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Quickroute Makes it Easy 

I 
SPECIFICATION 

• Modern user interface 
with dockable tool bars & 
active buttons 

• Multi-sheet schematic 
capture at the press of a 
button. 

• Power rail & data bus 
support 

• 32 Bit mixed mode 
analogue & digital 
simulation 

• Support for a range of 
SPICE .MODEL statements. 

• Copper flood fill 
• Netlist import & export 

• CAD/CAM file 
import/export. Gerber 
Viewer. 

• PCB Design with 1-8 
layer autorouter 

• WMF, DXF, & SPICE file 
export 

• l 000 + Library Symbols 
• Engineering Change & 

Design Checking 

~ 
FREE DEMO 

Download a free 
demonstration version from 

our web site at 
http://www.quickroute.co.uk 

30 DAY MONEY 
BACK GUARANTEE 

It's not hard to see why Quickroute is so easy to use! We've integrated mixed mode 

simulation, schematic capture, PCB design with autorouting and CAD-CAM support into 

one integrated environment. Best of all, prices start at just £99.88 inclusive* for the 

complete system with support for 300 pins - less than the price of some simulators alone! 

Quickroute 4.0 features a modern user interface with active buttons and dockable tool 

bars. Frequently used tools can appear on floating tool pallettes for quick access, and 

with tool-tips and on-line help you can be sure of getting information on Quickroute's 

features fast. 

To create a schematic in Quickroute 4.0, simply click on the symbol browser and select 

and place symbols onto the design area. Use the 'intelligent' wires, power rails and data 
bus elements to 

quickly wire up your 

schematic and 

simulate the design 

as required. When 

completed, simply 

press a button to 

capture the 

schem atic, a PCB 

rats nest will then 

appear (no m essy 

netlists required !) . 

Use the multi layer 

autorouter, and/or 

Eng. Change 

manual routing to complete your PCB together with copper 

fill, etc as required. Finally print your design, or create CADCAM files suitable for 

m anufacture (we even include a Gerber viewer for checking). 

But it doesn't end there! Quickroute 4.0 includes engineering change for automatic 

updating of your PCB from the schematic, netlist import & export so that you can link to 

other EDA packages (including many simulators), DXF, SPICE, and WMF file export 

together w ith over I 000 library symbols. 

Call us now and find out why Quickroute 4.0 Makes it Easy! 

Price UK Inclusive Price* 

QR4 300 Pin £79.00 £99.88 

QR4 800 Pin £149.00 £182. l 3 

QR4 Full £249.00 £299.63 
"Includes UK P&P and VAT. Phone for EC/World prices. 
.. Design cycle figure shows screen shots from different projects. 
Prices & specification subject to change without notice. 
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FREEphone Ref412 

0800 731 28 24 
FAX 0161 476 0505 TEL 01614760202 
Quickroute Systems Ltd Regent House 
Heaton Lane Stockport SK4 1 BS UK 
Copyright (C) 1998 Quickroute Systems ltd. All 
rights reserved. All trodemorks ore the property 
of their respective owners. 
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186 FOUR BIRDS ON 
ONE DISH? 
Receiving up to four satellites using multiple 
lnbs has four advantages over the motorised 
dish option. Cyril Bateman describes what 
the benefits are and how to achieve them. 

194 STAND-ALONE 
DATA LOGGER 
On one battery, Pei An and Pinhua Zie's 
tiny data logger monitors a sensor for up to 
a month without intervention. It needs a pc 
only for downloading and post-processing. 

214 WIDEBAND ISOLATOR 
If you know anything about circulators and 
isolators, you will realise the importance of 
Ian Hickman's Oto 500MHz design. If you 
don't, this article is for you too. 

221 ADAPTIVE FILTERS 
EXPLAINED 
A clear explanation of this complex topic 
by Zilog, with a bias towards easily 
implemented dsp solutions. 

225 STEREO AUDIO MONITOR 
When recording stereo in the studio, signal 
phase and amplitude relationship are 
important. Robert Kesler's Dotscope gives 
an at-a-glance indication, and more. 
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234 USING PELTIER DEVICES 
You may know what Peltier devices are 
and what they do, but do you know how to 
apply them properly? Richard Lines does. 

240 HANDS-ON INTERNET 
Interested in active filter design? Thinking 
of a processor upgrade? 
Cyril Bateman has news on these topics 
and more, to be found on the Web. 

252 SPEAKERS CORNER 
What are the best shapes and materials for 
woofer enclosures? John Watkinson relays 
his view of the best options. 

255 A NEW DEMODULATOR 
FOR SSB 
Winner of the TRAC design competition 
Mike Button has devised a new solution to 
ssb modulation and demodulation. 

Reader oller 
Electronics World readers: obtain 
a 25 % discount 0 11 this sturdy 
dual read-out bench po wer 
supply. Turn to page 224. 
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Load this month's free CD-ROM 
into your PC or Mac to find a 
wealth o f dsp information, 
including not only data, but also 
applications and software tools 
(sorry ROW - UK readers only). 

Thinking of buying a motorised dish to increase you viewing options? 
Take a look at Cyril Bateman's alternative first. 
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Devices for increasing the range 
I sometimes wonder how many original Wireless 
World readers are still around these days. Plenty I 

hope, like me who enjoy the current 'combination 
magazine', but still remember the orig inal WW as an 
inseparable part of the engineering lab scene of the 
sixties and seventies. 

It had a great blend of wisdom and a caustic -
sometimes irreverent - wit, along with superior test 
gear projects for enthusiasts. Test gear that actually 
worked and could be built in the lab as ' homers'. 

So on the bench in my loft I still have a working 
WW signal generator with frequency meter and an 
audio millivoltmeter. Testimony to my misdirected -
from my Employer's viewpoint - zeal and the need 
in those days for making what you definitely could 
not afford to buy. Products from Global low-cost 
markets had not yet arrived. 

As for wit and wisdom, they frequently came in 
equal measure from the prolific pen of 'Cathode 
Ray' , who was actually MG Scroggie, the celebrated 
author of classics such as the 'Foundations of 
Wireless' and the 'Radio Laboratory handbook'. I 
found a particularly thought-provoking paragraph on 
the first page of the former, entitled, 'What Wireless 
Does', as follows. 

'People who remark on the 
wonders of wireless ·seldom seem 
to consider the fact that most 
people can broadcast speech and 
song merely by using their voices. 
We can instantly communicate our 
thoughts to others, without wires or 
any other visible lines of 
communication and without even 
any sending or receiving apparatus 
outside of ourselves. If anything is 
wonderful, that is. Wireless, or 
radio, is merely a device for 
increasing the range ... ' 

Blimey! What a lot of juice in that lemon. For a 
start, my staff and I - and anybody else for that 
matter - on the same office site can jolly well relearn 
to talk to each other face to face, rather than using 
electronic mail. They will probably get a real 
message across quicker! 

We can have better communication in general. 
Managers to their staff , people to people. We might 
even become interesting and entertaining speakers 
again if we rediscover this 'wonder' and stop being 
electronic 'paper tigers• . 

Secondly, and on the other hand, what an 
incredible saga it has been - and still is - for the 

Electronics World is published monthly. By post, current issue 
£2.35, bock issues (if ovoiloble £2.50. O rders, poyments ond 
general correspondence lo L333, Electronics World, Quadrant 
House, The Quadrant, Sutton, Surrey SM2 SAS. Tlx:892984 
REED BP G. Cheques ,hould be mode poyoble 10 Reed Busineu 
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Newstrade: Di1tributed by Morketforce (UK) ltd, 247 Tottenham 
Court Road London WIPOAU01 71 261-5108. 
Subscriptions: Quodront Sub,criplion Servke,, Oakfield House 
Perrymount Road, Hoywords Heolh, Sussex RHl 6 3DH. Telephone 
01444 445566. Pleose notify change of address. 
Subscription rote, 1 yeor UK £34.00 2 yeors £54.00 3 yeors 
£68.00. Europe/Eu 1 yeor £49.00 2 yeor, £78.00 3 years £98.00 
ROW I yeor £59.00 2 yeor, £94.00 3 year,£ 119 

Electronics industries that have dedicated themselves 
to ' merely increasing the range.' 

From the late twenties to the late fifties, every 
major country had its own radio industry: true 
engineering and style setting giants: major 
employers who dominated their semi captive 
markets. 

The arrival of the transistor with its ' nomadic• , one 
per person end equipment possibilities and world 
wide compatible battery supplies created an 
overnight global radio market with victory going to 
the lowest-cost, highest-quality designs. Europe and 
America fell to the East. Where are the great names 
now? 

Almost forty years later and turning to the ' new 
age' consumer (nee communications) market, Europe 
bit back and has taken the world lead in digital hand­
held phones and indeed in digital video and audio 
communications amongst others. 

So somewhere along the road we have learnt to do 
things differently - and better - on the European 
scale. But how about the UK? Well , the great UK 
radio industry which had all but fizzled out in the 
sixties was largely replaced by generously funded 
defence work. And this was replaced by ... what? 
Well. Ahem ... By inspired take-over and investment 
from the ' colonists', both end-equipment and 
components. 

The first wave came from the USA, then Japan, 
Korea, Germany and Scandinavia. What' s their 
secret and what qualities have they brought to bear 
that we couldn't manage? 

Having worked over thirty years in electronics and 
semiconductors for UK, American and Japanese 
companies I can hazard a few guesses. How about a 
pioneering spirit to develop new products for new 
markets? A monastic dedication to getting things 
right in detail and quality approach to keeping them 
right? A pragmatic, non hierarchical type of 
organisation that g ives everybody something to go 
for, and rewards them for getting there? Detailed 
senior management involvement in the business to 
give knowledge and confidence to invest for the long 
haul? 

There's a perennial 'stuck bit' in the UK 
electronics psyche. Anyway, lets be pleased that we 
are now a vigorous part of a multicultural, UK, 
European and world-wide electronics business which 
is constantly striving to develop new 'devices for 
increasing the range' . And let Electronics World 
maintain a critical watch that we succeed ! 

Jim Duckworth, Executive General Manager -
Electronic Components Group, Hitachi Europe 
Ltd and Deputy Managing Director - Hitachi 
Europe Ltd. 

Overseas adver1ising agents: France and Belg ium: Pierre 

Mu,sord, 18-20 Ploce de lo Madeleine, Poris 75008. Uniled Stoles of 
America: Roy Barnes, Reed Busine,s Publishing lid, 475 Pork Avenue 
South, 2nd Fl New York, NY 10016 Tel; (212) 679 8888 Fox; (212) 
679 9455 
USA mailing agents: Mercury Airfreight lnternotionol Ltd Inc, I 0(b) 
Englehord Ave, Avenal NJ 0700 l . Periodicles Postage Poid ot 
Rohwoy NJ Po,tmosler. Send oddre,s changes to obove. 
Printed by BPCC Mogozines (Carlisle) ltd, New1own Trading E,lote 
Carlisle. Cumbria, CA2 7NR 
Typeset by Morlin Imaging 2-4 Power,crott Rood, Sidcup, 
Kent DAI 4 SDT , 

© Reed Bu, ine,s Information ltd 1997 ISSN 0959 8332 

March 1998 ELECTRONICS WORLD 179 



- 19" FAN TRAYS 

~~ --r 1.tw•-AA'~ r~ 

--
I ' - - -

® For all your Power 
Distribution 
Olson offer a varie 
choice 

-~~~-, ... , _, .. , 
-1-. -1 .. 1-.-. -1-.-. ·I 

OLSON 
~ ;: · •=~ .... 

· ·= •· · f ••• 

- - ff . .. . . -
11111 

i .- ' .:: 
·A• • 
~ • I 
... • •. • ~ .. •· 

,,, 
••! 1 1. l ........ 

DlSDH 

' ~ " ·er 
0-:-.. 

=-

OLSON 
[91 
~ 

L; 

==..:.-===-­~-=--------------------·-

:::c ..... 

. .. - •_1-.- - .. - . -

II I l tii ll II" IUCTRDNICS UIITID FOUNTAYNE HOUSE, FOUNTAYNE RD., LONDON N15 4 
TEL: 0181-885 2884 FAX: 0181·885 24 

CIRCLE NO. 107 ON REPLY CARD 

UP DATE 
•••••••••••••••• 

Mobile phones - safe or not? 
Mobile phone manufacturers and 

governmental research agencies 
have been criticised by a UK 
researcher for their inadequate 
response to the growing - but as yet 
unproven - belief of the health risks 
of mobile phones. 

Roger Coghill, who runs a bio­
electromagnetics laboratory in 
Pontypool, believes the public should 
be warned explicitly about possible 
health risks from mobile phones in 
light of recent research. 

Last week, Australian doctor 
Andrew Davidson published study 
results in the Medical Journal of 
Australia which show a rise of more 
than 50% in brain tumour cases in 
Western Austral ia between 1982 and 
1992. Davidson believes this may be 

due to growth in analogue mobile 
phone usage during the period. 

"Davidson has put his finger on 
something important,"said Coghill. 
"There is no doubt that there are 
some significant bio-effects from 
overuse of these devices. There are 
seven million mobile phone users in 
the UK all putting the most radiative 
electrical appliance ever devised next 
to the most sensitive organ in the 
human body." 

So far, the European Commission 
is yet to carry out a research 
programme into the health risk of 
mobile phones because it has still to 
decide how it will be funded. Leo 
Koolen, of the EC's 
telecommunications directorate, told 
EW that the programme is likely to 

come under the European Union's 
Fifth Framework R&D programme, 
which will not begin until next year. 

Ben Greenebaum of the World 
Health Organisation said that its 
international agency for research on 
cancer is planning a major 
epidemiological study, but that, 
"you're talking a number of years" 
before it is completed. 

Meanwhile, Coghill has launchecl 
an independent court action against a 
local mobile phone distributor for 
contravening the 1987 Consumer 
Protection Act. "The law says that 
you may not sell a product that is 
unsafe unless [the manufacturer] 
warns the public of the risk," said 
Coghill, who wants to see warning 
labels put on all mobile phones. 

62000 components and products to go on-line 

C atalogue distributor CPC is 
trialling an on-line 'Internet­

related' catalogue service as part of a 
£!Om expansion in its Preston-based 
business. The move is a response to 
growth in the company's consumer 
spares distribution business. 

acting as a pilot site for a BT on-line 
sales service. Haworth would not 
give any more details of the service 
except to say it would be introduced 
later this year. 

it wi ll build a 56 000 sq. ft 
warehouse, with fully automated 
order handling, this year. The six 
acre site, next to CPC's existing site 
at Fulwood, will have potential for 
further expansion of the company's 
warehousing capacity. A second 

"There are exciting plans for new 
routes to market as well as new 
markets to look at in 1998," CPC's 
managing director Chris Haworth 
commented. 

Haworth decided some time ago 
not to introduce a cd-rom version of 
the company's catalogue - as other 
distributors had done. Instead, CPC 
would move straight to on-line 
transaction services. 

60 000 sq. ft warehouse is scheduled 
to be built after the year 2000. 

The company is believed to be 
As part of its six year expansion 

plan CPC has purchased land where 

"We have enjoyed a compound 
rate of expansion of almost 20 per 
cent for the past ten years," said 
Haworth. 

In brief 
New ferroelectric ram backer 
Ramtron has added to the list of licensees 
for its patented ferroelectric ram, or FRAM. 

Asahi Chemical Industry joins Fujitsu, 
Hitachi, Samsung, SGS-Thomson and 
Toshiba in licensing FRAM. The two 
companies will develop jointly the 
technology for Asahi to produce in densities 
up to 64kbit. Asahi's semiconductor 
business currently produces custom devices 
for mobile telecoms. 

Products suited to use the memory 
include mobile phones, handheld pcs, 
industrial control systems and medical 
electronics. 

The FRAM arena is forecast to be worth 
$10bn by 2000. 
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Lion's share for satellite tv 
Digital satellite television will for a short 
while eclipse digital terrestrial television 
(dtt), forecasts analysts Datamonitor. 

Even though there will be up to I .4m 
European households with dtt by the year 
2002, the satellite broadcasters will have 
control of the digital market with a 65% 
share and 13m digital subscribers. 

Digital tv on a pc? 
Hitachi and Intel are collaborating on 
developing technologies for pcs to receive 
terrestrial based digital television signals. 

MMIC business acquired 
TriQuint Semiconductor has signed an 
agreement to acquire the monolithic 
microwave integrated circuit (MMIC) 
operations of the defence systems and 

electronics group of Raytheon for $39m. 
TriQuint is making the acquisition to 
address such applications as satellite, local 
multipoint distribution systems and point­
to-point digital radio. 

FTC unsettles Intel and DEC 
The US Federal Trade Commission is 
investigating the $700m patent settlement 
between Intel and Di.gital Equipment 
because of possible antitrust implications. 
The move could delay the deal. 

First V-Chip television 
Canadian firm Tri-Vision Electronics and 
Samsung claim to have developed the 
world's first V-Chip enabled television. The 
V-Chip TV allows the the content of 
television programs viewed in the home to 
be controlled .. 

181 



UPDATE 

New logic 
"Boolean logic is inefficient," claims scientist 
Karl Fant. Is he serious? Very. His company is 
taking an asynchronous approach to circuit 
design which uses a logic structure called null 
convention technology, reports Richard Ball. 

A US company is challenging 
one of the cornerstones of 

modern electronic design -
Boolean logic. The firm, Theseus 
Logic, proposes an asynchronous 
logic approach to circuit design 
that does not use Boolean logic. 

Theseus promises lower power 
and better electromagnetic 
performance from its circuits, 
much like existing asynchronous 
techniques, such as those from UK 
start-up Cogency, or Manchester 
University's Amulet project. 

However, Theseus' designs use 
an alternative logic structure called 
null convention logic, or NCL. This 
describes different gate structures 
from conventional logic. 

"Boolean logic is inefficient," 
cla ims Karl Fant, chief scientist at 
Theseus and driving force behind 
NCL. "Asynchronous circuits using 
boolean logic have local delay 
sensitive tracks." This could lead to 
races and glitches in the logic. The 
reason for this is that Boolean 

several decades to reduce the time 
dependency of Boolean logic 
circuits and produce effective 
asynchronous circuits. 

Many of the projects being done 
today, including Amulet, the 
asynchronous ARM processor, use 
the concept of Sutherland's 
micropipelines. These link blocks 
of Boolean logic and each block 
waits for the result from the 
previous one. Data ' ripples' 
through the circuit. 

Fant argues that this is the wrong 
approach. His NCL technique for 
time-independent circuits uses a 
new class of logic function. 
Basically, NCL adds the null class 
to the logic to indicate to a 
function that no data is present on 
that wire or signal. To make NCL 
symbolically complete, it needs to 
be a four value system - true, false, 
intermediate and null. 

to the function, in this case A, B, 
Z, carry in or carry out, has two 
wires. 

This adds an overhead in terms 
of tracks or wires, but is 
compensated for by fewer logic 
functions. 

When a particular logic 
function, the adder for example, 
has yet to complete its task, then 
both outputs from that function, Z 
and CouT, will indicate a null 
value on both thei r wires. When 
the function is complete, one wire 
from each of the outputs indicates 
a true value, and the next logic 
block in the chain can start its 
function. 

The simplest NCL gate, Fig. 1, 
has a number of inputs and an 
output. The output only indicates 
a true data value when the 
threshold count is reached. In the 
case shown, the output is set when 
three or more inputs show true. 

For complex reasons, in order 

CIN { CIN-0 
CIN-1 

X { x_o 
X_1 

y { 
Y_O 

y _1 

The NCL circuit symbol for the 
feedback function is shown on the 
right of Fig. 2. 

Circuits can be bui lt up using 
blocks of NCL gates linked 
together with the two wire signals. 
The links between logic blocks are 
less prone to races and glitches 
than are conventional 
asynchronous circuits. 

In order to prove the ideas, 
Theseus has manufactured test 
circui ts. The latest, a 0.Sµm cmos 
Asic, performs a two-dimensional 
discrete cosine transform using 
170 000 transistors. 

The chip was designed v ia 
industry standard tools. "It ran at 
30MHz," said Fant. ''We expected 
about 70MHz, but the router was 
not used effectively." 

Tests on the circuits showed that 
supply voltages could be altered 
while the circuits were in 
operation, from 0.5 to 9V. This 
allows both speed and power 

Z-1 }z 
2-0 

Cour_ 1 } 
Cour- 0 Cour 

logic, " is not symbolically 
complete", says Fant. This is due to 
the function of a circuit sti ll 
depending on time, represented by 
the clock. 

In a commercial electronic 
c ircuit, four values are 
impracticable. There are two data 
states, one represented by a 0V 
level, the other by SV or whatever 
the supply is. 

Fig. 3. A full adder is implemented easily in NCL - and the 
representation is simpler than with the Boolean alternative. 

For a logic circuit to be 
symbolically complete, it should 
have no dependence on time and 
therefore require no clock. Also, 
propagation delays of individual 
elements and the wires linking 
them should have no effect on the 
circuit. 

Attempts have been made for 

Threshold gate 

Fig. 1. Simplest null convention 
logic gate - essentially a threshold 
gate. Output is true when three or 
more inputs are true. 
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In NCL, one voltage has to be 
null to tel I the function that no data 
is present yet. The other voltage 
represents val id data. So to 
indicate true or false as well, there 
must be two wires for each signal, 
one for true, and one for false. 
Only one can show data at a time, 
to indicate true or false. The 
d iagram of the full adder in NCL 
shows how each input and output 

for NCL to work in rea l c ircu its, 
the output ~ust be held if any, but 
not all, of the inputs go null. 
Feedback provides this hysteresis, 
Fig. 2. 

As soon as four inputs show 
data, the output is set, and three 
more inputs are also set. Now, the 
output only becomes null when all 
the inputs are null. 

Threshold gate with weighted feedback 

Fig. 2. How NCL is implemented in real world circuits with 
feedback to produce hysteresis. Output becomes true when 
all four inputs are true. But it will only revert to null when all 
four inputs are null. 

consumption to be adjusted. 
Unlike other asynchronous 

circuit techniques, NCL can be 
prototyped using programmable 
logic, much like synchronous 
circuits. "The general opinion in 
the industry is that you can't do 
asynchronous circu its on fpgas," 
said Fant. 

To prove his point, Fant 
implemented an FFT butterfly 
function on a Xilinx XC4010. 
Although slow, it ran first time 
managing a few megahertz. 

Fant says these tests prove that 
NCL can be used with existing 
design methods and tools, 
including synthesis. 

The company is now looking to 
license the technology and carry 
out custom designs. To help 
further prove its feasibility, 
Theseus is working with Sanders -
a Lockheed Martin company - to 
develop NCL circuits for the F-22 
fighter aircraft testbed. • 
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Couple all the power of the lat 
just the fraction that you can sq 
connection) to the latest synthe 
techniques, and you will get the 
all mode programmable radio re 
signal processing: or WiNRADi 
call it. 
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,Broadcast Media monitoring ,Professional and amateur radio communications ,Scanning 
,Spot frequency and whole spectrum monitoring ,Surveillance (and recording) ,Instrumentation 

WR-1000i WR-3000DSP 
PLL-based triple-conv superhet 
ISA card ISA card 
0.5-1300 MHz 0.15-1500 MHz 

Model No 
Receiver type (both) 
Construction 
Frequency range 
Modes AM,SSB/CW,FM-N,FM-W AM,LSB,USB,CW,FM-N,FM-W 
Tuning step size 
Dynamic range 
IF bandwidths 

100 Hz (5 Hz BFO) 100 Hz (10 Hz for SSB and CW) 
65 dB 85 dB 
6 kHz (AM/SSB), 2.5 kHz(SSB/CW), 9 kHz (AM) 

Scanning speed 
IF shift (passband tuning) 
DSP in hardware 
IRQ required 
Max on one motherboard 
Spectrum Scope 
Visitune 
Published software API 
Audio output on card 
Task Manager/scheduler 

17 kHz (FM-N) 17 kHz (FM-N), 
270 kHz (FM-W) 270 kHz (FM-W) 
50 ch/sec (FM) 50 ch/sec (FM) 
no ±2 kHz 
no 
no 
8 cards 
yes 
yes 
yes 
200mW 
no 

yes 
yes 
8 cards 
yes 
yes 
yes 
200mW 
yes 

no 
no 

Audio Recording/Playback no 
Signal Strength Recorder 

yes 
yes 

Logger no yes 

Price (ex VAT) £275 £995 

Delivery (UK) £7 50. Purchase with Mastercard, Visa using 

phone, fax or secure web form. 

For a free information pack and software emulation demo disk contact 
Broadercasting Communication Systems 
http://www.broadercasting.com tel: +44 (0)1245 495896 
email: info@broadercasting.co.uk fax: +44 (0)1245 287057 

New/ Digital Suite Software option - only £69+vat 
(requires a SoundBlaster 16 compatible sound card), 
and currently features facilities that include: 

0 WEFAX / HF Fax 

0 Packet Radio for HF and VHF 

• 
• 

Aircraft Addressing and Reporting System (ACARS) 

Audio Oscilloscope, real time Spectrum Analyzer with 

calibration cursors 

Squelch-controlled AF Recorder and Playback 

0 DTMF, CTCSS decode and analyse 

World Station Database - only £39+vat 
300k+ entries, integrates with the 1000/3000 systems 
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Motorised dishes are versatile, 
but using multiple lnbs on one 
dish instead has three 
advantages. It's cheaper, it 
allows viewing from more than 
one satellite simultaneously and 
switching between satellites is 
instantaneous. As a bonus, 
there's no noisy motor to reduce 
system reliability. Cyril Bateman 
explains how it's done. 

Four birds 
• 

on one IS • 

Publicity for the UK's long promised upgrade to digital 
television via satellite, suggests that in addition to a 
new set-top decoder box - costing perhaps a sub­

sidised £200 - viewers may also need to upgrade to a uni­
versal lnb, if they already have an old satellite receiving sys­
tem. 

Less well publicised is the fact that this UK digital service 
from Sky is planned to be supplied from a totally new satel­
lite.1 Due to be launched in January 1998, this satellite is 
Astra 2, located at 28.2° east. 

UK satellite viewers have receiving dishes directed to the 
present Astra 1 range of seven satellites, located at 19.2° east. 
Other non-Sky digital services are planned or already trans­
mitted from the Astra high frequency satellites IE, IF and 
lG. 

In the UK , a typical Sky dish is 60cm in diameter and has 
a half power beamwidth less than 3°. This is too narrow to 
receive signals from both Astra 1 and 2 satellites. The larger 
80cm dish, common in northern counties, has a beamwidth 
of only 2°. In the UK only one dish per domestic property is 

allowed without planning permission. 
These Astra 1 satellites comprise only a small proportion of 

satellites that can be received in UK. In direct competition 
with Astra, Eutelsat has eight satellites broadcasting televi­
sion programs.2 The most popular of these, called Hot Bird, 
are located at 13° east, but others can be found at 16° east, 
10° east and 7° east. 

A number of transponders located near 1 ° west, are popu­
lar with enthusiastic viewers. In general programmes from 1 ° 
west, are targeted to the Scandinavian countries. Much of the 
movie film content is transmitted in its original English 
soundtrack, but many programs require a D2Mac decoder for 
reception. 

In total some 250 satellites are located in geo-stationary 
orbit in the Clarke belt, of which 30 can be received in the 
UK. 

Multi-satellite reception 
How then can both the existing Astra 1 and the imminent 
Astra 2 transmissions, be received, together with say 13° east 
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and 1° west? 
The obvious choice is a steerable or motorised dish assem­

bly. While this would enable all ' visible' satellites to be 
received, it requires a more expensive receiver, positioner 
electronics and a motorised dish mount. It would receive only 
one satellite at a time, taking perhaps one minute to rotate the 
dish to a program from a different satellite. 

At Jess cost, many viewers have already installed a sec­
ond lnb and receive two satellites on one dish, usually Astra 
l at J 9.2° east and Hot Bird at 13° east. This method has 
two advantages, instantaneous satellite switching and with 
two receivers, simultaneous viewing or taping of two pro­
grammes, from the same or different satellite. I have used 
just such a system3 ever since I installed my dish December 
1990, Fig. 1. 

Since these satellites are distanced by more than 6°, with a 
dish half power beamwidth less than 3°, just how is this 
reception from two satellites possible ? 

Satellite dishes are simply parabolic reflectors. In com­
parison, consider that most common parabolic reflector, 
found in the car headlamp. Two bulb filaments are used. The 
one at the reflector focus generates the main beam. A second 
filament offset above this focus point, generates a deflected 
or dipped beam. 

In reverse fashion, this reflector can be used to focus light 
from the sun, into a tiny intense point of light. Aimed a little 
off-line from the sun, another less distinct, displaced focus 
will be seen. 

Radio waves reflect from metal surfaces in a similar man­
ner. A satellite dish concentrates the in-line received signals 
to a point at the entrance to the Lnb. Slightly off-line signals 
are focused away from the lnb feed horn, so are not received. 

Satellite dish forms 
Two main forms of satellite dish are used. The concentric-fed 
style dish, visibly shaped like a parabola, is used mostly for 
motorised systems. While providing the highest possible sig-

The new technique in a nutshell 
••••••••••••••••••••••••••••••••••••••• 

2.005° 

-1.995° 

±2.000° 

Traditional ly, a satell ite dish is first 
roughly al igned using a compass bearing 
for azimuth, then with an inclinometer for 
elevation. Final alignment is used to attain 
maximum signal on a spectrum analyser 
or field strength meter. 

longitude and Z is the receiver latitude. 

This compass bearing must allow for the 
Earth's local magnetic deviation, and the 
compass reading can be disturbed by 
adjacent metalwork. 

Compared to alignment of a terrestrial 
uhf television antenna, which receives 
some signal almost regardless of its 
orientation, a satellite d ish receives no 
signal at all until it is within a couple of 
degrees of its true alignment, in both 
azimuth and elevation. 

The required azimuth and elevation can 
be obtained using published tables, or 
computer programs. Alternatively it can 
be manual ly calculated using, 

. cosX-0.151269 
elevation= arctan-----­

sinX 

Here, X=arccos(cos YcosZ) where Y is the 
satell ite longitude minus receiver 
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. tanY 
azimuth= arctan-­

sin Z 

Don't forget to add magnetic deviation to 
this. 

With a concentric-fed dish, setting true 
elevation is straightforward, by comparing 
line-of-sight to the inclinometer. But this is 
not so for the more commonly used offset­
fed d ishes. A few offset-fed dishes have 
approximate elevation angles inscribed, 
but establishing the optimum elevation 
angle for such dishes rel ies almost 
exclusively on trial and error adjustment, 
while keeping an eye on the field strength 
meter. Unless the azimuth has first been 
set correctly, the meter measures nothing 
at all. 

A starting location for a second lnb can 
be calcu lated using engineering formulae, 
but these requ ire knowledge of the d ish 
dimensions and assume it has a true 
parabolic shape. Final positioning relies 
on trial and error location using a fie ld 
strength meter. 

1/,1/ /, / 
/</ / / 

/ 
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Fig. 1. One of the 
earliest dual-lnb 
satellite 
installations in 
the UK, as 
installed in 
December 1990. 
Both the original 
Marconi 1.3d8 
noise lnbs 
continue in daily 
use. 

Fig. 2. Ray 
traced, scale side 
11iew of Technisat 
dish, as used for 
mydual-lnb 
installation. With 
2° of 11ertical 
deflection, beam 
de11iation is 
negligible. 

A more precise method, needing neither 
calculation nor special ist equ ipments, can 
be based on observation of the dish 
reflecting an image of the sun. Wh ile for 
true elevations th is method can only be 
applied for a few days each spring and 
autumn, true azimuth can be assured 
throughout the year, whenever the sun 
shines. This method applies to both 
concentric and offset d ishes, and 
regardless of variations of dish shape or 
size. 

This article explores both methods. 
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Astra2 

Astra1 

HotBird 

Fig. 3. Accurate ray- 1 West 
traced top view of 
Technisat dish, as 

measured and used 
for tests. Increasing 

effects of beam 
deviation and coma, 

HotBird 

HotBird 
Astra1 

1West 

Astra2 

this focus becomes a slightly off-line, diverging dipped beam. 
Due to the reflector's curved surfaces, this dipped beam is 

bent through a less than expected angle. The degree that 
these angles differ, called the beam deviation factor, depends 
on the ratio of the reflector's focal length to its aperture or 
diameter. This factor increases with deflection, Fig. 3. 

Used to receive light from a slightly off-line source, the 
reflector's curved surfaces now exaggerate the angle the 
focus is deflected by the reciprocal of the beam deviation fac­
tor. The focal point becomes slightly diffused, due to coma 
effects, reducing gain. Radio waves are reflected in the same 
way as these light waves. 

Most good radio-engineering handbooks provide ~uations 
or graphs, which allow many factors to be estimated. But all 
require known and accurate measurements of the dish and 
many offset dishes are not true parabolas. With an already 
erected satellite dish, taking measurements might be extreme­
ly inconvenient - especially if its location requires using one 
hand for safety, on a ladder. 

Aligning the dish 

with deflection 
angle, are clearly 

visible. 
nal gains, the metal work of the lnb intrudes into the received 
signal path, forming a shadow on the dish surface. 

Traditionally, satellite dishes are first roughly aligned using 
compass and inclinometers to approximately the correct 
angles. Compass reading must be compensated for magnet­
ic deviation and can be affected by local metalwork, espe­
cially window frames, lintels or the dish assembly. With an 
offset dish, the required elevation angles are not easily 
assured. Consequently final alignment using signal strength 
meters is inevitable. 

The offset-fed dish is used for low-cost fixed Sky dishes. It 
is effectively a segment taken from a true parabola, of focal 
length roughly equal to the shortest distance from lnb to dish. 
At first glance it looks quite unlike any normal parabolic 
reflector. Its main advantage is that the lnb does not intrude 
into the received signal path, so there is no dish shadowing, 
Fig. 2. 

While this traditional method works well when aligning to 
just one satellite, finding the location for a second offset lnb 
requires allowance for the beam deviation factor together 
with some trial and error searching using a signal-strength 
meter. 

Typical signal gains of 33dB for 45150cm, 35dB for 60cm, 
37dB for 75cm, 39dB for 90cm, 40dB for lm and 4JdB for 
1.2m offset dishes are obtained.4 These provide acceptable 
reception with signal contours at 5 ldBW for 60cm, 49dBW 
for 75cm, 47dBW for 90cm and 45dBW for 1.2 metre dish-

My present dish was originally aligned using these meth­
ods. While professional installers can justify the needed 
equipment, many interested experimenters cannot. 

An alternative alignment method 
es. 

Multi-lnb dish behaviour 

To prevent the sun's reflected rays damaging the lnb, satellite 
dishes are deliberately coated with a mat, optically non­
reflecting paint. If the sun's reflection from the dish could 
cause damage, might it also be used to align, or measure a 
dish's behaviour , for off-line reception? 

With a car headlamp, light from its focus is reflected as an 
in-line, parallel beam. Light originating slightly away from 

Satellite positions easily received in the UK 
•••••••••••••••••••••••••••••••••••••••••••••••••••• 
Whi le the Astra satellite, owned by SES, 
is the best known to UK viewers, its 
seven satellites at 19.2° east, providing 
some 90 analogue and 220 digital tv 
channels, are just the tip of an iceberg. 
Over 30 satel lites exist above Europe, 
eight being owned by Eutelsat. 

SES is currently bui lding three satel­
li tes, Astra 2A and 2B destined to locate 
at 28.2° east and Astra 1 H at 19.2° east. 

Eutelsat has seven satellites building, 
some intended to replace and upgrade 
existing satellites at 16, 13, 10 and 7° 
east. A major carrier of telecommunica­
t ions and link transmissions, not all 
Eutelsat capacity provides tv channels. 
Its three satel lites, w hich comprise the 
Hot Bird cluster at 13° east, serve over 
60 mi ll ion home, cable and collective 
households, making Eutelsat one of the 
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largest operators world wide. 
M any satel lites are positioned or 

al igned such as to require larger than 
normal satellite dishes. Others, allow­
ing for local trees or buildings, wi ll be 
below the usable horizon. Just how 
many of these 30 satel lites can be easi ly 
received in the UK using low cost 
dishes ? 

Obviously the Astra 19 .2° location 
can be received throughout the UK. At 
my home in Norfolk, I could receive 
from 28.5° east to 27 .5° west, encom­
passing all 30 satellites, but some 
require a larger dish or non-standard 
lnbs. 

In practice, using my present dish and 
lnb su itably re-aligned, viewable 
strength signals can be received from 
28.5° east, 19.2° east, 16° east, 13° 

east, 1 0° east, 3 ° east, 1 ° west, 5° west, 
8° west, 1 8° west. Many of these 
require decoders or decoder cards not 
available in UK. Some are Secam only 
transmissions while others are com­
pletely non-English language. This 
leaves the new Astra at 28.2° east, 
existing Astra at 19 .2° east, Eutelsat at 
1 3° east, and Intelsat/Thor 2 at 1 ° west 
as the most desirable. 

Eutelsat at 16° east and 10° east, 
being mostly clear PAL transmissions, 
might interest those of you with linguis­
tic abilities. However these intermedi­
ate 3° locations impose practical 
difficulty when using a multi lnb fixed 
dish for reception, due to the physical 
sizes of the lnb feedhorn needed and 
the signals' focii. 
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For a few days each spring and autumn, the sun's elevation 
coincides with, and shines through, the Clarke Belt, causing 
a temporary loss of satellite television reception. It is possi­
ble to predict the time when sun and satellite azimuths coin­
cide and it is possible to make the dish temporarily opticaJ!y 
reflective by washing it with soapy water. For these few 
days, this is an elegant, practical solution. 

Many offset-fed satellite dishes may not be true parabolas, 
so observation of the sun's reflection provides the most accu­
rate and simple solution. Precise lnb locations simply plotted 
onto a card and used to pre-assemble suitable lnb mounts 
result in little final adjustment. This method can be used to 
align one or multiple satellites. 

I West Hot Bird Astra I Astral 

To facilitate observations of the sun's reflections, I assem­
bled a simple lightweight open-fronted viewing box. It was 
50cm wide by 15cm tall and 11cm deep at its centre, having 
a curved back of radius 10% less than the distance from lnb 
to dish. To this curved back I attached some white card. The 
whole box was temporarily supported, immediately in front 
of the lnb cap. 

Fig. 4. Sketched 
Sun reflections, 
10 October, 1997 
found using 
Technisat dish. 
The dark centre 
hotspot is most 
important, but 
the effects of 
coma are most 
obvious. 

You need only know the time and date when the sun will 
reach the required azimuth and elevation. For convenience I 
have listed these for Manchester, this city being a median site 
for the UK. The exact times for your location will differ from 
Manchester time by perhaps a minute, causing a small, con­
sistent error for each satellite. 

For convenience, these times can also be applied a couple 
of days before and after the stated dates, Table 1. 

An all year round solution? 
The Earth traverses the sun in 23 hours 56 minutes, so each 
degree of azimuth takes approximately four minutes. Old 
time sundials depend on the sun being near due south at mid­
day throughout the year. So like the sundial, can we also use 
the sun for all year measurements, not just for a few days? 

All dishes used to receive off-line signals exhibit a diffused 
focus due to coma. Most of this originates from the dish 
extremities. By off-line I mean focussed, but with an offset 
lnb, as opposed to on-line, where the lnb is at the centre of a 
symmetrical parabolic dish. Hot Bird in Fig. 2 is on line. 

Sensitivity to these diffused signals is reduced since they 
are on the limits of the lnb's v iewing angle. As a result, the 
focus of the rf waves seen by the lnb is defined more sharply 
than the visual image. Plotting both the hot spot and the 
coma is useful in that it helps you guess what improvement 
you are likely to get from adjusting the lnb on test. 

Table 1. Solar azimuth and elevation with satellite alignment time. Times based on GMT at Manchester. 
Satellite - location Astra 2 - 28.2°E Astra 1 • 19.2°E Hot Bird - 13°E Thor 2 - o.a•w 
Date Time Azimuth Time Azimuth Time Azimuth Time Azimuth 
1 March 1998 10:07 36.6°E 10:47 26.1°E 11:14 18.7°E 12:16 1.6°E 
12 October 1998 9:41 36.6°E 10:22 26.1 °E 10:49 18.?°E 11 :50 1.6°E 

W hat is a low-noise block? 
••••••••••••••••••••••••••••••••• 

this is to adjust the lnb for best reception 
w hile tuned to one polarity signal, then 
switch the receiver polarity and rotate the 
lnb for minimum signal. 

by the receiver and superimposed on the 
lnb supply voltage. Consequently the first 
intermediate frequency sent by the lnb to 
the receiver covers frequencies from 950 
to 2150MHz. This demands high quality 
double-screened air-spaced 750 coaxial 
cable. 

The low-noise block, or lnb, mounted on 
the satellite dish, comprises two main 
parts. These are a mechanical feed horn 
and waveguide for frequencies from 10.7 
to 12.75GHz, and the first down 
frequency converter electronics of a 
double superheterodyne receiver. The 
first local oscillator in the lnb runs at a 
fixed frequency while that of the second 
local oscillator in the receiver varies. 

Astra analogue television channels use 
horizontal and vertical polarisation 
alternately. Inside the lnb waveguide, two 
fixed 'pickup' probes couple the relevant 
polarised rf signals to low-noise rf 
amplifiers. A nominal 13V or 17V power 
supply, fed via the coaxial output cable, 
determines which signal polarisation is 
used. Signals from all either vertically or 
horizontally polarised transmissions are 
sent to the receiver, but not both 
simultaneously. 

Low-noise blocks intended for offset 
dishes receive over a 70° cone of 
reception, sensitivity then being typically 
1 0dB down, to minimise unwanted side 
pickup. This angle giving an F/D typically 
0.8 vertically and 0.65 horizontally. 

The original lnb oscillators ran at 
10GHz. Receivers covered 950MHz to 
1750MHz, permitting reception from 
10.95 to 11 .75GHz. When the Astra 1 D 
satellite was launched, enhanced lnbs 
containing a 9.75GHz local osci llator 
were introduced, together with receivers 
featuring an extended tuning range. This 
satell ite transmitted frequencies down to 
10.7GHz, 

These high-band frequencies are for 
digital rather than analogue transmissions. 
Many are al ready in use, but targeted to 
mainland Europe - not the UK. For its UK 
viewers, Sky has reserved 14 of the 32 
transponders on Astra 2A, each capable 
of up to 1 0 television channels using 
d igital compression techniques. 

Depending on the satell ite's azimuth 
with respect to your location, some beam 
rotation occurs in transit. This ranges from 
near - 20° for Astra 2 to +2° for 1 ° west. In 
practice, the easiest way to accommodate 
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The Astra 1 E, 1 F and 1 G satellites using 
the 'high-band' frequencies saw the 
introduction of the 'universal' lnb having 
dual first local oscillator frequencies of 
9.75 and 10.6GHz. Oscillator frequency 
is selected by the presence or absence of 
a 22kHz switching tone which is output 

While most satellite transmissions use 
horizontal or vertical polarisation - some 
including the original BSB satell ite - use 
circular polarisation. This is mostly right 
handed. 

Following the BSB/Sky merger, the 
6riginal BSB satellite was renamed Thor, 
and moved to 0.8° west to serve 
Scandinavian countries. Circularly 
polarised transmissions cannot be 
received using a commercial 
vertical/horizontal voltage-switched lnb. 
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Fig. 5. Swedish 
Microwave software 
shows a simple 
representation of 
dual lnb positions. 
All the software's 
simulations adopt 
similar, simple, 
graphical 
presentations of 
results. 

Fig. 6. One of 
many signal 

strength contour 
maps available 

from the satellite 
operators. 

Eutelsat's Hot Bird 
family reaches an 

extremely large 
potential 

audience. 
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I mentioned earlier that twice each year, for a few days, the 
sun tracks the Clarke Belt. Its reflection from a dish indicates 
precisely the changing elevation needed for each satellite. 
With my dish aligned on 13° east, the sun's reflections for 
our four target satellite positions on 10 October 1997 indi­
cated a change in lnb height of some -18mm for l O west to 
+22mm for 28.2° east, Fig. 4. 

Compared to the azimuth changes of ±18°, elevation 
changes are small - Jess than the receiving area of an lnb. 
With allowance for beam deviation, the tabled elevations 
could be converted into lnb height changes with sufficient 
accuracy. Simple trigonometric calculations based on the 
measured distance from the lnb to the dish centre and some 
final adjustments on test, could suffice. 

Your main task then is to accurately determine the time 
when the sun's azimuth matches that of the required satellite, 
for any day of the year. For any given day, the easiest way to 
calculate satellite azimuth from your location and the sun's 
time to this azimuth is to use a dedicated satellite program. 
Two such programs can be downloaded from Internet. 

Free software tool for dish alignment 
Swedish Microwave6 provides a freeware package called 
SMWLink that can be used to quickly calculate antenna 
alignments for any needed satellite or any two satellites, in 
a doubled-up system. Results are demonstrated graphically 
to eliminate confusion between positive and negative 
azimuth values, Fig. 5. 

A piece of software called Satmaster Pro1 can be used to 
calculate solar times and all other information needed to 
align your dish. Its tabular results are less user friendly than 
the Swedish Microwave package. All equations and calcu­
lations used are fully explained in the book Guide to 
Satellite TV.4 

Alternatively, the sun's time to an azimuth could be man­
ually calculated using solar tables. Remember though that a 
satellite's claimed location is maintained with respect to the 
centre of the earth. Azimuth and elevation for a dish vary 
according to your local latitude and longitude. Requiring 
three dimensional trigonometry, I much prefer the simpler 
software approach. 

For convenience, the Table l and Table 2 optimum tim­
ings for several dates were calculated using Satmaster Pro. 
Based on Manchester and GMT, they are acceptably accu­
rate throughout the UK, and remain so for a couple of days 
either side of the given dates in Table 2. 

Table 2. Satellite alignment times for 1998, solar 
azimuth only. Based on GMT at Manchester. 
Satellite Astra 2 Astra 1 Hot Bird Thor 2 
Location 28.2°E 19.2°E 13°E o.8°W 
5April 10:18 10:53 11:16 12:07 
3 May 10:27 10:58 11:18 12:02 
7 June 10:41 11 :08 11 :26 12:04 
5July 10:47 11:14 11 :31 12:10 
2 Aug. 10:40 11 :09 11 :29 12:11 
6Sept. 10:14 10:49 11:11 12:03 

Putting it into practice 
Having determined the mounting positions for the extra lnbs, 
how does reception of more than one satellite work in prac­
tice? 

Modem satellite receivers have selectable inputs for two 
lnbs and recent designs have an inbuilt system called 
DiSEqC, designed to control motors and external switches. 

This Digital Satellite Equipment Control system was 
devised by Eutelsat2 as a means of controlling all necessary 
satellite dish ancillaries using pulsed 22kHz tones, fed along 
the coaxial downlead. This removes the need to run multiple 
coaxial leads, power and control cables from a receiver/posi­
tioner to the dish, simplifying installation. 

Older receivers can be suitably equipped using switches 
made by specialist suppliers. Receivers unable to provide the 
22kHz tone needed to switch a universal lnb between its low 
and high bands can be equipped with external tone genera­
tors. Switches and tone generators are produced by Global 
Communications8 and SFM Engineering.9 

SateUite transmissions have a footprint. A receiving dish in 
the outer regions of this footprint needs to be bigger in order 
to deliver the same signal strength. Maps indicating power 
contours, available from all satellite operators, are included 
in both software packages, Fig. 6. 

Off-line reception will be reduced depending on the 
degree of mis-alignment. For convenience, the graphs and 
equations5 needed have been combined into a table of loss­
es for various dish combinations and angles. Used with the 
relevant contour map, these indicate the expected signal 
level to be received, and hence predict the quality of recep­
tion, Table 3. 

A noisy but watchable analogue picture will be attained 
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Table 3. Beam deviation at a nominal 10° deflection angle, also Gain I Loss predictions for Offset Satellite Reception, 
both relating to Focal Length/Dish Diameter. 
Dish Beam deviation factor Beam offsets versus decibel losses by f/d ratios 
F/D Transmit Receive 1dB 2dB 3dB 4dB 5dB 
0.45 0.85 1.18 3.90° 6.50° 7.90° 9.30° 10.20° 
0.50 0.86 1.16 5.30° 7.80° 9.50° 11.20° 12.30° 
0.55 0.88 1.14 6.30° 9.30° 11.30° 13.30° 14.60° 
0.60 0.89 1.12 7 .40° 10.90° 13.30° 15.60° 17 .20° 
0.65 0.91 1.10 8.60° 12.70° 15.40° 18.10° 19.90° 
0.70 0.92 1.09 9.90° 14.60° 17.70° 20.80° 22.90° 
0.75 0.93 1.08 11.30° 16.60° 20.10° 23.70° 26.10° 

with signals 3dB lower than recommend­
ed - even to 6dB using the best low noise 
receivers and lnbs. Digital signals are 
more critical. With signals above the min­
imum, a noise free picture results. With a 
lesser signal all reception ceases, so it is 
essential to ensure digital signals have 
sufficient strength, allowing for the effects 
of rain and cloud. 

Table 4. Satellite transmissions used for dish signal strength tests. 
Satellite Channel Language Frequency Polarisation 

Vertical 
Horizontal 
Vertical 
Horizontal 
Vertical 
Horizontal 

1 west - Thor 2 Kanai 5 Swedis h - English 11.341 GHz 
1 west - Thor 2 TV Norge Norwegian - English 11.421 GHz 
13 east -Hot Bird RAI UNO Italian 11 .366GHz 
13 east -Hot Bird Eurosport German 11.390GHz 
19.2 E - Astra 1 Eurosport English 11.258GHz 
19.2 E - Astra 1 TNT English 11.023GHz 

In reality 
Just how do these calculations compare 
with actual measurements ? 

Using my old Technisat dish, original Marconi lnb with a 
70mm diameter horn and an HSJOJ signal strength meter, I 
carefully re-aligned the dish to Astra 1 and set the meter sen­
sitivity to read + ldB. I then re-aligned the dish to 13° east, 
and with the meter sensitivity unchanged, manually moved 
the lnb to maximise Astra l signals. The meter indicated a 
loss of 0.8dB, Table 4. 

While centred on 13 ° east, I measured this optimised phys­
ical lnb displacement used to receive Astra from 19.2° east, 
a satellite alignment difference of 6.2°, as 73mm horizontal, 
12mm vertically higher. 

Similarly with the dish aligned to I O west, I measured the 
loss of Astra I signal as 3dB, confirming the theoretical pre­
dictions, Table 3. 

With the dish aligned to 13° east, the new Grundig lnb 
secured to an adjustable mount set to receive 1 west, I mea­
sured a reduction in strength of 4dB. I believe this is in part 
due to its smaller, 56mm feed horn collecting less of the dif-

fused coma signals than did the larger feed horn. It would 
seem advisable to use larger lnb horns for such extreme 
deflection angles, with smaller horns used for small deflec­
tion angles. 

Even so with a semi-clouded sky, the unencrypted Pal sig­
nals from Sweden 5 and TV Norge were noise free, while all 
signals from Astra are completely noiseless except under the 
most adverse weather conditions. 

In the short term, re-aligning my dish on 10° east would 
benefit the 1 ° west signals by some 0.5dB while leaving the 
Astra 1 signals almost unchanged. For this my lnb mounts 
would have to be rebuilt. 

Astra 2 planned signal contours are intended to permit 
reception using a 45-S0cm dish. This equates to a signal 
some 2 or 3dB stronger than direct reception of Astra I. 
Hence Astra 2 should be receivable on a second offset lnb on 
your existing dish which remains aligned on Astra 1. A min­
imum sized Astra 1 dish cannot provide good reception of 
Hot Bird transmissions. 

Receiving both analogue and digital satellite television 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Elevation 
28.91 ° 
28.91 ° 
27.33° 
27.33° 
25.82° 
25.82° 

While the straightforward method of one fixed d ish. The voltage and 22kHz Grundig11 AUN10T, which is a 
receiving both a nalogue and digita l switc hing arrangements used mean that universal, twin-output, 56mm d iameter 
te levision is to use a steerable dish, this it is not practicable to supply both small feed horn model, recent ly 
has the disadvantage it can receive analogue and digita l receivers from introduced. It has a 0.7dB noise figure. 
only one satell ite at a time. Astra one low-noise block. But a ll interesting G rundig assures me that leaving one 
viewers must choose w hether to satellites other than the new Sky Astra output await ing a digita l receiver and 
receive either analogue from 19.2° east 2, support both analogue and digital hence for now unconnected is 
or digital from 28.2° east. This prevents transm issions. perfectly acceptable. This unconnected 
any possibility of v iewing one source Perhaps the most straightforward and output must however be covered to 
while taping the other, or parents flexible method is to use the twin- prevent water ingress. 
watching one choice with children the output, low-noise and digital-ready Note that two different lnb types a re 
other. lnbs now available. These provide available, both having two outputs. 

install ing two dishes in the UK, essentia lly two totally independent The dual output versions look 
requires planning permission 10 as does lnbs, each with selectable horizontal or identical, but provide H channels only 
an extra large dish . vertical polarisation and low or high from one output with V channels only 

The objective of this article was to band. These are now available in both from the other, so are less suitable for 
examine the possibility of receiv ing a ll small and large feed-horn vers ions. the options described in this a rticle. 
major satellite positions of interest on For this investigation I bought a 
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COMMUNICATIONS ADVERTISEMENT 

Aligned to 13° east, a one size larger dish is needed to pro­
vide noise free signals from both Astra 1, Astra 2 and 13° 
east. Depending on your location, this might also be possible 
with the dish aligned to 10° east. Both alignments would per­
mit acceptable reception up to l O west, using a fourth lnb. 

From my results it seems feasible to receive all four desir­
able satellites using offset lnb 's mounted on a dish at least 
one size larger, but preferably two sizes, than the minimum 
size Astra 1 dish needed for your location. Unfortunately, 
until Astra 2 is actually working, its reception cannot be 
proven experimentally. 

Any dish system aligned to receive satisfactory signals 
from 13° east, would also supply signals from 16° east and 
10° east. The main problem is physically positioning the 
lnbs, rather than one of ensuring sufficient signal strength. 
An increase of dish diameter to, say, 90cm, with its resultant 
increased lnb displacements, would facilitate reception of 
these satellites while increasing signal level for all channels. 

In principle, all satellite dish installations are subject to 
planning control, particularly should you live in a National 
Park, one of the conservation areas or a listed building. At 
present though, a 70cm dish size is permitted without plan­
ning permission, increased to 90cm for western and Northern 
counties. Your local planning office will supply details appli­
cable to your local area. 

