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The brief was clear. To create a next generation CAD system for electronic
engineers that used state of the art desktop integration and customisability together
with unrivaled ease of use.

This wizard will belp you
o create  new electronics
praject.
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EDS also includes the
CADObjects engine wit
flexibility that approac
of desktop publishing
its comprehensive dra
shaping tools, professional sul
for True Type fonts (eve
stage), high resolution, larg
size, polygon fill and shaping tot
EDS represents a genuine advance
in EDA price performance. Visit our
web site, or call now to find out how
EDS can help you.

= State of the art multiple-document user interface offering unrivalled ease of use and customisabilitys

» OLE 2 support including drag and drop, allows integration with your favorite Office applications.

= Project Wizard and Project Manager make creating and navigating all the documents in your
projects easy.

= New heiracial symbol browser, makes creating, editing and managing symbols a breeze!

= High resolution {1um) and large design size (up to 2m x 2m) combined with IntelliSNAP makes
metric/imperial design mixing easy!

« Unlimited schematic sheets, with full support for data busses, power rails, etc

= CADCheck automatically syncronises schematic and PCB designs. No more capture worries!

» Unlimited Undo/Redo, print preview and a wide range of import/export options including CAD-CAM.

= Up to 32 layers can be assigned to be copper, silk, gold, mask, drill, mechanical, or annotation layers.

= New CADObjects engine supports a wide range of graphic objects including professional True Type
fonts, object shaping and property support, in-situ editing of symbols, high resolution and arbitrary
rotation/scaling of objects.

* Unlimited range of pad and track sizes supported.

» Create flood fills and power planes quickly with the new polyfill tool.

= Fast fully customisable poly-algorithmic autorouter '

WORK FASTER
WORK BETTER
WORK EASIER
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Electronic Design Studio £199 $319 TRY AND BUY TODAY ONLINE 'Q,

Electronic Design Studio Cross Grade £149 $239 AT ikkion e e i
; : ; www.q .co.
Electronic Design Studio LITE £49 $79

o
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Prices exclude P&P and VAT where applicable.
30 DAY MONEY BACK GUARANTEE

PLUS Your first double-sided Eurosize PCB
produced FREE by BETA-LAYOUT

Quickroute Systems Ltd Regent House, Heaton Lane, Stockport, SK4 1BS. UK - Tel 0161 476 0202 - Fax 0161 476 0505
http www.quickroute.co.uk  Email info@quicksys.demon.co.uk

Copyright © 1999 Quickroute Systems Ltd. All rights reserved. Prices and specifications subject to change without notice. Oversees distributors wanted! |
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Global fishing.

5 NEWS

@ Sugar on wireless Internet

@ First bidirectional semiconductor laser
® Europe’s high-tech skills crisis

® West Midlands plans high-tech cluster
® Chip transistors approach physical limits
® Europe enters semiconductor big league
® Green solder gets green light in Europe

10 ADSL AND BEYOND
GeofT Lewis describes ADSL and its
offshoots, outlining where they are at the
moment, and where they are likely to go in
the near future.

14 NO MORE BUMPS?

Crash avoidance systems are already being
fitted in some top-end cars. But will they
catch on? Pete Mitchell investigates.

17 TANO CAPACITOR TESTER

Cyril Bateman has been enhancing his
tand meter with better input protection.
He’s also produced an efficient regulator
providing +5V from four AA cells.

26 ONE IC STAND-ALONE
TEMPERATURE LOGGER

Pei An’s simple stand-alone temperature
logger covers —40 to 85°C, feeding data
into a PC at the end of a session for
analysing and storage via, for example, a
spreadsheet.

34 STEREO FROM
ALL ANGLES

John Watkinson looks at the
microphone’s role in creating
the stereo illusion.

38 CIRCUIT IDEAS
® Robust 5-30V, 10A power supply
® Lead-acid battery operates in situ.
® 12V or 24V in - 12V out
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® Novel stepper motor driver

@ Easy programmer for 16byte eeproms
® Ssb transmission checker

@ Efficient thermostat uses 50W bulbs
® Bring a signal back to 0V base line

NEW PRODUCTS

New product outlines,
edited by Richard Wilson

TRANSMISSION-LINE
LOSS AND VSWR

Joe Carr explains how to ensure that the
cable connecting an antenna takes as little
as possible out of the signal.

TRANSFORMERS
FROM COAX

Chris Hancock offers easy solutions to
making baluns and transformers from co-
axial cable and microstrip-line structures
made using commercially-available board.

WIEN OSCILLATORS

On building two similar Wien-bridge
oscillators operating at different
frequencies, a reader asked, “Why are the
amplitudes different?” lan Hickman’s
investigation answers the question.

LETTERS

Audiotherapy, Musical numbers,
Mystery waveform.

GaAs TAKES ON SiGe

The time has come when major design
houses are looking at alternatives to GaAs.
Does SiGe fit the bill to be the key high
frequency technology for the Year 2000?
Richard Ball examines the facts.

USING OTAs

Transconductance op-amps are
particularly attractive for applications
involving high frequencies and
bandwidths. So why aren’t they used more
often? From Cyril Bateman’s searches on
the Internet, it seems that we use them
more often than we think.

lllustration Anna-Louise Barclay

There was a time when it was predicted that
OTA technology would become dominant. It
hasn’t, but it is probably used a lot more than
you think. See page 82.

- -

This display uses a touch-screen
technique that involves
sputtering on to glass. Read
about it, and a host of other
new products page 49.

Small, simple and battery
operated, this temperature
logger wakes up from time to
time to take a reading. When
it’s full, it connects to a PC for
data uploading. See page 26.

February issue
on sale
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Professional Electronics Design

EDWN NC

» Genuine, professional EDA software with no limitations! - and YOU can afford it!
« EDWin NC comes from Visionics: one of the longest established, most experienced producers
of professional EDA systems, so it’s fully proven in professional work.

« Now you can have this best-selling non-commercial version of the software at less than
50% of the normal price, with no limits in its capabilities.

« It does just about everything you could want!

Schematics, simulation, PCB layout, autorouting, manufacturing outputs, EMC and Thermal Analysis.
Many more advanced features are available and it runs in Windows 3.x, 95, 98 or NT.

« Where’s the catch? It’s for non-commercial use,

but companies may order for evaluation purposes.

Prices start from just £59.00 for the basic system!

over 50%

Discount

Over 50%

Discount

New
Super Powerful 32 bit
version for Windows 95,
98 & NT!

.'ﬂ Don't forget - Phone Today for Your 50% Discount!

* EDWin NC Basic: Schematics, PCB Layout, Manufacturing Outputs,
Max. 100 Component Database, S00 Device Library.

* EDWin NC De Luxe 1: Basic + Professional Database and Libraries, Arizona Autorouter.

* EDWin NC De Luxe 2: De Luxe 1 + Mix-Mode Simulation, Thermal Analyser.

* EDWin NC De Luxe 3: De Luxe 2 + EDSpice Simulation, EDCoMX Spice Model Generator,
EMC and Signal Integrity Analysers.

Plus Postage & Packing UK £5.00; Rest of World £10.00 (only one charge per order)

Order hotline: +44 (0)1992 570006 Fax +44 (0)1992 570220 E-mail: swift.eu@dial.pipex.com
Please Visit Our Web Site http://www.swiftdesigns.co.uk

You can't sell it
for that!

E/@WZ’M

Tenclose: £......ccoce.........total. o e liptiadi R Ll Qty |

Cheque/PO/Credit Card: U T wish to order: 16 bit | 32bit | 16bit/32bit  Total (£) |

Visa/Mastercard/Eurocard: No. « EDWin NC BASIC: | £59.00 (£119.00( | | fieh | ‘
« EDWin NC De Luxe 1: £119.00 £177.00 | | [, ey | |

e Dot ED:'] Erxniry Dato. D]E « EDWin NC De Luxe 2:| £155.00(£212.00| | | | ] | ‘
« EDWin NC De Luxe 3:| £285.00/£340.00 | [ | [ | I

Date ..ccovcevenrens SIGNAMLE .oorvnrireciieennn. POStage & Packing UK £5.00 |
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Sugar spurns wireless Internet explosion

Wireless Internet access devices will
never be a mass market, says Alan
Sugar, chairman of Amstrad, in a
chilling judgement for proponents of
the ‘wireless revolution’.

“I'm not saying that it’s not a
wonderful achievement to be able to
send e-mail from the middle of a
field,” Sugar says, “it’s a great
scientific achievement — but so what?
In practical terms it’s no use
whatsoever”.

Sugar’s attitude is in marked
contrast to other electronics industry
leaders.

Brian Halla, National
Semiconductor’s CEO, says the
industry is “undergoing a shift in
product leadership from PCs to
wireless communications

applications and Internet
infrastructure products”.

Earlier this month, Dr Tsugio
Makimoto, corporate chief
technologist of Hitachi told the
European Electronics "99 conference
that wireless connectivity would
spawn a ‘Nomadic Age’.

The UMTS Forum reckoned that a
big application for 3G (3rd
generation) mobile phone networks
would be the provision for travellers
of “on the pause” access to the
Internet and e-mail through wireless
links.

Moreover Matsushita, Nokia,
Ericsson and Motorola have joined
up with Psion to pursue wireless
connectivity in portable devices.

Last month Microsoft and BT

joined forces to provide services and
platforms for wireless Internet
access, and 3Com announced a
similar initiative with Nokia to add
wireless capabilities to the PalmPilot.

Sugar will have none of it. “It will
be a niche product for highly
technically literate people, but there
won’t be a mass market for it,” he
said.

Sugar has a ready explanation for
all the hype about wireless Internet
access.

“It's fashionable to talk about new
technologies among people driven by
stock options because then people
think you're going to sell hundreds
of thousands of the product and that
drives your share price up,” said
Sugar, “the game is to drive your

First bidirectional
semiconductor laser

Bell Labs has unveiled what it claims is
the world’s first bidirectional
semiconductor laser,

The laser emits light at two different
wavelengths, or colours, depending on
the direction of current flow through it.
The direction can be changed by
switching between negative and positive
voltage applied across the device.
Normally current can flow in only one
direction in semiconductor lasers.

“It’s a radically new concept,” said
Federico Capasso, head of Bell Labs
semiconductor physics research
department. “This is one laser that
behaves as if it were two.”

The laser could find use in detecting

pollutants in the atmosphere or for
increasing the capacity of light-wave
communications systems.

The lasers are grown by molecular

Back and forth...
Bell Labs”
researchers
Deborah Sivco (left)
and Claire Gmachl
use the
bidirectional
semiconductor
laser.

beam epitaxy, a crystal-growth
technology developed at Bell Labs
which involves building new materials
one atomic layer at a time.

Europe is failing to address high-tech skills crisis

European companies are failing to
tackle the shortage of skilled high-tech
workers, according to US market
research company IDC.

Senior analyst Andrew Milroy said
that the lack of a European strategy for
resolving the high-tech skills crisis is
making the situation worse. European
companies could be hurt by other
countries which are addressing the

skills shortage. For example, in the US
large numbers of foreign workers are
being allowed to work for local
companies.

The shortage of skilled IT
professionals is predicted to grow
from five per cent in 1998 to almost 20
per cent in 2002. The shortage is made
worse by increasing demand for staff
with Internet skills as companies focus

on the Internet for a wide variety of
management and sales applications.

“Demand for skilled labour will
continue to grow year on year,” said
Milroy. “Soon the demand will
significantly outstrip supply, leading
to inflated salaries, increasing staff
turnover, and therefore higher
operating costs and lower profit
margins.”

PROBLEMS IDENTIFYING EUROPEAN EMC STANDARDS"

Check WWW. emcmaster com or call (International: ++31-3569-41774)

Innovative EMC Test Set for less
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West Midlands plans high-tech cluster

The West Midlands is the latest region to
catch the high-tech bug in a plan to setup a
technology cluster of businesses.

Advantage West Midlands, the region’s
development agency, has put together a
plan to inject new life into the area, which
it will present to deputy prime minister

John Prescott.

Anthony Parish, director general of the
Federation of Electronics Industry (FEI),
commented: “It is a jolly good idea, there
is room for a lot more of this kind of thing.

serious shortage of engineers.

Whether you can create a Cambridge-type
phenomenon by spending and government
edict, I don’t know but you have to try.”

However, Parish added that the country
still suffered from a lack of entrepreneurs
and a capital market to support them,

He said there was also a shortage of
people coming out of university with the
right type of training. Recently Cadence’s
design centre in Livingston, Scotland cut
back on recruitment plans because of a

Referring to a joint scheme between BT
and Coventry University to promote -
broadband communications technologies
such as ADSL, Advantage West
Midlands’ chairman Alex Stephenson
said: *We have taken the initiative
recognising the enormous virtue of an
enterprise launched here in the West
Midlands, and backing it to the hilt.”

“As aresult,” Stephenson added, “the
West Midlands will be at the forefront of
developments in ADSL.”

Chip transistor size reduction is approaching physical limits

The semiconductor industry’s obsession
with Moore's Law, doubling transistor
count every couple of years, is starting to
cause some real headaches for developers of
new process technologies. Among these
developers is IMEC, Belgium’s independent
research organisation.

“When we want to scale down technology
further, some very severe roadblocks are

i

Tiny tracks... Getting to 0.13pm features
using existing 248nm lithography has
resulted in the use of phase shift masks and
other complex techniques. IMEC’s work on
193nm processing will enable 0.73pm and
0.70um without these expensive add-ons.

coming up,” says Luc Van den hove, v-p of
IMEC’s silicon process division. “These are
scaling optical lithography, a new gate
stack, and new back end of line.”

New optical lithography means shifting
from today’s 248nm steppers, being used
today for 0.18um chips, to 193nm
lithography.

A better gate stack is needed to avoid
breakdown of the gate oxide material as the
layer separating the conducting channel
from the gate gets thinner.

The new back end of line requires low-k
dielectric to reduce capacitance between
metal layers and also copper for
interconnects.

“These are major challenges,” Van den
hove warns.

Reducing optical lithography from 248nm
to 193nm has received a lot of attention, and
IMEC has already started a major
programme, working with over 20 firms to
develop the steppers, photo-resists and other
technologies needed for 193nm processing.

Likewise, work on low-k dielectric and
copper interconnect is progressing well.

However, the ace in the pack, with the
potential to completely stall the shift to
0.10pum (100nm) and beyond, is the problem
of the gate stack — “of crucial importance”
describes Van den hove.

IMEC claims gate oxide thicknesses used
in a 100nm CMOS process will make
devices totally unreliable, unless new
materials can be found.

“I'm convinced this is the major
roadblock to further development,” says
Marc Heyns, trom the ultra clean processing
group.

As silicon manufacturing processes
shrink, the gate oxide thickness is also
reducing. At 0.13um, the insulating oxide
below the gate is around 2.5nm thick. At
0.10um this drops to under 2nm - a handful
of molecules thick.

While thinning the oxide layer is needed
to reduce operating voltage, it offers more
chance of defects in the layer forming a
conducting path between gate and
conducting channel.

According to IMEC’s data, oxide

breakdown will make 0.10pm devices
unreliable because of direct tunnelling of
electrons from the conducting channel to
the gate.

“As the oxide gets thinner, tunnelling
changes from Fowler-Nordheim to direct
tunnelling. This dramatically increases
leakage and reduces reliability,” says
Heyns. “Somewhere around the 2.0 to
2.5nm area we're getting into trouble and
we need some new materials.”

Leakage current through to the gate needs
to be reduced by a factor of 100 compared
with SiO,, Heyns believes.

Materials such as tantalum pentoxide have
high enough dielectric constant (high-k), but
don’t work well with conventional CMOS
processing.

“These layers need to have a low defect
density and accurate thickness control —
within one molecule,” said Heyns.

To achieve this, IMEC is working with
ASM International to develop atomic layer
CVD (chemical vapour deposition), which
can lay down layers of material a molecule
at a time. The team hopes to have a working
solution within two years.

However, the problem of breakdown of
the insulating oxide layer could also affect
devices made using 0.13pm, some of which
are starting to appear in pilot lines around
the world.

Typical reliability specifications for
0.13um at 1.5V show that circuits can only
operate up to about 90°C. Above this
devices become unreliable and might not
have the required ten year lifetime.

“It is marginal,” admits Herman Maes,
v-p of silicon technology at IMEC. “It may
be necessary to retrofit some of the high-k
results to the 130nm process — not just the
100nm.”

Richard Ball Elecironics Weekly

Check www.emcmaster.com or call (International: ++31-3569-41774)
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The aerial consists of an outdoor head unit with a control
and power unit and offers exceptional intermodulation
performance: SOIP +80dBM, TOIP +55dBm. For the first
time this permits full use of an active system around the If
and mf broadcast bands where products found are only
those radiated from transmitter sites

@ General purpose professional reception 4kHz-30MHz.
@ —10dB gain, field strength in volts/metre to 50 Ohms.

@ Preselector and attenuators allow full dynamic range to
be realised on practical receivers and spectrum
analysers.

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

* Broadcast Monitor Receiver 150kHz-30MHz. =+
Stabilizer and Frequency Shifters for Howl Reduction
Stereo Variable Emphasis Limiter 3 * PPM10 In-vision
PPM and chart recorder » Twin PPM Rack and Box
Units. * PPM5 hybrid, PPM9 microprocessor and PPM8
IEC/DIN -50/+6dB drives and meter movements *
Broadcast stereo coders *

SURREY ELECTRONICS LTD

The Forge, Lucks Green, Cranleigh, Surrey GU6 7BG.
Telephone: 01483 275997. Fax: 276477.
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industry
Key competences:
clean rooms

ROM-Stuttgart

RUD. OTTO MEYER GmbH & Co. KG
Motorstrasse 62 ® D-70499 Stuttgart
Tel: +49(0)711-1393-323

Fax: +49(0)711-1393-340

E-mail: rom-stuttgart@rom.de

General Designer/
General Contractor

oLl

of turnkey clean room
production centres

for all clean room classes in the semi-
conductor, pharmaceutical and food

high-purity gases, high-purity media,
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HOW DOES YOUR EQUIPMENT MEASURE UP? AT STEWART OF READING THERE'S ALWAYS SCOPE FOR IMPROVEMENT!

SPECIAL OFFERS

FOR ORDERS
BEFORE 31st JAN 2000
OR WHILST STOCKS LAST

o ¥ ] 1.5MHz2-2GHz 3.5 digit. Unused..

R MARCONI 2855 Mobie Radio Tes! k!
STABILOCK 4015 Radio Comm Test Set
H.P. 53508 Freq Counter 20GHz......
H.P. 346B Noise Source 10MHz-18GHz..
H.E. 116920 Dual Dir Cougler 2-18GHz.
H.P: 116910 Dual Dir Coupler 2-18GHz.
WAYNE KERR Inductance Analyser 32
H.P. 8112A Pulse Generator 50MHz.

468 Digital Storage Dual Trace 100MHz Detay.....£550
466 Analogue Storage Dual Trace 100MHz Delay...£250
485 Dusl Trace 350MHz Delay Sweep..
475 Dual Trace 200MHz Delay Swe

DATRON AutoCal Multimeter 54-7% digit. 1065/10614

465 Dual Trace 100MHz Dslay Sweep.. ;&? s i |EE:"""' £300.£500
AL 1998 Freq Counter 1.3GHz elc........... £400

FLUKE SCOPE METERS MARCONI 2440 Freg Counter 20GHz.......... from £1000

Models 93/96/99. Dual Trace S0MHz

MARCONI 2610 - True RMS Voltmet
+ Digital Storage etc, g Ul

Unused from £400 to £650 Cigfialcomiogus. As v,

TEKTRONIX 2445 SPECIAL - LIMITED QUANTITY SPECTRUM ﬁNALYSERS
o T oh 150MHz defay sweep F e H P 85624 1KHz-22GHz ..
cursars readout H.P B500A 10KHz-1 8GHz {?
Y@ H.P. 85588 r‘:m Hh;mn Iramhe s‘s(?gﬁHfmxh S 25{1
) HP.B53A wil 2-21GHz....
g ONL (Dig Frame) e
H.P. 35824 Dual Channed 25KHz
PHILIPS PM3217 - 0900 MARCONI 2382 100Hz-400MHz
Dual Trace 50MHz Delay  including 2 probes, MARCONI 2022E i
Pouch and Fron SYN AM/FM SIG GEN 10KHz - 1.01GHz z v
e Up fo-+10dBm output, phase mod, LCD display, MARCONI 2370 30HZ-110MHz.. rom
keyboard entry etc. Small, lightwaight HP141 Systems 8553 1KHz-110MHz from. 00,
8554 500KHz-1250MHz from £750; 8555 10MHz-
18GHz . from £1000
MARCONI ers AMIFM sig
MARCONI 6311 Prog Sweep Gen 100MHz-20GHz. 23?50 F | gen 10-520MHz
GOULD 05300 Dual trace 20MHz. Lightweight. H.P. 86574 Syn Sig Gen 100KHZ-1040MHz......... L
™ Verygoodvalue H.P. 86568 Syn Sig Gen 100KHz-990MHz........... E'ISOO iy 2
H.P. 86564 Syn Sig Gen 100KHz-990MHz £1250 - _—
S @ GIGATRONIC 7100 Syn Sig Gen 10MHz20GHz. .£5000  RACAL 8008 Automatic
MARCONI 2017 AMFM Phase Locked Sig Gen 10KHz-  MoD meter
1024MHz Good Signal Purity..... gy 15MHz- e
THIS IS THE H.P. 86404 AWIFM Sig Gen 500KHz-1024M 2GHz -
BEST CHEAP H.P. 86404 AM/FM Si Gen S00KHz-512MHz..........£250 GOODWIL
SCOPE PHILIPS PMs328 Sig Gen 100KHz-180MHz with  GyTazy uum. CHANNEL 10
| 200MHz Freq Counter. I EE:.- .- £650 MILLIVOLTMI
YOUWILLEVER  \ARCONI 6500 Ampitude Analyser 104 300V in 5 ranges
Buy!! H.P. 42754 LCA Meler 10KHz-10MHz 10HzZ- M)
GOULD 081100 Dual race, 30MHz n.g g;ggé g mﬁwm 5Hz-13MHz... € Used £100  Unused £125
delay,very bright. Supplied with @ MARCONI 2305 Vo Neter 500 %00
el a2 proces FARNELL AMM2000 Automatic Mod Meter 10Hz- ~ GOODWILL GFC8010G fﬁ
2 4GHz Unused £850 Counter Range 1Hz- P
TEKTRONIX 400 SERIES WAYNE KERR 255 Adoaic Vd ier AWF 120MHz 6 it display 15V

RMS sansitivity Unused @
OSCILLOSCOPES

PHILIPS PAMA032 2:2 Ch. 200MHz Delay TB ... £950
PHILIPS PM3082 2+2 Ch. 100MHz Delay eto.. £B00

EKTRONIX TAS485 Dual Trace 100MHz Delay
TEKTRONIX 2465 4 Ch. 300MHz Delay elc 1500
TEKTRONIX, 24458 Dual Trace 150MHz Defay elc...£1500
TEKTRONIX 2205 Dual Trace 20MHz... ... E300
KIKUSUI 6100 5 Trace 100MHz
TEKTRONIX 2430 Dig Storage Dual Trace 150MHz.£1000

UNUSED OSCILLOSCOPES
TEKTRONIX T0S350 Dual Trace 200MHz TGS“SR.%!SDO

GOULD 400 Dual Trace 20MHz 100M/S

TEKTRONIX 2215 - Dual Trace 60 MHz

. SweepDelay,
IndudasQoglmbes_
NEW ONLY

5mV-20/Div; 0. 2u secs-
0.5 Sec/Div; X-Y: X5
Magnifier; TVSync elc.

Un-Used @

POWER SUPPLY Modeal HSP3010
0-30 volts; 0-10 amps current
limiting. 2 meters

SOLATRON 7150

True AMS IEEE

FLUKE MULTIMETERS

TYPE 80504 4} digit 24 True AMS...

TYPE 8010A 3% digit 10 Amps.....
TYPE 80124 314 digit 2 Amps.......

H.P.5315A Universal Gounter 1GHz 2Ch.....
RACAL 8918 Frequency Counter 10Hz-5601

HC 3502
Dual Trace 20MHz _

—
L n sciliator,
= = 0 [Rriteetres @

GOULD J3B SinelSquare Osclator, 10Hz-100KHz,
Jow distort Oniy £95

A Classic Bench Multimeter - SOLARTRON 7045

4% digit bright LED, ONLY,
- working with leads. @

It's so cheap you should have it as a spare.

B STEWART of READING

110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement)

USED EQUIPMENT — GUARANTEED. Manuals supﬁ
This is VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before

Telephone: (0118) 9268041 Fax: (0118) 9351696
January 2000 ELECTRONICS WORLD

ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage.
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Europe edges into world semiconductor big league

" < ' [ -
Two European suppliers have made a semiconductor ranking. Infineon handset market. IC Insights predicts y - r r \ J .r-l -r :—‘ r r Cj r. ﬁr
strong showing in the latest world Technologies will grow 34 per cent 22 per cent growth for TI this year "~ ] J ]) ~ el et
this year to reach No 7 in the world over last. > - e ‘ 4
World Semiconductor Rankings semiconductor league, according to IC ~ Philips grew by just 3 per cent, and e . -
/ Insights, the Arizona market analysts. Motorola is the only company in the S~ - : e
1999 Revenues 99/98 ST Microelectronics is also top ten showing zero growth for the 1 oee che 1
Rank $bn % Change expected to rise fast —a 19 per cent year. The US company’s second half . 3 : Accurate rBSUIfS that can be relled on
rise this year — thanks to the boom in '99 figures are projected to be 11 per 8
1 Intel 26.14 15 flash memories. For the first time in cent down on its first half. -1 i
2 NEC 8.93 15 its history, ST is expected to crack the NEC, Toshiba and Hitachi, the three Full mixed mode SPICE simulation with a host of new and advanced features. Already a
3 T 7.65 22 $3bu barries this yeag shfibing o japancas (op.ten players, o) expactsd “favourite with colleges, universities and professional engineers this new release is set to
MG idrala 734 0 No.9 spot one place above Philips. to grow in the midd_le teens but much B e aroundBAt dways there is nb it on the maximum circuit size
2 Toshiba 675 16 Inﬁpcon_has b_eneﬁted hugely from of that is because of currency req gr v Y .
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ADSL
and

heyond

Using the existing
telephone network to
provide megabit-per-
second data rates,
ADSL is making high-
speed digital
communications
accessible even to
domestic users. Geoff
Lewis describes ADSL,
and its offshoots,
outlining where they
are at the moment,
and where they are

likely to go in the near

future.

Subscribers Line, or ADSL, first

appeared during 1989. They
appeared after it had been recognised that
data rates in excess of 10Mbit/s were
already being achieved over local area net-
works using twisted pair cables with simi-
lar characteristics to those of the copper
cables used for the subscriber’s final loop
of the plain old telephone system -

P roposals for Asymmetrical Digital

‘POTS’.

band, including fax, Fig. 1. The term
‘asymmetrical’ is applied to this con-
cept because the two data streams
employ different bandwidths and bit
rates.

At that time, the concept was seen
mainly as a means of delivering video-
on-demand (VOD) services via the
existing telephone system. The network
was expected to act simply as the carri-
er for third party programme content.
Because of the already installed wide-
ranging telephone infrastructure, it
would be possible to bring the concept
on stream fairly quickly.

By comparison, the competing cable
TV companies could only provide such
a service by using the spectrum wasting
process of near-VOD (NVOD), where
five or six carrier frequencies are allo-
cated to the same programme but with
staggered start times.

During the early 1990s many ADSL
trials were carried out around the world.
These all proved that the service could
deliver VOD with adequate image qual-
ity using MPEG compressed television
signals over the existing telephone net-

work — and with full VCR type charac-

teristics.

Many other possible services were
proposed but the concept failed to influ-
ence the broadcasters, the data com-
municators or the viewing public.

To date, a worldwide ADSL Forum
with more than 200 members has been
established to drive the system forward.
This is now supported by more than
fifty ADSL modem manufacturers.
Probably the final acceptance of the
digital subscriber’s line concept
depends on its future physical develop-
ments.

During the late eighties, the develop-
ing convergence between television and
computing technology, chiefly in the
guise of the Internet, provided a new
impetus for ADSL expansion. Base-
band modems for connecting to a stan-
dard telephone line are now capable of
bit rates as high 56kbit/s. This is not far
short of the best that that can be pro-
vided by the ISDN system, of up to
128kbit/s over the subscriber’s final
loop.

By using leased lines, the ISDN Basic
Rate Access (BRA) can achieve a data
rate of 2.048Mbit/s. By comparison, the
television system cable modems can
operate at up to 30Mbit/s — the typical
capacity of a given spur. However,

Voice
band

Upstream
channel

COMMUNICATIONS

Downstream
channel

since this bandwidth has to be shared
with other users on the spur, the aver-
age is seldom more than 2Mbit/s.

The maximum bit rate for the ADSL
system depends chiefly on attenuation
produced by the resistance of the local
loop, which increases with distance. In
addition, the frequency response falls
off at about —0.75dB/kHz.

Most importantly for digital signals,
the group delay over this section of the
line is practically constant thus produc-
ing very little pulse distortion and hence
very few bit errors. For a reach of about
2.5km the bit rate can be as high as
6.5Mbit/s, falling to about 2.5Mbit/s
over Skm.

By 1998 Kingston Communications
had installed an ADSL system in the
Hull telephone district to provide the
first operational public service in
Europe. This has a customer base of
some 200 000 subscribers.

By mid-2000, British
Telecommunications (BT) will have
completed the installation of ADSL
equipment in 400 digital exchanges to
provide a service for up to 6000000
domestic and business users. Over the
same period, several networks have also
been installed in both the USA and
Australia.

Up to 1995, most of the standards for
ADSL were under the management of
the American National Standards
Institue (ANSI), with input from the
European Telecommunications
Standards Institute (ETSI).

During the past few months, the
International Telecommunications
Union (ITU) has confirmed recom-
mendations for a much wider range of
operations. The systems now appear
under the global banner of xDSL,
where x covers a range of options
which is referred to collectively under
ITU Recommendation G.990. The
series describes systems that provide

Frequency [:>

subscriber upstream control/demand bit
rates as high as 800kbit/s and data
downstream at rates of 8Mbit/s.

The xDSL family

The sub-division of the DSL group of
systems depends largely on the use of
the RF part of the digital spectrum.

Asymmetrical Digital Subscriber’s
Line (G992.1). ADSL is the original
format from which all the others have
been derived. The maximum down-
stream bit rate can be as high as
8Mbit/s, while the subscriber’s demand
channel can attain 800kbit/s. The local
loop reach ranges from Skm at 2Mbit/s
up to 8Mbit/s at 1km. The services pro-
vide for high speed Internet access, e-
mail and video on demand. This system
is targeted at the home worker (tele-
working), domestic consumers and
small businesses.

DSL Lite (G922.2). This represents a
simplified version of ADSL whereby
the subscribers modem contains only
very limited filtering and is designed
for user installations. The downstream
bit rate can attain 1.5Mbit/s at about 3
to 4.5km reach, with up to 64kbit/s of
user bit rate.

High speed Digital Subscriber’s Line
(G992.1). HDSLI is designed for busi-
ness services using two pairs of leased
lines to provide E1/T1 data rates in a
symmetrical manner, ie, 2Mbit/s in
either direction. Repeaters are required
for systems with local loop lengths
greater than about Skm.

HDSL2 is a variant designed for use
in the USA. It is bit-rate adaptive and
employs a single pair of leased lines.

ISDN Digital Subscriber’s Line.
IDSL is a variant of HDSL and is cur-
rently under development.

Fig. 1. Asymmetric digital
subscribers line channel
structure, not to scale. The
‘asymmetry’ of ADSL is in
the bandwidth of the up
and downstream channels.

By employing frequency-division multi-
plex (FDM) using radio frequency carriers

Fig. 2. High-pass/low-pass

: : Data L AT

up to about IMHz, it was found possible to ) Digital _ filter combinations are
add data modulation on to the basic sys- AT St subscribers | Selter SN DL XDSL - employed at each end of
tem. PSTN <« | fine access o] Coxlingr combirer B, gt 9818 the Jocal loop of an ADSL

Using FDM, it became possible to pro- multiplexer network to combine or
vide for a two-way simplex communica- separate the two services
tions system and still provide for the simul- |T°°a' Telephone with the minimum of
taneous use of the normal voice telephone 20p or fax mutual interference.
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SIPO shift
Fig. 3. Basic signal Digital register >
processing bitstream - 2BIQ [
sequence of converter
discrete multi-
tone modulation —
the favourite of
three ADSL
Dgreaion Multi-Rate  Symmetrical DSL

methods currently

x (G991.1). MR-SDSL is a further con-
under evaluation.

cept evolving from HDSL. It currently
provides for data rates up to 2.3Mbit/s
over a single pair cable. It supports
voice and data, together with video-
conferencing using MPEG-2 data com-
pression. '

Very high speed DSL. VDSL is an
asymmetrical system developed for use
over short length local loops. It is

Aynchronous transfer mode system — ATM

The ATM concept was developed for use in
broadband metropolitan area networks (MANs) and
optical-fibre systems. Such is its flexibility, it is also
capable of being interfaced to SONET
(Synchronous Optical NETwork). ATM
automatically adjusts the network capacity to meet
the system needs and can handle data, voice, video
and television signals. These are transferred in a
sequence of fixed-length data units called cells.

Common standards definitions are provided for
both private and public networks so that ATM
systems can be interfaced to either or both.

ATM is therefore a wide-band, low delay, packet-
like switching and multiplexing concept that allows
flexible use of the transmission bandwidth and is
capable of working at data rates as high as
622.08Mbit/s.

Each data packet consists of five bytes of header
field plus 48 bytes for user data. The header
contains data that identifies the related cell, a
logical address that identifies the routeing, forward
error control (FEC) bits and bits for priority handling
and network management functions. Forward error
control applies only to the header as it is assumed
that the network medium will not degrade the error
rate below an acceptable level.

All the cells of a ‘virtual container’ follow the
same path through the network that was
determined during call set-up. There are no fixed
time slots in the system so that any user can access
the transmission medium whenever an empty cell is
available. ATM is capable of operating at bit rates
of 155.52 and 622.08Mbit/s. The cell stream is
continuous and without gaps.

The position of the cells associated with a
particular virtual container is random and depends
upon the activity of the network. Cells produced by
different streams to the ATM multiplex are stored in
queues awaiting cell assignment.

Since a call is only accepted when the necessary
bandwidth is available, there is a probability of
queue overflow. Cell loss due to this forms one
ATM impairment. However, this can be minimized
by the use of statistical multiplexers. Bit errors in
the header which are beyond the FEC capability
can lead to mis-routeing.

E180 Digital
sai-ﬂer |:> shift |—»ltoangiogue}—»| Fiter [ Toline hybrid
¥ register converter
‘I
Prefix
bits

sometimes seen as a replacement for
the ‘last mile’ or local loop to provide a
direct link to optical fibre sections of
the network. The downstream bit rates
range from 13 to 52Mbit/s, with up to
2.3Mbit/s in the return channel. The
downstream local loop reach ranges
1.3km at 13Mbit/s down to 300m at
52Mbit/s.

Typical ADSL applications

The loop-length limited downstream
bit rate can be employed in a time-
division multiplex (TDM) mode. For
example, by using MPEG-2 digital
compression with suitable channel
coding, video signals of various grades
can transmitted direct to the sub-
scriber’s home.

At bit rates of 2Mbit/s, the down-
stream channel can provide either three
video signals of VHS quality together
with digitally coded stereo sound, or
with MPEG-2 compression. A rate of
6Mbit/s can provide video with a qual-
ity equal to that of a broadcast trans-
mission. At 8Mbit/s even high-defini-
tion television images are possible.

As an example of the ISDN compat-
ibility of xDSL, the -subscriber’s
upstream channel can operate at either
16kbit/s or 64kbit/s. The downstream
can be divided into three times 2.048
Mbit/s, giving 6.144Mbit/s or four
times 1.544 Mbit/s, resulting in 6.176
Mbit/s, to meet either the European or
North American telecommunications
standards (E1/T1 rates).

Current ADSL modems are now
equipped with IEEE 1395 (FireWire)
and USB (Universal Serial Bus) inter-
faces so that the system can readily be
extended to operate throughout the
home. Used in this way, ADSL. enables
corporate LANs to be extended right
into the home worker’s domain.

Basic organization of xDSL

As indicated in Fig. 2, high-pass/low-
pass filter combinations are employed
at each end of the local loop of an
ADSL network in order to combine or
separate the two services with the min-
imum of mutual interference.

For ADSL-Lite systems, the local
terminal filtering is minimal to simpli-
fy installation for the subscriber. This
reduced bit rate system can suffer from
interference and noise from the tele-
phone network, often influenced by the
number of items of equipment coupled
to the subscriber’'s network socket.

Under difficult conditions, it is possible
to fit small low pass filters inside the
terminating socket.

At the exchange end of the system,
banks of splitter/combiners and
modems are installed at the main dis-
tribution frame together with the
Digital Subscriber’s Line Access
Multiplexer (DSLAM).

To minimise the effects of both radi-
ated and induced radio frequency inter-
ference, ADSL employs a balanced
feed of RF signals to the local loop.

Data-packet structure

ADSL has a packetised mode of trans-
mission with the data contained within
a frame structure, either in High level
Data Link Control (HDLC) or
Asynchronous Transfer Mode format.
There’s more on ATM in the panel
entitled *Aynchronous transfer mode
system — ATM'. A typical frame con-
sists of two header bytes and up to
1600 data bytes, delimited by two flag
bytes.

Since ATM is used extensively for
transporting digital signals within the
television studio and production areas,
it is logical that it should be used for
similar video demands in DSL sys-
tems.

While five ‘adaption’ layers are
defined for ATM, each with the prefix
AAL, only AALI and AALS are
employed for television distribution.
Layer AALI is defined for constant bit
rate (CBR) production distribution,
while AALS is defined for consumer
quality VOD variable bit rate (VBR)
systems. Each MPEG-2 transport
stream (TS) packet consists of 204
bytes while each ATM cell contains
only 55 bytes. There’s more on this in
the separate panel.

Thus for VOD on DSL using AALS,
two MPEG-2 transport-stream packets
of 408 bytes are loaded into eight
ATM cells, with the spare 32 bytes
being used for cell sequence addressing
and bit error control in the form of a
checksum. By comparison, for the pro-
duction environment, each single
MPEG-2 TS packet is loaded into four
ATM cells, again with the spare bytes
occupying a control and addressing
function.

Modulation methods

To provide a suitable transmission for-
mat, three modulation techniques are
being evaluated. These are Quadrature
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Amplitude Modulation (QAM), Carrier
Amplitude and Phase Modulation (CAP)
and Discrete Multi-Tone modulation
(DMT). Only DMT is expected to sur-
vive the extensive trials.

Discrete multi-tone modulation has
much in common with COFDM, or
coded orthogonal frequency-division
multiplex, as used for terrestrial digital
television. The frequency spectrum
between 20kHz and about 1.125MHz 1s
divided into nominally 256 carriers
spaced by 4.3kHz. In order to minimise
interference, not all of these are used. In
the time domain, each sub-carrier repre-
sents a unique symbol period.

In order to maximise the channel
capacity a form of bit-rate reduction cod-
ing known as 2BIQ is employed. With
this; each pair of binary input digits is
converted into 1 of 4 quaternary symbols.

Next, the new bit stream is used to
modulate the individual carriers during
the symbol period so that the spectrum
takes on the appearance of a parallel
transmission bus. The channel capacity
and signal to noise ratio can now
approach the Shannon limiting values.

The number of bits transmitted in a
given sub-channel can be varied
dynamically depending on the signal-
to-noise ratio on that sub-channel. This
not only improves the signal quality on
a particular line, but also minimises the
effect of any cross-talk from other
lines. 3

In the interests of high quality of ser-
vice, the system employs forward error
control in the form of Reed-Soloman
coding with the option for adding inter-
leaving to improve the burst error capa-
bility.

Figure 3 shows the basic signal pro-
cessing in a DMT modulator. Each
serial digital input signal is first encod-
ed into parallel format and then passed
through a fast Fourier-transform pro-
cessor to convert the frequency-domain
signals into time domain values with a
sliding time-window effect. These val-
ues are then transcoded into serial for-
mat and digital to analogue converted
before transmission.

As indicated in Fig. 3, a number of
prefix bits are added to the bit stream

in order to minimize interblock inter-
ference. When these bits are dropped in
the decoder, the bit stream is broken up
to improve the FFT time window defi-
nition.

Subscriber’s transceiver and
modem

Figure 4 shows the important opera-
tional areas of the subscriber’s terminal
for both transmit and receive modes.
The bvbrie' transformer provides a bal-
an 1 feed between the modem and
line and helps to minimize cross-talk.

However, the splitter in the form of
filters and amplifiers has to separate
signals of a few tens of volts on the
voice line from RF signals of the few
tens of millivolts of the DSL signal.
Loop-disconnect and dialling pulses
can be particularly troublesome. The
high-pass filter section has to contain a
dc block to isolate the ringing tones
from the DSL section and to prevent a
DSL fault from short circuiting the
normal POTS system.

Digitally-adaptive equalisers are set
under feedback control to suit individ-
ual line conditions and characteristics.
As well as continuous interference,
there are temperature and moisture-
dependent variable parameters to con-
tend with. Provision is made so that at
each new acquisition, the line amplifi-
er and equaliser gains can be reset
under the control of a short bit pattern
used as a training sequence to establish
the maximum quality of service.

The frequency and power character-
istics for each sub-carrier are continu-
ally adjusted in both transmit and
receive paths, through the use of a
feedback mechanism. This monitors
the near end and far end cross talk
(NEXT and FEXT) in order to mini-
mize inter-carrier interference.

Line characteristics for each narrow
sub-channel are practically constant so
that the minimum of pulse smearing is
created thus improving signal quality.
Any impulsive noise that is input as
interference is spread over many sub-
channels by the FFT processor window
so that this form of interference is less
likely to create data errors,

RF signals transmitted on the stan-
dard telephone network are essentially
analogue. As a result, analogue-to-dig-
ital and digital-to-analegue converters
are incorporated in each modem.

Typically, each modem is based on a
single highly integrated chip with
embedded microprocessor (CPU) and
digital signal processors (DSP). The
CPU is commonly based on the
reduced instruction set (RISC) design,
such as the ARM devices. These not
only manage the bit framing and error
control, but also perform the modula-
tion and demodulation under software
control.

The UTOPIA — or Universal Test
and Operations Physical Interface for
ATM — has been developed specifical-
ly for such applications.

The future of DSL
The last stages of telecommunications
liberalisation are likely to occur within
the next year or two. This is described
as ‘unbundling the local loop’ to allow
third party access to the line sub-
scriber’s socket. This is likely to have
considerable implications for DSL sys-
tems because any such third party will
expect to have access to a wide band-
width in order to make a financial suc-
cess from providing any new services.
With such third-party access to the
network, interference and cross talk
between the different service providers
will introduce the need for accurate
monitoring of power levels and spec-
trum management. Could this be the
driver needed to ensure that optical
fibre is introduced into the local loop as
a matter of urgency? If so, then the dig-
ital subsciber’s line will have at last be
seen to have arrived. |
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The UK’s congested roads are not only annoying, they can
be lethal. Just listen to Radio Five Live’s traffic update in the
mornings. Help is at hand though, as the big car
manufacturers like Jaguar install car crash avoidance
systems. Pete Mitchell takes the wheel.

