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test & measu~ement
equipment
NEW PHONE CODE FOR COVENTRY 02476
Hewlett Packard
8642A - high performance R/F synthesiser
(0·1-1050MHz)
£4750
3335A - synthesiser (200Hz-81MHz)
£2400
Hewlett Packard
436A power meter and sensor (various)
from £750
437B power meter and sensor (various) from£1100
Hewlett Packard
8753A network analyser (3GHz)
from £2500
8753B network analyser (3GHz)
from £3250
'S' parameter test sets 85046A and 85047 A
available at
£2000 & £3000
Wandel & Goltermann

Radio Communications Test Sets
Marconi 2955
Marconi 2958/2960
Antritsu MS555A2
Hewlett Packard 89228 (GSM)
Schlumberger Stabilock 4031
Schlumberger Stabilock 4040
Racal 6111 (GSM)
Racal 6115 (GSM)
Rhode & Schwarz CMTA 94 (GSM)
IFR 1200S

£2000
£2250
£1200
£6950
£3995
£1500
£1750
£3995
£5950
£2995

SPECIAL OFFER
PCM-4 PCM Channel measurement set
(various options available)
from £5500
Marconi 2305 - modulation meter
£999
Marconi 6310- programmable sweep generato_r
(2 to 20GHz) - new
£3250
Hewlett Packard
5342A - microwave frequency counter
(500MHz-18GHz) ops 1 & 3
£700
5370B - universal time interval counter
£1500
OSCILLOSCOPES
Gould 4068 150MHz 4 channel DSO
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Hilachl Vl52N212N222N302B/V302FN353FN550B/V650F
Hilachi VI I0OA • IOOMHZ • 4 channel
lntron 2020 • 20MHz. Dual channel D.S.0. (new)
lwatstu SS 5710/SS 5702 •
Kikusui COS 5100 • 100MHz • Dual channel
Lecroy 9450A • 300MHz/400 MS/s D.S.O. 2 channel
Meguro MSO 1270A • 20MHz • D.S.O. (new)
Phlfips PM3094 • 200MHz • 4 channel
Philips 3295A • 400MHz • Dual channel
Phillps PM3392 - 200MHz-200Ms/s - 4 channel
Teklronix 465 · I00MHZ • Dual channel
Teklronix 4641466 · IOOMHZ • (wi1h AN. storage)
Tek tronix 4751475A • 200MHz/250MHz •
Tektronix 468 - I00MHZ • D.S.O.
Tektronix 2213/2215 • 60MHz • Dual channel
Tektronix 2220 • 60MHZ • Dual channel D.S.O
Tektronix 2235 • IOOMHZ · Dual channel
Tektronix 2221 • 60MHz • Dual channel D.S.O
Tektronix 2245A • 1OOMHZ • 4 channel
Tektronix 2440 • 300MHz/500 MS/s D.S.O.
Tektronix 2445A. 150MHz • 4 channel
Teklronix 2445 • 150MHZ • 4 channel+ DMM
Tektronix TAS 475 • 100MHZ · 4 channel
Tektronix 7000 Series (IOOMHZ to 500MHZ)
Tektronix 7104 - l GHz Real Time
Tektronix 2465/2465A/2465B • 300MHz/350MHz 4 channel
Tektronix 2430/24 30A- Digital storage · 150MHz
Tektronix 2467B - 400MHz - 4 channel high writing speed
Tektronix TDS 320 100MHz 2 channel
Tektronix TOS 640 SOOM Hz 4 channel
Tektronlx 544A 500MHz 4 channel

£1500
£1250
£750
from £125

£900

£450
from £125
£350
£2250
£450
£1750
£1600
£1995

£350
£350
lrom £450
£650
£350
£1250
£600
£1250
£900
£2950
£1250
£1200
£995
lrom £200
from £2500
lrom £1250
from £1250
£4750
£850
£4500
£4950

SPECTRUM ANALYSERS

Ando AC 8211 • 1.7GHz
Avcom PSA-65A • 2 to 1000MHz
Anritsu MS 2663A · 9KHz • 8.1 GHz
Anri1su MS 62B • 50Hz to 1700MHz
Anritsu MS 610B 10KHz • 2GHz - as new
Anritsu MS 710F · 100KHz • 23GHz
AdvantesVTAKEDA RIKEN • 4132 • I00KHz • 1000MHz
Hewlelt Packard 3562A Dual channel dynamic signal analyser
64µHz • 1OOKHz
Hewle11 Packard 8505A • 1.3GHz • Network Analyser
Hewlelt Packard 8756A/8757A Scaler Network Analyser
Hewlelt Packard 853A Mainframe+ 8559A Spec. An. /0.01 to 21GHz/
Hewfelt Packard 182T Mainframe + 8559A Spec. An. 0.01 lo 21 GHz
Hewlett Packard 8568B • 100Hz • 1500MHz
Hewlett Packard 8567A • 100Hz • 1500MHz
Hewlett Packard 8754A - Nelworl< Anal'yser 4MHz-1300MHz
Hewlett Packard 8591 E 9KHz-1.8GHz
Hewlett Packard 8594E 9KHz-2.9GHz
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IFR A7550. 10KHz-1GHz · Ponable
Meguro - MSA 4901 • 30MHz • Spec.Analyser
Meguro • MSA 4912 • I MHz • IGHZ Spec.Analyser
2712 9KHz•1.8GHz (with trac!<r,g generat0< anc:f wleo rr«i1or mode)

£1500
£850
£7000
£1450
£3500
£5250
£1500
£5500
£1995
lrom£1000
£2750
£2250
£5250
£3995
£1500
£4250
£6,750
£3,995
£3250
£1950
£700
£995

£5500

All equipment is used - with 30 days guarantee and
90 days in some cases
Add carriage and VAT to all goods.

Telnet, 8 Cavans Way, Binley Industrial Estate,
CIRCLE NO. 1111 ON REPLY CARD
Coventry CV3 2SF.

1[

1111111
Fax 02476 650 773

Wandel & Gollermann TSA-1 system analyser (100Hz-180MHz)
Wiltron 6409. 10-2000MHz R/F Anal'yser

392 PHASE-LOCKED LOOPS

355 COMMENT

ReveaEng useful web sites along the
way, Cyril Bateman explains the phaselocked loop and the options and design
tools available for those involved with
this invaluable building block.

Mobile [nternet - who wants it?

357 NEWS
• Athlon or Pentium III?
• New substrate for high-speed
processing
• Chip transistors shrink to 50nm
• Electronic tagging for consumer
goods
• Self-assembling micro-wires for
MCMs
• Digital watermarking for OS maps

396 AN RF INITIATIVE
Ian Hickman introduces you to an
important initiative aimed at
encouraging a greater number of
promising electronics engineering
undergraduates to aim for a career in the
fascinating field of RF engineering.

362 VERIFY BATTERIES
TO7AH

399 NEW PRODUCTS
New product outlines, selected and
edited by Richard Wilson

This micro-controlled load tester for
12V sealed lead-acid and NiCd batteries
covers twenty of the most popular
capacities from 0.8 to 7Ah. Designed by
Dave Sawford and Ken Duggan

4 10 IF FILTER OPTIONS
Joe Carr looks at the a variety of IF
filtering techniques available and
discusses their individual merits.

373 THIRD-GENERATION
MOBILE PHONES
What exactly will be on offer when the
new third-generation mobile phone
services are rolled out? Richard Wilson
reports, revealing that we may have to
wait two or three years to find out.
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Hewlell Packard 6623A - Triple o/p system p.s.u.
Hewfell Packard 6624A - Quad Ou1pu1 Power SuftY
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Hewlett Packard 8112A • SOM Hz Pulse Generalor

al £2750
from £1000
£500
£600
£1200
from £100
£650
£475
£4500
£1250
£2000
£650
£mg
£1300
£2000

g~g

·SA)
£2250
Hewlett Packard 8350B - Sweep Generator Mainframe
£2000
Hewlell Packard 8656A Syn1hesised signal generator
£850
£1450
Hewlell Packard 8656B Syn1hesised signal generator
Hewlelt Packard 86600 · Synfh'd Sig. Gen (10 KHz-2600MHz)
£3250
Hewlell Packard 8901 B • Modulation Analyser
£2750
Hewlett Packard 8903A, Band E • Distortion Analyser
from £1250
HewieII Packard 16500A + B - Logic Anal'yser Mainframes
from £1000
Hewlell Packard 16500C • Logic Analyser Mainframe
£3250
Hewlett Packard 16501A/B & C • Logic Analyser System Expander Frame from £2000
Hewletl Packard 37900D • Signalling lest se1
£3750
Hewlett Packard 75000 VXI Bus Conlrollers
£POA
£4750
Hewletl Packard 4193A • Vector Impedance Meter
Hewlett Packard 5350B • 20Hz Frequency Counter
£1950
£3995
Hewlell Packard 8657B • 1OOKHz-2060 MHz Sig Gen
Hewlell Packard 8657D • XX OQPSK Sig Gen
£4500
Hewlell Packard 8130A - 300 MHz High speed pulse genera1or
£5250
Hewlett Packard 8116A - 50MHz Pulse/Funclion generator
£2250
Hewlell Packard 1660A-136 channel Logic Analyser
£3995
Keylek MZ-15/EC Minizap ESD Simulator (15kv • hand held)
£1750
Marconi 1066B- Demull1plexer & Frame Alignment Monitor (140MBIT to 64KBIT)
NEW
£1750
Marconi 2610 True RMS Voltmeter
£550
Marconi 6950/6960/6960B Power Meters & Sensors
lrom £400
Phillps 5515 • TN• Colour TV pattern genera1or
£1400
Philips PM 5193-50MHz Function generator
.
£1500
Leader 3216 Signal generator 100KHz • 140MHz • AWFM/CW with bulll ,n FM slereo
£795
modulalor (as new) a snip al
£500
Racal 1992 - 1.3GHz Frequency Counter
Rohde & Schwarz SMY-01 Signal Generator (9KHz-1040MHz)
£2250
Rohde & Schwarz NRV dual channel power me1er & NAV 22 Sensor
£1250
£1995
Syslron Donner 6030 • 26.5GHz Microwave Freq Counter
Tektronix ASG100 • Audio Signal Generalor
£750
Wayne Kerr 3245 - Precision Inductance Analyser

Wiltron 6747A-20 • 10MHz-20GH, • Swepl Frequency Syn1hesiser

£ 1995
£4950

Tel: 02476 6S0 702
Fax: 02476 6S0 173

417 JLH - A LIFETIME IN
ELECTRONICS
The coming of the transistor - this
month John remembers the emergence
and evolution of early transistor audio
power amplifiers including the Lin
design and his own 75 watter.

421 WHAT IS BLUETOOTH?

£2750
£1750

Soon it will be possible to connect
peripherals to your PC via an rf link
using a wireless local network
technology called Bluetooth.
Geoff Lewis outlines how it works.

MISCELLANEOUS
Ealon 2075•2A - Noise Gain Analyser
Fluke 5100A/5100B/5200A -Calibration Units (various available)
Fluke 2620 Data Buckets
Fluke 8842A • Oigilal Multlme1er
Hewfell Packard 339A Distorlion measuring set
Hewfetl Packard 435A + 435B Power meters
Hewletl Packard 7780 Dual-Direclional Couplers
Hewlell Packard 3488A • Switch/Control unit
Hewlett Packard 3784A - Digllal Transmission Analyser
Hewlett Packard 3785A • Jiner Generator & Receiver
Hewlell Packard 5343A • Frequency counter 26.5GHz
Hewlett Packard 5385A • 1 GHZ Frequency counter

424 A NOVEL
INDUCTANCE METER
Michael Slifkin and Alexander
Gornstein have developed a micro-

Mobile video - just one new feature
that the new third-generation mobile
phone technology makes possible. But
when? Read Richard Wilson's report on
page 373.

controlled inductance meter capable of
displaying accurate measurements from
20µH to 200mH on an LCD module.

378 CIRCUIT IDEAS
•
•
•
•

430 EVERYTHING BUT
THE SINK

RS232-to-parallel data conversion
FDNCs using current conveyors
Efficient battery auto-charger
30W Class-A power follower

Oscilloscope noise, and making
measurements in noisy environments are
the topics of Les Green's third article.

Your listening environment has a
surprisingly significant effect on what
you hear from your loudspeakers.
John Watkinson explains why.

Michael Slifkin's novel micro-controlled inductance meter measures
from 20µH to 200mH with minimal
errors due to ohmic loss - page 424.
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A phase-locked loop simulator

especially for rf design designers.
If you are involved with PLLs,
have a look at page 392.

Using synchronous rectification, SynQor
has designed a DC-to-DC converter for
distributed power systems that is so
efficient that it doesn't need a heat sink.

384 GETTING THE MOST
FROM YOUR SCOPE

388 SPEAKERS' CORNER

Phologrophy: Mork Swallow

432 WEB DIRECTIONS
Useful web addresses for the electronics
designer.

435 LETTERS
TIO: RIP? • Knee, mice • Free PCB
layout tool • Early radar • Dangerous
protection • Drum recordings •
Defective colour vision

When you're using an oscilloscope,
there's a right way and a wrong way
to probe a circuit like this. Find out
how to do it properly on page 384.
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PIC Micro CD-ROM

PIO Basic

Write vour PIC programs In BASIC! - No STAMP REQUIRED!
·c or assembler. PIC BASIC is a true compiler providing faster

execution and shorter programs than BASIC stamp interpreters. built in 12c routines
and serial comms upto 115K Bauct and full BASIC STAM? compatibility make writing for
the Microchip PICmlcro·s easyl PIC BASIC compiles your basic language programs to
Microchip Hex format for use with In-circuit emualto rs or for programming dlrecUy into the
F>IC CHIP. Supports PIC12C67x, P IC14Cxx.x, PIC16C55x, 6xx, &.xx,84, 92xand 18F87x
Full documentation with syntax examples are provided in the 168 page user manual. A
techn ical support mailing list is provided for l i fe time support.

