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BCEMS? 
No Time 

SOLUTION! 
PIC based TOOLS to help you realise your project: 
from single applications to full scale production 

BASIC STAMPS ® 
PIC based BASIC Stamps are perfect for one-off and low volume applica t ions. 
The ir easy to learn but powerful BASIC syn tax (with familiar instructions such as GOTO, ftR ... NEXT, 
and IF ... THEN as w ell as instructions for serial 1/0 , pulse m easurem ent, b utton debounce, DTM F, X- 10 
etc) w ill get your application up and running in hours. Once p rogramm ed, the Stamp runs indep endantly 
of your PC and p rograms are stored in non-volatile EEPROM so they can be changed at w ill. Detailed 
m anua ls cover man y commonly needed rou tines and the Stamp is w e ll suppor ted by a growing list of 
custom app lication kits to cut developm ent time even further. Available in tw o formats : 

BASIC 
Stam p 2 (BS2-IC) 
16 1/0 Line s 

BASIC 
Stamp 1 (BSl -IC) 

8 1/0 Lines 
up to 80 program lines 

Comms to 2400 baud 
35xl0mm size 

£29 sjngle price 

up to 500 program lines 
Comms to 50 kbaud 

.__A""PP .... l_ica_11_·on_ no~te--l __ : ..::.U.:....sin_,g--t_he_B_A...;S_IC .... s .... 1a_m.,:,p_a_s_a_s,_·m.:..pl_e_in--1e"-"rfi--ac:.:.e..:.:te--rm--1 .... ·na .... l---' 24p in DIP pac!rng e 
lypjcal Application £49 single ruice 

BASIC Stamp Development Kits including PC software, manua ls, 24+application notes, 
downloader cables, Stamp (BSl-lC or BS2-IC) and corresponding Project Board - £99 / £119 

PIC16Cxx DEVELOPMENT TOOLS i . 
For medium to large volumes and high speed requireme nts, the popular range of PI Cs is hard to beat. 
We offer an extensive range of programmers, emulators and associated hardware to support the 
following PICs: 52 54 55 56 57 58 620 621 622 61 62 63 64 65 71 72 73 74 84 

PIC 16Cxx Programmer In Circuit 

Also stocked 
* ZIF sockets 
* SOIC/SSOP/PLCC adapters 
* Prototyping boards 
* Compilers/Simulator 

Milford Instruments 
Milford H ouse, 120 High Street, 

SOUTH MILFORD LS25 5AQ 
01977 683665 Fax 01977 681465 

Emulators 

* True hardware 
emulation of 
program memory, 
registers and I/O 

*Unlimited 
breakpoints. 

* Single stepping 
* Software-programmable oscillator 
* Windows Environment 
*Runs from 32Khz to lOMhz ('xx) and 20Mhz ('5x) 
* Source level debugging for PASM(X), MPASM and MPC 
* Optional trace facility 

Please call or fax to receive 
our catalogue and price list. 

All prices exclude VAT 
and £3 shipping. 

BASIC Stamp~ rlzt Parallax logo are 

~ isttrtd trtidemarks of Parallax, Inc. 

P~LL~>< h 
3805 Ath erton Road, ;t l02 

Rocklin, CA 95765 USA 
916-624-8333, Fax 916-624-8303 

h ttp:I h1•11·w.pa rnllaxi 11c.w111 
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Not only is Giovanni Stochino's power 
amplifier ultra fast, slewing at over 
300V /µ s, it is also pure, with a thd of 
0.002% when driving 100W at !kHz. 

285 BATIERY LOW WARNING 
To be re-used successfully, alkaline cells 
need to be recharged when two-thirds full. 
But how do you know when you've used a 
third of the charge? Rod Cooper explains. 

291 MONITORING MAINS 
Using a DIY transformer backwards 
provides a convenient and safe means of 
monitoring mains current. By Nick Wheeler. 
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straight as to who invented the heterodyne. 

298 MESSAGE BEACON 
Bill Francis' beacon sends messages from a 
central transmitter to a number of remote 
stations - all under PIC control. 

306 A BALANCED VIEW 
Douglas Self explains how to get signals 
from A to B with the best possible integrity 
using balanced line inputs and outputs. 

330 SOUND FROM PICTURES 
Richard Ball reports on a new flat-panel 
loudspeaker technology. 
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332 1/0 THROUGH WINDOWS 
Windows was not intended for control 
applications, but you can write your own 
DLLs, as Colin Attenborough explains. 

340 RESISTORS IN C 
Calculate parallel and series resistor 
combinations quickly and precisely using 
John Lavender's c program. 

343 PROGRAMMABLE LOGIC 
In this month's extract, Geoff Bostock 
investigates more powerful programmable 
devices produced using large-scale 
integration. 
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Modem mayhem 

268 NEWS 
3D acceleration sensor, New 23GHz 
transistors, 0.18µm chip geometries, 2Gbit/s 
static ram, Network computers. 

27 4 RESEARCH NOTES 
Steel advances flat-panel displays, Sun­
burned satellite? Atom-firing laser, High 
sensitivity on-chip microphone. 
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313 LETTERS 

Could steel 
outperform 
glass and 
polymers as a 
substrate for 
flat-panel 
displays? 
See page 274. 

Simpler outphasing, Cable debate, Marconi 
sell-out, Crossover design, Error cancelling. 

335 NEW PRODUCTS 
Pick of the month - classified for 
convenience. 

322 CIRCUIT IDEAS EXTRA 
• RMS-to,dc converter reads in dB, 
• Active 0.1 V drop 3-phase rectifier, 
• Low-power liquid detector 
• Voltage controlled common-mode 
• Manually loading serial data 
• 20Hz to 22kHz in one sweep 
• Locking an LC oscillator 
• I2C driver for led modules 
• Noisy supply for radio testing 
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Special offers 

Develop your own PIC 
microcontroller systems. Vann 
Draper is offering 20% discount 
on a PIC development system with 
in-circuit emulation options - see 
page 304. 

Reader offer 
0.02Hz to 2MHz function 
generator with built-in frequency 
meter for £179 - see page 314. 

A new technology allows you to 
hide your loudspeakers in picture 
frames; but will it catch on? 
Richard Batt reports on page 330. 
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For the complete range of development 
tools including assemblers, C compilers 
and simulators, call Ashling. 

• Real-time non-mlrusIve emulation 
• Exceptional Windows® Debugging interface 

• All derivatives supported 
• Performance analysis and code coverage 

• 50Mhz clock speed and low voltage support 
• Upto 16Mb shadow RAM and 512K trace 

• Integrated Windcws® Development 
Environment 

Ashllng Microsystems ltd. ln1ec 2, Wade Road, Basingstoke, Hanis. RG24 8NE. UK 
Tel: 01256 811998 Fax: 01256 811781 e-mail: aalesctash-uk.demon.co.uk 

CIRCLE NO IOI, ON Rf PU CARO 

New: Windows software for 

--

TiePieSCOPE HS508 and TP508 
This powerful! windows software gives you new possibillties and intuitive control of 
the five integrated devices (Oscilloscope, Voltmeter, Transient recorder, Spectrum 
analyzer and Square wave generator) to perform all your advanced measurements. 

Oscilloscope: • 
- Number of samples settable between 10 and 32760 
• Up to 32K samples on screen 
• Free settable pretrigger between O and 100% 
- Easy time axis zoom: scaleable scrollbar slider 
- Free settable sample frequency from 0.01 Hz to 50MHz 
• Graphical adjustment of vertical offset and gain 
- WYSIWYG trigger level. -hysteresis and -slope-adjustment with one control 
• Place the mouse over a control, press the right button and adj~st all properties of that 
control using the popup menu 

• Cursor measurements 
• Storing and recalling reference signals 
• Match channel available 
• Speedbutton toolbar 
• Colour printing supported 

Voltmeter: 
- Up to six clear, fully configurable displays 
- 1 0 math operations. like true RMS, mean, peak to peak, frequency etc 
- 16 display functions like Ch1+Ch2, Ch2-Ch1, Ch1•Ch2, log(Ch1/Ch2) etc. 
• Data logging to disk and printer 
• Speeobutton toolbar 

• TiePieSCOPE HS508 TP508 
• interface parallel printer port 
• resolution 8 bits 
• input range 200mV . 80V full scale 
• price £597.00 incl. software, manual 
and 2 probes (1:1/1:10 switchable) 

TiePie engineering (NL) 
P.O. Box 290 
8600 WL SNEEK 
The Netherlands 
Tel.: +31515415 416 

• interface PC-XTJAT /SA slot 
• resolute 8 bits 
• input range 20mV • BOV full scale 
• price £630.00 incl. software, manual 

and 2 probes (1:1/1:0 switchable) 

E-mail: tiepie@tiepie.nl 
Site: http://www.tiepie.nl 

Fax: +31515418 819 

MARCONI 2370 
Spectrum analyser 
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30Hz-110MHz Frequency range 
lHz Resolution/phase lock tuning 
Digital storage with dual display 

Built-in tracking generator 
9 digit frequency counter 

£850 + carriage/vat 

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

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

CIRCLf NO 1117 ON REPLY CARD 

Minimum system requirements: Window 3.1 or higher, 386 
processor, 4MB RAM, 4MB free disk space 

Prices are excluding VAT 

TiePie engineering (UK) 
28, Stephenson Road, Industrial Estate, 
St. Ives, Cambs, PE17 4WJ, 
United Kingdom 
Tel: +44 1480 460028 Fax: +44 1480 460340 
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Modem mayhem 

J
ust as you have forked out £200 for the latest 
33.6kbit/s data modem - or probably twice as 
much to go ISDN -you're told you have got it 

wrong. You should have waited for the new 56kbit/s 
modem. 

Or should you? All is not what it seems and this 
proposal for a new 56kbit/s modem 'standard' looks 
distinctly shaky. For a start, it's not a standard, more 
like two proprietary and mutually incompatible 
contentions for a standard. What is more, it is 
debatable whether it is truly the advance it claims to 
be. It could even become one of those glorious side­
alleys, like PAL-Plus, DCC and the Sony Elcaset -
technically ingenious but ignored by most users. 

Ingenious these modems certainly are, achieving 
higher speed (in one direction) by eliminating one 
digital-to-analogue conversion process. What is not 
so clear is whether most users will actually benefit 
thereby. And if not, why upgrade to the new 
'standard'? 

Two competing developers have announced 
modems that achieve line speeds of up to 56kbit/s, 
but in the downstream direction only. The data that 
you transmit has a maximum transfer rate of 28.8 or 
33.6kbit/s. Moreover, the two protocols, x2 from US 
Robotics and K56Flex being developed by Lucent 
and Rockwell are not mutually interoperable. While 
each vendor is attempt to grab market share - and 
sell their expensive equipment to Internet service 
provider hosts - the fact remains that they are not 
mutually compatible. If your host does not support 
the new standard your transmission will drop back to 
your previous standard speed, probably 28.8kbit/s. 

The speed increase applies only for connections 
made to host modems equipped with the same 
'flavour' of 56kbit/s as your own, which more or less 
restricts it to Internet connections. Point-to-point 
data transfer and connections to bulletin boards or 
your friends' PC parented on analogue lines will be 
restricted to 28.8 or 33.6kbit/s. 

In many situations, too, any speed increase is 
illusory. On Internet connections at least, there is 
little to be gained from a lightning-speed connection 
to your nearest point of presence if the real log-jams 
prevail the other side. For the average user slow 
downloads will remain a fact of life until extra 
bandwidth is installed along the main arteries of the 
Internet. 

For some users upgrading to 56kbit/s will involve 
minimal expense and might even be worthwhile. 
This is because US Robotics says that all of its 
products that currently support software downloads 
can be easily upgraded to x2. This does not apply to 
its older products, though. 

Whether the upgrade turns out to be worthwhile or 

Electronico World is published monthly. By posl, current issue £2.35, 
back issue, (if avoilable £2.50. Orders, poymenls ond general 
correspondence to L333, Electronics Wortd, Quadront House, 
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Cheques should be made payoblo to Reed Business Information Lid 
New1trade: Distributed by Morke~orce IUKJ ltd, 247 Tottenham Court 
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Subscription1: Quodronl Subscription Services, OoHield House 
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I The notion that the new 
56k&it/s modems represent an 
ISDN-killer is entirely false. 

not really depends on take-up of the x2 protocol by 
Internet service providers. It remains to be seen 
whether they opt to support x2; currently K56Flex 
counts more companies - but not necessarily more 
market share - on its side. 

Meanwhile, don't hold your breath waiting for 
either new standard to be ratified. In fact they may 
even be defeated on purely regulatory grounds. A 
report in the Los Angeles Times of 24th January 
suggests the 28.8kbit/s modem standard may well 
remain the norm for some while longer. The USA's 
regulatory body, the Federal Communications 
Commission, currently has a regulation that limits 
the amount of power used to send data through a 
telephone line - which could compromise the 
legality of faster modems. 

The report argues that because newer, faster 
modems will require more power for data 
transmission than the existing rules allow, the FCC 
must grant a waiver before 56k moderns can be 
released. Whichever viewpoint prevails, it is clear 
that asymmetrical 56kbit/s modems are an 
interesting way-station along the route to high-speed 
data transfer - but not the ultimate end-station. The 
notion that these new modems represent an ISDN-
killer is entirely false. • 
Andrew Emmerson 
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LSl's G11 process uses 
five metal layers. Layers 
one to three are 
O.BSµm wide, while 
four and five have 
twice the width. 

268 

Europe too slow on ISDN technology 
Tardy telecommunications 

network operators are 
delaying the potential of 
networked computing by their 
slow implementation of ISDN 
and successor digital subscriber 
line (xDSL) technologies. 

That was the message coming 
from the chairman and CEO of 
Intel, Dr Andy Grove, at a 
London seminar recently. 
"Technically there's nothing on 
the way to move us to higher 
bandwidth better than ISDN," 
said Grove. However, except for 

Germany, the implementation of 
ISDN is "very slow", he said. 

Driving networked computing 
forward was the fact that up to 
200m people across the world 
have PCs that can be connected 
to the communications networks. 
But bobbling its progress is the 
limitation of the network. "We 
need improving bandwidth and 
declining prices and neither trend 
is being served sufficiently," said 
Grove. 

"The computer industry does 
its stuff in delivering increased 

:a • 

2Gbyte/ s static 
ram holds 4M&it 
NEC has developed a 4Mbit, 
500MHz static ram capable of a 
2Gbyte/s data transfer rate. Designed 
for use as level two cache for 
microprocessors, the ram has a 
pipeline-burst architecture where data 
is transferred as a sequence of four, 
32-bit words. The l2xl 1mm chip is 
fabricated in 0.25µm c-mos. Its 
current consumption is 270mA. An 
additional 40mA is needed to drive 
the 4cm path to the processor. 

performance and reducing prices 
because it's a competitive and 
open industry", said Grove, "but 
the telecommunications industry 
has a government monopoly 
legacy which is not used to 
delivering its services in a 
competitive economy." 

America is far in advance of 
Europe in using PCs for 
communications - 40m 
Americans have e-mail access, 
only 8m Europeans. A 
continuation of that gap could 
lead to a 'technology deficit' for 
Europe, said Grove. 

However, he quoted a survey 
suggesting that the UK was far 
ahead of Continental Europe in 
plans to add Internet access to its 
business computers - 30 per cent 
of UK IT managers are intending 
to add it, compared to 12 per cent 
in Germany and only 6 per cent 
in France. 

Grove reiterated Intel's 
commitment to keep its 
microprocessors compatible with 
all past software written for 
them. "Backwards compatibility 
is an immutable definer of our 
road map", said Grove, "it has 
been for fifteen years and it's 
going to be for a long, long 
time". 

New process delivers 0. 1 8µm geometries 

LSI Logic launched its latest 
semiconductor process for Asic 

and c-mos devices this week. The 
G 11 process uses transistors with 

an effective gate length (Leff) of 
0.18µm, or 0.25µm drawn. 

G 11 devices will be able to 
integrate over eight million logic 
gates and 8Mbytes of s-ram on the 
same die, says the company. This 
corresponds to dies containing 64m 
transistors. Three-transistor d-ram 
and mixed signal circuits are also 
available. 

Logic gate count has increased 
by 60 per cent over the previous 
G lO process. Speed is up by a 
claimed 30 per cent while power 
dissipation is a quarter of G lO's. 

Ronnie V asishta, marketing 
manager for G 11, said: "We see 
market needs separated into three 
distinct areas." These are low 
power, battery applications such as 
mobile phones; the high 

performance area including 
workstations and the 'balanced' 
market such as consumer goods. 

LSI is providing two different 
libraries for Gll: one for high 
performance, and the other tailored 
to high density and low power. The 
third market area would use a 
mixture of the libraries depending 
on a product's specific needs. 

Initial G 11 production is 
expected this year. Full production 
at LSI's 8in Gresham, Oregon fab 
is due in l 998. 

LSI has joined a growing list of 
manufacturers offering 0.18µm 
devices. Texas Instruments and 
IBM have both announced a 
0.18µm Leff process. NEC is 
believed to be waiting until March 
to release details of its process. 
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ANCHOR SUPPLIES Ltd 
The Cattle Market Depot 

Nottingham NG2 3GY. UK 
Telephone: +44 (0115) 986 4902/ 

+44 (0115) 986 4041 24hr answerphone 
Fax: +44 (0115) 986 4667 

contacted us asking about 
other items in our range of Micro Cameras and Security 

Surveillance equipment. 
We are SOLE AUTHORISED IMPORTERS of 

the entire range of Cameras and Video Surveillance 
equipment produced by the world's leading manufacturer. 
ALL items in the range carry a full 12 Months Guarantee. 

If you would like to receive our comprehensive 

• -

'----- - --''------' catalogue of Cameras and associated equipment please '------=--------' 
send a large SAE with 48p postage, marked "Camera Catalogue" 

Here is a sample of the available stock. 
A-721-S Micro Camera 32mm x 32mm ... £85 A-721-P Micro PIN-HOLE Camera ... 32mm x 32mm ... £85 

A-921-S Camera with AUDIO ... 30mm x 30mm ... £9S 
A-1211 C/CS Mount Camera ... 110mm x 60mm x 60mm ... £110 

A-521 Micro Cased Camera 43mm x 48mm x 58mm ... metal cased ... £120 
6001-A High Resolution COLOUR Cameras (420 lines) ... 0.45 lux ... £210 

Outdoor Camera Housings ... Aluminium ... £35 Camera Mounting Brackets ... Universal Mounting ... £5.95 
Camera Switchers ... for up to 8 Cameras ... £75 

NEW MODEL Auto Record Controllers ... Infra Red Controller using "One For All" technology controls your· STANDARD. VHS Video, and allows 
you to make unattended recordings of intruders etc. Accepts Normally open or Normally Closed contact inputs. Self contained unit ... Turns your 

VHS recorder into a professional Security Recorder ONLY ... £8S 
QUAD-1 B/W Multivision Processor ... 4 pictures on one screen/video ... Including 4 channel switcher 

... NOW ONLY £249 
QUAD-2 COLOUR Multi Vision processor, REAL TIME ... including 4 channel switcher .... 4 Pictures on one screen/video ... NOW ONLY £575. 

QUAD-3 COLOUR Multi Vision Processor. REAL TIME ... with On screen Titles and Time/Date information 
... Including 4 channel switcher ... 4 Pictures on one screen/video .... NOW ONLY £69S. 

SCI ... SCANNER ... 350° PAN ... Automatic/ Manual ... £105 
IRJ-1 Infra Red Illuminator ... 12V operation ... 60 degree illumination angle to 20m. For "Total Darkness Surveillance" ... NOW ONLY £8S. 

VMS-I .. Video Motion Sensor ... replaced alarm sensors with totally electronic video monitoring system 
that detects changes in the video signal .. £175 

C/CS Format lenses ... Premium 3.6mm = £22.50 Superior 8mm = £27.50 

PLEASE NOTE: 

SPECIAL OFFER 

New and Boxed 14" COLOUR MONITORS .. Models 
1412 24V DC operation @ 2.2A .. Twin Composite Video 
Inputs (75ohm BNC) Black steel case ... Supplied with a 
pair of trailing leads for DC connections. Very easy to 

convert to 240V operation by adding a 240V / 24V supply 
either internally or externally. 30 Day Warranty. 

VHS Video Players ... Front Loading VHS 
Decks . .12V operation. Rear Panel 2.6mm DC socket 

for power. Play .. FF..RW..Stop Controls with the 

addition of REPEAT facility which allows the tape 

to be rewound and replayed time and time again. 

NEW CONDITION 

Circuit Diagram available .. request at time of ordering 
NOW ONLY £99.00 INCL VAT 

Courier delivery to UK addresses= £12.25) 

Video / Audio Outputs via Phono Sockets 

AS-NEW Condition .. 

NOW ONLY £50.00 INCL VAT 
(Courier delivery to UK addresses = £8.75) 

OPEN 6 DAYS A WEEK 
Mon-Fri 9am-6pm Sat 8am-4pm 

NO APPOINTMENTS NEEDED. CALLERS ALWAYS WELCOME 
~ NATIONAL AND INTERNATIONAL MAIL ORDER A SPECIALITY -
~ ALL PRICES INCLUDE VAT (AT 17.5%) and COURIER DELIVERY UNLESS OTHERWISE STATED ~ 
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UPDATE 

Sensor detects acceleration in 3D 
The University of California, 

Berkeley and Sandia National 
laboratories have described their 
three-axis micromachined 
accelerometer that includes on-chip 
servo and signal conditioning 
circuitry. 

Both Analog Devices and Motorola 
already produce single-axis devices 
and Analog's has on-chip circuitry, 
so what is remarkable about this 
design? 

"Apart from sensing all three axes, 
not just one or two, our 
accelerometer is different because it 
has fully differential signal 
conditioning throughout," said Mark 

Sticky problem with subscribers 
Sincere apologies to UK subscribers who did not receive 
their cover mount gift of a pack of Resintech adhesive. At 
the eleventh hour, the Post Office decided that the cover 
mount was unsuitable to travel through the post. Apologies 
to Resintech too, who pulled out all the stops to manufac­
ture the packs. Would any subscriber wishing to obtain their 
gift please write to Electronics World Glue Offer, 
Simmonds, 82-84 Peckham Rye, London SE15 4HB. Please 
include your name, address, subscriber number and tele­
phone number if possible. 

Lemkin of Berkeley's team: "This 
increases its noise immunity to the 
point where a microprocessor could 
be placed on the same chip without 
disrupting the accelerometer's 
operation." The noise immunity 
requirement is bought into focus by 
the sensors output voltage of 
7µ V /mg (g is gravitational 
acceleration). 

X and Y axes are sensed using two 
comb finger arrays similar to 
Analog's and Z-axis (out of the 
plane of the chip) measurements are 
made using a moving flat plate mass 
above a fixed plate. In this sense it is 
less sophisticated than Motorola's 
which has fixed plates above and 
below the moving mass, but 
simplifying the structure has 
allowed the use of a single 
polysilicon layer process. A 
capacitor with two fixed plates 
provides compensation. 

Acceleration is measured by 
determining how much force is 
required to keep the moving masses 
in a fixed position relative to the 
substrate. The same capacitive 
electrodes are used both to sense the 
mass position and provide a 
restraining force. To separate the 
functions, the tasks are performed 

sequentially, the inertia of the plate 
integrating the force pulses. 

The control loops use noise 
shaping. Lemkin said: "This idea is 
not new, but noise shaping, using a 
Lt. loop, provides a direct digital 
output. This kind of loop can be 
difficult to stabilise and we have 
included forward path compensation 
using a discrete time FIR lead filter." 

Sandia built the device using its 
buried micromachine technology 
where the micro-accelerometer is 
built in a trench on the wafer and 
covered with Si02 while the c-mos 
circuitry is fabricated. 

James Smith of the Sandia team 
said: "The etch resist for the c-mos 
circuitry is spun out onto the wafer. 
Unless the wafer surface is 
completely flat, and micromachines 
are too high at around 6µm, it does 
not flow to a consistent thickness. 
Unfortunately, the c-mos cannot be 
made first because it is damaged by 
the temperature needed to anneal 
the micromachine." 

Annealing the machine first, then 
burying it, leaves a flat surface for 
c-mos fabrication and the Si02 is 
etched away at the end to uncover 
the machine and free its working 
parts. 

23GHz transistors promise to reduce phone costs 
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Philips Semiconductors has 
developed a way to make 

bipolar junction transistors (bjts) 
for the mobile phone market. 

Operating at up to 23GHz, these 
fifth-generation silicon devices are 
claimed to be faster than the 
previous process. Being easier to 
make, they also promise to reduce 
the cost of the rf portion of cellular 
and cordless phones. 

Wout Bijker, product marketing 
manager at Philips, said:''To 
enable the mobile phone market, 
handset manufacturers need to 
offer low cost, smaller and lighter 
phones." 

Much of the recent research in 
mobile phones has focused on their 
shift to the higher 1.8 and 1.9GHz 
operating frequencies. Receiver 
and transmitter stages need 

transistors for amplifiers working 
at these frequencies . 

Gallium arsenide (GaAs) devices 
have the appropriate speed, low 
noise and power characteristics, 
but are expensive. Philips claims 
its bjts have the right gain, noise 
and power characteristics, and are 
cheaper than their GaAs 
counterparts. 
Richard Ball, Electronics Weekly 

Mobile transistors ... The double poly 
process has all connections to the top 
layer of metal. In older processes, the 
emitter and base were on one side of 
the substrate, the collector on the 
other. The active region of the device 
is grown epitaxially using chemical 
vapour deposition. Base and emitter 
connections are made via two layers 
of polysilicon. In the earlier process, 
the base metal lines and pad formed a 
capacitor with the collector on the 
opposite side of the substrate. Now 
the base-collector capacitance is 
reduced, speeding up the bjt. 
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/,nportant Announce,nent ~ ~ 
E 11 R 

Due to policy changes at the Ministry of Defence, Miscellaneous 
Government Surplus will no longer be sold via open auctions. The 
Disposal Sales Agency has appointed M GS (UK) Ltd as agents to 
act on their behalf to market and sell Genuine Ministry of Defence 
Surplus equipment. 
The categories include: 
Canteen & Catering ... Gymnas~um ... Photographic & Surveying 
... Tools & Engineering (General) . .. Tools & Engineering 
(Electrical) .. . Communications . . . Miscellaneous Electrical 
Household Electrical ... Hi-Tech Electrical ... Camping & 
Survival ... And Much Much More. 

For anything from 
Amplifiers, CCTV and Spectrum Analysers, through to Frequency 
Counters, Oscilloscopes & Mainframes ( the list is massive and 
being constantly updated), customers can contact MGS (UK) Ltd 
direct at: 

MGS (UK) Ltd 
The Oaks Industrial Estate, 

Ravenstone Rd, 

COALVILLE, 

Leics. LE67 3NB 

TELEPHONE: (01530) 810000 

FAX: (01530) 830730 

WEB: http://www.MGS.ltd.uk 

e-mail: sales@mgs.ltd.uk 

MGS (UK) Ltd Contractors To The Ministry Of Defence 
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UPDATE 

Terabit memory chips produced using quantum wells 
Single electron memories are fre­

quently talked about among the 
storage literati, but Professor Hans 
Ludwig Hartnagel of the Technical 
Institute of Darmstadt, Germany 
points out a flaw in these devices: 
"The time taken to transfer, and 
therefore to read, an electron is non­
deterministic, it cannot be predicted. 
It is like radioactive decay, it could 
happen after a picosecond or only 
after a whole second." The conse­
quence, if Ha1tnagel is to be believed, 
is that a single electron per bit memo­
ry is not a practical proposition. 

"The time distribution of a single­
electron transfer event makes using 
Boolean logic impossible. Instead, 
some kind of statistical, fuzzy logic 
is required," said Hartnagel: 
"However, if a reasonable number of 

electrons is transferred, say I 00, the 
time distribution of electron transfers 
is statistically far more certain. The 
time of peak electron flow is almost 
entirely predictable." 

His argument is, that single elec­
tron storage cells have to be sur­
rounded by a statistical decision 
making logic, wasting their size 
advantage. Far more sensible, he 
claims, to use around l00 electrons 
and be sure that the bit exists and can 
be manipulated with certainty. 

Hartnagel proposes a quantum well 
charge coupled approach analogous 
to that used in charge-coupled device 
(ccd) cameras. 

His device uses quantum wells, 
made of GaAs, in a AlGaAs sub­
strate. Electrons in the GaAs do not 
have enough energy to escape into 

:: • 
Ooo• 

Smile please ... Edinburgh camera-on-a-chip 
company, Vision, has developed a technology 
demonstrator based on its medium resolution 
5400 monochrome image sensor. Potential 
customers can evaluate the sensors and use the 
design as a basis for their own systems. The unit 
includes the sensor, lens, a-to-d converter, audio 
circuit, microcontroller and RS232 port for pc 
connection. The mode of operation is controlled 
through panel buttons and the led. Vision's 5400 
devices use a c-mos process to integrate the 
image sensor and processing circuitry on the same 
die. The 384 by 287 image can be output directly 
as an EIA or CCIR composite video signal. 

the AlGaAs, even with the additional 
thermal ex.citation that room temper­
ature gives them. They are therefore 
trapped, or stored. 

By placing a potential difference 
across two electrodes, one at each 
end of the cell, an energy gradient 
can be created to 'tip' the e lectrons 
into an adjacent cell. Once the gradi­
ent is removed the electrons are 
stored in the adjacent cell. 

In his memory, the quantum wells 
are placed in a square matrix with X 
electrodes running in one direction 
between the cells and Y electrodes in 
the other. 

While maintaining all other elec­
trodes at a 'hold' potential, operating 
a pair of X electrodes tips a whole 
column of cells into their neighbours. 
Operating a pair of Y electrodes tips 
a whole row. By manipulating both 
X and Y elecu·odes, a s ingle cell can 
be tipped into its diagonal neighbour. 
The plan is to use diagonal tipping to 
tum the whole matrix. into a single 
serially-addressed storage cell chain. 

Hartnagel has high hopes for quan­
tum memories: "Conventional lGbit. 
memories will be with us in two to 
three, perhaps five, years. Quantum 
terabit memories should around in 
10." 

His team has so far made larger 
cells transfer successfully and has 
modelled the 100 electron cells. 

Steve Bush, Electronics Weekly 

Will network computers overtake pcs? 

Half the UK's large companies believe 
that network computers (NCs) will 

replace pcs as the choice for corporate 
desktop computing within the next five 
years, according to City market analysts, 
Durlacher Multimedia. 

Meanwhile, IT industry analyst Robin 
Bloor says that enthusiasm for the NC is 

mounting in the UK. "The 'buy in' for this is 
very strong," he told EW, adding that "there 
are a number of beta sites where NCs are 
being used which have already noticed 
significant reductions in administration 
costs." 

The Durlacher Intranet Report 1997, 
which is based on interviews with 100 IT 

MGS wins MOD contract to supply surplus equipment 
Distributor MGS (UK) Ltd has won a contract to trade Ministry of Defence surplus 
electronics equipment that has been traditionally been sold via auction and tender. 

Part of the MOD's 'Partners in Enterprise' initiative, the contract is a new concept, 
giving MGS access to almost all surplus electronics equipment becoming available from 
the UK's most important military bases. 

In the past, dealers in surplus equipment have been forced to bid at auctions. From 
March this year, t~y will be able to buy their requirements from MGS. This will make it 
possible for dealers to update their stocks as they deplete, rather than having to take their 
chances at auction. 

According to MGS's Director, Tommy Hedges, "This means that surplus dealers, who 
have previously had to pay varying, and sometimes inflated, prices at auction can now buy 
from us at standardised prices - giving the customer a better deal. And because MGS will 
be holding large stocks in its warehouse, it will be easier for dealers to provide their 
customers with more continuity in product ranges." 

272 

directors and managers from top 1000 UK 
companies, cites that corporate Intranets will 
help to drive the change to NCs. 

But Bloor argues that the savings in PC 
software and hardware upgrade costs will be 
the key driver. "In the business environment 
you want the tools to do the job," he said. 
"The last thing you want is the tools to keep 
changing for you." 

This claim is backed by BT, which was the 
first European company to deploy Sun 
Microsystems' JavaStation NC. Terry 
Carlin, head of systems at BT Customer 
Service said: "We believe that with NCs the 
support costs can be reduced quite 
considerably." 

Bloor maintains that NCs will be the 
obvious choice for business in years to 
come, while PCs will be mainly used in the 
home. "The home pc market and the 
corporate market have been provided with 
the same product for years. It's wrong," he 
said. 

Jon Mainwaring, Electronics Weekly 
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Electronics Workbench Version 5 with analog, digital and mixed A/D 
SPICE simulation, a full suite of analyses and over 4,000 devices. Still 
the standard for power and ease of use. Now ten times faster. Still the 
same low price. 

Join over 75,000 customers and find out why more engineers and 
hobbyists buy Electronics Workbench than any other SPICE simulator. 
You'll be working productively in 20 minutes, and creating better 
designs faster. We guarantee it! 
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RESEARCH NOTES 
•••••••••••••••••••••••••••••• 

Jonathan Campbell 

How too much Sun killed a satellite 

Srainless 
steel foil 

substrates 
can open 

the way 
fora new 

generation 
of rugged 

devices. 
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Earlier this year, AT&T's Telestar 
401 satellite suddenly stopped 

sending signals to Earth. Scientists 
are still not exactly sure why this 
happened, but they believe the event 
was just one effect of a massive solar 
storm. However the difference to 
previous odd events connected with 
solar activity is that this time 
researchers had in place a fleet of 
satellites that was able to observe the 
storm - the biggest ever documented 
- as it blew around the Earth. 

In fact the storm is one of the best­
documented space weather events 
ever. It began when, on 6 January, 
the Soho satellite took a picture of 
the Sun that showed the edge of a 

huge eruption called a coronal mass 
ejection (cme). Four days later, the 
disturbance was recorded as it sped 
by another satelJjte, called Wind, that 
is designed to monitor the solar wind 
just up-stream from Earth. Then, 
hours later, the Polar satellite 
recorded the effects on energetic 
particles in Earth's radiation belts. 
Over the next several days, the 
intensity of the radiation belts 
increased more than 100 times over 
their previous levels. 

The three satellites - Soho, Wind, 
and Polar are part of the International 
Solar-Terrestrial Physics program, a 
collaboration of NASA, the European 
Space Agency and the Japanese 

Institute of Space and Aeronautical 
Science. From ground observatories, 
satellites, spacecraft and computer 
simulations and models, ISTP is 
building a comprehensive picture of 
Earth's magnetosphere and how it 
interacts with the sun. 

"We compiled the most complete 
data available on conditions in the 
magnetosphere during the event," 
says Geoff Reeves, project leader for 
Polar's energetic particle instrument 
at Los Alamos National Laboratory. 

"Combined with information from 
the other satellites, now we can better 
understand why and how these solar 
events sometimes produce big 
effects." 

Could steel replace gla~in flat panel displays? l 
Dramatic improvements in the 

durability and lightness of flat 
panel displays could be on the 
horizon following announcement 
of successful devices built on a 
steel foil substrate instead of glass. 
The development has been 
announced by two researchers at 
Princeton University, who have 
fabricated high-quality thin film 
transistors (tfts) on 200µm-thick 
stainless steel. 

Rigorous mechanical stressing of 
the devices - including dropping 

Cr source/drai~ Cr gate 

n + a-Si:H fi/ 0.15µm 
~ _ 0.05µm 

a-Si:H - - 0.16µm 

/ - 0.32µm 
SiN <---.,__ 

X , - Q.95µm 

Steel foil--;._ - 0.200µm 

from a height of 16m onto a hard 
surface, and flexing the substrate 
in multiple orientations - are 
reported to have produced no 
change in the characteristics of the 
tft (' Amorphous silicon thin-film 
transistors on steel foil substrates', 
IEEE Electron Device Letters, Vol. 
17, No 12, pp. 578-560). 

The advantages of steel foil in 
terms or durability are pretty 
clear. But although stainless foil 
has been used in photovoltaic 
devices, its use as a substrate in 
display electronics has not been 
attempted before. 

However, as the researchers point 
out, while the opacity of metal foils 
limits tft circuit applications to 
reflective or emissive displays, 
metal surfaces can be modified by 
coatings to achieve a wide range of 
optical properties. Moreover, the 
thermal coefficient of steel is a 
much better match to that of 
silicon. By adjusting the alloy, 
complete matching is possible. 

This is a far more preferable 
situation than exists with the other 
great hope for more durable 

devices - plastics. Thermal 
coefficients of polymers are around 
20-50 times that of silicon, and 
there are several other engineering 
problems that have to be overcome 
before plastics can be seriously 
considered. 

But the current research shows 
that stainless-steel substrates could 
be the breakthrough needed in the 
fabrication of non-breakable tft 
backplanes, and would greatly 
reduce the substrate thickness and 
weight in comparison to traditional 
glass substrates. 

So far, though the devices have 
shown a relatively high quality, no 
attempt has been made by the 
Princeton engineers to optimise 
substrate or film parameters. This 
leads to optimism that the metal­
foil alternative has the potential to 
offer a very robust process, easily 
transferable to industrial 
applications. 

More information contact: SD 
Theiss, Department of Electrical 
Engineering, Princeton University, 
Princeton, NJ 08544, USA . 
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Coincidentally, at the time of the 
solar event scientists and satellite 
operators from across the country 
were meeting to discuss ways better 
to forecast the 'weather' in space that 
affects satellites. 

Over phone lines, fax machines and 
the world wide web, scientists with 
space weather data frantically 
downloaded the information onto 
their laptops. The result is that 
researchers were able to build up a 
preliminary but remarkably complete 
picture of what happened on the sun. 
It showed how the disturbance 
travelled to Earth, what it did to the 
magnetosphere when it got here, "and 
how that might have killed a $200 
million satellite," adds Reeves. 
More information contact: Gary 
Kliewer, Los Alamos National 
Laboratory, Los Alamos, New Mexico 
87545, USA. 
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St,art of the storm that 
killed a satellite: The 
cme, or coronal mass 
ejection, observed by 
the large angle 
spectrometric 
coronagraph aboard 
Soho, at the st,art of its 
journey Earth-wards at 
speeds between 400 
and 500km/s. The 
image is a projection of 
the cme halo onto an 
extreme ultraviolet 
telescope image of the 
sun. 

Putting the I' back into microphone 

U niversity of California engineers 
have produced an on-chip 

microphone that demonstrates greater 
sensitivity than any previous similar 
device and can also double as a 
loudspeaker. Key to design of the 
microfabricated device is a cantilever 
diaphragm that produces less residual 
stress than previous diaphragm 
microphones, while the relatively 
large deflections of the free end can 
produce a significant acoustic output 
(' Piezoelectric cantilever microphone 
and microspeaker,' SS Lee et al, 
Journal of Microelectromechanical 
Systems, Vol. 5 No 4, pp. 238-242). 

Microphones are basically pressure 
sensors that detect airborne sound 
pressures that are ten orders of 
magnitude lower than ambient 
pressure. So the microphone needs an 
extremely compliant diaphragm to 
have an acceptable sensitivity. 

This latest development reflects 
growing interest in the 
micromachining of microphones. 
Among the advantages of 
micromachining over conventional 
fabrication are improved control, 
extreme miniaturisation, the ability to 
integrate with on-chip circuitry, and 
potential low-cost as a result of batch 
processing. 

The 2000 by 2000 by 4 .5µm 
California cantilever diaphragm has a 
zinc-oxide piezoelectric thin film on a 
supporting layer of low-pressure 
chemical-vapour-deposited low stress 
silicon nitride. By controlling 
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distribution of residual stress, out-of­
plane deflections were typically no 
more than 35µm. 

Measured sensitivity of the 
microphone is around 3m V /µ bar in 
the low frequency range, rising to 
20m V /µ bar at the lowest resonant 
frequency of 890Hz. 

Using the device as a loudspeaker 
produced a sound pressure level (spl) 
of 75dB at 890Hz, increasing to 
approximately IOOdB at 4.8kHz. 

Silicon substrate 

Cantilever 
Electrode diaphragm 

' ... ~.,, 
: 

The researchers say that the 
technique used to manufacture a flat, 
multilayer cantilever, involving 
patterning different thicknesses of 
ZnO film, could also hold relevance 
to production of other 
micromachined structures. 
More information contact: Seung Lee, 
Berkeley Sensor & Actuator Center, 
Department of Mechanical 
Engineering, University of California, 
Berkeley, CA 94720, USA. 

Free edges 

~~::====~ti:~silicon 

~ ~ LTOlow-stress 

J-- Silicon nitride 

I· ~Lrn,m 2000µm 

' Thermal oxide 

,.-- - fr ~ µm 
Cantilever design 
produces a 
microphone with very 
good sensitivity, that 
can also be used as 
loudspeaker. 
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New laser knocks atoms into line 

The new atom laser 
emits pulses of 

coherent atoms. Each 
pulse contains 

100,000 to several 
million coherent 

atoms and is 
accelerated 

downward by gravity. 
The curved shape of 

the pulses was caused 
by gravity and forces 
between the atoms. 

(Field of view 
2.5 mm x 5.0 mm.) 

Physicists at MIT have created the 
first atom laser, a device that 

resembles an optical laser but emits 
atoms instead of light. The atoms 
have the remarkable property of 
coherency - moving in phase to form 
a single giant matter wave - and the 
resulting beam can be focused to a 
pin-point or made to travel large 
distances with minimal spreading. 
Already, researchers are speculating 
how the laser might be used to 
deposit atoms onto computer chips, 
creating much finer patterns than 
currently possible. 

The atom laser has been a long­
sought goal in physics, but there were 
many doubts whether it could be 
realised. An important intermediate 
step towards its development was the 
creation of a Bose-Einstein 
condensate (bee). This was achieved 
by chilling a gas of atoms to such a 
low temperature that the atomic 
matter waves overlap, and the atoms 
lose their individual identities. 

The MIT group cooled the gas in 
two stages. In the first stage, laser 
cooling, the atoms were bombarded 
with optical-laser light. Frequencies 
and polarisations of the laser beams 
were chosen in such a way that 
photons emitted by the gas atoms 
were slightly more energetic than 
photons absorbed by the atoms. The 
energy difference is responsible for 
the cooling effect. After absorbing 
and emitting about 100,000 photons, 
the atoms reached a temperature of 
about 100 microkelvin. 

The atoms were then cooled using 
evaporative cooling. In this 
technique, the hottest atoms are 
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Michael Andrews, Marc-Oliver Mewes, and Wolfgang Ketterle gather around the 
machine they and their MIT collaborators used to demonstrate the first atom laser. 

removed from the atomic sample, 
thus reducing the average energy -
and therefore the temperature - of 
the remaining atoms. In addition to 
being cooled, the atoms also had to 
be very well insulated from the 
room-temperature environment. This 
was accomplished by confining the 
atoms in a special magnetic trap 
inside an ultra-high vacuum 
chamber. 

Once the bee has been formed, the 
beam of Bose-condensed atoms is 
extracted from it by applying an 
oscillating magnetic field. In this 
way, the new laser emits multiple 
pulses of Bose-condensed droplets, 
each 'droplet' containing 100,000 to 
several million coherent atoms. 

The last remaining obstacle was to 
demonstrate coherence. For this, the 
group applied a standard method 
used to show the wave nature of 
particles or radiation. In this 
technique, two samples are 
overlapped. If the photons or atoms 
in the separate samples are indeed 
coherent, each sample behaving as a 
giant wave, then the samples will 
interfere with each other, in the same 
way that happens when two waves 
meet in a pond. The result: a periodic 
pattern, or standing wave, that can be 
photographed. 

To their jubilation - and after 20 
hours of aligning and focusing their 
instruments - this is exactly what the 
MIT team found. 

1 Novel material offers more stable pcbs 
I zirconium tungstate, the wonder material 

that contracts instead of expands when 
heated, could be used in a composite form to 
produce circuit boards that expand at the 
same rate as the silicon devices it contains. 
This is just one of the many applications 
currently being considered for this peculiar 
material. 

Since the discovery of zirconium 
tungstate's odd behaviour last year in the 
Center for Advanced Materials Research at 
Oregon State University, scientists have 
been rushing to find out more about it and to 
look for potential applications. So far, more 
than 40 private companies are said to have 
requested material samples from OSU, and 
Arthur Sleight, the Milton Harris Professor 
of Materials Science at the University says 
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that applications are now being considered 
across a whole range of technologies, 
including electronics, optics, fuel cells, 
oxygen sensors, thermostats, and even new 
dental filling products. 

The negative thermal expansion, from near 
absolute zero to about 800°C of zirconium 
tungstate has never before been observed. 
It's now known to be caused by oxygen 
atoms in the material 'vibrating' when 
heated, pulling the zirconium and tungsten 
atoms closer together. 

The latest reported advance that has caused 
surprise its behaviour under pressure. At 
near I OOObar its crystal structure collapses, 
forming molecular 'cross braces' and losing 
much of the negative thermal expansion 
characteristic that makes it unique. 

But when heated moderately, the material 
then regains its property of shrinking when 
heated, leading Sleight to suggest a possible 
use in some type of composite that could 
serve as a 'shock absorber.' 

The material also offers unusually high 
oxygen mobility, suggesting possible uses in 
fuel cells or oxygen sensors. 

As yet, all future applications are still on 
the experimental drawing board. But Sleight 
says he is "more optimistic than ever" about 
the potential for real world uses. 

Contact: Arthur Sleight, Milton Harris 
Professor of Materials Science, Center for 
Advanced Materials Research, Oregon State 
University, Corvallis, Oregon, USA. Tel 00 1 
541 737 6749. 
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Building on his earlier 
fast driver amplifier 
work, Giovanni Stochino 
has now developed what 
is possibly the fastest 
high-power audio 
amplifier of its type. 
More impressively, he 
has done so without 
sacrificing audio purity. 

300V / IJS power 
In my previous article I I described how the 

basic architecture of high-speed voltage 
feedback amplifiers can be applied to the 

design of high-performance audio-power 
equipment. Detailed design information for a 
non-slewing 100 watt into 8Q mosfet power 
amplifier was given. It featured a linear output 
speed of ±170V/µs and its rated output power 
total harmonic distortion figures were 0.004% 
and 0.045% at lkHz and 20kHz, respectively. 

Subsequent investigations have shown that 
further evolution of the basic architecture can 
provide higher speed and better thd figures -
comparable with top-class hi-fi amplifiers -
relative to the basic configurations. 

This article reports the results of my recent 
investigations and experiments and provides 
design details for a new low-distortion, very 
high speed IO0W into 8Q audio power ampli­
fier, which features a slew rate higher than 
±300V /µ s and rated power thd figures of less 
than 0.002 % and 0.020% at lkHz and 20kHz, 
respectively. 

Improved high-speed architectures 
In my last article, I demonstrated that the thd 
and speed performances of the basic high 
speed voltage-feedback architectures appear to 
be influenced by the low, i.e. unity to two, 
current gain of the intermediate stage. This 
implies that a substantial improvement of both 
thd and speed figures can be obtained when a 
higher current gain class AB intermediate 
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stage is incorporated in the original schemes 1• 
The problem here is that this change has to 

be done without degrading the other perfor­
mances and, more importantly, the robustness 
of the basic design. 

With this requirement in mind, my investi­
gations have focused on the topologies shown 
in Figs 1 and 2. 

The input stages are designed to provide 
class AB operation and the simultaneous 
availability of large push-pull currents, /R and 
ft., with the appropriate phase, at nodes A and 
B, Fig. 2. I have already shown 2 that this fea­
ture is very important to avoid the dangerous 
simultaneous conduction of the upper and 
lower half of the intermediate stage. During 
simultaneous conduction there is a risk of 
driving intermediate stage transistors out of 
the dynamic safe operating area. 

A voiding simultaneous conduction con­
tributes to the robustness of the amplifier. It is 
particularly important in very fast high-power 
amplifiers, where the feedback loop forces the 
intermediate stage to provide high peak cur­
rents during large/fast input transients. 

Another key feature of these schemes is the 
use of common-base transistors Tr10,11• These 
play a twofold role: 

• to allow the use of low voltage high current 
gain transistors Tr9 and Tr12, which increases 

the available gain and peak current of the 
intermediate stage; 

• to improve amplifier linearity. 

Relative to Fig. 2, the configuration of Fig. 1 
potentially provides higher input stage large 
signal transconductance and less power con­
sumption. As is well known, large signal 
transconductance in both schemes is deter­
mined mainly by cross coupling resistor R. 
However, while in Fig. 2 the value of R is 
mainly governed by the need to provide the 
level shifting voltage with reasonable power 
consumption, in Fig. 1 this limitation does not 
apply. As !l result, R can be set as low as con­
venient. 

Because of the above, Fig. 1 promises better 
speed and lower power consumption than Fig. 
2, although at the expense of offset and noise 
prec1S1on and distortion performance. 
Differences in the two schemes are only in the 
input stage. Intermediate and output stages are 
exactly the same for both designs. 

Compared with the simplified circuit dia­
gram presented in my March '96 article, the 
clamping network at the output of the input 
stage in these designs shows one additional 
diode, which has been introduced to increase 
the intermediate stage peak output current to 
about 80mA. Accordingly, higher maximum 
output rates of change are to be expected. In 
order to produce comparable results, the two 
amplifiers are designed with as close as pos­
sible phase margins and unity gain frequencies 
under closed-loop conditions. 
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Fig. 1. Simplified 
schematic of a 
possible 

la implementation 
of high speed, 
low distortion 
power amplifier 
employing a high 
slew rate input 
stage. 

Fig. 2 . In this preferred 
implementation of a high 
speed, low distortion 
power amplifier, a 
non-slewing input stage i! 
the main difference 
relative to Fig. 1. 
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Fig. 3a). Detailed circuit diagram of the final 
100W/80 audio-power amplifier, featuring a 
speed higher than :d00V/µs, and a rated 
power thd of 0.002% at 1kHz and 0.018% at 
20kHz. Note that all diodes are 1 N4448 
Diodes 1 N4448HV are 1 N4448 selected for a 
reverse voltage higher than 120V. Add 
100µF//100nF decoupling to each 55V rail 
and 1000µF//2x100nF to each 48V rail. 

Some Spice simulation results are reported 
in Tables 1 and 2. Here, the main character­
istics of the two new amplifier configurations 
are compared with the basic non-slewing 
architecture, with similar characteristics. 

It is clear that the new implementations pro­
vide better speed and thd performances than 
the basic non-slewing architecture design, con­
firming the theoretical predictions. 

Figure l and 2 have very similar closed-loop 
performances. However, due to the reduced 

son co-ax cable 1n VsR 
To the power amplifier>---J--+--++------~-+-. 

output Vo' C(SR) 

R(SR) 

R(SR)//R;n(Osc) ~ 1 on 

R;n (Oscilloscope) 
Termination 

Fig. 3b). Slew rate test circuit from D. Self9. Component values and circuit have been adapted 
to high-speed measurement. Slew rate, SR, can be determined by the following; 

SRz VsR/max/(CsRRp)=100xVsR/mdx), in V/µs, where Rp=R1sR/IRtN10SC)=100. Oscilloscope 
bandwidth is higher than 200MHz. 
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number of transistors in the input stage, Fig. 2 
offers better open-loop performance, in terms 
of frequency response and phase margin, as 
well as less noise. 

In the light of the above, Fig. 2 seems to 
represent the best candidate for the design of a 
high-performance audio power amplifier, 
although power consumption is higher due to 
the level shifting current needed to bias the 
input stage. Moreover, this topology can be 
expected to provide reduced sensitivity to lay­
out and parasitics, as well as load impedance 
variations. Consequently it will simplify 
design and implementation. 

Implementing the power amplifier 
Design has been optimised through intensive 
simulation work and verification tests on the 
experimental prototype. Measurements have 
substantially confirmed simulation results. 

Discrepancies only occur when simulation 
data are close to or below the limits of avail­
able test equipment, the readings from which 
include noise, as well as thd. This is the case 
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Fig. 4. Input stimulus type used for verifying 
the amplifier's speed, during simulation and 
experiments. Vertical scale is 3V/div. 
Maximum speed measurements were made 
using both standard and Self methods. 

for thd at !kHz. The differences at 20kHz can 
be explained by layout problems in the exper­
imental prototype and/or by the influence of 
component mismatches. 

Final design 
Figure 3a shows the complete circuit diagram 
of the final low thd, high speed I OOW, SQ 
audio power amplifier. 

Compared with Fig. 2, extra capacitors C3 to 
Cs are introduced in the assembled prototype. 
These components compensate for layout par­
asitics and achieve a clean step response in all 
operating conditions, Figs 4, 5 and 6. 

The diode clamping network on the collec­
tors of the input stage transistor has been sim­
plified. Two diodes connected to zener diodes 
D7-J and DZ4 perform the same task of the 
original circuit. Here, positive and negative 
peak currents of the intermediate stage are 
slightly higher and symmetrical than in Fig. 2. 

The biasing network of the intermediate 
stage is made from Tr13, Tr14, DZ3 and D24, 
in addition to current setting resistor RE. 
Nominal bias current, given by, 

and is about 6mA. 
Bias setting and stabilisation of output 

power mosfets is achieved by means of the 
TlA3 l shunt regulator and temperature sens­
ing network TS in Fig. 3a. This network con-

0 
Vo 

40 Vo' 

20 

Vo 
0 

-20 

AUDIO DESIGN 

Table 1. Characteristics of Fig. I and Fig. 2 fast audio-power amplifiers. Test conditions are 
IQ=120mA, R,=50, Load=BQ//0.SµF. 

Characteristic Basic nsa1 Fig. 1 Fig. 2 
Best input offset voltage2 350µV 180µV 170µV 
DC gain, open loop 80dB 110dB 111dB 
Unity-gain frequency 22.5MHz 19MHz 22MHz 
Open-loop gain at 20kHz 64.SdB 67dB 68dB 
Open-loop amplifier phase margin3 - 81 ° -1 27° -93° 
Closed-loop amplifier phase margin4 +82° +79° +76° 
Slew rate, 1 0V pp square wave input ±160V/µs ± 210V/µs ±185V/µs 
Output noise, bandwidth 80kHz 34µV rms S0µV rms 31 µV rms 

Table 2. THO of amplifiers in Fig 1 and Fig 2 with.same test conditions as Table 1. 

Vout!Vpp) Basic nsa1 design Fig. 1 Fig. 2 
1 kHz 20kHz 1 kHz 20kHz 1 kHz 20kHz 

20 
80 

0.0018 % 0.0240% 0.0008 % 0.0140% 0.0006% 0.012 0 % 
0.0090 % 0.0380% 0.0005% 0.0100% 0.0004% 0.0080 % 

Notes 
1. Non-slewing amplifier 
2. In the simulation phase, devices and components have been considered perfectly matched. 
3. Amplifier only, i.e. without the feedback network. 
4. Amplifier plus feedback network. Closed loop gain is 30.6dB. 
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Fig. 5. Simulated frequency response - i.e. magnitude - of the power amplifier in Fig. 3. Test 
conditions are V0 (a) load=BQ//0.SµF, V0 (b) load=80.//0.05µF, vertical scale is 10d8/div and 
frequency range is 1 Hz to 100MHz. 

sists of three diode-connected 2N555 J s and is 
mounted very close to the output mosfets on 
the same heatsink to provide thermal coupling. 

