
the jury is definitely still out on whether
electromagnetic fields actually do have
health effects."
He also states, explicitly, that he as yet
sees no evidence that humans have a
magnetic sense.
Research Notes is written by John Wilson
of the BBC World Service
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DIRECT

DIGITAL
SYNTHESIS
at the top end of their frequency range, the

Direct digital
synthesis is
changing the
way that RF
engineers design
radio systems.

here has been a steadily increasing

degree of interest, especially in
recent years, in direct digital synthesis. The technique emerged in

the early '80s and was probably
known in principle for several years before
that.

In those early days, the highest output fre-

quency attainable was no more than a few
MHz, limited by the performance of the logic

ICs and dacs (digital to analog converters)
then available. A prototype DDS at the Roke
Manor laboratories of the then Plessey com-

pany in 1981 occupied several complete
boards of logic laid out on the bench and,
being clocked at 10MHz, provided an output
frequency of up to about 3MHz, with all spu-

rious responses about 40dB down on the
wanted output.
Since then, with advances in semiconductor

technology, the attainable performance has
increased by leaps and bounds: DDS chips
realised in gallium arsenide now provide output frequencies of over 400MHz. Silicon technology delivers output frequencies in excess
of 300MHz. However, at least when operating

630

Capable of
producing stable,
clean carrier
waves well into
the UHF
spectrum, these
systems lend
themselves to
chip integration
and require few,
if any,
conventional RF
components. A
new design series

by
Ian Hickman.

worst case levels of spurious outputs have not
changed much, still being in the region of 40
to 45dB down on the wanted output. The rea-

sons for this will be covered later on but,
before looking at the advantages and limita-

tions of DDS in detail, it will be useful to
compare it with the various other methods
used for the generation of an RF carrier.
The temperature and long term frequency
stability of an LC oscillator is generally poor;
it is difficult to construct a small inductor with
a stability of much better than 0.01%, while its
spectral purity (noise sidebands) can only be
reduced by increasing the operating Q of the
tuned circuit. This again is not easy especially

in miniaturised equipment: a working Q in
excess of 100 is good going at HF, although at

V/UHF and microwave where cavity resonators become feasible, a Q of thousands is
possible.
In fixed frequency applications, the situation

is much more rosy; a crystal resonator can
have a Q in the range 10000 to a million, making it possible to design oscillators with very
low sideband noise and excellent temperature
and long term stability, especially if the crystal is maintained at a constant temperature in
an oven.

Direct synthesis
The ideal carrier generator would be one with
the tuning capability of an LC oscillator but
the stability and purity of a crystal oscillator and the next major advance in frequency generation provided just this.
Clearly, with just two crystals, at frequencies

fj and f2, one can obtain four different frequencies by mixing them so as to provide also

(fj + f2) and (f/ - f2), while if you use harmonics or subharmonics of fj and f2 as well,
the possibilities rapidly increase. This principle can be extended to any frequency to be
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generated and with any desired degree of res-

olution.
This system was called a direct synthesiser,

SETTING THE RELATIONSHIPS

since ultimately the output frequency was
obtained from one master crystal oscillator
and had almost the purity of this master. A

Designate the clock frequency as F, with t=
1/Fe being its period, the output frequency

good example was the General Radio 1160
series of lab bench synthesisers, where additional decade plug-in units could be added to
provide as many significant digits of resolution as required (at a price). The term "direct
analogue synthesiser" is sometimes now used

to describe this type of instrument, to distinguish it from the direct digital synthesiser. The
basic operating principle of the direct synthesiser is ingenious, see Fig. 1.
Although different manufacturers used frequencies differing from those shown, the prin-

as Fo with Po = 1/F0 being its period, and
the current value of the FSW as Fp. Let the

accumulator be N bits wide and let the
most significant M of these control the rom
(which it is assumed holds one complete
cycle of sinewave). Thus 2M bits
correspond to 360° so that (referring to the

FSW
(frequency setting
word)

ciple was the same. It can be seen that the output frequency is the same as the input

frequency, but that the resolution has been
B

increased by a factor of ten. So if the output is

used as the input to another similar block of
circuitry, a 1MHz tuning range with 10kHz
resolution is available. This scheme can then
be further extended with additional blocks to
obtain whatever resolution is required. Note
that Fig. 1 only uses seven fixed frequencies
to obtain the ten output frequency steps. and
that all additional modules will use only these
same seven frequencies, all of which can be
obtained from the synthesiser's internal
10MHz reference source, or from an external
10MHz frequency standard if required. The
divide by ten stage at the output of the block

Adder

Clock

figure) the MSB of M (and N) corresponds
to 1 ao° and the LSB of M corresponds to
(360/2M)°.
Likewise, the LSB of N corresponds to
(360/2N)°. (360/2N)° is thus the smallest
possible phase increment and the phase of
Fo must advance by at least this amount in
time t. The value Fp of the FSW thus
corresponds to a phase increment of
Fp(360/2N)° and one cycle will therefore
be complete after [360/{Fp(360/2N)}1
clock cycles, i.e. after 2N/Fp clock cycles.
Therefore one output cycle is completed
in a time Po = 2Nt/Fp and since F, = 1/P0,
then Fo = Fp/2Nt. But t= 1/Fe, so F0=
Ur/2N This is independent of M. It is as
well to emphasise that the FSW is actually
a phase (increment), not a frequency. Its
value sets the rate of change of phase of
Fo, and the differential of phase with
respect to time is of course frequency.

Latch
(accumu ator)

for

LSB 6N Bits

LSB

,MSB
M Bits

MSB

ROM

8 Bits
(say)

reduces by 20dB any phase noise and spurious

LPF

D - to A
cony

outputs which may have been introduced in
obtaining the reference frequencies and in the
mixing processes.
The scheme can be simplified somewhat by
adding resolution a factor of two (one bit) per
stage, instead of a factor of ten per stage and
this scheme was adopted in the Ailtech model
360 signal generator and derivatives, now out
of production. The result was exceptional output purity - sideband noise of -100dB at 10Hz

off tune and 1Hz resolution over a 1GHz
range. The only disadvantage was cost; also
size and weight if you had the job of moving it
from one lab to another! Other advantages of
direct synthesis include a very fast frequency

change capability (switching speed in the
microsecond region) and very low non -harmonically related spurious outputs, typically 80dB.
Where high purity, low spurious outputs and
fast switching are all required, direct synthesis
is an attractive route, at least in the case of lab

application was in the NTSC s)s;em. to lock a
crystal oscillator in the receiver, operating at
the frequency of the colour sub -carrier, to the
burst of colour sub -carrier at reference phase
occurring on each line of the transmitted television signal: in this case the locally generat-

ed signal is at the same frequency as the
incoming or reference frequency.

and ATE equipment. but the size and cost
make it difficult to apply in portable, military
or OEM equipments.

The phase locked loop
The next technology for carrier generation was

the PLL (phase lock loop) technique. This is
widely applied in space applications, e.g. for
synchronising a receiver to a space craft signal

with Doppler shift, or a varying shift if the
craft is tumbling or spinning, an application
described in Reference 1. An even earlier
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Fig. 7. Principle of the conventional direct
synthesiser. The mix\filter\divide block provides
100kHz steps. Using the output as the input to
another similar block provides an output with
10kHz steps. Further blocks can be added to
provide any required degree of resolution. High
performance filters and careful screening within
and between blocks enable all non harmonically related spurious to be held at
80d3 down on the wanted output, at a price.

Fig. 2. Principle of the phase -lock loop
synthesiser. A sample of Fout, the output of the
VCO, is divided by N and mixed with a
reference frequency Ft". When these two
frequencies are exactly equal the loop is said to
be in lock with a DC component in the mixer's
output. This is extracted by the loop lowpass
filter and applied to the VCO's tuning input: the
overall loop feedback is negative and maintains
equality between FO //N and Frei. Additional
measures are often employed to assist loop lockup and further arrangements can enable N to be
effectively non -integer.
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shown in outline in Fig. 3. With the exception
of the output lowpass filter, the whole scheme
is entirely digital and eminently suitable for
large scale integration onto a single chip. The
output frequency is directly proportional to the

Clock

Frequency
control

Sine map
Phase
accumulator

in

ROM or

Output

D - to - A
cony.

ON,

magnitude of the frequency setting word,

RAM

.,111111

labelled frequency control in Fig. 3.
Figure 4 shows how the phase accumulator

it\

11

works. For simplicity, a 6 -bit accumulator
with the three most significant bits (MSBs)
controlling a read only memory with just eight

Figure 2 shows the block diagram of a system

for producing an output at N times the reference frequency, which may itself be obtained
directly from a crystal oscillator, or be a sub harmonic of it obtained by divider circuits.
When the loop is in lock, the output of the
divide by N stage is at exactly the same frequency as the reference, but there will be a
small phase offset, leading or lagging, resulting in a DC component in the output of the
mixer. This is applied (often after amplification) via a lowpass filter to the varactor in the

voltage controlled oscillator and results in
exactly the desired output frequency.
If N is set to a different value, the output frequency will change; thus if N is changed to,
say N + 2, the output frequency will increase

by twice the reference frequency. Special
arrangements, not considered here, are used to
ensure that the loop locks up at the desired fre-

quency. Figure 2 shows an elementary single

loop indirect or PLL synthesiser, where the
step size is equal to the reference frequency.
Enhancements of the technique such as dual
modulus prescalers and a multiple loop architecture enable fine resolution to be obtained

comparatively cheaply. A "fractional N"
approach enables the performance/price ratio
to be improved even further making the PLL

Fig. 3. Principle of the direct digital synthesiser.
A frequency control number is added into the
phase accumulator on every clock cycle. The
most significant bits of the accumulator address
a sine look -up table in rom or ram. The output
of this is passed to a dac, whose output is a
stepwise approximation to a sinewave. Lowpass
filtering exerts a flywheel effect, smoothing the
waveform and suppressing harmonics.

synthesiser currently by far the most commonly encountered scheme. PLL synthesisers

can offer fine frequency resolution and very
low levels of spurious outputs at comparatively low cost, but cannot achieve the same
very low levels of close -in phase noise as the
direct synthesiser. furthermore it has inherently slow switching times, due to loop filter
settling time.

memory locations has been assumed. The
three MSBs output from the latch to the rom
need to represent one complete cycle of the
output waveform, so the eight values in the
rom need to represent the amplitude of a
sinewave at 45° intervals. The higher the
value of the frequency setting word, the fewer
clock cycles will be needed to cycle through
the rom once, and hence the higher the output
frequency.
Figure 5 shows the rest of the rudimentary
system, the rom, dac and output filter. (Only

Direct digital synthesis

the three least significant rom address lines
have been used in this system, which is deliberately crude for purposes of explanation. In a
real DDS system, there would probably be
between 18 and 32 frequency setting input
lines, with the top eight or more addressing
the rom.) The values stored in the rom range
from one, representing the negative peak of
the sinewave to 255, representing its positive

This brings us back to the latest carrier generation technology, DDS. The basic procedure is

peak and define points on a sinewave in offset
binary, where the value 128 corresponds to the

Fig. 4. Part of a practical but, for the sake of
explanation, exceedingly rudimentary DDS the phase accumulator. The lowest possible
output frequency results when the frequency
setting word is 000001. In this case, every
eighth dock pulse advances the rom address by

OV mean level of the waveform. One to 255
represents an odd number of levels and this is
convenient since a sinewave is symmetrical
about the mid level, this is one of the subtle
points that many explanations of DDS tend

glibly to gloss over or ignore entirely. Of
course one could use the 0 level as well, but
an even number of levels can land

one.

More Adders and Latches can be
added for finer frequency steps
FO-F6=frequerky
setting word I
Clock
FO

FSW
LSB
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I

Al

S1

D1

Q1

D2

Q2

Fl
S2

B2
F2

I.

A3

D3

Q3

D4

04

S5

D5

Q5

S6

D6

Q6

S3

Carry more address
lines to ROM for
finer amplitude steps

F3
S4

a

with an even number of levels this
cannot be. However, this is no real
problem as long as the two roms
are addressed with an address off-

set corresponding to 90°. It just
means that the sinewave is not centred in the rom, and that no address

B3

A4

speed rom by storing only half or a
quarter of a sinewave, as is done in
some commercial DDS chips.
When using two roms and dacs
to produce quadrature sinewaves,
one should be at its peak when the

other is exactly at mid level - but

G CK

B1

A2

you in difficulties, for example if
you want to economise on high

LSB

corresponds exactly to peak of the
sinewave.)

RO

B4
F4

A5

R1

B5
F5

MSB

A6
B6

-

--

3/4 74HC377 LATCH

1/2 74HC283 ADDER
6

632

R2

MSB

To ROM

Operation
Imagine the 6 -bit latch clocked at
64Hz and the accumulator (Figure
4) loaded with 000001, i.e. just a 1
in the LSB. Whatever the current
value held in the latch, the output

of the adder will exceed this by
one. So on the next clock pulse this

new value will be loaded into the
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latch, and so on repeatedly. Starting from the
state where the latch content is all zeros, the
three rom address lines will all be zero so the
rom will output 10000000, causing the dac
output to be I.28V, corresponding to the zero
value of a sinewave at 0°. The output of the
LPF (lowpass filter) will indeed be OV, due to
the blocking capacitor between it and the op amp, the purpose of the latter being to turn the
dac's current output back into a voltage. Eight
clock cycles later, the accumulator contents
will be 001000; Ro is now a 1 so the rom will
output 11011010, corresponding to the offset

binary representation of the value of a
sinewave at +45° and accordingly the dac output becomes 2.18V. After 64 clock cycles the

accumulator is full and the dac will have

Adresses

8

Fig. 5. The rest of the rudimentary DDS. After
64 clock cycles, one complete cycle of
(stepwise) sinewave has been delivered from the
dac, dwelling for eight clock periods at each
step. In practice, an 8 -bit latch would probably
be interposed in the line between the rom and
the dac, loaded by the other edge of the clock
waveform from that which increments the
accumulator. This would benefit very high speed
operation, by preventing any glitches, as the
rom output settles, from reaching the dac.

would provide outputs up to about 2MHz with
100Hz resolution.
Any byte wide prom such as a 2716 would

lator bits. This is illustrated in Fig. 6. If the
FSW (frequency setting word) is changed to
000010, the whole process will complete one
output cycle in half as many clock periods, so
fciock/2N is also the smallest frequency increment available.
For those wishing to experiment with a rudi-

co - carry out - pin of the less significant

dac to deliver a peak negative voltage of
+10mV, + I.28V representing the sinewave's
zero mean level and 2.55V for the positive
peak. If you check the intermediate values you
will find that 11011010 (binary) or 218 (dec-

imal) is just about what it should be: (218128)/127 = 0.70866 which is within 0.2% of
the correct value of sin(45°), and similarly for
00100101 (sin(25°)).

level for two clock periods: 4Hz output.

address tines as figs 4&5

V peak
0.707Vpeak

With 8 ROM address lines

0 V-

For the case of 3 ROM

the steps would be much finer,
giving a very small maximum

conv.opr

instantaneous error

OM output

phase perturbations occur at a rate equal to the
clock frequency which is well above the highest output frequency and so they can be suppressed by the LPF (which in this case would
have a sharp cut-off at about 30Hz), at least if
we had a perfect dac with infinite resolution.

Amplitude truncation errors will cause the
sinewave representation to be imperfect,
resulting (in this case) in harmonics in the outin the output
depends upon whether they are higher than

put: whether these appear
Fig. 6. 8Hz and 4Hz outputs from the DDS of
Figs 4 and 5, with a 64Hz clock. With eight rom
address lines the steps would be much finer,
giving a very small maximum instantaneous

ling the rom. Clocked at 6.5536MHz, this

D- to -A

this respect. But let's confine attention for
ture of the output stepwise approximation
from a continuous sinewave. Clearly these

phase error.
a) FSW (frequency setting word) = 001000, rom
address increments by 1 each clock cycle, one
cycle of output for each 8 clock pulses: 8Hz
output.
b) FSW = 000100, the dac output dwells at each

Ideal sinewave
d (after LPF)

matter, but one would like all spurious frequency components in the output to be 60 or
80dB or more down; remember the DDS has
to compete with PLLs, which are very good in

rom. The values loaded in the rom cause the

adder must be wired to the Cl - carry in - pin
of the more significant adder, the co pin of
which is unused. The scheme is readily
extended using more of the same ICs to a 16
bit register with, say, the eight MSBs control-

DOS stepwise
approxirnatior

example, just eight bits. However accurate the
dac, there will be truncation errors in the representation of the sinewave's amplitude, and
these will be worse at some steps than others.
For a rough and ready sinewave this wouldn't

now to basic DDS operation.
Figure 6 also shows the instantaneous depar-

mentary DDS system (Figs 4 and 5) built
using standard logic, this could be made using
two 74HC283 4 -bit binary full adders and an
74HC273 or 74HC377 8 -bit D flip-flop. The

binary, given the width of the rom, in our

do, together with the inexpensive dac, the
DAC08, though the clock frequency would

delivered a complete cycle of a stepwise
approximation to a sinewave. Thus the lowest
non -zero output frequency is 1Hz, or generally fa,.k/2/v where N is the number of accumu-

This raises the important point of the accuracy of the representation in rom of the values
of a sinewave. Clearly they must be rounded
to the nearest value that can be represented in

30Hz, i.e. on the commanded output frequency. Apart from this possible harmonic content

(and harmonics are a fact of life with any
other sort of oscillator anyway). the output of
the 6 bit DDS is perfect at frequency settings

of 1,2,4 and 8Hz. In DDS terms, these are
"good" frequencies: at other frequencies, the
operation becomes a little more complicated
and much more interesting. There are many

D -to -A

cony o/p
360°

0°

360°

910°

180°

Max instantaneous

instantaneous

phase error

phase error
(a)
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other mechanisms capable of producing
unwanted, non -harmonically related spurious
outputs. These will be examined in a later arti-

cle, but for the moment note that when the
demanded frequency is so high that the rom
only outputs a subset of its contents on each
cycle, the waveform into the LPF can take
various quite different forms from a sinewave.
This is illustrated in Fig. 7 which shows some

of the shapes the waveform can take (when

many more than three accumulator lines
address the rom) at a good frequency where
the rom address is incrementing so as to output just four equally spaced locations. Fourier
analysis shows that the amplitude of the fundamental component of all the waveforms

1Eve

Fig. 7. When the output frequency of a DDS equals

fciocii4, any of the above waveforms (or other
intermediate versions) may be delivered from the
dac, depending upon the accumulator contents at
the instant the FSW was set to produce this output
frequency. Many DDS chips include an
accumulator reset input, enabling the output to be
forced to a given phase after setting the FSW.

shown (which are computer generated and
hence to scale) is the same.

References:
1) Phaselock Techniques F M Gardner John
Wiley and Sons Inc 1966

Next month: operation of a DDS at frequencies other than the good ones that have
been considered so far. Unwanted non -harmonically related spurious components
in the output; how they arise and what can be done about them.
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Even when linear
parameters are

known, different
manufacturers'
devices show
considerable
variation. Terence
Finnegan examines

operation of power
mosfets from first
principles to show
how linear

Going linear with
power mosfets

characteristics can
be determined.

Aimost all power mosfets available

today have been developed and characterised for their use as resistive on off switches, and specifications stress the rel-

part 1 of 2

itation of power mosfet switching performance. The product of the resistance of a

evant parameters of RDS(on), peak drain

block of silicon and its surface area plotted
against breakdown voltage determines this
limit - assuming that 100% of the silicon sur-

current, gate charge, avalanche rating etc.

face is injecting carriers and 100% of the the-

These parameters maybe vital when the
device is used as a simple switch and components external to the mosfet usually control the

drain current. But they do not apply at all in
linear analogue design. Indeed, an examina-

tion of the data sheets shows that linear
parameters such as threshold voltage, mutual
conductance and dynamic drain resistance are
hardly defined at all. Even when these parameters are known for a device, there is a considerable variation between manufacturers.
But we can determine useful linear characteristics, both in theory and practice, by exam-

oretical breakdown voltage of silicon

potential

100

improvement/
w2

4 ,'

60

is

obtained. But both these assumptions can

0

never apply in real devices and Fig. 1 shows
the present state-of-the-art, including the performance of various contemporary mosfets.
The practical limit, defined by the dotted line,
assumes an 85% surface utilisation efficiency,
to account fo- bonding pads etc. We can show
(see drain .2urrent box) that:

a)

10

3 SO'

5

1 IRF 306

-2

=

...."

c

o

rDS(on) cc (VDS)2.5

2 GE VMOS
3 GE VMOS
4 IR hexmos
5 Siliconix VN64GA
6 Siliconix VN1200A
7 Siliconix SVH
8 IR hexfet

/

E- -,.-.

c-

9 AEG
10 Sipmos
11 GE DMOS
12 Siliconix VNDX

L
RIZ

(on)

µnCzW(Vc-VT)

10-5
101

ining the operation of a power mosfet from
first principles, using straightforward semi-

and manufacturers are concentrating all their
efforts on improving the fabrication processes

conductor physics. Here we concentrate on the
gate threshold voltage VT, the mutual conduc-

to come ever closer to the silicon limit and

tance Gf the drain -source output admittance
Go and the variation of these parameters with

reduce RDs() to an absolute minimum at the
lowest cost for a given breakdown voltage.
Different techniques are used to achieve this

temperature, for both n -channel and p -channel

aim; connecting many cells in parallel to

units. Linear high frequency performance is
also discussed briefly.

increase W and reducing the channel length L

are obvious ones. Unfortunately reducing L

Present design goals

has adverse effects on G,, a parameter rarely
specified for power mosfets, and there is little

The expression: area x on -resistance = (breakdown voltage)2.5 defines the fundamental lim-

or no control over the threshold voltage VT,
the transconductance Gf, or the unspecified
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mill
102

1

C1111111

103

104

breakdown voltage (8Vpss)

Fig. 1. Review of characteristics showing
theoretical performance limits against the
characteristics obtainable from a selection of
real devices

but fundamental gain parameter 0. For example, a comparison of the published data for the

1RF720 from IR has Gfs typically 2.7A/V at
1.8A drain current, while the 1RF720 from

Siliconix has Gfs typically 1.2A/V at 1.5A
drain current. The mosfet gain 13 is a fundamental performance parameter and yet this is
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List of symbols
Cak

Coat
CGch

Cgk
Cin

Anode -cathode capacitance
(of valve)
Total capacitance from the
drain to the active channel
Capacitance from gate
electrode to active channel
Grid -cathode capacitance
(valve)
Gate -source input capacitance
(=Ciss-Crss)

Ciss
Coss

C,

Input capacitance (data sheet)
Output capacitance (data sheet)
Reverse transfer capacitance
from data sheet

Cox

Dielectric capacitance per
unit area across the insulating
gate oxide
Total oxide capacitance

EGO

Band -gap energy at 0°K

Gfs
Go,

Mutual conductance
Incremental drain conductance
in saturated region
Drain current
Drain current in saturation

Cox

ID

IDsat

region

k
L
Na

Nd
ni
Qd
Qn
Qss

Boltzmann's constant
Channel length
Electronic charge
Acceptor doping concentration
Donor doping concentration
Intrinsic concentration
Charge density/unit area associated with depletion region
Total charge in the channel
Fixed positive charge density per
unit area at the silicon silicon
dioxide interface

Ro5(on)

Drain -to -source on -resistance

T

Absolute temperature °K
Oxide thickness
Channel transit time
Drain voltage
Drain voltage at which current
saturation occurs, also known as
pinch -off voltage
Gate voltage
Gate voltage at which /D has
zero temp coefficient
Voltage between gate and
channel
Reverse bias across drain

Tox

Ttr
VD

Nowt

VG

VG°

Vcch
VR

Vdrift
Vsat

VT

Eo
Eox
es

Er

Oho

Il

lip

junction
Channel drift velocity
Carrier saturation velocity
Gate threshold voltage
Channel width
Mosfet gain factor
Permittivity of free space
Permittivity of insulating layer
Permittivity of silicon
Relative permittivity of material

Channel mobility mode factor
Fermi potential
Metal -semiconductor work
function difference
Amplification factor
Electron mobility in channel
Hole mobility in the channel

different by a factor of over four in this
instance, showing that the fundamental parameters needed for analogue design are not con-

trolled.

Theoretical power mosfet performance
In the following text all terminal voltages such
as VG, VT etc are "with respect to the source
terminal" unless otherwise specified.
Let us start by reviewing the gate and drain
characteristics of a power mosfet, before considering the semiconductor physics which give
rise to them. The gate transfer curve of Fig. 2

defines the variation between the saturated
drain current and the applied gate voltage, for
a constant drain voltage. There are three distinct regions on this curve and each results
from differing conduction phenomena.
In the region A to B, a small drain current
flows, with the gate voltage VG below the
mosfet threshold voltage VT. Since the magnitude of the current that flows in this subthreshold region is negligible compared with
the maximum current of a device, very little
work has been done to characterise power
mosfets here. But theory suggests that the
drain current increases exponentially with gate

voltage. In the region B to C on the transfer

curve, the drain current is proportional to
(VG-VT)2. This square -law is characteristic of
all mosfets, both enhancement -mode power

devices and depletion -mode small signal
devices. After point C, the curve gradually
becomes linear because the charge carriers
tend to reach a saturation velocity, when the
gate voltage becomes high enough.
The drain transfer curve of Fig. 3 defines
the variation between the drain current and the
applied drain voltage, for a constant gate voltage above threshold. This curve has obvious-

Fig. 3. Drain output characteristic

gate

ly two distinct regions. In the region below
"pinch -off', defined as the saturated drain
voltage VD.,1, the drain current increases
parabolically with increasing drain volts until
a maximum is reached. Above Varat, the drain

current remains nearly constant at the maximum or saturated value, and is nearly inde-

(a)

gate

pendent of the applied drain voltage thereafter.

have low resistance. It was usually aluminium
in the early days but heavily doped polysilicon
is now preferred.

gate

.

,1112111

4314Figi

mosfet (Figs. 4a and 4b) is essentially an

and controls the current flow through the
device. To be fully effective, the gate must

.

,4211MMPRIMP,7

In construction, a typical n -channel power
NPN transistor with the drain junction having
an extra lightly doped n epitaxial layer inserted between the more heavily doped p+ substrate and the n+ drain layers. (The superscripts denote doping concentration, not
polarity). A metal electrode is placed over the
p+ substrate and insulated from it by a layer of
silicon dioxide. This electrode forms the gate

source

oxide

7

Action of the gate

The p -type substrate beneath the gate is
doped with acceptor impurities, so there are a
majority of holes and a minority of electrons
uniformly dispersed through it. When the voltage on the gate is zero, no current will flow

636

Fig. 2. Gate transfer characteristic

.
channel
length

drain
(b)

Fig. 4a. N -channel mosfet structure
b. Modern planar vertical double -diffused
mosfet

because the device looks like two back-toback diodes. However when the gate voltage

is gradually increased positively, the semiconductor surface goes through several distinct changes which characterise mosfet operation.

Stage I. The increasing gate voltage first
overcomes the "contact potential" existing

ELECTRONICS WORLD + WIRELESS WORLD August 1992

COMPONENTS

between the gate electrode and the silicon surface. The metal gate -silicon dioxide -silicon
surface system forms a capacitor which has a
built-in reverse potential across it, due mainly
to the difference between the work functions

Table 1. Surface changes which take place in an n -channel device as the gate voltage
is gradually increased.
Gate voltage

State of semiconductor surface

of the gate metal and of the silicon surface.

Zero

This built-in potential varies with the substrate
doping as well as with the specific metal used

"Flat -band"

Accumulative; positive charges accumulate making the silicon surface positive with
respect to the gate, due to the difference in the work functions.
Neutral; the gate and silicon surface potentials are now equal.
Depletion; small negative charge with the surface electron density less than the
surface hole density and both less than -the acceptor doping.
Intrinsic; surface electron and hole densities now equal.
Weak inversion; surface electron density greater than intrinsic but less than
acceptor doping. Sub -threshold state.
Onset of strong inversion; surface electron density equal to acceptor doping.
Threshold state definition.
Strong inversion; surface electron density much greater than acceptor doping,
forming a well-defined n -channel. Normal conduction state.

Positive

for the gate. Small manufacturing imperfections during the oxide formation (eg. Na+ ions

in the washing water) which develop fixed
charges in the oxide also add to this voltage.
Stage 2. As the gate voltage increases, the
in-built reverse bias potential is gradually
overcome and the metal -silicon dioxide -sili-

Positive (more)
Positive (more)
Positive (more)
Positive (more)

con surface system will eventually reach a
charge neutral condition. Because the energy
bands are all flat in this charge neutral condition, the total voltage needed to reach this state
is usually known as the flat -band voltage.

the gate voltage and a tangential field pro-

As the gate voltage increases, the carrier

duced by the applied drain voltage. The voltage at the source end of the channel is zero,

velocity approaches the saturation value vsat
and the above expression simplifies to:

Stage 3. After the flat -band voltage has been

while at the drain end it equals Vps, or

passed, any increase in gate voltage will now
require a negative charge at the silicon surface

(VG -VT). The tangential field produced by the
differential voltage increases the carrier veloc-

to balance the increasingly positive gate

ity, and it also reduces the carrier mobility as
well. When the field strength reaches a value

charge. Hence electrons in the p -type substrate
will drift to the surface, attracted by the posi-

tive gate charge, and the holes will be
repelled. The surface will thus gradually invert
to form an n -type channel in the p -type sub-

strate, which will then allow conduction
between the source and drain in either direction. Electron concentration at the surface will
increase progressively as the gate -source voltage increases. This in turn will progressively
increase the depth and conductivity of the n type channel, allowing normal drain current to
flow.

Before conduction can begin and drain current can flow, the applied gate voltage must
reach the level needed to strongly invert the
surface (Table 1). This voltage level is
referred as the threshold voltage and is con-

trolled to lie between 2 and 4V for both n channel and p -channel power devices. The
threshold is positive for n -channel and nega-

Dsat="CarW-Vsat(VG-VT)
so the drain current in velocity saturation is
now directly proportional to (VG -VT) and the
transconductance approaches a constant value
of Gic=0.5C,..WVsat.

of about 3 x 104V/cm, the carrier velocity
reaches the limiting or saturation value of
about 7 x 106cm/s for electrons in silicon. In
addition, the normal field produced by the gate
further reduces the mobility by increasing the
free carrier scattering at the silicon dioxide
interface.
The effects of these two fields apply at all
values of gate voltage above threshold and the

The transconductance thus varies linearly
with VG in the square -law region, but then lev-

els off to a constant value when the carrier
velocity saturates. The effect is a characteris-

tic of all short channel mosfets. No other

device shows such a linear relationship
between input voltage and output current and
the relationship can often prove beneficial in

following expression will more accurately
model the saturated drain current in practical
devices throughout the operating range where
OV-1 is a mobility modulation factor:

linear design. The electric field needed to
achieve saturation velocity is easily generated.
Effective channel length is in the 1-2[tm range

and gate voltages just a few volts above
p
iDsal

(VG

-

)2

(1)

r

2 [l+O(VG -VT)]

This factor accounts for both the normal and

the tangential field effects and usually lies

threshold are sufficient to achieve the necessary field strength.
For p -channel devices, the limiting velocity
for holes in silicon is about 4 x 106cm/s and
velocity saturation is much more common.
Further differences are discussed in a later section.

tive for p -channel devices.

between 0.03 and 0.5, with 0.1 being typical.
0 will also account for small parasitic resis-

Gate transfer characteristics

If the drain voltage is large enough for the

tances in series with the source terminal,
which reduce p from its theoretical value.

Determining VT, $, O and G15.
Threshold voltage is the value of VG at which

drain current to reach its saturation value IDs,,

(See: Effect of source resistance.)

the drain current becomes meaningful in a

then the simplified expression (derived in
drain current box) shows the familiar square law variation of drain current versus gate voltage, ie IDsar = 0.5f3(VG-VT)2 where
P= linCoxWa-Differentiating this expression relative to VG

Table 2. Mosfet characteristics at 25 C. (Takeo[ from International Rectifier
data)
Part

Die size

Rating

gives the value for transconductance Gfs as:

Gjs=R(VG-VT)
after substituting for (VG -VT).
Gjs

IRF510
IRF710
IRF045
IRF460

Hex 1
Hex 1

Part

Mutual

Hex 5
Hex 5

100V, 5A
400V, 1A
60V, 53A
500V, 21A

Theo,etical

Actual

Mobility mod'

gain, 3

gain, $

factor, 0

(A/V2)
1.8
1.8

(A/V2)

28.0
28.0

18.1

0.02

1.3

(12V)
0.11

1.1

0.03

16.5

0.11

=1121:).:

This typical square -law relationship applies
to all mosfets and holds quite accurately when
(VG -VT) is small. But as the voltage increases,
the square -law gradually changes into a linear
law, so for high values of (VG -VT),
1asar-44VG-VT)
The carriers move in the channel under the
influence of both a normal field produced by

IRF510
IRF710
IRF045
IRF460
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Amp
factor µ

Intercept

(2400

1.346
4.046

3000/440
13000/Nlip
5000/440

6.0q/D

50000/V1D

cond C.
(AN)
1.24/p

voltage v,
V)

-9800
-1300
-8400

Threshold
voltage VT
(V)
3.4
3.3
3.5

3.6

dVT/dT
(mV/°C)
-6.3
-4.8
-6.0
-6.4
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Assuming a typical oxide thickness of 1000A
and a relative permittivity of 3.9, then
CO3=3.45 x i 0-8F/CM2 and the theoretical
value for 13 is 1.82A/V2, considerably greater

Effect of a source resistance R5
In the practical mosfet, accurately modelled

by the circuit in Fig. 6, the actual voltage
between the gate and the channel VGch is
given by VGch = VG- IDRs.
But

h/

/

ID =
2

h

-

(VG -102

and measured values of 13 is usually due to the
parasitic resistances of the source connections
and the source depletion region. Proper choice

21) 1.2

The transconductance curve is usually a
much better starting point, if one is available,
as data from this can give good values for both
0 and 0 for modelling purposes. If we assume
that equation (1) accurately models the device,
then after differentiation, we have equation
(2). Assuming that 0 is small allows considerable simplification to this expression giving
equation (3). Substituting for (VG-VT) gives
alternate expression equation (4).

-VT)

2

or

1,=-2 (vG-vr)2
where /3' </3 is the practical measured value
of /3. Equating the two expressions gives
:

.P--

P'

=1+ pR,(VG -VT)
=1+ R,G

/3'

Hence ID is modelled as

G

-P

[1+ e(V -VT)12

(VD -V, )2

2 11+#R,(VG -VT)}{1+ efl, -1 II}

G=

{2(VG

-

3(VG -VT)2}

(VG -VT ) 2

-

G=

2 {1+ O'(VG. -VT)}

Thus the source resistance R, reduces the
value of 13 from its theoretical value to the
practical measured value and 0'-.0-0/2.5, so
if this is derived from the published
transconductance data, the value determined

Theoretical behaviour of the drain current
with increasing drain -source voltage and
gate -source voltage

will automatically include any effects due to
the source resistance.
For example, R5 is given by IR as 0.020

and its effect is minimal at low current. But
for a device like the IRF044, GCs = 24A/V at a
current of 40A and f141=1.48. This is a 32%
reduction from the theoretical value of 13 and
the performance of the higher current devices
is limited more by the connections than by
the semiconductor itself.

practical sense. VT can be accurately determined in practice by measuring corresponding
values of ID and VG up to perhaps 250mA and

then plotting a graph of )1/D against VG. The
extrapolated intercept of the straight line portion of the curve onto the VG axis gives the

true value of VT. The slope of the line

is

Nlo.sp, from which the mosfet gain at low cur-

rent, and the transconductance Gf, can be
derived. Unfortunately, the value for p
obtained in this way does not always give the
best results for modelling purposes and it is
often much smaller than the theoretical value.
As an example, the curves in Fig. 5 show the
Ai/D, versus VG curve of the IRF510 at both
25°C and at 175°C. The extrapolated intercept
onto the VG axis gives the true device threshold of 3.4V and the slope of the line yields a

gain p of 0.87A/V2, with a corresponding
transconductance of 1.32'//D A/V, at 25°C.
However for the IRF510, the IR data sheet
gives the following information:
j.tn=450cm2/Vs, W=14.2cm and L=1.2 x 10-4cm.
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For low drain voltages, the equations
representing mosfet action are derived in a
straightforward manner by using a
simplified charge control analysis, which
assumes that the electric field lines within
the gate insulator are perpendicular to the
surface of the silicon and that Gauss' law
leads to a charge neutral condition. The
drain current ID is related to the total
charge in the channel Q, and the channel
transit time Ttr by I D = -Qn/Ty. Because the
current in the channel is primarily a drift
flow, Ty is just the channel length I. divided
by the drift velocity vdft. But vdft equals
the mobility multiplied by the voltage
across the channel per unit length, VEIL:,
L2

=

The total channel charge Q is given by

Q.= -coxwu VG - VT )
Hence for low drain -source volts
ID

g"C"'W (VG

117)VD

ID = fi(VG -VT )V,
where /3, theoretical mosfet gain,
defined as

- PE,w

P=

V0

ID

p (25°C)

= 0.83 A/V2

ri (175°C)

= 0.45 A/V2

1.0

0.8
0

ij

slope =

c,32 0.6

ri)

25 C

175°C

0.4
0.2

0

1

2

3

4

5

6

V volts -10.
Fig. 5. Plot of -\110,,,i versus VG for the IRF510

This defines the mosfet "on resistance" for
low drain voltages and is the chief
parameter of interest when the device is
used as a switch.
If VD is now increased so that it is no
longer negligible compared to VG, the
above simple analysis fails because VD acts
to reduce Qn. A more comprehensive
distributed analysis gives a more accurate
though still simplified expression for ID as:
V2

P

(1.1)

Therefore, as VD is increased from zero
with VG>VT, ID increases parabolically
with VD until it eventually reaches a
maximum at a drain voltage defined as
VDsat For drain voltages above VDsat, the

drain current maintains a constant value
and is said to be in current saturation.
Ideally when this occurs, the slope of the
drain voltage versus drain current curve
should be zero and the effective drain source resistance should be infinite. But
this does not occur in practice due to
second order effects, which limit the drain
resistance. VDsat is obtained from (1.1) by
differentiating and equating to zero.
Differentiating (1.1) gives:

dl
is

L
T,,L
The expression for ID represents an
effective resistance between drain and
source of:
R Ds('")

,T5

= -6.3mV/°C

dT

showing the variation in transconductance and
theshold voltage with temperature.
Note also the square law relationship
between gate voltage and drain current: the xaxis is plotted as linear gate volts while the yaxis depicts the square root of drain current.
When plotted in this way, the result should be a
straight line for perfect devices.

2(V -VT)+ O(VG

2

ID=

dVt

1 1.4

source resistance).
D

V, (175°C) = 2.45V

than the 0.87A/V2 estimated from the \i/D
plot. The difference between the theoretical

of the value for 0 will usually account for this
parasitic resistance in practice (see Effect of

'T

and after substituting and neglecting R

= 3.4V

Vk (25°C)
1.6

= P(VG -VT -VD)

dVD

For a maximum value, dID/d VD= 0 and
hence Vosar = VG -VT. If this value is now
substituted back into Equation (1.1) for VD,
we finally derive the expression for the
saturated drain current losat in the square law region as:

1

p(vG -VT)
I Mat =

(1.2)
2 (VG

VT)2
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Equation (4) has a maximum when /D. =
13/1802 and provides a quite accurate model
for Gfs, particularly for those devices which

able, there are two options. Either the designer can derive 13 from the slope of the "1/Ds,
plot and assume that 0 equals zero; or can

show a maximum in the transconductance

assume that 0 equals 0.1 and then choose a

curve.

value for 13 which gives a best fit To the available data. The value for 0 can also be adjusted,

The values for both 13 and 0 can now be
derived, by choosing corresponding low and
high values for G.!, and /ma, from the transconductance curve and substituting into the above

expression. For example, from the curve for
the IRF510, G fc=1A/V when /D,,=0.5A and
Gfr=2A/V when /D,,=4A. From these values,
13=1.34A/V2 and 0=0.11/V. This value for 13 is
much closer to the theoretical value of
1.82A/V2 and the expression

depending on the shape of the gate transfer
curve. If this follows a square -law over the
desired operating range, then 0 should be low
perhaps 0.03; if there is a tendency to saturation, then a higher value for 0, perhaps 0.3 is
more appropriate.
Designers should not attempt to extract the
value for 13 from the RDsom, saturation characteristics, because it is impossible to know

Fig. 6 Circuit showing source resistance.

how much of RDs() is actually due to the
0.67(VG -I/7
113sat

channel. For high voltage devices, most of the
on -resistance is in the epitaxial layer; for low
voltage devices, an unknown percentage lies

)2

1 + 0.1 t(vG -VT)

accurately models both the VG versus /D,a,
curve and the Gfc versus /Dsat curve for the
IRF510, perhaps better than the International
Rectifier data given for Spice modelling.
If the transconductance curve is not avail -

Variation of the transfer characteristic with
temperature
We have already derived the saturated drain
current in the square -law region to a first
order (see Theoretical behaviour of drain
current). Now both VT and 1.4, and hence 13

vary with temperature and so the variation
of IDt with temperature can be defined by

al,

(1 a(3

al'

aT

2

aVT

GTar )

in parasitic elements - such as the internal
lead resistances - as well as in the epitaxial
layer.

The circuit of Fig. 6 accurately models real
devices. R,1 represents the resistances of the
epitaxial layer and connections, varying from

variation of 0 is slightly different; for 200V
units, 13 is proportional to P1.3, while for
50V units, p is proportional to P1'2, giving

and G1:, from theoretical (see box: Effect of
source resistance) and is automatically taken
into account when deriving p and 0 from the
G1, curve.

sizes tend to have the larger values of VT
and larger values of d VAIT. The variation is
probably due to the adjustment of the
depletion charge term Qd made during

well to start discussion from the theoretical
expression for VT, which for an n -channel
device is:

fabrication by ionic bombardment to set the
threshold voltage.
Variation of threshold voltage with
temperature for p -channel devices also falls
into the 3mV to 8mV/°C range, and so the
variation for the two types is about equal but of opposite sign.
These theoretical expressions have been
included to show that both VT and dVAIT

v,=-0,5

gain 13 is proportional to about T-7 '9, while
lower voltage mosfets have a substrate
doping of about 5x1015 atoms/cm3 and (3 is
proportional to about T -L8. These figures
apply to n -channel devices, with the
temperature in °K and they correspond to a
change in gain at 25°C of about -0.5°/0/°C.
For p -channel devices, the temperature

the resistance of the source n+ region plus connections and is about 0.02Q for TO -220 packages. This resistance will reduce the value of 13

an average change in gain at 25°C of about
-0.6%/°C.
Variation of VT is much more complex as
a large number of factors contribute. It is

+
Cox

(2.1)

partial differentiation of equation (1.2) as:
Theoretical analysis indicates that the
mobility of both holes and electrons should
decrease with absolute temperature in
proportion to T°. As the free carriers move
through the silicon under the influence of an
applied field, they are scattered by
interaction with the crystal lattice and these
collisions become more effective as the
temperature increases, thereby reducing the
carrier mobility. For bulk silicon, n varies
between 1.66 and 2.5 and depends quite
strongly on the doping level, with the higher
values of n applying to the lower doping
levels. However, since the carrier mobility
in a mosfet channel is only about 35% of
that in bulk silicon, temperature variation of
the mobility is also less.
Experimental studies have concluded that
in the temperature range from -55°C to
+125°C, the value of n lies between 1.5 and
2. Higher voltage mosfets have a substrate
doping of about 1014 atoms/cm3 and the

0.05Q to 3.552 depending on voltage rating.
and is of little interest in linear design. R, is

20F
Cnx

The voltage required to create strong
inversion must first be large enough to
achieve the flat -band condition (41),,,45 and

Q,5/ Cox terms), then accommodate the

charge in the depletion region (Qic) and
finally to induce the inverted region (20F).
This equation accounts for all the dominant
voltage effects in typical mos devices and all
the terms except Q,JC depend on the
substrate doping. Now both Qs, and 4,vi5 can
be considered to be independent of
temperature and differentiation of the
remaining terms in the above equation with
temperature yields the following expression,

difT ..1{(4)
dT

T

F

Ea) )1 Qd
2q ,2C,OF

2)}

after considerable manipulation and
simplification:
An analogous expression can be determined
for p -channel devices.
For a typical mosfet the following figures
apply: p -region body doping with
Na=4x1016 atoms/cm3, Qss/q=5x101°/cm2,
4)A,6=0.5V and Qd/q is adjusted to
8x1011/cm2. Assuming a pure oxide

thickness of 1000A, then cx=3.45x108F/cm2 and 44=0.383V. This gives a value
for VT of 3.36V and a value for dl/i/cIT of -

5mVPC. Experimental results for both n channel and p -channel devices show a
threshold voltage temperature variation
between -3mV/°C to -8mV/°C, depending
on geometry and cell size. The larger cell
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are dependent only on the lattice parameters
and on manufacturing geometry. Thus both
can be fairly accurately predicted and
values for a given device are quite stable
over time.
Since the derivatives of n -channel mosfet
gain arid threshold voltage with temperature
are both negative, the change in drain
current with temperature will be zero at a
specific value of applied gate voltage. This is
clearly seen in all published gate transfer
characteristics, where the curves at different
temperatures cross at a specific value of gate
voltage. In the square -law region, this zero
dT
dT

TC gate voltage is derived by setting the
term in brackets in (2.1) to zero. This yields:
An IRF510 has the following parameters at
25°C: VT = 3.3V; (3 = 1.34A/V2; d VT/c1T =

-6mVPC; c113/dT = -0.55%/°C (which equals
-7.4mA/V2-°C). Substituting these figures
into the above expression gives a value for
the zero TC gate voltage of 5.5V, which
agrees well with the published curves.
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Subthreshold region
When the gate voltage is less than the conventional threshold voltage, the inversion
charge can produce only a small drain current

primarily a diffusion current and not a drift
current as is normal for //) above threshold. In
this region. //) varies exponentially with gate
voltage in a manner defined by:

Lattice mobility, electron
Lattice mobility, hole
Channel mobility, electron
Channel mobility, hole
Permittivity of free space
Relative dielectric constant

an

Electron charge
Boltzmann's constant

0

Energy gap at 0°K

Eco

1367cm2N-s
478cm2N-s
450cm2/V-s
150cm2N-s
8.854x10-8F/cm

silicon
Si02

Er

11.7
3.9
7.5
1.602x10 -19C
1.381x 1 0-23)/°K

Si3N4

/0,, = /expkIl'
/0 depends on the size of the mosfet die and is
about 0.01A for low current devices and about
0.1A for high current devices. k is reasonably

independent of size and a value of 4.6/V fits
the available data. Little is known about operation in this region and it is rarely used. But it
maybe of practical interest to calculate the
variation of Iib, with temperature for a mosfet operating in the threshold region, with a
fixed gate bias voltage near 11, as this is the

effective bias condition in class AB output
stages. In the threshold region:

d/

Properties of silicon, mosfets and insulators at 300°K

ki exp(1
0

(_1

kl when 1(;
and

- _5k1mA
di'

C

because dl /(IT is approximately -5mV/°C.

8.617x10-5eV/°K
1.205eV
-2.7x10-4eV/°K
1.45x1010 /cm3
0.02586V

Temp coefficient of EGO
n,
Intrinsic concentration
kT/q
Thermal voltage
Typical fixed positive charge density
Qsici
Nominal thickness of Si02
Tox
Doping
Donor, or n -type impurities: antimony, arsenic, phosphorus
Acceptor, or p -type impurities: boron, gallium, indium
Typical doping concentrations vary from 1014 to 1016 atoms/cm3.