In France, which almost invariably receives much stronger 
signals, a Im dish is permitted. Negotiations between 
Eutelsat and the last Government were expected to relax the 

The Low Cost Controller _.po• · 

That's Easy to Use ~~,, / 
1i@jiji4j . ~ 

The K-307 Module provides the features !' ~ 
required for most embedded applications ~ 
Analogue • 4 Channels in 1 Channel out ,. '1' 
Digital · • 36 Digital in or out & Timers ~ 
Serial • RS- 232 or RS-485 plus I2C 
Display • LCD both text and graphics 
Keyboard • Upto 8 x 8 matrix keyboard 
Memory • > 2Mbytes available on board 
Low Power • Many modes to choose from 

Development 
The PC Starter Pack provides the quickest method 
to get your application up & running 
Operating System • Real Time Multi Tasking 
Longuapes • ' C ' , Modula-2 and Assembler 
Expansion • Easy to expand to a wide range 

of peripheral cards 

Other Features 
Real Time Calendar Clock, Battery Back Up, 
Watch Dog, Power Fail Detect, STE 1/0 Bus, 
8051 interface, 68000 and PC Interface 

Cambridge Microprocessor 
Systems Limited 

!l.ul~ Units 17 - 18 Zone 'D' 
Chelmsford Road Ind Est 
Great Dunmow Essex CM6 1XG 
E-mail cms@dial.pipex.com 

Phone 01 371 875 644 

above size restraints, but at the time of writing, the June 1995 
restrictions are still in force. 10 

Having performed this investigation on I March, I now 
plan to install a fourth lnb on my dish and align this system 
using the sun's reflection. • 
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PLUG IN AND MEASURE 

TiePie introduces the HANDYSCOPE 2 
A powerful 12 bit virtual measuring instrument for the PC 

The HANDYSCOPE 2, connected to the 
parallel pnnter port of the PC and 
controlled by very user friendy software 
under Wndov,s or DOS, gives every­
body the posslbhty to measure wthm a 
few minutes The philosophy of the 
HANDYSCOPE21s 

"PLUG IN AND MEASURE'' 

· Because of the good hardWare specs 
' (two channels, 12 brt, 200 kHz sampling 
! on both channels simultaneously, 32 
I Kl/lk>rd memory O 1 to 80 voltfull scale, 
, O 2°/4, absolute accuracy, software 

controlled AC/DC sv.rtch) and the very 
complete software (osc1lloscope, 
voitmeter, transient recorder and 
spectrum analyzer) the HANDYSCOPE 

1 
2 1s the best PC controlled measunng 

1 instrument in 1ts category 
I 

I The four integrated virtual instruments 
g,ve lots of possibhnes for performing 

I good measurements and malo ng clear 
documentation The software for the 

j HANDYSCOPE 2 1s SUJtable for 

I 
Wndows 3 1 and Wndows 95 There IS 
also software available for DOS 3 1 and 
higher 

A key pomt of the V\lndows software 1s 
the qU1ck and easy control of the 
instruments This 1s done by usmg 
- the speed button bar Gives cirect 
access to most settings 
- the mouse. Plaoe the cursor on an 
object and p<ess the nght mouse button 
forthecorresponelngsettings menu 

- menus All settings can be changed 
usmgthe menus. 

Some quick examples 
The voltage axis can be set \JSi ng a drag 
and drop pnnciple Both the gain and the 
pos1tion can be changed man easy way 
The bme axis is controlled using a 
scalable scroll bar Wthth1sscroll barthe 
measured Signal (10 to 32K samples) 
can be zoomed hve In and out 

The pre and post trigger moment 1s 
displayed graphically and can be 
adJusted by means of the mouse For 
tnggenng a graphical IN(SIWfG tngger 
symbol 1s ava1iable This symbol 
indcates the tngger mode, slope and 
level These can be adjusted wth the 
mouse 

The osalloscope has an AUTO DISK 
function With which unexpected 
disturbances can be captured. 11\rhen the 
instrument 1s set up for the disturbance, 
the AUTO DISK function can be started 
Each bme the disturbance occurs 1t 1s 
measured and the measured data 1s 
stored on disk \Mien pre samples are 
selected, both samples before and after 
the moment of dlsturbanc.e are stored 

The spectrum ana~;zer 1s capable to 
calculate an 8K spectrum and disposes 
of 6 wndow functions Because of th,s 
higher harmonics can be measured well 
( e g for power lme analysis and audio 
analysis) 

STORAGE OSCILLOSCOPE 
SPECTRUM ANAL YlER 
VOLTMETER 
TRANSIENT RECORDER 

The VOllmeter haS 6 fuly configurable 
displays. 11 cifferent values can be 
mt:asured and these values can be 
display<'d in 16 afferent ways. This 
results in an easy ~ of readng the 
requested values Bes!des this, for each 
display a bar grapt11s ava1lable. 

\/\,hen slov.1y changng events (hke 
temperature or pressure) have to be 
measured, the transient recorde1 1s the 
solubon The time betweentv..osamples 
can be setfrom O 01 sec to 500 sec, so it 
is easy to measure events that last Up to 
almost 200days 

The exte11S1ve possjbllrt1es of the cursors 
in the osCJlloscope, the transient 
1 ecorder and the spectrum analyzer can 
be used to analyze the measured S1gna1 
Besides the standaro measure ments, 
also True RMS. Peak-Peak, Mean, Max 
and Mm values of the measured s.gnal 
are a,a1lable 

To oocument the measured S1gnal three 
features 1s provided for For common 
documentation three lines of text are 
available These Imes are printed on 
every print out. They can be used e g for 
the company name and address For 
measurement spec1f1c docurnentabon 
240 characters text can be added to the 
measurement. Also 'text balloons" are 
available, wtuch can be plaoedwthinthe 
measurement These balloons can be 
configured toym.:r O'M1 demands 

For pmltlng both blackandwhlteprmters 
and color printers are supported 
Expo<ting data can be done m ASCII 
(SCV) so the data can be read m a 
spreadsheet program. All instrument­
settmgs are stored m a SET file By 
rea<ing a SET file. the mstument IS 
configured completely and measuring 
can start at onoe Each data file IS 
accompanied by a settmgs file The data 
file contams te measured values (ASCII 
01 bmaiy) and the setbngs file contains 
the settings of the instrument The 
settings tile is rn ASCH and can be read 
easily by other programs. 

Coov1noe ypurself and download the 
demo software from our web page. 
http //wwwtler:,,e nl 
'Mien you have questions and I or 
remarks contact us via e-mail 
support@bepie nt 

Totat Package. 
The HANDYSCOPE 2 IS delivered v.tth 
twc, 1.1/1 10 S1Mtchal:ie oscilloscope 
probe's, a user manual, \t\lndoM; and 
DOS software. The price of the 
HANDYSCOPE21s£299 OOexd VAT 

liePte en9nenng (UK}, 28 stephenson 
Road. lnsdustnal Estate. St Ives, 
Cambndge. PE17 4WJ. UK 
Tel 014S-,l6()()(}28 Fax 0148-460340 
liePteengmeenng(NL), 
Koperslagersstraat 37, 8601 WI.. 
SNEEK, The Netherlands Tel +31 515 
415416; Fax +31515418819 

't:l: lnlerret zone 
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INSTRUMENTATION & TEST 

Stand-alone 

You can ,~ave this small, cheap, autonomous and battery-powered 
data acquisition box almost anywhere, quietly gathering data ready 
for later retrieval and post processing on a pc. Pei An and Pinhua 
Xie explain its how it works. 

I n environmental monitoring applications, parameters 
such as temperature, humidity, or water level or pollution 
need to be monitored continuously over long periods. 

A conventional pc-based data acquisition system can be 
used for such an application, but it may not be ideal. Firstly, 
such a system involves a computer and a data logger, mak­
ing it expensive. Secondly, the physical size is large. 
Thirdly, power assumption will be high, and this implies that 
a powerful battery pack is required in applications where 
there is no mains supply. 

A stand-alone data logger is a useful device for such an 
application. Firstly, it is dedicated. Its only task is to acquire 
data and save the data into its memory. It can be connected 

Fig. 1. A stand-a/one 
data Jogger is used to 

acquire analogue data 
from the external world. 
The Jogger connects to a 

host computer via its 
RS232 port for initial 

configuration. After that 
it can be disconnected 
from the computer and 
placed in a designated 

location to acquire data. 
After the data 

acquisition session is 
completed, it is 

connected to the host 
computer again for data 

downloading. The logger 
only measures analogue 

Standalone Data 
Logger PC Link 

Initialize logger 

Download data 

"- .H. - -~- - ---;-, , - .. -WAID , · 
1•-~-17C , - - . -

r..~r·:...,.._7.·_ -,.. 
', ... ,.~f"-"") 

~ ..,;.-.. ~~if" 
I .... --·· I 

,;...t__ ~-"Ii,•=---·..-: ......... ~ 

Connects to 
RS232 porl 

J - -- - - - ~ 

:_ .J ', 
-- . ' - --;., ·' . ' •-oe_·, 

~ ~: , .. · '-_ .... _.-... ~- ... ~ 

to a computer any time to allow its collected data to be 
transferred and analysed. 

Such a data logger can be made small in size and with 
ultra-low power consumption. Such a stand-alone logger's 
small size allows it to be placed in any location. It can col­
lect data continuously over a long period of time without 
having its battery changed. 

This article describes a design of such a data logger. It has 
one analogue input channel with an input range of 0 to 2.SV 
and the a-to-d conversion accuracy is 12-bit. It has an on­
board memory capable of holding 1000 a-to-d conversion 
results. 

When data is to be downloaded, the logger connects to a 

PP3 9V battery 

Stand alone 
data logger 

Battery is fitted 
inside the unrt 
from underneath 

Reset button 
underneath 

/ 

Screw terminal blocks 
connect a voltage 
rrom a sensor 

/ 
Voltage range: 0-2 .SV 

voltage. A sensor, 
amplification and signal 
conditioning circuits are 
required to complete the 

: temperature sensor • ! 
• humidity sensor 
: pH sensor 

system. 
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, light intenstty sensor 
, magnetic field sensor , 
~ pr.!~~r~ !!"!~•_e_!c.:. ______ ! 

Signal condilion ing 
and 

amplification 
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Terminal blocks 
to input analogue 
voltage (0-2.5V) 

Vin+ 

Vin-

GND 

A-to-0 
converter 

unit 

(LTC1285) 

2K 
EEPROM 
memory 

unit 

24LC16B 

Central 
control 

unit 

RS232/TTL 
converter 

9-pin female 
D-type connect to 

connect pc 
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TX (to transmit data) 

unit 1--~ 
RX (to receive data) 
GND (digital ground) 

+5V Power 
IC===l supply 

unit 

1------• DTR (supplies -10V pc 

9V PP3 

Fig. 2. The central control unit controls all 
operations of the data logger. Three main 
elements are the a-to•d converter unit, the 
memory unit for storing the data and the 
RS232-to-ttl converter. 

RESET button Logger status indicator 

pc via an RS232 serial port. When driven by a lithium PP3-
sized battery it could capture data for a month or so unat­
tended. 

It is possible to build this logger into an enclosure the size 
of a small calculator. The complete system is illustrated in 
Fig. 1. Bear in mind that different sensors and signal con­
ditioning and amplification circuits may be needed for dif­
ferent applications. 

How data logger works 
The data logger has three operating modes. These are the 
initialisation mode, the data logging mode and the data 
downloading mode. 

In initialisation mode, the user specifies the start time of 
data logging and scanning interval - i.e. the period between 
two consecutive data loggings. This is done by plugging the 
data logger to the RS232 port of a host computer. 

After the initialisation, the logger enters data logging 
mode. It can now be disconnected from the computer and 

9-pin 0 -type 
female 

connecto, 

TX 
(pin 3) 

OTA 
(pin 4) 

.L:1--i: 
+SV 

I I 

XT I I 

Ceramic : D : 
resonator l _ _ _ _ _ 1 

16 15 

OSC1 OSC1 vcc 

RAO 

,, 
RBS 

RBS 
12 

AB7 
13 

IC1 16C84 

RAO 

placed to a designated location. The data logger converts 
analogue signal into digital data at a fixed interval and stores 
the data into its memory. 

Data logging is terminated either by pressing the reset but­
ton on the logger or when the total number of stored data 
exceeds 1000. At this point, the logger is connected to the 
host computer once more for data downloading. During 
downloading, the data stored in the data logger are trans­
ferred into the computer. 

Hardware details 
Figure 2 shows the logger's block diagram. The system 
comprises five units. They are, 

• Central controller based on the PIC16C84 
• LTCJ285 analogue-to-digital converter 
• 24LCJ6 memory unit, 
• RS232-to-ttl converter 
• power supply 

sv 2.SV0.8% 

Screwed 
terminal 

6 Dout 
vcc Vref 

1 blod< 

7 Cl k +IN 
s ·CS 

GNO -IN 

+SV 

c, andC2: 100nf 

10 
R841--------- -..---"-ISOA 

WP 

RX 
(pin 2) 

GNO 
(pin 5) 

Unes in the PC's 
RS232 pon 

Push bunon 

~SET 
BUTTON 

sw, 
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RB2'-'
8
---

-MCLR 

+SV 2k R7 

~ 
LEO 

Flashing repeatedfy: wrong data ,eceived from PC 
flash onoe; scanning data 

GND 

4 IC324C16 

sv 2.5V 

l C3I 
9V PP3 All capacitors C1 10 C7: 100 nf 

Fig. 3. Complete 
circuit diagram of 
the stand-a/one 
data logger. A 
PIC16C84, an 
L TC1285 a-to-d 
converter and a 
24LC168 2Kbyte 
electrically­
erasable prom are 
used in the circuit, 
which maybe 
constructed on a 
single-sided board. 
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RA! 

RA3 RAO 

RA4/ATCC OSC1/CLKIN 

OSC2/CLKOUT 

vss PIC16C84 VDD 

RBO/INT RB7 

RB1 RB6 

RB5 

RB4 

Fig. 4. Pin-out and the internal block diagram of the 
PIC16C84 microcontroller. This is an 18-pin D/L 
device with only 35 instructions, making its 
programming easy to learn. 

Fig. 5. Pin-out and internals 
of the L TC1285 12-bit a-to­
d converter._lt has a three-

vcc 

wire serial i/o bus, so 2 ~ 
hardware design is easy. v in+---O sample 

V in-~ 

---
------------

EEPAOM 
Program 
Memory 

1Kx 14 

Program 
Bus14 

Instruction Reg. 

Instruction 
O~e& 

Control 

o!:~&n 

OSC2/CLKOUT 
OSC1/CLKIN 

-CS/ SHON CLK 

5 7 

6 

13 

Ooot 

-
4
- GNO 

V<ef 

Table 1. In this application, lines of the PIC controller are designated as follows. 

Line Pin Description 
Port A 
RAo 18 Serial data input to the PIC (connected to Tx of the PC's RS232 port) 
RA1 17 Serial data output from the PIC (connected to Rx of the PC's RS232 
port) 
RA2 1 Not used 
RA3 2 Not used 
RA4 3 Not used 

Port B 
RBo 6 Not used 
RB1 7 Not used 
RB2 8 Control of the logger status led (output) 
RB3 9 Serial clock of the 12C bus (SCL) for the 24LC 16B (output) 
RB4 10 Serial data of the 12C bus (SDA) for the 24LC1 6B (input and output) 
RBs 11 Serial data output (D0u1) from the L TC1285 (input) 
RBs 12 Serial clock (CLK} of the L TC1285 (output) 
RB1 13 enable (-CS) of the L TC1285 (output) 
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Data Bus B 
Program Counter EEPROM Data Memory 

EEPROM RAM B Level S1ack FH• Data Memory (13blt) A~btera 64XB 
X8 

7 RAMAddr ·- EEADR 

5 OlredAddr 7 TM.RO 

RM/TOCKI 
STAl\JSReg 

B 

Pow&r-Up 
llmer VO Ports 

Oscll!a!or 
St•~•Up Timer 

PORTA Power-On RA3:RAO Reoot 
Watchdog 

Tirner 
PORra 

~ Voo, Vss 

The complete circuit is given in Fig. 3. The system utilises 
only three key ICs, namely the controller, the a-to-d con­
verter and the memory. The LTC/285 a-to-d convener has a 
serial peripheral interface, or SPI, for all i/o operations. The 
2K eeprom has a 2Kbyte capacity. It communicates with 
external devices using an I2C bus. The PIC16C84 manage 
the gathering of data from the a-to-d converter and the stor­
age of it in the eeprom. It also looks after communication 
with the host computer via the RS232 port. 

Central control unit. The central control unit is based on a 
Microchip PIC/6C84 peripheral interface controller. This 
device is a relatively recent addition to Microchip's range. It 
has has an e!ectrically erasable memory to store program, 
making it particular useful for product development. This is 
why we adopted it for this application. 

The pin-out and internal block diagram of the I 6C84 is 
shown in Fig. 4. Pins 14 and 5 connect to the positive and 
negative rails of a power supply. The supply voltage range is 
2 to 6V. Power supply current is typically 2mA at SV and 
4MHz clock frequency. This drops to several tens of 
microamps when the IC is in standby mode. 

Pin 4 is the master clear. It must be held high in normal 
operation. Pin 15 and 16 connect to a crystal or ceramic res­
onator up to 4MHz. The 16C84 has a 1024 word 14-bit wide 
electrically erasable prom to store instructions and a 64 byte 
eeprom to store data. There are I 5 special function registers 
and 36 byte-wide general purpose registers. 

There are two i/o ports. Port A is brought out on RAo-4 
while port B is on RB0-7. Each individual line can be con­
figured as an input or output. As an output, any ltne is able 
to source 20mA and sink 2SmA. Line RA4 has a secondary 
function. It is used for the timer/counter modules. Also, RBo 
doubles as an external interrupt input. 

The PIC has only 35 single-word instructions, which 
makes programming it easy to learn. In thjs application, the 
PIC works in the crystal-oscillator mode. A 4MHz ceramic 
resonantor - a three pin device - is used, Fig. 3. Input/out­
put lines of the PIC are committed in as in Table 1 . 
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Analogue to digital converter unit. The analogue-to-digi­
tal convelter core is a Linear Technology LTC1285CN8 12-
bit a-to-d converter using successive approximation con­
version, Fig. 5. It requires a power supply of 2.7V to 6V on 
pins 4 and 8 and a reference voltage on pin 1. 

Typical supply current is 260µA at a 6.6kHz sampling rate 
and with a 2.7V power rail. When in standby mode, the sup­
ply current drops to several nanoamps. The / 285 has a dif­
ferential analogue input on pin 2 and 3 and the analogue 
input leakage current is typically lµA. 

The converter communicates with other circuitry through 
a three-wire SPI serial interface. These three wires are 
-CS/SHDN, CLK and Dout· On going low, pin S selects the 
chip and initiates data transfer. If the pin goes high, the con­
verter enters standby mode. 

Pin 7 is the clock input. It synchronises the serial data 
transfer and determines conversion speed. At the falling edge 
of the clock signal, each bit of the 12 bits of an a-to-d con­
version result is sent out from Dout pin. 

The operating sequence of the 1285 is shown in Fig 6. 
Data transfer is initiated at the falling edge of the chip select, 
pin 1. Following chip select' s falling edge, the second clock 
pulse enables data output Dout· A null bit (logic 0) appears 
first on Dout, pin 6. At the next 12 falling edge of the clock, 
the 12 bits of the a-to-d conversion result appear on Dout one 
by one. 

In the present circuit, -CS, Dout and CLK connect to RB7, 

RB5 and RB6 of the PIC. The PIC sets RB7 (-CS) and RB6 
(CLK) as output lines. Line RB5 is set as an input. 

Memory unit. The memory unit uses a 24LC168 2Kbyte 
eeprom from Microchip. The memory is organised is 2Kbyte 
memory locations. It is possible to erase and write to the 
memory up to a million times. 

The chip requires a 2.SV to SV power supply with a typi­
cal current consumption of lmA in active mode and lOµA in 
standby mode. It has an I2C bus for data transfer operations 
and it operates as a slave device on the bus, Fig. 7. 

Lines A0-2 have no function and can be left open. Pin WP 
is for write protection and is normally tied to the ground to 
enable write operation. Lines SCL and SDA are the clock 
and data lines of the I2C bus. 

Data can be written to and read from the rom via the re 
bus. The write operation has two modes - byte-write mode 
and page-write mode. The former writes a single byte to a 
memory location. The latter writes 256 bytes to a block in 
one go. The read operation has a current-address-read mode 
and a random-read mode. Byte-write mode and the random­
read mode are used in this application. Their timing 
sequence is described below, Fig. 8. 

Following a start condition on the re bus, an eight-bit 
slave address byte is clocked into the memory from the con­
troller. The slave address from bits 7 to O is: 

1, 0, I, 0, B2, B1, Bo and R/- W. 

Bits 7 to bit 4 are the permanent address of the 24LCJ6 
memory. Bits Bi,0 specify one of the four memory blocks. 
When R/- W is high, the operation is a read operation, oth­
erwise it is a write operation. 

After the slave address bits are transferred into memory, an 
address byte is transmitted to it which specifies a particular 
memory location in the selected memory block. This address 
is written to the address pointer of the 24LCI 6 and its value 
ranges from Oto 255. 

If the operation is a write operation, the eight bits of data 
are sent to it next. In random-read mode, after writing to the 
address pointer, a start condition is generated again and it is 
followed by sending slave address bits with the R/- W bit set 
to 1, to signify reading. Now, the data stored in the memory 
is sent out bit by bit. 
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List 1. These nine bytes are sent to the PIC controller in the logger from the pc 
immediately after initialisation. 
byte 1 : data logging launch time , year (0-99 decimal) 
byte 2 : data logging launch time, month (1- 12 decimal) 
byte 3 : data logging launc h time, day (1 - 31 decimal) 
byte 4 : data logging launch time, hour (1- 24 decimal) 
byte 5: 
byte 6 : 
byte 7 : 
byte 8: 
byte 9: 

-CS 

CLK 

Hi-z 

data logging launch time, minute (1 - 59 decimal) 
scanning rat e (l =l second, 2 =lminute, 3=1 hour) 
delay number high byte, Oh 
delay number mid byte, Om 
delay number low byte, Dl 

Falling edge output data 
:/, 

BtO BS B6 B4 B2 Bl BO 

D out -~---. 
BIO 

Fig. 6. Timing sequence of the l TC1285. After -CS falls, the converter enters the 
data conversion stage. The falling edge of the third clock pulse causes Dout to 
output bit 11 of the conversion result. The following 11 clock pulses causes Dout to 
output bit 10 to bit 0. 

------! High voltage generato, 

EEPROM array 

Page latches 

YDEC 

R/Wconlrol 

VCC VSS 

8 I • I 
Fig. 7. Details of the 24LC16 2kbyte eeprom. It has an l2C bus comprising a clock 
line, SCL, and a data line, SDA. 

Stop 

(a) Byte write operation 

(b) Random read operation 

Fig. 8. Timing sequence of the 24LC16 eeprom. See details of the l2C bus operation 
in the panel. 
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List 2. When the logger is to off-load its data, it send this sequence to the pc first, 
followed by the stored data. 
byte 1 : data logging start time, year (0- 99 decimal) 
byte 2 : data logging start time, month (1-12 decimal) 
byte 3 : data logging start time, day (1- 31 decimal) 
byte 4 : data logging start t ime, hour (1-24 decimal) 
byte 5: data logging start time, minute (1-59 decimal) 
byte 6: scanning rate (1=1 second, 2=1minute , 3=1 hour) 
byte 7: total number of data logged, lower 8 bits, Dl 
byte 8: total number of data logged, upper 8 bits, Dh 

Fig. 9. Pin-out of the 
RS232 port on IBM 
compatibles. In this 

application, only the 
Tx transmit output 

from the PC, the Rx 
input and the DTR 

In the present circuit, SCL and SDA are controlled by the 
PIC via RB3 4. Both lines are pulled high by R 4,5 to form an 
I2C bus. The' PIC permanently sets RB3, the SCL line, as an 
output line. Depencting on the :12C operation in progress, 
SDA on RB4 is set as an input or an output. 

RS232/Ul translator unit. The function of this unit is to per­
form voltage conversions between RS232 and ttl logic levels. 
From the circuit diagram, you will see that the Rx line - i.e. 
the line from which the logger receives data, RS232 voltage 
level - is converted into a ttl voltage level using a simple 
clamp based on R I and zener diode D 1• This converter does 
not have an inverting action. 

The Tx signal - the signal output from the Jogger, RS232 
voltage level - is generated by a circuit consisting R 2, R 3 and 
Tr1• The circuit requires a positive and a negative power sup­
plies. The former is from the +5V power supply of the data 
logger board. The latter is ' stolen' from the RS232 port of 
the computer. The DTR, or data-terminal ready, line in the 
pc's RS232 port is set low which outputs a - lOV level. The 
pin-out of the pc's RS232 port connector and its functions 
are given in Fig. 9. 

Supplying power 
As Fig. 3 shows, the power supply is a PP3 9V battery, reg­
ulated to +5V using an HT1050 regulator. This is a 5V fixed 
voltage regulator with a maximum supply current 30rnA. It 
offers a very low dropout voltage of 100 mV and a quiescent 
current of 3.5µA. 

The 5V supply is converted into 2.5V by the TLE2425 

output are used . 1 2 3 4 5 

ioW ul 

2.5V voltage reference for use by the a-to-d converter. 
Our stand-alone data logger implementation is constructed 

on a single-sided pcb and is housed in a slim ABS box. 

Software for the PIC 
The PIC software divides into three main procedures. The 
first is the initialisation procedure, the second is the data log­
ging procedure and the third is the data downloading proce­
dure, Fig. 10. Their functions are described briefly below: 

After pressing the reset button, the initialisation procedure 
is activated once the PIC detects a serial byte' AA16 sent by 
the host computer at its RA1 pin. After this, the procedure 
receives nine initialisation bytes, as described in List 1 . 

Delay period in second is calculated using the following, 

2.6x(256x256xDh+256xDm+D1) 

To carry out the initialisation, the host computer must send 
AAt6 and the nine bytes through its RS232 port. 

After the PIC receives the ninth byte, it automatically 
enters the data logging mode. Firstly, the data logger is in the 
sleep mode until the launch time of data logging is reached. 
While the PIC is not Jogging data, the PIC, a-to-d converter 
and the memory are all in sleep mode. 

The PIC wakes up and makes the TLC1285 converter per­
form an a-to-d conversion. The resulting bits are read into the 
PIC serially. After reading 12 data bits, the PIC writes the 
value into the 24LCJ6B eeprom. 

Next, the PIC goes back to sleep. It waits for a time period 
as specified by the scanning interval and then starts another 
data Jogging cycle. There are two ways to terminate the data 
logging. One is to press the reset button anytime. The other is 
that the number of data stored in memory exceeds 1000. 

Data downloading to the pc is activated once the PIC 
detects an RS232 serial byte 55 16 sent by the host computer 
from its RB1 line, after the reset button is pressed. Following 
this, the data logger begins to output data. The first eight 
bytes are data headers and the logged data follows, List 2. 
The total number of data stored by the data logged is calcu­
lated using Dhx256+D1. 

The bytes succeeding those are data bytes. Two bytes rep-

Logger connected to a host computer 
Reset button pressed 

AAh receiYed 

Continued over page 

6 7 8 9 
(a) 9-pin male socket viewed from the back of the computer 

Initialization mode 
R809ive 9 injajzing bytes from pc 

Data k)gging launch time: )'ea, 

Wrong data reoeived 
Logger Stalus LEO flashing 

Data downloading mode 
Transmit d.ata to pc 
Data logging launch time: year 

l[------------11 :: :: ,, :: :: :: :: :: :: :: :: :: • 
·: : : :: :: :: :: :: :: :: :: :: :: 

-----------14 15 16 17 18 19 20 21 22 23 24 25 
(b) 25-pin male socket viewed from the back of the computer 

Pin functions of the RS232 connectors 

25 pin 9 pin Name Direction Descriptio n 
(fo rpcs) 

1 Prot Proteclive ground 

2 3 TD Output Transmit data 

3 2 RD Input Receive dala 
4 7 RTS Output Request lo send 

5 8 CTS Input Clear to send 

6 6 DSR Input 0ala set ready 

7 5 GND Signal ground (common) 

8 DCD Input Data carrier detedt 
20 4 DTR Output 0ala lerminal ready 

22 9 RI Input Ring indicator 

23 DSRD VO 0ala signal rate deteclor 
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Oata k>gging launch time: month 
Oata logging launch time: day 
Oata klgglng launch time: hour 
Oata klgging launch time: minute 
Scannlng ra1e(1-1 s, 2.1 m,3•1 h) 
Delay number high byte, Oh 
Delay number middle byte, Om 
Delay number low by1e, DI 

Logge, discon™1Cled 
from PC 

Data logging mode 

Data logging launch time: month 
Data logging launct, time: day 
Data logging launcl'I time: hour 
Data logging launcl'l time: minute 
Scanning rate (l-1 s, 2.1 m, 3.1 h) 
Tot.al number of data logged, low byte 
TotaJ number of data logoe<:I, high byte 

Fig. 1 O. Flow chart of the PIC control program. 
Three main procedures are involved. The 
initialisation procedure, the data logging 
procedure and the data downloading procedure. 
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What is 12C bus? 
Devised by Phill ips, 12C stands for inter-IC-communi­
cation. It is a data bus that al lows integrated circuits 
or modules to communicate with each other. 

The bus al lows data and instructions to be 
exchanged between devices via only two wires. This 
greatly simpl ifies the design ofa complex electronic 

circuits. There is a family of 12C compatible devices 
available for various applications. They include i/o 
expansion, a-to-d and d-to-a conversion, t ime keep­
ing, memory and frequency synthesis, etc .. 

Principle of the 12C bus. The 12C bus consists of two 
lines: a bi-directional data line called SDA and a clock 
line called SCL. Both are pulled up to the positive 
power supply via resistors. An 12C bus system is shown 
in Fig. A. 

A device generating a message is a 'transmitter' while 
a device receiving a message is the 'receiver'. The 
device controlling the bus operation is the 'master' and 
devices controlled by the master are 'slaves' . 

The following communication protocol is defined: 

• a data transfer may be initiated only when the bus is 
not busy 

• during the data transfer, the data line must remain 
stable whenever the clock line is high. 

Changes in the data l ine whi le the clock line is high is 
interpreted as control signals. The following bus con­
ditions are defined, Fig. B. 

• Bus not busy: both data and clock lines remain high 
• Start data transfer: a change in the state of the data 

line from high to low while the,clock is high, defines 
the start condition 

• Stop data transfer: A change in the state of the data 
line from low to high while the clock is high defines 
the stop condition. 

• Data valid~ The state of the data line represents valid 
data after a start condition. The data line is stable for 
the duration of the high period of the clock signal. 
The data on the line may be changed during the low 
period of the clock signal. There is one clock pulse 
per bit data. Each data transfer is initiated w ith a 
start condition and terminated with a stop condition. 
The number of data bytes transferred between the 
start and stop condit ions is not limited. The infor­
mation is transmitted byte-wise and the receiver 
acknowledges with a ninth bit. 

• Acknowledge bit: Each byte is fol lowed by an 
acknowledge bit. The acknowledge bit is a high 
level put on the bus by the transmitter whereas the 
master generates an extra acknowledge related 
clock pulse. The acknowledge bit is a low level put 
on the bus by the receiver. A slave receiver which is 
addressed is obliged to generate an acknowledge bit 
a~er the reception of each byte. 

The device that acknowledges has to pu ll down the 
S0A line during the acknowledge clock pulse in such a 
way that the SDA line is at a stable low state during the 
high period of the ackhowledge related clock pulse. A 
master receiver must signal an end to the slave trans­
mitter by not generating an acknowledge on the last 
byte that has been clotked out of the slave. 

How the bus operates. Before any data is transmitted on 
the bus, the device which should respond is addressed 
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first. This is carried out with the seven-bit address byte 
plus R/- W bit transmitted after a start condit ion. A typ­
ical address byte has the fol lowing format: 

Fixed Address bits + Programmable address 
bits+ R/ -W bit (in total 8 bits) 

The fixed address depends on the IC and it can not be 
changed.* The programmable address bits can be set 
using the address pins on the chip. The last bit is the 
read/write bit which indicates the direction of data flow. 
The byte following the address byte is the control byte 
which depends on the IC used. Fo llowing the control 
byte are the data bytes. The serial data has the format 
shown in Fig. 8. 

*Although some 12C devices have inputs that can mod­
ify the address depending on their logic state, allowing 
more than one of the same ic to be used on the same 
bus - Ed. 

vcc 

12c bus 
H_...J----...----.....------.-- -------SOA 
L-[=J--,..--+----+--+-- - .....--+---t----1-- - SCL 

A 

Master 
Tx/Ax 

Slave 
Rx 

Slave 
Tx/Rx 

Slave 
Tx/Rx 

Fig. A. An l2C bus consists of only two data lines: serial clock, SCL, and 
serial data, SDA. 12C compatible devices connect to the bus using these 
two wires, making hardware design simple. 

SDA= 1 to 0 
SCL=1 

Start condition 

SDA 

SCL 

SDA=1 
SCL=1 

Bus not busy 

SDA=X 
SCL=1 

Data transfer 

SDA= 0 to 1 
SCL=1 

Stop condition 

Bus conditions: bus not busy, start, data transfer and stop 

. . Clock pulse for 
Start cond1t10~ acknowledg~nt - '\..._ 

SCL ~ ____ ~ 

Data output 
by transmitter 

Data output 
by receiver 

~ 
Transmitter outputs 1 

during the acknowledgement 

Acknowledgement on the bus 

Receiver outputs o 
to acknowledge 

I '--

Fig. 8 . Timing sequences for Bus Not Busy, Start, Stop and 
Acknowledgement. 
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List 3. Outline of how to send initialisation data to the logger using Turbo Pascal 6. 
Procedure init_logger 
{initialize data logger} 
begin 

End ' 

; {send AA=l0 *16+10 byte to start initialization} ; 
Port[RS232_address) :=10*16+10 
delay(l000); {a short delay} 
Port[RS232_address) :=start__year; delay(l000); 
Port[RS232_address) : =start_month; delay(l000); 
Port[RS232_address) : =start_day; delay(l000); 
Port[RS232_address) : =start_hour; delay(l000); 
Port[RS232_address) : =start_minute; delay(l000); 
Port[RS232_address) : =scanning_inteval; delay(l000); 
Port[RS232_address] : =delay_h; delay(l000); 
Port[RS232_address) : =delay_m; delay(l000); 
Port[RS232_address] :=delay_l; delay(l000); 

List 4. Routine for downloading data from the data logger into the pc. 
Procedure readdata ; 

Function data :byte; 

resent a 12-bit a-to-d conversion. The upper four bits are sent 
frrst, then the lower eight bits. 

The procedure causes the PIC to output 2000 bytes - which 
is in effect 1000 data words. While the PIC is doing so, it 
does not generate any handshake signals. The host comput­
er must be able to detect each valid received byte and to read 
it. This is easily achieved on modem computers. 

The program list of the PIC control software is lengthy and 
it is not possible to include it here, but it is available from the 
authors, as described in the Technical Support panel. 

PC link software 
This section describes how a personal computer controls the 
data logger and presents some hands-on programming exam-

ples. Turbo Pascal 6 programming language is 
used. 

The following Pascal procedure shows how to 
send initialisation data to the data logger via its 
RS232 port. A Pascal command 

"Port[RS232_address] : =DATA" 
{to read data from COM port with valid-data-received detection} 
begin 

is used to output the variable DATA from the 
RS232 port. The RS232 port address 
(RS232_address) should be supplied to this com­
mand. 

; {check if a new valid data is received} 
repeat until (Port[RS232_address+2) and 1) =O 
{check if a valid serial data is received by the COM port} 
data:=port[RS232_address); {read the received data} 

end; 
begin 

There are various ways of finding the RS232 
address. You will notice that initialisation starts 
by sending a AA16 byte to the stand-alone data 

port[RS232_address] : = 5*16+5; {to start data downloading pro- logger. A short delay is need between each data 
transmission, List 3. cedure} 

yearx : =data ; 
monthx : =data ; 
dayx: =data ; 
hourx: =data; 
minutex : =data ; 
scan_intervalx : =data; 
number_lowbyte : =data; 
number_highbyte : =data; 
Total_number : =number_ lowbyte+number_highbyte*256; 
for i : =l to total_number do 
begin 

dl: =data; 
d2 : =data; 
data_from_logger[i] : =(d1*256 + d2)* 2 . 50/4096; 

end; 

List 5. 
Procedure Write_interrupt_enable(RS232_address, 
Output_byte: integer) ; 
{to enable interrupt identification register on certain 
conditions 
output_byte=l, to generate an interrupt flag when a valid 
serial data i s received} 
begin 

Port[RS232_address+l] : =Output_byte; 
end; 

The following procedure downloads data from 
the data logger. The download procedure starts 
with a Pascal command , 

"Port[RS232_address] : =55h" 

Next the pc reads data from the data logger, List 
4 . 

When the computer reads serial data from the 
RS232 port, it must be able to detect when a valid 
serial data is transmitted from the data logger to 
the computer. This is achieved by enabling the 
selected COM port to generate a valid-data­
received identification. 

After a valid data transmission is completed, bit 0 
of the interrupt-identification register of the select­
ed COM port goes low. The register has an address 
of: RS232_address+2. The way to do the checking 
1s shown in 'Function data:byte' in List 4 

To enable the COM port to generate a valid-data-received 
identification, the procedure in List 5 is used before calling 
the above procedure. The variable output_byte should be 1. 

After the program reads all the data from the data Jogger, It 
saves the data into a dos text file. The data can be analysed 
by spreadsheet packages such as the Microsoft excel. 

The complete program list of the pc link software is 
lengthy. It is available from the authors if required. • 

Technical support 
Designers' kits containing all the necessary 
components to construct a complete stand­
alone data logger are available from the 

authors. This includes a pre-programmed 
PIC. Source code for the PIC and the com­
puter linker program are also available. 
Please make your enquiry to Dr Pei An, 11 

Sandpiper Driver, Stockport, Manchester 
SK3 8UL, UK. Tel/Fax/Answer:+44-(0)161-
477-9583. Alternatively, e-mail to 
pan@fsl.eng.man.ac.uk. 
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HEWLETT PACKARD 3582A -
Spectrum Analyser (Dual Chann lS.SKHz) £2000 

HEWLETT PACKARD 436A -
Power Meter + Lead + Sensor 
(Various Available) from £995 

435A + 435B Power Meters Also Available 

HEWLETT PACKARD 8 56B -
~ynthesised Signal Generator 
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HEWLETT PACKARD 4338A -

Milliohmeter As New ............ ..... £2000 
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ADVANTEST 4131 B - Spectrum 
Analyser (I0KHz - 3.5 GHz) .... £4750 

HEWLETT PACKARD 4278A -
I KHz/ I MHz Capalitance Meter .... £3500 

HEWLETT PACKARD 4278A -
I MHz C-V Meter ......................... £4500 

LEADER 3216 SIGNAL GENERATOR 
I 00KHz to 140MHz - AM/FM/CW with 

built-in FM Stereo Modulator 
(as new) ...................... a snip at £995 

HEWLETT PACKARD 4275A - LCR Meter - HEWLETT PACKARD 83508 -
Multi-Frequency ( I 0KHz-10MHz) ....... £3000 Sweep Oscillator Mainframe (various 

HEWLETT PACKARD 3562'A' - plug-in options available ................... £2500 
Dual Channel Dynamic Signal Analyser HEWLETT PACKARD 3325A -

(64MHz - I 00KHz) .............................. £6250 Synthesiser/Function Generator ..... £ 1500 

All equipment is used - with 30 days guarantee. Carriage & VAT to be added to all goods. 
Please telephone for further details on: 

0 1203 650702 Fax: 0 1203 650773 Mobile: 0860 400683 
Telnet, 8 Cavans Way, Binley Industrial Estate, Coventry CV3 2SF 
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port[RS232_address] : = 5*16+5; {to star t data downloading pro- logger. A short delay is need between each data 
transmission, List 3. cedure)· 

yearx: =data ; 
monthx:=data; 
dayx:=data ; 
hourx:=data ; 
minutex :=data; 
scan_intervalx : =data; 
number_ lowbyte : =data; 
number_highbyte : =data; 
Total_number : =number_lowbyte+number_highbyte*256; 
for i : =1 to tota,l_number do 
begin 

dl : =data ; 
d2 : =data; 
data_from_logger[i) : =(d1*256 + d2)* 2 . 50/4096; 

end; 

List 5. 
Procedure Write_interrupt_enable(RS232_address , 
Output_byte : integer); 
{to enable interrupt identification register on certain 
conditions 
output_byte=l, to generate an interrupt flag when a valid 
serial data is received} 
begin 

Port(RS232_address+ll : =Output_byte; 
end; 

The following procedure downloads data from 
the data logger. The download procedure starts 
with a Pascal command , 

"Port [RS232_address] :=55h" 

Next the pc reads data from the data logger, List 
4. 

When the computer reads serial data from the 
RS232 port, it must be able to detect when a valid 
serial data is transmitted from the data logger to 
the computer. This is achieved by enabling the 
selected COM port to generate a valid-data­
received identification. 

After a valid data transmission is completed, bit 0 
of the intenupt-identification register of the select­
ed COM port goes low. The register has an address 
of: RS232_address+2. The way to do the checking 
is shown in 'Function data:byte' in List 4. 

To enable the COM port to generate a valid-data-received 
identification, the procedure in List 5 is used before calling 
the above procedure. The variable output_byte should be I. 

After the program reads all the data from the data logger, It 
saves the data into a dos text file. The data can be analysed 
by spreadsheet packages such as the Microsoft excel. 

The complete program list of the pc link software is 
lengthy. It is available from the authors if required. • 

Technical support authors. This includes a pre-programmed 
Designers' kits containing all the necessary PIC. Source code for the PIC and the com-

Sandpiper Driver, Stockport, Manchester 
SK3 8UL, UK. Tel/Fax/Answer:+44-(0)161-
477-9583. Alternatively, e-mail to 
pan@fs 1 .eng.man .ac.uk. 

components to construct a complete stand- puter linker program are also available. 
alone data logger are available from the Please make your enquiry to Dr Pei An, 11 
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ANRITSU MS340 I A & MS340 I B -
Network Analysers ( I 0Hz - 30MHz) 

A= £3995 & = £4995 
ANRITSU MS 610 B SPECTRUM -

Anal ser IOKHz - 2GHz •••••••••••• £4750 

ADVANTEST 4133B - Spectrum 
Analyser ( I 0KHz - l0GHz) ••••• £1250 

ADVANTEST 413 I B - Spectrum 
Analyser (I0KHz - 3.S GHz) •••• £4750 

HEWLETT PACKARD 4278A -
I KHz/ I MHz Capalitance Meter .... £3500 

HEWLETT PACKARD 4278A -
I MHz C-V Meter ................•..•....• £4500 

LEADER 3216 SIGNAL GENERATOR 
I OOKHz to 140MHz - AM/FM/CW with 

built-in FM Stereo Modulator 
(as new) .••••.....•.•.••••..•. a snip at £995 

HEWLETT PACKARD 4275A - LCR Meter - HEWLETT PACKARD 83508 -
Multi-Frequency ( I OKHz-10MHz) ....... £3000 Sweep Oscillator Mainframe (various 

HEWLETT PACKARD 3562'A' - plug-in options available ................... £2500 
Dual Channel Dynamic Signal Analyser HEWLETT PACKARD 3325A -

(64MHz - I 00KHz) .............................. £6250 Synthesiser/Function Generator ..... £ 1500 

All equipment is used - with 30 days guarantee. Carriage & VAT to be added to all goods. 
Please telephone for further details on: 

01203 650702 Fax: 01203 650773 Mobile: 0860 400683 
Telnet, 8 Cavans Way, Binley Industrial Estate, Coventry CV3 2SF 
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The Electronics Industry: 
winning strategies for the new millennium 

MARCH 17th 1998, NEC, BIRMINGHAM 

Falling prices, rising costs, shorter product life cycles, open technology standards, 
fierce global competition, increasingly sophisticated customers . .. .. . 

Despite these challenges, restructuring and recent merger activity, the electronics 
industry remains one of the world's largest and fastest growing industries. 

At this conference, aimed at senior executives, delegates will gain valuable 
industry insight into existing and future trends and hear from leading experts 

in the electronics industry. 

Key issues include -

• why volume and speed will be key to the electronics industry 

• future electronic manufacturing products and services: emerging business models 

• manufacturers and suppliers - winning partnerships for the 21st century 

• operating in a global market place - strategies for success in new overseas markets 

• electronics in a digital age - how is the industry growing and where will the 

opportunities be? 

Speakers include: 

John Butcher, Chairman, Institute of Directors 

Professor ]agdish Sheth, Emory University 

Keith Dunne, BancAmerica Robertson Stephens 

Bob Leach, Cadence Design Systems 

Simon Tarsh, PA Consulting 

Enrique Farne, Flextronics 

NEPCON 
Electronics 

1M9 MMOl 1Hf NIC tlllMIHOHAM, UK 

William David Richardson, Texas Instruments Europe Peter Smitham, Schroder Ventures 

PLEASE SEND ME A FULL BROCHURE ON THE ELECTRONICS CONFERENCE, BIRMINGHAM 

NAME 

JOB TITLE 

COMPANY 

ADDRESS 

POSTCODE COUNTRY 

TEL FAX ELECT 

DELORES BRONI 
THE ECONOMIST CONFERENCES 
15 REGENT STREET 

LONDON SW1Y 4LR 
UNITED KINGDOM 

TEL: (44.171) 830 1076 (direct) 
FAX: (44.171) 931 0228 or 

(44.171) 409 3296 

email: deloresbroni@eiu.com 

Visit The Economist Conferences online at 
httpJ/www.economistconferences.com 

The Economist 
Conferences 

CIRCUIT IDEAS 

Open line ~reak finder IADC-42 WINNER 

Time-domain reflectometry or capacitance measurement 
are, in most circumstances, successful methods of 

finding breaks in cable pairs. But, if the lines are loaded at 
intervals with i.nductors to improve frequency response, 
those methods are often .useless at the frequenc ies used. 

'X' 'X' 

+ ~ / 1· +--@-o / o 

-~T·c· 
h9'\ . 
yr·s· 

_ ______ __J 

'B' 

This problem is overcome in this arrangement by the use 
of a very low-frequency capacitance me,.1s1.1rement, in 
practice a long CR with a capacitance multiplier for 
magnification. A '15s CR eliminates the line inductances 
and the multiplier confers .better accuracy on an expanded 
scale. · 

Fig. 1. Measuring the rise time of a long CR avoids the problem of inductance found 
in high-frequency methods of detecting line breaks. The Miller circuit magnifies the 
capacitance. 

Figure 1 shows the multiplier using a Miller circuit, 
where the effective value of the capacitor is increased by 
the gain of the transistor. There is, however, leakage to 
cope with and the Fig. 2 circuit is a bridge arrangement to 
balance out ·dc leakages. 

Figure 3 is the practical circuit. Discharge the line 
capacitance and adjust VR1 until voltmeter D is reading 
just below the knee of the curve in Fig. 2a), point Q, 
logging the reading which is the balance point to be made 
before any further readings. You may like to practice this 
procedure using a O. lµF capacitor. 

+ 

With S2 set to ' balance', set the voltmeter to point Q. Switching to 'measure' , 
temporarily closing S 1 zeros the meter and discharges the cable; releasing the 
switch, the fixed offset of the bridge causes the meter reading to rise slowly as 
long as the cable is charging. When the meter stops moving, log the reading. 

Ranges are 3, IO.and 30km, corresponding to 1.5, 5 and 15s to reach full scale 
with a 30mV offset and a constant JmA current. Accuracy is better than 5%, 
which is sufficient to place the fault near enough for a tdr method to be used, if 
necessary. 

As regards components, K1 is a normally-open dual reed relay; VR3 adjusts the 
op-amp gain to make full-scale reading match analogue voltmeter scale on 
calibration; VR4,5,6 are for scale adjustment; and the 2N3906 is in a 
constant-current circuit to measure charging time using a low-leakage 18µF 
capacitor. 

+12V LM317L +9V 

'A' 1M 
6V 

750R 
14 

S3 

'A' 
S1 

3k 

'Measure· 
52 

'Balan<:e' , 

1k5 

'A' 

+l sooµ 
25V 

'D' 

/' 

\ 

\ 

' 
\ 

' ' ' 
39k 

100k 100k 

'A' 
- --<> 

VR1 

100k 200k 
- --o ·e· 

+ 

"'-·a · point 

VR1 increasing c) 
Fig. 2. Bridge circuit balances out 
leakages in line capacitance. At (a), 
the meter characteristic; point Q is 
the meter reading point. 

100k 100k 

1N914 

' ' \ 100k 
\ 

o------ - +----+----- - +---+-- - --- o-------<•,.V,..R"'"
2
--__,.__,---+--+- ---<>---o Input 

In practice, I found that induced voltage over 1 OOm V ruined 
the readings, so the low-pass filter shown at the bottom of 
Fig. 3a) was used to avoid the problem. The filter capacitor is 
equal to one scale unit, with the result that one unit must be 
subtracted from readings. 
I H Knox 
Northwest Territories 
Canada 
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'A'~~'-

Fig. 3 . Practical circuit 
and filter to reduce 
induced noise. 

203 



CIRCUIT IDEAS 

Temperature 
dependent 

positive feedback 
reduces 

non-linearity and 
augments gain in 

resistive 
temperature 

measurement. 

Ladder step 
attenuator is 
economical, 

accurate and 
remains accurate 

at higher 
frequencies. There 

is a fixed 
minimum of 

20dB, with 1dB 
steps above that. 

Input 

Positive feedback linearises 
temperature measurement 

Temperature-dependent resistor Pt-JOO is in common use 
for temperature measurement, presenting 1 00Q at 0°C 

and 138.SQ at 100°C. The plot shows its characteristic, in 
which is implicit an error of 0.7°C at 50°C. This circuit 
reduces the error to about 0.05°C. 

Excitation current for R1 is determined by R1 and V,er 
and is, in this case, 0.83mA, low enough lo prevent the 
sensor self-heating. Negative feedback to the main 
amplifier, op-amp IC lb, comes via Rr, while R2,3.4 form 
the positive feedback path. 

When the sensor is cool, the positive feedback is less 
than the negative feedback, so that the output is low and 
stays low until the sensor warms up and the two feedback 
voltages become equal. Voltage divider R3,4 sets the 
amount of positive feedback, R4 being set initially to 
15k!l. 

To adjust the circuit, calibrate at 0°C and l00°C, at 

-SV 

+SV 

C3 
I22on 

Rin 
100R 

IC1 = LM324A 
21 = TL431 (2V5) 
RI= Pt-100 

C2 
220n 

3k 

which points the output of the prototype was --0.3334768 
and -1.5008071. Calculate the output required at 50°C 
(--0.9166916 in the prototype) and adjustR4 to obtain that 
voltage. These adjustments are a little interactive. 

The plot shows the improvement in linearity from 
around 0.007% to a barely discernible 0.0005%, and gain 
is much increased. 
Fung Tak Sang 
Singapore 
(ABS) 

No positive feedback 
--With positive feedback 

0.01 ~-~--~--~-~~-~ 

0.0051-----+- -+-----+- --+----< 

error 
0 i----t-==;faa==-1-==--t- -""'i 

-o.oosL._o_·_c-----'------'--s-0-·c___,_ __ _.__1 o-o-·c...J 

Rs 
10k 

Temperature 

8 
Voulpul 

(A85a) 

(A85b) 

Economical 1 dB/ step attenuator 
Step attenuators, commonly used in gain or loss measure­

ment, come in several forms, each with its own pros and 
cons: bridged-tee types are economical, but have a tenden­
cy to introduce errors at higher frequencies; those using tee 
or pi pads are complicated to switch; ladder attenuators, 
such as the one shown here, are simple and economical, 
although they do impose a fixed minimum attenuation. 

This is a 75Q design with ldB per step; this allows the 
use of fewer resistors than would a l 0dB/step type. 

In the 0dB position, attenuation is 20dB, provided by 
the input pad, the !dB steps being incremental above the 
20dB to a maximum of 30dB. Because of the input pad, 
input resistance of the attenuator remains within 0.5Q of 
the 75Q characteristic impedance in all positions and the 

output impedance stays within IQ of 75Q. 
With the resistor values shown, attenuation is within 

0.03dB of nominal; most are standard values and others 
can be made up from parallel resistors. Metal-fi lm types 
of J % tolerance are suitable and E96 values would give 
negligible error. 

To obtain 50Q or 600Q attenuators, scale the values 
shown to two-thirds or eight times. If an increased varia­
tion in input resistance with switch position can be tolerat­
ed, the loss in the input pad can be reduced to lOdB. 
Ben Sullivan 
Waterlooville 
Hampshire 
(A83) 

37R Output 
_-c1---------'VVV1.r-- - ----------- OJ75Q 

10dB 

75Q ( O:-- ...--A./lil\/lr• -'vW,-<..,_,VVll'v-+..J\/\Nv--4--'\M/1,-._WV'v-+.J\/'I/V\------1,_,l/l/l./\r-+--J\Al\/lr---+--'vW,-,......_,VVl/'v-• 
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NOW AVAILABLE 
• 

The Complete, Integrated 
Schematic & PCB Layout Package 
Windows Ranger 2 

For Windows 95 & NT 
• New Hierarchical Circuit 
• Split Devices • Gate & Pin Swap 
• New Edit Devices in Circuit 
• Copper Fill • Power Planes 
• Autorouter • Back Annotatio n 

Ranger 2 Outputs: 
Full Windows Outputs 

Plus· HP-GL 
Gerber 

NC Drill 
AutoCad DXF 

Windows Ranger 2 with Specctra SP2 
Ranger & Specctra Autorouter provide the most cost • 
effective PCB Design system available.A powerful, I 
intuitive system at an outstanding price! 

Windows Ranger 2 Upgrade 
Upgrade your existing PCB Package to Windows 
Ranger 2. 
Demo disc available £5.00 (Prices exc VAT/P&P) 

Call 0 1730 260062 
·Fax 01705 599036 OldBuritonLimeworks, KilnLanc Buriton, Petersfield, Hants. GU3 I SSJ 

for Windows 95™ 
The camplet~, 

d 5ct,emat1c 
Integrate t Package 

a, PCB uyou 

XEETRRX 
->~MlEIM 

Advanced Systems & Technology for PCB Manufacture 

CIRCLE NO. 113 ON REPLY CARD 

If you need Valves/Tubes or RF Power 
Transistors e. t c. ... then try us! 

· We have vast stocks, widespread sources and 
33 years specialist experience in meeting our 

customers requirements. 

·,. 
CIRCLE NO. 114 ON REPLY CARO 

March 19.98 ELECTRONICS WORLD 

MARCONI 2370 
Spectrum Analyser 

(as new) 

30Hz - 110MHz Frequency range 
1Hz Resolution/phase lock tuning 
Digital storage with dual display 

Built-in tracking generator 
9 digit frequency counter 

£750 + carriage/vat 

Includes 30 day unconditional warranty 
M&B Radio, 86 Bishopgate Street, Leeds LSl 4BB 

Tel: ( +44) 0113 2435649 
Fax: ( +44) 0113 2426881 

CIRCL E NO. 11 5 ON REPLY CARO 
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CIRCUIT IDEAS 

Monitor 
ac volts 

here 
Class AB set-up 
Setting up the quiescent current in a Class AB output stage -

particularly when no monitoring point is provided, usually 
requires unsoldering joints to get the meter in series. If the power 
supply to the amplifier is a conventional mains type with rectifier 
and reservoir capacitor, this method avoids all that. Ac ripple 
voltage on the capacitor is proportional to the current drawn and 
may therefore be used to indicate the quiescent current setting. 

To do this, reduce the current in the output stage to zero by 
setting the potentiometer or shorting the bias network. Connect a 
resistor across the reservoir of a value to draw a current equal to 
the required quiescent current, measuring the ripple voltage with 
an ac millivoltmeter. Now disconnect the shorting resistor and 
the short on the bias network if you used one; set the 
potentiometer to give the same reading on the millivoltmeter as 
before. 
SI Kearley 
Address not known 
(A87) 

(A87) 

Setting up Class AB quiescent current without dismantling the amplifier. 
Reservoir ripple current is a measure of the current drawn and may be 
measured instead. 

A leg-saving 
circuit, allowing 

volume on 
extension 

speakers to be 
adjusted from the 

same room. 

Infrared remote remote control 

W hen infrared remote control for an audio system is 
not remote enough, for example when you wish to 

adjust volume from extension speakers in another room, 
th.is circuit detects the ir signal from the controller and 
transmits it via a twisted pair to another transmitter led 
near the amplifier. 

When quiescent, output Q7 of /C1 is high and Tr2 is off. 
When the photosensor DI detects the ir signal from the 
remote controller, Tr, resets/CI to tum Tr2 on. Current 
through the sensor develops a signal voltage across R2, 

which is amplified by the op-amp and Tr4 , modulated 
current being driven into the 7/0.2 twisted pair into led, 
near the amplifier. 

After about ls after the controller pulses have finished, 

Ra 
14 3 100k 

+V 0 7 

2 A 
IC1 

4024 

A• 

the oscillator formed by the fust op-amp has applied 
enough pulses to the counter ic to drive its Q7 pin high, 
which switches offTr2 and returns the circuit to its 
quiescent state. led2 confirms the operation. 