No more bu

f you believe the adverts on tv,

motorists spend all their time

zooming along deserted lanes or
across deserts, or parked on cliff tops,
never another vehicle in sight. Despite
these fantasies, car makers are
beginning to consider designing-in
electronic aids intended to cope with
the reality of UK motoring today,
whether on urban streets or
motorways: lines of hundreds of
vehicles, chugging nose-to-tail, only a
few metres apart.

Collisions are a perpetual risk in
these conditions, and there has long
been talk of adapting the aerospace
industry’s range-finding techniques
into cheap instruments that can give
drivers early warning of a dangerous
situation — or even apply the brakes
automatically.

Governments in a Europe of
increasingly dense traffic flows are
very keen on this idea. For one thing,
minimising collisions will help keep
things moving — accidents are one of
the principal causes of delay on trunk

roads. And range-finders will also
enable cars to employ ‘intelligent
cruise control’, microsystems that can
adjust the cruising speed of the
vehicle to the maximum safe level
depending on the speed and distance
of cars in front and behind. That
would smooth out traffic flow, and
reduce the ‘bunching’ delays
regularly seen on heavily used
motorways like the M1.

However, car manufacturers have
not been convinced that anti-collision
gadgetry will give them a competitive
edge that is worth the R&D cost,
including the risk of market failure.
To pay for itself, an “extra” has to
bring in more sales by influencing the
consumer’s choice of vehicle. But
having a collision detector won't help
you much if the driver behind you
doesn’t have one, and doesn’t manage
to brake in time. To be useful, they
have to become ubiquitous — and so
they need to be cheap to make and
based on reliable, standardised
components.

mps?

Jaguar is to use adaptive cruise
control with collision avoidance
on its XKR sports car, shown
above, starting from next year.
The system functions either as a
conventional cruise control or, in
traffic, maintains a safe distance
from the car in front. Developed
by Delphi, the system uses a
76GHz microwave radar mounted
in the nose of the car. It calculates
speeds of vehicles up to 150m
ahead. As vehicles in front slow
down, the Jaguar’s brakes are
automatically applied, and audible
warnings are given to the driver if
the driver in front does something
really stupid.

So the European Commission is
encouraging manufacturers to get
together and agree the best
technologies for collision avoidance,
rather than develop rival proprietary
solutions that could fragment the
market and delay its introduction.
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The automotive industry is often
very slow in transferring technology
from academic to applied research
and then to the market, according to
Wolfgang Gessner, of the EC’s
Innovation Relay Centre in Germany.
“The process is often less linear than
that in the car industry,” he says. So
IRC has established a conference,
Advanced Microsystems for
Automotive Applications, to promote
collaboration on this and other ideas.

This year's AMAA, in Berlin, saw
demos of more than 30 different
types of microsystem, including one
of the first laser collision avoidance
devices to be offered as a commercial
product. Developed by the Swiss
Centre for Electronics and
Microtechnology (CSEM) in
partnership with Fiat, the OLMO
(On-vehicle Laser Microsystem for
Obstacle detection) was built into a
Fiat Brava for the AMAA
demonstration.

There are various options for range-
finding sensors, but the OLMO
developers opted for laser radar
(LIDAR) with an ordinary 1550nm
semiconductor laser. This choice
means that the device can be not only
cheap, but also with a very low power
requirement — only 10mW. It is also
compact and robust enough to be
packaged in a simple injection-
moulded unit for mounting anywhere
in the car. For the demo, it was built
into the left headlamp of the Fiat
Brava.

Like all radar, the sensor emits
electromagnetic pulses, detects their
reflections and calculates the time of
flight, making up to 20
measurements a second. The pulse
beam is scanned across a 20° field of
view ahead of the car, using a
swivelling mirror rotating on a
special frictionless pivot.

But there’s a problem peculiar to
automotive range-finding: if there
are many cars in the neighbourhood
using a similar device, there is a
serious danger of crosstalk between
the scattering of beams from units.on
different cars. So the device must also
ensure that it detects the right
reflection.

To do this, the OLMO group
borrowed a signal processing
technique from spread-spectrum
communications systems like GPS.
The instrument modulates each laser
pulse with a unique binary code,
generated randomly in real time. The
back-scattered signal is then cross-
correlated with the code sent,
selectively killing any crosstalk
present in the back-scatter.

This initial ‘acquisition’ step gives
a coarse measurement of the distance

AUTOMOTIVE ELECTRONICS

LCD

* RM-TOF Signal processing
« Actuation

Fixed support

* Communication
Flexible structures

APD detector

CW laser diode (20

Fresnel

Commercial low po

A=155um

to the scattering surface. The
instrument then uses this knowledge
to perform a much more accurate
‘tracking’ measurement — only 10cm
for distances less than 30m.

These techniques give the device a
range of 80m in good visibility,
according to CSEM. In poor
visibility, the range depends on
conditions — it is not as good as
microwave radar, but is about 40 per
cent better than the human eye,
claims the team leader Max Monti.

In fact, Fiat didn’t want more than
this, says Monti: “They have done
simulations that show it’s safest that
drivers don’t have a collision warning
system that is much more sensitive
than their own eyes, otherwise they
start to go too fast.”

Microwave radar has been the
favoured choice so far because of the
ready availability of components.
Mercedes’ top-of-the-range cars
already have offer a radar collision-
avoidance option, made by ADC.
But, according to Monti, it has one
fatal drawback: electromagnetic
pollution. “Imagine what will happen
if in ten years’ time every car on the
road is emitting microwave
radiation”, he says, pointing to the
current worries about the health
effects of these emissions from
mobile phone base stations. Whether
right or wrong, these fears are real,
and are likely to prompt
manufacturers to move to optical
collision avoidance systems, he says.

However, OLMO has the typical
limitations of pioneering work. Its
lifetime, at only six months without
maintenance, is rather short. It is also

too expensive, with production cost
estimated at around £250: the usual
chicken-and-egg problem of high unit
costs at low volumes before
economies of scale are established.

So will the manufacturers bite at
such sophisticated ‘extras’, as they did
with anti-lock braking? Only if they
can see a competitive need: within
each class of vehicle, there are fewer
and fewer functional differences
between the leading car brands, says
Jaguar technical specialist Paul
Mulvanney. “They all have four
wheels and all start and stop reliably.
Digital technologies create
opportunities to incorporate entirely
new features into the basic design”.

A lot depends on the
manufacturer’s public image. Fiat,
which is evidently committed to the
collision-avoidance idea, may be
planning to use it to push a safety-
first theme. Monti says that three-car
manufacturers are interested in his
LIDAR, and believes the whole
industry will be offering collision-
avoidance systems within two years.

Other electronic assists, such as
active suspension using multi-axis
silicon accelerometers, or
piezoelectrically driven fuel injection
jets, may appeal more to the technical
departments of manufacturers
obsessed with what Mr Jeremy
Clarkson calls, “sheer raw
performance”. But it seems unlikely
that car makers who encourage
drivers to take blind corners at
60mile/h, as Alfa Romeo didin a
recent newspaper advertisement, will
have collision avoidance instruments
high on their priorities list. |

Collision course... The
on-vehicle laser
microsystem for
obstacle detection -
OLMO - was
developed by the Swiss
Centre for Electronics
and Microtechnology
in partnership with
Fiat. It was first
demonstrated in a Fiat
Brava. The range finder
uses a laser radar with
a 1550nm source.
Range finding is good
for 80m, with accuracy
of 10cm when closer
than 30m.
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You Can’t Buy Better!

SIGNAL GENERATOR PRICE BLITZ

MARCONI 2019A Synthesised Signal Generators

80kHz to 1040Mhz AM-FM-CW LCD Displays
Complete with Lids etc. FULLY TESTED and Warranted

NOW ONLY £475.00

Frequency Counters

Racal Dana 9918
9 segment 560Mhz £75

Signal Generators

Farnell PSG520
10Mhz-520Mhz AM-FM Sinad ONLY £295

Rohde and Schwarz APN62
1hz to 260kHz with LCD display £995
Farnell DSG2
Synthesised 0.1mHz to 110Khz £195

Wavetek 155
Programmable VCG 0.01hz to 1Mhz sine,
square, triangle £195

Schlumberger FSD120M
Remote Synthesiser to 120Mhz in 0.01hz

steps
Was £175 . . .Reduced, Now ONLY £125

Oscilloscopes

TEK 2445

TEK 2445A 150Mhz Four Trace/2 Time bases
with Cursors, etc. Now Only £585
TEK 2465 300Mhz Four Trace/2 Timebases
MNow Only £995
GOULD 083500 with
DM3010 DMM fitted, 60Mhz
Dual trace, Dual Timebase
Was £350 . . .Reduced, Now ONLY £250
HP 1741A 100Mhz Storage. Dual Time base
Was £350 . . Reduced, Now ONLY £250
TEK 465B 100Mhz Dual Trace/
Timebase Now Only £295
TEK 465M scope as 4658 but built only
for Military. Only £350
TEK 475 200Mhz Dual Trace/Timebase
Now Only £395
PHILIPS PM3217
DC-50Mhz 2 Trace 2 Timebase
Only £275
GOULD 08300 DC-20Mhz 2 Trace
Special ONLY £150

Studio Quality AUDIO Equipment

- Studer A710
Cassette desk with Dolby C. 1 ONLY £325
Uher 4000
Report monitor portable. To 9.5ips
1 ONLY £75

10kHz to 1010Mhz

THIS MONTH'S SPECIALS

Philips PM3217 Scopes
DC-50Mhz 2 Trace/2 Timebase
A REAL Anchor Special ONLY £275

Gould 0S300 Scopes
DC-20Mhz 2 Trace
SPECIAL NOW ONLY £150

Regulated Power Supplies

Thorn Automation
Variable power supply giving 0-40 volts at
0-50 amps DC. V and | limiting (advise
calling... these are heavy). 2 ONLY £125
Lambda Labs
LMESV 5V at 40A DC... ONLY £20
LMD12YV 12V at 10A DC... ONLY £20
LMB24V 24V at 1.4A DC... ONLY £7.50
LP523 variable 0-60V at 0.9A... ONLY £45
Regulated + Stabilised Power supply. 0-30V
@10A £60

Miscellaneous

SE labs SE7000 instrumentation recorder
system
42 channel, 8 speeds from 15/16ips to
120ips, 1in tape complete with SE7000
patch panel... 1 ONLY £500
GIGA Pulse internal counter
2-8Ghz ONLY £150
Fluke 80-40K
High Voltage probe for DMM's 40kv. Cased.
NEW £45
Beckman Industrial HD110
LCD Multimeters in Leather case,
1000V, 10A
ONLYES0

MARCONI 2022E Synthesised Signal Generators

LCD Display Fitted IEEE with covers

Small and Lightweight FULLY TESTED and Warranted

NOW ONLY £495.00

Robinair 14950A
Autobalance Refrigerant Leak Detectors in
Leather case
OMNLY £35
Robin 3111V
Insulation/Continuity tester, cased
ONLY £75
ELF
16mm Cine Projectors... Various...
Model RM1... with sound ONLY £75
Model NT1 with Sound ONLY £145

HIGH POWER RF

ATTENUATORS

A pair of 10db oil-filled attenuators.
Mounted in a comon heat sink
assy. Each rated at 100w 50 Ohms.
BNC connectors. OK well into
UHF range.

As new condition ONLY £25

AVO Model 8 Mk 5/Mk
MU THES

NEW EQUIPMENT

DTAZ20 Oscilloscope 20Mhz
Twin trace incl probes ONLY £225

DTA40 Oscilloscope 40Mhz
Twin Trace incl probes ONLY £299

DTS40 Oscilloscope 40Mhz
Digital Storage twin channel
Cursors + readouts Incl. Probes. ONLY £399

SCG50 Synth Clock Gen.

To 50Mhz, LED display ONLY £125

NEW SCOPE PROBES

MAIL ORDER A PLEASURE

The Cattle Market Depot, Nottingham NG2 3GY, UK

Tel: (0115) 986 4902

Fax: (0115) 986 4667

Also at Ripley, Derbys (01773) 570137 and Coalville, Leicestershire (01530) 811800

Visit our Web Site: www.anchor-supplies.itd.uk email: sales@anchor-supplies.ltd.uk

INSTRUMENTATION

capacitor tester

Cyril Bateman has been enhancing his tand meter with better pro-

tection against charged capacitors. He’s also produced an efficient
battery regulator providing 5V from four AA cells.

ecently I measured every board-
mounted aluminium electrolytic
capacitor in a piece of test
equipment. In just ten minutes, using
my tand meter, I identified 31 capaci-
tors with a tand in excess of 0.4.
Capacitors measuring such a high tand
are worn out and should be replaced.!

Aluminium electrplytic capacitors
are quite different from any other
capacitor type in their construction and
failure modes. Usually, the capacitance
value of a worn out aluminium elec-

L5

trolytic capacitor is little changed, but
its series resistance and tand will be
seriously increased. These failure
modes together with the appropriate
in-circuit diagnosis methods, were dis-
cussed in the May 1999 issue of
Electronics World 2

Design and development of a new
and unique prototype in-circuit capac-
itor tand test meter was described in
the June issue together with the
schematic drawing of the measurement
circuit used.

This self-contained prototype meter

mlum"._ - :

included a low output impedance
100Hz generator, a floating 9V supply
for the PM128 display meter and a sta-
ble +5 volt battery power supply.
However, to save space, these addi-
tional circuits were not included in the
June article.?

Since the original design was pub-
lished, I have made various enhance-
ments to it. The most notable of these
is the addition of a further INA118
instrument amplifier, in front of the
logic channel LM311 current sensing
comparator. Amplification of the tiny

Fig. 1. Complete
Tand meter on
two
interconnected,
single-sided
boards. This view
shows the final
design,
production
board. The right
hand or ‘bottom’
board contains all
the circuitry of
Fig. 2a). The left
hand or ‘Top’
board contains all
the circuitry of
the Fig. 2b).
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voltage dropped across the current
sensing resistors, used to identify the
phase of the capacitor’s current wave-
form, improves measurement accuracy
particularly when measuring smaller
value capacitors.

I chose a standard OKW V155
‘Shell’ case, measuring 158 by 95 by
45 mm. This uncut case has an exter-
nally-accessible battery box taking

four AA cells. Smaller cases did not
provide enough space for the mea-
surement circuitry, batteries and
PM128 display.

The prototype’s 140 by 74 mm print-
ed board had to be divided into two
sub-boards approximately 85 by
70mm, in order to fit into this case,
Fig. 1. Both boards are simply inter-
connected using a seven-way, flat

flexstrip jumper cable. In the picture,
this cable hides four of the 220uF
decoupling capacitors, two on each
board.

To complement the above cosmetic
improvements, I decided to enhance
tand meter’s ‘charged capacitor’ pro-
tection. In the event these apparently
simple changes proved extremely time
consuming.

i [/ J”
Fig. 2a) Complete BK1
schematic, p AN '
including all 52 Bio
supply line YT n L
decoupling, for
the right hand or LTree ., Contlots 71—
‘Bottom’ board, 55 5w % o\ [§
shown in Fig. 1.

Fig. 2b) is the
complete

schematic, T
including the
floating 9V supply i
for the PM128
display, the -5V +5u
converter and all
supply line
decoupling, for
the left hand or
‘top’ board in Fig.
1. Boor &
To Analog
= ®
g Analog Channel
Vi
Ta 151 To LT700
-5y +5v SK1 SK2
From Q52
LS
8o | 6% 6% | 6%
e -[I**‘II im XX
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Enhanced charged-capacitor
protection

With the range of capacitance values
and working voltages used in equip-
ment, it is not possible to provide
worst-case protection in a small
portable instrument. The tand meter is
designed and intended to be used on
discharged capacitors. There’s more
on this in the panel entitled “Worst-

case protection’.
Accidental measurement of charged

capacitors might however occur so I

have provided as much protection as

possible within the board size limita-

tions.
Where other protection is not possi-

ble, I have used sacrificial fusible
resistors. These become open circuit

when overloaded, limiting the spread

\+5u

INSTRUMENTATION

of damaged components and facilitat-
ing repairs to the meter.

Measurement circuit protection
Examination of the schematic diagram
will reveal that four IN4150 diodes as
series connected back to back pairs,
are used across the inputs of /C; and
ICs, to limit their differential voltage
inputs. These ICs are the two Burr-

From U2

BEA 3

Logic Channel

258
=
gg%l
|
i
$§9?T

us2
pio iR Uss

US2=4946 | US3-4018

i
200Hz Test 200 Hz |’TP’
180Hz Test 188 Hz'TP’
‘R’ Channel +5u UM mmne BR8
200 T
Uste b E‘

188HE ys4=4093

‘X’ Channel A +5v

188Hz

uU55=4893

== &

Anal og |LF398
From R22| _

US1=4@S3 mn

All resistors 14 except where noted

Top Board

-5v Generator

-Sv

8

File TAND LG3
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INSTRUMENTATION

Brown INA118 instrument amplifiers
previously mentioned. Using two
diodes in series ensures that leakage
currents do not effect the circuits nor-
mal operation, Fig. 2a).

The INA118 amplifiers incorporate
internal current limiting protection to
+40 volt inputs, both with and without
power being applied.*

Enhanced common-mode input pro-
tection is provided by a diac to ground,
from the junction of a 100Q fusible
resistor and a 3.3k resistor in each
INA118 input. These 100Q fusible
resistors become open circuit at around
1A peak. I evaluated many other pro-
tection options, but all were rejected.
Some failed because leakage currents
unbalanced the INA118 inputs. In
other cases, photo-voltaic sensitivity to
infra-red from mains lighting intro-
duced an error hum voltage into the
INAT1S.

If you are unfamiliar with diacs, they
are four layer devices intended as low-
cost triggers for triacs. Being four
layer they exhibit similar 30V break-
down voltages regardless of polarity.
Diacs have negligible capacitance and

ing inhibits the photo-voltaic problem.
Also they can handle a 2A peak cur-
rent.

These INA118 in-amps are by far
the most expensive integrated circuits
used in the meter. The low-cost diacs
protect the INA118s by clamping their
inputs to some 35V maximum.
Ultimately, they blow open the four
100£2 fusible resistors to minimise fur-
ther damage should a seriously
charged capacitor be measured.

100Hz generator protection

The 10:1 step-down ratio of the LT700
transformer provides the low source
impedance test current essential when
measuring high value capacitors. Any
voltage from a charged capacitor pre-
sented to its secondary winding, results
in a voltage transient on its primary
windings. Unconstrained, this transient
could destroy the AD712 used as the
100Hz push-pull output amplifier.

To limit such voltage transients, two
IN4002 diodes D3 14, are fitted across
the secondary winding. These do not
affect normal operation. Two pairs of
back-to-back 3.9V zener diodes, Dys.;5

capacitor is measured, but the two
range resistors also the range relay
contacts, cannot be protected.

Current sensing range resistors
The instant a charged capacitor, or a
live voltage, is contacted by both test
prods, this voltage appears at PL; ; and
hence at one end of R; and the relay
contact. The other end is held near 0
volts, via Rg and the transformer,
clamped by these 1N4002 diodes.
The meter defaults to its ‘low’ range,
so initially the relay contacts are open.
‘When subject to a charged capacitor of
sufficient capacitance, the sustained
discharge current causes the meter to
switch to its “high’ range, closing the
relay contacts which now protect Ry. A
much increased discharge current pass-
es through the relay contacts and Rg.
In normal use measuring discharged
capacitors, the highest current passing
through Rg is 50mA. Practical tests,
discharging a 1000pF capacitor, pre-
charged to various voltages, directly
into R, suggest this 22€) resistor fails
when subject to a single pulse of 2A
peak. Similar discharge tests into Rg

They are exactly
the same as big,
expensive
oscilloscopes...

——
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and not expensive

Send for the Pico Technology PC based ¥ Prices from £59 (+ VAT)
test & measurement catalog and ¥ Compact & portable units

V¥ Up to 16 bit resolution

V Easy to use
V¥ Software included

¥ Up to 100MS/s | é

FM 52022

oscilloscopes data acquisition

spectrum analysers

muitimeters

signal conditioning

temperature momtormg

Technoloey Limited

virtually no measurable leakage cur-  are also used to limit voltages on the  indicate failures occurring at 9A peak.
rent at the meter’s normal working  LT700 primary windings, Using a fuse between PL; and Ry LANGREX SU PPLIES LTD
voltages. The particular diacs used The above measures localise any cir-  does not help. The fastest acting ‘FF’ PHONE FAX
were selected because their blue coat-  cuit damage in the event a charged  fuses pass a large overload current for 0181 684 T A e B A T 0181 684
a finite time before they rupture. 1166 1 MAYO ROAD o CROYDON o SURREY CRO2QP 3056
_ 3 _ e B Dt:jring] this time, the range resis:z;s 24 HOUR EXPRESS MAIL ORDER ésn\lnce ON STOCK ITEMS
g uctor transient protection diodes take a and relay contacts are unprotected. ; h Q l ; d ; b emalil: langrex@aol.com
Wor st case plotsction finite time to turn on and the capacitor Voltage from a charged capacitor f or H zg ua_ Zty Au : 10 Tu €s £ p|KT66 Special  20.00 | 5Z4GT 3.0 [ 8U8A &
takes more time to discharge. At the instant causes the range resistors and relay B The LV, el renge afisss Contiuity.f Sppiy st high geace gl viiss, oo 10.00 | Nyp Checlal 2000 | Soe 20,00 | 8VGT 500
7 5 " i 4 ased on the best from world-wide sources, processed by us to suit audio applications. EBBCC 8.50 | 0A2 300 | 6AS7G 7.50 | 6X4 3.00
Aluminium electrolytic capacitors of both test probes contact the charged contacts to pass many times their nor- Pre-amp types tested/selected for LOW NOISE, HUM and MICROPHONY. E180F 3.50 | og2 300 | 6AUSGT 4,00 | BXSGT 3.00
several hundred microfarads are regularly capacitor, that voltage is instantaneously mal current. Power valves are given controlled BURN-IN to improve stability and to select-out those EABLg0 rcd bor 500 | Gaes 00 12AU7 35
used on rectified 230V AC mains in low- transferred to the measurement circuit. Resistors Ry g can become open cir- with weaknesses. MAJOR BRANDS also supplied as available. EBokS 120 | Fursn 200 | geda 200 1oax7a 7%
cost switched-mode power supplies. | have experimentally confirmed these cuit and the relay contacts weld togeth- A selection of CVC PREMIUM Audio Tubes EBFsa 3 é-'% PCLB5E0S 250 | 6BEG 150 | 12A%7WA £.00
While fully charged, such capacitors can  effects by discharging 1000uF capacitors, er before the fuse acts. The cold resis- PRE-AMP TUBES | POWER TUBES POWER TUBES SOCKETS ETC. ECCa3 1200 | PB500 500 | eBa7a 500 128E6 157%
store lethal amounts of energy. This energy  charged at various voltages up to 50 volts, tance of a fuse increases the series £Cta1 e [ L0} camtriien) RO -l i G O EGG8T %00 | P8t 500 | 6ar 400 | 128Y7A 7.00
is released almost instantaneously when into the fusible resistors mounted in a test resistance of the generator circuit, Ecces So0| ELMawmoe | SS0ifsA o 100 (Comem 180 | | EGGES 500 | P e b %358 16,00
contacted by the meter’s test probes. Peak board. Using both series ‘FF* fuses and reducing the maximum capacitance ECcas 50 | ELSORB10, 1300 7681 140 [P smas 330 Eoooe ] gl |-+ i 7801 o8 %
discharge currents easily exceed 100A. shunt 5.8V bi-directional 140A-rated that the meter can measure. ECLB2 5.00 | KT65 950/ 8114 11.00 a:}ﬂi:.,’ﬁif?.‘,’;’,‘“’"uim o 1300]| FYstoA. 300 leca 2.00 | 805 e
Measurement of such high voltage charged  transient-diode protectors, the 22Q and Using a solid state, bi-directional, Eroe 550, KT98 s 12501 5o jcame 1 a0 S 350 | oz 1200 | 85086 88 HIA o
capacitors must be avoided. 2.2Q. 0.5W fusible resistors still become transient protection diode across PLy_4, EoilCain  'om| KEmeinay  oooo/RECTRERTUBES (5PN, 3% | | EGNGS 30 [ GAVoazon 1000 | 6067 750|813 27.50
Aluminium electrolytic capacitors are open circuit. to quickly discharge the test capacitor, Bt e i Bl 1450 E2b e S amknn. S0 e S0 [ipiiosi0a | 2200 LCHE 300 | 258 50,00
very low impedance devices. They can The 2.2Q fusible resistors typically fail at also does not help. The resistance of i 50| 3008 5000 Gz o e A el e g b 1750 | A 2500
only be measured for impedance, tand or 20 to 25V, the 22 failing near 50V . the test leads cannot drop significant esnvar 430 srecc “e50| G S0 | Rode convene: 0| | | EER g8 | vorse 200| 656G 800 | LB 500
ESR using low-impedance measuring Similar results were found testing these voltage. The charged capacitor voltage P o [ i ot Al el R e 19.00 | UFa 400 | 6GK6 400 | 5751 a0
circuits. Adding resistance in the test resistors both with and without the series still appears instantaneously at one end e Tigetzvanr i EF183/4 200 | ULg 1200 | Sle 4% S814A 5.00
circuit to restrict capacitor discharge fuse and shunt transient diode protector of R; and the relay, even though Eio 300 | vas 2.00 | 0Bea 22| So7oa 800
current is simply not possible. circuits. extremely large discharge current BARAGZM muncur 2000 | 6BAG mameon  27.00 | 6SNIGTmwnear 580 | 1381 sre 110.00 Eo 2| Va1 20| SEes 2750 | Sees 1500
Using fuses in series with the test leads Using lesser, 57A-rated transient diode flows in the test leads. SRANCY surmsiicss 1000 | BEXT O savas 850 | 1247 deomvime 375 | BO43A e woo| | | Et el bl ] R 3500
does not help. Even the fastest class ‘FF’ protectors, the high peak discharge cur- Both methods have been evaluated e D ot d D o I o -t . ELss 200 | 2021 350 | 6L6qC 18.00 | 0208 20
fuses pass a large overload current for a rents destroyed the protection diode, in the experimentally using a test board with | BADBWE sris 350 BSL16T o7 550 1581 ore o 7o) | | Esossro  7s0|acxeson 4500 feo7 300 7028, 12
finite time before they rupture. During this ~ process damaging my nickel-plated test charged capacitors. Resistor Ry failed ASK ABOUT ANY TYPES NOT O TS ST e , AL PRICES IV UK POUNDS ¢ Evevar 300 | S04a. 10,00 | 6307 350 7350 2600
time the measurement circuit is unprotect-  probes. at much the same test voltage level St bt leiics donmsaenisiia o N Ex80/et 500 | Svaa 600 | €857 200 [ 7288 1500
ed. Since these fuse and transient diodes did with and without these devices. Using FAX or POST your ORDER - Wa shall sand PROFORMA INVOICE if necassary ooaaraT 1000 | 5387 200 | 6876t 200 ?ia:?ms correct wﬁ%nm
The alternative approach of ‘crow- not enhance the charged capacitor protec- two resistors in parallel each of double AL 1500 5240 S00 LestizoT 2001 gaing o press,
barring’ the capacitor voltage to ground tion, they are not used in the final meter value, did not increase the sustainable Valve Amplifier. AMikadess OPENTO CALLERS MON-FRI 9AM-4PM. CLOSED SATURDAY
also does not help. The fastest semicon- design. voltage. Obasiets Hemé ar oux 3pecilty Valves are now sl ogial Bleh or American brans.
ks £ ] Terme CWO/min order £10 for credit cards.
Continued on page 75... = 44 (0)1245 355296/265865 Fax: 44 (0)124% 490064 P Ebnd e Ll

CIRCLE NO.112 ON REPLY CARD

CIRCLE NO. 113 ON REPLY CARD
January 2000 ELECTRONICS WORLD 21

20 ELECTRONICS WORLD January 2000




Unique reader offer:
x1, x10 switchable
oscilloscope probes,
only £21.74 a pair,
fully inclusive*

* Additional pairs as part of the same order, only
£19.24 each pair.

Please supply the following:
Probes

Total

Name

Address

Postcode Telephone

Method of payment (please circle)

Cheques should be made payable to Reed Business
Information

Access/Mastercard/Visa/Cheque/PO

Credit card no

Card expiry date Signed

Please allow up to 28 days for delivery

Seen on sale for £20 each, these high-
quality oscilloscope probe sets
comprise:

® two x1, x10 switchable probe bodies
® two insulating tips

® two IC tips and two sprung hooks
@ frimming tools

There's also two BNC adaptors for using
the cables as 1.5m-long BNC-to-BNC
links. Each probe has its own storage
wallet.

To order your pair of probes, send the
coupon together with £21.74
UK/Europe to Probe Offer, Electronics
World Editorial, Quadrant House, The
Quadrant, Sutton, Surrey SM2 5AS.

Readers outside Europe, please add
£2.50 to your order.

Specifications

Switch position 1
Bandwidth

Input resistance
Input capacitance
Working voltage

DC to 10MHz

1MQ — i.e. oscilloscope i/p
40pF+oscilloscope capacitance
600V DC or pk-pk AC

Switch position 2

Bandwidth DC to 150MHz

Rise time 2.4ns

Input resistance 10MQ +1% if oscilloscope i/p is
TMQ

Input capacitance 12pF if oscilloscope i/p is 20pF
Compensation range  10-60pF
Working voltage 600V DC or pk-pk AC

Switch position ‘Ref’
Probe tip grounded via 9MQ, scope i/p grounded

|| Ceesoaes——— |

SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

HP New Colour Spectrum Analysers LAST FEW ONLY
HP141T+ B552B IF + 8553B RF -1KHZ -110Mc/s - £500.

HP141T+ 85528 IF + 8554B RF -100KHz -1250M - £600.

HP141T+ 85528 IF + 8556A RF - 20Hz-300KHz - £400.

HP141T+ 8552B IF + B555A 10 MC/S-18GHzS - £1000.

HPB8443A Tracking Gen Counter 100KHz-110Mc/s - £200
HPB445B Tracking Preselector DC to 18GHz - £250.

HPB444A Tracking Generator ® 5-1300Mc/s - £450.

HPB444A OPT 059 Tracking Gen ® 5-1500Mc/s - £650.
HP35601A Spectrum Anz interface - £300.

HP4953A Protocol Anz - £400.

HPB8970A Noise Figure Meter + 3468 Noise Head - £3k.
HP8755A+B+C Scalar Network Anz Pi - £250 + MF 180C - Heads
11664 Extra - £150 each.

HP3709B Constellation ANZ £1,000,

HP11715A AM-FM Test Source - £350.

FARNELL TVS70MKII PU 0-70V 10 amps - £150.

MARCONI 6500 Metwork Scaler Anz - £500. Heads available to
40GHz many types in stock.

Mixers are available forANZs to 60GHz.

HP6131C Digital Voltage Source + 100V Amp.

HPS5316A Universal Counter A+B.

Marconi TF2374 Zero Loss Probe - £200.

Racal/Dana 2101 Microwave Counter - 10Hz-20GHz - with book
as new £2k.

Racal/Dana 1250-1261 Universal Switch Controller + 200Mc/s Pl
Cards and other types.

Racal/Dana 9303 True RMS Levelmater + Head - £450.
TEKAB902A aiso ABI02B Isolator - £300-£400.

TEK CT-5 High Current Transformer Probe - £250.

HP Frequency comb generator type 8406 - £400.

HP Sweep Oscillators type 8690 A+B + plug-ins from 20Mc/s ta
18GHz also 18-40GHz,

HP Network Analyser type 8407A + 84124 + BG01A - 100Kc/s -
110Me/s - £500 - £1000.

HP 8410-A-B-C Network Analyser 110Mc/s to 12 GHz or 18 GHz
- plus most other units and displays used in this set-up - 8411a-

8412-8413-8414-8418-8740-8741-8742-8743-8746-8650. From £1k.

Racal/Dana 9301A-3302 RF millivoltmeter - 1.5-2GHz - gty in
stock £250-£400.
Racal/Dana Modulatlon Meter Type 9009-9008 - 8Mc/s - 1.5GHz

- E150/£250 - £350.
Marconi RCL Bndge type TF2700 - £150.
Marconi Microwave 6600A 1 sweep osc., mainframe with
6650P| - 18-26.5 GHz or 6651 Pl - 26.5-40GHz-£750 or Pl only
£600. MF only £250.
Gould J3B test oscillator + manual - £150.
Marconi 6155A Signal Source-1 to 2GHz - LED - £400.
Barr & Stroud Variable filter EF3 0.1Hz-100Kc/s + high pass+
low pass - £150, other makes in stock.
Racal/Dana 9300 RMS voltmeter - £250,
HP 8750A storage normalizer - £400 with lead + S.A or N, A
Marconi mod meters type TF2304 - £250 - TF2305 - £1,000.
Racal/Dana counters-33904-9905-9906-9915-9916-9917-9921-
50Mc/s-3GHz - £100 - £400 - all fitted with FX standards.
HP180TR. HP181T, HP182T mainframes £300 - £500,
HP432A-435A or B-436A-power meters + powerheads to 60GHz
- £150 - £1750 - spare heads available.
HP3586A or C selective level meter - £500.
HP86222A+B Sweep Pl -01-2.4GHz + ATT £1000-£1250.
HP86290A+B Sweep PI-2 - 18GHz - £1000 - £1250.
HP8620C Mainframe - £250. IEEE £350.
HP8165A Programmable signal source - 1MHZ - 50Mc/s - E1k
HP3455/3456A Digital valtmeter - £400.
HP5370A Universal time interval counter - £1k.
HP5335A Universal counter - 200Mc/s-£1000.
HP3552A Transmission test set - £350.
TEKTRONIX 577 Curve tracer + adaptors - £900.
TEKTRONIX 1502/1503 TDR cable test sat - £400.
HP8699B Sweep Pl YIG oscillator .01 - 4GHz - £300. 86908 MF-
£250. Both £500,
Dummy Loads & Power att up to 2.5 kilowatts FX up to 18GHz -
microwave parts new and ex equipt - relays - attenuators -
switches - waveguides - Yigs - SMA - APCT plugs - adaptors
etc. qty. in stock.
B&K Items in stock - ask for list.
Power Supplies Heavy duty + bench in stock - Farnell - HP -
Weir - Thurlby - Racal etc. Ask for list. Large quantity in stock,
all types to 400 amp - 100Kv.
HPB405A Vector voltmeter - late colour - £400,
HP8508A Vector voltmeter - £2500.
HP8505A Network Anz 500KHz-1.3GHz - £1000.
HP8505A + 8502A or 8503A test sets- £1200 - £1500.
HPB505A + 85024 or 85034 + 8501A normalizer - £1750-£2000.
Phllllps 3217 50Mc/s oscilloscopes - £160-£250,

W, Schlumberger 4031 Radio ication test set

LIGHT AND OPTICAL EQUIPMENT

Anritsu ML93A & Optical Lead Power Meter - £250.

Anritsu ML93B & Optical Lead Power Meter - £350,

Power Sensors for above MASBA - MASSA - MAS13A - Battery
Pack MZ95A.

Anritsu MW3T7A Pulse Echo Tester.

Pl available - MH914C 1.3 - MH9158 1.3 - MH913B 0.85 -
MH925A 1.3 - MHI29A 1.55 - MH325A 1.3G1 - MH914C 1.35M -
£500 + one P,

Anritsu MW38BA Time Domain Reflector.

Pl available - MH914C 1.3 - MH915B 1.3 - MH913B 0.85 -
MH925A 1.3 - MH929A 1.55 - MH925A 1.3GI - MH914C 1.35M -
£500 + one Pl

Anritsu MZ100A E/O Converter.,

+ MG3912B (LD 1.35) Light Source + MG92B (LD 0.85)

Light Source £350.

Anritsu MZ118A O/E Converter.

+MH3922A 0.8 O/E unit + MH923 A1.3 O/E unit £350.

Anritsu ML96B Power Meter & Charger £450,

Anritsu MNI5E Variable Att. 1300 £100.

Photo Dyne 1950 XR Continuous Att. 1300 - 1500 £100.

Photo Dyne 1800 FA. Att £100,

Cossor-Raytheon 108L Optical Cable Fault Locator

0-1000M 0-10kM £200.

TEK P6701 Optical Converter 700 MC/5-850 £250.

TEK OF150 Fibre Optic TOR - £750.

HP81512A Head 150MC/S 950-1700 £250.

HP84801A Fibre Power Sensor 600-1200 £250.

HP8158B ATT OPT 002+011 1300-1550 £300.
HP81519A RX DC-400MC/S 550-350 £250.

STC OFR10 Reflectometer - £250.

STC OFSK15 Machine jointing + eye magnifier - £250.

COMMUNICATION EQUIPMENT

Anritsu ME453L RX Microwave ANZ - £350.
Anritsu ME453L TX Microwave ANZ - £350.
Anritsu MH370A Jitter Mod Oscillator - £350.
Anritsu MGB42A Pulse Patt Gen. £350.
System MS02A Timer & Digital Printer - £500.
Complete MSE5A Error Detector.

Anritsu ML612A Sel Level Meter - £400.
Anritsu ML244A Sel Level Meter - £300.

W&G PCM3 Auto Measuring Set - £300.

W&G SPM14 Sel Level Meter - £300.

W&G SPM15 Sel Level Meter - £350.

W&G PS19 Level Gen - £500.

W&G DA20+DA1 Data ANZ £400.

W&G PMG3 Transmission Measuring Set - £300.
W&G PSS 16 Generator - £300.

W&G PS14 Level Generator - £350.

W&G EPM-1 Pius Head Milliwatt Power Meter — £450.
W&G DLM3 Phase Jittar & Noise - £350

W&G DLM4 Data Line Test Set — £400.

W&G PS10 & PM10 Level Gen. - £250.

MISCELLANEQUS ITEMS

Eﬁ:ggg!h Data Acquisition Control Unit + 44721A 16ch input
HP 4261 LCR meter - £650.

HP 4274 FX LCR meter — £1,500.

HP 4951A Protocol ANZ - £500.

HP 3488 Switch Control Upit + Pl Boards = £500.

HP 75000 VXI Bus Controllers + E1326B-DVM-quantity.

HP 83220A GSM DCS/PCS 1805-1990MC/S convertor for use
with B922A - £2,000.

HP 1630-1631-1650 Logic ANZ's in stock.

HP 8754A Network ANZ 4-1300MC/S + 85024 + cables - £1,500.
;l;gggam Network ANZ H26 4-2600MC/S + 8502A + Cahbles -
HP 8350A Sweaper MF + 835404 P| 2-8.4GHZ + 83545A P15.9-
12.4GHZ all 3 - £3,500.

HP MICROWAVE TWT AMPLIFIER 489A 1-2GHZ-30DB - £400.
HP PREAMPLIFIER 8447A 0.1-400MC/S - £200. Dual - £300.
HP PREAMPLIFIER 8447D 0.01-1.3GHZ - E400.

HP POWER AMPLIFIER 8447E 0.01-1.3GHZ - £400.

HP PRE + POWER AMPLIFIER 8447F 0.01-1.3GHZ - £500.

HP 3574 Gain-Phase Meter 1HZ-13MC/S OPT 001 Dual - £400.
MARCONI 2305 Modulation Meter-50KHZ-2.3 GHZ - £1,000.
MARCONI 2610 True RMS Meter - £450.

MARCONI 893B AF Power Meter (opt Sinad filter) - £250-£350.
MARCONI 6950-6960B Power Maters + Heads - £400-£900.
MARCONI SIGNAL SOURCE-6055-6056-6057-6058-6059 - FX
Range 4-18GHZ- £250-£400.

RACAL 1792 COMMUNICATION RX - £500 early - £1,000 - late
model with back lighting and byte test.

RACAL 1772 COMMUNICATION RX - £400-£500.

PLESSEY PR2250 A-G-H COMMUNICATION RX - £500-£3900.
TEK MODULE MAINFRAMES - TM501-502-503-504-506-
TMS5003-5006.

TEK P 5010-M1 - Prog Multi Interface - £250. FG Prog 20MC/S.
Function Gen - £400 - $1 Prog Scanner - £250 - DM Prog
DMM ~ £400.

TEK 7000 OSCILLOSCOPE MAINFRAMES - 7603-7623-7633
7834-7854-7904-7904A-7104 - £150-£1,000.

TEK 7000 Pi's - TAT1-TA12-TA13-TA18-TA19-TA22-TA24-TA26-
JA29-TA42-7810-7815-7B53A-7B80-7B85-TB92A-7D15-7D20.
;E;sc ;220 - 7511-7512-7514-TM11-51-52-53A-54-55-56-551-
HP POWER SUPPLIES - 6621A-6623A-6624A-6632A-6652A.
Qtys available. Also 6000 types EPOA.

RADIO COMMUNICATION TEST SETS
BULK PURCHASE ONLY FROM JOHNS RADIO
HP 83204 RF Communication Test Sets - Opts available 001-3-
4-5-7-11-12-14-H13-K13. £1,500-£1,750.

with opt 002 Spectrum anz plus tracking generator
plus opts. 001-3-4-5-11-12-014 available in part includes syn sig
generator - digital oscilliscope distortion meter - mod meter -
RF power meter etc. £2,500.

. SPECIAL OFFERS ~ -~ v

MOTOROLA R2600A plus RLN4260A RF Test Set - £1,800.
MARCONI 2955 RF Test Sets-1000MC/S ~ £1,000 each.
MARCONI 2958 RF Test Sets-1000MC/S - £1,000 each,
MARCONI 2960 RF Test Sets-1000MC/S - £1,250 each,
MARCONI 2955A RF Test Sets-1000MC/S - £1,500 each.
MARCONI 2960A RF Test Sets-1000MC/S - £1,500 each.
J\NTTSU MS555A2 Radio Comm Anz-1000M/Cs - £750
each.

MARCONI 2019A SYNTHESIZED SIGNAL GENERATORS -
BOKC/S-1040MC/S - AM-FM - £400 inc. instruction book -
tested.

MARCONI 2022E SYNTHESIZED SIGNAL GENERATOR -
10KC/S-1.01GHZ AM-FM - £500 inc. instruction book -

tested.
R&S APN 62 LF Sig Gen 0.1Hz — 260KHz c/w book - £250.

'WE KEEP IN STOCK HP and other makes of RF Frequency
doublers which when fitted to the RF output socket of a
5/Generator doubles the output frequency EG.50-1300MC/S to
50-2600MC/S price from £250 - £450 each.

SPECTRUM ANALYZERS

HP 3580A SHZ-50KHZ - £750,

HP 3582A Dual 0.2HZ-25.5KHZ - £1,500.

HP 3585A 20HZ-40MC/S - £3,500.

HP 3588A 10HZ-150MC/S - £7,500.

HP 8568A 100HZ-1.5GHZ - £3,500.

HP 85688 100HZ-1.5GHZ - £4,500.

HP 8590B 9KC/S-1.8GHZ - £4,500,

HP 85698 10MC/S (0.01-22GHZ) - £3,500.

HP 3581A Signal Analyzer 15HZ-50KHZ - £400.

TEK491 10MC/S-12.4GHZ + 12.4-40GHZ - £500.

TEK492 50KHZ-21GHZ OPT 2 - £2,500.

TEK492P 50KHZ-21GHZ OPT 1-2-3 - £3,500.

TEK492AP 50KHZ-21GHZ OPT 1-2-3 - £4,000.

TEK492BP 50KHZ-21GHZ - £3,000-£4,000.

TEK495 100KHZ-1.8GHZ - £2,000.

HP 8557A 0.01MC/S-350MC/S - £500 + MF180T or 180C - £150 -

182T - £500.

HP 85588 0.01-1500MC/S - £750 - MF180T or 180C - £150 -
182T - £500.