5x1 01° /cm2
1 000A

Useful dimensions
1 micron = 10-6m
1A (Angstrom) = 10-10m

(See: l'ariation of transfer with temperature).
at threshold is of the
The variation of
order of -0.23mArC for small die sizes and
-2.3mA/°C for large die sizes. Bias conditions
should therefore be defined at the operating
junction temperature and temperature com-

pensation used, if necessary
NEXT ISSUE: Drain transfer characteristics;

Determination of the drain output
conductance; Amplification factor;
Differences between n -channel and p -

channel; High frequency performance.

Microprocessor Development Tools
EMULATORS - SIMULATORS - COMPILERS - ASSEMBLERS - PROGRAMMERS
77C82 8085 Z8 68000 8051 32010 68HC11 6301 6502 87C751 6805 Z80 6809 8096 740 Series 7720 MIPS R2000 etc

G3C, M/RAM

grrlUDIILVOD

ROM sizes from 16 kbit to 16 Mbit I I I
- supports 8/16/24132 bit applications

1

Full bi-directional communications
- run a monitor or debugger

/
/
/
/
/
/

N

- or use PC as a dumb terminal

Connects direct to PC parallel port
- no dongle required

./
.1

./

/
/
//

Emulates all 24, 28, 32 and 40 pin devices
Fast download - loads 1 meg in under 3 Secs

.

DgWg1 OPM QM4
New Version 4
Pascal, C and Modula2 Compilers
Simlator, Cross -Assembler, Linker and Editor
Source Level Debug

Multitasking Support
Integrated environment
- or command line
Supports ALL 8051 variants

- including 80751, 80552 etc..

Comprehensive format support
- Binary, Intel Hex, Motorola S -Records

NEL

Split and shuffle and paged ROM capability
- offsets and incremental loading

&

Full screen edit of ROM contents
Battery back up
mb.

Debug microprocessor software on your pc
Break points and trace
Free run or single step

.

NIL

TalWgR3n1 n,@@g1X1131ligG3
Relocatable - fast assembly

/
/
/
/

Caters for ALL Microprocessors and Controllers
Instruction sets for many microprocessors included

- from Z80 to RISC 2000
- or add your own
Iterative macros,
Intelligent jump facilities
Linker and MAKE facility

2 Field End, Ackley, Barnet, Hefts, EN5 3EZ Telephone : 081-441 3890

go.

zaMART
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C HERE!
If you have followed our

series on the use of the C
programming language, then
you will recognise its value
to the practising engineer.
But, rather than turning up
old issues of the journal to
check your design for a

digital filter, why not have all
the articles collected
together in one book,
Interfacing with C?
The book is a storehouse of
information that will be of
lasting value to anyone
involved in the design of
filters, A -to -D conversion,
convolution, Fourier and
many other applications,

with not a soldering iron in
sight.
To complement the
published series, Howard

Hutchings has written
additional chapters on D -to A and A -to -D conversion,
waveform synthesis and
audio special effects,
including echo and

INTERFACING

WITH C
by

HOWARD HUTCHINGS
Interfacing with C can be obtained from Lorraine Spindlier, Room
L333, Quadrant House, The Quadrant, Sutton, Surrey SM5 2AS.
Please make cheques for £14.95 (which includes postage and
packing) payable to Reed Business Publishing Group.
Alternatively, you can telephone your order, quoting a
credit card number. Telephone 081-652 3614.
A disk containing all the example listings used in this book is
available at £25.50 + VAT. Please specify size required.

reverberation. An appendix
provides a "getting started"
introduction to the running
of the many programs
scattered throughout the
book.
This is a practical guide to

real-time programming, the
programs provided having
been tested and proved. It is
a distillation of the teaching
of computer -assisted
engineering at Humberside

Polytechnic, at which Dr
Hutchings is a senior
lecturer.
Source code listings for the
programs described in the
book are available on disk.

RALFE - ELECTRONICS

SPECTRUM ANALYSERS

HEWLETT PACKARD

36 EASTCOTE LANE, S. HARROW, MIDDLESEX H42 8DB

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

It'

ZS:

t

k%

!If

11111111101111°

v

HP141T/855213/85548 1250MHz system
£1750
HP182C/8558B 0.1-1500MHz spectrum analyser £1750
HP182T/8559A 21GHz system
£5000
HP35660A dynamic analyser 244pHz-102kHz
£3500
HP3580A 5Hz-50kHz opt 01. Digital readout model £2000
As above but without option, mechanical readout
HP3582A dual -channel 25kHz analyser
HP3585A 40MHz analyser
MARCONI TF2370 110MHz analyser
TEKTRONIX 7L12 0.1MHz-1.5GHz in 7403N frame
ANRITSU MS62B 10kHz-1700MHz
ANRITSU MS688 10kHz-4.4GHz
MARCONI 2380/2382 400MHz system
ANRITSU MS610A 2GHz spectrum analyser

EST
35

YEARS
£1500
£4000
£6000
£2250
£1350
£2000
£4000
£5000
£1950

MARCONI INSTRUMENTS
2019 synthesized signal generator 10kHz-1040MHz
2091C/2092C white noise receiver/transmitter, pair
2356/2357 level oscillator/level meter
2380/82 400MHz spectrum analyser
2388 1GHz active probe
2347 100MHz timer/counter
2501 RF power meter 0.3W DC-1GHz
2503 RF power meter to 100W DC-1GHz
28288/2829 digital simulator/analyser
2830 multiplex tester
2833 digital in -line monitor
2970 data communications tester
2955 mobile radio test set (75W version)
2956 NMT cellular adaptor, latest issue software
6460 microwave power meter with head 6421
6700B sweep oscillator 8-12.4 GHz
OA2805A PCM regenerator test set
TF1245A Q -Meter with 1246 and 47 oscillators
TF2006 FM signal generator 10-1000MHz
TF2015/2171 signal generator AM/FM 10-520MHz
TF2162 audio frequency attenuator
TF2304 automatic modulation meter
TF2370 110MHz spectrum analyser
TF2908 blanking & sync mixer
TF2910/4 non-linear distortion (video) analyser
TF2914A TV insertion signal analyser
TF2910 TV interval timer

'

£2000
£500
£500
£5000
£400
£175
£100
£200
£1000
£1500
£250
£500
£3750
£1250
£300
£750
£750
£400
£350
£400
£100
£350
£2000
£50
£1000
£1250
£500

URGENTLY REQUIRED `HIGH -END' test Equipment
by brand names. TOP prices paid
for HP, TEK, MARCONI etc.
PLEASE CALL.

TEST EQUIPMENT
ADRET 71008 AM/FM signal generators 10kHz-1.3GHz
AIM 501 low distortion oscillator GP1B/RS232
ANRITSU MW98A/MH925A optical TDR
AVO CBI 54/5 electrolytic & tent' cap' bridge
BRUEL & KJAER 4230 sound level calibrator
BRUEL & KJAER 2307 level recorder
DATRON 1071 digital voltmeter (8 & IEEE options)
GOULD J3B audio oscillator
HAMEG HM605 60MHz dual -trace oscilloscope
HITACHI V1050F 100MHz dual -trace oscilloscope
KIKUSUI COS5040TM 40MHz dual -trace oscilloscope
LING DYNAMICS LA500 (500W vibrator amplifier)
MAURY MICROWAVE 8650E INC-calibration kit
MOTOROLA R-20100 mobile radio test set
PHILIPS PM9355 current probe
PHILIPS PM5134 function generator 1mHz-20MHz
PHILIPS PM5534 standard pattern generator NTSC
PHILIPS PM5545 colour encoder PAL
PHILIPS PM5597 VHF modulators £250. PM5598 UHF
PHILIPS PM5580 I.F. modulator
PHILIPS PM6652 1.5GHz timer/counter GPIB
PHILIPS PM8202 recorder with 9874/01 temp' unit
RACAL DANA 9008A automatic modulation meter
RACAL 9082 signal generator 1.5-520MHz synthesized
RACAL 9105 RF micro -wattmeter 0.02pW-200mW

RACAL 9300 RMS voltmeter -800 to +50
RACAL Store 4 4 -channel tape recorder
RACAL 9341 LCR databndge component tester
ROHDE & SCHWARZ SMFP mobile radio test set
SCHLUMBERGER 1250 frequency response analyser
SCHLUMBERGER 40108 mobile radio test set
TEKTRONIX 7L12 1.8GHz spec' an' plug-in
TEKTRONIX J16 digital photometer
TEKTRONIX 1485R full spec' TV waveform monitor
TEKTRONIX 1503/03/04 TDR cable tester
TEKTRONIX 465 100MHz dual -trace o'scope
TEKTRONIX 465B as above
TEKTRONIX 7623A 100MHz storage main-frame
TEKTRONIX 7613/7A19/7B10 storage scope system

£2000
£500
£1500
1450
£200
£1000
£1250
£200
£295
£500
£150
£225
11750
£2950
£350
£550
£2510
£510
£510
£1500
£850
£250
£400
£850
£250
£325
£1000
£350
£1500
£3250
£1250
£1250
£225
£1500
£17E0
£400

£4'0
£7!0
£7E0

TEKTRONIX 7904/7A19/7A15A/71370/7671 500MHz o'scope /1000
TEKTRONIX 7A13, 7B53A, 7A18, 7885, 7687, 7CT1N
TEKTRONIX 475 200MHz dual -trace oscilloscope
TEKTRONIX AFG5110 arbitrary function generator
THURLBY PL320T-GP 0-30V 2A twice psu. GPIB.
WAYNE KERR 8905 automatic precision bridge

£caIl
£5,E0

11710
L3f.0
£11E0

tV

116026 transi tor fixture for S -parameter test
11710 freque cy down -converter for 86408
1741A 100MHz storage (analogue) oscilloscope
214B pulse ge erator high -power
333A distortion meter
3456A digital voltmeter
3478A multi -meter
356608 dynamic signal analyser 244pHz-102kHz
3580A audio spectrum analyser 15 Hz-50kHz LED version
35828 audio frequency spectrum analyser
3585A 40MHz spectrum analyser
400FL mV -Meter 1000-300V fs. 20Hz-4MHz
4275/001 LCZ meter
436A/8481A RF power meter
50058 signature multi -meter, programmable
5328A 100MHz counter with DVM and HPIB options
5334A frequency counter 100MHz HPIB
53346 frequency counter 100MHz HPIB

6825A bipolar power supply/amp -20 to +20vdc 0 -IA
70300A tracking generator plug-in unit
70907A external mixer
7470A HPIB plotter
8405A vector voltmeter, voltage and phase to 1000MHz
84068 comb generator
8505A network analyser including 8503A S -parameter
test set and 8501A storage normaliser
8554B/141T/8552B spectrum analyser system to 1250MHz
8558B/182C 1500MHz spectrum analyser system
8559A/182T 21GHz spectrum analyser system
85908 1500MHz spectrum analyser GPIB option
8600A digital marker generator for 86018
8614A signal generator 800MHz-2.4GHz
8620C/86222A 10MHz-2.4GHz sweep generator
862906 2-18GHz sweep generator plug-in
86408 signal generator 5-520MHz AM/FM
8640B signal generator option 001/003
8656A AM/FM synthesized signal generator 0.1-990MHz
8901A modulation analyser
8901B modulation analyser options 01/02/04
8903A audio test set
89038 audio analyser options 001/010/051
8954A transceiver interface

£250
£500
£450
£650
£400
£850
£550
£3500
£2000
£3500
£6000
£325
£1750
£1000
£750
£350
£1000
£1000
£350
£3000
£2750
£295
£1250
£1000
£5000
£1750
£2000
£5000
£3500
1325
£1250
£2000
£2000
£750
£1250
£1500
£2500
£4000
£2500
£2750
£500

PLEASE NOTE. ALL. OUR EQUIPMENT IS NOW OPERATION VERIFICATION TESTED BEFORE DESPATCH BY INDEPEND-

ENT 8S5750 -REGISTERED LABORATORY. We would be
pleased to handle Certificates 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. URGENTLY REQUIRED FOR STOCK 'HIGH -END' TEST
EQUIPMENT. Top prices paid.
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Antrim Transformers Ltd
25 Randalstown Road, Antrim, Co. Antrim, N. Ireland. BT41 4LD

Tel: 08494 28734

Fax: 08494 68745

Approved standard range of
toroidal transformers
to EN 60 742 ! *
From 15VA to 1000VA !

ADVANCED
ACTIVE AERIAL
ADVANCED ACTIVE AERIAL

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.

Antrim leading the way

-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 ana-

with better transformers

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

lysers.

volts/metre version.

all round.
Why not check us out ?

* 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. *

Low prices and carriage charges - why pay more ?
Reliable delivery - we won't let you down !
QA system with 100% test - approved to ISO 9003 !
Additional standard range to IEC 65 requirements !
Rapid quotation service for custom designs !
* KEMA KEUR agreement no. 919691

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 * Philips DC777 short wave
car combination: discount £215+VAT.

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh, GU6 7BG
Telephone: 0483 275997. Fax: 276477.
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The current alternative to
operational amplifiers
Current mode amplifiers maintain their performance
over a much wider frequency span than conventional
operational amplifier alternatives. Although the
application circuits look similar, the mechanisms which
produce the performance are very different.
By Frank Ogden.
Compare the pinout of a typical current mode amplifier with a standard
pattern op -amp and things look very

similar. Pins 2 and 3 are marked as
inverting/non-inverting, pin 6 delivers the out-

put while pins 4 and 7 hook up to the power
supply. A typical application circuit will use
the standard virtual earth resistive feedback
connection. Yet, although it seems unlikely, a
current mode amplifier shows little degradation of bandwidth with set gain.

A conventional op -amp relies on possessing
enough internal voltage gain such that its output voltage will reduce the voltage difference
between its inverting and non -inverting inputs
close to zero. Thus large signals produce large
internal voltage swings within the device, usually at high impedance nodes. Collector -base

capacitance in voltage amplifying devices
inevitably leads to frequency dependent feedback; the equivalent shunt capacitance is equal

to the collector -base capacitance multiplied

Compare this with the typical 6dB/octave
degradation in open loop gain with frequency
of a standard op -amp. A 741 for instance will
begin to roil off in gain from about 5Hz. By
contrast the HA -5020 current mode amplifier
from Harris Semiconductor enjoys a typical
full power bandwidth of 12MHz and performs
usefully up to 50MHz. The output will slew
aroLnd 800V/µs. It exhibits the sort of gain
and phase flatness which broadcast engineers
look for when designing video facilities.
Fig. 1. Conventional and current mode
amplifiers differ in one particularly fundamental
respect: where a conventional op -amp has two
true input terminals, the current mode device
possesses only one. The non -inverting (Va)

terminal, the input to an internal current
follower, exhibits an input impedance in the
order of 20Mi2 which has its output connected
to the 'inverting' terminal, V,, a very low
impedance node. If Vp is connected to ground
via a resistor, a current will flow dependent on
the value of the resistance and the voltage

present at the V, terminal. A multiplying current
mirror reflects this current flowing into or out
from the Vp terminal at the output of the
device. If the multiplying factor is very large, the
effective system gain will be determined almost
entirely by the current flowing in the network
connected to the inverting terminal. Thus for an
ideal current mode amplifier used in the circuit
shown above, the voltage gain from VP to the
output terminal is simply (R2 + Rd/R,
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by the gain of the stage. Thus what might have
a very small value actually presents a capacitive drag of many times this value. If the op amp possesses a number of gain stages, indi-

vidual Miller (for that is the name of the
multiplying

effect) capacitances produce

enough collective phase shift to make the
device unstable at low values of the closed
loop gain (where the level of feedback is
high). "Internally compensated" is actually a
euphemism for adding a comparatively large
internal capacitor to lump all the phase shift
into a single, dominant pole. But its effect on
performance is a disaster.
Conventional op -amps are just as bad at
handling step changes in voltage; all this internal Miller capacitance needs to be charged up
- or down - before the device output can regHA-5020 KEY SPECIFICATIONS
Unity gain bandwidth
Ful power bandwidth
Slew rate
Output current
Output voltage swing
Open loop gain
Drive capability
Dif erential gain
Differential phase
Rise/fall time
Input noise voltage
Supply current
Supply voltage

100MHz
12MHz
800V/µs
±30mA
±12V
70dF3114000 RL
3.5VII75S2

<0.02%
<0.03%
5ns
4.5nV/'IHz
10mA
±5V to ±15V
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BAL

DISABLE

- IN

V+

+ IN

OUT

v-

BAL

Conventional op -amps suffer a
linear reduction in open loop gain
vs frequency (a). CM amplifers by

contrast exhibit very low internal
voltage swings which dramatically
reduces the fall in open loop gain
with frequency (b).

HA -5020 pinout

(a)

(b)

ELECTRONICS WORLD
PROFESSIONAL SERVICES
TO OBTAIN YOUR FREE HA -5020 SAMPLE
AND DATA SHEET

Simply fill out the coupon between pages
672 and 673 making sure that you answer all
the questions. Please note that this offer
applies to the UK and Scandinavia only and
is restricted to the first 1000 replies.

ister the change. The slew rate is set by the
maximum current available from the internal
voltage amplifiers in charging or discharging
the internal Miller capacitance.
The current alternative
A current mode amplifier comprises two sections: a non -inverting unity gain input buffer
with its high impedance input connected as the
non -inverting input while the buffer output, a
complementary emitter follower, brought out
as the "inverting" terminal. The second section
comprises an output complementary current
mirror, the output value and polarity of which

Fig. 2. The HA -5020 connected as a high pass active filter. This

circuit will function effectively up to 12MHz with appropriate
passive component values.

The input unity buffer measures the current

flowing into or out from the terminal V,
through a complementary current mirror integrated into the buffer circuit. The mirror current in turn drives an independent output cur-

the inverting terminal V produces a current of

milliamps (I) at the output terminal of the

to 10.

amplifier.
By coupling this output current back to the

The HA -5020

several thousand. Effectively this means that a

current of microamps flowing into or out of

inverting input terminal via R,, two things

depends on the current flowing into or out
from the "inverting" amplifier terminal sensed

the current flowing in R2 acts in a sense to

by a current mirror in the unity gain input

reduce the current flowing into or out from the
unity gain buffer. Thus, provided that the current transfer ratio between the input and output
mirrors is very large, the overall system voltage gain approximates to (R, + R1)/R1.
This type of circuit configuration derives its
gain/bandwidth independence through a complete absence of internal signal voltage nodes.
Even the largest signal swings are restricted to

first glance for commonsense seems to suggest that the output of a low impedance buffer
(marked input unity buffer in Fig. 1) could not
readily serve as an inverting input connection
to a precision amplifier.
Neglecting the maths for a moment, look at
the amplifier function this way. Apply a posi-

tive input voltage to the high impedance
(20%2) input terminal V, relative to ground.
This will cause the same output voltage - give
or take a few microvolts - to be delivered to
the inverting terminal V but at an impedance
of just a few ohms. Thus the full input voltage
is developed across RI causing a current to
flow in the buffer proportional to the input
voltage and inversely proportional to the value
of R1, i.e. Ohm's Law.
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set up for unity gain might deliver a -3dB
turnover at 100MHz, a figure which falls to
65MHz when the system gain is increased to
10. By contrast, a conventional 100MHz op amp would suffer a bandwidth reduction to
10MHz as its closed loop gain was increased

rent mirror with a current transfer ratio of

happen. Firstly, an output voltage is developed
proportional to the value of / X R,. Secondly,

buffer.
None of this looks particularly promising at

bandwidth with increasing open loop gain but
these are small when compared with conventional devices. For instance a C -M amplifier

internal voltage changes in the order of
100mV or so. Thus the Miller effect cannot
apply to current mode amplifiers. Compare
this situation to the large voltage swing inside
a conventional op -amp. The only place in a CM amplifier where large swings occur is the

output node; first order bandwidth is determined by the time constant formed between
the device output capacitance and the feedback resistor, R,.
Second order effects do result in reduced

This device uses current mode operation and
was designed for video applications at system
gains of between and 10, for instance in
video mixers and multiplexers. For instance, it
will drive up to two 7551 lines at video levels
with very low distortion and an accompanying
I

gain flatness of 0.1 dB. Other applications
include high frequency active filters and IF
amplifiers. The general form follows the
organisation of Fig. 1. Typical values for R,
would be around lkQ. Gain variation would
normally be achieved by choosing an appropriate value for R/.
The device also includes a disable function
which significantly reduces supply current and

forces the output to a true high impedance
state. This allows multiple amplifiers to be
wire OR'd as amplifying video multiplexers.
The availability of a high impedance buffer
at the font end of a C -M amplifiers in general
and the HA -5020 specifically allows the easy

construction of Sallen & Key 12dB/octave
active filters. The general form is shown in
Fig. 2.
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VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 59P4R

etc. E18.00 ref 18P200

AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
£179
(PPC1512DD). £179
(PPC1640SD). £209
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR

25 WATT STEREO AMPLIFIERc. STK043. With the addition of

Fully cased UK modems designed for dial up system (PSTN) no data
cr info but only £3.00 ref 3P145R

PSU.

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R

HIGH POWER CAR SPEAKERS. Stereo pair output 100w each.
4ohm impedance and consisting of 6 1/2" woofer 2" mid range and

FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827R
ALARM TRANSMITTERS. No data avaliable but nicely made

1" tweeter. Ideal to work with the amplifier described above. Price per
pair £30.00 Order ref 30P7R.

2KV 500 WATT TRANSFORMERS Suitable for high voltage

complex radio transmnters 9v operation. £4.00 each ref 4P81R.
12V 19A TRANSFORMER. Ex equipment but otherwise ok. Our
pace £20.00

experiments or as a spare for a microwave oven etc. 250v AC input.

GX4000 COMPUTERS. Customer returned games machines

Now only £4.00 ref 4P157

complete with plug in game, joysticks and power supply. Retail price
is almost £100. Ours is £12.00 ref 1312P1

a handful of components you can build a 25 watt amplifier. £4.00 ref
4P69R (Circuit dia included).

MICROWAVE CONTROL PANEL Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 relay

ULTRASONIC ALARM SYSTEM. Once again in stock these

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.
FIBRE OPTIC CABLE.Stranded optical fibres sheathed in black
PVC. Five metre length £7.00 ref 7P29R
12V SOLAR CELL 20OrnA output ideal for trickle
charging etc. 300 mm square. Our price £15.00 ref

units consist of a detector that plugs into a 13A socket in the area to
protect. The receiver plugs into a 13A socket anywhere else on the

same supply. Ideal for protecting garages, sheds etc. Complete
system £25.00 ref 1325P1 additional detectors £11.00 ref 811 P1

IBM XT KEYBOARDS. Brand new 86 key keyboards £5.00 ref
5P612

IBM AT KEYBOARDSBrand new 86 key keyboards £15.00 ref

15P42R

15P612

PASSIVE INFRA -RED MOTION SENSOR.

386 MOTHER BOARDS. Customer returned units without a row

Complete with daylight sensor, adjustable lights
on timer (8 secs -15 mins), 50' range with a 90

fitted. £22 00 ref A22P1

TELEPHONE HANDSETS
Bargain pack of 10 brand new handsets with mic and speaker only
£3.00 ref 3P146R

BARGAIN STRIPPERS
Computer keyboards. Loads of switches and components excellent
value at £1.00 ref CD40R

DATA RECORDERS
Customer returned mains battery u nits built in mic ideal for Computer
or general purpose audio use. Price is £4.00 ref 4P100R

SPECTRUM JOYSTICK INTERFACE
Plugs into 48K Spectrum to provide a standard Atan type joystick
port. Our price £4.00 ref 4P101R

ATARI JOYSTICKS
Ok for use with the above interface, our price £4.00 ref 4P102R

BENCH POWER SUPPUES
Superbly made fully cased (metal) giving 12v at 2A plus a 6V supply.
Fused and short circuit protected. For sale at less than the cost of the

case! Our pnoa is £400 ref 4P103R

SPEAKER WIRE
Brown twin core insulated cable 100 feet for £2.00 REF 2P79R

MAINS FANS
Brand new 5" x 3" complete with mounting plate quite powerful! and
quite. Our pnce £1.00 ref CD41R

DISC DRIVES

deg coverage. Manual overide facility. Corn pieta with wall brackets, bulb holders etc. Brand

MODEMS FOR THREE POUNDS!!

;,..4'45)

Customer resumed units mixed capacities (up tot .44M) We have not
sorted these so you just get the next one on the shelf. Price is only
£7.00 ref 7P1R (worth it even as a stripper)

BSB SATELLITE SYSTEMS

new and guaranteed. Now only £19.00 ref
19P29

BRAND NEW

HEX KEYBOARDS

Pack of two PAR38 bulbs for above unit £12.00 ref 12P43R

£49.00 REF F49P1

standard TV set within a 100' range! (tune TV to a spare channel).
12v DC cp. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref
5P191R

286 MOTHER BOARDS. Brand new but customer returns so may
need attention. Complete with technical manual £20.00 ref A20P2

FM TRANSMITTER housed in a standard working 13A
adapter (bug is mains driven) £26.00 ref 26P2R

286 MOTHER BOARDS. Brand new and tested complete with
technical manual. £49.00 ref A49P1
UNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and

X

MINATURE RADIO TRANSCEIVERS A pair of
walkie talkies with a range of up to 2 kilometres. Units k.
measure 22x52x155mm. Complete with cases. £30.00 I.,

PP3 nicads. Holds up to 5 batteries at once. New and cased, mains
operated. £6.00 ref 6P36R.

ref 30P12R

FM CORDLESS MICROPHONE.Small hand held unit with a 500'
range! 2 transmit power levels reps PP3 battery. Tuneableto any FM

receiver. Our price £15 ref 15P42AR

12 BAND COMMUNICATIONS RECEIVER.9 short
bands, FM, AM and LW DX/local switch, tuning 'eye' mains
or battery. Complete with shoulder strap and mains lead

Standard Scan on one end, Hi density D type on the other. Pack of
ten leads only £7.00 ref 7P2R

OZONE FRIENDLY LATEX
250m1 bottle of liquid rubber sets in 2 hours. Ideal for mounting PCB's

fixing wires etc. £2.00 each ref 2P379R

Standard Atari compatible hand controller (same as joysticks) our
once is 2 for £2.00 ref 2P3808
Brand new units made by TANDATA complete with 1200/75 built in
modem infra red remote controlled qwerty keyboard BT appproved
Prestel compatible, Centronics printer port RGB colour and compossupply and fully cased. Our price is only £20.00 ref 20P1R
Cased units that convert 240v to 110v 3" x 2" with mains input lead
and 2 pin American output socket (suitable for resistive loads only)
our price £2.00 ref 2P381R

SPECTRUM +2 UGHT GUN PACK

AT COMAND SET

7 CHANNEL GRAPHIC EQUAUZER:dus a 60 watt power amp!
20-21 KHZ 4-8R 12-14v DC negative earth. Cased £25 ref 25P14R.

complete with software and instructions £8.00 ref 8P58R/2

CURLY CABLE

AUTODIAL/AUTOANSWER

NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 ref

Extends f rom 8" to 6 feet! D connector on one end, spade connectors

on the other ideal for joysticks etc (6 core) E1.00 each ref CD44R

4P44R. 2 x C's £4.00 ref 4P73R, 4 x D's £9 00 ref 9P12R, 1 x PP3
£6.00 ref 6P35R

COMPUTER JOYSTICK BARGAIN

FULL SOFTWARE CONTROL

TOWERS INTERNATIONAL TRANSISTOR SELECTOR

Pack of 2 joysticks only E2.00 ref 2P382R

BUGGING TAPE RECORDER

GUIDE. The ultimate equivalents book. Latest edition £20.00 ref

TONE AND PULSE DIALLING

20P32R.

Small hand held cassette recorders that only operate when there is
sound then turn off 6 seconds after so you could leave it in a room all
day and just record any thing that was said. PliCe s£20.00 ref 20P3R

CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3.00 ref
3P104R. Bumper pack of 1,000 ties £14.00 ref 14P6R

I

IEC MAINS LEADS

£29

GOT A CARAVAN OR BOAT?

Complete with 13A plug our price is only £3.00 for TWO! ref 3P148R

NEW SOLAR ENERGY KIT

NEW 80 PAGE FULL COLOUR LEISURE CATALOGUE
IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel.

2,500 NEW UNES FREE WITH ORDER ON REQUEST

£5.00 ref 5P186R.
COPPER CLAD STRIP BOARD17" x 4" of .1" pitch "vero" board.
£4.00 a sheet ref 4P62R or 2 sheets for £7.00 ref 7P22R.

OR SEND £1.00
GEIGER COUNTER KIT.Complete with tube, PCB and all components to build a battery operated geiger counter. E39.00 ref 39P1R
FM BUG KIT.New design with PCB embedded coil. Transmits to
any FM radio. 9v battery req'd. £5.00 ref 5P158R
FM BUG Built and tested superior 9v operation £14.00 ref 14P3R

STRIP BOARD CUTTING TOOLE2.00 ref 2P352R.
50 METRES OF MAINS CABLE £3.00 2 core black precut in
convenient 2 m lengths. Ideal for repairs and projects. ref 3P91R

Contains 8 solar cells, motor, tools, fan etc plus educational booklet.
Ideal for the budding enthusiast! Price is £12.00 ref 12P2R

286 AT PC
286 MOTHER BOARD WITH 640K RAM FULL SIZE METAL
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUPPLY £139 REF 139P1 (no i/o cards or drives included) Some

etal work req'd phone for details.

4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precut into convenient 1.2 m lengths. Ref 2P365R
TWEETERS 2 1/4" DIA 8 ohm mounted on a saner. metal plate for
easy fixing £2.00 ref 2P366R

COMPOSITE VIDEO KITS.These convert composite video into
separate H sync, V sync and video. 12v DC £8.00 ref 8P39R.
SINCLAIR CS MOTORS 12v 29A (full load) 3300 rpm 6"04" 1/4"
0/P shaft. New. £20.00 ref 20P22R.
As above but with fitted 4 to 1 inline reduction box (8009m) and
toothed nylon belt drive cog £40.00 ref 40P8R.
SINCLAIR C5 WHEELS1 3' or 16" dia including treaded tyre and
inner tube. Wheels are black, spoked one piece poly carbonate. 13"
wheel £6.00 mf 6P20R, 16" wheel £6.00 ref 6P21R.

COMPUTER MICE Originally made for Future PC's but can be
adapted for other machines. Swiss made £8.00 ref 8P57R. Atan ST
conversion kit £200 ref 2P362R.

6 1/2" 20 WATT SPEAKER Built in tweeter 4 ohm E5.00 ref
5P205R

WINDUP SOLAR POWERED RADIO! FM/AM radio takes rechargeable batteries complete with hand charger and solar panel

ELECTRONIC SPEED CONTROL KIllor c5 motor. PCB and all
components to build a speed controller (0-95% of speed). Uses

14P200R

pulse width modulation. £17.00 ref 17P3R.

35MM CAMERAS Customer returned units with built in flash and
28mm lens 2 for £8.00 ref 8P200

STEAM ENGINE Standard Mamod 1332 Op
engine complete with boiler piston etc £30
ref 30P200

TALKING CLOCK
LCD display, alarm, battery operated.
Clock will announce the time at the
push of a button and when the
alarm is due. The alarm is switchab0
from voice to a cock crow ng!£14.00 ref 14P200.R

HANDHELD TONE DIALLERS
Small units that are designed to hold over the mouth piece of a

SOLAR POWERED NICAD CHARGER.Charges 4 Clio
AA nicads in 8 hours. Brand new and cased £6.00 ref
6P3R.

PC STYLE POWER SUPPLY Made by AZTEC 110v or 240v
input.+5@15A,+12415A,-12 (4) .5A,-50 3A. Fullycased with fan,

12 VOLT BRUSHLESS FAN4 1/2" square brand new ideal for
boat, car, caravan etc. £5.00 ref 5P206.

on/off switch, IEC inlet and standard PC fly leads. £15.00 ref Fl 5P4

ACORN DATA RECORDER ALF503 Made for BBC computer
but suitable for others. Includes mains adapter, leads and book.

ALARM PIR SENSORS Standard 12v alarm type sensor will
interface to most alarm panels. £16.00 ref 16P200
ALARM PANELS 2zone cased keypad entry, entry exit time delay

£15.00 ref 15P43R

VIDEO TAPES. Three hour superior quality tapes made under
licence from the famous JVC company. Pack of 5 tapes New low
price C8.00 ref 8P161

PHILIPS 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.

HIGH RESOLUTION 12" AMBER MONITORI2v 1.5A Hercules compatible (TTL input) new and cased £22.00 ref 22P2R

SCART TO D TYPE LEADS

AC STEPDOWN CONVERTOR

a pair ref 8P 50R

ing projects on etc. Complete with tools, wire and reusable board.
New low bargain price only £2.00 ref B2P1

Bargain pnce leads at 2 for £3.00 ref 3P147R

ite output (works with ordinary television) complete with power

MIRACOM WS4000 MODEMS

-

VERO EASI WIRE PROTOTYPING SYSTEMIdeal for design-

SCART TO SCART LEADS

VIEWDATA SYSTEMS

V21/23

kit £12.00 ref 12P17R, Larger transformer £12.00 ref 12P41R.

51/2" x 31/2" x 1" black ABS with screw on lid. £1.00 ref CD43R

QUICK SHOTS

LOW COST WALIKIE TALKIES.Pair of battery op-

15w at 220v but with a larger transformer it will handle 80 watts. Basic

PROJECT BOX

3,4,5,6.7.5,9, and 12v outputs at 800mA. Complete with universal
spider plug. £5.00 ref 5P167R.
RESISTOR PACK.10 x 50 values (500 resistors) all 1/4 watt 2%
metal film. £5.00 ref 5P170R.

wow and flutter less than .35% Neg earth. £19.00
ref 19P30

12 TO 220V INVERTER KITAs supplied it will handle up to about

Brand new units approx 5" x 3" only £1.00 each ref C042R

IN CAR POWER SUPPLY. Plugs into cigar socket and gives

NOW ONLY £19.001! REF 19P14R.
CAR STEREO AND FM RADIOLow cost stereo system giving
5 watts per channel. Signal to noise ratio better than
45db,

erated units with a range of about 200'. Our pace £8.00

)

REMOTE CONTROL

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

BULL
ELECTRIC AL
250 PORTLAND ROAD HOVE SUSSEX
BN3 54T 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
NEXT DAY DELIVERY MOO

Ma

telephone to send MF dialling tones. Ideal for the remote control of
answer machines, £5.00 ref 5P209R

COMMODORE 64 MICRODRIVE SYSTEM
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
ATARI 2600 GAMES COMPUTER Brand new with joystick and
32 game cartndge (plugs into TV) £29.00 ref F29P1 also some with
I game at £19.00 ref F19P2.
BEER PUMPS Mains operated with fluid detector and electronic
timer standard connections. Ex equipment. £18.00 ref F18P1

90 WATT MAINS MOTORS Ex equipment but ok (as fitted to
above pump) Good general pupose unit £9.00 ref F9P1

HI Fl SPEAKER BARGAIN Originally made for TV sets they
consist of a 4'10 watt4R speaker and a 2" 140R tweeter. If you want
two of each plus 2 of our crossovers you can have the lot for £5.00
ref F5P2.

VIDEO TAPES E180 FIFTY TAPES FOR £70.00 REF F70P1
360K 5 1/4"Brand new drives white front. £20.00 Ref F2OP1

VISA

FAX 0273 23077
SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE IJK
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IN SUSSEX? CALL IN AND SEE US!
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UPDATING
the choice for handling
data in the lab
How does the updated LabWindows meet current data acquisition
demands? Allen Brown measures the improvements.

System requirements
386/486 PC
4Mbyte extended ram
Mouse coprocessor
(for 386 PC)
VGA graphics

Supplier details
LabWindows 2.1
£695; Advanced
analysis £1495,
National Instruments
UK Ltd,
21 Kingfisher Court,
Hambridge Road,
Newbury, Berkshire
RG14 .551. Tel: 0635
523545.
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National Instruments updated LabWindows data acqui-

For example the code shown in the top half of Fig. 1 gen-

sition and processing package is not so much an
improvement but an extension to the previous ver-

erates a sine wave with added noise (pseudo random).

sion, and a much broader range of options is now on offer.
The basic product is essentially a software development
environment, producing code for processing data derived
from instruments via the IEEE488, the RS232 or PC expansion cards.
Two programming languages are available, QuickBasic
and C - though the version of C does not entirely conform to
the ansi standard and so programs ported into LabWindows
may require some modification to be accepted by its C compiler. For example, it does not recognise float x
.

Powerful library
It is Lahwindows' impressive library containing a large variety of subroutines for performing data acquisition, data processing and display that makes the package so
attractive.When creating code in LabWindows the designer
in, effect, assembles a list of library subroutines to perform
the required task. Appearance is very similar to the standard
Microsoft language development packages with mouse driven drop -down menus and easy access to help files and compiler facilities. Code produced by the designer may have the
constructs of C (or QuickBasic) but all functional i/o operations and analysis consists of subroutines drawn from the
extensive library.
Prompting the subroutine to do what is needed is achieved
by entering a series of dialogue boxes which present the user
with the various options and are clicked with the mouse.
When complete, LabWindows generates the appropriate
code and this is attached to the user's own code.

Having created the data, it can be displayed graphically by
entering the appropriate dialogue boxes from the drop down
menu. By responding to the various options the original code
is duly amended (bottom half Fig. I).
Evoking the run option from the appropriate drop -down
menu makes the source program compile and execute (provided there are no errors) with the resulting graphical display
(Fig. 2). Users can single step through the source code in one
window while watching the progress of variables in another.
Programming in the LabWindows environment is not too
different from object oriented design where the library subroutines may be referred to as pre -designed and tested
objects. Programming is therefore performed at quite a high
level, allowing the user to concentrate on design aspects of
the code and avoid low level problems such as interfacing,
storage and display.

Part of the LabWindows library is an extensive set of
device drivers for commonly used test instruments with the
IEEE488 interface. It is even possible to reproduce with relative ease the front panel of an instrument (Fig. 3).

Exploiting the 386 PC
One of the main drawbacks of early versions of LabWindows
was a constraint on memory, where the package was expect-

ed to work entirely within the normal dos 640K. The problem was that though the source language is C (or
QuickBasic), the technique of attaching routines from the
run-time libraries renders LabWindows coding as high level
programming. Like all high level languages, large executable

programs could be produced. But in the new version the
640K boundary has been removed by employing a dos/16M
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extender and the virtual memory manager (VMM) from
Rational Systems. The dos/16M allows programs greater
than 640K to be run on a PC with extended memory. When
there is inadequate extended memory the VMM comes into
play by exchanging segments of program between ram and

PROGRAM

int err,

i

;

lain()

hard disc. As a result the package now fully utilises the
advanced features of the 386 and 486 PCs - it can run on 286
PCs but the operational speed makes this combination quite
unattractive.

cls()
for( irl
;

;

i

< 403

;

i++){

my_array[i] = sin( .05*i )

0.5 - (double)randi :./32767.0

;

For computational intensive needs National Instruments
also supplies an advanced analysis package containing routines specifically for the 80387 maths coprocessor (though
this is generally expected these days with high performance
PCs based on 80486 CPUs).
A few years ago no-one would complain about waiting a
minute or two for a 2048 -point FFT; today we expect this to
take only a couple of seconds at most. But since intensive
computation is now a general requirement for data processing, the advanced analysis option really should be a standard
part of the LabWindows
package.
Added power
LabWindows
has
been
designed primarily as a package for development of data

Fig. 1.

LabWindows
offers a standard
PC software
development
environment.

acquisition from laboratory
instrumentation. But to com-

plement this, the product is
supplied with an extended

O. 5-

library of device drivers for a

wide range of well known
instruments which have the

0. 0

Fig. 2. Graphics
display exploits
the full resolution
of the VGA

IEEE488
interface. HP
instruments feature strongly

among the library entries.
Access to the facilities
offered by the library instruments can be gained with rel-

standard.
0-

ative ease: users need not

Fig. 3. A front
panel instrument
set-up for remote

rely on low level program-

ming to configure remote
instruments

as

this

Z40

is

achieved by options in the
device drivers.
Since VGA has become a
universal standard in PCs the need for numerous fonts often
arises. LabWindows has a variety of fonts which can be used
to great effect to enhance the quality of the graphics displays
and the full resolution offered by the VGA standard has been
used to create quite pleasing display effects. Of course these
effects can easily be evoked by accessing the library subroutines.
For development of a data acquisition systems

LabWindows must rate among one of the most attractive
products on the market - not only for its ease of use but also
for its extensive range of device drivers for instruments and
expansion cards out in its library.
So what LabWindows does, it does well and there is no
doubt that it is a sensibly -designed, quality product. But with

access purposes
can be set up
with ease.

liar& op9

LAW indows :-..amp le 7 Proual

Wavef arm Type!

ramp

triangle
square

sine
noise

the trend towards real-time processing, it might be more
appropriate for the processing to be off-loaded to an auxiliary
expansion card hosting a high performance DSP processor.
This feature is already available with Display -XL and future
versions of LabWindows should really move in this direction. One final point is that with the emergence of Numerical
C, National Instruments will have to look very carefully at
their particular version of C.
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PICO ADC -10
The Big Picture in Data Analysis

8 -bit Analog to Digital Convertor

Just Got Bigger

for IBM PCs & compatibles
10-25 kHz typical sampling speed
0-5 v input range

+ VAT

9

(including p+p)
Access

VISA

bADiSP 3.0
DADiSP 3.0's new point -and click menus put you in control:
from Data Collection, Data
Reduction and Management,
through Visual Data Analysis
and Hypothesis testing, on to
final results. DADiSP the hest

Plugs directly into parallel printer port
Requires no external power or expansion slots
BNC input connector
Supplied with software to use as a voltmeter &
oscilloscope, plus Turbo C and Pascal drivers

Pico Technology Limited

Matrix
Processing

Broadivay House, 149-151 St. Newts Road,

Matrix Math, 2D rFTs

Hardwick, Cambridge CB3 7g1

Eigen Values & Vectors

Tel. 0954 211716 Fax. 0954 211880

Inverse/Transpose

way to rim analyse and

Image
Processing

manipulate yom data.

Medical Imaging

CIRCLE NO. 124 ON REPLY CARD

Custom metalwork
good & quick!

Seismology

DADiSP automatically builds a

Plus a wide range of rack -mounting
cases etc. from stock.
Send for our new Catalogue.

Communications

permanent and reusable

worksheet as you work. So you
can organise your data, methods
and graphs in DADiSP
worksheets for future reference
and future projects. Then
automate DADiSP with your
own macros and menus.

Lab

Automation

Data Acquisition
IEEE -488

Test & Measurement

Science
Statistics,

DADiSP also has powerful add in modules. You can talk to
your test instruments with the
DADiSP/488 driver or use

Hypothesis Testing

DADiSP/LT for Data
Acquisition or add -in and run

Signal Processing & FFTs

your own favourite programs
from within DADiSP.

Peak Analysis

Engineering
Filter Design
Speech Analysis

Vibration Analysis

NEW DADiSP 3.0 is available now for IBM PC compatibles (80286, 80386 or 80486 with 2Mb of extended
RAM) and also for SUN, HP, IBM, NeXT, DEC,
Concurrent & other workstations. Call Adept
ADEPT
Scientific today for a full information pack.

Adept Scientific Micro Systems Ltd
Tel: (0462) 480055 - Fax: (0462) 480213

SCIENTIFIC

ME

'PI

k

EFICAEASI SYSIIIAS

IPK Broadcast Systems
3 Darwin Close Reading Berks RG2 OTB
Tel: (0734) 311030 Fax: (0734) 313836

CIRCLE NO. 125 ON REPLY CARD
CIRCLE NO. 115 ON REPLY CARD
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Don't say goodbye to the
design engineer

- yet

EE Designer Ill is an electronic design engineering system - according
to the literature. John Anderson puts those claims to the test.
EE Designer claims to be an integrated electronic design
engineering system. So is the electronic designer redundant? Not yet, but the package is certainly comprehen-

sive, blending tasks as diverse as layout design and logic
simulation. Functionality of the product is good too, though
it does have a less than ideal user interface and the sound
system is guaranteed to turn the user into the least popular
person in the design office.
One undoubted plus is that the software is available on
rental at 10% of the purchase price per month enabling the
unsure to use the it and understand its capabilities at leisure,

the user with a textual selection menu, traversed by the
mouse -controlled highlight, with the menu controlling execution of a number of editor environments and processing
programs.

Connection between the various parts of the program is
through the databases, so the schematic capture database is
used to produce the bill of materials, netlist and circuit simulation data, and the PCB database is used to produce the
final artwork and thermal analysis with inputs from a netlist.
SYSTEM by Visionics - EE Designer STD. (Ver. 1.18 Rev. 920215:.
11.:14N

Ix

MOIN

with a minimal outlay.

Origins of EE Designer itself are complex. Author
Visionics is based in Singapore and Sweden, and sales literature is clearly targeted at an American market. But Betronex

has been its agent in the UK for many years. so support
should be good.
Visionics has built its system around front annotaticn and
back annotation. Front annotation is where definitions of the
system components occur at the schematic capture stage. But

back annotation is usually offered by only the better PCB
design products and allows decisions such as gate allocations
made on the PCB to be translated back to the schematic. An

amazing claim by the authors is that EE Designer can be

SCHEMATIC CAPTURE:

NI Viii. FUN, T IONS:

Default Parameters Setup
File Directories

Schematic Editor

Layout Editor

Metlist Load

Wirel:st Load

Metlist Update

Wirel:st Update

Pen Plotting

Pen P:otting

Gener.c Plotting

Gener.c Plotting

Printer Plotting

Printer Plotting

External Routines
-ROCESSORS:

Symbol Documentation
List of Materials
IBRARY ROUTINES:
DATABASE:

Schematic Symbols
Layout Symbols

used to back annotate a complete design from PCB (though
this was not checked during the review).
On execution, the package presents

Postprocess ing

EXIT

Integrator

Aperture Table file:

Database'
To

ER
t

Maki menu contains
a la-ge number of
options

SYSTEM REQUIREMENTS

XT or AT with 640K
Optional use of expanded memory
recommended (Lim 3.2 or above)
Hard disc (essential) with at least
8Mbytes Pee
Colour divlay and adapter (CGA
through VGA and others)
Parallel port for dongle
Serial par for asynchronous
communications
Mouse

LAYOUT DESIGN:

4
1

1

I

k'

1

I

4
1

c.

A variety 3f printers and plotters
are supported, including laser
printers and Gerber photoplot.

F'PE

EE Designer's

schematic editor:
the white trace is in
the process of being
L
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PAN

All :he files generated in the design process are linked

RASTER OFF

ZOOM

DI

ZOOM

D2

together though the database integrator system. Thus when
moving from schematic to PCB or back there is no question
about the name of the file - this is all defined by the integrated system.
A competent graphics editor, with a keyword menu on the
right hand side of the display, is used for all the various
schematic, PCB and component editing. Operations are car-

ZOOM

DS

ried out through a hierarchy of such menus - which can

ZOOM IOD

MOM

make some operations a bit slow. But this is mitigated by a
series of single keystroke short-cuts; for example traversing
three menus can be achieved by pressing just three keys.
Unfortunately, the chosen key letters appear to have little if
any relevance to the function selected (r is the short cut for
zoom), so it is something of an uphill
struggle to learn the short cuts,
though prompts are available on each

-ZOOM

menu.

A crucial measure of graphic editors for PCBs is how fast they can
redraw. I tested the software on a
High speed option
for PCB, with tracks
replaced by single
lines, allows faster
redraw.

ZOOM

1110

ROOM
ZOOM
ZOOM
ZOOM

33MHz 486 machine but found that

even a small PCB of five ICs was
taking about a second to redraw with
the full representation of the tracks though when switched to single line
representation the redraw was acceptably fast.