Diode D1 and Led1 are made by Sharp and are 
obtainable from RS Components. They are used in this 
circuit because the sensor diode has a filter to prevent 
ambient light causing current to flow and drain the 
battery. 

Using the Sharp devices allows only 3µA to flow in 
daylight. If these devices are not used, place the sensor in 
a position to reduce the ambient light falling on it. 
SI Kearley 
(A86) 

R,3 
10k 22k 

R,o 
Tr3 Tr, 
BC557 BC557 

10k 

LED, 
Circuit 
active 

A,• 
1k8 

~ 

- B, 
J_sv 

GND CK 

R,s 
100k 

7 

A, R3 c, Re 
100A 10k 10n 10k 
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c, 
10n 

C3 
100n 

R11 
100k 

A,, 
220k 

R,. 
100A 

u 
Remole'-'­

LED, 
GL380 
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~KEIL 
~SOFTWARE 

• 
• • • • 

Cl I, Cl Ix. 0211 C complleN with 
numerous mlcrocontroller lanauaa• 
e.....,ons for the fastHt. tlahtest 
code. 
HISIII CPU and peripheral simulator 
HITOP remote debu_.. 
RTX TINY real-time executlwe 

CompNhenslve prosramml119 
examples 

With our low cost emulator rental, 
training courses and hands-on user guides 

also available, you can be assured of 
meeting project release dates and budget 

targets everytlme. 

So let us give you a helping hand, ask for 
our comprehensive Kell Information pack, 

Including CD-ROMs ! 

Hitex (UK) Ltd. E6 
University of Warwick Science Park, Coventry, 

CV4 7EZ 
Teh O 1203 682066 Fax1 01203 682131 

Emaihsales@hltex.co.uk Compuserves I 00646, I 526 
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Data Acquisition 
Environmental Monitoring 

Pico Technology 

Virtual Instrumentation • 

'Pico1s Virtual Instrument is 
the most powerful, flexible 
test equipment in my lab., 

Pico's virtual instruments emulate the 
functions of traditional instruments such 
as Oscillscopes, Spectrum Analysers 
and Multimeters. Controlled using the 
standard Windows interface, the 
software is easy to use with full on line 
help. 

p nnnnnn ~· 
: UV U U U UU : 

p.i~o 
j 

t1¢f!! ·/ 

; I • 6 o 14 tt .. M ,. Jr 

,,..,, 

,1Z>e-200 
Dual Channel High Speed 
T 100, 50 or 20 MS/s sampling. 
T 50, 25 or 10 MHz spectrum analysis. 
T Advanced trigger modes - capture 

intermittent one-off events. 
T Less than half the cost of a 

comparable benchtop scope. 

,4'Z)t3 200-100 
,4Z>(3 200-S0 
,4'Z)(3 200-20 

£549.00 
£499.00 
£359.00 

Supplied with cables and power supply. 

,1Z>e-1 oo 
Dual Channel 12 bit resolution 

The ADC-100 offers both a high 
sampling rate 100kS/s and a high 
resolution. Flexible input ranges 
(±50mV to ±20V) make the unit ideal for 
audio, automotive and education use. 
,4Z>(3-I 00 
with PicoScope software £199.00 
with PicoScope & Picolog software £219.00 

Single Channel • low cost 
T 20 kS/s sampling. 
T 1 0 kHz spectrum analysis. 
T ± 5V input range. 

,4'Z)(3-40 8 bit resolution £59.00 
,4'Z)(3-4212 bit resolution £85.00 

B Cs/I for free demo disk 
or download our web site: 
http://www.plcotech.com 
All prices exclusive of VAT. 

Broadway House, 149•151 St Neota Rd, 
Hardwick, Cambridge. CB3 7QJ UK 
Tel: (0)1954 211716 Fax: (0)1954 211880 
E-mail: post@picotech.co.uk 
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CIRCUIT IDEAS 

Current-control led 
current source 

To maintain a high output impedance, the current source 
uses local positive feedback and a single resistor controls 

the gain l 0 uJla-lb. If R1=R4=R and R2=R3, then, 

R 
l out =-(IA - ls) 

R5 

L Sz ymanski 1A 

Stamford -
Lincolnshire 
(A89) 

Current source is 
controlled by one 

resistor and provides 
a high output 

impedance. 

(A89) 

_fl_ 
High/Low 
pulse in 

R1 
370R 

R5 370R 

All d iodes: 
1 N4148 

LD1 • seven segment d isplay 
(common cathode type) 

Pulse pola rity indicator 
To show whether a pulse is positive or negative going, a 

common-cathode, seven-segment display indicates H or L. 
For positive-going pulses, segments b, c, e, f, and g are driven 

through R1.5 to illuminate the segments to give H. A negative-going 
pulse is inverted by the CD7400 to drive segments d, e and f for an L, 
the bottom two diodes isolating the e and f segments. 
Raj K Gorkhali 
Kathmandu 
Nepal 

Electrifying farm animals 
Spark 

generator 
using a car 

ignition coil, 
which can be 

used for many 
purposes; here 

it deters farm 
animals from 

wandering. 

230/9V 
step-down 
transformer 

10VA 

This high-voltage spark generator has various uses, but 
this description is of a barrier for farm animals; it keeps 

them in, somewhat surprised but with damage only to 
their dignity. The generator supplies pulses at 2Hz, which 
flash over to a barrier wire insulated from earth when an 
animal touches it. 

A high-voltage capacitor discharges through a car 

0 3 
1N4007 

Cs 
1000µ 

SCR1 
~ aa.....-B.,T148·600R 

Ignition 
coil 

R 1 \ 56:,
5
2W 

0 1 5k6 High voltage Contact 
0-....,._-;-~ 2W terminal terminal 

1 N4oo?'----)<'--- --'-- -~~ ..Pr:2.tfil:IJ.ye wire 
Spark gap Spark gap 

4mm 3mm 
(A68) 
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ignition coil to produce the h-v pulses. The 230V ac input 
is rectified by diode DI and charges capacitor C I through 
R 1. Counter/timer IC 1, a 555, fires SCR I through R4 and 
C2, discharging C 1 through the transformer primary, D2 
clamping the negative-going pulses to ground. Varying 
the value of R 1 alters the energy of the spark. 

Spark gaps of 3mm and 4mm are placed in series to the 
barrier wire and ground respectively, so that normally the 
spark flashes across to ground but goes across to the 
barrier wire when it is touched. 

Circuit ground must go to an earth terminal and, since 
this could interfere with other installations, an isolation 
transformer should be used to provide the 230V ac input. 
C W W Palihawadana 
Dehiwala 
Sri Lanka 
(A88) 

Warning 
This circuit must be fed by a 240V safety isolating 
transformer. Even then it remains potentially lethal 
so apply and insulate the circuit with utmost care. If 
you intend using this generator to feed an electric 
fence, also observe any regulations and guidelines 
applicable in your country regarding animal wel­
fare and safety in relation to electric fences. 
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COLOMOR {ELECTRONICS) LIMITED 
170 Goldhowk Rood, London Wl 2 8HJ 

Tel: 01817430899 Fox: 0181 7493934 
Email: soles@colomor.demon.co.uk 

Visit our new web site at: http:/ /www.colomor.demon.co.uk 
OSCILLOSCOPES 
TEKTRONIX 7633 with 7A18 7B53A NEW ................................... .................... £250.00 
GOULD OS 250 Dual Trace 20 MHz ................................................................. £100.00 
GOULD OS 1100 Dual Troce 30 MHz ............................................................... £110.00 
PHILIPS PM3217 Duol Trace 50 MHz.. ........................................................... .... £300.00 
Hp 180Dwith 1801A 1820C ........... ................... .......... .................................. £120.00 
IWATSU SS-5711 Oval Trace 100 MHz .. ........................................................... £300.00 

Hp 5248L .................................. ........... ......................... .................... .............. £100.00 
Hp 5328A UNIVERSAL COUNTER 7633 with 7Al8 7B53A ............................... £150.00 
Hp 8616A SIGNAL GENERATOR ....................................... ........................... ... .£250.00 
Hp 5354A FREQUENCY COUNTER .............. .................................................... £100.00 
Hp 3310A FUNCTION GENERATOR ................................................................. £150.00 
Hp 8375A DIGITAL MULTl·METER ...... .... ....... ................................................... ..... P.O.A 
Hp 14 lT SPEC ANALYlER ............. .................. ............................................... £550.00 
PRISM 7301 WlDE BAND AMP .... ......................... ........................................... £60.00 
MARCONI TF 2171 SYNCRONIZER............ .. ................................ ......... £175.00 
MARCONI TF 2173 SYNCRONIZER..... .. ................................. ..... ........ £175.00 
MARCONI TF 2015 Signol Generotor 10 MHz- 520MHz .................. .............. £175.00 
MARCONI TF 2016 Signal Generotor 10 KHz - 120 MHz .. ............................... £190.00 
MARCONI TF 2300 Modulation & Oeviotion Meter .............................................. £50.00 
MARCONI TF 23008 Modulation & Oeviotion Meter .......... .. ................. £80.00 
MARCONI TF l 152 A/1 WATTMETER 50 Ohms 10 & 25W ..... .. ............... £25.00 
MARCONI TFT Microwave RF Power Meter 3MW or 3W 18 & 12 GHz .............. £125.00 
RACAL DANA 9904 Universal Timer C01Jnter 50 MHz...... .. ..................... £45.00 
RACAL DANA 9913 Frequency Counter 200 MHz ............................................... £50.00 
RACAL DANA 9914 Frequency Counter 200 MHz ............................................... £60.00 
RACAL DANA 9915 Frequency Counter 520 MHz ............................................ ... £80.00 
RACAL DANA 9916 Frequency Counter 520 MHz ............................................. £ 100.00 
VARTA Nicod Charger Type CC 306C 14 hr timer charge current 0·306c ............. £40.00 

Hp 3.5mm 26.5 GHz ATTENUATOR ...... .............................................................. £35.00 
Hp 33321B Switchable Attenuator 0-70Db in lOdB steps ................................... £100.00 
Hp 8761 B SPOT RF SWITCH DC· 18 GHz ............................................................ £60.00 
Hp 333118 COAXIAL SWlTCH DC - 18 GHz .. ................................................... £60.00 
NARDA 768·20 DC· 11 GHz 20W.......... ........ .................................... .. ..... £60.00 
OMNI SPECTRA SMA LEAD WITH CHARTS TO 18 GHz ...................................... £20.00 
ANDREWS FSJ 450 HEUAX ............... ..... .. ...................................... ..... £3.00 per mtr. 
ANDREWS LDF 250 .............................................................................. £2.00 per mtr. 

DISCOUNT FOR REELS 

Carriage: £10.00 + VAT@ 17.5% to be added to oil UK orders. 
______ Ov_e_rs_eos customers please contact soles for carriage c_o_,t_,. ____ __, 
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Field Electric Ltd. 
Tel: 01837 83736 Fax: 01837 83936 

E-mail: field12b@aol.com 
PO BOX 4, North Tawton EX20 2Y J 

Hewlett Packard 7 4 75A Plotter Serial 6 Pen 
Hewlett Packard 7550A Plotter HPIB Serial 8 Pen 
Hewlett Packard 7 4 70A Plotter Serial 6 Pen 
Roland DXV 1300 8 Pen Plotter Serial Parallel 
Roland DXY 980 8 Pen Plotter Serial Parallel 
Tseng Dual Port SVGA ISA 16 Bil Graphics Card 1Mb runs 2 VDU from 1 PC 
1Mb !SA 16 Bit Graphics Card SVGA 
Quad Pro Plus/Tseng etc. PC1 SVGA Graphics, from 
3 Com Network Cards, various in stock, from 
IBM 3.5• 160Mb SCSI Hard Drives 
386 486 Laptops, please enquire, from 
12" Colour VGA-SVGA 800x600 Monitors, from 
14" Colour VGA 640x480 Monitors, from 
1-44Mb 3.5• H.D. Disc Drives. from 
486 DX PC's, from 
486 DX 2-66 Motherboards. from 
Rose PC Switching Boxes, from new 
Marconi Digital Analyser 2829 
Marconi Multiplex Tester 2830 
Krohn-Hite 3343 Filter 
Hewlett Packard 84 70A 8412A 
Hewten Packard 5345A 
Wallis Insulation Tester T30 
Hughes Scan Conversion Memory 639 
Tektronix DAS9100 
Lambda LK344A FMV 0-60VDC 4AIX 
ATI Mach 64 PC! 2mb SVGA Card 
Hauppauge Windows TV Card ISA 16 Bit 
9" Colour VGA Monitors from 
Adaplec 16 Bit ISA SCSI Cards from 
17" Dell Ultrascan SVGA Monitors from 
SOUND TECHNOLOGY 1510A TAPE RECORDER 
& AUDIO TEST SET WITH MANUAL 

-=-1 -
£86.00 

£199.00 
£75.00 

£135.00 
£120.00 
£26.00 
£18.00 
£22.00 
£15.00 
£27.00 
£85.00 
£35.00 
£45.00 
£8.00 

£130.00 
£17.00 
£29.00 

£145.00 
£130.00 
£85.00 

£375.00 
£500.00 
£100.00 
£100.00 
£175.00 
£60.00 
£26.00 
£28.95 
£29.00 
£28.00 

£165.00 

£375.00 

OVERSEAS ENO WELCOME. TELEPHONE ORDERS ACCEPTED. 
PAYMENT CIC, P.O., CHEQUE etc. C/P. DETAILS PLEASE RING. 

ALL PRICES INC. 17.5% VAT UNLESS STATED. 
WE STOCK A LARGE SELECTION OF EQUIPMENT, 

IF YOUR REQUIREMENT IS NOT LISTED PLEASE RING. 
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Radio Technology Direct 
Top quaity, top technology, top service. That's our cornmrtmeot 
to you. We build both standard and custom modules and ship 
drect. We've been doing so for 20 years. No-one 1s better 
Evef)I product ,s made rn England, with pride. 

Here are some of our products. To order, just nng us direct 
(credit cards accepted). 

If you want something you don't see here, nng us. We can 
almost certainly help. 

,.,,M. ,,,,, • UHF operation 

• Fully synthesised 

• Fully ETSI approved 

• 9600 baud on air data rate 

• Fully synthesised 

• Fully ETSI approved 

Efil£lliElftijf!1@1il 
• 500mW output 

• Separate TX and RX units 

• UHF operation 

• Fully synthesised 

• Fully ETSI approved 

• VHF options available 

• Rich in features 

RX £140 
ltl-iiiiiii~M+@thti 

Low Cost Modules 

• 1 OOmW output 

• Separate TX and 
RX modules 

r<Ar.>10 
1:"•.U I OWI 
rnoouu: 

llAf.)1 0 I HI H ,lfTRY 
Mt>rJUU: 

I • UHF operation 

• Crystal controlled 

• Fully ETSI approved 

l<A1.>10 I 1 J :_r:r/(TkV 
M ODULI:" 

= 

TT £SO 
iff-¾illHl•l'liid-i 

Wood & Douglas Limited 
Latt,ce House. Baughurst. Tadley. RG26 5LP Un,ted Kingdom 