NE:DSOSQA 0.01-21GHZ - £1,000 - MF180T or 180C - £150 - 182T
HP 8901A AM FM Modulation ANZ Meter - £800.

HP 8301B AM FM Modulation ANZ Meter - £1,750.

HP B903A Audio Analyzer - £1,000.

HP 8903B Audio Analyzer - £1,500.

MARCONI 2370 SPECTRUM ANALYZERS - HIGH QUALITY -
DIGITAL STORAGE - 30HZ-110MC/S Large qty to clear as
received fram Gov - all sold as is from pile complete or add
£100 for basic testing and adjustment - callers preferred - pick
your own from over sixty units — discount on gtys of five,

A EARLY MODEL GREY - horizontal alloy cooling fins - £200.

B LATE MODEL GREY - vartical alloy cooling fins - £300.

C LATE MODEL BROWN - a5 above (few only) - £500.

OSCILLOSCOPES

TEK 465-4658 100MC/S + 2 probes — £250-£300.

TEK 466 100MC/S storage + 2 probes - £200.

TEK 475-475A 200MC/S-250MC/S + 2 probes - £300-£350.
TEK 2213-2213A-2215-2215A-2224-2225-2235-2236-2245-60-
100MC/S - £250-£400.

TEK 2445 4ch 150MC/S + 2 probes - £450.

TEK 2445A 4ch 150MC/S + 2 probes - £600.

TEK 24458 4ch 150MC/S + 2 probes - £750.

TEK 468 D.5.0. 100MC/S + 2 probes — £500.

TEK 485 350MC/S + 2 probes —£550.

TEK 2465 4ch-300MC/S - £1,150.

TEK 2485A 4ch-350MC/S - £1,550.

TEK 2465ACT 4ch-350MC/S - £1,750.

TEK D.S.0. 2230 -100MC/S + 2 probes — £1,000.

TEK D.S.0. 2430 -150MC/S + 2 probes - £1,250.

TEK D.5.0. 24304 -150MC/S + 2 probes - £1,750,

TEK D.5.0. 2440 -300MC/S + 2 probes - £2,000.

TEK TAS 475-485 -100MC/S-20MC/S-4 ch + 2 probes — £900-£1.1K.
HP1740A - 100MC/S + 2 probes - £250.

HP1741A - 100MC/S storage + 2 probes - £200.

HP1720A - 1722A - 1725A - 2T5MC/S + 2 probes - £300-£400.
HP1744A - 100MC/S storage - large screen - £250.
HP1745A - 1746A - 100MC/S - large screen - £350.
HP54100A - 1GHz digitizing - £500.

HPS4200A - 50MC/S digitizing - £500.

HP54501A - 100MC/S digitizing - E500.

HP54100D - 1GHZ digitizing - £1,000.

MICROWAVE COUNTERS ~ ALL LED READOUT

EIP 351D Autohet 20Hz-18GHz - £750.

EIP 371 Micro Source Locking — 20Hz-18GHz - £850,

EIP 451 Micro Pulse Counter - 300MC/S-18GHz - £700.

EIP 545 Microwave Frequency Counter — 10Hz-18GHz - £1K.
EIP 548A Microwave Frequency Counter — 10HZ-26.5GHz - £1.5k.
EIP 5756 Microwave Source Locking - 10Hz-18GHz - £1.2K.

EIP 588 Microwave Pulse Counter - 300MC/S-26.5GHz - £1.4K.
SD 6054B Micro Counter 20HZ-24GHZ - SMA Socket - £800.
SD 6054B Micro Counter 20HZ-18GHZ - N Socket — £700,

$D 6054D Micro Counter B00MC/S-18GHz - E600.

SD 6246A Micro Counter 20Hz-26GHz - £1.2K.

SD 6244A Micro Counter 20Hz-4.5GHz - £400.

HP5352B Micro Counter OPT 010-005-46GHz — new in box - £5k.
HP5340A Micro Counter 10HZ-18GHz - Nixey - £500.
HP5342A Micro Counter 10HZ-18-24GHz - £800-£1K - OPTS
001-002-003-005-011 available.

HP5342A + 5344S Source Synchronizer - £1.5K.

HP5345A 500MC/S 11 Digit LED Readout - £400.

HP5345A + 5354A Plugin - 4GHz - £700.

HPS5345A + 5355A Plugin with 5356A 18GHz Head - £1K.
HPS5385A 1GHz 5386A-5386A 3GHz Counter - £1K-£2K,
Racal/Dana Counter 1391-160MC/S - £200.

Racal/Dana Counter 1992-1.3GHz - £600.

Racal/Dana Counter 9921-3GHz - £350.

SIGNAL GENERATORS

HPB640A - AM-FM 0.5-512-1024MC/S - £200-£400.

HP8640B - Phase locked - AM-FM-0.5-512-1024MC/S - £500-
£1.2K. Opts 1-2-3 available.

HPBE54A - B AM-FM 10MC/S-520MC/S - £300.

HP8B56A SYN AM-FM 0.1-990MC/S - £900.

HP8656B SYN AM-FM 0.1-990MC/S - £1.5K.

HP8657A SYN AM-FM 0.1-1040MC/S - £2K.

HP8657B SYN AM-FM 0.1-2060MC/S - £3K. =
HP8660C SYN AM-FM-PM-0.01-1300MC/S-2600MC/S - £2K.
HP8660D SYN AM-FM-PM-0.01-1300MC/S-2600MC/S - £3K.
HP8673D SYN AM-FM-PM-0.01-26.5 GHz - E12K.

HP3312A Function Generator AM-FM 13MC/S-Dual - £300.
HP3314A Function Generator AM-FM-VCO-20MC/S - £600,
HP3325A SYN Function Generator 21MC/S - £800.

HP33258 SYN Function Generator 21MC/S -

HP8673-B SYN AM-FM-PH 2-26.5 GHz - £6.5K.

HP3326A SYN 2CH Function Generator 13MC/S-IEEE - £1.4K.
HP3336A-B-C SYN Func/Level Gen 21MC/S - £400-£300-£500.
Racal/Dana 9081 SYN S/G AM-FM-PH-5-520MC/S - £300.
Racal/Dana 9082 SYN S/G AM-FM-PH-1.5-520MC/S - £400.
Racal/Dana 9084 SYN 5/G AM-FM-PH-.001-104MC/S - £300.
Racal/Dana 9087 SYN S/G AM-FM-PH-.001-1300MC/S - £1K.
Marconi TF2008 AM-FM-Sweep 10KC/S-510MC/S - £200 Fully
Tested to £300, as new + book + probe kit in wooden box.
Mareconi TF2015 AM-FM-10-520MC/S - £100.

Marconi TF2016A AM-FM 10KC/S-120MC/S - £100.

Marconi TF2171/3 Digital Synchronizer for 2015/2016A - £50.
Marconi TF2018A AM-FM SYN 80KC/S-520MC/S - £500.
Marconi TF2019A AM-FM SYN BOKC/S-1040MC/S - £650-£1K.
Marconi TF2022E AM-FM SYN 10KC/S-1.01GHz - E1K-£1.2K.
R & § SMPD AM-FM-PH 5KHz-2720MC/S - £3K.

Anritsu MG3601A SYN AM-FM 0.1-1040MC/5 - £1.2K,

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS, PRICE IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE.
VAT AND CARRIAGE EXTRA. ITEMS MARKED TESTED HAVE 30 DAY WARRANTY. WANTED: TEST EQUIPMENT-VALVES-PLUGS AND SOCKETS-SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birlkenshaw, Bradford BD11 2ER. Tel: (01274) 684007. Fax: 651160
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Unique Electronics World reader offer

Save 20% on the price of Tina Pro Industrial or oS i iy

CAD? If not, you may =

Tina Pro Classic powerful circuit simulators anlcdiaryotr il

need to get involved
with writing
Tina Pro Industrial unintuitive listings.
The new 32 bit Tina Pro is a powerful yet affordable software package for Not so. Drag and
designing, simulating and anZlysing elsr;ctronic circuits. It works equally well drop analogue wiﬂmimﬂsm
with linear and non-linear analogue, digital and mixed circuits. It contains a components and
large library of over 10000 components that you can extend and modify, and a digital ICs into your
wide range of tools including symbolic analysis. Components include an circuit diagram then
extensive range of TTL and CMOS devices, most popular semiconductors and see how your circuit
interactive models such as displays, keypads and LEDs. Circuits are performs using simulated instruments including function
constructed by choosing components, which are conveniently grouped in generator, multimeter, XY plotter, oscilloscope, signal analyser,
families and connections are made using the mouse and hot keys. logic analyser and digital signal generator. Once you’ve found
your way around, you'll soon be including things like noise and
Tina Pro Classic distortion analyses in your summaries.
Tina Pro Classic is.identical to Tina Pro Industrial but without some additional .
utilities. These additional utilities include the SPICE library manager, symbol Feature outline .
designer, and the program which creates models from manufacturers data. Fully 32bit software for fast performance under Win 95, 98 or NT “
10000+ built in components and 1000+ manufacturer made - - N Ry i
Tina Pro — 32-bit components in SPICE sub-circuit format
What’s the bottom line? a;!vanced mixed-mode DC analysis includes nodal voltages, DC transfer characteristic
; s simulation and temperature analysis
Ll::n l;:': :;22?34 save over £30 Comprehensive analysis tools . AC analysis includes npdlal voltages, time function, and AC
Discounted Price £131 are included with Tina Pro to test transfer characteristic _ .
; : 4 circuits. Analysis results can be Symbolic analysis includes DC and AC result, semi-symbolic DC
Fully inclusive Price £165.68 displayed in ‘Diagram Windows’ and AC result, AC transfer, semi-symbolic AC transfer, _ :
orin a range of virtual Poles and Zeros , and semi-symbolic transient. ELECTRON |CS
Tine Pro Industrial — save over £60 instruments. Desk top publishing Other analyses Iinclude rt]rartsiﬁnt, digitial st:p by step, Idigital i & e
Normal Price £299 tools and powerful text and timing analysis with glitch control, and noise analysis = ._b f - T 7 ® WO RI- D
Discounted Price £239 equation editors can be used to Bode plots, Nyquist diagrams, poles and zeros, transient SUbsc ripe ror 3 yea rs 7 pay for Iust 2 (WA I P et
Fully inclusive Price £292.58 produce professional reports and | re§pon$es, T.GITIP. sweeps, fetc in the diagram \.deOW. : .
presentations. Electronic Virtual instruments include function generaior,lmultlmeter, XY
Prices include UK postage, packing and ?”gil"eirls "t‘f"t ol T;na th?nh g:gg:lr ;igiglllg:ﬁg;::t‘ofignal SRS DUG o
VAT. Offer ends 1 March 2000. ol e E - : . -
i 150l nhanced SPICE 3F5 compatible algorithms G b d y_ 11
Rl Massive range of component models including resistor, poten- et On oar the Eas PC For WI n dows reVOI Utlon g

tiometer, capacitor, charged capacitor, inductor, energy

Overseas readers interested in this offer contact Quickroute for details. storing inductor, coupled inductors, diode, Zener, LED,
Quickroute Systems Lid, Regent House, Heaton Lane, Stockport SK4 1BS. Tel. lamp, motor, transformer, transmission line, bipolar transis-
0161 476 0202, fax 0161 476 0505. www.quickroute.co.uk tor (NPN/PNP), MOS transistor (enhancement and deple-

tion mode, N and P channel), JFET (N and P channel),
thyristor, triac, diac, ideal OPAMP, OPAMP, current source,
voltage source, current generator, voltage generator,
controlled sources (CCCS, VCCS, CCVS, VCVS), and a
full complement of digital components, AD and DA convert-
ers, timers, analogue control blocks, seven segment
display, keypads, nonlinear coils, transformers, relays,
darlington transistors, optocouplers and voltage regulators
and much much more..

New sub-circuits can contain both SPICE macros or schematics

Automatic shape creation for subcircuits

Schematic symbol editor for creating custom components

Customisable component toolbar — add your own components

SPICE macros can be used directly from Tina’s schematic editor

Parameter extractor program to calculate model parameters
from catalogue or measurement data

Library manager for extending and maintaining manufacturer
made component libraries

New multimeter, oscilloscope and signal analyser components
can be added directly onto schematics

Average and RMS values for arbitrary periodic waveforms

Enhanced Fourier analysis with both peak and RMS calculation

AC analysis now with RMS calculation

Conversion of symbolic analysis results into code executable in |

——— o e e

1 Coupon

Please send me one copy of:
Tina Pro Classic U

Tina Pro Industriall

Address

Post code
Daytime telephone number

| enclose a cheque for £
My credit card details are:
Card type (Visa, Master Card, etc)

Number _ _ P the interpreter
Expirv dat / R JEEC T i il Specify temperature for individual components
Xpiry cate ___/__ New fault simulation on digital circuits

Note that if you are ordering by credit card, the address you have
given must be that of the card holder.

Post this coupon to Quickroute Systems Ltd, Regent House, Heaton Lane,
Stockport SK4 1BS. Alternatively, fax it to 0161 476 0505.

Multimedia tutorials demonstrate key concepts and features
Supplied on CD-ROM with printed documentation.
Requires Windows 95, 98 or NT with 8M memory or more.
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Power-Packed PCB Layout for Windows ‘95/°98/NT at Computer Store Prices!!

True 32 bit Windows application

Schematic and PCB Design editors as standard

Design in Imperial, Metric or mixed units (no rounding errors)
Drawing area up to 1m x 1m (39" by 39%)
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A temperature sensing IC
with digitiser, RTC,
memory and serial i/o
makes the hardware
needed for a stand-alone
temperature logger
exceedingly simple.

Pei An’s low-power
design covers -40 to
85°C, feeding the data
into a PC at the end of a
session so for analysing
and storage via a
spreadsheet for
example.

&
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One IC stand-alone

temperature logger

Fig. 1. Temperature logging is made simple — and small - using
a sensor with integral digitising, control and serial i/o.

ger incorporates a Dallas DS1615

temperature recorder IC. It con-
nects to a PC via its RS232 port for ini-
tialising and data downloading. After
initialisation, the logger is disconnect-
ed and placed in the environment
where temperature needs recording,
ready to make measurements.

If measurements do not need to start
right away, the logger can be pro-
grammed to sleep for a while before it
starts to log temperature. Scanning
interval can be varied from 1 minute to
255 minutes. Up to 2048 temperature
records can be stored in the on-board
memory.

Temperature to be measured is in the
range —40 to 85°C with an error of
+2°C. In my version, power is supplied
by a 3V lithium button cell, which

T his stand-alone temperature log-

should last for three years or so. My
implementation is shown in Fig. 1.

The hardware side

Figure 2 shows the circuit diagram,
which includes the DS1615, two tran-
sistors and a number of passive com-
ponents. Functionally, the circuit
divides into two sections, namely the
data acquisition/storage section and the
RS232 transceiver section.

The data acquisition/storage section
is based on the DS1615. This is an
intelligent IC, capable of receiving var-
ious control commands from its built-in
universal asynchronous receiver and
transmitter, or UART, port. Once the
DS1615 is initialised properly, it
becomes a stand-alone temperature
logger.

The asynchronous port on the
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DS1615 is a standard UART i/o port.
Buffering is needed to make the
UART’s inputs and outputs compatible
with the PC’s COM port input and
output lines. While the unit is connect-
ed to the RS232 port during initialisa-
tion and data downloading, the PC pro-
vides a +5V supply rail to the
temperature logger circuit.

Pressing the switch starts temperature
logging. Diode Dy flashes four times

once a logging mission is started. An
optional low-current piezo-electric
sounder can also gives four beeps to
signify the start of a logging session.
In my unit, the on-board battery is a
CR1616 3V lithium button cell with a
capacity of typically S0mAh.

Overview of the DS1615
Dallas’s DS1615 is a highly-integrated
single-chip temperature recorder, Fig.

INSTRUMENTATION

3a). It comprises a temperature sensor,
an analogue-to-digital converter, a real-
time clock, a non-volatile memory and
a serial interface, Fig. 3b).
Temperatures from —40 to 85°C in
0.5°C increments are read by the
device with a measurement accuracy of
+2°C. The real time.clock/calendar is
in BCD format and counts seconds,
minutes, hours, date, month, day of the
week and year with leap year compen-

J 3

32.768 kHz
+5V
2 3
: X4 Xa Q-fpin Dl-type
= L v emale
Vbat Ve connector
R Rs N
Tk a7 Hol| TP
+ (pin 3)
Battery mte— D3
CR1616 3V -INSPEC  TX 5.1V zener,
Lithium cell
with holder
+5V
6 RTS
: —OUTSPEC Tr ©| ©in7)
$ Z8T Ra BCS57
I~|
GND COMSEL {27} Rz |2
z [ ]
Switch — 8| 15
SPK (optional) o| RD
Cs (pin 2)
e ¢ i
ICy DS1615 45V
-4 Dy 1N4148
Fig. 2. Hardware is simple, consisting of a DTR
DS1615 temperature recorder, two transistors ¢ K L-_Q.QB_I Ol (pin4)
d f L . k2 ——
i e e sl R
g . 5.1V zener (pin 5)
o m—a
Sﬂ( — ]
Fig. 3. The DS1615 is a 16-pin device as shown in a). Its R:;
internal block diagram is shown in b). COMSEL : m?é:’ﬁ?\l'cg = F%suo%\r"
= ;: - .| CONTROL
—=  Vobat[1] 16] Voo
x1[2] [15] COMSEL =— x1
b —] OSCILLATOR INTERNAL RTC
x2 |3 14 5. AND AND CONTROL. RTC AND CONTROL
H :l i = [ s REGISTERS REGISTERS
NC [4] 13] X — X ]
DS1615 ‘ USER NV RAM
<—  -INsPEC[5 | 12 scLk  =— - OPTIONAL
SERIAL NUMBER
~— -OUTSPEC[6 | 1] vo - INSPEC «@—|  cONTROL
OUTSPEC -a— LOGIC
-— e e -— Sress ALARM TIME STAMP
INT[7 | 10] -RsT INT «—o| AND DURATION
GND E EI _sT [ LOGGING MEMORY ;
HISTOGRAM MEMORY
a) Pin-out TEMPERATURE
(@) L LOGGING MEMGRY

(b) Internal block diagram
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0000H
PAGE 0
Y6 661EH ATC AND CONTROL REGISTERS
et PAGE 1
0 003FH (RESERVED)
0040H
5 Rk USER NV RAM PAGE 2
00B0H
70 0217H (RESERVED FOR FUTURE EXTENSIONS) PAGE 3
TO PAGE 18
{(EXCLUDING LAST
8 BYTES OF
PAGE 16)
0218H PAGE 16
T0 G21FH SERIAL NUMBER (OPTIONAL) (LAST 8 BYTES)
00220H PAGE 17
iy ALARM TIME STAMPS AND DURATIONS TG PAGE 16
o PAGES 2063
TO OTFFH (RESERVED FOR FUTURE EXTENSIONS) -
TEMPERATURE HISTOGRAM (63 BINS OF 2 BYTES EACH) PAGE 64
TO 087FH TO PAGE 67
RESERVED FOR FUTURE EXTENSIONS PAGES 68 - 127
TO OFFFH ( £t ) T
1000H PAGE 128
pre e TEMPERATURE DATALOG MEMORY (64 PAGES) T0 PAGE 191
1800H PAGE 192 AND
AND HIGHER (RESERVED FOR FUTURE EXTENSIONS) HIGHER
ADDR.| BIT7 | BIS ] BIT5 ]_arra BIT3 l BT2 | BIT1 | BITO | FUNCTION
1] 0 10 Seconds Single Seconds
a1 0 10 Minutes Single Minutes Real
02 0 12/24 10h 10h Single H Time
A ngle Hours Clock
Registers
03 0 0 0 0 1 Day Of Week
04 0 0 10 Date Single Date
05 0 0 10m. Single Months
06 10 Years Single Years
o7 ME 10 Seconds Alarm Single Seconds Alarm
08 | MM 10 Minutes Alarm Single Minutes Alarm o
09 MH 12/24 | 10ha. | 10h. Single Hours Alarm Clock
AP alm. Alarm
0A MD 0 0 0 0 | Day Of Week Alarm
oB Low Temperalure Threshold =
oc High Temperature Threshold Alarm
oD Number Of Minutes Batween Temp Co Sample Rate
e |EOSC| cr | o [ sE | RO [ TUE | THE | aE Control
OF (reads 00h) Reserved
10 {reads 0Ch) Reserved
1 Current Temperature Temperature
12 Start Delay Register (LSB) Start Delay
13 Start Delay Register (MSB) Start Delay
14 | TR [MEMCLR| MiP [ sip [ LOBAT | TLF [ THF | ALMF Stalus
15 Minutes
15 Hours Start
17 Date Time
Stamp
18 Month
19 Year
1A Low Byte
18 Medium Byte cunel
1c High Byte Counter
10 Low Byte
= = Total
edium Byte Samples
1F High Byte Counter
20-3F (Read 00H) Reserved

sation. It is also year 2000 compatible.

The device can be programmed to
start a temperature logging session via
a push button, or under control of a
host PC through the serial interface.
After a session is started, the DS1615
can be made to wait for a pre-pro-
grammable delay ranging from 0 min-
utes to 45.5 days before taking its first
temperature measurement.

After the first temperature measure-
ment, the IC becomes idle. After a pre-
set interval, it wakes up and measures
temperature again. Up to 2048 temper-
ature records can be stored in the on-
board non-volatile memory. The device
also produces a temperature histogram
in 63 bins with 2.0°C resolution.

Control functions can also be carried
out directly by the chip. It has pro-
grammable high and low-temperature
trip points. If the measured temperature
is outside the pre-set temperature
range, the device can be made to flag
an interrupt.

Communications with the host can
carried out via a three-wire syn-
chronous serial interface or via an
asynchronous serial interface compati-
ble with a standard UART. A 16-bit
cyclic-redundancy check generator
(CRCQ) is also provided to safeguard
data read from the DS1615 in the
UART communication mode.

Details of the DS1615 can be found
in the manufacturer’s data sheets men-
tioned later.

The 1615 in detail
Pin name and functions of the 1615 are
described in Table 1.

Figure 4a) shows the internal mem-
ory organisation of the DS1615. Each
location is eight bits wide. The com-
plete memory locations are from
00004 to 17FFg — in total 6144 mem-
ory cells. These are segmented into 192
pages and each page has 32 memory
cells.

Memory locations — also called reg-
isters — in page 0 are shown in Figure
4b). Page 0 contains a real-time clock,
control registers, a status register and
other registers containing operation
parameters.

Useful registers are the sample-rate
register that determines the sampling
rate; start-delay registers that determine
a time delay in minutes before the first
temperature reading is taken after a
logging mission is started. Current tem-

Fig. 4. The 1615 has 192 pages of
internal memory. Each page consists
of 32 memory cells. Figure 4a) shows
the structure of the memory, while b)
shows functions of memory cells in
the first memory page — i.e. page 0.
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perature is stored in temperature regis-
ter at address 114¢.

Page 2 is a user’s non-volatile mem-
ory area where the user can write an
identification string up to 32 characters
long into the logger.

Temperature histogram bins start at
page 64 and end at page 67 — in total
four pages. Temperature records start
from page 128 and use 64 pages.

Users can only write to some memo-
ry cells in page 0 and all memory cells
in page 1. All other memory cells are
read-only. The DS1615 provides a
write-a-byte command and a read-a-
page command. The former writes a
single byte into a specific memory
location. The latter allows a user to
read a complete page, 32 bytes in one

go.

Locations for temperature records.
Memory at 00114 stores the most-
recently — measured  temperature.
Locations in pages 128 to 191 store
temperature records. The value in each
8-bit memory cell is converted into
temperature using,

Temperature=(0.5xbyte value in a
memory cell-40)°C

Clock and calendar. Time and calen-
dar information is accessed by read-
ing/writing the appropriate RTC regis-
ters in page 0. The data is in
binary-coded-decimal form. It is pos-
sible to set the clock for either 12-hour
or 24-hour mode.

The DS1615 contains a time-of-day
alarm whose registers are at 0007-
000A 6. Bit 7 of each alarm register is
a mask bit. When all mask bits are
logic 0, an alarm occurs once per week
when the values stored in time-keeping
registers 00004 to 00034 match the
values stored in the alarm registers.

Control and status. Location 000E¢
holds the control register, whose bit
functions are given in Fig. 5a). It is
used to set up the operating modes. Bit
functions of the status register at
00144 are given in Fig. 5b).

Serial interface. The DS1615 provides
two types of serial interface: asyn-
chronous and synchronous.

The asynchronous interface involves
two data lines, TX and RX, and has a
standard UART data format. Its bit rate
is 9600 and it communicates via eight-
bit word lengths terminated with one
stop bit. Parity checking is not used.

The synchronous serial interface is a
three-wire bus consisting of —RST,
SCLK and I/O (data input/output).
Since this design involves communi-
cating with a PC’s asynchronous COM
port, the synchronous interface is

INSTRUMENTATION
Msb
-EOSC | CLR 0 SE RO TLIE THIE AIM
-EOSC — 1:disable oscillator 0: enable oscillator
CLR — 1:enable memory clear 0: disable memory clear
SE — 1: a non-zero value in Sample Register. -ST pin held low 0.5 s to start logging
0: write a non-zero value to Sample Register to start logging
RO - 1: over write data from beginning if temperature memory is full
0: Stop logging data after the temperature memory is full
TLIE — 1: enable temperature low interrupt at -INT pin  0: Disable temperature low interrupt
THIE — 1:enable temperature high interrupt at -INT pin 0: Disable temperature high interrupt
AIM — 1:enable alarm interrupt at -INT pin  0: Disable alarm interrupt
(a) Bit functions of the control register
Msb
MEM
TR CLR MIP SIP LOBAT TLF THF | ALMF
TR — 1:current temperature is ready in the Current Temp Register. 0: not ready
MEM CLR — 1: memories are cleared. 0: memory not cleared.
MIP — 1: logging mission is in progress. 0: logging mission is not in progress
SIP — 1:temperature sampling is in progress. 0: sampling is not in progress
LOBAT — 1:low battery voltage. 0: good battery power
= Fig. 5. Bit
TLF Temperature low fla 5
P 9 functions of the
THF — Temperature high flag control and status
registers in

ALMF — Alarm flag memory page 0.

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

1

(b) Bit functions of the status register

12 345
| S 5 |

@) ¢

Fig. 6. Pin-out
and functions of
the RS232 port
on a PC.

|
G 7 89

345 6

7 8 9 10 11 1213
L0 M

(b)

S T T S T S e D
14 15 16 17 18 19 20 2122 23 24 25
25-pin male socket viewed from the back of the computer

Pin functions of the RS232 connectors

25 pin

O~ 30N -

20
22
23

9 pin MName Direction  Description
(for PCs)

~Prot - Protective ground
3 TD OUTPUT Transmit data
2 RD INPUT Receive data
7 RTS OUTPUT Request to send
8 CTS INPUT Clear to send
B DSR INPUT Data set ready
5 GND - Signal ground (common)
1 DCD INPUT Data carrier detedt
4 DTR QUTPUT Data terminal ready
9 2] INPUT Ring indicator

DSRD le] Data signal rate detector
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INSTRUMENTATION

redundant. If you wanted the 1615 to
talk to a microcontroller though, the
synchronous interface may well be
more appropriate.

Command sets. The DS1615 con-
troller recognises five commands that
are written into the chip via its serial
interfaces, Table 2. To write a byte
into the device, the host PC first sends
22,6 to the controller via the RS232
port. An address byte is sent next.
Finally, the host PC sends a data byte.

To read a page, the host PC sends
3314 to the controller. Then most and
least-significant addresses of the start
of a page are sent. After the DS1615
receives these two address bytes, it
sends back 32 data bytes from the
selected page plus cyclic redundancy
check bytes. Bytes are sent continu-
ously, i.e. without handshaking.

To read current temperature, the host

PC sends 554 first. If the logger is not
in data logging mode, i.e. MIP=0, tem-
perature is measured and the value is
stored in the temperature register in
page 0.

Since a temperature measurement
takes time, it is advisable to poll the
temperature-ready bit, TR, of the status
register. This bit being logic high indi-
cates that a temperature measurement
is completed and the value is written
into the temperature register. If the
controller is in the data logging mode
though, i.e. MIP=1, the command is
simply ignored.

To clear on-board memory, the host
first sends 644 to the control register,
sending the CLR bit high. Then the
host sends the ‘clear’ command, A5,
to the controller. After the memory is
cleared, the MEM CLR bit in the status
register goes high. Only after the clear
command is completed can the sample-
rate register be written with a non-zero
value to start another logging mission.

RS232 transceiver unit

Pin designations of the PC’s RS232
port are given in Fig. 6. In this design,
some of the port’s lines are used

2
(O

¢
Q

=0

BATTERY
DED Dm
\ O
" |:| OCE Ji

List 1. Main program for the temperature logger in Visual Basic 5.

Function Read_page (Address_MSB As Byte, Address_LSE As Byte)
Dim outbyte(10} As Byte
outbyte(0) = 51 ‘read page command
MSComml.Output = outbyte
outbyte (0) = Address_MSB
MSComml .Qutput = outbyte
outbyte(0) = Address_LSB
MSComml.Output = outbyte
End Function
Function Load _Datal{address As Byte, Data As Byte)
Dim outbyte(10) As Byte
ocutbyte(0) = 34 'write a single byte into memory command
MSComml ., Qutput = outbyte
outbyte(0) = address
MSComml.OQutput = outbyte
outbyte(0) = Data
MSComml.Output = outhyte
End Function
Function Clear()
Dim outbyte(l0) As Byte
outbyte(0) = 165 * clear memory of logger
MSComml.Output = outbyte
End Function
Function BCD(ByVal BIN As Integer) As Integer
BCD = (BIN \ 10) = 16 + BIN Mod 10 ‘convert a binary byte into
BCD
End Function
Function BIN(ByVal BCD As Integer) As Integer
BIN = ((BCD And 240) / 16} * 10 + (BCD And 15) ‘convert a BCD
data into a binary byte
End Function
Private Sub Commandl_Click()
‘erase memory, set Real Time Clock, set the start method as push
button start
Sleep (1000)
Scan_ipterval = Val(Textl.Text)
dummy = Load_Data(l4, 64) ‘set CLR bit in the Contrc Register
dummy = Clear ‘clear memory command
Sleep (10) “delay a short while
dummy = Load Data(l4, 16) 'SE bit=1, press Start button to start
logging mission

dummy = Load_Data{0, BCD{Second(Time))) ‘Real Time Clock, & bytes

dummy = Load_Data({l, BCD(Minute(Time)})

dummy = Load_Data(2, BCD{Hour {Time)))

dummy = Load_Data{2, BCD{WeekDay(Date))}

dummy = Load Data(4, BCD(Day(Date}))

dummy = Load _Data(5, BCD{Month(Date}))

dummy = Load_Data(6, BCD(Year(Date] - 1800))

dummy = Load Data(7, 0) 'Real time clock alarm, second

dummy = Load Data(8, 0) ‘Real time clock alarm, minute

dummy = Load _Data(3, 0) ‘Real time clock alarm, hour

dummy = Load _Data{1l0, 0) ‘Real time clock alarm, day of week

dummy = Load_Data{ll, 0) ‘low temperature limit

dummy = Load Data(l2, 0) ‘upper temperature limit

dummy = Load _Data(18, 0) ‘Delay number M5B=0, no delay

dummy = Load Data(l9, 0) ‘Delay number LSB=0, no delay

dummy = Load_Data(l3, Scan_interval) 'load scan interval in
DS1615

DoEvents

Label2.Caption = "“Initialisation completed. Logger can be
disconnected for PC. Press Start Button to begin
temperature logging”

End Sub

Private Sub Command2 Click()

Dim Scan_number As Single

Dim i As Integer, j As Integer, 1 As Integer

Command2 .Enabled = False

Commandl.Enabled = False

MSComml . InBufferCount = 0

‘read lst page

dummy = Read_page(0, 0) ‘read page

Sleep (50)

DoEvents

Logger_second = BIN(Data(l)})

Logger_minute = BIN(Data{2})

Logger_hour = BIN{(Data(3))

Logger_date = BIN({Data({5})

Logger_month = BINM(Data({6))

Logger_vyear = BIN(Data(7})

Scan_interval = Data(l4)

Start_minute = BIN(Data({2l + 1))

Start_hour = BIN(Data(22 + 1))

Start_date = BIN(Data(23 + 1})

Start_month = BIN(Data(24 + 1))

Start_year = BIN{Data(25 + 1))

Scan_number = Data(29) * 2564 * 256# + Datal28) * 256# + Data(27)

If Scan_number = 2048 Then Scan_number = 2048

DoEvents

LabelZ.Caption = "Logging mission starts from: * +
Stri{sStart_hour) + ™:* + Str(Start_minute) + " .
Str{Start_year) + "=* + Str(Start_month] + *-" +
Str{Start_date) + Chr$(13) + “Number of temperature
records stored in memory: ™ + Str({Scan_number)

‘read histogram data

For i = 1 To 4

dummy = Read_page{8, 32 * (i - 1))

Sleep (50)

DoEvents
Far j = 1 To 16
hist (16 * (i - 1) + J) = 256% * Data(2 * j) + Data(2 = 3 = 1}

Next j

Next i

‘read temperature records

For i 1 To 8

For 3j 1 To B

dummy = Read _page(15 + i, 32 * (j - 1))

Sleep (50)

DoEvents

For 1 = 1 To 32

Temp((i - 1) * 256 + (j - 1) * 32 + 1} = 0.5 » Data{l) - 40

Next 1

DoEvents

Labell.Caption = Str{(i - 1} = 8 + j)

Next j

Next i

‘save data onto hard disk

If Text2.Text = “* Then Text2.Text = "c:\Temp* & Day(Date) & "_"
& Month(Date)

filename = Text2.Text & “.DAT* ‘Text2.text is the filename

Open filename For Output As 1

Print #1, “Data is downloaded at (PC time) *; Time; ™ "; Date

Print #1, "Logger local time L
Logger_second; ":*; Logger_minute; ":*; Logger_hour;
*; Logger_date; “"-"; Logger_month; "-*; Logger year

Print #1, “Scan Interval: *

Print #1, Scan_interval

Print #1, “Logging start time stamp (minute hour day month year)"

Print #1, Start_minute; Start_hour; Start_date; Start_month;
Start_year

Print #1, "Total number of temperature records (2048 maximum)*

Print #1, Scan_number

‘save temperature log data

Print #1, “Temperature records (Log number, temperature in °C)"

For i = 1 To Scan_number

Print #1, i; Temp(i}

Next i

‘save histogram data

Print #1, “Histogram data (temperature bin, number of temperature
scans in the bin)*

For i = 1 To 64

Print #1, -40# + (i - 1) * 24; hist(i)

Next i

Close #1

‘Label2.Caption = “Data download and saved into a file”

Command2.Enabled = True
Commandl .Enabled = True
End Sub
Private Sub Command3_Click()
End
End Sub

Private Sub Command6é_Click()

Dim ocutbyte(l0) As Byte

outbyte(0) = 85 ' 55h is to read current temp

MSComml.Cutput = outbyte

Sleep (1000}

dummy = Read_page(0, 0}

Labeld.Caption = Format(0.5 * Data(18) - 40%, *00.0*) & "°C*

End Sub

Private Sub Form_Load()

Com_number = 0

Do

Com_number = (InputBox$(“Input 1,2,3 or 4 to select’ & Chr(l3) &
“COM1, COM2,COM3 or COM4", “Select a COM port®))

If Com_number = “* Then End

Com_number = Val (Com_number)

Loop Until Com_number <> 0

MSComml .CommPort = Com_number ‘'Assign a COM port

MSComml.InBufferSize = 35

MSComml.DTREnable = True ‘DRT goes high

MSComml ., OutBufferSize = 1 ‘output buffer size = 1

MSComml.InputMode = comInputModeBinary ' data format: binary form

MSComml . RThreshold = 32

MSComml.InputLen = 1 ‘read cne byte a time

MSComml . PortOpen = True ‘open the port

End Sub

Private Sub MSComml_OnComm/{)

"if 32 byte received, read data from the buffer

If MSComml.CommEvent = comEvReceive Then

For i = 1 To 32

Data(i) = AscB(MSComml.Input) ‘read data from input buffer and

assign to DATA array

Next i

MSComml . InBufferCount = 0

End If

End Sub

Program list in Module1.bas

Global Com_number As Variant, Scan_interval As Byte

Global Data(32) As Integer

Global Temp(2048) As Single

CGlobal hist(64) As Single

Global Start_minute, Start_hour, Start_day, Start_month, Start_year
As Integer

Global sel As Byte |

Declare Sub Sleep Lib "kernell2" (ByVal dwMilliseconds As Long)

Ri
Table 1. Pin functions of the DS1615 temperature recorder.
. SPK a1 O
Pin Mnemonic Description £ [N l D i
1 Viat Battery input for a 3V lithium cell. o
When Vee>Vpan the chip is powered O R4
by Vee. When Vpa>Vee, it is powered ml:l[l iy P2 e
by Vit Note that the serial interface R
is always powered by Vce. Du:lo
2 X4 Connection to a 32.768kHz crystal SWITCH
with 6pF internal load capacitance. ._E R=hasho
3 X2 ke
4 NC Not used
5 —-INSPEC  Together with Pin 6, signals status of O O
the operation of DS1615. : \\ jj
6 -OUTSPEC See pin 5.
7 —INT Open-drain output, active low, stays
wh|!e a stgtus bit in the status 70 mm
register signals an interrupt and the - -
corresponding interrupt-enable bit in
the control register is set.
8 GND Ground Fig. 7. The single-chip temperature logger can be constructed on a single-sided
9 -ST Start/status button input. When board and housed in a vented box. This figure shows the component layout of the
enabled as the data-logging start PCB.
control, this pin tells the DS1615 to
begin recording temperature at a
regular and pre-set interval. It must Table 2. The DS1615 recognises five commands, written into the chip via one
be held low for 0.5s. It is also used to of its two serial interface.
poll the status of logged data on pins
5and#6. Command Function Description
10 -RST Reset line of 3-wire synchronous 2245 Write byte Write a single byte into a memory cell in
interface, pages 0 and 2
11 110 Data input/output line in the 3-wire 3345 Read page Read 32 memory cells in a page in one
synchronous interface. go
12 SCLK Clock line in the 3-wire interface. 4445 Specification test Poll temperature extremes
13 TX Transmit line in the asynchronous 5515 Read temperature Measure temperature immediately and
interface. store it in the current-temperature
14 RX Receive line in the asynchronous register in page 0. Mission-in-progress bit
interface. MIP in the status register should be logic
15 COMSEL  Select Communication Mode. When low.
high, 3-wire interface is selected. A545 Clear memory Clears temperature record, histogram,
When low, asynchronous interface is temperature alarm, current samples, start
selected. time stamp, start delay and sample rate
16 Vee +5V power supply. registers. Clear-enable bit CLR in the
control register should be logic high.
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INSTRUMENTATION

unconventionally. Transmit data line
TD sends data from the PC to the log-
ger. It is clamped by a zener diode,
D3, inverted by Tr and then fed into
the receive-data pin, RX, of the con-
troller.

Fig. 8. Screen dump of the Visual Basic 5 demonstration
software.

Temperature records (Starts from 21:185)
O a0
s 3 l
20
§ 15 M
% 10
&5
2 g
D 120 240 380 480 600 720 B840 860
Time (minutes)
Temperature histogram
o 400
@
£ 300 +—
3
£ 200
[}
£ 100
o
O 9

Fig. 9. Plots of temperature record data and histogram from a
typical test. Both diagrams are produced using Excel.

Data from the logger is read by the
receive data line of the COM port,
namely RD. The TX pin of the con-
troller is fed into a voltage translator
circuit based on Tr; and the output
from that circuit is fed into the RD
line of the RS232 port.

The DTR line of the RS232 port
supplies power to the logger. From
Fig. 2 you can see that voltage at
DTR is regulated to +5V by D; to
generate a power supply for the
DS1615. The RTS line of the port
supplies —9V supply to the RS232
voltage translator.

The circuit can be constructed on a
single-sided board as in Fig. 7. The
circuit board can be housed in a vent-
ed ABS box, Fig. 1. The overall size
of my implementation of the logger is
70mm by 70mm by 28mm.

Software control

Visual Basic 5 software demonstrat-
ing how the controller can read is
shown in List 1. From Fig. 8, you can
see that there are four control buttons
on the screen: ‘Initialisation” to ini-
tialise the logger, ‘Download’ to
download data from the logger, ‘Get
temp’ to read current temperature
when the logger is not in a tempera-
ture logging mission, and ‘Quit’.

A scanning interval from | to 255
minutes is keyed into the text box
above the ‘Initialisation’ button.
Before data downloading, a file name
should be specified in the text box
above the ‘Download’ button.

Visual Basic 5 provides a Microsoft
COMM 5.0 control routine called
‘MSComm’, which is used to control
a PC’s COM port. The serial port
should be configured for 9600 baud
with 8-bit word length and one stop
bit. All these parameters can be set in
the ‘Properties” section of the
MScomm control routine. Other
parameters are set within the program
(see ‘From_load’ procedure in the
program).

Initialising the logger

temperature limits, start delay, etc.
® Write a non-zero value to the
sample-rate register.

If the logger is programmed to start
using the start button, a logging mis-
sion will start as soon as the start but-
ton is pressed for more than 0.5 sec-
ond. If the logger is programmed to
start under the control of the host PC,
after the sample rate is written into
the register, a logging mission starts
straight away. In both cases, once a
logging mission is started, the on-
board LED flashes four times.

An example of how the VBS pro-
gram initialises the logger is given in
the subroutine ‘Command!_Click()’.
The logger is programmed to start
logging once the start button is
pressed. The start delay is set as 0.
The first temperature measurement
begins when the second register in the
RTC rolls from 59 to 00. The delay
between two scans can be selectable
from 1 to 255 minutes.

Reading a page from the logger
consists of the following stages.

@ [ssue a ‘read-page’ command.

® Send MSB address of the start of
the page.

@ Sending LSB address of the start
of the page.

® Receive 32 data samples, plus
CRC bits if appropriate, via the
RS232 port.

® Read 32 data bytes, plus CRC
bytes if appropriate, from the
RS232 buffers into program vari-
ables.

The subroutine ‘Command2_Click()’
illustrates how to read temperature
records and histogram data from the
logger. Reading data from the logger
does not disturb the current tempera-
ture logging mission.

Temperature log data

After downloading data from the log-
ger, the program saves the data into a
file. The format of the file is DOS
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Stereo from all
angles IV

John Watkinson’s previous article looked at how
loudspeakers create the illusion of stereo. Now John
shows how the requirements of that illusion define the role
of the stereo microphone.

he creation of a convincing

virtual sound source at some

point between a pair of
stereo loudspeakers is possible when
the loudspeakers reproduce a pair of
waveforms with sufficient accuracy
in the frequency, time and spatial
domains.

Prior to the shading compensator
described in my last article, which
must be considered as part of the
loudspeaker system, must be pair of
signals for each sound source there
that are identical, except for a dif-
ference in amplitude which is a func-
tion of the direction.

A limitless number of these signals
can be linearly added to produce the
pair of waveforms fed to the speak-
ers. Some of these signals will be
directly from sound sources, others
will be due to reflections, reverbera-
tion or ambience.

It follows from the above that the
job of a stereo microphone is to pro-
duce, for each sound source, a pair
of audio signals that have no phase
or time differences but whose rela-
tive levels are a function of the
direction of that source.

Again an arbitrary number of
sources must be simultaneously han-
dled by linear superimposition. My
next article will discuss the addi-
tional constraints on distortion per-
formance that linear superimposition
in stereo causes.