This scheme provides a stable working point 
for the temperature sensor TS, which is insen­
sitive to /80 variations. This is because current 
hs is kept constant by the TlAJJ's 2.5V inter­
nal reference, through the relationship 

0 0 
15 Vo' Vo 

40 

0 

20 
·15 

0 

-20 

hs=V,.rf R(T1)-
Since, as is well known, each transistor pro­

v ides a 6 V ty,,} tJ of about - 2 m V f'C, TS yields 
a total 6 VTsl/:J.T of -6 m V 1°C. This has been 
found adequate to compensate for the intrinsic 
IQ changes with temperature of power devices. 

Bias current /Q of each mosfet is set at 
I 20mA via trimmer VR 1, after a reasonable 

0 
15 Vo' 

Vo' 
0 

-15 

Vo 

140µ 160µ 180µ 200µ 220µ 240µ 260µ 280µ 

Fig. 6a). Simulated voltage step response of the 
power amplifier in Fig. 3. Test conditions are 
V0 '=20V peak-peak, load=BSJ.//0.00SµF, vertical 
scale is 15V/div and frequency is 10kHz. 

140µ 160µ 180µ 200µ 220µ 240µ 260µ 280µ 

Fig. 6b). Simulated voltage step response of the power 
amplifier in Fig. 3. Test conditions in this case are the 
same as for 6a), except for the load, which is 
8Q//0.SµF. 
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amplifier warm-up time. Make sure lO set this 
trimmer to its highest value before applying 
power to the amplifier. Measured IQ variations 
during operation are less than 20%. 

Supplying power 
To increase the amplifier's efficiency, separate 
unregulated ±48V supply rails are used for the 
output power devices, which arelRF640 and 
lRF9640 types from International Rectifier. 
The rest of the amplifier is powered by two 
regulated +55 and -55 V supply rails. 

Tables 3 and 4 demonstrate the notable 
improvement of harmonic distortion figures. 
Ar !kHz, measured thd is mainly Limited by 
the available instrumentation, as illustrated by 
the fact that it remains virtually unchanged 
when load impedance reduces to 4Q. 

The maximum rate of change of the output 
voltage results in excess of 300V/µs, con­
firming that the new architecture is viable for 
reliable high-speed power amplification. 
Measurements of slew-rate were made both in 
the traditional way, and in accordance with the 
practical method suggested by Douglas Self,3 

with appropriate adaptations. 
The test circuit is shown in Fig. 3b. 

Assuming V0 '>>VsR, the maximum rate of 
change SR is determined by, 

SR "' VSR(max) = 100 X v'. V / µs 
CsRRP SR(m.xJ 

where Rp=RsRI/RrN(osc)= lOQ. 
To the best of my knowledge, this speed is 

the highest ever reported for a high power 
audio amplifier, which makes use of voltage­
feedback. 

The theory behind the speed perfo,mance of 
this architecture can be basically explained as 
follows. The maximum current available at 

nodes A and B depends on the maximum 
input voltage, V max, which can be safely 
applied to the input of the amplifier. This is 
given by equation 4 of my March '96 article, 

/ = ½mu) - 2 Vh,IM) = VEBO - Vh,(On) 

A(max) 2R, + R 2R, + R 

This current amounts to about l 8mA for the 
component value and active device types used 
in Fig. 3a. 

Since capacitance at nodes A and B in Fig. 
3a is about 50pF, the ma,umum slew rate 
across C 1 and C2 is SRA_s=360V/µs. 
Capacitors C3 and C4 do not play a major role 
in this context because the voltage variation 
across them is limited to a few volts. 

On the other hand, the current available at 
the output of the intermediate stage, nodes C 
and D, is about 80mA. Total node capaci­
tance. including the reflected capacitance of 
the output power devices, is less than 230pF. 
Slew rate at the input of the output stage will 
therefore exceed SRc,D(minJ=350V /µ s. 

Bias current considerations 
lt is worth pointing out that this high value of 
slew rate can be sustained by the amplifier 
only if biasing c·urrenc / 80 is large enough to 
charge/discharge at the same rate the base-col­
lector capacitances Cbc of Tr10 and Tr11, 

which equal 5-8 pF. This means that 
/so2:SRco(miniCbc has to be set at 2.8mA. 

A safety margin is recommended for taking 
into account parasitics and base drive require­
ments, which equals, 

I B(peak/~(min)=80mA/30=2. 7 mA. 

The minimum output slew rate SR(min) will 
be slightly less than SRco(min), due to the gate 
driving requirements of the output power 

Table 3. Total harmonic distortion of final amplifier in Fig. 3a, with Rr=SOO, IQ=120mA and 

BOkHz bandwidth. 

V 0u1 (V pp) Spice simulation Measured Measured 

an load an load .. 4Q load .. 
1kHz 20kHz 1kHz 20kHz 1kHz 

5 0.00010% 0.0040% 0.0031% 0.005% 0.0035% 
10 0.00025% 0.0140% 0.0024% 0.008% 0.0029% 
20 0.00070% 0.0190% 0.0020% 0.011% 0.0023% 
40 0.00060% 0.0145% 0.0023% 0.015% 0.0023% 
80 0.00060% 0.0110% 0.0021% 0.018% 0.0023% 

*Instrumentation limit, thd+noise): 0.002% at 1 kHz; 0 .003% at 20kHz. 

Table 4. Further characteristics of Fig. 3a amplifier, R,=500, load=ro, IQ=120mA 

Characteristic 
Input offset voltage 
Slew ratet, C=0pF 
Slew ratet, C=1 nF 
Output noise, bw=80kHz 

Spice simulation 

+336/-297V/µs 
+360/-304V/µs 
31µV(rms) 

t ±6V peak pulse input, as in Fig. 4. 
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Measurement results 
1.6 mV 
+310/-360V/µs 
+360/-370V /µs 
39µV (rms) 

20kHz 
0.007% 
0.010% 
0.013% 
0.018% 
0 .026% 

devices. The above theoretical values are in 
line with simulation. and with measured 
results, Table 4. 

In this design, a lnF capacitor has been 
added across R to increase the dynamic 
transconductance and the available peak cur­
rent of the input stage corresponding to the 
maximum expected input signal transients, say 
3V peak. In such a case, 

l = V,,,,,,,,1i - 2Vh,10,,, < J8mA 
A(pt,,L) 2R, 

This results in a slight increase of speed for 
input signals within che linear dynamic range 
of the amplifier and in a further reduction of 
the already low residue of dynamic intermod­
ulation distortion. 

Cross-coupling capacitor C needs to be 
treated very carefully. In fact input transistors 
Tr1 to Tr4 , under large signal conditions, 
behave like a full wave rectifier of the voltage 
difference ViN-VF. Current flowing in C is 
thus unidirectional. This results in a dynamic 
charge build-up across C, which is particular­
ly important at high frequencies and during 
transients, when Vm-VF is usually larger. 

The charge build-up could end by producing 
undesirable bias and gain modulation of the 
input stage, and, consequently, increased high 
frequency thd and intermodulation distortion. 
This effect is also evident from the fact tllat 
while C can truly help to boost the linear 
speed of the amplifier during occasional tran­
sients, it does not produce the corresponding 
improvement of the linear power bandwidth 
and of the dynamic intermodulation distortion. 

Minimising charge build-up 
In order to minimise the above side effects, a 
low value of capacitance should be chosen. 
Definition of the right value of C is not au 
easy task, since its influence on the circuit per­
formance is both amplitude and frequency 
dependent. The following rule of thumb has 
proved effective in many applications, 

C< I 
l0(21tRFM) 

where FM is the maximum input frequency, 
which is 20kHz for audio applications. This 
implies that the zero introduced by RJ/C in the 
large signal frequency response of the ampli­
fier has to be located far above the audio fre­
quency range. According to the above empir­
ical inequality, C should be lower than 3.9nF. 
As a matter of fact, the value employed in this 
design, Inf, has not produced measurable 
effects on thd performance. • 
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To successfully re-use 
alkaline cells, recharging 
is best done w hile the cell 
is still ha s about 
two-thirds capacity. But 
how do you know when 
the cell is ready for 
recharging? Rod Cooper 
explains how, and 
expands on the charger 
circuit presented last 
month. 

COMPONENTS 

• Battery-lo w warning 
Warning 
Never attempt to 
recharge alkaline cells 
with anything other 
than a charger that is 
specifically designed to 
recharge alkaline-cells. 
Such a charger was 
described in last month's 
issue. 

April 1997 ELECTRONICS WORLD 

e question most frequently asked is how 
many times an alkaline-manganese cell 
an be recharged? On the bench, I have 

achieved ten times original capacity - that is 
over 30 recharge/discharge cycles at 30% dis­
charge, plus any remaining charge. But these 
tests used consecutive discharge/charge 
cycles, so they do not represent everyday use. 

In practice, without a timer to tell you when 
to recharge, you can expect to get ten 
recharges at 30% discharge, but this depends a 
lot on the type of usage. Considering that 
mains electricity costs 7p per kWh and alka­
line-manganese cells cost about £55 per kWh 
this is still very good economics. 

With a timer, you could reasonably expect 
double this figure, but a lot depends on the 
ageing effect that all electrochemical storage is 

subject to. If there are numerous charge/dis­
charge cycles in a short period the results are 
better. For this reason, is it not a good idea to 
recharge clock batteries for example. 

Implementing the charger 
Readily available AB range aluminium cases 
are ideal for housing the charger described in 
last month 's issue. The lid can be easily 
arranged to swing open to insert cells. Being 
all-metal, the enclosure gives a fair degree of 
shielding from electromagnetic interference 
which my article last month showed could 
trigger the comparator prematurely. 

With this type of aluminium case it is pos­
sible to use the base as a heat-sink for the out­
put transistor, Tr2. Not a lot of heat is gener­
ated, so the point of using a generous area of 
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Lid 

) ( Pa.xolin 
barrier '----...__ 

, r 
--...._____ Case 

~ 
15mm feet 

Fig. 1. Cross section of a housing suggested for the alkaline-cell charger described last month. 

Fig. 2. Elements of the timer 
circuit for helping determine 
when a cell is 1/3 depleted. 

C2, R1 chosen to suit application 
R2, R3 chosen to suit voltage and LED ty,1&----------- To battery positive 
Tr1 - generai'purpose NPN (eg.BC108) 
---- -+-----------+-----+-----t-""? To load +ve 

and ON.OFF switch 
8 16 

4 3 10 
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11 6 

100n 7 

Clock 
Reset 
01 
04 
05 
06 
07 
08 
09 
010 
011 
012 
013 
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Fig. 3. While the battery-operated appliance is switched on, the counter counts. Once the timer 
is tailored to suit the current drain of the appliance and capacity of the cell, this method gives 
an accurate indication of when the cell needs recharging - extending its useful life. 
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metal like the case is to keep the inevitable 
small amount of de drift due to temperature 
change to a minimum. 

The,7805 regulator was chosen so that it too 
could be clamped to the metal case. It is delib­
erately over-rated; However, I have used a 
78W5 regulator with a metal clip-on heat sink 
as an alternative and this gives comparable 
results. 

It is best to put a thermal barrier between the 
mains transformer and the rest of the circuit 
and to give this section its own ventilation 
path. A piece of Paxolin is satisfactory, as 
shown in Fig. 1. Some transformers on the 
market, of third world manufacture, get quite 
hot even when not under load, so plenty of 
ventilation slots are needed. When the lid is 
down, the heat from the transformer will not 
then warm up the rest of the charger. 

Efficient ventilation can be achieved by 
mounting the transformer and cell holders on 
pillars and putting some ventilation slots 
directly underneath and above them. The hold­
ers must be of an open-frame design, such as 
RS 489-611, not the enclosed type like the 
Bulgin cylindrical series. I must emphasise 
that good ventilation is essential. 

Although not mentioned in the first part of 
the article, the indicator Jed should be a low­
current variety such as RS 826-515. If any dif­
ficulty is experienced getting Tr4 to remain 
hard on, this indicator led can be removed and 
transferred to an emitter-follower attached to 
the comparator output. In addition, when 
charging D cells, with some low-gain speci­
mens of ZTX.450 the value of R9 may need to 
be reduced to keep Tr4 hard on. Although it 
doesn't dissipate much power, this transistor 
should also have a clip-on heat sink to reduce 
the effects of thermal drift. 

Also not shown in the first article, resistors 
R3 and R 10 both need a trimming resistor in 
parallel to get a reasonable position on the pre­
set pots for the balance point. To put the wiper 
within a reasonably central position, try values 
around 56kQ. This method compensates for 
component tolerances and also avoids having 
to buy precise values for the resistive divider. 

To make the preset pots more sensitive, you 
could try dropping the value to 470Q and 
adjusting these trimmer resistors to suit. 
If you use a tungsten lamp, as suggested, for 

showing how much current is passing, then 
the filament must be in direct view. It is no 
good covering it with a diffuser lens - you 
will not see any glow at low current. If the 
lamp holder has such a Jens, remove it. 

Discharge timer - the missing link 
Fitting a discharge timer to the battery-pow­
ered appliances is the key to successful alka­
line-manganese recharging. The lack of a sim­
ple, cheap timer which can be easily fitted to 
appliances has held back the progress of com­
mercially-available chargers. Results have 
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been reported as generally disappointing. The 
reason is that in many cases the 30% limit 
cannot be easily estimated by the average 
member of the battery-using public. 

It is not difficult to add a timer to appli­
ances, where there is sufficient space. 
Although it is easy to find a small space in 
things like hand lanterns and portable radios, 
items such as battery shavers and the smaller 
hand-torches pose a problem. 

The timer described here can be minia­
turised if necessary by using an smd design. I 
have tried designing odd-shaped pcbs to fit 
around comers and into circular spaces. But 
what is really needed for use in small or 
densely-packed appliances is a purpose-built 
timer - a thick-film hybrid or asic. 

The principle of the timer is very simple, 
Fig. 2. Oscillator A is driven in parallel with 
the load L - i.e. it only runs when the switch 
is on. It drives a multi-stage ripple counter C 
from which various outputs can be tapped to 
give a range of times. When the chosen output 
changes state, warning device D is turned on. 

Note that, like the oscillator, Dis powered 

only when the switch is on. It would most 
likely go unobserved if powered when the 
appliance is not switched on, possibly taking 
the battery beyond the 30% limit. 

Counter C is maintained by being perma­
nently connected to the battery during the time 
the batteries are in the appliance, but as it is a 
cmos device the drain is tiny - typical quies­
cent current is 5nA at 5V for the i.e. shown. 
For the vast majority of applications this can 
be ignored. 

A practical version of this circuit is shown in 
Fig. 3. Timer JC 1 is a 555 which supplies a 
rough square-wave to /C2, a 4020 binary rip­
ple counter. There are 14 stages to /C2, so the 
output from one of these is picked off to give 
a time suit the cell type and load current. At 
the end of the chosen time period the output 
goes high, Tri turns on, which powers the led. 

The choice of timing components R 1 and C2 
for the 555 is dictated by the type of applica­
tion so specific values are not shown, but this 
timer can be set for a few hours or up to a day 
or so. For longer periods, a second counter 
could be added or alternatively there are single 
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Charging NiCd cells 
Because the charge currents for 
alkaline-manganese are by 
coincidence near the C/10 rate 
used for the equivalent sizes of 
NiCd cells, the charger described 
in last month's issue will also 
recharge these. As it uses periodic 
current reversal, the charger will 
do this job better than some 
commercially available chargers. 
Note that the end-of-charge cut­
off will not operate if you charge 
NiCd cells. 

ics available with even more stages. 
Whenever the cells are replaced after charg­

ing, the reset button should be pressed to zero 
the count. 

The 4020 works down to 3V. There are 555-
type timers which will work down to 2V, such 
as the ICM7555/PA. • 
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m~•es @)[µQO!JG@ 
o Easy to Use Graphical Interface under 

both DOS and Windows. 
o Netlist, Parts List & ERG reports. 
o Hierarchical Design. 
o Extensive component/model libraries. 
o Advanced Property Managemer,t. 
o Seamless integration with simulation and 

o Non-Linear & Linear Analogue Simulation. 
o Event driven Digital Simulation with 

modelling language. 
o Partitioned simulation of large designs 

with multiple analogue & digital sections. 
o Graphs displayed directly on the 

schematic. 

[PC£[}] ~00[1ULJ 
o 32 bit high resolution database. 
o Multi-Layer and SMT support. 
o Full DRC and Connectivity Checking. 
o RIP-UP & RETRY Autorouter. 
o Shape based gridless power planes. 
o Output to printers, plotters, Postscript, 

Gerber, DXF and clipboard. 
o Gerber and DXF Import capability. 

Call now for your free demo disk 
or ask about the full evaluation kit. 
Tel: 01756 753440. Fax: 01756 752857. 
53-55 Main St, Grassington. 8023 SAA. 

Fully interactive demo versions available for download from our WWW site. 
Call for educational, multi-user and dealer pricing - new dealers always wanted. 
Prices exclude VAT and delivery. All manufacturer's trademarks acknowledged. 

EMAIL: info@labcenter.co.uk 
WWW: http://www.labcenter.co.uk 
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Money back Guarantee. 
Receive a full refund on your 
subscription within the first 

90 days if you are not completely 
satisfied. Thereafter, we'll 

refund the unused portion of 
your subscription should you 

wish to cancel. 
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me, the revised 289-page 
rth serious consideration by 

Electronics World+ Wireless world 
is applied electronic design. We'll 
show you how to use the latest 
silicon technology plus ... 

✓ CAE software 

✓ New product reviews 

✓ Technology reports 

✓ Detailed circuit diagrams 

✓ Innovations 

✓ Explanations of complex 

technology 

✓ Comment and much more in 

your issue. 
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Use this. coupon to order 

Please send me: 

Title Price 

Enhanced Interfacing with C book@ £14.99 

Enh. Interfacing with C book + disk@ £22.49 

Interfacing with C disk@ 

Original Interfacing with C book@ 

Postage + packing per order UK 

Postage + packing per order Eur 

Postage + packing per order ROW 

Total 

£15 

£7.50 

£3.50 

£7 

£12 

Qty Total 

£ ..... .. 

£ ...... . 

£ ...... . 

£ .. .... . 

£ ...... . 

£ ...... . 

£ ...... . 

£ ... ... . 

-------------------------------------, 
Name 

Address 

Phone number/fax 

Make cheques payable to Reed Business Publishing Group Ltd 
Or, please debit my Master, Visa or Access card. 

Card type (AccessNisa) 
Expiry date 

Card No 

Mail this coupon_ to Electronics World Editorial, Quadrant House. The Quadrant, Sutton, Surrey, SM2 
SAS, together woth payment. Alternatively fax full credit card details with order on 0181 652 8956 ore• 
mail them lo jackie.lowe@lbp.co.uk. Orders will be dispatched as quickly as possible, but please 
allow 28 days for delivery. 
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o Output to printers, plotters, Postscript, 
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nterfacing 

Without an engineering degree, a pile of money, or 
an infinite amount of time, the revised 289-page 
Interfacing With C is worth serious consideration by 
anyone interested in controlling equipment via the 
PC. Featuring extra chapters on Z transforms, 
audio processing and standard programming 
structures, the new Interfacing with C will be 
especially useful to students and engineers 
interested in ports, transducer interfacing, 
analogue-to-digital conversion, convolution, digital 
filters, Fourier transforms and Kalman filtering. Full 

Howard Hutchings 

Use this. coupon to order 

Please send me: 

Title Price 

Enhanced Interfacing with C book@ £14.99 

Enh. Interfacing with C book+ disk@ £22.49 

Interfacing with C disk @ 

Original Interfacing with C book@ 

Postage + packing per order UK 

Postage + packing per order Eur 

£15 

£7.50 

£3.50 

£7 

Postage + packing per order ROW £12 

Total 

of tried and tested interfacing routines. 
Price £14.99. 

Ustings on disk - over 50k of C source code 
dedicated to interfacing. This 3.Sin PC 
format disk includes all the listings 
mentioned in the book Interfacing with C. 
Note that this is an upgraded disk 
containing the original Interfacing With C 
routines rewritten for Turbo C++ Ver. 3 • 
Price £15, or £7.50 when purchased 
with the above book • 

Especially useful for 
students, the original 

Interfacing with C, 
written for Microsoft C 

Version 5. 1, is still 
available at the special 

price of £7 .SO. 
Phone 0181 652 3614 

for bulk purchase price. 

INTERFACING 
WITH C 

-----------------------------------------------------------------------------------, 

Qty Total 

£ .... .. . 

£ ...... . 

£ ...... . 

£ ...... . 

£ ...... . 

Name 

Address 

Phone number/fax 

Make cheques payable to Reed Business Publishing Group Ltd 
Or, please debit my Master, Visa or Access card. 

Card type (Access/Visa) Card No 
£... .... Expiry date 

£ ...... . 

£ ... ... . 

Mail this coupon to Eleclronics World Editorial, Quadrant House, The Quadrant, Sutton, Surrey, SM2 
SAS, together with payment. Alternatively fax full credit card details with order on 01816528956 ore­
mail them to jackie.lowe@rbp.co.uk. Orders will be dispatched as quickly as possible, bul please 
allow 28 days for delivery. 
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KENWOOD 
CS-5270 l00Mhz 3 Channel 

Oscilloscope Combining 
Accuracy with Simple Operation 

8 traces with digital read-outs and cursor functions 

E 

* 3 Channel, 8 Trace Scope for a Variety of Waveform Displays * Synchronisation with 
Composite Video Signals (NTSC, PAL and MUSE) * High,precision Digital Measurement with 
Cursors * Three-channel Readout * Operation Panel Laid Out For Easy Operation * 
Kenwood's Original Hybrid ICs * High Sensitivity of 1mV/div * Aulomatic Triggering (FIX) to 
Solve Complicated Triggering Problems * Delay Sweep for Expanded Waveforms * Three 
Signals can be Exactly Syncronized in the V mode * 1 SO-mm Aeclangular CAT with Internal 
Graticule and Illuminated Scales * Maximum Sweep lime 5 ns/div (at 1 0 X Mag) * Single . 
Sweep lor the Measurement of Transient Evenls * Special Video Signal Clamp Eliminates 
Triggering Adjustments * Variable hOld-off lo Observe complex sync waveforms * With verti­
cal axis signal terminals * High-Precision of +/- 3% for measurements with greater accuracy. 

Price £1195-00 + VAT (£1404-12) Carriage Free 
Over 100 Quality Instruments Available In The Kenwood Range 

Order by Credit 
card or Cheque 
with order 

l!:!l 
B.K. ELECTRONICS 

Unit 1 Comet Way, 
SOUTHEND-ON-SEA, 

Essex, SS2 6TR . . 
Tel.: 01702-527572 
Fax: 01702-420243 

CIRCLE MJ 121 01\ REPO CARO 

Official orders 
welcome From 
Colleges, PLC,s etc 

[ v,h ) 

The Balance Box 
Microphone or line level amplifier for 

balanced or unbalanced signal lines 

Professional portable units operating from ·an internal 
PP3 battery or external mains adaptor 

* Precision true floating transformerless balanced input and 
output at microphone or line level * Simple interfacing and 
conversion between balanced and unbalanced signal lines * Low noise and distortion * High common mode rejection * Switchable gain selection * Extensive RFI protection 

The Phantom Power Box - The Headphone Amplifier 
Box - The OneStop DIN rail mounting radio 

frequency interference filter and voltage transient protector 
for voltage and current loop process signal lines 

Conford Electronics Conford Liphook Hants cmo 7QW 

Information line: 01428 751469 Fax: 751223 
E-mail contact@confordelec.co.uk 
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receiver building blocks and a comprehensive 
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SENSORS 

Monitoring 

T he traditional method of current measurement is to 
measure the voltage drop across a suitable series 
resistor. This is no good for monitoring the mains 

current, as a resistor giving reasonable sensitivity for the 
small always-on loads, such as timers and answering 
machines, would be far too large to cope with heavy, 
intermittent, heating loads, refrigerators and so on. The latter 
can come on at any time unless switched off, which would 
make measurements very tedious. 

The current transformer 
Traditionally, current transformers comprise a secondary 
winding of many turns wound on a toroidal core. The 
primary is the conductor being monitored, which is passed 
through the central hole. 

For increased sensitivity, the primary conductor can be 
threaded through the hole two or more times. This 
arrangement is fine for original installations, such as for 
motor control, but is unsuitable for retrospective domestic 
installafion, as it means breaking the circuit, which stops all 
the clocks, etc, around the house. 

There are 'clamp' meters, in which the core can be broken 
open against a powerful spring. With these the conductor can 
be encircled without disconnecting it. They are, however, 
costly. In any case I was also interested in current 
waveforms. 

Implementation 
I used one of the small do-it-yourself transformer kits, which 
are available from many sources. These have a fully insulated 
mains winding, usually consisting of two 120V windings 
which can be connected in series or parallel. This forms the 
$ec()ndary of !he current transfonner. 

The windo-.y provided for the d-i-y secondary in normal 
application is large enough to accommodate a single pass of 
the thick cable connecting the meter to the fuse box, usually 
easily accessible. The clamping plates which carry the 
mounting lugs will have to be sawn open at a suitable point 
and threaded over the cable, if required. I did not do tltis as 
provided ~e assembly bolts are applied after the laminations 
have been assembled the transformer can be reused for 
another purpo~e subsequently. The laminations are of the E 
& I form in ali examples I have seen, and can be put in in 
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Nick Wheeler shows 
how to monitor mains 
current using a simply 
made current 
transformer. 

Mains-insulated 
~ conductor under test 

Fig. 1. Using an off-the-shelf do-it-yourself mains transformer, it is possible to 
monitor mains current through a cable without the usual penalty incurred 
when investigating it via the voltage drop over a series resistor. The bobbin has 
been omitted for clarity. The grooves at top and bottom are for fixing bolts. 

stacks of five alternately. 
Figure 1 is a sketch of the assembly. 

Making measurements 
A current transfonner must always be operated with a 
secondary load. Otherwise a heavy current surge in the 
monitored conductor can induce very high voltages in the 
secondary - possibly leading to flashover and breakdown. 

Calibration is carried out by connecting a heavy resistive 
load, such as a heater, via a shunt lead threading the core, as 
in Fig. 1. The current can be measured with a digital 
multimeter, and the secondary load adjusted to give a 
convenient voltage. The meter should be shorted until the 
heater is at operating temperature. Otherwise the cold surge 
may blow the meter fuse. 

Values in the region of 1 kQ are suitable and will yield 
secondary voltages of the order of ten. Ordinary low-wattage 
resistors should be adequate. 

Calibration is most conveniently done in the laboratory, 
even though this involves disassembling the transformer 
before final use. 
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Fig. 2. Mains current waveform resulting from 125µF across 
240V mains. Current observed on a moving-coil meter was 
9.7A. 

Waveforms 
Because the transformer is operated at far below the usual 
flux levels the observed waveforms across the load resistor 
can be assumed to be accurate. The voltage waveform across 
my mains is apparently a good sinusoid, with occasional 
transients. The current waveform through 125µF indicates 
that it is actually quite rich in harmonics, Fig. 2. 

Figure 3 was observed when my pc and my oscilloscope, 
both of which use switch-mode power supplies, were the 
main load. Horrible, isn 't it? 

&1i13!M 

Fig. 3. Current waveform resulting from a load of about 
100VA in the form of two switch-mode power supplies. 

In summary 
This article has shown that useful information about the 
quality of the mains signal, and current being drawn, can be 
obtained with little trouble or expense. 

There is a small penalty, however. The secondary load of 
the current transformer appears as a tiny resistance in series 
with the power line. It is tiny, since it equates to rhe load 
resistance divided by the square of the transfon11er ratio. For 
lkQ and a ratio of 1000: I , values which are quite typical, 
insert a resistance of 1 mil. • 
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When you iterate between a schematic and a SPICE-like simulation environment while refining your circuits, the 
simulation settings and precious details such as polynomial functions on components can be lost. So without 
Geswin, it was sometimes easier to write the simulation netlist directly. However, SpiceAge's circuit update button 
only affects changes in the circuit built by the schematic and, because it retains all the previous information, you can 
spontaneously iterate between schematic and circuit. 

To hear more about this and other nice touches in SpiceAge, please contact: 

Those Engineers Ltd, 31 Birkbeck Road, LONDON NW? 4BP. 
Tel 0181 906 0155 FAX 0181 906 0969 Email 100550.2455@compuserve.com 
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HISTORY 

Whose 
heterodyne? }h,/, 

\)~'-
John Belrose and George Elliott set the record 1. 

straight as to who invented the heterodyne. 

T
om O'Dell 1 recently surveyed the archives to find out 
where the real credit belongs for the bi1th of the het­
erodyne principle, which is tbe basis of nearly all radio 

receivers today. He attributes the coining of the word het­
erodyne to John Erskine-Murray. Tom's reference is the 
Oxford English Dictionary. 

But Erskine-Murray is only a source reference. In the 
Appendix of his translation of Ernst Ruhmer's book on 
'Radio Telephony', in a section detailing Fessenden 's work, 
he states that "one of the most interesting of Professor 
Fessenden's many inventions is what he (Fessenden) calls the 
'heterodyne' receiver ... "2 

Continuing, O'Dell concludes that while Fessenden's orig­
inal patents ( I 050441 and I 050728 which we discuss below) 
describe the idea of producing a beat frequency, it is unlike­
ly that his device(s) ever worked at radio frequencies. O' Dell 
attributes the "first successful" heterodyne receiver to Rudolf 
Goldschmidt, who devised a curious mechanical type of syn­
chronous detection and heterodyning receiver in 1913. 

In our view O'Dell does not attribute proper credit to 
Reginald Aubrey Fessenden, the radio pioneer who invented 
radio as we know it today. He did indeed devise the hetero­
dyne principle, as well as coining the word heterodyne. 
Below is our survey of Pessenden's contributions to the birth 
of the heterodyne principle. 

Fessenden's heterodyne principle 
The Canadian/American radio pioneer and inventor Reginald 
Aubrey Fessenden (1866-1932) was granted almost 300 
United States patents - most of them in telecommunications. 
His most notable invention was the heterodyne principle, 
which is fundamental to all radio today. Being trained in the 
classical languages, he coined the te1m - heterodyne-from 
two Greek words inferring the mixing of two forces. 

The Fessendens were an old-line North American family 
having emigrated from Germany to Cambridge, 
Massachusetts Bay Colony, in about 1628. Reginald's fam­
ily branch moved from the USA to what is now Quebec 
Province about the year I 800. 

Born and educated in Canada, he moved permanently to 
the United States just prior to his 2 1st birthday, becoming an 
immediate US citizen. In 1921 he was awarded the Medal of 
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1a 

-::-

Professor Reginald Aubrey Fessenden 

-::-

2a 

2 7 

11 

6a 7a 

-::-

Figs 1, 2. Copy of Fessenden's heterodyne 
principle patent, filed 28 September 1901, 
granted 12 August 1902. 

Fig. 3. The solid sine waves illustrate phase relationship between 
incoming signals of different frequencies. Grey sine wave shows 
resulting beat frequency. 
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Fig. 4. Sketch of 
Fessenden's 

advanced 
heterodyne 

receiver system. 

Tuning condenser 
Electroly1ic 
detector 

~ ----+-___ ...._Audio 

level 

coil 

Honor of the Institute of Radio Engineers for his discovery 
of the heterodyne principle. 

During the 1890's Fessenden considered the then stahdard 
wireless detector, the coherer, to be a severe obstacle to 
radio's long-term future. In effect he was saying the spark 
transmitter/coherer-detector communication system then in 
use must succumb to the efficiencies apparent in the fon­
tinuous wave, or cw, method of wireless communication. 

No such system was in sight in 1900, so Fessenden came 
up with methods to generate and receive cw. He devised a 
new type of detector - an electrolytic detector for rectifying 
and detecting cw signals; and the ' heterodyne principle' , 
which led to cw wireless telegraphy, radio telephony and 
the many modes of telecommunications which we enjoy 
today. 

The patent covering Fessenden's heterodyne principle 
was US No 706740, filed 28 September 1901 and granted 
12 August 1902. Further related heterodyne method patents 
were US No 1050441, filed 27 July 1905 and granted 14 
January 1913, arid US No. 1050728. 

The specification applicable to US No 706740 includes a 
continuous wave transmitting station emitting two different 
frequencies at the same time. The system also includes a 
receiver which combines the rf s ignals into a usable, single, 
audio-range frequency tone, suitable for the ear of the lis­
tener. 

Figures 1 and 2 - close likenesses of diagrams from 
Fessenden's original patent, granted 12 August 1902 -
show his heterodyne transmitter and receiver. In Fig. 2, two 
high-frequency alternators, L3 and 13a are shown connect­
ed by a common drive shaft to permit rotation by a com­
mon drive source. 

The alternators that Fessenden anticipated were to be in 
accordance with those specified in his patent application US 
No 6230 l , filed 29 May 1901. Alternator 13a was to be 
ad justed for a frequency output about 3% greater than alter­
nator 13. The two transmitting antennas a.re shown as l a 
and 2a, with 2a being tuned to a frequency about 3% 
greater than I a. 

In Fig. 2, the two receiving antennas 6a and 7a of the het­
erodyne receiver are tuned to the same frequencies as were 
transmitting antennas la and 2a. Detail 16 is an earphone 
diaphragm with a conunon iron-core 15. The received sig­
nals of different frequencies appear as voltages across ear­
phone coils 14 and 14a. The result is a 'beat' frequency in 
the audible range, actuating diaphragm 16. 

This is the arrangement that has been critically com­
mented on by O'Dell. Whether this crude method worked 
efficiently is unimportant. Figure 2 represents Fessenden's 
cw transmitting and receiving system in its simplest form. 

In Fig. 3, the solid sine waves illustrate the phase rela­
tionship between two incoming signals of different fre­
quencies. The grey sine wave is meant to show the resultant 
beat frequency. Fessenden's ' heterodyne principle ' was a 
brilliant conceptual d iscovery earning him a place in radio 
history even without his notable other inventions. 

fessenden's heterodyne method 
Remarkably, Fessenden was able to conceive the heterodyne 
principle without the wonders of the vacuum tube. He had to 
work with what was available at the tum of the century - in 
further development with the arc oscillator, the primitive 
det.ectors, the hf alternator, etc. 

During 1902, Fessenden improved his heterodyne receiv­
er by placing the second-frequency transmitter right at the 
location of the receiver site. The second signal was now 
under the control of the receiver operaior, making the system 
easier to manage, Fig. 4. This led to his advanced heterodyne 
patent No 105044 l. 

The advanced heterodyne syst~m wa~ easily adjusted by 
the receiving site operator and dii:I not involve the sending 
transmitter•o~rator as did the iniiial version .. Fessenden pro­
duced the local]~ generated frequency with an oscillating arc, 
or an alternator. Bbth these methods were in use uni il 
1914/15 wheri the triode took over,.bllt tlfo ate was preferred. 
. In the words of pr Sarri Kintner', a member of the original 
Fessenden \earn, "This _(the heterodyne piinciple) was anoth­
e,r bold stroke of Fessenden, in which lie departed from metli­
ods practiced by others. Like other gteat inventions, it was 
made before he had sui!,llble equipment with which to prac­
tice it. He required a source of local oscil_lations of adjustable 
frequency, and an hf altemaior or oscillating arc was all that 
was available . . 

"The term heterodyne was coined by (Prof.) Fessenden and 
has a technical meaning which may in general be explained 
as follows: 

If curreius of two different frequencies 'beat' in the 
same circuit they will produce a new frequency and are 
said to heterodyne (from the Greek words; het_eros -
other or different, arid dynamis - power) arid the new 
frequency is called the heterodyne frequency. Further 
to simplify the matter: if frequencies being received are 
of such rapidiry as to be beyond the hw:nal'/ ear, such as 
300kHz, in order to hear the 'heterodyne' one would · 
generate in rhe receiving apparatus aft'equency "Of 
301 kHz. The result of combining the two would be that 
the 'beat' note would equal the difference between the 
two or 1 kHz which could easily be transformed into 
tones suirable for the ear of the listener. Mysterious 
and magical no doubt bw scientific fact neverrheless. 

"Fessenden, who devised and named, the heterodyne sys~ 
tern applied for a letters patent in 1905. His triumph was 
more theoretical then real for he was years ahead of the 
industry. His own cw apparatus was the only system capable 
of using the heterodyne system. Not until 1912 when the tri, 
ode tube of DeForest became prac(icable for the general pub­
lic· did Fessenden's heterodyne invention assume its true 
importance in radio technology". 

But others used heterodyn~ng_ too ... 
As radio moved onward after 1915, Fessenden's heterodyne 
patents became essential for all forms of wireless communi­
cations. Numerous lawsuits were fought in the US courts dur­
ing the J 920's over the heterodyne patent rights. 

Unfoitunately, Fessenden did not receive any significant 
financial benefit from his patents. He lost control of the 
patents prior to 1911, through a series of legal manoeuvres 
by his partners and his lawyer. He was a first-class scientist, 
but an unwary business-man. 

The following is a summation of one of these classic het­
erQdyne US lawsuits. It was fought during 1924-25 and the 
plaintiff was the National Electric Signaling Company 
(NESCO) and the US Government was the defendant. The 
plaintiff, NESCO, · sought to recover compensation for the 
unlicenced use of the Fessenden's heterodyne patents, by the 
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US government. Fessenden was a co-founder and an officer of 
NESCO but had been ejected from this firm by his partners, 
prior to 1911. 

The plaintiff, NESCO, engaged the services of a number of 
expert witnesses, who became legends in the history of early 
American radio, to appear on their behalf. One of these wit­
nesses was Haraden Pratt who was born in California in 1891. 
In his teens became an amateur radio operator. Before he was 
21 years old he was employed by the United Wireless 
Telegraph Co. and the Marconi Company. 

Pratt graduated from the University of California in 1914 as 
an electrical engineer. At various times during his years at the 
University he served as radio operator on a number of ships in 
the Pacific and at the Marconi port station at San Francisco. 
After graduation, Pratt was appointed 'assistant-engineer-for­
construction' for Marconi Wireless at their Pacific high-power 
stations. 

In 1915 he was placed in charge of the US Navy Radio 
Laboratory at Mare Island, California. In 1917, when the US 

,.. 
~+ 

Figs 5 and 6. Copy of Fessenden's heterodyne based on 
sketches in Pratt's deposition, dated 7 April 1924, as part of 
a lawsuit - National Electric Signalling Company vs US 
Government. 
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entered WW I, the US Navy assumed control of the US west 
coast commercial wireless stations and placed the maintenance 
of them under Pratt's laboratory. In I 918 he was rransferred to 
Washington DC and placed in charge of the US Navy's high 
power radio stations. 

In December 1919, Pratt left the Navy and became Chief 
Engineer of the Federal Telegraph Company of California This 
company operated commercial radio stations on the US west 
coast and in the Hawaiian Islands as well as designing and con­
structing high-power radio stations for the US Navy. Pratt's 
deposition in the NESCO vs US Government heterodyne law­
suit, is dated 7 April 1924 and was heard in a Pittsburgh PA 
courthouse. 

Pratt testified be operated with a heterodyne receiver for the 
USN at Mare Island, California, copying traffic mainly from the 
Panama Canal Zone during the summer of 1915. This particu­
lar receiver had been made by Lee DeForest for the USN. He 
said he understood, in 1915, Fessenden's heterodyne principle 
to be- a "method of reception involving the generation local­
ly at the receiver of a source of continuous electrical oscillations 
with such a frequency that an interaction will occur with the 
received high frequency current of the radio signal, due to asso­
ciation of local oscillatory means with the receiving set, which 
will produce beats which can be adjusted to be audible to the 
human ear". 

Pratt testified he became aware of the existence of 
Fessenden' s heterodyne principle following the USS SALEM 
heterodyne tests at sea in 1913. He said the use of the hetero­
dyne system greatly extended the range of communication over 
that which would have been possible by the use of other means. 

Pratt said Fig. 5 was a fair, simplified representation of the 
Fessenden heterodyne receiving circuit used by the US Navy in 
the years 1917-18-19. This was a self-heterodyne set. Pratt was 
asked to explain the cause of the local oscillations, and how are 
they caused interaction with the received signal oscillating cur­
rents. His reply follows: 

"The vacuum tube with its associated circuit generates 
an hf current in a coil, which is associated with the 
antenna circuit, so that this coil not only carries these 
hf currents but also those impressed upon it by the 
virtue of the current in the antenna system, due to the 
presence of the latter in the distant electrical field of 
the transmitting station being received. The two 
currents so impressed in this coil, being in the same 
circuit, combine when the adjustments are properly 
made, into an electrical current of which these two 
electrical currents are components. This new current 
has the necessary characteristics, which when rectified 
by a rectifying device, would produce an audible 
sound in the telephone receiver properly connected. 
The rectifying device in Figure 5 was incorporated in 
the same vacuum tube as was used to generate the 
local hf current, which is one of the other functions 
performed by this tube". 

The heterodyne receiver comes into use 
By mid 1913, the US Navy was convinced it had a unique 
cw communications system at hand with Fessenden's het­
erodyne receiver and the Federal oscillating arc transmitter. 
The USN's plan to dispense with the British Marconi, and 
the German Telefunken and Arco-Slaby systems was suc­
cessful. 

By March 1914 the vacuum tube method had been incor­
porated in Fessenden's reception method using the self-het­
erodyne circuit in which the detector and local oscillator are 
in the same tube envelope. In mid-1914, orders for these sets 
were placed by the USN with DeForest, Marconi, Wireless 
Specialties, etc. Fessenden and NESCO were not on the bid­
ders list. 
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When the United States entered WW I the USN seized the 
huge German-owned commercial transmitting station at 
Sayville, NJ, where the USN immediately installed a 
Fessenden heterodyne principle receiver. It was a single-tube 
self-heterodyne set with two stages of audio amplification, 
Fig. 6. 

The wisdom of the US Navy to move from 'spark' to cw 
wireless systems beginning in 1912-13 was significant. By 
1918, higb-power,Navy stations were in service at Annapolis, 
MD, Panama Canal, Philippines, Hawaii, France, San Diego, 
etc. These cw stations had Federal oscillating arc transmitters 
with power outputs from 100 to IO00kW, and employed 
Fessenden's heterodyne principle receivers. 

The system was awe-inspiring, allowing the USN to com­
municate with its ships at any location on the high seas. Th.is 
1918 wireless cw communication network far surpassed what 
Britain, Germany, France or any other country could claim. 
Built in a relatively short five-year period, the US Navy sys­
tem was much superiorto the Marconi's 'spark' system. 

In summary 
The Fessenden heterodyne patents, US Nos 706740, 105044 l 
and I 050729, cover a basic radio invention tbat is funda­
mental to signal reception. Some historians consider that 
Fessenden 's heterodyne principle is his greatest contribution 
to radio science. It has been argued that both Armsrrong (US) 
and DeForest (US) based their feedback regenerative detec­
tor patents on these Fessenden heterodyne patents. It is with­
out question that both Armstrong and Levy (Fr.) incorporat­
ed Fessenden's heterodyne principle in their superheterodyne 
circuits, which are used today in all forms of telecommuni­
cations. 

Through a series of corporate transactions, these Fessenden 
heterodyne patents came to be controlled by the Radio 
Corporation of America/General Electric Company. For 
years, those companies would not licence them for use by 
others. Fessenden did not receive any payment or fee from 
this 'radio trust'. 

As the l 920's came to a close, this restraint-of-trade busi­
ness method was judged illegal. As a side issue, Fessenden 
was awarded a relatively small compensatory sum by the US 
cou.rts almost 30 years after filing his first heterodyne inven­
tion. After this legal settlement be left the United States for­
ever, taking up residence in Bermuda where he passed away 
in 1932 at the age of 66 years. 

Fessenden - a genius, and a mathematician - was the 
inventor of radio communications as we know it today4•5. 
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eacon 
Bill Francis' PIC-based wireless 
message system is kept simple by 
having pre-determined messages 
in eprom at the receiving end. 

Address 
& data 

switches 

Fig. 1. Elements of the message 
beacon's transmit module. 

Transmit 
message 

switch 

E] 
Radio 

transmitter 

PIC emulation on a shoe string 

On occasions, it is useful to 
have information conveyed to 
a number of display stations 

throughout a given area. 1n an office 
block, for example, it may be neces­
sary to have a message display show­
ing pricing information, periodically 
updated, in every room in the build­
ing. 

The solution described here simpli­
fies the task by storing pre-written 
messages in eprom within each 
remote display unit. It incorporates 
existing remote control I Cs - namely 
the Ml45026 and 27 - to translate 
receiver and message information. 

The requirement here is for a mes­
sage display system capable of dis­
playing predetermined messages on 
one of several display units, all con­
trolled Crom a central transmitter via a 
wireless link. The link is achieved 
using a uhf transmitter module and 
matching receiver, namely the TXM-
418-A and SILRX-418-A respectively. 

Developing a microcontroller-based system can be very expensive. For this design, a new 
PIC development system called PIC-DATS was used. This allowed the development 
investment, excluding that for the host pc, to be kept below £300 - and that price 
includes in-circuit emulation. 

Capable of handling Microchip's 7 6C54, 55, 56, 57 and 84 microcontrollers, the unit 
interfaces to any pc compatible via the serial port. Interface software provided with the 
unit carries out a number of functions, all operating seamlessly. Programs are written via 
the user's own editor, such as MS-DOS EDIT. They are then assembled using Microchip's 
cross-assembler and debugged - all from within the same environment. 

An add-on provides the facil ity to program the microcontroller when program 
development is complete. Th is add-on can also program the 7 6C77 and erase the 7 6C84 
since it has electrical ly-erasable prom for both program a nd data. 

One of the features of PIC-DA TS is that PIC programs are simulated on the pc, but when 
the programs make reference to input and output, data is read and written to and from a 
40-way connector on the development unit. This means that programs can be developed 
and debugged with real i/o. 

Taking this a stage further, it is possible to connect the 40-way connector to a chip 
header that can be plugged into the PIC IC socket on a pcb under development. This 
means that the only d ifference between the PIC-DATS and a true in-circuit emulator is that 
the PIC-DA TS cannot operate at true speed. Since the programs are simulated on the pc, 
the speed at which the program runs depends on the standard of pc being used. 
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Transmitting messages 
Circuitry for the transmitter is rela­
tively simple. Figure 1 shows its 
block diagram. Control is carried out 
by a J6C54 PIC, programmed to read 
two switches connected to port B bits 
PB5 and PB6. Switch SW1 is the 
'address count'. When this switch is 
made, the PIC increments the address 
input to the M145026 encoder up to a 
maximum of 31. Further increments 
cause the address count to 'roll over' 
to zero. The address identifies one of 
3 I receiver units. 

In a similar way, SW2 operates the 
'data count' corresponding to the mes­
sage to be displayed. The maximum 
value for the data count is 15. Again, 
any further increment causes the data 
count to roll over to zero. 

The address and data values are out­
put on the PIC port B bits PBo to PB4 
and port A respectively. These values 
are connected to the corresponding 
inputs of the M145026 encoder and 
leds via inverters indicating the 
address and data values to the user. 
Passive components around the 
encoder set the IC's clock frequency 
to a relatively slow 8.53kHz. 

Switch SW3 is the transmit switch. 
When this switch is made, the IC out­
puts the code on its data out pin 15. 
Data output connects to the input of 
the radio transmitter module via com­
parator, /C5, which provides a 12V 
logic level to the transmitter. Code is 
then transmitted. 

A number of options are available 
in the choice of antenna. The one used 
here is a helical type, constructed 
from 34 turns of 0.5mm diameter 
enamelled copper wire close wound 
on a 2.5mm former. This gives the 
best compromise is terms of perfor­
mance, ease of use and immunity to 
de-tuning. Figure 2 is the circuit dia­
gram. 

The number of functions available 
on the transmitter is dictated by the 
software for the PIC microcontroller, 
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Fig. 2. Transmitter circuit 
diagram. 
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which is relativ.ely simple. The program has 
two main functions. One is to read the address 
count switch, SW1• If the switch is made, the 
address counter is incremented and the value is 
output on the appropriate port. The other is to 
read the data count switch, SW2, If this switch 
is made,· the data counter is incremented and 
the value is output on the appropriate port. 

Using a PIC for the control functions 
reduces the chip count to one. If standard logic 
were USl')d, !he chip count could easily be four 
or five. This microcontroller approach makes 
pcb design much simpler and puts less 
demjihd on the power supply. It also give~ 
more''tlexibility since the software can easily 
be moctitiect. 

Transmitter so~ware 
Even the relatively simple program for the 
tra11s'mi1ter microcontroller requires some 
thought before coding is attempted. First, the 
individual functional blocks must be isolated. 
The functional b!oclcs described here are: 

• Micr~ontwller and variable initialisation 
• Switch de-bounce 
• Increment address count and output 

. • Increment data count and output 

You may not need all of the blocks depending 
on your application. Remember that these are 
subroutines. A main control program is also 
required to coordinate the routines. 

l1Jitlalisation, Usul\llY, the microcontroller 
requires initialising only once. This is nor­
mally the first operation to be perfoIDJed on 
power up. 
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A, A2 
10k 10k 

The ports have to be set to input or output, 
or a combination of both, and the option reg­
ister has to be initialised to set the real-time­
clock, or rte. In this case, the rte is used on the 
internal.clock and has the.pre-scaler assigned 
to divide-by-256. This division is used in a 
delay routine for de-bouncing the switches. 

Finally, the outputs will need to be set to 
their initial v.alues and any variables, or file 
registers, initialised. The flow chart is shown 
in Fig. 3 and the corresponding code is shown 
in the foll listing under the label INJTP. 

Switch de-bounce. A simple delay routine 
debounces the switches. This delay is defjved 
from the rte, which is set to increment Vilj its 
internal clock through a 256 pre-scaler. The 
rte register is cleared then the program loops 
until bit 7 of the rte is set. Further flow charts 
are not shown here, but the complete program 
listing is given in Fig. 3. 

Increment address counter. When the incre­
ment address switch, SW 1, is made the 
UP _ADDRESS routine is called. The delay rou­
tine is called immediately, in order to de­
bounce the switch. On return from the delay 
routine the switch is tested again. If it is not 
still made, the routine returns taking no action. 
This guards against spurious noise and spikes. 

If the switch is still made, the address 
counter is i~cr~mented if the present value is 
less tha11 3 i, otherwise it· is set to ~ro. The 
routine then waits until the switch is released 
and again is de-bouf!ced by cailing the delay 
routine. The address value is the11 output on 
the appropriate port. 

Fig. 3. 
Transmitter 

software flow. 

Initialise address & data 
count to zero and output 

Set RTCC to internal 
clock and /256 

Return 

Increment data counter. Operation of this 
routine is identical to that of the increment 
address counter with three exceptions: ii reads 
increment data switch, SW2, whose maximum 
value is 15, and the data is output to a differ­
ent port. 

The control program 
To begin with, the main or control calls the 
initialisation routine then enters a never ending 
loop, continually testing the two switches. If 
one of ).he switches is pressed, the program is 
directed to the appropriate routine as can be 
seen in the program listing. 

When the program is complete, it requires 
testh1g. Using the PIC-DATS programmer 
(detailed later) allows each routine to be test­
ed individually, first in simulation only, then, 
when necessary, using the in-circuit emulator 
cable in order to reflect real input and output. 

Once the PIC-DATS is connected to the pc, 
and the associated software started, the user is 
presented with an information screen on the 
pc. The in-circuit emulator cable is then con­
nected between the PIC-DATS unit and the 
PIC IC socket on the circuit board, Fig. 4 . The 
assembled program is then loaded onto the 
programmer system al lowing the user lo run, 
trace or single step any part or all of the pro­
gram. 
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Lisi 1. Transmit control subroutines. Routines are called when a switch is pressed. 
;•••#••##•• EXPl.ASM ##ow#~••#;#ti#~•••###•#•••*# 
;FrLE SAVED AS TXMOD.ASM 
; FOR PIC 16C55 18 PIN DEVICE 
; RESONATOR 4MHz 
;INSTRUCTION CLDCK 1.00 Mhz T~ luS 
;WATCHDOG DISABLED 
;CODE PROTECTION OFF 

PROCESSOR 16C54 
TITLE "Transmic.ter module program" 

INCLUDE EQUATES.ASM 
DATA EQU lOH 

PIC-SIM 
screen 

Com uler 

F;g. 4. The in-circuit emulator cable 
connects between the PIC-DA TS 
unit and the PIC IC socket on the 
circuit board. 

RS232 
PIC-port 

ADDRESS EQU llH 

RESET 
GOTO 

ORG lFFH 

;IC DATA WORD 
;IC ADDRESS WORD 
;CHANGE ADDRESS DEPENDING ON 
;SEE RESET VECTOR SECTION 

PIC TYPE ,- - --\ I.._ _... \~ 
START 

i *" *~'"' ... * .,.. •"'" THE 
; THE PROGRAM STARTS HERE 

ROUTINES START HERE • •••••••• 
00 

;INITIALISE PORTS 
;TES'l' F'OR UP ADDRESS 
,IF ON INCREMENT ADDRESS 
;TEST FOR UP DATA Header 

ORG 
START CALL 
REPEAT BTFSC 

CALL 
BTFSC 
CALL 
GOTO 

DELAY CLRF 

INITP 
PORTB,6 
UP_ADDRESS 
PORTB,5 
UP_DATA 
REPEAT 
RTCC 
RTCC,6 
NEXT 
DEL._LOOP 

;IF ON INCREMENT DATA 
,DO FOREVER 
;SET DELAY 

Inputs & outputs 
to the target board 

Target 
board 

DEL_LOOP BTFSC 
GOTO 
GOTO 

NEXT RETLW 
UP_ADDRESS 

CALL 
BTFSS 
GOTO 

WAIT_AS BTFSC 
GOTO 
CALL 
MOVLW 
ADDWF 
BTFSC 
GOTO 

CONT_ADDRESS 
MOVF 
MOVWF 

END_UP_ADDRESS 
RETLW 

ADDRESS_ZERO 
CLRF 
GOTO 

UP_DATA 
CALL 
BTFSS 
GOTO 

WAIT_DS BTFSC 
GOTO 
CALL 
MOVLW 
ADDWF 
BTFSC 
GOTO 

CONT_DATA 
MOVF 
MOVWF 

END_UP_DATA 
RETLW 

DAT!I_ZERO 
CLRF 
GOTO 
RETLW 

INITP MOVLW 
TRIS 
MOVLW 
TRIS 
MOVLW 
MOVWF 
MOVWF 
MOVWF 
MOVWF 
MOVLW 
OPTION 
RETLW 
END 

0 

;TEST BIT 6 
;IF SET JUMP TO MEXT 
;ELSE JUMP TO DEL_LOOP 
;RETURN 

DELAY ;DEBOUNCE SWITCH 
PORTB,6 
END_UP _ADDRESS 
PORTB,6 
WAIT_AS 
DELAY 
1 
ADDRESS 
ADDRESS,5 
ADDRESS_ZERO 

ADDRESS,W 
PORTB 

0 

ADDRESS 
CONT_ADDRESS 

DELAY 
PORTB,5 
END_UP_DATI\ 
PORTB,5 
WAIT_DS 
DELAY 
1 
DATA 
DATA,~ 
DATA_ZERO 

DATA,W 
PORTA 

0 

DATA 
CONT_DATA 
0 
0 
PORTA 
liOEOH 
PORTE 
0 
DATA 
ADDRESS 
PORTA 
PORTB 
7 

0 

;TEST IF STILL PRESSED 
;IF NOT PRESSED THEN DO NOTHING 
;WAIT TILL SWITCH RELEASED 
;WAIT ADDRESS SWITCH 
; DEBOUNCE S\HTCH RELEASE 
;SET W:l FOR ADD 
;ADDRESS: :ADDRESS+l 
;TEST IF > 31 
;IF> 31 SET TO ZERO 

;GET ADDRESS 
;AND OUTPUT 

;RETURN 

;SET ADDRESS TO 0 
;AND CONTINUE 

;DEBOUNCE SWITCH 
;TEST IF STILL PRESSED 
;IF NOT PRESSED THEN DO NOTHING 
;WAIT TILL SWITCH RELEASED 
;WAIT DATA SWITCH 
;DEBOUNCE SWITCH RELEASE 
;SET W=l FOR ADD 
;DATA: =DATA+l 
;TEST IF> 15 
;IF > 15 SET TO ZERO 

;GET DATA 
;ANO OUTPUT 

;RETURN 

;SET DATA TO 0 
;AND CONTINUE 
;RETURN 
;MAKE PORT A OUTPUT 
;DO IT 
;PORT B BITS 7, 6 & 5 INPUT, REST OUT 
100 IT 
;CLEAR W 
;DATA= 0 
;ADDRESS= 0 

;SET RTCC PRE-SCJI.LER 
;DO IT 
;RETURN 

256 

The PIC-DATS system is menu driven so 
operation is largely intuitive. For example, to 
single-step the main program, simply select 
the 'debug' pull down menu using the key­
board or mouse, select single step and press 
enter. The user is then prompted for a start 
address, 'R' specifies the reset address, and 
reset condition. 

of code executed is shown on the user screen 
and the next line to be executed is shown in 
the top right-hand comer of tbe user screen. 