Tel· +44 (0)118 981 1444 Fax +44 (0)118 981 1567 
e•mall 1nfo@woodanddouglas co uk 
Mp //wwwwoodanddouglas.co uk 

~~~ + 4 4 ( 0) 118 9 81 14 4 4 
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De supplies for fluorescent lamps 
Both these methods of driving fluorescent lamps use the SC3525 switched-mode power supply control ic, the first 

varying its frequency instead of the normal duty cycle variation. 

11-15V 
3A 

STP 4n7 10n 
60N05 10kV 1kV 

1 N5401 60 

24in 

+ 22µ 
25V 

18W 

ov tant 

(A47b) 

8V2 15 13 
1N4148 

SG3525A 4µ7 
16V 

+tant T1 47n . :: 14mm 
:: Toroid 

1N4148 " 3C85 
100 

12V, 18W inverter. This will accept ll-15V de input 
and drives the tube by means of a half bridge, itself fed 
by the controller at a fixed duty cycle. Starting is by the 
inductor Land the two capacitors across the tube, which 
form a resonant circuit to produce a high voltage, some 
of the resulting current going through the tube cathode 
for preheating. As the tube strikes, its resistance shunts 
the capacitors and damps the resonant circuit, the 

reactance of l now limiting lamp current and providing 
some regulation against changes in input voltage. Further 
regulation is brought about by'shifting the controller's 
oscillator frequency in response to input voltage, which 
is applied via a lO0kQ resistor and 8.2V zener. Reflected 
lamp impedance is only a few ohms, so careful layout 
and capacitors with low equivalent series resistance are 
needed. 

(A47a) 

3A 

De-to-de converter for compact lamps. Supplying 
300V de for a compact lamp, this converter accepts 12V 
input and, since the lamps exhibit a degree of supply­
voltage regulation, is a simple tracking type. Loss 
caused by reverse recovery in the output rectifier is 
avoided here by applying a half-sine reverse voltage. 
Choose the transformer turns ratio to suit the supply 
voltage and the capacitor C to resonate with the 

22p 

transformer at a frequency to make the half cycle just 
occupy the fet's off period. If the half cycle is too short, 
there will be undue stress on the transistor and diode; if 
too long, it is chopped by the fet's turning on. 
Paul Bennett 
Bristol 
(A47) 
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ONCE IN A LIFETIME OFFER ON 
BRAND NEW OSCILLOSCOPES 

DTV 40MHz Dual Channel Digital Storage Scope DTV 100 3 channel 8 trance 100MHz Oscilloscope 
DC-100MHz (-3db) Bandwidth. Twin timebase with delay. 

Size: 146mm x 360mm x 384, Weight 10kg. 
Including Probes, Leads and Manual. 

On screen readout with cursors. DC-40MHz (-3db) 
Bandwidth. 20MS/sec max Digital sample rate giving an 

effective 4MHz B/W. Including Probes, Leads and Manual . 
ONLY £399 + £9.95 UK Del + VAT ONLY £399 + £9.95 UK Del + VAT 

DSM 3850A Hand Held Digital Storage Oscilloscope 
Handheld LCD Display 2 channel 50MS/sec. Auto range. DTA 20/DTA 40 ... 20/40 MHz 

Twin channel 4 trace Oscilloscope 
Size: 140mm x 335 x 375mm, Weight: 7.3kg. 

Including Probes, Leads and Manual. 
OTA 20 ONLY £225 + £9.95 UK Del + VAT 
OTA 40 ONLY £299 + £9.95 UK Del + VAT 

4 digit DMM/Capacitance/Frequency Counter. Battery 
operation or external 7.5-9VDC ie. AC Adaptor (Not supplied). 
RS232 comes in black carrying pouch complete with 2 scope 

probes: DMM Leads, Manual 
ONLY £399 + £9.95 UK Del+ VAT 

SPECIAL OFFER ON CCTV CAMERAS 
SPECIAL OFFER SPECIAL OFFER 

A-721-S Micro Camera 32 x 32 x 32mm £85 
A-721 -P Pin Hole Micro Camera 32 x 32 x 32mm £85 

A-921-S Camera with AUDIO 30 x 30mm £95 
A-921-P Pin Hole Camera with AUDIO 30 x 30mm £95 

Any 3 of the A-721-S or P for only £150! Any 3 of the A-921-S or P for only £175! 
A-1011 48 x 48 x 58mm Was £99 
A-1211 68 x 53 x 115mm Was £99 
921-D Dome 87 x 55.5mm Was £125 

Now£83 
Now £83 
Now£95 
Now £83 

A-1111 43 x 47 x 82mm 
221-C 36 x 32mm 
6001-A 102 x 98 x 70mm 
VA 1 Video Amplifier 
Outdoor Camera Housing 

Was £125 Now £99 
Was £125 Now £100 
Was £210 Now £188 

PC Cam Inc. PSU & Leads Was £99 
VTG1 Video Time Generator Was £125 Now £106 

Now£5 

Was £60 Now £49 
Was £45 Now 30 

Mounting Brackets Was £5.95 

QUADS R~DUCED! 
Multi-Vision Processors 

Quad 1 Was £249 Now £223 
Quad 2 Was £575 Now £535 
Quad 3 Was £695 Now £652 

All Camera Equipment is Guaranteed for 12 Months. 
· A Full Mail Order Service is Available. 

To Receive Our Free Catalogue Please Send a SAE (48p) 
These are just a few of our bargains. We have an extensive range of electronic test 

equipment at our Nottingham & Ripley branches. Please phone with your requirements. 

The Cattle Market, All Electronic Test Equipment is Guaranteed for 30 days 
NOTTINGHAM NG2 3GY Nottingham Depot: Monday- Friday: 9.00am to 6.00pm 
Tel: (0115) 986 4902 Saturday 8.00am to 4.00pm 
Tel: (0115) 986 4041 Ripley Depot: Monday - Friday: 8.30am to 5.30pm Saturday 9.00am to 5.00pm 

Sunday 1 0.00am to 4.00pm 
Fax: (0

115
) 986 4667 NO APPOINTMENTS NEEDED, CALLERS ALWAYS WELCOME. 

Peasehill Rd, Ripley 
Derbyshire DE5 JG 
Tel: (01773) 570139 
Tel: (01773) 570137 
Fax: (01773) 570537 

email: sales@anchor-supplies. ltd.uk Web: http://www. anchor.supplies. ltd. uk 
Please note: That the goods in this ad are only on offer at our Nottingham Depot 

Please see our Ripley Depot Advert in this magazine for their Special Offers 
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Battery led voltage supply 

Providing a dot-matrix led supply in 
battery-powered equipment can be waste­

ful of battery life; it should be adjustable for 
contrast, it must be stable and it must be 
around 4 .5V below the positive supply. This 
circuit meets these conditions, line regulation 
being shown by the graph for a load of 22kQ, 

Vin 
2.5-4.5Vo----------.------oV<J,j 

Running dot-matrix /eds from a 
battery supply is an awkward 
business and heavy on battery 
current. This little circuit 
avoids the problem. 

The clock, whose frequency as shown is 
200kHz but is not critical, may already be 
present in the rest of the circuit, but if not 
may be generated by an HC14 or similar gate 
ic. Temperature coefficient is 0.1 V for 7°C. 
Removing the clock signal powers the circuit 
down. BAT42 100n 

BC558 

100k 100k 

5.0 

4.5 
Vied 

4.0 

2.5 3.0 3.5 4.0 4.5 
Vin 

David Stephen 
Aylesbeare, Devon ~----..... ------ovo (A71) 

Using the 
variable 

capacitor of an 
old am receiver 

to provide a 
tuning voltage 

for an fm tuner. 

The 555 soldiers 
on in another 

guise, this time as 
a switched-mode 

supply giving 20V 
at 20mA. 

212 

Voltage tuning from a variable capacitor 
I f you need to incorporate an fm band into an old am 

receiver, there is the problem of tuning if you use a 
voltage-tuned fm tuner and the old tuning capacitor is to be 
retained. T his is an easy way of doing it. 

An astable flip-flop using /CJ a oscillates at 25- 150kHz, 
tuned by the old capacitor and C2 in parallel. The resultant 
square wave is differentiated by C3 and R2 to give 

+12V stab. 
A Ll7..nS 25 • 450kHz 

B ~ 4µs 25 • 450kHz 

R, 
100k 

Cs 

68nI 

IC1 = CD4093 

variable-frequency 4µs pulses at the output of IC le- These 
go to the op-amp integrator to give a voltage level dependent 
on the setting of the variable capacitor. 

The low end of the range is set by R 5 and the span by R9. 
Vlastim il Novotny 
Harrachov 
Czech Republic 

Cs 
68n 

R,o 
10k 

Out 
Tun. voltage 
2.5 • 11V 

(ASO) 

555 switched-mode power supply 
I n yet another form of existence, this 555 becomes a 

switched-mode psu, since it has all the necessary compo­
nents on board. 

Having said that, it has been a problem that the dis-

(AB2} 

~----IGND Vee 

~---!TRI DISt-----<1- .i-. 

5k6 

OUT 

RES 

555 

5V6 + 33µ 
I 63V 

charge transistor seemed to be fully occupied with timing. 
But driving the timing directly from the output pin frees 
the transistor to drive the inductor in a standard smps 
configuration. This makes for an efficient design, since 
the switching m:s ratio varies and also stops the oscillator 
completely when there is a low load current; there is 
therefore a low supply current in that condition. 

As shown, the circuit comfo11ably delivers 20V at 
20mA. With a stabilised input supply, there is no need for 
the 5 .6V zener and,if it is omitted, the output will be the 
15V from the other zener plus twice the supply voltage 
divided by three. The zener can be varied to suit the 
output requirement. • 
Jack Paterson 
West Lothian College 
Livingston 
Scotland 
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Control EssentialSfrom Milford Instruments 

BASIC Stamps - low cost alternative to PLCs Serial LCD Modules 
- bo nish led hassle 

Developmenl kits from £79 which include 
opplicolion notes, software, coble and Stomp. 

Data Logging 

8S1-IC 
8 1/0 lines 
Up lo 80 programme line, 
2,000 lines/sec 
Comms to 2,400 baud 
8S2-IC 
16 1/0 lines 
Up to 500 progra mme line, 
SPI, DTMF etc 
Comms lo I 9,200 baud 

Three quality, bocklil LCD modules each fi tted with 
on eosy-to-ose serial driver boo,d. Simple 3-wire 
inlerfoce to PC, micro or Slomp (-t5vdc, Gnd and 
signa l). Enhanced driver board supports full-screen 
height numerals, standard characters and 
software switchable bocklighl, RS232 interface o f 

2,400 or 9,600 baud. 
Standard driver board, (without led) and bulk 
driver chips for OEM use also available. 

£85 
~ --­

B52-IC based Dato collection boord with real-time clock/ calendar, up to 32kSytes EEprom, 
dool 12-bit ADC ond user development oreo. Kit complere with extensive manual ond ready• 
to-go software routines that may be user customised. £65 

Seria l Maths Processors I[ 
Number crunching? let our serial moths 1. 

proces.sors toke the strain-

£35 

~ .. lllliiii;;=;;·;,-:·~;,,.._:.;: --:.:;;:::.~ .. 
' l 

DC Servo Control 
DC Motor control chipset for use wilh 
incremental encoders. 

• 32-bit Rooting point• SPI (3-wirel inlerfoce - -~- RS232/RS485 interlace copobility, 
Positional control, Velocity control a nd 
Trapezoidal profiling, 
Programmable P.I.D filter 

• Multiply, divide, odd, subtract, sine, log, 
squore-rool, • 32•progrommoble counter, 

£20 • 4-chonnel ADC, 

All prices exclude , hipping and VAT www.milinst.demon.co.uk 

32-bit position, velocity and acceleration 

Evaluation board ovoiloble. £29 

To order or request further information, please call Milford Instruments at 0 1977 683665, fax 681465 

CIRCLE NO. 121 ON REPLY CARD 

The A utorouter,o, EASY-PC! 

MultiRouter is " the best Autorouter that I have seen costing less than £10,000!" R.H. - (Willingham, UK) 

• Award Winning MultiRouter uses 
the latest 32 bit, Shape based, 
Rip-up and Re-try Technology. 

• From single sided to 8 layers! 
• 100% Completion where other 

autorouters fail.! 
• 100% routed 140 Components on 

a 210mm x 150mm board in less 
than 1 0 minutes! (75MHz Pentium) 

• From £295! - Could Easily Pay 
For Itself On The First Project! 

Prices exclude VAT& P&P 

Number One Systems Write, fax, phone or e-mail for full information. 

UK/EEC: Ref: WW, Harding Way, St.Ives, Cambridgeshire, ENGLAND, PE17 4WR. e-mail: sales@numberone.com 
Telephone UK: 01480 461778 (7 lines) Fax: 01480 494042 International +441480 461778/494042 

USA: Ref: WW, 126 Smith Creek Drive, Los Gatos, CA 95030 
Telephone/Fax: (408) 395-0249 http://www.numberone.com 

CIRCLE NO. 122 ON REPLY CARD 
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RF DESIGN 

Fig. 1. a) A three 
port circulator. 

b)An 
arrangement 

using a circulator 
to measure the 
return loss o f a 

device under 
test. 

214 

Wideband 
isolator 

Circulators and isolators are a type of directional coupler with 
intriguing properties. They are co.,;.mon at microwave~, but they 
become bulky and expensive at uhf. They would be useful at 
much lower frequiecies, but they have simply not been 
available. Ian Hickman's new design covers O to SOOMH:z. 

C irculators and isolators are examples of directional 
couplers, and are common enough components at 
microwave frequencies. They are three-port devices, 

the -ports being either coaxial- or waveguide-connectors, 
according to the frequency and particular design. 

The clever part is the way signals are routed from one port 
to the next, always in the same direction. The operation of a 
circulator - or isolator - depends on the interaction, within a 
lump of ferrite, of the rf field due to the signal, and a steady 
de field provided by a permanent magnet. This is something 
to do with the precession of electron orbits - or so I gather 
from those who know more about microwaves. Circulators 
can be used for a variety of purposes, one of which is the 
subject of this article. 

Figure 1 a) outlines a three-port circulator, the arrow indi­
cating the direction of circulation. This means that a signal 
applied at port A is all delivered to port B, with little coming 
out of port C. Ideally, no signal will come from port C if the 
device's 'directivity' is perfect. 

What happens next depends on what is connected to port 
B. If this port is terminated with an ideal resistive load equal 
to the device's characteristic impedance - usually son in the 
case of a circulator with coaxial connectors - then all of the 
signal is accepted by the termination and none is returned to 
port B. This means that the 'return loss' in decibels is infm­
ity. 

But if the termination on port B differs from (50+j0)Q, 

D.U.T. 

Circulator 

Source Detector 

then there is a finite return loss. The reflected, i.e. returned, 
signal goes back into port B and circulates around in the 
direction of the arrow, corning out at port C. Thus the mag­
nitude of the signal appearing at port C, relative to the the 
magnitude of the input applied to port A is a measure of the 
degree of mismatch at port B. 

Because of this characteristic, a circulator with the aid of 
a source and detector can be used to measure the return loss 
- and hence the vswr - of any given device under test, as in 
Fig. 1 b). This assumes that the detector presents a good 
match to port C. If not, it will reflect some of the signal it 
receives, back into port C - from where it will resurface 
round the houses at port A. 

Given a total mismatch, i.e. a short or open circuit at port 
B, then all of the power input at port A will come out at port 
C - but strictly via the clockwise route - bar the usual small 
insertion loss to be expected of any practical device. 

Because it is a totally symmetrical device, the circulator in 
Fig. I b) could be rotated by 120° or 240° and still work 
exactly the same. It doesn't matter which port the source is 
connected to, provided the device under test and detector are 
connected to the following two in clockwise order. 

An isolator is a related, if less symmetrical, device. Here, 
any signal in Fig. lb) reflected back into port C by the detec­
tor is simply absorbed. It is not passed around back to port 
A. As a result, an isolator would actually be a more appro­
priate device for the vswr measuring set-up of Fig. I b), 
although for some applications circulators are preferable. 

Microwave circulators with high directivity are narrow 
band devices. Bandwidths of up to an octave are possible, 
but only at the expense of much reduced directivity. 
Circulators and isolators are such useful devices, that it 
would be great if economical models with good directivity 
were available at uhf, vhf and even lower frequencies. And 
even better if one really broadband model were available 
covering all these frequencies at once. 

The answer to a long felt need 
Though not as well known as it deserves, such an arrange­
ment is in fact possible. It filled me with excitement when I 
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first came across it, in the American controlled-circulation 
magazine RF Design.1 

This circuit uses three CLC406 current feedback op-amps 
- from Comlinear, now part of National Semiconductor -
and operates up to well over 100MHz. The upper limit is set 
by the frequency at which the op-amps begin to flag. 

What the article describes is nothing less than an active cir­
cuit switchable for use as either a circulator or an isolator, as 
required. It has three 50n BNC ports, and operates from, 
say, 200MHz, right down to de, Fig. 2. 

While at the leading edge of technology when introduced, 
and still a good op-amp today, the CLC406 has nonetheless 
been overtaken, perfo11Tiance-wise, by newer devices. In par­
ticular, the AD8009 from Analog Devices caught my inter-· 
est, with its unity-gain bandwidth (small signal, non-invert­
ing) of !GHz. 

Of course, if you demand more gain or apply large signals, 
the performance is a little less - 700MHz at a small signal 
gain (0.2V pk-pk) of +2, or 440MHz, 320MHz at large sig­
nal gains (2V pk-pk) of +2, +IO. Still, it seemed a good con-_ 
tender for use in an up-dated version of the circuit described 
above. 

But before going on to describe it, it might be as well to 
analyse the circuit to show you just how it works. 

How this circulator/isolator works 
A feature of this circuit is that it works down to de. As a 
result, its operation can be described simply with reference 
to the partial circuit shown in Fig. 3. Here, the voltages may 
be taken as de, or as ac in-phase, or antiphase where nega­
tive. 

Instead of assuming an input voltage and trying to derive 
the output voltage, or vice versa, a useful trick in circuit 
analysis is to assume a convenient voltage at some internal 
node, and work forwards and backwards from there. The 
results then drop out fairly simply - even by mental arith­
metic in some cases. 

So assume the voltage at the non-inverting input of /C2 is 
lO0mV. Then the voltage at the output of IC1 must be 
423.5mV. Also, due to the negative feedback, /C2's output 
will do whatever is necessary to ensure that its inverting 
input is also at lOOmV. 

Figure 3 shows what the output of /C2 will be, for the 
cases of a short circuit, or son, or an open circuit at the port. 
The short-circuit case is obvious: the resistor at IC2's invert­
ing input and its feedback resistor form an identical chain to 
that at the non-inverting input. Thus the output of /C2 is at 
+423.6mV, like /C1, the overall gain is +l, but note that the 
op-amp is working at a gain is excess of +3. 

In the open-circuit case, the net voltage drop across the 
two 100!2 resistors in series is 323.6m V, so the output of /C2 

100. 100 
Port1 

100 100 

RF DESIGN 

100 :i PortA 

100 

Fig. 2 . Circuit of the active 
circulator/isolator 
described in reference 1. 

323.6 323.6 

100 

423.SmV 1 DOR 

100 

323.6 

100 

:i Port B 

100 

323.6 

Circulator 

1 Isolator 

( OmV] 
130.9mV 
(261.SmV) 

I t 

100 

323.6 

100 

:X Porte 

100 

323.6 

100R 
1 

[s.c.) SOR (o.c.) 
D.U.T. 

323.6R 

100R 

(423.6mV) 
OmV 

(-423.6mV) 

must be at 323.6/200x323.6m V negative with respect to the 
inverting input. Thanks to the careful choice of resistor val­
ues, this works out at -423.6mV. 

With a 50!2 termination at the port, a line or two of algebra 
on the back of an envelope may be needed. Let the voltage 
at the port be v. Now equate the current flowing from IC 1 
output to the port, to the sum of the currents flowing from 
there to ground via 50!2 and to the inverting input of /C2 via 
100.Q. 

Voltage v drops out immediately, defining the current 

47 33 

I Port2 I Port 3 

330 

Fig. 3 . Partial 
circuit, 
explaining circuit 
operation. 

2 R1 2 
R1 

I 1p8 
3 4 

R1 = 15k in parallel with 330n 

IC1, IC2 - AD8009 
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3 

100 

I 

+ 4 
IC2 +5V 

see 
text 0V 

-5V 

10n 100n 10µ 

Fig. 4 . Circuit 
diagram ofa 

BZY88 wideband 
C5V6 isolator, usable 

-V 
10n 100n 10µ 1 N4001 

from OHz to 
500MHz. 
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Fig Sa). Bandwidth exten• 8 12 

sion for the AD8009 7 
achieved (for a gain of +2) 

by adding capacitance from 6 

9 

6 
~ 

the inverting input to 
5 ground. 

b) The effect of these three co 4 
values of capacitance on the -0 

3 

0 aJ 
-0 

,. ;.,,i-
~~ l1',;,; .. 

'!ii ·-
~ 

C 
pulse response. "iii 3 

(!) V1N 
-3 ~ 

216 

Horizontal scaling is (!) 

1.Sns/div while vertical 
2 

scaling is 40m V/div. 

0 

-1 

10 100 
Frequency (MHz) 

1000 

-6 

-9 

- 12 

-15 

flowing through the input and feedback resistors of JC2, and 
hence the voltage at IC2's output. 

It turns out - again thanks to the ingenious design of the 
resistive network between each of the op-amps - that the 
voltage at the output of /C2 is zero and the corresponding 
voltage at the device under test port is 130.9mV. Since this is 
precisely the voltage at a port which produces 423.SmV at 
the output of the following op-amp, clearly it is the voltage 
that must be applied to the source input port A - not shown 
in Fig. 3 - which drives /C 1. Hence the gain from port A to B 
(or B to C, or C to A) is unity, provided that both the two 
ports 'see' son. 

Also, if the second port sees an infinite vswr load, the gain 
from the first to the third port is unity. Effective! y, all the 
power returned from the second port circulates round to the 
third. At least, this is the case with a circulator. 

As Fig. 2 shows, in the case of an isolator, any incident 
power reflected back into port C is simply absorbed, and 
does not continue around back to port A. 

An updated version 
Having obtained some Analog devices AD8009 wideband 
current-feedback op-amps, I was keen to see what sort of per­
formance could be achieved with such an up-to-date device. 
Clearly, it could simply be substituted_ for the CLC406 in the 
circuit of Fig. 2 . 

But, after careful consideration, it seemed that all the appli­
cations I had in mind could be met with an isolator. Now if 
you are is willing to forego the ability to switch the circuit to 
operate, when required, as a circulator, then not only are sub­
stantial economies in circuit design possible, but also one or 
two dodges to improve performance at the top end of the fre­
quency range can be incorporated. 

So at the end of the day, my circuit finished up as in Fig. 4. 
You can see immediately that as an isolator only, the circuit 
needs but two op-amps. Also obsoleted are a switch, and a 
number of resistors, while port C is simply driven by an L 
pad. 

A word about the power supply 
But before describing the operation of the rf portion of Fig. 4, 
a word about the power supply arrangements is called for. 

Circuits under development sometimes fail for no apparent 
reason. This often put down to 'prototype fatigue', meaning 
some form of unidentified electrical abuse. I have suffered 
the ravages of this phenomenon as often as most. 

The construction of the isolator, using op-amps in small­
outline SO8 form, chip resistors and 0805 packaged !On 
capacitors, was not a simple task. It involved both dexterity 
and some eye strain. 

I built the circuit using 'fresh air' construction on a scrap of 

~ 

"' ,~,= ~ 
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~ 

copper-clad FRG used as a ground plane. The thought of 
having to dive back into the bird's nest to replace an op-amp 
or two was horrific, so some protection for the supplies was 
built in. 

The series diodes guard against possible connection of the 
power supplies in reverse polarity, while the zener diodes 
prevent excessive voltage being applied. The types quoted 
will not provide indefinite protection from 15V supplies with 
a IA current limit, but they will guard against an insidious 
and often unrealised fault. 

At switch-on, some older bench power supplies output a 
brief spike of maximum voltage equal to the internal raw 
supply voltage. And after a number of years' use, many 
power supplies develop a noisy track on the output voltage 
setting potentiometer. Depending on the particular design, 
this too can result in a brief spike of maximum output voltage 
whenever the potentiometer is adjusted. For the sake of a few 
extra components, it is better to be safe than sorry. 

Putting it together 
The two op-amps were mounted in between the three BNC 
sockets placed as close together as possible. 

In somewhat cavalier fashion, the ICs were mounted above 
the ground plane, standing on leads I, 5 and 8, and also lead 
3 in the case of IC 1• These leads had been carefully bent 
down from the usual horizontal position on a surface mount 
device, the remaining leads having been bent upwards. 

A IOnF 0805-packages chip capacitor was then soldered 
between the ground plane and each supply lead, leaning in 
towards the device at an angle of about 60° from the vertical. 
The leaded I OOn capacitors - also four in total, these items of 
Fig. 4 being duplicated - were then also fitted, to each side of 
the op-amp to leave space for the chip resistors. 

The chip resistors were then fitted, the feedback resistors 
around IC I and /C2 being mounted on top of the devices, 
directly between the bent-up pins 2 and 6. As the body length 
of the lO0Q input resistor to IC1 was not sufficient to reach 
the shortened spill of the BNC centre contact at Port A, the 
gap was bridged by a few millimetres of 3mm wide 0.001 in 
copper tape. The same trick was used elsewhere, where nec­
essary. 

If you don't have any copper tape to hand, a little can 
always be stripped from an odd scrap of copper-clad. The 
application of heat from a soldering iron bit will enable the 
copper to be peeled from the board. This is possible with 
GRP and even easier with SRBP. 

Testing the prototype 
The finished prototype was fired up and tested, using the 
equipment briefly described later. Performance up to sever­
al hundred megahertz was very encouraging, but it was obvi-
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ously sensible to try and wring the last ounce of performance 
from the circuit. 

Reproduced from the AD8009 data sheet, Fig. Sa) shows 
how a useful increase in bandwidth can be achieved by the 
addition of different small amounts of capacitance to ground 
from the op-amp's inverting input, at the expense of some 
peaking at the top end of the frequency range. 

Figure Sb) shows the effect of those same values of capac­
itance on the pulse response. In Fig. 4, the op-amps are used 
at a gain in excess or + IOdB, so the same degree of band­
width extension cannot be expected for sensible values of 
capacitance at the op-amp's inverting input. 

After some experimentation, in the case of IC I a value of 
l.8pF was selected. In the case of /C2, the value of capaci­
tance was adjusted for best device directivity. This involved 
terminating port B with a SQQ termination and tweaking the 
capacitance to give the greatest attenuation of the residual 
signal at port C in the 300 to 500MHz region. 

As the required value was around lpF, lower than the min­
imum capacitance of the smallest trimmers I had in stock, it 
was realised as two short lengths of 30SWG enamelled cop­
per wire twisted together. The length was trimmed back for 
optimum directivity as described above, leaving just over 
1cm of twisted wire. 

The transmission path from port A to B and that from port 
B to C both showed a smooth roll off above 500MHz, with 
no sign of peaking. 

Isolator performance evaluation 
After using the equipment described above to optimise the 
isolator's performance, some photographs of the screen dis-

play were taken for the record. The upper trace of Fig. 7 
shows the output of the tracking generator, connected via two 
IOdB pads and two coaxial cables connected to the input of 
the spectrum analyser. These cables are joined by a BNC 
back-to-back female adapter. 

The sweep covers O - 500MHz and the vertical deflection 
factor is IOdB per division. The back-to-back BNC connec­
tor was then replaced by the isolator, input to port B, output 
from port C. 

A second exposure on the same shot captured the fre­
quency response of the isolator, Fig. 7, lower trace. It can be 
seen that the insertion loss of the isolator is negligible up to 
300MHz, and only about 3dB at 500MHz. The response 
from port A to port B is just a little worse, as this path could 
not use the frequency compensation provided by the 3.9pF 
capacitor in the output pad at port C. 

Figure 8 shows the reverse isolation from port B (as input) 
to port A (lower trace; with the input, upper trace, for com­
parison). This can be seen to be mostly 45dB or greater, and 
better than 40dB right up to 500MHz. 

Given an ideal op-amp with infinite gain even at 500MHz, 
the negative feedback would ensure an effectively zero out­
put impedance. Then, IC I would be able to swallow any cur­
rent injected into its output from port B with none passing via 
R1 to port A. 

At lower frequencies this is exactly what happens, the 
lower trace reflecting in part the limitations of the instru­
mentation. The fixed 2.05GHz oscillator Tr1 in Fig. 6 is of 
course running at the analyser's first intermediate frequency. 
So any leakage from Tr1 back into the analyser's first local­
oscillator output, and from there into the first intermediate 

instrument, long out of production, it is 
available at a ve ry modest price, 
considering its performance. 

output and mixes it with an internally 
generated continuous wave centred on 
2.05GHz. 

Equipment used for the testing 
With such a wideband device, any 
sensible evaluatio n of its performance 
required some form of sweep equipment. 

For general rf measurements, I have a 
Hewlett-Packard 0.1 to 1500MHz 
spectrum analyser type 85588, which is a 
plug-in unit fitted in a 182T large screen 
display mainframe. I bought the 
mainframe and plug-in as a complete 
instrument, tested and guaranteed, from 
one of the dealers in this type of second 
hand equipment who advertises regularly 
in th is magazine. Being an older 

Unfortunately, this instrument does not 
include a bui lt-in tracking generator. 
Those only came in with the introduction 
of a later generation of spectrum analyser. 
But it does make a sample of the 2.05 to 
3.SSGHz fi rst local oscillator avai lable at 
the front panel. 

The output, as the spectrum analyser's 
first local osci llator sweeps from 2.05 to 
3.55GHz, is a tracking output covering 
the analyser' s Oto 1500MHz input range. 

+ c, 
,,J;,30µ 

-12V 
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Some time ago I published a circuit for 
an add-on for such an instrument.2 It 
accepts an attenuated version of the 
spectrum analyser's first local oscillator 

6mm 
1 

}mm 

I ~c 
2mmr~' 

5 

( 

L, detail \Cu strip 
0.25mm 
thick 

Fig. 6. Circuit of an applique box for an 
HP 85588 spectrum analyser, providing a 
0 · 1500MHz tracking generator output. 
(Reproduced courtesy Electronic Product 

Design, July 1994, page 17. 

From spectrum analyser 
1st LO output via 1 on 
and 30!l BNC pads 

L2: 2T 0.6mm En. Cu 2.5mm ID C22 
3p 
max 

2 17 
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Fig. 7. Upper 
trace, output of 

the tracking 
generator, 

attenuated by 
20d8. Lower 

trace, as upper 
trace, but with the 

signal routed via 
port 8 to port C of 

the isolator. 
Reference level 

-2.5d8, 
10d8/division, 

span Oto. 
500MHz, 

intermediate 
frequency 

bandwidth 3MHz, 
video filter 

medium. 

Fig. 8. Upper 
trace as Fig. 7, for 
reference. Lower 

trace, output from 
port A of the 

isolator with the 
input applied to 

port 8. Spectrum 
analyser settings 

as for Figure 7 
except video filter 

at max. 

Fig. 9. Traces 
showing the signal 

at port C for 
various degrees of 

intentional 
mismatch at port 

8: with (top to 
bottom) return 

loss of 0, 14, 20 
and 74d8. Signal 
applied to port A 

as in Fig. 7, upper 
trace. Spectrum 

analyser settings 
as for Fig. 8. 
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frequency stage, is by definition always on tune. Indeed, the 
purpose of R4,5 is precisely to permit tuning of the fixed 
oscillator - which is not in any way frequency stabilised - to 
the analyser's first intermediate frequency. 

The purpose of the external 13dB pad between the anal­
yser's first local oscillator output and the applique box, and 
the latter's internal pad R15•17 is to minimise this back-leak­
age. Despite these precautions, even with the input to the 
spectrum analyser closed in a son termination, the residual 
trace due to leakage is only a few decibels below that shown 
in Fig. 8. 

Testing the isolator's directivity 
My main use for the isolator is as a means of testing the vswr 
of various items of rf kit, such as antennas, attenuators, the 
input and output impedances of amplifiers, etc. To determine 
just how useful it was in this role, the output at port C was 

recorded, relative to the input at port A, for various degrees 
of mismatch at port B, Fig. 9. 

The top trace is the output level with an open circuit at port 
B. Comparing it with the upper trace in Fig. 7, it is about ?dB 
down at 500MHz, this being the sum of the insertion loss 
from port A to port B, plus the insertion loss from port B to 
port C - already noted in F ig. 7 as around 3dB. 

The three lower traces in Fig. 9 are with a 75n termination 
at port B providing a 14dB return loss, a 50Q lOdB pad open 
at the far end providing a 20dB return loss, and three son 
lOdB pads terminated in ?Sn. The latter works out as a the­
oretical 74dB return loss, or close to son, and the resolution 
of the system as measured is apparently limited to around 
40dB. A return loss of 40dB corresponds to a reflection coef­
ficient of 1 %. Now, 

z, - Z p=---0 
Zr +Zo 

where Z1 is the actual value of the termination and z0 is the 
characteristic impedance viz. son. So p=l % corresponds to 
a Zr of 51 n . The de resistance looking into the string of three 
lOdB pads plus the 75n termination was measured at de as 
50.6n. 

Clearly, then, assuming this is still the case at 500MHz, 
much of the residual signal in the bottom trace in Fig. 9 can 
be assumed to be due to the error in the characteristic 
impedance of the pads. These were normal commercial qual­
ity, as opposed to measurement laboratory standard. 

For the rest, it is down to the limited directivity of the iso­
lator. To maximise this, the chip resistors were all selected to 
be well within 1 %, from the supply of 5% chips to hand. I 
had originally hoped to be able to select 326.3n resistors 
from the 3 I 3.5n to 346.Sn spread of 330n 5% resistors. But 
most were in fact within 1 %, hence the need for a parallel 
1 Skn to secure the right value . 

But the interesting - and indeed vital - point is that the 
directivity of the system does not depend on the flatness of 
the frequency response. The fact that the three upper curves 
in Fig. 9 are so nearly identical and parallel, indicates that the 
isolator is useful for vswr measurements right up to 500MHz, 
and perhaps a bit beyond. This is because the directivity 
depends upon two things. 

Firstly, that the balance of the bridge of resistors at the 
input of IC2 in Fig. 6 remains constant with frequency. 
Secondly, that the common mode rejection of the opamp 
remains high right up to 500MHz. And in view of the excel­
lent results obtained, this certainly seems to be the case. 

Using the isolator 
The spectrum analyser, together with its hand-made tracking 
generator was very useful for demonstrating the isolator's 
performance over the whole band up to 500MHz in one 
sweep. But the arrangement has its limitations . 

Apart from the back-leakage from the 2.05GHz oscillator, 
already mentioned, there are two other limitations. Firstly, as 
the O to 500MHz sweep proceeds, the frequency of the 
2.05GHz oscillator tends to be affected slightly, so that it is 
necessary to use a wider than usual intermediate-frequency 
bandwidth in the analyser. Secondly, to maintain a sensibly 
flat output level, the output is taken from an overdriven string 
of amplifiers, with resulting high harmonic content. This is 
normally of no consequence , since the analyser is selective 
and is by definition, tuned only to the fundamental. But prob­
lems can arise with spurious responses due to the presence of 
the harmonics. 

Where a more modest frequency range up to 200MHz suf­
fices, the sweeper described in reference 3 can be used, in 
conjunction with a broadband detector - perhaps preceded by 
a broadband amplifier - connected to port C. A successive­
detection logarithmic amplifier makes a very convenient 
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detector, and types covering frequencies up to 500MHz are 
mentioned in reference 4. 

For many applications, a swept measurement is not essen­
tial, for example when adjusting a transmitting antenna for 
best vswr at a certain frequency. In this case, any convenient 
signal generator can be used. At the higher frequencies how­
ever, it is best to keep the input to port A to not more than 
0dBm. 

A receiver can be pressed into service as the detector at 
port C. Many receivers, for example scanners, include an 
RSSI facil ity. In many cases, these make surprisingly accu­
rate logarithmic level meters. 

Measuring the level at port C relative to that at port A gives 
the return loss, and hence the vswr, of the device under test 
connected to port B. Tuning/adjusting it for maximum return 
loss will provide a device under test with an optimum vswr. 
Return loss measurements can be cross-checked at any time 
by substituting an attenuator(s) and/or 75n termination for 
the device under test, as described earlier. 

Could it sing? 
Finally, an interesting point about this active circuit. No prob­
lem was experienced at any stage with instability. But what 
about the circulator of Fig. 2? Here, any reflected power at 
port C circulates back around to port A. 

What happens if all three ports are left open circuit? Given 
that tolerance variations on the resistors could result in a low­
frequency gain marginally in excess of unity in each stage, 

could the circuit 'sing around' and lock up with the op-amp 
outputs stuck at the rail? 

In fact the answer is no, because as Fig. 3 shows, when a 
port is open circuit, the output of the following op-amp is of 
the opposite polarity. In this way, the voltage passed on to the 
next stage is of the opposite polarity to the reflected voltage 
at the stage's input. 

Three inverters in a ring are de stable, and at frequencies 
where each contributes 60° phase shift or more, the loop 
gain is already well below 0dB. Of course, if all three ports 
are shorted, each stage passes on a voltage - possibly 
marginally greater - of the same polarity and Jock-up is a 
possibility. But I can' t think of any circumstances where 
one might want to try and use a circulator with all its ports 
short circuited! • 
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The Home of ~t-';~. Its not what you do, 

Hart Audio Kits and factory assembled units use the unique 
comblnation of circuit designs by the renowned John Linsley 
Hood, the very best audiophile components, and our own 
engineering expertise, to give you unbeatable performance 
and unbelievable value for money. 
We have always led the field for easy home construction to 
professional standards, even in the sixties we were using 
easily assembled printed ci rcuits when Heathkit in America 
were still using tagboards!. Many years of experience and 
Innovation, going back to the early Dinsdale and Bailey 
classics gives us: incomparable design background in the 
needs of the home constructor. This simply means that 
building a Hart kit is a real p leasure, resulting in a piece of 
equipment that not only sawes you money but you will be 
proud to own. 
Why not buy the reprints and construction manual tor the kit 
you are Interested in to see how easy it Is to bulld your own 
equipment the HART way. The FULL cost can be credited 
against your subsequent kit purchase. 

'AUDIO DESIGN' 80 WATT POWER AMPLIFIER. 

... ,._....,,r.. ·-- _.,._ 

- I .. I ·- - _ .. ,. - - : • 

~ - --
This fantastic John Unstey HOOd designed amplifier is lhe flagship 
of our range, and lhe ideal powerhouse for your ultimate hifi 
system. This kit is your way to get £K performance at bargain 
basement prices. Unique design leatures such as fully FET 
stabilised power supplies give thi s amplifier World Class 
pe,1ormance with star1Iing clanly and transparency ol sound, allied 
10 the famous HART qoality components and ease of col'\Strucllon. 
Slandard model comes with a versahle passive front-end giving 3 
switched mputs, wilh A LPS precision "Blue Velvet" low•noise 
volume and balance controls, no need tor a.n external preamp!. 
Construction is very simple and enioyable with all the difficult work 
done for you, el/en the wiring is pre·lermlnaled, ready for ins1ant 
usel. All versions are available with Standard components or 
specially selected Super Audiophile components and Gold Plated 
speaker terminals and ~II are also available factory assembled. 

K1100 Complele STANDARD Slereo Amplifier Kit, . . .. . . £415.21 
K1100S Complete SLAVE Amplifier Kil, . ......•...•. . . £353.62 
K1100M Complete MONOBLOC Amplttier Kit, . . . . . ..... £271.20 
RLH11 Reprints of latest Amplifier artieles . . . . . • . . . . • . . . E1 .so 
K1100CM Conslruct..-on Manual with full parts lists . . • £5.50 

ALPS " Blue Volvo!" PRECISION AUDIO CONTROLS. 

Now you can throw oul those noisy Ill-matched carbon pots M d 
replace with the famous Hart exclusive ALPS 'Blue Velvet' range 
components only us.ed selecUvely in the very top flight of World 
class amprlfiers. The improvement In track accuracy and malct,ing 
realty ls incredible giving better tonal balance between channels 
and rock solld image stabilrty. Motorised versions have Sv DC 
motor. 

MANUAL POTENTIOMETERS 
2-Gang 100K Lin. . .. .. .. ..... £15.67 
2-Gang 10K, SOK or 100K Log. . . . .. . . . .. . £16.40 
2·Gang 1 OK Special Balance, zero crosstalk and zero cenlre 
loss. . . . .. . .. . . . . . . .. . . . . .. . . . . . . . . .. . .. . . . , .. £17.48 

MOTORISED POTENTIOMETERS 
2-Gang 20K Log Vofume Control . • . . . . . . . . . . . . . . . . £26.20 
2~Gang 10K RO Special Balance, zero crosstalk and less lhan 10% 
toss ln centre posilion . . . . ...• . .... . .........• . . .. . £26.98 

TOROIDAL MAINS & OUTPUT TRANSFORMERS 
for EL34, 32W VALVE AMPLIFIER 

Special set of torCMdal transformers, 2 outpul & 1 mains for the ~ol 
Audio Power' valve amplifier design described in lhe Oct. 1995 
issue of 'Wireless World". Total Wt 4.8Kg. Special price tor the set. 
£99, Post £8 
RJM1. Photocopies of the Article by Jeff Macaulay. £2 

PRECISION Triplo Purpose TEST CASSETTE TC1D. 

Are you sure your tape recorder is set i,,p to give its best? Our latest 
tnple purpose tesl casseue checks !he three mos! important tape 

parameters withoul test equipment Ideal when fitting new 
heads A prolessfonaJ quality, d1gItally mastered test tape al a 

nee anyone can afford 
est casseue TC1 o Our price only . . . . . . £9.99 

its HOW you do it that counts!. 
SHUNT FEEDBACK PICKUP PREAMPLIFIER 

If you want the very best sound oul of vlnyt discs then you need our 
high quality p,eamplitier with ShunI Feedback equalisatlon. The 
K 1450 also has an advanced front end, speclaJly optimised lor low 
impedance moving coil cartridges as well as movfng magnet types. 
Selected discrete components are used lhroughout tor ultimate 
sound quality. The combination of John Linsley Hood desfgn, h,gh 
quality components and an advanced double sided printed circuit 
board layout make lhis a product at the leading edge of technology 
that you will be proud to own. A recent review in "Gramophone• 
magazlno endorsing this view. Bought in kit form our step by s tep 
instructions it is very easy and satisfying to assemble, or you can 
buy a faciory assembled version if you wish. 
This magnilicenl kil , comes complete with a ll parts ready to 
assemble inside the fully linished 228 x 134 x 63mm case. Comes 
wllh lull, easy to follow, instructions as well as the Hart Gulde to 
PCB Construction, we even lhrow in enough Hart Audiograde Silver 
Solder to construe! your kill 
K1450 Complete Klt ..... . .. . .... . ....... . ....... £116.58 
K1450SA Audiophile Kil . . . . . . .. . . . ........ . £138.94 
A 1450SA Factory assembled Audiophile unit ....•....• £188.94 

"CHIARA" HEADPHONE AMPLIFIER. 

Highest quality, purpose designed, 'si ngle ended' c rass 'A' 
headphone amplifier for 'stand alone' use or to supplement lhose 
many power amplifiers lhal do not have a headphone facilily. Easy 
installation with spectal signal l!nk•lhrough feature, the unit uses our 
'Andante' Ultra High Oua1,1y power supply. 
Housed in Ihe neat, black trnished, Hart minibox rt features lhe wide 
l requency response, low-dis torllon and 'musicality' that one 
associates wflh designs from the renowned John Linsley Hood. 
Volume and balance cootr"Ols are A!ps "Blue Velvet" components. 
Very easy 10 build, or available lactory assembled, the kit has very 
detalled mslructions, and comes with Hart audiograda silver solder. 
A valuabl e personal lisleoing option and an attractive and 
harmonious additioo to any hifi system. 
K2100 Complete Standard Kit . . . . . •..••.• . ... £112.50 
K2100SA 'Series Audiophite' Kit with setected audiophile 
components • . , . . , ...•.. . .............. , •...... , £115.46 
A2100SA 1Series Audiophile', Factory Assembled . . ... £115.46 
CM2100 Construction Manual. . .. . . . . . • . • . .. . . .. . . . . £2.50 

" Andante" Linear Technology 
AUDIOPHILE POWER SUPPLIES 

The HART "Andante" series power supplies are specially designed 
for exacting audio use requiring absolute minimum noise, tow hum 
lield and total freedom from mechanical noise. 
Utilising linear technology lhroughout lor smoothness and 
musicality makes 11 the perfect partner lor the aboVe units, or any 
equipment requiring fully stabilised :t15v supplies. 
There are two versions, KS550 has 2 ±15v supplies and a single 
15v for relays eIc. K3565 ts identical ln appearance and has one 
±1 Sv. Both are in cases to matdl our 'Chiara' Headphone Amplifier 
and our Kl 450 "Shunt Feedback" Pickup preamp. 
K35S0 Full Supply with all outputs . . . . . . . . , .. £94.75 
K3565 Power Supply for K 1450 or 1<2100 ...... . • . £84.42 
A3550 Factory Assembled FuU Supply .. ... ... . . .. . ... £147.25 

SPEAKER DESIGN SOFTWARE. 
VISATON 111Speaker P,o 6" is a complete speaker design program 
for use on IBM machines. Covers cabinet and crossover design and 
contains a full expandable database of drive units. Earning a "most 
reccommendableM accolade rt tests this program is ideal for l he 
professional speaker builder or serious audiophile. 
0303 Speaker Pro 6. 3.5' Disk ...... . . . . . . .. . .. . . . .. . £45.51 
0309 Demo Version with Database . . . . . . . . . . • . . . ..• £9.28 

SPEAKER DAMPING MATERIALS 
Polyester Wool and Pure Lambs Woof bo1n have optimal damping 
properties and are pleasant to handle. Standard 125g bag is 
sutfK)tem for 20 lltres enciosure volume. 
S070 Polyester Wool. l 25g .. . . . .. . . . . . .. ............ £3.20 
5069 Pure Lambs Wool. 125g . .... . ...... . ...... . .. , . £6.73 

ROARING SUBWOOFER. 
A full revised krt will be ava,!abte sooo for this ex.cellont and imaginative 
des,gn from Russel Bredon (WW Feb.97). The latest design will use 
!!le 30mm maximum cone displacemenl ol the 10• VISATON GF250 
Driver to give even better performance at slightly reduced cost. 
Featuring a rubber suspended fibreglass cone, extended pofe plate, 
vented magnet. Kaplon carrier and dual 40/lm voice coils 1he GF250 is 
unbel'8vably good valoe 81 only £111 .45 each. 

SPECIAL OFFER!. SOLENOID CONTROLL ED 
FRONT LOAD CASSETTE DECK SFLSOO 

High quality (0.08%W&F) casselle mechanism with capabilily of 
using standard or downst ream monitor RIP head. Offers a ll 
standard lac,tilles under remote, toglc or software control. Ttle 
control requirements are so simple that for many applications not 
needi ng all l u nctlons manual s witches will suffice. Power 
requirements are also simpte with 12v solenoids and 1211 speed 
controlled Motor, I0Ial power requirement being under 300mA. 
Logic control and wiring c,rcuits are included free wilh each deck. 
SFL800 Deck Wllh Standard slereo head ...•... . . . . . .. £29.50 
SFLSOOD Fitted wi1h High QuaJily Downstream morntor head. £44.90 
(The Head alone is norrnaJly over £601) 

HART TECHNICAL BOOKSHELF 
Try us for:· Bigger Range of Books. Beller Prices, 

NO "28 Day Walt" 

""AUDIO ELECTRONICS" John Linsley Hood . .. , . £18.99· 
'·THE ART OF LINEAR ELECTRONICS" 
John Linsley HOOd. 1994 . . . . . .. .. £16.95' 
" THE ART OF ELECTRONICS" Horowitz & Hill . , , ..... £35.00" 
" DIGITAL AUDIO ANO COMPACT DISC TECHNOLOGY" 
3rcl.Edn. 0•240 51397 5 . , .... , .. . ............. . .. . £19.9S' 
" INTRODUCING DIGITAL AUDIO CD, DAT AND SAMPLING" 
ISBN 1870775 22 8 . . . .. . . . . . . . . • . . . . . . .. . . . . £7.95 
""ACTIVE FILTER COOKBOOK" Don Lancaster .... £19.95 
"THE ART OF SOLDERING" 0-85935·324•3. 0 . .. . . .. , . . £3.95 
" TOWERS' INTERNATIONAL TRANSISTOR SELECTOR" 
0-S72•01062·1 . . • . . . .......... £19.95" 
" AUDIO" F.A.WilSon. BP1 11 . , . . . . ... £3.95 
" HOW TO USE OSCILLOSCOPES & OTHER TEST EQUIPMENT" 
A .A.Penfold. BP267 .. , .. . . , ..... , .... , ..... .. . . .. . . £3.50 
" THE HART PRINTED CIRCUIT BOARD CONSTRUCTION 
GUIDE." . . .. .. ........ . . £2.SO 

""A SIMPLE CLASS A AMPLIFIER" 
J .L.Unsley Hood M.I.E,E. 1969. RLH12 , •..• . •...... . . £2.75 
"CLASS-A POWER" Single Ended 15W Amp. 
J.L.Unsley Hood M.I.E.E. 1996. RLl113 • £2.50 

LOUDSPEAKERS; THE WHY AND HOW OF GOOD 
REPRODUCTION. G.Briggs. 1949. . £8.95 
"THE LOUDSPEAKER DESIGN COOKBOOK" 
Vance Dickason. (5th Edn.) . . . • . . . . . . . . £23.95" 
ELECTROSTATIC LOUDSPEAKER DESIGN AND 
CONSTRUCTION Ronald Wagner BKT6 . . . . . . . . £15.95 
" THE ELECTROSTATIC LOUDSPEAKER DESIGN COOKBOOK" 
Roger P.Sanders. 1995 .... . ... , . ....... . . ........ £24.95 
" BULLOCK ON BOXES" Bullock & Wlllte .••••..... .. . £10.95 
" AN INTRODUCTION TO LOUDSPEAKERS&. ENCLOSURE 
DESIGN" V. Capel. BP256 . .. . .. . . . .. , ..... £3.95 
" LOUDSPEAKERS FOR MUSICIANS" BP297 . . . £3.95 
" THEORY & DESIGN OF LOUDSPEAKER ENCLOSURES'" 
J.E.Benson • . . . £21.95 
" QUICK & EASY TRANSMISSION LINE SPEAKER DESIGN" 
Larry D.Sharp .. . .. . .. . . . . . . . • . . . . . . . .. . . . . £8.95 
"THE COUPLED CAVITY HANBOOK" Oavid Purton .. . . . . £4.90 
" VISA TON. HOME HI Fl CATA LOGUE." Full Specifications and 
Thiele Small Dala on all Drive Units . . ...... .. . .•.. . •... £4.50 
" VISATON. CAR HI Fl CATALOGUE," In car guide . •.•... £3.50 
" VISATON. CABINET PROPOSALS" Book 1. In GERMAN £6.50 
" VISATON. CABINET PROPOSALS'' Book 2. In GERMAN ES.SO 
" SPEAKER PRO 6." VISA TON Cabinet Design Software .. £45.51 
.. SPEAKER PRO 6! 1 Demo Version with d,ive unit database £9.28 

"VALVE AMPLIFIERS" Morgan Jones. 1995/6 .... £24.50 
THE VTL BOOK David Manley 1994. BKVT1 . ...... . .. £17.95 
MULLARD TUBE CIRCUITS FOR AUDIO A MPLIFIERS BKAA27 
. . . .. . . ..• . .. . .• . • . .. . .. . .• . •. .•• . •. . . . .£11.95 

"THE WILLIAMSON AMPLIFIER." 0-9624·1918-4 . ...... £6.95 
AN APPROACH TO AUDIO FREQUENCY AMPLIFIER DESIGN. 
GEC 19o7 .. • . . ..... .. .. . ... .. ......... ....... £17.95 
AUDIO ANTHOLOGl€S, articles from Audio Engineering. Si x 
volumes covering I:-.e Cays when audio was young and valves were 
klngl. BKAA3/1 to 6, . . . . . . . . .. . . . . ..... All £12.95 each 
"THE RADIOTRON DESIGNERS HANDBOOK" (CD) .. . . £49.00 
" PRINCIPLES OF ELECTRON TUBES" H.D.Reich PH.D. £25.95 
" POWER AMP PROJECTS" Anlhology. 1970-1989 ..... . £15.50 
" WORLD TUBE DIRECTORY'" 1996•7 Sourcebook of valve 
relaled products . . . . . . . . . • . . . .. . .. . .. . . . . . . . .. . . £5.95 
Fuller descrjplk>ns of the t vntents ot all our books is given ln our foll 
catalogue, price . . . . £4.50 

Postage o n all b oo ks, u nless starred , Is only £2 per book , 
maximum £4.50 lor any number, any site!. Starred items are heavy 
books costing £:l.50 10 send. 
Don't forget No waiting at HART!. All listed books are normally 
In stock!. Just ring with your Credit Card Number for Instant 
despatchl. 

POSTAGE on UK Orders up to £20 ls £2. Over £20 Is £4.50. 

OVERSEAS Please Eilqulre. 
f uller Details of ALL kits- are g!v1:in in our 
LISI, FAEE on request 

Sand for Your FREE copy 24 Br. 0RDERLINE 01891892894 All Prices include 
UK/EC VAT. of our LISTS Fax. 01891 882884 

CIRCLE NO. 124 ON REPLY CARD 

application notes on this month's cover CD 
- the article presented here runs through 
the basics of choosing designing and 
applying adaptive digital filters. 

explained 
A !though well-knowr:v.md widely used, adaptive fil­

tering applications are not easily understood, and 
their principles are not easiJy simplified. 

Currently, adaptive filtering is applied in such diverse fields 
as communications, radar, sonar, seismology, and biomedi­
cal engineering. These various applications are very different 
in nature, but one common feature can be noted: an input 
vector and a desired response are used to compute an esti­
mation error, which is used, in turn, to control the values of 
a set of adjustable filter coefficients. 

The adjuslable coefficients may take the fonn of tap 
weights, reflection coefficients, or rotation parameters, 
depending on the fi lter structure employed. 

Despite the diversity and complexity, a simple classifica­
tion of adaptive filtering does emerge and practical applica­
tions can be demonstrated. This article begins by describing 
four basic classes of adaptive filtering applications and fol­
lows with sections that detail various fundamentals, tech­
niques, and algorithms of several selected adaptive applica­
tions, Table 1. 

Classifying adaptive filtering 
Applications. Various applications of adaptive filtering dif­
fer in the manner in which the desired response is extracted. 
In this context, we may distinguish four basic classes of 
adaptive filtering applications, Figs 1 to 4. 

• Identification 
• Inverse modelling 
• Prediction 
• Interference cancelling 

The functions of the four basic classes of adaptive filtering 
applications follow. 

Identification, Fig. 1. The notion of a mathematical model is 
fundamenlal to sciences and engineering. In the class of 
applications dealing with identification, an adaptive filter is 
used to provide a linear model that represents the best fit to 
an unknown plant. 

The plant and the adaptive filter are driven by the same 
input. The plant output supplies the desired response for the 
adaptive filter. 

If the plant is dynamic in nature, the model will be time 
varying. 

Inverse modelling, Fig. 2. In this second class of applica­
tions, the adaptive filter provides an inverse model repre-
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Figs 1-4. The four basic classes o f adaptive filtering. In these diagrams, u is 
input applied to the adaptive filter, y is output of the adaptive filter, d is 
desired response and e is d-y, which is the estimation error. 
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Fig. 2. Inverse modelling. 
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Table 1. Adaptive filtering applications. 

Adaptive filtering class 
Identification 

Application 
System identification 

Inverse modelling 

Prediction 

Layered Earth modell ing 
Predictive deconvolution 
Adaptive equalisation 
Linear predictive coding 
Adaptive differential pcm 
Auto-regressive spectrum analysis 
Signal detection 

Interference cancelling Adaptive noise cancelling 
Echo cancellation 

Pitch 
Period 

Impulse Train 
Generator 

Vocal-Cord 
Sound Pulse 

Voiced/Unvoiced 
Switch 

White-Noise 
Generator 

Fig. 5. Simplified 
model for the 
speech production 
process in block 
form. 

Radar polarimetry 
Adaptive beam forming 

senting the best fit to an unknown noisy plant. Ideally, the 
inverse model has a transfer function equal to the reciprocal 
of the plant's transfer function. 

A delayed version of the plant input constitutes the desired 
response for the adaptive filter. In some applications, the 
plant input is used without delay as the desired response. 

Prediction, Fig. 3. In this example, the adaptive filter pro­
vides the best prediction of the present value of a random sig­
nal. 

The present value of the signal serves the purpose of a 
desired response for the adaptive filter. Past values of the 
signal supply the input applied to the adaptive filter. 

Vocal-Tract 
Filter 

fr 
Vocal-Tract 
Par~meters 

Synthesized 
Speech 

Depending on the application of interest, the adaptive filter 
output or the estimation error may service as the system out­
put. In the first case, the system operates as a predictor; in 
the latter case, it operates as a prediction error filter. 

Interference cancelling, Fig_ 4. In this final class of appli­
cations, the adaptive filter is used to cancel unknown inter-

Speech __ .., 
Signal Window LPC 

Analyzer Coder 

Fig. 6. Linear predictive 
coding vocoder: a) is the 

transmitter, b) the 
receiver. 

Decoder 
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Pitch 
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(a) Transmitter 

Speech 
Synthesizer 

(b) Receiver 

Reproduction of 
Speech Signal 

ference contained in a primary signal, with the cancellation 
being optimised in some sense.· 

The primary signal serves as the desired response for the 
adaptive filter. A reference signal is employed as the input to 
the adaptive filter. The reference signal is derived from a 
sensor or set of sensors located in relation to the sensor(s) 
supplying the primary signal in such a way that the infor­
mation-bearing signal component is weak or essentially 
undetectable. · 

Prediction 
The coders used for the digital representation of speech sig­
nals fall into two broad classes: source coders and waveform 
coders. Source coders are model dependent. This means that 
they use a priori knowledge about how the speech signal is 
generated at the source. 

· Source coders for speech are generally referred to as 
vocoders. Vocoders can operate at low coding rates; how­
ever, they provide a synthetic quality, with the speech signal 
having lost substantial naturalness. 

Waveform coders, on the other hand, strive for facsimile 
reproduction of the speech waveform. In principle, these 
coders are signal independent. They may be designed to pro­
vide telephone-toll quality for speech at relatively high cod­
ing rates. 
. In the context of speech, linear predictive coding, or !pc, 

strives to produce digitised voice data al low bit rates (2.4 to 
4.8kbit/s) with two important motivations in mind: 

• The use of linear predictive coding permits the transmis­
sion of digitised voice over a narrow-band channel. 

• The realisation of a low bit rate makes the encryption of 
voice signals easier and more reliable than would otherwise 
be the case. 

Figure 5 shows a simplified block diagram of the classical 
model for the speech production process. In this particular 
example, the sound-generating mechanism is linearly sepa­
rable from the intelligence-modulating, vocal-tract filter. The 
precise form of the excitation depends on whether the 
speech sound is voiced or unvoiced. 

Voiced speech sound is generated from quasi~periodic, 