•

lCD DISPlAYS

~o Basic Prq - £149.95

....

.

EDITOR

.

Marlin Eccles
020 8652 3614

16X2 line super twist dlsplavs - £1.50 ea

CONSULTANTS

Xtals and Resonators

Ion Hickmon
Philip Dorrington
Fronk Ogden

4Mhz and 20Mhz from 45P

Download the full 168 page P IC BASIC M A N UAL and sample programs

http://www.picbasic.co.uk
O rder Online via o ur s ecure seiver
http://www.crownhill.co .uk

EDITORIAL ADMINISTRATION

~ low cos! programmer for PIC 12Cxxx, PIC 1 2CExxx. PIC14CXXX, P IC 16C505, 55x, 6)0(,
7xx,84, 9x xPIC 1 6CE62x and PIC18F87x
.. Z IF adaptors are avaitablo for 8/1 B In 40/28Pln Oil. 8, 18 and 28 SOIC, 44 Pin MQFP,
44 and 68 Pin PLCC
,. Powered by 2x 9V baUerles or AC adapter.
~ Conneci.s to PC parallel port
~Upgradable software Is supplied for future PIC MJcro's
~FR.EE 8051 stylti PIC Macro compiler
•
'°'.: -

fDIUlilD•
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PIC16x84 programmer Kit
WINDOWS Driver - £15.00 Inc P&P + VAT
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Parallel port extension cable - £5.95
40Pln ZIF socket - £22.50
8/18Pln ZIF Socket - £22.50
PICB Prototvoe board - £4.50
PIC18 Prototvae board - £5.50
PIC84 Prototvae board- £8.50
Alpllc8'ooe""8clk>VAl(l>IIS..

Jockie Lowe
020 8652 361 4

Programs lbe pepu11r PIC1884 • nd 24 series serial memory devlceL
Connects to the serial pen of PC u_.o pendnm ln• t P2 er P3I and requires
NO EJttemal · • - r SUPPIV, The KIT Includes Diagram, 11110111, HIib Qualltlf PC•
11111111 cemponenelL software en 3.5" f •
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•

. ..

.
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The PIG BASIC Pro compil er lnstn.,etion set is eompatjble wflh the Basic Stamp II
providing additional funeOonality over P IC 8ASIC. feature like LCD read Wrlto. fully
customisable Serial in I out. (Create 8 scrlal LCD display d river In m inlutes). Full d&--bug
facilities, com~to with debug to produce assembly commented with your Basic commands
PIC BASIC and Pre BASIC PRO oomr,ile tight efficient code wilhoot the use of a basic
inlerpreter. Supplied with a 168Page manual, explaining eaeh command and worked ex amples
FREE P IC Macro compiler, FREE Programmers File Editor, FREE Windows Front End.
PIC BASIC PRO lneludos samples programs and code io support Smart card read&wrHe.

~p:.

Mobile Internet - who wants it?

Packed with information, data sheets, application notes, programs
diagrams and tutorials. Includes TETRIS and PING PONG with
sound and video out of a single PIC 16F84. Basic language
assembly routines and macros for hundreds of commands. Data
sheets on thousands of devices, micro's, memory and support chips.
..

• PIC Basic - £49.95
Quicker and easier than

over 1.2Gb Of info ~ P & P and VAT

EDITORIAL E-MAILS

jockie.lowe@rbi.co. uk
G ROUP SALES EXECUTIVE

SMARTCARD DEVELOPMENT SYSTEM

.

...

Oipllrive Slarter!Q 1 ~ Soilllare
Read aoo Write data oo Smart Cads •
lli:rosdt PCSC mpatiblJ !
Package lncrudes:

Pat Bunce
020 8652 8339

...... ........~
cards

£69•9

•

ADVERTISEMENT E-MAILS

pot.bunce@rbi .co. uk

Assoitoo Smalt Cards (3pais~
Sa~~ of S011ceIXl!eii VBJ.4,516, Cand Delpli

\\

€\

""""_p..,.

A DVERTISING PRODUCTION

0 20 8652 8339

~esAppsloReadandWmeloSmartradsaooGSMc:aros
~~too ar,d delailed l't!MJNS IX.l desaiptm.

WWw.towttoko.co.uk

•

PUBLISHER

Mick Elliott
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EDITORIAL FAX

020 8652 811 1

low Cost - High Performance
Intelligent Universal Device Programmer

!illll1

@For PIC18F811 lemulates most PlctBCBX/11 devtcesJ
@ ln-Clrcun run Ume debu11111
@ Real nme code executton 32111z t120Mhl real Ume operauon
@ High S111ed Parallel ,en Interlace
@2.51 to 8.V aperaUng range
@Bain In deVlce ,ra1rammer
@Rn, Stea Run to Cursor etc
&'!CGndmonal AnlmaUon Breu
0 Sottware anlmaUon trace ca11111res 3 user defined variables
In addmon ID opcode, W. Status, FSR
registers and CDITIIPDndlag Instructions.
@Source level and svmbollc debQglng
@RUIS under PICICD IDE I wln95/9B or NTI or MPUB
&'!S..plled wltll lCD dellllg m,111111, Prate board,
40Pln and 28Plnemulator headers,
Callles IDE sottware and user guide

.•

•

•

CLASSIFIED FAX

020 8652 8938
NEWSTRADE ENQUIRIES

Plugs Intl parallel pon DI !IDUI PC

020 826 1 7704

Ada11tors tor TSIIP. PSGP. QFP. SOIC, PU:C

nue No Adapter Prttrammllll UDI• 48 Pins
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As the tortuous auction for 3G licences went on and
the prices rose into the billions, did anyone ask
themselves: "Who wants mobile Internet?" Already
people talk about 'm-commerce', meaning mobile
commerce, as the successor to e-commerce.
Will people really transact business deals and
compose messages using the tiny keypads of mobile
phones? Will people access the Internet using
wireless connections which frequently cut off?
Many wonder. Not least Sir Alan Sugar, chairman
of AmstradNiglen, at one time the parent company
of the Danish mobile phone company DanCall.
"Who wants to send e-mails from the middle of a
field?", asks Sir Alan.
Many agree with Sugar that fiddling around with
tiny buttons is not going to be a popular pastime.
Those who say speech recognition, not tiny buttons,
will be the input mechanism for portable Internet
access aren't familiar with the inaccuracies of
speech recognition. These require the frequent
intervention of buttons for correcting the many
errors.
With the technology at its current state of
development, is Mobile Internet feasible?
Undoubtedly billions are being spent pursuing it.
Marketing 'data' - often pretty spurious - abounds
for supporting the proposition that ' by 2003 or 4 or
even "5 more half the people accessing tJ1e Internet
will be doing it from mobile terminals'.
How can these projections be believed? How can
the people spending the billions sleep at nights? The
reason could be that a very large number of people
have a vested interest in making mobile
datacommunications catch on. Not least the mobile
phone manufacturers. How else can they escape the
fate of the four-function calculator?
Back in the 1970s, the four-function calculator
became a commodity. Its price tumbled from
hundreds of dollars to ten dollars in a few years.
The technical reason for that was the effect of the IC
- the integrated circuit - then a ten-year old
invention but doubling in.transistor count every
year.
The mobile telephone could easily go the same
way as the four-function calculator. The technical
reason for that happening is the effect of SOC, or
system-on-chip, which is fast becoming possible in
most types of consumer product. When you can put
the electronic innards· of a mobile phone on one
chip, the cost of a mobile phone will plummet.
There is, of course, a way of avoiding the
nightmare. You can add functionality to the mobile
phone. When the makers of calculators were
threatened by commoditisation, they added a host of
Electronics World is publi,hed monihly. By po,1, currenl issue £2.6 5,
back issues lif available £3 .00) . Orders, paymenls and general
correspondence ta L333, Electronics World, Quadrant House,
The Quadrant, Sutton, Surrey SM2 SAS. Tlx:B92984 REED BP G.
Cheques should be made poyable lo Reed Business lnformalion ltd
Newstrade: Dislributed by Markedorce (UK) l td, 247 Tohenham C01Jrt
Road london W1POAU0171261-5 108.
Subscriptions: Ouadranl Sub,criplion Services, Oakfield House
Perrymounl Rood, Haywards Hea1h, Sussex RH 16 3DH. Telephone
01444 445566. Please nolify change of address.
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ROW I year £6 1.00 2 years £98 .00 3 years £ 123
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increasingly sophisticated and exotic functions
ending up with such esoteric capabilities as div,
grad and factorial.
So complicated were some of HP's calculators
that, it was said, even PhDs only used 30 per cent of
their functionality.
And PhDs do not make a mass market. The mass
market wanted only the original four functions: add,
subtract, multiply and divide. The attempt to move
the mass market to accept - and pay for - more
sophisticated functions failed.
The PC fared better. Terrified that
commoditisation would happen to it, the PC
industry succeeded for a couple of decades in
avoiding price declines by having Microsoft
produce ever more code-heavy operating systems.
These required Intel to produce faster and faster
processors and the DRAM-makers to produce
denser and denser DRAMs.
Those strategies ensured that, for 20 years, the PC
industry successfully averted the commoditisation
process as the consumer bought more and more of
this increasingly sophisticated - and sometimes
functionally superfluous - kit. Mainstream PCs ·
were $ 1000 twenty years ago and are $ 1000 now.
That's a very clever trick to have pulled off.
Now it is the mobile phone that stands at the cross
roads. One road leads to simplicity,
commoditisation and declining profits, the other to
complication, added value and high profitability. I
wonder which will it be?
•
David Manners
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18-20 Place de lo Madeleine, Paris 75008. Uniied States o f America:
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Professional Electronics Design

Over50%

EDWiNNC

Discount

DATE

Over50%
Discount

• 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
ofprofessional 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% ofthe 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!

•

Athlon outdoes Pentium Ill •1n
8 00MHz benchmark tests

••

Super Po~::;ul 32 bit
ersion for Windows 95

~

9 8 & NTI

,........-

9:!1
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Don't forget - Phone Today for Your 50% Discount!

• EDWin NC Basic: Schematics, PCB Layout, Manufacturing Outputs,
Max. 100 Component Database, 500 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

~l}ff(/J
- - - - - - - - - - - - - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - I enclose: £....................total.

We aim to dispatch as soon as we receive payment,
but please .tllow 28 days for deh\lery.
SubJect Unsold

.h
d
wzs to ori er:
• EDWin NC BASIC:

J

Cheque/PO/Credit Card:
Visa/Mastercard/Eurocard: No.

IIIIIIIIIIIIIIIII
Issue Date:

IIIII

E xpiry Date:

Qty.
16 bit
32 bit 16bit/32bit
£59.00 £119.00

£155.00 £212.00

Date .................. Signature ............................................ ..

• EDWin NC De Luxe 3 £285.00 £340.00
Postage & Packing UK
£5.00

N ame : ............................. ................................................

Rest of World

Address: ....................... ...................................................

(only one P&P charge per order)

Tel. : ............. ................... Evenings .......... ........... .......... .

I

• EDWin NC De Luxe 1 £119.00 £177.00

I I I I I •EDWin NC De Luxe 2

................................................... Postcode ................... .

Total(£)

£
fIY!/t[Uf/Jff[/J
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£10.00
Total£

Swift Eurotech Ltd.,
Twankhams Alley, 160 High Street,
Epping, Essex, CM16 4AQ, UK.
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The processor war between AMO
and Intel has intensified following
benchmark results that c lai m
AMD' s Athlon is up to twice as
fast as Intel' s Pentium III in
certain situations.
The tests on 800MHz
processors, carried out by Bert
McComas of Inq uest Market
Research in the US, also show that
virtual-channel DRAM is far
better in many cases than standard
synchronous or Rambus DRA M.
McComas tested several system
configurations based on AMD' s
and Inte l' s 800MHz processors.
Chip sets were from either Intel or
VIA Technologies, the former
supporting Rambus, 133MHz
SDRAM (PC 133) or virtual
channe l (VC 133 ), the latter PC 133
or VC 133.
Using LinPack (see diagram)
and StreamD benchmarks,
McComas showed Ath lon to be 50
per cent or more faster than
Pentium III.
"Athlo n' s consistently high
DRAM thro ughput is related to its
CPU bus characte ristics. At
200MHz it is much more capable
of extracting the untapped
performance (headroom) of PC 133
and Virtual Channel SDRAM,"
the report stated.
Rambus and PC 133 showed little
difference on those metrics.
The Inq uest report also
examined the bottleneck caused
by the graphics accelerator.
In his report, McComas said:" As
3D benchmarks are used to

evaluate CPU, chipset and DRAM
performance, it has become
common practice to crank down
the screen resolution, colour depth
and image quality features to their
minim um. On' the surface, this
may seem logical, but in effect the
hottest, fastest PCs o n earth are
being benchmarked at 1997 screen
resolutions."
Therefore he tested the different
systems using a high-end Creative
Labs board based on nVidia' s
GeForce graphics chi p.
The 3D tests used a Quake3 test
program, setting resolution and
image qualities to both their
highest and lowest settings.
At the lowes t settings, AMO
comes out worst, due said
McComas to its lower speed level
two cache. At the highest
resolution though, there was no
d iffere nce between the various
systems. Why? Because the
bottleneck that is the graph ics
card completely chokes the
system, says McComas.
Indeed, clocki ng either
processor at j ust 400MHz caused
grap hics frame rates to drop by
just two per cent. Overclocki ng
the graphics chip - up to 140MHz
from 120MHz - saw performance
rise by 15 per cent, even though
the CPUs were ru nning at half
speed, proof that graphics is a
bottleneck.
The moral of this story - spend
your cash on the graphics card and
c hi pset, not the processor.