Crossed-pair microphones

A widely used stereophonic tech-
nique involves the use of directional
mictophones that are coincidentally
mounted to avoid timing errors
between the signals but with their
polar diagrams pointing in different
directions. This configuration is
known variously as a crossed pair or
a coincident pair. Figure 1a) shows
a stereo microphone constructed by
crossing ‘a pair of figure-of-eight
microphones at 90°.

I discussed the actual requirement
for the variation of relative ampli-
tude with source position in my last
article with the help of Fig. 2. You
will see that the configuration of Fig.
1 approaches this requirement.

Qutput from the two microphones
will be equal for a sound source
straight ahead, because that source
will be equally off-axis with respect
to both microphones, assuming that
their polar diagrams are identical. As
the source moves left, it will move
closer to the axis of the left-facing
microphone and so the output will
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increase. At the same time it moves
further from the axis of the right-fac-
ing microphone whose output reduces.

Consequently, this configuration
appears to have the trend that Fig. 2
requires. Assuming that the micro-
phones are mounted at 90° to one
another, when a sound source has
moved 45° off-axis, it will be in the
response null of one of the micro-
phones and so only one loudspeaker
will emit sound. Thus the fully left or
fully right reproduction condition is
reached at £45°.

The angle between nulls in L and R
is called the acceptance angle, which
has some parallels with the field of
view of a camera.

Note that in most listening installa-
tions the loudspeakers will subtend an
angle of more like 60° to the listener,
and so a 90° sound stage is being
shrunk into only 60°. This is techni-
cally incorrect, but in practice the
error is relatively benign.

Loudspeaker directivity
In my experience, the better the direc-
tivity characteristics of the loud-

speakers, the further apart they can be

placed without the ‘hole-in-the-mid-
dle’ effect occurring. The closer the
speakers approach 90° apart, the more
the listener feels enveloped in the
ambience of the recording and indeed
the more important the inclusion of a
shading compensator becomes.

In the crossed figure-of-eight micro-
phone of Fig. 1, sounds between 45°
and 135° will result in a pair of sig-
nals that are ‘out of phase’. The main
consequence of this is the cancellation
of low frequencies because the
woofers are in one another’s near
field. Recording engineers try to avoid
placing dominant sound sources in
this region. However, in the rest of the
audio spectrum, when listening on
speakers with good time domain
response and directivity characteris-
tics, virtual images can still be formed
between the speakers. According to
conventional explanations of intensity
stereo this should not be possible and
indeed on poor loudspeakers it isn’t.

Note that the broadcaster has an
understandable abhorrence of the anti-
phase condition because the mono lis-
tener gets nothing! Sounds between
135° and 225° are back in-phase and
are mapped onto the frontal stereo
image. Fig. 1b) shows how the 360°
pickup of the microphone is mapped
into the stereo image between the
speakers. Note that the side zones fold
into the centre along the +45° axes.
Some experience of origami is useful
here.

The all-round pick-up of the crossed
eight makes it particularly useful for

classical music recording, where it
will capture the ambience of the hall.
Listening room reverberation will then
provide sound from remaining direc-
tions.

Chaotic reverberation

Although this is obviously not accu-
rately portrayed from a spatial stand-
point, the chaotic nature of real rever-
beration means that different but still
chaotic reverberation can still be plau-
sible. Clearly what cannot be achieved
with an intensity stereo system is the
creation of a dominant sound source
that is not between the speakers.

Other polar diagrams can be used:
the crossed cardioid is popular for
example. There is no obvious correct
angle at which cardioids should be
crossed, and the actual angle will
depend on the application.

Commercially available stereo
microphones are generally built on the
side-fire principle, with one capsule
vertically above the other. The two
capsules can be independently rotated
to any desired angle. Usually the polar
diagrams of the two capsules can be
changed.

‘While ‘mid and side’, or M-S, signal
stereo can be obtained by using con-
ventional L, R microphones and a sum
and difference network, M-S signals
can be obtained directly using a
microphone having suitably oriented
capsules. ‘Mid and side’ signals were
discussed in my last article.

Figure 3 shows M-S microphones
in which the S capsule musts always
be a crossed eight. A variety of
responses other than omnidirectional
can be used for the M capsule. Note
that in the M-S microphone, the fully
left and fully right conditions are
reached where the polar diagrams
cross over, i.e where M=S and
M=-8.

Benefits of the M-S microphone
The M-S microphone has a number of
advantages. The narrowing polar dia-
gram at high frequencies due to diffrac-
tion is less of a problem because the
most prominent sound source will gen-
erally be in the centre of the stereo
image and this is directly on the axis of
the M capsule.

An image-width control can easily be
built into an M-S microphone.
Adjusting the gain applied to the S-sig-
nal changes the acceptance angle of the
microphone. A favourite monophonic
microphone can be turned into an M-S
microphone simply by mounting a side
facing crossed eight above it.

The sound-field microphone
In the sound-field microphone, four
capsules are fitted in a tetrahedron. By

AUDIO

Fig. 1.
Crossed-eight
stereo
microphone
has two
capsules at
right angles,
a), and
crossed-eight
microphone
maps 360°
sound stage
into 90° as in
b).
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Fig. 2. Apparent position of the virtual sound source is a function
of the level difference between the channels. This defines the

characteristics that a microphone must have.

Fig. 3. Forward and lateral figure-of-eight capsules produce M-
§ signals directly, a). Forward capsule can be replaced by

cardioid, as in b).
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Fig. 4. Spaced
microphones.
Time of arrival
due from initial
transient
conflicts with
apparent
position of
sustained note.

Fig. 5.
Blumlein’s
shuffler allowed
spaced
omnidirectional
microphenes to
produce
intensity stereo
outputs.

L

R

adding and subtracting proportions of
these four signals in various ways it is
possible to synthesise a stereo micro-
phone having any acceptance angle and
to point it in any direction relative to
the body of the microphone. This can
be done using the control box supplied
with the microphone.

Although complex, the sound-field
microphone has the advantage that it
can be electrically steered and so no
physical access is needed after it is
slung. If all four outputs are recorded,
the steering process can be performed
in post production by connecting the
control box to the recorder output.

The coincident microphone and the
sound-field microphone both allow
stereophonic reproduction in that the
direction from which the reproduced
sound appears to come parallels that of
the original. However, these techniques
require directional microphones.

Other microphone techniques will be
found in stereo, such as the use of
spaced omnidirectional microphones.
Spaced microphones result in time of
arrival differences and frequency-
dependent phase shifts in the output
signals. When reproduced by loud-
speakers and both signals are heard by
both ears the intensity stereo mecha-
nism simply cannot operate.

Spaced omnidirectional
microphones

With spaced omnidirectional micro-
phones the result shown in Fig. 4 is
obtained.

Consider an off-axis source well to
the left. When the source begins to
emit sound, it will clearly be picked up
by the left microphone first, and the lis-
tener will hear sound from the left
speaker first. 4

However, as the sound continues, it
will result in two microphone signals
having a small amplitude difference but
a large time difference. If initially it is
assumed that the source frequency is
such that the path length difference is
an integer number of wavelengths there

Source

®))

will be no phase difference. This will
be reproduced by two speakers as a
source slightly left of centre because of
the small amplitude difference.

If the frequency is reduced slightly,
the wavelength becomes longer and the
right microphone signal will begin to
lead in phase, moving the phantom
image right. If the frequency is
increased slightly, the wavelength
shortens and the right microphone sig-
nal lags, moving the image left.

Consequently the apparent location
of the initial transient is in disagree-
ment with the location of the sustained
sound which is itself highly frequency
dependent. The result is that all sources
having a harmonic content appear to be
very wide.

Where the distance between micro-
phones corresponds to an odd multiple
of a half wavelength, the two micro-
phone signals are out of phase. As both
ears hear both loudspeakers, the result
is a dip in frequency response and no
image at all. This comb filtering effect
is a serious drawback of spaced micro-
phone techniques and makes mono-
phonic compatibility questionable.

Not stereo, but spacious...

A central source will give identical sig-
nals that create a central phantom
image. However, the slightest move-
ment of the source off-axis results in
time differences that pull the image
well to the side. The resulting hole-in-
the-middle effect is often counteracted
by a third central microphone which is
equally fed into the two channels.

This technique cannot be described
as stereophonic reproduction because it
is impossible for the listener to locate a
particular source. Instead a spacious
effect is the result.

As there is no scientific basis for the
technique it is hardly surprising that
there is no agreement on the disposi-
tion of the microphones. A great many
spacings from a few centimetres to a
few metres are used. One rule of thumb
that has emerged is that the spacing

e

L R
L+R
D— Sum Sum L Intensity
+ + stereo
D— Diff L-R Integrate Diff ——R output
Omni
Mics

should be no more than a third of the
source width.

There is no science to support the
creation of stereophonic images by
spaced omni-directional microphones,
but there certainly is some science to
suggest why recording engineers would
want to use omnidirectional micro-
phones. Used singly, rather than in a
stereophonic pair, a directional micro-
phone sounds ‘drier’ than an omnidi-
rectional microphone because it tends
to collect only the direct sound to the
detriment of the ambient or reverberant
sound.

In monophonic working it was then
logical to use an omnidirectional
microphone wherever possible. This
thinking then carried over into stereo,
where, unfortunately it doesn’t apply in
the same way. This is because the
microphones point in different direc-
tions and one can capture what the
other doesn’t.

Crossed eight versus
omnidirectional
Figure 1b) shows that sounds from
360° are mapped into the output sig-
nals when a crossed-eight microphone
is used. Consequently in theory and in
practice a crossed-eight stereo micro-
phone gives every bit as much ambi-
ence as an omnidirectional micro-
phone, but with directional information
as well.

1t should be obvious that a crossed-
cardioid microphone will sound drier
than a crossed-eight, but the recording
situation which demands a crossed car-
dioid would preclude the use of a

n omnidirectional microphone.

Omnidirectional microphones may
be audibly preferable to directional
microphones because they can have
better time-domain response. An omni-
directional microphone responds once
to a pressure step or transient.

However, a directional microphone
may obtain its directionality by using
an acoustic labyrinth to delay the sound
reaching the rear of the diaphragm.
This gives the required directivity, but
with the penalty that there is now a
multiple path for transients to reach the
diaphragm. Transients may thus be
smeared, impairing sound quality.

Blumlein’s shuffler
In his early experiments, Blumlein
used omnidirectional microphones out
of necessity, but he was aware that the
signals could not be used directly.
Instead a patented signal processor,
known as a shuffler, was used, Fig. 5.
The shuffler converted phase differ-
ences in the input signals into the level
differences required by the intensity
stereo format. The two microphone sig-
nals fed a sum and difference circuit.
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The difference signal would have an
amplitude proportional to the angle of
the source and to the frequency.
Frequency dependence was removed
with an integrator, prior to another sum
and difference unit which produced the
L—-R intensity output.

The integrator gave a dynamic range
problem in the signal processor. If the
microphones are close enough to give a
moderate phase shift at the highest
audio frequencies, they will give a
minute phase shift at the lowest fre-
quencies.

Figure 6 shows the solution. Here, a
linear array of omnidirectional micro-
phones is used. The centre pair is used
for the highest frequencies, the outer-
most pair for the lowest frequencies
and the intermediate pair for the mid
range. The dynamic range issue in each
microphone pair is then solved and the
three signal bands are combined by
selective filtering. .

Because they must allow the overall
response to be minimum-phase, the
band-combining filters are critical. In
many respects the band combining fil-
ter is the inverse of a constant voltage
loudspeaker crossover.

EMI tried to develop such a micro-
phone after WW II as part of the

AUDIO

LPF HPF BPF
I Shuffler Shuffler Shuffler
L R L R L R
¥ R
Fig. 6. Multi-band Intensity
microphone places stereo
capsules at a spacing output
appropriate to the
wavelength. E "
Stereosonic  system, but nothing  this approach deserves to be revisited

emerged. In my view, the analogue
technology of the day would not have
allowed the necessary shuffler to have
reached the required performance.
With modern electronics and capsule
design, this is no longer the case and

with today’s components. Incidentally
the Stereosonic system was the first to
identify the need for a shading com-
pensator; a stage which is conspicu-
ously absent from most of today’s
products. |
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Development Tools

PIC Emulators
from Tech Tools

Mathias In-Circuit Emulator

® | 6C5K to 20MHz

® 160K to 25MHz and data breakpoinls

® Modular design

® Tive Infegrated Windows Environment

® Supports standard assemblers and compilers
® True Bondou! Chip sel based

® Programmers and adoplors alse available
Full defails al www techicols com

BASIC Stamps

Still the easiest and fostest way lo
get your project up and going.

8 or 16 1/Q pins, easytoread k4
BASIC instructions plus onboard
comms and simple interfacing o
peripheral chips.

Scenix Emulators
from Parallax

SX-Key Emulator

compatible micros with up to 100mips
performance.

@ |ntegrated Windows environment
& Software configured oscillator

@ 5X Blitz low cost programmer also
ovailable. Full details and software af
www. parallaxine.com

SX chips are EEPROM based, PIC16C5x pin

® Full speed debugging or production chips

® 1810 52 pin reprogrammable devices
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-IEEHmos! circuit ideas sent to Electronics World get published

£75 winner

The best circuit ideas are ones that save time or money, or stimulate the thought process. This includes the odd
solution looking for a problem — provided it has a degree of ingenuity.
Your submissions are judged mainly on their originality and usefulness. Interesting modifications to existing
circuits are strong contenders too - provided that you clearly acknowledge the circuit you have modified. Never
send us anything that you believe has been published before though.
Don't forget to say why you think your idea is worthy.
Clear hand-written notes on paper are a minimum requirement: disks with separate drawing and text files in a
popular form are best — but please label the disk clearly.

Lead-acid battery that can operate in sifu

This float charger carries out a constant-
current, constant-voltage charging cycle
and is intended for use where the load is
always connected, taking power from the
mains via the charger or from the battery
when mains are absent. The circuit shown
takes a 6-cell battery of 35Ah capacity
and peak charging current is 16A (C/2).

The core of the arrangement is a buck
regulator with the switching element and
freewheel diode arranged to make the
positive side common, which enables the
use of an n-channel fet operating in

compared with error amplifier output on
pin 1 of the regulator and the on time of
the cycle adjusted. The components

Dg gRg and the base-emitter of Try clamp
the error amplifier output so that the peak
voltage across R, does not exceed 0.25V
to limit the charging current to 16A at
switch-on with a discharged battery. In
this constant-current part of the cycle, Ty
lights the yellow led to indicate the fact.
Near full charge, error voltage falls and
charge current decreases, so that the
clamp circuit is'inactive and the yellow

Advantages are that lead length is not a
factor in battery-voltage sensing and the
temperature coefficient of the transistor,
which must be near the battery and away
from power semiconductors, supplies
temperature compensation.

The LM393 op-amps constitute a fault
detector, so that if battery voltage is
outside the 10.2-20V area, one of the red
leds illuminates and charge current is
switched off.

Power for the circuit comes from the
transformer centre tap to prevent the

National Instruments sponsors Circuit ldeas

Over the next 12 months, National Instruments is awarding over

£3500 worth of equipment for the best circuit ideas.

Once every two months for the next year, National Instruments is awarding an NI4050

digital multimeter worth over £500 each for the best circuit idea published over each two-

month period. At the end of the 12 months, National is awarding a LabVIEW package

worth over £700 fo the best circuit idea of the year.* The first winner, selected from this

issue or the following one, will be announced next month.

About National Instruments

National Instruments offers hundreds of software and
hardware products for data acquisition and control, data
analysis, and presentation. By utilising industry-standard
computers, our virtual instrument products empower users
in a wide variety of industries to easily automate their test,
measurement, and industrial processes at a fraction of the
cost of traditional approaches.

Software _

Our company is best known for our innovative software
products. The National Instruments charter is to offer a
software solution for every application, ranging from very
simple to very sophisticated. We also span the needs of
users, from advanced research to development, production,
and service. Our flagship LabVIEW product, with its
revolutionary, patented graphical programming
technology, continues to be an industry leader. Additional
software products, such as LabWindows/CVI,
ComponentWorks, Measure and VirtualBench, are chosen
by users who prefer C programming, Visual Basic, Excel
spreadsheets, and no programming at all, respectively.

Hardware

Our software products are complemented by our broad
selection of hardware to connect computers to real-world
signals and devices. We manufacture data acquisition
hardware for portable, notebook, desktop, and industrial
computers. These products, when combined with our
software, can directly replace a wide variety of traditional
instruments at a fraction of the cost. In 1996 we expanded
our high-performance E Series product line in PCI, ISA
and PCMCIA form factors, shipped our first VXI data
acquisition products, and added remote (long-distance)
capabilities to our SCXI signal conditioning and data
acquisition product line.

Our virtual instrumentation vision keeps us at the
forefront of computer and instrumentation technology.
National Instruments staff works actively with industry to
promote international technological standards such as
IEEE 488, PCMCIA, PCI, VXI plug&play, Windows
95/NT, and the Internet. More importantly, we integrate
these technologies into innovative new products for our
users.

.

-common-source mode; no level shifting is led goes out. : circuit draining battery current in the / \
needed. It has the drawback that the Voltage feedback from the battery is absence of mains power. NI4050 LabVIEW
battery negative is not thclcirc_uil negative. divi_dcd by the number of cells in Ry3 y3 14 lan Benton The NI 4050 is a full-feature digital multimeter (DMM) for LabVIEW is a highly productive graphical programming
AOCUC3842 regulator m‘amtams 14.4V at to give a mean cell voltage across R_|3, the ers(or;}_ hand-held and notebook computers with a Type II PC Card environment that combines easy-to-use graphical development
20°C across the battery. The voltage _ voltage across Trs collector load being Derbyshire (PCMCIA) slot. The NI 4050 features accurate 5V, digit DC with the flexibility of a powerful programming language. It
dropped by peak current through Ry, is used as the feedback to the regulator. D64 & L 5 2 y ’
voltage, true-rms AC voltage, and resistance (ohms) offers an intuitive environment, tightly integrated with
. 1000y 25V measurements, Its size, weight, and low-power consumption measurement hardware, for engineers and scientists to quickly
2[;}‘ make it ideal for portable measurements and data logging with produce solutions for data acquisition, data analysis, and data
bridge| | Gidoi Red Yellow Dio hand-held and notebook computers. presentation.
G, . - MBR4045 +_|
L Ty T +L 220004 D, {D; LD, D, + - . : ,
g =40V 2 2 2 v % @ DC Measurements: 20mV to 250V DC; 20mA to 10A ® Graphical programming development environment
“ 3 R, 7 L ® AC Measurements: 20mV rms to 250V rms; 20mA rms to ® Rapid application development
i ﬁ P AR 100 20A 10Arms; ® Scamless integration with DAQ, GPIB, RS-232, and VXI
1%0%& i\f +* & :_FC? — Gy éﬂ IC, @ True rms, 20Hz to 25kHz @ Full, open network connectivity
122'3” 10 : 4| UC3842 IE)T i @ Up to 60 readings/s ® Built-in display and file /O
1 g IRFPO44 e UL Listed
4. Tan o \o 5!/, Digit Multimeter for PCMCIA /
C,b 470R
. *All published circuit ideas that are not eligible for the prizes detailed here will earn their authors o minimum of £35 and up to £100. The first
T LM393 Cs Ry Rys NI4050 will be awarded next month for the best idea from the December or January issue.
1NE§'43 1NE?48 T"‘ %15':' e
_ i National Instruments - computer-based measurement and automation
National Instruments, 21 Kingfisher Court, Hambridge Road, Newbury, Berkshire, RG14 55]. Tel (01635 523545), Fax (01635) 524395
(D64) \info.uk@ni.com www.ni.com. /
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CIRCUIT IDEAS CIRCUIT IDEAS
Whether the input to this 12V or 24V in - 12V out all the time
circuit is 12V or 24V, the
output is always 12V, with I detected a drawback in D M input, the fields cancel and the
no potentially damaging Closed Bridgen’s circuit in April 1999 relay opens to provide a 12V
delay in switching the output | . only for on page 646. For a few output. .
to the lower voltage. i milliseconds when the input With a 12V input, only one stepper motor drlve has appeal for anga Iog ue h
= reaches 24V, the output is 24V, coil is energised via the Try d d. g I d - N
Input 12/24V0— . oOutput +12V repardless of whether the inputis  constant-voltage source; the
QQTH 12V or 24V. This delay until the  relay closes, connecting the 12V an Ig“a eSIQners U‘
relay opens could be long input to 'the output. The relay A Microchip PICI2C508 width and therefore the speed, which +3V
enough to damage some contact is therefore always open microcontroller generates pulses in is controlled by R, »C, the table |
components connected to the unless the input is 12V.The the correct sequences and widths to indicating the result of varying R R, +|J__,4C?%
output. ) _ resistor Ry is equal to 1.3R/12, control the speed and direction of a when C, is 100pF and 0.01pF. 5k PIC12C508 ™™ 105 -
In my alternative, a double-coil ~ where R is the coil resistance. four-coil stepper motor. Yongping Xia ! ! :
A1ov relay prevents that possibility, at ~ Jean-Marc Brassart The controller outputs the four Torrance Voo Vss p
the expense of a few extra parts. Saint-Laurent-du-Var phases, the sequence being California 512& 2 2osc,  GP,|Z :
The two coils are cor}nected in France determined by the status of GP3. The USA _8lap ap. [ m
(D57) o opposition, so that with 24V D57 built-in RC oscillator sets the pulse D56 ‘ 1 =
: dap,  ap,fS
i
Control software, for generating phase A to phase D pulses via a the
Robust 5-30V, 10A power supply PICT2C308. 25
Although this design has been Rg 9, Rg being used to adjust the Short-circuit protection is by STATUS equ 0x03 A _[—l—l—L A
around for some time, it has given output and the minimum output set means of the thyristor, a drop in g'“ Y st g:gg S
good service and never failed. It is by Ry;. output voltage cutting off Trg when it o £ 0x07 B T B 1
protected against overload and short- As regards protection, T7rs 7 take is lower than the zener voltage and i :?; 0,):0 —l_'—'-r et ) NS
circuits. care of current limiting. Resistors triggering the thyristor to shut down main clrf GPIO : ' i
After the rectifier and reservoir Rs g drop a voltage dependent on the regulator. Reset is by Swy, which movlw  0x28 i ¥ —L i ——l—[
capacitors, the four 3055s are in output current and cause Trs to must also be pressed at switch on. Eris el ; T i 2 o
parallel to take a load of up to 10A, conduct at high current output, . Jef Collin Zgiig—: Gaed : D -
| the series resistors equalising the cutting off Tr; and therefore the Turnhout T A Dir = +5V Dir =0V
] currents. Regulation is by the regulator. Switch Sw; sets the current  Belgium :
| pA78GUIC feedback coming via limit. D61 start 4 J Driving a stepper motor from the outputs of a PIC
btfsc GPIO, 3 H 1/2 1/2 2 3 ol . .
| i forimiia . 2 3 microcontroller, which varies speed and direction.
| Try R, Rg M rgngv? phase, 0 : 1 3
' 2N3055 0.33/10W 0.125W 1A btfss  STATUS, 2 172 4/5
PWRCON_Filter Sw, T, ey WW—¢ Ve goto next_1 ; 2 6
T BR, 2 Rs movlw 0x03 : 1 6
2% o.smw movwE phase 7 1 7
: 8
GND b Q Try Rq 5 3‘:’5 A 222 ; 1 9 . ! L
+l, 4 243055 o.33/70W b smamiaE w8 o The first National Instruments digital
C AMW—S R next_1 ; 6
220V 1 2 5 £ : 3
= KPeER0) Iooooﬁoooou &9 Wi 0.12/5W decf  phase, 1 i 1 7 multimeter winner, to be selected from the
7 63V === 63V s nop ; 1 8
% T 1 9
Re A esmdsnee = iy December 1999 and January 2000
0.33/10W forward 3 . .
(D61) . moviw  0x03 f A B issues, will be announced next month.
D, ¥ 5 N 34 subwf phase, 0 1 5
e s Ic 14140 btfsc  STATUS, Z /2 6/7
UA?BG:U'IC goto next_2 . 3 2 8
Ry - incf phase, 1 H 1 g
| 2k7 — - nep ,
*>—¢ t d_pul ; 2 11
0 T b Output voltage next_2 SR i £ 8
= P3055 Re M, + clrt phase ; 1 9
. 20k Meter range 15/30V @1 5V ¢—o goto Sendppiee i 5 11
: R l \_/ send_pulse ; 11
1 R == movE phase, 0 ; 1 12
e §10k 100R R Swy ] 4:-:;’4 call find_phase ; 5 17 These values determine the stepper
; 4& Ryg 1 movwE GPIO ; 1 18 motor microcontroller’s pulse widths.
20k s haE:EO ghact : 2 2l Ry+R; Pulse width
m ', " /bs 3 ind_pr adiiit N i i C|=10°PF Cy=10nF
Simple, but robust and Swy o 47n retlw 0x01 ; phase A ol 72ps 5.1ms
h ki nowereil oo Reset [1- retlw 0x02 ; phase B 10k 130ps 9.4ms
suf)p;; Kith fu};.l' wer retlw  0x04 ; phase C 20k 260ps 19ms
m Lo z retlw  0x10 i Bhase D 51k 630ps 47ms
g;t?r:g;)o!:.tu :?V : TH, . ot i 100k  1.25ms 90ms
Sovarias T B BRY45 - ' 200k 2.5ms 180ms
; C. = 510k  6.3ms 470ms
3
47n Trg D;
2N1711 BZX55C4V7
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Track your products with an electronic serial number - easily and at negligible cost
Program a chip using this exceedingly simple PC-based one-chip programmer then
embed the chip into your design. The 32-digit serial number within the chip can then
be used to, say, track the procuct through manufacture, or to identify it later in its life.

Easy programmer for 16byte eeproms

A 16byte eeprom by Microchip, the 24LC00, is
packaged in a 5-pin SOT-23 and provides up to 32
digits, used, for example, to generate electrically
readable serial numbers.

Shown in the diagram is the interface between the
pc and the eeprom, in which the two outputs on pins 4
and 7 generate an I2C sequence to the 24L.C00, pin 4
also providing power to the ic. Diodes D) 4 clamp
these outputs to 5V and R, 5 are pull-ups for
SCL/SDA lines.

The C program initially writes the 32-bit serial
number at the start, the number increasing by one for
each device written to.

D; 1N4148
cD | s
104 Ry 1k
20]RX D, 1N4148T—'WW—'—1
ot

g0 \p, 186T ?{f e v
50 GND 1N5231 P_ vss
604058 D, SDA nc
7°_ﬁT5 1N5231 24L.C00
ol —e——iq

Al D, 1N4148
S t—

(D55)

Yongping Xia
Torrance
California
USA

D55

Software for programming an EEPROM through a PC’s COM

port. This C program writes a serial number into the 24LC00. A

32-digit initial number is asked when the program is started.

This number is programmed into the 24LC00 by hitting the

return key. The serial number is incremented automatically for

next device.
finclude <stdio.h>
#include <conio.hs>
#include <dos.h>
#include <bios.h>

f#define MCR 4

#define MSR 6

#define SCL_LOW Oxfe

fdefine SCL_HIGH 0x01

#define SDA_LOW Oxfd

#define .SDA_HIGH 0x02

int i, j, id_num[32], out_data, port_add,

key_num, temp_data, read_ack,
in_put, read_data, find_err=0,
base_addl=0x3f8, base_add2=0x2£8;
void get_start_num(void)
ID number */
{
printf{*Start ID Wumber:\n");
for (i=0; 1<32; i++)
{
in_put=getche():
if (in_put>0x39 ||
1=32;
else

{

in_put<0x30)

for (j=i; 3>0; j-)
id _num{jl=id_num[j-1];
id num[0]=in_put & Ox0f;

}
} .
void send_control (int control_data)
byte to device */
{
for (j=0; 3<8; J++)
{
if (({control_data&0xB0)!=0)
out_data|=8SDA_HIGH;
else
out_data&=SDA_LOW;

/* send 1

/* get an initial

}

}

In devices needing electrically readable serial numbers, the 24LC00 16-byte
eeprom is tiny and provides a 32-bit number. The circuit shown programs
the eeprom from a pc’s serial port.

outportb(base_addl+MCR, out_data);
delay(1);

out_data|=SCL_HIGH;
outportb(base_addl+MCR, out_data);
delay(5);

control_data*=2;
out_data&=SCL_LOW;
outportb(base_addl+MCR, out_data);
delay(l);

out_datal=SDA_HIGH;
outportb(base_addl+MCR, out_data);
delay(l);

int get_ackivoid) /* get

{

}

acknowledge */

out_datal=8CL_HIGH;

outportb(base_addl+MCR,

out_data);

delay(5);
read_ack=inportb(base_addl+MSR)&0x80;
out_data&=SCL_LOW;
outportb(base_addl+MCR, out_data);
delay(l);

if

(read_ack!=0)
return 1;

else

return 0;

int write_ic(void)

{

*/

out_data=0x03;
for (i=0; i<l6; i++)

{

out_data&=SDA_LOW;

outportb(base_addl+MCR, out_data);

delay(1l);

out_data&=SCL_LOW;

outportb(base_addl+MCR, out_data);/* start */

delay(l);

send_control (0xal)

if (get_ack()!=0)
return 1;

send_control (i); /* send address

read_ack=inportb(base_addl+MSR)&0x80;

if (get_ack()!=0)

*y

}

in

{

*/

return 1;
temp_data=id_num([i*2+1]*16+id_num[i*2];
send_control (temp_data) ;

if (get_ack()!=0)
return 1;
out_data&=SCL_LOW;
outportb(base_addl+MCR, out_data);
delay(1);
out_data&=SDA_LOW;
outporth(base_addl+MCR, out_data);
delay(1);
out_datal=SCL_HIGH;
outportb(base_addl+MCR, out_data);
delay(5);
out_datal|=SDA_HIGH;
outportb (base_addl+MCR, out_data);/* stop */
delay(1l};
]
return 0;
t verify_ic(wvoid)
for (i=0; i<16; i++)
{
out_data&=SDA_LOW;
outporth (base_addl+MCR, out_data);
delay(1l);
out_data&=SCL_LOW;
outporth{base_addl+MCR, out_data);/* start */
delay(1);
send_control (0xal) ;
if (get_ack()!=0)
return 1;
send_control (i) ; /* send address
read_ack=inportb(base_addl+MSR) &0x80;
if (get_ack()!=0)
return 1;
out_data&=SDA_LOW;
outportb(base_addl+MCR, out_data);
delay(1l);
out_datal=SCL_HIGH;
outportb({base_addl+MCR, out_data);
delay (5) ;
out_data|=8SDA_HIGH;
outporth(base_addl+MCR, out_data);
delay(1);
out_data&=SDA_LOW;
outportb{base_addl+MCR, out_data);
delay(l);
out_data&k=SCL_LOW;
outportb(base_addl+MCR, out_data);/* start */
delay (1) ;
gsend_control (0xal) ;
if (get_ack(}!=0)
return 1;
read_data=0;
for (3=0; j<B; j++)
{

/* send control */

/* read device */

out_data|=SCL_HIGH;

outportb(base_addl+MCR, out_data);

delay (5);

read_data*=2;

if ((inportb(base_addl+MSR)&0x80)!=0)
read_data++;

out_data&k=SCL_LOW;

outportb(base_addl+MCR, out_data);

delay(1);

}

out_data|=SCL_HIGH;
outporth (base_addl+MCR, out_data) ;
delay(5);
out_data&k=SCL_LOW;
outporth (base_addl+MCR, out_data);
delay(1);
if (read_data!=id_num[i*2+1]1*16+id_num[i*2])}

return 1;
out_data&k=SDA_LOW;
outportb{base_addl+MCR, out_data);
delay (1) ;
out_data|=SCL_HIGH;

/* send data

outportb({base_addl+MCR, out_data);
delay (5);
out_data|=SDA_HIGH;
cutportb(base_addl+MCR, out_data);/* stop */
delay(1);
'
return 0;
}
void init (void)
{
clrscr();
for (i=0; 1<32; i++)
id_num[i]=0;
outportb(base_addl+MCR, 0x00);

delay(100);
}

void increase_id_num(void) /* increase ID number by 1

*/
{
i=0;
dof
id_numf{i]++;
if (id_num(i]==10)
{
id_num[i])=0;
i+4;
1
else
1=32:
}while(i<32);
}
int main(void)
{
inic();
get_start_num();
clrscr(};
printf(*Hit enter to program device, hit g to
quitin®);
for (;;:)
{
clrscr();
printf (“\n\n\n\nCurrent ID = *};
for (i=0; 1<32; i++)
printf{*%d*,id_num([31-il);
if {(find err==1)
{
printf{*\nThere is an error”);
find_err=0;

}

printf (“\ni\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n*) ;
Push Q

printf(* Push Enter to program the device.
to quit”®);
in_put=getch();
if (in_put==0x51 || in_put==0x71)
{
elrscr{);
exit(l);

else
{
clrscri);
printf {*\n\n\n\nCurrent ID = *);
for (i=0; i<32; i++)

\ printf({“%d”,id_num[31-i]);
printf (*\nProgramming...”");
outportb(base_addl+MCR, 0x03);
delay (400);
if (write_ic()!'=0)

find_err=1;
else
{
delay(1l);
if (verify_ic()==0)
increase_id_num();
else
find_err=1;
}
outporth(base_addl+MCR, 0x00);
delay (10) ;

~
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S your pice simulator not quite hot enough?
@ ® ’ ® ®
Ssb transmission checker fits in If not, read on...
L] . .
< Mic rophone hou Sl ng Produced by the UK's leading simulation engineers, Spicycle offers...
This two-tone generator assists in the tudes at the output of the LM358. The voltage rail, within 0.05% for a varia- @® Analogue + mixed-mode digital simulation with SPICE and extended
adjustment of amateur ssb transmis- voltage rails are £1.5V and Ry 5 set the tion of 1.5-6V. | algebraic functions
sions and is compact enough to allow bias. Transistors are BCI47 and the ‘long \ ® Schematic editing with TrueType fonts
Two-tone s inclusion in the base of a tabl fichi tails’ are LM334 current T ® Drag and drop t bi
g fy IS TICHUSTREILHIS: bast D1 3 fabic Switching, shown separately for alls’ areil carrest sourees, 1o (6] rag and drop from component bins
rapfg checking of microphone. clarity, allows each or both oscillator guard against rfi, a shielded enclosure @® PCB layout facilities - optional extra
sobb aiiateut Two similar LC oscillators operate outputs by shorting the unused oscilla-  should be used. ® PCB features; regional DRC, copper fill, BOM, rat's nest connectivity
transmissions, on unrelated frequencies: in this tor, this allowing dc coupling between P | Anderson i from schematic
small enough for ~ ©€Xample, 820Hz and 1950Hz, the tuned  them. Sydney - ® Back annotation from simulator to schematic
mounting inside  circuits determining the frequencies. Amplitude is within 1% with supply Australia - ® Library includes electronic + mechanical engineering behavioural
a microphone. Balance is set to obtain equal ampli- variation of 1.25-1.5V or, with a higher ~ D54 : Hanlia
® Convert Spice net lists into rat's-nested schematic — reverse engineering
Ly 3 1958 - made easy
I e .5 %% iy ® CAM outputs (printer, plotter, drill and Gerber)
100K Ga O\Q ® Re-use existing PCB layouts with Gerber import
MY | i Switch functions @ Hook up the simulator directly to PCB for the ultimate in design
+1.5V validati
: b ® Ua Idatciunbl buy what you need now and de lat
- e BC147 BC147 To collector 'rra(j To collector Tr, PEfadeable:=uy yo Q% Ae-MPEFAGE st
1G4 And much more. To get a better idea of the power of Spicycle,
+_-11/2 LM358 TO cinaic visit our web site at http://www.spiceage.com.
5k 1 -
! | L These @W Spicycle - Professional Windows software
to all points V V g i i :
oo B +L . M"ma il points Eﬁﬂﬂ@_@ﬁ’@ [{td] 7y tools for tomorrow's electronic designs
(D548 _|j__1 5V Those Engineers Ltd, 31 Birkbeck Road, LONDON NW7 4BP.
-1.5V ) ) (D54a) Tel +44 (0) 20 8906 0155 FAX +44 (0) 20 8906 0960  e-mail sales@Those-Engineers.co.uk
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Efficient thermostat uses 50W bulbs to achieve

+1° temperature environment Why Settle for AM when you RS LA 4 |
: can afford High Quality FM ! © L B PROG _BLV

This design is capable of running four drive capability might well manage output permanently on or off.
50W, though greatly underrun, lamps without the emitter follower. The diode The variable resistor controls the set
used as heaters, maintaining a is only needed if the load is inductive. point between 25°C and 40°C.
temperature setting to within 1°. An operational transconductance When the temperature is low, the Transmitters & Transceivers
The ICM7555, IC,, is used as an amplifier IC,, a CA3080E, has a CA3080E output is low, the 555 output =
oscillator running at around 30kHz maximum current output dependent on  high and the fet on. High temperatures
: with a 50% duty cycle and driving the the current into pin 5. Resistor Rs has reverse this and the fet goes off.
Proportional ~ complementary emitter follower. In just under three times the resistance of Between the two extremes, the 3080
thermostat controls turn, the follower drives the power fet the oscillator feedback resistor to input voltages are about equal and the
a dc load to within to switch the load; one of the 555 ensure that it will be able to hold the 555 oscillates, its duty cycle being
1°C, devices that has a decent amount of 555 oscillator high or low to turn the controlled by the 3080 output current.

There is therefore a proportional
control band to minimise overshoot.

T ? * +—+¢-0 +12VDC Gain of the 3080 is quite low — an
advantage here, since too high a gain o
would give too narrow a proportional ! |}
( iD'd) Load band. As shown, the band is about 1°C, '
R to suit loa though varying the 2.2k resisto ;
56k Va(;?ei t;:rgggwijth‘ italéo prevtents We can offer the lowest prices on high quality FM
i I the differential input voltages Radio Da_ta Modules both in the UK and overseas !
exceeding 5V —not a good idea with Our qualified engineers offer full technical support .
7 2 the 3080. from simple advice to system design & integration, s
5 . B . f
. e = o5 K e For a free catalogue, wall chart or quotation just £356.nn
6l iIcM7&s5 IRFZ34 that when the circuit leaves the Mo gt o e o) Plus Delivery *J
4 CA3080E proportional band the frequency drops e-inall sgles SadalccCEMOICEAL.  d\FTakiEE, Plus VAT
fax or telephone quoting ref; WWRMI
and becomes audible as a whistle if the P q & :
load vibrates. -
10K ! il Telephone +44(0)1992 576107
< Th, O8N o on Fax +44(0)1992 561994
R, 33k at == C, Disrhyihi http://www.radio-tech.co.uk
10k  [25°C NTC n el ey : - =
” D63 adio - Teck Radio-Tech Limited
o 5 ~ !

Your official Radiometrix Distributor
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CIRCUIT IDEAS

How do | bring this signal back to a OV base line?

Accepting a £10V input, this circuit
corrects a zero offset of up to =5V, so
that the output is an inverted replica of
the input but referred to zero volts.
Comparator IC, detects input polarity
and determines the polarity of the
voltage applied to the digital
potentiometer /C,. If the comparator
IC, output goes high, the resistor R,
is connected to zero volts through the
pot, so that the potentiometer input is
around +5V; when the comparator is
low, the pot input is taken to -5V by
the comparator pull-down. Voltage at
the potentiometer wiper is buffered
and taken to ICsy, where it counters
the voltage from the input, its output
being an inverted form of the circuit
input, Since the comparators are 5V

applied to provide hysteresis.

Momentarily pressing PB, applied
the input to /Cy,, which senses the
polarity and O, of ICy goes high to

allow clock pulses from ICs to
increment the potentiometer /C,,

which ramps up or down depending on

the control voltage from IC5. The
initial error, output of IC), is
compared with the polarity of the
potentiometer input in /Cy, which
selects the direction in which the
potentiometer ramps to reduce the

error. As the error passes zero, inputs

1 or 2 of IC4, depending on the
polarity of the initial error, cause

positive-going spikes at its output.
These are cleaned up in /C, and used
to reset /Cy to close ICs and stop clock

100 steps maximum.

ICg is the 50Hz clock, which allows
a zeroing time of 2s; a faster process
could be arranged, but various noise-
reducing capacitors have been selected
for that purpose and would need to be
reduced for a faster operation.

Switch PB; provides a manual
increment. Dallas Semiconductors
have the DS1666 variable-sensitivity
pot., which is compatible with the one
shown here, the Xicor X9C103,
provides higher resolution. There are
also the X9C303 logarithmic type,
needing a variation in Rs, and the 128-
step AD5220. No debouncing is
needed on either switch.
lan E Shepherd
H R Wallingford

devices, attenuators reduce the voltage  pulses going to IC5. The output is now Wallingford
at their inputs, and positive feedback is  zero £50mV, the potentiometer having Oxfordshire
100k
ANV
+15V
+5V
zero VY R
= 1
inputo—e—o 18k 8
+10V PB,a 2 alyy ic, -
10k ; X9C103 W ——A
fl
S /CSVss U
Taking an input of 6|7 [4
up to +10V, this
arrangement senses
polarity, corrects for "
a zero voltage offset R i
and produces an e p O’i 14 ’ ICq P
output equal to the Y rermiant L i /24011
input, but centred on | o o i 2 +5V
zero. PB, Rs 14 4077 1|2 |4 E ils
10k =5V
i i 100kS 1 10k
CLK>—— 10k
7
100p ——>CLK
|
— IR
50Hz
100k 100K
AN
10n
I l +5V
A 5 +5V
>_
7 10k
100p s J1
S 347 I\ 4
i 100k 114 4071
2 5 |16
+3V zero Qi E
5 5—4s ICq Rsi®
PB;b
81,4083 (Ds9)
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TELFORD ELECTRONICS

Old Officers Mess, Hoo Farm, Humbers Lane
Horton, Telford, Shropshire TF6 6DJ, UK
Phone: (00 44) 01952 605451 Fax: (00 44) 01952 677978
e-mail: telfordelectronics @telford2.demon.co.uk
Web: http://www.telford-electronics.com
Carriage: £10+VAT @17.5% to be added to all UK orders
Overseas orders welcome — Please call

ALL OUR EQUIPMENT HAS A 30 DAY GUARANTEE
We now accept all major credit cards - Visit our NEW Web Site

JUST ARRIVED E‘u‘w Thandar TSX3510P qurmman-e o Pouranpty 35\' m

Atvantest  TR413T  Spectum  Analyzer  10kHz-3.5GHz

RS

Aniitys MS2BE3A Spectrum Analyser SkHz-8.16Hz .. £7.250.00
Anititsy MS555A2 Radi E;qmmumca ns nndﬂe« ?SMHH(‘;_HEM
00

HPES5HA Specm.'n ina}ﬁy 100Hz-1 5GHz .
Anritsy M32601A Spectrum Analyzer

Teitronix 15028 TOR Cadia

f : S8k S o £2,000.00
HPETS3E AF Network nna&rzpr J00kkKz-66HL ls‘Fs?ssl:Es BEK 263 Measuring Amplier. .. £2500.00
Electrohiome Marquse BS00 B CAT Based projech BAK 5935 Dual Microphone Supply ;5‘38%

Efectrohoens Marquee 7500 8 CRT based projecior..

r.\lsmL.\r.'ErJus gm
Fluke 45 Duat Display Mulbnete e truen Anaiyzer 500.00
Fluke 77 Multimeser . ] HP 35584 10Hz-150MHz Specirum Analymr

Fluks 79 Mulimetes + Capaciancs..
HP 41934 Vector Im

HP 4324 Powar Meter + HN?&I\ Senso
HP 4358 Power Meiﬂ +HPEAR1A Sensor .