vocal-cord sound. In the speech model, the impulse-train 
generator produces a sequence of impulses, which are 
spaced by a fundamental period equal to the pitch period. In 
tum, this signal excites a linear . filter whose impulse 
response equals the vocal-cord sound pulse. 

An unvoiced speech sound is generated from random 
sound produced by turbulent air flow. In this case the exci­
tation consists simply of a white noise source. The proba­
bility distribution of the noise samples does not appear to be 
critical. 

Figure 6 shows the block diagram of an linear predictive 
coding vocoder, comprising a transmitter and a receiver. The 
transmitter first applies a window to the input speech signal. 
It does this to identify a block of speech samples for pro­
cessing. 

The window used is short enough for the vocal-tract shape 
to be nearly stationary. As a result, the parameters of the 
speech-production model may be treated as essentially con­
stant for the duration of the window. 

Next, the transmitter analyses the input speech signal in an 
adaptive manner - block by block - by performing a linear 
prediction and pitch detection. Finally, it codes the param­
eters made up of the set of predictor coefficients, the pitch 
period, the gain parameter, and the voiced-unvoiced param­
eter, for transmission over the channel. 

The receiver performs the inverse operations by first 
decoding the incoming parameters. In particular, it computes 
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, - - • • • • - • • - • · - • • • · Synchronization · • • • • - • • • - • • • • • • - - • Fig. 7. Baseband data 
transmission system 
without equalisation, 
summarised in block 
form. 
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the ~alues of the predictor coefficients, the pitch period, and 
the gain parameter. It then determines whether the segment 
of interest represents voiced or unvoiced sound. Finally, the 
receiver uses these parameters to synthesise the speech sig­
nal by utilising the model of Fig. 5. 

Adaptive equalisation 
During the past three decades, considerable effort has been 
devoted to the study of data-transmission systems that use 
the available channel bandwidth efficiently. The objective 
here is to design the system to accommodate the highest pos­
sible rate of data transmission, subject to a specified relia­
bility that is usually measured in terms of the error rate or 
average probability of symbol error. 

The transmission of digital data through a linear commu­
nication channel is limited by two factors . One is intersym­
bol interference, the other additive thermal noise. 

Intersymbol interference. Also known as ISI, this is caused 
by dispersion in the transmit filter, the transmission medium, 
and the receive filter. 

Additive thermal noise. Generated by the receiver at its 
front end. For bandwidth-limited channels, intersymbol 
interference seems to be the chief determining factor in the 
design of high-data-rate transmission systems. 

Figure 7 shows the equivalent baseband model of a bina­
ry pulse-amplitude modulation, or PAM, system. The signal 
applied to the input of the transmitter part of the system con­
sists of a binary data sequence, in which the binary symbol 
consists of 1 or 0. This sequence is applied to a pulse gen­
erator, the output of which is filtered first in the transmitter, 
then by the medium, and finally in the receiver. 

Let u(k) denote the sampled output of the receive filter in 
Fig. 7; the sampling is performed in synchronism with the 
pulse generator in the transmitter. This output is compared to 
a threshold by means of a decision device. If the threshold is 
exceeded, the receiver makes a decision in favour of symbol 
1. Otherwise, it decides in favour of symbol 0. 

On a physical channel there is always intersymbol inter­
ference. To overcome intersymbol interference, control of 
the time-sampled function is required. In principle, if the 
characteristics of the transmission medium are known pre­
cisely, then it is virtually always possible to design a pair of 
transmit and receive filters that will make the effect of inter­
symbol interference arbitrarily small. 

For adequately reducing the intersymbol interference, an 
adaptive equaliser will provide precise control over the time 
response of the channel. 

An adaptive filtering algorithm requires knowledge of the 
desired response to form the error signal needed for the 
adaptive process to function. In theory, the transmitted 
sequence is the desired response for adaptive equalisation. 

In practice, however, with the adaptive equaliser located in 
the receiver, the equaliser is physically separated from the 
origin of its ideal desired response. 

There are two methods in which a replica of the desired 

M arch 1998 ELECTRONICS WORLD 

Sampled 
Speech 

Input 

Sampled 
Speech 
Input 

+ 

+ 

Nonuniform 
Quantizer 

(a) 

Quantizer 

Predictor 

(b) 

Adaptive 
Algorithm 

PCM 
Wave 

DPCM 
Wave 

Fig. 8 . Waveform 
coders, with pulse­
code modulation, or 
pcm, at a), differential 
pcm at b) and adap­
tive differential pcm 
at c). 

Sampled 
Speech 

Input 
Quantizer ADPCM 

----..--- Wave 

Predictor 

Adaptive 
Algorithm 

response may be generated locally in the receiver. First is the 
training method, second the decision-directed method. 

Training method. In this method, a replica of the desired 
response is stored in the receiver. Naturally, the generator of 
this stored reference must be electronically synchronised 
with the known transmitted sequence. 

Decision-directed method. Under normal operating condi­
tions, a good replica of the transmitted sequence is being 

Continued on page 244 
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Zilog Technical Library 
Information representing one company's complete set of data and applications book, 
brought to you by leading UK Zilog distributor and design house, Gothic Crellon. 

The CO ROM given away free with this issue* is the 
complete Zilog Technical Library CD-ROM from 
Gothic Crellon. It contains not only data on the 
company's microcontrollers, digital signal processors 
and communications controllers, but also a host of 
application notes relating to all three product areas. 
These notes includes a caller ID system complete with 
software listings, a discussion of how to use a 

microcontroller as an I2C bus master and a high• 
performance PC COM port design. Development tools 
for the various product areas are also listed, together 
with a number of demonstrations. 

Getting started 
The files on this CD-ROM are presented in the familiar 
Adobe PDF format. You can view the files using one of 
the following options: 

• If you already have Adobe Acrobat and the Adobe 
Type Manager installed on your system: 

Open the 'StartCDR.pdf' file directly from the CD-ROM 
by double clicking on it. Alternatively, launch your 
installed Acrobat Reader application, open the 
'StartCDR.pdf' using the OPEN command under the 
FILE menu 

• If you don't have Acrobat Reader already installed on 
your system, please consult the appropriate ' Read_Me' 
file for your operating system for instructions on how to 
install Adobe Acrobat reader. The Read_Me files are 
located in the' ACROREAD' directory of the Zilog 8_bit 
CD-ROM. 

• For quick installation of the Adobe Acrobat reader, 
we have provided the file paths to reader installation 
appl ications below: 

Windows 32-bit: 
d :\8BIT _MCU\ACROREAD\ WI N\READER\328IT\SET 
UP.EXE 

Windows 16-bit: 
d:\8BIT_MCU\ACROREAD\WIN\READER\ 16BIT\SET 
UP.EXE 

Macintosh: 
8BIT _MCU\ACROREAD\MAC\Reader\Reader\lnstal I 
Acrobat Reader 3.0 

Unix: 
d :\8B IT _MCU\ACROREAD\U NIX\READER\INST ALL 

System requirements 
W indows platforms: 
- 386, 486 or Pentium-based personal computer 
- Microsoft Windows 3.1, Windows 95 or Windows NT 3.5 or later 
- 8MB Application RAM, 4MB hard disk space and CD-ROM drive 

Macintosh platforms: 
- 68020-68040 or Power Macintosh with Apple System 7.0 or later 
- 8MB Application RAM, 4MB hard disk space and CD-ROM drive 

UNIX versions: 
- Sun OS, Solaris, HP-UX, IBM AIX 
- X-Windows 
- CD-ROM DRIVE 

Software requirements 
W indows: 
• Adobe Acrobat Reader 3 .0 

• Adobe Type Manager 3.x or later 

Macintosh: 
• Adobe Acrobat Reader 2.x or later 

• Adobe Type Manager 3.6 or later 

Unix: 
• Adobe Acrobat Reader 2.x or later 

Abo&,Zlog • 
• 

Dlglllltlvllll,__. • 

Need even more 
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If you are engineering 
innovative products that 
you believe could benefit' 
from Zilog's dsp, comms 
or controller solutions, 
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3 The Business Centre, 
Molly Mi/Jars Lane, 
Wokingham, Berkshire 
RG41 2EY, tel. 0118 978 
8878, fax 0118 977 
6095. 
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AUDIO DESIGN 

When making audio recordings, it is useful to have an at-a-glance 
overview of the phase and amplitude relationships between the two stereo 
channels - particularly if there is a chance that the two channels will be 
combined to produce mono. Robert Kesler's Dotscope provides that 
information, together with a direct mono compatibility indication. 

Visual stereo monitors are used in sound 
recording and broadcast studios to monitor 
the phase and amplitude relationship of the 

two audio channels of a stereo signal. 
These features are not revealed by simply listen­

ing in stereo. If the stereo channels were opposite 
in phase to each other, the program could still 
sound acceptable in stereo. But if the same two 
channels were combined and listened to in mono, 
the signals would cancel each other out. 

A simple visual stereo program monitor can be 
set up using an oscilloscope in X-Y mode. The sum 
of the left and the right channels is fed to the Y ver­
tical inout and their difference feeds the X input. In 
this way, a mono signal appears as a vertical line 
while a signal on the right or left-hand channel only 
appears as a line tilted right or left by 45°. Two 
anti-phase inputs produce a horizontal line. 

Note that the effect produced by feeding the X 
and Y chhannels with the sum and difference sig­
nals could be reproduced by tilting the oscilloscope 
by 45°, and feeding the right and the left channels 
to the X and Y inputs, as in Fig. 1. Using sum and 
difference signals simply provides a more elegant 
solution that tilting the display. 

Only the right channel is present 

L M R 
• • • • • • • • • • 
• • 

L M 
• • • • • • • • • • 

• • 

Only the left cannel is present 

R 

Of course a usable instrument for this purpose 
should have a gain control to allow it to cover the 
dynamics of the programs. It also needs an auto­
matic illumination suppressor, to avoid burning out 
the phosphor layer in the centre of the screen when 
there is no input signal. 

A pure sinusoidal input of slightly different phase 
on both channels produces a narrow ellipse. This 

Left and the right channels 
identical in intensity and phase 

Left and right channels are identical 
in intensity, but of opposite phase 

Examples of Dotscope displays with various input signals. 
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AUDIO DESIGN 

Fig. 1. Tilting an oscilloscope 
like this has the same effect as 
leaving it upright and feeding 

the and Y channels with 
left+right and left-right 

signals. 

Left 

Fig. 2. A good stereo signal looks like a loosely 
wound clew of thread. A mostly anti-phase 

signal on the other hand - i.e. one that is not 
stereo compatible - looks similar except that it 

is wide and flat. 

Fig. 3. Representation 
of a clean, slightly 

out of phase signal as 
it would appear on a 

conventional 
oscilloscope, left, and 

on the Dotscope, 
right. Note the 

stereo/mono bar 
graph at the bottom 

of the dotscope 
display indication 

mono compatibility. 
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Input signal conditioning 
circuitry is simple due to the 
narrow bandwidth and low 
operating frequency 
requirements. 

L 

R 

ellipse becomes circular if the phase difference is 90°. A 
complex signal from more than one sound source is repre­
sented by an irregular clew, Fig. 2. 

For a good stereo signal, the squiggles of the clew are 
roughly contained within an ellipse. This elipse has its longer 
axis pointing in the direction of the signal source. A flat 
shape, pointing left-to-right means that the two channels are 
out of phase. This is what the sound engineer wants to avoid 
most. 

The Dotscope alternative 
In the monitor described here, a led-matrix display replaces 
the crt. The matrix was chosen because it was cheaper, but it 
later turned out to offer other advantages. 

Surprisingly, the low resolution makes interpreting the dis­
play easier. The chunky picture shows the overall quality of 
the signal, without the clutter of unnecessary detail. For a 
sound engineer, speed of informatiion assimilation is impor­
tant since there are many other things to take into acount like 
the performers ~d peak-meters. 

Due to the fact that the displayed picture is basically sym­
metrical, the lower part of the led matrix has been omitted. 
Doing this halves the number of needed without sacrificing 
resolution, simplifying the design and reducing costs. 

A second indicator is incorporated into the design. This 
indicator monitors the average phase difference between the 
channels and displays it on a multi-colour bi-directional led 
bargraph (see panel). 

If the stereo is mono compatible, the green half of the bar 
graph shows the degree of compatibility. The left-hand half 
of the indicator is red to draw the operator's attention if the 
signal is out of phase. 

System elements 
Four LM3914 bar graph drivers are used in the instrument. 
With a little overstatement, this IC could be called a decod• 
ed arialogue-to-digital converter. Basical ly it is made up of 
ten comparators, driving ten open-collector outputs. The ten 
comparators are tied to ten, twenty, or whatever, percent of 
the reference voltage connected between the RH! on pin 6 
and Rw on pin 4. 

There is an in-built programmable reference generator. Its 
output, REFouT on pin 7, is not used here, but the same pin 
is used to program the output current limiter. 

Pin 9, the mode input, is used to choose between the bar 
mode and dot mode. In this design, all four LM3914s are 
used in dot mode. As a result, the mode pins must be left 
floating. 

F inally, note that the first led output has a considerable 
leakage current in dot mode - up to 0.45mA - so these out­
puts are equipped with bleeding resistors. 

Input amplifiers. Simple amplifiers with electronic 
symmetry are adequate for such monitoring. Frequency 
bandwidth of the instrument is set relatively narrow; this 
monitor concentrates on the middle frequencies, which are 
the most relevant for the stereo perception. 

Summing amplifiers. On the output of IC2A there is a signal 
proportional to the difference between the right and the left 
inputs, while the IC28 output delivers the difference between 
the left and the right inputs. This is actually, the same signal 
but in opposite phase. Op-amp /C3A produces the sum of the 
same signals. 

Automatic gain control. The automatic gain control used is 
simple, yet it ensures that the picture fills the whole display 

Continued over page 
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Bidirectional bar graph features low current drain 
Sometimes it is necessary to display the results of a 
measurement showing the value in two opposite 
d irections, in the same way that a centre-zero meter 
does. 

Two of circuits shown here are designed for this 
purpose. They not only provide bidirectionality, but 
also a ten-fold reduction in current consumption. When 
all leds are switched on, the conventional 3914 bar 
graph draws ten times the current needed by one led 
since the diodes are parallel connected. These new 
configurations have the diodes series connectedso 
current demand is reduced to that needed by one led. 
The trade off, of course, is that the supply voltage needs 
to·be raised high enough to be able to turn on all the 
series leds. 

+12Vo-----------------------, 

3 

lno-----, 

9 Mode V+ LED10 10 
nc 

LED9 11 

8 Sig LEDS 12 

LED7 13 

7 Rhi LED6 14 

LEDS 15 

6 RefOut LED4 16 -1 
LED3 17 Red 

S RefAdj LED2 18 

LED1 1 
4 Rio V-

2 LM391 4 

Gndo-_. _____ _, 

Fig. 8. Modified bidirectional bar graph. The zero led is always lit. For a 
symmetrical display omit led +5 and short the connections. 

The basic c ircuit is shown in Fig. A. By leaving the 
mode pin floating, the LM3974 is configured in dot• 

mode, that is, only one of the open collector outputs is 
active, at any time. However, in contrast w ith the usual 
circuit, not all the leds' anodes are connected to the 
supply l ine .. The leds are connected in series, in one or 
two groups between output associated with the centre, 
origin and the output or outputs associated with the end 
or ends of the bar graph. The intermediate taps are 
connected to the other outputs. In this way, all the leds 
between the active output and the supply line light, 
creating a bar above or below the point of origin. 

+12V·o---------------------- -

The centre point of the bar-graph, the origin, need not 

be in the actual centre. It may in fact be associated with 
any output pin, depending on what you need. The bar­
graph can be made symmetrical, asymmetrical, or 
simply a low current but otherwise conventional one­
way bar graph. For the latter, connect the supply to the 
ledl output, and all the cathodes pointing to the same 
output. 

If, on the other hand, you connect the supply·next to 
the led-10 output, the bar will shrink instead of grow 
with increasing input voltage. 

For the circuitry for reference voltage and input 
voltage scal ing and shifting, refer to the manufacturer's 
data sheets and application notes. 

fig. C. Conventional bar graph with 
tenfold reduction in led current 
consumption. Note though that hte 
supply voltage must be high enough 
to turn on ten feds. 
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8 Sig lno-------"I 

7 Rhi 

6 RefOut 

S RefAdj 

4 Rio V-
2 
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LED4 16 
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LED2 18 

LED1 1 

LM3914 

1,a 

')17 

'l 6 

'l 5 

'l 4 

'l 3 

'l 2 

'l 1 

12Vo--------------- -------, 
-12Vo----------------- --, 

Fig. A. Symmetrical 
bidirectional bar graph. 
Note the absence of a 
zero LED. 
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820R 
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Fig. D. Shrinking bar graph with tenfold reduction in led current. The 
length of the bar reduces with increasing input voltage. Again, the 
supply voltage must be high enough to turn on all feds. 
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BR1 

40V/1000mA 
U11 
7805 

3 
D +sv Vin +5V 

I C22 
GND 

T 220n 2 

BR2 

U12 

:l • '>-2- X_1_8V__. 

60V/400mA 7818 

3 
+18V Vin +18V 

TR1b 

228 

GND 
470u 

2 

._-+----------i------+------+- -.--OGND 

1 C24 
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R17 
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'-------- -------1 Vin -1 SV 
2 3 
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R38 
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o, 

.+18V 
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R23 
1k2 

R24 
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R26 
220 

Power supply needs no comment except that 
newcomers to the three-terminal regulators 
sho/d note that if the device is more than a 
couple of inches away from the transformer, 
extra ceramic 0.1mf input capacitors should be 
added near to the input pins. 

At the top of this diagram are the sum and 
difference stages and their associated 
comparators. Note the reference input feeding 
the comparator non-inverting inputs. Below is the 
illumination control and stereo-mono 
compatibility logic array, together with its input 
conditioning. 

+OIF 

-OIF 

REF 

SUM 

·r 
R135 R134 

U104 
11<5 1kS Rl24 

270k 

110 
19 COMP 
18 08 
17 07 
16 06 
15 05 
14 04 C103 
13 03 
12 02 
11 01 

GAL-SL902 
22u 
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over an input range of about 32dB. It drives the reference 
voltage of all three dot-matrix-driver analogue-to-digital con­
verters, so that the reference voltage promptly follows any 
increase of the highest of input of the same converters. It also 
assures that recovery follows slowly. 

This technique is very efficient and easier to implement 
then synchronously controlling two or three voltage-con­
trolled amplifiers. 

Limiter amplifiers. For each channel, an amplifier and two 

-
+1SV 

3 1 
u,o, 

\ _g_ 
MODE +V LED10 ...1JL ~.n 

11 ,...,. 
+DIF R 01 . LE09 t& O·• v SIG LEDS - . 

6k8 . LE07 
~ n.. r 

Rhl LE06 L-2Ln· ~ 
~ - LEDS 16 ,..._,. 

RelOul LED4 
...1L. o:• 

R10:•l LED3 R103 .--8- RelAdj LE02 ..J1L 0 -
39k ,-A_ _j__ 0." 

220? Rid -V LEDi 

2 1 LM3914 
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R104 
3 1 u,02 

39k ( 
_g__ --MODE +V LEDi ·- -·OIF R!Of) • LE02 ; . 

Vv SIG LE03 L.l.fLD .• -6k8 
s LED4 LJ5-D Ahl LEDS L.J,LO.' 

,--.J._ LE06 ,0 - • 

Re1•1J1 LE07 ,n - -

~ a_ LEOS -.. - . 
R105 -"- RelAdj LED9 Lio...n.9 

) Rid -V LED10 

220 

2 1 LM3914 

comparators provide a logic level output for inputs above the 
threshold and no output for all inputs below it. 

The two outputs are used for the average phase measure­
ment, representing stereo/mono compatibility. The threshold 
is introduced to avoid erratic display when one or both inputs 
is too low, or missing. 

Dot-matrix driver a-to-d converters. Two LM3914 drive the 
columns; one is fed with the difference of the left and the right 
channel, the other with the same signal of opposite phase. 
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Four bar-graph drivers control a matrix of 19 by 10 /eds to form the display. Only one led is lit at a 
time. The trick is to get a good and constant light intensity over al input conditions. 
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A part of the reference voltage is added to both inputs. This 
results in the the first led output of both I Cs being driven when 
the input signal is zero. These two outputs are connected in par­
allel drive the central, zero column. 

The other outputs are driven one at a time, as the input volt­
age changes. Note that only one column is driven at any one 
time. 

The vertical a-to-d converter is configured similarly, but it 
drives the rows via inverting transistors. As the picture is sym­
metrical around the central point, only half of the picture is 
displayed, i.e. the components that would be needed to con­
vert and display the rows below the zero line are omitted. 

Similarly, as noted for the columns, only one row is driven 
at any one time. But I should emphasize here that no row is 
driven during the negative half periods. In other words, for 
almost half of the time no led is lit at all. 

Dot-matrix display. The dot matrix display is composed of 
ten lines by nineteen columns of yellow )eds. They should be 
narrow angle types, and of same intensity class. 

All the anodes within a row and the cathodes within a col­
umn are tied together. The columns are driven directly by the 
two LM3914s, while the rows via inverting transistors. 

A single led at the crossing of the driven row and of the 
driven column is lit at any one time. The illumination control 
circuit detennines the current. 

Ulumination control. As noted above, only one led is lit at any 
one time and almost half of the time no led is lit at all. This 
would cause an apparent Joss in light intensity. To compensate, 
the !eds must be driven with higher currents than allowed in 
continuos operation. But under very low, or no input condition, 

List 1. These are the equations needed to program the GAL. 
> 
>PINS /* in sequential order: pin 1 to pin 20 */ 
> 
>S5, S2, D5, 
>LHI, Q2, Q2A, 
> 
>EQUATIONS 
> 
>Ql 
> + 
> 
>QlA Ql 
> 
>Q2 
> + 
> 
>Q2A Q2 
> 

D2, D- 2, D- 5, RLO, RRI, 
Ql, QlA, HELP!, LUM2, HELP2, 

/RLO * /RHI * LLO * LHI 
RLO * RRI * /LLO * /LHI 

LLO, GND, 
LUMS, vcc 

/* parallel output for more drive* / 

/RLO * /RHI * /LLO * /LHI 
RLO * RHI * LLO * LHI 

/* parallel output for more drive*/ 

when only a few !eds share the current, the current must be 
reduced to a safe level. 

The number of active columns and rows is monitored by the 
GAL inputs 1 to 6. The GAL in tum controls the current source 
made up ofTr11 1 and Tr112. This current source determines the 
current of the led-matrix display, List 1. 

Stereo/mono compatibility bar graph. The remaining part of 
the GAL converts the phase difference of the two channels into 
a voltage, which drives the bi-directional multicolour bar graph. 
It displays a right-bound green bar to indicate mono-compati­
ble stereo. Two yellow center !eds are always lit. When one or 
both channels missing, below the threshold, or totally different, 
these are the only leds lit on the graph. Finally, the bar graph 
displays a left-bound, red bar for anti-phase channels. 

Implementing the design 
Resistors throughout should be 2% tolerance or better. I suggest 
a sandwich construction: one pcb with the leds, and the other 
one carrying the rest of the components, except the power sup­
ply. 

In my design, the 3mm !eds are placed at 0.15-inch pitch, so 
the display board is about 85 by 80 mm. Using surface-mount 
resistors, diodes and transistors, the main pcb need not be 
bigger than the display board. The two boards are linked via 
a 40-pin connector. 

I placed a sheet of smoked acrylic glass in front of the 
sandwich and sprayed the pcb black before soldering the !eds 
in place. The whole construction without the power supply is 
only about 30mm deep, so it may be mounted alongside the 
VU or peak meters or in a small stand-alone box, including 
the power supply. • 

Want one? 

>/* Open collector output simulation using two (not quite) buried nodes: 
>HELP! and HELP2 */ 

As is the case with all 
circuits published in 
Electronics World, you are 
welcome you to dupl icate 
this design for any purpose 
that does not involve profit 
making - whether directly 
or indirectly. Depending 
on demand, pcbs and 
specific parts for this 
design may be available 
from the author. Please e­
mail the author at 
cardware@eunet.yu or 
kesler@eunet.yu or fax on 
+381 21 612 335 . If 
neither of these options is 
open to you, send an sae 
to the editorial offices (i.e. 
the Quadrant House 
address at the front of the 
magazine) marking 
Dotscope clearly on your 
envelope. Product 
developers wishing to 
exploit the design must 
contact the author, Robert 
Kesler. 

> 

>HELP! 
>HELP2 
> 

D5 * S5 * D-5 
D2 * S2 * D5 * S5 * D- 2 * D-5 

>/* The following equations use the product-term enabled tri- stating 
ability 
>of the 16V8 GAL*/ 
>/* The output values of LUM2 and LUMS are constants (GND), the output 
>driver being enabled */ 
> / * only if the term in parentheses is true * / 
> 
>IF (/HELPl) LUMS = GND 
>/* OPEN-COLLECTOR simulation using product term HELPl * / 
>IF (/HELP2) LUM2 = GND 
>/* OPEN-COLLECTOR simulation using product term HELP2 * / 

> 
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M&B RADIO (LEEDS) 
THE NORT H'S LEADING USED TEST EQUIPMENT DEALER 

ALL PRICES PLUS VAT AND CARRIAGE • ALL EQUIPMENT SUPPLIED WITH 30 DAYS WARRANTY 

86 Bishopsgate Street, Leeds LS I 4B8 
Visit our Web site 

http://www.mb-radio.co.uk 
e-mail info@mb-radio.co.uk Tel: (0 I 13) 243S649 Fax: (0 I 13) 2426881 

CIRCLE NO. 11, ON REPLY CARD 

Following nine years of consolidation since the first public d.isclosure of the 
invention of the Crossed Field Antenna (using Poynting Vector Synthesis) in this 

journal (EW Mar 1989 Vol 95 pp216-2l8), we are pleased 10 announce more 
progress has been made. Our paper given at the !BC '97 in Amsterdam in September 

re-states the working principles of the GP CFA and gives many technical results 
taken on the several working broadcast antennas on MW ref "Extremely Small High 

Power MW Broadcasting Antennas" IEE Conf. Vol 447 pp42l-426_by Kabbary, 
Khauab, & Hately. 

The widespread disbelief which has followed our work has made it difficult to 
publish subsequently, yet we are not disheartened. In fact the silence from other 
workers has enabled us 10 enhance our priority by further tests, and file further 

patent applications. The newer antenna fonns are the electrical duals of the original 
"out-of-phase volts on plates" construction namely "out-of-phase currents on 

conductors", i.e. Delay-Line Radiators, and Twin Wire loops. The EMDR are wide 
both in adjustment band and instantaneous bandwidth: operating efficiently down to 
c! 10% lambda. The CFL with a full phasing unit works well down to a diameter of 

I% of lambda. 

Monoband Crossed Field Loops have their (fixed) phase circuit in-built within the 
lofted mounting for the loop, and are fed by a single 50 ohm coaxial cable. The 

typical SWR bandwidth s; 1.5 to J is 4% centre-frequency. Like all CFA's the newer 
forms are beneficial in possessing zero induction field, and therefore minimise EMC 

problems in microphone & telecommunications circuits nearby. 

We welcome commercial enquiries concerning requirements for radio (sending and 
receiving) where site dimensions, vehicle size, environmental problems, etc. are 

crucial. Already established companies may license from ourselves. HF versions are 
available for the amateur bands so tests may be economically arranged to check 

possibilities for LW, MW or HF. Our associate company in Egypt can construct and 
install CFA's of any type for broadcasting all powers up 10 I OOkW or more; write 10 

the above address. 

Amateur Band IOOW devices with rapid delivery include:-
CFL I all frequencies HF 1.8 to 30 MHz 660mm diam £250 inc. VAT & Post 
CFL 14 monoband •·20 Metres" 2% BW 300mm diam £44 inc. VAT & Post 
CFL 3.6 monoband "80 metres" 5% BW 660mm diam £75 inc. VAT & Post 

Proprietor: Maurice C Hately, MSc FIEE Chartered Electrical Engineer (GM3HAT) 
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!if 100% Transparent Cable Replacement I 
!if No Special Software Drivers Required I 
!if Typlcally Only 10ms System Latency I 
!if Handles Single Bytes or Complete Flies I 
ii Dual RS232 + RS422/RM85 Interfaces I 

New from Radio-Tech the RTcom Radio Modems offer 
industry a competitive alternative to cables. Fully customised 

versions are available to suit customer needs at little or 
no additional costs. 

A M1Mano, a Radio - Tech Limited, Overbridge House, Weald Hall Lane 
Thornwood Common, Epping, Essex CM16 6NB. 

Sales +~0) 1992 57 6107 (4-lines) Fax +44 (0) 1992 56 1994 
e-mail sales@radtec.demon.co.uk 

http://www.radio-tech.co.uk 
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GANG PROGRAM YOUR MICROS·! 

PRODUCTION 
PRODUCT SUPPORT 

T PROGRAMMING 
FOR R&D 

for sheer versatility it is difficult to beat the L9000 for gang programming a 
mixture of eproms, flash and microcontrollers in packaging from OIL to SOIC. 

• Modules with OIL, PLCC, TSOP and SOIC sockets eliminate costly but fragile socket 
adapters fitted to DI.L sockets. 

• 15 function keys reduce most operations to one keystroke. 

• Separate operating systems for R&D and production. 

• Even supports latest 3V devices in TSOP and PLCC. 

• Can also program up to 8 devices for 16 and 32 bit sets 

• Centronics as well as RS232 port for fast data transfer. 

• Tested and approved by Intel Corporation, Texas Instruments and Signet1cs 

The L9000 has two module bays so identical 
modules can be fitted to double production or 

two different modules can be frtted for 
versatility. For example, a PL300 could be 

fitted for 24/28/32 pin DIL eproms/flash and a 
PL652 for S0IC PICs. 

Some of our popular modules are shown 
opposite. Most cost about £85 per socket. 

A full device list is available on the internet. 

E P ROMS & F L A SH 

24/28/32 pin eproms/flash 
32 pin eproms/flash 
40 pin eproms 27C1024-4096 
44 pin flash 
48 pin flash 
8 pin serial eeproms 

• 4 
4 
2 
4 
4 

MICRO FA MILY 

87(51/2/3 & 89(51/52 
87(748/50/51/52 
PIC16C5X 16C71/84 17C4X 
PIC16C6X/16C7X 28/40 pin 
68HC705C8/9(A) 
68HC705816 
68HC711 E9/E20/E32 
Z86E02/3/4/6/8 
Z86E30 
ST62E/T10/15/20/25 

4 
4 
1 
4 
4 
2 
2 
4 
4 
4 

Dll or TSOP 
PLCC 
Dll or PLCC 
SOIC 
TSOP 
Dll 

DIL or PLCC 
OIL 
OIL 
OIL or SOIC 
OIL or PLCC 
PLCC 
PLCC 
OIL 
Dllor PLCC 
DILarSOIC 

+ Hi-spec low cost portables. 
Universals with gang option. 

Lloyd Research Ltd., 
7 & 7A Brook Lane, Warsash, 
Southampton S031 9FH 
Tel: +44 (0) 1489 574040 

+44 (0) 1489 885515 
Fax: +44 (0) 1489 885853 
Internet http://www.lloydres.co.uk 
Email: progs@ltoydres.co.uk 
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CROWNHILL ASSOCIATES LIMITED 

Colour Brochures 
1998 Catalogue available NOW 

OFFICIAL DISTRIBUTORS FOR 
LEADING EDGE TECHNOLOGY 

The Old Bakery, New Bams Road, Ely Cambs. CB4 7PW 
Tel: +44 (0)1353 666709 Fax: +44 (0) 1353 666710 

GSM SIM CARD EDITOR/ PROGRAMMER 

PIG DEVELOPMENT TOOLS AND PROGRAMMERS 

Complete system to read and write to all USER 
and SERVICE PROVIDER areas of GSM SIM 

CARDS. Available NOW 
179.95+VAT 
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CHIP DRIVE - PROFESSIONAL 
Smart Card Programming System 

Intelligent programmer for Smart Cards using 
the International Standard T=O or T=1 protocols 
also Memory and Secure Memory using PC, 2-
wire & 3-wire interfaces 

Supplied with software to read and write to 
most popular secure smart cards , inc GSM, 
PAY PHONE and ACCESS CONTROL cards. 

CALL FOR FULL SPEC+ CATALOGUE 

T=-0 or T=-1 @ 3.579MHz 
RS232 @ 9600 - 11500 bps 
Internal Supply / Ni-MH 
Size: 100x70x80 mm 

Weight 660 Gram 

CE compliant 
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SMART CARO EVALUATION SYSTEM 
,----- -===---, . Smart Card Reader/ Writer 

(Programming Interface) 
• Smart Card Interrogation 

System, to identify the com 
mands accepted by any valid 
Smart Card and log them to 
disk for evaluation. 

• Will allow the user to ' re send 
• known commands and 
monitor the result. 

Passive interface to allow the user to monitor the data 
flow between Card and host system. 
244 page Hard Back reference book. covering all aspects 
of Smart Card design and programming. 
Sample program to read memory type Phone cards 
Data on NEW Visa Smart Cards. 
Sample Smart Cards. Electronic Purse. Credit/ Debit 
card, ID Card 
£169.99 + VAT 

• Other systems available for specific projects , 
credit/ debit, access control, GSM etc etc 

AS SUPPLIED TO POLICE , GOV't & GSM Operators 
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Tel: ______ ___ Country 

SUBSCRIPTION RATES 
UK 1 year £34 
UK 2 years £54 
Student rate(proof required)£21.30 

Airmail 
Europe 1 year 
Europe 2 years 
Rest of the world 1 year 

Rest of the world 2 years 

Surface mail 1 year 

£49 
£78 
£59 
£94 
£39 

Post to: 
ELECTRONICS WORLD 
P.O. Box 302 
Haywards Heath, 
West Sussex RH16 3DH UK. 

CREDIT CARD HOTLINE 
Tel: +44 01444 445566 
Fax: +44 01444 445447 

Please lick here ,1 you do nOI w>Sh 10 
receive direct markellng~romotion from 
other companies• 
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Please charge my 
Mas1ercarctNlsa1 
Amex account 

With £ _ ________ Expiry Date 

Signature 

Name ________________________ _ 

Job Title _____________________ _ 

Address ______________________ _ 
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NEW STOCK 

Adtlll'ltfftf84132 Soectrua1Ant1Yser 1-1GHz. ___ ,__..f1,300.00 
Aetftlialrnt: Elewlc&fl~ReldSel'ttOf 
Tt307 4Kttz-22.Wfz._. ----- ,£1~00 :~Iii Rico r.o-uar Ar!!l'!UalOf 30d' so 2KW ., .,_.. . ... ~oo 

1265A OC~SUop!y0-40IWo-.54- .. - .. _., ___ ,,_ £4175.00 

-~~ ,,... -~-"'"'' KF ~!)Ill' 
HPmSA 
""2250 
~ $BA ..,.,.,. -""""" 

N;JH!er>tlllrl::lvcUflct8nOl}I! __ ..£37S.OO 
llflPi,Jt8116~1~ .... . , ..... , .... _£300,00 
Th~PnnterHP'Bcc-------'"'·00 
Thinklll Primer RS323C -~ • . .,_.,_, __ -•-·- £9$,00 
SwitcftD:Jnt,CII.~---- --------t800.00 
1eGHt ,.,-cowave~~r ..... ,_£1,200.00 
'leaorVoill'letO'-----·-------· _,._[2,500.00 

TF20l512m 10MKI-S21W..ffl W1W1 $yncfWllnller _,. ... - £2:7~.oo 
Meg,gar P4T 2 ~ leA'1~ fester '"'CAl.--i:42000 
"'1•141f PM3305 Oig!tll.SM11• ~ 35Mi-t1 ., .... _, _ _ £600Jl0 
Pf'llllos PM3352.A DlgftalS1Draoeoseilbs(ope SOMlil _ __,,.t1.t00.00 
MS 1Jl'I/ • l3 P.1 Vecto, Anaiyut o..J.Wiz- .. ·-··- --·-·· £2.000.00 
Racal 90eJ 5-S20MHl S)'1'ltM$iled SiOna1 Gennklr .. __ tJ75 00 
Raca1 Oana 9478 frequ~~flel'I UM .. _ .. ,, ................... £200 00 
RacalD.lrla.9702 SpetlM'1Mllyser t•1GKL._.~-._.._t:1,300.00 
Rlal RA17M 

+ MA.ton flL'IIOte CoMrolle<I Hf' AeceNet .... ____ ,~£SOO.oo 

MICROWAVE 

Coritft/lQI Mc: Tl1flSllllltlifO,,ltDIVML Tfl·240.l/1 , ...... ,_, _ _t750,I)() 
Dtgitf til.'C'OW&W: 12CtfziXIRXl!W"~ ·-----~~•.200.00 
~H752.A 0tec~Cot$Jd8. ____ £150.00 

~ X382A ~Atlet\.1310fo--5006&2·12•GHl •. - ..£12000 
HP11f,gl0 llwi1 0lrectl)NIJC:0..-, ... _.~ .. - ·- ·· ,_,_ . .£600.00 
Hf>l1692D OIA1 Directiof:lal~ ----£70000 
HP11120A Pulse ~ 2-1&GH1 ----~moo 
I-Fl 1722A Sl(l$Of Moduli .- ...... _,_ .... , .• ,_ .. _ ........ _ .£600.00 
HP33304A ~~rm 11lGHz.0-11cj8 _ ..£175AIO 
HP33305A ~Arullkllltor 18GHl0·110cB - .. £11500 
HP33320.\ AJ!Mla,0, 11111 ·- _ ...... _ ... £250.00 
HP333206 ~ l1~ -----~""'00 
HP.33322.A Anenua• 1210c1e ........ _,_ --M•~·~-t2so.oo 
HP3350 VHF Al!eACJalOr 120cl8 DC-IGHz. ___ ,£300.00 
HPS328 frtqumcy' Meler ______ £?00.00 
HP536A FrlQU«qMetefl 7-12 CGHL--..-.-....-U00.00 
HP54H1A 2GHz-S/ST9$1 Se" _____ _,_,56000 
HP840~ \lfel(ll/olllM1e, ______ £:2tJO.OO 

-106 -----~f21Xl.OO 
HPS-41.t,' ---------~ 1•75.00 

GOOO SELECTION OF 18·20 GHz COAXIAL 
SWITCHES IN STOCK £65 00 EACH 

tff7438 
tf874M 
Matcooi6019/2 
Mate0rl603MO 
Marconli605V3 

""'°"' 

ftail$1MSION™llletiMTsstSt! ~ -1.lGHl _____ ...,1.so.oo 
Reiledlofl·Tra.n5ffllSSIOfl"t~ UIWC 2•12.4Gttl £600.00 
S-P'~elerl t,tSe10.1·2GHI • . --·-" £:itiOOO 
CalibiiltedVIJneble:Atleiut« 12.4•18GHl . .£200.00 
Oirect.«lal Coll)lef X S.,0 • .,_,__.,~, ... r , , [200.00 
RotafJl/an&Att9llt.illO( a.12.-,uQu._ . .,._,.,cno.oo 

6960-+6910 PIMw Mm, 10Mttz-20Qu ··-··-·-·-·-·-··£90000 
Mai,ry Mlc~llfl ,Slcfl10 T"'1'10,!11Ql 8035H up co 20GHz ....... E600.00 
N£C Pa.sol~ 50 5001-tl TXIRX £500.00 
Aacat9303 TM R.."'5 le',otlMt",tt £800.00 
TEK TRS02 l tldung Gerlefator ... _ £150.00 
W1llt'l,UIOe Xhnc!WG16 l0fl 1.1n,gtN f'.JHIO 
W-..flS'Chet ~APC7·SMA~-- , tS!JOO 
~ II .fl7M01/SW"8"clge2-liCiHz._ , ·-•--- £600,00 
Wcroo w.FSOVSWA 8odge 3-aGHt._,_._,_., ... _ £400,00 

Gouid:4030 
C..OOSlOO 
ttl'S41110 -­lflS4501A 
,.._T!dl 
M tsuDMSM30 
~ SASBl30 ._. , .... 
""'" lek2215 
TekmS 
Tek2135 
Tf!k22'J6 
T8k2245A 
Ttk 2336 
Ttk 465 
Tt k 466 
Tel1475 
,.,scm 
ld(TO$A?() T-
AOre171006 
Adfel 740A 
CusllmanCE12 
hrnel! DSG2 
hrnell PSGHIOO 
Flimeil PSG!i20 
ftm4311A 
Rukr601Gft. 
t111111a 
HP2146 
tl'3J>SA 
fl>•20<A ....... -fl>800SA 
Hl'801r.A .... , .... 
HP,S,OC 

OSCILLOSCOPES 

Dlgilll SttQOt120.Wlz 2'0MS,'S· -··-··-··-.. - ·~ El50.00 
20MHl . ._ -------120.00 
6DCWHl Olgltal .• ··-···-·-·· .. -····-·[ 1.SS0,00 
~HzD,git11 .. _.. .. . ... £75000 
100MH10igital ------1.600.00 ISR6«l 40MHl ______ __,,oo,OC) 
09!al MemotY -·-··· ·-· ___ t"75-00 
WfflfOl'm AnatvserOC-3.SGi:l ·····----·-·-.ti ,~00 
l.80.522 20MH? • •- ••-•• n- -- _, _ __[200.00 
PM3217 50MHl ... -•-•· ____ F:lSQOO 
PM334Q 2Gttt DIO!tal _ --· 0.000.00 
~ ..... _ - ·-··-·- . - .. - ... ·---- ·-·-·-.. £35000 
- , ----~375.-00 
10!:lMHl .. _ .. ·•- ·•-"-.. - .. .£600.00 
IOOMH1 -· 1SO.OD 100MH1 ______ __. •• ,ooo 
'°""'"' -------~,.,o.oo '°""'"' _______ .......,,,O.M 

100MHL -··-·· •.. ·"-·-··-··-.. -·-" ···-·-.. . £3J0,00 
200M+1l 425.00 r---=======::::::;~.00 
15i()Mlit 4 CIWINll l OOMSIS _ ----.£U:,(l,00 
061A10MK,.,_,,_,_,..,.,. ___ __,_75M 

SIGNAL GENERATORS 

JWKNz.,f15(JMHz------«f70000 
O.l•~Hl-. ------~,>0.00 
fwo toneGener11ttw" .. ···-·· ·-·----·-·----·-£150.00 
S~nlhesllecl 0.1 MHl· 110!(.Hl ·•-··· ...... _ . ... £18.S.00 
1Dl<Hz•1r.fz ______ ..,_1,200,00 

16·52'0fNil .. ___ .. _ -· ···- ·· -··- ··- ··-·- ··- [200.00 IM86Hz ________ ,£50.00 

IOHM11f.tti.Synthesl&ed ___ ~,,s.oo 
0own ~ (HP86408) •.• --.. - ............ .£27S.00 
P\11$eGeneratorHICN 2A _ ., ......... . ... Cl.20000 
$ynlt'laQ01 Getleretot 1Hl·2'1M}j.t _, __ £1.500.00 
Osclllall)'" 10Hl·1'8b - ·-··•-•· .. ,-..... ,_., .. ,_ .. ft2M0 
Test0sci"llalor 1011.tti. ----~~•5.00 
0.3Hl·10Mttl ,,_ .. •"-· ----~a00.00 
10Hl•200MH2~ - -----45'0.00 tHr.·50MHz:l'IM _____ _....,o.oo ---s,., ... _._, ___ ,_, __ .£1.200,00 

- HP86222B o.01,:l,<11 GttzSWeepe, ____ ~1.soo,oo 
HPll&f2M 0.1•2100MHt,-------·-_r,2.soo.oo 
HP864M 250KHl•ICIOOMHl -----"'-',300.00 
HP8656A 100!(Hz•990MH1.----........... r,,soo.oo 
lft6846 5,4•125Gtll: ------- 1.950.00 
h'.YConl 2019A iCW'tz-1~ -··- "-"·~·-· ··-·- ··-· ... ( 1.4$0,00 
A.larcari202'2 101<>11-1~ ______ £1.2SO,OO 
Maaori 6057 s.-gm1 Source 5.s-a.sGttz .... "_ .. _.,_ ..... ..£200.00 
M.-con16'1S9A 12•18QtrSiQnal$ot#et .. ___ ....£200.00 
Aat.1190~ TWOTOflt._ , ______ .. _ . ..£120.00 

8',eal 9084, 9&.14A . ·- ., . OOHOolMHtt:500-00 
RaQ,190$7 10KHl•13GHl ,_,._ ·- .... ·- .£2,300,00 
Sys+.ronDomer 

1702 
Jek,504 
l ei! FG501A 
W-1~tek 1080 
Wl \lfltd: J57 
W.a'+'tltd:: 159 
wmttk m 
wavtld. 1as 
Wa'lttdi2001 
Wl~ ldc901A w-

........ , ,..,_ _____ ·-·-··-··!600.0C) 

o.ao, ,244)Mtb ...... - .... •-·· ..... _ .. _, .......... t3Sloo 
ZMHtFut1etlon ------- , 50.M 
1·10DWHz S'll,leel)ef ----~"""' 
Pt~wa'rdorfl\ -·-·----·-·- [ ISO.OD 
W1--e'lom, Cieoerator 1Hl--3Mttl: -~ ...£300,.00 
S)\',1l><,lle,lfi>nc.., _____ _...,oo.oo 
~lflRtlon 0-5wtz --·- __ .£3:SO.OO 
M,fflOMHz------~""'-00 
7•12.4GHI ----~""'°"' 

511)1) .. 62238 &..'ffler e-12.4HG1 ...... ---~f'Y'J.oo 

PLOTTERS/RECORDERS 

tf Or•l'I Mls'.ar RX.._ ---- [S00.00 
>lf>P.,,.,Pn, ---- .. _.[.&!UICI 
Hf' Dr.&FI f'te>-OXl / 57'5A •·· ··-·-··.£2:S0.00 
lifl147Si, Ploner AS23? _,_,..,, ..... __ _ _ -M-U~.00 

HP75$0A ptOOe, -·- ..... -.... .. ..... .. -•·-·-·- _, £'2SO.OO 
Race) Rtcefdir 40S & 70S, ,,_ .. _ ._ .......... _... . l'JO(l1 £200.0D 

Rotl1lCI X-'I' PIOtttF DXY-1300 _ - ·-·-"- ... • .... £12000 

AERIAL FACILITIES EOUIPMEHT: 
ROC1!iVer Splitter Amplifier 

Type RSA·460-4M 
Price: £250.00 

Bandpass Ouple:xer, 
Type BPD-453·460·6N 

P~ce; £300.00 
Transmitter Cavity Resonator, 

Type St-450•2N 
Prlco: £190.00 

Transmitter Cavity Resonator 
Type SG·450·ZN c/w OT-453-2NV 

Price: £190.00 

1 
DATA/TELECOMS 

Ml'OJ ~ APCM&Ttll'DtQetla ___ £120.M 
8T(Fukniml l !020N"tffll0fkTran.smisa:,iPtJ1al'fflaflee -Oatat.a:i OltOOO 
OH ElmJEPR3t 
ff'1350A 
Jf't6310 
lf'3336A 
HP:J.497A -HP3717A 
HP37201A 
HP37'20-4 
HP3762A 
HP3763A 
HP3764A 
H•moe 
HP'79M 
ttf'319M. 
HP31W. 
HP193SA 
HP4984A 

- .. _ ............. _ ........ - ........ _ ... i:>01l.OO 
CE24 FUef•ctl'wf LM Mute, •·-•"-·-···-·•-·· .. •·t•oo 
f'toQttl'l"lmatlla TrtRSerlt l\ttofdlf ... .. _ ..... -.E2Ml.OO 
oCMs.o-,g .. ...., ---- '5.00000 
Gr~Tr~1111s1atir _____ £>00.00 
logic Mllyzer ,.,_._., __ ..___._rg50.00 

$\'fllrlesi.ztfAtwtGe~ ... - ·- ··- _,£1,30000 
1h11 Aal'-"~ Unrt .... ·-··-·-· _,_uoo.oo 
SeltctM! Metts ----~F<'OrnU.S0.00 
70tafl MoclAalDf'JDel'IOC1dltor' _.,_.,_ .• _ ... _._.£:POA 
fl'-<8- .. ---- .. _ .. {3"'.0C) 
HP-IB Exzencler ______ .£300.00 

°""""""""------.~..£35().()0 Erro< 0,- ·-··· .... ____ _. ... .oo 
~ Trans:na,on ANlr,str ...... , -•-"~" .. t:3.mo0 
l de(lhorll! Liot AnatfUr - .. -•-•· .,-, ..... .£200.00 
h'1emGeilerata/&ror Oe:ector ,~ , ... ,.......£1.100.00 
P'at1ernGeofflto, ~----~500.M 
EnotOtli.ccor ______ __.500.rx, 
l r8IISlfllsa)nTe:sft'r ____ ....£1J00.00 

~-Str\4Ce: Tt1nsmission Jmiiairrnent 

-Se• ----= 
HPSOD59 Signllln Teslff" ..,. ·- -·-··-·£950 00 
ll'S006,\ SlgoatLnAn&yttt ----- ··-·- ···..t5000 
tff942A ~nwne, -- ---.. - .. - .£20000 
"'8170-. logic ~nGenitl1gr -··~ __ . . . £600 00 
11'8gS,tA f!'lllttiverhlfMace, ______ fliOOoo 
~!su DM2350 Oigbl Merner, 10 Brt/'llN F:600,01) 
Mar,c:onl 2828A Digital Slmulato, _____ .,_,[20(),00 
Mef(:O'll2829 OlgCa!Anllyzv _____ .. .. _ i100,00 

Marooo12&3l ChatmelACCtstSwikrl-·--· ·--~ e20000 
Matcaoi OA2&)S PCM Reoffle1tto,Tes! ~ £2~.00 
~ c:oni 1F2'019C tbse Geom!OI • Many FlltffiA.alllf: ...... 1:250.00 

,..,_ mooic ..,. - ........... ···-.. -·-·•··· ... _,_ mo.oo 
11.arccnl T'F2808n f"allem Generator W SUIS (ilrard 

'-i!WJlb:~ -· ... .£120.00 
Pl.¥Cetlll FU07~ P.C.M. Multipfil). Ttsiff . ----!'MOO 
M:arcCfllfZa.30 Mll.lolellltfltr ______ £>00.00 

~ MK612AI/J'RJltef' Melef -·· ·------£75.00 
l'tloe(lix 5500A Ttlecxlfl'ITIU!lcatlln!I A.~zer ____ .. _£1,SOO.OO 

.Ral202.20S Statelogc~llf-----..fll0.00 
Sdium.befuer 7700 14(1m81t!SF~/Cenmtor ..... £125.00 
SChluffi.befgtl" 7110 MaifinlqS@f34/J40 t.lW, -·- .. £125.00 
Siemens tnJ~teYf! MeltriW315STrackmg 

0$ot.r.or _ ...... _ .. -·--··-.. - .. -·-··-··r1so.oo 
SifflM!ll'dP2032 
telia:>< 

BitEmr ~ Se1._ .. _ .. _.,_,,~ -._,£'900.00 
Pfti!lr•mmati\e Da~ Comms Tnter _,, .. ,_._ .. £1~ .oo 
t.Meool.OQ<C:MatrJ:11 -----£Sf'l0.00 
SPM15 Level Me\W _,,...,,_ - ·- ··-·~·t80Cl.OO 
PSt2UWJ1G!totfa~-·--- , .£300,00 -W&G 

W&G -W&G -W&G 
W&G 
W&<l 
W&<l 

SPM12 LM Met.-______ lJ'UA 

PCM2·3PCM t-est Set- ,-,._.,_ .. --E30CI.OO 
SBG• l SS8 l.!¥91 Gerffitol" .. - .. -···-·--···-·-·(1S(I.IJJ 
DLM3 Oita li!ll TtM Stl -·-·-·•-·• .. , ,.,..,. t500.00 
9'Ml9 Le~ Me!D". - . #•-·----·£2,500 DO 
MU3 Test Point Selector ____ ___,,..,. 

PJM•1 PCMJ itt6f 11..tta, -----L2S0.00 

SIGNAL ANALYZERS 

NJ 35? f.fT ANJrut-------'JOOM 
MIC203,3 Sif1111 Wlrl'!J ------".00000 
HPl82T .. ffPSmASpeclM1ANlrze, 01•350MHl ·-·-·-··· .. .£800..00 
+iP"UJV +riPe™8 Spec\N'f!Atll:lyler 1001CHl-1,SGHl - ··-- £'1.350.00 
HP334A _....,,., ----··-·..t?S0.00 
HPJJ9A D4lortlOt\ M~ Sel _,_,._, _,. __ J"l,200.00 
HPl581C Setec.t~Vol! Me\9"-......_,. __ ,_...£60000 
HP3582A 0.021tz-l5.999:KMz Sp8;1rurnAta>(1!t- ...£1,$00.00 
HP8753C 6Gt11 Netwos'kArolflet ,... ___ [\4,500.00 
lf'8901A MDGJiltlOll.....,,tr---- , t2.000.W 

ffl8903B Ail'.lo"'-J'l!t ~-····-··" ----f'3.200.00 
Malffl!t2305 ModlAIIJon "'M ------£2.,000.00 
Milfoonl 

'23!12•2'380 ~O('NHJSpect,umlwlp.er -·--··-··.£3,$00.00 
Marconl2601 TtUe RMS\IO,'b'l'llte,, ______ r;aJ,00 

MartonlfflS Tai $et•2960TACSUnll •. ~-··· ··--··-··£2..400,00 
Mlr<Xlf)ITF2370 110MH~Spec!Mliwtfzer ··-·-"····· ······- .t600.00 
R&S SMOU Zl ··- .. --··- -----'400.00 
R&S Ure RMS ~ 1e, taoo l"(I 
R&S CM:852 Comm:s... Seno.lOe Monitor -·-···-··- ··-··--·£6,.500 00 
Rlleat rJJ02 RF M'Avolt MIier , .£350 00 
S9ecn!'1'1,S031 FfT Aruilylet ______ _._t ,80000 

a:°•<7l12 10060tz.l.8GHz ----· ,,_.,_,...[aoCl.00 
1el 041084 PrGQ;M'lfflllllll DIWlrliOr'l b.l'zer .. ..,.,_._,,. £700.00 

MISCELLANEOUS 

PYE CHARGERS TYPE ~C2tC 
NEW & BOXED: £25.00 

MOTOROLA BATTERY CliARGER TYPE NTN4922A 
GOOD CONDITION: £85.00 

FARNaL MP30-80, 1 KW, 30V, 60A 
AUTO RANGING POWER SUPPLY: £500.00 

MATCH EFFICIENCY METER MODEL M8800 
FREOUENCY RANGE ns-1025MHz 

SWR (VSWR) INDICATION RANGE 1.0:1 TO 5.0·1 
£150.00 

'41d -'""'' --F,,,>Y 

F"tffog!'l l)II --~go 

Hll11s -"' "' "" "" "' ... ... ... .. ... 
Hf' 
Hi' 
Hi' 
HP 
HP 
HP 

"' HP 
It' 
HP ... ... 
fl> ... ...... 
l(Ol)>O, 

""'°" M.,.... .. .,.. 
"'· "'~ -----

CLEARAPlCE {NOT TESTED) 

!510-4 Orvir.;i s,m/'esllll" 9(H20~z -·•-· .. -·£12!i.DO 
82,\0~lior,Mt:C,r .... , .. _._••-•'"•-U ..• ,£200.00 
8JOl20Po,,,t,e,SvPl)ly$ttbilised . ··-·- , . .£'120 00 
El50Starll"Qd't'!itag11Supot,- __ .e120.oo 
l\81D3Dl'l5~1tonlcLOall lkW 30A l5V_['3Q0.00 
TSVTOMk2 S1ibfflte0"1wer Supol~_ --.£:18000 
IUS2 Recorlitt Tes! Set ··-·-··-· - --- .. -·.s200.00 
i S20AOlgitailMIAII llcter -·----·· . ...... - .. ~H.I 
~ l)lgftaaMIIRI ~ r -·--·-··-"5000 
GU101A 12•1BGHl Mlcrow"a'lt! Slg,'111 Cenetator 

-----·-·-·-··- -··-··-··-··.£150.00 
~13284 2-BGHl MICf'OWI~ Si;na1 

Genfflior_,. .. ,,_ ... .£ISO.DO 
RFl'l305 Rettf¥e1/f.Ja'Af ____ f'?l'I0,00 

V5$06 5CIMJ1i. ~ ~R-•-··-"· ·-·- .£200.00 
11713AAl1aflul!LW $wttch Orto« - ·- £300.00 
1741AIOOM~0~--··-··-· _ .£300.00 
1742.4100MHz. Osc~. ··-·-·-··-·- ·£275 00 
1a1AMaln m/Tleclw 1S.OA• la.!5A--£12.5.00 
~ RMS~ Ml!2f ., ..... _, .... , ----··-·-.£12Cl,OO 
JS70ANett¥0!1c~~-13MHI . .,. ,_.r,sa.oo 
433.34 Dist~Ma'YW -~-·-··-·---·•·-·£300·DO 
435Af'0t¥ert.leter _ ·•- _,_----1:11500 
43~Po,lt&t'Mttlr. _____ .,,,o.oo 
48'.SAMbowMAmpif* 1•2GHt ••·••-··-··..£125.00 
5315A~c«rite, ____ £?"0.00 

5328A Urit1:tw Coililar ., . ...... ~ ..... - ·- ·~··..£ 120.00 
5363A. TIIYlll lntflrvJI P<obn £1~.00 
8'128 '1-.e M~tuoe ~ -·-·-.. - ... £175 00 
84438 r~ GenerwrlCOtllte, ··-··- ·~ .. .t250.tl0 
844S8Aueorlll!IC f'WIW.fdor -·-·-··-··-·- ··.£300.00 
8S528 f SedlOn: .. -, ..... _,,_ . ... ·-·-··---·£250 00 
85S38 RF SecJlon G-IOOMHz -.. - .......... ~.-.. £200.00 
SSS3lf!F~~0-110111'Jtz ....... £200.00 
B!S6ACf-.... ljW ...... __ .. __ .. £200,M 

l!l6601A Rf Section 0.1· J 10MHz ~··-~··--.. £300 00 
875°" Sl«aipe Norl'NlW't1 -··-··-·- ···-·- ·t200.00 
491CMktowmArnpllllet2·4G>tl ·--·-·-·£1~ .oo 
&03" Pflase ~nintllr.ilOf l.klll .~··- .. -··-·- £175,00 
SC/7103 fr£~ C'.oon!er "' ··-·- ··-·-.. - ·t160,00 
113? f'l'Oll'll"l'l/l'\lble Oi;l!al M~&r ·-··-·-·£200,IXI 

HP 

"" HP 

"' "' HP ..... 
l<t<hley 
)(_..,. ..... 
<SM .... , 
LMI 

"""' 
,_ 
,,... 
""" """ """"" ·­---•-""'ll 
""""" M•to111 
M,,_ -M~-
Ma,­
Mat'°" 
Mat'°'" ..., .... ...,..,. -""""" """"' -"""'"' -. ...... 
Norma ,_ ,_ 
mi.. ....,,. ... ,. ,.,..,. 
l'hU ... 
Phillpo 

6111A OCPvwer $uooly0<-20Y 0·1A __ .. £75.00 
15130CDIQ,taDyConvoileclVolLIOtSoun:a_ .,.Ha.00 
&40:JA ""'°°lhlor , ·-· -·-·- ,_.. --£61100 
ll4D6AFr!QIAIICY~Gel!ffllOr .. ,,_.,£1500 
s-t18Mll1 .-.iudlwyD1solayHoiaef ·•-·· ...... £Woo 
87179 T'IR$!$,oi' Bias SUII\Wf --____,..-. .£50 00 
SSIM16AOC·•-OMIUS:,ncNOSCclpt --l'SOOO 
J71 Mil[M)tl OtgrtaJ Mll!Wm!,er .. _,,_ -·- £75.00 
011'11.tJQ· -10®il~ ll.f!er _._, .... - .£70.00 
E3MB"112A-•~ ·-·--... ____ ,£2$00 
125 F\il&e GeneralOr __ .. , __ £30.00 
l G66A frlnsiS101DecaaeOd'alor----.-.!SO.OO 
TM.3BPGMlcrownMetei FS0.00 
PS22~Gel\elfll'lllr-----~•oo 
PG:28-?uiseGetlflr,UOf -----f'"''lO 
,01n1 Pulse GeneralOf _____ ,£'30.00 
PG7lti Ptitse Generator~-----"" 00 
PC,Si0,11 PulSle GtrieralOr . ......&30.00 
l()OOF Mk I 10kr~2MHZ PO ~l'lty 

""""'------ •w~ [ 10.00 
~ 80fJjf,z DlgitalF,&QUarqMettr _,,_ .. _ .. £30.00 
~4l7 lOOtl.Hl Urwtrsal flff'lt Cotintilf .• .,_,._ •. £45 00 
2833 +A Oigl~ lint Morw1or -···-··~•- ,._,£25.00 
60S013 FrtQJtrc:y Me11!f ··-·-··-·-··-··-··-·£$0·00 
°'60 •'1 tft,O,..WMt'M•--------""00 
6M0B -+ /1 ProQfllMleolet:iPower Mlltt •. - £20.00 
6Sl7Uvtllin0Ar11P .. ,_, ----..uSOO 
l f:2102!.lfli- Osefflal0(3Hz•20t0tz .,_._,._,._.£30-00 
Tf2162 Ml Anenu,io,OC•lWlz,_ •. _ .......... _ £30.00 

Tf2163S UkFAllllnua'IDI' DC-1Glil ···-·-···-,•-™>.00 
TF2169F\ilseMDlll.la1tlr £?1).00 
JF2"I 1J 0.IJ",ll ~llnlriler --·-·- .. - ...£60.00 
Jf2331A DiSlorta, Faaar M~er .. p ··-·-.. -·..£.50 00 
lf2424 FttOIJl!OCY Coul"lle1 ···-·-.. ···-·•-··· .•. .£60,00 
Tl-"2430 6/Jllltr Oilllaf f1equerq Mtllt -··- .. .£50.00 
J'F243I 2'00MHz Dlglta1Fr111u,encrMetef _ £6$.00 
ff2.432 :i60MHz DIQi~ F~ MeNI' __f:70.00 
T'fi600llV\oeoWJllme.----~MIJ.00 
Tf2804 EJectronlcVohmeltf .. .. -,.,_.,_,,_._,,£2$00 

1'2700~-------"15.00 
TF2701 UtwerSilll8'\doe------'·30CO MS/IOO..,.,,,,._ _____ ..,,,.,oo 
01401 ~ -----i1500 
6302ACl8-------i">-OO 11132SWRMster· ______ ."51).00 
75"J~Mde, _____ ."50.00 

P'E1510~~0-35V1A,-·-·-"-" .£20.00 
PE1M1 PbwtrSl..oply0-30V1A - ... ~- £2500 
f'M2,504 EJecttoniCVAMa»,-___ -.£.75.00 
M •23 Dloita1 Mc.lfflmeiti ___ _.1s.oo 
1'11288"'-SU,,,, ____ _,,o.oo 

--
-· --2-'61<> ·--·-·-·-"'°00 
1F2331A Aulo OlstortEn Meter _ .. _··-·-··-··-.t•50 00 
1 IOSEt'FT 0,B,:UGHZ Sigtlal Generab ... _ .. ....£250.00 
90Ue h!Oall-'3.UOOMet«40tofl'l>tl ---t17500 
9009 lkJ.1l.lfallon Mew po Jypci,_.,_,_,_,..,£.150 00 
910' RF FoYtt.t M-t1tf-----t2"0.00 
9300RMSY01 Metet ·-··-·--·-.. - ...... .£17500 
9301A RF »Jllivd!meu, Tnie AM$ ......,...._,.{JB0.00 
9921 Lff FreQIJIMCy ~ ·- ··- ___£275.00 
MA1720DrMINut------F10ClM 
70:SSMrtroYl!n,Y.~----~15000 
5000A Sw86'18 c/w Osclllalor SO 1412& 

"""" -"""" PlllltPS 

f'M.Sf08Mll'tllonGenerallllrl tb:-1MHz._ .. _ .• .£9SOO 
PMSU20-0l~lfS)Tlll'esiter -··--·-··-··..t&O·OO 
PM5.S20Monoc:lfflne T~ Cenemx --·-.. .£25.00 
Pt.1..6509 l takaqe Corrffl ~ 

sy,u,,,oonn,r YalugeMeler,_._..._.._ __ £15.IXJ 

'""'"" -W.IJ 
W&I 
W&J 
W&J 
W&J 
W&J -..... -~""' ,.,, -1),-
CosSO< 
C<otM>~ -o.,,.. 
ooon 
o...n 
F11oeM 

"'"" -· -· -· ..,_, 
"'"' """' Ftu~o 

'''" -Gell, Rali) ..,,_ -...... ... 
Hf' 

... 
"" HP 

"" HP 
HP 
HP 
HP 

"' HP 
HP 
HP ... 
"' HP 

"' HP 
HI' 

I 

3 2-, SGH:t ______ rno.oo 
"'""-'----- .......... £30000 S:761 Re51stance 8mgl! _____ £200 "O 
3731N10tf Rote!Ytf ----~ 120.00 
0MS101 Demoauf3tor·-----.t:120.00 165_, _______ F'/M'l() 

ow, ,2 DtfTIGdllla11:11 .... -··--· ....... _,,_,,_nso.oo 
MlF/106A~Tur"WIO , ... _,,., .. _,,_,_.E"\50.00 
WJ9518Af/9 , OM OemorA.lllti7 ~ ··-·-.. ~··-•£250.00 
2230A ~ S'.f"h$ittr1W42 _ _..moo 
53038SijgflltGetllnlio, ___ ___r1s.oo 

TC17flrnet!Coi,i1ei -----J1'.00 

SW2400P10-100Mftl ----~' ""' 77360ig<.catr.ouNler _____ __._,s.oo 
tvt'30/'2 l\ei:,Jlted Powe,~ o~30V 0-2A •• t25.00 
'11 Pha3eSemltNeOeltdof •. ,...,_.,.,._...,._ £25.00 
333AlestSel ______ ~IS.00 
S.JOOA fullai0n Ge..-aw._ .. _,._ ..... ·-·-··-··-t•o.oo 
420001gilalMl.«IIIW!et,-·-·-·- -.~t20.00 
1030flMSVokMe1er ______ .,$0<) 
1030Af!MS~ Met111 _____ ...,._,.. 

106S OC ~MM-·-"-·'-" ·-·-.. - ·-··..£'25.00 
208SAJ Power Meter _____ __.lO.M 
[)Ml310ig!tal t.t~ lf----~30.M 
FG1 FUflcilOnGtnf,110t,----~30.00 
LF1 ~eOsdta!OI ----.>611,00 
SGIR S(Jlal Gmera!ir h1et1a:m...,_._ ...... __ ..• £30.00 
EW6CM Elflewo(lic wan Mei. ·-·-··-·-··-•-··t5Cl.oo 
l9S3A ~lef/1".mer _,_,,..,. _ too.DO 
7261A \Jfvversal CoJnterlTlml!r ,.___ 7S.DO 
8000A DIO/t.w 1-wtimeier ____ ~,,o.oo 
8010.\DJQical M.Jllhlor_. -· "'·-·-·-·- · £25.00 
8600AOlgi~ MU11Jm,e\er ____ - ,oo 
1232/A Tur.edAml!li5er & Nlil ~ ............ £25.00 
1362 UHF 0$eillato' 120•~ -·-·-··- ...... £25 00 
J3A•B$ignaJGanera1of ~-··-·-·-·-·£50.00 
Tel14 l'tmetlCoullter ------•"-"" 
10254ASoNl-htallet~ ..... - .--.£2500 
1 t8S98 Amplffler SWl1cl'I • HP37096 

- · -----· .. . £75.00 ISODA.logiC$ta1eMa/yJef.,._., ._ ... ,_.£40.00 
21XlAV.WlePtla.$eCer,en1:io, ---12>.00 
3'l6S80gitll~ EAAOO 
~710AIF/88 fflrllfflllSer---·- - CTS.00 
312CUl1lB""'""-----Msoo 
"31C flows ~ 11111 ........... _. .•..• - .... ,, •. -·-·-£50.00 
43'A Clbf'-ricc Powtlf Mtter.·--··-·-·-··-£75.00 
"61AArt'!Oltller --~ ____ _...(50,00 
S004A~na,A,na.'Ysef ____ __,:,o_[)Cl 
51SOATntmlll P1\i'ltet -----fS0.00 
52454 PI.Q In ll"lll & HPS.1:461.. Co..ir'ltf!f --·-·-.. .S:S0.00 
S245l + 5255A CotntatiConw!r11!r .................. ..£50.00 
524til fJec'ltonic Cot.ril9' ____ £30.00 
5302A 50Mfb l"-ersal Coirtle, ___ . (40.00 

5304A Timtr~tr -----~ 40.00 
59lOfAASCIJ.Par'lliel Coowerl9f .. ~ ................ £30 00 
59313"MJ~•------'"'·oo 
5-9501A HP/18 ISola'.t>d D/NFower SU!)Ctr ... - •. £40 DO 

-PSI 
PSI 
PSI 
R.IS -· ""' ""'' ""'' ""'' .... , -""'' ""' """ --"'"' "'"' '"" """ ""' --""'' ""' ""' --s,ui,, ...,.,, 
s.n,,, 
1"' 
Ilk 

'"' , .. 
Tok 
1'1</Son; 1-­JeltOIMlmem 
te1ewtomem 
Telalp.itpl1!81J1 --Tno ... 
W&J 
W&J 
W&J 
W&J 
W&J 
Wt.I 
W&J 
W&J 
W&J 
W,, e-iek 
'if« -

PMG613i!SOfMz.Utitenaltof.f'IIM ........... £50.00 
3151 FunctiooGenerarot ____ ....,c,u.M 

4100 Wavtlorm Gtnera!Of __ ._,._,,_,.,.·"-· ... r.so.oo 
"l~W,1veform Cetleteio, .. ~ .. - •-·•-•-·•-••£50.00 
ScudRaalOC.ooeTestSet ____ ... so,oo 
1200Strlf:S~iYefsal~r.antrdllr _ .£'2S.(l(J 
4008 Oigul Mula Mcteer -----u !.00 
5001 Dlgi\11 MtllCI Meter £50.W 

9058 Hf Se-----~40.00 
90~9 RtMnCYPetlOOMtW ·-··-···"-·· ........ £SO.OO 
9639UHF FretMnCY!.teter __,....,, ··•-•· E"40(JO 
9902A50MHl OrwerA c.o..-fter ____ tt,(1,01) 

99(Mi;'IA'efWCWllefT.rr'lllf -·--·-....£75.00 
9904M lh'NS31 ColJmft flmet ·-·-.. . ... £7~ 00 

9906"lktiwwwC".atner Tee,··-.. -···- ·-···-··· £.5iO 00 
9910Frecioerqe:ounaet ____ ___.so,oo 
9911 lffquent;;y~ ~·---· - ·--.. D0,00 
9912 ffl!(!Ullr'qCotnt2f _____ (50,00 
!h13FttQl)tl'(;yCoYnllf ____ ---"" 00 

9914 1JtiFf-reQutncrCo!#\Ctr •. ~--.,.£6000 
99l'i\ 20QMH1 fr~ Court.er_,,._,_ .,_ .. £50,00 
9!U5 UHF fflQIJ«lty Mtllr-·-·-"· ... _, . .. _ ... £90.00 
W16 UHF ffeQllel"ICYMf11D1'---~70.DO 
9918 UHF ff~ Meter··~ _ • _ . .£rs.oo 
9960A 200MHl UnlYer~ Coifftlef -.-.-•-·1»$.00 
GPABlnleftact 1,o _____ _,40.oo 

9905 ~r'-SI Cot.riletTlmer" -·"--···-··--·£50 00 
gg321Mt,ummt~ .. --- .. - ...... _ .. __ .s:2000 
A220 Oigl'lal\loltMr!er ----...>:1·!JXl 
$M20S8Aut;imaUc Counilll Twner •.•. , __ .t2000 
1KB4304 Watt Me~, _____ ..,.,s.oo 
N:RaCIO StanaM" .. 4'• ----.£30.00 
1120 Tnmsb:tor Tesler._,._ .. _,_.,,_,..,.. .£75.00 
1i1 ConsianaAmpicudeS9111Genera1111 ." ®00 
4~ 09clll0sooo4 _.,_.,_ .. . t60.00 

f.1111MYllGener8:10f ----- .'50M 
106~ Genmll:9".-·-----231).00 
308 OataMalYStr-,-·-- _t:95.00 
0830SClll05c:0QeSys1em ____ _._., • .oo 
DlOH~ -----..llOOO 
034 1 OM~ OscillOsMOI £40.CX> °"'"------ .. ,! '0,00 
fA2080 20MHz l.otllt Anal~ __ ___t75.00 

OMlSaSc:ooeM~----->45.00 
CS/15W.20MHzll_,.. ........ _, __ . ... £611.00 
SMP/31 lnel Meter 200Hz~f ··-·-··· .. ,£80,0G swr,z, ______ ...,_~.oo 

TOWl 02ft feleohofle OemoclllitGt ,,_ ,_ .. tl5.00 
TFC103 Tieleolionrl Fr~ ___ ---tJO 00 
\M10l TIIIWlgH1t11 ... --- - .£15.0Q 
tMlS llMllllg Head._ ....... ____ _.«J,00 
VH103VHFTUIIIIOHMII ----->15.00 
521A Fltcmr ·-•- ---.. ~·- ·-•·--.. -·----·E75JJO S\lffi108Signa!Modl0f' ____ ___..,.rx, 
rcw11oeas1cGro!(l~aD __ .r,o.oo 
l47HfSweepGenefao:)1'0..0005Hit•IOMKl £5000 
4150 Power SU~ 0~ Q.60\1 ,_,,_ ,_.,_,,,., .. _,~ .00 
501 look Ltvet Meter ____ , ,_ E60.00 

TELFORD ELECTRONICS 
Old Officers Mess, Hoo Farm, Humbers Lane, 

Horton, Telford, Shropshire TFS 6DJ, UK 
Phone: (00 44) 01952 605451 Fax: (00 44) 01952 677978 

e-mail: telfordelectronics@telford2.demon.co.uk 

Carriage: £10+VAT@17.5% to be added t o all UK orders 

Overseas orders welcome - Please call 

ALL OUR EQUIPMENT HAS A 30 DAY GUARANTEE. 
(EXCEPT CLEARANCE ITEMS WHICH ARE SOLD AS-IS) I 

March 1998 ELECTRONICS WORLD CIRCLE NO. I.JU ON Rfl'lY CARD 233 



SENSORS 

Using Peltier devices 
Peltier-effect devices 
represent a rival 
solid-state method for 
cooling small items. 
Richard Lines discusses 
how they work and 
explains how to apply 
them. His design is 
illustrated by a design 
example for cooling a 
ccd. 

Metal 1 Metal 2 

drift velocity v, C,-+ 
drift velocity v2 

Isothermal junction 

Due to Peltier effect, electrons crossing the 
dissimilar-metal junction energy change in 
energy level, producing or removing heat 
depending on the direction of current flow. 
With dissimilar metals, the effect is negligibly 
small, but when applied to a special 
semiconductor junction, Peltier effect 
becomes a useful means of extracting heat. 

234 

T 
hermoelectric coolers are convenient 
solid-state devices capable of pumping 
heat up a thermal gradient. They are 

very useful for cooling small items like 
charge-coupled device sensors, photodiodes 
and semiconductor lasers. 