As single stepping continues, the values read 
from the switches are 'real' values and can be 
seen in the appropriate file register .ln the 
PIC-DATS system, if the program is found to 
perform incorrectly, it can be edited, cross­
assembled and reloaded, all from within the 
programmer system. This allows rapid pro­
gram development. 

Subsequent single steps are then executed 
by pressing the rerum or 'S' key. This contin­
ues unti l any other key is pressed. The last line 
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Receiver details 
Messages for displaying by the receiver are 
stored in an eprom. The content of the actual 
messages will vary depending on the particu­
lar application. Programming of the eprom is 
up to you. 

As a guide, the messages for the eprom used 
in 1he development unit were written on a 
microprocessor cross-assembler using the 
·define message ' assembler directive. The 
eprom was then programmed. The maximum 
length of the message in this application is 127 
characters, which is adequate for most liquid­
crystal display modules. 

The PIC is nol designed for interfacing to 
external memory, but an eprom can be inter­
faced using the PJC's i/o ports. This approach 
does, however, require that data transfers are 
performed under program control. Addressing 
the eprom and retrieving the data involves 8 
data lines and 11 address lines. 

The PIC used in the receiver is the 16C55 
which has 20 programmable i/o pins. Clearly, 
some sharing of i/o resources is needed. To 
accomplish this, part of the eprom address is 
latched using a 74LS374 octal data latch. ln 
effect, a bus system is created. This bus uses 
port C of the PlC to transfer data and bits 0-2 
and 4-7 of port B to control the data transfers, 
Fig. 5. A block diagram of the receive and 
decode section is shown in Fig. 6. 

Software and circuit operation 
The radio receiver module receives the encod­
ed transmission and passes the digital data to 
the input of the M 145027 decoder. If the trans­
mitted address matches the address set up on 
the address select switches, the decoder issues 
a valid transmission, VT, signal and outputs 
the trans mitted code. 

This allows up to 32 receiver modules to be 
used individually with one transmitter unit. 
The VT signal connects to port B bit 3 of the 
PIC which, under program control, wails till 
the VT s ignal goes active low. 

When the PIC receives an active VT, again 
under program control, the PIC reads the code 
from the decoder via port A. This code is then 
used as the upper four bits of the eprom 
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address thus fonning the 'base address' of the message to 
be displayed. In order to display the message the PIC 
must perform the following actions: 

• The base address - the code received - must be 
output on address lines A7_10 (As- to via port B bits 0-
2, and A7 latched from port C, bit 7). 

• Lower order address lines are set to zero and latched 
on to A0.6 of the eprom. Data is read from the eprom. 
If tbe data is zero, the processes is ended (nuU 
terminating string). 

• The data is written to the led module. 
• The address is incremented. 
• Go to step 2. 

As mentioned in the description of the transmitter, each 
operation must be isolated and coded individually. The 
receiver module is more complex than the transmitter unit 
so great care must be exercised in isolating and develop­
ing each operation, or sub-routine. 

When a panicular solution is developed, it is important 
that its operation is tested as much as possible before 
moving to the next task. This can be achieved using the 
P/C-DATS unit since it is possible to run each subroutine 
using the in-cable and monitor the various signals on the 
receiver unit as the routine is stepped through. Here, the 
following individual requirements were isolated: 

e lnitialise PIC 
• Delay 
• Wair for 'not busy' from Jed module 
• Write data to led module 
• Clear Jed module 
• Initialise led module 
• Clock address latch 
eReadeprom 
• Main control routine 

The program listing shows that each one of the above 
operations corresponds to a subroutine. As the programs 
are developed, each subroutine is tested as a self con­
tained item. When the routine operation is acceptable, that 
routine is used as required within a program. This is the 
best way to develop. 

Initialising the PIC. Initialisation of the PlC divides in 10 
two parts - the operation of the ports and the OPTION 
register. The ports are set to input or output and assigned 
an initial value as indicated in Table 1. 

In this case, the OPTION register is used ro set the 
prescaler to 256 and assign it ro the rte with internal 
clock. The routine performing these operations can be 
seen in the program listing under the name rNlTP. 

Delay. The delay routine is a general purpose delay for 
use by other routines. It is similar to that described in the 
trnnsmitter section of this project and therefore will not be 
further described here. 

Wait for not busy from led module. The led module 
control signals are interfaced as indicated in Table I. Pon 
C is used as the data bus while the three control bit are 
derived from port B and have functions as shown in 
Table 2. 

The led module carries out commands internally fol­
lowing a command instruction. While the command is 
being executed, no further commands or data may be 
written to the module. The display module uses U1e 
'Busy' signal to indicate the current status of the device 
and is accessed by performing a read cycle and examin-
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isl 2. Routines for the P/C-controlled message receiver module. 
#n##~#•##i RXMOD.ASM #~###~W##########4FW4#ff####4 
FOR PIC l6C55 28 PIN DEVICE 
RESONATOR 4MHz 
INSTRUCTION CLOCK 4,00 MHz T= lus 
WATCHDOG DISABLED 
CODE PROTECTION OFF 

PROCESSOR 16C55 
TITLE "Receiver module program" 

INCLUDE EQUATES.ASM 
LCD_EN EQU 7H 
LCD_ WR EQU 6 
LCD_RS EQU 5 
LATCH_EN EQU S 
EPROM,_OE EQU 4 
VT EQU 3 
EPROM_DATA EQU 
MESSAGE_CODE EQU 
ADDRESS EQU 

RESET 
GOTO 

ORG 

START 

;LCD ENABLE BIT 
;LCD W/notW BIT 
; LCD REG SEL BIT (SAME AS LATCH EN) 
;LATCH ENABLE ACTIVE HIGH 
;EPROM OUTPUT ENABLE ACTIVE LOW 
;VALID TRANSMIT BIT 
llH ; STORE FOR EPROM DATA 
12H ; STORE FOR RECEIVED CODE 
13H ; STORE FOR ADDRESS 
lFFH ;RESET ADDRESS 

;RESET VECTOR 
;PROGRAM START 

* ~•**"'t*" • THE ROUTINES START HERE *• ***•••• 

START 
ORG 
CALL 
CALL 
CALL 

00 
;INITIALISE PORTS 
;ALLOW POWER UP TIME 
;RESET LCD MODULE 

REPEAT BTFSS 
GOTO 

lNITP 
DELAY 
INIT_LCO 
PORTB, VT 
REPEAT 

;TEST VALID TRANSMIT BIT 
;AND WAIT TILL NOT VALID 

WAIT_V'l'_VALID 
BTFSC 
GOTO 
GOTO 

PORTS.VT 
VALID_TX 
WAIT_VT_VALID 

;TEST VALID TRANSMIT BIT 
;RECEIVED A TRANSMISSION! 
;WAIT FOR VALID TRAN 

;******~***SUBROUTINES••***************~***~***~~• 
;••*•*•••****DELAY*•********************•*••~••••• 
DELAY CLRF RTCC ; SET DELAY 
DEL LOOP BTFSC RTCC, 7 ; TEST BIT 7 

- GOTO NEXT ; IF SET JUMP TO MEXT 
GOTO DEL_LOOP ; ELSE JUMP TO DEL_LOOP 

NEXT RETLW O ; RETURN 
;~•••r*••* **WAIT FOR NOT BUSY BIT***********~*****~* * 
WAIT_J:lF MOVL\~ #OFFH ; SET PORT C TO INPUT 

TRIS PORTC ;DO IT 
BSF PORTB, LCD_WR ; SET READ 
BSF PORTB, LCD_EN ; ENABLE LCD 

WAIT_BFl BTFSS PORTC, PB7 ; TEST BF 
GOTO BF _GONE ; IF O, LCD MOD NOT BUSY 
GOTO WAIT BFl ; ELSE TRY AGAIN 

BF _GONE BCF PORTS' :.cD_EN ; DISABLE LCD MOD 
BCF PORTS, LCD WR ; PUT BACK TO WRITE 
MOVLW # 0 - ; SET PORT C BACK TO OUTPUT 
TRIS PORTC ;DO IT 
RETLW O ; RETURN 

;••••••••WRITE CHARACTER TO LCD MODULE FROM LOC'N EPROM_DATA •~••••• 
WRITE_LCD CALL WAIT_BF ;WAIT TILL FREE (ALSO SET C TO 0/P) 

MOVF EPROM_J)ATA, W ; GET DATA 
MOVWF PORTC ; AND 0/P 
BSF PORTS, LCD_RS ; SELECT DATA REG 
BSF PORTE, LCD_EN ; ENABLE LCD MOD 
BCF PORTB, LCD_EN ; & CLOCK 
BCF PORTB, LCD_RS ;RESTORE INIT COND 
MOVLW IIOFFH ; SET PORT C BACK TO I /p 
TRIS PORTC ; DO IT 
RETLW O ; & RETURN 

;~•·~~~--~INIT LCD MODULE~•~~•*~K*******~~*-~** ** **** 
l.NJ:T_LCD MOVLW O ; SET PORT C TO 0/P 

TRIS PORTC ; DO IT 
MOVLW 138H ;SET COMMAND 
MOI/WF PORTC ; & OUTPUT TO PORT C 
BSF PORTS, LCD_EN ; ENABLE LCD MOO 
BCF PORTB, LCD_EN ; & CLOCK 
CALL DELAY ;WAIT 
BSF PORTB, LCD_ EN ; ENABLE LCD MOD 2ND TIME 
BCF PORTE, LCD_EN ; & CLOCK 
CALL DELAY ;WAIT 
BSF PORTB, LCD_ EN ; ENABLE LCD MOD JRD TIME 
BCF PORTB, LCD_EN ; & CLOCK 
CALL DELAY ;WAIT 
MOVLW #38H ; FUNCTION SET 
MO\IWF PORTC ;0/P IT 
BSF PORTB, LCD_EN ; ENABLE LCD MOO 
BCF PORTB, LCD_EN ; & CLOCK 
CALL DELAY 
MOVLW lt8 
MOVWF PORTC 
BSF PORTB,LCD_EN 
BCF PORTB,LCD_EN 
CALL WAIT_J:lF 
MOVLW #1 
MOVWf' PORTC 
BSF PORTB,LCD_EN 
BCF PORTB,LCD_EN 
CALL WAIT_BF 
MOVLW 06H 
BSF PORTB,LCD_EN 
BCF PORTB, LCD_EN 
CALL WAIT_BF 

SET_ LCD MOVLW 0 
TRIS PORTC 
MOVLW ll38H 

;DISPLAY OFF 
;0/P TT 
; ENABLE LCD MOD 
;& CLOCK 

;DISPLAY ON~ CLEAR 
;0/P IT 
;ENABLE LCD 
;& CLOCK 

;ENTRY MODE 
;ENABLE LCD 

;& CLOCK 

;SET PORT C TO 0/P 
;DO IT 
;FUNCTION 

SET Continued over page 
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INPUT 

MOVWF 
BSF 
BCF 
CALL 
MOVLW 
MOVWF 
BSF 
BCF 
CALL 
MOVLW 
MOVWF 
BSF 
BCF 
CALL 
MOVLW 
MOVWF 
BSF 
BCF 
CALL 
MOVLW 
MOVWF 
BSF 
BCF 
MOVLW 

PORTC 
PORTB,LCD_EN 
PORTB,LCD_EN 
WAIT_BF 
#OEH 
PORTC 
PORTB,LCD_EN 
PORTS, LCD_ EN 
WAIT_BF 
#6H 
PORTC 
PORTB, LCD_EN 
PORTS, LCD_EN 
WAIT_BF 
#lH 
PORTC 
PORTB,LCD_EN 
PORTS, LCD_EN 
WAIT_BF 
,ott 
PORTC 
PORTB,LCD_EN 
PORTB,LCD_ EN 
#OFFH 

;0/P IT 
; ENABLE LCD MOD 
;& CLOCK 

;DISPLAY ON 
; 0/P IT 
; ENABLE LCD MOD 
;& CLOCK 

;ENTRY MODE SET 
;0/P IT 
; ENABLE LCD MOD 
;& CLOCK 

;CLEAR DISPLAY 
;0/P IT 
; ENABLE LCD MOD 
;& CLOCK 

; 
;0/P IT 
; ENABLE LCD MOD 
;& CLOCK 
;SET PORT C BACK TO 

TRIS PORTC ; DO IT 
RETLW O ;RETURN 

;***~*•* • GO TO HEXT LINE (LINE 2)*****••••-••• • •• •••• ~ 
LINE_2 CALL WAIT_BF ; WAIT FOR NOT BUSY, ( SET 
C TO 0/P) 

MOVLW #OCOH ; SET DD RAM TO 4.0 (LINE 
2) 

MOVWF PORTC ;0/P IT 
BSF PORTS, LCD_ EN ; ENABLE LCD MOD 
BCF PORTS, LCD_EN ; & CLOCK 
MOVLW #OFF ; SET PORT C TO I NPUT 
TRIS PORTC ;DO IT 
RETLW O ; RETURN 

;•••~~CLOCK LATCH DATA TO SPROM LATCH*~**~ • • •••~ ~• ••~• 
CLOCK_LATCH_DATA 

CLRW 
TRIS 
MOVF 
MOVWF 
BSF 
BCF 
MOVLW 
TRIS 
RETLW 

PORTC 
ADDRESS,W 
PORTC 
PORTB,LATCH_EN 
PORTS, LATCH_EN 
#OFFH 
PORTC 
0 

;SET PORT C TO OUTPUT 
;DO IT 
;GET DATA TO LATCH 
;AND OUTPUT 
; CLOCK LATCH 

;SET PORT C TO INPUT 
;'DO IT 
; RETURN 

; ********•***READ_EPROM AND STORE DATA****• ******** ** • ****** 

16C55 

READ_EPROM BCF PORTB,EPROM_OE ;EPROM OUTPUT ENABLE 

lNITP 

NOP 
MOVF 
MOVWF 
BSF 
RE'l'LW 

CLRF 
CLRF 
CLRF 
MOVLW 
TRIS 
MOVLW 
TRIS 
MOVLW 
MOVWF 
MOVLW 
~'RIS 
MOVLW 
OPTION 
RETLW 

PORTC, W 
EPROM_DATA 
PORTB,EPROM OE 
0 -

PORTC 
PORTA 
PORTS 
irOFFH 
PORTA 
#08H 
PORTS 
#lOH 
PORTB 
#OFFH 
PORTC 
#7 

0 
;~ ••*~ ****~ **MAIN CONTROL ROUTINES 
VALID_TX 

CALL 
MOVF 

MOVWF 

SET_LCD 
PORTA,W 
MESSAGE_CODE 

;SET UP ADDRESS 
CLRF ADDRESS 
BTFSC PORTA, W 
BSF ADDRESS,7 
RRF MESSAGE_CODE 

NEXT_CHAR CALL CLOCK_LATCH_ DATA 
MOVLW #OF8 
ANDWF PORTB 
MOVF MESSAGE_CODE,W 
IORWF PORTS 
CALL READ_EPROM 

;TEST FOR ZERO ( EOL) 
MOVF EPROM_DATA,W 
IORLW #0 
BTFSC STATUS,ZERO 
GOTO REPEAT 
MOVLW #1 
ADDWF ADDRESS 
MOVLW HOH 
SUBWF EPROM_DATA,W 
BTFSC STATUS . ZERO 
GOTO NEW_LINE 
CALL WRITE_LCD 
GOTO NEXT_CHAR 

NEW_LINE CALL LINE_2 
GOTO NEXT_CHAR 
END 
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;WAIT 
;READ DATA 
;AND STORE 
;DISABLE EPROM OUTPUT 
;AND RETURN 

PORT C = 0 
PORT A= 0 
PORTB=O 
MAKE PORT A INPUT 
DO IT 
PORT B SIT 3 I NPIJT,REST OUT 
DO IT 
INIT PORT B 
DO IT 
SET PORT C TO INPUT 
DO I T 
SET RTCC DIVIDE FACTOR 
DO IT 
RETURN 

GOT A TRANSMISSION 
I NITIALISE LCD MODULE 
READ MESSAGE CODE 
AND STORE 

SET ADDRESS TO ZERO 
TEST LSB OF CODE 
IF SET, SET MSB OF ADDRESS 
MOVE CODE l TO RIGHT 
LATCH ADDRESS ONTO EPROM 
CLEAR BAS~ ADDRESS BITS 
DO IT 
GET BASE ADDRESS 
SET UP 3 LSB'S LEAVING OTHER BITS 
READ EPROM DATA .. DATA IN EPROM_DATA 

RETRLEVE DATA 
TEST FOR ZERO 
IF NOT ZERO CARRY ON 
ELSE END 
SET UP INCREMENT 
INCREMENT ADDRESS 
TEST FOR END OF LINE l 

IF NOT LINE TO SKIP 
ELSE NEW LINE 
ELSE WRITE DATA TO LCD 
00 NEXT 
GO TO LINE 2 
AND CONTINUE 

PortB C/J 
0 a: 
~ z ~ 
~ w 

ii:: 
ui 

I EPROM I B ~ e 

l?ortC 

Fig. 5. Each receiver module has PIC whose ports Band 
Care used as control, address and data buses for the 
message eprom and display. The latch allows the eprom 
address range to be extended. 

Address 
select 

switches 

Valid 11111 
Digital 

transmission 

418MHz data M145027 
4-bit code 

Receiver Decoder 

Fig. 6. Overall system diagram o f the receiver module 
shows how the low-power radio receiver feeds the 
decoder module, which in turn sends the received 
information to the PIC. 

ing the state of bit 7 - the busy signal. [f the busy signal is 
high, then an internal operation is in progress and no fur­
ther information may be written to the device. 

Wait for not busy. This routine performs the followµig 
sequence: 

Port C is made input. 
The led module is set to ' read' by setting the R/W bit 

and enabled by setting the enable bit. 
The data bus - port C of the PIC - is then read and bit 7 

tested. 
If Bit 7 is a logic 1, step 3 is repeated. 
The read and enable bits are cleared. 
Port C put back to output. 

The routine associated with this process ciµi be seen in 
the program listing under the label 'WAIT_BF'. As it's 
name suggests, tliis subroutine cycles waiting till the led 
module is not busy before a return is executed. 

Write data to led module. This routine writes data held 
in a file register, named EPROM_DATA, to l~e led module. 
In this application, the data is the data previously retrieved 
from the eprom and stored by the READ_EP~OM routine, 
described later. The write operation is accomplished by 
performing the following steps: 

Call the WAIT_BF routine. This makes sure that the led 
m'odu!e is ready to receive data. Note also that per~ C 
is left ~s output. 

Data held in register file EPROM_DATA is. retrieved, 
placed it in the W register, and output it to port C, 
which is connected to the data pins of the led module. 

Set the RS bit of the led module to logic 1 to select data, 
and enable the led module by pl~cing a logic zero on 
tbe enable pin. 

Clock d;ita into the led module by clearing the enable 
bit followed by disabling the led module. 

Set port C to input. 
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Table 1. Port allocation table for the message receiver module. 

Device Port A Port B Port C 
A3 A2 A1 AO 87 86 85 84 83 82 81 BO C7 C6 cs C4 C3 C2 C1 co 

Decoder D9 D8 D7 D6 VT 
Eprom OE A10 A9 AB D7 D6 D5 D4 D3 D2 D1 DO 
Display EN RNv RS D7 D6 D5 D4 D3 D2 D1 DO 
Latch EN A7 A6 AS A4 A3 A2 A1 AO 
lnpuVoutput 0 0 0 0 I 0 0 0 1/0 1/0 1/0 i/o 1/0 1/0 1/0 1/0 
lnitial 1/o 0 0 0 0 I 0 0 0 I I I I I I I I 
Initial Value X X X X 0 0 0 0 0 0 0 )( X X X X X X X 

Table 2. Control bits used for the liquid 
crystal display module. 

Table 3. Command order for the liquid crystal display. 
Command order 1 2 3 4 5 6 7 

Level Port B 
bit 5 
RS 

Code 3816 3815 3815 3815 8 6 

0 
1 

bit6 
R/W 

Inst. i/p Read 
Data input Write 

bit 7 
E 
Disable 
Enable 

To use this routine, the control program has to 
send display data to the led module in the 
appropriate register file. In this case register 
file 11 16 equates to the label EPROM_DATA. 

Note that the name chosen, WRJTE_LCD, is 
meaningful. This makes progran1s more easi­
ly understood and hence easier to debug and 
maintain, see list 2 . 

Initialise led module. This routine is essen­
tially writes a series of commands to the led 

+SV ..,.. 

' All 10k 
M145027 

module as detailed by the led module specifi­
cation - in this case the Hitachi LM032L. A 
command is written to the led module by per­
fom1ing the following steps: 

Set port C to output and send the appropriate 
command code. 

The device is enabled by setting the enable bit 
and the command clocked in by clearing the 
enable bit. Note that the RS bit is left in the 
default condition, logic 0, which selects the 
command mode. 

Wait until command complete. Note that the 
wait for not busy cannot be used until the 
device is initialised. 
This process is repeated with the appropriate 

+SV 

TPIC 
16C55157 

Swl 
D6 15 6 PAO 

Veld 10 1 
Al PBO 

~ 2 A2 
07 14 7 PB1 ll 

08 13 8 
PA1 12 

~ 3 A3 
PB2 

D9 12 9 PA2 
PB3 ..!1.... 

~ 4 PA3 PB4 .lL A4 

~ 5 AS 
vr,.l!_ PBS ,1L ,-

~ MCLR PB6 16 
nn 6 R1 1 17 - RTCC PB7 

7 Cl 

10k,j lO R2/C2 PCO 18 

PCl 19 
_! Cin 

PC2 20 ~---$ 33p PC3 21 

,I2ook 20n Fl 
27 OSC1 22 

Js PC4 

PCS 23 
T 2s OSC2 PC6 24 

+SV PC7 25 _,_ 

> 10A GNO 

5 
,,J! --1 DO 

1 ~ 01 
Aerial L- 7 0 2 

B 0 3 
13 04 
14 05 

Gnd RFGnd 
17 06 r 2 18 07 

Fig. 7. Message beacon receive 
module . The led connector mates l oc 
with a standard Hitachi LM032L 
liquid-crystal display module. 11 

CLK 
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command codes, with a call a delay routine 
between successive commands. The command 
code sequence used in this in stance is shown 
in Table 3. 

Referring to List 2, he name used for the 
routine is JNJT_LCD. Notice also that the 
last four code sequence can be called by 
calling the SET_LCD routine which is in fact 
part of the INIT_LCD routine. The SET_lNIT 
routine is used when the led module has 
previously been initialised but the operation 
requires modifying, or as in this case clear­
ing and the cursor moved to the beginning 
of line one. 
Clock address latch. Before the eprom data 
can be retrieved the correct address must be 

I LCD connector 

0 , , 
114 · 2k 

119 9 0 

10k 

n 'n 

74LS374 2 7 256 

00 2 10 AO co J._ 

01 5 g Al C l ll2.._ 
02 6 8 A2 C2 13 

03 9 7 A3 C3 15 

04 12 6 A4 C4 16 

05 15 SAS cs 17 

06 16 4 A6 C6 18 

07 19 3 A7 C7 19 

~ AS 
.___-1§ A9 

+SV 
..__21 A10 

... .----n A11 
2 A12 

26 A13 
27 A14 

20 /CE 

22 /OE 
1 
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applied to the address lines, this is achieved by 
latching the address into the address latch. The 
required sequence is as follows: 

Set port C to output. 
Retrieve current address and send to port C. 
Set then clear latch enable bit to clock latch. 

This bit is port B bit 5, called LATCH_EN. 
Restore port C to input. 

In the program listing, this subroutine is called 
'CLOCK_LATCH_DATA'. 

Read eprom data. In normal operation data is 
read from eprom automatically when a micro­
processor peiforms a read operation. All the 
control signals are provided by the micropro­
'Cessor. In this case the data transfer must be 
performed under program control by produc­
ing the following sequence: 

Enable the eprom outputs by clearing the 
output enable which is connected to port B 
bit 4, labelled LATCH_EN. 

Read port C which now has the EPROM 
data applied. 

Disable the EPROM outputs by setting the 
output enable high. 

This sequence is carried out by the 
READ_EPROM routine in the program listing. 
The main program simply calls each subrou­
tine as required. One facility not mentioned so 
far is the ability to include a new line control 
within the stored message. The line-feed code 
!010 is used to indicate that the cursor on the 
led module should be moved to the start of 
line two. As each code is read from the eprom, 
it is tested for a new line. If a new line is 
required the subroutine LINE_2 is called. 

Circuit details 
The complete circuit diagram is shown in Fig. 
7. Note the way port C of the PIC is used as a 
bus system. Each device on the bus is capable 
of being tri-state which allows each device to 
be selected under program control. lt should 
be apparent that it is very important that pro­
grammer is especially careful to enable only 
one device at a time to avoid bus conflict. 

The receiver is tested using the same 
approach as the transmitter, each routine test-

ed and proved individually using the PIC­
DATS with or without the in-circuit emulator 
cable, then the program is tested as a whole. 

As the program is traced - or nm - and with 
the optional in-circuit emulator cable fitted, 
each character of the message can be seen as it 
is transferred from the eprom to the led mod­
ule. The process is complete by programming 
the PIC, probably a one-time programmable 
version, using a PIC programmer, then insert­
ing the chip in the socket on the circuit board. 

One transmitter is capable of controlling up to 
32 receiver units. The transmitter and receiver 
were designed to be 'stand alone' so the system 
can be used in almost any environment. • 

The low-power transmitter and receiver 
mentioned in this article are available 
from Radiometrix at a 50% discount to 
readers mentioning this article - until 30 
May. Call Radiometrix on 0181 4281220 
or fax on 4281221. Further information, 
including full data, can be found on 
http://www.radiometrix.co.uk. 

Develop PIC microcontroller systems for iust £239 
Vann Draper is launching a PIC development 

system called PIC-DATS that sells for under 

£300 - including development module, 

simulation and software design tools, power 

supply, COM port coble and manual. 

As a bonus, the company is making the 

system available exclusively to EW readers at 

a 20% discount, so you con buy the 

development system, with software, for just 

£239 - fully inclusive. 

and run on the pc, but when program 

instructions refer lo peripherals, the operation 

is reflected on the PIC's i/o lines. In this way, 

you get the benefits of simulation - single­

stepping and easy debugging - combined 

with the advantages of emulating the system in 

the real world. Emulation c ables for a wide 

variety of PIC microcontrollers are ovoilable as 

optional extras. Ring Vann Draper for more 

details on O 116 2771.400, fox 2773945. 

Connecting via a serial port, the PIC-DATS 

development system handles 16C5x, l 6C85 

and 16C71 PIC controllers. The development 

system includes PIC-SIM - a software package 

that simulates the PIC on your pc compatible. 

Programs under development ore written 

PIC-PORT hardw are features 
• 16C55 microcontraller running ot 4MHz. 
• l 6C55 input/output ond control lines accessed vio 40 IDC connector. 
• RS232 port using the 16C55 on board serial communications. 
• PIC ond serial driver/receiver socketed. 
• Unregulated 8-I 8V de or regulated +5V de supply 
• 5V supply sourced from the 1/0 connector. 

PIC-SIM simulation software features 
• Line-by.line assembler 
• Assembly code assembled direct into memory 

• Disassembler. 
• PIC code programs may be entered directly into the simulator 
• Intel hex merged formal files may be loaded from the user's assembler 
• PIC cross assembler MPASM supplied as standard 
• Register operations - registers ore displayed on host pc 
• Contents of any file moy be modified. 
• User programs run in real lime 
• Programs continue until sleep instruction, watch-dog time-out or manual halt 
• In trace mode, instructions ore detailed on the host as the program runs 
• PIC watch dog timer fully supported 
• Break point program development tool 
• Single stepping possible v10 a single key press 

PICSIM is an integrated environment User's cross-assembler, editor and DOS commands ore 
directly accessible via the PICSIM communication software providing the totally integrated envi­
ronment. 
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Please send me 

....... PIC-DATS(s) PIC developmenl systems at £239 
each (fully inclusive) for which I enclose a total of 

£ .............. . 

Name 

Company (if any) 

Address 

Phone number/fax 

Make cheques payable to Vann Draper Electronics Ltd 

Or, please debit my Master, Visa or Access card. 

Card type (AccessNisa) 

Card No 

Expiry date 

Please mail this coupon to Vann Draper Electronics, together with payment. 
Alternatively fax oredit card details with order on 0116 2773945 or 
telephone on O t 16 2n1400. Address orders and all correspondence 
relating to this order to Vann Draper Electronics at Unit 5, Premier Works, 
Canal Street, South Wigston, Leicester LE18 2PL. 

·overseas readers can also obtain this discount but details vary according 
to country. Please ring, write or fax to Vann Draper Electronics. 
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ANTRIM TRANSFORMERS l TD 
Ton.oIDAL TBANstnDJRM1EB.s 

Large standard range from l S VA to I kV A 
approved to EN60742 & AS3 l 08 

Custom designs to most international 
standards from I0V A to 3kVA 

~ Rapid quota6on, design and prototype service 
Any size production run catered for 

~ 
~ 

All t:ransfonners manufactured at UK factory 
allowing fast lead times at no extra cost 

70V I 1 00V Line, valve output & low noise 
audio designs available 

Working 
Partners 

~Medical designs to JEC601/BSS724 & ULS44 

A.lSmu / ~mions U(!~ \ff.fflWOmffil 

Technical Sales Oepartment, 30 Bramley· Avenue 

Canterbury, Kent, CTI 3XW, England 

SMARTRoute·s Power 
Quickroute's Ease of Use 

Phone now ond f,r,d out how 
Quickroute & SMARTRoule con work for vou 

Tel: +44 (0)1227 450810 .Fax: +44 (0)1227 764609 Tel 01614760202 Fax 01614760505 If.ti 811 ~ 

WWW:www.q uick.routeco.uk EM01I: info@q uicksys.demon.co.uk IIIIIIIR 
Quickroute Systems Ltd. Regent House ~ 
Heaton Lane Stockport SK4 1 BS U.K. 6uicK= 

Phone for o FREE intormot,on pock SYS T EM s 

CIRCLE NO 126 ON REPlY CARO 
CIRCLE NO. 127" ON REPLY CAR/J 

8 CAVANS WAY, 
BINLAY INDUSTRIAL ESTATE, 
COVENTRY CV3 2SF 
Tel: 01203 650705 
Fax: 01203 650773 
Mobile: 0860 400683 

(Premises situated d ose to Eutem-by-pass In Coventry with 
easy KCISS !O Ml. M6, M40, M42, M45 Ind M69) 

MISCELLANEOUS 
.Adrtt 740A - 100KHt· 1120MHz Synth. signal gentraio, . , .•.• . •. •.•..• f2000 
Anribu ME.-ZS - OS-3 transmission M\ltystf • •••••••••••••••••• •• .£3000 
Anritlu MGS,q.4-Pulse p;1ttem g!'~ator ..... • . •. . .. ...•• .. .. ...• £1500 
Batr I Stroud - EF3 variabol& fillet 10.1Ht-100KHzl ••• •••••••. , •••••• . .£150 

~ -~~,:~t:::=1i:'.~~~~--~: ~:: :: : :: : :: : ::~= 
Aute 5100A - C.fibrflor • .. • . - ...•.... • , ••• , • , , •• , •••.• · · · · · · , · .fl500 
Ault• 51008 - Cllibrator •• ••• •••• • • , .. •••. ....... •.... ..... . •.. ~ 
fluke 51011 -Calibfator .......•• • •. • . ••.. • • , •• •••• •• , •. , • • , • . . .£5000 

====t~~~=:~!~!w;·::::::::::::::::: :::::i:8:t 
Gwdlini1 9152 - T12 81tte,y SlancJ.rd cell . . . . . . .... .. .. .. • ... . .. . •.. £550 

=1;~110: !a:'!~~ ~:~'.Y. ~~~~~ .:::: .. ,: '. '.: = 
Htwtltt Ptcbrd 33'M - distortion me1suring 5et. ••••••••••••••••••• ..£1500 
Htwtttt PICbrd '32.A- Power Meter (wi1h 478A St...sorl .. , • , . . •.• , • . .ms 
- P-.t 43SA "B - Power Mete, l'M1f> 8'81A,'8484AJ . . . . kom mo =~=~=A ~~~~~~~'r~6530N1W"1A .... £'50 

Logk:1~1 .. . . . .................... . . . , ., .. , , ... .. . ... . £4000 
Hewlttt hcbrd 3325A • 21MHl synlhesiserJf\fnctioo g,en. . ... .. .. •.. .t1500 
~ Pac:btd 333$A • Synthesised, sign.al gene,110, 110Hl·21MHt) •• .£1000 = ~= =: ~~ m~:=, : ...................... : ::-: 
Hewl«t PICbrd J465A - 61' digit muttimete1 lautoscall . . . . ... . .. t7SO 
~Ptdc.lrd3466A· Oigi!1Jvottff'Mtet. , .. , .. ,, .... . .. .• . , . , , . , .£750 
KewM!t PICbrd 3'71A - Mult~er [S!6 digit) HP8 . , . , . , . , . , . , .. ... .. £550 
Ktwtttt Pacbrd348&A • HP•IB rwitch/COntrol uni1 fvarious plug•ins 

av~il1bltl . .... .. . . . . • . . , .... , ........ , · ·· ·· ·· ·· · · ··· · ·• , •. . £&60 
Ktwittt Pecbrd 3111A/3112A/3191B/31938 • Mietow1ve linJ 1natys.e, $e-n$OI 

Uffl 
~ Pacbrd l77&A • PCM Tenninal test set ... .. . , ... , .£2000 
1-ttwktt Ptc:brd 3779 AJC • PM\ary mux analyser . • . , .. £600J£SOO 
litwlttt:PldcardW1B-LCfl ml!'terlcfigital) , . , . . .•. . £900 
~ Pactwd 421SA- Mult;.freqoericy LCR meter . . .... • . , .f'J950 
Htw1ettPICtlrd427M - 1MHt,.C-Vmtter . , .. , .. , . . , .. , , ., .. , .. , .. £11500 
Hew1.tt PICtwd 4331A - Mllllohmtler (as ~ . • . , , . , .. •. . , .. , , • , • . £2000 
Mtw1ttt Pldtlrd "3C2A -0 tne.1er . .. •• .................. •.• . ...... £995 
Htwittt hebrd ~ • ttJnSmiaioo imptinnent measuring set ••• . •. £2000 
Htwtett Pectn 49153A - PrOIOCX>I 1n111yser , . . , .. . , . , . , , . . , . ,t1995 
K.wlattPactard49SIA • Proc.ocot analyser , .. , , . , .. .• . , ...• , , ..... £2250 
~ PKU'd 4.972.A - Lin protocal anatyser .•.. . ......• ......... £2000 
Htw4ttt Pactard S314A • {newl 100MHz UM'ernl counter •••.•.• . • .•.• £250 
HfoMftt P'tcb«I 53:nA - lOOMHz unNerut frequency coun1@r . . . .... . . .£250 
Hewtt Pad:.-dSl42A - Microwawffeq. coonter08GHll ... , .. , . .... f150CI 
Hewlett Pad:S'd 5315.A - Frtqvetq" counter 1GHz (HPIB) wilh 

Opts oo,_ ............... ......................... .1.'.195 
Hewt.ft Pdwd 6034A - System P.S.U. 0.60Y/• 10.. ... , .... . .•. , .. , . . £1500 
Hewt.n Pecbrd 6181C- O.C. eurrenl toUrce .......... , ............ .£150 

Htwhtt Ptcbrd 62618- Power Mipply 20V•SOA • 
DISCOUNT FOR OUANTmES 

· ·· ·· · · .£~ 

= ;:::: ~:: ~Js:.r,~~~~z=~ ~\~;:::::::::::::: :r:: 
H..rtPICW'd 81511- 0ptieal 1ttenu.a10twith opt's 002 • 001 . . .• .. .£1100 
Hewt.tt Pacbrd 111115.A - 50MHz programmable signal source .•.•• . , • . £16&0 
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TELNET 
Hewten PICU'd '3498- Microw,1ve bfOldbind Amp (es new) 2-20MHz .l32SO 
Hntttt Paebrd 83508- Sweep oscillator maintrame !plug-ins avail) • . .£2500 
Hewtett Ptcbrd M03A. - modulllOf • • . • . • . • . • . . . . . . .tsOO 
HMt.tt Pacbn:18405,\ - Vector voltmeter . . ...... .... .. .. . .... . . .. . £500 
Htwlttt Pecbrd IWOC- SWeep oscillator mainframe • . . . . . . . . . , . . £400 
Hl'Wlltt Pactwd 8613.A - M-.Crow.ave signal gen. !2.3-6.SG1-tzl •.. •.•.. .. £2500 
-Pocb!d NMA - S.4GHz lo 1Z.SG11, Sig G,n ••••.••• . •.. .... asoo 
~=~=~~=t:i~~:[;:ma~·::::::::::::: ··:J: 
Hewhtt PICbrd 8903A - Audio ,n,tv,er (20Hi-100KHZI . . . . . . . . . . . . £1995 
HMllttt1 Pecta,d 895&A - Cellular radio interlace • • • • • • • • . . .£3500 
tt.wlttt Pecbtd 117298- Carrier noise tesue1 .......... ... , . . , . ... £ZOOO = = --~lOt.1:'~nih ;ij~;1·gene~~;::::::::: :: :: :: ::g: 
MlrCOnl 2019 -80!0tr-1040MHz aynth srgnal 9&Mr110, .•• . • .......... £1750 

====:!~~~h=i==~·::: :::::::::::: 
MltCOftl 2610 - Trut RMS voltn\tlar ••••••• • •••• , •.•• •••••••••••••• £850 
M.wni 21S08S - Oigita1Trin5mi$$ionan.a,V,.r (es nawl. , . . • . , . . , . .. £2250 
Marconi 2171 • dala communications 1nelyser •••••• . , •. .. . .... • , ... £1500 
M.coni 2955 • 2.951 - Radio Comms test s.e1 + lac, adaptor .. . . ... ... . £3'500 
Marconi &500 - automatic amplitude an.alysie, •••..•..•• .. , . . , . •. • , .£1500 
Philips PM 5167 - 10Mtb. tuncdon ~ ........... . , ..... , .... .. .... £400 
Philips PM 5190- Lf !ynlhesis~ with GP19 •• , •.•. . , . ..••.••.••••••• l'800 
Philips PM 5193 - 50MHz. synthesised function Qe11era1or •..... . . _ . . .. £1500 Philips PM "73 -120MHl high resolution unfveml COtJnttt • . • . .• • •••• ,tlSO 
Philps PM M'IO- 120MHz. high resolution timer,lcounler , . ... •• , •.•••• ..D50 
Philps PM 6152 - 1.5 GHt prOljjr!lrlf'Mblt h}gh resolutlon limer/counttt • .£900 
R.ecal DIM 1992 • lJOOMH1 fr~ eoun1er opu 48-tSS •. • , . ••.••• .£800 
A.ldl Dana 3t0040-130MHr synthemer ...... , .. , .............. . DSO =:::g:::.-~~~~:·~~s0;!~~~i~;::::::::::::::::::::1': 
Rtctl Dana 9303 ~ Trua RMS R/f level meter . . .. ..• , .. .•• , •••• ••••• .£&SO 
R..:al Dana 9921 - 3GHz frequency counter .. , . • . •. .• , . •.. •.• •.••. • .USO 
SdMflntf NSG 203A - Un. volt.age v,ri1tlon simulator , ..••••• , ••••.•• £995 
Schlffn..- NSG 222A - ln1erterance simulator ... ....... .. . , , •.••..••. £995 
Sehlffntt NSG 22:3 - lnterfe-11nee gtM1alor .. . .. . .. , ..... . . ........ .£750 
Sdalwnber9« 2720 - 1250MH1 Freq. Co1.1nter . , .. . ... . ..••. , •... .•. • .£100 
Schlumbtrgar 4015- 1GHz. ,acSo comms test HI ••. •.• . . . •.• .•.••••• £6000 
Schlumbergw ~31 - 1GHz ndio eomms tnt Se! . • . • . • , •. • . • . . • •••• .£8250 
Sc:hlumbertw 4031 - Radio Comms Ttst Set .• . •• . . . . .. , • . • . . . •••. .£6000 
Sdilwmbtr90< 4923 - Radio Code Te>t Se! ..... .. . . . . .........•..... £100 
Symon Donn. 19808 - Micfowave S'Ntepe, l12-18GHl) ..... , . •.. • . .£2500 
nn • Sdtwerz SMFP2 - 1 GHz ra<f.ta eomms test set .,. options , •.•••• .asoo 
1117 & Schwarz URE -RMS Voftmeler OC 10Hz 10 25Mttz . ••••••••••••• fSOO 
Tettronlx m -Curve Traicer . ..••••••••••• . •.... , .. ••••••.•••••• £1150 
T~.-sisti:; Many IVlillble wch iu PG508, FG504, SCS04, 

Ttlrtrol'Ul TMSOO:l + AFG5101 - Abrit1arv Furw::Oon Gen. , . . •. . ..•.. ••. £1750 

i=~~~~~·~ ew;e·n·,·p,. ·;~~~1·:: ::::::::: 
T.t.tronix .US001 + TMS006-Mairiffarna programmable 

d1storlion anatyser •• ••••••..••.••.••. .... , . •. • ..••••••• . •• , .£1995 
Tebronb: PG506 + TG501 + SG503 TM503 -Oscillo5001)e eaUbr.ator .•• • t1995 
Tlrnt 9814 - Voltage eaJlbtator ..... . .. , .... , ............ ... ...... .£750 :::~~2~ Pf~:S":,~C~~:~~~ ~~-~~~:~~~~~.::::::::: ::g 
Wrtnt Kerr 3246- Precision ioduct1nee en11tvser . ... . . ..•••.•. , •.• . .£3250 
w.,... Ktn 6'25 - Pretislon component an,a1yst1 ...... .•••.••••••• .£2750 
W..,.,.ICtrT'2l0 - LCRmett , .. , , ,,, , . ,. , •.• , ..•••.•. , •• . •. ,., .. ,£&00 
Wlttron 6620:S - Proo1ammabl• sweep gen. 13.6-6.SGHtl •••••••• , ••••• ..£160 

OSCILLOSCOPES 
Cots« 3102 - 60MHz duil channel • ... . 
Gould 0$255 - 15Mtb: du,I CMnnel .. , . 
Gould 0$3000 - 40MHz dual channel .. . 
Goukl 0S3:JS1 • 40MHz dual channel . . . 

.............. .. ..... aso 
... . ., ........ , . . . ....... mo 
... ................ .... .. aso 

... . £225 

CIRCLE NO 1211 ON RfPl t CI\R/J 

Gould OS4000 - lOMHl Digital storage •. •.• .... , .. •.. , . , • , , .. , • . •• .£200 
GouJd 5110- tOOMHl intelligent osciUO$COpe .• , ., •. , . .• .. .• . •• .£150 
twwt.ttPICbrd 1100-100MH1. 4ehannel ... ,, . . . , . . . , . . .. . . ....... 000 
Howtett Pad<n 1S2C - 100MHz 4 channel .• ....... . ....... • .. . . ••• .!:ISO 
Hewlett Ptd<n mo~ 1741~ 1744, - lOOMHl oual ch .... . ... ... hm mo 
Hewwtt hcbtd 541000 - 1GHz digitilino . . ...... , . .. , . . , , . , .. . ... £2995 
H-Ptd<n 54200A - 50MHz 2 ch,nn,1 digitizing •.••.••• ...... • .£1000 
Hewlett Pld<n 5'201A - 300MHz digllizinv .. ... . . . ... .. ......... . mso 
Hew1.tt Paclwd 54501A - 100MHz digkiiing, dlannel . . . .. . , . , . , . , .. £1950 
Hitachi V2.12- 20MHz dual channel . . . . . . . . . . . • . • . • . • , • . . , •••.•••. • £180 
Hitochl V2Z2 - 20MHz dvol dlannel . . . . . . .•..•• .•..•• .. .•••• .UGO 
Hittchi Vli60F - 60MHz dual ~nnel . . . . . . . . . . . . • . . . . . . . , ..•. . . .. • DSO 
Hitachi VCS2a5 - 100MHz digital storagt las new! .• . , .. .• , • , . . . , . • .£2000 

::-'uro ~ ~ri:~1:. ~i=i:~::l:°'~ 1a~ *•:::::: ::: :: ~::: ~ 
kitusui COS 61DD-100MHl Sch!Me>I 12 trace .. . . ..... . ..... .. . . .. .£475 
116coi11JC91 --lawfreq0.S.O ... .• . . . , .• . •...• , ....•. • , ..•.• ••. •• £1100 
Phil:ips 3217 -50MHz dlJ.11 ch1nnel ... . . • ••••••••••••••.••••• . • from £250 
Phillpt 32:19- 50MHz with analogue stro.ag• , Ou,I Cl-I .. . . • . • . • • .••••• .£400 
Philips 3263 - 100MH1" dual c:hann~ with microprocessor COM. Mling . ••• £400 
Philps 3295-JSOMHz dual ch . , . . . .. . .. . , .. .. ..... £1500 
Philipl PM3295A - 400MHl dual chanMI . , • . • , .. • .. .••• .£1750 
TNtronix2446- 150MHz- 4tnlnnel . . . . ..... . . ...... £1250 
Telrtronbr 2446A - 150MHz - 4 d'lennel , . , . . , . •••• £1600 
Tektronix '55 - 50MHz dual channel ...... ... _ .. . •••• .... . ... •• . • . ..£350 r ....... 2221 - soM+tz cr,gi..1 Motage . . ... .. . • .......•...•.. •••• • moo 
Tllktronix 7154- 400MHz Waveform PfOCUSing oscilloscope , , .... . . .• £1500 
Tektroni,: "41'"6- 100MHz s.tOf~e . ...•. .......... •.. •. .• ... from DSO 
Talrtronl• 465/4668 - 100MH.! dual ch, .•••••••.••. ••.••••••••. . from £350 
Tolllronl, 461 - 100Mllz D.S.O . •. . .•. •. . . ••••••••••••••••••• ••••. . mo 
Telrtroni• 475/USA - 20W250 MHi dual cha Mel , • . , . . .. . ..... .. . from £US 
Ttlrtronix 434 - 2SMHl 2 channel • analogue stOt'aot ••• ••••••••••• • • ..£250 

. Tekttomc454 - 150MHz2d'lanoel .• . . .. . .•••••.•••.•..••••••.••. . £400 
Tektronix 2213-S'OMHi dual di .. .. ....... . .•...• .. •..... •.. . .... . £'25 
Tllktronix 221S- 60MK:z dual ch. . • .•. . .•.••• ••••• •••• •• • •• • ••• , •.. £450 
Ttltvonix222S- 50MHl dutltr11ee . •. . .......•.••.•••..•.....•.. .. £~ 
Telrttonijx 223S-100MHz Oual c:'1annef . .. . . . ••. .• .•• . .•. . ••.••. .. . . £IOO 
Tektronix 2236- 100MHz Oua1 Trace with Coun.te,rrwnerJOrnm .••• •••. .£HS 

~=~.1~~~.d1~1~-•~::tt.rn~·4~;,:•:::::.'."_'_'."_&~,;,·g: 
Tllrtronix n04- 250MHz 4 ch •••.•••••••• . •. . .• ... . . . . .. . . ... from £650 
T lktronix 7904 - 500MHz ................... ....... , ••.•• , •. from £850 
TNVONX 7U4- 500MHz with SIOJ89' • , • ... .•••••••.•••••. , .. from £1000 

~=~=~~~:il.::::::::::::::::::::::::::l: 
OthairKopN avlli&lble too 

SPECTRUM ANALYSERS 
Alttoel, lS7 - 101\Ht·22GHz • . •• ••• ••• . ••• • •••••• •••••• • • • •• • ••.•• '2750 
Hawtttt PKU'd H1T + 15628 + ISSSA - (10MHl-18GHt) . • , •••. . .•••• £1600 
- Pocb!d 1121 with 85698 • 110MHl-21GHll •••• .•.. •• , •. •••• OlSO 
- Pocb!d 153A with 855911- I0.01-21GH,J •• •• • ••• • .•.•••••• .£4250 
"9wktt P• culd l582A- dyn.lmic !ig~ anai'yMt, dual charwt . , •••• DSOO 
Htwt.tt PackMd 3S80A- SHz-50KHl •..••••••.••••.. , ••••• , • , •.• . , .£995 
Hlwt4tt Pac:urd JS82A - 2SKH? 1n1tyser, dual channel •• •• ..•.••••••. £2500 
ktw'-tt PICUl'd 37098 -Consttllalion Analyser with 1S709A High 5mptdance 

lntMace (as nt:'WI ............ ........ . .................... . , £6750 
Hlwf.rt Pldcard l505A - "'ffitOrk. analyser (SOOKHz· 1.3GHz) • , . ••••.• . lAOOO 
Hewf.tt Pactard 1591E - 1.SGH1 15Pt1C an,fySer ••••.••••••••••••••• ..£6&00 
Mln:oni 2370- 110MH1: sp• e analyser •.•••••.•• , ••.• •.•. . •• . •. ..•. £750 

MANY MORE ITEMS AVAILABLE SEND 
LARGE SAE FOR LIST OF EQUIPMENT ALL 

EQUIPMENT IS USED· WITH 30 DAYS 
GUARANTEE. PLEASE CHECK FOR AVAILABILITY 

BEFORE ORDERING · CARRIAGE 
& VAT TO BE ADDED TO ALL GOODS 
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ANALOGUE DESIGN 

balanced ._______. 

view 
Douglas Self explains 
how to get signals from 
A to B with the best 
possible integrity using 
balanced line input and 
output techniques 

To balance ... 
Balancing offers the following advantages 

B
alanced inputs and outputs have been 
used for many years in professional 
audio, but profound misconceptions 

about their operation and effectiveness still 
survive. Balanced operation is also making a 
slow but steady advance into top-end hi-fi, 
where its unfamiliarity can lead to further mis­
understandings. As with most topics in audio 
technology, the conventional wisdom is often 
wrong. 

A practical balanced interconnect is not 
always wholly straightforward. Some new 
variations on input and output stages have 
emerged relatively recently. For example, a 

• Discriminates against noise and crosstalk. 
• A balanced interconnect - with a true balanced output - allows 6dB more signal 
level on the line. 
• Breaks ground-loops, so that people are not tempted to start ' li fting grounds'. This 
is only acceptable if the equipment has a dedicated ground-lift switch, that leaves the 
metalwork firmly connected to mains safety earth. In the absence of this facility, the 
optimistic will remove the mains earth - which is not quite so easy now that mould­
ed plugs are standard - and this practice must be roundly condemned as dangerous. 

... or not to balance 
Balancing also brings w ith it the fol lowing disadvantages. 

• Balanced connections are unlikely to provide much protection against rf ingress. 
Both sides of the balanced input would have to demodulate the rf with exactly the 
same effectiveness for common-mode cancel lation to occur. This is not very likely. 
• There are more possibilities for error when wiring up. For example, it is easy to intro­
duce an unwanted phase inversion by confusing hot and cold in a connector. This can 
go undiscovered for some time. The same mistake on an unbalanced system interrupts 
the audio completely. 
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'ground-cancelling' output is not balanced at 
all, but actually has one output terminal con­
figured as an input. This can come as a sur­
prise to the unwary. 

Despite its non-balanced nature, such a 
ground-cancelling output can render a ground 
loop innocuous even when driving an unbal­
anced input. But even an audio professional 
could be forgiven for being unsure if it still 
works when it is driving a balanced input. The 
answer - which in fact is yes - is explained in 
a second article on this subject, details of 
which are given later. 

Electronic versus 
transformer balancing 
Electronic balancing has many advantages. 
These include low cost, low size and weight, 
superior frequency and transient response, and 
no problems with low-frequency linearity. 
While it is sometimes regarded as a second­
best, it is more than adequate for hi-fi and 
most professional applications . 

Transformer balancing has some advantages 
of its own - particularly for work in very hos­
tile rf/emc environments - but many serious 
drawbacks. The advantages are that trans­
fonners are electrically bullet-proof, retain 
their common-mode rejection ratio perfor­
mance forever, and consume no power even at 
high signal levels. Unfortunately they also 
generate low-frequency distortion, have high­
frequency response problems due to leakage 
reactance and distributed capacitance. 
Transformers are also heavy and expensive. 

The first two objections can be surmounted 
- given enough extra electronic circuitry - but 
the last two cannot. Transfonner balancing is 
therefore rare, even in professional audio, and 
is only dealt with briefly here. 
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Balancing basics 
Balanced connections in an audio system are 
designed to reject both external noise, from 
power wiring etc, and also internal crosstalk 
from adjacent signal cables. 

The basic principle of balanced intercon­
nection is to get the signal you want by sub­
traction, using a three-wire connection. In 
many cases, one signal wire - the hot or in­
phase conductor - senses the actual output of 
the sending unit. The other, the cold or phase­
inverted, senses !he unit's output-socket 
ground, and the difference between them gives 
the wanted signal. 

Any noise voltages that appear identically 
on both lines, ie common-mode signals,.are in 
theory completely cancelled by the subtrac­
tion. In reaj life, the subtraction falls short of 
perfection, as the gains via the hot and cold 
inputs will not be precisely the same. The 
degree of discrimination actually achieved is 
called the common-mode rejection ratio, or 
cmrr. 

The terms hot and cold, for in-phase and 
out-of-phase respectively, are used throughout 
this article for brevity. 