LinPack Megaflops

I Mflops

Performance as memory array size increases
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In the LinPack benchmark, which tests the
combination of floating point perfo rmance, bus
bandwidth and memory performance, Athlon outdoes
Pentium Ill (CuMine) by a considerable m argin - a
factor o f nearly 2x for larger data sets. Virtualchannel memory, on either processor, outperforms
PC133 and Rambus. Intel's speed drops quickly as
data array siz es increase, AMO is less affected.

Richard Ball Electronics Weekly

New substrate for high-speed processing
A g roup of ex-Intel workers has
developed a method of reducing
problems with electrical noise,
clock skew, bus speed, and soft
errors in high speed
microprocessors.
Their start-up fir m, Primarion,
plans to spljt a processor's power
grid into small independent
sections. T he die is then bonded
to another s ilicon substrate which
provides power regulators for
each section of the circu it.

May 2000 ELECTRONICS WORLD

Such a system would improve
the quality of the power supply,
reducing problems such as
ground bounce. Response times
to current changes could improve
by a factor of I 00, the firm
c laims.
Clocks would also be sent to
the processor chip via the
substrate, reducing clock skew,
noise and crosstalk. Noise could
also i mprove by 100.
Circuits on the substrate will be

built using heterojunction bipolar
transistors (HBTs) to improve the
quality of power and clocks,
which are essentially analogue.
Primarion expects its
technology will be in widespread
use within five years.
In order to develop the
technology it has garnered $ I 3m
in venture fu nding, mainly from
Intel's $8bn venture fund. T he
firm has also bought a bipolar fab
from Lansdale in Arizona.
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TiePieScope HS80 l PORTABLE MOST
Chip transistors shrink to 50nm in the
bid for faster, cheaper silicon
The incredible shrinking transistor
has done it again, this time at the
hands of Silicon Valley firm
Numerical Technologies
(NumeriTech) which has produced
50nin (0.0Sµm) transistors using
conventional 248nm optical
lithography.
The devices, claimed to be the
smallest ever fabricated using
optical lithography, were made at
the Massachussetts Institute of
Technology (MIT).
Using phase-shift mask (PSM)
techniques, the previous limit for

Sub-wavelength
era ... Feature
sizes used to be
larger than the
wavelength of
light patterning
the wafer. With
the 0.35µm
generation,
features
equalled the
wavelength, but
today, at
0.18µm,
features are
smaller than the
248nm laser
light used.

248nm lasers was thought to be
100nm feature sizes. Getting to
70nm and below was the realm of
157nm lasers.
"People have been predicting the
end of optical lithography for
several years, saying that it can't
extend beyond 100 nanometers,"
said Y.C. Pati, president and CEO
of NumeriTech. "The MIT Lincoln
Laboratory results prove that with
prudent use of phase shifting,
optical lithography can be extended
much further than anyone ever
thought was possible."

10
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"
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0.436 m

Lithography wavelength

SIiicon feature size
0.1
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Beyond the 100nm mark, it was
expected that new techniques such
as ion-beam lithography would be
used to pattern silicon wafers.
IfNumeriTech's 50nm technique
can be commercialised, it could lead
to faster and cheaper chips without
the need for developing advanced
chip manufacturing techniques to
create smaller transistors.
However, PSM cannot get
features much closer together
because of the interference fringes
close to the desired transistor, so
you get fast, but not necessarily
compact, devices.
PSM relies on the fact that a
coherent imaging system will create
interference as the laser is
diffracted as it passes through the
mask. The effect can be used to
reduce the spatial frequency of a
given object or to enhance its edge
contrast.
Both resolution and depth of field
of the image can be improved.
To shift the light phase, an extra
layer of transmissive material with
a different refractive index is
needed on the mask.
NumeriTech designs the software
that modifies the chip layouts to
make use of optical proximity
correction and PSM. It is already
being used by firms such as Lucent
and Motorola to produce features
down to 120nm, or 0. ! 2µm.

Electronic tagging for consumer goods?

Diamond micromachines: Sandia National Laboratories in
the US has created what it believes are the world's first
diamond micromachines. The comb drive is constructed
from etched amorphous diamond - the second hardest
substance behind crystalline diamond. It is a better material
than silicon because it is wear resistant. In addition, it is
not rejected by the human body so it could be used for
medical biochips. "Micromachines, for their marvellously
tiny size, are still machines. They're subject to wear, even if
it's only at the micro level," said researcher Tom
Friedmann. He believes diamond MEMS could last 10 000
times longer than silicon devices.
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RF tagging chips will be taking an
active part in the fight against crime
if a government Home Office
initiative takes off.
"We must use every means at our
disposal, including the latest
technology, to see how it can best be
used or developed to cut crime and
make our communities safer," said
Home Office minister Charles Clarke
at the recent 'Chipping the Goods'
seminar.
The plan is to electronically tag
equipment by embedding a passive
RF tagging device into consumer
goods such as TVs, computers and
cameras. The chip would carry
information about the equipment and
its owner. The information stored in
the device can be changed in situ
using RF technology and can be read
remotely when required.
The technology is referred to as RF
ID and devices are being developed
by several companies including
Texas Instruments, Philips, Ox1ey

and Gemplus of France.
The technology should also allow
companies to track goods more
effectively and so reduce stock losses
as the information written to it will
specify its last official location. "This
is new technology which the Home
Office is looking to encourage
industry to make use of in protecting
its property," said Martin Swedlow,
chief executive of IT consultants
Integrated Product Intelligence which
is involved in organising trials of the
tagging.
• The first UK licence for spectrum
for an Asset-Tracking Mobile Data
Network has been awarded by the
Radiocommunications Agency to
QNL(UK).
The licence is for the 866-868MHz
range, which is causing concern to
industry body The Low Power Radio
Association, which fears it may cause
interference with equipment offered
by its members.
Melanie Reynolds Electronics Weekly
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ABRITARY WAVEFORM GENERATORSTORAGE OSCILLOSCOPESPECTRUM ANALYZERMULTIMETERTRANSIENT RECORDER-
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• The sophisticated cursor read outs have
21 possible read outs. Besides the us~al
read outs, like voltage and time, also
quantities like rise time and frequency
are displayed .

• The HS801 : the first 100 ly1ega samples
per second measuring instrument t hat
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 t he
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.

• 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.g.
company info) en three lines with
measurement specific informat ion .

• 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 1O 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 avail-able. 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 \/Ill.. SNEEK
The Netherlands
Tel:+31 515415416;Fax+31515418819

Web: http://www.tiepie.nl
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Researchers develop self-assembling
micro-wires for multi-chip modules
Self-assembling micro-wires could
form the basis of a new
interconnection system for multi-chip
modules.
Researchers at Leeds University
formed the wires from stacks of
disc-shaped molecules in a 'discotic'
liquid crystal. These stack themselves
under certain conditions to form
columns like piles of plates, as in the
diagram below
Stacking on any flat surface can be
provoked predictably, forming a

forest of independently-conducting
wires like bristles on a brush. ''The
molecules will generally orient on
anything," said Professor Richard
Bushby of the Leeds team developing
the technology.
Conductivity along the wires comes
from a graphite-like six-atom carbon
ring in the centre of each molecule.
These can lose an elecu·on leaving a
hole which, once the molecules are
stacked, can migrated up the centre of
the column. Surrounding polythene-

lnsulatin!I
polythene-like
chains

An Insulated wire
forms as molecules
sett-arrange Into stacks

Stacks cover a surface connecting It
electrically to any surface above.

like hydrocarbon chains form the
wire's insulator.
If two chips are positioned face to
face with a small gap between them,
any conducting pad on one chip will
be connected to a corresponding
conducting pad on the other once the
space is filled with the liquid crystal.
Insulating layers on the chip surface
prevent conduction where it is not
wanted.
At the moment, pads IOµm across
have been connected. Bushby expects
this to be reduced to sub-micrometre
levels in the future.
Resistance is a problem. "We have
improved it by a couple of powers of
ten over the last two years and need a
couple more powers of ten,"said
Bushby.
The Leeds team is to receive a
share of a£ 1.5m grant from the EU
as part of a 3D-chip programme.
Other members are: the University of
Delft, which is developing ways to
produce conducting vias through
chips, CNRS in Paris, which is
worki ng on a conductive polymer
interconnection system to achieve the
same ends as Leeds, and University
College London which is looking at
some re lated visual image processing
techniques.

Develo~ment Tools
. BASIC Stamps

PIC Emulators
from Tech Tools
Mothios In-Circuit Emulator
e l6C5X lo 20MHz
• 6CXX to 25MHz and doto breokpo,nlS
• ,V\odular design
• Ti ue Integrated Windows Env1ron"lien1
• S,ppo-rs stor.do•d assemb:ers and compilers
• Tiue 8ondoot Ch,p sel based
• Programmers and aaoplors also ovodoole
Full deta,ls at www tecn·tools com

Still the easiest ond fastest way to
gel your proiect up' ond going.
8 or 16 1/0 pins, eosy-to-reod
BASIC instru~tions plus on-board
comms ond simple interfacing to
peripheral c hips,

New to PICs or
iust wanting to learn
new tricks?
We stock the excellerit Square 1
ser es of PIC primers
See our web srle for contents

-

SX·Key Emulator
,
· ~.
SX chips ore EEPROM based, PIC 16C5x p,n
compalible micros with up to 1OOn:,ips
perlotmonce.
• Full speed debugging on production chips
• lntegroled Windows enviranmenl
• SofMo,e conligured-oscillolor
• 18 to 52 pin' reprogrommoble devices
• SX Blitz low cost programmer also ·
ovoiloble. Full detoils and software ol
www.parolloxinc,com

SERIAL LCDs reduce display hatawe slOCk orange of olpha11ume,, ond goph d splays ofl 8ttad
with !o8foo RS232 ,n1erfoce board~ 2x 6 IO 4 40 ond p
128x64 graphics ze

R5232 data ..ery lwnllnal unit allo __....
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GET EXPERT HELP!
IAN HICKMAN TITLES 3--FOR--2 OFFER FROM NEWNES!

Sreve Bush Electronics Weekly

Digital watermarking finds its way into maps
Signu m Techno logies has done a
deal with Ordnance Survey to
apply its dig ital watermarking
technology to the OS's library of
d igita l maps.
"Some peop le think the y can just
copy a map, use it commercially
and get away with it," said Carl

Calvert, from the OS 's in tellectual
property d ivision.
While the OS is self funded , any
shortfall i n revenue if made up
from taxpayer's money.
"It's one thing to photocopy a
map so someone can fi nd you
easily. I t is quite another to use the

information that costs us millions
of pounds every year to provide
and then use it commercially and
un licensed," said Calvert.
Signu m's ' watermarks' can show
when an image has been copied,
even if a ll the colours a re changed
and conte nt is removed or added. •

n 'i =
~I Es NO I < 0
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D igital Storage
Oscilloscopes

~

To celebrate Ian Hickman's long as$0Ciation with Newnes and Electronics Workbmagazine we are delighted to offer

3 of Ian's books for the price of 2.
You will always find it easier t.o stay ahead of the ,rest if you rely on Hickman and Newnes!
0
O
0

Hickman 's Analog and RF Circuits: 0 7506'3742 0 £25.00
Analog Circuits Cookbook 2/e: 0 7506 42143 ~ 4.99
Cl Practical Aadio Frequency Handbook 2/e: 0 7506 3447 2 £19.99
Analog Electronics 2/e: O 7906 4416 8 £24,9'9
,0 Dfgltal Storage Oscilloscopes: 0 7506 2856 1 £25.00
Oscilloscopes 4/ e: 0 7506 -2282 2 £18.99
CT EDN Designers Companion: 0 7506 1721 7 £30,00

Order y<'ur books by any of
4 easy ways specifying
the 2 books you would like to
buy anJ the one you would
like for FREE.
Pkase make cheques payable to :
Heinemann Publishers Oxford

By E-mail: email us on bhuk.orders@repp.co.uk quoting reference: T002TXAA01

1hesc

Now you see it ... Similar technology from Signum to the one it is using in the Ordnance Survey watermarking technology is
seen above being applied to a speeding biker (allegedly). The left-hand image shows how changes to the bike's registration
plate and speed, and removal of the car to the left have been spotted by the software.