The principle of operation is closely related 
to the Seebeck effect, where a temperature dif­
ference between two junctions generates an 
emf. This effect was described in relation the 
thermocouple in my previous article. 

The Peltier effect involves passing a current 
through a junction which produces a heating 
or cooling effect at the junction depending on 
the direction of the current. 

The basic principle is outlined in Fig. 1. 
This illustrates electrons flowing from left to 
right across a metal junction. The solid state 
properties of the metal dictate the average 
energy of the conduction electrons - E1 for 
metal l and Bi for metal 2. Thus the electrons 
in metal 1 wiU bring energy up to the junction 
at a rate of, 

E;11 = n1E1v1 

and similarly energy will be carried away 
from the junction, 

Eom = n2E2v2 

and the difference between these two terms is 
the energy taken from or given to the atoms in 
the lattice. Since the current must remain the 
same over the junction you can say that, 

where q is the electronic charge, and I is the 
current. 

Net heat flow from the junction is, 

I 
Eout - E;11 = -(E2 -Ei) 

q 

So the heat removed by a Peltier device is 
directly proportional to the current and the dif. 
ference in energy carried by the conduction 
electrons. 

The Peltier effect is due to the bulk proper­
ties of the two metals; in effect the heat capac­
ity of the conduction electrons changes on 
crossing the junction. With normal metals, say 
copperfiron, the Peltier effect is very small and 

difficult to measure. In practice the normal 
ohmic heating effect is much larger. However, 
in semiconductors the effect is exaggerated 
and can be exploited as a useful method for 
cooling 

A thermoelectric cooler consists of an array 
of p-n junctions wired in series between two 
thermally conductive ceramic plates. The p-n 
junctions are so wired that heat is absorbed on 
one plate, transferred through the semicon­
ductor junctions, and leaves the device via the 
other plate; tbe device is a beat pump. 

Heat is absorbed at the reverse biased junc­
tions and emitted at the forward biased ones. 
A semiconductor material with a low bandgap 
is required - usually bismuth telluride - so 
that enough rrtinority carriers can be generated 
at the operating temperature. 

As the device is reversible it can also be 
used for heating, allowing an item to be main­
tained at constant temperature for ambient 
variations above or below tbe set point. For 
the sake of a consistent nomenclature, I will 
refer to the thermoelectri.c cooler surface con­
nected to the controlled item as tbe cold plate 
and the surface connected to the heat sink as 
the hot plate, regardless of whether the ther­
moelectric cooler is cooling or heating the 
item. 

The two main thermal parameters of interest 
for any thermoelectric cooler are the maxi­
mum temperature that can be maintained· 
across the device and the amount of heat that 
can be pumped. The maximum temperature 
differential is quoted for no external heat load 
on the cold plate i.e. nothing being cooled. 

Under these conditions all the electrical 
power input to the thermoelectric cooler is 
being used to overcome its internal reverse 
heat leak and heat input by radiation and con­
vection through the area of the cold plate. This 
is the least efficient situation since virtually by 
definition the thermoelectric cooler is doing no 
useful work. 

The maximum temperature differential fig­
ure D.T max is usually quoted for a given bot 
plate temperature in both a vacuum and dry 
nitrogen; running in a vacuum eliminates heat 
input by convection and allows slightly cold­
er temperatures to be achieved. For the single­
stage thermoelectric cooler as illustrated in 
Fig. 2 the numbers would be typically 60 and 
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70°C for use in nitrogen and in vacuo respec­
tively. 

For applications needing a larger tempera­
ture drop, there are multistage devices avail­
able looking like small pyramids; the hot plate 
for the top layer is the cold plate for the layer 
underneath. A Jaw of diminishing returns sets 
in; a three-stage device might have a maxi­
mum differential of 1002 C but a six stage 
device may only manage 1302 C. 

How much heat? 
The second parameter is the heat that can be 
input to the cold plate to reduce the tempera­
ture differential . to zero, known as Qmax· 

Under these conditions all the electrical power 
is being used simply to prevent the cold plate 
getting warmer than the hot plate. 

Since the cold pla.te temperature is the same 
as the surroundings there is no heat input due 
to convection or radiation and the thermo­
electric cooler will be•working efficiently. The 
maximum heat input scales with the area of 
the cold plate and is typically 2-3W/cm2. 

There are tiny devices consisting of a single p­
n junction which wil1 pull only a few hundred 
milliwatts, up to larger 6cm2 units rated at 
100W. 

Specifying a thermoelectric cooler 
In order to select a suitable thermoelectric 
cooler it is necessary to determine how much 
heat is to·be transferred over the required tem­
perature difference. Two things really need to 
be known from the start. One is the cold plate 
temperature, which is decided by the applica­
tion. The second is the method for getting the 
heat away from the hot plate, since this will 
define the hot plate temperature and thus the 
temperature drop across the thermoelectric 
cooler. 

The second point usually boils down to the 
choice between a heat sink and a water loop. 
The water loop is more effective since the hot 
plate needs to be only a fraction of a degree 
warmer than the water even for quite modest 
flow rates-to enable the heat to be disposed of. 

A heat sink has to run warmer than the sur­
rounding air to function, so the thermoelectric 
cooler has to work harder to achieve the same 
cold plate temperature. However µie beat sink 
is more practicable in portable applications. 

An example 
As an example, consider a cbarge-coupled 
device image sensor to be cooled to -202C 
(253K) from room temperature with a heat 
sink, Fig. 3. For room temperature, assume 
202C. 

The heat sink is to run 1 O"-C warmer than the 
surrounding air, so the temperature drop 
across the thermoelectric cooler will be 502C. 
The ccd has case dimensions 20 by 15 by 
5mm and exactly fits on the cold plate. It has 
20 pins, all of which are connected to circuit­
ry at room temperature by copper wires 
0.25mm diameter and 100mm long. 

Both ccd and thermoelectric cooler assem­
bly are contained in dry nitrogen. Further, the 
ccd runs from a lOV supply with a current 
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consumption of 5mA. 
You are now in a position to estimate the 

total heat input to the cold plate. There are 
several terms involved. First is the active heat 
generated by the ccd due to its power con­
sumption. In this case Paciive is simply the 
voltagexcurrent product, or lOV by 
5mA=50mW. 

As an aside, the temperature difference 
between the actual silicon slice and the cold 
plate is assumed to be zero. This means that 
that the thermal resistance, junction to case, is 
assumed very low. Usually, this is true, but 
there may be applications where the device 
dissipation changes in use, causing uncon­
trollable temperature changes in the silicon. 

Remember that the sensor usually has to go 
outside the chip package! There are some pho­
todiodes and ccds available which include a 
thermistor sensor bonded internally to the sil­
icon chip to get around this problem. 

There are now the passive components to be 
considered. These are the radiation, convec­
tion and conduction terms. You wi!J need to 
know the exposed surface area of the ccd. 

area=20xl5=300mm2 (front face) 
+20x5x2=200mm2 (sides) 
+ 15x5x2= 150mm2 (ends) 

Total exposed area, A is 650mm2• 

Radiation. The exposed surface area is treat­
ed as a black body which will absorb radiation 
emanating from the surroundings at room tem­
perature. This term is calculated using the 
Stefan/Boltzmann radiation law; 

Prad = Aa(T1~1 -Tc!ld) 

where A is the area already calculated, Thoi is 
the background temperature assumed as 293K 
and Tcold is the ccd temperature at 253K. 
Symbol pis Stefan's constant, which is, 

5.67xl0-8W/m2/K4. 

Absorbed radiation is found to be 0.12W. This 
is a worst case result since the surface will not 
behave perfectly as a black body, but it is 
obviously better to overestimate the heat 
absorbed. 

Convection. Unless the unit is operated in a 
vacuum there will be circulating air currents 
inside the assembly'.The convection compo­
nent is given by, 

Pconv=Ah(Thot- T col<V 

where A is the exposed area, h is the convec­
tion coefficient is 21.7W/m2fC. Temperatures 
Thot and Tcotd can be either QC or K. The con­
vection term is found to be 560mW. 

Convection is often the latgest contribution. 
It can be removed by operation in a vacuum; 
this also solves the problem of frosting up as 
the assembly is cooled past the dew point. 

Conduction. The connecting wires to the ccd 
and temperature sensor form a heat leak which 
must be accounted for. Any retaining structure 
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Fig. 2. When used for cooling, a Peltier device 
produces heat that usually needs to be 
removed via a heat sink. 

Dry Nitrogen enclosure 

Optical face Sensor 

CCDat -2o·c 

Ambient air at +20"C 

Fig. 3. Using a Peltier-effect device to cool a 
ccd. 

used to hold the ccd in place will also need to 
be considered. 

Allowing three sensor wires, there will be 
23 copper wires going to the ccd assembly. 
The equation describing heat flow for con­
duction is, 

Pcond = ka (Thot -Tcold) 
I 

where k is the thermal conductivity of copper 
is 386W/rnfC, a is the area and l is the wire 
length, at I 0cm. In this case, area a is 23 times 
the cross sectional area of a 0.25mm diameter 
wire. 

Putting in the numbers shows that the con­
duction heat component will be 175mW. Note 
that using wire of twice the diameter will 
increase this heat leak by a factor of four. 

Thus the total heat entering the cold plate 
will be Pactive+Prad+Pconv+Pcond giving a 
grand total of 0.905W. This number should be 
treated as an approximation as all the terms 
have considerable errors. The active load 
could be in error by a factor of two either way 
since IC power consumptions are not that well 
defined as a rule. For the radiation term the 
emissivity has been assumed to be unity; the 
convection depends to some extent on the 
shape, angle and state of the surfaces. 

Selecting a cooler from the range 
Knowing the heat input, you are now in a 
position to consult the manufacturers ' data 
sheets and choose a suitable thermoelectric 
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cooler. 
The infonnauon is nonnally presented 

graphically by a set of curves. These relate the 
current flowing through the thermoelectric 
cooler and the heat input with the temperature 
differential produced. 

Figure 4 shows a typical set of curves. It so 
happens that the shape is very much the same 
for all single-stage thermoelectric coolers so 
the one set can be used for many devices sim­
ply by nonnalising the axes to suit. 

They axis is the temperature drop produced 
typically nonnalised to 602C, so the 502C 
needed in our application will be represented 
as a horizontal line at 0 .83. 

The x axis is the thennoelectric cooler cur­
rent nonnalised to I max· The relevance of I max 
is that above this current the cooling effect 
actually falls off. Peltier cooling increases lin­
early with current but unwanted ohmic heating 
increases as the square of the current; at I max. 
the ohmic heating becomes greater than the 
Peltier cooling. 

In Fig. 4, the curves of the temperature/cur­
rent characteristic for heat loads are nor­
malised to Qmax· The outennost curve is with 
no heat load so at lmax the temperature drop 
will be t:i.T max· This is the top right point on 
the graph. 

The curves are then shown in steps of 0.2 
for Q!Qmax· A finer spacing would have been 
better but Lotus 1-2-3 only plots six curves at 
a time. The s ituation with the heat input 
Q=Qmax is represented at the bonom right cor­
ner where at /max the cooling effect has been 
reduced to zero by the heat load. 

For copyright reasons, these curves are not 
pre pared from any one manufacturer's data. 
Rather they are plotted from a simple fonnula 
developed by looking at the performance of 
several single stage thennoelectric coolers 
from various manufacturers; 

_E_-2-'--(-'-)2 
ATmax - lmax lmax Qmax 

Q 

As far as I know, this equation is not a recog-

nised one, but it does have some basis in real­
ity. The first rwo tenns on the right hand side 
represent Peltier cooling and ohmic heating 
respectively. When differentiated with respect 
to current, these reduce to zero at I max· 

The heat loading tenn goes inversely as the 
temperature drop as would be expected from 
the conduction and convection tenns. Errors 
due to other terms are ignored. 

The optimum thennoelectric cooler perfor­
mance is obtained on the line marked 'opti­
mum'; this line has a I: I slope for nonnalised 
temperature versus current. 

For the example used here, TIT max is 0.83 so 
lllmax becomes 0.83. The ratio Q/Qmax is 
found by interpolating between the curves and 
is seen to be 0.14. The required value of Qmax 
is now available as 0.905W heat input divided 
by 0.14, which is 6.4 W. 

Now you have enough infonnation to refer 
to the manufacturer's literature and select a 
thennoelectric cooler having a llT max of 609C 
or more and a Qmax of 6.4W, or slightly 
greater. 

For example, the Marlow Industries Ml 
1061 has the following characteristics, 

t:.T max 642C in dry nitrogen 
Qmax 6.4W 
lmax 5.3A at aptoximately 1.9V 
Cold plate I 3x 15mm 

When these numbers arc normalised and plot­
ted on the curves, the following are derived , 

D.T/D.T max 0.78 
Q/Qmax 0.14 
/I/max 0.72 

This is a point just above the optimum line 
giving the 509C drop for a thermoelectric cool­
er current of 3.8A. As a matter of interest the 
Marlow data sheet predicts a current of 3.7 A 
to the accuracy to which the chartS can be 
read. 

I should point out that this thermoelectric 
cooler has a cold plate smaller than the ccd 
quoted; this will mean there is some exposed 
area at the back of the ccd which wi!I behave 

T.E.C. PERFORMANCE CURVES 

0.8 

1 0.6 

E 

~ 0.4 I-' -c 

Q/Q(max)=0 
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0 
0 02 0.4 06 0.8 

1/l(max) 

Fig. 4. Typical normalised Peltier device performance curves. Note that at lmax, ohmic heating 

becomes greater than Peltier cooling. 
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as an extra heat leak. Jt may be necessary to 
go back and recalculate the heat input after the 
thennoelectric cooler has been chosen. 

If there is any doubt as to whether a ther­
moelectric cooler will deliver the expected 
performance then it is essential to consult the 
manufacturer's data. This is especially true of 
the multistage units. 

If you are working to a tight budget that 
allows you to buy only one thermoelectric 
cooler, it is wonh getting one that can pump 
more heat into than is really needed in case 
your heat input estimate on the cold plate is 
too optimistic. 

The Ml /023 has Qmax of 9.2W, and would 
allow for a margin of safety. 

Choosing a heat sink 
Possibly the most common reason/or disap­
pointing performance with a thermoelectric 
cooler is inadequate provision for removing 
heat from the hot plate. 

Manufacturers usually quote the thenno­
electric cooler parameters with a hot plate 
temperature of 25 to 309 C and anomalies can 
be expected if this temperature is wildly dif­
ferent. 

A more insidious effect is the possibility of 
thermal runaway if the heat sink is too small. 
The thennoelectric cooler becomes less effi­
cient as the temperature differential increases; 
this leads to a warming of the heat sink mak­
ing matters worse. 

There comes a point where the hot plate 
warms up at a faster rate than the cold plate is 
cooled; increasing the thennoelectric cooler 
current now causes a warming of the cold 
plate. This results in a phase reversal in the 
control loop and the system locks up at full 
current. In this state the only option is to 
switch off and wait for things to cool down. 

This effect is separate from the effect of run­
ning the thermoelectric cooler above l mnx and 
can occur long before this current if the heat 
sink specification is seriously deficient. 

Heat emerging from the hot plate is the sum 
of the de power in and the heat entering the 
cold plate. To a first approximation, the ther­
moelectric cooler behaves as a resistor given 
by the volts at /max which for the Ml /06/ will 
be 0.36Q. 

This value is not perfectly constant for all 
conditions; the resistance appears somewhat 
higher for low values of Q/Qmax- But the dif­
ference can be ignored if an oversized 
heatsink is fitted. Thus the expected heat out­
put in the example is, 

0.905W+3.8A 2x0.36Q;::6.1 W 

Knowing this number, the remainder of the 
problem is solved using normal heat sink 
design procedures. From the original problem 
details, the air temperature is 20°C and the 
heat sink 3Ql'C so the maximum thermal resis­
tance that can be accepted is 30-2Ql'C, i.e. 
IQPC, divided by 6. IW. A heat sink capable of 
dissipating l.5'JC/W or more would be a good 
choice. 
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What about water? 
As this is going to be quite a large heat sink, it 
may be worth considering a water loop. If the 
loop is using cap water at I 5~C and you allow 
2°C due to the thermal resistance from the hot 
plate to the water, tbe thennoelectric cooler 
now has to produce a t:i.T of 37°C. 

Going back to the curves, you will find that 
the thermoelectric cooler current falls to 3A 
and the total heat to be disposed of is 4.2W. 
Remembering the heat capacity of water is 4.2 
joules/cc/2C this is a flow rate of only I cc per 
second if the water is assumed to heat up by 
l 2C in crossing the hot plate. 

Electronic considerations 
Therrnoelectric coolers of the same outside 
dimensions and thermal properties can be 
made from many small p-n junctions in 
series, or just a few large ones. Devices in 
the latter category are cheaper to make and, 
in my experience, slightly more robust. 

However, the resulting resistance can be 
very low - less than an ohm as in this exam­
ple. This can make designing the driving 
electronics less straightforward - especially 
if a power-efficient design is required. 
Simple linear circuits tend to dissipate a lot 
of power. Switch-mode designs naturally 
give much better results. Remember that 

with very low resistance units the effects of 
long cable runs can seriously increase the 
overall power consumption. 

The Ml 1013 happens to be especially con­
venient, with its specification of 8.5V at an 
lmax of lA, but is quite expensive at around 
£60 in one-off quantities. It is also a bit small 
for this example. It is a single stage device 
with a Qmax of 4.8W and ATma~ of 612 C. 

lf the thermoelectric cooler is used in a sit­
uation, where it can be required to beat or 
cool, then bear in mind that the devices are 
actua!!y much more effective at heating than 
cooling. 

This has implications for the gain settings in 
the control electronics. The servo gain can be 
expected to be much higher with the device 
heating - so beware of servo oscillations. 

Mounting a Peltier device 
Thermoelectric coolers are brittle, fragile and 
expensive. The heat sink should be milled flat 
and the thermoelectric cooler held down with 
the minimum of compression. 

Even though they are reversible, devices are 
always mounted with the wires on the hot 
plate to prevent a significant heat leak. They 
should never be subjected to tension or shear 
forces, or exposed to temperatures much 
above l()()!>C since the p-n junctions are sol-
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dered together with special low melting point 
solder. 

If heat is removed using a water loop then 
some consideration should be given to pro­
tecting the thermoelectric cooler in the event 
of a leak or pump failure. Farnell and RS 
stock some useful bimetallic cutouts which 
are suitable if size is not a problem. 

Some devices have both plates merallised 
with copper enabling the unit to be soldered 
down. This enables a very good thennal con­
tact to be made and has the extra advantage 
that no supporting structure is required thus 
minimising heat leaks to the cold plate. 
Needless to say use of the manufacturer's 
special solder is mandatory. Heat conductive 
glue (RS 850-984) is an option. 

Understandably, you may be reluctant to 
solder together an expensive thermoelectric 
cooler and ccd until the system is proven. It 
is usually possible to devise some means of 
compressing the ccd - or whatever device -
to thermoelectric cooler and its heat sink. 
Inevitably though, the device used to com­
press the components adds to the heat input 
to the cold face. 

If the system can be made to work in this 
state then results are al ways slightly better 
when the supports are removed and the com­
ponents glued or soldered together. • 

1\Nf~Ilf)ll SIJl111I .. Il~S I .. '111) 
Peasehill Road, Ripley, Derbys DES 3JG 
Tel: (01773) 570139 Fax: (01773) 570537 
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This Month's 
SPECIAL OFFERS 

Racal Dana 9904 Universal Counters 
Frequency, Period, Interval etc to 50 MHz. 7 

digit LED display. Fitted with high stability TXO 
reference oscillator for supreme accuracy. For 

ONE MONTH ONLY we will supply one for 
ONLY £24 plus VAT (£28.20 incl. VAn 

collected (delivery and insurance £5.75 to 
mainland UK addresses) 

Racal Dana 9918 UHF Frequency Counters 
Frequency to 500 MHz. 9 digit LED display. 
Fitted with high stability TXO oscillator for 

supreme accuracy. For ONE MONTH ONLY we 
will supply one for ONLY £65 plus VAT 

(£76.38 incl. vAn collected. (delivery and 
insurance £5. 75 to UK mainland addresses) 

Also available for ONE MONTH ONLY 
Racal Dana 9921 frequency counters 

to 3,000MHz 
9 digit LED. TXO oscillator etc as above. 
ONLY £150 plus VAT (£176.25 incl VAn 

collected 

GENUINE Government Surplus Oscilloscopes 

GOULD OS1100A HAMEG HM1005 TEK 4658 DC-100MHz IWATSU SS-5711 TEK 475 DC-200MHz TEK2445A 
DC-30MHz twin trace DC-100MHz three trace twin trace with delay DC-1 00MHz four trace twin trace with delay OC-150MHz four trace 
with Delay Timebase. with delay timebase. timebase. with delay timebase. timebase. with delay timebase. 
ONLY £95 plus VAT ONLY £275 plus VAT ONLY £295 plus VAT ONLY £345 plus VAT ONLY £395 plus VAT ONLY £1250 plus VAT 
(£111.63 incl VAn (£323.13 incl VAn (£346.63 incl VAT) (£405.38 incl VAn (£464.13 incl VAn (£1468.75 incl VAn 

collected* collected* collected* collected* collected* collected* 

* Delivery and insurance £9.95 to UK mainland addresses 

GENUINE Government Surplus Hewlett Packard 8640A Signal Generators at a "Never Better" price of ONLY £450 plus VAT (£528.75 incl VAT) 
collected (delivery and insurance £14. 75 to UK mainland addresses. Frequency coverage to 512 MHz. AM/FM modulation. Super-Stable HP design 
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Surplus always 
wanted for cash! 

THE ORIGINAL SURPLUS WONDERLAND! 
THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 

LOW COST PC's -

SPECIAL BUY 
'AT286' 

40Mb HD + 3Mb Ram 

LIMITED QUANTITY only ol lhese 12Mhz HI GRADE 286 syslems 
Made in lhe USA 10 an induslrial specilicalion, the system was 
designed IOf total reliability. The compact case houses the mother­
board, PSU and EGA video card with single 5¼" 1.2 Mb lloppy disk 
drive & integral 40Mb hard disk drive to the front Real lime clock 
with battery backup is provided as slandard. Supplied in good used 
condition complete with enhanced keyboard, 640k + 2Mb RAM, 
DOS 4.01 and 90 DAY Full Guarantee. Ready to Run I 
OrderasHIGRADE286 ONLY £f29. 00 E 

Optional Fitted extras: VGA graphics card 
1.4Mb 3½" floppy disk drive (instead of 1.2 Mb) 
Wordperfecl 6.0 for Dos· when 3½" FOO option ordered 
NE2000 Ethernet (lhick, thin or lwisted) network card 

LOW COST 486DX-33 SYSTEM 
Limited quantity of lhis 2nd user, supurb small size desktop unit. 
Fully featured with slandard simm connectors 30 & 72 pin. Supplied 
with keyboard, 4 Mb of RAM, SVGA monilor oulpul, 256k cache and 
inlegraf 120 Mb /DE drive with single 1.44 Mb 3.5' floppy disk drive. 
Fully tested and guaranleed. Fully expandable Only 
Many other options avalsble • call for detAJ/s. £399.00 (E) 

FLOPPY DISK DRIVES 3½" - B" 
5¼" or 3½" from only £18.95 ! 

Massive purchases of slandard 5¼" and 3½' drives enables us 10 
presenl prime product at induslry bealing low prices! All unils (unless 
sIaled) are BRAND NEW or removed from ohen brand new equip­
menl and are fully lesled, aligned and shipped to you wilh a 90 day 
guarantee and operate from slandard voltages and are of standard 
size. All are IBM-PC compatible (tt 3½" supported on your PC). 
3½" Panasonic JU363/4 720K or equivalent RFE £24.95!8 
3½" Mitsubishi MF355C· L. 1.4 Meg. Laplops only £25.95 B 
3½" Mitsubishi MF355C-D. 1.4 Meg. Non laplop £18.95 B 
5¼" Teac FD·55GFR 1.2 Meg (for IBM pc's) RFE £18.95 B 
5¼" Teac FD-55F-03·U 720K 40/80 (for BBC's elc) RFE £29.95 B 
5¼" BRAND NEW Mitsubishi MF501B 360K £22.95 B 
Table lop case with inlegral PSU tor HH 5¼" Flopp Of HD £29.95 B 
8" Shugart 800/801 8 ' SS refurbished & tested £195.00 E 
8" Shugart 810 8' SS HH Brand New £195.00 E 
8" Shugart 851 8" double sided refurbished & lested £250.00(E) 
Mitsubfshl M2894-63 8" double sided NEW £275.00(E) 
Mitsubishi M2896-63-02U 8" OS slimline NEW £285.00fE) 
Dual 8' cased drives wilh Integral power supply 2 Mb £499.00 E) 

HARD DISK DRIVES 
End ol llne purchase scoop! Brand new NEC D2246 8" 85 Mbyte 
drive wilh Industry standard SMD Interface. replaces Fujitsu 
equivalenl model. Full manual. Only £299.00 or 2 for £525.00 (E) 

3½' FUJI FK-309-26 20mb MFM 1/F RFE £59.95(C 
3½" CONNER CP3024 20 mb IOE 1/F (or equiv )RFE £59.95 C 
3½" CONNER CP3044 40mb IDE 1/F (or equiv.)RFE £69.00 C 
3½" RODIME R03057S 45mb SCSI 1/F (Mac & Acorn) £69.00 C 
3½" WESTERN DIGITAL 850mb IDE 1/F Bra.nd New £185.00 C 
5¼" MINISCRIBE 3425 20mb MFM 1/F (or equiv.) RFE £49.95 C 
5¼" SEAGATE ST·238R 30 mb ALL 1/F Relurb £69.95 C 
5¼" CDC 94205·51 40mb HH MFM 1/F RFE lesled £69.95(C 
5¼" HP 97548 850 Mb SCSI RFE lested £89.00(C 
5¼" HP C3010 2 Gbyte SCSI different/al RFE tesled £195.00(C) 
8' FUJITSU M2322K 160Mb SMD 1/F RFE tested £195.00(E) 
Hard disc conlrollers tor MFM . IOE, SCSI, ALL etc. from £16.95 

THE AMAZING TELEBOX 
Converts your colou_r monitor Into a QUALITY COLOUR TVII 

TV SOUND& 
VIDEO TUNER 
CA8L£ COMPA flBLE ' 

The TELEBOX is an .attractive fully cased mains powered unil, con­
taining an electronics ready to plug Into a host of video monitors 
made by makers such as MICROVITEC, ATARI, SANYO, SONY, 
COMMODORE, PHILIPS, TATUNG, AMSTRAO elc. The compos~e 
video output will also plug direclly into mosl video recorders, allowing 
receplion of TV channels not normally receivable on most televf• 
sion receivers• (TELEBOX MB). Push button controls on the fronl 
panel allow receplion of 8 fully tuneable 'off air' UHF colour television 
channels. TELEBOX MB covers virtually all television frequencies 
VHF and UHF including the HYPERBAND as used by mos1 cable 
TV operators. A composite video outpul is localed on lhe rear panel 
tor direct connection to most makes of monitor or desk1op computer 
video systems. For complete compatibility • even for monhors with· 
oul sound • an inlegral 4 watt audio amplifier and low level Hi Fi 
audio outpul are provided as slandard. 
TELEBOX ST tor composite video inpul lype monitors £36.95 
TELEBOX STL as ST but fitted with ,nIegral speaker £39.50 
TELEBOX MB Mulliband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specification. 
·For cable/ hyperband receplion Telebox MB should be connected 
10 a cable lype service. Shipping code on all Teleboxe's is (B) 

DC POWER SUPPLIES 
Virtually every type of power 
supply you can Imagine.Over 

10,000 Power Supplies Ex Stock 
Call for Info I fist. 

/C's -TRANSISTORS - DIODES 
OBSOLETE· SHORT SUPPLY· BULK 

6,000,000 items EX STOCK 
For MAJOR SAVINGS• cALL FOR SEMICONDUCTOR Hon1sr 

VIDEO MONITOR SPECIALS 

Superb quality 6 foot 40U 
Virtually New, Ultra Smart 
Less than Half Price/ 

Top quality 19' rack cabinels made in UK b, 
Optima Enclosures Ltd. Units leatu1j 

0 f th h. h t 'f' • designer, smoked acrylic lockable front dOQI ne O e IQ es SpeCI IC8ttOn lull height lockable hall louvered back do, 
• monitors YOU Will ever See • ~ and louvered removable side panels. Fu~ 

... At th·,s pr'1ce • Don't m'1ss ·,t•. I, adjuslable internal fixing slruls, ready punch&' 
for any configuration of equipmenl moun1;,i 

Mitsubishi FA3415ETKL 14" SVGAMultl ooiou • ~ plus ready mounled integral 12 way 13 am; 
sync r monlo, wilh ,.,e sockel swilched mains distribution strip ma), 

. 0.28 dot pitch tube and resolution of l024 x 768. A lhese racks some of lhe moat varaatlle _,. 
variety of inputs alows comeclion 10 a host of~ have ever sold. Racks may be slacked side by side and therelO!e 
e<s hcludng IBM PC's ii CGA, EGA. VGA & SVGA requrre only Iwo side panels to sland singly or in multiple bay's. 
modes, BSC, COMMODORE (irdu<xlg Amiga 1200), Overall dimensions are: 77½' H x 32½' D x 22' W. Order as: 
ARCHMEDES and APPLE. Many features: Etched 
fac:eplale, t8><1 swit<ni,g and LOW RADIATION MPR OPT Rack 1 Complele with removable side panels. £335.00 (GJ 

specification. Fully guaranleed, supplied n EXCEL· OPT Rack 2 Rack, Less side panels £225.00 (G; 

LENTittleusedconcllion. 0 Ordefas 32U H' h Q I TI1t&Swtvateasa £4.75 nly £119 <El Mrrs-svGA - 1g ua ity- All steel RakCab 
VGA cable for IBM PC lnctuded. Extemat cablesfor _.._ 01 _...., CALL Made by Eurocrafl Enclosures Ltd to the highest po11ible •~ .---=~-----· ..... ,,........., ... -..... ·· .... .--...;.q.;..;;;;. _____ rack features all steel construction wilh removable 

As New. Used on film set for 1 week only!! side, lronl and back doors. Front and back doors are 

15' 0.28 SVGA 1024 x 768 res. colour monitor$. ~!~9:'c~% •tTlv!~c:~;{1o~~;'~';'~~~~ d:~ 
Swivel & tilt etc. Full 90 day guarantee. £145.00 (E) i s constructed of double walled steel with a 

'designer style' smoked acrylic tronl panel to 
Just In• Mlcrovltec 20" VGA (800 x 600 res.) colour monitors. enable status indicators to be seen lhrough lhe 

Good SH condition - from £299. CALL for Info panel, yel remain unobtrusive. Internally the rack 
PHILIPS HCS35 (same style as CMBS33) allraclively styled 14• lealures fully slotled reinforced verlical lixing 

:h R· members lo take the heaviest of 19" rack 
colour monilor wil llll1b. GB and standard composite 15.625 equipment. The two movable vertical fixing struts 
Khz video lnpu1s via SCART socket and separate phono jacks. (extras available) are pre punched tor slandard 
Integral audio power amr. and speaker tor all audio visual uses. 'cage nuls'. A mains distribution panel internal• 
Will connect direcl to Am ga and Atari BBC compuiers. Ideal for all ly mounled to the botlom rear, provides 8 x IEC 3 
video monitoring / security applications with direct connection pin Euro sockets and 1 x 13 amp 3 pin switched 
to most colour cameras. High quality with many features such as 111 tronl concealed flap conlrols, VCR correclion button elc. Good ut ty socket. Overall ventllalion is provided by 

d d. I I II I led d fu,lly louvered back door and double skinned Iop section 
~se con 11 on· u Y es • guaranlee Only £95 w,th top and side louvres. The top panel may be removed tor fit~ 

imensions: Wt 4• x Hl2¾' x 15½' D. [E) of Integral fans to lhe sub plate ell:. Olher leaIures include: Iii~ 
PHILIPS HCS31 Ullra compacl 9• colour video monilor with stan- caslors and floor levelers, prepunched utility panel al lower rear lo 
dard composite 15.625 Khz video input via SCART socket. Ideal cable / conneclor access elc. Supplied in excellent, slighlly use, 
tor all monitoring/ securily applicalions. High quality, ex-equipmenl condition with keys. Colour Royal blue. External d imensioll, 
fully lested & guaranleed (possible minor screen bums). In allrac- mm=1625H x 6350 x 603 W. ( 64' H x 25" D x 23¾" W) 
live square black plasIic case measuring w,o- x H10· x 13½' o. Sold at LESS than a third of makers price!! 
240VACmainspowered. Only £79.00(0) £195 OO 
KME 10" 15M10009 high definition colour monHorswith 0.28' dol A superb buy at only . • (G) 
p itch. Superb clarily and moolern slyling. 
Operates from any 15.625 khz sync RGB video 
source, wilh RGB analog and composile sync 
such as Atari, Commodore Amiga, Acorn 
Archimedes & BBC. Measures only 13½' x 12' x 
11•. Good used condition. Only £125 (E) 

20" 22" and 26" AV SPECIALS 
Superbly made UK manufacture. PIL all solid slate colour monitors, 
complete with composile video & optional sound input Attractive 
leak style case. ·perfect tor Schools. Shops, Disco, Clubs, elc.ln 
EXCELLENT lillle used condition with lull 90 day guaranlee. 

20" .... £135 22" .... £155 26" .... £185(F) 

MITS. FA3445ETKL 14" Industrial spec SVGA monitors £245 
2kW to 400 kW • 400 Hz 3 phme power 1101.n:811 • ex stock £POA 
IBM 8230 Type 1, Token ring base unit driver £950 
IBM 53F5501 Token Ring ICS 20 port lobe modules £750 
IBM MAU Token ring distribution panel 8228·23·5050N £95 
AIM 501 Low dislort1on Oscillalor 9Hz lo 330Khz, IEEE £550 
Trend DSA 274 Data Analyser wllh G703(2M} 64 Vo £POA 
Marconi 6310 Programmable 2 to 22 GHz sweep generaIor £6500 
HP1650B Logic Analyser £3750 
HP3781 A Pattern generator & HP3782A Error Detector £POA 
HP APOLLO RX700 syslem unils £950 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800 
HP3081 A lndustrila workslation c\w Barcode swipe reader £175 
HP6264 Rack mount variable 0·20V @ 20A meiered PSU £675 
HP54121A DC lo 22 GHz four channel lest sel EPOA 
HP7580A Al 8 pen HPGL high speed drum plolter £1850 
EG+G Brookdeal 95035C Precision lock in amp £650 
View Eng. Mod 1200 compulerised inspection syslem £POA 
Ling Dynamics 2kW programmable vibration test system tPOA 
Compu1er controlled 1056 x 560 mm X Y table & conlroller £1425 
Keithley 590 CV capacilOf / voltage analyser tPOA 
Racal ICR40 dual 40 channel voice recorder syslem £3750 
Askers 45KVA 3 ph On Line UPS - New balls Dec.1995 £9500 
ICI R5030UV34 Cteanline ullrasonic cleaning syslem £POA 
Mann Tally MT645 High speed line prinler £2200 
Intel SBC 486/133SE Multibus 486 syslem. 8Mb Ram £1200 
Zeta 3220•05 AO 4 pen HPGL last drum plollers £11 so 
Nikon HFX-11 (Ephiphol}. exposure control untt £1450 
Motorola VME Bus Boards & Components List. SAE / CALL £POA 
Trio 0· 18 vdc linear, melered 30 amp bench PSU. New £550 
Fujitsu M3041R 600 LPM band printer £1950 
Fu llsu M3041D 600 LPM prlnterwilh network interface £1250 
Perkin Elmer 2998 Infrared speclropholometer £POA 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3750 
Andrews LARGE 3.1 m Salelme Dish+ mounl (For Voyage~) £950 
Sekonlc SD 150H 18 channel digrtal Hrbrid chart recorder £1995 
TAYLOR HOBSON Tallysurf amplttier recorder £750 
Sy1tem Video 1152 PAL waveform monrtor £485 
Test Lab - 2 mlr square quletised acouslic test'cabinels £300 
Kenwood 9601 PAL Vectorscope • NEW • £650 

Please call for further details on the above Items 

Over 1000 racks - 19" 22" & 24" wide 
3 to 44 U high. Available from stock!! 

Call with your requirements. 

TOUCH SCREEN SYSTEM 
The ullimale in 'Touch Scr"n Technotogy' made by lhe expens• 
Micro Touch · but sold at a pnce below cost II Syslem consisls f/ 
a flat translucent glass laminaled panel measuring 29.5 x 23.5 o, 
connecled lo an electronic controller PCB. The controller produces 
a standard serial RS232 or TTL oulpul which continuously giwl 
simple serial data conlaining positional X & Y co-ordinates as ~ 
where a linger is touching lhe panel . as lhe finger moves. lhe daJa 
insta~lly changes. The )( & Y mlormation is given al an incredilll< 
matrix resolullon of 1024 x 1024 positions over the entire scree, 
size !! A host of available translation software enables direct CO!> 
neclion to a PC for a myriad of applications including: conlrol P"' 
els, poinling devices. POS systems, controllers for the disabled o 
co~puIer un-trained etc etc. lmaQlne using your linger wnh 
'Windows', instead of a mouse!! (a dnver is indeed available!) 1111 
appllcatlons for this amazing product ars only 1/mlted by yw 
lmeglnsllon/1 Complele sysIem including Conlroller, Po)Ner Suppit 
and Data supplied al an incredible price ol only: £145 OO 
Fu!/ IIICFWTOUCH aollw.,. suppol1 pack • fl, 
and manuat. tor IBM compalfbl• PC'• £29.95 RFE ~ THt«I 

LOW COST RAM & CPU'S 
INTEL 'ABOVE' Memory Expansion Board. Full length PC•Xl 
and PC-AT compatible card wilh 2 Mbytes of memory on boa,d 
Card is fully selectable tor Expanded or Extended (286 processo 
and above) memory. Full data and driver disks su1111lled. RFE 
Fu111IesIed and guaranleed. Windows compatible. £59.95(AI) 
Hal length 8 bit memory upgrade cards tor PC AT XT-expands 
memory either 256k o, 512k in 64k steps. May also be used to fill 
in RAM above 640k DOS limit Complete with data. 
Order as: XT RAM UG. ~56k. £34.95 or512k £39.95 (Al) 

S.IM..M SPECIALS 
1 MB x 9 SIMM 9 chip 120ns Only £16.50 !Al) 
1 MBx9 SIMM3chlp80ns£19.50 or 70ns £22.95 All 
1 MBx9 SIMM9chip80ns£21.50 or 70ns £23.75 Al 
4 MB 70 ns 72 pin SIMM -with psrlty• Only £95.00 (A 1 
INTEL 48&-0X33 CPU £55.00 INTEL 48&-DX66 CPU £69.00 (A 1) 
RJLL RANGE OF CC>-PROCESSOR'S EX STOCK• CALL FOR£££ 

FANS & BLOWERS 
EPSOND0412 40x40x20mm 12vDC £7.9510 / £6! 
PAPSTTYPE 612 60x60x25 mm 12v DC £8.95 10/ £7l 
MITSUBISHI MMF•D6D12DL 60x60x25 mm 12v DC £4.95 10 / £42 
MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10 / £41 
MITSUBISHI MMF-09812DH 92x92x25 mm 12v DC £5.95 10 / £51 
PANCAKE 12-3.5 92x92x18mm 12v0C £7.9510/£61 
EX•EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm spectty 110 

?M~~Fve~t~~oo ~~ik 
8~~ ~ ~~g• sfi'~tt,r,; ;~4~oNvEJ

5·:~9.9! 
Shipping on all fans (A). Blowers (8). 50,000 Fans Ex Stock CAU 

Issue 13 of 'lJispfa!J '}.[ews now available - ·send large SAE - PACKED with bargains .... . ... .... . ... . . . . . . . . . . . . . . : : : · ... : .... : : ... : ..... . . . . . . . . . . . . . . . . . . . .... . ... . ...... . . 
-ELE[TRDIY/[5-

ALL MAIL & OFFICES LONDON SHOP 
Open Mon•Fri 9.00-5:30 O~n Mon - ~a1 9:00. 5:30 

Dept WW. 32 Blggln Way 21
\:.."J:eNg{:~1.;ne 

Upper Norwood On SIA Bua Rou!o 

LONDON SE1g 3XF s11hu':,;;;~•i~ ::r,~:11ona 

DISTEL© 
The Orlglnal 

REE On line Database 
ln1o en 20,000 + stock llemal 
R!:TURNING SOON I 

ALL 11" ENQUIRIES 

0181 G79 4414 
FAX 0181 679 1927 

Al~ for UK Mainland lJI<: CUSI"':"!'" add 17.5% VAT to TOTAL order amounl MMIJTI order £10. Bona Fide aCCOU1t ordels ~ from GOY8llYTl80l. 
x ., 0 • - - [i] UnlV8fSili8S and local AiAhorties • mn,mum ac00\l11 order £50. Cheques OV8f £100 are sltljecl to 10 workng days clearance. Carnage charges (A}-£300 (A1r-£4fl. 
lf_filft\£ ;~ ~ ~ 2•~ (B).£5.50, (C)=-£8.50, (Dr-£I2.00. (E).£15.00, (F)=£18.00, (G);(;AU. />JcN approx 6 days tor sh'11)ilg • faster CALL Soodand surcharge CALL Al goods s~ 10°<> filWi ~ < - .,._~ Slanda/d Condulns of Sale and unless staled guaranteed tor 90 days. All guarantees on a relum to base basis. All rig'1S reserved to change pri:es / specilications v.ithoot , 

ncll:8. Orders Sliljecllostock. Discounlstor'-<llume. Top CASH pri:es paid tor SLll)lusgoods. Altrademalkselcad<nowledged.©Display Etectronics 1996. E& OE 06/6 . 

CIRCLE NO. 131 ON REPLY CARD 

Electronics World 
• ~~-.-g~R~E~c==u[L~ATjED~D~C~P~O-\~;;-·· ~R~~--~ 

I OVERLOAD 

30V, 5A bench power supply with dual displays 25% discount 

For a limited period, Vann Draper is offering 
over 25% discount on the 305 LDD - a bench 
power supply featuring digital display of both 
voltage and current. Normally, the 305 retails 
at £186.82 including VAT but it is available to 
Electronics World readers filling in the adjacent 
coupon at the 25% discount price of £139 -
fully inclusive of VAT and delivery. 

Infinitely variable between 0 and 30V - with 
coarse and fine controls - and adjustable 
between 0 and 5A, the 305 LDD has a ripple 
figure of typically 1 0mV. Its load regulation is 
also excellent, at typically ±0.2%. 

Accuracy of the supply's dual 3.5-digit liquid 
crystal displays is 0.1 decimal digit. The output 
can handle a continuous short-circuit, over­
loading at 5.5A ±0.5A. When the overload 
circuit is activated, it causes both audible and 
visual alarms, resettable via a push-button on 
the front panel. 

Dimensions of the 305 LDD are 31 0 by 260 
by 120mm and its weight is 5.5kg. Housed in a 
light-grey steel enclosure, the unit is built to 
comply with UL, CSA and TUV safety 
standards. 

Please address orders and all correspon­
dence relating to this offer to Vann Draper 
Electronics at Unit 5, Premier Works, Canal 
Street, South Wigston, Leicester LE I 8 2PL, 
telephone on 0116 2771400, or fax 0116 
2773945. 

Please send me ...... 305 LDD(s) at the fully 
inclusive special offer price of £139 

Name 
Company (if any) 
Address 

Phone number/fax 

Total amount £ ............. . 

Make cheques payable to Vann Draper 
Electronics Ltd, or, please debit my Master, 
Visa or Access card: 

Card type (Access/Visa) 

Card No 
Expiry date 

Please mail this coupon to Vann Draper Electronics, together 
with payment. Alternatively fax credit card details with order 
on 0116 2773945 or telephone on 0116 2771400. 
Address orders and all correspondence relating to this order 
to Vann Draper Electronics at Unit 5, Premier Works, Canal 
Street, South Wigston, Leicester LE I 8 2PL. 
*Overseas readers can also obtain this discount but details 
vary according to country. Please ring, write or fox to Vann 
Draper Electronics 



COMMUNICATIONS 

New processors are on the 
horizon. Cyril Bateman 
tells you where to search 
if you want to know 
whether they will be 
worth the wait, and he 
relays news on hardware 
bugs, Microsoft problems 
and circuit CAD software 
- in particular filter 

Hands-on 
design tools. Internet 

Intel has released a fix for both Classic and MMX 
processors to overcome the 'FOOF' bug, reported last 
month on CNET. This bug allows malicious code to 

stall or freeze up the computer, which cannot then respond 
to a CTRL-ALT-DELETE, or any other command. The only 
remedy is to switch off then reboot, which can result in 
lost disk clusters. Both Pentium and MMX Overdrive 
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processors are also affected, but not the i486, Pentium Pro 
or Pentium ll. 

Since code that prompts this bug does not exist in 
commercial software, Intel's report claims that users of 
commercial software cannot be affected. 1 The company 
has now renamed this bug 'Invalid operation with Locked 
CMP X CHG 8B instruction'. Full details of the problem, 
together with a software work-around to restore normal 
error handling of this instruction, are on its overview and 
technical description web pages, Fig. 1. 

According to News.Com, the German magazine C't 
reports a further freeze-up bug affecting certain Cyrix 
6x86 processors.2 This problem, which has been 
acknowledged by Cyrix, results in a freeze up if a series of 
legal instructions are issued in an illegal sequence. Since 
compilers should not allow such illegal sequences, this is 
considered to be a minor problem, and should not affect 
end users. 

New processors: but are they better? 
As Intel's plans for Pentium II processor speed increases 
are unveiled, criticism of minimal performance gains from 
the present 'slot l ' versions emerge. An article on 
News.Com entitled "Pentium II: Dynamo or dud", presents 
critiques for both present and planned processor releases.3 

By autumn 1998, processors on the current slot-1 
motherboards using the 'LX' chipset are expected to run at 
450MHz.4 A version of the chipset without internal cache 
is planned for lower-cost systems. 

The new slot-2 motherboard system will be aimed at 

1 Inte l Corporation 
2 Cyrix chip hit by bug, too 
3 Pentium II: Dynamo or dud? 
4 Inte l to Rev Pentium II Speeds 
5 Microsoft under the gun 
6 Nader calls MS "uniquely ruthless" 
7 Bashing Windows 
8 Sirius CD-ROM Collection 
9 lcesoft J.C. Data library 

http ://support. i ntel .com/support/processors/pentium 
http://www.news.com/News/ ltem/0,4, 16347,00 .html 
http://www.news.com/News/ltem/0,25, 16543,00.html 
http://www.techweb.com/wire/news/1997/11/ 1114pentium.html 
http://www.news.com/News/ ltem/0,4, 15416,00.html 
http://www.news.com/News/ ltem/0,4, 16378,00.html 
http://www.wcmh.com/1antimes/97/97nov/711 6001 b .html 
http://www.tds-ne t.com/main/us/sirius.htm 
http://www.semi.com.tw 
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1 O National Semiconductors 
11 Burr-Brown Corporation 
12 GangGang Australian Shareware 
13 QikDrawCad 
14 MetaCrawler Search Engine 

http://www.national.com 
http://www.burr-brown,com 
http://www.ganggang.com.au 
http://www.q ikdraw.sa.com.au 
http://www.metacrawler.com 
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Intel To Rev Pentium II Speeds 
(11114117:!I0am.ESn 
Jhi~Sp,enq f:tzrm:nrtnBcn:ln:Nens 

By ihe ihird quorler 1998, Penliuon II ,peed, wilt re•ch •50 
MH2 while the Pentiuon l'To •nd Pentium <Mth MMX 
processon will <•de INl&y, sources said . 

From the swt o( ihe new year, Intel 'Mil continue to pmh flu! 
speeds or ii< Penlium 11 processors (or Slot 1 and will 
introduce its Slot 2 processors by ihe lhird quorier, 

Fig. 2. More and even faster Intel processors will soon 
arrive. Read these forecasts before committing yourself to a 
new system. 

workstation applications. Based on the BX chipset and 
running a 100MHz system bus, its processors, with 
perhaps I Mbyte of cache, will run initially at 400MHz. 

Both 'LX' and 'BX' chipsets support the new advanced 
graphics port, or AGP, providing vastly improved graphics 
capability, Fig. 2. 

The combined effects of increased performance and 
demand for sub $ 1000 desktop machines has resulted in 
Toshiba's decision to phase out its Tnfinia range and quit 
the consumer desktop machine market. The company will 
now concentrate on its Equium business desktop range. 
The Iofinia inventory will be sold off, so watch out for 
bargains. 

Microsoft under pressure 
External pressures oo Microsoft have increased. Reported 
by News.Com5, Ralph Nader has targeted Microsoft in an 
attempt to curb what he says are Microsoft's abusive 
business practices. Meanwhile IBM, Lotus, Oracle and 
Sun have united to produce an alternative to the 
'Windows' interface, Fig. 3. 

In an eight-page report on News.Com,6 Nader is quoted 
as accusing Microsoft of being "uniquely ruthless". Nader 
rose to fame by attacking the poor safety record of 
American cars in the seventies. His involvement may well 
trigger an escalation of evidence needed to support claims 
against Microsoft's supposed undue marketing pressures 
and Internet Explorer licensing. 

The IBM, Lotus, Oracle and Sun consortium 7 plans to 
produce a standard network computing desktop interface 
to be called 'Webtop' . It promises to let developers create 
applications to run on any Sun Java-based network 
computing device, including network computers, 
networked pcs and palmtops. 

The specification will be licensed to developers and 
Oracle has stated that it will give it away for free. No 
delivery date is announced and details are scant as yet. 

Circuit discoveries 
I mentioned last month that a wealth of component data 
and circuit application notes can be found on Internet. 
While many of these articles can be downloaded as PDF 
files, Sirius8 now supplies these on cd-rom, which many 
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s,tc:ial coverage In A tnove with W\de ramifiC4tioru, the 
Justice Dep•nmenthos ch&rged Mia osoftwiih viol•ting • 
1995 c,,ruent decree governing !he licensing or its 
Internet Explorer lrrowm •nd !he Wmdow, 95 operating • 
system. Now, national consumer groups ore rallying (or • 
closer sautiny ol the Redmond empire in general. 
NEWS.COM ex•mines lhe legal, business, 411d 
technologicol 4Specis ol lhe l•tesl chuges. 

Microscope on Microsoft 1itc...., 
SPHIAL COVERAG[ .. J "\ 

N 1.de1 vs. Redmond 
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Dlslgn Example 
The circuit shown In Flgu,e 2 Is a 3rd-order Chebystiev 
lowpass fl lier. Section A ls a buffered :sf ngle pOle 
section, and Section 8 Is • lowpass blquad. Use a 
voltage source wtth low outpUt impedance, sucl1 as the 
CLC111 burrer, for v.,. 

c,. 

v. 

Figure 2: Lowpus FIHef 

Fig. 3. National 
consumer groups 
join in the 
Microsoft bashing 
affray. Ralph 
Nader, the famed 
consumer 
campaigner from 
the seventies, 
takes on 
Microsoft. 

Fig. 4. Basic 
third-order 
building block for 
a superb linear 
phase, anti-alias 
audio filter. Two 
blocks cascaded 
provide sharp 
cut-off, yet are 
flat within 0.2d8 
to 20kHz. 

Fig. 5. 
Application 
design support 
for Sal/en-and­
Key filter design. 
Optimise your 
filters against 
component 
sensitivity and 
op-amp band­
width. 
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Press <enter> to enter capacitor aenu­

Thls option al to ... you to enter 
actual c• pac t tor v«lues. Sinc e 
a ccurate capo.cltor s c an be d.lfflcult 
to obt.a ln, you ca n .ea.sure capac i tors 
and enter their actua l \Hlll.les , 
Res lstor va.lues are reco• puted ba sed 
on your entr tcs . 

Ci r cuit . . . ...• . • . Sa lien- Key 
Butt erworth . •.. 
Chebys hev . • . • . . 

Ripp le •• ..•. 
Besse l . . ... .. .. .. 

DO nus STEP LAST. DESIGN ALL Ot!IER 
ASPECTS OF ntE FILTER F I RST . 

Nu• ber of po les. . 8 
Cutoff f requency. 1.00E) k 

Res ponse 9 fx ... Z.990 k 
Sca l e Re sistors. 18. 00 k 
Ga. in Entry . .••.. • Capocltor .enu .. <ent er > 
Res lst ors.. . . . . . Exact 
Display ........ . 

Sa I len- Ke , 8- Po le Low-Pass Bessel, 1.888 kHz Cutoff 

Section Rl RZ R3 R1 Cl CZ 

A Z . 378 k 15 . 31 k 18. 08 nF ZZ . 00 nF 
B 2 .1 79 k 28.35 k 6 .808 nr 22.00 nF 
C 1 . 998 k 11.87 k 6 .880 nF 33 .88 nF 
D Z .151 k 15.62 k 3.300 nF 17 .88 nF 

<Fl> Quit <FZ> Plot <F3> Print 

Fig. 6. Sallen-and-Key or multiple feedback filter design software facilitates 
'what-if?' explorations. Simply respond to the prompts in the upper screen, 
immediately find component 11alues below. 

De.sired Res ponse 
• Notch 

F liter Type 
•Butterworth 
• Bess e I • 
IChebyshev 

ripple 
• Inv Chebyshev 

A•ln 

Notch Response 

Av1-- , , •-~:..~/ / -
. I I I f 

r I fnotch fh 

<Fl> Ex it <FZ> P lot 

UAF1Z FILTER DES I GN GUJD'E 
Re v 1.1 

Notch Para...ete rs 
• urder : n:s 8 
If notch • 1. 088k Hz 

<Inter> f or 110re options • > ••Bandwidth• 188. 8 HT 
f 11 ter Response 
•Freq • 2 . 990k Hz 

Ga in • - 31. 99• dB 

Tutoria l 

Phas-ea: 8 .08 • 
To t UAFs : -t 

• Res l stors: St andard 1% 
•Topology : Auto 

!Press <Enter> to t onic between Bandwidth end f l. fh 
Inputs I. 
-Bandwi dth : Notch ba nd frequency range . 
- fl , fh : Low e nd h i gh notch ba nd frequency end points. 

A• plitude c har acterist i cs a t rt and fh are de pendent on 
filter type s elected (le: - 3dB points for Butterworth>. 

<F3> Co• ponent IJolues <F1> Printout <F5> Help 

Fig. 7. Dedicated for use with the 'UAF42' package; simply respond to the prompts. 
Push <F2> for·an instant performance plot, <F3> to see required parts list. 

Fig. 8. This well 
organised shareware 

repository specialises 
in Australian soft­
ware. It pro11ides 
links to many 2D 

specialist drawing 
packages. 
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users prefer. Sirius is part of TDS-NET, which I reported 
as a vast source of on-line datasheets and application notes 
in August 1997 . 

This cd-rom collection now hosts data on some 200000 
integrated circuits and discrete devices. It also includes 
more than 235 000 pages of information from 38 
manufacturers world-wide. Four eds each containing 
600Mbyte of technical information make up the set. This 
collection is updated each two months. 

Another extremely large data source, Icesoft can be 
found at the semi.com.tw Web site , based in Taiwan.9 This 
site provides links directly to the original maker's site so 
that you can download data or application notes. It requires 
you to pre-register on-line. You are then supplied with 
your password by e-mail. Mine arrived almost instantly by 
the way. 

Since this site permits data searching by description, part 
number, classification or function, you need not know the 
manufacturers name, or the device's part number. Using 
this resource, I was able to identify and download six 
application notes needed for this column in just over a 
quarter of an hour. 

Designing active filters 
Designing active filters can require repetitive iterations of 
relatively awkward simultaneous equations. Traditional 
Spice-based simulators are of little help for switching filter 
designs and can be slow when designing continuous mode 
filters. Fortunately, application notes and dedicated 
software for designing such filters can be quickly 
downloaded. 

One good overview of filter design, called "A basic 
introduction to filters - active, passive and switched­
capacitor", can be found in application note 779 from 
National Semiconductor. 10 This 22 pages of advice can be 
downloaded as AN-779.PDF. 

While switched capacitor filters can be extremely useful, 
a major draw back may be the level of noise breakthrough 
at the switching frequency. This can be reduced by adding 
passive or active time continuous filters, or it can be 
avoided completely by performing filtering using only 
time-continuous techniques. 

Unfortunately, designing active time continuous filters 
requires analysis then choice of the appropriate circuit 
configuration and filter function. One particularly elegant 
technique, especially for use as an anti-aliasing filter, uses 
immittance conversion. This technique results in devices 
called generalised immittance converters or GICs. 

The GIC method offers superior noise gain 
characteristics, and can be designed to ensure minimal 
amplitude and phase de viations over the desired frequency 
band. This method is frequently used as an anti-alias filter 
in high quality compact disc audio players. 

For a good description with a design method for this 
technique, download application note AB-026A from Burr 
Brown. 11 This details a worked example of a third order 
linear phase filter, easily cascaded, to provide an excellent 
sixth-order linear-phase response, Fig. 4. 

Sallen and Key filters 
Perhaps your needs are more modest and can be satisfied 
using the traditional Sallen and Key configuration. T wo 
National Semiconductor application notes detail design 
techniques to overcome two sources of performance 
degradation found using Sallen-Key designs. 10 These 
sources are sensitivity to component parasitic elements and 
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the fini te gain bandwidth of the op-amps used. 
Application note OA-27, "Low-Sensitivity Lowpass 

Filter Design", outlines techn iques for minimising the 
filter's sensitivity to component tolerances - especially 
with time and temperature changes. The companion 
application note OA-2 1, "Component Pre-Distortion for 
Sallen-Key Filters", deals with component changes needed 
to compensate for the op amps finite bandwidth. Both 
voltage and current feedback amplifier systems are 
supported, Fig. 5. 

Simulation and design software 
I mentioned earlier that continuous time filter design could 
be time consuming. Can this process be simplified using 
software? 

One easy solution for both Sallen and Key and the quite 
similar multiple-feedback filters may be found using a 
piece of software called FilterPro . This can be 
downloaded from Burr-Brown. 11 Supported by application 
note AB-034B, this dos-based program allows very quick 
and easy "what-if?" variations to be evaluated, and 
simulated results can be plotted on screen or via a printer, 
Fig. 6 . 

Burr-Brown produces an integrated circuit, comprising 
four op amps together with the precision on-chip 
capacitors and matched resistors needed to build state­
variable filters. This device is-called the UAF42 .11 The 
company's Filter42 software, supported by application 
note AB-02:iC. automates the design task. 

The UAF42 provides three filter sub-circuits together 
with a fourth uncommitted precision op amp. Using this 
dos software, combinations of these sub-circuits can be 
used to quickly design low-pass, high-pass, band-pass and 
notch filters. Using "what-if?" variations, filter 
configurations, can be quickly simulated and the results 
viewed on screen, Fig. 7. 

Both filter software packages are contained within the 
downloaded file FILTER.EXE and accommodate 
Butterworth, Bessel and Chebyshev filter responses. 

Towards a better searching 
Many sites collate data for circuit simulation packages. 
But.computer-aided drafting software, now almost 
mandatory for all designers, is less well serviced. 
One Australian site offers a large number of shareware 
packages originated by Australian writers, so is doubly 
different, making the Ganggang12 site one to visit. Their 
download link to QikDrawCad13 is worthy of evaluation, 
Fig. 8. 

O ne search engine not previously visited is 
MetaCrawler.14 This tool is highly commended in a CNET 
search engine evaluation. Perhaps T should explain that 
metacrawler simultaneously passes your request to several 
major search engines, collates these results, discards 
redundant or broken Jin.ks, before presenting your results. 
Advanced searching allows you to control the number and 
presentation of search results it presents. • 
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Adaptive filters explained 
Continued from page 222 

produced at lhe output of the decision device in the receiver. 
Accordingly, if this output was the correct transmitted 
sequence, it may be used as the desired response for the pur­
pose of adaptive equalisation. Such a method of learning is 
said to be 'decision directed' because the receiver attempts to 
learn by employing its own decisions. 

A final comment pertaining to performance evaluation: A 
popular experimental technique for assessing the perfor­
mance of a data transmission system involves the use of an 
eye pattern. This pattern is obtained by applying the received 
wave to the vertical deflection plates of an oscilloscope, and 
a saw-tooth wave at the transmitted symbol rate to the hori­
zontal deflection plates. 

The resulting display is called an eye pattern because of its 
resemblance to the human eye for binary data. Thus, in a sys­
tem using adaptive equalisation, the equaliser attempts to cor­
rect for intersymbol interference in the system and thereby 
open the eye pattern as far as possible. 

Adaptive differential pcm 
In pulse-code modulation, or pcm, which is the standard 