While two wires carry the signal, the thirc) is 
the ground wire which has the dual duty of 
both joining the grounds of the interconnected 
equipment, and electrostatically screening the 
two signal wires by being in some way 
wrapped around them. The ' wrapping around' 
can mean: 

• A lapped screen, with wires laid parallel to 
the central signal conductor. The screening 
coverage is not perfect, and can be badly 
degraded as it tends to open up on the outside 
of cable pends. 

• A braided screen around the central signal 
wires. This is more expensive, but opens up 
less when the wire is bent. Screening is not 
I 00%, but certainly better than lapped screen. 

• An overlapping foil screen, with the ground 
wire - c&lled the drain wire in this context for 
some reason - running down the inside of the 
foil and in electrical contact with it. This is 
usually the most effective as the foil cannot 
open up on the outside of bends, and should 
give perfect electrostatic screening. However, 
the higher resistance of aluminium foil com­
pared with copper braid means that rf screen-· 
ing may be worse. 

Electrical noise 
Noise gets into signal cables in three major 
ways. 

Electrost11tic coupling. An interfering signal 
with significant voltage amplitude couples 
directly to the inner signal line, through stray 

_ capacitance. The situation is shown in Fig. 1, 
wit!) C,C representing the stray cap,icitance 
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between imperfectly-screened conductors; this 
will be a fraction of a picofarad in most cir­
cumstances. This coupling is unlikely to be a 
problem in hi-fi systems, but can be serious in 
studio installations with unrelated signals 
going down the same ducting. 

The two main lines of defence against elec­
trostatic coupling are effective screening and 
low-impedance drive. _ An overlapping foil 
screen - such as used on Belden microphone 
cable - provides complete protection. Driving 
the Une from a low impedance, of the order of 
1 OOQ or 1.ess, means that the interfering signal, 
having passed through a very small capaci­
tance, is a very small current and cannot 
develop mu~h voltage across such a low 
impedance. . 

For the best re~ults, the impedan~e must 
remain low up to as high a frequency as pos­
sible; this can be problem as op-amps invari­
ably have a feedback factor that begins to fall 

ANALOGUE DESIGN 

List 1. line output arrangements. 
• Unbalanced output 
• Impedance-balanced output 
• Ground-cancelling output, or 
ground-compensated output. 

• Balanced output 
• Quasi-floating output 
• True floating transformer output · 

from a low, and possibly sub-audio frequency, 
and this makes the output impedance rise with 
frequency. 

From the point of view of electrostatic 
screening alone, the screen does .not need to be 
grounded at both ends, or form part of a cir­
cuit. 1 It must of course be grounded at some 
point. 

Electrostatic coupling falls off with the 

LINE CARRYING INTERFERING SIGNAL. 

Rs 

IMPEDANCE-BALANCED 
LINE OUTPUT. 

,I I, ~:, 
-----T-- --·····-··· / R 

BALANCED LINE. 

R 

DIFFERENTIAL AMPLIFIER 

BALANCED LINE INPUT. 

Fig. 1. Electrostatic coupling into a signal cable. R5 is 1000 and R is 1 Okn. The second R5 to 
ground in the cold output line makes it an impedance balanced output. 

IMPEDANCE-BALANCED 
LINE OUTPUT. 

LINE CARRYING INTERFERING SIGNAL. 

BALANCED LINE. 

Fig. 2. Magnetic coupling into a signal cable, represented by notional 
voltage-sources V m• · 

DIFFERENTIAL AMPLIFIER 
BALANCED LINE INPUT. 
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BAIJ\NCEO LINE. 

LINE OUTPUT. 

R 

DIFFERENTIAL M1PLIFIER 
BAIJ\NCED LINE INPUT. 

Fig. 3. Ground-voltages coupling into a signal cable. The ground voltage between A and 8 is 
due to ground currents flowing around ABCD. 

square of distance. Rearranging the cable-nm 
away from the source of interference is more 
practical and more effective than trying to rely 
on very good common-mode rejection. 

Magnetic coupling. An emf, Vm, is induced 
in both signal conductors and the screen, Fig 
2. According to some writers, the screen cur­
rent must be allowed to flow freely, or its 
magnetic field will not cancel out the field act­
ing on the signal conductors. Therefore the 
screen should be grounded at both ends, to 
form a circuit.2 

In practice, the field cancellation will be far 
from perfect. Most reliance is placed on the 
common-mode rejectfon of the balanced sys­
tem, 10 cancel out the hopefully equal voltages 
V m induced in the two signal wires. The need 
to ground both ends for magnetic rejection is 
not a restriction, as it will emerge that there 
are other good reasons why the screens should 
be grounded at both ends of a cable. 

ln critical situations, the equality of these 
voltages is maximised by minimising the loop 
area between the two signal wires, usually by 
twisting them tightly together. In practice most 
audio cables have parallel rather than twisted 
signal conductors, and this seems adequate 
most of the time. 

Magnetic coup.ling falls off with the square 
of distance, so rearranging the cable-run away 
from the source of magnetic field is usually all 
that is required. It is unusual for it to present 
serious difficulties in a domestic environment. 

Common-impedance coupling. Ground volt­
ages coupled in through the common ground 
impedance; often called 'common-impedance 
coupling' in the literature.3 This is the root of 
most ground loop problems. In Fig. 3 the 
equipment safety grounds cause a loop 
ABCD; the mere existence of a loop in itself 
does no harm, but it is invariably immersed in 
a 50Hz magnetic field that will induce mains­
frequency current plus odd harmonics into it. 
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This current produces a voltage drop down the 
non-negligible ground-wire resistance, and 
this once again effectively appears as a voltage 
source in each of the two signal lines. Since 
the cmrr is finite a proportion of this voltage 
will appear to be differential signal, and will 
be reproduced as such. 

A common source of ground-loop current is 
the connection of a system to two different 
'grounds' that are not actual! y at the same ac 
potential. The classic example of this is the 
addition of a ' technical ground' such as a 
buried copper rod to a grounding system 
which is already connected to 'mains ground' 
at the power distribution board. In most coun­
tries this 'mains ground' is actually the neutral 
conductor, which is only grounded at the 
remote transformer substation. The voltage­
drop down the neutrnl therefore appears 
between ' technical ground' and 'mains 
ground' causing large currents to flow through 
ground wires. 

A similar situation can occur when water­
pipes are connected tci 'mains ground' except 
1hat interference is not usually by a common 
ground impedance; however the unwanted 
cu.rrents flowing in the pipework generate 
magnetic fields that may either create ground 
loops by induction, or interfere directly with 
equipment such as mixing consoles. 

[n practice, ground voitages cause a far 
greater number of noise problems than the 
other mechanisms, in both hl-fi and profes­
sional situations. 

Even there is no common-impedance cou­
pling, ground currents may s till enter the sig­
nal circuit by transformer action. An example 
of such a situation is where the balanced line 
is fully floating and not galvanically connect­
ed to ground - which is only possible with a 
transformer-to-transformer connection. 

The shield wire or foil acts as a transformer 
primary while the signal lines act as secon­
daries; if the magnetic field from the shield 
wire is not exactly uniform. then a differential 

noise voltage appears across the signal pair 
and is amplified as if it were a genuine signal. 
This effect is often called shield-current­
induced-noise, or SCIN, and cables vary in 
their susceptibility to it according to the 
details of their construction.4 

Fortunately the level of this effect is below 
the noise-floor in most circumstances and 
with most cables, for once a differential-mode 
signal has been induced in the signal lines, 
there is no way to discriminate against it. 

From this summary I deduce there are two 
principle effects to guard against; electrostat­
ic coupling, and the intrusion of unwanted 
voltages from either magnetic coupling or 
ground-loop currents. 

Electrostatic interference can be represented 
by notional current-sources connected to both 
signal lines; these will only be effectively can­
celled if the line impedances to ground are the 
same, as well as the basic cmrr being high. The 
likely levels of electrostatic interference cun-e.nt 
in practice are difficult to guess, so the figures 
I give in the second article are cakulatcd from 
applying lmA to each line; this would be very 
severe crosstalk, but it does allow convenient 
relative judgements to be made. 

Magnetic and ground-voltage interference 
can be represented by notional voltage-sources 
inserted in both signal Lines and the ground 
wire; these are not line-impedance sensitive 
and their rejection depends only on the basic 
cmrr, as measured with low-impedance drive 
to each input. Similarly ground-voltage inter­
ference can be represented by a voltage-source 
in the ground wire only. 

Both input and output are voltages so the 
cmn can be quoted simply as a ratio in deci­
bels, without specifying any level. 

Line outputs 
A line output is expected to be able to drive 
significant loads, partly because of a purely 
historical requirement to drive 600Q, and pa.Il­
ly to allow the parallel feed of several desti­
nations. Another requirement is a low source 
impedance - lOOQ or less - to make the sig­
nal robust against capacitive crosstalk, etc. 

There are many line output and input 
arrangements possible, and the results of the 
various permutations of connection are not 
always entirely obvious. An examination of 
the output types in use yields List 1. 

Unbalanced output. There are only two 
physical output terrninals - signal and ground, 
Fig. 4a). A third terminal is implied in Fig 4a, 
emphasising that it is always possible to con­
nect the cold wire in the cable to the ground al 
the transmitting (output) end. 

The output amplifier is almost always 
buffered from the line shunt-capacitance by a 
resistor R, in the range 33 to lOOQ, to ensure 
stability. This unbalances the line impedances. 
U the output resistance is taken as IOOQ 
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worst-case, and the cold line is simply ground­
ed as in Fig 4a, then the presence of R, 
degrades the common-mode rejec1ion ratio to 
-46dB, even if the balanced input at the other 
end of the cable has perfectly matched resis­
tors. 

Impedance balanced output. There are now 
three physical renninals, hot, cold, and ground, 
Fig. 4b). The cold terminal is neither an input 
nor an output, but a resistive termination with 
the same resistance R, as the hoc terminal out­
put impedance. This type of output is intended 
for use with receiving equipment having bal­
anced inputs. The presence of the second R, 
terminated to output ground makes the 
impedance on each signal line almost exactly 
the same - apart from op-amp output 
impedance limitations - so that good rejection 
is achieved for both common-mode ground 
voltages and electrostatic interference. 

If an unbalanced input is being driven, the 
cold termin;il on the transmitting (output) 
equipment can be either shorted to ground 
locally or left open-circuit without serious 
consequences. Either way all the benefits of 
balancing are lost. 

The use of the word ·balanced' is unfortu­
nate as this implies anti-phase outputs, which 
are not present. 

Ground-cancelling output. Also called a 
ground-compensated output, this arrangement 
is shown in Fig. Sa. 

This allows ground voltages to be cancelled 
out even if the receiving equipment has an 
unbalanced input. It prevents any possibility of 
creating a phase error by miswiring. It sepa­
rates the wanted signal from the unwanted by 
addition at the output end of the link, rather 
than by subtraction at the input end. 

If the receiving equipment ground differs in 
voltage from the sending ground. then this dif­
ference is added to the output so that the sig­
nal reaching the receiving equipment has the 
same voltage superimposed upon it. Input and 
ground therefore move together and there is 
no net input signal, subject to the usual resis­
tor tolerances. 

The cold pin of the output socket is now an 
inpu1, and must have a unity-gain path sum­
ming into the main signal output going to the 
hot output pin. It usually has a very low input 
impedance equal to the hot terminal output 
impedance. 

It is unfamiliar to most people to have the 
cold pin of an output socket as a low 
impedance input, and this can cause problems. 
Shorting it locally to ground merely converts 
the output to a standard unbalanced type. If 
the cold input is left unconnected then there 
should be only a very small noise degradation 
due to the very low input impedance of R,. 

Ground-cancelling outputs would appear to 
be very suitable for hi-fi use, as they are an 
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economical way of making ground-loops 
innocuous. However, I am not aware that they 
have ever been used in this field. 

hot te1minal but phase-inverted, Fig. Sb. This 
can be simply done by using an op-amp stage 
with a gain of minus one to invert the normal 
in-phase output. Phase spikes are shown on 
the diagram to emphasise these phase rela­
tionships. 

Balanced output. 'The cold tenninal is now an 
active output, producing the same signal as the 

.. --~~~~~~?. ~~~: .. -~ SCREEN 

Fig. 4a. An unbalanced line output. The cold output - if it exists at all - is connected 
directly to ground. 

,~ SCREEN 
BALANCED LINE. .#' 

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

GROUNDr--_ _._ _ _______ ....._ _ _, 

Fig. 4b. An impedance balanced output. The cold output is connected to ground through a sec­
ond Rs of identical value. 

_A_ 

BALANCED LINE. 
COLD 

Fig. Sa. A ground-cancelling output, with a unity­
gain path from the cold terminal to the hot out­
put. Once more a second Rs balances the line 
impedances. 

BAIJ\NCEO LINE. 
COLD __ __,,....... _ ______ .......,,__ __ v 

FIG Sb 

BALANCED 
LINE OUTPUT. 

_A_ 

Fig. Sb. A balanced output. A2 is a unity-gain inverter driving the cold output. Line impedances 
are balanced. 
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..A.. 

HOT../L.. 

2K2 

OUTPUT 
BALANCE 

2K2 

COLD -y-

Fig. 6. Simplified diagram of a quasi-floating balanced output, 
with its essential trim control for output symmetry. ~OUND 

The in-phase signal itself is not degraded by 
passing through an extra stage and this can be 
important in quality-critical designs. The 
inverting output must not be grounded; if not 
required it can simply be ignored. 

Unlike quasi-floating outputs, it is not nec­
essary to ground the cold pin to get the correct 
gain for unbalanced operation, and it must not 
be grounded by mistake, because the inverting 
op-amp will then spend most of its time in 
current-limiting, probably injecting unpleasant 
distortion into the preamp grounding system, 
and possibly suffering unreliability. Both hot 
and cold outputs must have the same output 
impedance R5 to keep the line impedances bal­
anced. 

A balanced output has the advantage that it 
is unlikely to crosstalk to other lines, even if 
they are unbalanced. This is because the cur­
rent injected via the stray capacitance from 
each crosstalking line cancels at the receiving 
end. 

Another advantage is that the total signal 
level on the line is increased by 6dB, which 
can be valuable in difficult noise situations. 
All balanced outputs give the facility of cor­
recting phase errors by deliberately swopping 
hot and cold outputs. This tactic is however a 
double-edged sword, because it is probably 
how the phase became wrong in the first 
place. 

This form of balanced output is the norm in 
hi-fi balanced interconnection, but is less com­
mon in professional audio, where the quasi­
floating output gives more flexibility. 

Quasi-floating output. This kind of output, 
Fig. 6, approximately simulates a floating 
transformer winding; if both hot and cold out-

3 10 

puts are driving signal lines, then the outputs 
are balanced, as if a centre-tapped output 
transformer were being used. 

If, however, the cold output is grounded, the 
hot output doubles in amplitude so the total 
level is unchanged. This condition is detected 
by the current-sensing feedback taken from 
the outside of the 75Q output resistors. 
Current driven into the shorted cold output is 
automatically reduced to a low level that will 
not cause problems. 

Similarly, if the hot output is grounded, the 
cold output doubles in amplitude and remains 
out of phase; the total hot-cold signal level is 
once more unchanged. This system has the 
advantage that it can give the same level into 
either a balanced or unbalanced input without 
rewiring connectors. 6dB of headroom is how­
ever lost. 

When an unbalanced input is being driven, 
the quasi-floating output can be wired to work 
as a ground-cancelling connection, with rejec­
tion of ground noise no less effective than the 
true balanced mode. This requires the cold 
output to be grounded at the remote (input) 
end of the cable. Under adverse conditions this 
might cause hf instability, but in general the 
approac~ is sound. If you are using excep­
tionally Jong Ci\ble, then it is wise to check 
that all is well. · 

If the cold output js grounded locally, ie at 
the sending end of the cable, then it works as a 
simple unbalanced output, with no noise rejec­
tion. When a quasi-floating output is used 
unbalanced, the cold leg must be grounded, or 
common-mode noise will degrade the noise 
floor by at least l0dB, and there may be other 
problems. In both of the unbalanced cases the 
m;tximum signal possible on the line is 

reduced by 6dB. 
Quasi-floating outputs use a rather subtle 

circuit with an intimate mixture of positive 
and negative feedback of current and voltage. 
This performs the required function 
admirably; its only drawback is a tendency to 
accentuate circuit tolerances, and so a preset 
resistor is normaJJy required to set the outputs 
for equal amplitude; the usual arrangement is 
shown in Fig. 6. 

If the balance preset is not correctly .id just­
ed one side of the output will clip before the 
other and reduce the total output headroom. 
After factory setting this preset should not 
need to be-touched unless the resistors in the 
circuit are replaced; changing the op-amp 
should make no difference. 

The balanc4Jg network consists of a loading 
resistor to ground on each output; in this 
respect the output characteristics diverge from 
a true floating output, which would be com­
pletely isolated from ground. These loading 
resistors are lower than the input impedance of 
typical balanced inputs. So if simple differen­
tial amplifiers are used with unequal input 
impedances, (see the section on line inputs, 
below) the output balance is not significantly 
disturbed and clipping remains symmetrical 
on the hot and cold outputs. 

Quasi-floating outputs are often simply 
referred to as 'balanced' or 'electronically-bal­
anced', but this risks serious confusion as the 
true balanced output described earlier must be 
handled in a completely different way from 
quasi-floating. 

True floating transformer output. This can 
be implemented with a transformer if galvan­
ic isolation from ground is required. The tech­
nique is rarely used. 

The second article in this pair looks at line 
inputs in detail, examines what happens when 
the different kinds of input and output are con­
nected together, and deal~ with the philosophy 
of audio system wiring. • 
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SOLUTIONS 
FOR STICKY 
PROBLEMS 
Resin Tech 
Adhesive Experts 

Adhesives 
Sealants 
Encapsulants 

A complete range of resin based 
products with a choice of packaging 
options 

Cable system adhesives 
Repair systems for hose and pipe 
Retail pack for hobbies and DIY 

PACKAGING OPTIONS 
TwinPack 
Clip separated sachet 

• Safe sealed unit to 
time of application 

• Quick, clean, easy 
to use. 

• Ideal for small 
batch operations, 
repairs etc. 

• No liquid waste 
• Sizes 5, lO, 15ml 

For easy spread 
adhesives 

DuoSyringe 
Side-by-side double syringe 

• Accurate application and placement 
from bead to stripes 

• Mixing nozzles and applicator guns 
• Ideal for larger batch, and 

industrial use 
• Cylinder contents can be reused 
• Sizes 50, 200ml 

For medium viscosity and non-sag 
sealants 

Contact us for solutions to your sticky problems: 
Resintech Limited, Horcott, Fairford GL 7 4BX. 

Tel 01285 712755, fax 01285 713036 
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Q. WHY SIMULATE? 
A. Because It Really Works ... 

... when you have the right software tools. With 
ICAP/4, The Virtual Circuit Design Lab, you can 
simulate the toughest System, JC, and Board­
/eve/ designs. 

You said you would do more simulation if the tools were 
easier to use. Well here you gol 

• Ease of Use for The Beginner, 
Power For The Professional 
With ICAP/4Windows you can sweep ANY circuit variable from the schematic 
and instantly view the results. Seamless schematic-simulator integration makes 
1t easy to see the effects of design changes. 

• Unmatched SPICE Power 
Interactive Native Mixed Mode SPICE 3F and XSPICE based simulator with 
unlimited circuit size 

Simulate all types of designs: Power, ASIC, RF, Analog, Digital, Electro• 
Mechanical 

Advanced Features: AHDL Modelling, Latest BSIM3 MOS model, Simulation 
Alarms, Scripting Language 

State-of-the-Art Convergence Algorithms 

Powerful13ehavioural Modelling Enhancements 

New .. Interface Your Simulation with Test Hardware 

• Bigger SPICE libraries than ANY other vendor 
8000+ models with more model types than any other vendor! Special RF and 
Power Libraries! 

• Integration With OrCAD® Capture"" or Protel® 
Schematic3'M 
We are the first to _bring you real integration with other schematic packages 
using OLE2 techniques. You can run lsSpice directly from other schematics and 
cross-probe the results. All simulation functions are available from dialogues 
and little or no typing is required. 

• Software That Meets Your Needs 
New Network Version (No Protection Key Required) 
Unmatched Free Support 
No maintenance fees 
Windows, 95, NT, DOS, Macintosh, Power Mac 

• Upgrade path: 
ICAP/4Lite £450 • ICAP/4Lite Xtra £1300 • ICAP/4Windows £2300 ..•..• 
three complete design and simulation systems, with increasing functionality. 

Simply The Best SPICE At An Unbeatable Price! 

"'' r'8Magnetics 
Designer 
p I f:,,e 6 ,-

r'""' 
Test Designer 

Demos Available 

Download Your FREE SPICE 
Simulation Kit, App Notes, and 

FREE Model Libraries! 

Web stte: http:l lwww.sojtslm.com 
email: info@softsim.com 

Technology Sources, Falmouth Avenue, Newmarket, 
Suffolk CBS OLZ, trading as: 

Phone: 01638-561460 SoftS iffi 
Fax: 01638-561721 

( Ill( Lf /\0 I !'I ON llEl'll ( Alli) 
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RADIO MODEM 
* MPT 1329 licence exempt. * Range 10- 20km in free 

space or 1km in bui ldings. 
* Half duplex 

asynchronous 
transmission at 4800/ 
9600 bits/sec. * Serial interface with 
baud rates of 1200, 2400, 
4800 and 9600. 

* 4K of buffer memory. * Predictor/corrector error 
checking. l xseoo ..........- 1 * Automatic repeater 
mode to extend range. * Station addressable. * Analogue and digital 
interfaces. * Low power battery 
operation. 

~~--=3 

------- ---~ ~"·­.. --

Warwick Industrial Electronics Ltd 
The Manor Aston Flamville 

Leicestershire 
Tel: 01455 233616 Fax: 01455 233179 
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Looking for the price? 
It's just £49.00 all inclusive! 

. .. no VAT.. .no postage ... 

... no additional charges for 
overseas orders. 

Dealers and distributors wanted. 
Phone (01432) 355 414 to order 

Produce Single or Double sided PCBs._ 
Print out to any Windows suppot1ed pnnter. 
Too/bar for rapid access to commonly used 
components. 

✓ Helpful prompts on screen as you work. 
✓ Pad, track & IC sizes fully customisable. 
✓ No charges for technical suppot1. 
✓ Snap-to grid sizes 0.1 •, 0.05" 0.025" and 

unrestric1ed. 
✓ SMT pads and other pad shapes. 

Also available from, 
South Africa: JANCA Enterprises, PO Box 32131, 9317 
Fichardtpark at R299,00. Phone/FAX: (051) 223744 
France: Telindel, Quartier Les Pradets, Chemin des Veys, 
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Letters to "Electronics World" 
Quadrant House, The Quadrant, 
Sutton, Surrey, SM2 SAS 

Simpler 
outphasing 
In the April 1996 issue of 
Electronics World, David Gibson 
describes 1he use of all-pass fillers in 
the ou1phasing methods used for ssh 
generation. He describes 1he use of a 
cascade of 1wo first order all-pass 
fillers in one leg - producing the in­
phase ou1pu1, and another 1wo in the 
other leg, producing the quadrature 
ou1pu1. 

A leller published subsequently 
mentioned a simpler method using 
fewer op-amps, but I cannot recall 
1he exac1 details. I think he may have 
been referring to Shirley's work*. 
Published as long ago as 1970, this 
article gives a full design with 
component values, for a quadrature 
network covering five octaves, with 
a peak deviation from 90° of ±3.8°. 
The values given arc for a design 
covering 70Hz 10 2.1 kl lz, but 
adjusting it for the communications 
bandwidth of200Hz 10 3kHz is only 
a matler of scaling the capacitor 
values. Allowing for an equal 
(geometric) overlap al each end, the 
range becomes l68Hz 10 5.366kHz. 
This is N=l.79 limes up on 3kHz and 
N times down on 300Hz, since N 
squared limes ten equals two 10 the 
power five. One could select a range 
not of five octaves but only 3.33 
octaves (300Hz to 3kH.:). But the 
extra range at each end is useful to 
provide a li11le leeway for rolling off 
the response outside the three­
decibel points of 300Hz and 3k.Hz. 
Otherwise brick.wall filtering of the 
baseband signal will be needed, 10 
prevent frequencies outside that 

range reappearing in the other -
supposedly - suppressed sideband. 

Shirley's article gives a graph 
showing the peak deviation from 
quadrature for an outphaser using 
two all-pass filler sections in each 
leg, against 1he desired span, e.g. 
3.8° for five octaves as already 
mentioned. If the speech baseband is 
however known 10 be already band­
limited to 300Hz to 3kHz, the graph 
shows that for a design covering just 
a I 0: I frequency ratio, the peak 
deviation from quadratu re becomes 
just ±I. I 0 • The anicle also gives a 
Basic program listing which will 
calculate the required component 
values for any g iven bandwidth, 
returning in addition the resultant 
peak phase deviation from 
quadrature. 

Using 1wo first order all-pass filter 
sections per leg as in David Gibson' s 
design, the component requi rement 
runs to a total of twelve resistors, 
four capacitors and four op-amps. 
The circuit mentioned Shirley 's 
article, which uses second order all• 
pass filter sections, needs the same 
tally of passives, but only two op• 
amps. As dual op-amps have a 
smaller footprim than quads. there is 
a minor advantage where space is al 
a premium. 

In ssb speech communication links, 
measures such as vogads, 1F clipping 
clc. are used to try and increase 'talk 
power' . by increasing the mean to 
peak power ratio of lhe transmission. 

A further useful method is to 
'brighten' 1he speech with a 'blue' 
filter - one where the response 
mcreases by 6dB per octave as the 
frequency rises. This emphasises lhe 

lower level unvoiced sounds such as 
sibilants, fricatives, plosives and the 
like (css, elf, pea, 1ea), which are 
crucial 10 in1ellig1bili1y. Such a filter 
will of course shift the relative phase 
of the higher and lower frequencies 
of the baseband signal. 

Fortunately, the relative phases are 
unimportant and indeed not 
perceived a1 all by the ear. However, 
such a blue filter, and indeed the all­
pass filters used in outphasing 
methods, will have a very 
pronounced effect on any digital 
traffic that one sends over the link. 
Ian Hickman 
Wateriooville 
Hanis 

*Shirley. F. R.. 'Shift phase 
independent of frequency', 
Electronic Design No 18. Sept. I 
1970. 

On the wire 
J read Cyril Bateman's anicle 
regarding loudspeaker cables with 
great concern. Despite his request, I 
have no interest in, "shooting these 
findings down in names". There is 
liule doubt that what Mr Bateman 
measured was repea1able. 

However, there is a great step 
between making a repeatable 
measurement - however 
unsurprising- and giving a coherent 
theory which explams the measured 
results. My concern is tha1 Mr 
Bateman has not made that step. His 
arguments are so nawed and his 
misuses of technical terms are so 
frequent that l have difficulty 
knowing where to begin puning 

Electricity without magnetism 
Your July 1992 issue included an article entitled 
"Electnc11y without Magnetism '. That anicle 
prompted me to write a somewhat disparaging teller 
in September of 1994 A~ I had hoped, the leuer 
resulted ma respon~e m the November 1994 issue 
from one of the co-mventors, Dr. Harold Aspen, in 
which he Jdvised that the invention/discovery was 
being further investig,tted by a group at MIT, USA. 

been invented. Since the device in question appears 10 
take advantage of both technologies it 1s of 
considerable interest to me. T have endeavoured to 
obtain a small quantity of the PVDF material referred 
to in the article but have failed. Thai has prevented me 
from trying to duplicate the co-inventors work. 

We arc just entenng 1997 but to date no further 
information appears to have trickled out regarding 
where the invention now stands. ls it a non-starter? 
Many years ago I was deeply involved with both 
thermocouples and low-power ultrasonics, in totally 
separate applications. The ultrasonics work used 
thenmonic valves because transistors had not then 

April 1997 ELECTRONICS WORLD 

So, l will be delighted if someone 1s w1llmg to bnng 
me up to date with the present position. If Dr Aspen 
reads this letter, then perhaps he will now appreciate 
that my letter of July 1992 to EW W3!> wnnen with the 
sole intention of provokmg a reply from one of the 
inventors - which it did. I had earlier wnuen direct 10 
his co-inventor, Mr. J S. Strachan. Echnburgb 
University, but that proved 10 be abortive. 
R L Tufft 
Thirsk 
North Yorkshire 

them right. There is no justification 
whatsoever for treating loudspeaker 
cables as transmission lines and they 
do not have a characteristic 
impedance at audio frequencies. 

Mr Bateman's use of the term 
transmission line is at variance with 
the accepted defmition employed by 
the great body of electronic 
engineers. If technical definitions 
can be varied at wiJI in this way it 
wiU not be long before 
communication is rendered 
impossible. 

Existing circuit theory prcdicIS 1he 
error due to loudspeaker cable very 
well, bu1 even if it did not there 
would not be a problem. 
Loudspeaker design has moved on 
and the traditional passive 
loudspeaker fed by cable from a 
remote wideband amplifier is a bit of 
a dinosaur. Passive crossovers 
simply cannot meet modem 
performance criteria. With modem 
ac1ive designs there is no 
loudspeaker cable at all and it is 
difficult to see how Mr Bateman's 
findings advance 1he art. 

The editor cannot be blamed for 
printing the anicles in queslion. If 
Wireless World - for we still call ii 
1hat - had been a peer review 
journal, many valuable articles 
would never have been printed. Tbe 
down side of this freedom is that 
occasionally something regrettable is 
printed. Wireless World has a long 
standing tradition of doing the peer 
review in 1he le1ters page after 
publication. 

As the author of some tens of WW 
anicles I am acu1ely aware tha1 one's 
work is well scrutinised and 
erroneous statements arc usually set 
right by readers. If one is humble 
enough to heed readers comments, 
one can learn a great deal and l 
would commend chis course 10 Mr 
Bateman. 
John Watkinson BSc MSc FAES 
Readins, 
Berkshire 

Cyril replies 
May I thank John Watkinson for 
agreeing with my conclusion 1ha1 the 
best speaker cable is to avoid using 
one i.e. to have no cable at all. 
Perhaps this is no surpnse since 
these words were in fact used by 
Nelson Pass in his 1980 Speaker 
Builder article I referenced. 

However, I must disagree with 
John in that the vast majoriry of hi-fi 
listeners do in fac1 listen to two or 
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MX2020 function 
generator with 
int/ext sweep; 
spans 0•02Hz to 
2MHz and is 
available to 
readers 
for iust £179 
fully inclusive of 
VAT and postage 

Function generator for iust £ 179 
Featuring a bright 4-digit LED frequency counter Alternatively fax credit card details with order on 
which is external! accessible, the MX2020 func- 0116 2773945 or telephon7 on 01~62771400. 
tion generator caters the range 0•02Hz to 2MHz, Please direct all. queries relating to this offer to Vann 
making it suitable for both audio and low-end RF Draper Electronics 
work. Selectable output waveforms are sine, ,------------------------------- -------- , 
square, triangle, skewed sine, pulse and ttl. Use this coupon to order your MX2020 
~hil~iti~t;su;~~;e~i~:ki!

0 
6ii6 ~~Pf o~~~~r:~, Please send me ................ MX2020(s) function generators at the 

50.Q. Output is offsettable to ± 1 0Y. fully inclusive special offer price of £179 each. 
Further features are: 

• 4-ranges, 1 Hz-9999kHz f meter, 15mV sens. 
• 20dB attenuator 
• 100/ 120/220/240V mains operation 
• Frequency is 100: 1 variable 
• Symmetry is variable between 10: 1 and 1 : l 0 
• Sine wave distortion < l % at l 00kHz 
• Squarewave rise time l 00ns or 20ns for ttl 
• Log/lin sweep, 20ms to 2s, l : l to 100: l 
• VCF i/p 0-l 0V, range 100: 1 .. 
• 5•24288MHz timebase, 20ppm stab1l1ty 

Normally, the MX2020 sells at £ 199, e~c!uding 
17•5% VAT and delivery costs. But Telev1s1on read­
ers can obtain this instrument for iust £ 179 - fully 
inclusive of VAT and delivery. This represents a 
saving of well over 25%. . . . 

To receive your function generat?r, simply fill .in 

the coupon on the right and send 1t, together with 
a cheque or postal orde~ for £ 17~, to Vann 
Draper Electronics at Unit 5, Premier Works, 
Canal Street, South Wigston, Leicester LE 18 2PL. 

*Overseas readers can also obtain this discount but 
details vary according to country. Please ring, write 
or fax to Vann Draper Electronics. 

Name 

Company (if any) 

Address 

Phone number/fox 

Total amount £... ................... . 
Make cheques payable to Vann Draper Electronics Ud 
Or, please debit my Moster, Visa or Access cord. 

Cord No 
Expiry dote 

Please moil this coupon to Vann Oroper Eledronics, together with poymenl. 
Alternolively lox credit cord delolls wilh order on 0116 277394S or telephone 

1 0116 2771400. Address orde~ and oll correspondence relating lo lhis 0<der lo Vann Draper 
: Eledr011ics al Unit S, l'Temier Works, Conol Slreet, Soulh Wigs!OII, le~esler, lEl 8 2PL 
1 Ovellffl reoders ccn also obtain 1his discount bu1 deloils vary occordu,g lo counlry. 
I El . : Pleose ring, wrtte or lox lo Vann Draper edromcs 1 
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three way passive crossover speaker 
systems driven via several metres of 
cable. This indeed was the basic 
assumption used for all rhree of my 
recem articles. consequently his 
comments regarding active designs 
are nor relevant to this series. 

It seems my use of the 
transmission line equarion at audio 
frequencies causes him discomfort. 
Perhaps it is worth recalling this 
equation was originally called the 
'Telegrapher's' equation and was 
developed to quamify audio 
frequency transmission along 
telegraph lines. It was 
mathematically defined by Kennelly 
and Steinmetz in 1893, and while 
neither I nor the contents of my 
library are qu ite that old, l believe 
this predated its use for radio­
frequency transmission. It is also 
perhaps worth recalling this 
mathematical derivation results from 
considerations of extremely short 
lengll1s of line. 

Obviously, as stated in the articles, 
the commonly used rf simplification 
of (UC) 1/2, which assumes that the 
ac resistive portion is negligibly 
small, is not applicable al audio 
frequencies since regardless of cable 
lengths. this resistive term 
dominates. 

I didn't originally set otlr 10 prove 
cable impedance was relevant. 
Having performed the various 
measurements, which John accepts 
are repeatable, and using the 
accepted dogina of series resistance 
and inducrance, I was 101ally unable 
to explain rhe voltage changes with 
frequency from I kHz to I0kHz and 
change of cable, for the mosfet 
amplifier, Fig. I, January 1987 
issue, p. 55. These measurements for 
both amplifiers have recenrly been 
repealed over the extended 
frequency range I kHz to I MHz, 

Marconi sell out 
Does i1 mauer when we disperse at auction a major 
archive of scientific and technical papers, 
photographs and historic artefacts, encapsulating 
the very origins of a maJor science-led industry? 

monograph seen recent publ ication. 

Some might think not, but that is exacrly what 
GEC will shortly do with the complere archive and 
museum of the Marconi Company - at Christie's in 
London, on April 24 and 25. 

International interest in this auction will be very 
great; and in the absence of intervention, dispersal 
abroad is likely. The Royal Commission on 
Historic Manuscripts, National Heritage Memorial 
Fund and Herirage Louery Fund should consider 
this case as a mauer of urgency. 

Meanwhile. where are our national mu~eums and 
professional institutions who should surely be 
exercising a warching brief?. And if this sale goes 
lhrough - what other major instirutions, some also 
concerned with broadcasting and telephony. will 
see fit to follow in talong the car boot sale 
approach 10 their - and our - historical 
inheritances? 

It 1s clear from Christie's press release that this 
marerial is an unparalleled record of the origins 
and development of 'wire-less' communicat ions, 
world-wide, and as such would be of first 
importance to maritime, military and general 
historians - as well as a source of inspiration to 
radio and electronic engineers. Part of rhe tragedy 
is that this collecrion has been so liule studied, and 
that no attempt was made to display it during the 
Marconi Centenary Year. Nor has any worthwhile 

Dr Thomas Going 
Southend 

with exactly the same results. 
If John can offer an a lternarive 

more acceptable explanarion as to 
how amplifier/cable/speaker 
damping performance can increase 
with frequency, when both the series 
impedance of rhe cable and the 
amplifier output impedance increase 
wirh frequency, I and I'm sure many 
other readers, would be more than 
pleased lo be so informed. 

If John also has access to belier . 
supporting evidence as to rhe 
behaviour of speaker cables, again it 
would be beneficial if other readers 
could be so updated. For my pan, l 
shall continue 10 rely on my copy of 
' Reference Data for Radio 
Engineers', published by Sams & 
Co, which states ihe full 
transmission line equation 
((R+jwL)/(C+jc.oC))in, as quoted in 
my articles, is an 'accurare equation 
applicable from de up 10 such 
frequency when higher modes 
appear'. 

Essex 

Irate 
communication 
over ·cable 
l knew it! The March issue of EW 
has the now inevitable crop of 
le11ers which endlessly discuss the 
pros and cons of loud speaker cable 
construction; a subject whose 
boredom is only exceeded by 1hat of 
a general election campaign: 

While l appreciate that your 
editorial staff cannot influence lhe 
quality and quantiry of letters 
submilled on any particular subject, 
you surely could draw a line under 
this one now and say 'enough is 
enough' 

I realise thai there jusr may be 
quire incredibly sensirive individuals 
in the population who can detect 
aurally the minutiae of distortion in 
their hi-fi systems; the difference for 
example between 0.001 and 0.01 % 
of rhd. However, since the signals 
subjccr 10 the minuscule distortion. 

if any, of loud speaker cables are 
also subject to the passage through 
innumerable acoustic, electric, 
electronic. modulation, 
demodulation and conversion 
processes on their way from source 
to loud speaker, one is tempted to 
dismiss as trivial the effect of 
speaker cables which are 
construcred from anything less 
sophisticared than multistranded 
bus-bars made from ultra pure, 
oxygen-free electrolytic platinum. 

Do you remember the days gone 
by when your lener pages resounded 
with discussions on gravity, 
relativity, cosmology, rhe speed of 
light, Michelson and Morley, lhe 
Catt anomaly, Silvertoorh, Aspden 
and the erher and so on and so on? 
Oh dear, what has gone wrong with 
EW? Or is it that something has 
gone wrong with your readers?, 
MG THewlett 
Midhurst 
WSussex 

90° phase shift made easy that time have used ·supersonic' not 
'ultrasonic'). It used a mechanical ultrasonic 
generator, which was basically a close pair of 
perforated metal discs one being rotated at high 
speed, to generate high powered ultrasonics. 
These ultrasonics vapourised water contained in 
a sealed tank, which in turn, so it was claimed, 
developed sufficient pressure to operate a small 
sream engine wirh which to propel a car. 

Wireless Service Manual? 

Aln the February issue of Electronics World, 
a reader searches for a method of producing 

90° phase shift. A QBasic program published in 
the I 3 September 1976 issue of Electronic 
Design does e xactly that. 
Dave Hayes 

Led backwards 

QWhy do ligh1-cmi11ing diodes have such a 
low reverse voltage? Often, only a few volts 

is specified. Many circuits would be simplified if 
the raring was 15V or so. Is the restricrion 10 do 
with 1he manufacruring process? 
PGascoyne 
w ,,ntage 
Oxfordshire 

Sound-driven car? 

QDoes one-of your more mature readers 
remember reading a constructional article, 

c irca 1936, which appeared, I think, in Car 
Mechanics or Car Illustrated, both American 
publicarions (an English publication would at 
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No doubt such a system could set up caviration 
and vapourisc warer, but how to cope with the 
artenclant noise of what was essentially a crude 
siren is difficult to understand. Perhaps one of 
your readers - probably deaf since 1936 -
having built the contraption, might have some 
information. 

Magneto-stricrion technology using 
frequencies above audibility might be a means of 
designing a modern equivalent for an ancient 
proposal. Who knows? Perhaps we mighl be able 
to discover from where many politicians get !heir 
' hot air'. 
R L Tufft 
Thirsk North Yorkshire 

QDoes anyone have a copy of the Wireless 
Service Manual, published by Iliffe around 
? I am interested in details of an 

osci lloscope that incorporated an indicaror unit 
known as a 'plan-position indicator'. 
CM Lindars 
Providence Cottage 
Unity lane 
Misterron 
Crewkerne 
Somerset TA 18 BNA 

Circuits for j-fets please 

QDoes anyone know where I can get hold of 
application ci rcuits for MPF 102 or similar j­

fets please? 
W D Nicholson 
13 Devanham Road 
Handforth 
Cheshire SK9 JQE 
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Cross over 
crossover 
Bill Teleki's anicle 'Crossover 
Networks Made Simple' on pp. 
548-550 in the July/August 1996 
issue includes simulated responses 
for various orders of passive 
crossover networks computed on the 
basis of a purely resist ive load. 
However. Bill has omitted to 
mention 1ha1 the impedance of 
typical loudspeaker drive units is 
usually reactive in nature. This can 
significant ly affect the perfo1mance 
of any filter networks 1ha1 have been 
designed on the assumption that the 
impedance of a loudspeaker driver 
behaves like a pure resistor. 

Here l will give an example of the 
effects of impedance mis1crmina1ion 
on the response of a two-way 
third-order Bunerwonh crossover. 
Crossover frequency is chosen 10 be 
3000Hz, and component values are 
computed using the assumption that 
the low-frequency and high­
frequency drivers are e,1ch 81:l 
resistive loads. 

For the purpose of this discussion, 
the sound-pressure response of these 
dnvers is assumed 10 be ideal, in the 
sense that it is completely flat from 
de 10 infinite frequency. 

Resulting low and high-pass filter 
response functions, together with the 
summed response, are ~hown in Fig. 
1. The - 3dB crossover point at 

3000Hz is clear. as is the ± 135° 
phase shift of the low and high-pass 
filtered responses, respecuvely. 

Figure 2 ~hows impedance 
response curves of 1wo typical 
loudspeaker drivers, where one 
curve is for a woofer and the other is 
for a rweeter. The woofer's 
impedance response mes at high 
frequencies because of the 
inductance of the voice-coil and 
eddy current losses in the magnetic 
motor. 

Note that the phase shift of the 
woofer impedance asymptotes to a 
value slightly greater than 45° at 
high frequencies. Thi~ impedance 
behaviour cannot be modelled by a 
simple inductance, as many people 
assume. as this would lead 10 an 
asymptotic phase shift of 90° • 
Bec-.iuse the lower lim11 of the 
ploned frequency range 1s I OOHz, 
the peak in the woofer impedance at 
the free air resonance frequency of 
the woofer is not displayed. The 
1wee1er's impedance curve shows a 
peak at this driver's free ?ir . 
resonance frequency, while staying 
relatively constant elsewhere in the 
frequency range. 

When the lowpass and highpas~ 
sections of the third-order 
Butterworth crossover network are 
terminated by the actual woofer and 
tweeter impedances, a number of 
imernctioM occur, and the results 
are shown in Fig. 3. Filtered and 
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Fig. 1. Simulated response for ideal purely resistive Bn drivers using a 
two-way third-order Butterworth crossover plotted over the frequency 
range from 100Hz to 20kHz. 
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summed responses arc quite 
d ifferent from those obtained when 
the driver, were assumed to be 
simple resistive loads, and the 
overall result can only be judged as 
being unacceptable. ii is clearly 
evident 1ha1 the lowpa~s filtered 
response no longer follows the 
desired response characteristic of a 
third-order Bunerwonh filter 
frequency response function . 

A large peak al about 2500 Hz is 
evident, and the roll-off rate 
between lOkHz and 20kHz is only 
13 dB/octave instead of the expected 
18 dB/octave. The high•pass filtered 
response is much less affected, 
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although ir does show minor 
response anomfll 1es, such as 
approximately ldB of boost in the 
l 2kHi frequency region. As a re~ult. 
the magnitude of the summed 
response is far from 1la1, which 1s 
not the desired result. 

This simple e>.ample illu.strates 
that 1t 1s not a good idea to assume 
that a crossover network designed 
on 1.he basis of constant resistive 
loads will perform adequately when 
Lhe true driver impedances are 
connected 10 the filter network. 

[n this instance, the problems 
occurring with the woofer can be 
greatly reduced by the use of an RC 
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Fig. J . Low-pass (dashed line), high-pass (dotted line) and summed . 
(solid line) frequency response (unctions obtained when the theoretical 
filter design is terminated wit/, typical woofer and tweeter 
impedances. 
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Fig. 4. Low-pass, high-pass, and ~ummed respon_ses obtained when a 
Zobel network is added to equal ise the woofer impedance. 
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Fig. 2. Typical impedance response curves for a woofer (solid line) and 

tweeter (dashed line). 
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK 
HP New Colour Spectrum Analysers 
HP141T+85528 IF t 115538 RF- 1KHz-110Mc/o - C700. 
HP141T+8S528 IF - SSS.8 RF- 100KHz-1250Mc:/s -£900 
HP141T- 85528 IF + 855tiA RF - 20Hz-300KHz - C700. 
Special Offe,just In from MOD Oty 40 HP8555A RF Units 10Mc7s- 18GHz.S. 
HP141T • 85528 IF + 8555A 10Mc/s- 18GHzS-[1200. 
HP ANZ Units Awailable s eparately - New Colours - Tested 
HP141T Ma1nf,1me-f350. 
HP85528 IF-£300 
HP8SS38 RF lKHz 10 110Mc/s - C200 
HPBS548 RF 100KHzto 1250Mc/s - C500. 
HP8555A RF 10Mc/s to 18GHzS- £800. 
HP8556A RF 20H, lo 300KHzS - C.250. 
HPB443A Trac1c,ng Generator Co"muu lOOKH2- 110Mcls-000 
HPll4458 Tr a<J<,ng Preseleetor OC 10 \ 8GH1 - (350. 
HP3580A 5Hz - 50KHz ANZ- C750- (1000, 
HP3582A .Q2Hr 10 25.6KHz - C21t. 
HP8568A 100Hz- 1500Mc/sANZ- [6l<. 
HP85698 10Mc/s- 22GHz ANZ- (6k. 
HP M ixers arc avaUabht for the above ANZ's to 40GH1 
TEK 492 -SOKHz- 18GHz Opt 1 +2 - C4k-C4,2k 
TEK 492 -SOKHz - 18GHz Opt \+2+3 - C4.5k. 
TEIC492P- 50KHz-21 GHz Opt 1•2+3-[51t 
TEK 494AP \ KC/S - 2 i GHz - C7k 
TEK496P \KHz- 18GHz-C4k, 
TEK 5l4N O-\OOKHz-£400 
TEK 7L5 + L 1 20Hz-5Mc/s - (700. 
TEK 7L5 + LJ - Opl 25 Tracking Gon- £900. 
TEK 7L 12-100KHz-1800Mc/s - C\000. 
TEK7L18 -1 ~Hu-C1500 
TEK 491 lOMc/s-12 4GHzs-40GHn - C750. 12.4Ghzs-40Ghzs w,1h Mixers. 
Tektronix Mixers •re a vailabte for abo\fe ANZ to 60GHzs 
Systron Connor 163 Spec1r·um ANZ+ 47458 Preselector .01- 18GHz • Two Mixers 18-40GHz 1n 

Transit Caso - f.'3k. 

~~:~!~Sig~•~~=~•r,ai~reis-i~·~?~;,,~;~O\,M FM Synlhesozer 50Mc/ s 2- 1 BGHu 
R&S SWT' Swoep Generator Syn1hesizer AM FM 4-2SOOl\l1c/s - £3..Slt. 