By Phone: call us on 01865 888180 quoting reference: T002TXAA01
By Fax: fax us on 01865 314572 quoting reference: T002TXAA01
By Mail: write to Emma Hales, Butterworth-Heinemann, Linacre House, Jordan Hill, Oxford OX2 SDP

Visit us at www.newnespress.com for a complete online catalogue
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tery may have a start-of-test voltage of
13.8V causing, in this example, an iniof
tial
current
flow
13.8+ 1.7 1=8.07 A .
Taking in to account the 5-10% tolerance of the power resistor, the result
is a worst case figure of 8.97 A.

This programmable
load tester for 12V
sealed lead-acid and
NiCd batteries covers
twenty of the most
popular capacities
from 0.8 to 7 Ah.
Designed by Dave
Sawford and Ken
Duggan, it features
an automatic test
procedure, it has a
load tolerance of
better than 2 % and it
includes a DVM
function with 0.3 %
measurement error.

Verify batteries to 7Ah
T

he function of backup batteries is
to provide power to the system in
the event of mains supply failure.
In UPS, telecomms and alarm systems,
sealed lead-acid batteries are the most
popular because they offer good combinations of size, energy density per
unit volume and cost.
However, batteries and related charging circuits remain common sources of
failure - especially in alarm systems.
Charging circuits are statistically more
reliable than sealed lead-acid batteries,
as correctly applied modern semiconductors typically last at least three
times longer than even the_ most
advanced batteries.
·
Testing such batteries gives multiple
benefits, especially in the alarm industry; fewer call-outs for the installer,
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police, site owners' etc., and fewer
claims for the insurers. Testing identifies both weak and healthy batteries,
reducing the chances of failure. ft also
allows you to make the best use of
what is both a resource and, at the end
of its service life, a source of pollution.
Most batteries now being classified as
special waste.
There are only two methods of testing sealed lead-acid batteries. Firstly
you can measure the battery's internal
resistance. By inference, a battery with
a high internal resistance cannot deliver power.
Alternatively, you can evaluate a
lead-acid battery using load testing.
Here, the battery delivers power to· a
load and the voltage is monitored.
Demonstrating that a battery can deliv-

er power for the required time increases confidence that it can perform to an
almost identical level in the immediate
future.

A testing problem
Taking the example of a 12V, ?Ah battery, such a battery could theoretically
be
tested
by
connecting
a
12+7 = l. 7 1 resistor, which would
allow 7 A to flow; the 1C rate of this
battery, hence a 'IC' load test. If the
battery voltage fell below 12V during
the test, the battery would be failed.
Any size of sealed lead-acid battery
can be tested in this manner, the load
resistor value simply being calculated
by Ohm's law. However, for each
capacity of battery, a different resistor
is required. Also, a nominal ' 12V' bat-

n
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A PIC based solution
The tester described here enables twenty of the most popular capacities of
sealed lead-acid battery to be tested by
applying an accurate constant current
load. Yuasa recommends a minimum
test of I minute at a IC rate, and specify that the voltage should not drop
below 12V.
The circuit is based on the cheap and
versatile Microchip PIC 16C74A. Thi.<;
device allows you to build a sophisticated but easy to use test instrument
using very few components, thanks to
features such as the on-board fivechannel eight-bit analogue to digital
converter. The block diagram of the
tester is shown in Fig. 1.
As well as controlling the load, the
PIC also directly controls four 7-seg-

Important

.safety issues
There are safety concerns
that influenced the design of
the circuit, and these are due
to the nature of the batteries
being tested. Although they
might be tested at currents of
up to 7 A, the batteries
involved here can deliver
many times more.
Uncontrolled current flow
could cause arcing, which
might damage the test lead

clips. In a worst-case
scenario, the power
dissipated could be a fire
hazard.
For these reasons, three
considerations were taken
into account. Whenever the
unit is switched off, the load
must be inactive. This applies
whether the test lead clips
are connected before the unit
is turned on, or if the unit is
turned off during a test.
At the first sign of a bad
connection to the battery
under test, the load must be
swiftly de-activated.
Accidentally connecting the
test leads with the wrong
polarity must not cause any
damage to either the tester
or the battery under test.
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Specifications of the battery monitor
Battery types tested
Battery capacities tested (C)
Test type
Fail threshold
Voltage measurement tolerance
Voltmeter range
Voltmeter resolution
Load voltage range
Load tolerance
Power consumption, typical
Internal battery low level warning

12V sealed lead-acid and NiCd
0.8, 1.0, 1.1, 1.2, 1.8, 2.0, 2.1, 2.3, 2.5, 2.8, 3.0,
3.2, 3.5, 4.0, 4.5, 5.0, 5.7, 6.0, 6.5, 7.0 Ah
60s partial discharge at 1C
11.75V
0.3%
3·13.8V
0 .054V
9·13.8V
Better than 1.7% @ 7 A, typically ±5-15mA)
40mA, approx.
7.6V

ment multiplexed displays and three
indicator LEDs to show what is being
displayed - current, voltage or time.
The controller also responds to select,
stop and start controls, and monitors
the voltage of the battery under test. In
addition it checks its own battery and
keeps an eye on the load temperature
while it is active.
The adjustment links allow a 2.5%
increase or decrease in the load current
to counteract inaccuracies in the current measuring circuit. A buzzer gives
an audible indication of the end of a
test, or a problem with the load temperature . It is also used to make a click
when a control key is pressed or if a
held down key is auto-repeating.

Constant-current loading
The principle of the constant current
load used for the tester is shown in
Fig. 2.
Resistor R 1 is the main load resistor,
and Tr 1 actively controls current drawn
from the battery. The comparator
shown represents the way the PIC
interacts with the circuit and is not
physically present. Switch S 1 is electronic, controlled by the PIC.
Voltage across R 1, namely Vi, is
directly proportional to the current
flowing through it. This allows the PIC
software to make a comparison with a
reference value, corresponding to the
desired V1, hence the desired current
load.
By simply closing S1 if V 1 is below
Display

•

I

ControIs
..0...

-¢

0

Adjustment links

-----00

the reference and opening it if V1 is
greater than the reference, the PIC generates a pulse width modulated output
through S1• This output is integrated by
the low-pass filter R2 and C I to provide
a reasonably smooth analogue voltage

Fig. 1. At the
heart of the tester
Battery vottage
is a PIC
I
microcontrol/er,
Load control
Battery which evaluates
Load
the battery being
' under
Measured current
' test - tested. Ha ving a
five -channel
Load temperature I
I
ana/ogue-todigital converter
built in , this
Internal battery voltag e
controller greatly
Buzzer
simplifies the
monitor's design.

+1...

1688 111°
,,1ndicato rs

Front panel of the
prototype battery
tester.

PIC

T

rn
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Fig. 2. Principle of
the constantcurrent battery
load circuit. The
PIC compares
voltage over R1 Reference
against a voltage
reference and
switches the
transistor on or
off depending on
the reading,
resulting in a
pulse-width
modulated drive.

+

;

Batte!)
under
test

'

to the base of Tr 1. Resistor R 1 provides
negative feedback to essentially make
Tr1 a unity voltage gain buffer. For
example, if R 1 has a value of IQ, a current range of 1 to 7A will mean a V 1 of 1
to 7V, requiring l +Vse to 7+V8e volts at
the base of Tr 1•

Circuit description
Circuit details for the tester are shown in
Fig. 3. In a practical circuit, a number of
extra components needed over the ones
shown in Fig. 2.
Although the load transistor can be
thought of as a unity-gain voltage buffer,

it has to have a huge current gain. To
achieve this, a Darlington pair configuration is used with Tr 10 providing the
power handling capabilities and Tr9 providing most of the gain.
Using the ZTX690B and the 2N3715
in this arrangement gives a total hFE of at
least 14000. Alternatively, a power
MOSFET could be used in place of Tr9
and Tr10.
Comparing the actual circuit to Fig. 2,
transistors Tr7 s form the switch for the
PWM signal fiom the PIC, with R23 and
C4 performing the filtering.
Output from a PIC can easily drive a

MOSFET directly, but as Tr8 is a pchannel device, the result would be a
load that was activated by a low output
from the PIC. If the test battery were
connected before the unit was powered
up, Trg would turn hard on, so the load
would be turned on too. Usi ng Tr7 as an
inverter to make it active high makes
sure that this does not happen.
Diodes D 2 and D 8 protect against current flow through the load transistors in
the event of a reverse voltage being
applied to the test leads. Diodes D 3•6
make sure that the voltage applied to the
PIC's analogue input pins never goes
more than 0.4V above Vvv or 0.4V
below Vss• The PIC data sheet specifies
that the voltage on any pins should not
exceed 0.6V above Vvv or 0.6V below
Vss•
With this circuit, there is an added
problem that a pre-power on voltage on
one of the pins can work its way through
the PIC' s internal circuits to the output
pins. This is not desirable as RE0 turns
on the load. Transistors Tr6.5 stop this
happening by disabling the input to RA!
until the program enables it by putting
REI high. RAO is already protected from
a pre-power on voltage because the ini-

Seg2
HDSP5553

dp

Seg3
HDSP5553
a

bcf INTCON , GIE
movwf AOCON0
movlw 0x04
movwf temp

;Disable all interrupts
; Set up the port
; Delay for 24µS {4 loops)

dalpl
nop
nop
decfsz t emp , F
goto dalpl
bsf ADCON0 , GO

; Keep looping until temp=0
; Start the converting

dalp2
btfsc ADCON0 , GO
goto dalp2
movf ADRES, w
bsf INTCON , GIE
return

; Check to s ee if it is done
; Nope . Loop
; Store the result i n W
; Enable interrupts agairt

9mA per segment was sufficient with
the type of displays used here.
The buzzer used is a piezo-ceramic
type that needs only I0mA to provide a
surprising amount of noise!

The microcontroller
The PICJ6C74A has 33 i/o pins,
arranged as five ports. Any of the pins
on a port can be configured as an input
or output. Many can also be configured
for a special function such as external

Seg4
HDSP5553

dp

dp

List 1. A-to-D conversion routine.
doatod

interrupts (RB6, RB7) or asynchronous
communication (RC6, RC7). In this
circuit though, they are only used as
straightforward i/o pins.
Data sheets for the PIC, available on
the
Microchip
web
site
(www.microchip.com), give the full
details but a brief summary of the ports
and how they are used in this design is
given in Table 1.
Pins not shown in the table are concerned with the workings of the PIC
R19
23k7

,-,~
Ol ,-,~ Bl
Cl~ l_t 1_11 l_ i

Seg1
HDSP5553

tial state of Tr 10 is to be off.
Diode D 1 is used to monitor the temperature of the load components. If the
load is sinking a current of 7 A at
13.8V, the heat dissipated by it will be
almost IO0W, so it is essential that
adequate heat sinking is provided for
the components that do the dissipation.
Most of the heat is dissipated by R 30,
R3 i, Tr 10 and D8. We recommend that
they are mounted together on a separate heat sink with a good thermal connection to D 1 to allow the PIC to accurately monitor their temperature.
An LM4040 AIM-4.1 voltage reference is used by the PIC' s a-to-d converter, which produces a voltage of
4.096V with 0 .2% accuracy. This IC
comes in a range of tolerances and
packages but as all measurements
made by the PIC are referenced to this
voltage, using one with a different tolerance will affect the accuracy of all
aspects of the tester.
All four ?-segment displays are common cathode types. This allows them
to be multiplexed, with the output from
the PIC sourcing the current to drive
them. The PIC can source up to 20mA,
but we found that a drive current of

0.1%tol.
Cs
100n
multilayer
ceramic "T'"

,--....---'~J' Tr6
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~
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4.096V
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Fig. 3. Full circuit of
the battery monitor. As
shown, the load device
is a Darlington made
up o f two discrete
devices, but you could
use a MOSFET.
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IC1

vss

-
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D2
BAT42
R30
OR47
25W
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VSS
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PIC126C74

R31
OR47
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~

.._-

6

-oBatt-ve

Components mounted on heatsink: R30, R31 , D8 , Tr10
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Table 1. The i/o pins of the PIC controller are designated as follows.
Pin
2
3
4
5
6
7

Name
Port A
RAO
RA1
RA2
RA3
RA4
RAS

Description
All used pins configured as analogue inputs
Load current. Voltage is 0.47 x the load current.
Voltage of the battery under test.
Internal battery voltage monitor.
The voltage reference for the Pl<,:;'s a-to-d module.
Not used
Load temperature monitor.

33
34
35
36
37
38
39
40

PortB All used pins configured as digital inputs with pull-up
resistor enabled
ABO
'Start' key
'Stop / Reset I DVM' key
RB1
RB2
'Select' key
RB3
Not used
RB4
+2.5% Load current adjustment
RBS
-2.5% Load current adjustment
Not used
RB6
Not used
RB7

itself. The system clock is a 4.096MHz
crystal, chosen so the processor executes I024 instructions a millisecond.
This means that timings can be calculated reasonably easily using binary
arithmetic. The MCLR pin is the reset
pin and shoul d be kept high.