Throughout operation, sound is
brought into play - and it is terrible!
A beep might be expected to indicate
an error, but the package insists on
bleeping and burbling during normal

EE Designer's full
PCB representation
y Mtsuoni

operation and I could not find any
way to turn it off.

DATABASE INTEGRATOR
INITIAL DEFINITIONS:

B\

Define Integrated Database Name
Define SCHEMATICS Database file
Define LAYOUT Database file

counter
counter
counter

Integrated
Found
Found

After integration
Dbase files will be:
Unchanged counter
Unchanged counter

STATUS DEFINITION:

Set FRONT ANNOTATION REQ. FLAG
Front Annotation:
Not required
Reset FRONT ANNOTATION REQ. flag
Set BACH ANNOTATION REQ. flag
Bach Annotation: 'Not required
Reset BACH ANNOTATION REQ. flag

FFTORN

Design rule check

EE Designer's
comprehensive
design rule check system operates
either manually or automatically. In manual mode, the user
selects two items, and the program displays the clearance; no
remedial action is taken.
The automatic design rule checker allows checking of the

whole board, or indeed just a window of the board. Errors
spotted during the design rule check are written on the PCB
layout directly.
Distances defining the minimum clearances are defined by

a separate menu, allowing definition of track to track

EXECUTION MODE:

Create Scratch Databa sysTEN by OisioniciillirDesigner
STD. (Ver. 1.10 Re To select Mouse Device:
Do not Create Scratcl
DEFAULT PARAMETERS SETUP
Strike <F1> three times

SPECIFICATIONS
SCHEMATIC CAPTURE:

GENERAL OPTIONS:

Execute Integi

All files generated in
the design process
are linked through
the database
integrator

Initial Working Options
Text Size Table

Graphics Display Options
System Unit of Measure
Menu Cursor Display Options
Automatic Backup Setup

LAYOUT DESIGN:

Initial Working Options
Text Size Table
Graphics Menu Trace Width Table
Symbol Creation Pad Sizes
Board/Silk Screen Outline Width
Text Lines Width Table
Via Pad Diameters

INPUT/OUTPUT:

Disk/Subdirectories
Output Channels Setup
Output Devices
FORMAT NAMES&SIZES:

LAYOUT postprocessing:

Select Aperture Table file
Update Aperture Table file

A bewildering list of
default parameters
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Selected Aperture Table file: LASER

Default Formats for Schematics
Default Formats for Penptotting
Default Formats for Photcplotting

Schematic:
Sheet size to 64in x 64in
Up to 100 sheets
Up to 1500 components
Real time dragging of parts
Automatic bus increment
PCB layout:
32in x 32in maximum board size
on 0.001in grid.
32 user definable track widths
64 user definable pad sizes

curved track routing and fills
Automatic via insertion
12 routing layers
Track repeat
Electrical conductivity checking

Return to MAIN MENU
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(referred to in the US as trace to trace), track to pad. pad to
pad and via clearances.

Unusual features
Two unusual features are the package's communication and
simulation. Communication is to some extent over the top!
The idea is that files generated by EE Designer can be sent
via a modem to specialist photoplot houses. But re -inventing
the modem communications wheel is only helpful if you do
not already have a proper modem and file transfer software.

For simulation, the package can be supplied with mixed
mode simulation, advanced shove and sweep autorouter and
thermal analysis. with interfaces to PSpice and Autocad via
DXF - though my review copy had none of these features.

Fighting the system
Lack of a proper library data base and manager is a real
weakness and using the dos filing system is a very inefficient
way to store this type of data.

INSTALLATION AND DOCUMENTATION
Installation is something of a drawn out affair with the install routine unpacking
files and creating directories. Component libraries are stored on hard disc as
thousands of little files creating a severe problem. Each file comprises only a few
hundred bytes, but on hard disc this is rounded up to the nearest cluster of say 2K.
Result is that EE Designer eats disc space in a big way, with 3.5Mbytes for the
programs and a further 7Mbytes for three (of the ten or so) libraries that I loaded.
Be warned, during the installation process, EE Designer fiddles with your
CONFIG.SYS file.

The software comes with five spiral bound manuals and a parallel port dongle.
The Libraries manual is a 200 page list of the components supported - very
impressive. A supplemental manual describes the changes of the various releases
and details the database formats and primitives.
Of all the manuals, only the Users Guide has an index, and bearing in mind the
complexity of the system, this is not helpful for the new user.
One small example PCB is supplied, and this did not really test the system,
though all aspects of the example were described in the tutorial manual.
Absence of a context -sensitive help system makes learning a slow task.

But overall, all the functionality is there - if you are prepared to fight the system. Unfortunately, the signposts in the

manual needed to unravel operation are chaotic making
learning more of a struggle than it should be, and productivity in the early stages will remain low. The short-cut single key strokes and excellent autorouter should eventually
reap benefits. But despite claims in the sales literature, the
package can hardly be described as friendly, and there is no
help let alone a modern context sensitive scheme.
There is integration between component parts, and the
package's ability to integrate mixed mode simulation as well
as thermal predictions distinguishes it from its competitors.
None the less I tested only the PCB schematic capture and
layout facilities and found them no better than lower priced
products and typically more tedious to use.

SUPPLIER DETAILS

EE Designer Standard (as reviewed) f995. From Betronex
Ltd, 1 Wells Yard, High Street, Ware SG12 9AS. Tel: 0920
469131
Top of the range is EE Designer Elite at f3990, offering
mixed mode simulation, shove and sweep autorouter,
thermal analysis interface to PSpice

Is it a fully integrated electronic design system? Hardly
design, but reasonably competent for PCB layout, with the
promise of upgrades for logic and analogue simulation using
the same captured data.

ALL -MODE WIDE -BAND
HALCYON
IC -R7100 RECEIVER
ELECTRONICS
radio gear, printers,

Test equipment, video monitors, amateur

power supplies, communications, disk drives, multimeters.
oscilloscopes, scientific instruments, connectors, component
bridges, frequency counters, signal generators, computers.

£95
C249 OERTLING V20 SINGLE PAN BALANCES 200GM
From £25
£99 MAGNIFYING BENCH LAMPS
£125
RHODE & SCHWARZ PZN PHASE METER
£175
£3995 R&S SDR UHF SIG GEN 290-1020MHz
681 DISK DRIVE UNIT
C49
£249 WIRELESS WORLD CIRCARDS SER 5-25 cased
GOULD 0S3000A 40MHZ 2 TRACE, DEL T/B
HAMEG 203-5 20MHZ, 2 TRACE, COMP TESTER £249 SAGE 2 -WAY CO -AX SWITCH SAN 2120 N CONNS £95
£895
UDI
2026
SONAR
SCANNER,
SURFACE
UNIT
£199
HAMEG 203 20MHZ DUAL TRACE
£195
£395 B&K 1013 BFO & 2305 LEVEL RECORDER
HITACHI VC 6015 10MHZ DIGITAL STORAGE
£750
£295 UPA CAVIDERM CD6 P.T.H. TESTER
HITACHI V422 40MHZ DUAL TRACE
£95
£99 GOULD BRUSH 260 6 -PEN CHART RECCADER
H.P. 1340A X -Y DISPLAYS
£95
£195
CANON
ZOOM
LENS
C
-MOUNT
V6x17
17-102mm
LEADER LBO -9C ALIGNMENT SCOPE

BECKMAN 9020 20MHZ DUAL TRACE
CROTECH 3030 1 TRACE 15MHZ COMP TESTER
DATA PRECISION 6000 WITH 611 PLUG-IN AND

£95
£125 SONY HVC2010P COLOUR CAMERA
PHILIPS PM3400 SAMPLING SCOPE
POA
MARCONI MARINE KESTREL 3
TEK 51.4N 100KHZ SPECT ANAL WITH 5110 M/F,
From
£45
to
£95
£750
LOGIC
ANALYSERS,VARIOUS
2x 5A18N, 5B1ON TIME BASE
£75
£225 AVO CZ457/5 LCR COMPONENT COMPARATOR
TELEOUIPMENT D75 50MHZ 2 TRACE DEL T/B
£69
£249 ANALYTICAL BALANCES WITH WEIGHTS
TELEQUIPMENT D83 50MHZ 2 TRACE DEL T/B

TEKTRONIX 7403N. DF1.7D01 LOGIC ANAL

£49

£495 LIGHT BOXES 230V 10x12" area

SUMMER CLEARANCE

MANY UNLISTED ITEMS AT
GREATLY REDUCED PRICES
FOR CALLERS ONLY
From £15

From f49DECADE RICN BOXES
£175
From £10 KAYE DEE PNEUMO UV EXP UNIT 390X260rnm
£95
POA VACUUM PUMPS TYP 100MBAR (28L'MIN)
POA
£195
CALIBRATION
STANDARDS
CN/UR
IBM POLAROID PALETTE, CGA
POA COSSOR CRM533A VHF NAV/COM Rc SIG GEN I50£7
COMMUNICATIONS RECEIVERS, VARIOUS
£95 COSSOR CRM511 ILSNCR AUDIO SIG GEN'
VALRADIO FCB230/200 50Hz to 60Hz 200W
£249
WANDALGOLTERMAN SPM-2 SEL LEVEL METER £169 TOPAZ 91037-11 76KVA 120/240-120240 ISOL
£295
From £5 KINGSHILL NS1540 15V 40A PSU CASED
GAUGE BLOCKS (SLIP GAUGES) VARIOUS
C245
£175
MARCONI
TF2303
AM/FM
MOD
METER
520MHz
MARCONI TF2331 DISTN FACTOR METER
£75
From £99 ROBIN 4112 PHASE EARTH LOOP TESTER
BBC -B & MASTER COMPUTERS
£75
£195 ROBIN 5402 DIGITAL RCC8 (ELC8) TESTER
MARCONI TF2300 FM/AM MODULATION METER
£150
£395
MARCONI
TF2330
WAVE
ANALYSER
TEKTRONIX 834 PROD DATACOMMS TESTER
£35 ea
From £29 HP 618C, 626A, 628A SIG GENS
VARIABLE OUTPUT PSU's HV & LV
From £15
From £475 SIGNAL GENERATORS AF TO 21GHz
TEKTRONIX 520 521A PAL V/SCOPES
TEK 545B, 585, 535A, 541A etc

TEK 545/585 SERIES PLUG -INS
CONSTANT VOLTAGE TRANSFS 150VA-2KV

LIST AVAILABLE, BUT 1000s OF UNLISTED BARGAINS FOR CALLERS
QUALITY ELECTRONIC EQUIPMENT BOUGHT. ALL PRICES EXC. OF P&P AND VAT

423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383.
CIRCLE NO. 116 ON REPLY CARD
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THE IC -R7100 FEATURES:

25 to 2000 MHz continuous
coverage allowing you to receive
VHF, UHF, amateur, marine, CB,
utility bands, FM and TV
broadcasts

All -mode capability.
.900 memory channels in 9 banks.
20 Scan edge memory channels.
Dual scan with over 40
combinations
High sensitivity and reliable
frequency stability
.0.1, 1, 5, 10, 12.5, 20, 25, 100 kHz

and 1 MHz tuning steps available.
Built-in 24 -hour system clock with
5 ON/OFF timers.

r--?ctive 20dB attenuator for
strong signals.

0
r

IC

Automatic recording so important
programmes can be caught
when away from receiver.
Dial lock function.
Noise blanker circuit for
eliminating pulse noise.
Noise squelch and S -meter
squelch
CI -V system for computer control
through an optional CT -17.
.

Frequency announcement in
English with an optional UT -36.

Large function display with
selectable LCD backlighting
brightness.
Easy -to -read S -meter plus FM

centre indicators.
AC and DC power operation.

Dept WW
to: !corn (UK) Ltd.
Sea Street Herne Bay Kent CT6 8LD
Post

Tel:0227 741741 (24hr). Fax: 0227 360155

1

Name/address/postcode
Call sign -

Tel:

Dept: WW_I

CIRCLE NO. 117 ON REPLY CARD
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SMALL SELECTION ONLY LISTED- EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK
Tektronix 475 - 200Mc/s oscilloscopes - tested from £400 less attachments to £500 C/W manual
probes.

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 DC Current source type 6177C - £200.
HP Frequency comb generator type 8406A - £400.
HP Sampling Voltmeter (Broadband) type 3406A - £200.
HP Vector Voltmeter type 8405A - £400 to £600.
HP Synthesiser/signal generator type 8672A -2 to 18GHzS old or new colour £4000.

HP Oscillographic recorder type 7404A -4 track -£350.
HP Plotter type 98726 -4 pen - £300.
HP Sweep Oscillators type 8690 A & B + plug -ins from 10Mc/s to 18GHz also 18-400Hz. P.O.R.
HP Signal Generators type 612 -614 - 618 - 620 - 628 - frequency from 450Mds to 21GHz.

HP Network Analyser type 8407A + 8412A + 8601A - 100Kcis -110Mc/s -£500-£1000.
HP 432A -435A or B Power Meters + Powerheads - 10Mc/s-40GHz - E200-£650.
HP Down Converter type 11710B- .01-11Mc/s - £450.
HP Pulse Modulator type 11720A - 2-18GHz -£1000.
HP Modulator type 8403A - £100-£200.
HP Pin Modulators for above -many different frequencies - £150.
HP Counter type 5342A - 18GHz - LED readout - £1500.
HP Signal Generator type 86406- Opt001 + 003 - .5-512kAc/s AM/FM -£1200.
HP Spectrum Display type 3720A £200- HP Correalator type 3721A £150.
HP 37555 + 3756A - 90Mc/s Switch - £500.
HP Amplifier type 8447A - .1-400Mc/s £400 - HP8447F .1-1300Mcfs £800.
HP Frequency Counter type 5340A - 18GHz £1000 - rear output £800.
HP 8410 -A -B -C Network Analyser 110Mc/s to 12GHz or 18GHz - plus most other units and
displays used in this set-up -8411A - 8412 -8413 -8414 -8418 - 8740 - 8741 - 8742 - 8743
- 8746 - 8650. From £1000.
HP Signal Generator type 8660C - .1-2600Mc/s. AM/FM - £3000. 1300Mc/s £2000.
HP Signal Generator type 8656A -0.1-990Mc/s. AM/FM - £2250.
HP 3730B Mainframe £200.
HP 8699B Sweep PI -0.1-4GHz £750 - HP86908 Mainframe £250.
HP Digital Voltmeter type 3456A - £900.

Racal/Dana digital multimeter type 5001 -£250.
Racal/Dana Interface type 9932 -£150.
Racal/Dana GPIB Interface type 9934A - £100.
Racal/Dana 9301A-9303 RF Millivoltmeter -1.5-2GHz - £350-£750.
Racal/Dana Counters 9915M -9916 -9917 - 9921 - £150 to £450. Fitted FX standards.
Racal/Dana Modulation Meter type 9009 - 8Mc/s - 1.5GHz - £250.
Racal - SG Brown Comprehensive Headset Tester (with artificial head) 21A200/1 - £450.
EIN 310L. RF Power Amp - 250KHz - 1 10Mc/s - 50Dbs - £250.
Marconi AF Power Meter type 893B - £300.
Marconi Bridge type TF2700 -£150.
Marconi/Saunders Signal Sources type - 6058B - 6070A - 60556 - 6059A - 6057B - 6056 P.O.R. 400Mc/s to 18GHz.
Marconi TF1245 Circuit magnification meter + 1246 & 1247 Oscillators -£100-£300.
Marconi microwave 6600A sweep osc., mainframe with 6650 PI - 18-26.50Hz or 6651 PI - 26.540GHz - £1000 or PI only £600.

Marconi distortion meter type TF2331 - £150, TF2331A - £200
Thurlby convertor 19 - GP -IEEE - 488 - £150.
Philips logic multimeter type PM2544- £100.
Microwave Systems MOS/3600 Microwave frequency stabilizer - 1 to 18GHzs & 18 to 4OGHzs £1000.

Bradley Oscilloscope calibrator type 156 - £150.
Tektronix Plug -ins 7A13 - 7A14 - 7A18 - 7A24 - 7A26 -7A11 -7M11 -7S11 - 7D10 - 7S12 Si - S2 - S6 - S52 - PG506 - SC504 - SG502 - SG503 - SG504 - DC503 - DC508 - DD501 WR501 - DM501A - FG501A - TG501 - PG502 - DC505A - FG504 - P.O.R.
Alitech Stoddart receiver type 17/27A - .01-32Mc/s - £2500.
Ailtech Stoddart receiver type 37/57 - 30-1000Mds - £2500.
Ailtech Stoddart receiver type NM65T -1 to 10GHz -£1500.
Gould .13B Test oscillator + manual - £200.
Image Intensifiers - ex MOD - tripod fitting for long range night viewing - as new -E1 500-£2000.
Don 10 Telephone Cable -1/2 mile canvas containers or wooden drum - new - Mkt -3 or 4.
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.
Systron Donner Counter Model 6057 - 18GHz - £800.
Tektronix 491 spectrum analyser -1.5GHz-40GHz - as new - £1200 or 10Mc/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 - £5000.
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.
B & K Sound Level Meter type 2206- small - lightweight - precision - 1/2" microphone - in foam
protected filled brief type carrying case with windshield & battery + books + pistol grip handle tested -£170. Carr: £8. -B & K 2206 Meter + Mike + Book - less carrying case etc. - £145. Carr:
£8. DISCOUNT ON QUANTITY.
HP 141T Spectrum Analysers. All new colours supplied with instruction manuals.
HP 141T -8552B - 8556A - 20Hz to 300kHz. £2000.
HP 141T -8552B - 8553B - 1kHz to 110Mc/s. £1750.
HP 141T -8552B - 8554B - 100kHz to 1250Mc/s. £2250.
HP 141T -8552B - 8555A - 10Mc/s to 18GHz. £3000.
HP 141T - old colour mainframe + 8552A: 85536 - I kHz to 110Mc/s. Instruction manuals - £1250
or 8552B £1500.
HP 3580A LF-spectrum analyser - 5kHz to 50kHz - LED readout - digital storage -£1600 with
instruction manual - internal rechargeable battery.
Spectroscope 11 SD335 (S.A.) realtime LE analyser - 20Hz to 50kHz - LED readout with manual
- £500 tested.

Tektronix 7D20 plug-in 2 -channel programmable digitizer - 70 Mc/s - for 7000 mainframes £500 - manual - £50.
Datron 1065 Auto Cal digital multimeter with instruction manual- £500.
Racal MA 259 FX standard. Output 100kc/s-1Mc/s-5Mc/s - internal NiCad battery -£150.
Tektronix TR503 tracking generator- 10Mc/s to 1800Mc/s + manual -£1500.
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 -£1500.
Marconi RF Power Amplifier TF2175 - 1.5Mc/s to 520Mc/s with book - £100.
HP 8614A Signal Generator 800Mc/s to 2.4GHz - old colour - £300. New colour - £600.
HP 8616A Signal Generator 1.8GHz to 4.5GHz - old colour - £200. New colour - £400.
HP 8620A or 8620C Sweep Generators - £400 or £900.
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 1250Mc/s - £600.
HP 37203A HP-IB Extender -£150.
PPM 411F Current Reference -£150.

HP 5363B Time Interval Probes - E150.
HP 8900B Peak Power Calibrator -£100
HP 59313A A/D Convertor -£150.
HP 59306A Relay Actuator - E150.
HP 2225CR Thinkjet Printer -£100.
TEK 178 Linear IC Test Fixture -£150.
TEK 576 Calibration Fixture - 067-0597-99 - £250.
HP 4437A 600 Ohm Attenuator -£100.
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.
HP 3200B VHF Oscillator - 10MC/S-500MCIS - £200.
Barr & Stroud variable filter EF3 0.1Hz-100kcis + high pass + low pass - mains - battery £150.

Krohn -Hite Model 3202R filter -low pass, high pass.
Krohn -Hite 4100 oscillator.
Krohn -Hite 4141R oscillator -.1Hz-10,000kHz.
Krohn -Hite 6880 programmable distortion ANZ-IEEE-488.
Krohn-Hlte 3750 filter, low pass, high pass - .02Hz-20kHz.
Parametron D150 variable active filter, low pass - high pass - 1.5Hz-10kHz. £100.
S.E. Lab SM215 Mk11 transfer standard voltmeter - 1000 volts.
Fluke 4210A programmable voltage source.
Alltech Stoddart P7 programmer - £200.
Fluke 8500A digital multimeter.
H.P. 3490A multimeter.
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 -I13 isolated D/A/power supply programmer.
H.P. 3438A digital multimeter.
H.P. 61775 DC current source.
H.P. 62078 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 887AB AC + DC differential voltmeter.
Fluke 431C high voltage DC supply.
H.P. 1104A trigger countdown unit.
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.
H.P. 9133 disk drive + 7907A + 9121 twin disk.
Fluke 730A DC transfer standard.
B&K level recorder 2307 - £500.
B&K 2113 audio frequency spectrometer -£150.
B&K 4815 calibrator head.
B&K 4812 calibrator head.
B&K 4142 microphone calibrator- £100.
B&K 1022 band FX oscillator- £100.
B&K 1612 band pass filter set - £150.
B&K 2107 frequency analyser -£150.
B&K 1013 BFO -£100.
B&K 1014 BFO-E150.
B&K 4712 FX response tracer- £250.
B&K 2603 microphone amp -£150.
B&K 2604 microphone amp - £200.
B&K 2019 analyser - £350.
Farnell power unit H60/50 - £400 tested.
H.P. FX doubler 938A, also 940A - £300.
Racal/Dana 9300 RMS voltmeter - £250.
A.B. noise figure meter 11713 - £400.
Alltech 360D11+ 3601+3602 FX synthesizer 1Mc/s-2000Mc/s. £500.
H.P. sweeper plug -Ins - 86240A - 2-8.4GHz - 86260A -12.4-18GHz - 86260AH03 - 1015GHz - 8629013 -2-18.60Hz. 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.
Tektronix oscilloscopes type 2215A - 6QMc/s - c/w book & probe - £400.
Tektronix monitor type 604 - £100.
Wiltron 560 network scaler + 2 heads + book -£1000.
Marconi TF2330 or TF2330A wave analysers -£100-£150.
HP5006A Signature Analyser £250 + book.
HP10783A numeric display. £150.
HP239A oscillator - £250.
Alltech 7009 hot -cold standard noise generator.
HP 3763A error detector. £250.
Cushman CE -15 spectrum analyser - LED Readout - 1000Mc/s £650.
Tektronix 5L4N spectrum analyser -0-100kc/s £500.
HP1742A 100Mc/s oscilloscope. £250.
HP1741A 100Mc/s oscilloscope. £250.
Tektronix 7104 -7A29 -7A24-71315-71310 - £2K.
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.
HP1815B T.D.R. sampler+ 1817A head -1104A trigger+ 110613 TD mount £500.
Texscan AL -51A spectrum analyser -4-1000Mcis - £750.
Efratom Atomic FX standard FRT - FRK - .1-1-5-10Mc/s. £3K.
Muirhead fax receivers K649 - TR4 - solid state - speed - 60 -90 -120 -240 -auto - IC 288-576
- auto. £250 with book.
Racal 4D recorder - £350.
HP8350A sweep oscilloscope mainframe + HP11869A RF PI adaptor- £2.5K.
Alltech - precision automatic noise figure indicator type 75 - £250.
Adret FX synthesizer 2230A -1Mc/s. £250.
Tektronix- 7S12 -7S14 -7711 -7S11 -S1 -S52 -S53.
Rotek 610 AC/DC calibrator. £2K + book.
Tektronix 7L12 analyser -.1Mc/s-1.80Hz. £1500.
Clark Scam Heavy Duty 40' Telescopic Pneumatic Masts - retracted 7'8"- head load 40Ibs with or without supporting legs & erection kit - in bag + handbook - £200-£500.
Clark Scam Heavy Duty 70' Telescopic Pneumatic Masts - retracted 13'5" - head load 90Ibs with or without legs + erection kit + handbook - £500-E800.

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.

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

Early VHF television transmissions in the
UK used separate antennas for vision and
sound channels. But today all UK television stations combine at least two vision and
sound channels into a single antenna. At most
stations the transmission authorities cooperate
to combine all four local channels. Similarly.
at least three FM channels are combined into
most of the FM broadcasting antennas in the
UK.
At the heart of most of these channel combiners is a pair of hybrids.

The illustration shows part of A Band 2
combiner which has been manufactured by
Alan Dick & Co Ltd to combine five 20kW
FM channels. The hybrid shown in the foreground has 6.125in IEC ports and a body
diameter of l5in (381mm) to deal with high
peak voltage and output power.
We have already seen (Split personality of
hybrid directional couplers, EW + WW, July.
pp. 556-559) how some radio -frequency
hybrids are able to split power, reasonably

Hybrids at the heart
of radio -frequency
combiners
Several VHF or UHF broadcasting channels
can be transmitted simultaneously from a
single antenna. Dick Manton explains the
combining role of hybrids.

equally, between two output loads over a wide
frequency range while maintaining a very well
matched input impedance. The same hybrids

the phase relationship between B and C has

are also capable of combining two phase locked signals into a single output load - provided that the relative phases applied to their

Channel combiners with no resonators

input terminals are taken into account.
Hybrids can also be used to form two -channel -combining networks if the two channels

tions in the UK makes use of the B and C

been reversed.

One type of channel combiner that is widely
used at low -power television transmitting staphase reversal, when either A or D is used as
the input port .

Other frequencies apportion themselves
between A and D, with a result that the input
impedance remains constant with frequency.

There are two other major advantages with
this type of combiner: the combiner contains
no resonators, so there is no voltage or current

magnification at any point in the circuit and
there is a constant group delay (linear phase
change with frequency) across each input

are within the working band of the hybrid

The combiner consists (Fig. 2) of two

(Fig. 1). Here we will consider only the "3dB"
hybrid which (see July article) is formed when

hybrids connected back -to -hack by two
unequal lengths of coaxial transmission line. If
fr andf2 are the two input frequencies in MHz.
the two transmission lines (velocity factor v)

Also, the frequency of any 3rd -order inter modulation product such as 2f,-fi, which may
be generated in the transmitter, is such that

have to differ by a length d, in m, equal to

hybrid.
Where four channels at the same transmitting site are reasonably spaced it is usually
possible to combine them by means of three
units similar to those shown in Fig. 2.
Frequenciesb andh are combined in one unit
and f; and f4 in another. Both pairs of channels
are then fed to the input ports of a third unit

a quarter -wavelength of a pair of parallel
transmission lines are coupled in a particular
way. The physical and corresponding symbolic arrangements, showing the phase differences between ports, are illustrated in Fig. 1.
Power entering at A is split equally between B

(phase lag 90°) and C (no phase lag); no

15011(f4). If the difference in electrical path
lengths atfi is l7 wavelengths, the difference at
is then n+0.5 wavelengths. By tracing out
electrical path lengths for f/ and.f in Fig. 2,

power reaches D. Similarly, power entering D
is split equally between B (no phase lag) and
C (phase lag 900); notice that in the latter case

phase when they reach port D of the second
hybrid and cancel out at the load on port A.

we can see that fi and t2 both combine in

band.

it is absorbed in the load A on the second

+f2

fl

C

Fig. 1. 3d13 coupler hybrid and its symbol
showing phase relationships.
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Fig. 2. Multichannel combiner using two hybrids and
unequal lengths of interconnecting feeders, widely used at
low -power television transmitting stations.
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hybrids, but they will normally be in excess of
25dB. (Some bandpass filters in the outputs of
the transmitters may be needed to keep inter -

TV channels
29

26

23

33

0

FM channel

modulation products down to an acceptable
0

level.)

2

,3 10
20

4 30
490

500

520

540

560

590

MHZ

Fig. 3. Insertion loss characteristics of the
combiner shown in Fig. 2, designed to
combine two pairs of television channels. (d =
3.9m; velocity factor of feeder = 0.67)

ft +12

Channel combiners with resonators
Another type of channel combiner employs
back-to-back hybrids, but uses resonators to
provide frequency -dependent paths.
In Fig. 4, RI, R,, R3 and R4 are resonators
attached in pairs one quarter -wavelength apart
along the equal interconnecting coaxial lines
between the hybrids.
The resonators are band-pass circuits,
designed so that they resonate at frequency fi
and so allow free access along the interconnecting lines only at that frequency. Power at
frequency ././ which enters port A of the first
hybrid, splits then recombines at port D of the
second hybrid. Because the loaded QL of each
resonator is relatively high (typically 100 for
an FM combiner) each resonator creates a near

short-circuit tie approx 100% 180° voltage
reflection) across the line for frequencies far
removed from J./. As a consequence, any

Fig. 4. A narrow-band/wide-band combiner.
RI, R2, R3 and R4 are fl bandpass resonators.
The f1 input is narrow -band and the f2 input is
wide -band.

where d is a compromise for establishing suit-

able phase differences between paths - path
lengths at alternative frequencies must differ
as closely as possible by a half -wavelength.
At a UK television station, where channels
with mid -band frequencies of 490MHz,
5 I 4MHz, 538MHz and 570MHz have to be
combined, suitable feeder length differences d

(when r = 0. 67) for 490MHz and 538MHz

would be 2.1mm: 514MHz and 570MHz
require 1.8m and the four -channel combiner
requires 3.9m. Through -loss characteristics of
the final four -channel combiner for these frequencies demonstrate (Fig. 3) that though the
bandwidths of all channels are the same, they
are slightly displaced relative to the desired

centre frequencies because of the irregular
channel spacing. All losses between input
ports are dependent on the construction of the
f4

power at these frequencies entering port A of
the second hybrid emerges at B and C, where
it is 100% reflected and also recombines at
output port D. By symmetry, any frequency
other than fj, such as an intermodulation product, entering port A of the first hybrid will be
transferred to the resistive load on port D of

the first hybrid. The result is that matched
input impedances are again seen at all frequencies.
Cross -loss between input ports at frequency
fi is determined by the balance of the hybrids,
and is typically better than 30dB. At other frequencies the cross -loss is supplemented by the
very high susceptance of the resonators.
Figure 5 shows the through -loss characteristics of this type of channel combiner using

four resonators, each with Qu = 10,000 and
QL = 100. The QLs of the resonators in each
arm determine the shape of both the narrow band and wide -band input characteristics,
while the Qus determine the absolute levels of
losses. As stated earlier, the use of resonators
leads to a sloping group -delay curve - noticeable on both the narrow -band channel and on
the wide -band channel close to the frequency
of the narrow -band signal. Broadcasting
authorities sometimes impose tight restrictions

Fig. 5. Insertion loss characteristics of the
combiner shown in Fig. 2 when it is designed
to combine a 100MHz FM channel with
several others. (Each resonator has Qu =
10,000 and QL = 100.)

on the change of group delay across a channel
to preserve pulse shapes and colour information in TV, or integrity of subcarrier information on FM. It can be modified by increasing

the number of resonators or by changing to
different combinations of loaded Qs.
The usual mechanical layout of a 3dB cou-

pler hybrid does not lend itself readily to a
symmetrical combiner layout. But this disad-

vantage is easily overcome by arranging a
180° twist in the coupled lines or their end connections within the casing of the hybrid
(Fig. 6a). Several wide-band/narrow-band
channel combiner units can be coupled in
series to combine more than two channels
(Fig. 6b). The maximum peak RF voltage in a
combiner of this type is developed in the resonators closest to the last wide -band input port
and is (1.1 to 1.4)-\10, multiplied by the peak
RF voltage of the narrow -band input carrier depending on the internal construction of the
resonators - plus about twice the sum of the

peak RF voltages of the remaining carriers.
There are correspondingly high currents at the
other end of each of the resonators.

In a future article Dick Manton will describe
one further type of channel combiner, using
ordinary directional couplers instead of
hybrids. The device is probably more
interesting from the point of view of power
multiplication than for its practical use.

Antenna

etc.

Fig. 6(a).
Crossover 3dB

coupler hybrid
having

Hybrids

symmetrically disposed outputs
on the same side
of the coupler.

Resonators

(b) Multichannel
FM combiner
using crossover

3dB coupler
hybrids and band-

Hyo-o,
(a)

'2

f3

pass resonators.

50i2
(b)
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MQP ELECTRONICS SYSTEM 200
UNIVERSAL DEVICE PROGRAMMING SYSTEM
Fast and reliable programming

Low cost

/ / , , )(4j/ P

-

F-71-4 ;'

Expandable system - buy only
what you need

Virtually all programmable
devices covered

Easy to upgrade
Manufacturer approved
algorithms

Efficient and attractive

c

software interface
Special batch mode for production
Not a plug-in card

System 200 is one of the most versatile programming systems
available. At the heart of the system is the award -winning Model 200A
programmer. Designed to quickly connect to the serial or parallel port
of any PC compatible, the Model 200A is controlled by PROMDRIVER,

widely acclaimed as the best driver software available for any
programmer.
EPROMs, EEPROMs and FLASH memories up to 8Mbit
and beyond

a

its needed
Radio linking is the 1990's answer to the question of data
transference and remote control ... cutting out the need for
fixed cables and direct connections. At Wood & Douglas
we've developed this technology to a fine art with a range of
compact, radio link modules capable of simple, highly efficient
application across a wide spectrum of commercial and
industrial uses. Where standard modules are not applicable
we custom -build to precise requirements.
Over the past ten years we've successfully applied radio
linking over such diverseareas as water leak detection,
remote control of cranes and other industrial equipment,
medical and veterinary monitoring, data logging, fuel and
power control, automated warehousing ...
the list ,s endless.
A MEMBER OF

In short, give us the problem ... and we'll give
you wireless control, wherever and whenever
it's needed.

Microcontrollers from most manufacturers including
- 8748 Family
- 8751 Family (including 87C751/2 and 87C552)

- Z8 Family
- PIC16C5X Family

Emulators

8 -pin Serial EEPROMs
PALs, GALs, EPLDs etc

Bipolar PROMs

Write or phone today for Free Information Pack:
Phone: (0666) 825146 Fax: (0666) 825141
MQP ELECTRONICS LTD,
I
PARK ROAD CENTRE,

cl

Afilk

VISA

TSHIRE SN16 OBX UK
WILMALMESBURY,

WOO & DOUGLAS
Lattice House, Baughurst Basingstoke. Hampshire RG26 5LL England
Telephone: C734 811444. Fax: 0734 811567

r71

European Distributors: Digitron, Norway Tel 071-17 890;

Synatron, Germany Tel 089/4602071; Elexind, Italy Tel 02 92 10 35 54
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In The Dark?

IMAGE PROCESSING is the only European publication written
specifically for image processing professionals - whatever the

application.
From medical imaging to remote sensing, industrial inspection to docrent imaging,
IMAGE PROCESSING can brief you on advances in your area while giving a refreshing

insight into the way imaging technology is being used in other disciplines throughout
industry and science.
Available at the special offer price of £14.95 for five issues - a saving (14 over £10 off
the normal subscription price of £25.
The special offer price is valid if subscriptions are returned within thr =e weeks.

The only authoritative voice in the m rket

YES, I would like to take out a

Please tick one box cither

subscription to IMAGE PROCESSING at
£14.95 for one year.(inc five issues)
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M & B RADIO (LEEDS)
THE NORTH'S LEADING USED TEST/EQUIPMENT DEALER
GENERAL TEST EQUIPMENT

Amber 4400A Multipurpose Audio Test Set
Datalab DL1080 Programmable Transient
Recorder
Genrad 1658 RLC Digibridge
EMT422 Audio Threshold Monitor
Systron Donner Dual PSU 0 to 40 volts 1 amp
Gravitron HD05/5S Digital Scales
Schaffner NSG430 Static Discharge Simulator
Woelke ME1O4C Wow and Flutter Meter
Telonic TSM2 Rho Meter
Texscan CS76 460 to 960 Hz Sweep Generator
Tektronix 521A PAL Vectorscopes
Tektronix 1485 Video Waveform Monitor
HP 5340A 10 Hz to 18 GHz Freq Counter
HP 5345A Timer Counter
HP 5381 80 MHz Freq Counter
Iwatsu SC7104 1 GHz Freq Counter
Tektronix DC508 1 GHz Counter

Racal 9904M Counter Timer

£750
£750
£750
£250
£115
£300
£400
£150
£600
£350
£1000
£500
£1000
£350
£75
£400
£500
£125

Racal 9908 1.1 GI-lz Freq Counter
Racal 9009 Mod Meters

E375

Sayrosa 252 Automatic Mod Meter 2 GHz
Bird 8201 Termaline 500 Watt
Farnell Amm Auto Mod Meter
Marconi 2950 RT Test Set
HP 5306 GPIB Multimeter/Counter
HP 3478A LCD Digital Multimeter
HP 3455A Hi Stability Digital Voltmeter GPIB
HP 3400A True RMS Voltmeter
HP 400E Voltmeters
HP 461A Amplifiers
HP 432A Power Meter with Mount
Tektronix 576 Curve Tracer/172 Programmer
Rank Kalee 1742 Wow Flutter Meter
RFL 5950A Crystal Impedance Meter
HP 3556A Posphometer
HP 8750A Storage Normalizer
HP 6294A PSU 0 to 60 Volts 1 Amp

E225
E150

£300

£250
£400
£235
£450
£1450
£145
£145
£100
E495

£1500
£195
£150
£75
£450
£100

HP 6453A PSU 0 to 15 Volts 200 Amps
Racal Dana 211 Logic Analyser
Racal/Dana Wide Band Level Meter 5002
Racal/Dana True RMS RF Level Meter 9303
SIGNAL GENERATORS
Farnell SSG1000 10Hz to 1GHz synthesised
Farnell SSG2000 10Hz to 2GHz synthesised

£330
Et 50

£850
£850

£1650
E450

£195

OSCILLOSCOPES
£1650
£2500
£650
£650
£800

Farnell SSG520 AM/FM signal generator
Farnell TTS520 transmitter test set
Farnell TTS1000 transmitter test set
Marconi TF2015/2171 Syncronizer 10MHz to 520MHz
AM/FM signal generator
£375
Marconi TF2015 signal generator
E200
Marconi TF2016 10Hz to 110MHz AM/FM
£150
Marconi TF2016A with rev' power trip
£200
Philips PM 5224 110MHz
E195
Philips PM4556 stereo generator
E150
Sound Technology 1000A stereo generator
E200
Radiometer SMG1 stereo generator
£100
RS SHF 4.8 to 12.6GHz signal generator
£850
Marconi TF2000 AF signal generator + mon' att'
£125
RADIO EQUIPMENT
Racal RA1792 HF receivers
Racal MA1723 HF drive units
Plessey PR1553 receivers
Philips 88MHz to 108MHz 10kW broadcast TX

Marconi TF2371/1 110 MHz Spectrum Analyser
Wayne Kerr RA200 Audio Response Analyser
Wayne Kerr 240A Audio Response Tracer

£2000
£1500
£500
£4500

SPECTRUM ANALYSERS
HP 182T 8558B 1 to 1500 MHz (as new)
E2300
HP 141T Complete with 8554B 1250 MHz Analyser
8553B 1 kHz to 110 MHz Analyser and 85528 IF
Section (as new condition)
£3000
HP 8555A 10MHz to 18GHz Analyser Plugin brand
new
£3000
HP 8592A 50 KHz to 22 GHz Portable Analyser
£4500
HP 8406A Comb Generator
£500
HP 3582A Dynamic Signal Analyser
£4000

Tektronix 2455 250MHz four -trace portable
Tektronix 2445A 150MHz four -channel
Tektronix 5223 digitizing oscilloscope
Nicolet 4094A digital oscilloscope
Farnell DTS12 digital storage oscilloscope
Philips 3217 50MHz (as new)
Philips 3244 50MHz four -trace
Philips 3234 10MHz storage
Philips 3232 10MHz true dual trace
Gould 0S300 20MHz dual trace
Telequipment D83 50MHz
Telequipment D755 50MHz dual trace
HP 1703A storage oscilloscope
HP 1727A 275MHz storage oscilloscope
Tektronix 647 100MHz dual trace
Tektronix T922R rack mounting
Cossor CDU 150 35MHz dual trace

£1650
£1500
£950
£1000
£300
£375
£300
£225
£200
£185
£200
£250
£195
£450
£100
£225
£125

SPECIAL OFFERS

AVO 8 multimeters (Testset No.1) inc. case and

Radiometer SMG1 stereo generators
Clare V158 electrical safety testers
Ferrograph RTS2 tape recorder testset
Farnell TOPS1 PSU
Lyons PG73A pulse generators
Philips PM2521 automatic multimeters
Farnell C2 power supplies 0 to 30 volts 2 amps
dual
Tektronix DM501 DVM+TM501 frame
Telequipment DM63 50MHz 4 -trace storage
oscilloscope

£100
£125
E125
£95
£75

£145

£95
£150
£195

ALL PRICES PLUS VAT AND CARRIAGE

86 Bishopsgate Street, Leeds LS1 4BB

Tel: 0532 435649 Fax: (0532) 426881
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REGULARS
LETTERS

Distorted logic
Having followed recent debates on
crossover distortion (EW + WW,
October 1990 and EW + WW
Letters. April 1992) I have become
perturbed that Mr McLoughlin has
devoted so much energy in
attempting to solve a non -problem in
such an unpromising way. It has
been taken as fact that the best way
to design a good amplifier is to
make it as linear as possible before
applying feedback. Admittedly this
is rather easier said than done. But

McLoughlin has deliberately
introduced discontinuity into
input/output characteristics, and
negative feedback is not very good
at coping with such defects.
Thermal runaway in power
amplifiers has been almost unheard
of since silicon power transistors
became established and it is quite
wrong to portray average amplifiers
as balancing on the edge of thermal
doom. Quiescent current is a critical
parameter in usual class B
amplifiers, but it can be set in a
second or two by using a distortion
analyser and letting crossover spikes
sink placidly into residuals. Even
with good thermal feedback to an
amplified diode, compensation for
level and hence dissipation changes

is only approximate. It is made
much easier, as Mr Ellis ably
pointed out in his letter (EW + WW.
January 1991), if complementary
feedback -pair configuration is
chosen so only driver jundion
temperatures (which can be kept
much lower) are allowed to get into
the act. Why does the Darllington
version still persists? It seems to
have no countervailing advantages.
With thermal feedback it is
theoretically possible for a little
crossover distortion to get through
for short periods, but it is greatly
preferable to a circuit which
guarantees lots of it all the time.
McLoughlin takes 6mV crossover
spikes on his audio far toe casually.
Crossover distortion has been
recognised for a long time as a
distortion mechanism to be feared
most. It is always present at any
signal level, its percentage increases
sharply in quiet musical passages,
and it produces high -order
harmonics more subjectively
disturbing than second or third.
McLoughlin's circuit leaves easily
visible crossover spikes oti output
waveform, even when running with
100% negative feedback, and
suggests a poor starting point for
amplifier design. Normal class -B
biasing keeps combined

111111111111=

Audio interest revitalised
My interest in audio amplifier design had waned - until I read Greg
Ball's letter "Distorted truth" (EW + WW, May 92). Now I realise a
whole new area of discovery lies ahead; power supply and PSRR,
and I know why some people can hear fuses and mains cable, maybe
they are not crazy after all.
Here are some ideas which might solve the problem.
Don't use supply rails as references. How many amps use
common emitter output stages or quasi -complementary connections?
Use differential amps before the power stage with stiff cun-ent
sources. Use separately regulated supply rails for these stage,.
Finally, as a professional switched -mode power supply designer I
have long been looking at an excuse to use this sort of supply in an
audio power amp. Regular linear supplies produce volts of audio
frequency ripple at supply rails, large magnetic fields, have poor
regulation, high output.impedance and are big and ugly. But look at
the SMPS; tightly regulated rails, low impedance, recoverable shortcircuit protection, small size and above all noise and ripple outside
the audio spectrum. Excuse me, I must find my ferrite data book!

A M Wilkes
Brentwood

+15V

CDOM shown in
normal oos'n

WA-). AP
100

All transstors
G P si

Fig. 1. Test circuit.
transconductance of an output pair
roughly constant, but in this circuit
each one traverses the most nonlinear part of its characteristic,
where it begins to tum on. in
splendid isolation.
Circuits modelled using small signal transistors often prove quite
impossible to translate to realistic
power levels, as power transistors
are so much slower. If
McLoughlin's amplifier was scaled
up to produce say 30W. it would

Normal (04
collector)
0-01-

Output

0 001 0 00510
160

1k

10k 20k

1k

10k

prove very difficult to stabilise with
100% NFB. How much ordinary
non-linear distortion is generated by
this circuit?. Reported figures are
absent so we are surely justified in
fearing it may be truly diabolical.
Driving a dominant -pole
compensation capacitor Cd, from
output rather than voltage -amplifier stage (VAS> collector is not a new
idea - it was advocated by Cherry in
19821 and others. But current
through it must be sunk as well as
sourced. and in the circuit shown
can only go through the VAS base

or R. It is limiting sinking current

0.1

0-01

0-001

0-00
10

Fig. 2. 0/p stage correctly biased
(a), and underbiased (b) to give a
peak reading of 0.05% (1kHz). Very
narrow crossover spikes: Cherry is
right.

that causes slew -limiting.

Output -driving of Cd, reduces
high frequency distortion effects at
the output stage as this is now
included with the local feedback
loop to provide stabilisation.
Practical effects are very small
unless HE. distortion is deliberately
introduced as crossover spikes by
under -biasing, as shown. I used a

small -signal circuit (Fig. 1). which

August 1992 ELECTRONICS WORLD + WIRELESS WORLD

04

is representative in many ways of
real power amps, and can easily be
turned into one by adding power
output devices. Under -biasing is
arranged to give 0.05% THD Peak at
1kHz, reading 0.003% RMS,
showing just how narrow such
spikes are, feeding Cd, output
reduced it to 0.02% Peak. But spikes
were clearly present on the residual

657

20k

EIL-ECTF 0NIC
ABI CHIPMASTER COMPACT DIGITAL IC TESTER will identify
and functionally test thousands of generic digital logic devices

from dozens of logic families including memories, state variable
functions, processors and multiplexers.
Functional testing - which operates on both bipolar and cmos
devices - employs truth table examination for state machine
components. It also undertakes DC threshold tests.

ChipMaster Compact diagnoses faulty devices breaking
....function/non-function down to individual pin level providing
insight into chips which fail in service.
Developed and manufactured by ABI Electronics, the UK's leading
board repair and diagnostic systems company.

The ChipMaster Compact is available through EW+WW at
special reader offer price of £245 + VAT (f287.88).

a

We know that you will be impressed by this diagnostic tester.
And in the unlikely event that you aren't, we will refund the
purchase price provided that the instrument is returned in good
condition within seven days of receipt.

To order simply call our editorial administration line on 081-652
3614 with your credit card details.
Alternatively, fill in the coupon below:

More than 4000 generic
devices in library
*Regular library updates
available
*Eight to 40 pin capability
*Identifies unmarked devices
Alpha -numeric display
*Detects intermittent faults
*Displays diagnostic data for
individual pins
*Handheld, battery operated

ABI ChipMaster Compact
Debit my AccessNisa/Amex/Diners credit card

IIIuliiiriilIIII Expiry date
or enclose cheque/PO made out to Reed Business Publishing Ltd
for £287.88.
Name
Address

411

No pre-programming

required
Easy to use

Signature

Contact phone number (if possible)
Send coupon to: Lorraine Spindler, Electronics World + Wireless World, Room
L333, Quadrant House, The Quadrant, Sutton SM2 5AS. Phone 081-652 3614.
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and in no way could such an
amplifier be considered for high quality audio.
Circuit results (Fig. 2) appear to
put driving Cth,, from output into a
"can't hurt -might help" category but there is a real snag. Such a
connection tends to induce parasitic
VHF oscillation in its drivers. and
can be very hard to cure without
compromising other parameters.
I am sorry to appear negative

towards McLoughlin's efforts, but I
was prompted to write because he
intends to put his circuit into a
school textbook. I am afraid he will
do his readers a disservice if this
happens.