ADRET 331 OA FX Synthes,zer 300Hz-60Mc:ls - (600 

~~~: ~o~tst~~~~~~! = b~~~:ur.~:.~ r~ (800. 
HP8651A RF Osc,11a1or 22KC/S - 22Mc/s. 
HP53168 Umvorsal Counter A+ B 
HP6002A Powe, Unll ~5V0-10A 200W. 
HP682SA Bipotar Power Supply Amphfier 
HP461A-46SA-467A Ampliflo,s. 
HP81 S 19A OpUCII Receiver OC---tOOMc/s. 
HP Plotters 7470A-747SA. 
HP3770A Amplitude Delay Oistonlon ANZ. 
HP37708 Telephone Line Analyser 
HP8182A Oat• Analyser. 
HPS9401A Bus Sy11em Analyser 
HP62608 Power UniI ~1ov~100Amps. 
HP3782A Error Detector. 
HP3781A Pattern Generator. 
HP3730A, 3737A Oown Converter Osclllalor 3.6-6,SGHz. 
HP Microwave Amps 49Hi92---t93-494-4SS-1GHz-\2.4GH,-t250. 
HP1058 Ouart, Oscillator- (400 
HP5087 A Oistnbuclon Amplifier 
HP6034A System Power Supply 0-60V 0-10A- 200W - £500. 
HP6\31C O,g,tal Vollage Source+ - \OOV ½ Amp 
HP4275A Mull, Frequency L C.R Meter. 
HP3779A Pnmary Mulliple, Analyser. 

~::~~~ ~~::;r S~gu~~r~~::c~alyser. 
HPt630G L09,c Analyser. 
HPS316A Uruversal Counter A+B. 
HPS33SA Universal Counter A+B+C. 
HP595018 fsolated Power Supply Programme,. 
HP8901A Modulo1;on Meter AM - FM - also 89018. 
HP5370A Univ8'58f Time Interval Counte r. 
Morconi TF2370 - 30Hz-.110Mc/s 750HM OUIPUI (2 BNC Soe~IIS• Resistor for 500HM MOD W•th 

Marconi MOO Sheet supplied - C:650. 
Marco ni TF2370 30Hz-.110Mc/s 50 ohm OU!pul - C750. 
Marconi TF2370 n obove bul 1110 type- (850 
Marconj TF2370 as above but leto type Brown Cese- [1000, 
Marconi TF2.J74 Zero loss Probo- C200. 
Marconi TF2.440 Microwave Counter - 20GHz - £'1600. 
Marconi TF2.442 Microwave Counter -26.SGH;c - C2k.. 
Ma rconi Tf2305 Modulation Meter - C2.Jk.. 
Raeal/Oana 2101 M icrowave Counter -10Hz-20GHz- E2k. 
RacaVDana 1250-1261 Universal Swnch Conttoller r- 200Ma's Pl Cards. 
Racal/Oon• 9303 True RMS Levelmeter.Heed - [450. IFFE - [500. 
TEKA6902A also A69028 lsolalor - £300-£400. 

~~ ;~~~~~:o~~:~~~bl!~~-ctlon Generator 20Mc/s- [600, 
TEK2465A 350Mc/s Oscilloscope - £2.Sk + probes - Cl SO each. 
TEk CT .S High Cu,rent Transform• r P-robe- (250 
TEK J16 Oig;1al Photomeier + J6523-2 Luminance Probe-000 
TEk J 16 Digital Photomete r -+ J6503 Luminanc• Probe - £250. 
ROTEK 320 Ca I ibraior + 350 H 1gh Current Adaptor AC-OC- £600, 
FLUKE 51028 AC-OC Calibr.ior - C4k, 
FLUKE 1120A IEEE- 488 Translalor-f:250. 
Tlns ley S tandard Cell Banery 66448 - £500. 
Tlnsley Transpor1able Voitag• R1ference-£SOO. 
FlUKE YS020 Current Shun!- C\50. 
HP74SA+ 746A AC Ca1ibrator - C600 
HP8080A MF + 8091A 1GHz Rate Generator + 8092A Delay Gonera,or -,. Two 8093A 1GHz Amps 

+ 15400A - C800. 
HP54200A Oigillzlng Oscilloscope, 
HPl 17298 tarrier Noise Tes t Set .01-18GHt- LEF- £2000. 
HP3311A func1,on Generator - £300. 
M1reot1i TF2008 - AM-FM s,gnal genera10, - also sweeper - 10Kc:ls - 510Mc:/s - lrom £250 -

tested to C:4001s riew wlth manual - probe lc1t rn wooden carry,ng box. 
HP f requency comb generator 1vpo 8406-(400. 
HP Vector Voltmeter type 8405A- C400 new colour, 
HP Sweep Oscillators type 8690A & B + plug-ins from 10Mc/s to 18GHz also 18·40GHz. P.O.R .. 
HP Network An1lyzer type 8407A + 8412A • 8501A - 100Kc/s - 110Mc/s- [500-C1000. 
HP Amplifie r type8447A-1-400Mc/s £200-HP8447A Ooa l - £300 
HP Frequency Counter type 5340A - l8GHz £1000- rear outpUl C800. 
HP 8410-A - 8 - C Network Analyzer 110Me/s 10 12GHz or 18GHz - plus most other units and 

displays used 1n this sel-up - 8411a-8412- 8413-8414- 84\8 - 8740-8741 - 8742- 8743 -
8746-8650. From £1000. 

Racol/Dana 9301A- 9302 RF Mllllvoltmeter - 1.S,2GHz- f250-C400, 
Aacal/Oana Modulation Mettr type 9009 - SMds- 1.SGHz- C250 
Marconi RCL Bridge type TF2700 - £150. 
M1rconi/S•unde,1 Signal Sources type - 60588 - 6070A - 6055A - 6059A - 6057A - 60S6 -

(250-£350. 400Mc/s to 18GHz 
Marconi TF124S Circuit Magnification me1er • 1246 & 1247 Oscillators -£100-£300. 
Merooni microwave 6600A sweep osc., ma,nfreme with 6650 Pl - 18-28.SGHt or 6651 Pl - 26.5· 

40GHz- £1000 or Pl only [600. MF only £250, 
Men:oni distortion meter type TF2331 - £150 TF2331A-C200 

Teklronix Plug-In, 7Al3 - 7Al4 - 7A18 - 7A24 - 7A26- 7Al1 - 7M11 - 7S11 - 70\0- 7S12- Sl 
- S2 - 56 - S52 - PG508 - SC504 - SG502 - SG503 - SG504 - OC503 -OC508 - 00501 -
WR501 - 0M501A-FG50\A-TG501 - PG502-0C505A - FG504-7880 • 8S-7892A 

Gould J3B 1est oscillaror + manual - £150. 
Tektronix Mainframes- 7603- 7623A - 7613 - 7704A - 7844- 7904 -TM501-TM503 -TM606-

7904A - 7834- 7623 - 7633, 
Marconi 6155A Signal Source - 1 10 2GHz - LEO readout-£-'00. 
Barr& Stroud Variable filter EF30.1Hz-100kc/s + high pass+ low pass- Cl SO 
Marconilf2163S anenuaio, - 1GHz., £200 
Farnell power unit H60/50 - (400 tested. H60/25 -C250. 
Racal/ Dana 9300 RMS voltmeier-£250 
HP B750A storage no,mallur- f 400 w ith load t S.A or N,A lotorface. 
Marconi TF2330-orTF2330A wave anatvse,s- (100-(150. 
Tektronix -7S14 - 7T11 - 7St1 - 7S12-S1 - S2 - SJ9 - S47 - S51 -S52- S!'>J - 7M 11. 
Marconi mod meters type TF2'304 - £'250 
H1' 5065A rubldrum vapou, FX standard- Cl .5~. 
Systron Do nner counter tvpe 60548 - 20Mc/s - 24GHz - lEO readout - (1k. 
Racal/Oana 9083 sipnal source - two 1one- £250. 

~:~~~ie;~:;s~~i~,,~~~~e~ai~~Jg~ ;:r~;,~~~~dc~°s6 ~~S{)~M/FM - C600. 
Farnall electronic load type RB1030•35-(350 
RaC<11/0 an1 counlers-9904- 9905-9906 - 99\5-9916- 9917 -9921 - 50Mc/s-JGHz - £:100-

[450-a11 fined WTth FX standards. 
HP481SA RF vec1or impedance meter rJw probe-(50()..C600 
Marconi TF2092 noise reco1ver. A. B or C plus filters-(100•C350 
M•rconl TF2091 nofse generator. A, B or C plus fillers - C100,C3SO. 
Marconi 2017 SIG lOKhz - 1024MH,. 
HP 180Tll, HP182T mainframes £300-£500 
Phffip.s pan0tamic receiver rype PM7900- I 10 20GHz -(400 
Marconi 6700A sw eep osc,lletor f- 18GHz Pl's avaifable . 
HP8SOSA network ANZ+ 8503A S ()ar8me1e, test set + 8501A normalizer - C41c. 
HP8S05 network ANZ 8505 • 8501 A • 8503A 
Raul/ Dana VLF frequency standard equlpmen1. Tracer rnc.e1ver type 900A + diffe,eoco motor 

type 527E + rubodium standard type 947b- C2750. 
HP signal generators 1ype 626 - 628- frOQuoney IOGHz- 2\Gltt. 
HP 432A- 435A or B - 4J6A - power meters+ powerheads - Mc/s-40GHz- C200-C1000 
lkadley osc,lloscope calibrator type 192- £600 
HP8614A Stgnal gene.rator 800Mcls-2.4GHz:. new colour C400. 
HP8616A s,gnol gon 1.8GHz- 4.5GHz, new colour [400. 
HP 3325A syn function gen 20Mc/s - £1500. 
HP 3336A or B syn level gonemor-£500-£600. 
HP 3586B or C selecti\le level meter- (750-(1000. 

~~ ~~ ~n,::~~:i::;e; j~13J~~~;;,~'\°~OOJ-[4 5lc, 
HP 8660 A,8-C syn SIG. AM + FM - \OKc/s 10 110Mc/s Pl - 1Mc/s to 1300Mcls - 1Mc/s to 

2600Mc/s - [S00-£2000 
HP 8640B SIG AM-FM 5\2Mc/s or \024Mc/s. Opt 001 or002 or 003- £800·C\250. 
HP862228X Sweep Pl- 0 1- 2.4GHz + ATT- [ 1750. 
HP8629A Sweep Pl - 2 - 18GHz-£ 1000. 
HP 862908 Sweep Pl - 2 - 18GHz - £ 1250. 
HP 86 Sane, Pl"s in stock- sphtband from 10Ma's - 1B.6GHz- £25()..(lk. 
HP 8620C Mimframe - £250 IEEE - £500. 
HP861SA Programmable signal source - 1MHz-50Mcls - opt002-Clk. 
HP 8601A Sweep gener11or , 1 - 110Mc/s- C300. 
HP 3488A HP-18 switch control unn -£500 + control modules vario us -£176 each. 
HP 8160A SOM c/s programmable pulse ganerotor-£.1000 
HP8S3A MFANZ-C\.Sk. 
HP 8349A M crow ave Amo 2 - 20GHz Sohd 1111e- Cl 500 
HP 3585A Analvse r 20Hz - 40Mc/s - C4k. 
HP 85698Anolyser .01 - 22GHz-CSk. 
HP 3580A Analvser 5Hz - SOkHz-[\k. 
HP 1980B Oscilloscope measurement system - ( 600. 
HP 3455A Oigftar vottmotor - £500. 
HP 3437A System vollmeIer- £300. 
HP 3581C Selective voltmeter -£250. 
HP 5370A Uruversal ume tn1of"\l'al counter- £450. 
HP 5335A Universal counter - 200McJs - rsoo. 
HP 5328A Universal counter - 500Mc/s- r250. 

~~ m~: ~::~ri r~~~:~~lo-:-0-60V- O- 10 a m ps-rsoo. 
HP l64SA 011a e,ror .analyser- C150. 
HP 4437A Attenuator-£150, 
HP 3717A 70Mc/s modulator - £400. 
HP 3710A - 3715A - 37\eA - 37028 - 37038 - 3705A - 371 \A - 3791B - 3712A - 3793B 

microwave link analyser- P.O,R. 
HP3730A• 8 RF down convorter- P.O.R, 
HP 3552A Tronsmisston test set - £400. 
HP 3763A Error detector -(500. 

~~ ~h~: 2~~~!~:;~~!'~y~a;!!Y;:;_cWoc,_ 
HP 3780A Pattern generator detector - (400 
HP 3781A Pattern generator- £400. 
HP 37818 P111em generator lbelll- £300. 
HP 3782A Error de1ec1or - £400. 
HP 37828 Error detector (bell! - £300. 
HP 3785A Jitter generator 4 receiver-£750-Clk. 
HP 8006A Word gene, ator - C 100-£1 SO 
HP 8016A Word generllor - £250. 
HP 8170A Logic pattern gen1r11or-CSOO 
HP 59401A Bus system anelyser - 050. 

~~i~::~~5~~'if r~~~·-1~e: ~iH-,i~,;;~~°FM _ c, ooo. 
S.A. Sp1ctr1I Oynomics S0345 Spectroscope 1 \ \ - LF ANZ- (1500, 
Tektronix A7912 Transient waveform digi11zer-programmabte -£400. 
Tektronix TRS03 + TMS03 tracking generator 0.1- 1.8GHz-[1k-orTR502. 
Tektronix 576 Curve tracer ..., adap-iors-£900. 
Tektronix 577 Curve tracer • 1daptors-£900. 
Tektroni• 1502/1503 TOR cable test se,-£1000. 
Tektronix AM503 Current probe.,. TM501 m/frame-ClOOO. 
Tektronl• SC501 - SC502 - SC503 - SCS04 oscllloscopes - C75-£350. 
Tektroni• 465 - 4658 - 47S - 2213A - 2215 - 2225 - 2235-2245 -2246- C250-£1000. 
Kikusu1100Mc/s Oscdloscope COS6 l OOM - £350. 
Nicolet 3091 LF oscilloscope - C400. 
Rae.al 1991 - 1992- 1988-1300Mc/scounieos-CSO(H900. 
Auke 80K-40 High vohago probe m case - BN - C100. 
Racal Reco,ders - Store 4 - 40- 7 - 14chonnels in stoc1c - C250-.CSOO. 
Aacal Store Ho, se: Reco,der 8c control -[400-£750 Tes ted . 
EIP 545 microwave 18GHt counter - [ 1200 
Auke 51 OA AC ref s1andord - 400Hz - £200. 
Auke 355A OC voliages11ndard - £300. 
Wiltron 8100 Sweep Generttor • 6124C Pl - 4- 8GHz- (400. 
Wiltron 6100 Sweep Genoretor • 610840 Pl - 1Mc/s - 1500Mc/s-£500. 
Time Elecltonics 9814 Voltage calibra tor - £750. 
nme Electronics 9811 Progr!mmabte res11t1nce-£600. 
lime Ele ctronics 2004 O.C, voltage standard - ClOOO. 
HP 86998 Sweep Pl VIG osclllaio, .01 -4GHz - £300. 8690B MF - £250. Both rsoo. 
Schlumbe,gltf 1250 Frequo,,cy r-,,Me ANZ- £1500. 
Dummy loads & power 111 up 10 2.5 k,lowetts FX up to 18GHz - mterowave parts new end ex 

equipt - relavs - attenuators - .switches - wa\leguides - Y1gs - SMA- APC7 plugs- adaptors. 
B&K Items In stock - ask tor hat. 
W&G Ite ms In stock- ask to, list. 
Power SuppllH Heavy duly+ bench In stock- Farnell-HP- Weir-Thurlby- Race! etc. A$k for list. 

ITEMS BOUGHTF!IOM HM GOVUIHMOO BEING SURPLUS. PRICE IS EX WORKS. SAE AIR fNQOIR1£S. PHONE AIR APPOINTMOO OR FOR 0£MONSIRATION Of ANY ITEMS, AVAWIUIY OR PRICf CHANGE. VAT AHO CAAIUAGE EXTRA 
ITEMS MAW TESTED HAVE JII DAY WARRANTY, WANTED· TEST £QIJlPMEHT-VALVE5-PWGS AHO SOCl(EJS..SYNOOS-TIIANSMITTING AND RECfMNG EQUIPMENT nt. 

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford 80112ER. Tel. No: (01274) 684007. fax: 651160 
( IR< If 1\0. I I~ ON Rf Pl I ( ,\RD 
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impedance equalisation network 
connected across lite terminals of lite 
woofer. This serves to flanen the 
woofer's impedance at high 
frequencies, making it behave much 
more like a constant resistance. Such 
a network is referred to as a Zobel 
network, and is often used by 
designers of crossover networks. 

Figure 4 shows the results that can 
be achieved when a Zobel network 
comprising R=8O, C=lOµ F is 
connected across the terminals of lite 
woofer. It is evident that the results 
are much better than !hose that were 
achieved without the use of the 
Zobel network. The low-pass 
response is now much smoother and 
closer in shape to the ideal 
lhird-order Bunerworlh response, 
and combines relatively well wilh 
the high-pass response to produce a 
reasonably flat summed response. 

Another factor that was 1101 
mentioned in Bill. s article that also 
needs to be accounted for in any 
crossover design is the natural 
response of each of the drivers. Por 
example, the woofer might have a 
high-frequency roll-off that could 
typically be modelled by a second· 
order Butterworth response wilh a 
-3dB cut-off at Sk.Hz, while the 
tweeter's low-frequency roll-off 
might be simulated using a second­
order Bunerwonh response with a 
-3dB point of 1.2kHz. Figure 5 
shows the responses obtained when 
these natural qriver roll-offs are 
added to lite simulations involving 

the crossover network with the 
Zobel network. 

In this panicular case, a slight 
boost in summed response in the 
crossover region is introduced. This 
results mainly from the fact that the 
lowpass and highpass responses 
shown in Pig. 5 are now acting in 
phase through lite crossover region, 
whereas in Fig. 4 there is a phase 
difference of about 90°. 

You should also remember that 
inter-driver time delays between the 
ourput from lite woofer and tweeter 
also ~ffect the summed response of 
the loudspeaker system. These time 
delays are caused by the physical 
offsets in the locations of the driver 
acoustic centres. 

Depending on 1he actual 
loudspeaker system. the inter-driver 
time delays may unprove or 
adversely affect the initial crossover 
design. Because of this, they should 
be understood to be an imponant 
factor affecting the performance of 
the completed loudspeaker system. 
For example. at 3kHz the 
wavelength of sound is 0.115m. A 
horizontal offset between the 
acoustic centres of the drivers of 1/4 
of this, 0.029m, will lead to an 
additional phase shift of 90° 
between the outputs from woofer 
and tweeter. 

Depending on the crossover 
topology chosen, this can have 
serious consequences for lite quality 
of summed response. If a third-order 
acoustic Butterwonh crossover 

topology is chosen, an additional 
90° of phase shift will lead 10 a 
significant dip in the summed 
response at the crossover frequem:y. 

I hope that these examples help to 
make it clear 10 you that there is no 
simple method of crossover design 
that will produce good results. 
lndeed, many different factors need 
to be taken into account tf the 
selected crossover filter is 10 
pcrfonn to the desired specification. 
This is the reason why it is unlikely 
that prebuilt crossover networks will 
produce wonhwhile results when 
used with drive rs for which they 
have not been designed. 

All of lite above simulations were 
performed using the Calsod 
loudspeaker design program 
developed by me in my spare time. 
It comes in two edillons. Calsod 
I .40 is the 'budget' edition (retail 
price AUD$119), while version 3.IO 
is the full featured edition (retail 
price AUDS449 with printed 
manual, AUD$379 with on-disk 
manual). When purchased from 
Audiosoft. all prices include air mail 
postage and handling. Both versions 
of the programme are capable of 
carrying out the simulations 
described in the text of my leuer. 
and lite program has many other 
useful fcawres that would be of 
assistance to crossover network 
designers, including a network 
optimiser. 

The package is available frorn 
Audiosoft, Melbourne, Australia, 

Pioneers of broadcasting broadcasting station. 
There were earlier experimental transmissions of 

speech and music - Fessenden, in 1906, was almost 
certainly the first. De Forest and his Radio Telephone 
Company made experimental transmissions from 
about I 908-12 and again in I 916-17. 

In their intere~ting article ' Making Continuous 
Waves·. Tom lvall and Peter Willis mention the early 
work of Canadian-born Professor Reginald Fessenden 
who broadcast speech and music 111 an historic 'first 
b1oadcast' on Christmas Eve I 906 usmg a steam· 
dnvcn high-frequency alternator al Brant Rock, 
Massachusetts. USA. They also mention the start of 
regular prograrrunes by KDKA in 1920 and "in the 
same year•· regular broadcasts began in Europe from 

The Hague. 
This seems a little unfair to the Dutch engineer 

Kanso Henncus Schotanus ~ Steringa ldzerda who in 
fact began his Hague Concerts from his PCGG valve 
transmillcr almost a year before KDKA launched its 

service. 
I will summarise brie0y what I wrote in an article 

'The Hague Concens from PCOG - the biller-sweet 
story of Hanso ldzerda' published in Radio Bygones, 

April/May 1990. 
There are several claims and counter-claims 

surrounding the binh of radio broadcasting bu1 there 
can be no doubt that for British listeners full credit 
belongs to Hanso ldzerda who launched lite first of his 
'musical evenings' on Thursday, 6 November 1919. 
with broadcasts specifically intended for British 
enthusiasts from April 1920. His broadcasts preceded 
the experimental radiotelephony 'broadcasts' from 
Chelmsford by the Marconi Company from February 

1920. 
On a wavelenglh of 670 metres, PCGG began almost 

a year before KDKA Pittsburgh (27 October 1920) 
and is often credited with being the world's first 
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An authenticated claim can also be advanced on 
behalf of a group of Belgian experimenters including 
Raymond Braillard and Roben Goldschmidt who set 
up a transmi11er in the grounds of the Royal Castle at 
laeken and broadcast programmes of music for public 
reception every Saturday from 28 March I 914. This 
continued until August 1914, when their 1ransmi1ter 
was hurriedly destroyed shor1 ly before the Gem1ans 
entered Brussels. 

ldzerda. however, seems to have been the first to 
build a transmitter specifically for broadcasting on a 
semi-commercial basis with the firm intention of 
expanding the sale of the crystal sets. valved 
amplifiers and components made or marketed by his 
own firm ( ed Radio-lndus1rie, or R-1). 

II seldom pays to be a pioneer. Han,o ldzerda and 
PCGG were gradually squeezed out as the popularity 
of wireless grew. From about 1924 PCGG broadcasts 
vinually ended and he drifted out of the public eye. 

Twenty years la1cr, during WW2, he was found 
trespassing on a prohibited area, apparently searching 
for fragments of an exploded V2. He was arrested by 
lite Germans on suspicion of espionage or possibly 
held purely as a hostage. He was executed by shooting 
during the night of 3/4 November I 944. 
Pat Hawker, GJVA 
London SE22 

fax: +61 3 9497 4441 or e-mail: 
audiosoft@netw1de.com.a, or from 
Manon Music in the lJK on 01282 
773198, fax 01282 773198. 
Witold Waldman 
Melbourne 
Au5tralia 

Preamp design 
thoughts 
1 have read with interest recent 
articles on low noise audio 
preamplifiers. This shift of emphasis 
away from what seems near 
obsessive examination of audio 
power amplifier distonion to lite 
subtleties of small signal 
manipulations is welcome. My tin 
ears will tolerate modest d1s1ortion 
in listening at sociable levels, but are 
perhaps as sensitive to hum and 
noise levels as any auric anicles, so 
any improvement in these 
parameters should be welcomed. 1 
make the following observations on 
two panicular pieces. 

Simon Bateson's design in the 
May Issue is headlined as the 
ullima1e microphone preamp, and 
the purpose designed late eighties 
SSM20161C at its hean ,s 
undoubtedly excellent a, its job. 
How unfortunare it is then that the 
apparent obsolescence (leners 
July/August) of the IC has meant an 
early revision of Mr Bateson's 'final 
microphone preamp'. Perhaps 
surprisingly lite revised design 
employs the SSM2017, which has a 
much lower specification than the 
2016, and this with an undesirable 
and improperly polarised 
electrolytic. This lauer inclusion 
apparently makes no audible 
difference, but l suspect 1ha1 thi, 
component now becomes the most 
critical in respect of noise (and 
distonion?) performance in the 
amplifier. 

The JNA/03, whose use he rejects 
in his letter. actually exhibits greatly 
superior de precision to both 2016 
and 2017. 1t cerrainly would not 
require capacitor coupling. The 
noise figure of the SSM devices. as 
in most instrumentation amplifiers. 
is a function of gain and falls to 
around 2.5dB at a gain of 100 from 
ldB at a gain of 1000. 
The JNA/03 would give a J.5oB 

noise figure with I 500 input 
(lnV/✓Hz) al G=IOOO, 3dB at 
G=IOO; ie only marginally poorer. 
Actual noise performru1ce of the 
amplifier will be highly dependent 
on the impedance spectrum of the 
microphone. Are these important 
curves readily available? They need 
10 be to make proper objective 
design decisions. 

The ·no-compromise' disc preamp 
by Douglas Self in the July/August 
issue purpons 10 use the latest of 
op-amps, but resigns itself to being a 
revision of his earlier 1983 design. 
TI1e 1a1her complex moving coil 
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stage as shown resists full analysis 
as the negative rail voltage is 
omilled and therefore lite transistor 
operating point is uncertain. 
Assuming 70µA as shown in Table 
2, the three 2S8737 devices in 
parallel should i:ive approximately 
lnVt,/Hz (l.7/'13) voltage noise 
density. This figure can be slightly 
bettered using the LT/028 op-amp 
(0.85n V t,/Hz) or the AD797 
(?.9n_V NHz) with a much simpler 
circuit. The excellent de 
characteristics of these modem 
devices obviates the need for 
capacitor coupling and !heir power 
supply rejection r,uio recommend 
their use in this role. The LT/028 
can drive a 1000 load while 
maintaining IV/µ V open-loop gain. 
As a result, it should maintain very 
low distonion. 

In the presented design, some of 
the available gain is lhrown away, 
and distortion increased from the 
lower resultant feedback presumably 
due 10 the inability of the 5532 10 
drive less than 600O - the total 
feedback resistance. Additional 
device cost (circa £7; I off) would 
be offset by reduced associated 
component cost and pcb surface 
area. Lt is practically negligible 
compared wilh the cost of top-rate 
pickup cartridges. I wonder if these 
recent devices have been considered 
and/or tested and rejected? 

The topologies of the two 
preamplifiers are actually identical 
excepl that the 2016 device offers 
balanced operation. The 2017 is, I 
believe, similar internally. Figs 1 
and 2 show lite essentials with an 
n·p•n in the Self case for readier 
comparison. 

Figure I is actually simpler in its 
practical implementation due 10 its 
precision de balance, and offers a 
very desirable advantage from a 
common-mode rejection angle 
where the Cartridge can be suitably 
connected. 

Similarly the INA/03 shoul<l again 
prove ideal here. l am sure Robert 
P~e (Leners. JuVAug 1996) would 
be mterested in any improvement to 
(perceived) sound quality of using 
these relatively exotic but affordable 
and available devices. 

Finally. a couple of general 

Fig. 1. Simplified 
design ofSSM2016 
showing feedback 
arrangement. 
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queries. Can Mr Self provide 
references or the measured data on 
capacitor induced distortion in filter 
circuitry to which he refers? 
Secondly, perhaps he can explain 
why it is advantageous 10 follow the 
RlAA curve to within ±0.05d8? It is 
practically a truism to state that 
loudspeaker and room colouration 
show response flatness at least an 
order of magnitude poorer. 
~acuuming lite caipet would likely 
give as insubstantial a difference. I 
look forward to further preamplifier 
articles in EW to remain abreast of 
the state-of-the-art in this esoteric 
field. 
Michael Hutchings 
Fareham 
Hampshire 

Douglas replies 
Anyone who publishes a design in 
Elec1ro11ics World must expect a 
bracing shower of criticism, and so I 
was not surprised to read Mr 
Hutcbing's unenlhusiastic 
assessment of my preamp in the 
ApriJ Leners column. I was sorry 
though I.hat there appeared to be 
nothing at all he liked about it. I also 
regret he finds my studies of power 
amplifier distortion "obsessive ... Por 
my own part I rather dislike lite 
current trend for labelling anyone 
who shows any interest in anything 
as "obsessed". 

Where Mr Hutchings got the idea 
that my preamplifier purported to 
use the latest of op-amps I do not 
know. I said explicitly in the article 
that lite 5534 might be a relatively 
ancient design, but the laws of 
physics have not decayed over the 
ye31:s, and neither has its superb 
audto performance. It is used almost 
to lhe exclusion of anything else in 
professional audio all round the 
world, so clearly there is a good 
reason. It is simply not possible to 
buy anytlting belier a, anything like 
the price. 

As for noise, if Mr Hutchings had 
examined my article more closely he 
would have seen that an 1 c of 70µ A 
for lhe 2S8737 transistor is for 1he 
moving magnet case. The / • for lite 
moving-coil stage is lmA per 
device, which is a bit different. This 
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Fig. 2. Rearranged Self 
pr~amp. Essentially this is 
a smsle-ended version of 
Fig. 1. 

gives a voltage noise density, e0 , of 
0.29nV/..JHz and a current noise 
density, in, of 2.SpANHz - much 
less than his figures, and voiding 
most of his argument. The LT/028 
now calculates as at least 7dB 
noisier than my version. 

Mr Hutchings also seems to have 
b~sed his calculations solely on e0; 

1h1s can lead you grievously astray. 
It is essential 10 add the effects of i 
which is high for lite op-amps Mr "' 
Hutchings prefers. The i0 is just as 
important as e0 in a moving-magnet 
stage, due to the high source 
impedance at high frequencies of the 
canridge inductance. 

The LT/028 calculates as 0.7dB 
noisier lhan the 5532 in an RlAA 
stage. allowing for both e0 and /0 • 

However, its worse than that, Jim. 
The application of op-amps to audio 
is even less straightforward lhan it 
appears. 

Take the OP27, which on paper 
(adding in both e0 and i0 ) is 2.3dB 
quieter in an RLAA stage with a real 
canridge load. If you measure it, 
you will find it is actual! y 2dB 
11oisier than the despised 5532 it 
replaces. The resolution of this 
paradox is tha1 most op-amps are 
opt imised for de perfonnance rather 
than audio. The OP27 is no 
exception, and so it has a bias­
current cancellation system strapped 
to the inputs. This generates extra 
common-mode noise, and if the 
impedances at lite two inputs are not 
the same - and they are very 
different in an RIAA stage- lite 
extra noise is not cancelled. The 
LT/028 incorpor.ues a similar bias• 
cancel structure. 

From the data sheet, the LT/028 
seems to generate significant 
(>_0.0 I%) distortion, and I suspect it 
will be a 101 worse into 100n -even 
at modest levels. 

I agree entirely that the AD797 is a 
superb op-amp, and it was in fact 
my original intention to use it in the 
preamp. However, 1 found that hf 
stabilisation, particularly with high 
negative feedback factors, could be 
very tricky, and placing such a 
design in front of lite public would 
be to open a veritable oil-drum of 
worms. 

In view of Mr Hutchings' lack of 

lETIERS 

enlltusiasm for distonion reduction 
as expressed at the start of his leu~ 
1 was surprised !hat he feels the sub: 
~.002%_ thd of the moving-coil stage 
1s too high. I agree that it looks 
wrong 'to throw' away gain and 
hence negative feedback factor, but 
the viral point is that my circuit has 
a discrete input stage. This has gain 
of its own, and when added 10 that 
of the op-amp, ope11-loop gain is not 
lacking. 

The alternative approach Mr 
Hutchings suggests - which I 
assume has not actually been built 
and tested - apparently costs seven 
t imes as much as my solution. There 
is no way you are going to get that 
back by saving a square inch of pcb 
area. As for equalling t11e 
performance - well. I will be 
interested to see if it can be done. 

Finally, what is the advantage of 
an RJAA curve accurate 10 ±0.05dB, 
when scratching your nose causes a 
bigger change in room response? 
Well, what is the point in trying to 
do anything belier? I wasn't 
designing a living-room, J was 
designing a preamp. 

My philosophy is 10 get the best 
possible performance without 
spending significantly more money. 
The RlAA scheme gives remarkable 
accuracy for a modest outlay, and 
does it in a way that I tl10ught would 
be interesting to readers. 

A purely electronic system jolly 
well ought to be orders of magnitude 
beuer than a complicated electro­
mechanical-acoustic system, 
because the problems are so much 
easier to solve. 

One rationale for designing better 
and better amplifiers is 10 spur the 
loudspeaker community into 
designing beuer speakers. I detect 
that this trend has already begun, as 
I see more and more technical 
papers abou1 the measurement and 
simulation of speaker non-linearities 
in JAES, etc. 

As for non-electrolytic capacitor 
distortion, I do have a few nuggets 
of data to offer. If my third-order 
subsonic filter is tested at 8V nns in 
isolation, lite thd above I ()()Hz is 
below 0.0004%. At 20Hz, third· 
harmonic distortion rises sharply 10 
0.004%, corresponding to the -3 dB 
point of the filter. ii continues to rise 
as frequency falls - despite the roll­
off in ourput level. This is with 
standard 63V polyester capacitors. 

Changing all lhree to I ()()V 
polyester (as per prototype) reduces 
the 20Hz lhd lo 0.0006%. though 
there is still a steep rise below this 
frequency. I think this proves, a) that 
lite dis1onion originates in the 

15Hz subwoofer -
missing resistor 
In the phase spliuer of Fig. I b, 
resistor R3 has no annotation on 
the diagram. ii is I Okn. 
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capacitors, and, b) that it depends on 
1he capacitor dielectric. As is usual 
with third-bannonic distonion, the 
thd is proponional to voltage 
squared. There is no such effect in 
the RlAA stage, so I can only 

assume that polystyrene is beuer 
from lhis point of view. 

I am grateful to Marcel van de 
Gevel for pointing this out. 
Doug Self 
London 

Error cancelling in audio 
In last December's Letters column, p. 688, K.H. Ellis shows 
the'Hawksford' error cancellation technique for power amplifiers. 
The following analysis shows that'error cancellation' is too optimistic a 
description. 

According to this technique the error of an output-stage (B) is 
substracted from the input signal: 

This can be simplified to, 

Physical realisation of the summing device can be modelled as, 

U2 

Gain = __ e_ = - 1-
u, - bu, 1- a 

where e lements 'a' and 'b' represent the non-ideal behaviour of the 
summing action (a,b=0.9 .. . to I). 

For 'a' approaching I, the gain approaches infinity so the summing 
device acts like an open-loop op-amp. This can also be seen with a realistic 
implementation, such as: 

R R 

>---+-U2 

R 
(4 X R) 

R 

Due 10 cancella1ion of the negative and positive feedback around amplifier 
'A', thjs circuit simplifies to: 

U10-----l 

Thus the proposed system behaves like an ordinary feedback amplifier. 
Nanno Herder 
University Groningen 
The Netherlands 
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Sounds incredible 
There are some questions that arise 
from the interesting article by Reg 
Miles 'Sonics from Ultrasonics' on 
pp 14-15 in the January 1997 
issue. 

It is a very old misconcep1ion 10 
imagine that the simple sum of two 
sinusoidal variations such as 
sin(2nf11)+sin(21thtJ will produce a 
pair of new 'sum and difference' 
signals of frequency if1+h) and 
if1-h), In fact these 'sidebands' 
appear only when subsequent 
non-linear or multiplicative signal 
processing is effected. 

The misconception is encouraged 
both by the fact that many systems 
spuriously contain sufficient non­
linearity 10 supply some 
processing and also by 
misinterpretation of a bit of 
mathematics (often published in 
early tex tbooks) describing the 
purely notional envelope of the 
waveform of the simple sum. 

In prac1ice, the ear can supply 
the non-linearity, but even then, 
you would not wish to rely upon 
lhis oddity 10 reproduce high 
quality sound, and certainly not 10 
apply high intensity ultrasonic 
stimulation to such a sensitive and 
valuable human sense organ. 

The report that " ... polyurethane 
filters had to be hung be1wccn the 
people and the (loud)speakers 10 
selectively absorb the 
ultrasound .. . " to prevent 140dB 
levels from damaging people, 
demonstrates what a bad idea it is. 
Uthe ultrasound is at a high level 
it is dangerous. lf it is reduced 
before reaching the ear, it will not 
work and there was no point in 
producing such high power -
unless there is some curious 
nonlinear effect taking place in the 
absorbent curtains. 
Bob Pearson 
Bourne 
Lincolnshire 

CAD inadequacies 
May I thank Ralph R iegler for h is 
complimentary commen1s on the 
"Route to pcb-CAD" series of 
articles? 

The via problem he mentions is a 
common one. No-one likes vias, so 
most autorouters have a via 
minimiser strategy. The Ares level 
II autorouter from Propak has such 
a minimiser. so has the Ares m 
from Proteus. You can choose a 
hole size and via pad size to suit 
yourself, but if you pick a s ize 
which is too large you will make it 
more difficult for the autorouter, 
as the obstruction will then restrict 
its cho ice of routes. 

l have 1ried miniature eyelets 
and conductive epoxy paste for 
vias, as well as Veropins, shon 
wires and the plating-through 

process. For making vias on one­
offs, none of them is very good. I 
use link-pins (RS part no. 435-
383) which are designed for this 
job and can be very rapidly 
inserted. They come in sticks of 50 
pins and, at only £10 per box of 
1000, are not 100 expensive. Using 
1hem saves a lot of time and effort. 
Rod Cooper 
Sutton Coldfield 
West Midlands 

Thanks for the 
debate 
Cyril Bateman appears 10 say 1ha1 
an increase in conductor separa1ion 
changes the voltage drop in a cable 
from about 40mV pk-pk to nearer 
50m V - the drop due to the 
amplifier output impedance 
appears to increase as well, which 
is suspicious, but I 'II let that pass. 

How many vol1s are being 
produced by the driving amplifier? 
Far more than a few millivolts, I'll 
wager, though he does not actually 
say. In reality a change of a few 
mil livolts is irrelevant when the 
voltage across the speaker 
terminals is measured in volts. 

Secondly, Cyril does a PSpice 
analysis using an exponentially 
damped sine wave. T he sharp 
change in slew rate at the s1ar1 of 
1he waveform introduces rugh 
frequency components which 
s1imulate ringing at 50kHz and 
upwards. This only lasts I00µs at 
mos1. There is a much higher level 
and longer lasling I0kHz signal 
presenl at the same time. The idea 
1hat the quieter, shorter, and 
ultrasonic component should be 
"clearly audible" is laughable. 
More importantly however, his 
claim that the waveform used is 
representative of audio transients 
is quite wrong. Real sounds 
recorded on real recording 
equipment do not contain 
components at 50kHz and above to 
stimulate such ringing. 

In the third article, Geoff 
Williams tells us that putting 
things near speaker cable seriously 
affects sound quality, bare wire 
outperforms insulated wire, the 
only real answer is Litz wire, and 
cable ratings may well need to be 
of the order of 50A ... Heaven he lp 
us! It never ceases to amaze me 
1ha1 people can seriously wri1e 
such twaddle. 

Still, i t all makes for a very 
entertaining read, so I thank you 
for printing it all. I would 
especially like 10 thank Eric Forth 
for pointing our that taking a 
blowtorch to lawnmower cable 
improves its high frequency 
performance. 
Alan Robinson 
Holgate 
York • 
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CIRC'UIT IDEAS 
•••••••••••••• 

Do you have 
an original 
circuit idea for 
publication? 
We are giving 
£ 1 00 cash for 
the month's 
top design. 
Additional 
authors will 
receive £35 
cash for each 
circuit idea 
published. We 
are looking 
for ingenuity 
in the use of 
modern 
components. 

WIN A TTI PROGRAMMABLE 
BENCH MULTIMETER 
"High accuracy, resolution and bandwidth -
performance beyond the capability of hand-helds" 

' : . . . . . 
1,:' I • · • • • • • 

This high-performance bench 
multimeter could be yours in 
exchange for a good idea. 
Featuring a dual display, the 
4 .5-digit 1705 multimeter 
resolves down to 101,1V, 
1 0mn and 0. l 1,1A and hos a 
basic de accuracy of 0.04%. 
Frequency measured is 1 0Hz 
to 120kHz with an accuracy 
of 0.01 % and resolution to 
0.01 Hz. Capacitor and true 
rms measurements are also 
featured. 

Recognising the importance 
of a good idea, Thurlby 
Thandar Instruments will be 
giving away one of these 
excellent instruments once 
every six months. This 
incentive is in addition to our 
monthly£ 100 'best circuit 
idea' award and £35 
awards for each circuit 
published. 

Rms-to-dc converter reads in decibels 
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Offering 
improved 

performance over 
the Analog Devices 

suggested circuit, 
this conforms well 
to a log. law and, 

as a bonus, 
reduces the effect 

of supply variation. 

A nalog Devices's data sheet for 
the AD536 shows an nns-to­

dc converter with a decibel output. 
I have experienced difficulty in 
obtaining proper logarithmic 
conformance over the full dynamic 
range and also the QBJ or PT/6 
temperature-compensating 
resistors specified. 

Reference current for the 
converter is usually produced by a 

V· 
V+ 

+l 

V+ 

10k 

10k 

resistor to the supply rail from the 
decibel output on pin 5 , the 
resulting current being 
lrer=(V-D,Y1,e)/R, since L1Vbe is the 
subject of the measurement, there 
is now a little non-linearity as Iref 

varies with Vbe. My solution is to 
use a constant-current source: an 
LT 1004 diode and the 
uncommitted, unity-gain buffer in 
the AD536. Logarithmic 

V+ 

dB 5 

Ai g 

2µ2 AD536A 
100n 

conformance is improved and / ref 

is independent of supply 
variations. Potentiometer VR I sets 
zero so that IV nns is equivalent 
to OdB, and VR2 sets the output to 
+lOOmV/dB. 

My temperature sensing resistor 
is the TG2103G by VTM Ltd, 
obtained from Farnell. 
Alex Birkett 
London SE22 

RGT103G 
Farnell 143-587 

10k 

,oomV/dB 
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Active three phase rectifier features 0. 1 V drop 
This circuit reduces the normal 1.2V 

forward voltage drop of a bridge 
rectifier to around 0.1 V. It makes use 
of the little know fact that power fets 
work backwards as well as forwards, 
allowing the inherent reverse biased 
diode in their structure to be shorted 
by turning the transistor on. 

With all the transistors off, the 
source-drain diodes in the fets rectify 
the incomjng three phases, providing 
de at the output which is subject to the 
diode drops. 

When the output reaches about 4V 
the op-amps, wired as comparators, 
begin to operate. 

Taking /C1a and p-channel Tr1 as an 
example, t11e comparator senses the 
voltage across the fet. While the phase 
voltage is lower than the positive rail, 
the output of the comparator will be 
high because the voltage at the non­
inverting input of the comparator is 
higher than that at the inverting input. 

As the phase voltage increases 
above the rail voltage, the inverting 
input becomes the more positive and 
the output goes low. This causes the 
transistor to turn on, shorting out its 
diode. Current flowing through the 
on-resistance of the fet creates a 
voltage drop that maintains the 
comparator output low, keeping the 
transistor on. 

W hen the phase voltage drops 
below the output rail, cuJTent begins 
to flow back through the fet. This 
reverses the voltage drop across the 
fet which causes the output of the 
comparator to swing high, turning the 
fet off. Positive feedback ensues, 
ensuring that only a brief pulse of 
reverse current flows. 

All the positive side switches are 
the same and the negative side 
switches are similar, but use n-

-------+---+-------------------+--o+out 

120· 
30 in 

TL084 

LM324 
N chan 

.__ ________ _._ ______ _._ _ _.... ________ ..._-o-out 

Intended for use with a three-phase motor acting as a 
bicycle dynamo, this circuit is designed to minimise losses 
due to rectifier voltage drop. 

Protection components shown 

channel fets. 
The op-amps have to work with 

their inputs outside their supply 
voltages, so they are chosen 
specifically. The LM324 input voltage 
range includes the negative rail and its 
01,1tput defaults low when its inputs 
are pulled above the positive rail . The 
TL084 input range includes the 
positive rail and its output defaults 
high when its inputs are pulled below 
the negative rail. The minimum 
working voltage of TL084s varies 
from maker to maker. Motorola's 
seem to work at 4 V. 

The op-amp output series resistors 
are there to suppress oscillation in the 
unlikely event that it should occur 
because of fet gate capacitance. 

Once the rectifier is working 
actively, the op-amp inputs do not 
stray far outside the voltage rails, but 
at voltages below active operation, or 
if a fet fails, they can be pulled more 
than a volt to the wrong side. 

£100 WINNER 
The LM324 is adequately protected 

by limiting its current to less than 
50mA using a resistor. The TL084 is 
more difficult. If an input is drawn 
more that 0.3V below the negative rail 
damage can be done whatever the 
series resistance is. Including a diode 
from the positive rail catches the non­
inverting input 0.6V below the 
positive rail and the 1 0kQ resistor 
limits the diode current. 

Transistor tum-off depends on the 
op-amps detecting the reverse voltage 
across the transistors in the on state. 
To guarantee this, the op-amp input 
offset voltage must be less than the 
R os(on) of the fet multiplied by the 
maximum desired amplitude of the 
reverse current pulses. 
Steve Tree 
Epsom 
Surrey 

Simple, economical and low power water detector 

E xisting water detectors possess 
several drawbacks. If direct 

voltage is used on the probes, they 
oxidise. If alternating voltage is 
applied at 5-lOkHz, the current drawn 
is high and the accompanying diode 
pump and comparator increase the 
component count. There are dedicated 
ics for the purpose, but they also draw 
high currents - even when water is 
not present. 

The circuit shown uses three gates, 
three resistors and a capacitor. It 
operates from 5V to 15V de and does 
not oxidise its probes. 

One gate from the 4093B£ works as 
an oscillator, the frequency of which 

April 1997 ELECTRONICS WORLD 

is 0. lHz by virtue of the 66Mil 
feedback resistance and O.lµF 
capacitor; you can hear a click from 
the piezo sounder every few seconds, 
which is useful in confirming 
operation. 

However, when the probes touch 
water, the reduced resistance across 
the feedback chain causes an 
increased oscillation frequency and an 
audible tone from the sounder. 

Two of the remaining gates are 
buffers for the signal to the sounder 
and R3 prevents shorts between gate 
input and output if the probes become 
shorted. 

The circuit draws about 75µA in 

standby; l.5mA when it finds water. 
Philip Male 
Drake's Broughton 
Pershore 
Worcestershire 

Very simple 
+5 to+ 15V circuit 

Sensor ~ overcomes the 
probes 

--"MA~-'IAMr--<,._---r> problems with 
R1 R2 33M 33M conventional 

water 
detectors: CJ(] Piezo probe 

10 sound
er' oxidisation, 

b--'----------' 
high currents 
and 
complication. 
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Voltage-controlled output common-mode 
W hile behaving as a normal 

differential input/output 
amplifier, this circuit has the 
additional feature of controllable 
common mode at the output; it is 
independent of input common-

mode voltage. 
For example, if the control input 

voltage Yem is 0.9V and Vdo 0Y, 
then both Vout+ and Vout- will be 
0.9V; for a Vdo of IV, V0u1+ will be 
1.4V and V0 01_ 0.4V. 

ln+o------.--------------1 

Rs 

Differential gain is 
VdJVdi=2+(2xRxfR 1); 

Vout+=Vcm+Vdix(l +Rx/Ri); 
Vout-=Vcm- V dix(I +Rx/R1) 
where Rx=R2=R3=R4=R5. 
In comparison with a normal 

R2~ R3 ~ R4 ~ Rs • Rx 

Rs - R7 

R8 ~ R9 

r 
"-- >,A/\/1,-----oOul-

Rt 

Vdo = Out+ - OUI­

Vdl = In+- Ill--

Differential gain ~ VV do~ 2 
2
R' 

di • ""i"½ 

ln-o------4---- ----------l 

This differential amplifier has its output common-mode voltage defined by a voltage input. Output excursions 
are independent o f the input common-mode level. 

d ifferential amplifier, input 
impedance is reduced by the effect 
of R8_9. lf this poses a problem and 
if a precise setting of output 
common mode in unnecessary, 
then eliminate R8,9 and cake the 
positive A I input to either of the 
inputs, which will apply a small 
offset to the output. Od1erwise, for 
a low-frequency input, again 
eliminate Rs.9 and take A1 input 
from half-way downR1; the input 
is across R 1, so the effect is the 
same. The only slight problem is 
possible instability, which can be 
cured by a capacitor across R6. 

One can envisage several 
applications for tllis circuit; it 
does, of course, provide absolute 
values of output signals. It could 
also, perhaps, be used in a pulse­
width modulator. 
Albert Pijuan 
Girona 
Catalonia 

Manually loading serial data speeds set by the switch on the TD pin. 

F igure 1 shows a method of manually 
programming a I 6-bit word and 

transmitting it on an SPI or QSPI serial 
interface. In this way, serial data peripherals 
such as data converters, memory and display 
dr ivers may be exercised before the system is 
complete. It serves write-only peripherals 
updating on die rising edge of /CS. 

The HCJ93, JC1, is a synchronous 
up/down counter, IC2 an HC74 D-type flip­
flop and the HC4514, IC4, a 4-to-16 line 
decoder - all common cmos devices also in 
the 4000 series. Microprocessor monitor 
IC3 is a MAX/232 that gives a low­
frequency, two-phase clock in~ibited at 
logic level at the /MR input, and two 

Depressing switch S16 starts a count down 
by pulsing /LOAD on /C1, the count starting 
at 16 or 8 depending on the position of S17, 

and Led2 flashes. Each output of /C4 pulses 
high in tum, he resulting serial data output 
depending on which of the So.15 switches are 
made; a closed switch produces a 1 output. 

Data is set up on the rising RES output of 
/C3 and clocked out on the rising edge of 

8-bit/16-bit switch Active LED Clock LED 

1k 10k 
16 15 1 10 100n 

---------''"!, ~u 
Vee A 8 C 

+5V ,
8

, 

t; 
'16' 

9 D 
GNOCLR 

IC1 
HC193 /BO 13 

OAOSOCOD CD 

1k 

3 7 

IC4/23 8 ST TOI.. S 

V<.e IC31RES 
i-::-------'I' IMRMax 

Clock 

'Activate' 
push q 
button 

10n 

8 14 
1232RES 5 

GNO Output to 
SPI/QSPI 

/RES. When the count on 
the ABCD inputs of IC4 
reaches zero, IC1 's 
/BORROW output produces 
a negative pulse to send the 
IQ output of IC2 low, which 
stops the clock by the 
manual reset input of /C3. 
led2 stops flashing to 
indicate the end of the 
cycle; it is nonnally on, but 1k 

,;::°Fast 

L__-J------1--l---l--- -l--H-f-------1---------+----,. /CS 

+5V 

24 1 

Vee ST 

2 /G 

12 

2 3 21 22 
A B C D 

IC4 
HC4514 

+SV 

10 

IS 
12 0 

11 
CK 

IJ 

IC 

] 

Data Unused half HC74 
bit r )) 11111 1 1111111 dss switche: Data 

To load serial data into SP/ peripherals before the system microcontroller or software are working, this circuit 
allows a 16-bit word to be manually entered and transmitted along the SP/ bus. 

flashes when this circuit or 
another bus master is 
active. l ed1 lights when 
this circuit transmits. 

Data output is compatible 
with cmos inputs of most 
SPI peripherals and a 
simple buffer makes it ttJ­
compatible. /C4 is only 
enabled by /C2 Q output 
during writing, the bus 
therefore being otherwise 
free for use by other 
interface controllers, which 
will overdrive /CS and 
clock outputs. 
Kevin Bilke 
Maxim Integrated 
Products, Reading 
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Locking an LC oscillator 

You can lock an LC oscillator 
parametrically by periodically varying 

the damping of the tuned circuit. In this 
circuit, frequency / 1 may be synchronised 
by an external signal at the same frequency 
or by a sub-multiple of it. 

Behaviour is similar to that shown when 
an oscillator is locked by injecting an 
external signal: as the tuning point is 
approached a beat appears and the system 
locks near zero beat, locking over a sma.11 
range of tuning. 

periodically damping the tuned circuit. In 
the circuit shown, this happens during 
positive half cycles across the tuned 
circuit. 

Output appears across R 1, as does a 
direct voltage which goes through a 
minimum near the middle of the locking 

CIRCUIT IDEAS 

range; at this poim, there is only a small 
disturbance of the tuned circuit by locking 
pulses. The circuit locks, in the short tenn, 
forfifh up to about 100. 

Component values are not critical, but R1 
should be about equal to the tuned circuit 
dynamic resistance. 
George Short 
Brighton 

C1 

D1 
1N4148 

~ l 
n n 1 - 3Vp-p R -1LJI_ 

1ik h t 

Operation is at its best whenh is a 
square wave having a short rise time. 
Differentiator C3R2 produces spikes to turn 
Tr1 on, current pulses then flowing from 
the tuned circuit into C2, charging it and 

Positively locking an 
LC oscillator by using 
the locking signal to 
damp the tuned 
circuit. Values shown 
are suitable for 
frequencies up to a 
few tens of kilohertz. Oscillator (/ 1) Synchroniser (f2 = h tn) 

Voltage-controlled oscillator 

I aspiration for this circuit came from an 
article by Ayers in 1994, in which the 

properties of operational transconductance 
amplifiers were discussed. In this case, otas 
are used in a controllable sinewave 
generator to cover the audio band, 
20Hz-22kHz, in one sweep. 

Two operational transconductance 
amplifiers, ICsa b• form a state-variable 
fLlter whose frequency response is made 

State-variable filter is voltage 
controlled to form a single-sweep 
20Hz-22kH z oscillator with 
constant output voltage. 

+12V 

R2 

6 
12k 

- 12V 

Rt R3 

3k3 
33k 

o, 

D2 

D3 

0 1 -Ds: 1N4148 

variabl.e by means of the input from P 1• 

Output from the filter goes back to its input 
via IC3 and the limit.er, so that the c ircuit 
oscil lates at the filter frequency. 

Since the feedback signal is limited, the 
output voltage of the filter is virtually 
constant with frequency and no level 
control is needed. Buffer 1C6 gives 
I0Ypk-pk of sinusoid, which is not entirely 
distortion-free; my application could 

Rs 
68k 

R12 C7 
Rs 10k 3n3 

68k 

R7 
33k Ra 

680k 

o--..... _...,v, IC, v0,1--.--...-~+12V 
GNO + 

LM7812 

+ Cs 
GNO 680n 

o-----iVl IC2 Vol-- -+---__.-c,-12V 

LM7912 
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tolerate a little distortion, but the circuit had 
to be simple. 
Bernard Van den Abee/e 

· Evergem 
Belgium 

Reference 
I. Ayers, D. "The Versatile world ofOTAs', 
Elec1ro11ics World+ Wireless World, 
March 1994, pl 97. 
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Simple 12C-to-lcd interface 
For small le displays, driving can hardly be 

simpler than this method, which uses one 
PCF8574 8-bit i/o port with interrupts and five 
passive components to drive a four-bit display 

module, freeing four port lines for control. 
Writing to the port when /INT is set resets 

/INT high, any change of state on any input 
setting /INT low again, the change occurring 
after data is transferred so that the data is 
recognised. An RC network between output P6 
and input P7 effects this timing, shifting the 
output signal past the end of data transfer. 
Toggling P6 on every input causes this interrupt 
S/R sequence to form an E signal for the 
display. 

The bus address of the PCF8574 is 
0lOOxxxw and for the 8S74A 011 lxxxw, xxx 
being set by hardware and w being the write 
bit. To initialise the display for four-bit 
working on two lines, with cursor shift 
rightwards and visible, send the following hex 
sequence to the I2C device: 

voo 

084 
085 
086 
087 

------------- +5V 
PCF8574(A) 

VDD 16 

SDA 15 =------+--l--S0A 
-----+-----+--- SCL SCL 14 

INT 13 

P7 12 

510A 

1µ 

., 
::, 
a:, 

0 .. 

C3 83 C3 83 C2 82 C8 80 CE 80 Cl 80 C6, 

the first five being for external and internal 
sync. foilowed by byte pairs for function set, 
display on, clear display and entry mode set. 

The word 'wireless' results from: 

A 7 E7 A6 E9 A 7 E2 A6 ES A6 EC A6 ES A 7 
E3 A7 E3. 

R/W --+------~ 
RS -;-- -----~ 

Two consecutive calls to the re port effects 
a complete data transfer of eight data bits; data, 
msb first, in the lower nibble and control bits in 
the upper, E being generated automatically, as 
above, if P6 changes state in succession. 
Observing the tim.ing of the display instruction 
cycles means that there is no need to read the 
BUSY flag, but set E high by not toggling P6, 

set the device for input, read from the display 
and toggle E low again, twice: Make sure to 
track the state of P 6. 

80 C1 clears the display. 
E ---t---------+---' 

VSS ---+-------------- OV 

Simple and frugal /2C interface for liquid-crystal 
display modules. 

Dip/. Ph. Det/ef Mahr 
Freiburg 
Germany 

Noisy supply for aircraft radio testing 
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E lectronic equipment in aircraft 
running on 12V de must work in the 

presence of supply noise of 2V pk-pk; 
this circuit is meant to test aircraft radio. 

Essentially, the tester takes the 
form of an oscillator applied to the 
adjustment pin of an LM317 voltage 
regulator. Since the 'noise' 
waveform did not have to be 

:Ji' 24V, 
1.5A 

Fig. 1. Voltage 
supply with 