"POA
HP 41324 Low Freuency Inpedrcs Anhyser SHz-13MHz . 21 750.00
000,00

HP B7SEA ScalerNetwark Mah’i
HP 85014 Medulation Anatyzer,,
HP B3(3B Audio Anatyzer ..
HP BSB0A Vactor Analyzsr .
IFR ATSS0 1642 Partable Spactru
Marcani 2305 Modulation Meter........
WMarcani 2370 110MHz Spectium £600.00
Marconi 235072382 400MH:z Sw.llum Analyzer and Dvsotq zz‘mou
Marconi 2601 True RMS Voltmater.
Marcani 2555 Radio Comms. Test et

Wayne Kerr 4225 RCL Bridge

MS 00V 5A DC Power Su.nph'
Famell 30/100 30V 100A...

Famnell LI0AT 0-30V 0-1Ax 2..
Fameil LI0OT 0-30V 0-2A x 2.. 7
Fammell TEVT0 M2 Stabilised Power Sap phy

General Radio 12654 DC PwerS-Jnnry ﬂ-m\!
HP 60104 Autofianging Power Suppdy Ve0-200V,
HP 50504 System DC Electronic Load.__.....
HP B181C DC Current Source 0-100V 0-250mA.

P 62648 0-20V 0-200..

Phillps PE1642 0-20V 0-
Fower Ten 0-30V 0-604..
Poweing LABS1D 0-30 0-10A. -£300.00 SIGHAL GENERATORS
Fowerine LABS3IZ 5V-54, 15\H}5& ~15V-0.54, 0-30V-2A_... £200.00

£ Adrat 71008 J00KHz-650MHz._

Powerling 0V 0-104
‘Soransen GO0V 154 DG Power Supply... Cushman GE12 Twa Tane General £l
Thurtty Thandar PLIJ00P 32V 38 x 2 G Supgply Farned D552 0.1MHz-110KHz Syt £185,
£350.00 Flann 43114 12-186H2 ....... .
E150.00 Fluks 60104 10Hz-1 1MHz Synthesized. .
POA HP 117108 Down Coaverior (HPBE4DB] ri)
HP 117154 AM/FM Test Soarce... £550.

E16000  Schiumberger $14031 Stabilock Coms Test Set £3000.00
£475.00 Smith Myers ARTTTS Partable Cellular Tesh
ER50.00 Sokartron 1250.‘!3?:2:»1:;' Response

Analyzer 1.8GHz._._ 5,
300,00 Tekironia DA4084 Programmalie Distortion Anahrer i
25000 Wayne Kerr 3245 Precision Inductance Anaherer....
£150.00 Wiayne Kerr AMM2000020 Automatic Modulabion

ritry Thandar FLI30OMD 32V 3Ax 2
Thuribry Thandar TS15425 15V 4Ax
° Thuiribry Thandar TS30225 30V 2Ax

HP 2148 Pulse Generator 100V 2A..
HP 3328A 1Hz-21MHz Synikesized
HP3326A Two Channel Synthesizer .
HP 33354 Synthesizer/Lavel Generator HPY
HP 42044 10Hz-1MHz Dsciflatar
HP 654A 10MHz Test Osciliator
HP BOOSS 0.3Hz-1OMHz .
HP BOOGA 10Hz-200MH:z.
HP BOT5A TH-S0MH: Pulse.
HP BOS1A/S092A/B093A (2) or.
HP 81114 20MH2 ng-ammahla Pulse Ganeralor .
HP 81124 50MH Pulse Generator ...

HP 81654 Programmabie Signal Saurcs.
HP 51754 Digita Signal Generator .
HP 8620C Snep!r Mainframe + HP!

o 0.

HP 5600 Synthesized Srnnal Genzl?hr 1t
HP E6T2A Synthesized Snw Ganerator 2- |BG
HP 85846 5.4-12.5GHz....

Marcani 2015 10-520MH.. ..
Marcani 0134 BOHz-1040MHz.
Marconi 20224 10KHz-16Hz.
Marconi 6057 5.5-8 5GHz S

H&S AFG Function Emam 20MHz .
H.&SSMLU Power Signal Genarator 25M|

Systra Donner 1702 Audic-16 500.00
Systron Donner 1720 S0MH2-186Hz Signal Source GPIE..£2,
Teklronix S04 0.001-240MHz. £350.00
Tekdranix FGS01A 2MHz Function.
Tektronix PGE0S Time Mark Generat
Thisriby Thandar TE230 2MHz Swmm
Wavetek 1030 1-1000MHz Swesper
Wavelek 157 Prnwammulwavei:ﬂn
Wavelek 158 Wavedorm Gengralor 1
Wavetek 171 SynthestzerFunction...
Wavetek 185 SweeperFuncticn 0-5MH

Fluke 96 Scopemater S0MHz (AS NEW).
Fluke 98 Series 2 Automotive Scape MatenLab Scope..
Fluke 99 Scopemeter Sedes 2 SOMH:
Gould EHTU] 350 50MHz Dscilip: £200.
Gould 4072 400Ms/sec 1008Hz l}w Storage. £750.
Bould 5110 100MHz Intefligent Gsclioscope system ... 2800,
Gould 05300 20MHy............. -£120,
£200.
E175.00
£225.00
£300.00
£100.00
£300.00
E200.00
(E200.00
E2.250.00
E00.00
E160.00
Kikasid GOS5041 40MH? Dscillastope.. E150.00

Philips PM3262 1000z .
Philips PM3264 100H2
Philips PM3257 100Metz Dsmascnnt
Philips FM3305 35MHz
Bhillps PM3311 0-60MHE_
Philips PM3325A GOMH2 Dig

£300.
-E350.00

_£500.00
£500.00
£600.00 *
_£500.00
Tektronix 24B5/A/BCT 300MHz {+]. 500,00
Tekironix 434 Storage ... £150.00
Tekironix 455 100MHz. £250.00
Tekironix 4658 DC-1001 £225.00
Tektranix 458 100MHz Digital or £500.00
Tektronix 475 200MHz. ... E350.00
Takironix T912 10MHz 2 Channel Storage. v 100,00
Tektronix TAS45S B0MHz Dual Channg! . £500.00
Tekironix TAS475 4 Channel 100MH .. .. E750.00
Tektronix TDS460 & Channai Digitizing 00MSSs
L [ R — £2,650.00
Tekironix TOS320 2 Channel 100MHz 500MS/s . £900.00

Teiaron TDS540 4 Channel S00MHz 155/5 VGAYGFI. . £3250.00
Tekironkx TH22R 15MHz Dual Channed Oscilloscope.—....—..... £150.00

HP 117204 Pulee Modulatar 2-18GHz
HP 117224 Sensor Module
HP 118910 Directional Cnupls(

HP 33304A Programmiabis Attenuator 186Hz 0-11d8..
HP 333058 Programmabe Atteruzior 15GHz 0-110d8.
HP 333204 Attenuator 1108
HP 333208 Attenuater 2108
22A Attenuator 12008,

11A 26GH7 575 Test Set....

JPW Stepped Aitenuator 0,908 248 st
JFW Stepped Aftenualar 0.1048 in 18 meﬂs DC-26H;
‘Semi-Aigid UT141/A Co-fdal Cable 0-20GHz 3 metne length

Fluke 164 Must-function Counter TROMH...
TP 53354 Universal Gounor HPIB...

Dscillator,

Kk GOS5100
Kikuzsud COSE100 100MHz Oscilloscope.
Phiigs PM3714 0-25MeHz Osciloscops .
Philps PM3234 0100z

Hacel Dana 2101 Microwave Counter 101z ta 205Hz .
Racal Danz 9921 10Hz-36Hz UHF Frequency Cour
Systran Doaner BOSAE 10Hz to 24GHz.

The Complete Infegrated
Schematic PCB Layout
Package

Email: sales@seetrax.com Website: www.seetrax.com

Advanced Syslems & chhnology for PCB Manufacturers

Too good
for words

The New Ranger

= XL Series

Ranger 2 for Windows £170
NEW Ranger 2XL £500
NEW Ranger XL from £950
FREE Website Download Demo

Ol1d Buriton Lime Works, Buriton, Petersfield, Hants, UK GU31 58J
Tel: (44) 01730 260062 Fax: (44) 01730 267273
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CONTENTS

Introduction: The Wireless
Communication Channel e
Properties of Electromagnetic
Waves e Propagation
Mechanisms e Basic
Propagation Models e Terrestrial
Fixed Links ® Satellite Fixed
Links ® Macrocells ® Shadowing
e Narrowband Fast Fading e
Wideband Fast Fading
Microcells e Picocells @
Megacells ® Diversity ®
Equalisers ® Adaptive Antennas e
Future Developments in the
Wireless Communications
Channel ® Appendices

£39.95

416pp

Antennas and Propagation'for Wireless
Communication Systems

Antennas and propagation are the key factors influencing the robustness and
quality of the wireless communication channel. This book introduces the basic
concepts and specific applications of antennas and propagation to wireless
systems, covering terrestrial and satellite radio systems in both mobile fixed
contexts.
Including:
@ lllustrations of the significance and effect of the wireless propagation channel
@ Overview of the fundamental electromagnetic principles underlying
propagation and antennas
@ Basic concepts of antennas and their application to specific wireless systems
@ Propagation measurement modelling and prediction for fixed links, macrocells,
microcells, picocells and megacells
@ Narrowband and wideband channel modelling and the effect of the channel on
communication system performance
® Methods that overcome and transform channel impairments to
enhance performance using diversity, adaptive antennas and
equalisers.
Antennas and propagation is a vital source of information for wireless
communication engineers as well as for students at postgraduate or senior
undergraduate levels.
Distinctive features of this book are:
@® Examples of real world practical system problems of communication system
design and operation
@® Extensive worked examples
@ End of chapter questions
@ Topical and relevant information for and about the wireless industry

How to pay

Q | enclose a cheque/bank draft for £
(payable to Reed Business Information)

Please charge my credit/charge card
0 Mastercard 0 American Express O Visa U Diners Club

Credit Card No: Expiry Date:

Post your completed order form to:-
Jackie Lowe, Room L3383, Quadrant
House, The Quadrant, Sutton, Surrey,
SM2 5AS

Phone your credit card order:
020 8652 3614

Fax your completed order form to
020 8652 8111

email: jackie.lowe @rbi.co.uk

POSTAGE FREE
For air delivery add £5.50 postage

Signature of Cardholder

Send my order to: (please use capitals)

Name

Address

Post Code Tel:

Fax: Date

Please allow up to 28 days for delivery

Please quote Electronics World when seeking further information

Audio distortion meter

Vann Draper has introduced a
Grundig Digimess millivolt meter. The
MV100 is an audio frequency meter
for measuring distortion, harmonic
distortion and levels inciuding
rectification, RMS, peak, quasi peak,
noise and interference voltages with a
range of 5Hz to 88kHz. It does not
provide a signal source. An adjustable
time constant and bar graph is
included and psophometric filters
allow selective or wideband
measurement. Weighting to linear
CCIR 468-3 is standard.

Vann Draper Electronics

Tel: 01162 771400

Enguiry No 501

Prototyping board
for FPGAs

Lockes Digital Developments has
released the Protoflex-6K prototyping

PRODUCTS

board based upon the Altera Flex
6000 family of programmable logic
devices. The board provides a Flex
6000 quad-flat-pack device, onboard

Touchscreen technique sputters onto glass

A technique for sputtering Indian Tin Oxide directly onto glass has let
Densitron produce touchscreens that only require one layer of polyester
and one layer of glass. Called DensiTouch, they use a single chip controller.
They can be custom built and, using standard LCDs with integral
touchscreens, parallax has been eliminated. They suit applications requiring
0.25 VGA, 128 x 240 and 64 x 240 displays.

Densitron
Tel: 01959 700100
Engquiry No 502

power conversion and two
prototyping areas. One is a 0.254cm
matrix area for conventional through
hole devices and the other an
uncommitted SOJ area for surface
mount devices. Access to all device
pins is possible via banks of header
pins. VME, CompactPC| and stand-
alone versions of this single Eurocard
form-factor board can be supplied.
The 1960 logic elements on the Flex
EPFB024 give capacity for complex
logic designs. Designs can be
downloaded from a PC or blown into
an onboard EPROM for automatic
configuration at power-up. A
customisation service is available.
Work has begun on a card that uses
Altera’'s Apex 20K devices.

Lockes Digital Developments

Tel: 01258 821222

Enquiry No 503

25/15W DC-DC converter

With UL1950 recognition to
operational level, the NPH 25 and
15W DC/DC converters from Newport
are for telecoms and industrial
distributed power systems. Efficiency
levels are up to 90 per cent and
power densities up to 1.42W/cm?,
The 25W units have footprints of 50
by 35mm and the 15W models 50 x
25mm. Height for both is 10mm.
Newport Components

Tel: 01908 615232

Enquiry No 504

Wireless test subsystem

Blue Wave Systems has combined
the Comstruct PCI/C6600 DSP board,
PMC/SB3410 and development tools
to produce a subsystem for testing
wireless equipment.

Newport Components

Tel: 01908 615232

Enquiry No 518

Transient voltage
suppressors

AVX has introduced a low
capacitance version of its
Transguard bidirectional transient
voltage suppressor. Called
Antennaguard, it has capacitances
below 12pF in an 0603 case size or
below 3pF in 0402 or 0603 case
sizes, Working voltage is 18V and
they operate from -55 to +125°C.
They can protect high gain FETs on
output stages of RF sections in
mobile phones, pagers and WLANSs,
reducing a 15kV air discharge ESD
strike to a level that can be handled
by most FETs and preamplifiers.
AVX

Tel: 01252 770000

Enquiry No 505

N

418MHz radio

Low Power Radio Solutions has
released two radio receiver
modules based on Micrel MICRF
ICs. The LPRx2 and 3 are
complete AM superhet receiver
maodules for upgrading car or
domestic alarms. They have a
saw-based front end filter to
improve selectivity. The LPRx2 is
available at either 418MHz as per
MPT 1340 or 433MHz to ETS300-
220. It uses an eight-pin SIL
outline.

Low Power Radio Solutions

Tel: 01993 709418

Enguiry No 506

Custom graphics LEDs

A custom graphics LED capability has
been announced by Anders
Electronics for manufacturers of white
and brown goods. Complex icons,
different colours and alphanumerics
can be combined in one module.
Applications include dishwashers,
washing machines, microwave ovens
and air conditioners.

Anders Electronics

Tel: 0207 388 7171

Enquiry No 507 -
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Power amplifier

SiGe Microsystems has introduced a
version of its Bluetooth power
amplifier. The silicon germanium amp
boosts class || Bluetooth radios for
class |, 100m range applications. The
PA2423M has a current rating of
160mA including the bias network
current, and better than 45 per cent
power added efficiency. It produces
+23,5dBm with 20dB gain and
includes power down plus output
power control pins. Supply voltage is
2.7 to 3.6V typical and it operates with
up to 6.0V applied during battery
charging. It comes on tape and reel in
a 3 by 3mm MSOP eight-pin package.
SiGe Microsystems

Tel: 001 613 748 1334

Engquiry No 508

Surface mount
thermistors

Beyschlag Centralab Companents
has introduced negative temperature
coefficient 0603 surface mount
thermistors. Resistance values are
4.7, 10, 47, 68 and 100k€. E6 will be
added soon. Electrical tolerance is up
to 3 per centon

resistance values at 25°C and up to 1
per cent tolerance on B25 and B85
values. Devices are packed on a reel
of punched paper tape suitable for
pick-and-place mounting.They are
stable at temperatures up to 150°C.
Applications include battery packs
and temperature compensation of
LCDs and TCXOs.

BC Components

Tel: 00 31 40 259 0724

Engquiry No 510

Power amplifier

A dual-stacked smartcard connector
has been introduced by AMP for use
in set-top boxes. Distance between
slots is either 11.4 or 16.2mm and it
accepts single-thickness cards. The

product can be supplied with a
standard stack height or with a raised
floor that lets components be
mounted on the PCB beneath the
connector. It is possible to use a
variable thickness connector as the
lower part. The connector is
assembled using clip-on techniques
and the module's spring contacts.
AMP

Tel: 0181 420 8250

Enquiry No 511

5A power connector

Hirose's RP34L connector is for use
in portable equipment. It can handle

up to 5A, 30V AC and 42V DC. The
connector can be fully polarised with
two or three contacts, with the three-
pin version having one leading
contact for grounding. The PCB
mounted parts are 7mm deep with a
metal cover that provides a snap lock
mechanism. The two-way plug comes
as a prepared cable assembly with
straight cable exit. The three-way is
available in straight or right angled
versions and is wired using crimp
contacts and snap together hoods.
Hirose

Tel: 01908 260616

Enquiry No 512

GaAs amplifier

Link Microtek has introduced a
monolithic power GaAs amplifier that
achieves a typical third-order intercept
point of 41dBm. Made by Stanford
Microdevices, the SXH-189 operales
from 50MHz to 2GHz and is for use
as a driver device in infrastructure
equipment for cellular, ISM, narrow
band PCS and multi-carrier systems.
The MMIC delivers a typical gain of
22.0 at 50MHz and 13.0 at 2GHz,
with noise figures of 3.5 and 4.2dB,
respectively.

Link Microtek

Tel: 01256 355771

Enquiry No 513

Graphic VFD module

The GUB00 module from ltron
provides a blue-green display in 128
X 32 and 128 x 64 versions and
comprises the VFD glass, driver,
control Asic with integral refresh
twin screen graphic RAM, and
interface logic. Models at 160 x 16,
160 x 32 and 256 x 32 will be
released |ater this year. Features
include operational temperature
between —40 and +85°C, 8-bit
parallel interface that is 5¥ CMOS
compatible and suitable for
connection to a host CPU bus, and
a 5V supply. There is a 16-level
brightness control function with a
power down facility.

ftron

Tel: 0845 603 9052

Enquiry No 514

Dual-channel analogue chipset

Infineon has introduced the Duslic dual-channel analogue termination for
access network and customer premises applications. For decentralised nodes,
the software programmable codec SLIC chipset integrates DTMF generation,
DTMF decoding, FSK generation (caller ID) and three party conferencing. It
also provides rate adaptive echo cancellation complying with ITU G.165. This
function eliminates the echo where voice is digitised, so there 15 no need for
network based echo cancellation. This suits wireless local loop or voice over IP

systems.
Infineon Technologies
Tel: 00 49 89 234 22767
Enquiry No 509

XDSL network
processor

Infineon has introduced the Harrier-
XT intelligent protocol handling and
controller IC for xDSL customer-
premises equipment, including
integrated access devices supporting
combined data and voice services. It
is based on the firm's 32-bit 50MHz
Tricore unified processor core
architecture and is for ATM and
HDLC network termination, Internet
connectivity and constant-bit-rate
saervices, such as voice and video
delivery. Full-duplex xDSL sustained
data throughput rates of 13Mbit/s are
supported. There is 4Bkbyte of on-
chip SRAM. The embedded memory
supports combinations of instruction,
data and scratchpad. Network access
protocols can be downloaded into the
device for upgrades, modifications to
service levels, and design-in to similar
network access devices. The IC
includes an autosensing Ethernet
media access controller and a two-
channel HDLC protocol controlier.
Other onchip features include T1 and
E1 circuit emulation, AAL1 and AALS

ATM adaptation layer support, up to
128 virtual circuits with a priority and
WFQ scheduling mechanism.
Infineon technologies

Tel: 00 49 89 234 22767

Enquiry No 515

DC-DC converter

Micro Call has introduced the Linear
Technology LT1949 step-up PWM
DC-DC converter capable of
generating bias voltages for TFT LCD
panels. Itincludes a 1A, 30V internal
switch that produces output voltages
up to 28V using an inductor. Fixed
frequency operation is at 600kHz. An
external loop compensation pin lets a

Visit our website
www.distel.co.uk

THE AMAZING TELEBOX IC's -TRANSISTORS - DIODES

Converts your colour monitor into a QUALITY COLOUR Tv!!

- TV SOUND &
VIDEO TUNER

CABLE COMPATIBLE ®

The TELEBOX is an attractive fully cased mains powered unit, containing all
electronics ready 1o plug into a host of video monitors or AV equipment which
mmﬁggmwmma SCART input. The composite mm
wil also I into most video recorders, allowing receplion chan-
nels not normally recelvable on most television receivers*
MB). Wﬁbmnmﬂsmﬂwﬁuﬂ%)elaﬂcwmﬂbn of 8 fully tuneable
'off ai* UHF colour television channels. TELEBOX MB covers virtually all televi
sion fraquencies VHF and UHF including the HYPERBAND as used
mest cable TV operators. Ideal for desktop computer video systems & P
(picture in picture) setups. For complete compatibilty - even for monitors without
sound - an integral 4 watt audio ampifier and low level Hi Fi audio output are
ided as standard. Brand new - fully guaranteed,
TELEBOX ST for composite video input type monitors £36.95
TELEBOX STL as ST but fitted with integral speaker £39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £68.95
For overseas PAL versions state 5.5 or 6 mHz sound specification.
*For cable / hyperband signal reception Telebox MB should be con-
nected tg a cable type service. Shipping on all Telebox's, coda (B)

State of the art PAL (UK spec) UHF TV tuner module
with composite 1V pp video & NICAM hi fi sterec sound
g~ outputs. Micro electronics all on one small PCB only 73 x 160
“% 52 mm enable full luning control via a simple 3 wire link to an
IBM pec type computer. Supplied complete with simple working pro-
gram and documentation. Requires +12V & + 5V DC to operate.
BRAND NEW - Order as MY00.  Only £49.95 code (B)
See www.distel.co.uk/data_my00.htm for picture + full details

FLOPPY DISK DRIVES 212" - 8"

Al units (unless stated) are BRAND NEW or removed from often

brand new equipment and are fully tested, aligned and shipped to
you with a full 90 day guarantee. Call or see our web site
www.distel.co.uk for over 2000 unlisted drives for spares or repair.

3%" Mitsublshi MF355C-L. 1.4 Meg. Laptops only £25.95(B
3'%" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95(8
5% Teac FD-55GFR 1.2 Mag (for IBM pc's) RFE £18.95(8
51" Teac FD-55F-03-U 720K 40/80 (for BBC's elc) RFE  £29.95(8

5%" BRAND NEW Mitsubishi MF501B 360K 22.95(B
Table top case with integrar PSU for HH 5%" Floppy / HD £29.95(B
8" Shugart B00/801 8" S5 refurbished & tested £210.0

8” Shugart 810 8" 88 HH Brand New
8" Shugart 851 8" double sided refurbished & tested
8" Mitsubishi M2894-63 double sided NEW

8" Mitsubishi M2896-63-02U DS slimline NEW

Dual 8" cased drives with integral power supply 2 Mb

HARD DISK DRIVES 22" - 14"

2%" TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £79.95
2%" TOSHIBA MK2101MAN 2.16 Gb laptop (19 mm H} New £89.50
2%" TOSHIBA MK4309MAT 4.3Gb laptop (8.2 mm H) New£105.00
2%:" TOSHIBAMKE403MAV 6.1Gb laptap (12.7 mm H) New£190.00
24" lo 3%" conversion kit for Pc's, complete with connectors £14.95
3%" FUJI FK-303-26 20mb MFM I/F RFE £59.
312" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £58.95
3%" CONNER CP3044 40 mb |DE I/F (or equiv.) RFE £69.00
31" QUANTUM 40S Prodri ve 42mb SCSI I/F, New RFE ~ £49.00
54" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE

5%" SEAGATE ST-238R 20 mb ALL I/F Refurb

5%" CDC 94205-51 40mb HH MFM I/F RFE tested
51" HP 97548 850 Mb SCS| RFE tested

5%" HP C3010 2 Gbyte SCS! differential RFE tested
8° NEC D2246 85 Mb SMD interface. New

8° FUJITSU M2322K 160Mb SMD I/F RFE tested f
8" FUJITSU M2392K 2 Gb SMD I/F RFE tested £345.00
Many other drives in stock - Shipping on all drives is code (C1)

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

OBSOLETE - SHORT SUPPLY - BULK

10,000,000 items EX STOCK
For MAJOR sAvinGs
CALL OR SEE OUR WEB SITE www.distel.co.uk

VIDEO MONITOR SPECIALS
One of the highest specification

.Q‘ monitors you will ever see - A
At this price - Don’t miss it!!

Mitsubishl FA341SETKL 14" SVGA Multisyne colour monitor with fine
0.28 dot pch tube and resolution of 1024 x 768. A

variety of inputs allows connection to a host of Oogvut-
ers incl IBM PC's in CGA, EGA, VGA & SVGA
modes, , COMMODORE g!dudng Amiga 1200},
ARCHIMEDES and APPLE. features: Etched
, 1exd switching and LOW RADIATION MPR
specification. Fully guaranteed, in EXCELLENT little
used condtion. Oidér as
Tiht & Swivel Base £4.75 Only £119 © urssvea

VGA cable for IBM PC included.
Extemnal cables for other types of computers availabla - CALL

Ex demo 17" 0.28 SVGA Mitsubishi Diamond Pro
monitors, Full multisyne etc.
Full 90 day guarantee. Only £199.00 (E)

Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors.
Good SH condition - from £299 - CALL for Info

PHILIPS HCS35 (same style as CMB833) attractively styled 14"
colour monitor with both RGB and standard composite 15.625
Khz video inputs via SCART socket and separate phono jacks.
Integral audio power amp and speaker for all audio visual uses.
Will connect direct to Amiga and Atari BBC compulers. Ideal for all
video monitoring / security applications with direct connection
to most colour cameras. High auarity with many features such as
front concealed flap controls, VCR correction button etc. Good

used condition - fully tested - guaranteed

Dimensions: W14" r:er12%' :(915}&' D. Only 299"00 (E)
PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. |deal
far all monitoring / security applications. High quality, ex-equipment

fully tested & guaranteed (possible minor screen bums). In attrac-
tive square black plastic case measuring W10" x H10" x 13%" D.

240 V AC mains powered. Only £79.00 (o)

KME 10" 15M 10008 high definition colour monitors with 0.28" dot
piteh. Superb clarity and modern styling. s

Operates from angv 15.625 khz sync RGB video
source, with RGB analog and composite sync
such as Atari, Commodore Amiga, Acorni
Archimedes & BBC. Measures only 1:? =% 12X

11". Goed used condition. Only £125 (g)
20" 22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solid stale colour monitars,
complete with compasite video & opffonal sound input. Attraclive
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.in
EXCELLENT little used condition with full 80 day guarantee.

20"...£135 22"...£155 26"....£185(p

We pmhablr have the largest range of video monitors in
Europe, All sizes and types from 4" to 42" call for info.

DC POWER SUPPLIES

Virtually every type of power
su pl% you can imagine.Over
10,000 Power Supplies Ex Stock
Call or see our web site.

TEST EQUIPMENT & SPECIAL INTEREST ITEMS

MITS, A FA3445ETKL 14" Industrial spec SVGA monitors  £245
FARNELL 0-80V DC @ 50 Amps, bench Power Supplies £895
FARNELL AP3080 0-30V DC @ BO Amps, bench Suppy  £1850
kW 1o 400 kW - 400 Hz 3 phase power sources - ex stock EPDA
IBM 8230 Type 1, Token ring base unit driver £760
Wayne Kerr RA200 Audio frequency response analyser £2500
IBM 53F5501 Token Ring ICS 20 port lobe modules £750

IBM MAU Token ring distribution panel 8228-23-5050N £95

AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550
ALLGON 8360.11805-1880 MHz hybrid power combiners ~ £250
Trend DSA 274 Data Analyser with G703(2M) &4 ilo OA

Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500
Marconl 2022C 10KHz-1GHz RF sEnal generator £1550
Marconl 2030 opt 03 10KHz-1.3 GHz signal generator,New £4995
HP1650B Logic Analyser £3750

HP3781A Pattern generator & HP37824A Error Detector  £POA
HP§621A Dual Programmable GPIB PSU 0-7 V 160 watts  £1800
HP§264 Rack mount variable 0-20V @ 20A melered PSU  £675

HP54121A DC to 22 GHz four channel test set £PDA
HP8130A opt 020 300 MHz pulse generator, GPIB alc £7900

HP A1, AO € pen HPGL high speed drum plotters - from £550
HP DRAFTMASTER 18 gan high speed plotter £750
EG+G Brookdeal 95035C Precision lock in amp £1800
View Eng. Mod 1200 computerised inspection system EPOA
Sony DXC-3000A High quality CCD colour TV camera £995
Keithley 590 CV capacitor / voltage analyser EPDA
Racal ICR40 dual 40 channel voice recorder system £3750
Fiskers 45KVA 3 ph On Line UPS - New battéries £9500
Emerson AP130 2.5KVA industrial spec.UPS £2100
Mann Tally MT645 High speed line printer £2200
Intel SBC 486/1335E Multibus 486 system, BMb Ram £945
Siemens K4400 64Kb to 140Mb demux analyser £2950

DISTEL on the web !! - Ove

HPB030A 0-200V DC @ 17 Amps bench power supply £1950
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150
Nikon HFX-11 (Ephiphot) exposure control unit £1450
PHILIPS P 18 pro. TV signal generator £1250
Motorola VME Bus Boards & Components List. SAE / CALL L‘EOA

Trio 0-18 vdc linear, metered 30 amp bench PSU. New 550
Fi.llitsu M3041R 600 LPM high speed band printer £1950
Fujitsu M3041D 600 LPM printer with network interface £1250
Perkin Elmer 299B Infrared spectrophotometer £500
Perkin Elmer 597 Infrared sFectr otometer £3500
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3250

LightBand 60 output high spec 2u rack mount Video VDA's £495
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
B&K 2633 Microphone pre amp £300
Taylor Hobson Tallysurf amplifier / recorder £750
ADC 55200 Carbon dioxide gas detector / monitor £1450
BBC AM20/3 PPM Meter (Ernest Tumer) + drive electronics  £75
ANRITSU 9654A Optical DC-2.5G/b waveform monitor 0
ANRITSU MS900181 0.6-1.7 uM optical spectrum analyser S::Os%

ANRITSU ML93A optical power meter 9!

ANRITSU Fibre optic characleristic test set EPOA
R&S FTDZ Dual sound unit E650
R&S SBUF-E1 Vision modulator £775

WILTRON 6630B 12.4 / 20GHz RF sweep generalor
TEK 2445 150 MHz 4 trace oscilloscope

TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955
TEK TDS380 400Mhz digital realtime + disk drive, FFT etc  £2900
TEK TDS524A 500Mhz digital realtime + colour display etc  £5100
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950
PHILIPS PW1730/10 60KV XRAY generalor & accessories EPOA
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325
CLAUDE LYONS 100A 240/415V 3 phase auto. volt. regs  £2900
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Ly O | PSR | A
. = 2 8 .0 [Dept ww, shorne n Mon - Sat 8:00 - 5:
P it i 1P| ThomionHean P aborse Lane
s s ee se e Surrey CR7 8PD On 68A Bus Raute

Open Mon - Fri 9.00 - 5:30

Nr.Thornton Heath &
Selhurst Park SR Rail Stations

All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account arders accepted from
lg'mihes' and Local Authorities - minimum accou

nt £50.
I IEST- (B)=£5.50, (C}=EB.50, (C1) £12,50, (D)=£15.00, (E}=£18.00, (F=E£20.00, (G}=CALL
@ 28 dmmmmmmmmgmﬂam@esm?mwmm.um
YEARS | o stock. Discounts for volume. Top CASH prices paid for surplus goods. All trademarks, fradenames etc

25 ON REPLY C/

CIRCLE NO.

Surplus always
wanted for cash!

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 Ltd. Units featura
designer, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered removable side panels. Fully
adjustable internal fixing struts, ready punched
for any configuration of equipment mounting
\plus ready mounted integral 12 way 13 amp
socket swiltched mains distribution strip make
these racks some of the most versatile we
have ever sold. Racks may be stacked side by side and therefore
require only two side panels to stand singly or in multiple bays.
Overall dimensions are: 77%" H x 321" D x 22* W. Order as:

OPT Rack 1 Complete with removable side panels. £345.00 (G)
OPT Rack 2 Rack, Less side panels £245.00 (G

Over 1000 racks, shelves, accessories
19" 22" & 24" wide 3 to 46 U high.
Available from stock !!

| 32U - High Quality - All steel RakCab |

Made by Eurocraft Enclosures Ltd to the highest possible spec,
rack features all steel construction with removable

side, front and back doors. Front and back doors are _Ex.
hinged for easy access and all are lockable with 5 i
five secure 5 lever barrel locks. The front door o
is constructed of double walled steel with a o
‘designer style’ smoked acrylic front panel to
enable status indicators o be seen through the
panel, yet remain unobtrusive. Internally the rack &
features fully slotted reinforced vertical fixing
members to take the heaviest of 19" rack
equipment. The two movable vertical fixing struts
(extras available) are pre punched for standar
‘cage nuts'. A mains distribution panel i k
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched
utility socket. Overall ventilation is provided by =
fu_llg louvered back door and double skinned top section
with top and side louvres. The top panel may be removed for fitting
of integral fans to the sub plate etc. Other features include: fitted
castors and fioor levelers, prepunched utility panel at lower rear for
cable / connector access elc. Supplied in excellent, slightly used
condition with keys. Colour Royal blue. External dimensions
mm=1625H x 6350 x 603 W. (64" Hx 25" D x 23%" W )

Sold at LESS than a third of makers price !!

A superb buy at only £245.00
42U version of the above only £345 - CALL

12V BATTERY SCOOP - 60% off !!

A special bulk purchase from a cancelled exgnn order brings you
the most amazing savings on these ultra high spec 12v DC 14 Ah
rechargeable batteries. Made by Hawker Energy Ltd, type SBS15
fealuring pure lead plates which offer a far superior shelf & guaran-
teed 15 year service life. Fully BT & BS6290 approved. Supplied
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 deep.
M6 bolt terminals, Fully g d. Current mak price over £70

each Qur Price £35 each «) or 4 for £99 ¢

RELAYS - 200,000 FROM STOCK

Save ££££'s by choos:'ni,your next relay from our Massive Stocks
covering types such as Military, Octal, Cradle, Hermetically Sealed,

Continental, Contactors, Time Delay, Reed, Mercury Weited, Solid
State, Printed Circuit Mounrmﬁ etc. , CALL or see our web site
www.distel.co.uk for more in

stock. Save ££FE's

lormation. Many obsolete types from

COLOUR CCD CAMERAS

Undoubtedly a miracle of modern tachnolo?y &
our special buying power | A guality product fea- §
turing a fully cased COLOUR CCD camera at a "%
give away price | Unit features full autcli?hl sensing for
use in low light & high light ;
applications. A 10 mm fixed focus
wide angle lens gives excellent focus
% and resolution from close up to Ion?
range. The composite video output will
2 connect to any compaosite monitor or TV
(via SCART socket) and most video

i 2 ideal for security & portable applica-
tions where mains power not available.
Overall dimensions 66 mm wide x 117 deep x 43 high. Supplied
BRAND NEW & fully guaranteed with user data, 100's of applica-
tions including Security, Home Video, Web TV, Web Cams elc, etc.

ONLY £99.00 or 2 for £180.00 (s)

SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack 3
and licence - OEM packaged. ONLY £89.00 )

ENCARTA 95 - COROM, Not the latest - but at this price | £7.95
DOS 5.0 on 3%" disks with concise books c/w QBasic . £14.95
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £55.00
Wordperfect 6 for DOS supplied on 3%" disks with manual £24.95

shipping charges for software is code B

G

Web ref = LK33

r 16,000,000 items from stock - www.distel.co.ak
OPDISTELO

Visit our web site
www.distel.co.uk
email = admin @distel.co.uk

ALL T ENQUIRIES

0208 653 3333

FAX 0208 653 8888
Gaovemm

ent, Schools,
s over £100 are subject to 10 working days clearance. Carriage cha (A)=£3.00, (A1)=£4.00,
Allow approx 6 days for shipping - faster CALL. Mgmm_wrwm

reserved 1o prices / specifications without Orders subject

prior notice.
@ Display Electronics 1998, E & O E. 07/89.



NEW PRODUCTS

Please quote Electronics World when seeking further information

user improve feedback loop
performance and use low ESR
ceramic capacitors. It comes in an
MSOP-8 package.

Micro Call

Tel: 01296 330061

Enquiry No 517

CPCI backplanes

APW Electronics has introduced
PICMG CPCI 2.1 revision 3.0
specification left and right hand
system slot backplanes. Revision 3.0

PCl-based digital radio

resolves the conflicts between the
original core specification and the
interim hot swap amendment and
introduces 66MHz operation,
constrained to five slots in a 3V3
signalling environment. Mixed 66 and
33MHz systems are not allowed. On
the backplane, to reduce signal skew
and improve clock signal integrity, all
clock lines must be matched to within
+1mm, run on inside layers and be
without vias. For 33MHz eight-slot
systems, system boards must
generate seven independent clocks
and the backplane must route all
clocks separately. Mixed 32 and 64-
bit operation is allowed.

APW Electronics

Tel: 01489 780078

Enguiry No 519

55/85W supplies

Available from Digital Power, the HPS
85 universal input switched mode

power supplies are for power network,

computer peripheral, datacoms and
telecoms system. They deliver up to
85W output with forced air cooling or
55W with natural convection. Single,
dual, triple or quad output versions
are available, and each incorporates

Spectrum has introduced a multiprocessor, TMS320C6202-based, digital
radio. The Ingliston is a quad PCI DSP system using four Texas
Instruments’ 2000Mips, 250MHz, fixed-point C6202 processors. It is suitable
for multi-channel, multi-function applications such as signal intelligence,
medical and commercial imaging, and third-generation wireless base
stations. Each processor contains 3Mbit memory. Also available are
complementary DSP and I/O hardware, software development kit, system
management software, and digital radio specific DSP algorithms, The I/O
system has one PMC site, two PEM sites and DSP-Link3, which provides

access to more than 150 Industrypack modules. Ingliston can also support
the 300MHz TMS320C6203 with 7Mbit memory.

Spectrum Signal Processing
Tel: 001 604 421 5422
Engquiry No 534

Chip inductors for EMI shielding

ELJ chip inductors from Panasonic measuring 1.6 x 0.8mm (0603) are for
use in EMI and RF| shielding designs, high-frequency circuitry and power
supplies. They suit mobile phones, hand-held instruments and other
portable equipment. There are 23 devices with values between 1.5 and
100nH at 100MHz. Maximum typical Q factor at 100MHz is 47, and
maximum DC current is from 200mA for the 100nH device to 500mA for the
1.5nH inductors. Operating temperature is between —40 and +85°C. They
come in tape-and-reel format for use with automated manufacturing
systems. Tolerances are +0.3nH for devices with inductances up to 3.3nH
and =5 per cent for the rest.

Panasonic industrial

Tel: 01344 853343

Enquiry No 518

BACK ISSUES

Back issues of Electronics World are available,
priced at £3.00 UK and £3.50 elsewhere,
including postage. Please send your order to
Electronics World, Quadrant House, The
Quadrant, Sutton, Surrey, SM2 5AS

Available issues

1994 1996 April

January January May

April February June

May March July

July May August

August June December

November July/August

December September 1999
October January

1995 November February

February March

April 1997 May

May June June

June August September

August
September
October
December

September October

1998
February
March
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> British Exports Interactive...

If you are looking for British companies
to do business with, then we can help
you find them in seconds.

This powerful business tool contains
» Nearly 20,000 of the UK's leading exporting companies
» 20,000 product and service headings to choose from

11 search criteria to help you find the exact company
you need

The option to search in English, French, German
or Spanish

Detailed information on export activities, trade names,
agents and agency opportunities

Printing facility.

British Exports has been publishing
quality business information for
over 30 years and brings

you one of the most
comprehensive databases

on UK exporters.

The site is free to use, so try it today!!

www.britishexports.com

CIRCLE NO. 126 ON REPLY CARD




NEW PRODUCTS

Please cjuote Electronics World when seeking further information

a +12V fan output. Based on a 7.6 by
12.7cm footprint, they can be
specified with an optional cover and
chassis. They meet requirements for
conducted emissions including
EN55022 class B. Where power
factor correction is required, models
are available that meet EN61000-3-2
for input line harmonics.

Digital Power

Tel: 01722 413060

Enguiry No 520

Dual CAN micro

Dallas Semiconductor has announced
the DSB0C390 8051 microprocessor
that integrates two Can bus
controllers with peripherals. It
addresses 4Mbyte of external data

£10 DISCOUNT

Electronics World is
delighted to offer you

£10 off Newnes

CD-ROM library of
Circuits, including
simulations, from

leading experts

around the world.

memory and 4Mbyte of external
program memory. Applications
include factory automation, marine
control and navigation, industrial
control systems, and HVAC control.
Dallas Semiconductor

Tel: 001 972 371 3832

Enquiry No 521

PC plug-in card

A plug-in ISA card for a PC provides
functions to analyse, decode and
process communications
transmissions in the HF, VHF, UHF
and SHF bands. It is available from
Sight Systems. The Wavecom

W41PC provides government bodies,

telecoms authorities and the military
with a signals intelligence gathering
system for radio communications,
datacomms, fax and pager signals.

The system may be configured for
stationary monitoring of one
transmission with one system or as
an automated broadband monitoring
system using a network of
cooperating systems.

Sight Systems

Tel: 01903 5044894

Enquiry No 522

MPEG-2 decoder cards

Imagine Graphics has introduced
MPEG-2 digital Pal and NTSC video
and audio decoder cards from Visual
Circuits. As well as composite and S
video outputs, the Reeltime Plus
cards have RGB video and balanced
audio outputs on each channel for
professional video engineers needing
to interface to video projection and PA
systems. There are four and two
channel versions. Various cable
assemblies and breakout panels are
available as options. The MPEG Plus
card, a half-length PCI card with
RGB, S video, composite video and
balanced audio outputs, is also
available.

Imagine Graphics

Tel: 01727 844744

Enguiry No 523

3MHz precision
LCR bridge

Wayne Kerr’s latest range of precision
component analysers extend the

Please send me a copy of “Newnes
Interactive Electronics CD-ROM”, normal
RRP £49.99 DISCOUNTED PRICE only
£39.99 (postage free)

Simply return this order to:

Jackie Lowe, Quadrant House,

The Quadrant, Sutton, Surrey, SM2 5AS.

Name

Address (for delivery)

Information)

Pay by cheque (payable to Reed Business

7 Visa (0 Access/Mastercard 0 Amex

Card Number:
Expiry Date:

Signature

-
-
-
-
-
-
.
-
.
®

capabilities of previous LCR
measurement bridges by measuring
parameters up to 3MHz frequencies
and supporting for the first time real-
time swept frequency measurements.
The company claims an industry-
leading basic accuracy of 0.02 per
cent for the 6430A (20Hz - 500kHz)
and 6440A (20Hz - 3MHz) analysers.
Significantly, pricing for the
instruments is less than for previous
bridges despite higher accuracy and
frequency specifications. For
capacitor testing, when dissipation
factor measurements are carried out
accuracy is 200ppm. The company
has also added extra measurements,
such as admittance, conductance and
resonant frequency, to the standard
listof L, C, R, Z, Q, phase and
dissipation. A real-time swept
frequency measurement provided by
the 6440A provides either linear or
logarithmic axes and measurement
functions such as impedance and
phase.

Wayne Kerr

Tel: 01243 825111

Enquiry No 524

PCB adapter

A PCB adaptor has been introduced
by Harting for the Han 05/0 motor
interface connector, letting it be
directly mounted on a PCB. Part of
the company's Han Drive family, it is
claimed to help set up decentralised
motor control with less wiring. The
ability to mount the connector directly
on a PCB eliminates the need for
manual wiring and lets the production
of the electronic equipment and the
mechanical components, including
the cabinet, be separated and
automated.