Douglas Self
London
References
I. Cherry. "Nested Differentiating
Loops." Journal of the Audio
Engineering Society: Vol 30, #5,
May 1982.

mathematical language. Special
Relativity violates common sense.
but one can hardly stomach a theory
that violates mathematics too!

Putting Dingle's discovery into
mathematical form instantly reveals
Einstein had got a sign wrong in his
calculations, and would have been
fatal for his relativity theory.
But Dingle's neglect of the
mathematics meant his book, the
most important in physics this
century, now lies forgotten on
library shelves, classified under

"History of Physics".
We owe a great debt to Dingle. It
is high time his incredible discovery
is recognised. Inevitably, it will take
us back to his crossroads, and an

evolution of entirely new physics.
Why not call that new discipline.
Post Dingle Physics. That's the least
we can do to honour a forgotten
pioneer.

A H Winterflood
North London

Dingled angle
on physics

Power politics and
the knowledge gap

It is mm some 20 years since a
British physicist (the late professor
H Dingle) wrote his astonishing
book. "Science at the Crossroads",
in which he proved, that Einstein's
theory of Special Relativity is
wrong!
Unfortunately Dingle made the
tragic mistake of not putting his
fantastic discovery into

Alasdair Philips' article "Power
Politics: playing with children's
lives"(EW +WW. April 1992)
demonstrates just how fluid the
situation is regarding health effects
of electromagretic radiation. New
evidence and theories appear
regularly, yet there is still no
prospect of a definitive statement
about real hazards due to exposure

momminomr,

Unity mark -space ratio
Most text books on digital logic contain a statement such as: "To obtain an
exact unity mark -space ratio, generate a signal at twice the frequency
required and divide by two."
If only that were true! A perfect, square wave contains only desirable odd
harmonics, and there is no difficulty in suppressing third and higher
harmonics by passive filtration.
I attempted to make a spectrally pure VHF signal source using a 74AC74
as a divider, but with disappointing results. The second harmonic was
significantly present. Close inspection of data sheet small print shows why.
(I am quoting from Texas data for centre -power type 74AC11074). Time
given of the propagation low -high (tpui) as ranging from 1.5 to 8.2ns and
tptif, as 1.5 to 7.5ns. So a greater proportion of each cycle will be spent in
output low -state rather than high.
At a clock frequency of 100MHz, the output period is 20ns. A few tenths
difference of a nanosecond is significant in terms of second harmonic
content. The effect is readily seen in Fig. 3 of my article "Spectrum
Analysis on the Cheap" (EW + WW, March 1992).
It is a shame to dispose of this old myth, but as clock frequencies move
constantly higher now seems to be time to do so.

Nick Wheeler
Surrey
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to low level EM fields. Between
epidemiological studies on one
hand, and a plethora of cellular -level
research and theories on another.
there is a yawning knowledge gap.
Knowledge gaps allow those with
responsibility and authority, but who
have interests vested in promoting
growth of electricity consumption.
to continue to prevaricate. It also
allows an uninformed public to
speculate about health hazards in a
way which is stressful to individuals
concerned and creates suspicion and
mistrust of expert opinion.
But epidemiology can only take
us so far. There are confounding
factors, such as possible exposure to
toxic chemicals in
electrical/electronic occupations
which have an apparently elevated
risk, or possible exposure to exhaust
fumes in a case study which showed
an elevated risk associated with
%). iring configuration and road traffic
density. There are immense
difficulties in assessing actual doses
received, surrogate measurements
cannot give even an approximate
indication of complex time- and
spatially -dependent dose factors
which apply to people moving in
real time -varying fields. Only a
prospective cohort study in which
subjects were constantly monitored
could do this which would be
prohibitively lengthy and expensive
to achieve any degree of statistical
significance.
Published research papers
regarding cellular interactions and
animal behaviour claim and
disprove observable effects of field
interaction. But few are
independently replicated to claim
scientific consensus because detail

levels are insufficient. If
environmental synergies are
responsible for the effect - such as
geomagnetic field or chemical
promoter presence - it is not
surprising that the effects cannot he
replicated under different
conditions, if parameters of original
environments were not noted.
Nevertheless continuing research,
although better co-ordinated, will
overcome many of these objections.
An approach is needed which
recognises variable susceptibility
and researches factors affecting
sensitive people, to gain a better
picture of the real hazards.
Authorities have problems
admitting any kind of hazard which

will open floodgates to all kinds of
litigation.
Research funded by interested

11111111111MINV

Please explain
We are told by nearly all
experts there is no ether - but
surely fields must have some
existence.
The speed of light is said to
be constant for an observer, but
no one has satisfactorily
explained to me how the
Doppler effect operates when an

observer is moving towards a
source of light or radio waves.
Surely if received frequency
rises, it means an observer is
catching up faster with peaks
and troughs.
It is also claimed that the
magnetic monopoles exist. I feel
magnetic fields are movements
of ether, or something similar,
from North to South Poles and
must always have entry and
exit. If so, no monopole could
exist because there would be no

return for "Fluid".
I must admit I still think of
electrons as little bullets rather
than waves.
But perhaps a EW + WW
readers could help clear up
these puzzles - in non mathematical terms.

A J Quinton
Victoria
Australia

parties, such as the National Grid
Company, will produce biased
results. Credibility needs to come
from a disinterested source of funds
or independent administration. All
those addressing the issue must be
encourage to keep open minds to all
available evidence.

Tim Williams
Elmac Services
Chichester

Impulsive
comment
Proiessor Grundy 's idea of
structured analogue blocks is a good
one ("Structured Analogue Design
Builds perfect filters", EW + WW,

May 1992) but I do not think it will
work for filters. His claim that
analogue filtering is made easier is
tenuous and Grundy offers no solid
arguments in justification. He
dismisses a very serious problem of
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(Surplus always
wanted for cash!

THE ORIGINAL SURPLUS WONDERLAND!
COMPUTER SCOOPS

MONITORS

PC -AT 386 20 -DX FULLY LOADED FOR E4qq1
20 Mhz DX processor
2 megs RAM. Exp 10 meg
40 meg hard drive
1.2 meg 5-1/4" floppy
32K cache exp. 64K

These are over -engineered for ultra
reliability. 9' green screen composite
input with etched non -glare. screen plus
swltchable hightlow Impedance Input and
output for daisy -chairing. 3 front controls and 6 at rear. Standard
BNC sockets. Beautiful high contrast screen and attractive case
with carrying ledge. Perfect as a main or backup monitor and for
quantity users!

The MP386 quality made by lAltsubisN to last a Reims! Brand new with

all manuals and software plus Super PC -Quick Disk Accelerator for £499
lIghtnina disk access.

MONOCHROME MONITORS
THIS MONTH'S SPECIAL!

There has never been a deal like this onel
Brand spenidng new & boxed monitors
from NEC, normally selling at about £1401

Installed VGA card
Enhanced 102 key k/board
Complete with MS-DOS 3.3
2 serial 1 parallel ports
8 free slots- 6 off 16 bit!

-

Surplus always
wanted for cash!

(F)

A COMPLETE IBM PC COMPAT
SYSTEM FOR ONLY £99!!
Just plug In and go - fuNy expandable - the Display PC -001 System supplied

£39.95 each (D) or 5 for £185(G)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

COLOUR MONITORS
111-DEFRAWTION COLOUR MONITORS

JUST ARRIVED!

MULT1SYNC

complete with 17 mono monitor, 84 key keyboard, 360k 5-114* floppy risk drive,
128K RAM, 2 serial and 1 parallel port plus DOS with manual. Many other features 14' PNlips Model CM8873 VGA muftisync all the way up to
Include 7 slot backplans, all metal case, 150 watt PSU and US rnade mother- 34Khz with 640 x 480 resolution. Pis one has everythingi Two
board. In very good used condition with 90 day guarantee. At the unique price of: switches enable you to select CGA, EGA or VGA and dgllel/analog. Unusual for a professional monitor, sound Is also
Optional FITTED mires: 256K RAM £16; 640K RAM £39.
provided, with a volume control. There Is also a special 'Text'
12' CGA colour monitor with card £89. 2nd 5-1/4' 720K floppy
(E) switch for word processing, spreadsheets and the like. Com(or 360K If preferred) £29.95.20 mbyte hard drive £99.
patible with virtually an computers Inducing IBM PC's, Amiga,

1'99

5/a rom.5-

1.5.

rom

Massive purchases of standard 5V4' and 3W drives enables us
to present prime product at industry beading low prices! M urits
(unless stated) are removed from often brand newed
and are fully tested, aligned and slipp to you withqum
a 90 day
guarantee and operate from standard voltages and are of standard size. Al sue IBM-PC compatible el 31/2 supported).
3.5" Pallarlsalik JU364 720K*
£21.95(B)
3.5" Mitsubishi MF353C-L. 1.4 Meg. Laptops orir £2..05(3)
3.5- Mitsubishi MF353C-D. 1.4 Meg. Non laptop' £29.95(B)
5.25" Teac FD -56(36). 360K half height.
£2 .95(B)
5.25" Tel= FD -56(72). 720K half height
£24.95(B)

POWER SUPPLIES

Atari, BBC, Archimedes etc. Good used condition (possible

Power One SPL200-15200P 200 watt (250 w peak).Seml open
inure, OfAng +5v 36a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a,
+24v 4a (6a peak). AA outputs fully regulated with over voltage
protection on the +5v output. AC input selectable for 110/240
vac. Dims13" a 5' x 2.5'. Fully guaranteed RFE.
£95.00 (B)
Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v
(2A). 5v 0 20k 412v 0 1.5A. Switch mode. New. £510.95(B)
Asians AC -8151 40 watts. Switch mode. +5v 0 2.5a. +12v
2a. -12v 0 0.1a. 6-1/4' x x 1-3/4".New
£19.95(B)
Greendale 19ABOE 60 watts switch mode.+5v Qp 68,112v 0
I a,+15v @ la. RFE and fully tested.11 x 20 x5.5cms. £24.95(C)
Conver AC130. 130 watt N -grade VDE spec.Switch mode.+5v
o 15a, -5v 0 1 a,±12v
6a.27 a 12.5 x .5cms.New.
£40.85(C)

minor screen bums) 90 day guarantee. 15" x 14' x 12". £150(E)

Brand new 12' mutilinput high definition
colour monitors by KME. Nice tight 0.28' dot
pitch for superb clarity and modem two tone
plastic styling. Operates from any 15.625 khz
sync ROB video source, with either Individual
H & V syncs such as CGA BM PC's or RGB

analog with composite sync such as Atari,
Commodore Amiga, Acorn Archimedes & BBC. Measures only

13.5' x 12' x 11'. Also functions as quality TV with our ROB

Telebox. Excellent used condition with 90 day guarantee. In nice
two tone beige and brown case. Only
£140 (E)
Brand new Centronic 14' monitor for BM PC and compatibles
Data cable Included ti prios.
at a lower than ever price! Completely CGA equivalent. 111-res
Shugart 800'801 SS refurbished & tested
£1715.00(E)
Shugart 851 double sided refurbished & tested
£275.00(E) Boshert 13090.Switch rnode.Ideal I or dr! yes & system. +Eva Bai Mitsubishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz
bandwidth. A super monitor in attractive style moulded case.FulI
Mitsubishi M2004-63 double sided swltchable
+12v 0 2.5a, -12v 0 0.5a, -5v 0 0.5a.
E29.95(13)
£129 (E)
hard or soft sectors- BRAND NEW
£250.00(E) Fermi G6/40A. Switch mode. 5v 0 40a.Encasecl £95.00(C) 90 day guarantee. Only
NEC CM 17 IBM-PC compatible. High
Duel 8" drives with 2 mbyte capacity housed In a smart case
quality ex -equipment fully tested with a 90
with bulk In power supply) Ideal as exterior drives! £409.00(F)
BBC Model B APM Boa
day guarantee. In an attractive two tone

End of line perches* scoop! Brand new NEC DE248 8' 85

megabyte of hard disk storage' Full CPU control and industry
standard SMD interlace. Ultra N speed transfer and access time
leaves the good old ST506 interface standing. In mint condition
and comes complete with manual. Only......... .............. .E299(E)

THE AMAZING TELEBOX!
your
z.k

our mon or

oa

ribbed grey plastic case measuring 15'L x
£100 CASH FOR THE
13'W a 12'H. The front cosmetic bezel has
MOST NOVEL
been removed for contractual reasons.
DEMONSTRATABLE
ortY--.
£79
APPLICATION!
20", 22" and 26" AV SPECIALS
BBC Model B type computer on a board. A major purchase Superbly made UK manufacture. PIL all solid state colour

allows us to offer you the PROFESSIONAL version of the BBC monitors, complete with composite video & sound Inputs. Attrac-

QUALITY COLOUR TVI! computer at a parts only price. Used as a front end graphics five teak style case. Perfect for Schools,Shops,DIsco, Clubs.
system on large networked systems the architecture of the BBC In EXCELLENT little used condition with full 90 day guarantee.
TV SOUND
board has so many similarities to the regular BBC model B that

& VIDEO
TUNER!
The TELEBOX consists of an attractive fully cased mains
,7:387irta

we sue sure that with a bit of experimentation and Ingenuity many

20"....£135 22"....£155 26"....£185

useful applications will be found for this boardil it is supplied
complete with a connector panel which brings all the VO to D'
and BNC type connectors - all you have to do Is provide +5 and
powered unit, containing all electronics ready to plug into a host 12 v DC. The APM consists of a single PCB with most major
of video monitors made by manufacturers such as lc's socketed. The Ic's are too numerous to list but Include a
MICROVITEC, ATARI, SANYO, SONY, COMMODORE, 6502, RAM and an SAA5050 teletext chip. Three 27128
PHLI PS, TAILING, AMSTRAD and many more. The composite EPROMS contain the custom operating system on wNch we
video output will also plug directly Into most video recorders, have no data, On application of DC power the system boots and
allowing reception of TV channels not normally receivable on provides dagnostic Information on the video output. On board
most television receivers (TELEBOX kV). Push button controls DIP switches and jumpers select the ECONET address and
on the front panel allow reception of 8 fully tuneable 'off air UHF enable the four extra EPROM sockets for user software. Appx.
colour television or video channels. TELEBOX h covers vir- rims: main board 17 x
VO board 14" x 3'. Supplied tested
tually all television frequencies VHF and UHF Inducing the with (*wit di ram, data and competition
HYPERBAND as used by most cable TV operators. Composite
and RGB video outputs are located on the rear panel for direct
or
(B)
ti7

s

connection to most makes of monitor. For complete compatibility

OnlyE29.95 2 for 53

Su r erb Quality 6 foot 40u

Massive Reductions
Virtually New, Ultra Smart!
Less Than Half Price!
Top quality 19' rack cabinets made In UK
by Optima Enclosures Ltd. Units feature

designer, smoked acrylic lockable front
door, full height lockable half louvered back

door and removable side panels. Fully ad-

justable Internal fixing struts, ready

punched for any configuration of equipment mounting plus ready
£ 470 mounted integral 12 way 13 amp socket switched mains distribuE2wa0 tion strip make these racks some of the most versatile we have

- even for monitors without sound - an Integral 4 watt audio

emptier and low level II Fl audio output are provided as Trio 0-18 vdc bench PSU. 30 amps. New
standard.
Telebox ST for composite video input monitors
£32.05
Telebox STL as ST but with Integral speaker
f303.50
Telebox MB as ST with Muillband tuner VHF -UHF -Cable.
& hyperbend For overseas PAL versions state
£89.95
5.5 or 6mhz sound specification.
Telebox ROB for analogue ROB monitors (15khz)
£80.96
Sliming code on all Teleboxes Is (B)

(F)

CALL FOR PRIMO ON RISC VERSIONS!

Rpm M3041 600 LPM band printer

£ 150 ever sold. Racks may be stacked side by side arid therefore

DEC LIEV02 CPU board

require oriy two side panels or stand singly. Overall dimensions
Rhode & Schweiz SBUF TV test transmitter
25-1000mhz. Complete with SEITF2 Modulator
£6500 are 77-1/7H x 32-1/2"D x 22'W. Order as:
Ca comp 1036 large drum 3 pen plotter
£ 860 Rack 1 Complete with removable side panels__ .£275.00 (G)
Thudby LA 1508 logic analyser
£145.00 (G)
£ 375 Rack 2 Less side panels
1.5kw 15v 60hz power source
£ 950
COOLING FANS
Anton Pear 400 Hz 3 phase frequency converter 75Kw POA
Sony ICTX 1000 Videotex system - brand new
£ 8.50(B)
,.0 ,12.0 3 inch
AC. 1W thick
ADDS 2020 VDU terminals - brand new
RGB Telebox also suitable for IBM mulleins monitors with ROB
,`,,ag 92 mm AC 230 v. 18mm thick
&iconic SD 15011 18 channel Hybrid recorder
analog end composite sync. Oversees versions VHF 8 UHF cal.
£ 9.95(13
'`-""""" 31/2 Inch AC ETRI slirrilne.Only 1' thick
HP 7580A Al 8 pen high speed drum otter
SECAM / NTSC not available.
£1850 31/2 Inch AC 230 v 8 watts. Orly 3/4" thick
£12.95(A
Kerwrood DA -M1 CD tester, laser dwp simulator £ 350 4 Inch AC 110/240v 11/2' thick.
No Break Uninterruptable PSU's
MI10 Inch AC round. 31/2 thick. Rotron 110v
£10.95(B
BRAND
NEW
PRINTER
new
v
u nterrupt
power
10 Inch As above but 230 volts
£24.95(B
from Dense!. Model MUK 0565-AUAF Is 0.5 kva and MUD Microline 183. NLQ 17x17 dot matrix. Full width.
£15.95(A
£139 (D) GO mm DC 1' thickNo.812 for 6/12v.814 24v.
1085-AHBH is 1 kva. Both have sealed lead add batteries. MUK Hyundai HDP-920. NLO 24x18 dot matrix full width. £149 (D) 80 mat DC 5 v. Papal 81056 4w. 38mm. RFE.
£19.95(A
£14.95(A
are Internal, MUD has them in a matching case. Times from Gums LetlerPro 20 daisy. Qume QS -3 interface. £39.95 (0) 92 mm DC I2v. 18 mm tuck
DC
12v.
12w
11/2"
thick
£1250(B
£149 (D) 4 Inch
Interrupt are 5 and 15 minutes fasPeafivalY- Complete with fun Centronics 152-2 9 x 7 dot matrix. Full width.
DC 24v 8w. 1' thick.
£14.50(B
operation manuals
.MUK___£249 (F) MUD ---£525 (G) Centronics 150-4 9 x 7 dot matrix.Serial. 9-1/2" wdth£ 99 (D) 4 Inch

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR limeys AVAILABLE - CALL NOM
:

:

MAIL ORDER 8 OFFICES

Open Mon -Fri 9.00-5.30
Dept WW. 32 Biggin Way.
Upper Norwood.
London 5E19 3XF.

LONDON SHOP
Open Mon -Sat 9-5.30
Thursday till 9 00pm
215 Whitehorse Lane.
South Norwood.
London. SE25 .

DI

Fr

000

EL 0 The Original
dial -up database!

ALL ENQUIRIES

of items+info On Lin
21, V22 & V22 bis

081.679.4414

81-679-1888

Fax- 081-679-1927

4.1
V1s

Al pricsw for UK Mainland. UK customers add 17.5% VAT to TOTAL order armors* Minimum order £10. PO orders from Government. UniversibeaSchools 8 Local Authorities

-ELECTRONICS-

welcome -minimum account order £30. Carriage charges (A)m£2C0. (A1)3.75. (6).£5.50. (C).£8.50. (D)w£11.50. (E).£14.00 (F)18.00 (G).Call . Scotlard surcharge. can.
AX goods supplied subject to our standard Conditions of Sale and unless otherwise dated guaranteed for 90 days. AI guarantees one ream to base basis. Rights wcerved to
change prices 8 specitcabons without prior notice. Orders subject to dock. Quotations wiNrigly given for higher quantities than those stated. Bulk surplus always wanted for cash.

CIRCLE NO. 127 ON REPLY CARD
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LETTERS

component tolerances in a single
sentence by stating they "should not
he a problem". Surely he should
have analysed possible errors and
given more definite conclusions.
But, my main criticism is that he
has not attempted to analyse filter
response in a rigorous way.
Grundy's fundamental argument that double differentiating a signal
results in an amplitude scaling with
no phase shift - is fatally flawed.
Whatever his filters do (and they are
non-linear systems for a start) they
certainly do not perform like a low
pass filter with no phase shift. His
problem is that the real world is not
made up of sine waves, but
impulses. Contrary to Grundy's

WI
10

8

6

-2

introduction. digital filters do
introduce a phase shift, or at least a
constant delay. Put an impulse into a
low-pass filter with no phase shift at
all and it will not be stable.

-6

David Gibson
Leeds

-10

Caution casual
reader
David Grundy's article entitled
"Structured Analogue Design Builds
Perfect Filters" (EW + WW. May
1992) proposes two non-linear filter
designs. Type II design is based on

unknoten1
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Day:file

a. 100

2.0

1.5

L.

1.0
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f

1

the equation

0.5

V"\; + -

d.
dt2

0.0

L.

and the type I is based on
Vni

d2

-0.5

-dt 2

-1.0
While these designs will work as
advertised for single frequency
sinusoidal input signals, their
performance will he quite different
when subjected to multiple
frequency inputs and are due to
large amounts of intermodulation
distortion caused by the non-linear
exponentiation process.
If an input signal is the sum of
two sinusoids whose respective
frequencies place one in the

-1.5

-2.00
unknown'

II N=5 design with an input of Vi =
sin0.5t + sin4t.
Output will he given by:

80

60

high order mixing products.
While there may he valid real
world applications for these types of

(sin 0.5t +sin4t)6

passband an a second in the

stopband, then an ideal filter would
have only the pass band signal
present at its output. Unfortunately.
this does not occur for these filters.
To illustrate. consider Grundy's type

40

20

Rawirile

ao 100

Plots detailing V,,, (top) and Vow
(above). Output does not

represent desired response but
contains many high order
mixing products.

= (sin 0.5t +sin4t)5 +(0.25sin 0.5/ + l6sin4t)5
and V, , notice
In plots detailing
that the output does not represent the
desired response but contains many

ELECTRONICS WORLD + WIRELESS WORLD

filters, casual readers should he
cautioned against their generalised
application.

Jim Mittel
Motorola
Florida

661

M. eompans

9.

Reliability DC -DC Power Source, 12'/2m 5V out
600MA out
£9.00 each
DS Connector 9 ---*50 way male -female,
all types
from 20p each to 60p each
24V Fans, 18V Fans
from £1.75 each
Hitachi LMO87LN, LMO32LN Displays
£6.50 each
Cable Ribbon, Multi -way Coax
On Request
Connectors, Coax 75a Type 43 & B37AT JO12X,
many others
from £1.00 each
E. Prom 2764A-200 N/S, E. Prom 27128-200,
E. Prom 27C256 -2 -OPT, E. Prom 27C1001-20FX1,
E. Prom 27C256-15
all at £2.30 each
£5.00

8086 -Z -P

I.C. Sockets
Various
RF Attenuator 50a 6DB 250 Watt 1.59Hz
£150.00 each
BLW 50F, BLY 92C, BLW 60R, MHU 5222A,
MRF 4921
all at £8.00 each
NE 27177-3B, FLCO53 WG109, FSX51
WF-141
all at £40.00 each
Battery, Varta CR2032 3V, 20mm round
£1.00 each
Duracell TR146X 8.4V, PP3 type
£1.00 each

FIBRE OPTIC TELECOMMUNICATION
CW Laser Devices
STC MS6189/AC Type TS 8079

Lasertron SS 4070/10 At 1.3mm and 1.5mm SS 4070
Laser Diode SN 50470 Type LTD -362E-80 SS 4070
STC Type PT 1609-19C6

Laser Diode SN DN 2957 Type LDT-362E-80 SS4070
HR 1103TR-B
PCD 0311-FC-A-B

Pin Diode MLS 1023/2

Microwave Tube Transmitting YA 1198/G REG

Travelling Wave Amplifier Type W4 MC 13A STC
Travelling Wave Amplifier Type KS -49 493-1 STC
NEC OD 9470B -1 -2M -D

ALL NEW BOXED

TRANSISTORS & IC's
BD3535
PMS77C01NL
0780C-1
SFC2741M
ZTX750L
BC559
DS00269 MIL V/S
Photodiode detector
HR1103TR-B
PCD0311-FC-A-B
Crystal 4.416
Pin diode
ML61023/2
PPR300 10-3
CCS 272018-3
Resistor
Filter E 10.7 H

KTXD-185030-7.200418MHz
ICN1KV
Type HPX613
HAX1035DACFDX

130160V
Z084004VSC
Z84C4204PEC
Z84C4004PEC
Z7220A08VSC
Z8028010VSC
Z0853004PSC
28440ASIO
Z8430APS
Z8430AC-TC
Z8OACTC
N8821
SN84161N
T74LSI26B
HCDBAXAA143
SN74SI5W
T74LS139B1

GD74HC175
GD74HC175
GD4053B
GD4518B
GD74HC153
GD74HCO5
67905CU
BD202
HEF404DBDI
HEF4023BD
HEF4021BP1

PC74HC368P
HEF400988P
NE5592N
PC74HC283F

PC74HC368P
MC1489
Z8028010VSC
Z84C4004PEC
Z84C4204PEC
Z84C4204PEC
Z0868112PSC
Z641800PSC
Z85308PE
Z0803006VSC
Z84C400ADEE
Z84C4404VEC
20841004PSC
Z0853606DSE
Z0844404VSC
Z0858106CSE
Z84C400CMB
Z0853004PSC
Z84C2004VSC
Z0853604CMB
Z8536ACEA
Z860312RSE
Z82KXRON
T74LS138B1

T1001GRHCT373
MC74AC174N
GD74HCT245
GD74HC125
HEF4028BP
HEF4028BP
HEF4028BP
AD75BILCWI
MX7547JN
GD74HC257
GD74LS393
GD74HCT245
AD7581JN
GD74HCT245
MX7538JN
MX7502JN
AD7537JCW
MAX131CPL
AD7538JCWG
IC17614DCPA

GD7475393
ICL76140CPA
HCT373/T1001GR
GAL16U8-35HD
ICL76140CPA
MAX134COH
145848X819
MAX1232
MAX251
ESD938
GD4516B

GD74HC10

TC74HC2OP
GD400IB
GD74HCT241
GGD4510B
GD4052B
GD74HC365
GD74LS393
GD74LS393
GD74HC283E
MC14070B
MC14070B
SN7400N
SN7400N
SN7400N
SN7400N
SP8650B
MC10141L
MC10174L
MC14070B
SN7406N
MC14070B
SN7406N
MC14070B
MEDL8434
TDA1060B
CD40103BE
SN74HC109N
MC14070B
MC14070BCL
MC14070B
2N2907A
BFX80
BXY71
BF421

TDA10608
ILQ74L8946H
AM685DL
MC14015BCP
MCP3022
74LSO5N
FFPQ2907
H11AIL8918H
H11BIL8833H
ZN477E
FFXY9119
4W28V923
74F258APC
MX7524KN
SFH615-4
PC74HC2OT

27C256 -20N -H

T74LS10B1

STB8912
DS3691N
VN2406L

ICL7126CPL
M74HC20B1
LM748CN
M74HCOOB1
GD4731B

F420
C557
MPSA92
2N6519
C547
C337
C640
BC639
BXY95A
BFR37
BF5Z1A
BCY71
ZN1308
ZN1302
CV9790
BCY34A
ACY18
1ZN1309
CV7438
1AUGET895
1UGALY20
IUGACY17
BSY39
BFY18
ZN1986
BCY32
ML102M
LU308X
DS75452H
BF756
BCY40
2N5179

BCY71

2N2369A
BD165A
IRF640
IRF642
IRF630
MBR1035
BDX34A

IN5829
IRF610
BC557BT
BYV32
MC14070BCLD
MC34070BCLD
SM74LS390N
SN74AL500AN
M9112LP311N
SN74ALS27N
SN7406N
TLD60CD
MC14001BCL
MC14001BCL
MC14001BCL
MC14001BCL
MC14001BCPP
SB9124A
TDA1060B
SI91100J
MEDL89301

S74OGN

F421

ICL7126CPL
T74LS139B1
LM748CN
2N2222
BC178C
2N2903

MPM92

P8049AH
DMP3000-001
TA7778P
LM339N
DICA
TA8611AN
LA3624
STA401A
S5D1196
SSC930
JC556
2SC930
25A1015 -Y
2SC3000

2NREFO25CI
L7905CV

IRF230
BR220-140
HA178L05
HA179L05
HA178L12

HA/79L12
HA179L15
BDX62A
UA7915
L7905CV
BD952
M3E350
HA19216
HAI 9508A
TA7676P
HA11544
AR5836
PAL8L14AC

0C139/R018
CV9507
BFY30
ADZX2
CCBX003

PRICES PLUS VAT & POSTAGE & PACKING

J. & M. COMPUTERS
EIGHT ACRES,

Tel: (0621) 892701

GT TOTHAM ROAD,
WICKHAM BISHOPS,
WITHAM, ESSEX.

Fax: (0621) 891414

CIRCLE NO. 128 ON REPLY CARD
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S
INT

UEEZING
THE PICTURE

Much has happened since
the Fractal Transform
emerged as a contender for
commercial image
compression and
decompression products.
OEM products using the
technique have appeared,
and the technique now has
gained wide endorsement.
But the technique has yet
to prove itself for motion
picture compression.
Andy Wright reports.

Fracial image compression and decompress -on exploits the mathematics of
fractals to provide very high compres-

sion ratios together with resolution
indeoenden:e Despite its youth compared
with industry standards like JPEG, the Fractal
Trarsform is vapidly winning fans :hroughout
the industry. According to Greg Riker, direc-

tor of product development at Microsoft's
multimedia p Thlishing group: "Fractal technology offers the highest usable compression
on tie marke-." Microsoft has now licensed
Iterated Systems' software and fractal prod-

ucts are scheduled to appear on the market
later this year
In -age ccnriression has long been a vital
:ool in computer graphics and digital video.
Until recently, techniques based on the discrete cosin. :ransform (DCT) have set the

staniard. It is estimated that arouid 90% of
applications use the DCT, incorporned as it is
in international standards such as the ISO Joint
Pho-ograplic Experts Group, JPEG.
Details of the DCT are explained in a previous article in EW + WW (Vol. 97. No. 1675,
p. 431, Jung 1992). Briefly, it is a particular
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type cf discrete Fourier transform, which
maps tie image into frequency space. A predefinec set of cosines is applied as 'basis functions' to the image, resulting in a set of amplitudes CDCT coefficients) that, together with
the basis functions, reproduces the original
image n frequency space. Large-scale features
form low -frequency components, whilst
smalle---scale features become high -frequency
components.
Find_ng DCT coefficients does not in itself
lead to any data compression. However, as the
human eye is less sensitive to high -frequency

compcnents, these can be eliminated to compress tie image.
One disadvantage is that, at large compression ratios, pixelation becomes apparent; the
looks
`blocky'.
image
decompressed
Furthe-more, artifacts begin to appear, such as
the Gibs phenomenon; rippling that appears

where there is a high degree of contrast
Standard compression (left) vs Fractal
Transform compression. Detail from a larger
picture blown up to demonstrate the
resolution enhancement available with the
Fracta. Transform process.
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between areas of the original picture.
Such artifacts can be reduced by variations
on the DCT, such as wavelet image compression. Here more complex functions than simple cosines are applied as the basis functions.

But there is a further drawback. JPEG and
other standards have fixed on the 8 x 8 pixel
block as the basic unit for compression, result-

ing in 64 DCT coefficients for each block.
Decompression has to be performed at the
same resolution.

mations, known as an iterated function system
(IFS), describes a unique fractal image called

referencing objects. The success of the technique bears out the truth of this axiom.

an attractor. Applying the affine transformation to its attractor produces the original frac-

easier using a technique known as pixel chain-

tal image.
Quite complex images can be generated by

ing. For example, take two images of equal
size. Call them A and B. They can be any

taking a dot, performing an affine transformation on it, overlaying the second dot, then
performing the same transformation on the

image, even random data. Transform the contents. of A into B using the IFS codes generat-

new shape in its new location, and so on.
The resulting image can therefore be stored

Nevertheless, the development of special

very compactly by simply storing its IFS

hardware, dedicated silicon and improved calculation techniques have produced substantial
progress. Most crucially, there is substantial
applications, development and silicon support.

codes. Decoding the image is simply a matter
of repeatedly applying the affine transformation. All very well for decompression, but how
to find the IFS codes for a complex real -world
image?

Its commercial progress is virtually unstoppable. However there are fundamental limitations to how much improvement is possible
with the DCT.
Not so with the Fractal Transform, say its
proponents. New it may be, but many believe
it has a promising future because of its scalability and resolution independence, ability to
produce `pleasing' images even at high compression ratios together with a fundamentally
limitless scope for improvement. These are all
features uniquely inherent in the Fractal
Transform.

Solving that problem was the pioneering

The beauty of pixel chaining is that it can
start with any images, at any resolution. All
video and graphics standards can be accom-

image up into areas called domain blocks. For
each domain block, it then scans the rest of the
image and identifies so-called `range regions',
areas that are best described by an affine trans-

formation from the domain block. The result

is a series of affine maps, each not only

carry a header defining the domain block

affine transformation, a type of linear transform. For example:

geometry of the original image.
The next stage is to store the resulting IFS

where a, h, c, d, e and f are real numbers.
Expressed as percentages (i.e. multiplied by
100) they are referred to as Iterated Function
System codes.

A collection of contractive affine transfor-

At this point, we are back to the original
image: a consequence of Fractal geometry.

modated.
How closely the result matches the real -life
original depends on how accurately the range
regions had matched the domain blocks in the
original compression process.

Improving on 1000 years

carding redundant pieces of information.
The technique only works because many

Refinement of the Fractal Transform method
has been largely the refinement of fractal theory to improve the probabilistic search routines and enhance this match. To get a perfect
match would take many years of calculation.
Indeed when the Fractal Transform was first
proposed, it was estimated that the calculation
time would be of the order of 1023 years.

affine redundancies are found. In fact, it is
basic tenet of Fractal Transform that real
world images exhibit a high level of affine

To get to a more realistic time scale, it is
necessary to make approximations. Iterated
Systems' skill is largely attributed to knowl-

redundancy, that is, they contain many self -

edge of when errors of approximation are
important; being an iterative process, even

codes. It is here of course that the compression

W(xl, x2) = (dx1+17x2+e, cx l +d.v2+f)

domain blocks and B has the range data.
Keep on doing this repeatedly until there are

His company's solution first breaks the

when twisted, distorted and shifted by an

The more general form is:

Next, transform the data from B into A,
again using the affine maps from the compressed image. This time, A is divided into
no significant differences between A and B.

regions of the image can describe each other

W(x,y) = (x/2 + y/4 + 1, .v/4 + y/2 +2).

ed from the original image. B is divided into
domain blocks according to the header of the
compressed file, and for each domain, locate
and transform the range block data from A. B
becomes a completely new image.

breakthrough of former mathematics professor, and Iterated Systems' founder, Dr.
Michael Barnsley.

describing the shrinking, twisting and deformation of the image within the range regions,
but also changing brightness and contrast relative to the original. The compressed data also

Central to the algorithm is the idea that
many parts of an image are self -similar:

Decompression is computationally much

comes in; identifying similar data and dis-

Right hand picture is detail extracted from a
4kbyte Fractal Transform file compared with the
same detail taken from the 301k original file.

small discrepancies could be amplified explo-

sively. The art is to make approximations
where the computation will damp errors rather
than multiplying them.
With such research, there is no theoretical
limit to the amount of improvement possible.
One could go on improving the probabilistic
search routines, modifying the geometry of
domain blocks - all in the search for greater
affine redundancy.
The company has now refined the process to

the extent that it is now able to offer compression as well as decompression in software.
Previously, compression required special optimised hardware.

Naturally compromises have had to be
made. The software compression algorithms
perform less of the deep searches that dedicated hardware can make but, at the end of the
day, the result is only 5% worse than is possible with dedicated hardware in terms of image

quality.
The process is still highly asymmetrical:
where decompression can be processed on the

fly at frame rate, with a 33MHz '386 compression typically takes several minutes.
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A further demonstration of its potential
came about with Racal Radio's announcement
of PICTOR, a system for transmitting images

over HF radio links. With PICTOR, the
Fractal Transform is used to compress
768Kbyte images down to just 10Kbytes. As a
result, images that would normally take hours

12, 3.25), (1.81, 3.16), (2.56, 3.81)

to transmit can be sent in just six or so minutes. The system has obvious applications
with security services and civilian authorities.
Endorsements like this, together with
improvements in the technique itself, bode
well for the future of fractals. A recent
research report from the Gartner Group of
market analysts predicts that the Fractal
Transform has a 50% probability of becoming
the de facto image compression standard.
Previously it had given the technique a 20%

.(1,2),(0.625,2,(1.75, 2.75)

chance.

Silicon support for the Fractal Transform
has recently received a boost in the form of a

$2million grant from the US government.
Under its Advanced Technology Program, the
National
Institute
of Standards and
Technology is funding research into devices

for fractal based high-fidelity image compression. The ultimate aim is silicon that could

be used in high definition TV applications.
Whether based on DCT or Fractals, real
image compression systems incorporate fur-

X

ther lossless techniques to code the data more
compactly. Run -length coding squeezes data

by contracting strings of similar values; for
example the sequence 1, 1, 1, 2, 2, 2, 2, 2, 5,
5, 5, 5, 1, 1,

1

is expressed as 3, 1, 4, 2, 4, 5, 3,

1. Huffman coding is a technique where patterns of data are assigned a compact code. The

most frequently -occurring patterns have the
shortest codes, whilst uncommon patterns
have longer codes. Hence this is variable length coding, more generally referred to as
statistical coding. Thus the JPEG standard
applies various techniques in following order:
DCT; quantisation; run -length code; Huffman

Central k' the Fractal Transform is the idea that many parts of an image are self -similar: regions of
the image can describe each other when twisted, distorted and shifted by an affine transformation, a
type of linear transform. For example this drawing shows a triangle undergoing successive affine

transformation derived from the function W(x,y) = (x/2 + y/4 + 1, x/4 + y/2 + 2)

frames, so compression can be achieved by

code.

storing differences between successive frames.
rather than the whole image.

Moving images

This is the approach adopted in Intel's RTV
arid PLY standards used for its Digital Video
Interactive (DV -I) technology. Here, a reference frame is stored, then subsequent frames

For moving images, additional techniques are
employed, which can be combined with various types of lossy and lossless compression.

Although fractals are pacing JPEG for still
pictures - coding times are measured in minutes while decoding takes seconds - they have
yet to make an impact on moving pictures.
Clearly, since a moving picture can be broken

down into a series of still images, applying
any of the standard image compression techniques to each frame will provide a degree of
compression, say a factor of 10 or 20 would

be acceptable. But the computational and
bandwidth constraints are much greater for
displaying moving pictures.
For instance a compact disc player is capable of transferring data at 1.4Mbyte/s. Even
TV -standard images are equivalent to 260
lines of 350 pixels, at 50Hz frame rates, an
order of magnitude greater than this.
Fortunately, most real -world moving images
already have a degree of redundancy built-in.
The image changes little between successive

are subtracted from it and coded as differences
known as delta frames. The reference frame is
refreshed after around 60 frames.

Further compression is achieved by storing
colour information only for every fourth pixel.
Hardware interpolates between pixels to avoid
blockiness.
The motion estimation principle undergoing

standardisation by the ISO Motion Picture
Experts Croup likewise exploits the fact that
images do not change much between frames.
However, it improves on the delta frame concept by making the reasonable assumption that
changes between successive frames can be

described by groups of pixels moving within
the image. In other words, parts of the current
picture are translations of parts of another picture at another time.
Inter -frame coding with MPEG-1 works on
16 x 16 blocks of pixels. It searches adjacent
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frames for a macro block of pixels that match
the macro block of pixels in the current frame,
and derives a motion vector defining the relative position of the matched macro block.
It works both forward and backward in time.
For areas that exist in a previous frame, it uses
an earlier reference, whilst for an area uncovered by a subject moving, it can use a later reference.

In practical applications, there will still be
differences between the predicted image pro-

duced by motion estimation, and the actual
current image. Small errors can be smoothed
by filtering through a loop filter. and the errors
still present can also be coded as differences.
Thus the MPEG compressed video image is a
complex combination of an intra-frame coded
base image; inter -frame coded motion vectors
and intra-coded difference data.
Where JPEG is symmetrical, applying DCT

and coding one way, the inverse DCT and
decoding in the reverse path, the MPEG
approach is asymmetrical with moving
images. More computational power is required
for compressing the data than decompressing

it, the latter having only inverse DCT as its
main computational requirement.
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Pictures in silicon
With standards very much under development,
it is not surprising that image compression and
decompression have moved slowly to silicon.
Intel's DV -I is perhaps the furthest
advanced. The i750 video processor chips use
DSP technology, with a pixel processor implementing video and graphics compression rou-

The principal difference between /PEG intended for still images - and MPEG involves
the motion detection mechanism which records
only the differences from frame to frame to
reduce data rate. Although the MPEG
compression process is computationally more
intensive, decompression is essentially the same
for both systems.

tines via an on -chip microcode instruction
ram. Being programmable, the processor can
implement a range of compression algorithms,
and can be reprogrammed to accommodate
evolving standards.

Closely coupled to an associated display
processor chip. both devices use on -chip hard-

processor capable of computing motion vectors and mean absolute errors for matching
blocks. It conforms with CCITT and MPEG
standards, but requires additional circuitry for
a full MPEG solution. Needless to say, more
integrated solutions are in the pipeline.

ware to perform frequently -used operations

GEC Plessey Semiconductors is into the

such as filtering and statistical decoding.

second generation of image compression and
decompression devices. Its activities current-

There is extensive support including JPEG for
still images, and improved routines for motion

video telephony, and plans are well advanced
to introduce a highly integrated encoder for

MPEG has less direct support in silicon. But

H.261 - effectively a subset of MPEG standards specifically for video phones. First silicon should be sampling as you read this.
The H.261 encoder will incorporate motion
compensation as well as lossy transmission. A
cell -based silicon design approach has been
adopted to combine flexibility with optimised
performance. Such versatility means much of
the design effort could be reused in develop -

separate devices per-

forming individual image manipulation tasks,
and are moving towards single chip solutions.

SGS-Thomson, for example, has discrete
cosine transform processors for JPEG-standard 8 x 8 pixel blocks, as well as multi -pixel
block size operation from 4 x 4 to 16 x 16. Its

most recent offering is a motion estimation
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MPEG standard, plus interface circuitry to
ease development of multi -media applications.

This is specifically directed at Compact Disc
Interactive (CD -I) players. Rather than going
the programmable route, Motorola has benefited from close ties with multi -media market
leaders like Philips, and gone straight to an
optimised solution.

ly focus on low cost applications such as

estimation. RTV can also be ported to other
processor architectures.

major vendors have

ing future JPEG and MPEG devices.
Conversely Motorola addressed the MPEG
ISO standard directly with its recent
announcement of a single -chip full motion
video (FMV) decoder, which has all the functionality required to implement Level 1 of the

USEFUL CONTACT NUMBERS
GEC Plessey Semiconductors
Intel Corporation UK
Iterated Systems
Motorola
SGS-Thomson
Zoran (Amega)

0793-518000
0793-696000
0734-880261
0296-395292
0628-890800
0256 843166

ELECTRONICS WORLD + WIRELESS WORLD August 1992

COMPUTER ICS
2817A-20 (2K x 8) EEPROM ex eqpt.
£2
AM7910 Modem chip ex. eqpt £5 new
£10
80088A-2 used
C1.25
27C64-25 used/wiped
£1.50 100+ £1
27S191 PROM
£2
IMS1400P-45
£2
80C31 MICRO
£2
P8749H MICRO
£5
08751H USED
£6
NEW 4164-15
£1
USED 41256-15
£1
USED 4164-15
60p
BBC VIDEO ULA
£10
6845 CRT
£5
6522 PIA
£3
AY3-10150 UART
£2.50
9 x 41256-15 SIMM
£10
8 x 4164 SIP MODULE NEW
£8
HD 146818 CLOCK IC
£2
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
£2100/£1.60
27C256-30 USFD
£2
27C512 USED
£3.50
1702 EPROM EX EOPT
£5
2114 EX EQPT 50p 4116 EX EQPT
70p
6264-15 8k STATIC RAM
£2
GR281 NON VOLATILE RAM EQUIV 6116
£5
Z80A S10-0
£1.25
TMS27PC256-25 ONE SHOT 27C256
£1 ea 100/£70
P80387-16 CO -PROCESSOR
£80
M27C1024-12XF1 (40 -pin 1 MEG EPROM)
£4.50
NMC9306EN EEPROM 256 bits
£1

REGULATORS

78H12ASC 12V 5A
£5
78M05 5V 0.5A
7/£1
LM317H T05 CAN
£1
LM317T PLASTIC TO220 variable
£1
LM317 METAL
£2.20
7812 METAL 12V lA
£1
7805/12/15/24V plastic
25p 100+ 20p 1000+ 15p
7905/12/15/24 plastic
25p 100+ 20p 1000+ 1
CA3085 TO99 variable reg
2/£15p
LM338 5A VARIABLE 1.2-30V
£8
L387 5v V2A WITH RESET OUTPUT
Elea £50/100

CRYSTAL OSCILLATORS

1M000 1M8432 1M000 4M000 10M000 16M000
18M432000 20M500 56M6092
£1.50 each

CRYSTALS

IMO 1M8432 2M000 2M304 2M77 3M000 3M2768 3M400
3M579545 3M58564 3M93216 4M000 4M194304
4M194304 4M4336 4M9152 5M000 5M0688 6M000
6M400 8M000 8M448 9M8304 10M240 10M245 11M000
12M000 13M000 13M270 14M000 14M31818 16M000
15M000 16M000 16M5888 17M000 20M000 21M300
21M855 22M1184 24M000 34M368 36M36875 36M5625
36M78125 36M79375 36M80625 36M81875 26M83125
36M84375 38M900 49M50 54M19166 57M7416 57M7583
69M545 69M550
£1 each

TRANSISTORS

BC107 BCY70 PREFORMED LEADS
full spec
£1 £4/100 £30/1000
BC557, BC546B, BC238C, BC3013B
£1/30 £3.50/100
2N3819 FETS short leads
4/£1

POWER TRANSISTORS

P POWER FET IRF9531 8A 60V
N POWER FET IRF531 SA 60V
2SC1520 sim BF259
TIP 141 2 £1 ea TIP 112/125/42B
TIP3513/TIP35C
SE9301 100V 1DA DARL SIM TIP121
PLASTIC 3055 OR 2955 equiv 50p
2N3773 NPN 25A 160V £1.60
2N3055H

3/£1
1

3/£1 100
2/£1

£1.50

2t1

100/£35
10,£14
4 for £2

TEXTOOL ZIF SOCKETS

28 WAY ZIF EX NEW EQUIPMENT
£2.50
40 WAY NEW
£5
SINGLE IN LINE 32 WAY CAN BE GANGED FOR USE
WITH ANY DUAL IN LINE DEVICES ... COUPLING
SUPPLIED
2/£1.50

CAPACITORS COMPUTER GRADE
2200pF 160V SIC SAFCO FELSIC C038
24,000pF 50V
10,000pF 100V SPRAGUE/PHILIPS

£4 (£1.20)
£3 (£1.30)
£6 (£2.00)

QUARTZ HALOGEN LAMPS
12V 50watt LAMP TYPE M312 .... £1 ea HOLDERS 60p ea
24V 150 WATTS LAMP TYPE A1/215
£2.50 each

NEW BITS
'SAFEBLOCKS' MADE BY RENDAR . . MAINS 'RAT
TRAP' USED
£4 ea
7126 31/2 -DIGIT LCD DRIVER CHIP
£2 ea
74N16 MOTOROLA CELLULAR CAR PHONE 0/P
MODULE
£5 ea
CMOS 555 TIMERS 20k available
£30/100
.