technique for waveform coding, three basic operations are 
performed on the speech signal. These are sampling, quan­
tisation and coding. 

The operations of sampling and quantisation are designed 
to preserve the shape of the speech signal. As for coding, it is 
merely a method of translating the discrete sequence of sam­
ple values into a more appropriate form of signal represen­
tation. 

The rationale for sampling follows from a basic property of 
all speech signals - they are band limited. This means that a 
speech signal can be sampled in time at a finite rate in accor­
dance with the sampling theorem. For example, commercial 
telephone networks designed to transmit speech signals occu­
py a bandwidth from 200 to 3200Hz. 

To satisfy the sampling theorem, a conservative sampling 
rate of 8kHz is commonly used in practice. 

In pcm, as used in telephony, the speech signal is sampled 
at the rate of 8kHz, nonlinearly quantised, and the coded into 
eight-bit words, as in Fig. 8a). The result is a good signal-to­
quantisat.ion noise ratio over a wide dynamic range of input 
signal levels. This method requires a bit rate of 64kbit/s. 

··················· ·······················-··-· . . . . 

+ Output 
Signal l-2-:.--~.r--:--------+1 I l------1-----­
Source 

Noise 
Source 

Reference 
Sensor 

Fig. 9. Adaptive noise 
cancellation. 
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Differential pulse-code modulation. Abbreviated to dpcm, 
this is another example of waveform coding. It involves the 
use of a predictor as shown in Fig. 8b). 

The predictor is designed to exploit the correlation that 
exists between adjacent samples of the speech signal in order 
to realise a reduction in the number of bits required for the 
transmission of each sample of the speech signal. It does this 
while maintaining a prescribed quality of performance. This 
is achieved by quantising and then coding the prediction error 
that results from the subtraction of the predictor output from 
the input. 

If the prediction is optimised, the variance of the prediction 
error will be significantly smaller than that of the input sig­
nal, so a quantiser with a given number of levels can be 
adjusted to produce a quantising error with a smaller variance 
than would be possible if the input signal were quantised 
directly as in a standard pcm system. 

Likewise, for a quantising eITor of prescribed variance, 
dpcm requires a smaller number of quantising levels than 
pcm. Differential pcm uses a fixed quantiser and a fixed pre­
dictor. A further reduction in the transmission rate can be 
achieved by using an adaptive quantiser together with an 
adaptive predictor of sufficiently high order. 

Adaptive differential pcm, or adpcm, can digitise speech 
with toll quality (eight-bit pcm) at 32kbit/s, Fig. 8c). 

Adaptive noise cancelling 
As the name implies, adaptive noise cancelling relies on the 
use of noise cancelling by subtracting noise from a received 
signal, an operation controlled in an adaptive manner for the 
purpose of improved signal-to-noise ratio. 

Ordinarily, it is inadvisable to subtract noise from a 
received signal because such an operation could produce dis­
astrous results by causing an increase in the average power of 
the output noise. However, when proper provisions are made, 
and filtering and subtraction are controlled by an adaptive 
process, it is possible to achieve a superior system perfor­
mance compared to direct filtering of the received signal. 

Basically, an adaptive noise canceller is a dual-input, 
closed-loop adaptive control system as illustrated in Figs 9 
and l. The two inputs of the system are derived from a pair 
of sensors - a primary sensor and a reference sensor. 

The primary sensor receives an information-bearing signal 
s(n) corrupted by additive noise vo(n). The signal and the 
noise are not correlated with each other. The reference sensor 
receives a noise v1 (n) that is not correlated with the signal 
s(n) but coITelated with the noise v0(n) in the primary sensor 
output in an unknown way: 

E[s(n),v1(n-k)]=O, for all k and 
E[vo(n)v1 (n-k))=p(k) 

where, as before, the signals are real valued and p(k) is an 
unknown cross-correlation for lag k. 

The reference signal v 1(n) is processed by an adaptive fil­
ter to produce the output signal y(n). Filter output is sub­
tracted from the primary signal d(n), serving as the desired 
response for the adaptive filter. The error signal is defined by: 

e(n)=d(n)-y(n) 

The error signal is used, in turn, to adjust the tap weights of 
the adaptive filter, and the control loop around the operations 
of filtering and subtraction is thereby closed. 

Note that the information bearing signal s(n) is indeed part 
of the error signal e(n). Now, the adaptive filter attempts to 
minimise the mean-square value (average power) of the error 
signal e(n). The information bearing signal s(n) is essential­
ly unaffected by the adaptive noise canceller. 

Hence minimising the mean-square value of the error sig­
nal e(n) is equivalent to minimising the mean-square value of 

ELECTRONICS WORLD March 1998 

the output noise v0(n)-y(n). W ith the signal s(n) remaining 
essentially constant, it follows that the minimisation of the 
mean-square value of the error signal is indeed the same as 
the maximisation of the output signal to noise ratio of the 
system. 

The effective use of adaptive noise cancelling therefore 
requires that the reference sensor be placed in the noise field 
of the primary sensor with two specific objectives in mind. 

One objective is that the information-bearing signal com­
ponent of the primary sensor output is undetectable in the ref­
erence sensor output. The other is that the reference sensor 
output is highly correlated with the noise component of the 
primary sensor output. Moreover, the adaptation of the 
adjustable filter coefficients must be near optimum. 

Noise-cancelling applications 
Consider the two useful applications of the adaptive noise 
cancelling operation that follow. 

Cancelling 60Hz interference in ecg. In electrocardiogra­
phy, commonly used to monitor heart patients, an electrical 
discharge radiates energy through a human tissue. The result­
ing output is received by an electrode. 

The electrode is usually positioned such that the received 
energy is maximised. Typically, however, the electrical dis­
charge involves very low potentials. Hence extra must be 
exercised in minimising signal degradation due to external 
interference. 

By far the strongest form of interference is that of a 60Hz 
periodic wavefom1 picked up by the receiving electrode from 
nearby electrical equipment. Figure 10 shows a block dia­
gram of the adaptive noise canceller used to reduce the har­
monics. 

Reducing acoustic noise in speech. At a noisy site, such as 
the cockpit of a military aircraft, voice communication is 
effected by the presence of acoustic noise. This is particularly 
serious when linear predictive coding is used for the digital 
representation of voice signals at low-bit rates. 

The noise corrupted speech is used as the primary signal. 
To provide the reference signal, a reference microphone is 
placed in a location where there is sufficient isolation from 
the source of speech. 

Echo cancellation 
Almost all conversations are conducted in the presence of 
echoes. An echo may not be distinct, depending on the time 
delay involved. If the delay between the speech and the echo 
is short, the echo is not noticeable but perceived as a form of 
spectral distortion or reverberation. If, on the other hand, the 
delay exceeds a few tens of milliseconds, the echo is dis­
tinctly noticeable. 

To see how echoes occur, consider a long-distance tele­
phone circuit depicted in Fig. 11. Every telephone is con­
nected to a central office by a two-wire line called the 'cus­
tomer loop.' The two-wire line serves the need for 
communications in either direction. However, for circuits 
longer than 35 miles, a separate path is necessary for each 
direction of transmission. 

Accordingly, there must be provision for connecting the 
two-wire circuit to the four-wire circuit. This connection is 
accomplished by means of a hybrid transformer, commonly 
referred to as a hybrid. 

Basically, a hybrid is a bridge circuit with three ports. If the 
bridge is not perfectly balanced, the 'in' port becomes cou­
pled to the 'out' port, giving rise to an echo, Fig. 12. 

Basically, the principle of echo cancellation is to synthesise 
a replica of the echo and subtract it from the returned signal, 
Fig. 1 3, for only one direction of transmission. 

The adaptive canceller is placed in the four-wire path near 
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the origin of the echo. The synthetic echo is generated by 
passing the speech signal from speaker A through an adap­
tive filter that ideally matches the transfer function of the 
echo path. 

Passing through the hybrid, the reference signal results in 
the echo signal. This echo, together with a near-end talker 
signal x, constitutes the desired response for the adaptive can­
celler. Synthetic echo is subtracted from the desired response 
to yield the cancelJer error signal. 

In any event, the error signal is used to c'"ontrol the adjust­
ments made in the coefficiencies of the adaptive filter. For 

u(n) 

Fig. 14. Block 
diagram of 
adaptive 
transversal 
filter. 
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Fig. 15. Detailed structure of the transversal filter component. 
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the adaptive echo cancellation circuit to operate satisfactorily, 
the impulse response of the adaptive filter should have a 
length greater than the longest echo path that needs to be 
accommodated. 

Least-mean square algorithm 
The well-known least-mean-square, or !ms, algorithm is an 
important member of the family of stochastic gradient-based 
algorithms. · · 

A significant feature of this algorithm is its simplicity. It 
does not require measurements of the pertinent correlation 
functions, nor does it require matrix inversion. Indeed, it is 
the simplicity of the !ms algorithm that has made it the stan­
dard against which other adaptive filtering algorithms are 
benchmarked. 

The operation of the !ms algorithm is descriptive of a feed­
back control system. Basically, it consists of a combination 
of two basic processes. One is an adaptive process, which 
involves the automatic adjustment of a set of tap weights. 
The other is a filtering process, which involves: (a) forming 
the inner product of a set of tap inputs and the corresponding 
set of tap weights emerging from the adaptive process to pro­
duce an estimate of a desired response, and (b) generating an 
estimation error by comparing this estimate with the actual 
value of the desired response. In turn, the estimation error is 
used to actuate the adaptive process, thereby closing the feed­
back loop. 

Correspondingly, it is possible to identify two basic com­
P?nents in the structural constitution of the !ms algorithm, 
Fig. 14. 

First you have a transversal filter, around which the !ms 
algorithm is built. This component is responsible for per­
forming the filtering process. Second, there is a mechanism 
for performing the adaptive control process on the tap 
weights of the transversal filter. 

Details of the transversal filter component are presented in 
Fig. 15. The tap inputs from the elements of the M-by-l tap 
input vector u(n), where M-1 is the number of delay ele­
ments. 

Figure 16 presents details of the adaptive weight-control 
mechanism. Specifically, a scaled version of the inner prod­
uct of the estimation error and the tap input is computed. The 
result obtained defines the correction applied to the tap 
weight. The scaling factor used in this computation is calJed 
the adaptation constant or step size parameter. 

The tap-weight vector computed by the lms algorithm exe­
cutes a random motion around the minimum point of the 
error performance surface. This random motion gives rise to 
two forms of convergence behaviour for the lms algorithm -
convergence in the mean, and convergence in the mean 
square. 

It is important to realise, though, that the 'mis-adjustments' 
are under the designer's control. In particular, the feedback 
loop acting around the tap weights behaves like a low-pass 
filter, with an average time constant that is inv~rsely pro­
portjonal to the step size parameter u. 

Hence, by assigning a small value to u, the adaptive pro­
cess i~ made to progress slowly, and the effects of gradient 
noise on the tap weights are largely filtered out. This, in tum, 
has the effect of reducing the mis-adjustments. • 

Designers interested in Zilog' s dsp, comms and 
mioqocontroller solutions, contact Gothic Crellon at 
3 The Business Centre, Molly Mil/ars Lane, 
Wokingham, Berkshire RG41 2EY, tel. 0118 978 
8878, fax 0118 977 6095. 
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ACTIVE 
A-to-d and d-to-a 
converters 
12-blt, 5MHz sampling a-to-d. 
ADS803 from Burr-Brown is a 12-bit 
converter offering a 69dB s:n ratio 
and 82dB to beyond the Nyquist 
frequency, sampling at 5MHz. It has 
an internal reference and may be 
programmed for 2V pk-pk input for 
best spurious-free dynamic range or 
5V pk-pk for lowest referred noise of 
0.09 lsb rms, or any range between. 
An over-range flag for high input can 
be used to reduce the front-end gain 
to compensate. Digital error 
correction reduces differential linearity 
error to a typical ±0.25 lsb. 
Burr-Brown International. Tel., 0 1923 
233837; fax, 01923 233979. 
Enquiry no 501 

Delta-sigma a•to•d. Crystal 
Semiconductor's CS5529 16-bit, 
delta-sigma analogue-to-digital 
converter allows a reduction in size 
over types of converter using other 
techniques. This is a low-power 
device using a single 5V, or ±2.5V, 
rail, includes a digital filter and self 
and system calibration, the converter 
being controllable from a 3V system. 
A 6-bit latch output allows control of 
switches and other devices and there 
is an SPI and Microwire three-wire 
interface for programming 
bipolar/unipolar working, calibration 
and output word rate. Sequoia 
Technology Ltd. Tel., 0118 9258000; 
fax, 0118 9258020. 
Enquiry no 502 

Digital signal 
processors 
Digital potentiometers. Replacing 
four mechanical slider potentiometers, 
Xicor's X9408 chip contains four 
non-volatile digital potentiometers, 
each having 64 settings, lhe X9418 
version being a dual, 64-setting type. 
Noise figure for both is -1 40dB/Hz, 
standby current 1µA. Sixteen eight-bit 
registers that hold the wiper positions 
in eeprom may also be used to store 
other data. Settings are 
carried out by means of a 400kHz, 
two-wire interface and the devices 
may be programmed to return to 
previous settings at switch-on or 10 go 
to a preset starting point. End-to-end 
resistance is 1 Okn, each resistor in 
the array having a value of 158.50. 
Xicor Ltd. Tel., 01993 700544; fax, 
01993 700533. 
Enquiry no 503 

Memory chips 
Industrial serial eeprom. Microchip's 
24AAXXfamily of 1.8V I2c serial 
eeproms operate in the -40°C to 
85°C temperature range and are 
available in densities of 128b to 16Kb. 
Standby and active currents are 
500nA and 500µA, write speed 
1- 10ms, maximum clock frequency 
400kHz and a claimed one million 
erase/write cycles. There is hardware 
write protection and, barring 
accidents, the ability to retain data for 
200 years. Arizona Microchip 
Technology Ltd. Tel., 0118 
92155858; fax, 0118 9215835. 
Enquiry no 504 

Microprocessors and 
controllers 
Otp controllers. Two 
rnicrocontrollers in the Temic CS I 
range work at 40MHz at 5V or 16MHz 
at 3V. TSC87C51/52 are compatible 
with existing CSls, these two offering 
4K and 8K of eprom, being 
compatible w ith mask rom products. 
Temic has a factory programming 
service and the devices are provided 
with programming tools compatible 
with the Intel Quick-pulse algorithm. 
IEC Micromark Electronics Ltd. Tel., 
0 1628 76176; fax, 01628 783799. 
Enquiry no 505 

32-bit rise starter. NEC has a starter 
kit to introduce the V850 32-bit rise 
controllers. The EB• V853 is said to 
contain everything needed to allow 
people to start application 
development and testing the 
performance of the V853, which NEC 
says is one of the most flexible in the 
range. There is a compact cpu board 
with sram to hold the user's program, 
rom with a debugger monitor, a flash 
rom self-writing circuit, an RS232 
port, connections to all cpu signals, a 
display and an 8-bil input port with dil 
switch to simulate input signals. The 
V853 has an 8-bil d-to-a converter 
accessible from the cpu board, five 
16-bit counter/timers, an interrupt 
controller and a two-channel 
pulse-width modulator. Software 
provided includes a C compiler with C 
source debugger and demo program. 
NEC Electronics (UK) Ltd. Tel., 01908 
691 133; fax, 01908 670290. 
Enquiry no 506 

C161 plus Newly introduced in the 
Siemens Cl 61 range of 8-bit 
microcontrollers is the C161RI, which 
comes with a two-channel, 
multiplexed I2c bus and SPI 
interfaces, a usart, an 8-bit, 4-channel 
analogue-to-digital converter, timers 
and a real-time clock, which allows 
the device to be 'woken up' from 
standby. There are also 3Kbyte of 
ram. At 16MHz, execution time for a 
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command is around 125ns. Siemens 
pie. Tel., 0990 550500; fax, 01344 
396721 . 
Enquiry no 507 

Motors and drivers 
Variable-speed control ics. GEC 
Plessey offers two integrated circuits 
for variable-speed control of motors in 
'white goods' and in general-purpose 
inverters. SA828 is a three-phase 
pwm generator for low-cost, efficient 
ac induction motor drives, the SA838 
being a single-phase version, which is 
also used in uninterruptible supplies. 
The 828 switches al 24kHz to give 
ultrasonic power switch operation and 
two standard waveforms, sine and 
sine+third harmonic, are available, the 
latter being a method of increasing 
motor power. No intervention by a 
microprocessor is needed unless 
frequency or waveform need to be 
changed. An evaluation board is 
provided. Gothic Crellon Ltd. Tel., 
01734 788878; fax, 01734 776095. 
Enquiry no 508 

PASSIVE 
Passive components 
Miniature Schottkys. Zetex 
ZHCS500 is an SOT-23 0.5A (6.75A 
pulsed) Schottky diode having a 
forward voltage of 550mV. Reverse 
recovery takes 1 Ons when switched 
from 500mA to - 500mA and power 
dissipation is 330mW at 25°C 
ambient. Zetex pie. Tel., 0161-622 
4444; fax, 0161-622 4469. 
Enquiry no 509 

Power Schottkys. lxys has a new 
range of power Schottky diodes rated 
from 1 OA to 320A at 1 OOV in T0-220, 
SOT-227B and T0-247 packages. 
Guard rings permit a high dv/dt and 

junction temperature may be 175°C 
with guaranteed avalanche ratings. 
Applications lie in low-voltage 
rectification in smps and as 
free-wheel diodes in low-voltage 
converters. GD Rectifiers Ltd. Tel., 
01444 243452; fax, 01444 879722. 
Enquiry no 5 10 

Snap-In electrolytlcs. Nover's LS 
snap-in electrolytics combine a ripple 
rating of up to 4.8A and a rated life of 
2000h at 85°C in a 22·35mm 
diameter snap-in case. Values are in 
the 47µF-22000µF range at ±20% 
tolerance and at voltages between 
16V and 400V; leakage current is 
under 0.01 CV. Anglia. Tel., 0.1945 
474747; fax, 01945 474849. 
Enquiry no 511 

PCMCIA transformers. Transformers 
by Pulse, said to be the smallest 
available, are designed for Type 2 
PCMCIA cards and are mounted in 
the middle of a card by pick and place 
equipment. Each transformer in the 
range will carry out transmit and 
receive functions and matches 

High-current 
1n Iha Phoenix 

t Orange carry 
PIich is 0.4in and 

n has two pins to 
mechanical stability 

the current 
. Two and three pole 

Wl&lons are available and 
interlock to allow the 
construction of larger blocks. 
They accommodate solid wire 
of 0.5mm to 1.6sq.mm. and 
multi-stranded wire to 1 Osq.mm, 
versions also being able to take 
2.3mm test probes. Onboard 
Electronics Ltd. Tel., 01256 
818222; fax, 01256 840610. 
Enquiry no 5 12 
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transceiver chips made by the leading 
companies. Silicon Concepts Ltd. 
Tel., 01428 751617; fax, 01428 
751603. 
Enquiry no 513 

Audio products 
Stereo, 115dB a-to-d. For 
professional use, AKM's AK5392 
128-times oversampling 
analogue-to-digital converter uses the 
company's dual-bit technique to retain 
the low distortion of single-bit devices 
but with a wider dynamic range. 
AK5392 resets itself when power is 
applied and phase detection of the 
clock ensures correct 
synchronisation, which is useful when 
several devices run together in slave 
mode. Sampling rate is 54kHz and 
sinad 1 OOdB (s:n 115dB). Dynamic 
range is 115dB, and stopband 
attenuation 110dB. Asahi Kasei 
Microsystems Ltd. Tel., 01923 
226988; fax, 01923 226933. 
Enquiry no 514 

Navigation systems 
GPS development. GEC 
Pressey has a development 
system for the hardware and 
software of a 12-channel Global 
Positioning System receiver. 
GPS Architect consists of a GPS 
receiver board using the GEC 
Plessey GP2000 chipset, the 
GP2010 rt section, a OW9255 
saw filter, the GP2021 
12-channel correlator and an 
ARM60-B 32-bit rise processor. 
There is enough rom and ram to 
avoid memory shortage during 
development and three serial 
ports are provided for connecting 
to a pc to assist with software 
downloading, differential GPS 
correction data input and display. 
An active antenna is provided, as 
are power supply and cables. 
The C source code may be 
embedded in a receiver. Even 
having acquired 12 channels, half 
the processing power is unused 
to allow the equipment to be 
combined with comms systems. 
Gothic Crellon Ltd. Tel., 01734 
788878; fax, 01734 776095. 
Enquiry no 515 
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Connectors and cabling 
Parallel intertace cables. GTK has a 
range of high-speed, bidirectional 
parallel interface cables for 
connection to IEEE 1284 pcs and 
peripherals. They use 25W D-type, 
35W Centronics and 36W mini 
Centronics connectors and are made 
in lengths from 1.5m to 10m. 
Temperature rating of the 
double-shielded cables is -20°C to 
75°C and they withstand 500V rms for 
a minute. Current rating is 1A. GTK 
(UK) Ltd. Tel., 01344304123; fax, 
01344 301414. 
Enquiry no 516 

Fine-pitch connectors. From Flint 
comes a range of 0.5mm pitch 
connectors in 130 combinations of 
ways, heights and configurations. JAE 
WR connectors are available in 
30-120 circuits and may be stacked to 
give parallel board-to-board spacing 
from 4mm to 9mm. They are made in 
right-angled and vertical styles and a 
'floating' type takes up misalignments 
of up to 0.25mm in X and Y planes. 
Current handling is 0.5A (0.3A for the 
floating type), minimum insulation 
resistance 1 OOMQ and dielectric 
voltage up to 500V ac. Contact 
resistance is 50mQ. Flint Distribution. 
Tel., 01530 510333; fax, 01530 
510275. 
Enquiry no 517 

D-type submlniatures. Subminiature 
O connectors by ITT Cannon are 
available with combinations of pin 
types, being modular in form. Options 
include variations in current capacity 
up to 40A, son or 750 coaxial, high 
voltages and optical fibre, all with 
choice of crimp or solder connection 
and straight or right-angle pins. There 
are various materials and finishes for 
the shells and the connectors meet 
NASA, ESA and medical equipment 
requirements for outgassing and 
residual magnetism. PEI-Genesis UK. 
Tel., 01797 322003; fax, 01797 
321589. 
Enquiry no 518 

Parallel-to-SCSI connector. TranslT 
is a parallel-port-to-SCSI interface for 
connecting portable SCSI equipment 
such as removable hard disks, 
cd-roms and scanners to a notebook 
or pc parallel port. Data transfer is at 
the rate of 900KB/s with a burst rate 
of 1.5MB/s. Power is by SCSI Term 
Power and up to seven SCSI devices 
may be daisy-chained. Drivers for 
dos, Windows and OS/2 are included. 
Shuttle Technology Ltd. Tel., 0118 
9770441; fax, 0118 9771709. 
Enquiry no 519 

Displays 
Wide-angle led. NEC's 
NL6448AC33-24 is a 10.4in flat-panel 
led that has a viewing angle of 80° 
from normal in any direction, that is 
160° overall; in this region, there is no 
preferred viewing angle. It is a 640 by 

480 pixel screen and a built-in digital 
interface to give 262 000 colours. The 
display is nearly three time as bright 
as a typical pc panel, luminance being 
190cd/m2 and contrast ratio 150:1 . 
Sunrise Electronics Ltd. Tel., 01908 
263999; fax, 01908 263003. 
Enquiry no 520 

Display driver kits. Flat-panel 
display driver kits from Anders allow 
users lo run any tft or stn graphics 
display in minutes, using a Goldstar 
panel or any other. Kits include 
everything needed to drive the 
display: driver, interconnection, 
controller board and bias and any 
cables needed, the kit being 
configured for the specified panel. A 
family of controller cards in the kit are 
for ISA, VESA and PCI buses, which 
covers every current type of panel. 
Both low-voltage differential signalling 
and Panelink cards are available to 
allow a high-resolution display to be 
driven remotely. Anders Electronics 
pie. Tel., 0171 3887171; tax: 0171 
3872951 . 
Enquiry no 521 

100-led bargraphs. New led 
bargraph displays by Lumex contain 
101 or 103 led chips in a 106mm-long 
package, providing a fast display 
comparable in accuracy with slow 
analogue meters. The chips are 
mounted on 1 mm centres and overall 
height is 5.99mm. Colours are red, 
green and yellow in combination and 
lenses and drivers can be specified. 
Lumex Opto/Components Inc. Tel., 
001 847 359-2970; fax, 001 847 
359-8904. 
Enquiry no 522 

Thin tit monitor. GTT produces the 
GTM-121 thin-film transistor 
liquid-crystal monitor, which is a 
12. 1 in active-matrix type having a 
resolution of 800 by 600 and giving 
262144 colours; the range of sizes is 
now complete at 9.4in to 15.1 in. A full 
range of controls are incorporated 
and a non-volatile memory stores size 
and set-up functions. As an option, a 
resistive touch facility may be added. 
Craft Data Ltd. Tel., 01494 778235; 
fax, 01494 773645. 
Enquiry no 523 

Bench m ultimeter Thurlby 
Thandar's Model 1604 benchtop 
multimeter is an auto-ranging 
instrument with a large, bright 
display. Scale length is 40000 
and it offers true rms 
measurement in the audio band, 
a basic accuracy to within 0.08% 
and resolutions of 1 Oµ V, t omn 
and 0.1 µA. Functions mcl~de 
relative measurement. max/min 
storage and a function to allow 
readings to be held on display 
each time a new test point cs 
probed. Frequency up to 
may be measured to Within 
and there ,s an isolated 
interface to a pc: data 
software ,s avallabl9. 
Thandar lnstrumanlllt 
01480 41245 
450409. 
Enquiry no 

Hardware 
Thin fan. Sanyo Denki's San Ace 
140L long-lived cooling fan has been 
slimmed down from its earlier 51mm 
and is now 38mm thick, being 140mm 
square. It will, it is said, live for 
100000h at 60°C and is made for use 
on 12V, 24 V and 48V supplies in 
1900rev/min or 2600rev/min versions. 
Maximum air flow from the faster 
versions is 4.5m3/min. EAO-Highland 
Electronics Ltd. Tel., 01444 236000; 
fax, 01444 236641 . 
Enquiry no 525 

Racks. Vero's Network Support Rack 
is a floor-standing enclosure designed 
to hold several computers in tower or 
desk-top cases, monitors, keyboards 
and an uninterruptible power supply; it 
also contains a fire protection system. 
Cable management, power 
distribution, thermal management and 
filtering are all catered for. The rack 
can hold a 500kg load, comes in 
heights of 37U and 42U and in widths 
of 600mm and depths of 600 or 800, 
being compatible with 19in and ETSI 
racking in combination. High-quality 
locks are used and, optionally, 
powered locks operated by keypad. 
Vero Electronics Ltd. Tel., 01703 
266300; fax, 01703 265126. 
Enquiry no 526 
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Test and measurement 
Digital pressure measurement. 
Digital manometers by Yokogawa, the 
MT/20/ 110, use a silicon-resonant 
sensing technique to achieve an 
accuracy within ±0.02%. In addition to 
the facilities found in the MTl 10, the 
MT/20 also has a digital multimeter to 
measure 1-5V de and 4·20mA, a 24V 
de power supply for transmitters and 
sensors and percentage error display 
for automated field calibration. Both 
measure gauge pressure to 3000kPa, 
absolute and differential pressure 
down to 1kPa in gases and liquids. A 
1024-poinl memory is incorporated for 
data and calibration storage. Martron 
Instruments Ltd. Tel., 01494 459200; 
fax, 01494 535002. 
Enquiry no 527 

Torque/angle measurement. From 
Schatz GmbH comes the Blue Box, a 
portable torque and torque/angle 
measuring instrument designed to 
work with Autocode transducers, 
which automatically transmit their vital 
statistics to the instrument, including 
range, model, serial number, 
calibration details and date of 
calibration. Measurement is in the 
1 Nm-1 OOOONm range and all the 

..,,.,i. Control 
range of 

Alltll lO 
ii& fam11y of opttcal 

m n'8rrlng the facility to 
encoder with a 

al output features for which 
~ llflllCIIII board often must be 
macra. Output features available 
IIOrn eight types of board include 
a line driver, quadrature 
decoding, clock and direction of 
motion converter, the ability to 
work from 7-32V rails and several 
others. The boards are very small 
and are mounted in layers lo give 
a compact assembly. Control 
Transducers. Tel., 01234 
217704; tax, 01234 217083. 
Enquiry no 528 
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above information is supplied to the 
Blue Box with no intervention on the 
part of the user. Until, that is, an 
inappropriate transducer is connected, 
when a warning is given. Results are 
printed or passed by way of an RS232 
interface to a pc. The instrument may 
also be operated as a slave from the 
pc. Scientific Electro Systems Ltd. 
Tel., 01702 335174; tax, 01702 
431105. 
Enquiry no 529 

Literature 
PCI/ISA cards. Signal acquisition and 
signal generator cards for PCI and 
ISA bus are available from Lecroy tor 
use with pcs and are described in a 
new short catalogue. There are 14 
cards with up to 16Mbyte of 
acquisition memory, transferring data 
to pc dram at 1 OOMbyte/s, 8-bit cards 
sampling at 500Msample/s with 
2Mbyte of memory and 12-bit cards 
sampling at up to 1 OOMsample/s. 
LeCroy Ltd. Tel., 01189 344882; fax, 
01189 348900. 
Enquiry no 530 

Materials 
Death to solder balls. Carapace 
EMP 110 LGXMis liquid 
pholoimageable soldermask that 
eliminates solder balls forming during 
the ref low process, by which time it is 
too late to do much about it. Cara ... 
combines a light colour mask with a 
matt finish to make a solder mask to 
resist ball adherence, thereby 
increasing the chances of obtaining 
high yields in ball-grid array device 
mounting. The roughness of the 
surface and the lower absorption of 
thermal energy in the light colour are 
responsible for the mask's 
performance. Electra Polymers and 
Chemicals Ltd. Tel. . 01732 8111 18; 
fax, 01732 81 1119. 
Enquiry no 531 

Cleaner. EnSo/v spray cleaner is a 
non-flammable, fast-drying type with 
low surface tension for good 
penetration. It was developed for use 
as an aircraft cleaner and is very 

suitable for use with electrical 
components and as either immersion 
or spot cleaning for populated boards. 
It is an economical, 'green', low 
toxicity replacement for 1.1.1., 
trichlorethane and HCFC141b. 
Croftshaw Solvents Ltd. Tel., 0181 
508 5564; fax, 0181 508 5559, 
Enquiry no 532 

Printers and controllers 
Thermal printer. Offering an 
improvement in speed, noise (55dB) 
and reliability over types using impact 
printing, Panasonic's EPL/90152 
thermal printer is meant for use in 
hand-held terminals, point-of-sale and 
other ticket-printing applications; it is 
82.6 by 41 by 15.8mm in size and 
weighs 60g. If needed to replace an 
impact printer, there is a mounting 
plate for the purpose. Printing speed 
is 6.81ines/s and resolution 12dots/mm 
and paper widths up to 58mm. 
Panasonic UK Ltd. Tel., 01344 
853157; fax, 01344 853081. 
Enquiry no 533 

Production equipment 
Bare board tester. Polar Instruments 
has the CITS500 
controlled-impedance test system for 
use in pcb production. It will verify 
both single-ended trace impedance 
and the differential impedance of 
balanced traces, simply and with none 
of the setting up needed with 
conventional time-domain 
reflectometry. The system is 
controlled by Windows-based 
software to measure the reflection of 
fast pulses, in which the user selects 
the appropriate test file, positions the 
probes on being prompted and clicks 
the mouse or footswilch, a series of 
tests progressing automatically to give 
a graphical view of the characteristic 
impedance against a pass profile. 
Results are also present in 
opto-isolated rear-panel signals for 
use by a factory's data-logging system 
and may be printed. Many 
accessories are supplied in the 
package or are optional. Polar 
Instruments Ltd. Tel., 01481 53081; 
fax, 01481 52476. 
Enquiry no 534 

Board Inspection. Electronic 
assemblies are simpler to inspect 
using the Alpha 30itwin-camera 
system. The two cameras give vertical 
and angled views of the subject, the 
angled one providing dual 
magnification, controlled by a foot 
switch, and 360° rotation. Variable 
halogen illumination is applied via an 
optical-fibre cable and the X-Y table 
has an anti-static mat and wrist strap 
connection is provided. Video appears 
on the rear of the 250mm PAL 
monitor, with output for video printer 
or built-in computer for storage of 
screen images in .BMP files. Alpha 
Metals. Tel., 0181 6656666; fax, 0181 
6654734. 
Enquiry no 535 

125mA charge pump. Maxim's 
MAX/680/1 are high-frequency 
charge pump voltage converters 
supplying up to 125mA when doubling 
or inverting inputs of 2·5.5V and 
meant to supply analogue 
measurement and amplifier circuits. 
Both need only two ceramic 
capacitors, total board area needed 
being 0.06sq.in. The 1681 operating 
frequency is selectable at 500kHz and 
1MHz, while the 1680choice is 
125kHz or 250kHz. Output resistance 
of both types is 3.50. Maxim 
Integrated Products UK Ltd. Tel., 
01734 303388; fax, 01734 30551 1. 
Enquiry no 536 

Power supplies 
Pos/neg 3.SA regulator. MSK 5200 
3.5A voltage regulators are a series of 
350mV dropout, fixed-voltage devices 
that combine positive and negative 
outputs in one package. Output 
combinations are based on 3.3V, 5V, 
5.2V, 10Vand 12V positive and 5V, 
5.2V, 10V, 12V and 15V negative, all 
outputs being internally trimmed to 
within ±1%. Internal short-circuit and 
thermal protection are provided and 
an electrically isolated case is used. 
Ashwell Electronics Ltd. Tel., 0 1438 
364194;fax, 01438313461. 
Enquiry no 537 

600W module. Intended for use in 
racks, file servers and base station 
transmitters, Coutant Lambda's 
PO600 single-output ac/dc power 
supply module includes EN55022 
level B filtering, power factor 
correction, monitoring and 
signal-generation as standard. To 
form a complete power source, only a 
pcb, heat sink and output connector 
are needed, the whole being able lo fit 
into a 3U rack or 1 U tray. In the event 
of another power supply failing, the 
PD600 will operate as the main 
supply. Regulation and stabilisation 
are both 0.5%, ripple 200mV 
maximum, inrush current 25A and 
typical input current 3-4.2A depending 
on input voltage. Coutant Lambda Ltd. 
Tel., 0 1271 865656; fax, 01271 
864894. 
Enquiry no 538 

A.c. supplies. Chroma 6400 a.c. 
power supplies are programmable in 
frequency from 45Hz lo 500Hz, the 
range consisting of five models for 
375VA to 3000VA output power at 
voltages from 0-1 SOV to 0-300V. 
Distortion is under 0.3% and the pfc 
provides a power factor of 0.98. 
Programming is by way of GPIB, 
RS232C and analogue interfaces and 
there is protection against the natural 
hazards of power supplies, including a 
fan. Glassman Europe Ltd. Tel. , 
01256 883007; fax, 01256 883017. 
Enquiry no 539 

1.25V adjustable regulator. 
Semtech's SC431 is an adjustable 
shunt regulator and is a direct 
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replacement for the other 431s, 
having an operating current range of 
1 00µA-150mA and adjustable output 
voltage of 1.24·20V and 2.5-37V by 
means of two external resistors. 
Output impedance is 0.250 and the 
very sharp turn-on characteristic is 
like that of a zener diode. Voltage 
tolerances of the device is 0.5%, 1 % 
and 2% and there is a choice of four 
packages. Semtech Ltd. Tel., 01592 
773520; fax, 01592 774781. 
Enquiry no 540 

Protection devices 
Battery protection. PolySwitch LR4 
resettable fuses by Raychem provide 
protection against current overload in 

Mass storage 
systems 
Rewritable optical disk drive. 
Panasonic has launched a 
portable version of its PD drive, the 
650Mbyte rewritable optical disk 
and cd-rom drive. LF1500EPBis 
meant for removable secondary 
data storage and cd drive tor the 
notebook market; since it uses the 
standard 25-way parallel printer 
port, it is also suited to shared use 
for multiple office pcs. It will be 
compatible with Panasonic's 
DVD-ram drives shortly to be 
introduced, which will read and 
write to existing PD disks. 
Software is supplied. Controls on 
the unit allow its use as an audio 
player. Panasonic Industrial 
(Europe) Ltd. Tel., 01344 853827; 
fax, 01344 853313. 
Enquiry no 541 
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battery packs, being a third the size, 
Three times faster acting and having 
half the resistance of earlier 
PolySwitch devices, and are of a new 
design to satisfy the requirements of 
oems using AAA cells. Hold current 
ratings are up to 7.3A in the LR4 
family and maximum operating 
voltage 15-20V de, with a maximum 
interrupt current of 100A. Also 
introduced are TAC devices for AAA 
NiCd cells, having a new cap design 
for use on batteries with or without 
buttons. There are three devices: the 
1.7A TAC170-09, the 1A 100-09 and 
the 2.1A 210. Raychem Ltd. Tel., 
01973 572692; fax, 01973 572209. 
Enquiry no 541 

Solderable voltage suppressors. 
Harris's new ML and MLE leadless, 
multi-layer transient suppressors are 
made using a termination process that 
enables the devices to meet 
solderability needs of conventional 
surface-mounting processes and 
testing. The new process allows 
nickel plating of only the end 
terminations while retaining the 50% 
to 70% fillet height needed for gold 
testing. They replace larger zener 
diodes and the leadless construction 
eliminates the normal lead parasitics 
to allow the suppression of very fast 
transients, complying with IEC 
1000-4-2, MIL-STD-883C and others. 
Resistance when on is 1-1 on. Harris 
Semiconductor UK. Tel., 01276 
686886; fax, 01276 682323. 
Enquiry no 542 

Switches and relays 
Miniature relay. G5V-2, a miniature 
signal relay by Omron has 

double-throw, double-pole contacts 
handling 1 µA-2A and up to 125V ac or 
de. Two models are available: the -2 
low-sensitivity version handling up to 
60W with a 500mW coil rating for 
operating voltages from 4.5V de to 
24V de or 580mW at 48V de. The 
G5V-2H1 type switches 24W with a 
coil rated at 150mW from 4.5V to 12V 
de, 200mW at 24V and 300mW at 
48V. Packages are sealed and 
measure 11.5mm high by 20.5mm by 
1 0. 1 mm. Onboard Electronics Ltd. 
Tel., 01256 8 18222; fax, 01256 
840610. 
Enquiry no 543 

Rf relays. Teledyne's RF3XX series 
bypass relays, which operate in the 
band 0-3GHz, are provided with an 
internal bypass link to avoid the need 
for a bypass link on the board. An 
external link is unavoidably longer, 
involves the use of differing materials 
in the path and several direction 
changes for the signal - a bad idea at 
3GHz. The relays provide the bypass 
in normally open and normally closed 
versions. Repeatability is ±0.1dB. 
Package is TO-5, with a ground pin. 
Enquiry.no 545 

Television components 
Digital satellite interface.A network 
interface module is announced by 
GEC Plessey, forming a reference 
design tor the front end of a set-top 
box for digital satellite television 
reception. It complies with the dvd 
standard, accepting 950-2150MHz 
L-band in and producing MPEG2 
transport stream out, no alignment 
being necessary. In five ics, the 
L-band input is converted to a 
485MHz if, which is I/Q processed 

Computer 
board-level products 
Dual Pentium motherboard, 
Soyo has a motherboard for 
dual Pentium systems up to 
333MHz which uses the latest 
hig h-speed graphics 
interface, the Accelerated 
Graphics Port, and the 
intelligent i/o bus. The 
SY-6KD is based on the 
82440LX chipset aod is In the 
standard ATX form and, In 
addition to the AGP. has llwi 
PCI and two fSA expansion' 
buses. There are four 1 
dimm sockets for up IO 
1Gbyte of dram. An AMI 
bios supports multiple 
from IDE. SCSI cd­
floppy disk and an 
Lan-Desk Client 
also available to 
Soyo UK ltd Tel 
4819720, fait 01 
EnqUlryno 

down-converted to give I and Q 
channels at 40MHz bandwidth. Each 
channel is then passed to an a-to-d 
converter and to a qspk/fec decoder 
to produce the MPEG data. 
Microphony is reduced by the use of 
printed inductors. Visual Basic 
evaluation software is provided and 
generic C coding for production. An 
evaluation kit is available. Gothic 
Crellon Lid. Tel., 01734 788878; fax, 
01734 776095. 
Enquiry no 546 
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Transducers and 
sensors 
Fibre sensors. Matsushita's UZF 
range of fibre sensors is increased by 
three specialist types w ith long-range 
sensing amplifiers and a large array 
of heads. They use the UZFRE21 
diffuse reflective head with a 0.8mm 
diameter sleeve on an M3 screw 
thread, giving a maximum range of 
13mm and the facility to detect a 
standard target of 0.01mm diameter. 
The UZFRH?has a stainless steel 
armoured sleeve and optical-fibre 
cable operating at temperatures 
between -60°C and 350°C, sensing 
at a range of 88mm. Lastly, the 
UZFRL4 is a fixed-focus type to 
detect any object, regardless of colour 
or surface condition, at a range of 
4.5-8mm. Matsushita Automation 
Controls Ltd. Tel., 01908 231555; fax, 
01908 231599. 
Enquiry no 547 

Light-dependent resistors. lnvac 
cadmium sulphide ldrs come in 
miniature open-frame and enclosed 
versions and have a response 
matched to that of the human eye at 
560nm to make them suitable for 
lighting control. VAC54 is of the 
miniature type with epoxy coating and 
operating from -30°C to 70°C at up to 

150V de. Minimum dark resistance is 
20MO, 105k!l at 10Iux· rise and 
decay times are 20ms ~nd 30ms. 
Anglia. Tel., 01945 474747· tax 
01945 474849. ' ' 
Enquiry no 548 

[ COMPUTER' 
Data acquisition 
PClbus cards. United Electronics 
PowerDAQ data acquisition cards are 
said to be the first to fully utilise the 
PCI bus, thereby removing 
bottlenecks inherent in the ISA bus. 
The cards are based on a 24-bit 
Motorola DSP56301 running at 
66MHz and having an on-chip PCI 
interface; the dsp processor connects 
via a high-speed internal data bus to 
the system logic, which is in a tpga. 
Amplicon Liveline Ltd. Tel., 0800 525 
335 (free); fax, 01273 570215. 
Enquiry no 549 

Programming hardware 
Production programmer. Stag has a 
new version of the P803 programmer 
for use in production, this one using 
two, eight-socket plug-in modules to 
increase its flexibility. It will now 
gang-program between eight and 

sixteen 3V or 5V devices 
simultaneously. For stand-alone or 
remote working, the P803 has an 
embedded processor for rapid 
programming; sixteen 28F010flash 
chips can be processed in six 
seconds. Ram is 4Mbyte as supplied 
and may be expanded to 16Mbyte 
using standard simms. The device 
library can be updated and is in 
non-volatile memory. There are visual 
and audible alarms to indicate 
completion; software for operation 
and data comms is available for all 
types o.f computer. Stag Programmers 
Ltd. Tel., 01707 332148; fax, 0 1707 
371503. 
Enquiry no 550 

Software 
Neural networks. Neuropredictor by 
SignalBox is particularly good at 
pattern recognition and prediction and 
is an advance in that it cost less than 
earlier examples of this type of 
software and uses rather less 
expensive hardware than of yore, 
running under Windows on an 
ordinary pc. This network is based on 
radial basis function architecture, in 
which locally tuned, overlapping 
receptive fields allow training of one 
part of the net without having another 
part regress. In this way, learning is 
easier, ability to find patterns and 

trends, even in the presence of noisy 
data, is enhanced and training is 
faster. So much faster, in fact, that the 
software can be run on an unmodified 
pc lo give answers to 'what if?' input. 
SignalBox Ltd. Tel., 01709 898989; 
fax, 01709 897787. 
Enquiry no 551 

Improved LabWindows. National 
Instruments has improved the virtual 
instrument development software 
LabWindows/CVl in version 5.0. In 
the new version, an Instrument Driver 
Wizard generates VXI plug&play 
instrument drivers automatically, 
these drivers reducing test times by 
over 50% and keeping track of the 
virtual instrument settings to reduce 
traffic on the bus. A Channel Wizard 
interactively defines input 
transducers, handling conversion and 
scaling. Among other enhancements 
is the multithreading facility, which 
enables data to be acquired or other 
continuous operations to be 
performed separately, apart from 
other tasks the processor is carrying 
out; full priority is afforded the 
acquisition board in this way and no 
data is lost. National Instruments UK. 
Tel. , 01635 572400; fax, 01635 
524395. 
Enquiry no 552 • 

ADVERTISE FREE OF CHARGE 
Subscribers* to Electronics World can advertise their 

electronic and electrical equipment completely free of charge 
Simply write your ad in the form below, using one word per box, up to a maximum of twenty words. R~member to 
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All adverts will be placed as soon as possible. However, we ore unable to guarantee insertion dates. We regret that we are unable to enter into 
correspondence with readers using this service, we also reserve the r ig ht to reject adverts which do not fulfil the terms of this offer. 

Please send your completed forms to: 

Free Classified Offer: Electronics World, l333, Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS 

March 1998 ELECTRONICS WORLD 251 



AUDIO DESIGN 

Fig. 1. Section a), top, 
depicts radiation into 

half space in a true 
infinite baffle. In b), 

radiation from a sealed 
enclosure is into the 

whole sphere. Air spring 
in an enclosure, c), is 

non-linear because box 
volume is not 

proportional to 
displacement. 
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What are the best shapes and materials for woofer enclosures? 
John Watkinson relays his view of the best options. 

As the wavelength of sound at low frequencies is 
long compared to the dimensions of a typical loud­
speaker drive unit, an unbaffled driver is ineffec­

tive as air simply flows from one side of the diaphragm to 
the other as it moves. The solution is to enclose one side of 
the diaphragm so that this cancellation cannot occur. 

A sealed enclosure is the only one which allows an accu­
rate phase response. The sealed enclosure is sometimes 
referred to as an infinite baffle, but this is quite incorrect. 
Fig. 1 a) shows that radiation from a driver in a true infinite 

Force 

OUT IN 

Displacement 

baffle is into an acoustic half-space, whereas from a sealed 
box 1 b) it is omnidirectional into a whole sphere. The 
acoustic impedance experienced by the driver, and hence 
its output, is quite different. 

The sealed enclosure acts as an air-spring in parallel with 
the stiffness of the driver's own suspension. This raises the 
fundamental resonance of the system, raising the lowest 
reproducible frequency. 

Resonant frequency can be reduced by increasing the 
diaphragm mass, but this results in an inefficient unit. 
Another approach is to make the stiffness of the drive unit 
very low so that the air-spring dominates. This results in 
the so-called acoustic suspension loudspeaker. 

Air-spring drawbacks 
Acoustic suspension was claimed Lo be more linear than 
the spider of the drive unit, but this is not so. 

Figure 1 c) shows that an air spring is non-linear because 
the pressure increase is greater for a given inward move­
ment than the pressure drop for the same outward move­
ment. This is great for truck suspensions, but causes dis­
tortion in loudspeakers. 

The resonant frequency can be lowered by addition of a 
critical amount of a material such as wool inside the enclo­
sure. The wool must be teased out so that it fills the entire 
volume. 

Wool's specific heat is much greater than that of the air 
and so the temperature of the air cannot change with pres­
sure. The stiffness of the air-spring is reduced and the fun­
damental resonance goes down. 

If the resonance is still too high, then it can be artificial­
ly lowered using signal processing techniques which are 
readily incorporated into an active speaker. 

The surface area of an enclosure is an order of magnitude 
greater than that of the diaphragm and so the enclosure can 
radiate very effectively if it is not correctly designed. The 
goal is to prevent vibration of the enclosure walls and this 
can be done by stiffness, mass or damping or a combina­
tion of these. 

A loudspeaker can easily be tested for enclosure coloura­
tion. You simply rap the panel with your knuckles in var­
ious places. On a well designed unit the only evidence of 
the blow should be a painful hand. Unfortunately too many 
loudspeakers emit a lot of sound due to structural reso­
nances and flexing. 

Many are not stiff enough 
Many traditional loudspeakers have really quite poor struc­
tural stiffness. The flat wooden panel is the weakest 
method of resisting pressure known. Figure 2a) shows that 
flat panels bend readily under internal pressure because a 
large deflection causes only a small change of length. 

A spherical or cylindrical shape cannot flex because wall 
deflection can only occur with a serious change in wall 
length. Aerosols and airliners also adopt this solution. 

At one time enthusiasts used concrete drain pipes as 
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Fig. 2. In a), leftmost, the flat panel is 
weak because considerable deflection 

causes small change of length. Diagram 
b) outlines an enclosure made from 
curved panels while c) shows a flat­

panelled enclosure braced with stays. 

,enclosures with considerable success - although the result was hardly 
portable. Single or compound curvature construction is always stiffer than 
flat panels, as you will notice from the shapes of car bodies. Useful loud­
speaker enclosures can be made by joining spherical or curved sections as 
in Fig. 2b). 

Flat panels are often used for economy or ease of home construction. 
Better results can be obtained by suitable bracing. Figure 2c) shows the 
use of stays, a technique used to brace the flat areas of locomotive boilers 
in the fuebox area. In loudspeaker, stays can be 10mm dowel. 

Domestic builders can easily incorporate dowel stays as they can be 
glued into through-drilled holes and cut off flush. The dowels have a sec­
ondary purpose of preventing the acoustic wadding from sagging. 

The size v performance conflict 
The conflict between size and performance can be reduced by using suit­
able materials and design. 

BROADCAST MONITOR 
RECEIVER2 

150kHz-30MHz 

We have taken the synthesised all mode FAG8800 communi­
cations receiver and made over 30 modifications to provide a 
receiver for rebroadcast purposes or checking transmitter 
performance as well as being suited to communications use 
and news gathering from international short wave stations. 
The modifications include four additional circuit boards 
providing •Rechargeable memory and clock back-up 
•Balanced Audio line output •Rectuced AM distortion •suf­
fered IF output for monitoring transmitted modulation 
envelope on an oscilloscope •Mains safety improvements. 
The receiver is available in free standing or rack mounting 
form and all the original microprocessor features are 
retained. The new AM system achieves exceptionally low 
distortion: THO, 200Hz-6kHz at 90% modulation -44d8, 0.6% 
(originally -20dB, 10%). · 

*Advanced Active Aerial 4kHz-30MHz *PPM10 In-vision PPM and 
chart recorder *Twin Twin PPM Rack and Box Units *Stabilizer 
frequency shifters for howl reduction *10 Outlet Distribution 
Amplifier 4 *Stereo Variable Emphasis Limiter 3 *PPMS hybrid, 
PPM9 m icroprocessor and PPMs IEC/DIN -50/+6dB drives and 
movements. 

SURREY ELECTRONICS LTD 
The Forge, Lucks Green, Cranleigh 

Surrey GU6 7BG 
Tele hone: 01483 275997 Fax: 2764n 
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If the internal volume of a loudspeaker can be increased, the fun­
damental resonance will go down in frequency. This can be done with­
out making the outside dimension larger, but by making the walls thin­
ner. 

Thin-wall woofer design is still relatively new, but allows huge leaps 
in performance with respect to size. Curved shapes get their stiffness 
through converting flexing into length changes and these can only be 
resisted in a thin wall by using a material with low modulus of elas­
ticity. 

Metal is a natural choice here, allowing a structure both stiffer and 
lighter than wood, and with a wider range of shapes available. Pressed 
steel has many advantages as it is strong and cheap, although the tool­
ing costs put it out of the reach of the home builder. 

Where moderate quantities are required, glass-fibre has much to rec­
ommend it because it can easily be fabricated with compound curva­
ture and an excellent finish. • 

Bridge rectifier type WOS, 800v at 1.5A. £1 
for 10. 
Diodes Type IN4007, lkv at IA, £1 for 50. 
Klockner Moeller FAZG DIN rail mount­
ing circuit breakers, single pole, 4A, 6A, 
16A, 20A, £2 each. 
Seiko Epson Super Twist Graphics Blue 
Mode LCDs 320x240 Pixel Size, 132xl03 
Overal. £5 each. 3 for £ 10. No Driver or 
Details. 
Densitron Liquid Crystal Displays, 5 Digit, 
Type LSH5060RP. £ I each. 
Proximity switches for doors and windows, 
surface mount, £1 each. 
Panel Meters moving coil, lmN75mV, size 
4½ x 2½, scale marked 0-100, and 0-5, 
£5.00each. 
Crabtree Ceiling Switches, 6A, Red Cord, 
£2.00 each. £10 per box of 10. 
Capacitors, 4.7mfd, 400v, radial electrolytic 
(Jamicom) I 5x I 0mm £2 per 200. 
Varistors, 275V 20J, 5mm pitch, Pan 
No.NR7N43 I K, £5 per 500. 
Automotive blade fuses, 5A and I 5A. £ I 
per pack of 5. 
Resistors, CR25, ¼W, 4R7, 47R, 470K £5 
per box of 5,000. 
Weir Bench Power Units Type 460, 0-60v 
at I amp. £70.00. 
Flexible 'Goose Necks' used 10 mount in 
car computers etc, 14' long, £3.00 each. 
Wiring Harnesses for car alanns, useful 
lenglhs of equipment wire etc, £1 per pack 
of 4. 
Hera Foot Switches, 250vac, 3 amp. £A. 
Siemens Min Relays Type CI062A307, 12v 
single pole 10 amp. 3 for £l. 
Ad •a nee Signal Generator Type E2, 
AM/CW, IOOKH.z to 100MHz. £75.00. 
BBC Computers. £25.00 each. 
Sullivan Decade Rcsis1anoe Boxes, 4 Way. 
£20.00 each. 
Tangential Fans, 240vac, 80mm. £A.OO. 
DIP Switches. 6 Way. £ LOO each. 
PED Relays, PCB Mount, 2 pole C/0, 5v 
Type 51 SB05T. £ 1.00 each. 

B. BAMBER ELECTRONICS 
5 STATION ROAD, LITTLEPORT, 
CAM:BS. CB6 IQE. 
Phone: 01353 860185 Fax: 01353 863245 

Tektronix Oscilloscope type TDS350, Dual 
channel, 200mhz, I GS/s, £2200. 
Laplace Spectrum Analyser Adaptor type 
SA450B, for use in a low frequency oscillo­
scope to display signals from I OKH.z to 
450MHz. £320.00. 
Black Star Meteor 600MHz frequency 
counter, mains or banery, £95.00. 
Philips Oscilloscope Type PM3217, Dual 
01aruiel, 50MHz. £350.00. 
I watsu Oscil.loscope Type SS5 I 2 l, Dual 
Channel, 100MHz. £45.00. 
Time DC Voltage Calibrator Type 2003S. 
£250.00. 
11me DC Curent Calibrator, 0-IOmA. 
£250.00 
Marconi AF Oscillator Type TF2 I02M, 
3Hz-30KHz. £75.00. 
KJngshill Power Unit Type NM10300, 
IOOvdc, 3amp. £95.00. 
Avo AC/DC Breakdown leakage & 
Ionisation tester Type RM215-L2. £400.00. 
[mage Powersense mains analyser. £600. 
Avo Megohmmeter Model RM290. £220. 
Zemco central locku1g interface kits type 
SA535 allows !he Zcmco SA530 vehicle 
alann to automatically lock and unlock the 
vehicle doors by use of lhe remote 
ttansminer. £5 each. 
Zemco vehicle alarm Biaxial Piczo Shock 
Sensor Type SA405. £5 each. 
Zemco add on quanz Ulnasonic Sensor Kits 
Type SA404. £5 each. 
Rolling Ball Fuel Flow Sensors suitable for 
Petrol and Diesel. £5 each. 
Pin Switches for Car Door/Boot/Bonnet etc. 
£1 per pack of 4. 

MAIL ORDER ONLY. DELIVERY 
FREE, MIN ORDER £10. NO VAT. 
WANTED SURPLUS STOCK 

CIRCLE NO. 133 ON REPLY CARD 
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SMALL SELECTION ONLY LISTED- EXPORT TRADE ANO QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WH_ICH MAY BE IN STOCK 
HP432A - ·435A or B - 436A - power meters + powert,eads to 60GHz. 
HP8614A signal generator 800Mels - 2.4GHz, new colour £400. 
HP8616A signal gen 1.8GHz-4.5GHz, new colour £400. 

HP New Colour Spectru.m Analysers . 
HP141T+ 85528 IF+ 85538 RF-1KHz-110Mels- £700, 
HP141T+ 8552B IF+ 8554B RF -100KHz-1250Mels-£900. 
HP141T + 8552B IF+ 8556A RF - 20Hz-300KHz - £700. 
HP141T+ 85528 IF+ 8555A 10MC/S·18GHzS- £1200. 
HP8443A Tracking Generator Counter 1 OOKHz· 11 OMc/s - £200. 
HP6445B Tracking Preselector DC to 18GHz - £250. 
HP6444A Tracking Generator• 5-1300Mc/s- £700. 
HP6444A OPT 059 Tracking Generator • 5-1 500Mels - £950. 
HP35601A Spectrum Anz Interface - £500. 
HP4953A Protocol Anz - £400. 
HPB970A Noise Figure Meter + 346B Noise Head - £3.5K. 
HP8755A Scalar Netwo,k Anz Pl - £250 + MF 180C - £200 Heads 11664 Extra. 
HP8756A Scalar Network Anz- £1000 Heads 11664 Extra. 
HP8757A Scalar Netwo,k Anz- £2500 Heads 11664 Extra. 
HP8903A Audio Anz - £1500. 
HP8656A 1 OOKHz - 900 Meis, SIG AM-FM - £1450. 
HP8158B Optical Attenuator OPT 002 + 001 1300-1550NM - £600. 
HP37098 Constellation ANZ £2k. 
HP11715A AM-FM Test Source - £750. 
INTELCO 220 Single Mode Optical Attenuator 1532NM - £300. 
FARNELL TVS70MKII PU 0-70V 10 amps- £150. 
FARNELL PSG 520 SIG 10Mels AM-FM •-£150. 
TEK 475 Oscilloscopes 200Mels - £350. 475A 250Mels - £400. 
MARCONI 6500 Networ1< Scaler Anz - £750. Heads available to 40GHz. 
HP3580A 5Hz-50KHz ANZ - £750-£1000. 
HP3582A ,Q2Hz to 25.6KHz - £2k. 
TEK 7L5 + L3 - Opt 25 Tracking Gen - £900. 
TEK 7L12 - 100KHz-1800Mels - £1000, . 
TEK 7L 18-1.5-60GHzs- £1500. 
Mixers are available for the above ANZ's to 60GHz 
HP8673D Signal Generator .05-26.5GHz _ £15K. 
Systron Donner 1618B Microwave AM FM Synthesizer 50Mels 2·18GHzs. 

R&S SWP Sweep Generator Synthesizer AM FM 4-2500Mc/s - £1 k. 
ADRET 3310A FX Synthesizer 300Hz-60Mels -£600. 
HP5316B Universal Counter A+S. 
HP461A·465A·467A Ampliers. 
HP81519A Optical Receiver QC'.400Mels. 550-950NM £400. 
HP Plotters 7470A-7475A. Up to £250. 
HP3730A+3737A Down Convertor Oscillator 3.5·6.5GHz. 