Harting

Tel: 01604 766686

Enguiry No 525

Switching relay

Teledyne’s RF300 to 303 DPDT and
SPDT switching relays are for RF
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WATCH SLIDES ON TV

MAKE VIDEOS OF YOUR SLIDES

DIGITISE YOUR SLIDES
(Using a video capture card)

“Liesgang diatv” automatic slide viewer with built-in high quﬂlﬂy culeurTV camera. it
has a composite video autput to a phono plug (SCART & BNG adsptors are available).
They are in very good condition with few signs of use .............£91,91 + VAT = £108.00
Board cameras all with 512 x 582 pixels 8.5mm 1/3 Imh sansor and composite video
?ntgu ﬁlil :'ﬁ 1o be housed in your awn enclosure and have fragile exposed surface:
They all require a power supply of between 10 and 12v DC 150mA.
47MIR size 60 x 36 x 27mm with 6 infra red LEDs {aives the same illumination as a small

torch but is not visible to the human eye).... <o £50,00 + VAT = £58.75
Wsmasxaaxam%eamaHMamhmspmholsIanaiuh-dlnabahind

m ﬁ;;nhas - £50.00 + VAT = £58.75
%38 x 27mm camera for 'C' rnnunilansmesaglvaanwehaharperlnwg

ﬂmmhﬂmsmaﬂer £38.79 + VAT = £45.58

Economy C mount lenses all fixed focus and fixed iris.

VSL1220F 12mm F1.6 12 x 15 degrees viewing angle............... . £15.97 + VAT = £18.76

VSMMdemF‘IzzBSxé?degmeszngangla
VSL6022F 6mm F1.22 42 x 32 degrees viewing angle.
VSLBO20F 8mm F1.22 32 x 24 degrees viewing angle. .
Better quality C Mount lenses
VSL1614F 16mm F1. 630 x 24 degrees viewing angle...
VWL813M 8mm F1.3 with Ins%xﬂdagmﬂmma:@e
Blue__ _'sllllw mordabia cD HOMIm'Ik e

With jewel case 21.00+\'A‘|'=£1 18
PGKE103A 130v diode................. . £0.98p + VAT = £1.15 20 for £13.00 + VAT = £15.28
chmﬂmsunmnsamm trol.5 for £24.45 + VAT (£4.69 + VAT each) = £27.55
Konig Ultrasonic remote cont .Ihnﬁedqimmauanmylaﬂhmels
-USEW? (15), US8209 (5), US8220 8224 (5), US8225 (2), US8232 (3),

(2].11’36239 (8). US&ZBU (1 uss2eq {124], USBZGS (116), USBSDE {2,

US8306 (1), US8309 (1), USB406 (1), USB513 (21), USB514 (40), USES16 (19),
usasw (@), usmsas{az), USB578 (182).
£5.50 + VAT each, EZEMJ-VATFWS,M.UO-&%TWZE.
1mﬁwrlaﬂemwr|imsism|'sE12\mlueu 10ghmto tmohm ... ..
100 of 1 value £1.00 + VAT, 1,0000“ vamezs.onq.wn'
Please add £1.66 + VAT = £1.95 postage & packing per order

JPG ELECTRONICS
276-278 Chatsworth Road, Chesterfield S40 2BH
Tel: 01246 211202 Fax: 01246 550905
Callers welcome 9.30am to 5.30pm Monday to Satum'ay

ﬂ?ﬁﬁ + VAT = £20.74
£19.05 + VAT = £22.38
...£19.90 + VAT = £23.38

... £26.43 + VAT £31.06
£77.45 + VAT = £91.00
. £0.766 + VAT = £0.90

CIRCLE NO.127 ON REPLY CARD

Ramco

GENUINE GOVERNMENT SURPLUS

We currently have in stock a selection of MOD
surplus electrical equipment.

All items are untested and sold as seen.
Please ring for more details.

Tektronix 212 Oscilloscope (AC/DC) £99,
Tektronic 2205 Oscilloscope (20Mhz) £ 199
Tektronic 2445A Oscilloscope (150Mhz) £399,
H.P. 1744A Oscilloscope (100Mhz) £75,
Philips 3217 Oscilloscope (50Mhz) £149,
Marconi 2305 Modulation Meter £999,
Solartron IM1861 Signal Generator £99,
Datalab DL1080 Transient Recorder £99,
Wavetek 178 Waveform Synthesiser £599,
Datron 1041 Voltmeter Multifunction £132,
Fluke 8800A Multimeter Digital £58,
Dana 5000 Multimeter Digital £92,
Philips PM5705 Pulse Generator 0.1Hz-10Mhz £149

OFFICIAL SURPLUS CONTRACTORS TO THE
BRITISH MINISTRY OF DEFENCE

Church Lane, Croft, Skegness, Lincs PE24 4RW

(Just off theA52) Telephone 01754 880880

CIRCLE NO.128 ON REPLY CARD

KELLY'S

For 200 years the
definitive source of UK
products & services

electronic commencts

www. kellys .couuk

&
www.kellys.co.uk
CALL NOW FOR FURTHER INFORMATION

rove 0800 521393

CIRCLE NO.129 ON REPLY CARD

January 2000 ELECTRONICS WORLD

EMC TESTING

a Full Comprehensive EMC Test Service

From Design to Complianc

R. N. Electronics are specialist Wireless D_' 1

Consultants, this expertise is available to our
clients when undertaking EMC testing,

AT NO EXTRA COST.

Arnolds Court, Arnolds Fggt

Brentwood,
Telephone: 01277 35221

email: sales@rfdesign.co.uk  ht

CIRCLE NO.130 ON REPLY CARD
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NEW PRODUCTS

switching circuits. To operate from
DC to 3GHz, with either a 450 or
200mW coil, the relays provide
insertion loss repeatability of +0.1dB
from 0.3MHz to 3GHz. Its fully
welded, hermetically sealed TO5
style metal can ensures that the
switching path is not subject to RF
noise disturbances and transient
impact.

Teledyne Relays

Tel: 01634 863494

Enquiry No 526

SM antennas

Philips has introduced two SM
ceramic antennas that can be
assembled directly onto a mobile
phone's PCB using pick-and-place
equipment and reflow soldering. The
narrow-band dielectric resonator
antenna (DRA) suits Bluetooth, Dect,
PHS and W-LAN, and the wideband
printed wire antenna (PWA) is for
GSM, DCS, Amps and CDMA. The
DRA is shaped like a ceramic block.
It can also be used as a second
diversity-antenna to improve the
quality of voice or data reception.
The PWA can be used for dual-band
applications, such as 800 and
1800MHz GSM phones, and in
PDAs.

Philips Components

Tel: 00 31 40 272 20 91

Enquiry No 528

Thin-substrate

assemblies

Autosplice has available a knurled
pin design for use in assemblies
requiring thin PCB substrates. Knurl
pins are claimed to provide the
improved thermal characteristics of a
thin PCB and high pin-retention
strength for small DC to DC
converters. For use with the firm's
star-pin technology, the knurl pin has
raised bumps on its surface rather
than uniform star-shaped star-pins.

Dot matrix yellow LED displays at 45°

A 16 x 32 dot matrix LED display from Rohm combines yellow output with a
45" viewing angle and 10mm profile. The LUM-512HY350 has a 6mm dot
pitch and can be stacked vertically and horizontally. The 512 dot modules
can be used as building blocks for high resolution custom applications such
as large passenger information displays and messaging boards. Each unit
integrates driving and control circuitry into a module measuring 96 by

182mm and weighing 100g.
Rohm Electronics

Tel: 00 49 89 234 22767
Enquiry No 516

The irregular spacing of the bumps
provides a mechanically stable,
interference contact even when
inserted into PCBs as thin as
0.08cm. The knurl pin suits pin-
through-paste and bottom side paste
operations typical in double-sided
assembly operations on thin PCBs
because the pin protrusion can be
held to no more than 0.013cm on the
bottorn of the board. The pin is
inserted into a thin PCB on the top
side of an SMT assembly where
SMT components will be applied on
the bottom side. The pin is not to
protrude more than 0.013cm out of
the bottom. The PCB is flipped, the
bottom side is stencilled with paste,
the surface mount components
placed in the paste and then
reflowed. During reflow the paste
applied at the areas over the holes

- -
- P
Sl L Lo cr T

where the pins were inserted reflows
and creates a fillet throughout the
hole and on bottom and top side.
Designs are available in 0.046,
0.063, 0.079 and 0.1cm round

configurations, with plans to add 0.15

and 0.21cm round configurations
soon.

Autosplice

Tel: 001 619 535.0077

Enquiry No 532

8-bit micro

Epson has added the EQC88409 to
its 8-bit family of microcontrollers.
The single chip product is based on
the firm's EOC88 CMOS 8-bit core
CPU. A built in A/D converter
operates at 2MHz with 10-bit
resolution and a minimum
conversion time of 11ps. The device

GSM test with
I/Q adjustment
Two capabilities have
been added to the IFR
2935 Phonetest GSM test
'set — an in-channel
spectrum analyser and
an I/Q (a complex
modulation technigue)
‘adjustment display. There
‘have also been
improvements in level
accuracy, VSWR and
power burst analysis.
Applications include go or
no-go test, mobile
alignment, repair and
final QA audit
assessment. Optional
software provides
maintenance and
production facilities.

IFA International

Tel: 01438 742200
Enquiry No 523

can control up to 4M x 3byte of
memory with the 22-bit external
address bus and 3-bit chip enable
signals. It comes in a QFP15-100
pin or die.

Epson Electronics

Tel: +49 89 1 400 5363

Engquiry No 529

Resistors for

voltage balancing

Meggitt has released YP resistors to
fit on the screw terminals of PEH200
or similar aluminium electrolytic
capacitors. They are for voltage
balancing of series connected
capacitors or capacitor discharge in
high voltage circuits. Initial values
are 18, 27 and 47k but other
values can be supplied to order.
Hole centres are 32mm (M5) and
13W can be dissipated with a hot
spot temperature of 40°C. Operating
temperature is —55 to +105°C, By
offsetting resistors, parallel
connections can double capability.
Meggitt Electronic Components

Tel: 01793 611666

Enquiry No 530

Load driver supports
40V operations

Temic Semiconductors has launched
a general-purpose BCDMOS load
driver. The UEB15BM can drive
actuators and lamps in automotive
and industrial applications. It is
made on a 0.8um process to support
operations up to 40V. It can be used
in most microcontroller subsystems
that contrel up to six high and six
low-side loads. Applications include
DC motor control for flaps in air
conditioning systems, lamp and LED
drivers, and drivers for valves,
solenoids and relays. The device
has a bidirectional serial interface to
the microcontroller for control and
diagnostic functions. Each driver
stage can directly support 600mA
typically. Several parallel
combinations are possible. The high
and low-side outputs are at adjacent
pins. The intelligent load driver is
protected against open loads, short
circuits, over and undervoltage and
over temperature. The diagnostic
block reports malfunctions to the
microcontroller so the system can
take counter measures.

Temic

Tel: 00 33 240 181987

Enquiry No 531

SMD crystal

An SMD ceramic crystal has been
introduced by Fox Electronics for use
in portable, wireless and PCMCIA
card applications. The FX532A
measures 5.0 by 3.2mm with a profile
of 1mm. Frequency range and
fundamental operating mode are from
14 to 40MHz. Frequency tolerance is
+100ppm, frequency stability
+100ppm and operaling temperature
-10 to +60°C.

Fox Electronics

Tel: 001 941 693 1554

Enguiry No 527 ]
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Post your completed order form to:-

Please send me Price
Enhanced Interfacing with C book @ £14.99
Enh. Interfacing with C book @ + disk £22.49
£15.00
Original Interfacing with C book @ £7.50
Postage + Packing per order UK £3.50
Postage + Packing per order Eur £7.00
Postage + Packing per order UK £12.00
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Jackie Lowe, Electronics World, Room L333,
Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS

W ithout 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
especialy useful to students and engineers
interested in ports, transducer interfacing,
analogue-to-digital conversion, convolution,
digital filters, Fourier transforms and Kalman
filtering. Full of tried and tested interfacing
routines.

Price £14.99.

Listings on disk — over 50k of C source code
dedicated to interfacing. This 3.5in 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.

Especialy useful for students, the original
Interfacing with C, written for Microsoft C
Version 5.1, is still available at the price of
£7.50. Phone 0181 652 3614 for bulk
purchase price.

How to pay

3 | enclose a cheque/bank draft for £
(payable to Reed Business Information)
Please charge my credit/charge card

TO"CI[ 1 O Mastercard 0 American Express O Visa O Diners Club
Lo } Credit Card No: Expiry Date:
I
. S i
;
Lecouins i
J Signature of Cardholder.
SO : Send my order to: [please use capitals)
1
£.... : MName
]
£..... { s
]
A
1
L : Post Code Tel:
: Fax Date
]
1
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BOOK TO BUY

THE INVENTOR OF STEREQ
The Life and Works of

lﬁ'ﬁl@in

Robert Charles Alexander

10% DISCOUNT
Reader price £21

Post your completed order form to:-

Juckie Lowe, Room 1333, Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS
Phone your credit card order: 020 8652 3614

Fax your completed order form to 020 8652 8111

Delivery please add the following to your order to cover delivery of your books.
UK customers add £2.50. All other countries add £3.50

\
How to pay

(Blumlein)

0 | enclose a cheque/bank draft for £
(payable to Reed Business Information)

Please charge my credit/charge card
[ Mastercard 1 American Express O Visa O Diners Club

Credit Card No: Expirey Date:

Signature of Cardholder

Send my order to: (please use capitals)

Name

Address

Post Code Tel:

0 4

his book is the definitive study of the life and

works of one of Britain's most important

inventors who, due to a cruel set of
circumstances, has all but been overlooked by
history.

Alan Dower Blumlein led an extraordinary life in
which his inventive output rate easily surpassed that
of Edison, but whose early death during the darkest
days of World War Two led to a shroud of secrecy
which has covered his life and achievements ever
since.

His 1931 Patent for a Binaural Recording System
was so revolutionary that most of his contemporaries
regarded it as more than 20 years ahead of its
time. Even years after his death, the full magnitude
of its detail had not been fully utilized. Among his
128 patents are the principal electronic circuits
critical to the development of the world's first
electronic television system. During his short working
life, Blumlein produced patent after patent breaking
entirely new ground in electronic and audio
engineering.

During the Second World War, Alan Blumlein was
deeply engaged in the very secret work of radar
development and contributed enormously to the
system eventually to become 'H2S' - blind-bombing
radar. Tragically, during an experimental H2S flight
in June 1942, the Halifax bomber in which Blumlein
and several colleagues were flying, crashed and all
aboard were killed. He was just days short of his
thirty-ninth birthday.

For many years there have been rumours about a
biography of Alan Blumlein, yet none has been
forthcoming. This is the world's first study of a man
whose achievements should rank among those of
the greatest Britain has produced. This book
provides detailed knowledge of every one of his
patents and the process behind them, while giving
an in-depth study of the life and times of this quite
extraordinary man.

Contents

Earliest days

Telegraphy and telephony

The audio patents

Television

EMI and the Television Commission
The high- definition television period
From television to radar

The story of radar development
H2S - The coming of centimetric radar
The loss of Halifax V9977

Legacy

To Goodrich Castle and beyond

Joe Carr explains how to make sure that the coaxial cable

connecting an antenna takes as little as possible out of the signal.

Transmission-line

loss and VSWR

11 electrical sources have an internal resistance or
A impedance: batteries, the AC power mains, radio

transmitters, and signal generators all have some
value of internal resistance, Fig. 1.

In transmitters and signal generators that value is usual-
ly stated as ‘output impedance.” The impedance could be
any value Zg=R¢+jX, where Ry is the resistive component
and X is either a capacitive or inductive reactance.

In RF circuits other than television the standard system
impedance is 50+j0, or simply 50 resistive — i.e. not reac-
tive.

A load will also have some value of impedance:
Z;=R;+jX. Although transmitters and signal generators
will control the output impedance so that it is purely resis-
tive, and matches the accepted value of standard
impedance — i.e. 50€, except for TV, which is usually 750
— the load may vary over quite a range of values of R and
X.

It is rare to find a load connected directly to the output of
a transmitter or signal generator. Most commonly one
expects to see a transmission line, Fig. 2, between the
source and load. The transmission line also has a charac-
teristic impedance, which is denoted by Z5.

The beauty of matching

One the fundamental facts about connecting source to load
is that maximum power transfer occurs when the load and
source are matched, i.e. when Zg=Z;. If this is not the case,
then not all of the power is delivered to the load.

In a transmitter-antenna system, mismatch means not all of
the available power is radiated as a radio signal. In a signal
generator test set-up, it means a possibly erroneous mea-
surement — and, rarely, damage to the measuring equipment.

The problem becomes more complicated in real situa-
tions because of the increased number of possible mis-
matches. It is necessary to match Zg to Zy, and Zg to Z;.

If a load is not matched to a source, then some of the RF
power supplied by the source will not be absorbed in the
load. It will be reflected back towards the source. Thus, we
must contend with both the applied, or forward, power Pg
supplied by the source, and the reflected power, P, reject-
ed by the load.

Standing waves

When the forward and reflected waves of an RF signal
combine in the transmission line, they algebraically add,
and set up a pattern of standing waves.

In the case where Zp=27;, there are no standing waves,
and such a line is said to be ‘flat.” But if Zy is not equal to
Z;, then the standing waves emerge, producing a non-zero
reflected power, and voltage nodes — and current nodes,
incidentally — along the line,

The voltage will vary from a maximum, Vj4x to a min-
imum, Vyyy. The maxima and minima are quarter wave-
length apart, and repeated maxima and repeated minima
are half wavelength apart. One implication of this situation
is that an impedance connected to the end of a transmission
line is repeated every half wavelength.

The reflected wave can be defined in terms of a reflec-
tion coefficient T

I'= ZL_ZO —E ||r-f;
v, P

= > 1
Z, +2Z, @®

The standing waves are defined in terms of the standing-
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RF DESIGN

Signal source

Antenna

wave ratio, which can be calculated from the reflection
coefficient,

cwg— 1T ABS(T) %
1- ABS(T)
The SWR can also be defined in terms of impedances,
SWR=Z;/Zo it Zt>Zo 3)
Or,
SWR=Zp/Z; if Zo>Z; (4)
Finally, SWR can be defined in terms of power,
1+ E"
SWR=—"X (5)
- B
v Fe Note:

Although SWR can be measured using any of these prop-
erties, it is common practice to use the term voltage stand-

Rs
NN—O

Vv §§:||_

)
b4

Fig. 1. In practice, all signal generators have an internal
resistance, Rs, that affects how much power can be
delivered to the load, R;.

1 Transmission line Load

£

Zo

Fig. 2. Since it is not usually possible to site a transmitter
right next to its load, power is normally passed to the load
via a transmission line with a characteristic impedance, Zo,.

Fig. 3. One way of reducing transmission line loss problem
in a receiver is to have a low-noise amplifier at the antenna
to boost the signal before it is subjected to the loss of the
transmission line,

Transmission line
77 H

Receiver

ing wave ratio, or VSWR as synonymous with SWR. That
usage will be observed herein.

A scenario

A young apprentice technician was sent to check out a
newly installed low-band VHF — i.e. 30-50MHz — com-
munications antenna. He returned and told his boss that
everything was in order because the VSWR was about
1.66:1, which was less than 2:1, so it met specifications.
The wizened old boss was sceptical. He agreed that a
VSWR of <2:1 was within the specification. But the boss
knew that low VSWR sometimes conceals deeper prob-
lems.

The antenna was mounted on a tower, and the tower was
up on the crest of a hill. Altogether, there was 250ft
(76.2m) of RG-8/U 52Q transmission line. On further
questioning, the boss discovered that the particular model
antenna used on the system had a feed-point impedance of
300Q resistive. That would infer a VSWR of
300/52=5.77:1, not 1.66:1 that the technician measured.

So what happened? The VSWR should be almost 6:1,
but it only read <2:1. Why? The solution is in the loss of
the transmission line. There are two basic forms of loss in
coaxial cable: copper loss and dielectric loss. The copper
losses result from the fact that the copper used to make the
inner conductor and shield has resistance.

The picture is further compounded by the fact that RF
suffers skin effect, so the apparent RF resistance is higher
for any given wire than the DC resistance. Further, the skin
effect gets worse with frequency, so higher frequencies see
more loss than lower frequencies.

The copper loss is due to the 2R when current flows in
the conductors. When there is a high VSWR at the load
end, part of the power is reflected back down the line
towards the transmitter. The effect of the reflected RF cur-
rent is to increase the average current in the conductor.
Thus, IR loss increases when VSWR increases.

Similarly with dielectric loss. This loss occurs because
voltage fields of the RF signal cause problems. The sim-
plistic explanation is that the voltage fields tend to distort
electron orbits, and when those orbits return to their normal
state some energy is lost. These losses are related to E?/R.

As with copper loss, the dielectric loss is frequency sen-
sitive. The loss factor of coaxial cable increases with fre-
quency. Let’s look at two examples.

Cable characteristics

Table 1 shows a popular, quality brand of two 52Q coax-
ial cables: RG-8/U and RG-58/U. Note that the loss for the
RG-8/U varies from 1.8dB/100ft (0.059dB/m) at 100MHz
to 7.10dB/100ft (0.233dB/metre) at 1000MHz. The RG-
8/U cable is larger than the RG-58/U, and has less loss.

Take a look at the same end points for the smaller cable:
4.9dB/100ft (0.161dB/m) at 100MHz and 21.50dB/100ft
(0.705dB/m) at 1000MHz.

Clearly, the selection of the cable type is significant. At
the FM broadcast band of 100MHz, the smaller cable
would show 12.25dB of loss. If a 100W signal is applied at
the transmitter end, the ratio of loss is 10(122%10=16.79, so
only about 6W is available to the antenna.

The problem is even worse if the antenna is used for
900MHz cellular telephones. In that band, the RG-58/U
cable loss is 20dB/100ft (0.656dB/m), so the overall loss is

60

ELECTRONICS WORLD January 2000

RF DESIGN

Table 1. Loss in decibels per 1001t for two popular coaxial cable types.

Type 100MHz 200MHz 300MHz 400MHz 500MHz 600MHz 700MHz 800MHz 900MHz 1GHz

RG-8/U 1.80 2.70 3.45 4.20 4.73 5.27 5.80 6.25 6.70 710

RG-58/U 4.90 7.30 9.40 11.50 13.33 1547 17.00 18.50 20.00 21.50
a whopping 50dB. The power ratio is 10%%10=10%:1, so  noise figure, which can be added to the system noise deci-
only about 10uW makes it to the antenna. bel for decibel.

If RG-8/U cable were used instead of RG-58/U, then the Now let’s return to the problem of the technician and his
losses would be 4.5dB at 100MHz and 16.75dB at boss. The tables from the coaxial cable maker told the boss
900MHz. At the cellular frequencies in the 900MHz band  that the loss at 40MHz is 1.2dB/100ft, so the overall loss is
the loss factor still be high, about 47:1, so only 2W would  3dB - halving the power. This loss is called the matched
make it through the loss. The rest is used to heat up the line loss, designated Ly,. But, you also have to consider the
coaxial cable. total line loss, TLL, which is,

Fortunately, certain specialty cables are available with
losses around 2.5dB/100ft (0.082dB/metre) at 900MHz, B =C? a
Such cable would produce about 6.25dB of overall loss, or TLL=10log 'B(I——Cz—j )
a ratio of 4.2:1. That cable would deliver nearly 24W of
the original 100W. Here, B=antilogLy;, C=(SWRpap—1)/(SWRipsp+1) and

SWRoap is the VSWR at the load end of the line.
And on the receiving side... The boss knew that the VSWR measured at the load end
The problem is also seen on receiver systems. Suppose that  might be considerably higher than that measured at the
a 900MHz receiver is at the end of a 250ft transmission  transmitter end of the line. Given that Ly=3dB,
line. Further suppose that the signal is a respectable L e
10004V, which in a 50Q load s 470Bm. A loss of  B=LOG'(3)=1.995.
6.25dB would make the power level at the antenna termi- If VSWR;p4p=5.77, as is the case, then
nals of the receiver ~47dBm—-6.25dB=-53.25dBm, or C=(5.77-1)/(5.77+1)=4.77/6.77 = 0.705. Thus, the TLL is,
about 485uV, which is still a reasonable signal. But if the
lesser coaxial cable is used (RG-58/U instead of the spe- TLL=1010 1.995% - 0.705°
cialty grade), then the loss is 50dB, and the signal at the Gi g 1_995(1 _0‘7052)
receiver would be —-47dBm-50dB=-97dBm. This level is
getting close to the sensitivity limits of some receivers, or 3.98-0.497
about 3.2uV. = 10108 1 59510.497)

The above example was from telecommunications, but it
can apply equally whenever RF is sent over coaxial cable. ¥ 1010g[3'483] — 1010g3.51 = 10% 0,545 = 5.45dB
Cable-tv operators, local-area networkers, and other users 0.992
of strictly land-line RF also see the same loss effect. The
correction is shown in Fig. 3. Here, a low-noise amplifier, The VSWR at the input end of the line, down the hill by
LNA, is placed at the head end of the transmission line to  the transmitter, then is,
boost the signal before it su 5.

g ffers loss VSWR, = B+C _1.995+0497
Positioning the booster A M e
On first blush it might seem easier to put the amplifier at = 2.492 =1.66:1
the receiver end. But that doesn’t work out so well because 1.498
of two factors. First, there is an inherent noise factor in any When he had made the calculations, the boss turned to the
amplifier. If the signal is attenuated before it is applied to  younger technician, and told him that he had just improved
the amplifier, then the ratio of the signal to the internal  his experience level. The lad was on his way to the wisdom
noise of the amplifier is a lot lower than if the signal had  that real experience provides.
been applied before attenuation. As the boss headed out to the local honky-tonk™ to have

So, while the signal would still be at the same level his pint and a bowl of grits', he told the boy: “Now you
regardless of where the amplifier is placed, the all-impor-  shag your lazy butt back up that hill and impedance match
tant signal-to-noise ratio is deteriorated if the amplifier is  that damn antenna!”
at the receiver end. The second reason is that any lossy
device, including coaxial cable, produces a noise level of
its own, @

chml =1+ (L-1T ey * "anky-tonk" is from the dialect of t_he American Appalachian

290 section, and translates into real English as “Pub of low repute,
. . i with country music”. Given that the Appalachi i i
Here, Fi(coax) i$ the noise factor of the coax, L is the loss ancestralryr{el:ted to Border Scots Eﬁglish, 0:2 ?v;:.?;rfwhera
express as a linear quantity, and T is the physical temper-  this word originated.
ature of the cable in kelvin. 1 You don't even want to know what Americans call ‘grits’ tastes

The linear noise factor due to loss can be converted to  like. One noted Englishman likened it to wallpaper paste.
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Transformers
from coax

Chris Hancock offers easy solutions to making baluns and combined
impedance/voltage transformers from standard co-axial cable and

microstrip-line structures made using commercially available board.

ormally, antennas used to
Ntransmit RF or microwave

power are fed from an unbal-
anced transmission line with an
impedance of either 502 or 75€.

Commonly used transmission line
structures are microstrip and co-axial
lines, Microstrip lines are often used
for hand held transmitters, such as
those in mobile phones. Co-axial lines
are used to feed antennas in large
portable, and permanent transmitters,
as found in wireless local area net-
works, base-stations, broadcast TV,
radar and local microwave links.

In most cases, an antenna requires a
balanced feed with respect to ground.
This makes it necessary to use a device
that converts the unbalanced output of
the feed cable to a balanced output
required by the antenna.

Depending on the structure used,
which is governed by the application,
the input impedance of the antenna can
vary drastically. Ideally, the antenna is
designed to present a purely resistive
load to the feed line, Table 1. In order
to get maximum energy into the anten-
na, it is necessary to match the

*Chris Hancock MSc PhD

Antenna type
Marconi monopole
Turnstile

Table 1. Typical antenna input impedances'-2.

Typical input impedance ()
36
38

Hertz — end-fed half-A dipole 73

Helical beam 100 to 200
Log-periodic array 200 to 800
Folded dipole/conical 300

impedance of the feed line to that of
the antenna input. If there is a reactive
element present, then this should be
matched at the source.

At the same time, it is necessary to
provide an unbalanced to balanced
condition in order to keep the overall
system in a balanced state, as men-
tioned above. This article presents a
simple, practical, method of achieving
both of the above, along with some
interesting extensions to the solution
that may be used to give other desir-
able effects.

How it works
Figure 1 presents the basic idea of an
unbalanced-to-balanced system. You

can see that the coaxial feed line has an.

outer conductor that is grounded. The
two conductors — outer braid and centre
inner — therefore, do not carry signals
with the same relationship to ground
potential. Consequently, this line is
termed an unbalanced line.

It is necessary to change from this
unbalanced condition to a balanced
condition in order to drive a balanced
load, such as a dipole antenna. If this
was not done, the antenna lead con-
nected to the ground of the feed cable
would ground that point of the antenna
and impair operation.

Standard transformers are of limited
use in this type of application due to
excessive losses at high frequencies.
This limitation can be overcome by
using either co-axial, or microstrip, half
wavelength, A/2, transmission line
structures.

You can see from Fig. 1b) that the
inner conductor of the line is tapped at

Agl2 from the end. The tap (far end)
and the near end of the inner conductor
provide two signals of equal amplitude
but 180° out-of-phase. Neither of the
signals is grounded, hence providing
the required condition for balance.

This unbalanced-to-balanced arrange-
ment is known as a balun. It is
reversible in that it functions equally as
a balanced to unbalanced converter.

As well as acting as a balun, this
arrangement also provides impedance
and voltage transformation. The prin-
ciple of operation is shown in Fig, 2.

If the load (antenna, etc) is balanced,
i.e. Ry j=Rp2, then Ry is transformed
by the half wave line to a similar value
at the junction with the main feed
cable, where it is paralleled with Ry ;.

Current delivered from the feed line,
i;, must be double that required in each
of the two resistors, ie i,=i;+i,.
Therefore, the sum, Ry ;+R;, is four
times the impedance seen at the input,
i RI.I+RL2=ROHf=4an'

Voltages V; and V, are equal in
amplitude and opposite in phase. If it is
assumed that the A,/2 transmission line
is loss-less, i.e. V;=V;=V,,, then the
difference voltage is twice the ampli-
tude of the input voltage, ie.
Vour=Vin=(=Vin) =2V,

The relationship between the current,
voltage and impedance seen at the
inputs and outputs of the transmission
line transformer is thus the same as
those for a conventional, low frequen-
cy, transformer, as given by,

TR

Two practical applications of this
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arrangement are given shown in Fig. 3.
The first shows a 50Q transmitter
source matched to a 2009 helical-
beam or a log-periodic antenna load.
The second shows a 758) transmitter
matched to a folded dipole, or conical
antenna.

Note that the characteristic
impedance of the cable used in these
two arrangements is the same at that of
the source in order to prevent any mis-
match between the transmitter source
and the unbalanced feed line.

The connection between the unbal-
anced line and the A,/2 transformer
should be always such that a co-axial
environment is maintained with an
impedance equal to the characteristic
impedance of the line and free from
discontinuities. If this is not the case
you could get a mismatch at the junc-
tion and consequently a VSWR of
greater than unity on the feed line.

Benefits of multi-section
transformers

It is possible to extend the network to
comprise multiple A,/2 sections in
order to get some interesting and desir-
able results.

Assume, for example, three sections
cascaded together as in Fig. 4. The
source impedance is 50€. Provided
that the characteristic impedance of the
third section matches the unbalanced
output impedance of the second sec-
tion, the output impedance will be
matched to a load of 800Q, ie.
Rp=16xR;,. The voltage will be four
times the input voltage.

Such a transformer provides a
method of driving a balanced, high-
impedance load from an unbalanced,
low-impedance source at VHF and
UHF. It does so without material limi-
tations experienced using standard iron
dust and ferrite transformer cores.

Note that in order to drive the third
section, an unbalanced condition is
required, which is achieved by using a
separate A,/2 section. Transitions start-
ing from the source are: unbalanced-
balanced-balanced-unbalanced-bal-
anced.

It is sometimes required to solely go
from the balanced to unbalanced state.
This might be the case in the push-pull
output stage of an amplifier, where it
may be required to drive a single ended
unbalanced load.

This method can be used to produce
high voltages at very high frequencies
where only a low-voltage generator is
available.

With this method, it is vital to have
each of the sections contained in the
network perfectly matched, as in Fig. 4.
This is because zero mismatch between
junctions, where I'=0=VSWR=1,
means that all of the transmitted energy

will reach the load.

If there are reflections at the junc-
tions then voltage maximums along the
line may exceed the dielectric strength
of the cable, causing breakdown.

Also, at frequencies greater than
1GHz, dielectric losses become large.
A high VSWR can lead to dielectric
heating at voltage maximums along the
line. This could lead to overheating at
these points.

The existence of reflected waves
means greater power (2R) losses. This
becomes an important issue with long
feed lengths.

Finally, a high VSWR leads to
increased noise and can cause the
transmission of ‘ghosts’ when trans-
mitting video and data signals®.

Limitations

Taking this theory to the limit, Fig. 5
shows a hypothetical situation where it
is required to transform a 508, 50V
source to 12.8k€, 1600V.

If a co-axial construction that uses a
low density PTFE dielectric with a typ-
ical permittivity value of 2.2 is consid-
ered, then characteristic impedance Z,
is given by.

713 1, 2
) o) glod

Where D is the inner diameter of the
outer conductor and d is the outer
diameter of the inner conductor,

The transformation can be achieved,
theoretically, using nine A,/2 sections.
The problem is that in order to attain
the desired characteristic impedance for
sections seven/eight and nine, i.e.
3.2kQ2 and 6.4kQ respectively, the
ratios for D/d are 2.45x10** and
6x10%8 respectively!

A further issue that must be consid-
ered in this case is that of the break-
down voltage at the final stage; if stan-
dard co-axial cable was used then it is
likely that it would break down at the

Characteristic
impedance Z,,

Unbalanced

transformation.

voltage maximum, and would most
certainly not tolerate a high VSWR.

And in practice?
I have made a number of such struc-
tures from flexible and semi-rigid co-
axial cable and from microstrip lines.
The main advantage of using
microstrip-lines is that the characteris-
tic impedance can easily be altered by
changing the width of the line.

I should point out though that the
normal line-impedance range for
microstrip is between 200 and 125Q%.

(a)
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Quter
conductor
Va
Generator o .

Unbalanced \ Vi

Rin system — finar B:I::::;d
conductor Y
Vin {("\,
Co-axial line
(b)
Vi,

Unbalanced
system

transformers,

solution, b).

Fig. 2. Principle of impedance and voltage

Balanced
system

Fig. 1. Unbalanced-to-balanced

with the standard

transformer, a), and high-
frequency transmission-line

Phase
relationships
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Fig. 3. Practical antenna feed arrangements,
with a 50€ transmitter source matched fo a
200 helical-beam or a log-periodic
antenna load on the left and a 75Q
transmitter matched to a folded dipole, or
conical antenna on the right.

Rin
=500

Vin

unbalanced

Problem one. I needed to match a
low impedance 50£2, 100V source to a
load of around 8009, 200V,
Common-mode current returning back
to the source had to be minimised so
that there was no live RF voltage on
the outer sheath of the co-axial feed
cable. The frequency involved was
500MHz.

A 50cm long length of LFH-316 co-
axial cable was used for the first two
sections. The A,/2 length was accu-
rately measured using a Hewlett
Packard HP4396A, 100kHz to
1.8GHz network/spectrum analyser.

A length of cable greater than A,/2
was connected to the analyser’s port
one. With the Smith chart option
selected, the §y; scattering parameter
was measured. The cable length was
shortened until one complete circum-
ference of the Smith chart was tra-
versed, i.e. 18082 rotation from open
circuit, towards the generator, and
back again.

The line did not exactly follow the
outer perimeter of the chart due to loss
in the cable at S00MHz; also the open-
circuit line radiates power from the
end, but is still far more convenient for

trimming purposes than using a short-
ed line.approach

In this first section, the input from
the generator was connected to a
SMA connector at one end. The outer
sheath was connected locally together,
hence the balanced output from the
first section consists of the input SMA
centre pin and the same centre, but
Lgl2 away: compare this with Fig. 1.

The third section was connected
directly to the second section in the
same manner and consisted of a length
of a Ag/2, 200Q2 cable especially made
for the application. Again, the outer
sheaths were connected together and
the two balanced outputs from the first
section drove the balanced input of the
second section, providing an unbal-
anced output required to drive the
third section: compare this with Fig. 3.

Problem two. In instance two, I need-
ed to match an unbalanced 50Q
source to a 200€) balanced load at
2.45GHz and provide good isolation
between the source and the load.

To achieve this, three pieces of
semi-rigid, 5002 RG402/U with an
outside diameter of 3.58mm and

'Log’ periodic
array antenna

unbalanced

Fig. 4. Method of transforming low-impedance source to match high impedance load.

breakdown voltage 1.9kV rms were
used for the three L4/2 sections.

A Ay/4 microstrip transformer, i.e.
impedance inverter, with a characteris-
tic impedance of 100€2, was used
between the second and third A,/2 sec-
tions to match the 200Q output
impedance from the first section to the
50€2 of the third section, Fig. 6.

The 100Q microstrip section was
made using RT Duroid 5880° sub-
strate. This is a non-woven glass
microfibre reinforced PTFE composite
structure whose permittivity, €,, at
10GHz is 2.2 +0.02. Substrate thick-
ness chosen was 3.175mm (125mil),
giving a line width of 2.8Imm
(111mil) for a 100€2 line impedance.

All lines were cut using a sharp
scalpel blade, and the widths were
adjusted to the desired impedance by
removing small slivers of copper from
the, initially oversized, lines. The A,/2
and /4 line lengths were measured,
adopting the same method described in
the previous example, but this time
using an HP 8753D, 30kHz to 6GHz
network analyser.

For the Ag/4 line, a 50Q surface
mount load resistor was put on the end

Folded dipole
antenna

Zy=75Q

of the line to make sure that the line
gave a 90° phase shift to traverse half
way around the Smith chart. It ended
on the centre line at the point:
200Q2+j0€2.

Once the 90° A,/4 length was known,
the desired characteristic impedance
was easily found by placing a surface
mount resistor at the distal end of the
line and then adjusting the width to
give the desired impedance at the gen-
erator end.

Problem Three. In the final instance I
needed to match a 5082 source to a 160€2
load at an operating frequency of
245GHz. This was achieved by using
three low-impedance J,/2 sections, made
from microstrip lines, to provide good
isolation between the source and load.
There must be minimal standing
waves on the lines, hence the VSWR
must be kept as close as possible to
unity. The solution adopted is shown in
Fig. 7. You can see that a A /4
impedance transformer first transforms
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impedance) for a single unbalanced length of coaxial

cable i.e. Z=2,/line Az/2.

the 50€ source to match a load of
10€2. This is followed by two 102 A,/2
sections, feeding a single 40Q A,/2
section to transform the output
impedance to the desired 160£€2.

For the impedance inverter, a line
impedance equal to the geometric
mean of the source and load
impedance, i.e. V(50x10)=22.4Q, was
required.

The material used for this application
was an RT/Duroid 6010, non-woven
glass ceramic filled PTFE composite,
whose dielectric constant at 10GHz is
10.2 £0.25.

The substrate height found to be
most suitable was 0.64mm (25 mil).
The combination of high permittivity
and small thickness meant that it was
possible to fabricate low impedance
lines using practically realisable line
widths. The line lengths and widths
required to achieve the necessary A,/2
sections and the A/4 transformer are
given in Table 2.

In summary

This article has shown that simple A,/2
co-axial and microstrip-line sections
can be used to provide both voltage
and impedance transformation at the
VH and UH frequencies commonly
used today in advanced communication
systems.

The technique has been successfully
adopted to provide the unbalanced to
balanced condition required when con-
necting feed cables to various antenna
structures. I have shown that the tech-
nique prevents the wave contained
within the antenna feed cable from
tending to ‘spill over’ the end and trav-
el back over the surface of the cable,
causing the outer sheath to have an RF
voltage on it.

Finally, I have shown that these net-
works can be used to provide effective
isolation between high power sources
and their loads. |

Connection to ground plane —
on the underside of the board
1914\

Section Section Section Section Section Section Section Section Section
one two three four five six seven eight nine
Z5= 500 Zo= 2000 Z, = 800Q Zo=13.2k2 Zo=6.4kQ
o b | [*— X s % ——-A\-\*- g | | [ b e —-] P z—-*l Vour= 1600V
[ [
| | | | i
| ngz 1,9;2} ‘ | {lgfg )"gf% | [lgfz Ag@] ‘ {z‘gfe ‘lgf’a] ’ [lgfz ? HOUI= 12.8kQ2
| | | |
I\" - * — I\ IR —_—— ' =, - —— » - - e I A i — A \\. ———— -
Zo=50Q Zo = 2000 Zo= 8009 Zo=3.2kQ2 Zy=6.4kQ
b d
Rin Fa}g. 5. Coaxial transformer converting from 500, 50V R
500 to I?.Skﬂ, 1600V in s:mpﬁﬁed_farm. In practice, Semi-rigid cable
sections would connect as in Fig. 4. Interconnects a to of characteristic impedance
Vin e should either have very small electrical length or =500 ; hiried 2] cabl
2 (where source impedance is same as load big. 6. Combined coaxial cable and
50V /- microstrip transformer for

converting an unbalanced 500
source to a 2002 balanced load at
2.45GHz with good source to load
isolation. It comprises three 50Q
Ag/2 sections and a 100 Ag/4
impedance inverter.

Connection to
copper tract

/
S

impedance

impedance matching/isolation circuit.

Line impedance (Q) 22.35 10

Line width (mm) 2.25 6.17
88.5mil  243mil

Ag=38

Line length (mm)

Ae/2=19

Table 2. Microstrip line dimensions for low

_}-RT Duroid 5880
substrate
—
| Copper track of
4 characteristic
A\ Zo=100Q2
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Make better
Wien oscillators

On building two Wien-bridge oscillators operating at different
frequencies but otherwise identical, a reader asked, “Why are the
amplitudes different?” lan Hickman answers the question, and
gives tips on how to get the best out of the circuit.

reader who was puzzled by an

unexplained discrepancy. He had
designed a two-tone generator for
himself, the two audio tones being
summed at the virtual earth input of
an inverting op-amp stage. This is of
course the correct way to do it, as it
avoids the production of any inter-
modulation products due to interac-
tion between the two sources, and
switching either tone off has no effect
on the level of the other.

I recently received a letter from a

The basic circuit
Each tone generator consisted of a
Wien bridge oscillator, the basic cir-
cuit of which is shown in Fig. 1.

Assuming R1=R2=R and C|-_—C2=C,
the frequency is given by f=1/2nRC
and the attenuation from op-amp out-
put back to the non-inverting input is
a factor of 3, or 9.54dB. My corre-
spondent said that he had seen many
treatments deriving this figure, and
with it the operating frequency, but
none dealing with how to predict the
amplitude of the output.

Figure 2 is a simplified version of
the circuit of each of the two oscilla-

Fig. 1. Basic
thermistor- 0
stabilised Wien LA g Lol
bridge oscillator. & ™
F Qutput
-
Ry
NG
(R53)

tors he used. Each could be set for
one of two pre-set frequencies —
switching arrangements not shown
here — the output level being sta-
bilised as usual with an R53 thermis-
tor.