MISCELLANEOUS

36 CORE 7/0.2mm OVERALL SCREENED

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"x 5" FIBREGLASS
MULTILAYER PTH PCB
EUROCARD 96 -WAY EXTENDER BOARD 290x 100mm
£10 ea
"PROTONIC 24" c/w 2 SUPPORT ARMS/EJECTORS.
DIN 41612 96 -WAY NB/C SOCKET PCB RIGHT ANGLE
£1.30
DIN 41612 96 -WAY NB/C SOCKET WIRE WRAP PINS
£1.30
DIN 41612 64 -WAY NC SOCKET WIRE WRAP PINS
£1
DIN 41612 64 -WAY NC PLUG PCB RIGHT ANGLE
£1
DIN 41612 64 -WAY NB SOCKET WIRE WRAP (2 -ROW
BODY)

BT PLUG+LEAD
PC PARALLEL PRINTER CABLE

13A MOULDED PLUG + 2m lead
£1
MIN. TOGGLE SWITCH 1 POLE Go PCB type
5/£1
LCD MODULE sim. LM018 but needs 150 to 250V AC for
display 40x2 characters 182 x 35 x 13mm
£10
TL431 2.5 to 36V TO92 ADJ. SHUNT REG
2/£1
6-32 UNC 5/16 POZI PAN SCREWS
£1/100
NUTS
£1 .25/100
PUSH SWITCH CHANGEOVER
1
RS232 SERIAL CABLE D25 WAY MALE CONNECTORS
£5.90 ea (£1.30)
25 FEET LONG, 15 PINS WIRED BRAID + FOIL
SCREENS
INMAC LIST PRICE £30
STICK ON CABINET FEET RS NO 543-327
30/£1
LEMAG EARTH LEAKAGE TRIP 35A 35mA TRIP
£9
FANS 240V 120MM
£6 (£1.50)

(OTHER VOLTAGE SIZES USUALLY AVAILABLE)
AMERICAN 2/3 PIN CHASSIS SOCKET
2/E1
HUMIDITY SWITCH ADJUSTABLE
£2
WIRE ENDED FUSES 0.25A
30/£1
NEW ULTRASONIC TRANSDUCERS 32kHz
f2./pr
12 -CORE CABLE 7/0.2mm OVERALL SCREEN
70p/metre
POWERFUL SMALL CYLINDRICAL MAGNETS
3/£1
BNC 500HM SCREENED CHASSIS SOCKET
2/C1
SMALL MICROWAVE DIODES AE1 OC1026A
2/£1
D.I.L. SWITCHES 10 -WAY £18 -WAY 80p 4/5/6 -WAY
80p
180VOLT 1WATT ZENERS also 12V 8 75V
20
VN 1OLM 60V 1/2A 5 Ohm TO -92 mosfet
4/£1 100
MIN GLASS NEONS
10/£1
RELAY 5V 2 -pole changeover looks like RS 355-741
marked STC 47WBost
£1 ea
MINIATURE CO -AX FREE PLUG RS 456-071
2/£1
MINIATURE CO -AX FREE SKT RS 456-273
2/f1.50
DIL REED RELAY 2 POLE n/o CONTACTS
££
PCB WITH 2N2646 UNIJUNCTION WITH 12V 4 -POLE
RELAY
£1
400m 0.5W thick film resistors (yes four hundred
megohms)
4/£1
STRAIN GAUGES 40 ohm Foil type polyester backed
balco grid alloy
£1 50 es 10+ £1
ELECTRET MICROPHONE INSERT
£0.90
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304267
£2.50 100+ £1.50
HALL EFFECT IC UGS3040 + magnet
£1
OSCILLOSCOPE PROBE SWITCHED x 1 x10
£12
1 pole 12 -way rotary switch
4/£1
AUDIO ICS LM380 LM386 TDA 2003
El ea
555 TIMERS £1 741 OP AMP
ZN414 AM RADIO CHIP
AO
COAX PLUGS nice ones
4/£1
COAX BACK TO BACK JOINERS
3/£1
4 x 4 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
£2
MONO CASS. HEAD £1 ERASE HEAD
50p
THERMAL CUT OUTS 50 77 85 120°C
£1 ea
THERMAL FUSES 220°C/121°C 240V 15A .
5/£1
TRANSISTOR MOUNTING PADS TO -5/T0-18 ... £3/1000
TO -3 TRANSISTOR COVERS
10/£1
VERO
PCB PINS FIT
200/£1
TO -220 micas + bushes
10/50p 100/£2
TO -3 micas + bushes
15/£1
PTFE min screened cable
10m/£1
Large heat shrink sleeving pack
£2
IEC chassis plug fitter 10A
£3
POTS SHORT SPINDLES 2K5 10K 25K 1M 2M5
4/£1
40k U/S TRANSDUCERS EX-EQPT NO DATA
fl/ or
LM335Z 10MV/degree C
£1
LM234Z CONST. CURRENT I.C.
£1
PAPST 18-24V FAN 120MM WORKS OK ON 12V
£5
BNC TO 4MM BINDING POST SIM RS 455-961
£1
BUTTON CELLS SIM. AG1O/AG12
MIN PCB POWER RELAY 12V COIL 6V CONTACTS 241"
C/O
£1.25
AVEL-LINDBERG MOULDED TRANSFORMER TYPE
OB10 15+15V 10VA QTY. AVAILABLE
£2 ea
BANDOLIERED COMPONENTS ASSORTED Rs, Cs,
ZENERS
£5/1000
LCD MODULE 16 CHAR. X 1 LINE (SIMILAR. TO
HITACHI LM10)
£5
KYNAR WIRE WRAP WIRE
£1/REEL
OPI1264A 10kV OPTO ISOLATOR V .35 ea 100+ £1 ea
'LOVE STORY CLOCKWORK MUSICAL BOX
MECHANISM MADE BY SANKYO
£1 ea

DIODES AND RECTIFIERS

Al 1 5M 3A 600V FAST RECOVERY DIODE
1N5407 3A 1000V
1N4148

£50/100m

KEYTRONICS
TEL. 0279-505543
FAX. 0279-757656
PO BOX 634
BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX

3/£1

£5.90

4/£1
8/£1

100/£1.50

100 E3
10 E1

100/£3
10/£1
8/£1
6/£1
4/£1
4/£1
3/£1
2/£1

BY255 1:300V 3A
6A 100V SIMILAR MR751
1A 600V BRIDGE RECTIFIER

4A 100V BRIDGE
6A 100V BRIDGE
8A 200V BRIDGE
10A 200V BRIDGE
25A 200 V BRIDGE £2
25A 400V BRIDGE £2.50

2/£1.35
Et .50
10/£18
10/£22

SCRS
PULSE TRANSFORMERS 1:1+1
2P4M EOUIV C106D
TICV1O&D 800mA 400C SCR 3/£1
MEU21 FROG. UNIJUNCTION

TRIACS

£1.25
3/£1

100/£15
3/£1

DIACS 01

NEC TRIAC ACO8F 8A 600V TO220
5/£2 100/£30
TXAL225 8A 500V 5mA GATE
2/£1 100/£35
BTA 08-400 ISO TAB 400V 5mA GATE
90p
TRAL2230D 30A 400V ISOLATED STUD
£5 ea
TRIAC 1 A 800V TLC381T 16k AVAILABLE
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

£3
£4
£3

PHOTO DEVICES

HI BRIGHTNESS LEDS CQX24 RED
SLOTTED OPTO-SWITCH OPCOA OPB815

5/£1

£1.30
50p
El

T2NL5871

7P7HOTO TRANSISTOR
TIL38 INFRA RED LED
4N25, OP12252 OPTO ISOLATOR
PHOTO DIODE 50P
MEL12 (PHOTO DARLINGTON BASE r4/c)

5/£1

50p

6/£2
50p
LED's RE:D 3 or 5mm 12/£1
100/£6
LED's GREEN OR YELLOW 101
100/£6
FLASHING RED OR GREEN L D 5mm 50p
100/£40
HIGH SPEED MEDIUM AREA PHOTODIODE RS651995
£10 ea

STC NTC BEAD THERMISTORS
G22 220R, G13 1K, G23 2K, G24 20K, G54 50K, G25
200K, RES 20°C DIRECTLY HEATED TYPE
£1 ea
FS22BW NTC BEAD INSIDE END OF 1" GLASS PROBE
RES 20°C 200R
£1 ea
Al 3 DIRECTLY HEATED BEAD THERMISTOR 1k res.
ideal for audio Wien Bridge Oscillator
£2 ea

CERMET MULTI TURN PRESETS 3/4"
lOR 2OR 100R 200R 250R 500R 2K 21(2 2K5 5K 10K 47K
50K 100K 200K 500K 2M
50p ea

IC SOCKETS
14/16/1820/24/28/40 -WAY DIL SKTS
8 -WAY DIL SKITS
32 -WAY TURNED PIN SKTS. 7k available
SIMM SOCKET FOR 2 x 30 -way SIMMS

£1 per TUBE
£2 per TUBE
3 for £1
£1

SOLID STATE RELAYS

40A 250V AC SOLID STATE RELAYS

£10

POLYESTER/POLYCARB CAPS

220n 63V 5mm
1 n/3r13/5n6/8n2/10n 1% 63V 10mm
10n/15n/22n/33n/47n/66n lOmm rad
100n 250V radial 10mm
100n 600V Sprague axial 10/C1
2p2 160V rad 22mm, 2p2 100V rad 15mm
10n 33n 17n 250V AC x rated 15mm
1p 600V ;AIXED DIELECTRIC
1p0 100V rad 15mm, 1110 22mm rad

20/£1 100/£3
100/£5
100/£3.50

100/C6(Cl)
100/£10
10/£1

50p ea
100/£6

RF BITS

CONHE X 50ohm PCB RIGHT ANGLE PLUG
ITT/SEALECTRO 051 053 9029 22-0 4K AVAILABLE
2f1

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
70p
CERAMIC FILTERS 4M5/6M/9M/10M7
60p ea
FEED THRU' CERAMIC CAPS 1000pF
10/r£51
SL610

MINIATURE RELAYS Suitable for RF

5 volt coil 1 pole changeover
5 volt coil 2 pole changeover
12 volt coil 1 pole changeover

£1
£1

MONOLITHIC CERAMIC
CAPACITORS
10n 50V 2.5mm
100n 50V 2.5mm or 5mm
100n ax d'iort leads
100n ax long leads
100n 501i dil package 0.3" rad
1µF 50v Smm

100 £4.50
100 C6

100 £3
100 £5
100 £8
£6 100

STEPPER MOTORS

2 CENTRE -TAPPED 9 VOLT WINDINGS 7.5° STEPS

MAIL ORDER ONLY
MIN. CASH ORDER £3.00. OFFICIAL ORDERS WELCOME
UNIVERSITIES/COLLEGES/SCHOOLS/GOVT. DEPARTMENTS
MIN. ACCOUNT ORDER £10.00
P&P AS SHOWN IN BRACKETS (HEAVY ITEMS) OTHERWISE 65p

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

ELECTRONICS WORLD+WIRELESS WORLD

£2

£1.25
c£4.0500
£2.50

SEND £1 STAMPS FOR CURRENT IC +SEMI STOCK LIST - ALSO AVAILABLE ON
3V2" FLOPPY DISK
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1N4004 SD4 lA 300V
1N5401 3A 100V
BA158 lA 400V fast recovery
BY127 1200V 1.2A
BY254 800V 3A

VISA

£4

PROGRAMMING FLEXIBILITY FOR PROFESSIONALS
SPIERMA TER 1000

HARDWARE FEATURES

- LOW COST, UNIVERSAL PROGRAMMER
- EPROMS, EEPROMS, FLASH EPROMS, NVRAMS,

PC -BASED PROGRAMMERS

UK DESIGN, MANUFACTURE AND SUPPORT

SERIAL EEPROMS, PALS, GALS, PEELS, EPLDS

- NO MESSY INTERNAL CARD

- SUPER FAST PROGRAMMING e.g. 27C256
(32kx8) IN 4.5 Seconds

PLUGS DIRECTLY INTO PARALLEL PORT (LPT1-3)

EASILY TRANSPORTABLE BETWEEN MACHINES

WORKS WITH XT, AT, 386, & 486. EVEN LAPTOPS!
INCREDIBLY FAST PROGRAMMING TIMES
- FLEXIBLE DESIGN MEANS NO ADAPTORS NEEDED
FOR MOST DIP PACKAGES

- JEDEC TEST VECTOR SUPPORT FOR PALS

- INCLUDES PAL DEVELOPMENT SOFTWARE

- UP TO 40 PIN DIPS
WITHOUT ADAPTORS

f445

- UPGRADES BY FLOPPY

M/CROMASTER 1000

SOFTWARE FEATURES

- ALL FUNCTIONS OF SPEEDMASTER 1000
- MICROCONTROLLERS FROM T.I. (including
TMS370.SERIES, TMS77C82), INTEL, ZILOG,
MICROCHIP (PICS),
MOTOROLA, PHILIPS
AND OTHERS

- MENU DRIVEN
- FLEXIBLE FILE LOADING (HEX, BINARY, JEDEC)
- READS, VERIFIES, BLANK CHECKS, BIT TESTS,

f575

OVER -PROGRAMMES AND AUTO -PROGRAMMES
- CAN MODIFY PARAMETERS OF EXISITING MEMORY
DEVICES AND STORE IN USER DATABASE
- HANDLES SECURITY FEATURES OF ALL DEVICES

SPIERMA STIR 8000

- AUTOMATIC PAL TO GAL CONVERSIONS

- 8 WAY GANG/SET PROGRAMMER

- FULL BUFFER EDITING CAPABILITIES
- TEST VECTOR SUPPORT

- MASTER SOCKET
- EPROMS, EEPROMS, FLASH EPROMS

- UP TO 32 PIN
- PC OR STAND ALONE MODE
- SUPER FAST PROGRAMMING e.g. 8x27c256
(32Kx8) IN 6 Seconds

f645

Prices exclude VAT & delivery

ICE TECHNOLOGY LTD

UNIT 4, PENISTONE COURT, STATION BUILDINGS, PENISTONE, SOUTH YORKSHIRE S30 6HG
TEL +44) 0226 767404 FAX (+4410226 370434
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WE HAVE THE WIDEST CHOICE OF USED
OSCILLOSCOPES IN THE COUNTRY
TEKTRONIX 2445B 4 -Ch 150Melx D.S. with Cursors........(1754
TEKTRONIX 244SA 4 -Ch I SOMHz DS. with Cursors........L1300
.L700
IWATSU 55571 I 4-Ckinnel 100MHz Delay Sweep
TEKTRONIX 2336 Dual Trace 100MHz D& Ruggedised LINO
TEKTRONIX 2215 Dual Trace 100MHz Delay Sweep............ L000
TEKTRONIX 7603 Dual Trace 100MHz D.S. with Cursors MO
HITACHI V 10502 D.Tr. 100MHz Dual TB with 4 -Ch Mode 050
TEKTRONIX 475 Dual Trace 200MHz Delay Sweep ..............080_.

PHILLIPS PM2523 Multi Function DMM 4.5-53-clIgk with
Only L300
GPIBAFEE-488.
THURLBY PL320T-GP Bench PSU. 0-30V 2 -Amp Twice
with Gpig

HAND-HELD MUL1-1MET3S-digit DMIOS -14
Only L 18

R.1. DC ZA.P

M235S - 32 ranges AC/DC 10 Amp, Diode/Trarnistor
Tenet Freq cc...re. ...............................................Only L32.30

RACAL/DANA RF Power Meter 9101._..._1.1100
RACAL/DANA 202 Logic State Analyser with 68000

TEKTRONIX 2215A Dual Trete 60MHz Delay Sweep ....-....000
Delay Sweep ..............1400
TEKTRONIX 7403 Dual Trace
HUNG CHANG OS690 D.Tr. SOMHz D.S. Unused
,375

Di.,,,),,,,,,elec,........,

PHILIPS PM3217 Dual Trace 50MHz Delay Sweep...................8488_

TEKTRONIX 2225 D.Tr. SOMHz Akernate TB
665
Magnificatn.
Dud Trace 60MHz Delay Sweep
HAMEG

- L4110

-LIN

GOULD 051100 Dual Trace 30MHz
BECKMAN 9020 Dual Trace 20M Ita
IWATSU C55070 Due Trace 20MH.
GOULD 0S300 Dual Trace 20MHz.
GOULD 0S250B Doe Trace 1SMHz

..C225
-F4'^,...;;

....`

D5 Dual Trace

L400
HITACHI V209 Dual Trace 20MHa (ACOC Operation)
TIRS 6 JUST & SAMPLE MANY 071*IS ilMULAILE

ELECTRON MICROSCOPES
A.E.I. Corinth SOO - Transmission
I.S.I. Super 1 I A - Scanning
1

MARCONI 2410 20GHz Microwave Counter..

LING

True 0115
SSG IMO Sig Gen 11391Hz-IGHz Synthielsatl......117S0

ARNELLMARCONI 26i

11800

MARCONI 2019 St Gen 80kHz-1040MHz

MARCONI
FARNELL Synthesized Ouillator DSC! -0.0001Ht-

..,27,

MARCONI TF2015 wkhcan Synchronism TF2171.
MARCONI

WAYNE KERR Lai.b1Mer.4210. Add...67ii::......

L500
£600

WAYNE KERR LCR Meter 4225. Accuracy 07.3%-.

LSOO

AVO AC/DC Breakdown Leakage A Ionisation Tester
RM2151/2..

L600

.

MARCONI DIGITAL FREQUENCY METERS
L130
L130

10MHz-80MHz
10MHz-200MHz

Type 2430A

Type 243IA

MARCONI UNIVERSALTER TIMERS
DC-100MHz
DC-520MHz

Type 2437
Type 2438

L 1 7S

L220

L300
THORN PSU 0-10V; 0-50Ampe Maenad.
red................(LBO
FARNELL PSU /460/25 0-60V 0-25Ainps
. LB
ARNELL PSU L300 0-30V)O-SArnps Metered.
TELEQUIPMENT CT7 I Curve Tracer
LISO
MARCONI TF2700 Universal LCR Bridge. Battery.........frorn (125
MARCONI TF2337A Auto Distort Meter 40014t, !kHz

eel%

L175

RACAL 9915 Frod4 Counter 1 0Hz-S2OMFh (Crystal Oven)

L 150

AVO MULTIMETERS
MODELS or 9 (what's available)._
Test Set No1 8X, 95X

.

.. L40 each

from L45

8 Mk S with Carrying Case ..

MARCONI TF2015 AM/FM 10-520MH: Sig Gen with
TF2171...

L500

RACAUDANA 51st Sig Gen 9084 0.01-104MH. ..........

TEKTRONIX 465 Dual Trace 10011111 Delay Sweep..............L.SO___

L400
L250

8 Mk 6 with Carry

L90
...L120

Case

All Meters Supplied with Batteries 8 leant

772016 AM/FM 10kHz-12011Hz with TF2173 ..-050

MARCONI TF2356/2357 Level Ow/Meter 20MHz the pai
Our £950
£175
MARCONI SANDERS Sig Source. Various mode... Cover Mg
400MHz-B&Hz.
iron, 1.300
RACAL 9009 Mod Mortar 10MHz-I.SGHz
L350
RACAL Instrumentation Recorders Store 40 and Store
......from (500
D
KEITHLEY 224 Progranenable Cwyent Source... -...............1 ION
FERROGRAPH RTS2 Recorder Test Set.
inilm £1,0

FARNELL S50520 Syndinned Sig Gen 10-520MHz........L600
FARNELL TTS520 Trournitter Test Set Consisting of RP /AF
Counter; 0.F Mod Mete, RF Power Meter: AF Voltmeter; AF
L600
Distortion Mete, AF Synthesiser
L1000
SOLD as a pair for ONLY .

SPECTRUM ANALYSERS
TEKTRONIX 494AP I OkHz 325GHz
ANRITSU MS688 I OkHz-4.4GHz

goo

IOMHz-16Fz
USN
HP i 417
HP 1117 with 85548 & 85528 500kHz-1250MHz .......... LI 500
LIMO
HP 140T with13554L & 8552A 500k/4z-1250MHz
.... £1258
HP 14IT with 8556A 685528 20H1-300kHz
TEKTRONIX 491 Option 01. 10MHz to 2GHs ............. LION

NEW EQUIPMENT
HAMEG OSCILLOSCOPE HM1005 Triple Trace 100MHz Delay
L792
Tmebase
HAMEG OSCILLOSCOPE HM604 Dual Trace 60MHz Delay
5,....,
L610
HAMEG OSCILLOSCOPE HP1203. 7 Dual Trace 20MHz
L.138
Componera Tester
HAMEG OSCILLOSCOPE HM205. 3 Dual Trace 20MHz Digital
L610
All other models available -all oscilloscopes supplied with
2 probes
BLACK STAR EQUIPNENT (PRP all units GS)
APOLLO 10 - 100MHz Comter Timer Ratio/Period/TIme
L222
interval etc
APOLLO 100 -100MHz (A3 above with more functions).......025
METEOR 100 FREQUENCY COUNTER 1001111s.................. L IMP
METEOR 600 FREQUENCY COUNTER 600MHz...................L135
1UKITOR SOO FUNCTION GEN 0.1H2-500kSis Sinersq/
L110

8wih85SSA8IFPlug.in

AS other Black Star Equipment available

OSCILLOSCOPE PROSES Switchable . 1 .10 (P&P (3)

Used Equipment -With 30 days guarantee. Menuals supplied If poseltsle.

STEWART of READING
10E31

CIRCLE NO. 131 ON REPLY CARD

L II

lil

UV.

WYKE HAM ROAD, READING, BE RKS RG6 I PL
Telephone: (0734) 268041. Fax: (0734) 351696. Callers Welcome 9arn-5.30pm Mon -Fri (until 8prn Thum).
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COMPONENTS LTD
* All items guaranteed to manufacturers' spec.
* Many other items available.
'Exclusive of V.A.T. and post and package'

1.20
1.25
1.55
1.25
1.30
1.45
1.90
2.35

1.48
1.65
1.85
1.45
1.45
1.85
2.50
3.10

MODULES/SIMMS
256Kx9-70ns 11.60
1Mx9-70
(3 chip)

27.60

1+

100+

STATIC RAMS
3.00
62256LP-100
4.20
62256LP-70
1.50
6264LP-100
0.75
6116LP-100
628128LP-80 12.60

2.15
2.45
1.35
0.65
11.50

100+

1+
EPROMS
2764A-250
27C64-150
27C128-150
27128A-200
27256-250
27C256-200
27C512-150
27C010-150

8.30

DRAM
4164-10
41256-100
511000-100
514256-80

1.00
1.05
3.40
3.30

0.81

0.85
2.85
2.65

23.60

74LS, 74HC, 74HCT Series available

Phone for full price list

ORION COLOUR BAR GENERATOR Pal/TV/Video..............L229

rho e a VERY SMALL SAMPLE OF STOCK. SAE ce Telephone for lists Please check availability before ordering.
CARRIAGE all unks LIE VAT to be added to Total of Goods and Carriage.

1

KESTREL
ELECTRONIC

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.
CIRCLE NO. 132 ON REPLY CARD
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SIGNAL PROCESSING

Applying digital
signal
processing
this: all advanced microprocessors and digital

signal processors have C compilers; C has
become the defacto standard programming

Digital signal processing
(DSP) has become a
growth area in the
development of electronic
systems. The low cost and
availability of high
performance digital signal
processors has enabled
the system designer to use
many of the DSP
techniques developed
over a decade ago. Allen
Brown examines a couple
of the most widely used
applications for the
technique.

language; C is machine independent; it is easier tc maintain and design for test a C program
than an assembly language program; once a C
prog-am has been debugged and is functional
then t is reusable, even if the target processors
are upgraded; the application of software engineering methods is generally easier for code
sourced in a HLL.
Hcwever the merit of C is only part of the
equaAon. The target hardware characteristics
also merit attention. The second generation of

Ten years ago the execution of the Fast
Fourier Transform was limited to main
frames and mini computers. Today it is
a standard algorithm run on all digital signal

digital signal processors were mainly fixed
point devices and many useful DSP algorithms coded in C require floating point precision and arithmetic. Although C compilers
for these processors have provision for coping

with floating point arithmetic (through the
calling of subroutines) the resultant code is

processors. The slow acceptance of digital signal processors over the past six years has been

often excessively long and inefficient in using

in part due to the difficulty of programming
them in assembly language and the generally
poor understanding of DSP algorithms.

result, it is common place to avoid the use of
floating point numbers when trying to implement DSP algorithms in C.

the processor's on -board resources. As a

Although many applications of digital signal

In general this is poor practice since the

processors are for real time systems where

HLL code becomes fashioned for a restrictive
class of target processors and would therefore

assembly language programming is usually a
must, there are many applications where batch
processing is the order of the day. This lifts
the burden off the software because C can be
used instead of assembly language.

As a programming high level language
(HLL) C has increased in popularity over the
past few years. There are several reasons for

August 1992 ELECTRONICS WORLD + WIRELESS WORLD

not be ideally reusable. However with the
recent appearance in the market place of sev-

eral floating point digital signal processors
(FP-DSPs) the appeal of coding DSP algorithms in C for non real-time applications has
been enhanced greatly. The FP-DSPs which
are currently available from the four main pro -
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cessor manufacturers are given in

Table 1. Each of the processors
in the table has an optimised C
compiler

which

naturally

employs the architecture of FP-

Manufacturer

Family and device Number

Texas Instruments

TMS320C30
TMS320C31
TMS320C40 (multiprocessing)
ADSP-21020
ADSP-21010 (low cost)
DSP32C
DSP3210(Multimedia processor)
DSP96002

DSPs. The principal feature is the

32 -bit by 32 -bit floating point
multiplier and accumulator (FP MAC) which performs its calculation in a single clock cycle. The
C compilers should therefore pro-

duce assembly language code
which contains instructions relating to the FP -MAC thereby

Analog Devices
AT&T

Motorola

Table 1. Floating point digital signal procesors
from the four main manufacturers

ensuring minimum assembly language code generation during the
C compilation phase.
Many DSP algorithms have been coded in C
and the availability of floating point devices
opens up new opportunities for applying DSP

techniques. A suitable text which contains
many listings (complete with floppy disk) has
been published by Embree and Kimble [1].

Applications
The Discrete Cosine Transform (DCT) is a
useful DSP algorithm for image storage and
transmission. For image storage purposes, a
compression of at 4:1 can be achieved with
relative ease using the DCT.
An image is subjected to a DCT to produce
a DCT image which is then compressed

before storage. To recover the image, its
stored DCT version is decompressed and the
resultant image is subjected to an inverse DCT
(i-DCT) thus producing a good rendition of
the original image.
When discussing images one uses the concept of spatial frequencies. A spatialirequen-

cy is related to the rate at which contrasts
change. If one area is totally black and the
adjacent area is totally white, then the spatial
frequency on the boundary between the two
areas is high. On the other hand if the adjacent
area is dark grey, then the spatial frequency on
the boundary between the black and the dark
grey areas is low. Therefore when there are

sharp contrasts, the spatial frequencies are

high. However in most photographs and
images the relative distribution of high spatial

frequencies is low and this fact is used to
Coefficient
Index 0,0

Increasing Spatial Frequency

Highest
Coefficient
Variance

Lowest
Coefficient
Variance

determine the amount of data area allocated to
each spatial frequency.

An image can be represented by a two
dimensional set or an array of elements
(f[m,n]). The function.f[m,n] is the intensity
(or greyness) of the image at the coordinate
m,n. Coloured images will consist of three elements for every coordinate m,n and these will
give rise to three distinct arrays which are pro-

(u,v) of If[te,1]) and a minimum
for large index values of f[u,v].
This is actually true for the majority of images. Therefore redundant
data can be by discarded by applying a discrimination quantisation
scheme based on the variance profiles which is referred to as zonal

coding. The quantisation value
(number of bits used to store each
pixel) depends on the index values
of flu,v1. Eight bits are allocated to

store low index values of fru,v1
whereas the high index values are
discarded completely (0 -bit allocation) with graduated values
between 8 and 0 for the intermediate indices. According to the zonal coding of
Fig. 1 the distribution of quantisation levels is
shown in Fig. 2. This is equivalent to low pass
spatial filtering. Using this technique a com-

pression ratio of the order of 4:1 can be
achieved - an average 8 -bit pixel can be compressed into 1.5 bits.

Having established a technique for image
compression, the next hurdle is to implement
cessed separately, one for each primary efficiently the DCT. It is well known that the
colour. In the following discussion only one discrete Fourier transform (DFT) requires N2
array will be considered (monochrome) but calculations (where N is number of pixels) and
when the Fast Fourier Transform is used the
the argument is applicable to colour images.
On a screen the image would be made up number of calculations is reduced to Mog2(N).
from M X N pixels (picture elements) and the When applied to the DCT the number of calculations is reduced from N4 to [Nlog 2(N)12.
Discrete Cosine Transform is defined (1) as:
To implement a fast transform in 2 -dimenm=114-1 n=N-I
sions
a block coding method is used such that
,i4JC N[n,v]
F[U,V]= 1,*
f[m,n]C
an image (flm,n1I can divided into many sub m=0
n=0
images of 16 X 16 pixels (the size of the zonal
coding in Fig. 2) and the DCT and zonal codwhere
ing is applied to each sub -image. When starting with an image of 256 X 256 pixels, by
= cosr (2M +uu'rl
C
L
2M
using block coding the improvement in speed
is a factor 256. However the problem with this
In general the images (and their DCT) tend to method is that, during the reconstruction, the
be square therefore N = M. u,v are the spatial sub -image boundaries become perceptibly vis-

frequency variables (coordinates in the frequency domain) which have values ranging
from 0, 1, ...(N-1) and (f[u,v] } is the image

ible thus degrading the appearance of the
image. But for many applications (fax

machines for example) the added degradation
is acceptable.
For colour images this process is performed
The i-DCT, which is the restored image is
for each primary colour. It is quite possible to
defined (2) as:
code a fixed point digital signal
u=m --1
processor using C to perform
I F[u,v]c[u]c[r]C m[ni,u]C N[n,v]
[m,n]=
=0
this image compression tech=()
nique. However to ensure effiwhere, c[k] = 1 when k = 0 and 2 for all other
cient compilation, it will be necessary to
remove all references to floating point numvalues of k. Data compression can be achieved
because of the large degree of redundancy in bers and divisions from the source code. In
images. Normally each value of ff[u,v]1 is effect it will be necessary to tailor the code to
stored as a byte. However much of flu,v11 the target hardware. By using a floating point
contains very little information from the orig- DSP, this restriction is removed leaving the
software engineer to use the full range of
inal image U[m,n] I therefore a lot of ff[u,v]1
options offered by the ANSI C standard.
is redundant and can be discarded.
How do we measure the information content Specific application areas where image comof a set of pixels? One way is to measure the pression can be used include the manufacture
of fax machines which emphasise the fast
variance of .fiu,v1 over a set of images. If the
variance is low then the information content is transmission of images.
result of performing the process in Equation 1.

1

also low. When a DCT is performed on an
Figure 1 Zonal coding resulting from the
application of the Discrete Cosine Transform on
an image.
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image, the variance values tend to have a con-

tour profiles as seen in Fig. 1. The variance
tends to be a maximum for low index values

Continued overpflo-
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SCHEMATIC DRAWING
FOR WINDOWS
ISIS ILLUSTRATOR combines the high functionality of our DOS based ISIS products with the
graphics capabilities of Windows 3. The result is the ability to create presentation quality schematics
like you see in the magazines. ILLUSTRATOR gives you full control of line widths, fill styles, fonts,
colours and much more. When the drawing is complete, transferring it your WP or DTP program is
simply a matter of cutting and pasting through the Windows Clipboard.

Features
Runs under Windows 3.0 or 3.1.
Full control of drawing appearance including line
widths, fill styles, fonts, colours and more.
Curved or angular wire corners.
Automatic wire routing and dot placement.
Fully automatic annotator

Comes complete with component libraries; edit
your own parts directly on the drawing.
Full set of 2D drawing primitives + symbol
iibrary for logos etc.
Output to Windows printer devices including
POSTSCRIPT and colour printers.
-oads ISIS SUPERSKETCH and DESIGNER
files directly.

ISIS - Intelligent Schematics

ARES - Advanced Routing

ISIS SUPERSKETCH (from £69)
A superb entry level schematic drawing package offering
all the editing features of ISIS DESIGNER but without
the netlisting, bill of materials and electrical rules check
features.

PCB II (£69)
Our Graphical User Interface makes this PCB drafting
package exceptionally easy to learn and use. Advanced
features include Auto Track Necking, Gerber viewing,
curved tracks, and DXF export.

Extended device library available for an additional £30.

ARES (£275)

ISIS DESIGNER (£275)
Provides all you need to create and edit schematics prior
to further processing with ARES or other EDA software.
Through the provision of user definable menu options
and a special script language, ISIS acts as a 'framework'
from which you can control all your CAD software.
ISIS DESIGNER+ (£475)

This top of the range schematics package adds
hierarchical design, automatic annotation/packaging,
ASCII data import and Design Global Annotation to
make it one of the most advanced schematics packages
available for DOS.

cipconer
Electron ics

This package offers multi -layer, netlist based PCB
design together with Power Plane Generation, EMS
memory support
DESIGNER+.

and

back -annotation

to

ISIS

ARES AUTOROUTE (£475)
Adds a multi -strategy auto -router to ARES to provide

the ultimate in design automation. Special strategy
management features allow all design rules to be
defined in ISIS so there is very little setting up to do.

Also available as ARES 386 - a 32 bit version offering
up to 400% faster operation, virtually unlimited design
capacity and 1024x768 graphics support.

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

14 Marriner's Drive, Bradford, BD9 4JT.
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Fig. 2. In zonal coding, the variance zones are
allocated different quantisation values. Most of
the image information is contained in the low
index (top left) values hence they have the
quantisation values of 8 -bits
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CD-ROMs arc essential components of

equation given in Equation 2. Expanding

The new version of C will make DSP algo-

Multimedia systems and efficient methods of
image compression are vital. Although signal
compression process outlined above can be

Equation 3 gives two recursive equations (4):

rithm coding much easier and Analog Devices

performed by the 80486 CPU in a PC, the
throughput would be unnecessarily slow. This

type of intensive processing task is best off-

loaded with relative ease to an auxiliary
expansion card hosting a FP-DSP.

Other uses
Signal generation is another application well
suited to FP-DSPs, in the realisation of a two
phase quadrature oscillator based on recursive
processing [2]. This can be represented by the
expression (3):

R(tt +1)=

Rooer2./ra

are in the process of producing a version

C(n+1)=C(n)cos(27ra)-S(n)sin(2ira)
S(n+1)=C(n)sin(2ga)+ S(n)cos(Dra)
which can implemented with relative ease in
assembly language or in C as shown in Listing
1. If the program is executed on a fixed point
processor (after tweaking to avoid the floating
point calculations) there are problems. There
is a slight growth in signal amplitude due to
the round off effects. However when implemented on a FP-DSP directly, this effect does
no occur on the same scale. Figure 3 shows

where the frequency is set by the phase factor
2Troc. The frequency is given byl= ot/ts where
t, is the time for one iteration of the difference

Refrerences
M Embree & B Kimble, C Language
Algorithms for Digital Signal Processing, Prentice
Hall 1991.
121R J Higgins, Digital Signal Processing in
VLSI, Prentice Hall 1990.

the output of the algorithm in the form of a
Lissajous Figure consisting of 512 data samples.

This algorithm can be used to great effect in

and

R(n)=C(n)+./S(n)

called DSP/C for their ADSP-210xx processors and this will be reviewed is a later edition
of EW + WW.

applications, some of these are:
quadrature amplitude modulation (QAM)
several

requires the generation quadrature signals of
precision frequency and low harmonic distor-

tion; generating the twiddle (phase) factor
when excising an FFT; as a frequency gener-

ator with precision frequency and amplitude
control.
a

When designing a DSP based system using
floating point processor, consideration

should be given to the software engineering
aspects together with savings in cost. This will
necessitate careful attention to the advantages

offered by C language compilers. The imminent announcement from the ANSI group of
the new version of C especially devised for
mathematical programming is an interesting
development. Referred to as Numerical C, it is
designed to deal with matrices and vectors.
For example, to convolve two matrices, the
following code would be used:

float a[100], b[100], c[100] ;
void vector_convolve() {
c[;] = a[;] @@ b[;]
;

Listing 1
/*Two phase quadrature oscillator */
#include<math.h>
#define PI 3.141592653
#define alpha 0.01 /* define the
frequency */
float C[2], S[2], cosine, sine ;
main()
cosine = cos ( 2 * PI * alpha )
sine = sin(2 PI * alpha);
C[0] = 1.0 ;
S[0] = 0
;

loop:

C[1] = C[0]*cosine - S[0]*sine
S[1] = C[0]*sine + C[n]*cosine;
/* output C[1] and S[1] here */
C[0] = C[1];
S[0] = S[1];
goto loop;

Fig. 3. Lissajous figure generated from

combining the output from the quadrature
algorithm Eq:4.
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been recognised for specific elements of terminals, there has been neglect of the concept
of a complete radio system design using these
new techniques. Development of a systems
architecture that would rationalise and
enhance the optimal use of embedded processing is seen as offering benefits to system
designers. A generic architecture was outlined
that provides the benefit of linking the system
performance independently so increasing computational power (both for the DSP devices
and the general purpose computer host) as
well as improving signal interface technology.

Professor J E Pearson (King's College
London) presented a paper on behalf of
Jianjun Wu and A H Aghvami on implementation of an IF adaptive equaliser for digital

Practical implementation of a bandpass sigma -delta A -to -D converter (source A M Thurston
and M 01 Hawks ford).

radio communications. The equaliser has

Look -up table

already been shown to be capable of providing

significant compensation for multipath selective fading and, by increasing the number of
stages of the Bode bell network, being applicable to high -capacity digital radio communications systems. It is controlled by a microprocessor with improved Kalman algorithm to
update the gain of the Bode networks. A four stage Bode bell network equaliser has been
implemented using parameters given by cad.

DSP pros and cons
At an 1EE tutorial colloquium -"Circuit theory and DSP" earlier this year, Professor L F
Lind (University of Essex) reviewed the pros
and cons of DSP. Among the advantages, he

D -to -A
cony.

Increment
register

Sample
pointer

Inte rupt
generator

Ove flow
monitor

Lowpass

Synthesised
sinusoidal
waveform

listed:

Precision: no drift with time; 32 -bit floating

A flexible look -up table -based synthesiser for Piccolo -type data modem (source P D 1 Clark and

point arithmetic available, an absolute repeata-

M Darnell)

bility from unit to unit.
Versatility: ability to perform both linear and
non-linear functions; chips with a powerful

culties for two-way speech.

instruction set.
Limited time delay: Whereas analogue coils
and capacitors have a (theoretically) infinite
memory of past events, a finite impulse

response filter has a limited memory which
may be useful in avoiding pattern dependent
errors such as timing jitter.
Linear phase: can be achieved with FIR titters.

One-way operation: There is no unwanted
effect on input samples from output values.
Pitfalls include the need for support hardware

But with the improved DSP chips now
becoming available, the pluses can much
exceed the minuses. Further benefits of DSP
presented by Prof Lind included: time multitexing enabling one DSP to be used as a multi ection transmit filter, a multisection receive
filter, and a peak detector circuit; noise immu-

nity giving freedom from crosstalk, mains
hum etc with perfect regeneration of noisy
pulses: the increasingly -digital environment
makes it natural to use DSP processing algorithms as additional system software.

(crystal clock, read -only -memory, A -to -D and

Cost/performance trade-off

D -to -A converters, power supply, shift regis-

As DSP chips continue to evolve and become
less costly a variety of cost/performance trade-

ters, input and output conditioning filters).

Control path

CPU

RX

',TX

6(5,4

Positive mon'toring
iSq

2°61,66,

Signal path

Active tone generation (modem)

Proposed generic architecture for multifunctional terminal (source M Gallagher and
M Darnell).

Also, to amplify an analogue signal by ten, the
cost of support hardware is larger than that of
a complete op -amp solution. Currently, ana-

offs are new available, making it possible to

tation where a set of signal samples are repre-

have several chips in a system working in par-

logue circuits work at higher speeds too,

designers. High-level software is improving easing the design burden - and floating-point
computation, increased speed, lower power
consumption, lower cost, and more bits/dataword are all factors receiving attention of the
chip designers.
Professor Maurice Bellanger (CNAM,
Paris) stressed that virtually all forms of digital signal processing techniques can and will
find application in communications and broadcasting (digital filters, filter banks, adaptive
fitters and vector quantisation-code represen-

sented by a code). He concluded that: "The
most striking point is the ever-increasing processing which is being considered for more

although DSP chips are improving, with higher clock frequencies and multi -action instructions.

Another drawback is that to achieve optimum performance from DSP, microcode must
be used - which takes a long time to learn. A
complicated system code can take months to

write, is then difficult to change and the chip
(and instruction set) may suddenly become

obsolete. The delay time of an FIR filter
(some 16ms with 256 taps) may present diffi-

allel and opening new vistas for system

August 1992 ELECTRONICS WORLD + WIRELESS WORLD

and more diverse and demanding applications:

speech coding, computer data compression,
HDTV coding, hands -free telephony. While

the technology is more and more ready to
offer the necessary computation power, the
designer has to cope with the complexity of
operations. To handle these challenges successfully, the designer needs good computer aided -engineering cae tools as well as regular
contacts with current research in order to be
aware of the latest results."
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Handier interfacing
for data communication
on the move
In portable applications,
the 25 -way D -connector
specified in RS232D is a
distinct embarrassment.
SN75C185 allows
implementation of the

Some technologies - like communications
using the I -IF hand - never seem to die,
despite repeated predictions of their
imminent decease. The RS232 standard is a
prime example: it just goes on and on, because
it is so useful.
As a result, most semiconductor manufac-

cal equipment. and laptops. In these applica-

turers produce ICs specifically designed to
implement the interface, in place of the discrete component interface circuits originally

ment this version of the RS232D interface.
Built-in circuitry provides 30V4ts limiting for

DB9S nine -way
D -connector

size/cost/weight/power consumption sensitive
applications such as hand-held test and medi-

used.

The .SN75C185 is particularly aimed at

tions, the size of the 25 -way D -connector
specified in RS232D (see box) is a distinct
embarrassment, and a de -facto standard has
grown up around the DB9S nine -way D -connector. The SN75C185 provides just the driving and receiving elements needed to imple-

the transmitters and lowpass input filters reject
spikes and impulsive noise for the receivers.
Figure 1 shows the device's three transmitters and five receivers connected to a nine -pin
D connector, and indicates clearly the simple

Developing the standard
RS232 was introduced by the Electronic
Indutries Association in 1962, originally as
an attempt to standardise the interface
between data terminal equipment (DTE),
such as the serial communications port of a
computer, and associated data
communications equipment (DCE), eg a
modem interfacing to a telephone line or
whatever.
But, other applications were quick to
adopt the standard and its use in PCs rapidly
ensured that it became the industry
specification for all low-cost serial interfaces
between a DTE and a peripheral - mouse,
plotter, printer etc. The C revision, RS2323C,
appeared in 1969 and is still often referred to
though it was superseded by RS232D in
1986.The revision largely brought it into line
with CCITT V24 and V28, and with ISO
152110.

In addition to defining line signal
characteristics in terms of voltage levels,
impedances and rates of change, RS232D
also specified the mechanical interface as a
25 -way D -connector.
Under the standard, a fully interlocked
handshaking system controls the exchange
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of information over the link.
V24 defines many more lines than
RS232D, but those that are common are
compatible, and few practical applications
use, or even implement, all of the lines, the
most commonly used being listed in Table 1.
Characteristics of the signals over the
communication link - an unbalanced line are summarised in Fig I. Note that while
RS232C specified a maximum line length of
15m, RS232D does not specify a maximum
length. Instead, a maximum cable
capacitance for any line of 2500pF is
specified. Assuming a typical 150pF/m, the
specification comes to much the same thing.
With this length of line and given the
specified maximum data rate of 20kb/s
Fig. 1. Electrical details of the 232D.
Maximum data rate 20kb/s; max cable
length depends on capacitance; single ended
system; receiver input impedance RT=3-7112;
driver power -off impedance R5>30042; load
capacitance <2500pF; output rise/time falls
within the transition region: 1 ms beiow
40b/s, 4% of pulse duration (50%) 30 to
8000b/s and 5p.s >8000h/s; slew rate 30V/µs

Single interface line (1 off 25)
+12V

+5V

TTL CMOS
Signal wire

level

TTL CMOS
level

Rs

-12V

Reference wire

+5 to 15V

Interchange
signal

+3V

Space

ov - - -3V

-5 to 15V

Transition region

-3 to +3V

max.
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input of the first via one of the spare receivers

vcc

EIA-232
Port

0O

0
0

0
0-

DCD

RA1 RY1
RA2 RY2

RX

RA3 RY3

RTS

DY1 DA1

TX

DY2 DA2

CTS

DTR
RI

3-

-E VDDCC

DSR

(Fig. 3) puts the output of a receiver at logic
levels, nominal ground or +5V. One receiver
will quite happily drive another because, with
its single +5V supply, the receiver's threshold
voltages are typically +2.1V and +1.0V (positive -going and negative -going respectively,
the IV or so of hysteresis providing additional noise rejection to supplement that provided
by the input lowpass filter).

Logic diagram
(positive logic)

Pin 2

The resultant odd number of inversions

[ RA4 RY4

round the loop represents negative feedback,
acting to make the devices all sit half -on and
half -off. But the propagation delay round the
loop ensures that the loop phase shift is way in
excess of 180° at the frequency at which the

E DY3 DA3
C RA5 RY5
GND

3-

Fig. 1. SN75C185's three transmitters and five
receivers connect to a nine -pin 13 connector.
Simple interfacing is provided by the flow through pin -out architecture.

RY1

RA2

Y2

RA3

RY3

DY1

_DA1

DY2

DA2

RA4

RY4

19

DY3

loop gain has fallen to unity. In other words.
we have a ring oscillator.

SN75C185

RA1

9

RA5

Figure 4 shows the output of line driver
three at pin eight; the frequency of oscillation
is 31 kHz. With 3000pF capacitors from each

driver output to ground (in lieu of the rated

interfacing provided by the flow -through pin -

2500pF maximum capacitive load), the edges
slow down and as a result, the oscillation fre-

out architecture. A quick check on how the
device operates is made possible by the fact
that the drivers and receivers are inverting
(Fig. 2). Logic I becomes a negative level on

quency is pulled down to 21 .7kHz (Fig. 5).

edges. the transition time through the ±3V
range is a shade over 1.5µs, easily meeting

the line and a logic 0 a positive level (perhaps

both the RS232D and -C specs at 20kb/s and,

dating hack to the days of holes and lack of
them, in perforated paper tape). Connecting
the three drivers in series with three of the

with the rated 2500pF rather than 3000pF,
doubtless also the 1.5pts V28 spec. The

However. for both positive and negative going

receivers and then closing the loop back to the

Fig. 2. A quick check on how the device
operates is made possible by the fact that the
drivers and receivers are inverting.