HP Microwave Amps 491-492-493-494-495-1GHz-12.4GHz - £250. 
HP1058 Quartz Oscillator+ HP5087A Dis Amp £500. 
HP6034A System Power Supply 0·60V 0-10A-200W- £500. 
HP6131C Digital Voltage Source+ -100V ½ Amp. 
HP3779A Primary Multiplex Analyser- £200. 
HP3779C Primary Multiplex Analyser - £300. 
HP1631 D Logic Analyser - £500 . . 
HP5316A Universal Counter A+B. 
HP5335A Universal Counter A+B+C. 
HP8901A Modulation Meter AM-FM - £1.5k. 
Marconi TF2374 Zero Loss Probe - £200. 
Marconi TF2305 Modulation Meter-£1.5k. 
Racal/Dana 2101 Microwave Counter - 1 OHz-20GHz - £2k. 
Racal/Dana 1250-1261 Universal Switch Controller+ 200Mels Pl Cards. 
Racal/Dana 9303 True RMS Levelmeter+Head - £450. IFFE - £500. 
TEKA6902A also A6902B Isolator - £300-£400. 
TEK FG5010 Programmable Function Generator 20Mels - £600. 
TEK2465A 350Mels Oscilloscope- £2.5k + probes- £150 each. 
TEK CT-5 High Current Transformer Probe - £250. 
TEK J16 Oigrtal Photometer+ J6523·2 Luminance Probe - £300. 
HP745A+746A AC Calibrator - £600. 
HP54200A Digitizing Oscilloscope - £500. 
HP11729C Carrier Noise Test Set .01·18GHz- LEF -£2000. 
Marconi TF2008 - AM-FM signal generator - also sweeper - l OKc/s - 510Mels - from 
£250 - tested to £400 as new with manual - probe krt in wooden carrying box. 
HP Frequency comb generator type 8406 - £400. · 
HP Sweep Oscillators type 8690 A & B + plug-Ins from 20Mels to 18GHz also 18-40GHz 
HP Network Analyzer type 8407A + 8412A + 8501A-100Kels - 110Mels -£500-£1000. 
HP Amplnier type 8447A - 1-400Mels £200 - HP8447A Dual - £300, 
HP Frequency Counter type 5340A-18GHz £1000 - rear output £800. 
HP 8410 - A - B - C Network Analyzer 11 OMC/s to 12GHz or 18G Hz - plus most other 

unrts and displays US!ld in this set-up- 841 l a -8412 -8413-8414-8418-8740 -
8741 -8742 -8743 -8746-8650. From £1000. 

Racal/Dana 9301A-9302 RF MiilivoHmeter-1.5-2GHz -£250-£400. 
Ra cal/Dana Modulation Meter type 9009-9008 - 8Mc/s - 1.5GHz - £150/£250. 
Marconi RCL Bridge type TF2700.- ~150. 
Marconi/Saunders Signal Sources type -6058B - 6070A - 6055A - 6059A - 6057A-

6056 - £250-£350. 400Mels to 18GHz. · 
Marconi microwave 6600A sweep osc., mainframe with 6650 Pl - 18·26.5GHz or 6651 Pl 
- 26.5-40GHz - £750 or Pl only £600. MF only £250. · 
Tektronix Plug-Ins 7A13 -7A14 - 7A18- 7A24 - 7A26 - 7A11 - 7M11 - 7S11 - 7010-
7S 12 - S 1 - S2 - S6 - S52 - PG506 - SC504 - SG502 - SG503 - SG504 - DC503 -
OC508- D0501-WR501-DM501A-FG501A-TG501 -PG502 

-DC505A - FG504 - 7B80 + 85 - 7B92A. 
Gould J3B test oscillator + manual - £150. 
Tektronix Mainframes - . 7603 - 7623A- 7613 - 7704A-7844 - 7904 - TM501 - TM503 
-TM506 - 7904A- 7834 - 7623 - 7633 - 7844 - 7854- 7104. 
Marconi 6155A Signal Source- 1 to 2GHz - LEO readout - £400. 
Barr & Stroud Variable finer EF3 0.1Hz-100Kels + high pass+ low pass - £150. 
Farnell power unit HS0/50 - £400 tested. H60/25 - £250. 
Racal/Dana 9300 RMS voltmeter - £250. 
HP 8750A storage normalizer - £400 with lead + S.A or N, A Interface. 
Tektronix-7S14 - 7T11 -7S11 -7S12-S1 -S2-S39-S47 -S51 -S52-S53-7M11. 
Marconi mod meters type TF2304 - £250. · 
Systron Donner counter type 6054B - 20Mels - 24GHz - LED readoUJ - £1 k. 
Farnell electronic load type R81030-35 - £350. 
Racal/Dana counters -9904 -9905 - 9906-9915 -9916-9917 -9921 -50Mc/s-

3GHz - £100- £450 - all fitted with FX standards. 
HP4815A RF vector impedance meter elw probe - £500-£600. 
HP180TR, HP182T mainframes £300-£500. 
Marconi 6700A sweep oscillator+ 18GHz Pl's available. 
Racal/Dana VLF frequency standard equipment. Tracer receiver type 900A + difference 

meter type 527E + rubidium standard type 9475 - £2750. 

HP 3336A or B syn level generator - £500-£600. 
HP 3586B or C selective level meter - £750-£1000. 
HP 8683D SIG microwave 2.3 - 13GHz - opt 001 - 003 - £2.5k. 
HP 8660. Q syn SIG. AM + FM + 1 OK els to 11 OM els Pl - 1 Meis to 1300Mels -

1.Mels to 2600 - C3.5k. 
HP 8640B SIG AM-FM 512Mels or 1024Mels. Opt 001 or 002 or 003- £800-£1250. 
HI' 86222BX Sweep Pl -01 - 2.4GHz + ATT-£1400- £1750. 
HP 86290A Sweep Pl - 2 - 18GHz - £1000 - HP 86290B £1250 
HP 88 Series Pl's in stock- splltband from 10Mels- 18.6GHz-£250- £1k. 
HP 8620C Mainframe - £250. IEEE - £500. 
HP8615A Programmable signal souroe-1MHz-50Mels- opt 002 -£1k. 
HP 8601A Sweep generator .1 - 110Mels - £300. 
HP 853A MF ANZ - £1 k. 
HP 8349A Microwav~ Amp 2 - 20GHz Solid state-,£)500. 
HP 1980B Oscilloscope measurement system - £300. 
HP 345513456A Digital voltmeter - £400,. · 
HP 5370A Unwersal time iRterv;!l'cOJJriter- £1 k. 
HP 5335A Universal counter-200Mels - £500. 
HP 5328A Universal counter - 500Mels - £250. 
HP 6034A System power supply - o - 60V - O - 1 O amps - £500. 
HP 3717 A 70Mels modulator - demodulator - £400. 
HP 3710A- 3715A -3716A-37028-37038-3705A -3711A-3791B- 3712A­
. 37938 microwave link analyser - P.0.R. 

HP 3552A Transmission test set - £350. 
HP 3763A Error detector - £500. 
HP 3764A Digital transmission' analyser - £600. 
HP 3n0A Amp delay distortion analyser- £400 - + 37708 - £400. 
HP 3780A Pattern generator detector - £400. 
HP 3781A Pattern generator- £400. 
HP 3782A Error detector - £400. 
Tektronix 577 Curve tracer+ adaptors - £900. 
Tektronix 1502/1503 TOR cable test set -£400. 
Racal 1991-1992-1998-1300Mels counters - £400-£900. 
Fluke &OK-40 High voltage probe In case - BN - £50-£75. 
EIP 545 microwave 18GHz counter - £1200. 
Fluke 51PA AC ref standard - 400Hz - £200. 
Fluke 355A DC voltage standard - £300. 
Wiltron 6100 Sweep Generator+ 6124C Pl - 4 - 8GHz-£400. 
Wlltron 610D Sweep Generator + 61084D Pl - 1 Meis - 1500Mels - £500. 
HP 8699B Sweep Pl YfG oscillator .01 - 4GHz - £300. 86908 MF - £250. Both £500. 
Dummy Loads & power att up to 2.5 kilowatts Fl( up to 18GHz - microwave pans new 
• and ex equipt - relays - attenuators - switches - waveguides - Y19s - SMA -

APC7 plugs - adaptors. 
B&K Items in Stoel< - ask for list. 
W&G Items in stock - ask for list. 
Power Supplies Heavy duty + bench in stock - Farnell - HP - Weir - Thurlby - Racal etc. 

Ask for list. Large quantity in stock, all types. 
Marconi 2955 Radio test set + calibration. £2000. 
Marcpnl 2955 + 2958 Tacs radio test set + calibration. £2250. 
Marconi Tf201S SIG 10Mels-520Mc/s AM.FM. £150. 
Marconi TF2016A SIG 10Kels-120Mels. AM.FM. £150. 
Marconi Tf2171 or 2173 Digital syncronizerfor 2P15/2016. £100. 
Marconi Tf2017 SIG .01-1024Mels.AM.FM. High grade. £1500. 
Marconi Tf2018 SIG 80Kels-520Mels. AM. FM. £800. 
Marconi TF201BA SIG 80Kels-520Mels. AM. FM. £1000. 
Marconi TF2019 SIG 80Kels-t040Mels. AM. FM. £1250. 
Marconi TF2019A SIG 80Kels·1040Mels. AM. FM. £1500. 
Marconi TF2022E SIG 10Kels-1.01GHzs. AM. FM. £1500. 
Marconi TF2022E As above but as new + Cal cert. £1800. 
Marconi TF6311 Microwave Sweep SIG 1 OMels-20GHz elw TF6500 amplitude Anz. 

plus heads 10Kels-40GHz. £4K-£5K. 
Farnell S/G ESG1000 10Hz-1000Mc/s. AM. FM. £1200. 
Farnell S/G PSG1000 10Hz-1000Mels. AM. FM. £1300. 
IFR 1200S Communications·radio test set. £2500. 
TF2370 Spectrum Anz's 30Hz-110Mc/s. Large qty in stock to clear as received fror;n 
Gov-all sold as Is from pile complete or add £100 for testlng. 
Callers preferred - Pick your own from over sixty units. 
A. Early Model - Grey - Rear horizontal alloy cooling fins - £200. 
B. Late Model - Grey - Ver1ical alloy cooling fins - £300. 
C. Late Model - Brown ~ Ver1ical alloy cooling fins - £500. 
Marconi TK2373 Extender to 1 .25GHz-£400. Brown colour - £500. 
H.P.~ Synthesized function generator-£1000-£1500. 
H.P. 3325B Synthesized function generator - £2500. 
H.P. 8S05A Vector voltmeter - late colour- £400. 
H.P. 8508A Vector voltmeter - £2500. 
H.P. 8505A Networ1< Anz 500KHz-1 .3GHz - £1750. 
H.P. 8505A + 8502A or 8503A test"sets - £2000/£2250. 
H.P. 8505A + 8502A or 8503A+8501A normalizer- £2500. 
H.P. 8557A .01 Mels-350Mc/s-8558B 0.1-1500Mels - 8559A .01-21 GHz + MF653A 

or 182T or 180C-O-T £500-£3000. 
Tektronix 492 Spectrum Anz-OPT 3-50Kels·21 GHz - £3500. 
Tektronbl : HP Oscilloscopes - 1OOMels-465-4658-1740- 17 41 etc - £300. 
Phillips 321? 50Mc/s oscilloscopes - £250. 
Phillips 3296 350Mels IR remote control oscilloscope - £1400. 
Hitachi VC6041 D1gital·storage oscilloscope - 1.00Mels - £800. 
Teklronlx 2430A Digital st<>rage oscilloscope - 1 OOMc/s - £2000. 
Tek1ronlx 2440 Digital storage oscilloscope - 400Mels - £2400. 
Tektronix 2245A Osci~oscope - 1 OOMels - £1000. 
Tektronix 2445· + OMM - 250Mels - £1750. 
Tektronix 2445A'- 150Mels"-4 CH-£1500. 
Schattner NSG 200E Mainframe - NSG203A low volt var simulator - NSG222A. 
Interface simulator - NSG223 Interface generator - NSG224 Interface simulator - NSG226 
Data line simulator - all six ltenis at £1500. 
Schattner NSG200E Mainframe - NSG203E low volt var simulator - NSG222A Interface 

simulator-all three items- £1000. 

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLU$. PRICE IS EX WORKS. SAE FOR ENQUIRIES. PIIOME FOR APPOINTMENT OR FOR DEMONS'lllATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE. VAT 
ANO CARRIAGE EXTllj\. lTlMS MARKED TESTED HAVE 30 DAY WARRANTY, WAIITE!); TEST EQUIPMENT-VAlVES-PUIGS AND SOCKETS·SYNCROS-TllANSMITTING AND RECEIVING EQUIPMENT ETC. 

Johns Radio, Whitehall Works, 84 .Whitehall Road EJst_ Blrkenshaw, Bradford 8D11 2ER. Tel. No: (01274) 684007. Fax: 651_160 
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ANALOGUE DESIGN 

TRAC Design Competition Winner 
One of six 
winners of the 
TRAC design 
competition, 
Mike Button, has 
devised a new 
solution to ssb 
modulation and 
demodulation 
that is only 
practicable using 
the TRAC concept. 

A new demodulator 
for single sideband 

More winners 

The arrival of the TRAC devices on the elec­
tronics market has led to the possibility of 
solutions which have hitherto been only pos­

sible by either complex pcb with many op amps 
and passive components or by expensive digital 
signal processors. 

As a radio amateur I have been intrigued by the 
possibility of obtaining single sideband modulation 
or demodulation without recourse to expensive fil­
ters. The 'third method' of obtaining the sum and 
difference frequency components of two signals at 
low intermediate frequencies is now a low cost 
possibility. 

Behind ssh 
If two sinusoidal signals of different frequencies 
are multiplied together it can be shown that the 

These are the remaining five winners of the TRAC design competition. 
Each will receive a TRAC development kit worth £600. 

400Hz three-phase exciter. Ben Sullivan's exciter is primarily for aircraft 
equipment testing. Its three-phase oscillator can lock to an external 
signal and has an out-of-lock indicator. 

Amplitude modulator. Designed by Franck Bigrat, this modulator is 
implemented from the mathematical formula for an AM signal. 

Digitally controlled audio preamplifier. Andrew Wilkes' amplifier uses 
one TRAC IC to produce a four input-source stereo preamp with tape 
deck support and a 4-bit, i.e. 16 log step, volume control. 

Power meter. Charles Bacon's design is a meter for measuring power 
dissipation in a transistor. It makes use of TRAC's log, addition and 
antilog abilities to calculate power dissipated in real time, by 
multiplying observed current with voltage. 

Two tone oscillator. This entry is a circuit is for linearity testing of 
wireless transmitters, for example at hf. Designed by Ian March, it uses 
TRAC's log function as limiter. 

_________ ! 
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result of the multiplication is given by the follow­
ing, 

. . cos(x - y) + cos(x + y) 
A sm xB SUl y = AB--'--:....C..----''--_;_:_ 

2 

cos(x-y)- cos(x+ y) 
A cos xB cosy = AB--'-__:_.!..__..,_.....:..,_ 

2 

. sin(x- y)+sin(x + y) 
A sm xBcos y = AB--'--'-'---'---'-'-

2 

(1) 

(2) 

(3) 

These equations show that the result of the multi­
plication comprises of two new frequency compo­
nents, one the sum and the other the difference of 
the two frequencies. 

Each of these three equations represents the 
mathematics for an amplitude-modulated signal 
when a perfect balanced modulator is used to mix 
a low audio frequency with a high frequency. In 
practice, no mixer can be made perfect. 
Consequently, there will always be a component of 
the high frequency in the equation. 

Assuming the higher frequency to bey and K to 
be the leakage factor of the mixer then an ampli­
tude-modulated signal will comprise of the fol­
lowing components, 

. sin(x-y)+sin(x+y) 
Ksm yAB 

2 

An amplitude-modulated signal comprises upper 
and lower sidebands plus some component of the 
modulating frequency. Because each of the side­
bands contains all the intelligence of the modulat­
ing frequency it was soon realised by both profes­
sionals and the amateur radio fraternity that the 
bandwidth of the modulated signal could be 
reduced to less than half if onJy one sideband was 
transmitted. Reducing the bandwidth meant that 
allotted radio frequency bands could be used more 
efficiently - i.e. more channels in a given radio 
band. 

Currently. most ssb radio transmitters and 
receivers use one of two methods to to remove the 
unwanted components produced by the mixers. A 
good example of a direct-conversion receiver is 
presented in the February issue of Electronics 
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Four TRAC devices are used in the design, each having 20 functional blocks, giving a total of 80 
functional blocks. The number of function blocks used is 40. The number of unused blocks is 5, 
giving 35 unusable blocks. These are pin functions of TRAC device 1. 

Pin Connection Description Pin function 
1 INPUT Sinusoidal input to be demodulated (Sig) Asinx 
2 INPUT Sin wave input local oscillator (LO) Bsiny 
3 Link to 15 Signal Asinx 
4 NIP Local oscillator Bsiny 
5 AUX 
6 AUX 
7 DIF 
8 DIF 
9 AUX 
10 AUX 
11 AMP 

12 AMP 

Signal ditterentiated to give 90° phase shift 
LO differentiated to give 90° phase shift 

Gain adjust to give phase shifted signal 
the same amplitude as unshifted signal 
Gain adjust to give phase shifted signal 
the same amplitude as unshifted signal 

13, 14 
15 Link from 3 Sig 
16 
17-24 

Link to 68 Sig inverted 

Pin functions of TRAC device 2. 

Pin Connection Description 
23 Link from 15 Signal 
24 INPUT Input de bias 
25 ADD Addition of bias to signal (inverted) 
26 NIP DC bias 
27 LOG Positive log of signal plus bias 
28 LOG Inverted log of de bias 
29 ADD Log of signal plus bias divided by de bias 
30 NEG Positive log of de bias 
31 Link from 4 Local oscillator 
32 Link from 26 DC bias 
33 ADD Adds de bias to local oscillator (inverted) 
34 
35 
36 
37 
38 
39 

40 
41 

42 
43 

44 

LOG 
Link from 28 
ADD 
Link from 29 
ADD 

Positive log of local oscillator plus bias 
Inverted log of de bias 
Log of LO plus bias divided by de bias 
Log of signal plus bias divided by de bias 
Sum and negate log outputs, ie multiply 

Link from 30 Positive log of de bias 
ADD Multiply result by E (negated) 

Link from 32 DC bias 
ANT Antilog of multiplication 

NEG Negated de bias 

dldx(Asinx)=KAcosx 
d/dy(Bsiny)= LBcosy 

Acosx 

Bcosy 

-Asinx 

Function on pin 
Asinx 
E 
-(E+Asinx) 
E 
{+log}(E+Asinx) 
{-log}(E) 
{-log}(1 +A/Esinx) 
{+log}(E) 
Bsiny 
E 
- (E+Bsiny) 

{+log}(E+Bsiny) 
{-log}(E) 
{-log}(1 +B/Esiny) 
{+log}(1 +A/Esinx) 
{+log}((1 +A/Esinx). 
(1 +8/Esiny)) 
={-log)(1 +A/Esinx+B/Esiny+ 
ABIE/Esinx.siny) 
{+log}(E) 
{- log}((E+Asinx+Bsiny+ 
AB/Esinxsiny) 
E 
E+Asinx+Bsiny+ 
AB/Esinx.siny 
-E 

•. ' ! II ,, I • "•· '•J, r, It ,d ""' lt, ,l ,-.r.-J:l 
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World. Tius method relies on the inher­
ent low-pass filtering of an audio 
amplifier. 

Another method, preferred because 
of its greater sensitivity and frequency 
selection is the use of intermediate fre­
quency, or frequencies, employing 
high gain amplifiers with very close 
tolerance filters to remove the unwant­
ed components. 

The 'Third Method' of modulating 
and demodulating ssb signals has been 
known since the beginning of the cen­
tury, but up to now the other two meth­
ods have been cheaper or easier to 
implement. 

You can see that by adding or sub­
tracting the result of equations 1 and 2 
above, then either the frequency sum 
component or the frequency difference 
component can be isolated. In this way, 
an audio signal can be retrieved from a 
ssb signal by 'mixing' the ssb signal 
with a frequency equal to the original 
modulating frequency. Alternatively, 
an ssb signal can be produced from an 
audio frequency mixed wi th the 
required radio frequency. 

TRAC calculations 
Constraints. The TRAC device pro­
vides an inversion for both the log and 
antilog functions - i.e. a negative out­
put is obtained for a positive input, and 
that both functions give a '0V' output 
for a '0V' input. This caused me to 
revise my understanding of elementary 
mathematics, which led me to believe 
that the log of zero was minus infinity 
and the antilog of zero was one. 

Furthermore, if a number is divided 
by itself, as in logx- log.x=0 the result-

Displays of the ssb 
modulator/demodulator produced by 
the TRAC simulator, inputs on the 
left, outputs on the right. Pin 1 is the 
higher frequency curve on the left 
and pin 2 is the lower. On the right, 
pin 83 is the lower frequency and pin 
87 the higher. 

\ 
\ 
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ing antilog should be 1. This infers that the 
zero level input to the log and antilog func­
tions represents a unity-level signal. After 
delving further into the misty past of my 0-
Level mathematics, I realised that i f you 
scaled the inputs and outputs to meet the avail­
able logarithmic range, any multiply or divide 
calculation is possible. 

Once I understood that a 'OV' input is the 
low end of the logarithmic dynamic range and 
that a ' 1.4V' was the hlgh end then all was 
clear. Investigations using the simulator gave 
a dynamic range for the log/antilog function of 
87dB. 

The fact that the log/antilog functions were 
inverting also produced wrong results, until I 
realised that if a multiplication was required to 
a negative log output then the multiplicand 
had to be subtracted, rather than added. 
Conversely division needs an addition. 

Also, the log and antilog functions needed 
the input to be wholly negative or wholly pos­
itive to obtain a correct multiplication or divi­
sion. 

Defining the inputs. Let the two input signals 
be, 

A.sinx 
B.siny 

(4) 
(5) 

The input to the log function must be whol­
ly negative or positive and a de bias voltage is 
necessary to lift the ac inputs above OV. Let E 
be the de bias voltage. 

Functions. To obtain the necessary cosine 
function, as required by equation 2, the two ac 
input signals need to be differentiated. i.e. 
cos.x=d/dx(sin.x). 

Acosx 
Bcosy 

(6) 
(7) 

Each of the four TRAC devices needed to 
implement the ssb modulator and 
demodulator. Numbering on the pins indicates 
which device is which. 

ANALOGUE DESIGN 

There are now available the necessary func­
tions to calculate the sum and difference com­
ponents of the two inputs. To ensure that the 
inputs to the log functions never go below the 
zero level, a de bias must be added to the 
inputs prior to performing a log function. 
Adding bias voltage E to equations 6 and 7 
gives, 

To keep the signals within the dynamic 
range of the TRAC, these signals have to be 
divided by E prior to mul tiplication. 

l +~sinx 
E 

B . l +-smy 
E 

(10) 

(11) 

E+Asiru 
E+Bsiny 

(8) 
(9) Multiplying equations 10 and 11 gives, 

where E must be greater than the larger of A 
orB. 

A . B . sinxsin y 
l+-smx + -sm y+ AB 2 (12) 

E E E 

Pin functions of TRAC device 3. 

Pin Connection Description 
45 Link from 11 Signal 
46 Link from 42 DC bias 
47 ADD Addition of bias to signal (inverted) 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

LOG Positive log of signal plus bias 
Link from36 Inverted log of de bias 
ADD Log of signal plus bias divided by de bias 

Link from 4 Local oscillator 
Link from 46 DC bias 
ADD Add de bias to local oscillator (inverted) 

LOG 
Link from 50 
ADD 
Link from 51 
ADD 

Positive log of local oscillator plus bias 
Inverted log of de bias 
Log of LO plus bias divided by de bias 
Log of signal plus bias divided by de bias 
Sum and negate log outputs, ie multiply 

62 Link from 40 Positive log of de bias 
63 ADD Multiply result by E (negated) 

64 
65 

66 

ANT Antilog of multiplication 

Pin function 
Acosx 
E 
-(E+Acosx) 

{+logl(E+Acosx) 
{-log)(E) 
{-log)(1 +A/Ecosx) 

Bcosy 
E 
- (E+Bcosy) 

{+log)(E+Bcosy) 
{-log}(E) 
{+log}(1 +8/Ecosy) 
{ +log}(1 +A/Ecosx) 
{- log}((1 +A/Ecosx). 
(1 +8/E.cos y)) 
= {-log}(1+A/Ecosx+ 
BIE.cos y+ABI El E.cosx.cos y) 
{+log}(E) 
{+log)((E+Acosx+Bcosy+ 
A. B/Ecosx.cos y) 

- (E+Acosx+Bcosy+ 
A.B/Ecosx.cosy) 

• ',',U Ucmodul<Jhon l hod Mt'!hod ll'if;iil ~ 
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More on TRAC cell, the log of 1 Vis approximately 
750mV, and the log function has a gain 
of approximately 75mV per decade, or 
approximately 23mV per octave. 

These comments have been added by 
David Winch of Fast Analog Solutions 
to help you get to grips with Mike's 
design more easily. 

Using TRAC's LOG and ANT functions 
to multiply._ln theory, you can multiply 
by adding logs and then taking the 
antilog. This is a lso true with TRAC, 
with provisos. 
The transfer function of the LOG cell is, 

Vout=0.07474375(Iog,o(V;0)+ 10) 

Here the logarithm base is shown as 10, 
but any other base is applicable, if you 
adjust the constants. 

For the ANT cell, the transfer function 
is, 

Vout= 1 o (V;,/ 0.07474375)- 10 

Again, any log base is applicable. The 
ADD cell is self explanatory. The 
operational l imit of the LOG cell is 
IV;nk1 .4V while that of the ANT cel l is 
0.1V<IV;0 1<0.8V. Equally importantly, 
the operational limit of the ADD cell is 
IV0u1kl.4V. 

For inputs from 0.1 V to 1.0V, most 
usable logs are in the range 0.6V to 
0.75V, so adding two together would 
take the signal outside the operational 
limit of the ANT function. This can be 
corrected by 'dividing by one', i.e. 
subtracting the log of 1 .0V. 

However, if the two V;0 signals 
exceed about 0.25V, their logs w ill 
exceed 0.7V and so their sum will be 
outside the operational limit of the 
ADD function. To remove this 
possibility, the 'dividing by one' must 
be done before the ADD. 

When multiplying more than two 
inputs together, this 'dividing by one' 
must be performed after al l but the final 
input. 

Using the LOG and ANT functions to 
multiply, divide and raise to powers. 
Some people have told us they have 
experienced d ifficulties using TRAC to 
multiply and d ivide by adding and 
subtracting logarithms. Let me try to 
make things clearer. 

If you have used logs to base ten, or 
natural logs, to multiply numbers you 
may not have real ised how much of a 
fortunate coincidence it is that the log 
of 1 to any base is zero. If this doesn't 
make sense, let me put it another way. 
What would you expect the answer to 
be if you multiplied 0 .5 volts by 0.4 
volts? Did you say 0.2 volts? Now, what 
should the answer be if you multiply 
500mV by 400mV? Should it be 200 
000mVor µV? 

Now do you start to see what happens 
when we multiply quantities rather than 
numbers? It depends on what you 
decide 'one' is! 
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Deciding what 'one' is means 
working relative to a fixed point. When 
multiplying numbers we work relative 
to 1, so using their logs we work 
relative to 0. So effectively we do 
nothing, or more probably we don't 
even realise we are doing nothing. 

So what's different with TRAC? Well 
nothing actually. Using the TRAC LOG 

The log function is not to any 
particular base. It just obeys the rule 
that multiplying the input by a constant 
changes the output by a constant 
amount, no matter what the original 
input. The TRAC anti log cell follows the 
inverse of the same curve. 

Ilia G """"' M ul!,plw, - -- -- ... liJ fw 

._.., 

45 _! 
ANT 

J l 
48 • • 

[!.I _J .!J 

• bt•nt'III. MultrphL'I Jiiifij l:J 

Studying these implementations should help you grasp the idea of TRAC's log function not 
being to any particular base - if you haven't already of course. From the top, they are a 
generic multiplier, a generic divider, an alternate 'multiply-and-divi~e' ~n~ 
'raise·to•a•positive•power' circuits respectively. Note that the gener,c dw,der overflows 
into the third TRAC chip by one element. 

ELECTRONICS WORLD March 1998 

So the log of 0.SV is approximately 
727mV and tbe log of 0.4V is 
approximately 720mV. The sum of these 
is 1447mV but the anti log of l 447mV 
would never get to the 2000 megavolts 
indicated by the mathematics. We have 
not worked relative to what 'one' is. If 
1 V is 'one' then we need to calculate, 

{(log(0.5V)-log(l V)}+ 
{log(0.4V)-log(l V)}+log(l V) 

Putting in quantities we get, 

{727mV-750mV}+ 
{720mV-750mV}+750mV 

Or in other words, 

-23mV-30mV+750mV=697mV 

and the anti log of 697mV is 0.2V. 
And if you think about it, this is what 

Multiplying by E gives, 

E A . B. ABsinxsiny + smx+ smy+ 
E 

(13) 

Subtracting equations 4 and 5 from above 
gives, 

E+ABsinxsiny (14) 
E 

Subtracting E and expanding gives, 

AB(cos(x-y)+cos(x+ y)) (15) 
2£ 

Performing the same functions on equations 
6 and 7 gives, 

AB ) -(cos(x-y)-cos(x+ y) 
2£ 

(16) 

Adding or subtracting equations 15 and 16 
gives, 

AB cos(x-y) 
E 

(17) 

Thus the sum or difference frequency com­
ponents are.thus obtained. 

In summary 
Note that the differentiation function is used to 
obtain a rt/4 phase shift (sin to cos function) 
and the amplitude of this function's output is 
frequency sensitive. The signal to be demod­
ulated must, therefore, not vary in frequency 
by a significant amount or the amplitude of 
the c;osjo.e funcJion will vary causing vstor­
tion on the output. 

At the final 470kHz intennediate frequency 
of most receivers, this should not be a problem 
as the audio signal in the range 300Hz to 
3.4kHz gives only a 0.7% deviation. 

Provision of an ssb modulator using this 
method is not possible because the frequency 
deviation - and hence the amplitude deviation 
- o( the rc/4 phase-shifted output of an audio 
signal is too large. 

Another look at the theory shows that i f an 
audio signal Asinx is mixed with another con-
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you do with numbers. Only that you 
work relative to log of 'one' is zero. 

How does this apply to practical TRAC 
designs? Well, if you are multiplying you 
would need to subtract the log of 1 V 
from· each multiplicand and then add it 
back in once at the end. Practically you 
would just not subtract from the last 
multiplicand. 

When dividing, you would need to 
subtract from every term and put it back 
in once at the end as well, but in this 
case you would practically add the log 
of 1 V to every divisot but not the 
numerator at the beginning. 

Raising to a power be it positive of 
negative, greater or less than unity, the 
same applies. Subtract the log of 1 V, do 
the processing and add the log back in 
once again. 

A further practical problem is raised by 
the ADD cell of the TRAC. Its output 

stant frequency of Bsiny ahd Bcosy the result­
ing functions will be, 

. . cos(x-y)+cos(x+ y) 
AsmxBsmy = AB- ~_.:..~_,__..:...,.. 

2 

. sin(x-y)+sin(x+y) 
AsmxBcosy = AB-"--~---'---'-'-

2 

By filtering out the sum or difference com­
ponent of the two equations, the sine and 
cosine functions of the audio frequency lire 

Pin functions of TRAC device 4. 

Pin Connection Description 

ANALOGUE DESIGN 

saturates at approximately 1 .4 volts. So 
you need to be careful exactly where in 
the design you subtract the log of 1 V. 

In multiplication, subtraction needs to 
happen before the log of. the next 
multiplicand is added; in division, 
addition needs to happen after the log of 
the next d ivisor has been subtracted; and 
the same general principles apply to 
raising to a power. 

If you think back to when you used a 
slide-rule, you' l l remember that the 
easiest calculations were the ones w ith 
alternate multiplication and d ivision. 
The same is true using TRAC. If you 
alternately subtract and add logs, and i f 
there is one more multiplicand than 
divisor, the need to 'diyide by one' is 
removed and the ADD funct ion never 
saturates. 

The simple TRAC designs shown here 
should clarify the situation even further. 

available. Provided the frequency offset pro­
vided by the frequency y is taken into account 
then the functions thus obtained can be used 
as inputs to the TRAC functions given by this 
design. 

Investigation of the data sheets show that the 
available bandwidth for low level signals is 
4MHz. It should, therefore, be possible to per• 
fonn a direct conversion on the 160m amateur 
band (1.8MHz) and possibly on 80 metres 
(3.5MHz). • 

67 Link from 43 Result of 'sin' multiplication 
Function 
E+Asinx+Bsiny 
+AB/Esinx.siny) 
- Asinx 68 Link from 17 Sig inverted 

69 ADD Subtract Sig from result 
70 Link from 31 Local osc 
71 ADD Subtract local osc from result 
72 Link from 44 Negative de bias 
73 ADD Subtract de bias from result. Sum of sum 

and difference frequencies obtained. 
74 
75 

76 
77 
78 
79 
80 
81 

82 

83 

84 

Link from 65 Result of cosine multiplication 

Link from 13 
ADD 
Link from 53 
ADD-
Link from 72 
ADD 

Link from 73 

ADD 

NIP 

Cosine of Sig inverted 
Subtract cosine of Sig from result 
Cosirie of local oscillator 
Subtract cosine of local oscillator from result 
Negative de bias 
Subtract de bias from result 
The differehce.of the sum & difference 
frequencies obtained. 
The sum of the 
sum & difference frequencies. 
Add the sum and difference to obtain the 
difference component 
of the signal and LO - the required result. 

- (E+Bsiny+AB/Esinx.siny 
Bsiny 
- (E+AB/Esinx.siny) 
-E 
AB/Esinx.siny 
=ABIE(cos(x-y)+cos(x+y)) 

E+Acosx+Bcosy+ 
AB/Ecosx.cosy 
-Acosx 
-( E+ Bcos y+ABIEcosx.cos y) 
Bcosy 
-(E+ABIEcosx.cosy) 
-E 
AB/Ecosx.cos y 
=ABIE(cos(x-y)-cos(x+y)) 

ABIE(cos(x- y)+cos(x+y}) 

AB!Ecos(x-y) 

85 Link from 81 
86 NEG 

Difference of sum and difference frequencies AB/E(cos(x-y)-<:os(x+y)) 

87 ADD 
Invert -ABIE(cos(x-y)-cos(x+y)) 
Subtract the sum and difference AB/Ecos(x+y) 
to obtain the sum component 

88 
of the signal and LO - the required result. 
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Cooke International 

Unit Four, Fordingbridge Site, Barnham, 
Bognor Regis, West Sussex, PO22 OHO, U.K. 

Tel: (+44)01243 545111/2 Fax: (+44)01243 542457 
Web: http://www.cooke-int.com 
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CLASSIFIED 
TEL 0181652 3620 FAX 0181 652 8956 

. ARTICLES FOR SALE 
RF DESIGN 
SERVICES 

All aspects o f RF h ardware 
d e velopmen t cons idere d fro m 
con cept to prod u ction. 

!WATERBEACH ELECTRONICS! 

TEL: 01223 862550 
FAX: 01223 440853 

SALE • INDUSTRIAL ELECTRONICS 
Tc& equipment Transducers. Valves. 
Connect.ors. Con1p11lefb, Analy.crs. 

Components. Ca~es. Meters, Prinlers. 
Oum<m&e itcn,s, NP. Qocal, l~M "clc. 
Near <'!outharnpton. 12·!3 Decenlbcr 

Technical and Scientific Supplies 
Tel:01703 80187'? fax,01703 80707'? 

e-lll3i~ Q,Jr@COl'llpu,serve.com 

AUDIO & Rf DESIGN · DC to 3GHz 
+ Stereo Cooor• & prOU59or9 
• Rf -"mplif\or5 & Transmitter,; 
+ ~rele•• Control 5y,'6ms 
• 2A GHz -"volo & VloeoLink• 
• -"trial coml>inin~ Systems 

So wha~er your need call u5I 
lmRa solutions 

Tel. 0 161·42& 2776 
mnoar1",glot,,1Jnet.,o.uk 

RF & Data/Comms Test 
Equipment (Ex Govt). 

• HP. Tektronix, Philips, Gould, etc. 
• Scopes (20MHz-20GHz DSO), 

Analysers, Sig Generators. and other 
Items, Manuals, As New. 
Cash Otters Invited for !Jfilzrul.Sole 

for f ull Details call Vic tor on: 
Tel: 01189 626866 Mobile: 0802 884155 

E LECTRO;IIIC D ES IGN - ANALOGUE AND 
DIGITAL. P & P ELECTRONICS. TEL: 01924 = I 402931. 

- SWIRES RESEARC H SA87 specirum analyser. 
ponable, 5-910MHz. ' leather" case. charger. As 
new condi1ion. £550. Tel: 0 I 327 358008. 

MARCO NI 2380/2383 SPECTRUM ANA LY­
SER I00Hz to 4.2()Hz. ln1ernal T.G. 3Hz RBW. 
markers. memory GPIB. recently calibrated: 
£5.500, Tel: 0 18 1-,21 6606. 

SWITCHING PSU REQUIRED? Surf: 
www,directou.mcmail.com Loads'a bargains. 

POWER SUPPLY DESIGN 
Switched Mode PSU 

Power Factor Correction 
Linear PSU 

Lomond Electronic Services 
Tel/Fax: 01243 842520 
eugen_kus@cix.co.uk 

ADVERTISERS 
PLEASE 
NOTE 

For all you-r 
future enquiries 
on advertising 

rates 
Please contact 

Joannah Cox on 

Tel: 0181-652 3620 
Fax: 0181-6S2 8956 

ARTICLES WANTED 

Most types considered but especially KT88, PX4/PX25, KT66, 
KT77, EL34, EL37, ECC83. Valves must be UK manufacture to 

achieve top prices. Also various valve-era equipment 
e.g. Garrard 301. 

COURTEOUS, PROFESSIONAL SERVICE 
Ask for a free copy of our wanted List. 

BILLINGTON EXPORT LTD., Billingshurst, Sussex RH14 9EZ 
Tel: 01403 784961 Fax: 01403 783519 

VISITORS PLEASE PHONE FOR APPOINTMENT. 

TOP PRICES PAID 
For all your valves, tubes, semi 

conductors and IC's. 

Langrex Supplies Limited 
1 Mayo Road, Croydon 

Surrey CR0 2QP 

TEL: 0181-684 1166 
FAX: 0181-684 3056 

WANTEf?, - Old cipher equipment and .. ,py 
radio secs . 028RO Rag Ouerstad Hos1crkobvej 
10 DK-3460 Birkerod. Denmark. Fax: ++45 
44681514. 

WANTED- ~V.W.11. German and S.O.E. clandes­
tine sc1s. receivers. A lso incomplete sets. 028RO 
Rag O ncrsiad. Hosterkobvej 10 DK-3460 
Birkerod. Denmark. Fax: t +45 4468 15 14. 

WANTED: PRE-WAR TV. Offered: Ne1work 
Analyser HP8505A. Jae Jan:•:-cn. Hogcham 1170. 
NL•5104JD Ool\gcn Netherland~. Fax: +J I 13 
4624684. Thanks 

RECRUITMENT 

... is a growing company with a reputation to do the 
impossible! We design and develop new products for a host 
of multinational companies, using new technologies and 
processes. We offer a competitive advantage to our 
customers - and an exciting and challenging career for you! 

WE ARE LOOKING FOR: 
(outstanding individuals) 

Embedded Software Engineers* 
Hardware Design Engineers* 

Design Technicians (new graduates considered) 

THE RIGHT'CANDIDATES MUST HAVE: 
• Good degree in Electronic Engineer ing (m in. HND in case of Technician). 
• H igh_ professional and quali ty standards. 
• ~cellentproblem-solving and lateral-thinking abili t ies. 

• The ability to work in a team and manage their own projects. 

IN RETURN WE CAN OFFER YOU: 
I. An excellent salary 
2. international t ravel * 
3. Healthcare membership 
4. An incentive Scheme. 

NEXT STEPS 
Fax. email or post your CV to Jenny Greenfield (Project Development Manager ), 
lnnovision R&T Ltd .• Exa House.Alexandra Court.Wokingham. Berks RG40 2SJ. 

(M4 • Junction I 0) 
Tel: 0 118 979 2000. Fax: 0 I 18 979 1500. 

Email: jenny@innovision-group.com. 

PLEASE MENTION 
ELECTRONICS WORLD 

WHEN REPLYING TO ADVERTISEMENTS 



DIGITAL SIGNAL PROCESSING ENGINEER 

South East To £37,000 + Bonus 

Join Europe's largest mobile phone manufacturer. They are leading the field in 
GSM technology and breaking new ground in third generation systems. Last year 
their global sales exceeded £4 billion and they employ more than 30,000 people 
world-wide. Due to the success of their current product lines they require 
software and DSP specialists at all levels up to principal. You will be degree 
qualified with good C and assembler skills with implementation experience in a 
real-time embedded environment. Algorithm development experience and 
software integration skills would be beneficial in your application as would a 
sound understanding of hardware, RF, speech coding and mobile 
communications. This is an opportunity to work at the forefront of DSP 
development for cutting edge mobile communications applications. Contact 
Tony Walker for this and other DSP opportunities. 

C & ASSEMBLER STRUCT. METHODS 

West of England £20,000 To £32,000 + Benefits + Relocation 

My client is looking for a team of software and firmware engineers with good C 
/ Assembler software development skills ideally with H8 or 68xxx development 
experience. The software will be developed using Yourdon methodology with full 
training being given to any engineer without a background in structured methods. 
There are a number of roles available from junior engineer to senior development. 
The company is the world leader in the field of computer peripherals and ope_rates 
a very flexible policy of full flexi-time, casual dress and promotton from w1tlun. 
The company is based at a purpose built location designed to make life as easy as 
possible for developers on site. Contact Toby Walker for more information. 

SOFTWARE ENGINEERS 

West of England / M4 £20,000 lo £33,000 

My client is an international communications consultancy specialising _in the 
provision of innovative software products and professional consultmg services to 
network operators and equipment suppliers. My clients' products are renowned 
for their functionality, flexibility and scalability. Due to rapid expansioo their 
requirements are many and spread across a range of disciplines centred around 
the mobile communications industry, including: 

• C, Unix, Motif 
• Mobile Com.ms / GSM 
• Network Management / IN / SNMP 
• Oracle Database 
• Signalling Syste~ No. 7 (C7) 
• Radio Network Planning / Frequency Planning Software 
• Fraud Management Systems 

If you have software experience in some of these fields, are looking for a highly 
rewarding career and are able to learn quickly in a highly dynamic environment 
then you can join the cutting edge of mobile comms consultancy. Contact Toby 
Walker for more information. 

MORE THAN JUST A PCB LAYOUT ENGINEER 

Bedfordshire £20,000 - £25,000 

The multi-national company that designs the technology behind some of the 
biggest names in mobile communications is undergoing phenomenal growth and 
is looking for the most highly motivated, practical and methodical PCB layout 
engineer to help complete their new Systems Team. If you are from a backgrnund 
which bas given you a broad, yet detailed knowledge of commurucatwns 
technology, maybe as a test engineer, or as an apprentice and are looking to 
broaden your horizons and stretch your skills, then you must send your CV to 
Max Pritchard now. Experience of PADS would be useful, but is not essential. 

GET INTO MOBILE COMMUNICATIONS 

M3,M4 To £37,000 

Join the successful and expanding development arm of 
possibly the best known mobile communications 
company in Europe. They have over 75,000 
employees world-wide and have activities in more 

than I 00 countries. This site specialises in the development of cutting edge 
mobile communications products, which include Digital Cellular (GSM), 
Personal Communications (PCM), Personal Communications Systems (PCS), 
RLL and Satellite Communications. Due to continued investment in R&D they 
currently require software engineers at all levels up to Principal Engineer. 
Communicaitons experience is not essential, but is highly desirable. Essential 
skills are C software development in a real-time environment and an 

understanding of structured methods. Desirable skills include the following: 

• Mobile Communications 
• Case Tools 
* GSM I UNITS / DECT I CTI 
• DSP 
In return for this expertise you will receive excellent renumeration, ongoing 
training to maintain your skills at the cutting edge of the industry and the benefits 
of working in a development environment with a high degree of involvement, 

autonomy and support. Contact Toby Walker. 

C IC++ SOFTWARE COMMS PROTOCOLS 

Northern Home Counties To £35,000 + Relocation & Training 

You can join the cutting edge of datacomms development, located at the purpose 
built European development centre of this top five globally rated network 
development corporation, working on the next generation of products for the 
global market. Their software teams are expanding rapidly, generating 
opportunities at all levels for talented engineers with any of these skills: 

•C I C++ I Unix 
• Telecomrns Protocols 
• Real Time Systems 
• ISDN I DASS I DPNSS 
• Real-time Systems 
• Switching Systems & Call Control 
• VxWorks 

This role offers outstanding training, both on site and at other development sites 
world-wide. The working environment is friendly, enthusiastic and informal, 

aimed at giving you the most challenging and productive atmosphere possible. To 
make the move even easier they offer full relocation, an excellent benefits 
package and 25 days annual leave. Call me, Toby Walker, for more details. 

DIGITAL HARDWARE LEADER 

Cambridge To £40,000 

Leading consultancy specialising in test instrumentation for wireless telecoms 
and ditigal video is seeking a degree qualified team leader with 5 years' 

experience in micrprocessor design and FPGA design using VHDL. Preferably 
from a small company background, with experience in working alone, or as a part 
of a small elite teams, you should ideally have DVB, MPEG or Digital video 
experience and familiarity with Galileo or Xilinx tools. Tbis company's turnover 
increased by 300% last year. If you want to be part of this dynamically successful 
team, Call Max Pritchard now. 

SENIOR CONSULTANT COMMUNCATIONS SYSTEMS 

Bristol £40,000 + Benefits 

This company is an international telecommunications company providing 
iMovative software products and professional consulting services to _ network 
operators and equipment suppliers. They have offices in the UK and USA and are 
equipped 10 support customers worldwide. The teams consist of highly skilled 
and experienced telecommunications professionals with an unmatched record of 
success in designing and implementing wireless networks. A Senior Consultant is 
required to join the Communications Systems team. You will have 5 or more 
years experience in RF network design (GSM, CDMA, or TDMA) as well as 
experience with RF planning tools. Specifically your work may have included 

network optimisation and preparation ofRFP's and RFQ's for Network Operators. 
This is an excellent career opportunity for an experienced telecommunications 
specialist to realise his potential within a recognised and successful company. 

Call Nick Dixon. 

For further informcltion please contact our consultants on 01280 821999 
or write with CV to Crescere Resourcing, 

Stowe Castle Business Park, Buckingham, MK 18 SAB 
Evenings/Weekends 01280 824735, Fax: 01280 821888 

E-Mail: cv@crescere.co.uk CRESCERE 
•&lOIJAC IHQ 

Middlesex 

**STOP PRESS** 
**DIGITAL ASIC DESIGNERS** 

£33,000 + 
Multi-national company with more that twenty years of development experience 
in advanced telecoms products has an immediate requirement for an ASIC 
designer with 3-5 years' experience to join their rapidly growing hardware team. 

With skills in ASIC and FPGA design using VHDL and synthesis techniques, you 
can earn an excellent salary with a range of benefits. A background in telecoms 
with some knowledge of RF techniques and issues will be highly sought after. 
Contact Max Pritchard for more information. 

HANDSET SPECIALIST 

M4Corridor To £40,000 + Benefits 

This widely acknowleged and recognised telecommunications specialist supports 
the global telecommunications industry with innovative products and services. A 
Handset Speciali st is required. With an experience of over 5 years you will have 

a thorough knowledge of GSM / CDMA network design and have experience with 
either GSM / CDMA or handset manufacture in the area of GSM / CDMA 

handset testing for feature set functionality and performance testing. Although 
based in Bristol the position will require you to spend time in the field. You will 
therefore by required to be able to start quickly and work independently almost 

immediately. In return you will achieve an exciting career opportunity whilst 
receiving an excellent sa.lary plus pension, annual bonus and share option, 
medical insurance and where appropriate relocation. Call Nick Dixon. 

ELECTRO-MECHANICAL DEVELOPMENT ENGINEER 

Berks c£30,000 

With at least five years experience including EMC shielding and LCD 
technologies. You will provide innovative solutions to design and manufacturing 

issues in diverse technical areas. You will have a working knowledge of high 
volume, manufacturing and assembly techniques, be self motivated and able to 

develop relationships with sub contractors and suppliers. In return, you will 
receive a competitive salary and excellent benefits package from this world 
leading electrical and communications company. Contact Alan Jupp. 

MOBILE PHONE DESIGNfl'EST ENGINEERS 

M3 / M4 Corridor To £40,000 

Join the company that made communications mobile. If you have experience in 
GSM, CDMA, PCN or satellite hand-portable projects, in any area, from test and 
verification, to handset .hardware design, the European leader in the industry is 

now looking for you. Vigorous expansion and exciting new products require new 
teams to stamp their mark on the last product developments. Send your CV's to 
Max Pritchard now. 

PRODUCTION ENGINEER (ELECTRONIC) 

Herts £Negotiable 

Highly successful manufacturer of electromechanical defence equipment require 
a production engineer. HNC / Degree qualified in Electronic Engineering, with an 

understanding of the latest PCB manufacturing techniques. You will be able to 
lead by example undertaking assembly/test work to solve problems, provide on 

line support to production and review and improve on the electrical and electronic r~ of>, =of~ruriog P•=• C.,~ct Abo Jopp. 

/} 

RF TEST TECHNICIAN 

Buckinghamshire To £2S,000 

This company is a well respected RF products and systems manufacturer. They 

require an RF Test Technician to optimise and test the company's Mast Head 

Amplifiers. This will mean ensuring the receiving and transmitting frequencies 
conform to required customer specification ( 1 to 2 Ghz). You will need to be 
aware of the individual and team production targets as defined in the production 

plan and to consistency meet those targets. Part of your work will be to carry out 

the practical diagnosis following specific diagnostic practice in a logicial and 

competent manner to ensure swift resolution. To do this you will need to recognise 

the importance of consistent quality in all aspects of the job. You will work as a 

member of the production team ensuring sound communication within the 
department and flag up problems which mjght affect the team 's overall 

performance. If you have the ability, experience (network analysers) and drive for 

this demanding role, call Nick Dixon. 

ANALOG IC DESIGN ENGINEER 

Southampton To £3S,000 

This company is a fab-less · semiconductor company and respected design 

consultancy. Due to expanding growth and opportunities within the 

semiconductor division, they are looking for an engineer with good experience of 
CMOS full custom IC design. You will have more than 3 years' experience in a 

variety of IC design, mature customer contact whilst maintaining good self­
motivation. BiCMOS skills would be useful, but not essential. You can grow with 

this company whilst benefiting for an excellent salary package, relocation, 
healthcare and a pleasant science park location in a flexible small company 

culture. Be part of an exciting future, call Nick Di_xon today. 

PROJECT ENGINEER 

Middlesex To £30,000 

With a degree in mechanical or electronic engineering and five years minimum 

experience in aerospace or control engineering you will have good 

cornmuoications and management skills combined with a broad knowledge of 

engineering. By managing resources assigned to individual projects you will 

provide successful completion of programmes ensuring compliance with all 
technical and regulatory requirements. An excellent benefits package is on offer 

with this well respected multi-national company. Contact Alan Jupp. 

IDGH SPEED DIGITAL DESIGN 

M3 / M4 To £3S,000 

Join the UK company that is revolutionising the worldwide data warehousing 

market. Focused on providing massively parallel, high-speed relational database 

server systems to blue-chip organisations, this company provides a blend of 

hardware, software tackle the problems that many large organisations bave with 
their data handling. They are now looking for a design engineer familiar with the 

problems associated with building very high density, high speed multi-processor 
boards for use in their systems. You need to be degree qualified with at least one 

year's industrial experience in high-speed digital design, CICS and RJCS 

processor, PLD and FPGA devices and a knowledge of design for EMC 

compliance. Experience with Mentor Graphics tools would be advantageous for 

you to highlight in your application. If you are successful, a post with strong 

financial rewards and excellent bonuses can by yours. Contact Max Pritchard 
today for more Information. 

For further information please contact our consultants on 01280 821999 
or write with CV to Crescere Resourcing, 

Stowe Castle Business Park, Buckingham, MK 18 SAB 
Evenings/Weekends 0 1280 824735, Fax: 01280 821888 http://www.crescere.co.uk E-Mail: cv@crescere.co.uk C R ES CER E 
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T & M EQUIPMENT • ralfe electronics • exclusively 
professional T&CM C HEW LETT PACKARD 

• 36 East cote Lane • South Harrow • Middx HA2 80B • England • 
TEL 1+44) 018 1-422 3593 • FAX 1+441 0181-423 4009 

ANRITSU ML93A optical power meter 
(MA96A 0.75-1.8uM) £1000 

EST 
45 

YRS 

., ' -~ ~ - ·, .. ' 
i; .. ' • .;_ ·:l"'J'....,...~ ;~ - "'• .. t• I• "-. . - . ,., . .: -
•. - -=- -- ~: .p , "'. 

I -._ I i --- \~~ .- 16408 serial data generator 
11581A attenuator set ANRITSU ME518A pcm error• rate test set 

150Mbit/sec £500 
AOVANTEST TR9407 fft spectrum analyser to 1 MHz DISTRIBUZIONE E ASSISTENZA, ITALY: TLC RADIO, ROMA (06) 871 90254 

3336A synthesizernevel generator 
3235A switch/test unit 

£500 
£350 

£2000 
£1000 
£1500 £3500 

BRADLEY 192 oscilloscope calibrator 
HP182T/8559A 21GHz spectrum analyser 
HP3582A dual channel fft analyser 
HP54620A 15 channel 500MS/sec logic analyser 
HP83475A lighti."Jave communications analyser 
HP83572A sweeper plug-in !for 8350B1 covering 
26.5-40GHz 
HP8557A/182T 350MHz 
IFR A-7550 I GHz portable spectrum analyser 
IFR A·8000 2.6GHz portable spectrum analyser 
MARCONI 2019 synthesized signal generator 
SO kHz· I 040M Hz 
MARCONI 2380/2382 high specification, 400MHz 
spectrum analyser 
MARCONI 2610 true rms voltmeter 
FARNELL AP70•30 power supply 0-70V 0-30A 500W 
PHILIPS PM5193 synthesized function generator 
PHILIPS PM8272 2•pen recorder 
SCHLUMBERGER 7081 8.5 digit precision voltmeter£1500 
SCHLUMBERGER 1254 lrequency responce analyser 
TEKTRONIX 'scope calibrator TM504/SG503/PG506/TG501 
TEKTRONIX 492AP 21GHz spectrum analyser 
WILTRON 560A scalar analyser 

£500 
£3500 
£2500 
£1250 
£3250 

£7500 
£1000 
£3000 
£4000 

£1750 

£4000 
£750 
£650 

£2000 
£750 

£4000 
£1000 
£7500 
£1000 

TEST EQUIPMENT 

* URGENTLY REQUIRED * 
ALL HIGH-END PROFESSIONAL 

TEST EQUIPMENT esp 
HEWLETT PACKARD 

TEKTRONIX, MARCONI ETC 
- Wanted for Stock & 
Waiting Customers. 

HP8753C+ Vector network 
analysers, we pay top prices 

for late models. 

Guaranteed top prices paid for 
all current model 

spectrum/network analysis. 

FOR EXCLUSIVE ACCESS TO OUR COMPLETE STOCK 
INVENTORY AND SPECIAL BARGAIN DISPOSAL DEALS 

PLEASE CHECK OUR WEBSITE 
http://www.ralfe-electronics.co.uk 

3325A synthesized function generator /01/02 
33320G/33322G programmable attenuators 4GHz, 

with driver 11113A £1000 
As above but 18GHz set £1500 
35650A mainlrame £2000 
E3615A bench power supply £175 
31724A/04 digital hierarchy test set £9500 
379000 signalling test set with 2 x 37915A interlace cards £5500 
41408 pA/meter, OC voltage source £4000 
4275A multi-frequency lcr meter £3000 
4948A VD41 in-seivice TIM set £500 
40936 protocol tester base (PTJOO) £3500 
545100A 1GHz digitizing oscilloscope, 

now inc 2 x 1 GHz active probes 
54620A logic analyser 
6633A systems power supply 
8018A serial data generator 
8082A pulse generator 250MHz 
8111A pulse generator 20MHz 
8341 lC lightwave receiver 1300/1550nm 
83440C lightwave detector 20GHz 1300/1550nm 
83506 with 83592A lOMHz-20GHz sweep generator 
86222A/8620C 10MHz-2.4GHz sweep generator 
87510A gain•phase analyser 100kHz-300MHz 
89016 modulation analyser 
J2215A FOOi portable multimode test set 
J2304 internet advisor with ethernet interface 

£1500 
£1200 
£600 

£1000 
£2000 
£1250 
£1750 
£2000 
£ call 
£1500 
£6500 
£4500 
£1500 
moo 

IS09002 ACCREDITED STOCKIST 
MEASUREMENT & TEST EQUIPMENT 

ELECTRONIC UPDATE 
Contact Joannah Cox on 

0181-652 3620 
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Comprehensive new 
LCD brochure 

The widest range of colour LCDs, 
LCD monitors and plug and play kits 
available in the UK, all in one easy to 
use brochure, is now available FREE! 

It includes produci. ranging from 
2.9" monitors to 16.1" colour LCD 
screens, mono/colour STN TFfs and 
touch screen technology from the 
worlds leading manufacturers. 

Phone Trident today 
for your free copy. 

Tel:: 01737 765900 
Fax, 01737 771908 

CIRCLE NO. 139 ON REPLY CARD 

NEW Feedback T &M 
Catalogue 

The latest edition of the Feed• 
back Test & Measurement cata­
logue is now available. Over 60 
pages packed with mote than 
800 products divided into over 
20 sections. The catalogue is 
indexed for both product and 
manufacturer and is fully illus­
trated. Whether you are looking 
for an individual product, a com• 
plete workstatio n , or a solution 
to a particular Test & Measure­
ment need the NEW Feedback 
c atalogue will sove your prob• 
lems, send for a copy NOW! 

CIRCLE NO. 1-11 ON REPLY CARD 

A regular advertising feature enabling 
readers to obtain more information 
on companies' products or services. 

New 1998 Instrumentation Catalogue 
Send for your free copy of the new 
1998 lnstrumentation Catalogue 
from National Instruments. 
Featuring more than 600 hardware 
and software products for virtual 
instrumentation including new 
solutions for data acquisition and 
visualisation, MMI/SCADA and 
computer based image capture and 
analysis. Not merely a catalogue, it 
includes many useful tutorials, 
product line overviews and helpful 
selection guides making it 
invaluable for any engineer or 
scientist. 

CIRCLE NO. 140 

Call National Instruments for your FREE copy on: 01635 523545 

NEW JENSEN TOOLS 
CATALOGUE 

Colourtul new Catalogue, hot oft 
the press from Jensen Tools, 
presents unique new tool kits tor 
service/support of 
communications equipment. Also 
latest test equipment from many 
major manufacturers. Includes 
hard-to-find tools, PC/LAN 
diagnostics, bench acccessories, 
static control, technical manuals . 
and more. 

Ring 0800 B33246 or 
Fax 0 1604 7855 73 for a free copy. 

Jensen Tools, 10· 12 Ravens Way, 
Northamoton NN3 9UD 

CIRCLE NO. 142 ON Rf PLY CARD 

• Supports Atmel FLASH 89C +89S, 
Generic 87CS 1 /52/FA/FB/FC 

microcontroller derivatives 

FIASH & E2 libraries also 
available as chargeable update 

.. • . tmel 90S (AVR) 
c,ontrolfer family 

· r 

" · Suppo_r ~-~arallel Programming 
mode in ZIF socket r~ 

• Supports In-System Programmrng 
via ribbon cable (provided) J 

• Equinox F-AST ISP Programming 
Algorithm 

" All on-chip facilittes supported e.g. RC Osc. 

SYSTEM CONTl]:1'.iTS .,. 
• Professional Device Programmer , ~ Power Supply 
• Atmel AVR™ Assembler • ISP Ribbon Cable 
• AVR™ Basic Lite Compiler (NEW) (to target) 

~ ' 1,·.,, • ....... ....... 

• Atmel Databook on CD ROM • Serial Cable (to host PC) A 

AVJl~ BASIC"mE ., $Write in B~!~~;AS:~:t~:~~ VR~~~~o~ 

I ' • Not a Run-Time Interpreter: NO code overhead! 
J • Target speeds comparable with assembler 

• Breaks the cost barrier for small projects 
From Only £24. 95 ! • Ideal for educational, hobbyist and professional use 

L- , ; ,,- I 

* AVR"' BASIC
0

LITE only supports 
the AT9051200 (51 2 words code) 

* BK version. also available 

Order Code: AVR-BAs-uT £24.95 

- ··--····-··--·----·-· 
' "°"""''-~ 
' Pi--

·c:;•. - . . • •- --------· 
: - . ~ ••=e:=J :r -°"""' ,,. __ 
JO....,,.,,._r• ,.,_..,._•r I 
l : -:-'~ : '~.:~~ I 
, ..... ~ t t~· ~ 

.... --~ 1 . Fz4'i .::~·::,~----TJ 
....J!....J ~ 

Keil 8051 C compiler, Assembler, 
Simulator (2K code), Windows™ /DE 

Ji. £99.00 Order Code: PK51-2K 

895 Socket Stealer 
Module 
Simply plug this into your exist ing 8051 or AVRTM 
socket for INSTANT In-System Programming 

System 
redesign 
required. 

~ .~,,, ,.,,~~--~·-···-
:· :{a .. : -
: -·~-- ~·-~~@-•~~~--·· . / I , -. , • 1 ~ • , l J • • , • 1 t <I 

£49.00 Order Code: SS-89S-DIL40 Ji. 

T EC H NOLOG I ES 

The Embedded Solutions Company 

PROVIDING THE 
SOlUTIONS TO 
YOUR PROBlEMS! 

Tel: +44 (0) 1204 529000 
Fax: +44 (0) 1204 535555 
For product informat ion visit our web site at: 

www.equinox-tech.com 
E-mail: sales@equinox-tech.com 

3 Atlas House. St Georges Square, Bolton, BL 1 2HB UK 

Equ,no, reserves the right 10 change prices & specifi cat ions of any of the above produtts without pr'or noti~ f&OE Al l prices are exclus,-, of VAT & carriage. AVR'" is a trademark of the Atmel Corporation -
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~ataman ~4 
[ Hudl~~i~] 
• Programs 8 and 16-bit EPROMs, EEPROMs, 

PEROMs, 5 and 12V FLASH, Boot-Block 

FLASH, PICs, 8751 Microcontrollers and more. 
• EPROM emulation as standard! 

• ~echa~geable battery power for total 

·. _ ) ~~tabilltY~ __ 
~ • · t ·; All7i_nJwice includes emulation leads, AC 

ch;r~ier, P.C software, 's are library ROM, 
':-.-, r...... ,. . 

user-friendly. manual. 
·- - ~ .ii-

• Supplied fully charged and ready to use. 
•, .. / \'' . . 

~4 ~~~ Mooule 

[ ~nal~sis ] 
• '.l,"1.. 

• Programs wide range of 20 and.~24· pi_n 

logic devices from the majo(,Gt~-~-~ndors . ...... ~ ... 
• Supports JEDEC files from all popular 

compilers. · ,,. , 

~ataman-4~~~ 

• Plugs straight into your parallel port of PC 
or laptop. 

• Programs and verifies at 2, 2.7, 3, 3.3 and 5 V 

• True no-adaptor programming right up to 
48-pin DIL devices. 

• Free universal 44-pin PLCC adaptor. 

• Built-in world standard PSU - for go­
anywhere programming. 

• Package adaptors for TSOP, PSOP, QFP, SOIC 
and PLCC. 

• Optional EPROM emulator. 

~u~~ort 

[ ~nal~sis ] 
• 3 year parts and labour guarantee. 
• Windows/DOS software included. 
• Free software updates via BBS/Internet. 
• Free technical support for life. 

• Next day delivery- always in stock. 
• Dedicated UK supplier, esta_blished 1978. 

.. 

W.;;;j 
• 1'{f' 

--~~JL __ _ 
1 YE AR 
'----~ GUARANTEE 

Dataman Programmers Ltd, Station Road, 
Maiden Newton, Dorchester, Dorset, DT2 OAE, UK 

Telephone +44/0 1300 320719 Fax +44/0 1300 321012 f 
BBS +44/0 1300 321095 (24hr) Modem V.34N.FC/V.32bis 
Home page: httpJ/www.dataman.com 
FTP: hp.dataman.com Email: sales@dataman.com 

Orders received by 4pm will normally be despatched same day. · 
Order today, get it tomorrow! 

---- ----·----
Mone~-aack 30-da~ Trial 

Try the Dataman 54 or Dataman-48LV without 

obligation for 30 days. If you do not agree that these 

truly are the most powerful portable programmers 

you can buy, simply return your Dataman product 
within 30 days for a full refund . 
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