The problem was that the output
levels of the two oscillators differed,
whereas given that the circuitry of
each was identical, the designer had
expected them to be the same.

Loop gain
The open-loop gain of the op-amp he
was using is 50dB, i.e. around 300x
at 1kHz, and greater still at the lowish
audio frequencies used in his design.

So the differential input to the op-
amp would be 0.3% or so of the out-
put. Thus the input via the Wien net-
work at the non-inverting input will
be virtually identical to that at the
inverting input via the thermistor
branch. This amounts to one third of
the output amplitude, i.e. the closed
loop gain is x3. As noted above, the
frequency is (ideally) given by
f=1/2nRC so, for example, with com-
ponents in the Wien network arm
having exact values of 10kQ, 0.1p,
the frequency would be 159Hz
(1/(2m)=0.159).

But note that a more exact expres-
sion for the operating frequency is,

1
T - —
21 R R, GG,
So if C; is 10% low but C; is 10%
high, say, the frequency will still be
right. However, the attenuation in the
Wien network is no longer 3:1, in fact

it increases by 0.62dB. So the attenu-
ation in the negative feedback arm via

the thermistor will have to change
also. This will require a different cur-
rent through the thermistor, changing
its dissipation and hence its tempera-
ture, to achieve the appropriate resis-
tance. The change in current is
brought about by a corresponding
change in output voltage.

Setting the output frequency
Note that the adjust-frequency poten-
tiometers in Fig. 2 affect only the
series CR arm. For a Wien bridge
oscillator, the frequency is given by
f=1/(2ZnRC) only if the two resistors
Ry and R, of Fig. 1 are equal, and the
two capacitors likewise.

In all other cases, the full equation,

1
/= 3 RRCG,

must be used.

With a potentiometer adjustment in
the series arm only, as in the circuit
shown, any adjustment to the fre-
quency must necessarily alter the 3:1
nominal attenuation through the net-
work, and hence also the output level.
There are several ways round this, as
discussed next.

Figure 3 shows an improved fre-
quency adjustment circuit, having
several advantages. If the track resis-
tance of the potentiometer R,,,, does
not exceed 10% of the reactance of C
at the operating frequency, adjusting
it from end to end will result in neg-
ligible variation in output amplitude,
while providing a +9% tuning range.

This arrangement has a further
advantage compared with Fig. 2. For
a pre-set potentiometer, the sum of
the resistance from one end of the

66

ELECTRONICS WORLD January 2000

track to the wiper, plus that from the
wiper to the other end of the track,
slightly exceeds the track end-to-end
resistance. This is due to the wiper
contact resistance, which is not neg-
ligible — except in the case of wire-
wound potentiometers.

The wiper contact resistance is also
slightly variable, both in the long
term, contributing frequency drift,
and in the short term, contributing
noise. In the circuit of Fig. 3, the
wiper contact resistance is in series
with the very high input impedance of
the op-amp, and therefore has virtu-
ally no effect.

Setting output amplitude

The drive to the thermistor will adjust
itself to whatever is necessary, name-
ly to set the attenuation in the nega-

tive feedback path to just marginally

less than that in the positive feedback
path. So including a potentiometer as
part of the 270£2 at the inverting input
of the op-amp, Fig. 2, will provide an
amplitude adjustment, which can be
used to set the desired output, after
first setting the frequency.

The output amplitude of a circuit
such as that shown is determined by
the characteristics of the particular
R53 thermistor used. The nominal
room temperature resistance of this
device is 50008 — or 5E3, hence the
type number — with a +20% tolerance.

The maximum recommended oper-
ating temperature of the thermistor
pellet, in its evacuated glass envelope,
is 220°C, and the device can be used,
with suitable derating, at ambient
temperatures up to 175°C. Power sen-
sitivity is nominally 62.5°C/mW.

What value for R;?

Maximum permitted dissipation at
20°C is 3mW, This is sufficient to
drive the device’s resistance typically
down to 63Q. I generally make Rs
about 1200, driving the thermistor
resistance down to about 2402, and
avoiding any possibility of over-dis-
sipation. This results in an op-amp
output amplitude of about 2.5 to 3.0V
peak to peak.

Heavier drive to the thermistor can
be beneficial in some respects, as dis-
cussed later. But with Ry at 120€2, the
op-amp sees a load at its output of
360€Q2. Op-amps are generally charac-
terised with 10kQ and/or 2kQ loads;
some types also handle a 600£2 load.

Most op-amps will work happily with
a 36082 load in this application, as the
required peak to peak output voltage
and current swing is quite modest.

Current through the thermistor is of
course the same as that through R;.
Thus, knowing the alternating voltage
across the thermistor — circuit design
should always be such as to avoid any
DC in it — its dissipation is readily
determined.

Don’t forget that there is a consid-
erable tolerance on R53 thermistors.
Two different R53s taken at random
from stock, in a circuit as Fig. 1 run-
ning at 110Hz with R3=120Q, gave
outputs of 2.53V and 2.74V peak-to-
peak.

Running the thermistor harder has
some advantages. Most obviously, the
hotter the thermistor, the less varia-
tion in output amplitude there will be,
with change in ambient temperature.
However, another advantage accrues
at low frequencies.

In an audio oscillator covering
20Hz to 20kHz in the usual three
ranges, operation at the lowest fre-
quency may result in ‘amplitude
bounce’. The thermal time constant of
the thermistor combines with that of
the circuit to form an underdamped
level-control loop. Consequently, any
small adjustment in the frequency
results in the amplitude oscillating up
and down at about one cycle per sec-
ond, gradually settling to a steady
value.

With lower drive levels the effect is
more pronounced, and in extreme
cases the level control loop can
become unstable. At higher output
frequencies, the loop is well damped,
and there is no problem.

Distortion
For a thermistor-stabilised Wien
bridge audio oscillator, distortion is
worst at the lowest frequency. For at
20Hz, the half period of the sine wave
is no longer negligibly short com-
pared with the thermal time constant
of the thermistor pellet. Consequently
the temperature of the latter tends to
rise slightly at each peak of the wave-
form and fall at the zero crossings.
This results in distortion, which is
almost purely third harmonic.
Running the thermistor cooler —
subject to the level loop stability con-
straints mentioned above — can reduce
the effect. Thus the temperature vari-
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Cy
+
== Cz Rz

Fig. 2. Two circuits like this produced different

output levels.

Cy R4
+
—‘A*N‘—u
F‘Tune p
Ry
- Cs Rz AW
(R53)
R3

Fig. 3. A madification permitting +9%
tuning range, with negligible effect on
output level.

ations are less, and so is the distor-
tion. It is also possible, with a differ-
ent thermistor-stabilised oscillator
design, to outphase the third harmon-
ic component, providing a very low
distortion output right down to 20Hz.!

In summary

Thermistor-stabilised Wien-bridge
audio oscillators offer good, though
not excellent, performance, from a
simple and economical design. As
always with circuit design, the theory
will tell you what you should get, but
what you actually get is down to
those all-important tolerances.

The various measures outlined above
permit the designer to cope with these,
finishing up with a circuit tailored to
the particular requirement. |
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TiePieScope HS80 1 @I I=R\V/ION]]

Reliability

» The HS801: the first 100 Mega samples
per second measuring instrument that
consists of a MOST (Multimeter,
Oscilloscope, Spectrum analyzer and
Transient recorder) and an AWG (abritary
waveform generator). This new MOST
portable and compact measuring
instrument can solve almost every
measurement problem. With the
integrated AWG you can generate every
signal you want.

The versatile software has a user-defined
toolbar with which over 50 instrument
settings quick and easy can be
accessed. An intelligent auto setup
allows the inexperienced user to perform
measurements immediately. Through the
use of a setting file, the user has the
possibility to save an instrument setup
and recall it at a later moment. The setup
time of the instrument is hereby reduced
to a minimum. :

When a quick indication of the input
signal is required, a simple click on the
auto setup button will immediately give a
good overview of the signal. The auto
setup function ensures a proper setup of
the time base, the trigger levels and the
input sensitivities.

ABRITARY WAVEFORM GENERATOR-

STORAGE OSCILLOSCOPE-
SPECTRUM ANALYZER-

MULTIMETER-
TRANSIENT RECORDER-

- The sophisticated cursor read outs have

21 possible read outs. Besides the usual
read outs, like voltage and time, also
quantities like rise time and frequency
are displayed.

Measured signals and instrument
settings can be saved on disk.This
enables the creation of a library of
measured signals. Text balloons can be
added to a signal, for special comments.
The (colour) print outs can be supplied
with three common text lines (e.qg.
company info) en three lines with
measurement specific information.

The HS801 has an 8 bit resolution and a
maximum sampling speed of 100 MHz.
The input range is 0.1 volt full scale to 80
volt full scale. The record length is
32K/64K samples. The AWG has a 10 bit
resolution and a sample speed of 25
MHz.The HS801 is connected to the
parallel printer port of a computer.

The minimum system requirement is a
PC with a 486 processor and 8 Mbyte
RAM available. The software runs in
Windows 3.xx/ 95/ 98 or Windows NT
and DOS 3.3 or higher.

TiePie engineering (UK), 28 Stephenson
Road, Industrial Estate, St. Ives,
Cambridgeshire, PE17 4WJ, UK

Tel: 01480-460028; Fax: 01480-460340

TiePie engineering (NL),
Koperslagersstraat 37, 8601 WL SNEEK
The Netherlands

Tel: +31515415416;Fax+31 515418819

Web: http://www.tiepie.nl
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CIRCLE NO. 131 ON REPLY CARD

Audiotherapy

May I congratulate you on your
comment ‘Aromatherapy and
Audiophools.’ in the October 1999
issue. It needed saying.

I remember my good friend, the
late James Moir, saying to me that
people seem to prefer belief in
magic rather than a solid scientific
reality. Aromatherapy I can just
about accept, as trace elements and
compounds can interact with our
body chemistry. But fancy talk I can
only accept if our hi-fi amplifiers
generate copious supersonic
‘whiskers’ along with their audio
output.

After all, our electrical engineers
who manipulate thousands of
kilowatts have found that Ohm’s
law satisfies their design problems;
dielectric losses and skin effect only
need to be considered at radio
frequencies, and possibly in circuits
carrying thousands of amps. Of
course, if and when all our radio
and audio circuits are going to use
exclusively very short pulses at RF
repetition rates we will have to
redesign pretty well everything.
Maybe the cable manufacturers are
getting ready.

Meanwhile, as Andrew
Emmerson says, it is all good for
business!

Ralph West
Devillac
France

Musical numbers

None of the critics of the several
telephone number changes seems to
realise that any single step
alternative would have produced
immense chaos,

Any change had to consider that
humans are very much creatures of
habit and also have a limited ability
to remember long numbers. In the
UK and elsewhere, telephone
companies have minimised the
memory problem by using as few
digits as possible and then
systematically divided these
necessary digits into smaller, logical
separate, more easily remembered,
parts.

The original national number
system used ‘0" plus nine digits. Its
potential maximum of up to 800
million numbers must have seemed
more than adequate for the long-
term needs of a country with only 60
million people. At that time even
experts had a limited view of the
potential of computer technology.

The new number range of ‘0’ plus
ten provides a tenfold increase in
capacity. Placing the extra digit
immediately after the initial ‘0’

Letters to “Electronics World” Quadrant House,
The Quadrant, Sutton, Surrey, SM2 5AS
e-mail jackie.lowe@rbi.co.uk using the subject heading ‘Letters’.

Mystery waveform

high frequency sine wave.

such as an analogue multiplier.

In reply to Nick Wheeler's letter about his mystery
waveform in the letters pages of November's
Electronics World, the waveform can be produced by
multiplying a low-frequency triangular wave with a

|—- Qutput

FAT AT A 4 Analogue
X multiplier ¥ WM%
100kHz 2.3MHz
sinewave

The diagram shows *A=10us’ but does not show
where A is, so I cannot be precise about frequencies.
Looking at the diagram, the high frequency
component is about 23 times the frequency of the low
frequency component. If the low frequency triangular
wave fundamental component was, say, 100kHz then
the high frequency sine wave would need to be
2.3MHz. The waveform shown can be obtained then
by multiplying the two in a suitable multiplier stage

The block diagram shown is one answer to Nick
Wheeler’s question, “How did {ypmduce the
waveform shown in the photo?

amplifier but the limiting factor with this method is
bandwidth restrictions of the op-amp and gain
requirements. DSB is closely related to PAM, while

Peter Goodsen DSB utilises both phases, PAM utilises just one
Bracknell phase.
Berkshire Darren Heywood
Buckley
Nick Wheeler’s wave is a double-sideband Flintshire
suppressed carrier, modulated by a R
sawtooth wave. It may be mistaken Ra BS170, st AAA
as an AM wave but if you home in oV - V\W\/ = Rb
on its zero crossing, it may be —15V —w - DSB
noticed that the wave undergoes a ] gt
phase change (as far as I can see o +
from the photograph) hence DSB.
I know of two ways of generating R
such a wave, the first involves the w : Carrier ¢
use of either one of two mixers. g":ﬂ;w ee‘;;_‘f: solution in
ilwariateiely, SD ne ) e diamond-shaped envelope 1L
generated using a discrete chopper problem.
gives the simplest, easily After a further few years people change of numbers is not due to

remembered, standard number
change combined with maximum
future flexibility. Unfortunately the
existing system had no unused first
digits.

Any simple reuse of a digit
automatically produces many new
numbers, which more or less
duplicate the first digits of different
existing national numbers. Those
who overlooked the change would
produce, over several months,
millions of no tones ‘faults” and
wrong numbers, There would be no
simple way of interpreting and
advising misdialled calls. The
multiple step method avoided this
problem. The first step, changing
London to 071 and 081 freed the 01
code, which was given a recorded
error message.

After a few years it was safe to use
01 instead of O to precede existing
area codes. The old area codes were
then given recorded error messages.

had forgotten previous area codes.
0ld codes commencing with 02, 03
etc. became available for other
purposes. London could again have
a single national code, 020, and its
local numbers finally increased to
the eight digits planned to several
years previously.

Why has BT not explained the
underlying reasons to the public? In
my experience, when people know
all the facts they are much less likely
to complain.

Overall, apart from poor quality
publicity, BT seems to have found
an optimum solution to the problem.
It would be interesting to hear from
any critic who, considering all
aspects, could suggest a better one.
RG Silson
Tring
Hertfordshire

Contrary to Andrew Emmerson’s
editorial of December 1999, the

competing operators. It is due to
the need to correct a mistake made
in 1995 when an extra digit was
added to the codes of all UK
numbers.

The extra digit should have been
added to the end of the
subscriber’s telephone numbers
rather than the beginning as it was.

The extra digit at the front did
increase the possible numbers by a
factor of ten, however it did not
increase the capacity for
subscribers numbers as next-door
neighbours cannot have different
codes — except at area boundaries
of course.

The mistake is now being
corrected by reducing the area
codes to three numbers and
moving the digit along to the
individual subscribers number.
Owen Partridge
Brentwood
Essex
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Schottky diode

FREE

2.1A 100V

0.68V drop @1.5A pk
120A lgsm

International
ISR Rectifier

Fast, latest generation
high-power Schottky
diode from

Internationo
TIGR Rectitier

With battery-operated and power-efficient circuits in
mind, International Rectifier has recently launched a
new Schottky power rectifier diode - the 10MQ100N
= that exhibits a typical voltage drop of only 0.68V
when carrying 1.5A peak.

Because of this diode’s efficiency - i.e. it dissipates
little heat because of its low voltage drop- it has been
possible to mount it in a very small package, with a
footprint of just 0.1 by 0.2in.

As a bonus, this 2.1A, 100V device is suitable for
high-frequency power switching. It has a typical
junction capacitance of just 38pF with a reverse
voltage of 10V and a 1MHz signal.

The SMA-packaged 1T0MQ100N is primarily intended
for high-density surface-mount applications, but it
serves equally well working between two tracks on
the reverse side of a through-hole board.

For a full data sheet and applications ideas, visit
International Rectifier’s web site, www.irf.com.

with this issue*

*UK Readers only

Designers with no Internet access, contact A fast 2.1A, 100V Schottky L ! "
. s diode in a package 7
International Rectifier European Response measurl'ng 0.1 by 0.2in - -
e 10MQT00ON. :
Centre DBI, 31 Chelsea Wharf, 15 Lots = /
Road, London, SW10 0Q)J &
3
L < T 5 - Tj=150°C
Major ratings and characteristics ; g
Characteristics Rating g ! e g
Forward current, Ipg) 2.1A e / l’
Reverse voltage, Vaau 100V g 1
Peak forward current, lpgm 120A & _ﬂ !
Forward voltage at 1.5Apk, Tj=125°C 0.68V _fg I
Junction temperature —40 to 150°C =
Typical junction capacitance, Ct 38pF Maximum
Maximum thermal resistance 160°C/W forward voltage
o - drop of the
For more details, visit www.irf.com 10MQ100N. 01 R e
Forward voltage drop — VFM (V)
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CROWNHILL ASSOCIATES LIMITED
The Old Bakery, New Barns Road,

Ely, Cambs. CB4 7PW
Tel: +44 (0)1353 666709 Fax: +44 (0)1353 666710

Low cost professional quality Smart Card Systems

{

The intelligent programmer for Smart Cards using the International Standard T=0 or T=1 protocols
also Memory and Secure Memory using FC, 2-wire & 3-wire interfaces. From April 1 1999 all
ChipDrives are supplied with software to read and write to most popular secure smart cards, inc
GSM, PAY PHONE and ACCESS CONTROL cards. Drivers are available for Apple Macintosh,
Linux, Unix, Solaris. Microsoft PG/SC and of course WINDOWS 95/98 and NT.

Supplied with CARDSERVER API for easy development of SmartCard Applications using Visual
Basic, Delphi or C++,

CHIPDRIVE INTERN
£49.95 + P&P £7.50
Exclusive of VAT

CHIPDRIVE EXTERN
£49.95 + PaP £7.50
Exclusive of VAT

CHIPDRIVE Micro
£39.95 + PaP £7.50
Exclusive of VAT

All Chipdrives are supplied with a Windows API and full documentation. ChipDrives are

CE Compliant ChipDrives conform to 1SO7816, T=0 or T=1 @ 3.579MHz, RS232 @

9600-11500 bps, Internal Supply/Ni-MH. Under norrnal conditions power is derived from

the host Serial Port. Operatson is 5|mple full telephone and email support is provided for
ot 3 Windows developers.

awn
READING
Gsﬂﬁm c&ﬂ?‘)“"w
sup

hitp://www.fowitoko.co.uk
htitp://www.crownhill.co.uk
http:/www.edsim2000.com

3 Hrs !

PER-POOL

Y
<N 0wy

WWW.PCB-POOL.COM

Prototype PCBs
from your usual manufacturer for a
fraction of the cost

FREE Layout Software
FREE Digital-Multimeter
FREE PHONE 0800 389 8560

iZz @ £ oo~ [l
m ©+353 (0)61 701170
tonneded =R ‘m-;J ﬁ.ﬁ LMJ gl @ MJ FAX 701164

CIRCLE NO.133 ON REPLY CARD

LOW COST

r i

Low cost
Embedded Control

Control Systems
Custom Design
Micro-Controllers
Logic Controllers
Data Loggers
Analogue & Digital I/O

CAMBRIDGE

MICRO
PROCESSOR  uxcws ixs

Tel: +44 (0) 1371 875644

SYSTEMS LIMITED  rax: +44 (0) 1371 876077

Units 17-18, Zone 'D’,
Chelmsford Road Industrial Estate,
Great Dunmow, Essex

http:/www.cms.uk.com

CIRCLE NO.132 ON REPLY CARD
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Totally
change

your life.

( totaljobs.com)

If now’s the time to better your career, then now’s the time to visit the new website from Reed Business Information.
Here you'll find thousands of jobs and maybe the answer to all your prayers. We're adding vacancies all the time,
INASSOCIATION WITH

to make us the UK’s leading recruitment website. Our aim is to have more jobs in more markets than ELECTRONICS
anywhere else. So, if you’re looking for a total change, take a look at totaljobs.com and get going. WORLD

COMPONENTS

SiGe Microsystems
claims that over 12
companies have
bought its low
phase noise
transistors for local
multi-point
distribution services
(LMDS), used for
broadband access
to the home such as
cable. Lower phase
noise reduces bit
errors and allows
for increased data
rates, the firm
claims. The
transistors can be
used to build
oscillators running
at up to 20GHz.

GaAs takes on SiGe
The once out of favour GaAs technology has given semiconductor
makers plenty to laugh about lately, but the time has come when the

major design houses are looking elsewhere. So does SiGe fit the bill
to be the key high frequency technology for the Year 2000?

Richard Ball examines the facts.

wireless products such as M/A-COM, RF Micro Devices,
mobile phones in the last TriQuint and Vitesse are starting to
couple of years has left gallium use SiGe.
arsenide, or GaAs, semiconductor During September two firms,
manufacturers laughing all the way M/A-COM and Anadigics signed
to the bank. deals with Temic, the Atmel division
At last it seems that GaAs —a that manufacturers SiGe chips.
much maligned semiconductor Using SiGe, Temic introduced a
technology — has found favour. DECT RF chipset last year and GSM
However, manufacturers and design power amplifiers this year. It started
houses realise its lifetime and shipping in high volume from its 6in

T he explosion in the use of manufacturers, including Anadigics,

opportunity are finite, and that wafer fab in Germany early this year.

silicon germanium, SiGe — and What is significant about both
perhaps even bulk CMOS — will Temic deals is they bring together
ultimately provide a better fit in large  established RF component experts
volume markets. with Temic’s proven SiGe process
Major GaAs design houses and technology. As Dr Charles Huang,

January 2000 ELECTRONICS WORLD

chief technical officer for Anadigics
describes the move: “Having access
to Temic Semiconductors’ SiGe
facility and technology provides us
with an opportunity to complement
our existing gallium-arsenide and
silicon programmes.”

US firm Anadigics has been a long
time proponent of GaAs, but
introduced its first silicon part, a dual
frequency synthesiser, in June. The
Temic deal continues the shift away
from pure GaAs development.

Ron Michels, v-p of the cable and
broadcast segment at Anadigics says:
“Anadigics is committed to
identifying, developing, and
exploiting new process technologies




COMPONENTS

to provide leading RF solutions for
our customers.”

M/A-COM, another GaAs stalwart,
will use Temic’s process for devices
targeting both wired and wireless
infrastructure especially gigabit data
rate LANs and the local loop.

“Both companies agree this joint
partnership is an excellent
opportunity to produce silicon
germanium products for the rapidly
changing demands of the telecoms
marketplace,” says Rick Hess, a v-p
at M/A-COM.,

RF Micro Devices, a spin off from
Analog Devices, is another
experienced high-frequency design
firm choosing to use SiGe. It has
chosen to link up with IBM
Microelectronics which has one of
the most advanced SiGe research and
manufacturing programmes. IBM
was the first firm to introduce high

volume SiGe chips this time last year.

Already using silicon, GaAs and
heterojunction bipolar transistors, RF
Micro Devices’ access to SiGe will
fill out its capabilities nicely,
allowing it to replace GaAs in many
areas,

Why SiGe, not GaAs?

SiGe offers the economies of scale that you get with conventional
silicon processing. Producing die on 8in silicon wafers gives much
cheaper parts than from smaller GaAs wafers.

Weighed up against this is the claim by GaAs makers that their
technology is cheaper in terms of mask generation.

“In semiconductor manufacturing the cost is primarily capital cost,
and the amount of equipment you need relates to the number of
masking levels. Our four-level metal process is implemented with 15
masks; bipolar SiGe requires 25 to 30 masks,” claims Vitesse’s Chris

Gardner.

But, when it comes to the crunch, GaAs just uses too much power to
be used for anything beyond the low integration parts such as power
amplifiers — and SiGe can now even be used for that function. With the
trend towards further integration, power consumption — particularly that
due to leakage current — is critical. And this is where SiGe triumphs,

even over silicon.

The firms plan to develop third-
generation mobile phone chips. The
belief is that using SiGe in the front
end will reduce power consumption
and device count.

“IBM'’s SiGe technology will
enable us to design products that
deliver high performance and low
power consumption in wireless

Multi-product wafer service for SiGe

Austria Mikro Systeme, a long time developer of silicon germanium technology, is offering a
multi-product wafer (MPW) service for SiGe. Starting in February, AMS will run seven lots of
wafers through its fab, the final run in December next year. Untested packaged samples are
provided after 12 weeks for the SiGe process. The 0.8um process is based on the firm’s mixed
signal CMOS process and adds a heterojunction bipolar transistor module.

communications applications,” says
William Pratt, chief technical officer
for RF Micro Devices.

Vitesse is one of the biggest names
in GaAs — the first to offer
commercial parts — but even it has
succumbed to the reality that SiGe is
the way forward.

“We no longer consider ourselves
technology snobs; we can also write
cheques,” says Chris Gardner, v-p
and general manager of the telecoms
division at Vitesse. “If we need SiGe
we know the guys at IBM and we can
write them a cheque.”

Moreover, during the past year,
Vitesse has bought three firms that
deal in silicon. These include
designers of Sonet/SDH, ATM, fibre
channel and network processor chips.
SiGe would offer excellent power
savings in many of these devices.

TriQuint is another name heavily
associated with GaAs, producing RF
and microwave modules for mobile
phones, base-stations and satellite
systems. The company is reported to
be looking at silicon development,
where higher integration makes GaAs
too expensive.

‘Whether GaAs is left to a few niche
applications, or whether new high
volume applications come along that
use frequencies that SiGe cannot
reach, remains to be seen.

But for now, the shift towards SiGe,
and away from GaAs, is well and
truly under way. GaAs suppliers will
be hoping that SiGe is the joker in the
pack, and keeps the laughter flowing
during trips to the bank. |
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capacitor tester

...continued from page 20

So just what level of charged capacitor -

voltage can be absorbed by the meter
without damage resulting?

As with a fuse, the fusible resistors
can become open circuit either by a
large peak current pulse of short dura-
tion or a much' smaller current for a
longer time. The peak current that

“flows depends on the voltage on the

charged capacitor while its duration
depends on capacitance value. The
maximum charged capacitor voltage
that the meter can withstand varies
according to the capacitance value.

It is best to assume the maximum
safe voltage is zero, using the meter to
measure only discharged capacitors.

If sufficient charged capacitor volt-
age is applied, the ensuing peak cur-
rent can open circuit the 22Q and 2.2Q
fusible current sense resistors, Ryg,
and permanently weld the range relay

_contacts closed.

Damage to these three components
has been confirmed by practical exper-
iments using a prototype meter.
Replacing these components restored
normal operation.

Using all the above protection mea-

sures, a capacitor charged to a very
high voltage might store sufficient
charge that those integrated circuits
most directly connected to the test
capacitor are damaged.

To facilitate test and repair of a dam-

-aged meter, integrated circuits Uj 343

are mounted in low profile, turned pin
sockets.

Battery power supply
Generating a +5V stabilised supply
from four AA batteries poses the dif-
ficulty that with fresh batteries, the cir-
cuit must reduce the battery voltage.
As the batteries discharge, the circuit
must automatically changeover to
boosting the battery voltage.

For economy of batteries it is desir-
able to support an auto-off timer to
shut down the power supply, and dis-
connect the battery load. A low battery
indication as the batteries become
exhausted is essential.

For ease of assembly, I decided to
avoid surface mounted components,
using only DILrintegrated circuit pack-
ages. This was not a problem with the

measurement circuits or the 100Hz

generator. Unfortunately almost all the
latest power supply circuits are only
available in minute surface-mount
packages.

A secondary problem lay in the
‘shutdown’ terminology. Most of the
power supply circuits Ilooked at
claimed a shutdown facility. In many
instances, while the power supply chip
itself shut down, it did not disconnect
the battery load. The battery continued
to supply voltage and current into the
tand meter,

Having tried and rejected a number

of power supply circuits, I found a -

Linear Technology application note
titled ‘Mlcropower
Circuits’. This application note dis-
cussed the above four cells to 5V

power supply problems and suggested

a solution.

This used the LT1303CN8 eight-pin-

DIL integrated circuit as a boost con-
verter, followed by a discrete linear
post regulator. I had previously reject-
ed this IC because when used conven-
tionally, its shut-down circuits do not
disconnect the battery load. Battery
disconnection is achieved using a post
regulator circuit.

This application also claimed a near
80% conversion efficiency. It used sur-
face-mounted diodes, inductors and
capacitors, but I wanted to use leaded
components.

With a 10042 resistive load to simu-

Buck/Boost -

Reognisng a amuged tand meter

A functioning tand meter produces around 150mV
at 100Hz across its test probes. If the test probes
of the meter are touched together, some 50mA of
test current flows, the meter displays over-range
.and the high range LED lights.

Illumination, of the high range’LED indicates that
more than 8mA is flowing in the circuit.
- Note that the current actually measured at the
test leads depends on the burden of the DMM

because of its high AC current burden. A better
meter measured more than 35mA.

With R; or Rg open circuited, only a small test
current can flow, the high range LED cannot light
and the above voltages and currents will not be
measured.

An ohmmeter measurement of resistors R, and
Rg will confirm they have been damaged.

If the PM128 meter in a tand meter displays
abnormal behaviour, the above simple tests

has been damaged.

If damage is indicated, R, Ry and the range
relay should all be replaced.

Repeat the above test also check visually for
other damage, before re-calibrating the meter.

used. One of my meters measured less than 25mA -

should confirm normal operation or that the meter-

late the tand meter, bread-boarded, this
prototype supply looked good. It pro-
vided a stable output voltage with
inputs from 3 to 6 volts, using my
bench power supply. When shut down,
no power flowed in this load resistor.

I etched a trial PCB and used the cir-
cuit with four AA batteries to power a
prototype meter. Disaster; switching
noise from the supply interfered with
the accurate zero crossing detection of
the 100Hz test current waveform.
Power conversion efficiency was less
than 65%.

My original six AA battery proto-
type power supply used a MAX883
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low drop-out linear regulator. This
produced little noise and no notable
switching transients.

The MAX665CPA on-board -5V
converter also produces switching
transients. These had not troubled my
linear regulator but interfered with the
LT1303CN8 control circuits.

The LT1303CN8 performed much
better using my bench supply than
when using four AA batteries, whether
NiCd or alkaline. Efficiency was
improved and with less noise.

Apart from using leaded and not sur-
face mounted parts, I had followed the
suggested component values. After ini-
tial unsuccessful attempts to add filter
capacitance, I decided [ needed to
more closely replicate the performance

of the specified surface mounted parts.

Comparative high-frequency mea-
surements suggested two problems. [
needed more and lower ESR capaci-
tors, together with a larger value
switching inductor, and a better power
supply PCB layout. The 5V power
supply board was redrawn to minimise
ground impedances. Capacitor decou-
pling was improved by using four ter-
minal connection paths, Fig. 3.

Of the capacitors I measured, Oscon
types performed well but were expen-
sive and physically much larger than
the PCB space I had available. Certain
low-ESR capacitors failed to meet
their claims. Others were too tall. In
the end I chose the lowest cost of those
measured, the Rubycon YXF. These

performed far better than claimed and
fitted into space available.

Using these capacitors in the new
printed board layout, I wound and test-
ed various inductors. Doubling the
original 22uH value to 47uH,
improved conversion efficiency and
reduced switching noise.

To further reduce +5V supply noise
and isolate the =5V converter’s noise
from the LT1303CNS8 control circuit, I
added an extra capacitor, decoupled
using a small VHF inductor.
Connection of this +5V supply to the
main boards is via a bucking mode,
bifilar-wound, twelve-turn inductor,
wound on a small high permeability
toroidal core, Fig. 4.

The -5V supply uses a MAX665

Capacitor quality - tand

The quality of many high-
frequency components, such
as RF inductors and very-
low-loss capacitors, is often
defined by their ‘Q)’ factor. Q
is the result of dividing a
components measured AC
reactance by its AC resistive
losses.

The reciprocal of ‘Q’ is
tand, which is defined as the
capacitors AC resistive
losses, i.e. ESR, divided by its
capacitive reactance, X, at
that frequency.®

TanQ is used to describe

the capacitors reactance, X,.

Tand is sometimes con-
fused with the older term
‘power factor’. Power factor
is defined as the cos(90-0),
which is the same as sind or
the cos8.

Hence power factor is,

ESR

cosf=——

||

where |71 is the capacitor’s
measured impedance magni-
tude. For aluminium elec-
trolytic capacitors, |21 is

always much greater than X.

For very small angles, tan
and cos® have similar values,
but a quick pocket calculator
check will confirm that they
diverge quickly. As the loss
angle increases cos@ can
never exceed unity, but tand
has no upper limit.

All capacitors exhibit a
variety of losses including a
small DC leakage current,
resistance of their metallic
conducting surfaces, together
with resistive dielectric
losses. Combined, these
dissipate some of the applied
energy as heat.

Such losses reduce the

This series resistance is the
equivalent-series resistance,
or ESR, of the capacitor.”

A capacitor’s reactance
reduces in proportion to its
actual capacitance value and
not its specified or low
frequency value and mea-
surement frequency.

With increasing frequency,
the actual measured capaci-
tance value of an aluminium
electrolytic capacitor is much
reduced. | tested a 100pF
capacitor that measured less
than 50pF at 100kHz.

Being a combination of
fixed and variable losses, ESR

eight pin DIL, DC-to-DC converter in
high-frequency mode, to minimise its
switching noise. To further reduce
high-frequency noise from this -5V
supply, I added two extra capacitors,
decoupled using a second small 4.7uH
inductor.

In total four 220uF 10V, low-ESR
decoupling capacitors are used for the
+5V supply and three for the -5V con-
verter. These changes ensure very low
supply line noise levels on both the
analogue and logic boards.

In addition to reducing noise from
the power supply, these changes much
improved the conversion efficiency,
achieving around 80% with 4.5 to 5V
input. This is the median voltage when
using four AA alkaline or Ni-Cad
cells.

Auto-off timer
This device that turns the meter off
automatically after a delay is an
ICM7242. Tt is essentially a 7555 timer
combined with a divide-by-2 and
divide-by-128 counters. This arrange-
ment permits very long time periods
using only modest timing component
values. A small sub-board is config-
ured as a universal stand-alone timer.
One gate of an HEF4093B ensures
that the timer counters are reset, and
hence trigger correctly, when power is

STRAP

Fig. 3. Final design
of the small sub-
board used for the
four AA batteries
to +5V power
supply. Note the
four-terminal
capacitor
connections now
used. The 220pF
capacitors are
placed along one
board edge, to fit
between the
battery box and
the PM128 display
meter.

Parts and assembled meters

Cyril can supply kits or fully-assembled meters together with a bound
24 page user manual. This includes schematic drawings, board
layouts, calibration instructions and parts list. This manual is supplied
with each pre-assembled tand meter. In addition, for those who
purchase printed boards or kits of parts, a further 22-page assembly
manual with full instructions and drawings is included.

A tand reference capacitor, namely a 10pF 5% 63V metallised PET
type manufactured by Evox-Rifa and designated MMK22.5 106K63L4
is also available. E-mail Cyril at cyrilb@ibm.net or write to him via
the editorial offices, marking ‘Tan-delta meter’ clearly on your enve-

lope.

D
il

Fig. 4. Battery power supply, including shut-
down timer circuitry, as used for the final tand

the quality of almost all ESR theoretical 90° phase differ- also reduces with frequency, d meter design. The above circuils are conta{ned
general purpose capacitors. ence between the applied but to a lesser extent. Having B T 14 on two small sub-boards, 30 by 47mm, which
ESR 20 current and the capacitors reached a minimum value, SHikdour Timer " fit into the wasted space each side of the OKW
tand = voltage. At 1kHz for exam- ESR then increases at higher , o battery box. To reset this timer, Cy, must first
¢ ple, the phase angle of a frequency. " f‘:&r‘ox a9 Mnutes us) be discharged.
where, 48 typical 1000pF 25V radial- The measured tand of an :
1 lead electrolytic capacitor aluminium electrolytic
= R measured 67° — substantially capacitor depends on mea- | ]
less than the theoretical 90° surement frequency. Tand for
Alternatively ESR=Xtand and of phase. aluminium electrolytic
tand=ESRx2nfC. This phase angle could be capacitors increases with uad
As you can see, tand has no reproduced in a circuit by increase of frequency. Tand —E‘ﬁ
upper limit. It can — and using a high value resistor in has no upper limit and can T o
frequently does — exceed parallel with the capacitor, or  exceed unity, especially for a
unity. Particularly at high / a much smaller value resistor ~ worn out capacitor, Table 1.
frequency, ESR can exceed ¥ 1zl in series with the capacitor. Aluminium electrolytic
Aluminium electrolytic capacitor tand increases
Table 1a). Typical tand values of new stock capacitors measured at 100Hz - cgpa{:l!qr Sp&CIfiC&!t!OHS‘ Mae rapidly as the cap_at:ltor +5u
law ks valies, this equivalent resistor in wears out. It provides a o I —"Ez:“
capacaor 1uF 2.21.|F : 4-7“F 10'.|F 22“F 4?|.|F 100|JF series WIth the CapaCI!Cll'. sensitive, Easlly Interpl'eted )—%_. 3
50V blpolar Al. 0.05 0.05 0.05 0.05 0.05 0.05 0.06 The series resistance for the measurement. At 100HZ, Batt + N 45 volte
63V polarAl. 004 004 0035 0035 0035 0045 0.04 above 1000pF 25V capacitor  tand for typical good board- On/Dse BE, scas 4 AAA odin s i
450V polarAl. 0.1 0.1 008 005 005 0.05 was measured at 1kHz and mounted capacitors should s ! Torold
found to be 71mQ, X. was be less than 0.1, Devices ——— Lo SHON Le1— — ~5
Table 1b). Typical tand values of new stock capacitors measured at 100Hz — | 169mQ and tand was 0.42. with a tand of more than 0.2 - g e
high Cap;,_.,-,’;fm e u Measured at 100Hz, the should be replaced to ensure K E“’m%' 1 ol | | _son row I:l%" I___J%‘ 1—"__1%’ Bie i1|28,.T“|TiT.,Bd‘i ng
Capacitor 1000uF  2200pF  4700puF  10000pF series resistance of this ongoing and reliable equip- e l l == == -
25V polar Al.  0.06 0.075 0.09 0.1 capacitor was 104mg, X, ment operation. Capacitors W= " T ; = Y
63V polar Al.  0.03 0.05 0.06 0.07 was 1.62Q and tand was having a tand or r:':ore than Bv l L %‘ v Stabilised 5 volt supply
0.064. 0.4 are worn out. To 100 B, (LED and auto-off timer.
L All resistores 1%. File Pover input 4 AR Batteries
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INSTRUMENTATION

Tané mefter
measuring tand of
a capacitor in-situ

on a pch.

applied. The LT1303CNS8 requires its
shut-down pin be pulled high to turn
the power supply off. Since other
power-supply circuits shut down when
pulled low, two gates of the
HEF4093B are used. One buffers the
other to invert the ICM7242 timed out-
put.

Circuit design revisions

The final measurement circuit
schematic is little changed from that
published in Electronics World June
1999. Apart from the additional
INA118 in-amp already mentioned,
the most significant change concerned
the 1nF and 10nF capacitors. These
were originally specified as 1%

form transitions.

1.
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Signal Ge_lrférator‘ output current
(41.586m, 307 448m)
s

The circuit works by sampling the voltage developed across the capacitor terminals at two dis-
crete time intervals which are separated by exactly 90° of the test waveform.

The voltages developed across the capacitor terminals and the range resistors Ry g are first
amplified to a usable level using two Burr-Brown INA118 instrument amplifiers.

The ‘R’ channel is sampled coincident with the peak of the capacitor’s current waveform.
The ‘X’ channel is sampled exactly 90° later..

Each channel voltage is sampled using one of two sample-and-hold integrated circuits. The
voltage output from each sample and hold is then ratioed by the modified display meter and
the resultant tand value is displayed, Fig. 5.3

Both sampling times are controlled by the circuits ’Loglc channel. This channel’s trigger
voltage is initiated by sensing the phase of the capacitor current waveform using a comparator
to detect the zero crossing of this current. Comparator output is frequency doubled, then
halved using a CMOS 4046 phase-locked loop and 4018 divider. This results in two equal
mark:space ratio square waves. One is at 100Hz and phase locked to the test capacitor cur-
rent waveform. The second at 200Hz having rising edges coincident with-the 100Hz wave-

Application of some decoding logic provides the triggering needed, to generate the two
80ps-wide sampling pulses used to-control the sampling of the ‘R” and ‘X’ channels.

l—‘—S1gﬂa| Generator output voltage
A (42.502m, 1,0000)

* _Voltage across Capacitor Terminals

W, (43.582m,527 008m)

(41 .686m,195 721m)
Sampled Capacitor ESR voltage

A D O B T A e s e it o

L4oms 42ns
o U(19) I{Rcurrentdetect) = U(2)

on this relationship.

:
0.5 i e ==ty
-E P
P ™
i o S
E ‘ ’__Hﬂ_'_q_A__n_hh-‘hhhﬁh“‘-~n\h\n-
.(.' Vi » i
é n-; /// . 5 l,”—ﬂ
R annel sample pulse "K'| Channets 1e pulse - !
J
S . :
% 1 .
& 2 \
-8.5 . Y i H e i

'\
~ (44.186m, 489 316m)
Sampled Capacitor AC voltage

‘R'and X' Channels Sampled Voltages. . s

I prmmmmmmmm—m e qmm e frmm e e e e PP i

ns Loms
Ug1)- U{2) = B{1) « U3} U(s6)
Time

Fig. 5. Sample-and-hold control pulses from the logic circuit, superimposed onfo the test capacitor’s
current and voltage waveforms. The phase angle between the capacitor current and the voltage
developed across its reactance remains precisely at 90°, or 2.5ms, at 100Hz. The meter design relies

-

e,

48ms 50ms

polystyrene or polypropylene to avoid
all possibility of dielectric absorption
affecting performance, Fig. 2a).

Following careful comparison tests, I
found that with the small circuit volt-
ages involved, 250V or 400V rated
5%-tolerance Philips 470 series met-
allised polyester capacitors, used with
1% metal film resistors performed
equally well.

The gains for the two INAIIS
instrumentation amplifiers and the
meter attenuator resistors have been
revised. The logic drive level to the
sample and hold stage has been adjust-
ed. These changes optimise the linear-
ity of the sample and hold circuits, Fig.
2b).

Some component values have been
revised in the 100Hz generator to
ensure repeatability and assist selection
of the five 0.5% capacitance values
needed. I find I can usually select these
to better than 0.5% from the quantity
of 0.1pF and 10nF capacitors required
to build a meter. Used with 0.5% E48
value resistors, these capacitance val-
ues ensure the specified 100Hz gener-
ator output voltage and 100Hz fre-
quency.