superimposed 
sinewave for noise 
testing. Output 
voltage is settable 
fromSVto 15Vand 
the 'noise' is 2V 
pk-pk. Oscillator 
output is 30Hz to 
3.SkHz. 

AC 

AC 

Audio 
input 

X1 

+ 
IC3 

Set mod level 

anything too wonderful, I used an 
oscillator consisting of two gates from 
a 4811 drive a 4817 counter with 
weighted outputs to produce a 
sinusoid in the 30-3SOOHz range. This 
output goes to a 741, which also sets 
the output direct voltage level between 
SV and JSV, to modulate the supply. 

can be used to test the equivalent 
series resistance of an electrolytic 
capacitor by setting the de bias and 
modulating the source, the series 
resistor being steel wire, measured by 
length. 
I Dlngram 
Gaw/er 

Aside from radio testing, the circuit South Australia 

+V LM317T on 
heat sink 

+ 
Cs 

J:700µ 

Set Vdc level 

04 
1N4004 

re, Vo 
Ad] 

05 
1N914 

0 1 - 0 10: 1N9t4 

+ 
Output 

3 o, 
t>=---+---~14~>CLK OOF---~,,.:..a--'1/'Nv~ R3 10k 

01 2 R4 6k8 13 
/ENA 0 2 4 Rs 5k6 

15 AST 03 7 A 
6 6k8 

rc
3 

04 IO R7 10k 
~7~ 1 ~1n 

06 5 R9 68k 
07 6 R10 120k 

l"----='"11--'ll'Nv- R 11 68k 
t------~----'V',1\/\,-.... R12 18k 
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Fig.2. Oscillator and weighted counter produces sine modulation. 7
+,v 1~ CC ~~~ X
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12' Colour VGA·SVGA 800x600 Monitors £52.50 
14" Colour VGA Monitors various 1st brand makes £60.00 
17" Colour VGA-SVGA Monitors 1st brand makes £285.00 
Sony 9' RGB Colour Monitors (Trinitron) £39.00 
Compaq Docking Stations for laptop & notebooks £24.95 
Tseng Dual Port VGA·SVGA ISA 16 Bit Card 1mb to run 2 monitors 

from 1 pc £29.95 
Hauppauge Win/TV Card 16 bit ISA card £40.00 
Roland DXY 1300 8 Pen Plotter £135.00 
Roland DXY 1100 8 Pen Plotter £120.00 
Hewlett Packard 7470A Plotter RS232 8 Pen £75.00 
Hewlett Packard Colour Pro Plotter RS232 8 Pen £75.00 
Hewlett Packard 7475A Plotter RS232 6 Pen £70.00 
Hewlett Packard 7550A Plotter HPIB RS232 etc £155.00 
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Siemens Data Line Analyser K1190 with manual £280.00 
Farnell PSU 0-70VDC 0·5A/0-30 voe 0-10A £225.00 
Marconi Inst. Data Comms Tester 2870 £295.00 
Marconit Inst. Digital Line Monitor 2833 £270.00 
Marconi Inst. Digital Analyser 2829 . £270.00 
Philips PM3233 10 MHz D/trace Scope £50.00 
Tektronix DAS9100 Digital Analysis System £145.00 
lswatsu SS5702 20 MHz D/trace Scope £140.00 
Hewlett Packard 415E SWR Meter £75.00 
Hewlett Packard 3551A Transmission Test Set £180.00 
Hewlett Packard 5004A Signature Analyzer £75.00 
Philips PM 6611 Universal Counter 80 MHz £90.00 
Hewlett Packard 53008 Measuring System with 5312A HP-1B Interface 

1.3 GHz £300.00 
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One stop solutions 
for all your radio 

telemetry module needs. 
When the success of your products depends on radio 
telemetry modules, you need a business partner you 
can trust. A skilled and experienced manufacturer that 
can offer modules of the highest quality, operating over 
a wide range of frequencies. 

In other words. a partner like Wood & Douglas. 
Founded on technical excellence, Wood & Douglas 
is a British company that specia lises in the design, 
development and production of radio-based p roducts. 
With over 30 staff ded icated to meeting your 
requirements, the company is able to provide true 
one-stop purchasing - whatever your RTM needs. 

All radio modules are highly functional, capable of 
meeting a wide range of requirements. Designed to 
offer efficient, easy-to-use radio telemetry components 
for system designers, they can open up a ~ 
whole new world of product possibilities. ~ 

From portable bar-code readers to earthquake 
monitors. Wood & Douglas can help you make the 
most of the opportunities in radio telemetry. 

To find out more about the possibilities, contact... 

Lattice House, Baughurst, Tadley, Hampshire RG26 5LP, England 
Telephone:01189811444 Fax:0118981 1567 

email: info@woodanddouglas.co.uk 
web site: http://www.woodanddouglas.co.uk 
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Spreadsheet Analysis 
for Engineers and 
Scientists 
With this practical, hands-on 
guide, engineers and 
researchers learn, quickly and 
easily, the latest and most 
usefu l electronic spreadsheet 
methods. Using a variety of 
interactive techniques, 
including worksheets, self-test 
and practical programs on the 
included disk, Spreadsheet 
Analysis for Engineers and 
Scientists show you how to 
harness the power and 
versatility of spreadsheet 
programs, including those that 
contain the fast Fourier 
transform, complex operations 
and Bessel functions, and how 
to customise your own 
applications. 
Includes disk 
0471 126837, 336pp 
UK £37.S0, Europe £39.S0, ROW £49.SO 

Electronic Component 
Reliability 
Fundamentals, Modelling, 
Evaluation and Assurance 
This text approaches the 
quality and reliability of 
electronic components from a 
unique standpoint. 
Traditionally the twin subjects 
of reliability physics and 
reliability statistics have been 
treated as seperate entities. 
Here, the author examines 
both areas and reveals how 
components fail and how 
failures develop over a period 
of time. 
0471 952966, 374pp 
UK £SO.SO, Europe £S3.SO, ROW £66.SO 
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Fuzzy Logic 
Implementations and 
Applications 
Offering a new perspective 
on a growing field, this text 
explores the many hardware 
implications of fuzzy logic 
based circuits. As use of Al 
increases, so the VLSI area of 
circuits is becoming a growth 
subject. Opening with an 
overview of fuzzy sets and 
fuzzy logic the book moves 
on to cover a range of non­
standard solutions for fuzzy 
logic VLSI circuits. Future 
trends, new concepts and 
ideas are all examined and 
supported with practical 
examples from the author's 
research. 
ISBN 0471 950599, opprox 346pp, 
UK £SO.SO, Europe £S3.S0, ROW £66.SO 

Microelectronic 
Switched-Capacitor 
Filters 
Switched-capacitor filters and 
asscoiated MOS integrated 
circuits are now an 
established technology finding 
applications in the 
telecommunications and 
instrumentation fields. With 
unrivalled breadth of 
coverage, this book surveys 
the design techniques of an 
important class of analogue 
signal processing systems. An 
accompanying diskette 
containing a comprehensive 
computer-aided design 
package (ISICAP) enables 
readers to gain a greater 
depth of understanding of the 
described techniques. 
Containing both source code 

MICROEL CTRO IC 
II --
. ·SWITCHED5 AACITOR . 

FitrEis- •1 
1c,ili'1 ISICAP; ,: <1vi;::''.'•ofdt1'1u~fMf..igt \ 

files and an executable 
version of the main design 
package, this alone will be an 
indispensable tool for many 
circuit designers. 
Includes disk 
0471 954047 384pp 
UK £75.SO, Europe £79.00, ROW £92.00 

The 12C Bus 
From theory to Practice 
With a special emphasis on 
the l 2C Bus, this guidebook 
through the world of micro 
controller-managed serial 
buses presents comprehensive 
coverage of the theory 
necessary to design the best 
possible communications bus 
for any particular application. 
The book examines typical 
industrial and consumer 
applications and enables the 
reader to design effectively in 
a rel-world environment. A 
disk containing software for 
the 12C bus is also included. 
Includes disk 
0471 96268 6, 314pp 
UK £54.SO, Europe £S6.S0, ROW £65.00 

High Frequency Analog 
Integrated Circuits 
As one of the first textbooks 
to discuss integrated circuit 
design considerations and 

actual designs from the basic 
concepts, this title provides a 
solid background in designing 
basic circuits, advanced 
circuits and synthesis 
techniques. 
0471 530433 424pp 
UK £80.00, Europe £83.00, ROW £9S.OO 

Speech Coding 
A Computing Laborototy Textbook 
This is one of the first lab 
manuals with software 
dedicated exclusively to 
speech processing and 
coding. It takes advantage of 
the development of the 
personal computer by making 
this technology accessible to 
a wider audience The manual 
and Dos based software 
together create a user-friendly 
digital signal processing lab 
which allows the user to 

perform a wide variety of 
speech coding and speech 
processing experiments. The 
text presents and explains a 
set of basic speech coders 
analytically and in terms of 
the specific parameters 
controlling each coder. The 
manual leads the student 
through the experimental 
process of understanding how 
speech coders work and 
sound via over 70 exercises 
and projects. The class-tested 
menu-driven, Dos-based 
software can be operated by 
students with little or no 
training. 
Includes disks 
0471 516929, 194pp, 
UK £28.95, Europe £30.95, ROW £36.95 

Solar Cells and their 
Applications 
The post decode has 
witnessed numerous important 
breakthroughs in solar cell 
technology, many of which 
hove occurred in just the post 
few years. Far cheaper to 
produce and maintain, 
exhibiting a longer lifetime, 
and considerably more _ 
efficient than ever before, 
solar cells are, at last, in a 
position to compete with 
traditional technologies for 
both small and large-scale 
energy conversion 
applications. Including 
contributions from some of the 
world's leading experts in the 
field, this book reports the 
most important recent 
advances in solar cell 
technology. From in-depth 
discussions of breakthroughs 
in cell, module, and system 
technologies to a probing 
look at important 
environmental, health, and 
ssfety issues in the 
photovoltaic industry, it covers 
a broad range of topics of 
vital interest to solar cell 
researches, power systems 
designers, and all those with 
professional interest in current 
and future capabilities of this 
important technology. 
Offers a detailed look at 
cutting-edge solar technology 
from an international team 

of researchers. 
Covers si licon, GaAs, lnP, 
CdTe, a-Si:H, CulnSe29 and 
GoSb sola r cells, cells, 
concentrators, multijunction 
cell configurations, space 
cel ls, and more. 
Describes a wide range of 
applications - from space 
cells to terrestrial systems 
Provides on informal look 
ahead at the future of solar 
cel l technology. 
0471 574201, 596pp, 
UK £71.SO, Europe £75.00, ROW £92.00 

Introduction to High­
Speed Electronics and 
Optoelectronics 
lasers, fibre optics, and high­
speed optical systems share 
many concepts with 
microwave devices. 
Furthermore, semiconductor­
based optoelectronics and 
microwave integrated circuits 
shore evolving process 
technologies. It is only 
natural, therfore, that students 
of optoelectronics be 
introduced to high-speed 
concepts in a unified manner. 
This highly practical intensive 
introduction enables electrical 
engineers, applied physicists, 
and students to develop and 
identify tools for 
understanding, analysis, 
design, and characterisation 
of high speed components. 
Brood in scope, this unique 
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text/reference examines the 
complementary nature of 
electronics and optics and 
emphasizes high-speed 
technology in which the two 
fields are less differentiated. 
Beginning with on overview 
that develops a perspective 
and appreciation of analog 
high-speed technology in 
general, the book goes on to 
cover devices and circuits 
used at microwave and 
millimeter-wove frequencies, 
optical components, and opto­
electronic integrated circuits 
and subsystems. Particular 
attention is paid to 
applications in the area of 
high levels of interest in this 
area and because many of 
the concepts ore applicable in 
other fields. The book 
concludes with important 
coverage of the often­
overlooked area of 
measurement and 
characterization of high-speed 
devices. Fully referenced and 
supplemented with hundreds 
of helpful illustrations, 
Introduction to High-Speed 
Electronics and 
Optoelectronics is equally 
useful as a professional 
reference or a textbook for 
senior undergraduate and 
first-year graduate courses. 
0471 015822, 312pp, 
UK £65.00, Europe £67.00, ROW £77.00 

Rise Systems and 
Applications 
Professor Doniel Tabak has 
completely revised and 
updated his two previous 
books on Reduced Instruction 
Set Computer architecture to 
produce this new book, RISC 
Systems and Applications. The 
text is a unique, concentrated, 
detailed description of the 
architecture and 
implementation of most recent 
high-performance RISC 
systems, such as DEC Alpha 
AXP21164, 
IBM/Motorola/ Apple PowerPC 
620, Sun Microsystems and 
Texas Instruments UltroSPARC 
and SuperSPARC, MIPS 
technologies R 10000, Intel 
i860 XP, Motorola MC881 l 0, 
Hewlett-Packard 
PA-7100/8000 and the 
transputer. It also includes 
details of pioneering devices 
such as Berkley's RISC II and 
Stanford's MIPS and 
multiprocessor, reo~time and 
workstation systems. 
ISBN 0863 801889, 452pp, 
UK £SO.SO, Europe £54.00, ROW £67.00 
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AUDIO DESIGN 

One of the most useful attributes of flat panel speakers is 
their ability to be disguised, in this case as a picture. 

oun 
from pictures 
Richard Ball reports on a further new 
flat-panel loudspeaker technology, this 
time involving pie:zo-electric drivers. 

Noise Cancellation Technology, aJso 
known as NCT, is one of two compa­
nies proving the popular bus theory -

wait for years and then two come along at the 
same time. In this case the 'bus' is flat panel 
loudspeaker technology which NCT has 
developed along similar lines to another com­
pany, NXT, a subsidiary of Verity (see EW, 
January 1997, p. 33). 

Although the technologies may at first 
appear to be remarkably similar, the final 
products have been arrived at through appar­
ent! y different research. 

Malcolm McDonald, managing director of 
NCT in the UK, said: "We started with car 
headliners about two years ago." 

The headliner is the material covering the 
inside of the roof of the car. This is a much 
better place to site loudspeakers than down by 
the passengers' ankles or behind the rear pas­
sengers' heads. For proof of this, sit in the 
back seat of the average 18 year old's car. 
Asking for a bit more bass could result in seri­
ous haemorrhaging. 

Low-frequency response 
However, NCT had a problem with low-fre­
quency response. To solve its problem, the 
company went to the State College in 
Pennsylvania, and a US company called 
Oxford Speakers, experts in active noise con­
trol. Between them, McDonald says, "they 
managed to work out how to couple piezos 
[piezo-electric transducers J to panels to create 
low frequency sound." 

The low frequency crossover point is around 
180Hz, so a subwoofer is used to fill out the 
bass below this frequency. The flat speakers 
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were placed in the car headlining. Because the 
subwoofer is non-directional, it can be placed 
in any convenient position. 

But McDonald says: "Psychologically, all 
the sound coming from the top is not what you 
are used to." For this reason the best results 
come from some speakers being placed near 
the floor. 

A speaker set up like this can reduce weight 
and cost while saving space the company 
claims. To prove its point, in the UK, NCT 
has fitted out a Vauxhall Vectra and a Ford 
Mondeo with the flat speaker setup for 
demonstration purposes. 

Much of the car headlining work has been 
carried out in conjunction with Johnson 
Controls, one of the world's largest manufac­
turers of car fittings. 

The same principles of coupling piezo trans­
ducers to panels has been applied in other 
areas including ceiling tiles and pictures. The 
ceiling tiles are aimed at exhibitions, factories 
and offices. Pictures can be used in just about 
any conceivable environment, but they are 
most suited towards home entertainment. 

A baffling problem 
With the pictures, there were initial problems 
placing them close to the wall. Any closer 
than a few inches and the sound from the rear 
interfered destructively with that from the 
front. This was solved by framing the active 
panel, and using a heavy back panel to reduce 
sound from the rear. In this way, the destruc­
tive interference is avoided. 

It is interesting to note that this out-of-phase 
sound leading to destructive interference from 
the rear is the opposite of the claims from 

NXT, the other flat speaker company. In 
NXT's case, sound from the rear is claimed to 
be in-phase with sound from front. 

For both car headliners and pictures, finding 
the right panel material was an experimental 
process. Lots of different materials were tried, 
but the best in terms of sound quality and cost 
was to use standard poster board fixed in a 
frame. This is rather convenient as poster 
board is one of the cheapest materials avai !­
able, although its long term resistance to the 
constant vibration has yet to be established. 

The next problem was that of coupling 
power from the piezo-electric transducer into 
the panel. With a single piezo transducer, 
McDonald says an insufficient amount of 
power is transferred to the panel. 

"We use multiple actuators to control the 
modal response," says McDonald. "Severa] 
transducers help to smooth the low frequency 
modes" and to provide the power. 

To decide exactly how many piezo actuators 
to use and where to site them, the company 
used a mixture of mathematical modelling and 
experimentation. 

The behaviour of the panel is "very hard to 
model at high frequencies", says McDonald. 
This is because the fixing of the panel in a 
frame leads to complex boundary conditions 
which preclude modelling. 

Therefore, the panels are modelled at low 
frequencies and experimented on at higher fre­
quencies. 

The result is a panel with a flat frequency 
response from 180Hz to 20kHz - the compa­
ny claims within ±l.34dB. For home theatre, 
in the same way as the car headliner example, 
a subwoofer is used for very low frequencies. 
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The polar plots, taken with a 
microphone at two metres, 
show sound pressure levels at 
two frequencies, 500Hz and 
BkHz. The relatively constant 
level at all angles is in marked 
contrast to polar plots of older 
flat panel speakers, 
particularly the electrostatic 
type, and of conventional 
cone loudspeakers. These 
tended to be highly directional 
in nature. The directivity of 
CO(!ventional cone units is 
especially bad at high 
frequencies. 
These plots from NCT are very 
similar to those from NXT -
the o.ther recent designer of 
flat panel loudspeakers. 

For pictures, the final product typically mea­
sures 600 by 650mm, and is driven by eight 
actuators. 

So why use multiple transducers? 
Piezo-electri<; transducers have a hjgh 
impedance, the opposite of most amplifier out­
puts. They can be modelled as capacitors, so 
their low frequency impedance is high, m!1k­
ing them inefficient at coupling power from 
the amplifier to the panel at audio frequencies. 
Therefore, several transducers are distributed 
around the panel to provide enough energy. At 
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high frequencies the modal density increases 
so rnore actuators are needed here to control 
the modes. 

NCT claims the speakers are approxim&tely 
ten per cent efficient. This may not appear 
brilliant, but it is better than conventional 
moving coil loudspeakers. These typically 
have efficiencies of a few per cent. 

"We use transformer coupling in cars to 
cover the impedance mismatch," said 
McDonald. And. the company is designing a 
direct drive amplifier to suit a capacitive load. 

The use of piezo-electric devices as the actu-
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ators for the panels has led to good high fre­
quency performance. This is opposite to elec­
tromagnetic transducers which roll off at high­
er audio frequencies. 

The company claims to have measured up to 
50kHz from the panels in an illlechoic cham­
ber. This is limited to 20kHz in products. 

McDonald says this means there is no phase 
change at the higher frequencies. Because of 
this, he says, "the mid range transient response 
is very fast. If anything we have to calm it 
down at high frequencies." • 

PCB DESIGN 
WITH COOPER & CHYAN AUTOROUTER 

RANGER3 - DOS £2500 
- Windows\NT £2900 

Hierarchical or flat schematic linked to artwork, 
Unlimited design size, 1 micron resolution 
Any shaped pad, definable outline library 

n, gate & outline swapping - auto back annotation 
Split power planes, switchable o~ .. line DRC 

COOPER et. CHYAN SPECCTRA 
autorouter (SP2) 

Inputs: OrCAD, cadstar, 
PCAD, AutoCAD DXF 

Outputs: Postscript, Windows bit map 

R2 & R3 Outputs: 8/9 & 24 pin printers, HP 
Desk & Laser Jet, tannon Bubble Jet, 

HP-GL, Gerber, 
NC Drill, AutoCAD DXF' 

Ii 'RANGER2 £150 

Upto 8 pages of schematic linked to artwork 
Gate & pin swapping - automatic back annotation 

Copper flood fill, Power planes, Track necking, 
Curved tracks, Clearance checking, 

Simultaneous multi-layer auto-router 

Ii RANGER2 UTILITIES £250 

COOPER~ CHYAl'I SPECCTRA auto-router (SPI) 
Gerber-in viewer, AutoCAD DXF in & out 

UPGRADE YOUR PCB PACKAGE 

TO RANGER2 £60 

TRADE IN YOUR EXISTING PACKAGE TODAY 
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The Home of ~t-6;ute44e. Its not what you do, 

Hart Audio Kits and factory assembled units use t he unique 
combination of c ircuit designs by the renowned John Linsley 
Hood, the very best audlophlfe components, and our ow n 
engineering expertise, to give you u nbeatable performance 
and unbelievable value for money. 
We have always led the field for easy home construction to 
p rofessional standards, even Jn the s ixties we were using 
easily assembled printed c ircuits when Heathkit in America 
were still using tagboardsl. Many years of experience and 
Innovation, going back to the early Dinsdale and Bailey 
c lassics gi ves us Incomparable design background In the 
needs of the home constru cto r. Th is simp ly me ans that 
build ing a Hart kit Is a real pleasure, resulting In a piece of 
equipment that not only saves you money b ut you will b e 
proud to own. 
Why not buy the reprints and construction manual for the kit 
you are Interested fn to see how easy It Is to build your own 
equipment the HART way. The FULL cost can be credited 
against your subsequent kll purchase. 

'AUDIO DESIGN' 80 WATT POWER AMPLIFIER. 

-
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This fantastic John Linsley Hood designed amplifier is the flagship 
of o ur range, and lhe ideal powerhouse for your ultimate hl I i 
system. This kit is your way to get £K performance at bargain 
basement p rices. Unique desi gn features such as fully FET 
s tabilised power supplies give thi s amptifler World C lass 
performance with slartling clarity and transparency of sound, allied 
to the famous HART quality componenlS and ease of oonslruction, 
Standard model oomes with a versalile passive f,ont-end grl/lng 
switched inpuls, wil h ALPS precision '"Blue Velvet• low-noise 
volume and balance controls, no need lor an external preamp!. 
Construction is very sim~e and enjoyable with all the ditticull work 
dona for you, even the wiring is pre-terminated, ready for instant 
usel. All versions are available wlth Standard components or 
specially selected Super Audiophile componenls and Gold Plated 
speaker terminals and all are aJso avallable factory assembled. 
K1100 Complele STANDARD Slereo Amplifier Kil, .. .• £415.21 
K1100S Complete SLAVE Amplifier Kit, . . . • . . . £353.62 
K1 100M Complele MONOBLOC Amplifier Kit, .. £271.20 
Rl.H l 1 Reprints of latesl Amplifier articles . . . . . . . . , . £1.80 
K1100CM Cooslruction Manual with full parts lists ..••. £5.50 

ALPS " Blue Velvet" PRECISION AUDIO CONTROLS. 

Now you can throw out those noisy !ti-matched carbon pots and 
replace wlth the famous Hart exclusive ALPS ·siue Velvet' range 
components only used selectively in the very top flight of World 
class amplifiers. The improvement in track accuracy and matching 
really is incredible giving better tonal balance between channels 
and rock solid image stablllty. Motorised versions have sv DC 
motor. 

MANUAL POTENTIOMETERS 
2-Gang 1 OOK Lin. . . . . . . . • . . . £15.67 
2-Gang 10K, 50K or 100K Log. . . . . . . . . . . . . . • £16.40 
2•Gang 10K Special Balance, zero crosstalk & cenire loss. £17.48 

MOTORISED POTENTIOMETERS 
2-Gang 20K Log Volume Control • . . . . • . . . . . . . . £26.20 
2-Gang 10K RD Special Balance, zero crosstalk and Jess than 10% 
Joss in centre posilioo ... . .. . , . • . . . . £.26.98 

32W VALVE AMP TRANSFORMERS 
SpeciaJ set of loroldaJ transformers, 2 output & 1 mains lor lhe "Hot 
Audio Power" valve amplifier design described in the Oct. 1995 
issue of 'Wireless World". Total Wt 4.8Kg. Special price for the set 
£99, Post £8. Ph<ltocopies of Arlide by Jeff Macaulay. £2.00 

JOHN LINSLEY HOOD 
SINGLE ENDED CLASS 'A' POWER AMPLIFIER 

A new concept in amplifier design to meet the needs of modem 
users who wan1 lhe warmth and pu~ty of sound given by vaJve 
amplifiers from the vintage years, without lhe problems of cost, 
deterioration and danger associated with trying 10 use valves today. 
Jt employs the n ewl y re-discovered s ingle-ended circuit 
configuration to give total freedom Jrom aossover anifacts and to 
give a sound thal is indlsllngufshable from the famous Williamson' 
design, the undisputed leader of the field, with its triode connected 
KT66s and all-triode d ~vers. Described In lhe Seplember 1996 
issue of EWW the new version retains the basic simplicity and 

purity of the original but with modern components and an 
Increased power rating of 15W FIMS per channel. 
Full Kil In 3u hlgll Aackmount Case. . . . £388.25 
Sel of 3 PCBs only. . £60.50 

its HOW you do it that counts!. 

VISATON® SPEAKER KITS & DRIVE UNITS 
Ne~ 10 the UK, ~ISATON offer a range of spea~er kits and drive units that give lhe home builder aocess

0 

to units and designs that are 
unnvalte~ for quality, per1ormance :i,nd va1u~. Their ~esigns are very well known in Germany, where they are based, and over 25 years they 
have budt up an. enviable reputa1ton for htgh quality sound. All their designs come from a solid background of the best in design and 
res~arch and t~e1r fac:to,y contains one <:>~ the largest anechoic chambers ln the Wor1d, backed up by the very latest in computerised lest 
equipment. ThlS quallty of research faC1l1ty, ackf&O 10 design collaboration wilh major univers ities and hlgh end magazines, produces 
products of Impeccable performance and vafoe that are the best available to the home speaker builder!. Their range of products oovers the 
whole s~ectrum of so_und reproduction and lnclude_s speaker kits for home cinema, hi-ti a,nd car use. There Is also a vast range of dlive units 
from 15 woofers to nbbon tweeters. Speaker des,gn softwa,e and database are available for the home user who wants to try his hand or 
for oommercial manufacture, A small selection follows, our lists will give you more!. • 

ASM100 ACTIVE SUBWOOFEA MODULE 

This auractlve module consis ts ol a low pass fil ter and power 
amplifier reacty for you lo mount In a suitable sub~woofer cabinet. 
The combined unit can then be combined wtth any new or existing 
hi ti or home cinema speaker system to add in the real bass punch 
missing from most setups. 
The ASM 100 module comes as a ready-to•mount unit on a solid 
diecast aluminium frame/heatsink . Input signal can be at line or 
speaker kwel for easy system integration. There are three separate 
stereo inputs at line level a.nd the unit will use any signal presented 
°' mix all lnpu~ to add ~ ss to any signal. The speaker level inputs 
are used by simply wmng the unit in paraJlel with the existing 
speakers to provide them with strong bass support. Crossover 
frequency can be selecte<f to 50, 100 or 200Hz and the bass level 
ca~ be adjusted_ by a front panel c~ trol. ~e 'Green' power supply 
swrtches lhe unll 10 siandby tt no s,gnal 1s present Drawings are 
Included free for the compact 418 x ~0 x 303mm cabinet 
With its powerful 125 watt ou1put and versalil& filtering the ASM 100 
Is the ideal universal active driver module lor all subwoofer 
requirements. 
ASM 100 Modure. complete with IEC mains lead, instructions and 
ASM • W20cablnet drawings. P1. No. V7000 .. . .... . £185.29 
W 200 S 20cm Long Throw Drive unit for use in ASM ... W20 
i,ablnel. . . . . £36.68 

FIESTA 30 LOUDSPEAKER KIT 

An Ultra High Efficiency speaker, specially suitable tor Valve 
Amplifiers. 
Specially selected as lhe Ideal 
partner lor the new John 
Linsley Hood 1 SW Valve 
Sound Amplifier, or indeed any 
actual val ve amplilier, the 
FIESTA 3 0 features lhe 
astoni shing elfi ci ency and 
sensitivity needed lo achieve a 
sati sfying sound level from 
ampl ifiers of limited power 
output. 
To complement the sound 
purity of such amplifiers a fult 
three speaker syslem Is used 
wil l> a 300mm (12") woofer, 
200mm (8" ) m id -range and 
high quality horn twooter in a 
vented bass reflex enclosure. 
All these drive units have been 
carefully selected for thei r 
i ndi vidu al virtues, and 
collective excellence. the 
tweeter tor instance being a 
high end unit with exceptional 
pulse ,esponse as a result of 
Its combination of Kapton 
former, aluminium diaphragm 
and aJuminium voice coil. 
Nominal Power Rating is 
150W, Ma x. Music Power 
250W, Impedance 8 o hm, 
Mean Sound Pressure 91dB. 
Speaker kil comes with a ll 
parts to make a pai r of 
speakers. but not the cabinet 
parts. Crossover units are 
factory assembled, ready 10 fit. 

Kit No .LK5963 Per Pair . . . 

HOME CINEMA SPEAKERS. 

£424.93 

The VISATON range ol speaker kits includes all you wlll ever need 
for your surround sound home cinema setup, The Hi-Tower Kit is 
ideal as a super lu>CUry pair of stereo main speakers. The "'Centre 
eo· uses special magnetically screened drivers to avoid picture 
disturbance and a pair of •Effect 80"s are used as rear speakers. 
Any of a range of sub-woofers then adds weight to the sound of the 
robot feel!. Centre 80 Kits include drive units. crossover, terminals 
and grille. (Yoo make lhe box) Price each. . . . . . . • . . £64.08 
Effect 80, Rear Speaker Kits, per pair, £39.00 

DRIVE UNITS. 

BG30NG 30cm. (1 2") Woofer. High 
efficiency, (95db) for sealed o r 
vent ed cabin ets. Peak power 
handling 250wans. 8 ohm. £69.61 

W200S 20cm. (8") Woofer. Long 
throw unil with rubber surround and 
exlended rear pole 10 give no less 
than 20mm cone displacement. ldeaf 
l or compact sub-woofers such as 
ASM-W20. Sohm. £36.68 
NG8 Protective Metal Grille. £5.66 

W100S 10cm (4") Low/Midrange. 
Coated paper cone, rubber surround, 
high temperature voice coil. Suitable 
as woo fer In mini enclosures or 
midrange in 3-way systems. 4ohm. 
£18.06 
NG4 Protective Metal Grille. £3.20 

FASS acm.(3.3") Fullrange d river. 
Linear frequency response between 
200 and 20KHz. Large M agnel, 
2 0m m vo ice co il and rubbe r 
surround. Sohm. £8.36 

OT2.5 10mm Polycarbonate Tweeter. 
High efficiency ferrotluid tweeter tor 
use over 4 ,S00Hz. Very good 
price/performance ratio. Sohm. £8.n 

SCS 10mm. Magne1ieally shielded 
Tweeter for use In surround sound 
centre speakers. Bohm. £9.24 
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AHT12S High End Ribbon Tweeter. 
Superior doubte magnet construction 
gWes an exceptionally low distortion 
and linear response from 4,000 10 

30,000Hz. Cabinet cutout diameter 
95mm. Sohm. £87.n 

DHT9AW-NG Hi-Tech, Hi-Fi. horn 
type tweeter. Frequency response 
from 3.500 to 38,000Hz and very 
good pulse response due to 
aluminium cone, Kapl on voice coil 
and a luminlum wire. Peak pow er 
handling 150W. Sohm. £31 .99 

ASM t 00 and our 80 wan power amplifier are on demonstration at 
Wilmslow Audio's new premises al 8,oug hlon Astley near 
Leicester. Tel 01455 286603. 

POSTAGE on UK orders Is £2 up to £20, 
£4.50 over £20. 

Sand for Your FREE copy 
of our LISTS 

24 Br. ORDERLINE 01891852894 
Fax. 01891 '582884 
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ACTIVE 
Discrete active 
devices 
Pin-diode switches. KOi SWX 
Series miniature, high-isolation pin 
diode switch modules are for use in 
cellular and PCS base stations, 
providing up to 60dB of isolation to 
guard against lightning strikes and 
switching spikes. The range covers 
the 200-2400MHz range, isolations 
being from 24.SdB to 51dB at 2GHz, 
according to type, with insertion 
losses of 0.6dB and 0.9dB 
respectively. Power handling lies 
between 20dBm and 35dBm, 
depending on reverse bias. 
Packages have a full ground plane 
underneath, so that board space 
there can be used for other things. 
Anglia Microwaves Ltd. Tel., 0 1277 
630000; fax, 01277 631 111. 

Miniature flash cards. Flash 
Miniature Cards by Smart come in 
2Mbyte and 4Mbyte form in the size 
supported by the Miniature Card 
Implementers' Forum. They are 
essentially matchbook-sized flash 
memories to store voice, images or 
data that fit into an adapter to go into 
a pc or notebook card drive slot, 
complying with MCIF specifications 
and working from 3.3V and 5V 
supplies. Access time is 1 0Ons at 
5V. One application envisaged is 
storage in digital still cameras. 
Smart Modular Technologies. Tel., 
01908 234030; fax , 01908 234191. 

Microprocessors and 
controllers 
Metering controller. Using 400µA 
(active) and 1.6µA (standby), Tl's 
MSP430 metering microcontroller 
family has several low-power modes 
down to 0.1µA. The device contains 
a 16-bit rise cpu, a range of 
programming and memory options, a 
14-bit a-to-d converter and an led 
driver. There are 51 instructions with 
seven address modes and the 
structure allows register-to-register 
instructions to be carried out in 
300ns at 3.3MHz clock speed, each 
instruction being usable with each 
address mode. Memory options 
include rom, eprom and otp versions 
from 4K to 16K capacity, and either 
256 or 512byte of ram. MSP430x310 
is designed for use with resistive 
sensors, providing dual-slope 
conversion, and the 320 version 
includes a full, six-input successive­
approximation converter. Arrow-

Jermyn. Tel. , 01234 270027; fax, 
01234 214674n 91so1. 

8-blt mlcrocontroller. An 8-bit 
microcontroller by Toshiba, the 
TMP8 7PM29U has 32Kbyte of one­
time-programmable memory and 
1 Kbyte of ram. It works on 2. 7V at 
low power and is therefore well 
suited to battery equipment using led 
screens. It has an led d river, a uart, 
an a-to-d converter, an 8-bit timer, 
four 8-bit timers and interval and 
watchdog timers and is also 
available in masked-rom versions 
with 16, 24 and 32Kbyte of rom. 
Toshiba Electronics UK Ltd . Tel., 
01276 694600; tax, 01276 694800. 

Power 
semiconductors 
Fast, 7A/600V lgbts. Unusually, 
Harris's HGTP7N60C3 insulated­
gate field-effect transistor is happy 
working in the frequency range 50-
1 00kHz, with losses down to 600µJ. 
It is rated at 7A, 600V at 110°c (14A 
at 25°C) and fall time when 
switching 7A at 480V at 150°C is 
275ns. Harris Semiconductor UK. 
Tel., 01276 686886; tax, 01276 
682323 . 

PASSl¥E 
Passive components 
Multi-gang pots. ECO 16mm 
conductive-polymer potentiometers, 
made with recyclable plastic, are 
now available in multi-gang versions. 
Compared with the company's 
metal-cased models, the plastic 
construction confers the advantages 
of compactness, the provision of a 
locating spigot for angular 
alignment, better sealing and lower 
cost. A notched backplate accepts a 
spring clip to replace the normal nut 
and washer fixing. Dual-gang units 
can have matched tolerances for 
stereo or have different values and 
laws, the range of values being 1 kQ 
to 1 MO, 0.25W for linear types and 
4.7kQ to 470kn , 0.12w tor the non­
linear variety. All can be fitted with 
rotary switches. Omeg Ltd. Tel. , 
01342 410420; fax, 01342 316253. 

Precision resistors. Rhopoint offers 
a range of conformally coated metal­
toil resistors that exhibit a 
temperature coefficient of 
±2.5ppm/"C. Alpha FL components 
have a thickness of 6.2mm and 
possess a long-term stability of 
±0.0005% per 1000h over a 
temperature range of - 25°C to 
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Mixed-signal ics 
Switched-mode le. Alleg ro's 
STR-F6500 is a switched-mode 
power-supply ic tor 
requirements in the 30-300W 
range. It contains an off-line 
mosfet power switch and 
controller in a 5-pin package 
forming, with few external 
components, a complete supply 
module. This is a flyback 
converter with quasi-resonant 
soft switching to reduce 
switching losses and conducted 
and radiated interference. 
Protection is undervoltage 
lockout with hysteresis, 
overvoltage shutdown and 
thermal shutdown to protect the 
ic and following components. 
Switching frequency is reduced 
during startup to control 
dissipation, all startup 
components being inc luded. 
Allegro Micros ystems Inc. Tel., 
01932 253355; fax, 01 932 
246622. 

155°C. Power ratings are 0.125W for 
the FLA and FLCtypes, while the 
FLB is rated at 0.25W. Values are 
sn to 150kn in tolerances down to 
±0/02% can be supplied , but for off­
the-shelf ordering, the range is son 
to 100kn at ±0.1%. Rhopoint 
Components Ltd. Tel., 01883 
717988; tax, 01883 712938. 

Resistor networks. MiniNet silicon­
based resistor networks are said to 
be the smallest such devices 
currently available, being some 
25-30% smaller than ordinary ones. 
They are made in ic-type packages 
and consist of a thin film of tantalum 
nitride on a silicon substrate. Values 
range from 1 on to 1 00kQ in 
tolerances from ±5% to ±1 % and 
temperature coefficients of ±250ppm 
to ±50ppm. Maximum voltage is 50V 
de and power rating 0.1W-0.9W at 
70°C. Arrow-Jermyn. Tel. , 01234 
270027; fax. 01234 214674n 91501. 

Miniature capacitors. CapXon 
miniature electrolytics are now 
available in the UK. There are seven 
voltage ratings between 4V de and 
50V de in values between 0.2µF to 
220µF and in sizes from 3mm 
diameter by 5mm long to 6.3mm 
diameter by 5mm long, the latter 
being for a 220µF, 4V type. Europa 
Components & Equipment pie. Tel., 
0181 953 2379 ; fax, 0181 207 6646. 

Displays 
Backllghting leds From 
Dialight. the 553-22xx-100 led 
indicator, which Is optimised for 
backlighting use, being space· 
saving in that two leds are 
mounted in one assembly. To 
reduce stray light trom the 
assembly to other positions and 
10 obtain maximum output on 
lhe viewing axis, the housing is 
extended and the leds fitted with 
tinted. non-diffused lenses. 
Leds in red, yellow or green 
produce 12mCd at 10mA. 
Gothic Crellon Ltd. Tel., 01734 
788878; lax, 01734 776095 . 
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Connectors and 
cabling 
Optical connectors. Framatome 
has a new series of lightwave 
connectors for lans, fibre cable 
management and distribution, ATM 
and premise installation. They 
incorporate a dome-shaped zirconia 
ferrule and exhibit low insertion loss, 
simple connection and nickel-plated 
zamack bayonet coupling. Cable 
diameters accepted are 0.9mm-
2.8mm with a fibre diameter of 

Power connectors. Rendar 
has a full range of power 
connectors meeting EN60 
320 and rated al 1 0A, 250V 
ac, with variants for the US 
being rated at 15A, 125V ac. 
Connectors in the range are 
approved to UL, CSA, VOE 
and BSt and any not covered 
by international safety 
regulations are tested to BS 
5733. In the range is a 
variety of inlets with choices 
of mountings, rewireable 
plugs and connectors and 
outlets. There are also the 
Twin bloc and Ouadbloc 
multi-outlet blocks and the 
Stripbloc, which carries 
power and signal lines. 
Rendar Ltd. Tel. , 01243 
866741 ; fax, 01243 841486. 
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126µm, variability after connection 
being under 0.2dB after 1000 test 
cycles. Cable retention is 15.9kg 
and temperature stability ±0.1dB 
between -40°C and 80°C. 
Assemblies are available. 
Framatome Connectors UK Ltd. Tel., 
01582 475757; fax, 01582 476203. 

Cable screen clamps. Erne 
requirements have made for an 
increase in the usage of screened 
cables, and focused attention on the 
need for a reliable and simple 
method of making connection to the 
screen. Wieland Electric now has 
three sizes of clamps to a busbar 
fixing rail for use with cable of 
7-16.Smm in diameter, the clamps 
having stainless steel contact 
springs to avoid damage to the 
screen and to provide corrosion 
resistance. The rails are insulated 
and can be fixed directly to a panel 
and can also be used as pure 
screen connectors remotely from the 
terminals. Wieland Electric Ltd. Tel., 
01483 31213; fax, 01483 505029. 

VME backplane. Vero has started 
production of backplanes to the 
latest draft of the VME64 Extensions 
standard. Twelve-layer stripline 
backplanes come in widths of 7-20 
slots with smt terminations for lower 
crosstalk. J 1 and J2 slots have the 
new 160-pin, 5-row DIN connectors, 
which are compatible with existing 3· 
row, 96-pin connectors, and an 
optional 2mm JO connector has an 
extra user-defined 95 pins; a further 

35 ground returns are available. 
There are a 3.3V and two user­
defined ±V1 and ±V2 rails, which 
can be used together to give 48V 
telecomms supply. Total power is 
about 2kW. Vero Electronics Ltd. 
Tel., 01489 780078; fax, 01489 
780978. 

400 contacts on double Eurocard. 
Erni has an interconnection method 
that provides up to 400 contacts on 
a double-width Eurocard using the 
standard DIN format. This is done by 
combining two Erni E160 
connectors, which each have five 
rows of 32 pins, with an Emi EBO of 
five rows with 16 pins a row to give a 
continuous 2.54mm pitch for a 
standard layout. Features include 
early make/last break of 0.8mm for 
male contacts, precentring for male 
connectors; press-tit termination; 
and wave soldering. Radiatron 
Components Ltd. Tel., 01784 
439393; tax, 01784 477333. 

Cordsets. Clarke Cable's mains 
cordsets are available from 
Roxburgh. These are 1 00% tested, 
2m cables with a range of UK and 
European standard connectors, 
various cable colours and other 
terminations being supplies as 
needed. Roxburgh Electronics Ltd. 
Tel., 01724 281770; tax, 01724 
281650. 

Filters 
Solder-in eml filters. New emi 
filters by Syler are suitable for 
soldering directly to a panel, are 
smaller than threaded equivalents 
and are shorter. The type for 
soldering into a 3.5mm hole has 
capacitance values to 33nF, while 
the 5.8mm type goes to 470nF. 
Voltage rating is 500V de and 
current rating 10A. Syler Technology 
Ltd. Tel. , 01493 440047; tax, 01493 
440048. 

Emi fitters. These bidirectional chip 
filters from Murata, the EM/FIL 
NFMM839R series, are for use on 
clock or interface lines and possess 
a smooth change of impedance with 
frequency, reducing waveform 
distortion and reflection. There are 
two cut-off frequencies: 20MHz and 
50MHz, insertion loss being typically 
8dB at 100MHz and 20dB at 
500MHz for the 20MHz device. 
Minimum insulation resistance is 

Drill/lathe/drive-shaft kit. 
Minicraft's lathe and drill kit, the 
M86001, is now sold with a free 
flexible drive shaft, the MB720, 
until the end of April. The whole 
kit, which costs £139.99, 
consists of the 1 DOW drill; a 
variable-speed transformer 
which is usable with all Minicraft 
12v tools; a lathe attachment, 
three chisels and cutting, 
polishing, grinding accessories; 
and the drive shaft. Minicraft. 
Tel. , 01388 420535; fax, 01388 
817182. 

1 Gn and the filters are rated at 50V 
de, 25mA. Murata Electronics (UK) 
Ltd. Tel., 01252 811666; fax, 01252 
811777. 

Hardware 
Fan. Miniature radial fans from 
Papst in the RE38 Series mount 
straight onto a pcb and are meant 
for localised cooling. They operate 
from 12V de at temperatures 
between 40°C and 90°C, supplying 
1.5 or 3.Stt3/ minute, depending on 
the model. Challenger Components 
Ltd. Tel., 01795 477255; fax , 01795 
477259. 

Test and 
measurement 
Portable dsos. TD$200 Series 
oscilloscopes from Tektronix are 
low-cost, portable digital storage 
oscilloscopes with backlit le displays, 
the reason for a back-to-front 
dimension of 11 cm. Tek's Digital 
Real-time technology provides a 
response similar to that of an 
analogue instrument. Bandwidths 
are in the 60· 100MHz range, 
sampling being at 1 Gsample/s 
simultaneously on both channels. 
The user interface (controls) are 
similar to those of analogue types, 
but with a collection of automatic 
measurement features, storage and 
instrument setups; automatic peak 
detection reduces the possibility of 
aliasing. There is provision for 
optical communication to give hard 
copy output or via GPIB/RS232 to a 
pc. Thurlby Thandar Instruments 
Ltd. Tel., 01480 412451; tax, 01480 
450409. 
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Function generator. In seven 
ranges, the GX245 portable function 
generator by Metrix covers 
0.5Hz-SMHz and contains a 
frequency counter to measure up to 
120MHz. Both internal and external 
sweeps are available with starVstop 
control in linear, log., de level and 
single-shot modes. Square-wave 
rise time is under 40ns and less than 
12ns for ttl loads. Frequency 
resolution is 0.001 Hz at the lower 
frequencies, output frequency being 
shown by a 5-digit led. Metrix 
Electronics pie. Tel. , 01384 402731 ; 
fax, 01384 402732. 

40GHz spectrum analysis. Rohde 
& Schwarz announces two new 
spectrum analysers: the 26.5GHz 
FSEM and the FSEK tor 40GHz, 
both being modular in form to allow 
customisation tor a number of uses, 
although all models in the FSE range 
include as standard functions for 
work on digital radio and television 
measurements in development, 
production and service. 
Synchronised tuning up to the 5ms 

Four-channel temperature 
monitor. Tempscan T100, 
intended for small 
temperature-controlled 
stores, incorporates variable 
high and low alarm limits for 
each channel, defrost and 
door-open inputs and 
selectable record ing 
intervals from 1 Sm to 1 h, 

' operation being controlled by 
a lockable function switch. 
An Internal tally-roll printer 
provides reports and 
functions are selected by 
either front-panel keypad or, 
optionally, by an RS-232 

1 interface to a computer using 
· software supplied or users' 
own. 0anesbury Data 
Systems. Tel. , 01438 712041 ; 
fax, 01438•712900. 
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full span sweep ensures high 
accuracy at every point and the gap 
sweep function and 200ns/division 
resolution at zero span allows pulse 
rise and fall time measurement 
simultaneously. Phase noise is 
typically-128dBc/Hz at 10kHz 
offset. Rohde & Schwarz UK Ltd. 
Tel., 01252 81 1377; fax, 01252 
811447. 

Rail-mounted kWh meter. RM303 
from Northern Design mounts on a 
DIN rail, six modules wide, and 
provides a readout on a large backlit 
led to better than IEC 1036 Class 1 
for both single and three phase 
inputs, also offering an optional 
pulse output, as required for building 
energy management applications. It 
is a single-function instrument with 
standard current-transformer inputs 
for connection to loads from a few 
watts to several hundred kilowatts, 
readings being stored in the event of 
a power failure. Northern Design 
(Electronics) ltd.Tel., 01274 729533; 
fax, 01274 721074. 

Optical preamplifier. EG&G 
Instruments has a new optical-input 
preamplifier, the Model 5188, 
designed for use as a light-to-voltage 
converter. Two versions exist: the 
5188A, with an lnGaAs input 
detector for near-infrared radiation, 
and the 51888, which uses a silicon 
device for the visible part of the 
spectrum. Sensitivity extends to 
fractions of a picowatt with no noise 
degradation, to 18mW without 
overload. Ac and de signal 
components are processed 
separately and give independent 
outputs. Input is by way of an FC/PC 
connector. EG&G Instruments Ltd. 
Tel., 01 734 773003; fax, 01734 
773493. 

Interfaces 
Laptop-to-Fleldbus. From National, 
the PCMCIA-FBUS, which is a 
Foundation Fieldbus interface for 

pcs running Windows NT and having 
PCMCIA slots; the interface includes 
NI-FBUS driver software tor Win NT. 
There is also a network 'configurator' 
- a 32-bit Windows application to 
deal with the configuration of 
fieldbus segments. National 
Instruments UK. Tel. , 01635 523545; 
tax, 01635 523154. 

Literature 
Mlcrocontroller design guides. 
Toshiba's three new design guides 
cover 1-bit, 8-bit and 16-bit 
microcontroller families, providing 
application examples and lists of 
available development software. 
Toshiba Electronics UK ltd. Tel., 
01276 694600; tax, 01276 694800. 

Virtual instruments. National 
Instruments has a new catalogue, 
the 1997 Instrumentation Reference 
and Catalogue, which contains 
nearly 700 pages and is free. 
National is well known for its range 
of pc-based instruments and the 
publication offers tutorials on data 
acquisition, GPIB, VXI and 
automation in industry, in addition to 
the normal functions of a catalogue. 
National Instruments UK. Tel. , 01635 
523545; tax, 01635 523154. 

Materials 
Erne kit. A kit of materials from 
Vacuumschmelze, the EMC KIT, 
consists of 17 toroidal cores and 22 
common-mode chokes using high­
permeability, nano-crystalline 
Vitroperm 500 F, to assist engineers 
to design small, flat mains filters for 
the 1-25A (single-phase) or 3-40A 
(three-phase) ranges. The kit also 
contains a disk with Excel Work 
Sheet VACSIM 3.0 to help with 
dimensioning chokes and simulating 
insertion loss in a son system 
between l 0kHz and 100MHz. 
Vacuumschmelze GmbH. Tel., 0049 
61 81/38-26 29; fax, 0049 61 81 /38· 
28 60. 

Power supplies 
Switching regulators. Micrel 
Semiconductor has two new 
regulators, the MIC2570/1 one and 
two cell boost regulators, both being 
constant duty-cycle, gated-oscillator 
types. The 2570 is for two-cell 
working from 1.3V to 1 SV input, the 
2571 being for single-cell use and 
works on inputs down to 0.9V. This 
one is in a new 8-lead Minis 
package, which is less than half the 
size of SO-8s. Both devices have 
selectable output of 2.85V, 3.3V or 
SV or adjustable output up to 36V. 
An n-p-n switch in the unit avoids 
the need for a series-pass 
component tor peak inductor 
currents to 800mA. Micrel 
Semiconductor Europe. Tel. , 01635 
524455; fax, 01635 524466. 

Earth tester. PIDA members 
can now supply the Norma 
Handy Geo, a compact, 
handheld, battery-powered 
tester for two-pole and three­
pole earth resistance and 
noise voltage measurement. 
Its large led provides legends 
and an analogue scale, 
backlighting being switchable. 
The instrument will detect 
external ac and de volts, will 
define probes and has an 
adjustable limit. PIDA. Tel. 
and fax., 0756 799737. 

15 and 30W de-to-de converters. 
Improved versions of Vera's 
DC/5100 and DC30100 converters 
exhibit input tolerance of -25% to 
50% about nominal inputs of 12V, 
24V or 48V. Single and dual 
regulated outputs of 5V, 12V, ±12V 
and ±15V are available at 
efficiencies of around 85%, with 
cmos/ttl compatibility and full rfi 
screening. Both types meet the ETSI 
for telecomms. Vero Electronics Ltd. 
Tel., 01489 780078; fax, 01489 
780978. 

Programmable supply. TTi's 
TSP3222H is a GP IS-controlled 
supply giving dual independent 
0-32V, 0-2A outputs. Rapid response 
to output demand, regardless of load 
current, is provided by active 
circuitry that sinks current when 
requ ired. All functions, including 
output configuration, overvoltage 
trips and meter damping are bus­
controlled and outputs are readable 
via the bus to a 12-bit resolution. 
Each output operates in constant-V 
or constant-I mode with auto 
crossover and mode indication; 
serial or parallel combination is 
programmable. There is also 
keyboard setting for all functions with 
memory to save up to 25 settings. 
Thurlby Thandar Instruments Ltd. 
Tel., 01480 412451 ; fax, 01480 
450409. 

Rechargeable batteries. Thirteen 
models of Eleckson batteries cover 
the range 6V, 1.3Ah to 12V, 44Ah 
and 0.33kg to 14kg, most popular 
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sizes being included. lower-power 
types use standard push-on 
terminations, with heavier nut-and­
bolt fastening for the larger batteries. 
There is no corrosive gas discharge 
and the batteries are suitable for 
constant, float charge or cyclic use. 
Camden Electronics ltd. Tel.. 01727 
864437; fax. 01727 855400. 

Radio 
communications 
products 
Superhets at superegen prices. 
low Power Radio Solutions has 
introduced the SuperReceiver- a 
superhet for low-power links using 
the Plessey KESRX-01 chip. It 
meets the 2nW emc limit under 
RES0908 and is made in the same 
sil package used by the earlier 
superegen. receiver. Frequency is 
either the pan-European 433.92MHz 
or the UK 418MHz, both crystal­
controlled. There is a received 
signal-strength indicator pin and the 
unit is meant for use in battery­
powered systems, taking 2 .5mA 
when active. Data rate is 10kb/s and 
sensitivity better than - 103dB. Low 