Fig. 4. TX and RX waveforms of a ring
oscillator.

+10V

SN75C185 is only one of a range of RS232D

interface devices available from the same

0V

-1 0 V

+5V
0V

Fig. 3. SN75C185 under test as a seven -stage ring oscillator.

(more likely 19.6kb/s in practice),
reflections are not a significant problem. So
the line's characteristic impedance is not
specified and terminating resistors are not

Table 1. RS232 signal designations.
Designation

DB25S pin Common usage
Interface ground reference
Pin 7
From the DTE to the DCE
Pin 2
From the DCE to the DTE
Pin 3
DTE informing the DCE it wants to
Pin4
Also used to control direction of

Signal ground
Signal out
Signal in
Request to send
transmit.

SG

Clear to send

CTS

Pin 5

DCE ready

DSR

Pin 6

DTE ready

DTR

Pin 20

Received line signal detector

DCD

(Pin 8)

Ring indicator

RI

(Pin 22)

SOUT
SIN
RTS.

communication in half -duplex system
DCE informs the DTE that the DTE may
transmit. This is usually in response to a
RTS and its own ready condition
The DCE informing the DTE that it is
connected to a communications channel
and all dialling, talking, testing etc is over.
(Also called data set ready.)
The DTE informing the DCE that it is ready
to transmit or receive data
The DCE informing the DTE that it is
receivirg valid signals over the channel.
Sometimes called carrier detect
The DCE informing the DTE that a ringing
signal is being received on the
communication channel. (Used in auto answer systems)

August 1992 ELECTRONICS WORLD + WIRELESS WORLD

used.

Traditionally, to meet the specified
minimum driver output swing of ±5V, the
output stage uses +12V and -12V supplies.
But a single +5V supply suffices for the
receiver, even though, in principle, positive
and negative supplies would permit a
slightly greater noise immunity margin.
V28 specifies that for data lines, the time
taken for the line voltage to pass through the
±3V transition region should not exceed
1 ms or 3% of the nominal element period,
whereas RS232C and -D both specify 1 ms
or 4% (or .51.6 above 8kb/s, in the case of
RS232D). Any device meeting the V28 spec
will easily meet both RS232C and -D.
Transition time should not exceed 1ms for
control signals, but for all signals, the
minimum transition time (200ns) is set by
the maximum permitted slew rate of 30V/µs,
to minimise crosstalk and radiation.
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Fig. 6. SN75C185
incorporates a loop -back

SN75186

>

Tx
10

Control

test facility, providing a
powerful diagnostic test.

Tx

S1

- -1
S2,1

Rx

0Rx

Loopback control

-->°- -

I

DTE

Loopback

an associated DTE (Fig. 6).
These Texas Instruments

ICs can be used with volt-

DVR/RCVR 1

ages other than the usual +

Fig. 5. TX and RX waveforms with 3000pF
loading on each TX output, pins 5, 6 and 8.

DTR

and -12V Vdd and V, supplies. For example, + and

CTS

-5V can be used, permitting

Tx

Vdd to be common linked
with the +5V Vc, rail used
to power the receivers. Of

DVR/RCVR 2

manufacturer. The SN75C198/189 ICs are

course, the TX outputs can

Rx

four line drivers and receivers offering unusually low dissipation when driving a fully loaded RS232D interface, while the SN75/86 is a

DVR/RCVR 3
DTE
DTR

+15V and -5V to -15V

CTS

space and mark level voltages. But at ±4.5V typical
(±4V min) they come close.

really bomb -proof device with some extra
very useful facilities. The /86 will withstand a

short from a ground referenced + or -30V

DVR/RCVR 4

supply to any of its EIA RS232 input or output

pins, and furthermore has an ESD (electrostatic discharge rating) in excess of 4000V
when tested per MIL -STD -833C (method
3015). Four transmitters and four receivers all conforming to V28 and RS2323D - 30V/µs

not then quite meet the
RS232D specified +5V to

Indeed, this represents

a

very minor departure from
The extra plus is loop -back control, permitting any receiver to be disconnected from
the incoming line and patched to the TX out-

driver slew -rate -control and preset li_ts receiv-

put of its associated transmitter by a loop -back
control -input pin. So fault-finding routines can

er filtering are all included on chip.

be built in, using the intelligence available in

Many Radio Amateurs and SWL's are puzzl
strange signals you can hear but not identify on
them such as CW, RTTY, Packet and Amtor y
the many other sign

the standard compared to some of the naughty
(non -)implementations of RS232 that exist.
Some cut-price versions even dispense with
the negative -going aspects entirely, relying on

the fact that the receiver thresholds are both
positive.

d. Just what are all those
he Short Wave Bands? A few of

u'll know - but what about
Is?

Hoka Electronics have the answer! There are some well known CW/RTTY decoders with limited facilities and high prices, complete
with expensive PROMS for upgrading etc., but then there is CODE3 from Hoka Electronics! It's up to you to make the choice - but
it will be easy once you know more about Code3. Code3 works on any IBM-compatible computer with MS-DOS 2.0 or later and
having at least 640k of RAM. The Code3 hardware includes a digital FSK Convertor unit with built-in 230V ac power supply and
RS232 cable, ready to use. You'll also get the best software ever made to decode all kinds of data transmissions. Code3 is the
most sophisticated decoder available and the best news of all is that it only costs £299!
Morse - Manual/Auto speed follow. On screen WPM indicator
FITTY/Baudot/Murray/ITA2/CCITT2 plus all bit inversions
Sitor - CCIR 625/476-4, ARQ, SBRS/CBRS FEC, NAVTEX etc
A X25 Packet with selective callsign monitoring, 300 Baud
Facsimile, all RPM/IOC (up to 16 shades at 1024x768 pixels)

ARQ6-90/98 - 200 Baud Simplex ARQ
SI-ARQ/ARG-S - ARO 1000 simplex
SWED-ARO/ARQ-SWE - CC1R 518 variant
ARQ-E/ARQ1000 Duplex
ARQ-N - AR01000 Duplex variant

Autospec - Mk's I and ll with all known interleaves
DUP-ARQ Artrac - 125 Baud Simplex ARQ
Twinplex - 100 Baud F7BC Simplex ARQ
ASCII - CCITT 6, variable character lengths/parity

ARQ6-70 - 200 Baud Simplex ARQ
POL-ARQ- 100 baud Duplex ARQ
TDM242/ARQ-M2/M4-242 - CCIR 242 with 1/2/4 channels

TDM342/ARQ-M2/M4 -CCIR 342.2 with 1/2/4 channels
FEC-A - FEC 100A/FEC101
FEC-S - FEC1000 Simplex
Sports info. - 300 Baud ASCII F7BC

ARQ-E3-CCIR 519 variant

Hellscreiber - Synch./Asynch
Sitor RAW - (Normal Sitor but without synchronisation)
F7 BBN -2 -channel FDM RTTY
COMING SOON: Packtor

All the above modes are preset with the most commonly seen baudrate setting and number of channels which can be easily
changed at will whilst decoding. Multi -channel systems display ALL channels on screen at the same time. Split screen with one
window continually displaying channel control signal status e.g. Idle Alphas/Beta/RQ's etc., along with all system parameter

settings e.g. Unshift on space, Shift on Space, multiple carriage returns inhibit, auto receiver drift compensation, printer on, system
sub -mode. Any transmitted error correction information is used to minimise received errors. Baudot and Sitor both react correctly
to third shift signals (e.g. Cyrillic) to generate ungarbled text unlike some other decoders which get 'stuck' in figures mode!
Six Options are currently available extra to the above standard specification as follows: 1) Oscilloscope. Displays frequency against
time. Split screen storage/real time. Great for tuning and analysis. £29. 2) Piccolo Mk 6. British multi -tone system that only we can
decode with a PCI £59. 3) Ascii Storage. Save to disc any decoded ascii text for later processing. £29. 4) Coquelet - French multi tone system, again only on offer from Hoka! £59. 5) 4 Special ARQ and FEC systems i.e. TORG-10/11, ROU-FEC/RUM-FEC, HC-ARQ
(ICRC) and HNG-FEC. £69. 6) Auto -classification. Why not let the PC tell YOU what the keying system is? £59.
NEW VERSION 4.00 JUST RELEASED - Now with improved user interface and even more features!
Please add £5 to the above prices for Carriage by fully insured First Class postal delivery (default mode).
Call or write for our comprehensive information leaflet -there is just not enough room here to tell you everything about Code3!
Professional users - please ask about our new CODE30 DSP unit available soon! (Piccolo down to -12dB S/N I I). Prices start from £1250.

HOKA ELECTRONICS (UK)
26 Bury Road, Shillington, Hitchin, H - rts., SG5 3NY
Phone (0462) 711600 or Fax (04

) 711769

CIRCLE NO. 135 ON REPLY CARD
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for intrinsically safe working. The
delta -sigma oversampling technique
is used to give better performance
than found in V -to -F converters or the
multi -slope integrating type. Special
attention has been paid to line frequency elimination. Sequoia
Technology Ltd, 0734 311822.

Asics

Discrete active devices

cmos 3µ prototyping. For several

Transient suppressor. SA series

years, Mietec Alcatel has run a lowcost protoype service for 21.1cmos,
using the multi -project method of
processing several devices on one
wafer. The method is now available
for 40V and 100V bicmos devices,
providing low cost since masks and
fabrication are shared between
several projects;low lead time;
flexibility of design and manufacture
in the same environment as for
volume production. High -voltage
bicmos gives 150gates/square mm;
18V cmos, 40V bipolar and 100V
dmos; mixed analogue and digital
circuits; and 320pF/mm2 for the thin
oxide capacitors. Mietec Alcatel, +33
146 32 53 86.

transient voltage suppressors protect
equipment against spikes from 5V to
170V. These are glass passivated
chip junction devices with a surge
capability of 500W at 1ps and a
response time from zero to minimum
breakdown voltage of less than 1ps.
Steady state power derating is 5W
and operating temperature is -65 to
175°C. General Instrument (UK) Ltd,
0895 272911.

Fast 3V gate arrays. Gate delays of
0.21ns (about the time it takes a ray
of light to travel 2.5 inches), are
obtained in Toshiba's new sea -of gates arrays, which use the dram type 0.5micron cmos process. The
TC180G series uses a 3.3V supply,
the new standard, and consumes
65% less power than 5V types.
800,000 raw gates are available
(560,000 usable gates) and the cell
library is compatible with the earlier
TC163G series of arrays. Orders are
being taken from September 1992.

A -to -D & D -to -A

converters

PCM audio D -to -A. A new member of
Analog's Soundport family is the
AD1866, a stereo 16 -bit PCM audio
D -to -A converter operating from one
5V supply and needing only a few
externals. It has two independent
references, output amplifiers and
converters and DC bias pins position
the output signal at 2.5V to eliminate
the need for false -ground circuitry.
Distortion plus noise at 990.5Hz is
between 0.005% and 2% for inputs of
0dB to -60dB. Dynamic range is 90dB
and channel separation 115dB.
Analog Devices, 0932 253320.

Low -power A-to-Ds.Crystal
Semiconductor have a new family of
1.5mW (50µW standby) 16 -bit and
20 -bit analogue -to -digital converters,
CS5505/6/7/8, intended for use in
low -frequency measurements or

where low power consumption is
needed. No integrating capacitors are
needed, so the devices are suitable

RF power transistors. Philips's
BLV101A and B are chip transistors
with input and output matching
networks for operation at 800900MHz and 900-960MHz
respectively. Both are high -gain n -p -n

types delivering 50W at 960MHz and
at over 50% efficiency. Power gain for
the A version is 8.5dB minimum at
900MHz and 7.5dB at 960MHz for the
B. Collector/emitter rating is 26V.
Philips Semiconductors Ltd, 071 436
4144.

Beefy transistor. Zetex has a new
version of the Super E -line transistor,
the ZTX688, which has a saturation
voltage of 0.35V maximum at 3A and
a minimum gain of 400; at 0.1A,
saturation voltage is 0.04V - Jp to
four times lower than a darlington.
Peak current is 10A, at which gain is
100, while power dissipation is 1.5W
free-standing. Transition frequency is
150MHz. Zetex plc, 061 627 4963.

Linear integrated
circuits

Temperature sensor. Seiko's S 8100B cmos temperature sensor
comprises the sensor, a constant current circuit and an op -amp, all on
the same chip, to give a linear output
voltage of -8mV/K. Operating voltage
is 3V -5.5V, repeatability ±0.3% and
temperature range -40 to 100°C.
Linearity is claimed to be much better
than in other types such as
thermistors. Amega Electronics Ltd,
0256 843166.

VCOs. Fujitsu's D300 series of
voltage -controlled oscillators are
meant for use in satellite receivers,
CD players and digital audio tape
machines. The oscillators conform to
EIAJ standards and use a single
lithium tantalate crystal, which offers a
frequency variability of 0.1% and 100
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times better stability than LC or TTL
IC VCOs. Fundamental oscillation
frequency lies in the 4-30MHz range,
three sampling frequencies of 32kHz,
44.1kHz and 48kHz being selectable
by cmos logic levels. Fujitsu
Microelectronics Ltd, 0628 76100.

Video amplifier. Linear's LT1227
current -feedback video amplifier has
a 140MHz bandwidth, diff gain of
0.01% and diff. phase of 0.01°.
Output current is 30mA. With a supply
voltage range of ±2V to ±15V at
10mA, slew rate is 1100V/µs. A
shutdown pin switches the amplifier
into a high -impedance mode with a
supply current of less than 200µA,
which allows several devices to be
parallel connected and selected by a
logic level in 4ps. Linear Technology
(UK) Ltd, 0276 677676.

Tunable LP filters. Maxim's
MAX291/2/5/6 are eighth -order,
switched -capacitor low-pass filters,
which are tuned by the frequency of
the clock. The 291 and 295 exhibit a
Butterworth profile and the other two
a Bessel type. Ratio between corner
frequency and clock is 100:1 for the
291/2 and 50:1 for the 295/6, so that
tuning ranges of 0.1Hz-25kHz and
0.1Hz-50kHz are available.
Alternatively, an external clock can be
used, for example for a swept
characteristic. An inverting op -amp is
provided fo- use as a low-pass post or
anti -alias filter. Maxim Integrated
Products Ltd, 0734 845255

Frequency generators. All the many
clock frequencies needed on a large
motherboard can be supplied by an
Avasem frequency generator IC. A
reference frequency drives PLL
circuitry, the division ratios being
sfbred in rom, so that different
frequencies are derived from the
same reference. The range includes a
device with seven clock frequencies
for VGA displays and LCDs and
motherboard type with four clock
generators and eleven output clocks,
selected from mask -programmed

frequencies. Microelectronics
Technology, 0844 278781.

Small voltage reference. New
voltage references from National
Semiconductor, the LM4040 family,
are accurate to within 0.1% and come
in the SOT -23 pack. Curvature
correction provides an output voltage
drift of around 20ppm/degC over the
full -40°C to 85°C operating range
and output noise is about 350 RMS.
No external stabilising capacitor is
needed. Outputs in the family are
2.5V, 4.096V, 5V, 8.192V arid 10V.
National Semiconductor, 0793 697
428.

Frequency synthesiser. UMA1014T
from Philips is a low -power
synthesiser meant for use in
cellphones, pagers and the like and
forms part of the new chipset for
mobiles. It includes prescalers and
programmable dividers, with a view to
avoiding the problems of interfacing
with external circuitry: the
phase/frequency comparator is on chip. Comparator output settles
rapidly and needs very little filtering
before the VCO and, since charge pump current is stable, few external
components are needed. Active and
powered -down current requirements
are 13mA and 2.5mA. Philips
Semiconductors Ltd, 071 436 4144.

Logic building blocks
Fast, dense fifo. Running at 40MHz,
the Am7205A cmos first -in -first -out

memory is claimed to be the only 8K
by 9 fifo with an access time of 15ns.
It also, AMD says, has the lowest
operating current in the industry and
provides empty, half -full and full flags.
Advanced Micro Devices UK Ltd,
0483 740440
35V LCD drivers. H18010/20/40 from
Holt Integrated Circuits are cmos
display drivers which drive dichroic
and twisted-nematic LCDs and
vacuum fluorescent displays of up to
35V at 2MHz. They are cmos and

Oscillators. Four new clock oscillators are
on offer by AVX. HC1 is a cmos device
compatible with cmos or TTL circuitry and
with an enable/disab e pin; EH is designed
to withstand mechanical shock and offers
a frequency accurate to within 100ppm
from 0-70°C; K6805 produces a direct
drive for the Motorola MC68040
microprocessor, for which it generates a
stable symmetry with temperature; and
386 -HC is for use with the Intel 80386
microprocessor. AVX Ltd, 0252 336868.
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TTL compatible and need only clock,
data in and load inputs. H18010/20
drive up to 38 segments and the
H18040 up to 85, the latter also having
test inputs for display testing, optional
negative display voltage converter
and a fail-safe circuit. Britcomp Sales
Ltd, 0372 377779.

Data comms controller. Providing
transfer rates of up to 12Mb/s at
16.7MHz, the HD64570 serial communications adaptor from
Impulse carries out protocol
processing for Ian servers, gateways,
multiplexers, PBXs and modems. Its
two-channel,multi-protocol, serial
comms interface supports a range of
comms protocol modes, including
asynchronous, byte synchronous and
bit synchronous modes such as
HDLC and SDLC. Fifo buffers in the
interface are 32byte deep. Impulse
Electronics, 0883 347011.

Rapid comparators. Single and dual
comparators from Maxim, the
MAX905 and MAX906, offer a 2ns
data -to -clock setup, are edge -

triggered and ECL-compatible.
Architecture is of the master/slave
type for oscillation -free, 3mV
resolution and propagation delay of
2ns for 500MHz clocking. Analogue
and digital power lines are separate;
requirement is either ±5V or one
negative supply. The MAX906 is the
dual version. Maxim Integrated
Products Ltd, 0734 845255.

3.3V logic. Semiconductor
announces a range of 3.3V logic
devices designed for a low noise
signature. The Low Voltage Quiet
(LVQ) devices are in cmos and
consists of gates, multiplexers, flipflops and octal transceivers, intended
for battery -powered computing
equipment. It is estimated that a
typical notebook computer
motherboard in LVQ will draw about
4W against the usual 8W. Devices
are said to generate up to 20% less
EMI than other 3V logic. National
Semiconductor, 0793 697 428.

Microprocessors and
controllers
200ns microcontroller. Single -cycle,
single -word instruction times of 200ns
and an i/o speed of up to 5MHz give
the Microchip PIC16C5X device a
speed of up to ten times that of other
8 -bit microcontrollers. As an example,
these units will generate high-speed
PWM in software for motor control
and can transmit and receive data at
1MHz. They are available with up to
80 by 80 ram and 2K by 12 eprom.
Arizona Microchip Technology, 0628
850303.

Fast Zilogs. Speed increases for the
Zilog Z80180 and Z80181
microprocessors are from 12.5MHz to
15MHz and from 10MHz to 12.5MHz
respectively. Z80180 is based on an
enhanced Z80 and includes memory
management, two DMA controllers,
two uarts, two 16 -bit timer channels
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and an oscillator. Z80181 is the
Z80180 with one channel of the
Z85C30 SCC, two 8 -bit parallel ports
and a pair of memory -configurable
ram and rom chip -select pins. Gothic
Crellon Ltd, 0734 788878.

8 -bit microcontroller. K4 is a new
member of the Motorola MC68HC11
family of microcontrollers and is an
eprom-based, high-speed, low -power
type running at up to 4MHz. It has
power -saving stop and wait modes,
24Kbyte of eprom, 640byte of eeprom
and 768byte of ram. 512Kbyte of
memory is available by means of
memory -mapping logic on -chip. K4
comes in either eeprom or one -time programmable form. Macro Group,
0628 604383.

Step-up converters. MAX731/2/3/5
form a new series of current -mode
PWM step-up converters which are
meant for small and 80%-95%
efficient power supplies. Inputs are
between 2V and 4V, outputs either
125mA or 200mA at 5V, 12V, 15V or
adjustable from 2.7V to 15.75V. All
have a logic -compatible shutdown pin
that reduces quiescent current to 6µA.
PWM pulse -width current -mode
operation is at 170kHz. Maxim
Integrated Products Ltd, 0734 845255

ADPCM codec. Motorola's
MC145540 adaptive differential pulse code modulated codec is now
available and is meant for digital
cordless telephone use in which it
offers a 2.7V -5.25V supply range and
65mW dissipation at 3V. The device
encodes analogue signals to digital
ADPCM form at bit rates of 32, 24 or
16kb/s or to PCM at 64kb/s,
simultaneously decoding digital code
back to analogue. An evaluation
board, the MC145537EVK, is also
available. Motorola Ltd, 0908 614614.

Programmable logic
arrays
85MHz FPGA. Actel's A1225 -I is a
2500 -gate field -programmable gate
array with a 75MHz system speed
and enables the design of 16 -bit
counters working at 85MHz. It is
claimed to be the fastest 2500 -gate
FPGA available and can be designed
and programmed by the Actel Action
Logic system (new version available).
Actel Europe Ltd, 0256 29209.

Power semiconductors
Frugal DC converter. For application
where 50mA at 5V is needed, Linear's
LTC1046 replaces ICL7660 ICs pin for -pin, using only 300µA of supply
current. Output impedance is one
third that of the ICL7660 and output
drive is 2.5 times greater. Supply
voltage is 1.5V -6V and there is a
boost pin to allow a higher conversion
frequency. Power conversion is 95%
efficient. Linear Technology (UK) Ltd,
0276 677676.

size. All have nickel -barrier
terminations to prevent solder
leaching. 0402 capacitors measure 1
by 0.5mm to give a mounting density
of 70 per square centimetre, that for
the 0603 size being 35. Working
voltages are in the 16-50V range.
Murata Electronics (UK) Ltd, 0252
811666.

Displays
Led lamps. China Semiconductor
Corporation now offer a range of led
lamps in addition to their led displays.
There round types from 2mm to
10mm diameter and rectangular ones
from 5mm by 1mm to 8mm by 8mm,
with superbright and bi-colour types
as well as the standards. CSC also
provide a custom design service.
Clere Electronics Ltd, 0635 298574.

Mixed -signal ICs.
Analogue multiplexer. 12 -bit settling
times of 17ns to within 0.1% and an
adjustable noise bandwidth make the
CLC532 2:1 analogue multiplexer
from Joseph suitable for use in IR
imaging, CCD, HDTV and radar
application. Channel isolation is better
than 80dB at 10MHz and harmonic
suppression 80dBc at 5MHz. Other
features include a noise level of 32µV
RMS from 0 to 100MHz, diff. gain and
phase of 0.01° and 0.05% and a slew
rate of 130V/µs. Joseph Electronics
Ltd, 021 643 6999.

Miniature chip Cs. Murata's range of
chip capacitors now includes 200pF
Class I and 33nF Class II components
in the 0402 size and 750pF Class I
and 220nF Class II types in the 0603

Passive components
Video filters. Range of RF and video
filters from Active Labs in dil and Si
packages are phase and amplitude
equalised, with high attenuation in the
stop band. Sinx/x correction for D -to A processing is incorporated. This
range is for low-pass fi tering, but
other configurations are available.
The company provides a specification
chart for ease of ordering. Active
Electronic Labs, Ltd, 0926 484050.

SM resistor network. 20 -pin,
surface -mounting resistor network
from Bourns is meant to provide
balanced IC terminations or improved
damping when used with memories
and comes in isolated -resistor,
bussed -resistor or dual -termination
forms. The 4820P is in EIA SOGN0002 pack and resistance range is
from 100 to 'IMO. Bourns Electronics
Ltd, 0276 692392.

Sealed rotary switch. Rotary
switches in the Grayhill series 50/51
feature a range of throw angles in one
device, the choice being 35°, 45°, 60°
or 90° in the series 50 and 30° in
series 51. They are 0.5in in diameter
and are completely sealed, with shaft
grounding to assist shielding. Four
poles are available on each deck, with
up to 12 positions per switch.
Highland Electronics Ltd, 0444
245021.

Instrumentation

'Scope into spectrum analyser. By
means of Thurlby-Thandar's TSA250
adaptor, an ordinary oscilloscope
becomes a spectrum analyser whose
centre frequency is adjustable over
the range 400kHz-250MHz and is
digitally displayed. Scan width and
rate can be adjusted over the range;
amplitude range is -70dBm to OdBm.
B K Electronics, 0702 527572.
Real-time spectra. PC -hosted
spectrum analyser by Bores displays
data in time anf frequency domains,
auto and cross -correlation and
transfer function measurement, with
sample rates to 50kHz on dual
channels - 400kHz as an option.
Stimuli for transfer function and
frequency response measurement are
generated in real time and include
pure tones and flat random noise,
synthesis and analysis being carried
out simultaneously. System is
capable of updating by development
kits and associated software. Bores
Signal Processing, 0483 740138.

EMI testing. Chase's EMI Signature
Scope allows manufacturers to
examine the noise output of their
products. ESS7500 is connected to a
standard oscilloscope with a low-cost

Radio data modem. RM1200 is a single unit UHF FM synthesise transceiver, which
incorporates a 1200b/s FFSK baseband
modem. It operates in bands from 430MHz
to 468MHz, putting out 500mW in half duplex mode. Its serial data interface
allows data interchange at clock speeds up
to 1MHz and facilitates control functions
such as channel, power level and signal
strength indication. Radio Data Technology
Ltd, 0376 501255.
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General's FL U4-150 series of open frame switchers are contained in a 4
by 9.5 by 2in area of board. Each
model has a +5V output and there is a
choice of 5V, 12V, 15V or 24V for the
other three, all of them with a zero
minimum load. Inputs between 90 and
265V AC are automatically accepted,
as are those between 100 and 370V
DC. Line filtering eliminates
conducted noise and MTBF is
165,000 hours. Stabilisation is 0.3%
for the 5V output and 0.5% for the
others; regulation is 1%. Dowty Power
Electronics, 0722 413060.

line network to display the noise
signature in the range 3kHz-30MHz.
A broad -band field probe is also
available. Up to fifteen limit lines can
be set to give an alarm if they are
exceeded. Chase EMC Ltd, 081 878
7747.

Lightweight FFT analyser.
Diagnostic Instruments's PL202 fast
Fourier analyser offers a frequency up
to 40MHz, 1Mbyte static ram and up
to 80 times zoom; it will dump to a
printer via RS232 and stores data for
review -and yet it weighs only 3kg.
For acoustics, full and third -octave
analysis with A weighting is avaiable;
for transients, there is comprehensive
triggering; in vibration, the integral
spectrum process is used with directly
connected accelerometers; and in
machinery analysis, orbital plots are
standard. Chase Electronics Ltd, 081878 7747.

Windows oscilloscope. In
conjunction with a PC running
Windows 3, the Nicolet Multipro is a
multi -channel waveform analyser,
with its display on the PC screen.
Triggering has received much
attention, since it is often necessary
to record once -only and highly
expensive events and a missed or
false trigger would be a catastrophe.
The Windows data is portable to other
programs such as spreadsheets,
word processors and the Nicolet
Famos, which is a set of waveform processing utilities. Memory length is
3Mwords/channel for occasions when
event timing is indeterminate.
Systems range from a seven -slot
tower to a 500 -channel rack. Nicolet
Instruments Ltd, 0926 494111.

RCL meter. In less than one second,
the Philips PM6303A
resistance/capacitance/inductance
meter indicates the value of the
component to within 0.25% and
provides the component dimension
and one of seven equivalent circuit
diagrams. If the component is totally
unknown, a "green" button gives an
immediate display of dominant value
(R,C or L) with no need for further
setting up. PM6303A offers readings
of series and parallel R, Z, C, L,
dissipation, Q and C of electrolytics
under DC bias. A trim key
compensates for strays in various test
adaptors, which include a surface mount type. Philips Test &
Measurement, 0923 240511.

Interfaces
Digital pots. Optical encoders are
used in the DP 16 digital
"potentiometer" to give an output of
16 two-phase pulses per revolution,
or 64 binary code changes. Devices
in the range offer from 50 to 2048
pulses/rev, or 200-8192 changes.
Applications are seen in manual data
input to computers or in digital
feedback from servos. Control
Transducers, 0234 217704.
VGA/PAL converter. VGAPAL from

30W DC converters. 3000LP series

Waveform
monitorivectorscope. Model
5783 from Thurlby-Thandar is
virtually the same as the 6.871,
but has the phase reference
facility deleted for those people
who use only one signal source.
Colour television vector and
waveform disp ays are seen
either alternately or
simultaneously on the 161.V PDA
tube. Line -selector functico can
be used with vertical internal test
signal, v. interval reference, Tel text and insert test signal, up to
nine line numbers and fields
being stored it memory.
Thurlby-Thandar Ltd, 0483
412451.

Research Development Application
Ltd converts the output from a VGA
graphics card into pal video in real
time, for viewing or recording on video
tape. It is a simple add-on and does
not interfere with the PC's graphics
functions. The card plugs into any
spare slot and needs no setting
changes to the graphics card, being
connected between the graphics card
output socket and the monitor plug by
means of a special plug provided with
VGAPAL. RDA Ltd, 0495 224098.

Literature

Semiconductor database. Data
Business Publishing have produced a
PC AT database which identifies
components and gives the
manufacturer, local sales olices and
distributors. The details of over
400,000 active devices from more
than 500 makers include maker,
address and telephone number, part
number and key, description,
availability and how to find the
operating data in the library. This
"low-cost" database, ISD, costs £249
plus vat and comes on 3.5in or 5.25in
floppies for installation on a hard disk
or in a Novell network. HTI Ltd, 0277
375000.

Bus driving. Three new application
notes from NI discuss new features in
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the IEEE -88.2 driver software
(340056-01), sharing local ram wit,
the VXlbus (340059-01) and using NIVXI software to configure and
program a VMEbus system (340043001). All no:es are free. Natonal
Instruments UK, 0635 523545.

DC -to -DC converters, intended by
Conversion Devices for OEM use, are
contained in a 0.375in high package
for 0.5in board mounting.There are
single, dual and triple outputs,
working over a 2:1 input voltage
range, all with pi -type input filters and
input/output isolation. All six sides are
continuously shielded. Devices can
be paralleled for more power or
connected in master/slave
configuration for increased input
voltage. Outputs are 5, 12 and 15V
DC; ±12, ±15V DC and 5; and 5,±12V
DC or 5,±15V DC. Eurosource
Electronics Ltd, 081 977 1105.

Materials

Conductive foil tape. Cho -mask
tape for anti -EMI measures comes
with a peel -off paint mask. A 0.07inm
tin-plated copper foil has a
conductive, pressure -sensitive
adhesive on one side and a 0.07&nm
nylon pairt mask on the other for
ease of use in EMI gaskets or
earthing, the mask being removec
after paint or bake cycles. Used with
Monel mesh, shielding performance is
better than 100dB at 1GHz. It comes
in rolls or in die -cut form. Chomehcs
(UK) Ltd, 0628 486030.

Production equipment
Water -washable solder cream.
Series 400 creams from ESP for use
on ceramic or epoxy glass boards
leave residues that are easily
removable in water, eliminating the
costs of solvents and their
reclamation. They are equivalent in
performance to standard RMA fluxes.
The creams can be dispensed,
screened or stencilled and they do not
slump, so that they are particularly
suitable for fine -pitch use. Moisture
resistance, eight hours of screen life,
thermal stability, a 48 -hour tack time
and storage life of 12 months are
offered. ESP, 0234 211582.

Power supplies
Boxed power. Three ranges of
general-purpose power supplies from
Davtrend are meant for soak testing,
battery simulation and goods -inward
testing. DL types are of the linear
variety providing stabilisation and
regulation of ±0.1% and ±0.5%; DS
units are secondary switchers and
there are also unregulated versions.
Davtrend Ltd, 0705 372004.
Four -output, 150W SMPS. Power

Radio communications
products

Saw filters. Kinseki is a Japanese
company, new to the UK, which
manufactures quartz crystal devices.
Recently, saw filters have been
introduced in versions for pagers and
general telecomms work, types for the
Global System Mobile Phone (GSM)
system now being in development.
Kinseki (UK) Ltd, 0454 614638.

Radio data network. RDI have
introduced Versanet, which it says is
the first deregulated radio data
network to use a frequency -agile
system to avoid interference
automatically, listening to the
permitted channels and selecting a
clear one. VersaNet includes an
RS232 serial data highway port to
exchange data with PCs or PLC
equipment. Radio Data Technology
Ltd, 0376 501255.

Transducers and
sensors

Load -measuring washer. Load
washer Model LW from Control
Transducers measures bolt stresses
to determine overloads and to ensure
clamping forces. Capacities are from
100kg to 100,000kg in sizes from
25mm diameter and 9mm thick to
76mm and 32mm. A domed load
button and load base are supplied as
standard and spherical washers for
use on uneven surfaces or in the case
of misalignment are optional.
Temperature range is up to 200°C;
repeatability, non -linearity and
hysteresis are all 0.15% of full scale.
Control Transducers, 0234 217704.

Proximity detectors. A range of
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proximity detectors by Crouzet, the
V3 series, will cope with both metallic
and non-metallic substances. They
work normally, in that the approach of
a metallic object activates the V3, but
the addition of a metal lever enables
the detector to react to the touch of a
non-metallic object, becoming in
effect a non -mechanical limit switch
without the contacts. A led indicates
switch status; switching capability is
200mA continuous. Crouzet Ltd, 0252
513211.

emulation allows the development
and debugging of microsystems. 1Mb
of user memory, upgradeable to 4Mb.
Dataman, 0300 20719.

Eprom programmers. Hilo

Accelerometer. Weighing less than
1g, Endevco's model 7264A
piezoresistive accelerometer uses a
silicon microsensor in full Wheatstone
bridge form with fixed R, for
calibration. Full-scale range is 2000g,
at which output is 400mV with 10V
DC supply. Resonant frequency is
65kHz and measurement frequency
range is 0 to 13kHz. Endevco UK Ltd,
0763 261311.

Data Ac ulaldo,

Frame grabber. Amplicon's VD/G/
frame grabber board plugs into a PC
XT/AT to provide real-time video
signal capture and storage. It includes
a 64K frame buffer and 4 -bit TTL i/o
for external control and monitoring.
Resolution is 256 by 256 by 7bit and
there is internal/external sync.,
horizontal and vertical sync output
and a low pan filter for noise and
colour. Operation is interactive by
menu, including setup and lighting
conditions and output is in PCX or TIF
file form. Amplicon Liveline Ltd,
(Free)0800 525 335.
Open local bus. Scim is an open architecture local bus by Arcom,
which offers lower -cost, yet powerful
expansion for industrial computing.
Choice of modules includes those for
VMEbus, STEbus and PCbus host
carrier boards. The bus
accommodates 16 data and 24
address lines, four interrupts, DMA
and serial lines. Two connectors are
used for data and address, with
STEbus and PCbus in mind, but dual
connectors can be used for 16 -bit
transfers. In the range of modules are
analogue input and output, RS232
serial i/o, RS485 serial i/o, 40 -line
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16 -bit A -to -D transputer module
(tram), a two -channel D -to -A tram and
a compute tram mounted on a single -

Saustio flats

En.

Code

Roptpm Mans().

analogue output boards for the
PC AT have either six (AT -AO -6)
or 10 (AT -AO -10) high-speed
multiplying DAC82222 digital -to analogue converters. Each
channel on these NI boards has
4-20mA output and a bipolar or
unipolar voltage output. DMA
capability allows operation at
conversion rates up to 200kHz
and there is an 8 -bit DIO port for
additional control. For
programming, there is NI-daq
dos and NI-claq Windows driver
software and LabWindows
software development, the
software being free with each
board. Boards will be available
from December 1992. National
Instruments UK, 0635 523545.

programmable digital i/o, Ethernet
interface, flash rom/ram, comms and
VGA/EGA/CGA graphics. Arcom
Control Systems Ltd, 0223 411200.

Eight -i/o PC card. Data acquisition
and control card for PC ATs will hold
up to eight different input/output
modules, so enabling choice of the
required channels on one card and
taking up fewer expansion slots in the
PC. Modules already available
include multi -channel analogue,
digital and comms versions. Intek
Electronics Ltd, 0352 85603.

S -B computer for logging.
Logicom's single -board computer is
based on the Siemens SAB80C535
microcontroller and in meant for OEM
use in data logging, monitoring and
control. It offers eight extended -

Transputer kits. Transkits from
Sunnyside contain hardware and
software needed to familiarise
engineers with the use of transputers
by turning their PCs into "virtual
instruments" - an oscilloscope and a
spectrum analyser. TransKit 500 is
the first, consisting of a two -channel,

1;11

Analogue output. Two

Computer board level
products

Pasco' lot Wind°

De. Acquisition Example - Visual Da Ix

p -n -p and n -p -n forms and indicate

activity by a led. They measure 4mm
in diameter by 26mm, accept between
6V and 35V DC supply and draw less
than 5mA when idling: Kynmore
Engineering Co. Ltd, 071 405 6060.

fl ,r1

ac

Data Ac. ulaldon Exam I

Proximity sensor. IP67 inductive
proximity sensors from EuroSensor
offer a reproducibility of 10µ, come in

I

eprom/eeprom programmers by
Nohau will download a 4Mbit file in a
few seconds and program eight
27256 eproms in 20s. An interface
card in the PC shares the PC's CPU,
memory, i/o, keyboard, display and
disk to achieve the speed. Eproms of
up to 8Mbit can be programmed.
Software includes a hex -to -binary
converter, 2 or 4 -way binary file
splitter and "dump file to console".
Nohau (UK) Ltd, 0962 733140.

resolution analogue inputs, 16 digital
i/o lines and an RS232 ppd. There is
32K of battery -backed ram, 64K of
eprom, a watchdog and Power supply
supervisor. Programminc is in C,
Basic or assembler. Logimm
Communications Ltd, 08- 756 1284.

Data acquisition. AT-DSP2200 from
NI is a DSP accelerator toard for the
PC AT, delta -sigma modulating A -to D and D -to -A converters. It performs

scientific calculation faster than the
PC's 80X86. AT -A2150 is a further
plug-in board to provide four channels
of audio -frequency analogue input
with low noise and low differential
non -linearity. National Instruments
UK, 0635 523545.

Development and
evaluation
Low-cost ICE. Nice 51 is claimed to
be the cheapest 8051 hardware in circuit emulator available. This new
ICE from Comsol has the ability to
substitute emulated for target memory
and to stop execution on a
combination of internal and external
events while running at speed. The
PC program allows memory, registers
and SFRs to be displayed and
modified and it will assemble code
changes to allow mods to be tested.
Execution speed is 12MHz. Computer
Solutions Ltd, 0932 352744.
Programmer. Softy -Four is
Dataman's new programmer,
designed to cope with eproms,
eeproms and flash eproms. S4 has
large nicad batteries and will program
up to 1000 proms on a one -hour
charge, although its lithium battery
backup preserves data even when the
nicads run down. Built-in memory

slot AT card. Accompanying software
turns the PC into a combined dual channel digital storage oscilloscope
and function generator. An enhanced
version has C source code of the
system software, a C compiler and
debugger. Sunnyside Systems Ltd,
0506 460345.

Software
Abel 4.1. Version 4.1 of Data I/O's
Abel programmable -logic design tool
allows the compilation and simulation
of larger PLD designs by means of
dos extended memory and now
supports Intel's 85C22V10, the Lattice
GAL6002, Atmel's ATV5000 and
other devices by Cypress, Ricoh and
Toshiba. Abel-FPGA is also
announced in its 4.1 version. Data I/O
Ltd, 0734 440011.

Gate array programming. Actel have
made the route to field -programmable
gate arrays easier by introducing an
entry-level Action Logic System,
which is a combined
software/hardware kit including
Viewlogic schematic capture,
Viewlogic/Orcad interface libraries,
validation, place -and -route and timing
analysis. The hardware is an Activator
1 programmer with sockets for
68PLCC, 84PLCC and 84PGA. The
kit is for Actel Actl logic, but is
upgradeable to Act2 and Act3. MMd
Ltd, 0734 313232.

PC graphics editor. Integrated
Circuit Editor is a PC AT/XT-based
graphics editor for IC layout, featuring
fast refresh, auto -open and nested
view commands, input and output
stream (Calma-GDS /I) and CIF files,
as well as definable commands and
technology files. Compatible with
most plotters, laser and dot-matrix
printers and will handle polygons up
to circles with text for annotation.
Silicon Microsystems Ltd, 0666
824844.
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Maker
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

£95

90', 45' and curved track corners
Ground plane fill
Copper highlight and clearance checking

BoardMaker2 - Advanced level
All the features of Boardli(lakerl plus
Full netlist support - OrCiid. Schema, Tango, CadStar
Full Design Rule Checkirrp - mechanical & electrical
Top down modification from the schematic
Component renumber with back annotation
Report generator - Database ASCII. BOM
Thermal power plane support with full DRC

BoardRouter - Gridiess autorouter
Simultaneous mull -layer outing
SMD and analogue support

Full interrupt, resume, purl and zoom while routing

E295

U00

Output drivers - Included as standard
9 & 24 pin Dct matrix. HPLaserjet and PostScript
Printers
HP, Roland. Houston & Graphtec
Penplotters
Photoplotters - All Gerber 3X00 and 4X00

NC Drill plus annotated drill drawings to HPGL, Gerber and DXF (BM2)

Call fcr info or FREE
evaluation kit

:

Mien (UK) Limited
Phone (0223) 277 777
(0223) 277 747
Fax
:

:

Wen NI() La, Cambridge Research Labs, 181

Huntingdon Road. Cambridge Cf33 00.1

tsien

CIRCLE NO. 136 ON REPLY CARD

Field Electric Ltd. Tel: 081.953 6009. 3 Shenley Road, Borehamwood,
Herts. WD6 1AA. Fax: 081-207 6375, 0836 640328

cvc

Chelmer Valve Company
Worldwide supplier
with 30 year's experience
Electron tubes: Transmitting,
Industrial, Microwave, Audio,

Receiving, Display, etc, etc.
For Maintenance, Spares or
Production.
Semiconductors: Transistors,
Thyristors, Diodes, RF, Power I/C's,
etc.
We have one of the largest stocks
in the U.K.

* TRY US! *
FAX, PHONE, POST OR TELEX YOUR REQUIREMENTS

1 30 NEW LONDON ROAD, CHELMSFORD,
ESSEX CM2 ORG, ENGLAND

3.5" floppy disk drive Chinon BBC compatible, new £35 c/p £4.00.
Astrolux Mono Headset New £1595 c/p £3.50.
Tektronix 7403N Mainframe only £80.
3.5" floppy disk drive NEC IBM compatible. Full height unit. £39.95 new & boxed.
1.6Mb, c/p £3.00.
Switch mode power supplies 240V AC input 5V DC 40amp £29; 12V DC 10amp £46;
5V DC 40amp -12V DC 4amp +15V DC 11 amp £48.
Western Digital 3.5" hard disk drive new 40Mb RLL ST506 £120 c/p £6.00.
H.P. 4328A millohmmeter £450 c/p £11.00.
H.P. 3400A RMS voltmeter £225 c/p £11.00.
NEC new & boxed 5.25" floppy disk drive model FD1055-311 BBC compat. I/2 height
£48 c/p £6.00.
Plantronics (Auralite) type headsets very lightweight new BT approved ideal for
comms: £25 c/p £3.00.
Famell fan -cooled PSU 240V AG input +12V DC 4amp -12V DC 1 amp +5V DC
10A -5V DC 5amp £16 GI) £7.00.
NEC 1A height 3.5" hard disk drive. IDE 40Mb 25ms £80 c/p £5.50.
IBM compatible printer lead right angle £8 inc. c/p.
Ali flight case for computers 510 480 x 175 £45 c/p £10.
Low profile gender changer 25w male/male £5.50 inc. c/p.
Low profile gender changer 25w socket/socket £8.75 inc. c/p.
Auto data switch 401. Up to 4 PC to 1 modem or printer. New & boxed £46 c/p
£5.50.
Auto data switch 801. Up to 8 PC to 1 modem or printer. New & boxed £56 c/p
£5.50.
Lambda power supply model LMG12 OVRV 12V DC 56A linear £200.00.
KSM power supply model SCT 200-15 0-240V 0-15A £160.00.
Hewlett Packard 618B SHF signal generator £75.00.
Hewlett Packard 60613 signal generator £75.00.
Hewlett Packard 612A UHF signal generator £75.00.
Hewlett Packard 86A personal computer new £95.00.
Hewlett Packard 5000A logic state analyser £60.00.
Hewlett Packard 3450B multi -function meter £65.00.
Hewlett Packard 693D sweep oscillator £175.00.
Hewlett Packard 651 B test oscillator £75.00.
Hewlett Packard 9868 I/O expander £55.00.
lswatsu SS5705 40 MHz O'scope £295.
Kikusui COS 5040 40MHz O'Scope Calto 1-92 £350.
Hameg HM605 60MHz O'Scope £400.
Hitachi V212 20MHz O'scope £230.
Hitachi V202F 20MHz O'scope Calto 1-92 £230.
Hitachi V509 50MHz O'Scope £400.
Tektronix 455 O'scope £350.
Tektronix 71370 time base plug-in £100.00.
Tektronix 7D01 logic analyser plug-in £100.00.
Paratronics Model 532 logic state analyser 32chn £165.00.
All above prices +171/2% VAT. Please ring for rip rates.
We would Ilke the opportunity to tender for surplus equipment
VISA

Telephone: (0245) 355296/265865
Fax: (0245) 490064

Telex: 995398 SEEVEE G

Alli.
CIRCLE NO. 142 ON REPLY CARD

August 1992
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Official orders credit card telephone orders accepted with
Access, Amex, Diners, Visa cards. Overseas enquiries welcome
c/p rates U.K. mainland only.
Please ring for c/p rates not shown.
All prices Inc. V.A.T. unless stated. Stock list available.
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REGULARS
CIRCUIT IDEAS

Two mic-amp tips
This electret microphone preamplifier is of
I fairly standard form, but contains input
and output arrangements of particular
interest.
As well as giving an on/off indication, the
led in the input provides bias for the electret
module, since led forward voltage is
essentially constant: the 4.71M microphone
load, selected experimentally, gives best
output.
At the output, the 100Q resistor in series,
but inside the feedback loop of the stage,
allows the use of long, capacitive cables.

D M Bridgen
Racal Mexico
Bosques de Las Lomas

Mexico
Led at the input and small resistor at the
output of this electret microphone amplifier
provide bias for the microphone module and
drive for long cables.

Current -shunt amplifier for bipolar inputs
Operating from a single supply, this
amplifier copes with both positive and
negative low voltages derived from a high current shunt.
Gain in the shunt feedback arrangement is
set by R56 and centre bias voltage by R1.1.
The current -shunt resistor is taken directly to
ground where the voltage developed across
it produces a current in Rs, which is
amplified: no decoupling capacitor is
needed. To balance the offset voltage caused
by the shunt ground connection, a balance
current flows through R4 - which must he

equal to R,- whatever gain is needed. With
no input, the output voltage sits at half the
supply voltage. An OP07 op -amp has a low
offset voltage and is particularly suitable for
this design.
Norman Jones
Cobridge
Staffordshire
Voltages produced by both positive and
negative direct and alternating currents
flowing through the shunt are amplified by
this single -supply circuit.

Positive -feedback op -amp booster
C ince the gain/bandwidth product of an op amp is a constant ft, increasing closed loop gain reduces its bandwidth and
therefore rise time in direct proportion. This
circuit reduces the effect by counteracting
the increased voltage at the summing mode
when the input frequency increases.
The effect is achieved by means of the
simple CR circuit in a positive -feedback
connection, which makes the circuit a
second -order system with its complex pole
pair higher than the first -order bandwith G =
ft/B. To avoid oscillation, the -3dB point of

684

the CR must be greater than ft.
The plots show the greatly improved rise
time with R = 470Q and C = l5OpF:
measured bandwidth is improved to 160kHz
from 25.7kHz.