15
16
17
18
23
24
25
26

Porte
RCO
RC1
RC2
RC3
RC4
RCS
RC6
RC7

All pins configured as TTL outputs
Display segment 'a'
Display segment 'b'
Display segment 'c'
Display segment 'd'
Display segment 'e'
Display segment 'f'
Display segment 'g'
Display segment decimal point

19
20
21
22
27
28
29
30

Porto
ADO
RD1
RD2
RD3
RD4
RDS
RD6
RD7

All pins configured as TTL outputs
'Current' indicator LED
'Time' indicator LED
'Voltage' indicator LED
Buzzer
'Units' LED display
'Tens' LED display
'Hundreds' LED display
'Thousands' LED display

8
9
10

PortE
REO
RE1
RE2

All pins configured as TTL outputs
Load PWM output
Input enable
Not used

Display 'Low
Battery' warning

Yes

Yes

Increment 'Current'
setting
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b

c

R1

s: 1 second astable
a: 0.25 second astable
b: 0.25 second monostable 1
c: 0.25 second monostable 2
R1-R4: 0.25s bit rotation in the sequence R1 •

R2

R3

R4
From 'Pre test'

R2 •

R3 • R4 •

R1 ...

The pre-scaler can be programmed so
that the increments only happen every
2, 4, 8... 256 instruction cycles.
Communication between the interrupt-service routine and the main program is done through regi sters which
the routine checks each time it is exe,.
cuted.
Ancillary routines. There are other

Initialise variables.
Set display type
to 'dots'

Fig. 5. The 'Test' routine puts the
battery under load at a current
specified by the user. During
loading, voltage and temperature
are measured and the keypad is
checked.

Exit with 'Bad
connection' code

Calculate the voltage
for the load 'comparator
and turn load on

Turn the load off
and display 'hot'
error code

Update the display

The 'post-test' routine. The result of
the test - 'PASS' or 'FAIL' - is dis-

Update the display

played and the user can recall the time
the test took for the battery to pass or
fail, the final voltage measured before
the battery passed or failed, and the
load current, Fig. 6.

Clear the 1/4s
monostable

The interrupt-service routine. This
routine, fig. 7, provides time-critical

Display 'Current'
setting and light
'Current' LED

Set 'Current'
setting to minimum

Fig. 4. Flow chart for the 'pre-test' routine. This code is mainly for
setting up the P/C's ports and interrupts.

a

test, wher e the current specified by tbe
user in the 'pre test' routine i s drawn
from the battery, Fig. 5. While thi s i s
happening the voltage, load temperature, time and keys are monitored. The
user can change the display between
'battery save' mode where the only
thing displayed is a moving dot (resul ting in the internal battery drain of about
15 mA), display the el apsed time, the
voltage of the battery under test (updated every quarter of a second), and the
load current (set in the ' pre-test' routine) by pressing the 'Select' key.

The software can be broken down into
four main areas.

Display the
voltage and light
'Voltage' LED

S

The 'test' routine. This is the actual

The software

rupts and ports on the PIC are set up,
variables initialised and the program
goes into a loop where it waits for the
user to press a key. Pressing the
'Select' key changes the test current,
the 'Stop' key toggles to the 'DVM'

Function

mode where the vol tage measured is
continuously displayed and updated
every quarter of a second, and the
'Start' key stiirts the test. The internal
battery is also tested at this point.

Initialise ports and
other hardware.
Set up Interrupts.
Initialise variables.

The 'pre-test' routine. Referring to
Fig. 4, this routine is where the inter-

Table 2. JSR timing functions. The main program can use the bits of the
interrupt register for its own timing requirements. 'Astab/e' bits toggle b~tween
o and 1 while 'monostable' bits need resetting by the main program routines.
Bit
7
6
5
4
3
2
1
0

Go to 'Test'
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routines. These allow other routines to
operate without worrying how they
will affect factors such as the load
PWM signal or the overall timing of
the test.
A 'clock' is provided by the inter rupt-service routine. Routines in the
main program can access this clock
through a register, individual bits of
that register making 0.25s and ls
monostabl es, a 0.25s astable and four
bits that have a 'l' rotated through
them every second, Table 2.
The seven-segment displays are also
driven by the interrupt-service routine.
It switches between them 62 times a
second, outputting the correct digit to
each of the four displays in tum. T he
interrupt-service routine is also responsible for controlling the load.
Interrupts come from the PIC's internal TMRO timer. This increments a
register every instruction cycle (without pre-scaler). It produces an interrupt
when it overflows from FF16 to 0016·

M ay 2000 ELECTRO NICS WORLD

Change display
type
Increment timer
and reset 1s
monostable

No

Set the 1/4s
monostable

Turn the load off

Turn the load off

Exit with
'Pass' code

Exit with
'Abort' code
Turn the load oft

Exit with
'Fail' code
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common routines used by different
parts of the main program. These perform tasks such as doing the a-to-d
conversion, List 1, and reading the
keys, Fig. 8.
The complete code for the tester is
too large to reproduce here, but is
available on the internet from

http : //www . the-shed .demon
. co.uk/tester
or by post as a hard copy or on floppy
disk. Detai Is of how to obtain technical
suppo1t are given at the end of the article.
At just over 1500 lines of assembly
code, the program is fairly large. When
writing programs of this size there can
be problems which do not occur in
smaller programs.

Controller usage notes
Stack depth. The stack of the PIC
16C74A is only eight levels 'deep'.
Each time a 'CALL' instruction is executed one of these levels is used up,

meaning that calls can only be nested
seven times before things start going
wrong.
Bear in mind that an in terrupt uses
the stack to store its return address.
Also, if the interrupt-service routine
performs an a-to-d conversion another
stack level is used when the a-to-d subroutine is called.
These factors reduce the maximum
number of nested calls the main program can use to five. It is very easy to
accidentally go beyond this without
noticing.

Page boundaries. Although the PIC
16C74A has a 13-bit wide address bus,
only the lower 8 bits can be addressed
when using computed look-up tables
via the 'ADDWF PCL, F' command.
This command adds the contents of the
W register to the program counter.
The other 5 bits are loaded in from
the PCLATH register when the
'ADDWF PCL, F' command is executed. For look-up tables, this effectively divides the memory into
256-byte pages, which they must not
cross.
Probably the easiest way to avoid

From 'Test'

Go back to
·Pre test'

Set display type
to ·result' and turn
on buzzer (1)

Fig. 6. Flow for the 'Post test', which displays
whether the battery has passed or failed, and
allows you to review conditions stored during
the load test.

Display 'NC'

Display the 'Current'
setting

Display 'PASS'

Table 3. The ADCON0 register is used to manage a-to-d conversion.
Bit
7
6
5
4
3
2

0

Function ADCS1

ADON

Display the final
voltage

Turn buzzer off

Turn buzzer off

Change display
type

Mnemonic
ADCS1, ADCS0
CHS2, CHS1 , CHS0
GO/DONE

ADON

CHS2

Go back to
'Pre test'

ELECTRONICS WORLD May 2000

CHS0

GO/DONE

A-to-d clock select
Analogue channel select
A-to-d conversion status bit. Setting this bit starts the A-to-d conversion. On completion this bit is
cleared by the a-to-d module.
Not used
Setting this bit turns on the a-to-d conversion module

More page boundaries. A 'GOTO'
or 'CALL' in the program only loads
the program counter with the lower I I
bits of the address, meaning that calls
only have a 1024-byte range. The
other two bi ts needed to complete the
13-bit address are loaded from bits 3
and 4 of the PCLATH register.
If your program is over 1024 bytes
long and uses calls to routines that are
beyond the 1024/2046/3069 boundaries you must set the PCLATH 4:3
bits accordi ngly. The Microchip application note AN556 - available from
the Microchip web site - has more
details about these problems.

v,.,,

CHS1

Description

crossing these boundaries is to put all the
look-up tables at the begin ning of the
code, before the main program. This
makes it easier to check that no boundaries are crossed.
For look-up tables that are after the
first 256 bytes of program memory,
the PCLATH register must be used to
set the upper 5 bytes of the program
counter.

D = V.mnpt, X (2" -

Turn buzzer off

ADCS0

The analogue to digital
converter
One of the most useful featu res of the
16C74A is the on-board a-to-d converter. Although it only has a resolution of 8
bits, used in conjunction with a precision
voltage reference it allows accurate monitoring of many different parts of the circuit.
The reference voltage for the a-to-d i.e. the voltage that a digital value of 255
from the a-to-d converter represents can either be set up in software as the
Vss supply voltage to the PIC or an
external source.
As the tolerance of most 5V regulators
is only 5%, an external 4.096V, 0 .2%
tolerance voltage reference, namely D2,
is used in this circuit for improved accuracy in voltage measurements.
To convert a voltage to its corresponding digital value the following can
be used,

Display the elapsed
time
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1)

of bits of resolution of the a-to-d converter.
For the PIC 16C74A in this application,

D = V,ampl,

X

255

4.096
This circuit uses four of the PIC's a-tod channels to monitor the following
parameters:

RAO: Current flow through the load. For
example, at 7A the voltage at RAO is,

7Ax0.47Q =3 .29V
So the value returned by the a-to-d conversion will be,
3 29
X 255 = 204.8
·
4 .096
Note that as the PIC can only use integers, the actual value returned would be
204.

RAl: The voltage of the battery under

Reset a nd enable
interrupts

Reset the TMR0
counter for 500us

Below reference

Turn on PWM
output

Update the
next display

Do timing functions
(Table 2.)

Fig. 7. All time-critical operations
are carried out during the
interrupt-service routine.

Enable interrupts

where D is the digital value, Vsample is
the sampled voltage and n is the number
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test. To provide a measuring voltage
range of up to 13.8V, R19 and R20 (precision 0.1 % tolerance components) are
used as a potential divider,
13.8V x

lOkQ
= 4.095V
23.71<.Q+ 101<.Q

at RAI.

RA2: The voltage of the tester's own
battery. Resistors R 14 and R 15 are used
to give a measured voltage range of up
to 9V.

RAS: Drive-transistor temperature.
The LM335 used here provides a voltage output of lOmV multiplied by its
temperature in kelvin, so for a temperature of 55°C there would be a voltage
of,
(273+55)x0.01=3.28V
present at RAS. Line RA3 is the input
for the external voltage reference.

Code for the a-to-d conversion routine used by this application is shown
in List 1. On entry to this routine, the
W register contains the details needed
by the converter. These details specify
which port to read and which conversion clock to use - either a division of
the clock frequency or an internal RC
oscillator. They also specify whether
the a-to-d module should be turned on.
If a conversion is about to be initiated,
it must be turned on.
Information from the W register is
loaded into the ADCON0 register,
Table 3. On eltit from this routi ne the
value returned by the a-to-d conversion
- from the ADRES register - is copied
into the W register.
Flags ADCS l and ADCS0 select
which clock is to be used by the a-to-d
module. This clock may be the main
clock frequency, Fosc, divided by 2, 8
or 32, or an internal RC oscillator.
Using F osc means that the Lime
taken by the successive approximation

a-to-d module can be calculated and
minimised. But it also means that
changing the clock speed necessitates
changing the software to bring the a-tod clock into the required range of values.
Although the RC clock option means
we cannm prectict the Lime that an a-tod conversion will take, this does not
matter so much if Liming functions are
performed by an interrupt-service register.
After the a-to-d unit has been set up,
a 24µs delay is needed. This delay
makes sure that the voltage on the pin
to be read has stabilised and that the
capacitor in the sample-and-hold circuit
of the a-to-d unit has been fully
charged.
The lines following the delay subroutine start the conversion and then
loop round until the conversion status
bit is cleared, indicating that the conversion is complete.
As the program uses a-to-d conver-

Technical support
A complete set of instructions o n how to use the
tester is ava ilab le from http://www.theshed.demon.co.uk/tester, where the comp lete code
is a lso available . The instructions are also distributed
with hard copies of the code, pre-programmed PICs
a nd kits of parts.
To obtain details about how to get the code sent by
mail, buy a pre-programmed PIC or a com p lete kit of
parts (excluding case and heat sin k), send a stamped
self-addressed e nvelope to:

Erase all repeaV
delay information

Reset the delay
timer, put in delay
mode and record
which key was
pressed

David Sawford,
1 77 Stu rton Street,
Cambridge CBl 2QH.
Or email: david.sawford@the-shed.demon.co.uk

Exit with code
for no key press

Mask out keys that
should not repeat

Turn buzzer on
for 5ms (produces
'click' and acts as
debounce)

Exit with code
for the key

Exit with code
for no key press

Put in repeat mode,
reset repeat timer
and turn buzzer on
for 5ms (click)

Exit with code
for no key press

Fig. 8. The keypad interface routine is interrupt
based so there are no time-wasting software
loops.
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Reset repeat timer
and tum buzzer on
for 5ms (click)

Exit with code
for the key

Exit with code
for the key
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sion routines within interrupts, it is vital
that an interrupt does not occur while this
routine is being executed.
For example, an interrupt routine that
used the a-to-d converter while the conversion program was acquiring a reading
would over-write the value being read.
Similarly, an interrupt during the set-up
and delay sections could change which
channel is read by the code that follows.
For these reasons, interrupts are disabled at
the start of the ·conversion routine and reenabled at the end.