Main PCB design
Accommodating the various circuit
updates has required a total of six
printed board iterations. The bottom
board that houses all the added pro-
tection components is now quite
densely populated. The range relay
had to be changed from a DIL to a SIL
version to make more space available.
I have now assembled a good num-
ber of tand meters and all have per-
formed to specification using the cali-
bration adjustments. N
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The range of ‘FM-Controllers’ provide o 4] 14 j
most of the features required for -SRI
embedded control at a very low cost

FEATURES FM-200 Controller

¢ 68K Micro-Controller 14 MHz clock
¢ 512 Kbytes Flash EEPROM
¢ 512 Kbytes SRAM Battery Backed
4 2 RS232 Serial Ports
¢ 1 RS232/RS485 Serial Port
¢ Real Time Calendar Clock
(Y2K Compliant)
¢ Watchdog & Power fail detect
¢ 10 Digital I/O Lines
¢ 2-16 bit Counter/Timers
¢ 1°C Bus or M-Bus
4 Expansion Bus
4 Size 10080 mm

OTHER FEATURES

¢ Up/Download removable card for data
logging and or re-programming

$ STE /O Bus, 68000 and PC Interface

# Designed, Manufactured and supported

in the UK

DEVELOPMENT

The PC Starter Pack provides the
quickest method to get your application
up and running

Operating System

¢ Real Time Multi Tasking

4 Unlimited copy licence

OPTIONAL EXTRAS

Additional extra features to the FM 200
# LCD Port Graphics or Alphanumeric ¢ Up to 32 Digital VO Channels
4 Key Pad Port 64 Keys 8x 8 ¢ Up to 8 Mbytes of SRAM Battery
# 8 Channels 8 bit analogue in Backed
¢ 2 Channels 8 bit analogue out # Up to 512 Kbytes of Flash EEPROM
¢ 8 Channels 13 bit analogue in ¢ 1 Mbyte EPROM Space

Languages
¢ 'C’, Modula-2 and Assembler
¢ Full libraries & device drivers provided

Expansion

# Easy to expand to a wide range of
peripheral and I/O cards

Support

¢ Free unlimited telephone, FAX, email
and Internet support

CAMBRIDGE
MICROPROCESSOR
SYSTEMS LIMITED Custom Design

# CMS will design and manufacture to
customers requirements

Supcerstore
that’s always open

The Electromail CD-ROM Catalogue contains more than 107,000 technical products, all available
fram stock for same or next day despatch. All you have to do is make your selection from the
CD-ROM and “phone your order through to our 24 hour orderling - any day of the week.

>~ OPEN AN
ELECTROMAII
ACCOUNT
for details about open

Electromail, P.0. Box 33, Corby, Northants. NN17 9EL.

Tel: 01536 20455

5 or Fax: 01536 405555 to order -E =

Please quote stock number 342-6067 when ﬂrdermg, and have your credit card information available.

CIRCLE NO.136 ON REPLY CARD



BRI DIRECTIONS

To reserve your web site space contact Linda Payne

TP TETYPEIFINFax: 020 8652 8938 )

AQUILA VISION
http://www.aquila-vision.co.uk

Aquila Vision specialises in supplying and
supporting Embedded Microprocessor
Development products from PICs to DSPs.
We also stock robotics boards, Linux and
general interest CD-ROM's.

st () Serve Comcroliory

ﬂiﬁ
]Em

st 28101198

ALCATEL COMPONENTS

http://www.components .
@alcatel.de

ASHWELL ELECTRONICS
http://www.ashwell-hg.com

Ashwell provide technical support for
Apex Microtechnology op-amps and
DC/DC'S; Aeroflex; EMP filtered
connectors; M S Kennedy; Mintech
obsolescence; NSC Mil/Aero; Teledyne
Relays and isocom mil/optocouplers.

ARCOM

http:/Anww.arcomeontrols.com/ew’

A leading international supplier of
communication and control
technology to industry, Arcom
provides leading edge solutions
through a comprehensive

range of market leading products.

BROADERCASTING
COMMUNICATIONS
SYSTEMS

www.broadercasting.co.uk

WINRADIO now brings you a complete
choice in personnel computer controlled
radio scanning and reception solutions @
Broadcast @ Media @ Monitoring @
Professional Amateur Radio
communications

BEDFORD OPTO
TECHNOLOGY LTD

hitp://www.bot.co.uk

Optoelectronic products UK design
development manufacture standard and
custom, LED bargraphs, circuit board
indicatars, stand offs,
transmissive/reflective switches, baseefa
optocouplers tubular and surfacemount,
pannel mount LED assemblies.

CAMBRIDGE MICRO
PROCESSOR SYSTEMS LTD

http://www.cms.uk.com

CONCEPT ELECTRONICS
hitp://www.conceptkey.co.uk

Concept Keyboards are specialists in
the design and manufacture of
customer specified membrane panels
and keyboards, and electronic design.
Concept's membrane manufacture is
supported by a full electronic
production facility to provide a
complete turnkey keyboard and
electronics service, fully accredited to
1509001.

CONTROL SOLUTIONS
www.controlsolutions.co.uk

Data acquisition and control for
beginners, hobbyists, and professionals.
Perform mathematical and logical
operations on data in real time. Email:
info@controlsolutions.co.uk.

COOKE INTERNATIONAL
http://www.cooke-int.com
e-mail: info@cooke-int.com

Stockists of Quality Used Electronic
Test Instruments and Operating &
Service Manuals.

CROWNHILL ASSOCIATES LTD
http://www.crownhill.co.uk

Crownhill supply low cost development
tools for use with Micro-Controllers and
Smart Cards. Products include Smart
Card development tools, Smart cards,
Micro Development tools and Bespoke
Design Services.

DANIEL MCBREARTY

http://www.danmcb.demon.co.u
k/eng.html

Experienced engineer based in London,
specialist in audio and contrel systems.
Available for design, project engineering
or general consultancy. Background of

high-quality work.

DISPLAY ELECTRONICS
http://www.distel.co.uk

EQUINOX TECHNOLOGIES
UKLTD
http: ffwww equinox-tech.com

| O o s
all A ICAY Sreaet ot 1000
Equinox Technologies UK Ltd.,
specialise in development tools for
the embedded microcontroller
market.

ELECTRONICS WEEKLY
HYPERACTIVE

hﬂp /fwww.electronicsweekly.co

EPT EDUCATIONAL
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ECM SELECTIDN
http:// www.ecmsel.co.uk

For the pick of the UK's Top High-Tech
Software and Hardware career
opportunities - from fresh Grad/PhD to
Senior Engineer/Manager -- £22,000 -
£70,000

ECM

SELECTION

SOFTWARE
http:/Avww.eptsoft.demon.co.uk

Electronics, Electrical and Mathematics
Principles V6.0ver 700 colourful
interactive topics from Ohm's Law to PIC
microcontrollers. Email
sales@eptsoft.demon.co.uk for full
details.

FELLER UK
http://www.feller-at.com

Feller (UK) Ltd. manufacture Fully
approved cordsets (Moulded mains
plugs and connectors) and Power
Supply Cables for all industrial
Countries to National and International
Standards

FLASH DESIGNS LTD
http://www.flash.co.uk

Flash supply low cost AVR ISP
programmers (£39), MINI-ICE starter
kits (from £69), Portable Easy-ICE
emulators (from £199), ICE Adapters &
'C' compilers for any ATMEL AVR,
MCS51, Dallas, Hitachi H8
microcontroller. Download FLASH
NEWS now, Watch out for Special
Offers'. ARE YOU developing code in a
Flash?

HSPS LTD
http:/dspace.dial.pipex.com/hsps/

FILTER DESIGNER - Advanced analog and
digital filter design software for the PC. -
Standard and Professional versions.- Free
download of Evaluation version.

LOW POWER RADIO
SOLUTIONS
http://www.lprs.co.uk

LPRS markets low power radio
transmitters, receivers and transceiver
modules manufactured by ourselves,
Radiometrix, Circuit Designs, RDT and
Micrel. Applications for telemetry,
video and remote control.

OMEG POTENTIOMETERS
http://www.omeg.co.uk

Omeg 16mm and 20mm potentiometers
and switched potentiometers with
conductive polymer tracks. Web site has
full product details, latest news, company
contacts, stockists and distributors.

PCA:PHILIP COLLINS &
ASSOCIATES PTY. LTD

http://www.pca.cc

PCA manufactures Radphone 2000DX
remote control systems for shortwave
broadcasters and government agencies
wanting worldwide control of
communications receivers and
transceivers from any tone phone.

POLY-FLEX CIRCUITS LTD
http://www.polyflex.com

Design, manufacture and population of
printed polyester flexible

circuits, including Flip Chip on Flex
praviding practical, low cost,

reliable solutions for today's small
lightweight products.

QUILLER ELECTRONICS
http://www.quiller.com

100+ pages of detailed technical
information on Schrack Relays, MEC
Switches, Hirose Connections.

RADIOMETRIX
http://www.radiometrix.co.uk

Radiometrix specialises in the design and
manufacture of VHF & UHF, RF data
modules. We offer a broad range of PCB
mounted miniature transmit, receive and
transceiver modules for OEM use.

RD RESEARCH
http://www.locking.co.uk/spice

Analogue and digital SPICE modelling
software. Full details available on this site.
Available on a 30 day evaluation basis.

Hlaciezmicy Somipn 4 Simalalisn "y
B2 Spice & 82 Logic -~
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RALFE ELECTRONICS

professional test & measurement
www.ralfe-electronics.co.uk

RADIO-TECH LIMITED

http://www.radio-tech.co.uk
Radio modules, modems, telemetry,
audio fransmitters, pagers, antenna,

remote controls and much more. All UK
designed and manufactured.

RS COMPONENTS LTD
http://rswww.com

The award winning on-line service from
RS

- 110,000+ products available
- Technical data library
- Stock availability check
- Integrated on-line purchasing
- Order by 8pm - with you tomorrow,
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SOFTCOPY

http:/Arww.softcopy.co.uk

As a PC data base or hard copy,
SoftCopy can supply a complete index of
Electronics World articles over the past
ten years. Photo copies of articles from
back issues are also available,

SUPRA AUDIO CABLES
http://www.jenving.se

Jenving Technology AB is the
manufacturer of Supra Audio Cables.
OEM productions are also accepted.
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SESCOM, INC.

http://www.sescom.com

SESCOM, INC. is & 30-year manufacturer
of audio “problem solvers” and
transformers. We also offer gasily-
fabricated aluminum enclosures for small
production runs and prototypes.

STAFFORDSHIRE WIRELESS
COMPANY
http://www.staffs-wireless.com

Wireless, communication, test equipment,
bought and sold for very competitive
prices visit our web site or telephone
John on 01889 569928 or 0973 296461.

SWIFT EUROTECH
http://www.swiftdesigns.co.uk

EDWin NC - Professional EDA software
at 90% discount! Integrated
schematics, PGB layout and simulation,
Plus CAMtastic! CAM software and
netlist translators for most EDA
systems.

TEMWELL CORPORATION
http://www.temwell.com.tw

Manufacturer & Exporter of Heelical BPF
Filter, 30 Watts BPF Power Filter and
Handset/Base Station Duplexers

THE
NOWo
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Th Speed
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THERMOSPEED

http://www.thermospeed.co.uk

Temperature and pressure, control and
instrumentation. Full on-line purchasing.
* Overnight ex-stock delivery

* Greate your own hotlist

* Download datasheets

* Full technical support

THOSE ENGINEERS LTD
hitp://www.spiceage.com

Working evaluations of SpiceAge mixed-
mode simulator, Spicycle PCB design
tools and Superfilter demo (synthesises
passive, active, digital filters). Tech
support, sales links and price list.

TRIDENT MICROSYSTEMS LTD

hitp://www trident-uk.co.uk

Visit the Trident website for details and
datasheets on their entire LCD and printer
product range. Download data and
subscribe for our regularly updated
newsleter.

TEST EQUIPMENT
SOLUTIONS
http://www.TestEquipmentHQ.com

Quality second user test equipment with
full warranty and support. All types of
equipment from all leading manufacturers
including general purpose,
communications and industrial test.

TEST EQUIPMENT |
SOLUTIONS | W *
Specialists in the supply

of qualty refurbished

Test Equipment.

Phone: +44 (0)1753 596000
Email:  info@Testequipmenttia.com

F————— e

VANN DRAPER
ELECTRONICS LTD

hitp://www.vanndraper.co.uk

Test equipment from Grundig. Kenwood,
Hitachi, Fluke, Avo, Glassman, Advance
in a comprehensive site including
oscilloscopes, multimeters, power
supplies, generators, counters,
soldering, digital tv etc.

| FFF;FFW

VUTRAX PCB DESIGN
SOFTWARE
http://www.vutrax.co.uk

VUTRAX electronic schematic and pch
design system for Windows 95, 98 and
NT. Limited Capacity FREE version
downloads available, all upgradeable to
various customised levels.

WOO0D & DOUGLAS

http://www.woodanddouglas.co.uk
Wood & Douglas Ltd is the leading
independent British designer and
manufacturer of quality radio products for
International telemetry, data,voice & video
wireless communications.
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normal 80kHz bandwidth of a 4N25
optocoupler up to 250kHz2.

When first introduced in 1969, some
writers expected the OTA could even
become the dominant technology?.
Consequently one might expect that a
variety of transconductance amplifier
integrated circuits would be commer-
cially available by now, but from
memory I found I could name only a
few part numbers.

Searching the Taiwan Global
Datasheets site* for ‘transconductance’
revealed only a short listing of devices.
I repeated this search at AltaVista,
Google and Northern Light as well as
those semiconductor makers sites, who
I knew manufactured transconductance
amplifiers, with similar results.

One possible reason for this lack of
components is that many integrated

ing a fixed g,,. Their output currents
are summed in their common load,
which is a capacitor shunted with a
resistor, One amplifier acts as the sig-
nal input channel, the other the feed-
back signal channel. Being identical,
their functions can be exchanged com-
pared to the figure, with no change in
performance. Simply apply the signal
to pins 3 and 4 and feedback to pins 1
and 2.

The final unity gain output amplifier,
simply follows the summed voltage
which develops across this capacitor.
When powered from a +5V supply or a
single 12V supply as in the figure, at
least £3.2V drive into 1500, is guar-
anteed.  As can be seen, this AC cou-
pled circuit provides a superb 10MHz
performance, Fig. 1.

COMMUNICATIONS

High-frequency amplifier

The LTI1228 integrated circuit from
Linear Technology® is described as a
100MHz current feedback amplifier
with gain control.

Signal amplification again passes
through two distinct circuit stages. The
first is a transconductance stage having
its gain or g, controlled by an external
current, in similar fashion to the
CA3080 illustrated in my October arti-
cle. This transconductance amplifier
produces a 75MHz peak bandwidth.

The second stage is a wide band cur-
rent feedback amplifier designed to
drive low impedance, coaxial cable
loads, With a 100MHz bandwidth and
slew rate of 1000V/us, this output
stage is well matched to the transcon-
ductance stage.

circuits that incorporate transconduc- 2V
tance amplifiers, are not classed as £ NS & s
such. In some instances this is because AD830 [— %™
the output from the transconductance 1 _i ’% 0
_ stage is not externally accessible, in J_ v gﬁ:&
: others because the final amplifier out- = +;, ‘our BQ
-Louise Barc
H d I el put is voltage not current. _ o L_’_[
- I ' Here I review three such examples, 1000pF
un s on n erne each used to design a 10 MHz band- B ] 750
. width amplifier. _3._ iu
Video difference amplifier il
: 7 4 5 12v
In the October issue I briefly men- *
tioned the ADS830 from Analog \. J
Devices®. This circuit is described as a Gl
high speed video difference amplifier -
o e and is specified for both +5V and *OPTIONAL TUNING FOR N4 6.8Y
Transconductance op-amps have properties that make them part!cularly 153w i, S pre Sl CETIONAL TG pos s
attractive for applications inveolving high frequencies and bandwidths. §80d Sgnal procesiog from DC o FREQUENCY CMR,
4 and above, producing a
So whY aren’t l‘hey used more often? From Cyrll Bateman’s searches on common mode rejection at 4MHz. Fig.1 Schematic circuit of an AC coupled, differential line receiver, using Analog Devices AD830
y . ; i < identi i ed circuit. As can be seen this ‘Video Amplifier’ uses two OTA internally, with a unity gain
think. This design uses two identical  integrat P y, y g
the Internet, it seems t_hai we use them more often than we e it sl By, oltage haffor s Bagbodn
n the October and December issues, I~ rent output. Its gain can be set by alter-  conventional three op-amp circuit. It was
| discussed circuits involving opera-  ing its transconductance g, or its load Fhis p}'opgrty that first prompted my 120 WITH CIRCUIT TRIMMED 1
tional transconductance amplifiers, or  resistance. investigation. _ . USING EXTERNAL 2kc
OTAs. The particular schematics I high- An OTA can perform most of the cir- A transcond_uctanoc am_pllﬁer offers & POTENTIOMETER 0 ——
lighted demonstrated particular design  cuit functions that are possible with nor-  other interestmg‘ properties. Used to © 100 [ ik L P
functions that would be more difficult to  mal op-amps, and makes some functions  drive rectifying dlode_s or optocoupl?:rs. i 1 2
implement using traditional voltage-out-  easier to implement. For example, a dif- it can provide a much increased working g | 02
put op-amps. ferential input instrumentation amplifier ~ bandwidth, compared to that using a o L w
‘While similar to a conventional op-  with good common-mode rejection can  voltage-output amplifier. Usiqg a a3 0 / \':'fTH OUT EXTERNAL N 3 -03
amp, a transconductance amplifier  be made without needing the carefully =~ MAX435, the Universitat Politecnica de © N g
! ; : : s w 2k POTENTIOMETER 04
accepts a voltage input to produce a cur-  matched resistor networks found in the  Catalunya, at Barcelonia increased the 8 !
z 805
5 \ 2
Where to look... = 2 08
1. IE 5 Bug Parade Continues httpwaww‘bugnet.com;’a!ertsfbugalert_'!02199:html § 40 2 A
2. Circuit widens optocoupler’s response to TMHz  http://www.ednmag.com/reg/1995/122195/26dil.htm .
3. ‘OTA Obsoletes Op Amp’ C.F.Wheatley, H.A.Wittlinger, NEC Proc, Dec. 1969. 0.8
4. Clobal Semiconductor Datasheet Library httpy//www.semi.com.tw 20 ™,
5. Analog Devices Inc http://www.analog.com 10 100 1k 10k 100k ™ 10M  100M 10 100 1k 10k 100k ™ 10M
6. Linear Technology Corporation httpy//www.linear-tech.com FREQUENCY - Hz FREQUENCY - Hz
7.. Maxim Integrated Products http//www.maxim-ic.com _
8. Burr-Brown Corporation http://www.burr-brown.com Fig. 1a). Using conventional components, this level of common- Fig. 1b). Showing the excellent 0.1dB flatness response from 10Hz to -
mode rejection would be almost impossible. 10MHz for this AC coupled line receiver. ¢
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COMMUNICATIONS

Fig. 2. Gain of this
10MHz
bandwidth
differential input
amplifier, is
directly
proportional to
the current
through Rs.

Fig. 2a). Varying the current
through Rs by 20dB, from TmA
to 100pA, produces this 20dB

reduction in gain and

the 10MHz frequency response.

retains

6 Ve = 215V
3 R =100Q
0 — ISET =1mA
-3
Yage
g \
z ° 300pA
5 12 SET = ‘
b, \
15
-18
ser = 100pA \
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-24
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i 0.1
ol S |BRE. —t

1/oMAX457

1/oMAX4
0
-5V
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560
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Fig. 3. Easily
implemented, this
deceptively simple
circuit produces a
1GHz gain
bandwidth
product. With
values shown,
gain is 40dB with
a —3dB response
of T0MHz. The
circuit can drive
up to +3.3 volts
into a back
terminated 75Q
coaxial cable.

Ra \
100 )
1%

The data sheet provides a range of
applications, including RF levelling,
voltage-controlled state-variable filters
and video DC restoring circuits. The
circuit I chose is a variable-gain dif-
ferential-input amplifier having a con-
stant 10MHz bandwidth over a 20dB
change of gain, Fig. 2.

Variation of the [, resistor Rs varies
the g,,,, or gain, of the transconductance
stage. The resistor used to convert the
first stage output current into a voltage
input for the second stage, namely R,
determines the amplifier’s bandwidth.
Values larger than the 270£2 shown act

= LT1228

with the capacitance at pin one, the
input to the current feedback amplifier,
to form a pole, further reducing band-
width.

This circuit’s gain can be controlled
both by current or an external voltage.
These can be provided digitally using a
voltage output d-to-a converter and
voltage to current converter, or more
simply by using a digitally controlled
potentiometer to replace Rs.

High-gain 10MHz bandwidth
amplifier

One difficult design area is attaining
high gain over moderate bandwidths
and with a high input impedance. You
would need such performance for an
active oscilloscope probe for example.

The MAX457 is a dual CMOS video
amplifier offering a very high
impedance low capacitance input stage
and 70MHz bandwidth. It was
designed for use as a low gain 75
cable driver for video distribution
amplifiers and is unity gain stable.

It is pin compatible with normal
eight pin dual op-amps, so with suit-
able component changes could be used
to upgrade many circuits. It provides a
72dB isolation between amplifiers at
5MHz and differential phase and gain
of 0.2° and 0.5% respectively.

While Maxim’ does not promote it
as a transconductance amplifier, output
current is proportional to the difference
voltage at its inputs, with a G, of
0.6A/V. Unlike the MAX435 and 436
transconductance amplifiers, discussed
in the December issue, the gain for the
MAX457 uses the normal non-invert-
ing op-amp two resistor closed loop
feedback method. Using a 1k resistor
to ground from the inverting input pin,
the data sheet lists values of feedback
resistor by desired gain and load
impedance.

Its gain bandwidth product, while
specified for a 752 load, increases
with increased load impedance. With
unity gain and a 75Q load, its output is

Vour

HIGH INPUT RESISTANCE
EVEN WHEN POWER IS OFF
-18dB < GAIN < 2dB

Vin < 3VRvs

—3 dB at 70MHz. At a gain of two and
a 150 load, bandwidth becomes
SOMHz. Increase this load impedance
to 750Q and amend the feedback net-
work to give a gain of ten: output is
now -3 dB at 25MHz, representing an
increase in gain bandwidth product
from 70 to 250MHz.

As described in A0317.PDF this fea-
ture has been used to design a com-
posite amplifier having a gain band-
width product of 1GHz, This amplifier
provides a 10MHz bandwidth at 40dB
gain and can drive £3.3V into a 150Q
load, i.e. a back-terminated 75£2 coax-
ial cable, Fig. 3.

Operating with no DC load, the first
stage produces its maximum possible
voltage gain, around 660V/V. The sec-
ond amplifier, which drives the 150
load, has an open-loop voltage gain of
65V/V. This results in a total open-
loop gain for the composite amplifier
of 92dB.

Feedback  components  shown,
together with the phase compensation
components R; and C;, ensure the
required 40dB gain and bandwidth.
However without these phase com-
pensation components, the circuit can
oscillate. Download A0317.PDF from
Maxim's site for full details.

Perhaps by now you might think that
transconductance amplifiers are always
targeted to high frequency use. Not so,
my next application by comparison is
almost DC.

Current-sense amplifier
A current sensing amplifier from
Maxim, the MAX4172, takes advan-
tage of the transconductance amplifier
benefits already mentioned.” It uses a
differential measurement of the voltage
dropped across an external sense resis-
tor to measure the unknown current. Its
output is a current proportional to the
voltage drop being measured.

The device has a common-mode
input range of 32V, regardless of the
chip’s supply voltage which can be as

COMMUNICATIONS

As Windows 2000 — previously known
as NT5 —is announced for release to
computer makers in December and the
shrink wrapped version planned for
February, yet another Internet Explorer
5 security bug has been uncovered. In
the December issue, | reported that
Georgi Guninski of Bulgaria had discov-
ered an ‘ActiveX’ security hole that
allowed hostile code buried in a Web
page or in an e-mail, to run ona com-
puter without the user’s knowledge,
Disabling the option ‘Active Scripting’
prevents this. Alternately a patch can
now be downloaded from Microsoft.

Now Guninski has reported yet
another IE5 bug, making a total of three
IE5 security holes he has reported

Are your files being read remotely?

within the space of a month. This latest
uses the ‘JavaScript Redirect’ function
with a little domain redirection, to trick
IE5 into exposing the files on your
computer, Fig. A.

Normally, should an Internet server
request access to your data files, IE5 will
prevent access. However following
suitable domain redirections, ownership
of your files can be made unclear and
IE5 does not then prevent access.

This access will be ‘read only’ so your
files will remain intact, but their contents
will have been exposed. Microsoft plans
to post another software patch, but in the
meantime it recommends users should
disable Active Scripting in their ‘Internet
Options’.

Hetsoan _ LEnHel Aleit € 5 Eug Paraide fonlsijes

e 8 Vew o
| help

indnq Mmmmum wmsnml

!Cﬁt:.{ abs Tests Conlirm...

’E

IE 5 Bug Parade Continues with .

Redirect Danger

by Bradiey F. Shimmen

| OC TOBER IS THE CRUELEST MONTH for
Microsolt and Intemet Explorer {IE) 5, compliments of
one Georgl Guameki, the noted hacker from Bulgaria.
Exposing no fewer than fhree security holes over the
last 30 days, Guninski has recently uncovered yet one
more privacy flaw in IE 5 - the " "lavaScript Redirector"

This latest vulnerability employs some JavaScript
sleight of hand and a little domain redirection to trick IE
5 into exposing local [|Ies Basically, w %@mcw!d

|
[ ]

lisd =S
l mm T g.'

F:g. A. If you use Explorer 5 to access
Internet, review your IE 5 Internet
ActiveX Scripting settings.

little as 3V. It has an 800kHz band- Fig.

width when measuring a voltage drop
of 100mV, reducing to 200kHz at
6.25mV.

A ground referred output is provided,
which represents the floating current
passing through the sense resistor. By
suitable choice of load resistance, the

voltage at its input terminals with a supply
voltage as low as 3V, this circuit outputs a
current proportional to the voltage dropped

4. Able to sustain a 32V common mode

across Repse

INPUT ————4

Rsmnse lLowp

TO LOALY

+ = BATTERY

RS+ | Vsense | RS-
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subsequent output voltage can be
scaled to suit your needs, Fig. 4.

In December, I highlighted Burr-
Brown’s ~ OPA660  amplifier®.
Sometimes called the ‘perfect transis-
tor’, this transconductance amplifier
provides the highest gain bandwidth of
the transconductance amplifiers found
in my searches. So perhaps it is fitting
to end this exploration of transconduc-
tance amplifiers by introducing their
dual version.

Two ‘perfect transistors’

By omitting the buffer voltage ampli-
fier part of the OPA660, Burr-Brown
has been able to provide a dual
transconductance. amplifier in a six-
teen-pin package. The OPA2662 is

developed from two of these ‘perfect
transistors’. In the process, output cur-
rent has been increased to £75mA for
each amplifier, but bandwidth has
reduced to 370MHz.

In addition, each OTA can be turned
off in 30ns and on in 200ns using TTL
level logic provided in the sixteen pin
package. These changes result in a
device that is particularly suited to
applications like analogue/digital video
tape head driving, LED and laser diode
driving and high-density disk drives
reading and writing Fig. 5.

To facilitate your appraisal of this
device, the company details a suitable
two channel demonstration board,
together with nine other application cir-
cuits, in the data sheet. [ ]
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Fig. 5. Particularly suited
fo inductive loading, the
OPA2662 provides a
250MHz large-signal
bandwidth. With its ‘EN’
inputs grounded, both
outputs become high
impedance so
record/playback head
mechanical switches are
not needed.
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"~ TESTINSTRUMENTS

Tel: (+44)01243 54511 1/2 Fax: (+44)01243 542457

Cooke lnternatlonal

Unit Four, Fordingbridge Site, Barnham,
Bognor Regis, West Sussex, PO22 OHD, U.K.

Web: http://www.cooke-int.com
E-mail: info@cooke-int.com
' catalogue available
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Cooke International
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Tel: 0181 652 3620

GLASSIFIED

Fax 0181 652 8938

ARTICLES WANTED

TOP PRICES PAID

For all your valves,
tubes, semi conductors
and IC’s.

Langrex
Supplies
Limited
1 Mayo Road, Croydon
Surrey CRO 2QP
TEL: 0181 684 1166
FAX: 0181 684 3056

WANTED

Valves & Semiconductors
All types e.g. Discrete & IC’s
Good Rates Paid
CHELMER VALVE CO.
130 New London Road
Chelmsford, Essex
Tel: 01245 265865
Fax: 01245 490064

WANTED. Gemstar Video+ Plus+ programmer
model VIP-185 (preferably). Must be in good
working order. Instructions not required. 01736
367100,

WANTED TO BUY. Used Neutrik chart
recorder system. Fax USA 702/565-4828
Franklin Miller. Email fjm@anv.net

VALVES WANTED

All types considered
Wanted list on request.
eg ECC83, KT88, PX4
Avo Valve Tester VCM |63

VALVES SUPPLIED
Ask for our free catalogue, eg
4CX2508,4CX1000A, 6C33CB, 300B,
6156, 65508, CV2131
CRT and valves for transmitting,
industrial, audio. Many obsolete types.
Competitive prices. Helpful service.

BILLINGTON EXPORT LTD
Billingshurst, Sussex
Tel: 01403 784961 Fax: 01403 783519

VISITORS PLEASE PHONE FOR

APPOINTMENT

Wanted to Buy. Component Data, books/sheets,

any age. Email list to: info@sentient-
systems.co.uk. Fax list to: 01202 884420,

WANTED: Briiel & Kjaer type 2606 or later
measuring amplifier in good working eondition.

Is etc not y. All ble offers
considered. M. Edinger, Bjaelkevangen 10B, dk-
2800, Lyngby, Denmark. Contact: Email:
Musiklab@image.dk, phone +45 45 874977, fax
+45 45 874976,

Wanted: Working P.5.U. for satellite receiver.
Amstrad SRD 2000. State price. Hughes, 51
Standard View, Ynyshir, Rhondda, Mid-Glam
CF39 OHR. Phone 01443 685044,

ADVERTISERS
PLEASE
NOTE FOR ALL
YOUR ENQUIRIES ON
ADVERTISING RATES
PLEASE CONTACT
LINDA PAYNE ON
TEL: 0181 652 3620
FAX: 0181 652 8938
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WAV Z5. N "HCESED =
DEAD OR ALIVE P.M.R. RADIOS

* ALL MAKES OF RADIO EQUIPMENT HAND PORTABLES OR MOBILES *
BEST PRICES PAID - CASH WAITING!!!

WE WILL COLLECT ANYWHERE IN THE UK

CALL: P.M.R. 2000

ON: 01502 531212 / 0142 693 4804
OR FAX USYOUR LIST ON: 01502 531111

IRTCLES FORSALE.

‘COP 8 Mltrmmputer evaluauon and

unit
AI] you need to start, NE,W Half price — £350.
Tel: 01737 844420.

SHORTWAVE BROADCASTERS

Manitor reception from within your
target area

GOVERNMENT AGENCIES

Control radio receivers/transceivers
worldwide
Radphone 2000DX from
WWWw.pca.cc
Intel+61-2-98889777
Fax+61-2-98050253

HP54111D Colour DSO

500MHz BW, 1G S/sec, 2+2Ch,
4 Ch logic frigger,
2 x HP10430A épF probes, full
set of manuals, £2,000 + VAT
HP1630D Logic Analyser

43 Ch, T00MHz, £450 + VAT
steve@csys.demon.co.uk

For Sale: Wireless Worlds, Sept 1945-Jan 1986
— Offers. Tel: 0181 874 8231 (South West
London).

‘Wireless Worlds® Copies in good condition for
the years 1949-1979, available for disposal.
Collection from Great Malvern, Worcs by
arrangement. For details phone Peter Lloyd,
01684 574534,

RF DESIGN
Rack.Enclosures
SERVICES New and Used most sizes
: ngJ t% SBU sit‘:i; a;d reiar panels
s :
All aspects of RF O SRRt Pripes froun £A5 Fiu
M&B Radi
hardware de\’el{)pment 86 Bishopsgate Streeat Il.:eds LS1 4BB
COHSidEl'Ed fl'OIn Tel. 0113 2702114 Fax. 0113 2426881
concept to production. S. E R V l C E S
WATERBEACH ELECTRONICS
iyl a8 HOUR
TEL: 01223 862550 Concept =%«
FAX: 01223 440853 Production 3
Etict i desi:zn and eng| ing services %
'or the new mi “IL.'}I}.. E
ronmumiioecn] | ouflil |
witche ode s :Cmu u" a
Power Factor Correction . Iogs BPo Eﬁn
designed to your specification : %'E;m“m 3 H g
Tel/Fax: 01243 842520 . ;g;m X ¥ eE
e-mail: eugen-kus@cix.co.uk s Sc w,ﬂawﬂ*mg - 4E
Lomond Electronic Services ratFax: “'4 tﬂi mz zzaaus

com

DF‘bl(:»HE.
SYS‘PE.IRCS

PRINTED CIRCUITS production from CAD
design. To obtain details including costs to make
PCB’s write to: Mr Belt, 5 Velden Way,
Mill Road, Market Rasen, Lincs LN8 3HD
(including an SAE).

PRINTED CIRCUIT BOARD SERVICE.
Phone Mr Belt for details (01673 842338).

Printed Circuits manufacturing service.
Production from Artwork out of Magazine or
CAD destgn Single- or double-sided boards.
Q and ffs. For details teleph Mr.
Belt on 01673 842338

COURSES

Sponsored Postgrad
Research Positions in
Future Radio Networks
at
Trinity College Dublin

Open to CS/Eng, graduates
with an interest in radio,
software radio, Internet

technology and Mobility.
More details from
http://ntrg.cs.ted.ie
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| New 2000 Catalogue

2000 Computer-Based Measurement and
| Automation Catalogue The National
Instruments 2000 catalogue features
hundreds of software and hardware
| products for solving your measurement
and automation applications. New
products include additions to our modular
Compact PC! (PXI) platform, new
il computer-based instruments, and our
latest software offerings such as LabView

FRIDENT DISPLAYS ﬂ
A WorLD oF LCD..

The widest range of colour LCDs, LCD
monitors and plug and play kits
available in the UK, all in one easy to
use brochure, is now available FREE!

It includes information on products
ranging from 2.9" monitors to 16.1"
colour LCD screens, mono/colour STN
TFTs and touch screen technology
from the world's leading

Subscribe @ Subscribe

manufacturers. ; 5 e
Phone TRIDENT today for your free d RT for making real-time applications easy.
copy. Phone 01635 523545

TEL: 01737 780790 | Fax: 01635 524395
FAX: 01737 771908 | E-mail: info.uk@ni.com ' '

OR VISIT OUR WEBSITE: 4 >

www.tridentdisplays.co.uk Website: www.ni.com/uk . v = 0 a y

i
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Toolworld Ltd I oz Video On-Screen Display

Call for the TW Catal . " (display generatars
N Products Guarantee Your Own Guarantee your own
v name products. nithe worla! LSdesigns supplyaraggesof simp1el-jto-ulse al C 0 py each month l Copy e a Ch mon’[h
i i d costeffecti n-Screen Displa

i gﬂ;gﬁ:: PR ;:vicegos t:at 1:::pen'mj:pase textl zng person pefSO na

e Datacom/Telecom. Cables & graphics directly onto composite video

Connectors y signals. These products offer new

possibilities for designers looking for a

simple method of displaying data and
information in conjunction with a video ave 0“ a ear ave on a ear
image.

For the simple solution to your On-

e et & subscription subscription

Tel: 0115 932 4488
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INCORPORATING WIRELISS WORLD INCORPORATING WIRELESS WORLD

® Test & Measurement
@ Cutting & Polishing Tools
® Toolkits, Cases & Bags

' TW Lid
Tel: 01249 822100

Fax: 01249 821919
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222200 g 28y TAKIiNG THE EUROPEAN RADIO MARKET BY STORM
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m S % T2 2 (@) o 338 TAKE A LOOK AT WINRADiIO's DiGIiTAL SUITE SOFTWARE (AWARDED 5 STARS BY WRTH) .
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WINADIO™ PC RECEIVERS NEW EXTERNAL MODELS E _-
Available as either an internal ISA card EXTERNAL WiNRADIO™ “It's software is excellent.. more versatile and less idiosyncratic
that slips inside your PC, or as an external We are now able to offer you a than that of the lcom IC-PCR1000”
(portable) unit. WiNRADIO combines the complete range of stand-alone WRTH 1999 Review
power of your PC with the very latest, and WiNRADIO comms systems: 1 - i
greatest, synthesised receivers. * WR1000e - £359 INC VAT Five stars for its o
+ WR1500e - £429 INC VAT mechanical design
YOU CAN USE WINRADIO™ SCANNING . WR3100e- £1169 INC VAT WRTH 1999 Review
_ PC COMMUNICATION RECEIVERS FOR:  Each stand-alone unit connects .
Broadcast, media monitoring, professional & to your PC through either the aﬂegsé(i\'ltgp‘ovaﬂve
amateur radio communications, scanning, basic RS5232, or through an WRTH 1998 Awards
spot frequency, whole spectrum monitoring, optional PCMCIA adapter (for
instrumentation surveillance and recording. high speed control).
The units are powered through
_ If you're after the ultimate receiver-in-a-PC  gjther your existing 12v
with full DSP then smile and say, “Hello” to  gypply, or through an

the new WR31000i-DSP with its hardware for (entirely optional) NiMH
real-time recording, signal conditioning and rechargeable 12v battery

EI_ ECTRON |CS ELECTRON ICS decoding applications. It' all you need. -y
WORLD WORLD Model Name/Number _ _WR-1500 WR-3100

INCORPORATING WIRILISS WORLD IMCORPORATING WIRSLESE WORLD

Construction of internals ength ISA cards
SUBSCRIPTION CARD SUBSCRIPTION CARD Construction of externals . WR : 'RS232/PCMCIA (optional)
- Frequency range 0.5-1300 MHz 0.15-1500 MHz 0.15-1500 MHz
P n ripti ELECTRO A ption I
e S L e i i e Modes AMSSSOUPMNEUN | AMLSBUSSCWFNAW  AMLSBUSBONN L
astearii DEEECERE ischot il Tuning step size 100 Hz (5 Hz BFO) 100 Hz (1 Hz for SSBand CW) 100 Hz (1 Hz for SSB and CW)
Amex account | I | | I l | ] | Amex account l ] ] | [ [ ] l ] l l [ ] I | | J IF bandwidths 6 kHz (AM/SSB), 2.5 kHz(SSB/CW), 9 kHz (AM) 2.5 kHz(SSB/ICW), 9 kHz (AM)
With £ Expiry Date With £ Expiry Date 17 kHz (FM-N), 230 kHz (W) 17 kHz (FM-N), 230 kHz (W) 17 kHz (FM-N), 230 kHz (W)
Sianatiiie _ Receiver type PLL-based triple-conv. superhet
’ S Scanning speed 10 ch/sec (Am), 50 ch/sec (FM)
Name Name Audio output on card 200mW 200mW 200mW
Job Title Job Title Max on one motherboard 8 cards 8 cards 3-8 cards (pse ask)
Address Add Dynamic range 65 dB 65 dB 85dB
foes IF shift (passband tuning) no +2 kHz +2 kHz
DSP in hardware no - use optional DS software YES (ISA card ONLY)
Postcode L Postcode IRQ requir;d no no yes (for ISA card)
um Sco es es es
Tel: Country Tel Country 3::;;:::;: i ies :es ﬁes
SUBSCRIPTION RATES Post to: BSCR P ; Put_;ﬂ_i_shed_ software API yes yes Yes (also DSP)
UK 1 year £6 | ELECTRONICS WORLD ol IR | O fsosoal1CA Eards £ e S 1 i e
UK 2 years £58 ! External units £359 inc vat £429 inc vat £1169.13 inc (hardware DSP only internal)
! P.0. Box 302 UK 2 years £58 P.0. Box 302 e SIS L el
UK 3 years i Haywards Heath, UK 3 years £72 Haywards Heath PCMCIA Adapter (external):  £69.00 inc when bought with ‘e’ series unit (otherwise: £99 inc)
Student rate (proof required) £21.30 West Sussex RH16 3DH UK Student rate (proof required) £21.30 | |\ ¢ RH'16 30H UK PPS NiMH 12v Battery Pack and Charger: £99 inc when purchased with ‘e’ series.unit (otherwise: £139 inc)
Airmail 1 Airmail St SHesER i The WINRADIO Digital Suite: £74.99 inc when purchased with a WiINRADIO receiver (otherwise: £81.05 inc)
Europe 1 year £51 Europe 1 year £51
To recelve your completely free (no obligation) info pack and WiNRADIO software emulation demo disk all you have to do is get on the internet and go to
EE:ES: § :g::z ggs nggzcuﬁm‘ﬂ;?si Eﬁ;gpg g years 2?33 :':Enzc':[m‘g:?::s our website at http://www.broadercasting.com. If you don’t yet have easy access to the internet then by all means feel free to telephone us or send a fax.
: ears 5
Rest of the world 1 year  £61 Fax: +44 01444 445447 Hestpof th: world 1 year  £61 Fe .+ 44 01444 Please send all your enquiries to: info@broadercasting.com or Telephone: 0800 0746 263 or +44 (0)1245 348000 - Fax: +44 (0)1245 287057
Rest of the world 2 years ~ £98 ’ Rest of the world 2 years ~ £98 s 435447 Enformatica Limited, Unit B, Chelford Court, Robjohns Road, Chelmsford, Essex, CM1 3AG, United Kingdom
Rest of the world 3 years ~ £123 Please tick here i you do miot wish to Rest of the world 3 years ~ £123 Please tick here if you do not wish o R R aiine Are istemarks St WINRADIQ Communications « 69pyAont Brosdesanatiag & tcations Syst
Surface mail 1 year £41 Lﬁz{u&ﬂ;::;jr::gennc-Drommlon from Surface mail 1 year £41 Le‘iézlrvzouflnrsg; ;?Eeﬂ”g-mﬂm"ﬂﬂ fram CIRCLE NO. 102 ON REPLY CARD
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'y not, Surely someone somewhere
oped & portable programmer that
features, even greater

even better value for money.
ut don’t take our word for
summary below to see how
arwfa._ rers’ products compare.

otherm

* Plugs straight into parallel port of PCor

laptop

If you do not agree that these
truly are the most powerful
portable programmers you
can buy, simply return your
Dataman product within 30
days for a full refund

* Programs and verifies at 2, 2.7, 3.3 and 5V
* True no-adaptor programming up to 48 pin
DIL devices

Free universal 44 pin PLCC
adaptor

Built-in world standard PSU -
for go-anywhere
programming
Package adaptors
available for TSOP,
PSOP. QFP, SOIC and
PLCC

* Optional EPROM emulator

* Programs 8 and 16 bit EPROMSs, EEPROMS,
PEROMs, 5 and 12V FLASH, Boot-Block
FLASH, PICs, 8751 microcontrollers and
more

* EPROM emulation as standard

* Rechargeable battery power for total
portability

=
= = 4_‘-.:..‘_,‘_--- i % . .
= &-g‘;g ) * All-in-one price includes emulation leads,
T - AC charger, PC software, spare library ROM,
fuove user-friendly manual
(aci) oy el ¢ Supplied fully charged and ready to use
c b %
&z , gl =
Lo A
TE . i ' * Programs wide range of 20 and 24 pin logic
Uy z _ devices from the major GAL vendors
ol * Supports JEDEC files from all popular
compilers
| i

Beware of cheap imitations. Beware of false
promises. Beware of hidden extras.

If you want the best, there's still only one
choice - Dataman.

Order via credit card hotline - phone today,
Use tomorrow.

Alternatively, request more detailed
information on these and other market-
leading programming solutions.

=3 EE =

Orders received by 4pm will normally be despatched same day,
Order today, get it tomorrow!

L]

still

|Qrtable

GUARANTEE

3 year parts and labour guarantee
Windows/DOS software included

Free technical support for life

Next day delivery - always in stock
Dedicated UK supplier, established 1978

Dataman Programmers Ltd, Station Road,

Maiden Newton, Dorchester, Dorset, DT2 0AE, UK

Telephone +44/0 1300 320719
Fax +44/0 1300 321012
BBS +44/0 1300 321095 (24hr)
Modem V.34/V.FCV.32bis
Home page: http:/wwny.dataman.com
FTP: ftp.dataman.com
Email: sales@dataman.com
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