Power Radio Solutions ltd. Tel., 
01993 709418; fax, 01993 708575. 

Protection devices 
Resettable fuses. PolySwitch 
resettable fuses from Raychem 
come in five ratings from 3A to 11 A, 
each with a 16V, 100A surge rating. 
They are conductive polymer 
devices with metal electrodes, the 
polymer increasing its resistance in 
the presence of overload and 

Ferrite cores. Murata cores 
for emi suppression provide 
·excellent noise 
suppression· which is 
effective at frequencies up to 
500MHz. Data lines may be 
passed through the cores or 
wound round them several 
times. Surtech 
Interconnection Ltd. Tel., 
01256 51221; lax, 01256 
471180. 
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latching in this state until the fault is 
removed, when the device resets 
after cooling down. Raychem ltd. 
Tel., 01793 572692; fax, 01793 
572209. 

Switches and relays 
Relay module. Matsushita has a 
DIN-rail-mounted safety relay 
module that is provided with quick­
connect terminals, power indication 
and the choice of a range of 
operating voltages. These are 
rotating-armature SF2/4 relays for 
safe switching in the presence of 
malfunction or contact problems. 
Each module has two or four sets of 
mechanically interlocked normally 
open or normally closed contacts in 
a sealed package, contacts being 
rated to break 1500VA at up to 44V, 
6A. Matsushita Automation Controls 
Ltd. Tel., 01908 231555; fax, 01908 
231599. 

Load-break switches. Crompton 
Greave has a new series of load­
break switches with a new handle 
having a positive stop to prevent the 
switch overthrowing. These UUCSA· 
approved switches have isolated 
double-break contacts with seals to 
IP65. Thirty variants offer three, four 
or five poles and current handling 
from 25A to 63A. Front and base 
mounting is available, with locking 
facilities, and there is a front-panel 
marking system for accurate 
alignment of door interlock handles. 
D S Hodgson ltd. Tel. , 01923 
859191; fax, 01923 859794. 

GPIB-controlled relay module. res 
Electronics has produced the Model 
4864 GPIB-to-relay interface for the 
ATE market, offering different 
combinations of contacts and 
isolated inputs to control external 
devices from a GPIB bus. There are 
16 outputs, all of which can be 
controlled individually, run as a 
single or multiple scanner or all 
switched at the same time. Eight 
isolated inputs are usable to sense 
signals or contact closures or to 
verify an external response to a 
control output. Three types are 
produced: the 4864-11 has 0.5A 
contacts; 4864-121A types; and 

4864-14 solenoid/relay driver 
outputs to connect larger relays. 
Amplicon liveline ltd. Tel., 0800 
525 335 (free); fax, 01273 570215. 

Miniature snap switch. Cherry 
Hirose snap switches take up 10% of 
the space normally needed for a 
switch of this type, measuring 12.8 
by 13.8 by 5.8mm. The range 
includes versions for 50mA to 3A, 
with silver alloy, silver or gold 
contacts. A variety of actuators is 
available and straight, left or right 
terminations. Cherry Electrical 
Products ltd. Tel., 01582 
763100; fax, 01582 768883. 

Transducers and 
sensors 
Pressure sensors. Schaevitz 
P3000 pressure sensors from Lucas 
are meant for use in the 
measurement of very low vented 
gauge, absolute or wet/dry 
differential pressures in a variety of 
fluids. the lowest range being 0-
5mbar and the highest 0-5bar. The 
pressure-sensing element includes 
an all-welded Ni-Span C capsule for 
low hysteresis and constant scale 
factor with temperature, a linear 
variable differential transformer 
measuring the displacement of the 
capsule. Lucas Control Systems 
Products. Tel., 01753 537622; fax, 
01753 823563. 

Led shaft encoder. Using red, 
green or orange 31-led arrays, the 
20mm diameter, low-profile shaft 
encoder from ALPS provides 15 
pulses per revolution for each phase 
(two click, one pulse), having an 
expected life of 15,000 revolutions at 
500rev/hour. Operating current is 
1 OmA. Roxburgh Electronics ltd. 
Tel., 01724 281770; fax, 01724 
281650. 

Vision systems 
Cctv Rx/Tx. Video Wave video 
transmitter and receiver are low­
power. single-band components that 
may now be used without licensing. 
The system provides a real-time, 
secure radio link using a unique, 
scrambled, monochrome closed­
circuit tv output at a fraction of the 
cost of other methods. Units are for 
fixed or mobile use from 12V de, 

Computers 
Fireproof computer. Well, 
perhaps not, but the TM/ 
Hardbody is a lightweight, 
handheld pc that will take the 
kind of punishment development 
engineers have nightmares 
about. It has a splash-resistant 
case, a pen-based interface (you 
use a pointer instead of a 
keyboard) and a long-life batlery. 
It will survive a 20g shock for 
6ms, 2g vibration between 5Hz 
and 200Hz and 0-95% non­
condensing relative humidity. 
Temperature range is - 1 0°C to 
50°C. Insides consist of a 
66MHz 486DX, 32Mbyte of ram, 
a 260Mbyte hard disk and a VGA 
led with a 2048 by 2048 touch 
screen. There are two PCMCIA 
slots, two RS-232 ports and 
comms ports for peripherals, rf 
Ian and wan connection is via 
optional adaptors. Crellon 
Microsystems. Tel., 01734 
776161 ; fax, 01734 776095. 

using one-to-one, multiplexed or 
broadcast video transmission. Both 
units measure only 160mm by 90mm 
by 60mm. Radio Data Technology 
ltd. Tel., 01376 501255; fax, 01376 
501312. 

COMPUTER 
Data acquisition 
96-channel analogue VME Input. 
Newest member of Pentland 
Systems' VGXfamily is the VGD4, 
which consists of 96 12-bit 
analogue-to-digital converters in two 
VME slots to give high channel­
density simultaneous sampling, 
accuracy being maintained by a 
calibration rom. Data transfer can be 
by VME or VSB or straight to dsp 
modules by way of TMS320C4X 
comms ports or front-panel data 
ports. Pentland Systems ltd. Tel., 
01506 464666; fax, 01506 463030. 

Data communications 
Lan/wan transceiver. Developed 
by Triquint in the US, the TO8105 
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Sonet/SDH atm transceiver runs at 
622Mb/s, dissipates 2.3W and is 
contained in an 100-pin J EDEC 
quad flatpack. Its claim to fame 
stems from the provision of three 
alarm signals which indicate 
imminent loss of data before it 
happens. Flags are waved if there is 
a loss of local reference signal; at a 
loss of received signal after 128 
zero transitions; or if the data has 
started to drift because of trouble at 
the other end. It is compatible with 
eel, peel or ttl clocks running at 
between 19.44MHz and 155.2MHz 
and it holds its end up in 
temperatures between - 40°C and 
125°C. Pronto Electronic Systems 
Ltd. Tel., 0181 554 5700; fax, 0181 
554 6222. 

Software 
Data taker programmer. Data 
Electronics' Data taker series of data 
loggers is now augmented by the 
introduction of a Windows 
programmer and supervisor to 
retrieve and present its results. 
Defogger Pro offers the choice of a 
gui or text window for entering 
commands, data being shown as 
charts or in text form. Programming 
requires little use of the keyboard, 
most being carried out by clicking on 
icons, all without the presence of 
loggers. The program has its own 
relational database with up to eight 
filter parameters to create reports 
and will work with other databases 
such as Foxpro and Microsoft 
Access for more complicated work. 
Charting functions show data In real 

time and the package also supports 
a modem manager for remote data 
collection. Data Electronics. Tel. , 
01462 481291; fax, 01462 481375. 

Datacomms analyser. COM-Watch 
2000 allows a user to visualise and 
analyse data communication 
simultaneously on up to 16 channels 
and will communicate with a device 
to test its data; test programs may 
be written in the Script command 
language. The facility is used to 
start, debug and service links and in 
software development. In its passive 
mode, COM-Watch uses the RS-232 
adaptor to see data communication, 
trigger functions determining which 
data to monitor, subsequent analysis 
being concerned with ere calculation, 
checksums and searching for 
patlerns, strings and signal errors. 
Amplicon Liveline ltd. Tel., 0800 
525 335 (free); fax, 01273 570215. 

Analogue circuit simulator. 
S/Metrix, from Newbury Technology, 
is a Windows-based circuit simulation 
package costing £245. Features 
include an integrated circuit editor 
with multi-level undo, waveform 
analysis and real-time waveform 
display. It is based on Spice 3 and 
supports transient, de, de sweep, ac, 
noise and transfer function analysis 
and recognises lossy transmission 
lines, arbitrary sources and GaAs 
lets.The model library contains 1300 
devices, a new mosfet model being 
designed for vertical devices with 
non-linear gate/drain capacitance. 
Newbury Technology ltd. Tel., 01635 
966395; fax, 01635 868322. • 
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Development and evaluation 
PIC emu lation. ICEPIC2 from RF Solutions is a modular in-circuit, real-time 
emulator, Windows-based, for all types of Microchip's PIC microcontrollers at 
up to 25MHz. Code can be debugged at source level in assembler or C, a 4K 
(expandable to BK) hardware trace buffer being provided. There are unlimited 
hardware trigger break points on any address or range of addresses and the 
emulator performs single steps or procedure steps. Standard BK of 
PIC16CXX emulation memory is expandable to 16K. Units are complete with 
power supply, RS232 interlace and software . RF Solutions ltd. Tel. , 01273 
488880; fax, 01273 480661 . 

ADVERTISE FREE OF CHARGE 
Subscribers* to Electronics World can advertise their 

electronics and electrical equipment completely free of charge 
Simply write your ad in the form below, using one word per box, up to a maximum_ ?f twenty w_ords. Remember to 
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Resistors in 
Calculating the value of parallel res.istors normally 
involves a chart-type calculator or an electronic 
calculator and time-consuming equations. John 
Lavender describes an alternative solution offering 
convenience, speed and - above all - accuracy. 

W ritten in 'C', this short program 
calculates series and parallel com­
binations of standard value resis­

tors for any required value with an accuracy of 
less than 0.25%. 

There many reasons for using series or par­
allel resistor combinations. Achieving voltage 
and power ratings are not the least of these. 
But when a non-standard value is required, or 
the required standard value is not to hand, par­
allel or series resistor combinations are the 
only solution. 

Whereas series pairs can usually be worked 
out using mental arithmetic, for most people, 
parallel pairs require at least a pen and paper. 
There are some helpful rules of thumb, but if 
you don't know them, or can't remember 
them, the only resort is lots of calculations. 

Tbe two belier known formulae used to cal­
culate parallel resistance are, for two resistors, 

and for multiple resistors, 

The first formula may be transposed to give, 

when the value of one resistor and the total 
resistance is known. 

The second formula may also be transposed 
to, 

Fig. 1. Simulation of a screen produced using the c resistor ca/aculation program. 

Enter EIA range - 96, 48, 24, 12, 6. 96 

Enter resistors percentage tolerance. (e.g. 1) .1 

Enter accuracy range. (e.g .. 25) .025 

Enter value of required resistor in ohms or 0 (ZERO) for change. 4440 

121 R + 4k32 = 4441.0000 0 .023%, 4436.56 to 4445.44 -0.077 to 0.123% error 
221 R + 4k22 = 4441 .0000 0.023%, 4436.56 to 4445.44 -0.078 to 0.123% error 
1 k43 + 3k01 = 4440.0000 0.000%, 4435.56 to 4444.44 -0.100 to 0.100% error 
1 k5 + 2k94 = 4440.0000 0.000%, 4435.56 to 4444.44 -0.100 to 0 .100% error 
4k53 II 221k = 4439.0103 -0.022%, 4434.57 to 4443.45 -0.122 to 0.078% error 
4k53 II 226k = 4440.9839 0.022%, 4436.54 to 4445.42 -0.078 to 0 .122% error 
4k75 II 68k1 = 4440.2881 0.006%, 4435.85 to 4444.73-0.094 to 0.106% error 
4k99 II 40k2 = 4438.9907 - 0.023%, 4434.55 to 4443.43 -0.123 to 0 .077% error 
5k49 II 23k2 = 4439.4561 - 0.012%, 4435.02 to 4443.90 -0.112 to 0.088% error 

Enter value of required resistor in ohrris or 0 (ZERO) for change. 
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R,=(R1xR2xR3 ... 
Rn)f(R I xR2)+(R 1xR3)+(R2xR3) ... 
+(R1xRn)+(R2xR0)+R3xRn), etc 

for calculators without a reciprocal function. 
Having for many years used the above for­

mulae and a parallel resistance calculator 
chart 1, I found that I required greater accuracy 
and flexibility when calculating resist.or com­
binations. It was to this end that a short 'C' 
program was written that displayed a range of 
parallel-pair combinations within predeter­
mined limits of the required value. 

These limits are referred to as the accuracy 
range - or perhaps more precisely the 'inac­
curacy range'. This is the degree of variation 
from the required value; the larger the varia­
tion, the greater the number of combinations 
displayed. 

The reason I decided to display a range of 
combinations rather than simply the most 
accurate is that it gives you the opportunity of 
selecting, 

• The most accurate combination, 
• A pair with close values for current sharing 

- or voltage sharing, in the case of series 
pairs, 

• A high/low value combination for applica­
tions where trimming may be required, or, 

• The values of resistors on hand. 

The program was found to be invaluable, sav­
ing many hours of manual calculations. Over 
a period of time the original program has been 
modified, added to, and generally improved, 
both series and parallel combination pairs 
being calculated. 

Any EIA range can be selected ... 
Any EIA range from E6 to E96 can be select­
ed, and the calculation parameters of resistor 
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tolerance and accuracy range may be varied. 
Maximum and minimum resistance, due to 
resistor tolerance, is displayed both in ohms 
and as a percentage difference from the 
required value. 

Another feature that has been added is that 
the resistor values are displayed in the gener­
ally accepted form of 0R22, 6R8, lOR, 560R, 
lk2, 47k, 330k, l MO, etc., which makes for 
easier reading. Figure I shows a typical 
screen display from thsi program. The listing 
for this program is beyond the scope of this 
article, but the program is available, as 
detailed later. 

List 1 is a modified version of the original 
program. It is easy to use, and calculates 
series pairs as well as the parallel combina­
tions. The range of resistor values used in the 
calculations are the E24 values from 0.01.Q to 
9 IM.Q, which covers the majority of the read­
ily available resistor values. 

The accuracy range is pre-set by the 'per­
centage=0.25' declaration at the end of line 7 
of the listing. This value can be changed to 
suit your requirements, but I have found 
0.25% to give the best range of results. 

In use, the program could not be simpler. 
Load the program, enter the required resistor 
value, in ohms, hit the enter key and the 
results appear on screen. Other values are 
entered as required, then, when finished, press 
the zero key to exit the program. 

If more than 24 combinations are found, 
"MORE-" is displayed at the bottom of the 
screen. Hit a key and the next screen of com­
binations is displayed. 

Series combinations are displayed in the 
form of, 

3300.00+6800.00=l 0 100.0000 0.0000% error. 

and for parallel combinations: 

3300.00116800.00=2221.7822 -0.0098% error. 

Although this program will run on any pc 
compatible, it is advisable to use at least a 
486DX. This is because the program makes 
some 57,600 sets of calculations for each re­
quired value. 

Calculations are made for every resistor 
value, paired with every value for both series 
and parallel combinations. A lesser pc will 
take several minutes to run through this num­
ber of calculations. 

For those of you who do not have access to 
a 'C' compiler, a disk with a DOS-executable 
program (E24.EXE) is available. The disk 
also contains an E96 version of the program 
(E96.EXE) and the ' C' listings of both ver-
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References sions. As a special offer, the executable file for 
the more comprehensive program referred to 
in the text is included on the disk for the all­
inclusive price of £15. Send your request to: J. 
E. Lavender, 5 Shackleton Avenue, Yate 
BS17 4NW, enclosing a cheque or money 
order for £20 • 

I. Hammond, M.A., Parallel resistance 
calculator, p45, Eleccronics World April 1962 
(This is an American magazine, not related to 
Wireless World). (ElA 24 values and improved 
version of the ' Resistors in parallel ' chart, by the 
same author, published on p339 of the 
July/August 1959 issue of Wireless World. 

List 1. Calculate parallel resistances in C with speed and accuracy. 
1 tinclude <std.i.o.h> 
2 #include <conio.h> 
3 main() 
4 { 

5 float mult "10"= {0 . 01, 0 . 1, 1. 0, 10,100, 1000, 10000, lOOOOOL, l OOOOOOL, lOOOOOOOL), 
6 value"24"={1.0,l.l,l.2, l . 3 ,1.5,l . 6,l .8,2 .0,2.2,2.4,2. 7,3 . 0,J . 3,3.6,3.9,4.3, 
7 4.7,5 . 1,5.6,6 . 2 ,6.8,7.5, 8 . 2,9.1), rl, r2, re, rs , r t, e, percent=.25; 
8 int ra , maT rb, mb, ctr; 
9 printf("\nEnter the requi red val ue of resistor in ohms\n"I; 
10 scanf { • %f", &re) ; 
11 do 
12 { 
13 ctr = O; 
14 for (ma= O; ma< 10; ma++) 
15 { 
16 for (ra = O; ra < 24; ra++) 
17 { 
18 for {mb = O; mb < 10; mb++) 
19 { 
20 for {rb = O; rb < 24; rb++) 
21 { 
22 rl = (value•ra• • mult•ma"); 
23 r 2 = {value"rb• • mult"mb"); 
24 rs = rl + r2; 
25 if {rl<=r2&&rc<=rs+(rs• percent/100)&&rc>=rs(rs•percent/100)) 
26 { 
27 if (re != rl && re != r2) 
28 ( 
29 e = ( {rs - re) /re) • 100; 
30 printf {"\n% .3f + %.3f = %.4£ %.4f %% error.",rl,r2,rs,e); 
31 ctr++; 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 

rt = {(rl * r2)/ (rl + r2)); 
if(rl<=r2&&rc<=rt+(rt*percent/100)&&rc>=rt-{rt*percent/100) ) 
{ 

if (re ! = rl && re != r2) 
{ 

e = { (rt - rel /re) • 100; 
printf ("\n% . 3f I I %.3£ = %.4f %.4f %% error",rl,r2,rt,e); 
ctr++; 

if (ctr >= 24) 
( 

printf ("\nMORE - •); 
ctr= 0; 

getch() ; 

54 printf ("\n\nENTER ANOTHER VALUE OR ENTER '0' (ZERO) TO EXIT\n") ; 
55 scan£ (• %f•,&rc); 
56 
57 while (re != 0); 
58 return O; 
59 
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THE ORIGINAL, S,URPLUS WONDERLAND! Surplus always 
wanted tor cash! THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 

40Mb HD + 3Mb Ram 
LIMITED QUANTITY only ol lhese 12Mhz HI GRADE 286 systems 
Made in the USA to an industrial specilicalion, lhe syslem was 
designed for total reliability. The compacl case houses lhe molher­
board, PSU and EGA video card wilh single 5¼" 1.? Mb floppy disk 
drfve & inlegral 40Mb hard disk drive lo the fronl. Real lime clock 
with banery backup is provided as slandard. Supplied in good used 
condi1ion complele with enhanced keyboard, 640k + 2Mb RAM, 
DOS 4.01 and 90 DAY Full Guaranlee. Ready to Run! 
OrderasHIGRADE286 ONl Y £f29. 00 e 

/C's -TRANSISTORS - DIODES 
OBSOLETE-SHORT SUPPLY-BULK 

6,,000,000 items EX STOCK 
For MAJOR SAVINGS· CALL FOR SEMICONOUCTOR HonIsr 

VIDEO MONITOR SPECIALS 

19" RACK CABINETS 
Superb quality 6 foot 40U 

Virtually New, Ultra Smart 
Less than Half Price! 

Top quality 19• rack cabinets made in UK by 
Optima Enclosures Lid. Unils feature 
designer. smoked acrylic lockable lronl door. 

One of the highest specification full heighl lockable half louvered back door 
· ·11 1' and louvered removable side panels. Fully 

• fflOnltOrS YOU WI ever See • adjuslable internal lixing slruls, ready punched 
... At this price - Don't miss it!! for any configuration ol equipment mounting 

plus ready mounted inlegral 12 way 13 amp 
Mitsubishi FA3415ETI<L 14" SVGA Multlsync oolour monAor wilh fne socket switched mains distribulion slrip make 

028 oot pilch tube and resoWon of 1024 x 768. A lhese racks some of lhe most versatile we 
va(,ety ot inputs abNs comecoon lo a host ol compu~ have ever sold. Racks may be stacked side by side and lherefore 
ers ilcludng IBM PC's il CGA, EGA, VGA & SVGA require only two side panels 10 stand singly or in mulllple bays. 
modes, BBC, COMMODORE fincluci,g Amiga 1200), Overall dimensions are: n w H x 32¼' D x 22' W. Order as: 

Optional Filled extras: VGA graphics card £29.00 ARCHNEOES and APPLE. Many leatures: Elched OPT Rack 1 Complete wilh removable side panels. £335.00 (G) 
1 .4Mb 3¼• floppy disk drive (inslead ol 1 .2 Mb) £19.95 faceplate, teXI SMching and LOW RADIATION MPR 

1 
£
225 

00 (G) 
Wordperlecl 6.0 for Dos • when 3¼' FOO oplion ordered £22.50 specification. Fully guaranteed, SUPJ>ied in EXCEL· OPT Rack 2 Rack, Less side panes • 
NE2000 Elhernel (thick. thin or lwislecl) network card £29.00 ittle used condilion I I 
Low COST 486DX-33 SYSTEM WrifSw1ve1Base £4.1s Only £119 <E> MW~v~A 32U - High Quality-All steel RakCa~ 

Limited quantity ol this 2nd user. supurb small size desklop unil. VGAcablelorlBMPClnctuded. • Made by Eurocraft Enclosures Lid lo the highest possible spec, 
ExlemalcableslorothertypesolcomputersCAU. rack lealures all steel construction with removable . Fully fea1ured with slandard simm conneclors 30 & 72 pin. Supplied ;;;,;.~.;;..;..;......;...._~~--~--~~-~-~-=---, side, lront and back doors. Fronl and back doors are 

wijh keyboard, 4 Mb of RAM, SVGA monitor ou1pU1, 256k cache and As New - Used on film set for 1 week only!/ 
1 

d f nd 11 1 91c bl ·Ih 
lntegral 120 Mb IDE drive with single 1.44 Mb 3.5' floppy disk drive. 15" 0.28 SVGA 1024 x 768 res. colour monitors. ::.~g:..cu% e:~rv!~c:~:i lo~k;''h,~ fi':in~ d~r 
Fully lested and guaranteed. Fully expandable Only Swivel & tilt etc. Full 90 day guarantee. £145•00 (E) is conslrucled of double walled sleel wilh a 
Many other options avalable • call for dets/1s. £399.00 (E) 'designer style' smoked acrylic front ·panel to 

Jusl In • Mlcrovltec 20• VGA (800 x ~o res.) colour monitors. enable s1a1us indicaIors to be seen lhrough lhe FLOPPY DISK DRI VES 3 ½" - 8 " 
5¼" or 3½" from only £18.95 I 

Massive purchases of slandard 5¼' and 3¼' drives enables us to 
present prime product al industry bealing low prices! All unils (unless 
stated) are BRAND NEW or removed from often brand new equip­
ment and are fully tesled, aligned and shipped to you wilh a 90 day 
guarantee and operale from slandard vol1ages and are of standard 
size. All are IBM-PC compatible (tt 3¼' suppcrted on your PC). 
3½" Panasonic JU363/4 720K or equivatenl RFE £24.95lB 
3½" Mitsubishi MF355C·L 1.4 Meg. Laplops only £25.95 8 
3¼" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.9518 
5¼" Teac FD·55GFA 1.2 Meg (for IBM pc's) AFE £18.95 B 
5¼ • Teac FD·55F-03·U 720K 40/80 (for BBC's etc) RFE £29.95 B 
SY." BRAND NEW Mitsubishi MF501B 360K £22.95 B 
Table lop case w~h inlegral PSU lor HH SW Flopp or HD £29.95 B 
8" Shugart 800/801 8. SS relurbished & tesled £195.00(E 
8" Shugart 810 8' SS HH Brand New £195.00!E 
8" Shugart 851 8' double sided refurbished & lesled £250.00 E 
Mitsubishi M2894-63 8" double sided NEW £275.00 E 
Mitsubishi M2896-63-02U 8" OS slimline NEW £285.00 E 
Dual 8" cased dfives wtth inlegrat pcwer supply 2 Mb £499.00 E 

HARD DISK DRIVES 
End of line purchase scoopl Brand new NEC D2246 8' 85 Mb)'le 
drive with industry slandard SMD interlace, replaces FujilsU 
equivalenl model. Full manual. Only £299.00 or 2 for £525.00 (E) 
3¼' FUJI FK-309-26 20mb MFM 1/F RFE £59.95 C 
3¼" CONNER CP3024 20 mb IDE 1/F (or equiv )RFE £59.95 C 
3¼" CONNER CP3044 40tnb IDE I/F (or equiv.)RFE £69.00 C 
3¼' RODIME R03057S 45mb SCSI 1/F (Mac & Acorn) £69.00 C 
3¼" WESTERN DIGITAL 850mb IDE 1/F Br9nd 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 
S¼' CDC 94205-51 40mb HH MFM 1/F RFE tesled £69.95 C 
5¼' HP 97548 850 Mb SCSI RFE les1ed £89.00 C 
5¼" HP C3010 2 Gbyle SCSI different/a/ RFE lested £195.00 C 
8' FUJITSU M2322K 160Mb SMD 1/F RFE lasted £195.00 E 
Hard disc conlrollers tor MFM , IDE, SCSI, ALL elc. from £16.95 

THE AMAZING TELEBOX 
Converts your colour monitor Into a QUALITY COLOUR TVII 

TV SOUND& 
VIDEO TUNER 
CABLE COMPATIBLE • 

Th<fTELEBOX is an allraclive fully cased mains powered unil, oon· 
taining all electronics ready to plug into a host of video monitors 
made by makers such as MICROVITEC, AT~RI, SANYO, SONY, 
COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The compcsile 
video ouIpu1 will also plug direcl ly inlo mosl video recorders, allowing 
receplion of TV channels not ·normally receivable on most televi­
sion receivers• (TELEBOX MB). Push bullon con1rols on the fronl 
panel allow reception al 8 fully luneable 'off air' UHF colour lelevision 
channels. TELEBOX MB covers virrually all lelevislon frequencies 
VHF and UHF including the HYPERBANO as used by mosl cable 
TV operators. A cornposile video outpul is localed on \he rear panel 
lor direct connection to most makes of monitor or desktop compute, 
video systems. For complete compalibility · even tor monilors wilt. 
out sound • an integral 4 watt audio amplifier and fow level Hi Fi 
audio oulput are provided as standard. 
TELE BOX ST tor composite video inpul type monitors £36.95 
TELE BOX STL as ST bul tilled with inlegral speaker £39.50 
TELEBOX MB Multiband VHF/UHF/Cabfe/Hyperband tuner £69.95 
For overseas PAL versions s1a1e 5.5 or 6 mHz sound specificalion. 
·For cable / hyperband recepllon Telebox MB should be connecled 
to a cable type service. Shipping code on all Teleboxe's is (8) 

DC POWER SUPPLIES 

Good SH condition. from £299 _ CALL i or Info panel, yet remain unoblrnsive. Internal~ the rack 
fealures fully slolled reinlorced vertical fixing 

PHILIPS HCS35 (same slyle as CM8833) attractively styled 14" members 10 take lhe heavies! ol 19" rack 
colour monitor wilh l!l!lll RGB and standard composite 15.625 equipment Toe 1wo movable vertical fixmg slfuls 
Khz video Inputs via $CART socket and separate phono jacks. (exlras available) are pre punched lor standard 
lnlegral audio power amp and speaker tor all audio visual uses. 'cage nuls'. A mains distribution panel internal• 
Will connecl direcl 10 Amiga and Atari BBC compu1ers. Ideal for all 1y mounted 10 \he bonom rear, provides s x IEC 3 
video monitoring I security applications wilh di reel connecUon pin Euro sockels and 1 x 13 amp 3 pin switched 
lo most colour cameras. High quality with r'flany lealures such as ullllty socket. Overall ventilal ion is provided by 
fronl concealed flap conlrols, VCR correction bullon elc, Good fully louvered back door and double skinned top seclion 
used condition - fully 1ested · guaranteed Only £95 wilh lop and side louvres. The top panel may be removed for lttting 
Dimensions: W14' x H12¾' x 15½' D. (E) of Integral fans 10 lhe sub plale elc. Olher lealures include: hlled 
PHILIPS HCS31 Ullra compacl 9" colour video monitor with stan- caslors and lloor levelers. prepunched ulilily panel al lower rear for 
dard composite 15.625 Khz video inpul via SCART socket Ideal cable / conneclor access etc. Supplied in excellent, slighlly useo 
for all monilorlng / security applications. High qualily, ex-equipment condilion with keys. Colour Royal blue. Exlernal dimensions 

( · ) I mm~1625H x 635D x 603 W. ( 64" t-1 x25'' D x 23¾" W) 
fully iesled & guaranteed possible minor screen bums . n anrac· Sold at LESS than 8 third of makers price I! 
live square black plaslic case measuring W10' x H10' x 13¼' D. 

240VACmainspcwered. Only £79.00 (D) A superb buy at only £195.00 (G) 
KME 10• 15M10009 high definition colour monttors with 0.28' dol 
pitch. Superb c larity and modern slyl!ng. 
Operales from any 15.625 khz sync RGB video· 
source, with RGB analog and composite sync 
such as Alari. Commodore Amiga, Acorn 
Archimedes & BBC. Measures only 13¼" x 12• x 
11·.Gooousedcondillon. Only £125 (E) 

20" 22" and 26" AV SPECIALS 
Superbly made U~ manufacture. PIL all solid slate colour monilors, 
complete wilh composile video & options/ sound lnpul. Anraclive 
leak slyle case. Perfecl for Schools, Shops, Disco, Clubs, ale.In 
EXCELLENT lillle used condilion wilh lull 90 day guarantee. 

20" .... £135 22" .... £155 26" ... ,£185 (F) 

SPECIAL INTEREST ITEMS 
MITS . ..I. FA3445ETKL 14" lnduslrial spec SVGA monilors £245 
2kWlo400kW - 400Hz3phasepowerso.rces-exSlock £POA 
IBM 8230 Type, . Token ring base unil driver £950 
IBM 53F5501 Token Ring ICS 20 port lobe modules £750 
IBM MAU Token rin9 dislribulion panel 8228·23-5050N £95 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550 
Trend DSA 274 Dala Analyser wilh G703(2M) 64 i/o £POA 
Marconi 6310 Programmable 2 lo 22 GHz sweep generator £6500 
HP16508 Logic Analyser £3750 
HP3781 A Patlern generalor & HP3782A Error Deteclor £POA 
HP APOLLO RX700 system unils £950 
HP6621A Dual Programmable GPIB PSU 0•7 V 160 walls £1800 
HP3081A lnduslrila workstation c\w Barcode swipe reader £175 
HP6264 Rack mount variable 0·20V @ 20A melered PSU £675 
HP54121A DC to 22 GHz four channel tesl set CPOA 
HP7580A Al 8 pen HPGL high speed drum planer £1850 
EG-+G Brookdeal 95035C Precision lock in amp £650 
View Eng. Mod 1200 computerised inspection syslem £POA 
Ung Dynamics 2kW programmable vibration test system £POA 
Computer controlled 1056 x 560 mm X Y table & controller £1425 
Kellhley 590 CV capacilor / vollage analyser · £POA 
Racal ICR40 dual 40 channel voice recorder system 1:3750 
Flskers 45KVA 3 ph On Line UPS · New balls Dec.1995 £9500 
ICI R5030UV34 Cleanline ullrasonic cleaning syslem £POA 
Mann Tally MT645 High speed line printer £2200 
Intel SBC 486/133SEMullibus 486 syslem. 8Mb Ram £1200 
Zera 3220-05 AO 4 pen HPGL /as/drum ptotlers £1150 
Nikon HFX·11 (Ephiphol) exposure control unil £1450 
Motorola VME llus 8oards & Compcnenls Lisi. SAE / CALL £POA 

Over 1000 racks - 19" 22" & 24" wide 
3 to 44 U high. Available from stock !! 

Call with your requirements. 

TOUCH SCREEN SYSTEM 
The ullimate In 'Touch Screen Technology' made by the experts · 
Micro Touch• bul sold al a price below cost !! Syslem consists ol 
a flat 1ranslucenI glass laminaled panel measuring 29.5 x 23.5 cm 
connected to an eleclronic conlroller PCB. The conlroller produces 
a standard serial RS232 or TTL outpul which conlinuously gives 
simple serial dala containing pcsitional X & Y co-ordina1es as 10 
where a linger Is Iouching the panel · as the linger moves, lhe data 
inslantly changes. The X &. Y 1nformal1on ,s given al an 1ncredIble 
matrix resolut ion of 1024 x 1024 posilions over lhe enlire screen 
size !! A hoSI of available translation software enables direCI con• 
neclion to a PC for a myriad al applications including: c~trol pan• 
els. pcinting devices, POS systems, con1rollers tor the disabled _or 
compu1er un-lralned elc elc. lmaQine _ u~ing your _linger w11~ 
'Windows·, instead of a mouse !! (a driver Is indeed available I) The 
applications tor this amazing product are only limited by your 
imagination/I Complele system including Conlroller, Power Supply 
and Oala supplied at an incredible price ol only: £145 00 
Full MICRO TOUCH ,otrw•,. support p«;k • (8 ) 
•nd manual, for IBM compatible PC'~ £29.95 RFE • T•$t«I . 

LOW COST RAM & CPU'S 
INTEL 'ABOVE' Memory Expansion Board. Full lenglh PC-XT 
and PC-AT compatible card wilh 2 Mbyles ol memory on board. 
Card is fully selectable lor Expanded or Exlended (286 processot 
and above) memory. Full data and driver disks su1111lied. RFE. 
Fully 1esIed and guaranleed. Windows compalible. £59.95(A 1) 
Half lenglh 8 bil memory upgrade cards tor PC AT XT expands 
memory etther 256k or 512k in 64k sleps. ~•Y also be used lo IHI 
in RAM above 640k DOS lImII. Complete w,th data. 
Order as: XT RAM UG. 256k. £34.95 or512k £39.95,(Al) 

filMM SPECIALS 
1 MB x 9 SIMM 9 chip 120ns Only £16.50 IA1J 
1 MBx9 SIMM3chip80 ns£19.50 or 70ns £22.95 Al 
1 MB x 9 SIMM 9 chip 80 ns £21.50 or 70ns £23. 75 A 1 
4 MB 70 ns 72 pin SIMM -with perlty- Only £95.00 Al 
NrEL 486-0X33 CPU £55.00 INTEL 486-0X66 CPU £69.00 A 1 
AJU. RANGE OF ~ROCESSOR'S EX STOCK• CAU. FOR£££ 

FANS & BLOWERS Trio 0-18 vdc linear, melered 30 amp bench PSU. New £550 

Fu11tsu M3o41R 600 LPM band prinler £lSSO EPSON 00412 40x40x20 mm 12v DC £7.9510 /£65 
Fu ltsu M3041D 600 LPM prinler wilh nelworf< inlerface £1250 PAPST r ·ype 612 60x60x2S mm 12v DC £8.9510 /£75 
Perkin Elmer 2998 Infrared spectropholomeler £POA 

2 VG. Electronics 1035 TELETEXT Decoding Margin Meter £3750 MITSUBISHI MMF-D6D12DL 60x60x25 mm 12v DC £4.95 10 / £4 
Andrews LARGE 3.1 m Salellile .Dish+ mounl (Fo,Voy,gerl) £950 MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10 I £49 
Sekonlc SD 150H 18 channel digilal HJbrid chart recorder £1995 MITSUBISHI MMF-09812DH 92x92x25 mm 12v DC £5.95 10 / £53 
TAYLOR HOBSON Tallysurf amplilier recorder £750 PANCAKE 12•3.5 92x92x18 mm 12v DC £7.9510 I £69 

V; rt u a II y e very tr, p e o f p o we r System Video 1152 PAL waveform monitor £485 EX-EQUIP AC !ans. ALL TESTED 120 •. 120 x 38 mm specify 11 O 
I I o Test Lab . 2 mtr square quletised acoustic 1es1 cabinels £300 or 240 ~ £6.95. 80 x 80 x 38 mm · specify 110 or 240 v £5.95 

supp Y you can mt}g n e. ver Kenwood 9601 PAL Veclorscope • NEW £650 IMHOF 8261900rack mnl 3U x 19" Blower 110/240v NEW £79.95 
1 0, 0 0 0 P O we r S ~ P fo I, e ~ Ex St° Ck Please call for further details on the above items Shipping on all fans (A), Blowers (B). so,ooo Fans Ex Stock CALL 

Issue 131~f0 v;;r:i_;'~ews now available - send large SAE - PACKED with bargainsl 
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DIGITAL DESIGN 

Programmable 
-

0 IC 
0 ne approach LO making programmable logic devices 

with a higher logic content is to integrate several 
small programmable-array logic ICs into one 

package. Different manufacturers may differ in detail in the 
way they do this, but they all have certain features in 
common. Figure 1 shows the basic strucru.re of a large-scale 
integration programmable-array logic device, or PAL. Such 
devices are also called complex PLDs, or CPLDs. 

There are four blocks to consider in each device. These are 
the input cells, an interconnection matrix, the logic blocks 
and the i/o cells. 

Input cells and i/o cells may be taken together as some 
families have no, or only a few, separate inputs and use i/o 
cells for this function. In general, an i/o cell connects the 
logic blocks to the outside world and features a ttl or c-mos 

This article is derived from Geoff Bostock's 
new book 'FPGAs and programmable LSI 
- a designer's handbook'. The work 

covers designing FPGAs, large PAL 
structures, RAM and antifuse-based 

FPGAs and FPGA selection. Comprising 
215 pages, this book is available by 
sending a postal order or cheque with a 
request for the book to Electronics World, 

Quadrant House, The Quadrant, Sutton, 
Surrey SM2 5AS. The fully-inclusive price 
is £27.50 UK, £30 Europe or £33 rest of 

world. Alternatively, fax your full credit card 
details and address on 0181 652 8956 or 
e-mail jackie.lowe@rbp.co.uk. 
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Building on his earlier articles, 
Geoff Bostock now looks at 
more complex programmable 
logic devices involving large­
scale integration. 

interface. Most devices operate with 0.4V and 2.4V output 
logic levels. This means that they need level conversion if 
they are to drive true c-mos logic; they have high impedance 
inputs and can be driven by c-mos without any problem. 

The outputs always have a tri-state capability which can be 
permanently enabled or disabled, or controlled by internal 
logic. They can function as dedicated inputs, dedicated 
outputs with optional feedback or as bussable outputs. The 
advantage of being able to choose the function of all inputs 
and outputs is that the input and output sites are not pre­
determined and th.is gives extra flexibility to the pcb layout. 

In small PLDs, every input to the device may be connected 
to every product term. Even a quite large PAL, such as the 
22VJ0, will have a manageable number of fuses with this 
universal connectivity. The 22VJ0 has 132 product terms 
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with 44 potential connections to each, giving a total of 5808 
fuses not counting configuration sites. 

A PLD in a PLCC84 package may have 72 input/outputs; 
if each i/o has an average of just four product terms there will 
be 4 by 72 by 144, or 41472, programmable cells. This does 
not allow for any buried logic cells. If each i/o has a buried 
macrocell associated with it the total number of fuses is 
quadrupled. 

While such a total is not outside the possibilities of 
technology, there are performance penalties with this 
approach. The more fuses there are, the more expensive the 
chip, and the longer it takes to program. The solution is an 
interconnection matrix which selects a reduced number of 
inputs to feed each logic block. It is best, therefore, to 
consider each logic block as an individual PAL within the 
larger PLD, each PAL being connected to the others via the 
interconnection matrix. 

Looking at each logic block as an individual PAL 
simplifies the description of the architecture. Discrete P ALs 
contain at least eight, and up to sixteen, product terms per 
output. Very often, only two or three terms are actually used 
in many applications. 

This variability gives the PLD manufacturer a problem; how 
many product terms need to be provided with each macrocell? 
In many cases the answer is to incorporate some method 
where terms may be shared between macrocells within each 
logic block. In this way, if a function does not need all its 
available terms, they can be used by one of its neighbours. 

Another area where product terms are wasted in discrete 

Generic PLDS, FPLAs and FPLSs · 

P ALs is the i/o macrocell used as a dedicated input. In many 
CPLDs, there are two feedback paths to the interconnection 
matrix; one goes from the i/o pin and the other from the 
macrocell output. In this case, if an i/o pin is used as a 
dedicated input the logic terms can still be used as a buried 
macrocell which cannot be accessed directly from the 
outside. Some PLDs also include macrocells which are 
always buried as a way of increasing the logic capability 
without increasing the i/o count. 

Performance criteria 
The two principal measures of perfonnance affecting 
selection of a logic device are speed and power consumption, 
but the balance between them varies according to the 
application. Clearly, in a fast computer, speed is the most 
important factor. In a portable telephone on the other hand, 
power would be the controlling consideration. In many cases 
a compromise can be achieved, as 'it must be faster than 
15ns but the less power it takes the cheaper we can make the 
power supply'. 

Propagation delay, the most common measure of speed, is 
almost entirely determined by the time taken to charge and 
discharge the capacitance associated with the components and 
interconnections used to build the device. Once again, you can 
split a PLD into sections to see which areas are critical and 
reliant on the design of the chip rather than just processing. 

Starting with the input, this is probably the simplest part of 
the PLD as its function is just to buffer external logic levels 
to the internal levels. Delay time will be largely process-

lt is a drawback to the range of PA Ls 
described in the previous article that the 
designer is restricted to fixed architectures 
with eight, six, four or no flip-flops. The 
introduction of generic macrocells made 
PLDs more flexible architecturally. The 
diagram top right shows a typical 
macrocell; the flexibility is achieved by the 
use of programmable multiplexers to route 
the output signal through different paths. 

standard P ALs. The GAL/6V8 is a 20-pin 
device and there is a 24-pin GAL20V8 
which has similar features, but with four 
more inputs. 

The first approach would be to try logic 
minimisation, but most logic compilers 
incorporate a minimiser anyway. It might 
be worth trying to invert the output sense 
and minimise, but there is no guarantee 
that would be successful either. 

The design of the macrocell varies 
slightly from device to device; this 
example is actually used in the 22VJ0 
device. There are four possible sources for 
the output signal. These are combinational, 
combinational but inverted, registered and 
registered/inverted. The same 
programmable bit that selects the registered 
or combinational signal for the output also 
routes it back to the AND array, but always 
inverted. 

Generic PLDs can cover most 
programmable logic applications in a given 
package size, simply because of the range 
of input/output configurations which can 
be programmed into each device. The 
GAL/6V8 (generic array logic with 
versatile outputs) can perform the same 
function as the PALs 16L8, 16R4, 16R6 
and 16R8 plus innumerable other i/o 
combinations which are not found as 
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The most likely problem with fitting a 
logic circuit into a GAL16V8 or GAL20V8 
is the number of product terms available. 
Combinational outputs have seven terms 
and registered outputs eight terms each 
and, if the function requires more terms, a 
different solution will have to be found. 

S1 

The 24-pin GAL22V10 has more product 
terms, a variable number from eight to 
sixteen depending on which output is being 
used, and this will cope with most logic 
designs. 

;,o---,..-o I/ 0 
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Macroce/1 for the PALCE22V10. Here, flexibility is achieved by using programmable 
multiplexers. 
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dependent as the input buffer will be designed to the 
minimum geometry allowed by the process. No heavy drive 
is needed to interface to the internal logic. 

Some devices do feature input latches or registers, which 
will be optional and, therefore, add no delay when by-passed. 
When they are being used it is, again, most likely that they 
will be a minimum geometry design and their time penalty be 
entirely process-dependent. 

Outputs determine the drive available for interfacing to 
external circuitry and, in this way, are no different from any 
other logic device. The drive capability of an output stage is 
usually characterised by the output short-circuit current. 

One section of a CPLD whose performance can be affected 
by the way in which the chip is designed is the interconnect 
matrix. This matrix is an array of switches with as many 
inputs as there are device inputs, i/os and macrocell 
feedbacks. There are outputs to each of the logic blocks. 

Each switch is like a small capacitor hanging on the input 
line, whether it is connected to a logic block, or not. As a 
result, the number of inputs to all the blocks determines the 
capacitance of the interconnect matrix. 

The time taken to charge and discharge a capacitor is 
determined by the current which is used for this, so one way 
to speed up the matrix would be to increase the current 
driving each of the block inputs. This would also have the 
effect of increasing the power consumption of the whole 
chip. There are two consequences of doing this; firstly it 
increases the size, and hence cost, of the power supplies in 
the overall system. Secondly it increases the heat produced 
by the ch.ip and, therefore, its running temperature. It may 
also have implications in the cooling needed for the system in 
which it is being used. 

An alternative approach is to limit the number of signals 
which are switched into each of the logic blocks. This will 
reduce the total capacitance loading each AND term and 
hence the delay time for a given level of current drive. It also 
means that some of the input and feedback signals are not 
available for use by some of the AND terms. 

The logic block ·itself offers only a little scope for 
performance optimisation. Limiting the number of terms in 
each block will save power, or allow more power to be used 
for each term, but this also limits the complexity of the logic 
function which can be implemented. At the heart of the block 
is, usually, a flip-flop with surrounding switches to mute the 
logic signal, as in the 22VIO. 

Many large-scale-integration PAL devices also include 
product term switching which can allocate some or all of the 
product terms to adjacent logic blocks. This reduces the 
waste when blocks are only partially used, or used as direct 
inputs. 

Although the product terms consume power in normal 
operation, some devices contain a 'turbo' switch. In 
non-turbo mode, the logic array is onJy powered when input 
signals are changing, the output signals being latched. An 
activity detector switches on the array power and enables the 
output latches when a change is detected at any input. 
Because this causes extra delay through the device, setting 
the turbo on keeps power applied permanently giving high 
speed at the expense of h.igb dissipation, Fig. 2. 

The features characterising CPLDs, then, are logic blocks 
with wide input gating, a central switch matrix, one-to-one 
correspondence between logic blocks and i/o pins and a 
compromise between speed, power and internal connectivity. 

Logic cell arrays 
Although the term 'logic-cell array' is strictly applicable to 
one manufacturer's product, it does describe the second 
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generic programmable LSI structure quite accurately, The 
layout of a typical LCA is shown in Fig. 3, and contains 
three basic elements, i/o cells, logic cells and routing 
channels. Most devices in this class use ram cells for 
configuration and signal routing. 

Signals enter and leave the device through i/o cells with 
connections to the busses in the routing channels. The logic 
cells also have programmable connections to the routing lines 
which run past them. In this way, the signals are propagated 
round the chip. The logic blocks themselves are usually more 
complex than a typical PAL-type macrocell, but with far 
fewer inputs, typically only four or five. Thus, the logic 
structures can be fabricated from pure c-mos. 

Unlike CPLDs, whose i/o pins are usually associated with 
a particular logic block, LCA i/os are independent of the 
internal logic. Any pin can be an input or an output and all 
the i/o cells are identical, although they may share their 
function with the signals needed to set the device up in the 
configuration phase. Complexity of the i/o cell varies 
according to device family, but they will normally have the 
usual function such as tri-state capability on outputs and the 
possibility of hitching or registering input signals. 

As mentioned earlier, the logic cells themselves tend to 
have the possibility of implementing quite complex functions 
but with no more than six inputs. Implementing wide gating 
functions may require cascading over two or more levels of 
logic. 

A CPLD can usually cope with a width of twenty or more 
signals in a single level of gating. An LCA design will, 
therefore, look more like a discrete logic design than a PAL, 
and logic minimisation may be performed more profitably 
with this in mind. 

The routeing channels in an LCA owe more to masked 
ASICs than PALs also. Most LCAs include different lengths 
of muting within a device for, as we shah see, many of the 
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fig. 1. Basic 
structure of a 
large-scale 
integration 
PAL, also 
called a 
complex PLO 
orCPLD. 
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Tur bo bit 

Transition 
detector 

Fig. 2. Turbo 
switch circuit. 
In turbo mode, 
the device is 
permanently 
powered but in 
non-turbo 
mode, it is only 
powered while 
an input signal 
is present. 

Fig. 3. Logic-eel/ 
array contains 
three basic 
elements - ilo 
cells, logic cells 
and routeing 
channels. 
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factors which determine device performance are connected 
with routing. Short tracks are usually available for rooting 
signals between adjacent cells while longer tracks may be 
needed for carrying signals across larger areas of the chip. 
One or more additional tucks may be provided for clocks and 
other global signals, which may need a high fan-out. 

The longer a routing track the higher its capacitance so 
performance is optimised by keeping track lengths as low as 
possible, which is helped by placing cells close together 
when their logic functions are closely associated in the circuit 
schematic. Often, repeaters or drivers are inserted along long 
tracks to help improve the delay due to track capacitance. 
Where horizontal and vertical muting channels cross they 
may be connected by programmable swilches in order to 
divert signals to other rows or columns. 

complex.ity, so performance can also depend on the 
appropriateness of the logic function and the logic capability 
of the target device. At a simple level, a six-input gate may 
need two stages of gating in one array but only one in 
another, making the second appear faster irrespective of the 
intrinsic delay of the two devices. One good measure of the 
true speed of the internal logic is the maximum frequency at 
which a flip-flop will operate. This can be gauged by 
configuring a cell as a divider and finding tbe frequency at 
which the output disappears. 

Because the internal logic cells in most LCA devices use 
relatively narrow gating, true c -mos circuitry is used in 
building the internal logic cells. Stand-by power is therefore 
comparable, in most cases, to that of the same circuit built in 
discrete c-mos logic. The only factor which usually causes a 
problem is any level shifting needed to interface the inputs to 
tt1 levels. 

As with discrete c-mos logic, power consumption starts to 
rise as soon as signals in the circuit start to change, and 
internal and external nodes need charging and discharging. 
Because the capacitance involved with internal connections 
is significantly lower than that of ex:temal connections, an 
LCA will usually dissipate less power during docked 
operation than the equivalent discrete circuit. 

Actual power will depend on the number of nodes which 
are switching at any one time and will need some complex 
analysis to make an accurate prediction of power. It is often 
possible to calculate the predicted power consumption from 
within the design environment. 

Device configuration 
The devices in this class of FPGA usually hold lheir 
configuration data in a shadow ram. Every interconnection 
site and every logic configuration bit is defined by one bit of 

Performance factors this ram. Because static ram is a volatile storage medium, on 
As before, I will focus on speed and power consumption as power-up, an LCA will not be configured at all. The 
the most important measures of performance. In practice, configuration data must be stored in some non-volatile 
propagation delays between the different elements in an LCA device, such as an eprom, or it may be booted from disk in 
can only be inferred from measurements made with different the same way as a computer operating system. 
circuit configuration. For example, the difference in delay Some devices can use standard components, such as 
time between a single-level logic circuit and a two-level logic 27Cx.xx eproms, while others are tailored to a specific 
circuit should give the delay through a Logic cell. The memory. A typical configuration set-up is shown in Fig. 4. 
problem in making a judgement between two different There are two issues raised by the use of external memory 
circuits lies in other factors, such as the interconnect delay. components to configure LCAs. Firstly there is the problem 
Perfonnance will depend as much on the way in which of security; one of the anractions of programmable logic 
circuits are laid out as on the delay through circuit elements. devices is the ability of most of them to read-protect the data 

Furthermore, different arrays have logic cells of different after programming, making it difficult to copy the function 
-------------------------------programmed into the PLO. If the programming data has to 
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be read in each time the system is powered up, this principle 
is defeated at the outset. Even if the data in the external store 
is protected somehow, a logic analyser will soon decipher 
the bit stream used to program the LCA. 

A less contentious issue is the use of two devices to 
perfoun a logic function which, in other families, is 
contained within a single device. This may be overcome by 
combining the data for LCA configuration with some other 
data, such as the operating program for a microprocessor. 
But it still leads to complications in the hardware design for 
the overall system. lf several LCAs are used in one system 
they can share a single eprom, in most cases, which reduces 
the hardware overhead to a fraction of a device. 

The upside of this arrangement is that reconfiguration of a 
system can be managed by software even, in many cases, 