The keypad interface
In order to create a tactile 'feel' to the
tester, the keypad reading routine does a bit
more than just report which keys are being
pressed.
AJthough the physical keys are no more
than connections from the pins on the PIC
to 0V, using software makes it possible to
implement debouncing, auto-repeat of
held-down keys with adjustable delay and
repeat speed and an audible click when a
key is pressed. Audible clicks are also produced while a held-down key is autorepeating.
Figure 8 is the flowchart for the keypad
interface routine. Timing functions, such as
incrementing the counters for the
delay/repeat of keys that are held down, are
performed by the interrupt-service routine.
Using interrupts means that the routine
does not have to have any loops in it to
detect key statuses. As a result, a minimum
of time is spent in the routine, allowing the
calling routine to attend to more time-critical matters such as monitoring voltages
and updating the display.
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Bottom view
All components mounted from bottom unless otherwise indicated
Both diode and transistor need mica washer

Implementing the tester
Our prototype battery tester was constructed in an extruded aluminium case,
with the heat-producing components
mounted on a piece of sheet alumin ium,
Fig. 9. They were bolted to the case using
the holes marked 'A' via an aluminium
block, shown in dotted lines, to form an
effective heat sink.
Because there was a direct thermal path
from the heat sink to the case, we chose
55°C as the temperature at which to suspend the test with an error message. The
components on the heat sink can stand
higher temperatures, but the operator holding the case might not be able to!
In this configuration, we found that three
successive 7A tests could be performed
before the unit started giving the 'too hot'
error message. If a different bui Id technique was used to allow a higher running
temperature, the maximum test temperature could be raised by changing a value in
the PIC code.
We stuck the temperature sensor into a
hole in the heat-sink block using high-temperature epoxy to give a good thermal contact. AJI other components were mounted
on a PCB that was bolted via the ' B' holes
to the heat sink with insulating pillars.
There's a rectangular slot in the front of
the case for the display. The keys, 4mm
test-lead sockets and on/off switch were
also mounted on the front. The battery
compartment was in the base of the unit.
The choice of test leads is an important
factor when it comes to accuracy. Not only
must they be rated at 7 A or more, but they
must also have a known resistance.
Our tester has leads with a resistance of

Fig. 9. Layout of the heatsink mounted components
in our prototype.

0.054illm, which made for a total resistance of 0.027!2 with 250cm lengths for
both positive and negative connections.
In the code there is a look-up table of the
voltage drops across the leads for each test
current. This is subtracted from the 'fail'
voltage digital equivalent by the software.
For different leads, a different set of values
will need to be calculated using,

value= ( Rx I x lOk + 4 .096)x255
10k + 23.7k

Good quality test clips are essential to
minimise the voltage drop across them,
and hence the voltage measurement error.

Setting up
The only adjustment that needs to be carried out is via the two links that add or
subtract 2.5% from the load current. This
is due to the fact that power resistors such
as those used for the current sensor, R31 ,
typically have a tolerance of 5%.
Cutting link I adds 2.5% via a look-up
table to the reference voltage that the
pulse-width-modulated load signal generating routine will use for each current setting. Cutting link 2 subtracts 2.5%, and if
both are cut there will be no net change.
Unless you have a way to accurately
measure the resistance of R31 directly, the
easiest way is to use a current of, say 2A
from a power supply through the resistor
and measure the voltage across it. As the
resistance is voltage divided by current, it
is easy to calculate R31 and cut the appropriate link if need be.
On a final note, it should be easy to
apply the loading method to other current
ranges and voltages.
•
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Pico ADC42
Virtual oscilloscope

Third-generation
mobile phones

•uK only. Overseas readers please fax or e-mail for
a quote includjng delivery charges.

Featuring 12-bit resolution and 1MQ
input impedance, the ADC42 samples
at up to 15kS/s and includes software
for spectrum analysis, oscilloscope
functions and frequency display.
Plugging into a PC's LPT port, the unit
provides large, colourful displays and
all the usual timebases and trigger
options - all in a case slightly larger
than a matchbox.
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you can see from the table on
the right, the UK, like the rest
f Europe, is about to get its
first third-generation mobile phone
operators. But if like me you're
wondering what third-generation
mobile communications will offer in
sexy new services then we should start
to find out before the end of the year.
By Christmas 2000 each of the new
third-generation (3G) operators will
only be starting to build their network
infrastructure. True 3G services are
probably two years away at the
earliest.
Some even suggest 3G will not
happen in a significant way until
2002/3. One reason for this is that
mobile-phone users will not have to
wait until 3G is ready to get some of
the anticipated new services like
wireless Web browsers and video,
If GSM is second generation and
UMTS is third generation mobile
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Please send me ....... ADC-42(s) at the special offer price of £98
fully inclusive of VAT and recorded UK delivery, normal selling price
£111.63 excluding postage.
Name_ _ _ _ __ __ __ __ _ _ _ _ _ __ _ _ __

Low cost and easy to use
No power supply required
Ultra compact design
Oscilloscope and data logging software
included
• Write-to-disk on trigger function standard

Address._ _ __ _ _ _ __ _ __ _ _ _ _ _ _ _ __

•
•
•
•

The ADC42 is a single-channel pc based virtual
instrument. Simply plug the unit into the parallel
port of your pc and run the software. Designed
for analysing low-frequency signals, it provide all
the functionality of a conventional scope at a
fraction of the price.
The ADC42 has 12-bit resolution making it
suitable for applications where detection of small
signal changes is needed.
Scope timebases
Spectrum analysis
Max sampling
Voltage range
Resolution
Channels
1/P impedance
Accuracy
PC connection
Power supply

5001,1s/div to 50s/div
100Hz to 10kHz
15ksample/s
:t5V
12 bit
1 BNC
1Mn, de coupled
1%
025 to PC parallel port
Not required

communications, then somewhere in
between comes the 2 .5 generation
system known as general packet radio
service (GPRS). This is more than a
half-way house mobile technology to
full 3G. In fact its capability to carry
packet-switched data at aggregated
rates up to 384kbit/s may even
persuade operators to put off
investment in full-blown and
expensive 3G networks a little longer .
Evidence suggests that UK
operators are racing to upgrade their
GSM networks to support GPRS and
we could see first commercial general
packet radio services by the end of
the year.
"There is a strong desire for the
rollout of GPRS," says Lance Hiley,
a strategic marketing manager for
wireless at Lucent Technologies ,
Microelectronics. "Every operator
will have commercial GPRS
services in 2000 - most likely the

3G licences in Europe
Country

Number of licences
being awarded

Scheduled
award date

Finland

4
5
4
4-6
4-6
3-4
3-4
4
4-5
4
3-4

awarded March 1999
March 2000
March 2000

UK
Spain
Netherlands
Germany
Norway
Switzerland
Portugal
Denmark
France
Belgium
Sweden
Italy
Austria
Ireland
Greece

?
5
4
3-4
4

Ql 2000
Q2 2000
Q2 2000

?
?
?
Q3
Q3
Q3
Q3
Q4
Q4
Ql

2000
2000
2000
2000
2000
2000
2002

Source: Netcom Consultants, UK

Phone number/fax._ _ __ _ _ _ __
Total amount£..........
I enclose a cheque _ _

second half of the year."
But how does GPRS improve on
existing GSM mobile systems? The
key is data transmission.
The GSM mobile phone is
essentially a voice communicator.
GSM data transfers are literally in the
dark ages being limited to 9600bit/s.
This is less than 20 per cent of the
rate of the modem in your PC, or
1000 times slower than the slowest
office LAN.
The experts tell us that the 3G
mobile phone will be defined as a

Please charge to my crediVdebit card.
Card type (MasterNisa/Switch etc)
Card No __ __ __ __

Expiry date _

Specifications

................

7.'i

Use this coupon to order yo_ur ADC42

ADC42 single channel oscilloscope

The consumer will probably not get the benefits of 3G
mobile phones for another two or three years, but what
exactly will be on offer when the services are rolled out?
~
takes a look

__ __ __ __

__ __ _ _ __

_ ______ _

_ I __

Please mail this coupon to Electronics World, together with payment.
Alternatively fax credit card details with order on 0181 652 8111.
Address orders and all correspondence relating to this order to Pico
Offer, Electronics World, Quadrant House, The Quadrant, Sutton,
Surrey SM2 5AS.
email jackie.lowe@rbi.co.uk

Mobile video. Samsung shows what a
3G handset will look like.

Make cheques payable to Reed Business Information Group.
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TECHNOLOGY

TECHNOLOGY
The telecoms industry is notorious for its use of acronyms, so when th ird generation mobile systems become known as 3G systems hardly an
eyebrow was rai sed in d isbelief. However, 3G is just the start. Already there are 2G+, 3GPP and 3GPP2 lo tax our powers of understanding.
To help the inqui sitive and perhaps confused amongst you Steve Bush presents a listing of some of the more useful acronyms associated with the
next generation of mobile phone technology. Perhaps it will give you a chance to impress someone in the office but don't bank on using the

in packets. Each packet has an
•address' for where it is being sent
so that all the data packets that make
up a particular message do not
necessarily have to be transmitted in
sequence on one radio channel, as is
the case·with GSM at present.
With GPRS, data transmission can
be increased above the capability of
a single radio channel because
packets can be sent on any of a
number of different radio channels
set up by the network.
A GPRS system allows a data rate
of up to 14.4kbit/s to be transmitted
in each of GSM's eight time slots.
This gives an aggregated system data
rate of 115.2kbit/s. A ten-fold
increase on today's GSM modems.
However we as users are only
starting out on the 30 road, despite
how quickly manufacturers may wish
to push us along. A full l 15kbit/s
GPRS mobile data terminal requires
eight radio slots, for both transmit
and receive. That requires a
minimum of 16 slots and is known as
a Class 18 GPRS system.
Class 18 mobiles offering 115kbit/s

data rates will not be available until
next year. The first GPRS mobile we
will see on the market this summer
will be Class 8. This class uses four
l 4.4kbit/s channels so should offer
the radio equivalent of a 56k modem.
So if you want to use your mobile
to transmit data files to the office, or
even to download information from
the Internet, the data rates you can
expect are as follows - 56kbit/s by
the end of the year - 11 Skbit/s by
the summer of 2001. And it does not
stop there.
A further GSM data enhancement
technology known as EDGE is being
developed by Nokia and Ericsson
amongst others. This could
potentially extend mobile data rates
to 384kbit/s. But it will not happen
until late 2001 or early 2002.
And that should be just in time to
get the market ready for the first full
3G services in 2002/3. The data
capabilities of 3G will stretch up to
2Mbit/s by which time the mobile
phone will be seen as a mobile data
terminal and not simply a voice
communicator.
•
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mobile data terminal, with voice
communications thrown in, perhaps
for free.
"If 30 is only deployed for voice it
will be like killing a bee with an F-14
fighter plane," asserts Thierry
Laurent from Philips
Semiconductors.
Never mind the technology, this
will change the nature of mobile
communications and present the
mobile firms with a new concept to
sell. "We must remember that on
GSM mobile 99 per cent of the traffic
is voice," says Stephen Wall,
technical director of The Smith
Group. "That is a straightforward sell
for the operator; you sell two phones
and you talk."
For this switch away from voice to
happen, the radio network must be
able to handle high-speed data
channels. UMTS, the technology
behind 30, will do this. But GPRS
will also be able to extend the data
rates on GSM networks.
GPRS works by transmitting data

2G+ Second generation mobile
communications with enhancements to add high speed data
capability. See EDGE, HSCSD
and GPRS.

ETSI European
Telecommunications Standards
Institute.

Mobile Telecommunication
System, the ITU' s single global
3G standard, abandoned when
no agreement could be found,
replaced by the IMT-2000
family of standards.

3G Third ~enerotion. 3G is used
as o col ective noun for the
forthcoming generation of
mobile phone systems. These
ore characterised by high speed
data capability alongside voice
services.

FDD frequency division duplex, port
of 3G W.CDMA with separate
Tx and Rx frequencies for up to
2Mbit/s short range data
services. Will be implemented
ofter TDD.

3GPP Third Generation
Partnership Project. An or~onisotion producing technico
specifications for third generalion mobile system based on
GSM core networks. ARIB
Uopon), C\NTS (China) , ETSI
(Europe), Tl (USA) , TTA
(Korea) and TTC Uopan) ore
members. According to 3GPP,
the 3GPP standards will be
forwarded to the ITU and will .
support inter-working between
IMT-2000 family members. The
project is expected to accelerate
IMT-2000 standardisation.
www.3gpp.org

Wireless Web browsing will complicate considerably the
business of selling mobile communications so operators
and manufacturers have come up with the wireless
applications protocol (WAP) standard to help companies
through the minefield of the wireless Internet.
WAP defines a set of hardware and software
interfaces which when implemented on mobile handsets
and Web site servers should allow mobile phones to be
used much like a PC, to send and receive e-mail
messages and even to browse the Internet.
But the performance of the WAP applications will
inevitably put demands on the bandwidth of the
mobile's radio channel. So the development of WAPbased services will coincide with the rollout later this
year of higher bandwidth ra dio systems like GPRS
(general packet radio service) which theoretically offers
data rates up to 11 Skbit/ s.
WAP itself incorporates data compression to make the
most of the lowly data transfer rate of today' s GSM
networks. It also uses error correction techniques to
ensure that browsing and data transmissions are not
severely affected by changes in the quality of the radio
link.
The other important feature of the WAP is it is
designed to run applications on different radio network
architectures, such as GSM, CDMA, DECT and even
TETRA.

GCF GSM Certification Forum. An
industry bot defining o set of
tests to supp ement European
self-certification type-approval
tests to ensure functional
compatibility to GSM networks.
A 3G e~tvolent of this is
expecte to be formed.

GPRS General Pocket Radio
Services. Port of the GSM Phase
2+ extension. Pocket switching
on GSM with data rotes of up to
1 15kbit/s carrying Internet
Protocol, TCP/IP and X.25
Generalised Pocket Rodia
Service.