D Baert
Rijksuniversiteit Gent
Ghent Belgium

8K2

820K

OUT

Judicious application of suitably shaped
positive feedback improves bandwidth and
rise time of an op -amp. Roll -off frequency of
CR must exceed op -amp cut-off frequency for
stability.
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Fig.1. Making a

One -gate memory
Non -inverting gates - Ands, buffers,
Ors - will make single -element
memories, using one resistor.
In effect, the gates are made to latch by
applying positive feedback via the
resistor and forcing the input to either
state by switches or logic levels. Resistor
value is not critical, but is related to the
response time.
Figure 1 shows the principle using a
buffer and one input; in Fig.2, an And
gate gives the same effect, but the two
inputs are used as set and reset. Using a
capacitor instead of the resistor produces
curious monostable flip-flops.

D Long

buffer latch up
OUTPUT

co

co

input is forced to
one state, it will stay
there.

OUTPUT

Fig.2. Using a
two -input gate
such as a Nand
allows set and
reset inputs.
Diode isolates set

input from
further pulses
until reset.

Brighouse
West Yorkshire

SET

. OUTPUT

RESET 1."-{]

12V

Latched oscillator
an alarm system, an operation from
I which a three -second supply -voltage
trigger pulse was available was required to
flash a led - reset being by means of
removing the supply voltage. I had available
an LM358N op -amp, a type that allows
inputs down to the negative rail, and
combined an oscillator and latch using the
single device.
Resistors R14 and Cj with the op -amp
form a relaxation oscillator starting in the
off condition when power is applied: Rs, D,
and C2 provide a latching action to maintain
the alarm condition after the trigger pulse
ends. In the inactive state, the voltage on the
non -inverting input is lower than that on the
inverting input and the oscillator is off. On
receiving a trigger, C, goes to 12V, less a
diode drop, and the oscillator starts; D1 and
R5 keep the voltage on C, high after the

produces a one -bit
memory. Once its

R6
1m

C1

R1

- 1u

minimum
pulse from an
alarm starts
the oscillator
and maintains
oscillation
until the
supply is

100K

Tat
ai min.

IC1

D2

2K2
R3

D3 AK

100K

R2

4,04.

10K

+

C2
Jou

pl

100K
NO.

One three second

removed.

LED

R5 1K

trigger.
To avoid spurious triggers, RO keeps the
inverting input above the non -inverting
input in the standby condition. Diodes D23
discharge C1., when the supply is removed.
Time constant C,R1 must be much less
than 16_4.C2 to eliminate the possibility of

C2 discharging during the low state to the
point where the non -inverting input is
always higher than the inverting input,
stopping oscillation.
M I Brettle
Potton Marine Equipment
Gamlingay Bedfordshire

Low -loss voltage dropper feeds S -M controller
power consumption switched -mode
,ontrollers can be fed from the rectified
input, thereby avoiding the need for a
separate transformer winding, but a simple
dropper resistor wastes power. This circuit
uses a capacitor and has minimal loss.
Its feed is taken across the SMPSU input
bridge and gives a 9V, 3mA output,
sufficient for low -power mos controllers
driving a power mosfet. The circuit must
only be used where there is no chance of a
Ifw

user gaining access to it, since it is live,
and an isolation transformer should be
used during test.
A M Wilkes
Brentwood

+HT to switching PSU
100n 250V AC
X2 class

1 N4001

Essex

9V @ 3mA
100u

N

Low -loss voltage dropper replaces a resistor
when powering low -consumption switched -

mode power supply controllers from the
rectified mains input.
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400mW

16V

OV
Surge suppressor and main reservoir cap not shown
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Asymmetrical on/off for 4060
An

internal oscillator and 14 -stage rip-

ple counter in the 4060 make a useful
long -duration on/off timer, but with a possibly inconvenient symmetrical output
duty cycle.
This circuit avoids any complication of
additional circuitry by splitting the oscillator frequency -setting resistor and shorting
on part of it by a relay driven by the output
of the timer. Timing now becomes, with
the relay on, 2.2CRi2", and with it off,
2.2C(Ri+R2)2", n being the divider output
driving the relay. You could use an analogue switch in place of the relay.
J V Sawant
Haffkine Institute
Bombay
India

16
foscIn

12

m

4060
10

11

Ct - Rs $

R1

V RELAY
R2

CONTACTS

Relay or analogue switch driven by a counter output allows asymmetrical onloff times in this long duration timer.

Programmed Nand/Nor or And/Or gate
Using a pair of triple, two -channel
multiplexer/demultiplexers, you can
make a logic gate which is selected as an
And/Or gate or a Nand/Nor under the
control of two inputs.
In Fig.1, the logic inputs are A and B and
the function -select inputs Si and S2, the four
combinations of the two giving four logic
functions. An advantage of this scheme is
that the output impedance is low, being the
on impedance of two analogue switches in
series or less than 2005I.
Figure 2, taken from a data sheet, shows
the arrangement. When, for example, input
A is low, Si is on; and when A is high, S, is
on and so on.
Emad Hamdoon Said
Baghdad
Iraq
Fig.1. Function -select inputs S1 and S2

configure the two 74HC4053s as an And, Or,
Nand or Nor gate.

+5V

f" -..V

FUNCTION
SELECT
11

SO

4053
VDD

A

10

X0

51

X1

-

Ate- 2
INPUT
B

X

12
13

Y

INH

ZO

0--

Vee

Z1

Sc

Z

1

--1°
9

A

VDD

B

XO

X

___,3

15
5

3

-.16

X1

14

Y1
YO

6

4053

16

yZol

2

Y1

Y

01- INH

ZO

12
13
14

OUTPUT

C

1

15
5

Vee
uvss

Inh 6
A 11

Level

B 10

Converter

Cs

Binary to 1 of 2
Decoder with Inhibit

Fig.2. Internal block diagram of 74HC4053
multiplexer/demultiplexer.
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HISTORY

Marconi in his
steam yacht Elettra.
In 1923 he sailed
westward to test
the range of
shortwave
transmissions

UNITING

THE EMPIRE

Connecting Britain with its Empire by means of 1000
mile wireless links was an idea that had been put
forward by the Marconi company as early as 1906.
But the project did not take root until the Imperial Wireless
Conference of 1911, following which Marconi was
awarded a contract by the Post Office to supply a series of
long -wave, high -power stations.
Unfortunately start of the work was severely delayed by
a complicated political row (the so-called Marconi scandal,
where members of the government were accused of
favouritism and improper share dealing), and then
cancelled due to outbreak of the first World War.
Following the war, work on a European network
progressed, including the building, in 1921-2, of a
transmission station at Ongar and a receiving station at
Brentwood. These were linked to a central telegraph
office, Radio House, in Wilson Street, London.
But the Imperial scheme was held up by continuing
wrangles within the UK government and between it and
those of the dominions. The Post Office embarked on a
high -power station in Rugby, while Australia and South
Africa commissioned stations from the Marconi company.
But by 1924, a coherent plan of action had still not
emerged.

Caernarvon station

- high power
transmissions to
America.

Short wave experimentation
The one unquestioned assumption was that the chain
would use long -wave frequencies. Longer wavelengths
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The high -power transatlantic transmitting station
at Caernarvon, was, with its companion
receiving station at Towyn, commissioned before
the 1914-18 war. In 1922 they took over traffic
from Clifden, destroyed in the struggle for Irish
home rule. Caernarvon had three transmitting
systems in its time. First was a timed -spark disc,
joined in 1920 by a 200kW Alexanderson high
frequency alternator. A valve transmitter was
added in 1921. It employed 56 air-cooled
Marconi MT2 valves, powered by two or three
direct -current generators in series, supplying up to
15,000V.
A contemporary account noted: "The constancy
of frequency of the valve generator is very
remarkable, being of an order altogether higher
than that of the alternator, and no highly
complicated means is necessary to ensure it."
A European transmitter at Ongar (with receiver at
Brentwood) was opened in 1922, and also took
over some transatlantic traffic. Together with
Caernarvon they were operated by remote control
over landlines from the newly -opened Radio
House, the Central Telegraph Office in Wilson
Street, London.

and higher powers were accepted as the recipe for

Caernarvon's 1921
valve panel - 56 aircooled MT2 valves.

Up to three DC
generators, in series,
supplied 15,000V to
the Caernarvon valve

panel

The Brentwood
receiving station,
companion to
Ongar.
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covering longer distances. But since 1916, Marconi had
been experimenting with shorter -wave transmissions,
initially for naval signalling over line -of -sight distances. In
1917, he lost a £5 bet with one of his staff, CS Franklin,
who succeeded in demonstrating, despite his employer's
scepticism, a short wave (15m) link between London and
Birmingham. Another Marconi man, HJ Round, noted
freak long- distance reception of
100m signals.
Amateur radio enthusiasts,
working post-war in sub -200m
wavebands, were also finding that
they could occasionally make
transatlantic contact.
Marconi set up a shortwave
transmitter at Poldhu in 1923 and,
as in 1902, sailed westwards - this
time in his steam yacht Elettra - to
test reception. Ranges of 1400
miles were achieved in daylight,
and signals received in New York
after dark.
By May 30, 1924, following
further experiments and
improvements, the signal to

HISTORY

One of the three
Eu-opean

transmitting
stations at Ongar,
opened in 1923.

Sydney, on 92m, was so strong that Marconi was able to
speak from Poldhu to Australia by wireless telephone.
This presented the company with a dilemma: although
successful in experiments, directional shortwave
transmission was far from being a proven, marketable
system. Contracts for British government was at last on the
verge of reaching a decision on the Imperial scheme.
Yet the shortwave beam system's potential cost -benefits
over longwave were enormous, requiring a fraction of the
transmission power, so meaning smaller, cheaper stations
and lower running costs. The company decided that to
conceal the shortwave progress, while pressing ahead with
costly longwave installations would be to break faith with
its customers (and also, perhaps with its own technological
integrity).
Australia and South Africa readily agreed to
modification of the already- started stations, and, under
pressure from the dominions, the British government
reached a decision on July 2.
The Imperial Wireless Chain, with Marconi as
contractor, would go ahead, and would use the short-wave
beam system in a contract loaded with penalty clauses,
though these proved unnecessary.

43.75 to Marc ad.
For tie comnany, the merger marked die end of its
involvement in transmitting messages as a nusiness. and a
return b its orig ns as a research, invent -or and
manufacturing operation. Marconi himself saw the learn
system as the culmination of Hs Lmbiticrts - from
experimental Tansmission of a few yards to a worldwide
comminicatic-n system in 30 years.

The expensive irony of C&W
Ironically, it was success of the system that was to cost the
company most dearly. The wireless chain quickly attracted
traffic from the cable links, being both three times as fast,
in terms of words -per -minute (these were still the days of
telegraphy) and cheaper to operate and maintain.
Nevertheless cable had some advantages over shorter
distances, and was regarded as a strategic defence
necessity by the UK and Dominion governments.
The upshot, in 1929, was a government -induced merger
- the creation of a new company which would buy-out the
communications interests of the Marconi company and the
cable companies. This was Cable and Wireless. In view of
the weakness of the cable group's position, and the
strength of Marconi's, it is odd that the voting rights in the
new company were 56.25% to the cable group and only
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Central Telegraph
Office at Radio
House.

ANCHOR SURPLUS LTD
THE CATTLE MARKET
NOTTINGHAM
NG2 3GY
TEL: (0602) 864902 & 864041
FAX: (0602) 864667
TECHTEST 250 VHF/UHF SIGNAL GENERATORS
LOW BAND, HIGH BAND, UHF, FM/AM.
EPROM CONTROLLED, SYNTHESISED, 200CH. 12 -VOLT MAINS.

Phone for info. £99
PHILIPS PM3217 50MHz OSCILLOSCOPES
CALIBRATION VERIFIED £325

HP 1476 100MHz OSCILLOSCOPES
DUAL TRACE AND TIMEBASE
CALIBRATION VERIFIED £599

HP 1600A LOGIC STATE ANALYSER 16bit 20MHz L199
HP 1607A LOGIC STATE ANALYSER 16bit 20MHz £125
Buy both and get 32bit analysis (16005 System)
for only £299
MARCONI TF2370 SPECTRUM ANALYSER 30Hz-110MHz
9 -digit LED Display - Excellent Condition £1250
MATRIX 3000 COLOUR GRAPHICS RECORDER + M2 Matrix Monitor
Takes RGB + Composite +BW Video inputs
and has CAMERA (still). Mount to Photograph Images.
Incl. Service Manual. 1 only - £525
ORTEC BROOKDEAL ORTHOLOC SC 9505
Two-phase lock -in analysers. 3 only.
Excellent condition. £220
VU -DATA MULTISCOPE. 7 Micro -sized Scopes (each removable)

in one frame. 060

MARCONI TF2008 SIG GENS 10kHz-520MHz AM FM
CALIBRATION VERIFIED £325

SAYROSA 252 AUTOMATIC MODULATION METERS
1.5MHz-2GHz AM FM (SAME AS FARNELL AMM)
CALIBRATION VERIFIED £125

HP 4951A PROTOCOL ANALYSER WITH HP18179A
INTERFACE MINT CONDX £525
Service/User Manuals
1000's in stock
Send 30p SAE marked MANUALS CATALOG
.

.

.

. .

.

WE ALSO BUY YOUR TOP QUALITY SURPLUS EQUIPMENT.
TRY US . . . YOU WILL NOT BE DISAPPOINTED!
All prices excluding VAT & carriage.
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REGULARS
APPLICATIONS

Simple, precision timer
Analogue and digital circuitry come
together in the GEC Plessey ZN1034 to
generate time intervals from 16ms to hours,
without the use of excessively large components. Repetition accuracy is within 0.01%
and stability with temperature is 0.01%/°C.
Figure 1 shows its essentials; a precision
oscillator with external RC timing components drives a 12 -stage binary counter to
give a 4096: 1 division ratio. After either the
trigger pin or the supply voltage changes
state, 4095 cycles of the oscillator occur
before the output pin sees a change - for
3MS2 and 10i.tF, that means a twenty -fourhour wait. And, of course, you can trim the
timing resistor to obtain the exact time delay
needed. GEC Plessey's Consumer IC handbook presents a great deal of information on
the components in the timing circuit.
Figure 2 is the basic idea. You can get a
variation of 1500:1 in time delay by choosing the timing components for that purpose,
but it is pointed out that a more restrained
range of 400:1 (1.5s -10m) gives better control linearity, ±2% instead of ±8%. Switched
decades of resistance can be used in the RT
position and the note gives a table of correction factors and errors, with values of shunt
resistor needed.
Starting the process going is a matter of
either keeping the supply on and taking the
trigger pin low or keeping the trigger low
and switching on the supply; Fig. 3 shows
the process. Supply dropouts during operation cause an increase (supply initiated) or

TIMING TRIM
RESISTOR

TIMING

2.6V
'REGULATOR
14
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NC
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RESET
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*5V

INTERNAL
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Fig. 1. GEC Plessey's ZN1034 precision counter/timer, which will generate an accurate time
interval of up to many hours duration with relatively small timing components.

TRIGGER INITIATED

SUPPLY INITIATED
SUPPLY ON

OFF

ON

OFF

PIN 4 RESET

RESET
&TRIG

&TRIG

OFF

ON

_J
RESET

RESET
& TRIG

OFF

RESET
NO

EFFECT
NO

NO

EFFECT EFFECT
TRIGGER
PIN 1

FALLS
4
WITH TRIG
SUPPLY

4
TRIG

FALLS
WITH
SUPPLY
I

L_J

0/P
P,I4 3

Tp"I_
(PERIOD 1)

ATp

1**-Tp-WI
(PERIOD 3)

TPH

I

HATPH

(PERIOD 5)

(PERIOD 4)

(PERIOD 2)

I

C'/P T)
PIN 2

Fig. 2. Basic timing circuit using the ZN1034.
Timing range is 1500:1, or 400:1 with a little
better control linearity. Minimum delay is 1 oms;
maximum 24 hours.
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Fig. 3. Methods of setting the ball rolling. Initiation is either by trigger input or by switching the
supply.
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Fig. 4. Typical circuit for a delay -to -off using a
thyristor and a DC relay. Pin 2 will supply up to
25mA, but R1 should be high enough to just
saturate the transistor.

decrease (trigger initiated) in the time delay.
Figure 4 shows a typical application -a
delay -to -off timer using a thyristor. For
240V mains, you might have to use a 100V
DC relay with a dropper, 220V DC relays
being thin on the ground.
A complete design for a mains delay -to -on
plug-in timer is shown in Fig. 5, which also
indicates methods of avoiding the effects of
mains and EM noise spikes. The smoother
R1C1 combines that function with spike
reduction, further efforts in this direction
being made by R2C2. A shunt regulator is
built into the chip and also reduces mains
noise - in the circuit shown it reduces the
noise by 15000:1. Of course, a 5V supply
designed to power logic as well as the
ZN1034 will not present much of a problem
even without the regulator, since noise
spikes should not be present. As regards EM
noise, pin 13 must be screened and the note
gives a recommended PCB layout for that
purpose.

114
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*-{22k 3W
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110V DC
10k
620

0.11
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20k

500k

0

Manor, Swindon, Wiltshire SN2 2QW.
Telephone 0793 518000.

Rrcnic

400V

100k

SCR

240V AC
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GEC Plessey Semiconductors, Cheney
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16V
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BRX 49
IGT

5
1,15

13

0
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1-/-< 0.5mA

2

3.9k
CT

0.1p

Fig. 5. Delay -to -on plug-in timer module,
showing methods of rendering mains and EM

TO.1p

noise harmless.

Pressure measurement
Motorola's MPX2000 series of pressure

have full scales ranging from 1.5 to 100psi
and the MPX5100 measures up to 15psi, the

transducers are temperature -compensated and calibrated on -chip; the MPX5100 has,
in addition, its own amplifier. These units are

former producing 40mV full scale and the
5100, 4V. Linearities are of the order of ±0.1
to ±0.2%.

therefore well suited to use without much
extra work; indeed, the MPX5 /00 can be connected directly to a microprocessor to make a
direct -reading pressure meter. MPX2000 units

Motorola's booklet BR121/D "Pressure
Sensors" includes the circuit shown in Fig. 1.
a portable manometer in which the pressure
sensor provides a differential output to a dig-

Fig. 1. Portable manometer using one of
Motorola's MPX2000 series of pressure
transducers to give a direct digital indication of
pressure on the internally compensated sensor.

mentation amplifier and replace the zener by a
voltage regulator.
Figure 2 is the circuit of a pressure switch,
meant to control compressor and pump motors
and heaters in liquid level applications.
In Fig. 3, the amplifier and MC1455, which
is a 555 timer replacement, form a voltage -to-

frequency converter which could be driven

ital panel meter. This will give a moderate

directly by an MPX5100 but which driven in
the MPX2000 case by temperature compensation and amplification circuitry. The amplified and compensated output of the pressure

performance, being limited to some extent by
the amplifiers and power supply: for greater
precision, you could use a more exotic instru-

Fig. 2. Pressure switch for motor control, switch
point being set by Rf.

150 61

r

1,2 LM358

,

51 V
0-7.5

-5

psi

90V

7

Al
5

+112

IGAR41

DWA

2

III115 Vacl

+112
Lb,

180 11

R6

C2

1

LM358

4

05

01

570 11

199.9 mV
MOC

4.

20041EI

(6 0 mAl

2.0k

6

SET

Vrms

30m5
100

R7

110 k
100 kit

1.0 M

25 Vdc

1.11

flop,

MPX220001

L

0-30 PSI

3009

64

'M.
100 kJ!

TRIAC

DRIVER

10k

12 LIA3S8
150 11

R = 114 W 5% METAL FILM

692

ELECTRONICS WORLD + WIRELESS WORLD August 1992

01

2560/2
TRW

APPLICATIONS

sensor drives an LM258, which acts as a
constant -current source to the charging

VOLTAGE-FREOUENCY

AMPLIFICATION

TEMPERATURE COMPENSATION

capacitor on the MC1455, so that the output
frequency is a linear representation of pres-

0 VCC

CONVERSION

7k

sure - 6V into the LM258 gives a 014kHz change.

Application Note AN 1305 describes an
evaluation board to familiarise engineers
with the direct interfacing of the MPX5100
to a microprocessor. Figure 4 is the circuit
of the DE1.18-114 hoard, which shows very
few externals indeed; there are simply the

10k 2 2k

8k

FOFF

100 k
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32

1k
5B

3

5

4

100k

200
LM

V' 324

sensor, clock components, a few bias resistors and an LCD to provide a direct reading

5k

T

100 k

200

1k

in pounds per square inch in 0.lpsi increments. No manual calibration is needed,
since the offset voltage of the sensor without applied pressure is computed at every
power -up and stored in ram. MC34064P-5
is an under -voltage detector used to reset
the system at switch -on and the jumpers.//
and .12 are for a slight tailoring of span by

/

41
7

POO

G
4

MC

6
2

2.5

8

1455

10 k

GUT

±1.5%. The application note gives full
details of setting up and the microprocessor
software listing in C source code.

Motorola Ltd, European Literature
Centre, 88 Tanners Drive, Blakelands,
Milton Keynes MK14 5BP. Telephone
0908 614614.

Fig. 3. Pressure -to -frequency converter using MPX2000 series. MC1455 is a direct 555 timer replacement
and is used as an astable multivibrator, its frequency directly controlled by the constant -current source of
the LM258.
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Fig. 4. Interfacing the internally temperature compensated and amplified MPX5100 transducer to the
A -to -D input of a microprocessor. This circuit is that of a
development board DEV8-114.
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ew Ones This Month

SUPER MULTIMETER Ex British Telecom, this is a 19 -range 20k o.p.v. top
grade instrument, covers AC & DC voltages, current and resistance, very good
condition, fully working and complete with leads £8.50. Carrying case £2 extra
(batteries not included but readily available).
MULTI -CORE CABLES all with 8A 230V cores so suitable for disco and
other special lighting effects. With earthable woven screen and thick pvc

outer. 3 core, 30p per metre, 16 core, 50p per metre, 18 core, 80p per
metre, 25 core, £1 metre and 36 core, £1.50 per metre.

VARIAC an infinitely variable unit gives any voltage from 0-230 a.c. at
%A. Obviously an invaluable piece of equipment which should be in
every workshop and probably would be except that the usual price for
this is £35 plus VAT. Now is your chance to buy one, brand new, at £15
including VAT, Order Ref. 15P4213.

MINI MONO AMP on PCB. Size 4" x 2" with front panel holding volume
control and with spare hole for switch or tone control. Output is 4 watt
into 4 ohm speaker using 12V or 1 watt into 8 ohm using 9V. Brand new
and perfect, only £1 each, Order Ref. 495.
5RPM MAINS DRIVEN This is a shaded pole motor, £5, Order Ref. 5P54.
POWER SUPPLY UNIT mains in, dc out, cased 4.5V 100mA, £1, Order Ref.
104, 6V 200mA £1, Order Ref. 103, 6V 700mA, £1, Order Ref. 103A, 9V
500mA, £2, Order Ref. 2P134, 24V 200mA, £2, Order Ref. 2P4, 12V 2A, £6,
Order Ref. 6P23.
AMSTRAD POWER UNIT 13.5V at 1.9A encased and with leads and output
plug, normal mains input £6, Order Ref. 6P23.

AMSTRAD 3.5 FLOPPY DRIVE brand new and cased, £35, Order Ref.

ULTRA THIN DRILLS Actually 0.3mm. To buy these regular (LIMITED SUPPLY ITEMS
costs a fortune. However, these are packed in half dozens
are only described in our
and the price to you is £1 per pack, Order Ref. 7978.
YOU CAN STAND ON IT! Made to house GPO telephone
equipment, this box is extremely tough and would be ideal

for keeping your small tools. Internal size approx. 10'/," x
4%" x 6" high. These are complete with snap closure lip
and shoulder -length carrying strap. Taken from used equi-

newsletter. Over 50 appear in our
current issue. If you order
something this month you will
receive this and the next three
issues posted to you free of
charge.

pment but in good condition, price £2, Order Ref. 2P283B.
BUILD YOUR OWN NIGHT LIGHT, battery charger or any other gadget
that you want to enclose in a plastic case and be able to plug into a 13A
socket. We have two cases, one 3'/" x 21/2" x 13/4" deep, £1 each, Order
Ref. 845. The other one is 2'/," x 21/2" x 1." deep, 2 for £1, Order Ref. 565.

SAFETY LEADS curly coil so they contract but don't hang down. Could
easily save a child from being scalded. 2 core, 5A, extends to 3m, £1,
Order Ref. 846, 3 core, 13A, extends to 1m, £1 each, Order Ref. 847, 3
core, 13A, extends to 3m, £2 each, Order Ref. 2P290.
POWER SUPPLY WITH EXTRAS mains input is fused and filtered and the

12V dc output is voltage regulated. Intended for high class equipment,
this is mounted on a PCB and, also mounted on the board but easily
removed, are 2 12V relays and a Piezo sounder. £3, Order Ref. :3013
5V 2.5A POWER SUPPLY UNIT £5. Mains Filtered, Output Regulated. Order
Ref. 5P186.

35P4.

ATARI 65XE at 65K this is quite powerful, so suitable for
home or business, unused and in perfect order but less
PSU, only £19.50, Order Ref. 19.5P/5B.

80W MAINS TRANSFORMER two available, good quality,
both with normal primaries and upright mounting, one is
20V 4A, Order Ref. 3P106 the other 40V 2A, Order Ref.
3P107, only £3 each.

PROJECT BOX size approx 8" x 4" a 43/4" metal, sprayed

grey, louvred ends for ventilation otherwise undrilled.

Made for GPO so best quality, only £3 each, Order Ref. 3P74.

12V SOLENOID has good %" pull or could push if modified, size approx
1%" long x 1" square, £1, Order Ref. 232.
WATER VALVE 230V operated with hose connections, ideal for auto plant
spray or would control air or gas into tanks etc., £1 each, Order Ref. 370.
10W ISOLATION TRANSFORMER if you want to isolate some small piece
of equipment from earth this may be what you are looking for. You can
use it either with a tapped input or a tapped output. It's upright mounting
and well insulated. Price £1, Order Ref. 821.
BT POWER SUPPLY UNIT output 9.5V AC at 600mA, in black plastic case
with 13A plugs to go straight into socket and approximately 3 metres of
lw!r, output lead. Price £1.50, Order Ref. 1.5P7.

ULTRASONIC TRANSDUCERS 2 metal cased units, one transmits, one

BUILDING YOUR OWN PSU, battery charger, night light, or any other
gadget that you want to enclose in a plastic case and be able to plug into

receives. Built to operate around 40kHz. Price £1.50 the pair, Order Ref. 1.5P/4.

a 13A socket? We have two cases, one 31/2 x 21/4 x 13/4" deep, £1 each, Order

100W MAINS TRANSFORMERS normal primaries 20-0-20 at 2.5A. or 30V
Ref. 845. The other one is 21/2 x 21/4 x 13/4" deep, 2 for £1, Order Ref. 565.
at 3.5A, £4, Order Ref. 4P24. 40V at 2.5A. £4, Order Ref.
500V BRIDGE MEGGER developed for GPO technicians
4P59. 50 Vat 2A, £4, Order Ref. 4P60.
the Ohmeter 188 is the modern equivalent of the bridge
THIS MONTH'S SNIP
PHILIPS 9" HIGH RESOLUTION MONITOR black & white in
megger. 9V battery operated, it incorporates a 500V genA £60 UNIT FOR LESS THAN
metal frame for easy mounting, brand new still in maker's
erator for insulation testing and a null balance bridge for
£10 - switch mode power
packing, offered at less than price of tube alone. only £15,
very accurate resistance measurement. Ex B.T. in quite
supply with outputs +12V at
Order Ref. 15P1.
good condition with data & tested. Yours for a fraction of
4A, +5V at 16A and -12V at
16 CHARACTER 2 -LINE DISPLAY screen size 85mm x
original cost, £45, Order Ref. 45P2.
1/2A. Enclosed in plated steel
36mm, Alpha -numeric LCD dot matrix module with integral
EXPERIMENTING WITH VALVES don't spend a fortune on
case, brand new, offered at a
micro processor made by Epson, their Ref. 16027AR, £8,
a mains transformer, we can supply one with standard
special price of £9.50
Order Ref. 8P48.
mains input and secs. of 250-0-250V at 75mA and 6.3V at
until Sept. 30th.
INSULATION TESTER WITH MULTIMETER internally gen1 3A. £5, Order Ref. 5P167.
Order Ref. 9.5P1.
erates voltages which enable you to read insulation
15W 8 OHM 8" SPEAKER & 3" TWEETER made for a disdirectly in megohms. The multimeter has four ranges. AC/DC volts, 3
continued high quality music centre, gives real hi-fi, and only £4 per pair,
ranges DC milliamps, 3 ranges resistance and 5 amp range. These
Order Ref. 4P57.
instruments are ex British Telecom but in very good condition, tested and
FREE POWER! Can be yours if you use our solar cells - sturdily made
guaranteed OK, probably cost at least £50 each, yours for only £7.50, with
modules with new system bubble magnifiers to concentrate the light and
leads, carrying case £2 extra, Order Ref. 7.5P/4.
so eliminate the need for actual sunshine - they work just as well in
BRUSHLESS DC 12V FAN tiny, only 60mm square, good air mover but
bright light. Voltage output is .45 - you join in series to get desired voltcauses no interference, £8, Order Ref. 8P26.
age - and in parallel for more amps.
MAINS 230V FAN best make "PAPST" 4%" square, metal blades, £8,
Module A gives 100mA Price £1
Order Ref. BD631
Order Ref. 8P8.
Module B gives 400mA Price £2
Order Ref. 2P199
2MW LASER Helium neon by Philips, full spec. £30, Order Ref. 30P1.
Module D gives 700mA Price £3
Order Ref. 3P42
Power supply for this in kit form with case is £15, Order Ref. 15P16, or in
Module E gives 1A
Price £3.50 Order Ref. 3.5P4
larger case to house tube as well £18, Order Ref. 18P2. The larger unit,
3V SOLAR PANEL price £3, Order Ref. 3P99B.
made up, tested and ready to use, complete with laser tube £69, Order
3 GANG .0005 MFD TUNING CONDENSER with slow motion drive.
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.
FERRITE AERIAL ROD 8" Long x 3/4" diameter, made by Mullard. Complete with 2 coil formers. 2 for El , Order Ref. 8328.
AIR SPACED TRIMMER CAPS 2-20 pf ideal for precision tuning UHF circuits, 4 for £1, Order Ref. 818B.

Beautifully made by Jackson Brothers and current list price is probably
around £20. Yours for £5, Order Ref. 5P189.

STEREO HEADPHONES extra lightweight with plug, £2 each, Order
Ref. 2P261.

BT TELEPHONE LEAD 3m long and with B.T. flat plug ideal to make
extension for phone, fax, etc. 2 for £1, Order Ref. 552.
WATER PUMP very powerful with twin outlets, an ideal shower controller,
mains operated, £10, Order Ref. 10P74.

STUDIO 100 by Amstrad, the ultimate disco control panel, has four
FIELD TELEPHONES just right for building sites, rallies, horse shows,
separately controlled and metered channels, twin cassettes, AM/FM
etc., just join two by twin wire and you have two way calling and talking
radio, stereo audio amplifier, phono & CD inputs, etc., etc., regular price
and you can join into regular phone lines if you want to. Ex ,..
over £400, we have a few still in maker's packing, brand
British Telecom in very good condition, powered by batnew and guaranteed, yours for £99, Order Ref. 99P1.
JUST ARRIVED
teries (not included) complete with shoulder slung carry0-1MA FULL VISION PANEL METER 23/4" square, scaled
3 core 15A flex. Price is 10m
ing case, £9.50, Order Ref. 9.5P/2.
0-100 but scale easily removed for re -writing, £1 each,
for £2.50, Order Ref. 2.5P/3.
MAINS ISOLATION TRANSFORMER stops you getting "to

earth" shocks. 230V in and 230V out. 150watt upright
mounting, £7.50, Order Ref. 7.5P/5 and a 250W version is
£10, Order Ref. 10P79.

DIGITAL FREQUENCY METER.

You can have this in longer
lengths, multiples of 10m up to
100m. Also available: 3 Core
20A flex, 10m for £3, Order Ref.
3P109 and 2 core 20A flex, 15m
for £3,
Order Ref. 3P110.

This is a hand-held instrument

with an LCD display allowing 8 digits of frequency to be read, has internal nicad batteries,

and a power supply which will recharge the
batteries. Ideal for field and service work as
well as general and industrial applications.
Has high and low BNC inputs and a plug-in

Order Ref. 756.

VU METER illuminate this from behind becomes on/off indicator as well, 1 %" square, 75p each, Order Ref. 366.
EDGE -WISE PANEL METER ideal when short of panel
space only 40 x 14mm, also have built-in led, 500pA f.sdd,
scaled 0-5, £1 each, Order Ref. 131.
PCB DRILLS 12 assorted sizes between .75 and 1.5mm, £1
the lot, Order Ref. 128.

Prices include V.A.T. Send cheque/postal order or ring
and quote credit card number. Add £3 post and packing.
Orders over £25 post free.

antenna which enables remote tests. It covers
a very wide range of frequencies: switch position 'A' covers 10Hz to 20MHz and switch position 'B' covers 20MHz to 1200MHz. Price £99,

M & B ELECTRICAL SUPPLIES LTD

but it compares very favourably with instru-

Telephone (0273) 430380
Fax or phone (0273) 410142

12 Boundary Road, Hove, Sussex BN3 4EH

ments selling at over £500 by our competitors.
Order Ref. 99P2.

Telephone Order Hotline Monday to Friday until 9.00pm on 0273-430380
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EDN DESIGN SPOTLIGHT

Circuits, Systems & Standards
First published in the US magazine EDN and edited here by Ian Hickman

Nonlinear components lower settling
time of noise reduction filters
Most common method of improving S/N ratio is noise
reduction by filtering. But the attendant increase in
settling time can be a serious disadvantage in certain
applications, such as high-speed data acquisition. A
nonlinear filter is a simple way to achieve a four -to -one
improvement in settling time over conventional filters.
First, consider the dynamics of a single -pole RC filter
(Fig. la). Filtering reduces broadband or white noise by
the square root of the bandwidth reduction, according to
the following equations, where en is the total noise in
VRms, eB is the broadband noise in V/-4Hz, and f/ to f2 is
the filter's frequency range in Hz:
ft;

ei,df

e2 fii,
13

ji

and thus
e = eB V.f2 -f,

These equations show that if the frequency range is
reduced,f21/, by a factor of 100, the total noise decreases
by a factor of 10.
Unfortunately, the settling time increases as the
bandwidth decreases. For a single -pole filter, the time
needed for the signal to settle to any given accuracy can be
calculated using the following equations, where t, is the
settling time in seconds, % is the percent of accuracy at
time t., and R1C, is the RC time constant in S2F. At time t,

-=l e

Fast settling filters

Filters are often incorporated at the input of an instrument to reduce noise,
for example in a DVM to clean up the DC input ahead of the measuring
circuit. However, they frequently increase the settling time by an
embarrassing amount: this can be substantially reduced by incorporating
nonlinear techniques, as the following article shows.

I.

IH

To determine the number of time constants required for the
signal to settle within 0.01%, simply calculate
In(0.01/100), which equals -9.2. Thus, it takes 9.2RC time
constants for an input step to settle to within 0.01% of its
final value.
A simple, diode -clamped nonlinear filter (Fig. 1 b) can
improve the settling time of a simple RC fblter. When a
large input step is applied to Vi the filter capacitor, CI,
charges faster through the forward -biased diode's low
impedance than it can through RI. When the difference
between the input and output voltages becomes less than
the forward -biased diode's drop (about 0.6V), the diode
stops conducting, and C/ and R I are the only active
components. At this point, the circuit behaves like a
normal, single -pole RC filter.
Fig. 1. Settling time
of the standard RC
filter (a) by adding
two diodes (b). C1
charges and
discharges much
faster through the
diode's low on resistance than it
can through R,,
thus improving
settling time.

)

Vmr

yin

and
-Hv,,

V

-1)100 = %

Therefore

(e)

is

(
100

RICI
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Note: C, . 1592 pF FOR 10 -kHz FILTER
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time improvement decreases for smaller input steps. When
the input step equals the forward -biased diode's voltage
drop, the circuit provides no improvement in settling time.

Fig. 2. To improve

settling time for
small inputs, as well
as large inputs, this
circuit allows
setting of the noise
threshold by

Lower the threshold
By reducing the threshold to below 0.6V, settling time can
be improved for even smaller inputs. The improved
nonlinear filter shown in Fig. 2 allows adjustment of the
clamp threshold by choosing the values of R1 and R.
Figure 2's op amp forces the voltage at its inverting
input to be the same as the signal at the non -inverting
input. Small voltage differences between the input and the
output voltages appear across RI, because the diodes don't
have adequate forward bias and are therefore off. Under
these conditions, the filter behaves like a single -pole filter
with a time constant determined by the values of R1 and
The voltage divider formed by RI and R2 forces the

choosing the values
of R1 and R2.

voltage VA to equal
VA=VB It 1+(R2/R1)1

Fig. 3. Response of
each filter (a) to an
input step (trace A)
shows the graduated
settling -time
improvement from
the simple RC filter
(trace B) to the
improved non-linear
filter (trace D). The

EMI
nummuminim

mumiiiiiiimmair +2 'W
-10

111111111-TZWiiiiiirail
111111011MMECIIII

my

double -exposure

scope photo in (b)
contrasts the small signal (trace A) and
large -signal (trace B)
settling times of the
improved non-linear
filter.

Horizontal scale =
Trace
Vertical scale
A
5V/div
B, C, D 2mV/div

(b)

Horizontal scale=20µs
Trace
Vertical scale
A
5mV/div
B
5V/div

Assuming that the diode's R0 is very small and thus
negligible, this filter's improvement in settling time
depends on the ratio of the input step and the forward biased diode's voltage. For a 20V step, -10 to +10V for
example, the filter improves settling time by In(0.6/20), or
3.5 time constants. In other words, for a 20V step, the
simple, diode -clamped nonlinear filter shortens the normal
RC filter's 0.01% settling time from 9.2 time constants to
9.2-3.5=5.7 time constants. However, as the ratio between
the input voltage and the diode's forward voltage
decreases, so does this circuit's advantages. The settling-
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When the input voltage increases (applying a step voltage,
for example), VA increases. When the voltage difference
between the input and output approaches 0.6V/(I + R2/R,),
the diode that corresponds to the input's signal polarity
will begin to conduct, and the capacitor will rapidly charge
through that diode.
To determine Fig. 2's component values, noise reduction requirements of the filter must considered. For
example, to filter the noise of a 20V step to 0.01%
resolution, filter the signal's peak noise to less than 0.01%
of 20V, or 2mV peak. A clamp threshold of ten times this
peak, or 20mV, is an arbitrary but ample nonlinear
threshold. The component values shown in Fig. 2 set the
filter's threshold to 20mV. The time constant of the filter
is very small, regardless of which diode is on, and the
settling time is limited only by the op amp's slew rate or
current limit. For a 20V step, Fig. 2's improvement in
settling time is In(0.02/20)=6.9 time constants.
In other words, the improved nonlinear filter can
improve the 0.01% settling time of a 20V step from 9.2
time constants to 9.2-6.9, or 2.3 time constants -a four -to one improvement. Further reducing the 20mV threshold
provides little additional settling -time improvement.
To use this filter successfully, noise content of the input
signal must be known. If the noise of the signal is greater
than the threshold - 20mV in this case - the filter will
mistake the noise as a step input and fail to filter it out.
Thus, Fig. 2 only behaves as the desired filter for noise
signals below the threshold that is set.
If the noise exceeds 20mV, Fig. 2's circuit will not
behave as an RC filter with the desired 10kHz cutoff. To
prevent this situation, ensure that the noise signal at the op
amp's input does not exceed 20mV by using C3 and R4 to
prefilter the input.
To reduce the prefilter's effect on settling time, the
values of R4 and C3 set the prefilter's bandwidth ten times
higher than the bandwidth of the noise filter. At this higher
bandwidth, the prefilter's effect on settling time is
negligible, and the noise at the prefilter's output is -sil0
times greater than 2mV, or a little over 6mV peak. (Recall
that noise is proportional to the square root of the
bandwidth.) A noise level of 6mV provides a comfortable
margin for a 20mV threshold.
Choose the right filter ingredients
Op amps tend to become unstable and to oscillate when
driving large capacitive loads. The network comprising C2
and R3 in Fig. 2 ensures circuit stability when the op amp
is driving large values of C1 through the low impedance of
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the forward -based diode network. This network may not
be needed if C, is a small value.
When choosing the op amp for the improved filter, make
sure it has enough output -drive capability to charge C,.
Also, the op amp's bandwidth, slew rate, settling time, and
DC precision must be adequate for the necessary filter
response. Choose an op amp such as the OPA627, which
combines DC precision, high slew rate, fast settling time
and high output -drive capability. Also, notice that any
unity -gain op amp's noise adds noise to the signal. If a
low -noise op amp is chosen, the op amp's noise
contribution is usually negligible. For example, the
OPA627 adds only 6% of the 101(11 resistor's theoretical
minimum noise to the total system noise. Remember that
noise adds as the square root of the sum of the squares.
Therefore, to determine how much the 4.5nVIHz noise of
the op amp adds to the I2.8nV4Hz noise of the resistor,
calculate the square root of the sum of the squares of the
combination and compare that to the noise of the resistor
alone. In this case, A1(4.52+12.82)/12.8=1.06, or a 6%
increase.
Figure 3a shows the responses of the standard RC,
diode -clamped, and improved nonlinear filters to a -10 -to
+10V input step. Bandwidth of each filter is 'kHz. The
measurement circuit adds a gain of 100 between the scope
and the circuit, so each horizontal division for traces B, C,
and D represents 2mV, or 0.01% of a 20V step. Thus, the
filters settle to within 0.01% when their corresponding
traces lie within one division below the centre line of the
scope.
For a 10kHz filter, one RC time constant is 15.9s. Table

Table 1. Theoretical time constants and settling times.
Theoretical
Theoretical
settling time
(time constants) (u.$)*
147
Single pole RC 9.2
91
Diode clamped nonlinear 5.7
2.3
37
Improved nonlinear
Filter type

settling time

*Time required to settle within 0.01% of the final value for a
10kHz filter.

These tabulated settling times ignore the input slew rate
and the diode forward resistance, which are good
approximations for the OPA627-based, 10kHz filter. The
actual measurements closely match the theoretical
calculations.
Figure 3b is a double -exposure scope photo of the
improved nonlinear filter operating with a low (trace A)
and high (trace B) input signal level. The filter's response
to a ±10mV step looks like the response of a standard,
110kHz, single -pole RC filter. This response is expected,
because the input is equal to the threshold voltage. When
the circuit operates with a high input level (a ±10V input
step), the settling time greatly improves.

Rod Burt and R Mark Stitt, Burr -Brown Corp

1 displays the theoretical settling times of each filter.

Analogue delay line uses digital techniques
The analogue delay line in the figure uses a digital
I technique to delay an analogue signal for as long as 2s,
reconstructing the signal with 8 -bit resolution. The product
of the delay time and the bandwidth is a constant: For a
1.024kHz clock frequency (2s delay), the analogue
bandwidth is 100Hz; for the maximum 40.96kHz clock
frequency (50ms delay), the analogue bandwidth is 4kHz.
There is no lower limit for the clock frequency.
The clock signal drives a binary counter (/C,), which
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This circuit will produce a delayed exact replica of a sampled input signal, without
any of the approximations involved in schemes designed to handle speech - such as
delta modulation and its derivatives - which cannot handle large signal energies in
the upper part of the passband. By using a counter providing more address bits, in

ANALOG

OUTPUT

12
11

4 ,.F

10

-43

11

5v
2.55V REF

CLOCK
INPUT

5V

ADDRESS LINES
10

13

P

CrIFR

11

2

5v0

16

3

16 C0404CMG
5
BINARY
COUNTER
14

3

75

4

14

034538EC

Analogue delay
digitising a signal
once per clock
cycle, storing the
result in a 2048
word ram, and
converting one
sample per clock
cycle with a D -to -A
converter. The
resulting delay
equals 2048 divided
by the clock
frequency.

3

IC.
6

13

C331.181111A

11

RAM

70

A,

12

5v 0

WRITE FNAR1
2

129

23

21

22

20

19

18

August 1992 ELECTRONICS WORLD + WIRELESS WORLD

-L

r

fltrA"--°R
15

40111 Cf
03453881C
2

sv

14

a

61:7

EDN DESIGN SPOTLIGHT

then scans the address inputs of a 2048 -byte x 8 -bit ram
(iC3). The ram writes the contents of each memo location
to the D -to -A converter (/C4) and then reads out the results
of a just -completed conversion by the 8 -bit A -to -D
converter /C,. The ram reads out each data sample 2048
cycles after it is read in, so the delay is 2048 times the

clock period, or 2048 divided by the clock frequency.
The clock signal also drives two monostable
multivibrators in parallel (/C5A and /Cm). /C5A triggers on
the clock's rising edge; /C58 triggers on the clock's falling
edge. The timing components R and C can be chosen so
that each device produces a pulse of approximately Ips.
These pulses have the proper polarity and phase to control
the A -to -D converter, D -to -A converter, and ram as
shown.

The analogue input should be scaled for a range of 0 to
2.5V. The 100pF capacitor sets the A -to -D converter's

internal clock to its maximum rate of 900kHz; the /busy
signal (pin I) should be monitored and capacitor value
adjusted as required to achieve 900kHz. Both converters
include a 2.5V voltage reference. But to improve accuracy
use the A -to -D convertor's reference for both. Power
consumption is 120mA from the 5V supply and 50µA
from the -5V supply. The current drain from the positive
supply can be greatly reduced by adding logic to control
the ram's chip -enable input (pin 18).

TG Barnett and I Millar, The London Hospital Medical
College, London.

Transistor powers low -dropout regulator
The monolithic regulator chip in the figure, combined
with an external PNP transistor, forms a very -low
dropout regulator. and can apply several hundred
milliamps at 5V from an input as law as 5.3V. Such low dropout performance suits battery -powered applications,
because it extends the useful life of batteries having
sloping discharge curves - such as sealed lead -acid and
lithium batteries.
The monolithic regulator derives its supply current from
the base circuit of the external PNP transistor. The
feedback -resistor ratio sets the output voltage:

V,=1.3Vx(R,+R2)/R,
If the output -voltage feedback to the chip's V,,,, input is
below the bandgap-reference voltage ( I.3V), the supply

A monolithic
regulator chip
driving a dummy

Low headroom regulator
In battery -powered instruments, a regulator needing very
little headroom can substantially extend the useful life of
primary batteries, or allow less frequent recharging of
secondary (rechargeable) batteries. This circuit can
provide 100mA at 5V from an input as low as 5.1V.
IH

current into 1/1 - the PNP transistor's base current increases. The transistor multiplies this base current by f3
and delivers it to the load. The circuit's quiescent current
is a function of the transistor's 13 and load current.
When there is no load, the quiescent current is typically
10µA. For larger load currents, the quiescent current is
simply the load current divided by the transistor's 13. The
regulator chip can sink 40mA max, and when the chip's
shut -down input is enabled, the circuit consumes 61.1.A

load sets the base

typically. R4 supplies current to the chip under no-load
conditions.
R3 can limit the transistor's base current. The chip's V,
pin will try to raise its voltage level to that of the V,,, pin
when the output voltage of the chip is low. Reducing R3
has the effect of supplying larger base currents to the
external transistor.
A 2N2945 can be substituted for the 2N2907 shown in the
figure. With this substitution, the circuit will supply a 5V,
100mA max output from a 5.1V input.

current of an
external, series -pass

PNP transistor; the
result is a very -low -

dropout regulator
for batteries whose
output voltage drops
under load.

lames E Dekis, Maxim Integrated Products, Sunnyvale,
Ca and Terry Blake, Motorola, Schaumberg, II.
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Getting a word in edgeways
telecommunications assume an
increasingly digital aspect, the question

As

of just how much material can be
squeezed into a low -rate bit stream without
excessive cost and quality degradation has
become crucial. Decisions on standards and algorithms made now

complicated, with algorithms having a direct
impact on implementation costs and power
consumption.