while the system is actually operating. This may be a simple 
change, such as redefining a memory map to re-al.locate 
resources, or a partial or complete change of logic function. 
In Atmel devices, pa11 of the device can be reconfigured 
while the rest is still functioning; the name Cache Logic has 
been coined to describe this function, by association witn 
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~ache memory, which buffers and speeds up data exchanges 
m computer systems. 

Antifuse FPCA technology 
The architecture of antifuse FPGAs is practically identical to 
LCAs. Uncommitted i/o cells surrounding logic cells and 
routeing channels. Any differences are due mainly to the two 
different technologies involved. The main difference is in the 
resistance of the transmission elements. LCAs use a mos 
transistor, which has a relatively high on-resistance compared 
with an antifuse, once it has been blown. 

Whenever a signal passes through a fuse elemen1, it must 
charge up the capacitance of the component to which it is 
connected. The capacitance of tracks and gate inputs will not 
differ significantly between the two technologies. As a result. 
the series resistance of the fuse makes a significant difference 
to device performance. Antifuse devices can, therefore, use 
an architecture which bas longer connecting tracks than 
LCAs. 

In practice they are often supplied with tracks of differino 
lengths within a single routing channel. The actual track 
length required for any specific connection can be optimised 
by choosing an appropriate path in the routing channel. By 
minimising interconnect capacitance and series resistance, in 
this way, the interconnect delays are minimised and there is 
no need for repeaters or drivers within the connection 
structure. 

Another trade-off is the size of the logic cell and the 
amount of interconnection. In a practical device it must be 
possible to connect the logic cells together even when 
approaching I 00% utilisation. One way to improve 
connectivity is to make the logic modules quite complex; by 
incorporating more logic in each module, fewer connections 
between modules are needed. This is the trend in LCAs. 

If track delays are less significant, the logic modules may 
be made simpler, and complex functions built by using short 
lengths of track to connect them. Module usage is likely to be 
improved in this way, with less wasted log ic functions and 
silicon area. Antifuse FPGAs are, therefore, able to use a 
smaller grained structure than LCAs and, usually, offer a less 
wasteful solution to most logic circuits. 

Although this approach may need more interconnects, the 
antifuse technology helps to reduce lhe cost impact of the on­
chip area. Antifuses occupy about a square micrometre and 
fit inside the aluminium tracks, thereby taking up no extra 
space in the array. Ram-based FPGAs need a ram cell and 
mos transistor at each crossing point, and these add to the 
area occupied by the interconnect. 

Granularity is an important feature of ASICs as it 
determines the efficiency with which logic functions can be 
implemented. Mask-prognunmed ASICs, for example, are 
usually fine grained as they have low resistance vias to 
connect logic blocks to the tracks. A logic cell is just a small 
gate and more complex functions are easily built without 
incurring much speed penalty from the interconnect 

Antifuse FPGAs have a more complex basic cell; a 
flip-flop with some universal gating is quite common. A 
typical LCA logic block has two flip-flops driven by some 
fairly complex combinatorial logic. 

By way of example, a 4000-gate LCA, namely the Xilinx 
XC4004A, has 144 logic blocks while a 4000-gate antifuse 
FPGA like the Actel Al240A, has 684 modules. In order Lo 
achieve 4000 mutable gates, a sea-of-gates gate array may 
need 7000 gates in its basic array, where one gate in the array 
corresponds to a single cell but also has to act as part of the 
routing resource. 

Performance of antifuse FPCAs 
Most of the remarks about LCA devices also apply to 
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antifuse FPGAs. The logic cells are true c-mos and consume 
'zero power' at zero frequency. Logic circuits are not very 
useful at zero frequency and as soon as signals begin to 
switch, power is dissipated by the charging currents for the 
parasitic capacitances. In practice, this current is negligible 
below l MHz but becomes significant above this frequency. 

Within an FPGA there are two sources of power 
dissipation, the active circuit elements and the interconnects. 
For a given feature size, capacitance of circuit elements will 
be practically the same, irrespective of architecture. Any 
difference in consumption will he due largely to the 
interconnect capacitance. 

Antifusc FPGAs tend to use more tracks than LCAs, as the 
LCA logic cells can perform more complex functions. On the 
other hand, LCAs may use longer tracks and higher 
capacitance connections between tracks, so the comparison 
may well depend on the actual logic being implemented. 

The same arguments also apply to dynamic performance, 
with the added factor of the resistance of the two types of 
programmable connection. Logic requiring the connection of 
large numbers of gates will usually perform better in antifuse 
PPG As, because of the superior performance of !he antifuse. 

Where logic function can be concentrated into the more 
complex LCA cells, antifuse devices will probably use more 
interconnects and show.a poorer dynamic performance. If we 
extend the argumem to include CPLD structures, the trend is 
more pronounced. They will perform well in highly 
structured circuits, where the macrocells can implement a 
whole logic function, but deteriorate badly as soon as 
repetitive feedback has to be introduced in more fragmented 
circuits. 

Using antifuse FPCAs 
The main drawback with antifuse FPGAs centres on the 
programming situation. Even a small circuit can take three 
minutes Lo programme while the larger devices may take ten 
minutes. This compares with a few seconds fo.r most CPLDs 
structures and no time at all for LCAs. which are 
programmed in-circuit each time they are powered up. A 
srngle programming station, with four sockets, is limited to 
between 200 and 600 circuits a day and, therefore, adds a 
significant overhead to the basic cost of the device . 

Toe upside to this limitation on production throughput and 
increased cost is a double benefit. A circuit using an FPGA 
will start working the instant it is switched on, and requires 
no overhead in program storage or extra design work in 
arranging for the device configuration function. 

The other advantage is security. It is difficult to read back 
some FPGAs, but they also contain security fuses to prevent 
this from being done. Complex PLDs also contain security 
cells to prevent direct reading, although sophisticated analysis 
may defeat device securi1y. LCAs are much more difficult to 
keep secret. • 
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Fig. 4. Typical LCA 
configuration 
circuit. Some 
arrays talce 
standard eproms 
while others are 
tailored to a 
specific type. 
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gearboxes at £50 ref LOT'Z5 
BUILD YOU OWN WINDFARM FROM SCRAP New 
publication gives slep by step guide lo building wind ge,,e,ators. 
Anned wtth this publication and'a good local scrap.yard could make 
you seU sufficientln llfe<U1cityl £12 ref LOT81 • 
PC KEYBOARDS PS2conneaor, top quanty svItable lor all 286/ 
9861486 etc£10 rel PCKB. 10 for£65. 
TRACKING TRANSMITTER range 1.5-5mllos. 5,000 hours on 
AA batteries, also transmits info on car dlreaion and motiontl'/orl<s 
with any FM radio. Hi' square. £65 rel LOT101 
ELECTRIC DOOR LOCKS Complete lod<wlth both Yale lock 
and 12v operated deadtoci< (keys Included) E10 ref LOT99 
GALLIUM ARSENIDE FISH EYE PHOTO DIODESCcmplete 
with suggested circuits for long range communlcalions\swi1chlng 
£12 complete. 
SURVEILLANCE TEL!:SCOPE Superb Russian _zoom 
telescope adjustable from 15x 10 60x1 complete with metal tnpod 
(imposible to use without lhls on tl>e higher settJngs) 66mm lense, 
leall\er carrying case £149 rel BAR69 
WIRELESS VIDEO BUG KIT Transmits video and audio 
signals lrom a mlna1ure CCTV camera (Included) to any slanaard 
lelevisionl All lhe componenls including a PP3 batte,y wlll Ill lnlo a 
cigarette packet with the lens requiring a hole about 3mm diameter. 
SuppUed w1th lelescoplc aer1al but a piece of wire about 4' long wm 
still glve a range of up to 100 metres, A single PP3 will probably give 
less than 1 hours use. £99 REF EP79. (Probably nol llcensable!) 
CCTV CAMERA MODULES 46X70X29'nm. 30 grams. 12V 
100nA. aulo eleclrOnlc shutter. 3.6mm F2 lens. CCIR, 512x492 
pixels, videoou1putls 1v p-p (75 ohm), Worl<s dlrecllylnto a scart or 
Video Input on a tv or video. IR sensitive. £79.95 ref EF137, 
IR LAMP KIT suttalllefor the above camera, enables the camera 
to be used In total darl<nessl £5.99 rel Eft38 
INFRA RED POWERBEAM Handhold battery powered lamp,4 
inch reflector, krypton bulb. gives out powe~ul Infrared tlghtl4 Dcells 
required. £39 ref PB 1. 
MONO VGA MONITORS, Perfect condition, Compaq, 14' , 3 
months warranty E29 ref MVGA 
SOLAR COOKER GUIDE Comprehensive plans 

9 WA TT CHIEFTAN TANK LASERS 
Double beam units designed 10 fit In the gun barrel of a lank, each unit 
has two semi conductor lasers and ,nolor dr1ve units lorallgnement. 
7 mile range. full cirtUII diagrams, new pl1ce £50.000? us? £349. 
Each unit has two gallium Arsenide Injection lasers, 1 x 9 watt. 1 X 
3 watt, 900nmwavelength, 28vdc. 600hz pulse frequency. The units 
also contain an ~ecironi c ,eceiver to detect reflected signets from 
targets. five ormoce units £299 ea+ £349 for one, Ref LOT4, 
TWO WAY MIRROR KIT lndUdesspedal adhesive ftlm lo make 
two way mlrrol(s) up 10 60'X20" (glass not Included) Includes futl 
instructions. E.12 ref TW1 . 
NEWLOWPRICEDCOMPUTERIWORKSHOPIHI-FIRCB 
UN ITS Complete protection from faulty eqU!pmenl ror everybody\ 
inllne unitfttslnstandard IEClead (extendshby 750mm), lltted In less 
1rian 1oseconds, reset/lest button, 10Arallng. £6.99 each refLOT5. 
o, a pack of 10at£49.90ref LOT6 It you want a box of 100you can 
have one for £250l 

RADIO CONTROLLED CARS FROM £6 EACHIIII All 
returns from famous manutactllrer, 3 ~es availa~e. si119le channllf 
(Ien.ngh1,lo1Wards,bac1<wards) £6 ref LOT1. Two channel wjth more 
features £12 ,ef LOT2. 
THOUSANDS AVAILABLE RING/FAX FOR DETAILS! 
MAGNETIC CARD READERS (Swipes) £9.95 Cased With 
ftyleads, <leslgned to read slandard credit cardsJ they riave 3 wires 
coming out ol lhe head so lhey may wrtte as well? complete with 
conln,I elclronlcs PCB. Jusl £9.95 re! BAR31 
WANT TO MAKE SOME MONEY? STUCK FOR AN 
IDEA? We have collated 140 business manuals that give you 
lnlonnation 0<l setting up different businesses, you peruse these al 
your leisure using the lext editor on your PC. Also Included ls the 
oertlficale enabling you to reproduce(andsell) Ille manuals as much 
as you like! E14 ,ef EP74 
PANORAMIC CAMERA OFFER Takes double Width 
photographs using standard 35mm tllm. Use fn honzontal orv~rlical 
mode. Complete with strap £7,99 re! BAR1 
COIN OPERATED TIMER KIT Complete wtth colnslol 
mechanism. adjustable time delay, relay ou1j)ut, put a coinslol on 
anything you like\ TV.s-. videos, fndges. drinks cupbOards, HIFI. 
takes 50p's and £1 coins. OC operated, price lust£7.99 ref BAR27. 
ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom. 
metal construction, built In tight, shrimp farm, group viewing screen. 
lots d accessories. £29 rel ANA YL T, 
AA NICAD PACK Paci< of 4 tagged AA nicads £299 ref BAR34 
PLASMA SCREENS 2Zh310mm. no data hence £4.99 rel 
BAR67 
NIGHTSIGHTS MO<!llf TZS4wllh Infra redlllumlnator. vl~ws Up lo 
75 metres In M l darllnessinlnfrared mode, 150m range. 45mm lens, 
13deg angleoMew, focussing range 1.5m I0Innn11y. 2 AAbanenes 
required, 950g weight £199 ref BAR61, 1 years warranty 
LIQUID CRYSTAL DISPLAYS Bargain prices, 
16 character 2 llne. 99x.24mm £2.99 ref SM1623A 
20 character 2 line, 83x 19mm £3.99 ref SM2020A 
16 character 4 line, 62x25mm £5.99 ref SMC1640A 
TAL·1110MM NEWTONIAN REFLECTOR TELESCOPE 
Russian. Superb as1ronomlcal'scope, everything you needforsome 
serious star gazingl up to 169x magnification. Send orfu: for further 
lhformation rel TAL-1. £249 
SOLAR ENERGY/GENERATOR PLANS For your home. 
loads oflnlo on designing systems elc £7 ref P\/1 
SOLAR COOKERS Comprehensive guide 10 bU!dlng solar 
powered cookers. Includes plans, recipes. cooking Umes etc £7 ref 
SBC1 
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CENTRAL POINT PC TOOLS Award winning software. 1,300 
virus checker, memory optimiser. disc opUmiser, ft.le compression, 
low levelformatting. bacl<up scheduler, dlskdefragmenter, undelete, 
4 calculators, Obase, disc editor, over40vlewers1 remotecomputi~g, 
passWolll pro1eclion. encryption. comprehensive manual supplied 
etc £8 ref lol 97 3.5' disks. 
GOT AN EXPENSIVE BIKE? You need oneorourbotllealarms. 
they look Ikea standard waler botlle, bur open the lop. insert a key to 
activate a motion sensor elem, bull! Inside. Fits all standard bolte 
earners, supplied with ~o key5, SALE PRICE £7.99 REF SA32. 

C 0-L O U R 
CCTV VIDEO 
CAMERAS, 
BRAND NEW, 
CASED, £119. 
PERFECT FOR 
SURVEILLANCE 
INTERNET 
VIDEO CONFERENCING 
SECURITY 
DOMESTIC VIDEO 
Works with most modern video's, TV's, 
Composite monitors, videograbbercards etc 
Pal, 1v P-4', composite, 76ohm, 1/3" CCD. 4mm F2.8, 
600x682, 12vdc, mounting bracket, auto shutter, 
100x60x180mm,3 months warranty, 10 ormore£99ea. 

Check out our 

WEBSITE 
http:/ /www.pavlllon,co.uk/bull-electrlcal 

GOT AN EXPENSIVEANYTHING?Youneedoneofourcased 
vlbraUon alanns, keyswltch operated, lully cased just fil llto 
anything from Videos to caravans. provides a years prolection from 1 
PP3 battery, UK made, SALE PRICE £4.99 REF SA33. 
DAMAGED ANSWER PHONES These are probably beyond 
repair so just £4.99 each. BT response200 machines. REF SA30. 
IBM PS2 MODEL 160Z CASE AND POWER SUPPLY 
Complete wtth Jan etc and 200 watt power supply. £9.95 ref EP67 
DELL PC POWER SUPPLIES 145 wan. +6,,5,+12.-12. 
150><1oOx85mm complete Wllh switch, 11)4eads and IEC socket. 
SALE PRICE £9.99 ref EP55 
1.44 PISC DRIVES Standard PC 3.5' dnves but returns so they 
WIii need attention SALE PRICE £4.99 refEP!l8 
1-2 OISC DRIVES Standard 5.25' dnves but returns so they will 
need attention SALE PRICE NOW ONLY £3.50 ref EP69 
PP3 NICADS Unused but some storage marl<s. £4.99 rel EP52 
DELL PC POWER SUPPLIES (CuSlomerretum•) Standard PC 
psu's complelewlth fly leads, case and fan. •12v,-12V,+5v,-5v SALE 
PRICE £1.99 EACli worth It for theblls alone! refOL 1. TRADE PACK 
0 F 20 £29,95 Ref OL2 
GAS HOBS AND OVENS Brand new gas appliances. perfect for 
small nat. elc, Basic 3 burner hob SALE PRICE £24.99 ref EPn. 
Basic small buill In oven SALE PRICE £79 rel EP73 
ENERGY BANK KIT 1006'x6' 6v 100!1Apanels, tOOdlodes. 
connection details etc. £69.95 ,er EF 112. 
PASTEL ACCOUNTS SOFTWARE, does everything for all 
sizesofbuslnesses,I ndudes word processor. report writer. windowing, 
networl<able up 10 10 stations. multiple cash books etc. 200 page 
comp,ehensive manual, 90 days free lechnical suppM (01342· 

CIRCLE NO. 1 lq ON RE Pl I C ARV 

326009 lfy before you Duy\) Currant "'tall price is £129, SALE 
PRICE £9.95 rel SA 12. SAVE £120111 
RACALMODEM BONANZA! 1 Racal MPS t2231200/76modem. 
telephone lead, mains lead, manual and comms software, the 
cheapeSI way onto lhe neU all lhh for Just £13 ref OEC13. 
BULL TENS UNIT Fully built and tested TENS (TranscLlteneous 
Electrical Nor,o Stimula!on) unit, complete wllh electrodes and foll 
ir,slnictlons. TENS Is used lor the rener el pain elo In up lo 70'14 or 
sufferers. Drug free pain relJe!, safe and easy to use. can be used In 
corjunction wi1h analgesics etc. £49 Ref TEN/1 
PC PAL VGA TOTVCONVER:TERconvertsacolourTVlnto 
a basic VGA soreen. Complete with bU!ltin psu. leada nd shtare .. Ideal 
for laplops or a cheap upgrade.Supplied In ~it rorm for Mme 
assembly. SALE PRICE £25 REF SA34 
EMERGENCY LIGHTING UNIT Complete unll wtth 2 double 
bUlb floodlights, bUlltln charger and auto sWilth. fully cased. 6V BAH 
le3d acid ,eq'd. (secondhand) £4 rel MAG4P11. 
YUASHA SEALED LEAD ACID BATTERIES Two sizes 
currenuyavailabletlismontn.12v 15AHalE18refLOT8and6v 10AH 
(suitable ror eme'l)ency lights above)al Iust £6 ref LOTT. 
ELECTRIC CAR WINDOW DE-ICERS Complete wllh cable, 
plug ele SALE PRICE JUST £4.99 REF SA28 
AUTO SUNCHARGER 155x300mm solar panel with diode and 3 
metre leaa firtedwith a cigar plug. 12v 2Wall. ES.99 REF SA25. 

MICRODRIVE STRIPPERS Small cased tape dnves ideal for 
stnpping, lots of use!ul goodies including a smart case. and lots of 
COfT1POne,,ts. SALE PRJCE JUST £4.99 FOR FIVE REF SA26 
SOLAR POWER LAB SPECIAL You gel 1W06'x6' 6V 130mA 
solar cells, 4LED's, wire. buuer. swl1ch plus 11elayo,mo10r.Superb 
value lot SALE PRJCE JUST £4.99 REF S"'2.7 
RGB/CGA/EGA/TTL COLOUR MONITORS 12' In gcoa 
condrtlon. Bad< anodised metal case. SALE PRICE £49 REF SA 168 
PLUG IN ACORN PSU 19V AC 14w, £299 REF MAG3P10 
13.8V 1.9A PSU cased Wlln leads Jus, £9.99 REF MAG10P3 
UNIVERSAL SPEED CONTROLLER KIT Designed by us ro, 
lhe CS motor but oK for any 12v motor up 10 30A. Complete with PCB 
etc. A heat sink may be required. £17.00 REF: MAG17 
PHONE CABLE AND COMPUTER COMMUNICATIONS 
PACK Klt contains 100m ol 6 core cable, 100 cable c;/lps. 2 line 
drive<S with RS2l2 Interlaces and all connectors etc. Ideal low cost 
method of communlcalmgbetwean PCs over a long distance utilizing 
the serial ports. Complete kit £8.99. Ref comp 1. 
VIEW DATA SYSTEMS made by Phillips, completewlth_intemaJ 
1200175 modem, keyboalll. psu etc RGB and composite outputs. 
menu driVen, autodialler etc. SALE PRJCE £12.99 REF SA18 
AIR RIFLES .22 As used by the Chinese army fortralnlngpuposes, 
so there Is a I0I .moUII £39.95 Ret EF78, 500 pellets £4.50 rel Ef80 
VIDEO SENDER UNIT. Transmits both audio and video signals 
rrom"'1her a ¥Ideocamera. vigeorecorde,. TVorComputeretctoany 
standard TVsellna 100'rangel (lune TV to a spore channel} 12vDC 
op. Price ls£25 REF: MAG15 12V psu ls£5 eX1ra REF: MAG5P2 
'MINATU RE RADIO TRANSCEIVERS A pair orwall<letaJkies 
with a range up-.2kmlnopencounlry. Unltsmeasure22x52x156!nm. 
lnduding casesandeaop'ces. 2xPP3 req'd. £30.00pr.REF: MAG30 
'FM TRANSMITTER KIT Mused In a standard worl<ing 13A 
adapte,j! lhe bug runs dl1ect1y off the mains so lasts rorevert why pay 
£700? orpr1ce Is £16 REF: EF62 (1<11) Transmits lo any FM 1>1dlo, 
•FM BUG BUILT ANDTESTEDsuperiordeslgntok~.S~1>9llod 
to delec1ive agencies. 9V battery req'd. £14 REF· MAG14 
GATA IR PISTOL PACK Complete with plslol, darts and pellets 
£12.95 Rllf EF828 extra peUets (500) £4.50 ref EF80. 
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130nA. SALE PRICE £4.99 REF SA24. 
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99 
ref MAG6P 13 ldeal for eJQ)erlmenters! 30 m for£ 12.99 ref MAG 13P I 

MIXED GOODIES BOX OF 
MIXED COMPONENTS WEIGHING 2 KILOS 

YOURS FORJUST£6.99 

4X28 TELESCOPIC SIGHTS Slitable ror all air rifles, ground 
lenses, good light gathering properties. £19.95 refR/7, 
GYROSCOPES Remembenhese? well We have found a company 
that still manufactures these popular scientific 10\'S, perfect gin or for 
educatjonaJ use etc. £6 rel EP70 
HYPOTHERMIA SPACE BLANKET 215x150cm aluminised 
foil blank•~ re!ecls more than 90'!(, of body heat, Also sui1able for the 
conS!ruction of two way mirrors! £3.99 each ref OIL041, 
LENSTATIC RANGER COMPASS OIi filled capsule. strong 
01etal case. la<ge luminous points. Sight line with magnifying viewer. 
50111111 dla, 86gm. £10.99 ref OIK604. 
RECHARGE ORDINARY BATTERIES UP TO 10 TNESI 
With the Battery Wizard! Uses lhe latest pulse wave charge system 
to charge an popular brands ofordlnary batten es AAA. AA. C, D, four 
ala bme! Ledsystem shows when battenes arecharged, aulomattcally 
rejects unsuitable cells. complelewllli mains edaptor. BS approved, 
Price Is £21.95 ref EP31. 
TALKING WATCH Yes, It actually leis you the ~meatthe press of 
a button. Also features a voice alarm lhalwakes you up and tells you 
what U,e time Isl Llthlum cell lntluded. £7.99 ref EP26. 

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU 
YOUR LICENCE! The new multiband 2000 radar detector can 
prevent even lhemostresponslbleof driver.; from losing tllelrllcence! 
Ad]uslable audible aJannwith 8 naShfng leds gives Instant warn1ng ot 
radarzones. Detects X, K, and Ka bands. 3 mile range, 'over lhe hil' 
•around bends' and ·rear trap f aclllties. micro size Jus\4.25.x2.5'x. 75' , 
Can pay for ilself In just one daYI £79.95 rel EP3. 
3" DISCS As used on older AmS!rad machines, Spectrum plus3's 
ete£3 each ref BAR400 
STEREO MICROSOPES BACK IN STOCK Russian, 20ox 
complete whh lenses, llgMs. filter.; e1c etc very comprehensive 
microscope tnatwould nonnaJly be a<ound lhe £700 marl<, ourp~ce 
Is just C299 (lull money bad< guarantee) full details in catatogua. 

WEBUYSURPLUSSTOCK 
FOR CASH 

BUYERS Dr.RECT LINE 0802 660377 
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DC TO DC CONVERTERS 
ORM58 input 10-40\/dcoutput 5v 8A £15 
DRM128 Input 17-40\ldcoutput 12v SA £50 
DRM158 Input 20-40\/dc output 15v BA £50 
DRM248 input 29--40\/dc output 24v 8A £40 
DRS123 input 17--40vdcoutput 12v 3A £20 
DRS153 input 20--40vdcoutput 15v 3A £20 

DRS243 input 2940vdc output 24V 3A £15 
SOLID STATE RELAYS 
CMP-OC.200P 3-32vdc opera~Oll. 0-200Vtlc 1A £250 
SMT20000/3 3-24vdc operation. 2&-280vac 3A £4.50 
SMT20000J.4 3-24Vdc operation. 2&-280vac 4A £5,00 
ZRA6025F 2&-280vd/ac operation, 2&-280vac25A £7.00 
200 WATT INVERTERS Nloely cased unlls 12v ,oput 240v 
oU1)llt 100watt continuous, 200 ma,c, £49 rel LOT62. 
6.8MW HELIUM NEON LASERS New units. £65 rer LOT33 
COINSLOT TOKENS You may have a useforthese? mixed bag 
of 100 tol<•n• E10 ref LOT20 

PORTABLE X RAY MACHINE. PLANS Easy to construct 
plans on a slmple and cheap way 10 build a home Y..-ray machine! 
SJfec~ve de'f'lce. X•ray seated assemblles can be used ,or 
e~peomental puoposes. Not a toy o, ror minors! £6/seL Ref F/XP1. 
TELEKINETIC ENHANCER PLANS Mystify and amaze your 
fr1ends by creating motion with no known appare,,tmeans or cause, 
Uses no etectrfcal or mechanical connections. no special gimmicks 
yetproducespo!llivemolonand effect. Excellentlorscienceprofects, 
magic shows, party <lemonstratioris or s.enous research & 
development ol lhls slrange and amazing phye11I0 phenomenon 
£4/Sel IW F/TKE1 , 

ELECTRONIC HYPNOSIS PLANS & DATA Thisdalashows 
5.everal ways to put subjects under your c;oouoL lnduded 1s a futl 
Volume reterer,ce text and several construction plans tnat when 
assembled can produce highly enective somull. This maJenal must 
be used cautiously. n 1s for use as entertainrnentat pa fies elo only 
Dy those e)(pe!ienced In Its use. £15/sel. Ref FIEH2. ' 
GRAVITY GENERATOR PLANS This unique plan 
demonstrates a slmpleetectnc-al phenomena thatpro<tuces an an~~ 
gravity effect, You can aclually build a small mock spareshlp out of 
simple materials ana Whhout any vlstble means,. cause tl to levltate. 
£10/set Ref FIGRA1, 

WORLDS SMALLEST TESLA COIULIGHTENING 
DISPLAY GLOBE PLANS Produces up 10 750,000 voI1s 01 
discharge, expetimenl with extraordinary HV effects, 'Plasma In a 
jaf, S1 Elmo's tire, co,ona, excellent science project or conversoUon 
piece. £!>set Ref FIBTC1,tG5. 
COPPER VAPOUR LASER PLANS Produces 100mw of 
visible green light, High coherency and sp~ral quality slmllar to 
Afgon laser but easier and less c.oslly lo build ye1 far mOfe enident, 
Tnlspa rf Oliardesignwas d""'eloped althe Alomic EnergyCommls/on 
of NEGEV In Israel. £10/sel Ref F/CVL1. 
VOICE SCRAMBLER PLANS Mlnature solid state system 
turns speech sound Into indecipherable noise ttial cannot be 
understood without a second matching unit. Use on tefeptione to 
prevent lhird party lisleni119 and bugging. £6/set Re! FNS9, 
PULSED TV JOKER PLANS Little hand hetd device utilises 
pulse techniques that will completely disrupt TV picture and sound! 
Worl<s on FM loo! DISCRETION AD\/lSED. £8/sel Ref FIT J5, 
BODYHEAT TELESCOPE PLANS Highly dtrectlonal long 
range device uses ,ecent tecl>nology to detect the presence or liVi ng 
bodies. Wann and hotspots, heal leakselc, Intended rorsecunty, law 
enforcement, research and deveiopment, ere. Excelfent security 
de\lice or very lnleresling science project (8/set Ref fiBHT1 
BURNING, CUTTING CO2 LASER PLANS Projects an 
lnviS4ble beam of heat capable of burning and rnelt>ng r,,ateriels ove, 
a constde~blo distance, This laser is one ol lhe most efficient. 
converting 1~Input powerinl0 useful ou1put, Nol only lsllis device 
a worl<horse in welding, cutling and heal processing matenals but it 
1s also a llket'y c-andldale as ari effective dlrecle<i energy beam 
weapon against mlsslles, airctaft. ground-1~ground, etc. Partlde 
beams may very well uollze a laser of tlis l}!>e to blast a channel In 
tile atmosphere ror a high energy stream of neutrons or other 
partfoles. The dewce is easily applicable lo burning and etcl,lng 
wood. cutting, p[asbcs, leXtiles elc £12/sel Rer F/LC7 
MYSTERY ANTI GRAVITY DEVICE PLANS Uses simple 
conoepl. Objects noat In air and move lo the touch, Oe~es graVity, 
amazing g;" · conversation piece. magic tnd< er science project. £61 
set Re! FIANT1K. 
ULTRASONIC BLASTER PLANS Laboratory source or sonic 
shock waves. Blow holes In metal, pro<tuce 'cold' sleam, atomize 
liquides. Many cleaning uses lor PC boards, IOWllery, coins, small 
pans ere. £6/set Ref FIULB 1 
ULTRAHIGH GAIN AMPISTETHOSCOPICM IKE/SOUND 
AND VIBRATION DETECTOR PLANS Ultrasensltive aevIce 
enable$ one 10 hear a Whaie new wor1d ot sounds. listen througn 
walls. windows, fioors etc. Many appllcatons shown. from law 
enforcement, narure Ustenlng, me<Ucal tieanbeat. lO mechanic.al 
devices. £6/set Rel Flf'/:3A7 
ANTI DOG FORCE FIELD PLANS Highly effective circutt 
produces bme vartable pulses or ae<:ousbcal energy tnat dogs 
cannot 10Iera1e £6/sel Ref FIDOG2 

LASER BOUNCE LISTENER SYSTEM PLANS Allows you 
to hear sounds from a premises Wilhout gaining access. £12/sef Ref 
FILLIST1 

LASER LIGHT SHOW PLANS Ooilyoursell plans show three 
methods. £6 Re! FILLS1 

PHASOR BLAST WAVE PISTOL SERIES PLANS 
Handheld1 has large transducer and battery capacity with extemaJ 
controls. ES/set Rel F/PSP4 

INFINITY. TRANSMITTER PLANS Telephone line grabber/ 
room monitor. The Ulbmateln homeJcmce seeunty and saretyJ simple 
to useJ Cati your tiane orotnce phone, pusl\ a !.ecfet lone on your 
telephone to access either A) On premises sound and ~olces or B) 
Existing conversation wilh Dreak-rn oapablllty ror emergency 
messages, £7 Ref FfTELEGRAB 
BUG DETECTORPLANS1s1halsomoone9e11inglhegoodson 
you? Easy lo c0(1sl,-uct device locales any hidden source of radio 
energy! Sniffs oul and ~nds bugs ana othersources of bothersome 
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Interlerence. Oelectslow. high and UHF frequencies. £5/sel Ref F/ 
BD1. 

ELECTROMAGNETIC GUN PLANS Projeclsametal objecta 
collSlderable drstance.requlr.,. edull supe<VIS!on £5 re! FIEMl..2. 
ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE 
TOUCH OF YOUR HAND! £5/set Re! FIEMAt. 

PARABOLIC DISH MICROPHONE PLANS Uslen lo distant 
sounds and vofces, open windows, sound sources in 'ha,d to gef or 
hosllle premises. Uses ••lelllte 1e011nology to gather distant sounds 
end focus. them to our ultra sensidYe etectrontcs. Plans also show an 
optional wireless ink system. £8/Sel ref F/PM5 

. 2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND 
HIGH DC VOLTAG'!:, SOLID STATE TESLA COIL AND 
VARIABLE 100,000 voe OUTPUT GENERATOR PLANS 
Operates o~!,. t2vdc. many possible el<perime,,l,. £10 Ref F/liVM71 
TCL4. 

INFINITY TRANSMITTERS The ultimate 'bug·nIs to any 
phone Of li"e, undetectable1 listen to tne conversations m lhe room 
from anywhere in the WMd! 24 hours a day 7 days a week\ just call 
ttle number and press a button on the mini conlroller-(supptied) and 
you can Jisar everythingl Monitor conversalions fo, as long as you 
choose £249 eacn, complefe with leads and mini controlle~ R.et 
LOT9. Undetectable with normal RF detectors. ~tted In seconds, no 
batte1'es required, lasts rorevt!rl 
SWITCHED MODE PSU'S 244 watt. +632A. +126A, -50.2A, · 
12 0 2A There ls atsoanoptional 3.3v 25A rail available. 1201240v v 
P. Cosed. 175X90x145mm, IEC Inlet S1Jtable for PC use (6 dldnve 
connectors 1 mAloard), £10 ret PSU1. 
VIDEO PROCESSOR UNITS?/6v 10AH BATTS/12V 8A 
TX Nol loo wrewhat ll>e fllnclfon of these unilsis but1heycertalrly 
mal<e good strippers! Measu,es 390X320X 120mm. on tl>e front are 
con I rots ror scan speed, scan delay. scan m0de1 loa.dsof connections 
on Ille rear. lnside2x 6V 10AH sealed lead acid batts.peb'Silnd a SA? 
12v torroldlal transformer(malns in), Condition not known, may have 
one or two broken knobs due lo poor storage. £17.50 ref VP2 
RETRON NIGHT SIGHT Recognition of a standing man al 300m 
In 1/4 moonlight. hennatically sealed, runs on 2 AA batteries, 80mm 
F1 .5 lens, 2Q'nW lnlrared laser lnduded. £325 re! RETRON. 
MINI FM TRANSMITTER KIT Very high gain preamp, supplled 
complete with FET electret microphone. Designed lo cover 8&-108 
MhZ. bul easHy changed to cover 63,130 MhZ., Worl<swith a common 
!Iv (PP3) battery, 0.'ZW RF. CT Ref 1001. 
3-30V POWER SUPPLY KIT Vai1able, stabilzed power supply 
for lab use. Short circuit protected, oui1able for profesional or amateur 
use 24v 3A transformer ls needed lo complete the kit £14 Ref 1007. 
1 WATT FM T_RANSMITTER KIT S~plied with plezo electrtc 
mlc. &-30vdo, Al 25-3011 you wiu gel neany 2 wattsl £12 ref 1009. 
FM/AM SCANNER Kif Well notquije_ you havelolurnlheknob 
your self bUtyou wm hear things on this raalothalyou would 1J0I ~ear 
on M ordinary radio (even TV). Covers 50-16011\hZ. on both AM and 
FM BLiltin 5watt amplffie.-, Inc speaker. £15 ref 1013. 
3 CHANNEL SOUND TO LIGHT KITWirelesssystem, mains 
operated. &epa!llte senslt1vtty adjustment for each channllf, 1,200 w 
power handling, microphone included. £t4 Ref 1014, 
4 WATT FM TRANSMITTER KIT SmaU but powertul FM 
transmitter. 3 ~F stages, microphone and audio preamp Included. 
£20 Ref 1028. 

STROBE LIGHT KIT A<lustable from 1·60 hZ. (• lot faster than 
conventional strobes). Mains operated. £16 Ref 1037. 
COMBINATION LOCK KIT9key, programmable. complele with 
keypad, will swilch 2A mains. !Iv de ope<ation, £10 ref 1114. 
PHONE BUG DETECTOR KIT lhis device wm warn you if 
somebody Is eavesdropping on your Une. E6 ref 1130, 
ROBOT VOICE KIT lnteres0ng circuit thal distorts your voice! 
adjUstabie, answer the phonewtth a different voice! 12vdcE9 rel t 1 Jt 
TELEPHONE BUG KIT Smalt bug powered by lhe 'phone line, 
stans tranifl11tting as soon as the phooo is plcl<ed upl £8 Rel t 135. 
3 CHANNEL LIGHT CHASER KIT 800 wans per channllf. 
speed and direction cooUo!ssupp[led with 12 LEOS (you can fit tnacs 
Instead lo make ldt mains, not •~plied) 9-12vdc £17 rel 1026. 
12V FLOU RESCENT LAMP DRIVER KITLfgh1Up4 loollubes 
from your car battery! 9V 2a transformer also required. £8 ,ef 1069. 
1/0 X SWITCH KIT Sound aclivatedSNllch Ideal lormaldng Ougglng 
tape reccrde<s elc, adjustable sensitivity. £8 ref 1073 

Check out our 

WEBSITE 
http,/ /www.pavlllon.eo.uk/bull·eleotrloal 

PREAMP MIXER KIT 3 input mono mixer. sep bass and treble 
controls plus iMoviduallovel controls, 18vdc, lnpu1sens 100nA. £15 
ref 1052 

Cifl(I E NO. I i'I ON REP! I ( 1\/l/J 

SOUNDEFFECTSGENERATORKITP10ducessoundsrlll19lng 
lrom bird C/\lps to sirens Complele wI1h speaker. add sound e1Teo1s 
lo your projects forjust £9 rel 1045 
16 WATT FM TRANSMITTER (BUILT) 4 slage hlgn power. 
preamp required 12-18vdc. can use ground ~lane. yagi or open 
alpote. £69 ref 1021. 

HUMIDITY METER KIT Blilds inl0 a precision LCD humidity 
meter, 9 lcdeslgn, ptb. lcd dlsplay and all components lnctUded. £29 
PC TWIER KIT Four channel ou1put oomrolled by your PC, will 
s1111Ilch high current mains with relays (supplied). Software supplled 
so you can program the channels to do what you want w hertever you 
want. Minimum sySlem configeratlon Is 286. VGA, 4 1.6401<, serial 
port, nard dnve Wilh min 100k free. £24.99 
FM CORDLESS M ICROPHON E Th1s unn is an FM broaocasti ng 
slalion In mmature, 3 transistor transmitter wtth electret condenser 
mlc+fetamp design r_esult ,n maxrnum senslth'ltyandbroad rrequency 
respOllse 90-105mhZ, 50.1!iOOhZ, 600 foot range In open CQuntry! 
PPJ batte,y required, £ 15 00 rllf 15P42A 

MAGNETIC MARBLES They have been around rora number of 
years but still give nse locunoslty and amazemenL A pacl< ol 12 is just 
£3.99 ref GI/R.!O 

NICKEL PLATING KIT Prof!eslonal electroplabng , ii I/lat wm 
lransrorm rusting perts into showpieces in 3 hoursl Will plale onto 
sleet.Iron, bronze. gunmelal,copper, welded.silversolderedorbrazed 
jolnt>.Kitincludes enough loplale 1,000 sq inches. Youwttl also need 
a 12V supply, a container and 212v llghl bulbs. £39.99 ref NIK39. 
Minature 1djustable timers, 4 pole c/o output 3A 240v, 
HY1230S, 12vDC adjustable rrom 0-30 secs. £.4 99 
HY1260M, 12vDC adjustable from 0-60 ,nins, £.4 99 
HY2405S, 240v adjustable from Q-5 secs. £4 99 
HY24060m. 240v adjustable f rom 0-60 mins. £6.99 
BUGGING TAPE RECORDER small vo,ce activated ,eoordor 
uses m ia-o cassette complete With headphones. £28.99 refMAR29P1: 
POWER SUPPLY '"IV cased with mains and olp leads 17v OC 
90l)nA output, Bargain price £5.99 ref MAG6P9 
9v DC POWERSUPPLYstandardpluglntype 150ma9V OCwilh 
lead and OC power plug price for two is £2.99 rel AUG3P4. 
COM PO$ ITE VIDEO KIT. Converts composite video Into sepa­
rate H sync. V sync. and video 12v OC. £8.00 REF: MAG9P2. 
FUTURE PC POWER SUPPLIES Theseare295xt35x60mm, 
4 drive connect·ors 1 mother board connector. 150Watti nv fan, Jee 
lnlel and on/off switch. £12 Rel EF6. 

VENUS FL YTRAP KIT Grow yourQWn carnlvorousptanIw11h lhi• 
simple kit E3 re! EF34. 
6"X12" AMORPHOUS SOLAR PANEL 12V 155x310mm 
130mA. Bargain prioe jusl £5,99 ea REF MAG6P 12. 
FIBRE OPTIC CABLE BUMPER PACK 10molresfo, £4.99 
<ef MAG6P 13 Ideal for l!l(pertmentersl 30 m ror £12,99 ,er MAG13P 1 
ROCK LIGHTS Unusualthlngs these, two pieres ofrock ihatglow 
when rubbed togethert belived to cause rain!£3 a pair Ror EF29. 
3' by 1' AMORPHOUS SOLAR PANELS 145v. 700nA to 
watts. alumlnium frame, screw term!n.als, £44 95 ref MAG45, 
ELECTRONIC ACC UPU NCTU RE KITBt.ildsinlo an electroric 
version lnslead of needles! good lo expenmenl wllh. £7 rel 7P30 
SHOCKING COIL KIT Build thisfiltlebatteryopernted device Into 
all sorts of things. also gets worms oulof the ground! £7 ref7P36. 
FL YING PARROTS E~slly assembled kil thal builds a parrot lhat 
actually flaps Its wings and nles! liO m range £6 ref EF2. 
HIGH POWER CATAPULTS Hinged arm brace for stability, 
tempered steel yoke, super strength latex power bands. Departu,e 
speed of ammunitio" is ii\ excess of 200 miles per hour1 Range of over 
200metres! £7,99 rel R/9. 

BALLON MANUFACTURING KIT BrillSh made. small blOb 
bloWslnlo a large. longlastingballoon, hoursofluol£3.99 refGI/E99R 
9--0-SV 4A TRANSFO~ERS, cri&ssls mount. £7 ref LOT19A. 
2.6 KILOWATT INVERTERS, Packed with batt.ries ate 
but IS they weigh about.100kg CALLERS ONLY! £120. 
MEGA LED DISPLAYS Bulldyourseta olockorsomellilng wllh 
these mega 7 seg dlsplays55mm high,98mm wide. Son a pcb ror1us1 
£4.99 ref LOT16 o, a bumper pack ot 50 displays for just £29 ref 
LOT17 

CLEARANCE SECTION, MINIMUM ORDER 
£15, NO 'TECHNICAL DETAILS AVAILABLE, 
NO RETURNS, TRADE WELCOME. 
2000 RESISTORS'ON A REEL (SAME VALUE) 99P REF BAR340 
AT LEAST 200 CAPACrrORS (SAME VALUE 99P REF BAR342 
INFRA RED REMOTE CONTROLS JUST 99P REF BAR333 
CIRCUrrBREAKERS. OUR CHOICE TOCLEAR99P REF BAR335 
MICROWAVE COllTROL PANELS TO CLEAR £2 REF BAR 329 
2 TUBES OF ClilPS(2 TYPES OUR CliOICE) 90P REF BAR305 
LOTTERY PREDICTOR MAClilNEI! JUST El.SO REF BAR313 
liELLAUROVERELECTRICHILAMPLEVELLER£2REFBAR311 
SINCLAIRC5 16"TYRESTOCLEAR AT JUST7SP REF BAR318 
LARGE MAINS MOTORS (NEW) TO CLEAR AT 75P REF BAR310 
MODEMS ETC FOR STRIPPING £2.50 EACli REF BAR32A 
110V LARGE MOTORS (NEW) TO CLEAR AT SOP REF BAR332 
MODULATOR UNITS UNKNOWN SPEC JUST SOP REF BAR323 
GX4000 GAMES COSOlES JUST £4 REF BAR320 
SMART CASED MEMORY STORAGE DEVICE, LOADS OF BITS 
INSIDE. PCB, MOTOR, CASE ETC. BUMPER PACK OF 5 
COMPLETE UNITS TO CLEAR AT £250tFOR 5) REF BAR 330. 
2COREMAINSCABLE2MLENGTliSPACKOF4£1 REFBAR337 
PC USER/BASIC MANUALS, LOADS OF INFO. £1 REF BAR304 
PCB STRJPPERS TO CLEAR AT 2 FOR 99P REF BAR341 
3M 3CORE MAINS CABLE AND 13A PLUG. 60P REF BAR325 

WE ·sUY SURPLUS STOCK 
FOR CASH 

BUYERS DIRECT LINE 0802 660377 

FREE CATALOGUE 
100 PAGE CATALOGUE NOW 
AVAILABLE, 46P STAMPS. 

349 



CLASSIFIED 
TEL 0181652 3620 FAX 0181 652 8956 

ARTICLES FOR SALE 

-SUPPLIER OF QUALITV·USED 
TEST INSTRUMENTS 

_.,._ __ _ 

CONTACT 

Cooke International 
ELECTRONIC TEST & MEASURING INSTRUMENTS 

Unit Four, Fording bridge Site, Main Road, Barn ham, , 
Bognor Regis, West Sussex, PO22 OHO, U.K. 

Tel: (+44)01243 545111/2 Fax: (+44)01243 542457 
( /R( / I MJ / I~ ON REPL t C M//J 

-

CONTACT 

Cooke International 
Unit Four, Fordingbridge Site, Main Road, Barnham, 

Bognor Regis, West Sussex, PO22 0EB, U.K. 
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457 

NOW AVAILABLE CATALOGUE ON DISC 
C /RC II MJ I IH <JN Rfl'lt ( ARfJ 
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ARTICLES WANTED 

WE WANT TO BUY!! 
IN VIEW OF THE EXTREMELY 

RAPID CHANGE TAKING PLACE 
IN THE ELECTRONICS 

INDUSTRY, IARGE QUANTITIES 
OF COMPONENTS BECOME 
REDUNDANT. WE ARE CASH 

PURCHASERS OF SUCH 
MATERIALS AND WOULD 

APPRECIATE A TELEPHONE 
CAU OR A LIST IF AVAILABLE. 

WE PAY TOP PRICES AND 
COLLECT. 

R. HENSON LTD. 
21 Lodge IAne, N.Finchley, 

London N12 8JG. 
5 Mins,from Ta/Jy Ho Corner. 

TELEPHONE 
0181445-2713/0749 
FAX 0181445-5702 

~--- -- -· 
Your costs to continue to stock 

UNWANTED SURPLUS ... EXCESS . . . OBSOLETE 
STOCKSOF:­

ELECTRONIC-ELECTRICAL COMPONENTS & 
ACCESSORIES 

for 

PAYMENT IN ADVANCE 
OF COLLECTION 

contact 

K -B. Components, 
21 Playle Chase, Gt. Totham, Maldon, Essex, CM9 8UT 
Tel:• 01621 893204 Fax:- 01621 893180 Mobile:- 0802 392745 

REGISTER TO RECEIVE MONTI-IL Y PUBLISHED STOCK LISTS AT NO CHARGE OF 
ALL EXISTING NEW, UNUSED, STOCKS OF ALL COMPONENTS ANO ACCEiSOIUES. 

TOP PRICES PAID 
For all your valves, tubes, semi 

conductors and IC's. 

Langrex Supplies Limited 
1 Mayo Road, Croydon 

Surrey CR0 2QP 

TEL: 0181-6841166 
FAX: 0181·684 3056 

**WANTED** 
Test equipment, Electronic Scrap, 
Valves, Transmitters/Receivers, 

Factory & Warehouse Clearance. 
Confidentiality Assured. 

TELFORD ELECTRONICS 
Phone: 01952 605451 

Fax: 01952 677978 

WANTED 
TOP PRICES PAID 

For a(I your Test Equipment, 
Receivers, Transmitters etc. 
Factory Clearance, Prompt 

Service and Payment. 

HTB ELEKTRONIK 
Alter Apeler Weg 5 

27619 Schiffdorf, Germany 
Tel: 0049 4706 7044 
Fax: 0049 4706 7049 

HEWLETT PACKARD 
TEKTRONIX 
MARCONI 

TEST EQUIPMENT 
WANTED! 

M&BRADIO 
86 Blshopsate Stnet,Leeds LSI •BB 

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

40 YEARS WIRELESS WORLD• 52-'75 
~~;;:~lf.;_'92 unbound. Orrers Telephone 

SMALL SELECTION or Aircraft Statler 
mou:~rs. DC_ acnerators and rotary conveners. 
Posstbly suit electric ve hicles: etc. £10 10 £50 gm:;~9fsr,.°ondi1ion and 1ype. Tel: Bri$IOI 

MICROCHIP 'MlCROMASTER' dcvclop­
me~tsystem £1,J~. Multiconc ·vaporeu,: sot­
dcnng machine £500. Bo th unused. lcclab 
8051n Emula1or £400. Tel: 01295 810859. 

m~/76 (577) Curve Tracers. Phone 01460 

Small selection of Aircraft 
Starter motors, DC 

generators and rotary 
conve~ers. Possibly suit 

Electric vehicles etc. 
£IO to £50 depending on 

condition and type. 

Tel: B ristol 0 I 17 9793883 

Wandel Golterxnann 
PRA.1, 2mbit Frame 

Mux Analyzer superb 

instrument. 

£3,500 o . n.o. 

Tel: 01566 781680 

RF DESIGN 
SERV1CES 

All asp ects o f RF hardware 
deve l opment c o nsid e red from 
concept to p rodu ction. 

jWATERBEACH ELECTRONICS! 

TEL: 0 I 223 862550 
FAX: 01223 440853 

C omplete s u rfac e mount 
a s sembly k i t. Handles up to 
E urocard size boards. Little 
used . £950 + VAT. 

A 3 Pen Plotter, Grapbtec 
MP4200 a nd Ringdale Printer 
Buffer. E xcellent c o ndition . 
£400. · 

Telephone: 01256 54786 

, \':\L\'ES. and CRTs A \'AILABLE 
(?NE MILLION _YALVES stocked for Audio, Receiving, Transmit• 
ting & RF Heating. Rare brands such as Mullard & GEC available 

Also MAGNETRONS, KLYSTRONS, CRTs and SOCKETS. . 
Large stocks of Russian & Sovtek items. 

Please ask for our free catalogues of valves or CRTs. 
- - - - -

_ __ -VALV~S_, etc. WANTED 
Most types considered but especially KT88 (£48) PX4/PX25 
(£50), KT66 (£35), KT77 (£15), EL34 (£10), EL37 {£9).'ECC83 (£3). 
Valves '!lust be UK manufacture to achieve prices mentioned. 
Also various valve-era equipment e.g. Garrard 301, (up to) £80. 

Ask for a free copy of our wanted List. 

BILLINGTON EXPORT LTD., Billlngshurst, Sussex RH14 9EZ. 
Tel: 01403 784961 Fax: 01403 783519 

VISITORS STRICTLY BY APPOINTMENT, MINIMUM ORDER £50 plus VAT 

ARTICLES FOR SALE 

~ Protect Your Microchips ~ 
~l~ from STATIC DISCHARGE ! ~~~ 

Use an SSE grounding kit. 
Kit lnclud•: 

· atatlc dlaalpatlv• aolder realatant 
rubber mat. 

• wrlat atrap 
• ground lead 
• earth plug 

Mat alze 70 ll 30 cm• offer price £18.1515 per kh +VAT. Ref· AGK1 
Mat •lze 215 x 20 cm· offer price £12.1515 per kit+ VAT. Ref; AGK2 

STATIC SAFE ENVIRONMENTS Payment by CHEQUE / ACCESS 
127 H81jley Raad. Birmingham B16 SXU VISA/ MASTERCARD 
Tel: 0121 454 8238 Fax: 0121 625 2275 Catalog..., available 



SPECTRUM ANALYSERS • ralfe electronics • excJu,lvel'f 
p,otess,onaJT&CM 0 

HEWLETT PACKARD 

• 36 Eastcote Lane • South Harrow• Middx HA2 8D8 • England • 
TEL (+44) 0181-422 3593 • FAX (+44) 0181-423 4009 

EST 
41 

YRS 16408 serial data generator 

ANRITSU MS420J 10Hz-30MHz network/spectrum 
analyser £5000 DISTRIBUZIONE E ASSISTENZA, ITALY: TLC RADIO, ROMA (06) 871 90254 

3764A digital transmission analyser 
3335A synthesizernevel generator 
3235A switcMest unit 

£500 
£1500 
£2000 
£1000 
£2000 

AVCOM - ponable, battery operated, to 1000MHz 
£2000 

TEKTRONIX 492 21 GHz portable spectrum analyser. with 
options 1, 2 and 3 £6500 or £7500 with muttiplexor and mixers 
to 40GHz 
HP8711A 300kHz· 1.3GHz network analyser 
HP8753A vector network analyser, 3GHz 
HP87028 lightwave component analyser 

(options 006/011) 6GHz 
HP8559A/182T 21GHz 
HP8557A/182T 350MHz 
HP8590A 1.8GHz portable, RS232 option 

MARCONI INSTRUMENTS 

• I' 
• • • • .,.. • ,t, .-~~==--=~ 

2018 synthesized AM/FM signal generator 
80kHz-520MHz 

2019 synthesized AM/FM signal gen 80kHz-1040MHz 
2305 modulation meter 
2828A/2829 digital simulator/analyser 
2955 radio communications test set 
6460/6421 power meter & sensor 10MHz-12.4GHz 
65xx waveguide detector for use with 6501//2-scalar 

analysers 
TF291 O TV interval timer 

£4000 
£7500 

£10000 
£4500 
£1500 
£4250 

£1250 
£2000 
£2500 
£500 

£3250 
£350 

£350 
£250 

TEST EQUIPMENT 

AORET 740A synthesized signal generator 0.1-1120MHz £2500 
ANRITSU MS420J network/spectrum analyser 10Hz-30MHz £500 
BRUEL& KJAER 2307 level recorder £1000 
BRUEL & KJAER 2308 analogue X·Y pen recorder £750 
CHASE LFR1000 interterence measuring receiver 

9kHz-150kHz £1000 
OATRON 1061 & 1061A- vanous, digital muttimeter & 

1065 - call from £500 
CATRON 1065 digital mullimeter all ranges plus IEEE £500 
FARNELL SSG2000 synthesized signal generator 

10Hz-2000MHz 

~ :~I 
~ 

con. tt,ou 

IS09002 ACCREDITED STOCKIST 
MEASUREMENT & TEST EQUIPMENT 

PHILIPS PM5167 1mHz-10MHz function generator 
RACAL-OANA 9300 milli·voltmeter 
RACAL-OANA 9301A true RMS RF mini-voltmeter 
SCHLUMBERGER 7081 precision vohmeter 8.5 digns 
TEKTRONIX P6201 ITT PROBE 
WANDEL & GOL TERMANN WM30 level tracer 
WANDEL & GOLTERMANN PJM-4S jitter meter for 

SONET & SOH 
WAVETEK 23 synthesized function generator 

0.01Hz-12MHz 
WAVETEK 1067 opt 522 1-500MHz sweep generator 
WAYNE KERR 3220 20A bias unit (for 3245 inductance 

analyser) 
TEKTRONIX AM503/P6303 current probe 

( /R( LE ,\i() l~l O"- IUPO CARI) 

£2500 

£275 
£400 
£350 

£2750 
£350 
£500 

£5500 

£1250 
£500 

£1250 
£1500 

3324A synthesized function generator 
33320G/33322G programmable attenuators 4GHz, 

with driver 11713A £1000 
As above but 18GHz set £1500 
3581C selective voltmeter £1250 
3TT9D primay multiplex analyser £5000 
379000 signalling test set with 2 x 37915A interface cards £5500 
41408 pA/meter, DC voltage source £4000 
4272A multi-frequency lcr meter £3500 
4358 microwave power meter, analogue £400 
5386A 3GHz frequency counter £1500 
54100A 1GHz digitizing oscilloscope, 

now inc 2 x 1 GHz active probes 
54502A digital oscilloscope 400MHz 400MSa/s 
80078 pulse generator 100MHz 
8018A serial data generator 
8082A pulse generator 250MHz 
8111A pulse generator 20MHz 
8146A optical tdr, with options 2/3/plug-in 81465SH 

(single-mode) 
816A slotted line 1.8-18GHz wi1h 809C & 4478 probe 
8444A tracking generator with option 059 
86222A/8620C 10MHz-2.4GHz sweep generator 
8751 OA gain-phase analyser 1 OOkHz-300MHz 
8753A 3GHz vector network anatyser 
J2215A FOOi portable multimode test set 
J2219A 486-based, colour option main-frame 
J2219A/J2171A 486-based colour serene option network 

£2000 
£2500 

£950 
£1000 
£2000 
£1250 

£8500 
£500 

£1000 
£2000 
£6500 
£7500 
£1500 
£1000 

advisor £3000 

SEND FOR LA TEST STOCK UST. WE FAX USTS 
AND SHIP WORLDWIDE. ALL FULLY 

LAB-TESTED AND NO-OUIBBLE GUARANTEED 

EL·ECTRONIC UPDATE 
Contact Malcolm Wells on 

0181-652 3620 

A world of cmD LCD 

.. _,..,.._,__ 

... ,-..,.-,11 ..... 
""""" ... ...,..,,. 

Comprehensive new 
LCD brochure 

The wides! range of colour LCDs, 
LCD monitors and plug and play kits 
available in lhe IJK, all in one easy to 
use brochure, is now available FREE' 

It includes products ranging from 
2.9" monitors to 16.J" colour LCD 
screens, mono/colour STN TFTs and 
touch screen technology from the 
worlds leading manufacturers. 

Phone Trident today 
for your free copy. 

Tel:: 01737 765900 
Fax: 01737 771908 

( IR( l£ M) I~ I 01',, REPL) ( ARO 

NEW Feedback T&M 
Catalogue 

The latest edition of the Feed­
back Test & Measurement cata­
logue is now available. Over 60 
pages packed with mQre than 
800 productS divided into over 
20 sections. The catalogue is 
indexed fo r both product and 
manufacture r and is fully illus ­
trated. Wheth er 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 
catalogue will sove your prob­
lems, send for a copy NOW! 

<IR<L f ,\ '0 14; 0 1\ Rf/'l) ( AR/J 

A regular advertising feature enabling 
readers to obtain more information 
on companies' products or services. 

New 1997 Instrumentation and 
Reference Catalogue 

The new 1997 Reference and 
Catalogue from National 
Instruments features 50 new 
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 and is invaluable for 
any engineer or scientist. 

Call National Instruments for 
your FREE copy on: 
01635 523545 

( IR( U ,\.0. I;~ 0 ,\. REI'/) ( ARD 

NEW JENSEN TOOLS 
CATALOGUE 

Colourful new Catalogue, hot off 
the press from Jensen Tools, 
presents unique new tool kits for 
service/support of 
communicalions equipment. Also 
latesl test equipment from many 
major manufacturers. Includes 
hard-to-find tools, PC/LAN 
diagnoslics, bench acccessories, 
static control, technical manuals 
and more. 

Ring 08:JO 833246 or 
Fax 01604 785573 for a free copy. 

Jensen Tools, 10-12 Ravens Way, 
Northampton NN3 9UD 
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i' EVERYTHING :-r'. 0 U NEED TO DEVELOP AN EM 8 EDDE D 8 0 5 1 PROJECT IN C '' 

MICRO­
.-~RO ·s1 . ~ 

· ~tat_e. -o. f-.t_he•ai:t programf!1er, fo 
8051:~amily .· · . 

• . Progra_mniing support for,the re 
. - . ,,..., •. -. . . i' .,-~ ;r. 

Atmel 89( and 895 microcontro! e :· . . \ . . 
• Also supports many Phi!ips1 l~t 

Dallas & Siemens 8051 derivati · • 

• Field programmable hardware 
device support 

Order code: lviP51-SYS £125.00 

Now you can re-program the entire Atmel microcontroller 
family in-circuit! 

No more re-moving chips• ideal for 8051 single-chip project 
development. 
Supplied with AT89C2051 and AT89C52 + 11.0592 MHz Crystal. 
(Requires Micro-Pro 51 programmer to operate - see above) 

Order code: AD-MIOIO-Kl f125.GO I 

IROLLERS + 
Package Adaptors 

PLCC 44-pin adaptor -

• Svitab/e far mo11 I 
8051 dern·;t•vei 

!I 

1n ILJ 
~ 

.__ ___ __;• ' 
SOIC 20-pin adaptor 

Order code: AD-5O1(20-A £75.00 
Plem enquire for our ft1il range o{ adap,ors 

The m 8051 FLASH microcontroller family 
I 89C51 89LV51 89C52 89LV52 89C2051 I 89C1051 

RAMll>ytesl 256 
"I 

l11•svstc~111 re pmqrarnmatlre 
1/0 Pins 32 32 32 32 32 -•-32 15 

Analogue comparator 

w - w 16-tlit f1mp:/Counlets 
Watchdog 11mer - w 
lnlerruf.)t sources 

Serial UART (full duplex) 
11ild61i· ----·-----YES YES YES YES 

YES --·-YES YES 

-•-
YES 

YES 
:1,mne:,111,Ac 

•I• • • 
w --40 20 

itr<lcontrollers feature on-chip -programmable FLASH code memory 
1~Wically erasable in under 15~£ (no need for UV eraser) 
~ are drop-in FLASH replacemen or the generic 87(51/87(52 devices 
a;si~gle-chip 8051 in a 20 pin packa .even retaining the serial port 

ti Optimising C Compiler 
+-=--=--n-L __ _.:...::..:l.(J ti Maao Assembler 

: ~ :-:.!:.' _ ti Software Simulator 

15 

• fllll ••lO<ld. 
1t~:~~~~:::~::~:•'•Vf.•,;,J.••7.:_~I~!.::•~-~• iM ti Device Programmer n ':: ti Sample Devices 

ti Hardware/Software Documentation 

hange rriccs ~pec1f1catmn,l of an · 

9\111 
FREE Atmel CD ROM data book 

• System supplied with 1 x Atmel AT89C1051 
and 1 x AT89Cl051 Microcontrol/ers 

• (-compiler+ Assembler output 
restricted to l k total 
program code. 

Order oode: AT-890(051· 

(INTERNATIONAL 

itlffiliffiittfoiiidUWiffMii,iiiiiimfiitit::&o:: 



THE WoRLv's Mosr PowERFUL, 
PORTABLE PROGR MERS 

I:495+VAT 

Compare the Dataman S4 with any 
other programmer and you'll see why it's 

the world's undisputed number one. 

S4 is capable of programming 8 and 16-bit 
EPROMs, EEPROMs, PEROMs, 5 and 12V FLASH, 
Boot-Block FLASH, PICs, 8751 Microcontrollers 
and more. S4 also emulates ROM and RAM as 
standard! 

S4 is the only truly hand held programmer that 
ships complete with all emulation leads, 
organiser-style manual, AC charger, spare 
library ROM, both DOS and Windows terminal 
software, and arrives fully charged and ready 
to go! Who else offers you all this plus a three 
year guarantee? 

Customer support is second to none. The very 
latest programming library is always available 
free on the Internet, and on our dedicated 
bulletin boards. Customers NEVER pay for 
upgrades or technical support. 

Orders received by 4pm will normally be despatched same day. 
Order today, get it tomorrow! 

Programs a wide range of 20 
and 24 pin logic devices from the 

major GAL vendors. Supports 
JEDEC files from all popular logic 

compilers, 

.v I:195+VAT 

Try thr Oat11111"11 S4 or Oata111a11-48 
u·ilhout ob!igt1Jio11f,1r 30 days. [!)•011 do 1101 
agree !hat the.1c arc the most iffi'ctii'c, most 
uscjiil. 1110.1/ i•asatilc additions you rn11 

The current device library contains over 1800 
of the most popular logic an~ memory devices 
including GALs, PALs, CEPALs, RALs, 8 and 16-
bit EPROMs, EEPROMs, PEROMs, FLASH, BOOT• 
BLOCK, BIPOLAR, MACH, FPGAs, PICs and many 
other Microcontrollers. We ·even include a 44· 

pin universal PLCC adaptor. 

If you need to program different packaging 
styles, we stock adaptors for SOP, TSOP, QFP 
and SDIP. The Dataman-48 is also capable of 
emulation when used with memory emulation 
pods. 

Order your Dataman programming solution 
today via our credit card hotline and receive it 
tomorrow. For more detailed information on 
these and other market leading programming 
products, call now and request your free copy 
of our new colour brochure. 

makr to your progmmming toolbox, -•---~~~~!!!!!:: 
ll't' will rtf1111dyo11r 111011tJ' i11ji1/I. [~ :=,~~. , / 
Dataman-48 
Our new Dataman-48 programmer 
adds PinSmart® technology to 
provide true no-adaptor 
programming right up to 48-pin OIL 
devices. Dataman-48 connects 
straight to your PC's parallel port 
and works great with laptops. 
Coming complete with an integral 
world standard PSU, you can take 
this one-stop programming solution 
anywhere! 

As with S4, you get free 
software upgrades and 
technical support 
for life, so now 
you don't need 
to keep 
paying just 
to keep 
programming. 

\ . . ! 
~ 

Dataman Programmers Ltd, Station Road. Maiden Newton. Dorset DT2 0AE. UK 

Telephone +44/0 1300 320719 Fax +44/0 1300 321012 BBS +44/0 1300 321095 (24hr) 

J\fodem V.34/V.FC/V.32bis Home page: http://www.dataman.com 

FTP: fip.dataman.com Email: sales@dataman.com 
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