GSM G lobal System for Mobile
ARIB Association of Radio

Communications, formerly
Group Systeme Mobile

GSM Pha se 2 + GSM with high
speed data capability.

H.323 Real-time audio and video
and data over packet switched
network - multimedia over IP.

CDMA Code division multiple
access. A spread s~ectrum
communication tee nique, the
basis of most 3G systems.

HSCSD High-speed circu it
switched data, data over GSM
up to 57.6kbit/ s by concatenoting up to four consecutive GSM
ti me slots. Part of GSM Phase 2
development.

CDMA2000 3G air interface
standard, o Qualcomm trade
name. Comes in 1X (1.25MHz
channel) and 3X (3 x 1.25MHz
channel) types.

IMT-2000 International Mobile
Telecommunications for the
year 2000. The ITU's family
of 3G mobile phone systems.
Replaced ITU's original
concept of one single 3G
system called FPLMTS which
was aba ndoned when none of
the vested interests could hove
it their own way. See: IMT-DS,
IMT-MC, IMT-TC, IMT-SC and
IMT- FT

CWTS Chinese Wireless
Telecommunications Standards
organisation. www.cwts.org

EDGE Enhanced Data-rotes for
GSM Evolution. GSM with o
different modulation scheme
boosting data throughput up to
384kbit/s using existing GSM
infrastructure. Was known as
2G+ in Europe, now officially
part of 3G and known as IMTSC.

EFR Enhanced Full Rate. A speech

IMT-DS Frequency division
duplex version of UMTS.

IMT-SC The successor to IS136 mobile standard. Th i s is
EDGE (the GSM phase 2+
standard].

TCC Japanese telecommunications
standards body. www.ttc.or. jp
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bond CDMA for the USA. 3X
CDMA 2000 using three
1.25MHZ channels.

Protocol/Internet Protocol.
Protocol necessary for Internet
data transmissions.

TDD ti me division duplex, port of
IMT-n The DECT cordless
standard.

IP Internet Protocol
IPv6 Forum An organisation
promotinfi Internet access on
3G mobi e networks.

3G W-CDMA. Transmission
and reception ore at the same
frequency, at different times.
Doto rotes will be lower than
FDD, but TDD has o longer
range. TDD is planned to be
operating before FDD.

TDMA Time division multiple
bond CDMS system, used
predominantly in the USA.

access.

TD-SCDMA Time-Division
Synchronous CDMA

15-136 Enhanced IS-95
TIA The Telecommunications
15-2000 CDMA2000 air interface standard. A successor to
standard TIA/EIA-95-B

ITU International
Telecommunication Union.
O fficially the final arbiter of
telecommunications standards,
but its power lies only in the
agreement of its members. Hos
final7c approved the radio
inter aces for IMT-2000 third
generation mobile phones.
www. itu.int

Industry Association, o US
standards development orgonisotion. www.tioonline.org

TIA/ EIA-95-B Third generation
CDMA a ir interface standard.
Replaces IS-95

TIA/ EIA- 136 ANSI version of the
TDMA a ir interface standard.
Replaces IS-136, second
generation TDMA air interface
standard

TIPHON Telecommunications and
N TT DoCoMo Japanese company, similar to BT in the UK,
implementing o 3G system in
Japan, due in April 2001, it will
be the first third _generotion
system.

Packet switching
Communication using o
channel shored by multiple
users, silent periods between a
sender and receiver are filled
with data from other user pairs.
Very efficient use of system
resources leads to more data
throm,h o g iven network, but it
is d i icult to guarantee the
arrival time of time-critica l data
(voice, music or video) during
busy periods. Hit ly suitable
for time-tolerant oto like
Internet pages.

PDH Pleisynchronous Digital
Hierarchy, here only because it
includes the word pleisynchronous.

Tl

Industry body that creoles
network interconnection and
interoperability standards for the
United Stoles.www.tl.org

IMT-MC CDMA2000, narrow-

codec for better speech quality
codec, also said to be more
tolerant to interference.
ELECTRONICS WORLD May 2000

version of UMTS a nd time
division SCOMA (TD-SCOMA).

15-95 Second generation narrow-

to 3GPP, members ore ARIB
Uapan), CWTS (Chino) , TIA ,
TTA (Korea) and TTC Uapon).
www.3gpp2.org

Industries and Businesses.
Japanese radio standards body.
ARIB and the European UMTS
specifications were developed
to be interoperable at an early
stage. www.orib.or.jp

IM T-TC Time division duplex

TCP/ IP Transmission Control
FPLMTS Future Public Land

3GPP2 CDMA2000 equivalent

WAP

Mobile phone ·
operator Orange
has already
shown us what a
JG video phone
could look like

knowledge at the local pub quiz night.

TAA Korean telecommunications

Internet Protocol Harmonisation
over Networks

TSG Technical Specification
Group. Port of the 3GPP and
3GPP2 processes.

UMTS Universal Mobile
Telecommunications Systems.
The 3G initiative for Europe.
Promisinl, to increase bandwidth to etween 384kbit/ s
and 2Mbit/s, depending on the
d istance to base stations and
whether user is travelling or not.
Uses W.CDMA. The UMTS
specifications and the Japanese
ARIB specifications were
developed to be interoperable
at on early stage.

VoIP Voice over Internet Protocol.
WAP Wireless Application
Protocol. If you write your Web
site in WAP, it can be read on
a suitable mobile phone.

W-CDMA W ideband code
division multiple access.

X .25 An ITU defined general
purpose pocket switch ing
protocol

standards body. www.tta.or.kr
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You Can't Buy Better!
TEST EQUIPMENT PRICE BLITZ
MARCONI 2019A Synthesised Signal Generators

MARCONI 2022E Synthesised Signal Generators

80kHz to 1040Mhz AM-FM-CW LCD Displays
Com plete w ith Li ds etc. FULLY TESTED and Wa rranted

10kHz to 1010Mhz LCD Display Fitted IEEE with covers
Sm all and Lightweight FULLY TESTED and Warranted

NOW ONLY £475.00

NOW ONLY £495.00

Frequency Counters

THIS MONTH'S SPECIALS

Racal Dana 9918
9 segment 560Mhz £75

TEK 2753P Programmable Spectrum
Analyser 100hz - 1 8Ghz OSD's
Cursors etc £3 ,750

Signal Generators

HP141T + 8552B + 8554B
RF to 1250Mhz £850

Marconi 6311
Programmable Sweep Generator.
10Mhz to 20Ghz £3,250
Rohde and Schwarz APN62
1hz t o 260kHz with LCD d isplay £750
Farnell DSG2
Synthesised 0.1mHz to 110Khz £195
Wavetek 155
Programmable VCG 0.01 hz to 1Mhz sine,
square, t riang le £195

Oscilloscopes

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

Fluke 80-40K
Hig h Voltag e probe for DMM's 40kv.
Cased. NEW £45
Beckman Industrial HD110
LCD Multi meters in Leather case,
1000V, 10A
ONLY£50
Nere Saturn compact T
portable satellite uplink telephone
system incl uding case and dish £1,000
GIGA GR1128AD
pluse interval counters 2 - 8GHZ £150

Gould 05300 Scopes
DC-20Mhz 2 Trace
SPECIAL NOW ONLY £150

TEK 2445
150 NhL f-o~u l rdc P/2 '1 ·r11;-) bac:.c
w ,tn Cu rsors etc N ow Q ,;ly [495

TEK 2445A 150Mhz Four Trace/
·2 Time bases
with Cursors, etc. Now Only £595
TEK 2465 300Mhz Four Trace/2 Timebases
Now Only £750
TEK T922R Dual trace rack mount 20Mhz
scopes £150
GOULD OS3500 with
DM3010 DMM fitted, 60Mhz
Dual trace, Dual Timebase
Was £350 ... Reduced, Now ONLY £250
HP 1741A 100M hz Storage.
Dual Time base
Was £350 . . Reduced, Now ONLY £250
TEK 465B 1OOMhz 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 OS300 DC-20Mhz 2 Trace
Special ONLY £150

Miscellaneous

Regulated Power Supplies
Thorn Automation
Var iable power supply giv ing 0-40 volts at
0-50 amps DC. V and I limiting (advise
calling .. . these are heavy). 2 ONLY £125
Lambda Labs
LME5V 5V at 40A DC... ONLY £20
LMD12YV 12V at 10A DC.. . ONLY £20
LMB24V 24V at 1.4A DC .. . ONLY £7.50
LP523 vari able 0-60V at 0.9A. .. ONLY £45
Regulated + Stabilised Pow er supply. 0-30V
@ l0A £60

Miscellaneous
Rolleiflex T tw in lens reflax csmeras,
leather case £175
Olympus LS-10 OES lecture scopes (fibre
scope) cased, un-issued £75

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

HIGH POWER RF
ATTENUATORS
A pair of 1Odb 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

Subscribe for 3 years, pay for iust 2
·-·

------·-- - --~
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·--·-

HP86290A • B Sweep Pl-2 • 18GHz - £1000 • £1250.
HP8620C Mainframe • £250. IEEE £350.
HP8165A Programmable signal source - lMHZ • 50Mr/s • £1k.
HP3455/3456A Digital voltmeter • £400.

HP5370A Universal time interval counler - E1 k.

AVO Model 8
Mk 5/Mk 6
Multimeters ... THE Standard
ONLY £85
NEW EQUIPMENT
DTA20 Oscilloscope 20Mhz
Twin trace incl probes ONLY £225
DTS40 Oscilloscope 40Mhz
Digital Storage twin channel
Cursors + readouts Incl. Probes.
ONLY £399

NEW SCOPE PROBES
X1/X10 switchable to 100Mhz
Complete with adaptors
· Limit 2 sets per customer

ONLY £9.95

1\N(~ II (t ll S IJI• t• 1..11~S I..'1 1)
1

All prices are EX VAT and Carriage

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

HP5335A Universal counter • 200Mr/s-£1000.
HP3552A Transmission test set · £350.
TEKTRONIX 577 Curve tracer• adaptors• £900.
TEKTRONIX 1502/1503 TOR cable test set · £400,
HP86998 Sweep Pl VIG oscillator .01 · 4GHt • £300. 8690B MFf: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 - APC7 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 - Aacar etc. Ask for list. Large quantity in stock,
all types to 400 amp• 100Kv.
HP8405A Vector voltmeter - late colour· (400,
HP8508A Vector voltmeter • £2500.
HP8505A NetworkAnz 500KHz-1.3GHz • £1000.
HP1!505A + 8502A or 8503A test sets• £1200 - £1500.
HP8505A + 8502A or 8503A + 8501A normalizer - £1750-£2000.
Phillips 3217 50MrJs oscilloscopes - £150-£250.
Wavetek-Se:hlumberger 4031 Radio communication test set
LIGHT AND OPTICAL EQUIPMENT
Anritsu ML93A & Optical Load Powe, Meter· £250.
Anrnsu ML93B & Optical Lead Power Meter · £350.
Power Sensors for above MA96A · MA98A · MA913A - Battery
Pack MZS5A.
Anrnsu MW97A Pulse Echo Tester.
Pl available. MH914C 1.3 . MH91581 .3 • MH9138 0.85 •
MH925A 1.3. MH929A 1.55. MH925A 1.JGI . MH914C 1.JSM £500 + one Pl.
Anrnsu MW98A lime Domain Reflector.
Pl available. MH914C 1.3. MH9158 1.3 . MH9138 0.85.
M H925A 1.3 - MH929A 1.55 · M H925A 1.3GI • MH914C 1.JSM £500 + one P.I.
Anritsu MZlOOA E/0 Convener.
• MG9128 (LO 1.351 Light Source + MG928 ILD 0.851
l ight Source £350.
Anritsu MZ118A 0/E Convener.
• MH922A 0.8 0/E unit + MH923 Al.3 0/E unit £350.
Anritsu ML968 Power Meter & Charger £450.
Anrit su MN958 Variable Alt. 1300 £100.
Phot o Dyno 1950 XR Continuous At!. 1300 - 1500 £100.
Photo Dyne 1800 FA. Alt £100.
Cossor-Raytheon 108l Optical Cable Fault Locator
0-lOOOM 0· 10kM t:200.
TEK P6701 Optical Convener 700 MCIS-850 f:250.
TEK OF150 Fibre Optic TOR - £750.
HP1!1512A Head 150MC/S 950-1700 £250.
HP1!4801A Fibre Power Sensor 600· 1200 f:250.

ELECTRONICS
WORLD
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TM5003·5006.
TEK Pl 5010-Ml - Prog Multi Inter face - £250. FG Prag 20MC/S
Function Gen - £400 - S1 Prog Scanner - £250 - OM Prog
OMM - £400.
TEK 7000 OSCILLOSCOPE MAINFRAMES - 7603-7623-7633·
7834-7854-7904-7904A ,7104 - £150-£1,000.
TEK 7000 Pl's - 7A11-7A12-7A13-7A18·7A 19-7A22-7A24-7A26·
7A29•7A 42-7B 1O·7B15-7853A-7880-7B85•7B92A-7D15-7D20.
TEK 7000 - 7S11-7512-7514-7M11-S1·S2-S3A-S4-S5-S6-S51·
553-554.
HP POWER SUPPLIES - 6621A-6623A-6624A-6632A-6652A.
Otys available. Also 6000 types CPOA-

RADIO COMMUNICATION TEST SETS
BULK PURCHASE ONLY FROM JOHNS RADIO
~ RF Communication Test Sets-Opts available 001·3·

4·5-7-11-12-14-H13-K13. £1,500-£1,750.
opt 002 Spectrum anz plus tracking generator
plus opts. 001-3-4-5-11-12-014 available in pan includes syn sig
generator - digital osc11hscope distortion meter - mod meter·
RF power meter etc. f:2,500.