To achieve good quality at the lowest bit
rate requires complex processing that may
introduce excessive time -delay for
real-time, two-way speech.
But where the material is to

will have implications well

be stored. good -quality

into the 21st century.
Today, the packaging of

speech and video, with
their high degrees of
redundancy, has moved

on a long way from
basic PCM. Professor
C Xydeas, University
Manchester,

of

Pat Hawker reports on
development success
in reducing the bit rate of digital speech

emphasised the current
level of development at a
recent

IEE

Speech coding

colloquium
- techniques

and application: "Present day
techniques seek to exploit the
intrinsic properties of speech signals in order
to

speech can be recorded
repeated
using

remove redundancy and thus achieve

improved compression/speech
performance."

quality

Mean opinion scoring

processing. D Y -K
(Ensigma
Wong
Ltd) demonstrated a

variable rate linear

Real-time communications

For real-time communications. Liverpool
University and BT are jointly developing a
pitch synchronous scheme for voiced frames
and celp (codebook excitation linear
prediction) for coding unvoiced speech

frames. The scheme has been tested

in

simulation, obtaining good communications -

quality speech at 3.1kbit/s. The simulated
coder produces reconstructed speech of good
and natural quality.
Nigel Sedgwick (Cambridge Algorithmica)
described a formant vocoder being developed

to operate at 600bit/s. Such vocoders are
mainly of interest for military use where

coder
prediction
which works on four
of
types
major
Wong
segment.
explained how very high
coding efficiency and
speech
good
quality
reproduction on material recorded
at an average bit -rate of 3.5kbit/s (peak rate
of 7kbit/s) were possible, achieving a
perceptually weighted SNR of I7.5dB in the

communication bandwidth is at a premium,

voiced region. This would. for example,

Speech qualify versus bit rate for telephone
bandwidth speech codecs: from An overview of
speech coding techniques, C Xydeas.

enable a "voice dictionary" to be recorded on
compact disc.

for example over tactical HF radio using
frequency hopping as an electronic counter coulter -measure where users would be
prepared to accept the disadvantages of

increased cost and lower speech quality

compared with vocoders operating at 2.4kbit/s.

The work is supported by a contract from
RSRE Malvern covering specification. desii
and implementation of a non -real-time

In an overview of the subject, Xydeas

described use of the 1-5 scale of mean opinion

score (mos) for assessing speech quality of

5-

IFacellentl

200Hz to 3.4kHz channels. For network (toll)
channels, a mos of 4.0 or better is needed and
for communication channels a score of 3.5 to

4.0. Mos values in the region 2.5-3.0 imply
"synthetic" quality speech. Although still
highly intelligible, this quality has a reduced
naturalness and speaker recognisability, but
can be transmitted at bit rates of less than
2.4kbit/s, making such vocoders suitable for
HF radio circuits. For "broadcast -quality"
speech a baseband of 50 to 7000Hz "offers a
dramatic improvement in naturalness and
intelligibility (unvoiced sounds) compared
with conventional telephone speech... voice
applications such as ISDN teleconferencing

G711

Next generation

4-

Good

I

G721

-----

Waveform Coders
rid

Cod ers
I

Fair

Poor

and loudspeaker telephones are based on
broadcast quality speech and require codecs
that can produce a mos score equal or better
than 4.0".
Several presentations stressed that decoded
speech quality is closely linked to output bit rate and the codec complexity. As the required
bit -rate decreases, codecs become ever more
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software simulation of the vocoder.

Speech Coders

The formant analysis adopted draws on
investigations, later abandoned, by the Joint
Speech Research Unit (GCHQ) at Eastcote
and Cheltenham in the 1970s and early 1980s.
It includes variable frame -rate (VFR) coding
using a dynamic programming algorithm to
select, simultaneously, the optimal sequence
of frames to transmit, plus the use of a vectorquantised codebook of formant frequencies

Waveform Coders

Vocoders

good quality recording remains intelligible but

4
Subband Sinusoidal
Adaptive
Coder Coding (SC) Tranform
(SBC)
Coding
4(ATC)
Harmonic
Coding (SC)

leaves much to be desired. With parameter
tuning etc a VQ/VFR vocoder at 600bit/s

I

Analysis by Synthesis
Channel Vocoder
approach
Formant Vocoder
Homomorphic Vocoder
LPC Vocoder
Phase Vocoder
Feed Forward
approach

Frequency Domain

and amplitudes. As part of the codebook
generation software, there has been an early
implementation of a scalar-quantised VFR
vocoder but with less complex coding of the
side information and with an effective data
rate of 1320bit/s. At this level, speech from

Hybrid Systems

1

RELP
YELP
VECV

Time Domain

should be better.
Multipulse Codebook Backward

Broadcasting in bits

LPC
(MPE-LPC)

1
PCM

Simon Shute (BBC) gave a rather different

Excited
LPC
(CELP)

LOG-PCM
APCM

meaning to "low" in speaking of "low bit -rate

digital audio broadcasting (dab)". He noted

Recovery
Excitation
LPC
(BER-LPC)

VQ

that the accepted standard for coding audio in
studio applications uses a sampling frequency
of 48kHz, with up to 20bits per audio sample
- although most current equipment can handle
only 16bit. This AES/EBU digital audio

NP

Differential
Predictive
Coding
Systems

interface standard when implemented for a
stereo pair and multiplexed with the necessary
"V.

with
STP

with
LTP & STP

DPCM
ADPCM

APC

Cryptic beginnings
It

is now almost 45 years since Claude

Shannon

defined, in the Bell System
Technical Journal, the intellectual framework

for efficient packaging and transmission of
electronic data. As noted recently by John
Hogan in IEEE Spectrum, Shannon's classic
paper "The Mathematical Theory of
Communication" still stands as a beacon of
the communications age.
Shannon, like our own Dr Alan Turing,
gained an insight into digital communications

during his wartime work in the field of
cryptography - in his case while working on
the "Green Hornet" (project X or Sisaly) long-

range HF secure speech system in which
"one-time" keys in the form of digital bits
were distributed on disc recordings.
Green Hornet was used, for example, in the

DM

Key

STP : Short Term Predictor

LTP : Long Term Predictor
Speech coding methodologies. C Xydeas.

framing, signalling and control information

represents a bit rate of 3.072Mbit/s.

be accommodated in a bandwidth of 1.5MHz

It is

compared with 2.2MHz per single national

against this yardstick that broadcast engineers
judge their "low bit -rate" coding systems.
Shute concentrated on musicam, the coding

system chosen for audio coding for the

channel for FM. Because cofdm is
intrinsically immune to delayed echoes
resulting from reflections, it is equally
immune to co -channel signals arriving from

European

other transmitters in adjacent areas, and can

musicam/cofdm

dab

system

developed by the Eureka 147 Group as a
means of delivering to listeners CD -quality

thus be re -used for as many transmitters as are
needed to provide national coverage.

stereo at a bit -rate of around 200bit/s per

Shute admits that the BBC is seeking a

telephone link that was almost certainly the
first -ever crude implementation of Alec

stereo channel. He emphasised the advantages

of using cofdm transmission with its high

VHF channel for terrestrial dab (possibly in
Bands I or III) with the original proposal for

Reeves's pulse code modulation patent,

resistance to multipath problems that continue

direct reception from a non -synchronous -orbit

between London and Washington DC. Built
around thermionic valves, the London
terminal behind Selfridge's required 30 racks
of equipment and consumed many kilowatts
of electricity to provide a few milliwatts of
just -intelligible speech.
But Shannon has acknowledged that it was

to place severe limits on the performance of
pilot -tone FM received in moving vehicles.

satellite now on the back -burner, although
national distribution of the digital signals

later years of the war to provide a secure

his cryptographic work that led him to
develop his theory of communication. He
realised that, just as digital signals could
protect information from prying eyes and
ears so codes could also be used to package
information more efficiently, allowing more of

it to be carried over a given channel.
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Incidentally, he admits that the addition
during the 1980s of a vertically polarised
component to BBC VHF/FM transmission has
"to some extent" proved counter -productive.
(His comments fulfilled the fears I expressed
in Multipath distortion - does polarisation
matter? . Wireless World, April 1981, pp. 8385 which brought on my head the wrath of the
Directors of Engineering of both the BBC and
the IBA!)

The musicam/cofdm system is also much
more spectrum -efficient than analogue FM,
permitting six multiplexed stereo -channels to

would most likely be based on a satellite. The

BBC believes that dab may eventually
supersede FM for national services in Band II.
although FM transmissions are likely to
continue for a number of years.

He says that a number of hurdles remain
before dab can be introduced in the UK. But
its technical and economic attractions are such

that he is convinced that the necessary steps
will be taken and that we can look forward to
a dab service beginning in the mid -1990s,
with significant area coverage and affordable
receivers for home and car reception.
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PATENT NEWS
Signal receiver for satellite broadcast. In
UK patent 2235340 Funal Electric
Engineering Co Ltd. describes a signal
receiver. It has probe antennas provided in a
waveguide for receiving differently
polarised waves such as vertical and
horizontal polarised waves. The probe
antennas are arranged to intersect at right
angles in the waveguide where each antenna
is connected to input terminals of an
amplifier. According to the structure. it is
possible to receive both vertical and
horizontal polarised waves simultaneously
without using a rotational probe antenna. In
a modification. clockwise and anticlockwise circular polarisation waves can he
received. The amplifiers may each include a
gallium arsenide field effect transistor
selectively switched on to receive the
required vertical or horizontal polarised
waves.

FMCW intruder alarm system. In U.K.
patent 2236926 GEC -Marconi Ltd.
describes a range -sensitive intruder alarm
system using FMCW radar. A sinusoidal
FMCW signal is venerated and mixed with

reflected signals to produce an output signal
comprising a series of frequency
components which correspond to sidebands
of the FMCW signal. Each frequency
component has a unique amplitude variation
ith the range of the source of the return
signal. Selected frequency components are
filtered and their amplitudes compared to
define a range limit of the system. The alarm
is triggered by the output of a threshold
circuit which monitors the amplitude of one
of the frequency components. Triggering of
the alarm is inhibited if the comparison
reveals a disturbance occurring outside the
defined range limit. A second range limit
may he defined by comparing the amplitude
of a third frequency component with one of
the first two.

Detection circuitry. In UK patent 2221294
Formula Systems Ltd describes detection
circuitry with improved range and signal-tonoise ratio. it includes a number of light
emitting diodes connected in series and
powered by a current source gated by an
oscillator and a number of photodiodes.
Each photodiode has its own separate

detection circuit which is gated by the
oscillator and AC decoupled by capacitors to
filter out the DC content of sunlight and the
AC content of fluorescent artificial lighting.
Summing means sum the outputs of the
detection circuits so the resultant output
signal is increased by a factor equal to the
prodt.ct of the number of light emitting
diodes and the number of photodiodes, over
the situation where only one diode of each
type is used.

Capacitance measuring. In UK patent
2223320 Northern Engineering Industries
describes the measurement of line capacitance,

eg of a telephone line, using a known capacitance in series with the line conductors. An
oscillatory signal sent to the conductors
through the known capacitance and an output
current signal is obtained, dependent on the

line capacitance. After passing the output
through amplifying and phase sensing stages

the output signal in phase with the input is
obtained and is scaled to drive a meter. An output voltage signal from the line conductors
is used to determine line capacitance.
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with readers using this service, we also reserve the right to reject adverts which do not fulfil the terms of this offer.

Please send your completed forms to:
Free Classified Offer: Electronics World, L327 Quadrant House, The Quadrant, Sutton
Surrey SM2 5AS

August 1992
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CLASSIFIED
TEL 081 652 8339

FAX 081 652 8931

ARTICLES FOR SALE
TO MANUFACTURERS, WHOLESALERS,
BULK BUYERS, ETC.

PHILLIPS PM3217 Dial trace 50MHz Delay sweep
FARNELL DT12-5 12MHz Dual channel scope
FARNELL DT12-14 12MHz Dual channel scope
TEKTRONIX 2215 6C MHz Dual channel scope
TEKTRONIX 475 20C MHz Dual channel scope
TEKTRONIX 434 50MHz Dual channel scope
TELEQUIPMENT D755 50MHz Dual channel scope
TELEQUIPMENT D1010 10MHz Dual channel scope
TELEQUIPMENT D101OR 10MHz Dual channel scope
TELEQUIPMENT D1011R 10MHz Dual channel scope
TELEQUIPMENT D1016A 20MHz Dual channel scope
SCOPEX 4D10 10MFz Dual channel scope
SCOPEX 4D10A IOW Hz Dual channel scope
SCOPEX 4D25 25MF z Dual channel scope
DM64 10MHz Dual channel scope
D67A 25MHz Dual channel scope

LARGE QUANTITIES OF RADIO, TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL
SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS, DIODES,
RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc. CAPACITORS,
SILVER MICA, POLYSTYRENE, C280, C296, DISC CERAMICS, PLATE CERAMICS, etc.

ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES SCREENED
WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, ETC ALL AT KNOCKOUT PRICES
- Come and pay us a visit ALADDIN'S CAVE

TELEPHONE 081 445 0749/445 2713

REDIFON 1kW Linear amplifier 1.5MHz-30MHz cJw aerial filter unit - mains

R. HENSON LTD

power unit and drive unit GK203N
£1250
MARCONI Universal Bridge TF2700
£120
MARCONI UHF Attenuator DC-1GHz TF2163S
£150
MARCONI 2GHz Digital frequency meter 2435
£495
GOULD Signal generator J3B
£120
KEMO 1.0Hz-100kHz Phasemeter Type DP1 (new)
£120
FLUKE 845AB High impedance voltmeter- null detector (new)
£500
SIEMENS Level meter 200Hz-620kHz Type D2155 c/w tracking osc. Type W3155
£1250
HP 3770B Telephone line analyzer
£950
All our equipment is sold with a 30 -day guarantee.
SAE for enquiries. Phone for appointment or for demo. of any item.
P&P included UK only. VAT excluded.
For more details please contact:
TELFORD ELECTRONICS, Old Officers Mess, Hoo Farm, Humbers Lane,
Horton, Telford, Shropshire TF6 6DJ. Phone: 0952 605451. Fax: 0952 677978.

21 Lodge Lane, North Finchley, London N12 8JG.
(5 minutes from Tally Ho Corner)

L

£320
£120
£120
£375
£425
£250
£180
£95
£95
£95
£125
£95
£95
£125
£95
£130

VISA

Cooke International
FOR SALE
USED TEST EQUIPMENT
Scopes, Sig. Gens, PSU's, Power Meters, DVM's, Oscillators, Attenuators, etc.
Open Mon -Fri 9am-5pm or Phone.
Copy Service for Workshop Manuals available.

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC, INTO CASH
Immediate settlement.
We also welcome the opportunity to
quote for complete factory clearance.
Contact.
COLES-HARDIING & CO.
103 South Brink
Wisbech, Cambs PE14 ORJ.
ESTABLISHED OVER 15 YEARS

SATURDAYS
BARGAIN STORE OPEN 10am-4pm
CASH ITEMS TO CLEAR
Contact: Cooke International, Units 4/5, Fordingbridge Site, Main Road,
Barnham, Bognor Regis, West Sussex P022 OEB
Tel. 0243 545111 Fax: 0243 542457
Wide range of items available. Send SAE for lists.

Buyers of Surplus Inventory

Tel: 0945 584188

Fax 0945 475216

GOLLEDGE

- ELECTRONICS -

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

Merriam Somerset, TA16 5NS

Tel: 0460 73718
Fax: 0460 76340
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Place a lineage advertisement in next months issue and it will cost, for
a single insertion, only £2.50 per word

Please debit my

6 insertion £2.15 per worcVissue. (Advertisement can appear every month or every other

EXAMPLE SIZE

month only) 12 insertions E1.80 per word/
issue. (Advertisement to run every month

3 cm x 1 column
For 1 insertion cost
is: £60.00
For 6 insertions costs
are: £51.00 per issue
For 12 insertions costs
are: £42.00 per issue

only).
WHY NOT PLACE A BOXED ADVERTISEMENT

TO GIVE MAXIMUM IMPACT?

Extras:
Box number service

702

cheque.
ALL RATES QUOTED ARE EXCLUSIVE OF VAT: All major credit cards accepted

Special rates:

Spot Colour

Lineage advertisements under £50 have to be pre -paid by credit card or

20%

£22.00

card a total of f

Expiry Date:
Please ensure that address given is where your credit card statement goes to.
NAME
ADDRESS

TEL NO

SIGNATURE

All advertisements must be received 5 weeks prior to publication date.
All cancellations must be received by 8 weeks prior to publication date after that. No
advertisement can be cancelled.
Please send to Electronics World & Wireless World, Classified, Room L329, Quadrant
House. The Quadrant, Sutton, Surrey SM2 5AS. Tel: Pat Bunce on 081-652 8339.
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FREE PRIVATE

SERVICES

ARTICLES FOR SALE

PRODUCTION/A.T.E.

SERVICES OFFERED

SECOND USER EQUIPMENT

ENGINEER

of an

HUGE SAVINGS CO
PRODUCTION EQUIPMENT

£596
BLAKELL LS210 c/w LS34 Assembly Station.
£5,500
BLUNDELL CropmaticNacuclamp Package.
DEK 245 (New in Box)
£5,000
Screen Printer.
DE/410N Automated Horizontal Warehouse
£1,190
Storage System.
£6,750
DYNAPERT 118 Pick and Place Machine.
£29,975
DYNAPERT 318HR Pick and Place Machine.
£16,500
DYNAPERT 506 Pick and Place Machine.
FISCHER Betas ape 1370C With Z5NGB2
£2,995
Platform.
£1,450
ICI SCREENKLENE AO Solder screen cleaner.
02.550
ICI 1214 Vapour Phase Reflow Tank.
£1,995
ICI 2818 UV 28 Ultrasonic cleaning plant.
£48,000
UNIVERSAL 6241A Sequencer/Axial Inserter.
UNIVERSAL 62418 Sequencer/Axial Inserter. 072,000
011
UNIVERSAL 63484 Sequencer/Radial Inserter.
020.000
UNIVERSAL 6772 Multi mod .3-.6".
£28,000
DEK 255 Pass Thru'. Brand New/unused
UNIVERSAL 6340A 40 stn. Radial Inserter
ROYOMC Light guided assembly benches
£2,800
HELLER 715 Axial Lead former
See latest issue of Buyers News for full listing and
Terms & Conditions. Prices exclude VAT. Buyer ..

TEST EQUIPMENT
TEKTRONIX 2445 150MHz Oscilloscope
TEKTRONIX 2465 300MHz Osc Iloscope

£1,350

ENVIRONMENTAL TEST

095

A.C.E. 350 -litre Burn -in Oven
A.C.E. -20 to 4 ISO C Chamber
RINGWAY Cold Chem ber/Hot and Humid
Chamber

E2.900

£ call

£82,500
ICEE11=1.111=111M1M.
C call
GENRAD 2270, 2271, 2272, 2275, 2276
full

MARCONI 80X 1024 Test Points

Manufacturing Equipment

WORLD

will close for

/Vows Offer tin

Please rat if what ou want is not on this list!
IBM COMPATIBLE PA/Ca
NORTHWEST a MMU I ATIONS
£385.50
6447.00
1579.00

286
386

486

All above systems come with VGA
Mono, 20rneg H/Onve, Keyboard

Specialists in Cellular Communications Cellular
Repair/Maintenance Computer Sales/Repairs Phone
PX Welcome
Systems Facsimiles
Balceder House, Goulding Avenue, Leyland PRS 2HE
Telephone: (0772) 623143 (5 lines) Fax: (0772) 6;1 488

etc

OR FOR THE DIY ENTHUSIAST
COMPLETE KITS SUPPUED:
£37100
286
641700
386

dill

£540.00

MICE

£16.95
MOTHERBOARDS
286-16
386SX-25
386SX-33
386DX-33
486SX-20

AM La Nr tee billowing
f 130 00
SVGA col.
£ Ring
Larger hard drives
630.00
Memo 1
Brand new boxed AMSTRAD 231600
65meg hard drive. VGA monitor.

E149.50
E156.00
E175.50
E403.00

4865X-25
4860X-33
WO a VIDEO CARDS
E1405
Super I/0 25/1P/1GADE
0.95
I/0 2S/1 pare game
£9.95
1DE/FDD 2F/2HDD
E29.95
256 video card
£32.95
512 video card
E52.00
1M video card
02.00
MFM card/2FD (inc. cables)
122.00
KEYBOARDS

FLOPPY DRIVES
1.44?1,21.2 5 /4'
360K 51/4'

MAIO
08.00
619.50

CASE AI PSU
Slinnine desktop
Standard desktop (very high
quality)
Mini tower (modern design)
Full tower
HARD DRIVES
MFM 20meg

Here. moron 112v011/

DR DOS 6.00

04.60

THIS MONTH'E.
GIVEAWAY

09.00
006.00
£353.50

MS DOS

H P Ain computer
Accelerometer Sundstrand 0 -flea 979-1200-001
Pressers Transducer lOpsi vented gauge 080 4-366
Other Pressers transducers. mostly low ranges
UK microphone 411 inch 4138. with UA0160 Unused
Hire Services

ERIN

it

ARTICLES WANTED
STEWART OF READING
110 WYKEHAM ROAD

New E75

READING, RG6- liPL.

from 610
6510

TEL: 0734 68041
FAX: 0734 351696

M pates are Cl catnap bed VAT.
lists now available, please write/fa kpbone
lechaical L Scoentlfic Supple's. PO lee 19. Nano. Soetlempleac
Hampshire SO4 6%0, Tel: (17031149 666. Pak 107131117 179.

0604 844130. Fax 00)4 821647.

TRIO R2000 with VHF VCIO, narrow
CW filter, compare £800 New. First offer
£400 must collect, Lancashire. Tel 0706
218290 evenings.

TEKTRONIX 58IA oscilloscope, complete, but no EFIT, plus other components, Transformers etc, free if collected.
Telephone Witham (0376) 5115511.

MARCONI 2437 100MHz Timer/
Counter £125.00. HP 651B Test/
Generator 10Hz-I0MHz E60.00 perfect
condition with manual. Chandran 28700
Houville-La-Branche, France. Tel

PHILLIPS ENGINEERING Development system, Unix -based, hardware

emulation pods, Pascal and assembler

press on

for 609 and 8085 processing, printer,

Thursday 6th
August 1992
To reserve your
space telephone
Pat Bunce on
081-652 8339

MANZA SEVEN Scgmem LED displays

£1,200. 051-652-4324.

0.3 inch red common anode LH DP
similar RS587-894 brand new 7jp each,
£15.00/25. Tel: 0438-812730.

ALTECH 707 Spectrim Analyzer
10MHz to 12GHz kit for 26GHz, £1,900.

Tel 0444 412460.

KENWOOD TS -5995 HF TX VGC
£120.00. R532 VHF Airbend RX £90.00

pp. URR35 UHF RX 220-399MHz

£220. Rigby, Tel: 0224-589947.

metres with tilt -over fac lity enabling
all maintenance to be at ground level.

Amstrad 1640 col. 30rwei hard
095
drive
IBM PS2 Model 30 20mes hard
6365
drive, co our VGA

New 6550

Also Valtes, Components, etc

etc. Wanted. Andrew Emerson, 71 Falcutt Way, Northampton, NN2 Mi. Tel.

and mobile models from 7.5 to 36

E42.00

BARGAIN BASEMENT Med Wets
Amstrad 1512 mono 20rmeg herd
1345
drive

Technical & Scientific Supplies
0

405 -LINE TV CAMERAS, Monitors,

A range of telescopic towers in static

All prices subject to VAT and postage/packing. All systems carry a 1 -year warranty.
We are major suppliers of computer equipment. Please phone or fax with your enquiries.
Accem/Vlsa plasm add 2.5%.

659
151 Correlator Model 1015C
from 611
Net fibs probes, hot wire probes
DIN 41612 Connectors 3 -row AC 64W Skt 4- plug wired, used
£21 to E211
Oren lading. various conditions sizes
11211
AC Calibrator HP 1454
645 to 695
P IM Bras till power supplier

sex).

Versatower

E180 10
6208 10
E58.50
639.00

Price (31.95

E71.50

E130.00
E162.50

IDE 40meg
IDE 70meg
IDE 100meg
IDE 200meg

MONITORS
Super VGA colour 0.39mw
Super VGA colour 0.28rnm
VGA mono

03.50

04.50

EPROM PROGRAMMER Stag PP28

£115.00

£525

Windows 3l

09.40
04.50
07.50

10 off
OLIVETTI 9-P N
PRINTERS
Special Price

condition. £230. Tonhridgc 0732 353970.

37.25.91.04.

+ WIRELESS WORLD

tor the Electronics Industry
once

16K to 64K output/input RS232, £150.0)
ono. Phone Ray 0903 883986 (W. Sus-

ELECTRONICS

BUYERS NEWS Tel: 071-284 4074 :UK)
Fax: 071-267 7363 (UK)
146 Camden Street, London NW19PF

HUGE SAVINGSON
Second User

UK/overseas.
Daily Rates.

011

MARCONI 540 Midi. 256 Digital 768 Universal

OSCILLOSCOPE PORTABLE Tektronix 453, dual channel 50MHz, good

The Sept. issue of

028,000

0702 522929.

for installation, commissioning
and maintenance.

Classified
Advertisers
please note

0.000
0,350
0,650
0,995

MARCONI 2019 1GHz Signal Generator
MARCONI 2371 200MHz Spectnirn Analyser
H.P. 3325A Function Generator
PHILIPS 3320 250M8/s DSO

Receiver, good condition, £140. Tel.

MOBILE: 0831 869788
TEL/FAX: 0333 424797

Completely refurbished; Tested r. CalibratedyRe-sprayed cabinet; Manuals; Probes and
accessories as supplied new; Packed, ready to :hip.
Carriage 620 (UK Mainland).
£ F.O.A.
Calibration certification available

CLASS/RED
RACAL RA 17 Communication

TOP PRICES PAID FOR ALL
TYPES OF SURPLUS TEST
EQUIPMENT, COMPUTER
EQUIPMENT, COMPONENTS
etc. ANY QUANTITY.

Designed in accordance with C P3 Chapter V, part 2
1972 for a minimum wind speei of 140 kph in
conditions of maximum exposure and specified by
profess onals world-wide whe e hostile
environments demand the ultimate in design, quality
and reliability.
Suitable for mounting equipment in the fields of
Communications

Security surveillance - CCTV
Meteor3logy
Environmental monitoring
Geographical survey
Defence range -finding
Marine and aero navigation

hoodlichting
Airport approach lighting
Further details available on reeuept.

103

WANTED: VALVES, TRANSISTORS,
I.Cs (especially types KT66, KT88, PX4.
PX25). Also capacitors, antique radios.
shop clearance considered. If possible,
send written list for offer by return.
Billington Valves, phone 0403 865105.
Fax: 0403 865106. See adjoining advert.

Tel:

081-652-8339
Fax:

081-652-8931
August 1992

STRUMECH ENGINEERING LIMITED

WANTED

Portland House. Coppice Side. Brownhills
Walsall West Midlands WS8 TEX. England
Telephone Brownhills (0543)152321
Telex 335243 SEL G
Fax: 0543 361050

Receivers, Transmitters, Test
Equipment, Components, Cable
and Electronic, Scrap. Boxes,
PCB's, Plugs and Sockets,
Computers, Edge Connectors.
TOP PRICES PAID FOR ALL TYPES OF
ELECTRONICS EQUIPMENT
A.R. Sinclair, Electronics, Stockholders,
2 Normans Lane, Rabley Heath, Welwyn,
Herts AL6 9TO. Telephone: 0438812193.
Mobile:0860214302. Fax: 0438 812 387

ELECTRONICS WORLD +WIRELESS WORLD
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NETWORK PRODUCTS
Ethernet card Novell NE -2000 compatible 16 -bit £89 (carr C2). Novell Lite network software (65. All network cables and connectors
in stock

1 OtfYIOS
TATUNG TCS8000 386 COMPUTER SYSTEM last few at L249
386DX with 102 keyboard manuals 210 nut PSU. I/0 ord. hard and floppy controlkr (please state MFM. ESDI. IDE or SCSI), 1.2 or
1.4 Mbyte floppy dr.. Mbyte RAM upgradable to 16 Mbyte, eight slots. MS-DOS, 16 MHz clock £248. wall 2 Mbytes RAM £269.
4 Mbytes RAM 62119. 20 MHz versan 2 Mbytes RAM £299. Fined oath 62 Meg hard drove add L100. Stocks limited - please hurry.
1

MATMOS 25 MHz 386 SYSTEM
Latest style high quality 386 DX computer with AMI Bps, 2
W.
parallel ports, I Mbyte RAM. eight slots. Hard and Floppy
controller (nate SCSI. MI. MFM or IDE). 1.2 or 144 Mbyte floppy drive and small footprint luxury desktop case 6319

AT/XT CASES WITH PSU
Desktop vonh 30 25 -inch and x 3.5-,nch bays. latest styling. £54 95 With 20059 psu 659 (carr 66.50)
Luxury desktop as above, with psu, but to accept full size motherboard. small footprint. 689 MN tower (69 (carr £6.50).
Full size tower wrth 6x 5.25 -inch bays. 230W psis, digul speed display, suns all motherboards Inc 486. (109 (orr 110).
1

INTEL 386 PROCESSOR AND 387 CO -PROCESSOR
(386 and 387 processors extracted Irons new systems and guaranteed

MONITORS
MONO HERCULES. I4 -inch paper white screen, high res. display, £49 (cart (6.50)
MONO VGA 12 -inch paper whke nigh resolution L59 (carr (6.50).
MONO SVGA PORTRAIT Al li.inch Screen 800 by 1000. full VGA and Windows 3/11 compatibility. Complete with 512K and
and drivers 1125 (cart. 66.50).
COLOUR SUPER VGA: 14 -inch up to 1024 by 168 mutters,. 0.28 dot pitch Very high quaky &splay. 6219 (interlaced). C249 (non interlaced) (cart 010).

CAD COLOUR
IS -Ind fixed frequency 64kHz. Hitachi HM4115 with Mkrofield Graphics TO driver card for Autood and Windows 3/11 at
1280 by 1024 non interlaced (new) 0399.
4-inth fixed frequency 48kHz. Seiko 1024 by 768 non -interlaced. very high res. requires mod. to run Iran VGA ord. New but sold
without technical support or guarantee. 1.59.

33 MHz DX 486 oche system with I Mbyte RAM L599, SO MHz DX 486 oche system 0149.
Phone for details and a quote for complete system to your requirements
Carriage on systems 615. See below for add -ore and other stock aerie.

(pot for carnage for above)

486 CAD/DTP SYSTEM WITH 1280 x 1024 MONITOR
486 33 MHz oche system with 91 Mbyte Seagate hard drive, 3.5 -inch 1.44 floppy. 4 riser RAM (upgradable to 32 Mess), tower case,
102 keyboard. 2 serial.
parallel ports. OPTI chipset AMI boos Keratoid Graphics TB colour graphics controlkr with 2 Mbytes video
RAM and 8 MIPS processor. Hitachi 15 -inch okra high resokrtion monitor to display 128001024 non.interlaced. Will drive Windows 3/
3.1. ACAD ea. Cancelled defence order 'muted stocks II 399. Ask for colour leaflet! or quote for machine to your spec.
1

HIGH SPEED A4 FLATBED SCANNER
AVR-302 high-resokition flatbed saner. Linear CCD element sore 300 DPI with 32 grey shade dithering. Supplied complete with
Megascan high-speed cord with 1.3 Mbyte of RAM on board and powerful uswe manipulation software. Will output to TIFF. PCX and
GEM files or provide OCR function. 6299 (original on. over 61500) (cart (950).

VGA CARDS AND WINDOWS ACCELERATORS
I6 -bit VGA card, 256K. all einulatibre. up to 800 0 600, with software to run all major packages. Oak chip set Switchable for use In
XT's. 02995.
I6 -bit 1024 7611 super VGA card. Very high resolution mth 512K and drivers for Windows, Aod. VP ea. Full manuals and disks.
Latest version of the industry standard Trident chip set £49. I Mbyte version L59 (orr on cards (2.00).
SO MHz S3 Windows Accelerator Latest Ngh speed accelerator card using the full 50 MHz S3 chpset (cart 62).

NCR Windows Accelerator with 2 Mbyte video RAM 6149 (orr (2).
VGA to TV PAL and Connects between VGA card and TV or video at up to 640 by 480 256 colours. Composite video (PAL)
omen VGA monitor can still be used. 639 (cart 62).

FLOPPY DISK DRIVES

DIGITISERS

3111:110 5.25 -inch IBM standard half -height drive £2995 (carr (3.50).

72010 3.5 -inch Citizen OSD third -height drive for XI or AT (NOT Amstrad 1512/1640) (24.50 (carr (3).
1.44 Mbyte 1.5.inch Cnaen OSDA39C third height drive for ATs grey bezel C3995 (cart 63).
1.2 Mbyte 5.25 -inch Panasonic droll height 639.95 (carr (4).
Fitting kit for 5.25 -inch space suitable all Citizen 15 -inch drives inc. cable adaptors L4.99 carr fres: oath drives) IBM standard floppy
disk drive cable 63.

HARD DISK DRIVES
MFM: 10 Mbyte NEC 5124 5.25 -inch 129. 62 Mbyoe Micropolis 1324A 5.25 full height 1129 - C100 in systems.
RLL 30 Mbyte NEC 5127 5.25 -inch L89.
SCSI: 26 Mbyte Miniscribe 82255 3.5.inch 669.95. 91 Mbyte Seagate/Imprimis ST2106N 5.25 -inch (189. 330 Mbyte Seagate
5T4376N 525 -inch full height £399.
ESDI: all with 16-Ort high speed controllers - 94 Mbyte SeagateArnprinsus ST210611 5.25 -inch £209. 115 Mbyte NEC 03661 3.5 -inch
1239. 141 Mbyte Micropolis 1355 5.25 -inch full height 6229. 1611 Mbyte Micropolis 5.25 -inch half -height 6279. Access tune on ESDI
drives 17 rnsec or better (cart on hard diva £5). HDD cable set C5

DISK DRIVE CONTROLLER CARDS (carr L2.50)
XT MFM C37.50, XT 61.1. (37.50. XT SCSI L29.50. AT MFM L19.95. AT IDE C12.95. AT SCSI £37.50. AT 6501 (Cache) 649.
Multi SCSI card for hard drive, CD. WORM, tape etc Future Domain firmware. 649.
High trarefer rate intelligent SCSI card: supports all derkes under MSDOS. Unix. OS/2 and Netware. L139. As above with SCSI and
IDE interfaces an one ad L149. New Ultra -fast (33 neer) SCSI cache cards expected soon. Also EISA oche controllers

IBM COMPATIBLE AT MOTHERBOARDS, CARDS etc
66 Mx 486 DX2 baby sae motherboard with 256K cache. Co -processor built in. Fan cooled CPU. 6649. Landmark 220 MHz.
33 MHz 486 DX baby sae motherboard with extra 64K cache. Floating point co -processor buik into CPU. Eight expansion slots. 0711
WB chipset £449 (carr 65). 50 MHz DX or DX2 P.O.A.
20 MHz 486 5X motherboard: The 486 SX is the same as the DX but without the Co -Processor. £199 (cart (150).
40 MHz 446 SX motherboard as above but twice the speed! Fan cooled CPU. 6249.
20 MHz 386 motherboard, accepts up to 8 Mbytes SIMMS RAM. 699. 25 MHz /129 Karr 63.50).
1 Mby. RAM for 386/486 (70m) (24.
EISA 486 top spec EISA systems now in stock Please raN for goo. on a system.
AT MULTI PO card with parallel. 2 serial. give. 2 floppy. IDE hard drive L19.95.
AT I/O card. parallel. 2 send, gore C14.95.
1

Mono graphics card (12.95 (all err 62).

year)

20 -inch fixed frequency 48kilz Hitachi CM2086 monitors. 6299

TOP SPEC. 486 SYSTEMS
20 MHz 4136 SX system. 64K I Mbyte RAM. 1.44 Mbyte floppy drive. VO card en. 6449.

I

I

20 MHz 386-20 DX cpu (49 (carr LI).
20 MHz 387-20 co -processor C39. 25 MHz L59 (on- LI)

Hitachi Puma Series Digitisers
aPlakation)

end of stock. 24 by 36 indws and 36 by 48 inches only new, no pucks no par's 6150 to clear (carr on

MODEM AND FAX CARDS
Fax/modern card 168013PS latest internal mod can transmit and receive group 3 faxes at up to 96008F: and also be used as a Hayes
compatible modem at 2400BPS. Complete with software for both functions. Handles 11F and PCX graph file formats 699 (cart £4).
WINFAX SOFTWARE for above to enable Fax to run under Windows. Highly recommended. 13995.
Hayes Compatible 2460BPS internal modern fully compatible with MNP error correction. Auto diaPanswer and speed sensing.
Works with Windows 3, Proton, Crosstalk etc. (69 (carr 14).

POWER SUPPLY
Asta 081140 IBM XT/AT compatible 150W: .5V at ISA 0120 at SA. -5V at 0.38. -12V at 0.5A fan cooled. rear panel switch
good value at 619.50 (cart L4).

SOFTWARE AND DISKS
DR DOS 6 Latest operating system from Digital Research with many extra features including file compression and good memory
handling 639.95.MS DOS S 049.95 (cart L4).
WINDOWS 3.1 Latest version from Microsoft on 3.5.inch dela 669.95 (carr 64).
3.5 -INCH DISKS Box of ten 1.44 Mbyte preform/cud 6995 (aux (2).

Stop Press! 386-16 motherboards not working but with guaranteed good
386DX cpu t29 (carr f4) Few only, no guarantee on motherboard.
NB a VAT and carrage must be added to all nem (quotes for carriage overseas).
Everything new and guaranteed one year unless stated: ex-dern products guaranteed 6 months.
a Access and Visa telephone service.

MATMOS LTD., UNIT II, THE ENTERPRISE PARK,
LEWES ROAD, LINDFIELD, WEST SUSSEX RH I6 2LX.
0444 482091 and 0444 483830 (Fax: 0444 484258).

Mane Microsoft compatible. serial with all software 614.95 (carr L4).
Keyboard IO2-key UK, top snaky tick action. C29.95 (cart (4).

Memos Ltd has been trading successfully since 1976
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nd lo, a great wailing and lamenting was heard in the land,
and the people did cast themselves downward did tear their
raiments, yea even unto their Marks and Spencers underpants.
For it was feared that Hygrade had fallen by the wayside, there
being no tidings of that company since the time of their forefathers.
Yet there did come in the seventh year a time of great rejoicing and a
sewing up of raiments previously rent in twain. For it was made known
to the people that Hygrade was still a power in the land. And there did
come tidings of such bargains as they had not thought possible. And
their joy knew no bounds.
Verily the people did say unto themselves: Your parcels shall be my
parcels, and your goods my goods And there came a time of much
ordering and receiving, in which many things were possessed that were
not possessed before. And the peope did give thanks.
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SIGNAL PROCESSING

DIGITAL SIGNAL PROCESSING
YIELDS NEW HARDWARE
way inferior to that of the best conventional
analogue receiver, but offering advantages

DSP is no longer se
as just a way of
obtaining analogue

performance at lower
costs. Pat Hawker
reports on how DSP is
opening up entirely
new applications.

such as accurate, calculable multiple bandpass

filter, a lower component count, and easier
assembly - all pointing to lower costs.
Front-end signal processing in receivers is
only one of the many applications of digital
signal processing currently attracting attention. DSP is not only about achieving sim-

ilar performance at lower cost than conventional analogue circuitry; now it is seen
as opening the way to new systems, incapable of implementation in purely analogue
electronics. For example, in video and speech
coding and compression, and HF direction -

finders (with relatively simple installations
able to distinguish between signals separated
in bearing by only about 2° using beam -forming techniques).

come by encoding the IF signal directly.
Thurston showed the various advantages
that can stem from use of bandpass delta sigma A -to -D converters. He explained how
these can be designed by first converting the
baseband modulator into its bandpass equivalent and then designing a system of D -to -A
converters and analogue loop filters for which
the pulse response at the sampling instants is
identical to the impulse response of the bandpass digital filter. The approach is commonly
known as "impulse invariant design".
Thurston stressed that practical results have
demonstrated the high linearity which may be
achieved with sampling and subsampling converters. Simulation results show the extended

performance which should result from an
interpolating carrier (Table 1).

Long distance modem
The all -digital communications receiver,

with incoming signals converted into
digits at the signal frequency, still seems

some way off. But analogue -to -digital conversion as a prelude to digital signal processing, at either base band or increasingly at a
bandpass intermediate frequency, is undoubtedly opening the way to an increasing number
of novel hardware implementations.
It is already some six years since the
Rockwell -Collins VLF/HF receiver EF2050
was introduced -a pioneering effort using the
concept of flexibility of final receiver bandwidth, ripple and selectivity being determined
by programmed data within VLSI signal processors. Even then it was recognised that further advantages would come with development of more linear A -to -D chips working at
higher speeds. The aim was (and remains) a
receiver with an overall performance in no

Implementing novel hardware
An IEE colloquium "Implementations of novel
hardware for radio systems" concentrated on
currently -sponsored university research pro-

jects involving DSP techniques. The paper
presented by A M Thurston of GEC -Marconi
Research (jointly authored by M 0 J
Hawksford of the University of Essex) set out
to show the advantages of IF converters used
to digitise signals in high-performance
receivers, over use of baseband converters to
encode I and Q signal components. IF con-

version can overcome the disadvantage of
achieving two accurately matched mixers fed
with precise in -phase and quadrature carriers
to minimise images, and the problem that DC

offsets and low -frequency 1/f noise at the
mixer outputs produces components which
cannot be distinguished from signals at the IF
centre frequency. Both problems can be over -

Table 1. Extended performance through an interpolating carrier
Performance
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Sampling

Subsampling

Interpolative

Noise power density/Hz -117dB0
Third order intercept
26dB0
Spurious free dynamic
range in Hz (single tone)
95dB

-114dB0
24d80

-130dB0

92dB

108dB

32dB0

In the first of two papers from members of the
Hull/Warwick Communications Research

Group, P D J Clark described a flexible
MFSK data modem based on an AT&T
DSP32C processor integrated within an IBM
PC compatible host and employing a novel
data -derived synchronisation scheme. The
adaptive modem has been based on the original 32 -tone Piccolo concept as developed in
the 1960s by the Diplomatic Wireless Service

(now Foreign & Commonwealth Communications Branch).
The modem exhibits a far greater degree of
responsiveness to both user requirements and
channel state than previoug implementations.
It is capable of transmitting and receiving up
to 32 signal tones in simplex mode, independently agile within a 2kHz bandwidth with a
resolution of 1Hz.
Symbol transmission rate may be configured from 10symbols/s to 500symbols/s. The
work is supported by the Farnborough defence
research establishment and a possible appli-

cation is for long-distance aeronautical HF
communication.

Recent work on a multi -functional radio
system terminal at Hull University - including
the generation of low-cost ionograms - was
reported by M Gallagher.
With professor M Darnell, he believes that
although the benefits of DSP technology have
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TOTAL PROGRAMMING SOLUTIONS FROM CITADEL

Aar

£449.00

PC82 UNIVERSAL PROGRAMMER
Universal programmer -the complete designers kit.
Over 1,500 devices - call for list on FREE disk.
EPROM, EEPROM, Flash, BPROM, GAL, PAL, MPU etc.
Serial EEPROM, EPLD, MACH, MAX, MAPL, CMOS
EPAL.

Device testing -74XX, 40XX, 45XX, DRAM, SRAM.
PAL vector test.
Clear menu driven software
Text mode only, suits any video card.
40 pin Zero insertion force socket.
Device testing -74XX, 40XX, 45XX, DRAM, SRAM.
Small half card to install in PC may be left in place.
Secure round cable and locking D connectors.
Proven reliability-over 100,000 units sold.
Programmer pod size - 260 x140x38mm.

£199.00

M25 BULK FAST ERASER

Same advanced UV source as the M1 but 4 lamps.
Very large capacity 64x32 pin chips or one double Eurocard.

All other features as Ml.
Low profile steel case finished in powder coat.
Size 365x 240 x 65mm high.

£99.00

M1 FAST ERASER
Advanced UV source.
Typical erase time three minutes.
LED display of set time and countdown.
End of time indicated by beep and display.
Large capacity 13x28 pin devices.
Sturdy construction, plated steel & aluminium
Small footprint only 65x 225x 100mm high.

PC86 IHANDY POCKET DEVICE TESTER

From £85.00

ADAPTERS FOR THE PC82

Extend programming facility for special devices.
Allows alternative socket types eg PLCC.
Multi -gang adapters for fast programming of EPROMS, GAL, PAL and
popular CPU types.

,L.311111111MI

£99.00

Tests and identifies virtually all TTL & CMOS.
Test many DRAM and SRAM memory chips
LCD display of type number and results.
Battery operated (PP3) and completely self-contained.
Zero insertion force test socket.
Dimensions 90 x140 x 30mm.

FEATURES ALL PROGRAMMERS
For the IBM PC, install the interface card and programming socket, load
the menu -driven software and you have a complete design system at

.

.

.

your fingertips. The programmers will run on any compatible IBM
machines such as XT, AT, '286, '386 or '486. Whether it be an Amstrad or

Compaq the system will work. All features are software -driven and
supplied on 51/4" disks, these may be copied onto your hard disk using the

DOS copy command. All control of the programmer, programme voltages etc are menu -driven by selecting manufacture, type number, and
selection of a suitable speed algorithm. Blark check, read & modify,
verify, programme, auto programme, security blow etc.
FREE SOFTWARE UPDATES as new devices become available.

PC84-1 to -8 ROM PROGRAMMERS

From £139.00

Low cost EPROM programmer-devices up to 1Mb CMOS and NMOS.
One to eight gang versions.
To program 2716 to 271000.
32 pin Zero insertion force sockets.

FILE CONVERSION FACILITIES
HEX to BIN File conversions for Intel, Motorola
and Tektronics.

2 way/4 way Bin file splitter for 16/32 bit data.
Dump fi leto Console, modify and re -programme.

For further information and your FREE PC82
Simulation and device disk

PHONE SAMANTHA
NOW ON:

081 951 1848
081 951 1849

ORDER INFORMATION
Please include £7 for carriage by overnight courier (£20 for exports) and
VAT on all UK orders. ACCESS. VISA or CWO. Official orders welcome
from Government bodies and local authorities.

CP
CITADEL PRODUCTS LTD
DEPT WW
50 HIGH STREET, EDGWARE
MIDDLESEX HA8 7EP

BUYER'S GUIDE TO ELECTRONIC COMPONENTS 1993
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Over 700 product packed pages with
hundreds of brand new products.
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Available from all branches of WH SMITH and
Maplin shops nationwide. Hundreds of new
products at super low prices!
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