~ with

r-- -

SPECIAL OFFERS -

-
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I MOTOROLA R2600A plus RLN4260A RF Test Set _ £1,800.
MARCONI 2955 RF Test Sets•lOOOMC/S - £1,000 each.
MARCONI 2958 RF Test Sets-lOOOMC/5 - £1,000 each.
MARCONI 2960 RF Test Sets-lOOOMC/S-Cl,250 each.
MARCONI 2955A RF Test Sets-lOOOMC/S _ tl,SOO each.
MARCONI 2960A RF Test Sets-lOOOMCJS _ £1,500 each.
ANRITSU MS555A2 Radio Comm Anz-lOOOM/Cs _ 5o
each.
MARCONI 2019A SYNTHESIZED SIGNAL GENERATORS _
SOKC/S-l040MC/S- AM-FM _ £400 inc. instruction booktested.
MARCONI 2o22E SYNTHESIZED SIGNAL GENERATORl OKC/S·l .OlGHZ AM-FM -£500 inc. instruction book tested.
R&S APN 62 LF Sig Gen O. l Hz - 260KHz c/W book-f:250.
.,_____,........,_.,;;,;;,_,;_,....,......................... . . , -

o

WE KEEP IN STOCK HP and other makes of AF Frequency
doublers which when fitted to the RF output socket of a
$/Generator doubles the output frequency EG.50• l 300MC/S to
50•2600MC/S price from c 250 _ r 450 each.

SPECTRUM ANALYZERS
HP 3580A SHZ-50KHZ-050.
HP 3 582A Dual 2Hz.25_5KHZ - t l ,500.
HP 3585A 20HZ·•OMC/S -£3,500.
HP 3588A 10HZ-l50MC/S -0,500.
HP 8568A 100HZ-1.5GHZ _ £3,500.
HP 85688 lOOHZ• l.SGHZ - £4.500.
HP 85908 9KC/S•l.8GHZ-£4,500.
HP 85698 lOMC/S (O.Ol-22GHZl - £3,600.
HP 3581 A Signal Analyzer 15Hz.5oKHZ - 4oo.

o.

c

EtP 548A Microwave Fr~uen;y Counter - lOHZ-26.SGHz - £1.5k.
EIP 575 Microwave Source Locking - 10Hz.-18GHz - £1 .2K.
EIP 588 Microwave Pulse Counter-300MC/S-26.5GHz-£1.4K.
SD 60548 Micro Counter 20HZ•24GHZ - SMA Socket - £800.
SD 60548 Micro Counter 20HZ-18GHZ - N Socket - £700.
SD 60540 M icro Counter 800MC/S-18GHz - £600.
SD 6246A M icro Counter 20Hz-26GHz- ( 1.2K.
SD 6244A Micro Counter 20Hz•4.5GHz-£400.
HP53528 Micro Counter OPT 010-005·46GHz- new in box- £5k.
HP5340A Micro Counter 10HZ-18GHz - Nixey - t: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 - 000.
HP5345A • 5355A Plugin w ith 5356A 18GHz Head - £1K.
HP5385A 1GHz 5386A·5386A 3GHz Counter - £1 K-C2K.
Racal/Dana Count er 1991-160MC/S - £200.
Racal/Dana Count er 1992-1.3GHz - (600.
Racal/Dana Counter 9921·3GHz -£350.
SIGNAL GENERATORS
HP8640A-AM-FM 0.5-512-1024MC/S-(200-£400.
HP1!6408 - Phase locked -AM-FM-0.5-512·1024MC/S-£500·
£1 .2K. Opts 1-2-3 available.
HP8654A - 8 AM-FM 10MC/S•520MC/S - £300.
HP8656A 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 0.1-2060MCJS - £3K.
HP8660C SYN AM-FM-PM-0.01-1300MC/S-2600MC/S - £2K.
HP8660D SYN AM-FM-PM-0.01-1300MC/5·2600MC/S -£3K.
HP8673D SYN AM-FM-PM-0.01-26.5 GHz - £12K.
HP3312A Function Generator AM-FM 13MC/S-Dual -£300.
HP3314A Function Generator AM-FM-VC0-20MC/S-£600.
HP3325A SYN Function Generator 21MC/S-£800.
HP33258 SYN Function Generator 21MC/S- £2K.
HP8673-8 SYN AM-FM-PH 2-26.5 GHz-£6.5K.
HP3326A SYN 2CH Function Generator 13MC/S•IEEE - £UK.
HP3336A-B-C SYN Funr/1.evel Gen 21MC/S- £400-£300-£500.
Racal/ Oana 9081 SYN $/G AM-FM-PH-5-520MC/S - ClOO.
Racal/Dana 9082 SYN SIG AM-FM-PH-1.5·520MC/S - £400.
Racal/Dana 9084 SYN SIG AM-FM-PH-.001-104MC/S - £300.
Raeal/Dana 9087 SYN SIG AM-FM-PH-.001-1300MC/S - £1K.
M arconi TF2008 AM-FM-Sweep 10KC/S-510MC/S- f:200 Fully
Tested to £300, as new• book+ probe kit in wooden box.
Marconi 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 80KCIS-520MC/S - £500.
Marconi TF2019A AM-FM SYN 80KC/S· 1040MC/S - £650-£1K.
Marconi TF2022E AM-FM SYN 10KC/S-1.01GHz-£1K-£1.2K.
R & S SMPD AM-FM-PH 5KHz-2720MC/S- £3K.
Anritsu MG3601A SYN AM-FM O.1-1040MC/S - £1 .2K.

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FDR DEMONSTRATION Of ANY ITEMS, AVAII.ABIUTY OR PRICE CHANGE.
VAT AND CARRIAGE EXTRA- ITEMS MARKED TESTED HAVE 30 DAY WARRANTY. WANTEO; TEST EQUIPMENT-VALVES-PLUGS ANO SOCKETS-SYNCROS-TRANSMITTING AND RECEIVING EQUIPMENT ETC.
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TEK 2445A 150M hz Four Trace/
2 Time bases
w ith Cursors, etc. Now Only £595
TEK 2465 300Mhz Four Trace/2 Timebases
Now Only £750
TEK T922R Dual trace rack mount 20Mhz
scopes £150
GOULD OS3500 with
DM301 0 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 Tracem mebase
Now Only £395
PHILIPS PM3217
DC-50Mhz 2 Trace 2 Timebase
Only £275
GOULD OS300 DC-20M hz 2 Trace
Special ONLY £150

Thorn Automation
Vari able power supply giving 0-40 volts at
0-50 amps DC. V and I limiting (advise
calling ... these are heavy). 2 ONLY £125
Lambda Labs
LME5V 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
Rolleiflex T twin lens reflax csmeras,
leather case £175
Olympus LS-10 OES lecture scopes (fibre
scope) cased, un-issued £75

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

T O l l l::fV•

As new condition
ONLY £25

Regulated Power Supplies

AVO Model 8
Mk 5/Mk 6
Multimeters .. . THE Standard
ONLY £85
NEW EQUIPMENT
DTA20 Oscilloscope 20Mhz
Twin trace incl probes ONLY £225
DTS40 Oscilloscope 40Mhz
Digital Storage twin channel
Cursors + readouts Incl. Probes.
ONLY £399

NEW SCOPE PROBES
X1/X10 switchable to 100Mhz
Complete with adaptors
· Limit 2 sets per customer

ONLY £9.95

1\N(~ II ()ll SIJI• t• J.,1I~ S J.,'1 I)
1

All prices are EX VAT and Carriage

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.ltd.uk

•

Marconi Microwave 6600A 1 sweep osc., maiQframe with

Company VAT registration number

relevant companies.

HP New Colour Spectrum Analysers LAST FEW ONLY
HP141T+ 8552B IF+ 8553B RF-1KHZ -110Mc/s • £500.
HP141T+ 8552B IF+ 8554B RF · lOOKHz -125-0M · £600.
HP141T+ 8552B IF+ 8556A RF · 20Hz-300KHz • £400.
HP141T+ 8552B IF+ 8555A 10 MC/S·18GH, S • (1000.
HP8443A Tracking Gen Counter 100KH<·110Mc/s • £200
HP8«SB Tracking Preselector DC to 18GHz • £250.
HP8444A Tracking Generator • S-1300Mc/s · £450.
HP8444A OPT 059 Tracking Gen • 5-15-00Mc/s • (650.
HP35601A Spectrum Anz Interface • £300.
HP4953A Protocol An, • £400.
HP8970A Noise Figure Meter• 346B Noise Head • (3k.
HP87SSA+B+C Scalar Network Anz Pl · £250 + MF 180C • Heads
11664 Extra • (150 each.
HP3709B Constellation ANZ £1,000.
HP11715A AM-FM Test Source· £350.
FARNELL TVS70MKII PU 0-701/ 10 amps · £15-0.
MARCONI 6500 Network Scaler An, • £500. Heads available to
40GHz many types i n stock.
Mixers are available forANZs to 60GHi..
HP6131C Digital Voltage Source+ - lOOV½Amp.
HP5316A Universal Counter A+B.
Marconi TF2374 Zero Loss Probe • (200.
Racal/Dana 2101 Microwave Counter • 10H<•20GH, • with book
as new (2k.
Racal/Dana 1250-1261 Universal Switch Controller+ 200Mc/s Pl
Cards and 01her types.
Racal/Dana 9303 True RMS Levelmeter + Head • (450.
TEKA6902A also A69028 Isolator• 00-(400.
TEK CT-5 High Current Transformer Probe· £25-0.
HP Frequency comb generator typo 8406 • £400.
HP Sweep Oscillators type 8690 A+B + plug-ins from 20Mc/s to
18GH2 also 18-lo<lHz.
HP Network Analyser type 8407A + 8412A + 8601A • 100Kc/s ·
110Mc/s • £500 • £1000.
HP 8410-A·B·C Network Analyser 110Mc/s to 12 GH, or 18 GHz
• plus most other unirs and displays used in this set-up • 841 18·
8412•8413-8414-8418-8740-8741-8742•87 43-8746-8650. From ( 1k.
Racal/Dana 9301A-9302 RF millivoltmeter• 1.5-2GHz - qty in
stock (250-£400.
Racal/Dana Modulation Meter Type 9009-9008 • 8Mc/s • 1.SGHz
• £15-0/£25-0 - 9009A £350.
Marconi RCL Bridge type TF2700 • [ 150.

email: sales@anchor-supplies.ltd.uk

6650PI · 18·26.5 GH, or 6651 Pl · 26.S-40GH<•C750 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-100Kcls + high pass +
low pass. C150, other makes in stock.
Racal/Dana 9300 RMS voltmeter • £250.
HP 8750A storage normaliier • (400 with lead+ S.A. 0 1 N, A
Marconi mod meters type TF2304 · £250 - TF2305 • £1,000.
Racal/Dana counters-99904-990S-9906·991S-9916-9917·992150Mc/s·3GHz • £100 - £400 . all fitted w,th FX standards.
HP180TR. HP181T, HP182T mainframes £300 • £500.
HP432A-435A or B-436A-power meters• powerheads to 60GHz
• ( 150 • £175-0 • spare heads available.
HP3586A or C selective level meter • £500.
HP86222A+B Sweep Pl --01-2.4GH, + ATT £1000-£1250.
HP86290A+B Sweep P1·2 • 18GHz • £1000 · C1250.
HP8620C Mainframe • £250. IEEE 050.
HP8165A Programmable signal source - 1MHZ • 50Mc/s • £1k,
HP3455/3456A Digital vollmeter • £400.
HP5370A Universal time Interval counter · £:1k.
HP5335A Univecsal counter - 200Mc/s-C1000.
HP3552A Transmission test set• £35-0.
TEKTRONIX 577 Curve tracer+ adaptors · £900,
TEKTRONIX 1502/1503 TOR cable test set · £400.
HP8699B Sweep Pl VIG 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 • $MA • APC7 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.
HP8405A Vector voltmeter - late colour • £400.
HP8508A Vector voltme1er • £2500.
HP8505A Networ\ Anz 500KHz·1.3GHz • £1000.
HP850SA + 8502A or 8503A test sets· £1200 • (1500.
HP8505A + 8502A or 8503A + 8501A normali,er • £1750-(2000.
Phillips 3217 50Mr/s oscilloscopes • £150-(250.
Wavetek-Schlumberger 4031 Radio communication test set
LIGHT AND OPTICAL EQUIPMENT
Anritsu ML93A & Optical Lead Power Me1er • £250.
Anritsu ML93B & Optical Lead Power Meter • £35-0.
Power Sensors for above MA96A • MA98A • MA913A · Battery
Pack MZ95A.
Anritsu MW97A Pulse Echo Tester.
Pl available - MH914C 1.3 • MH915B 1.3 • MH913B 0.85 •
MH925A 1.3. MH929A 1.55. MH925A 1.3GI • MH914C 1.3SM •
£500 + one P.I.
Anritsu MW98A Time Domain Reflector.
Pl available - MH914C 1.3 , MH91SB 1.3 · MH9138 0.85 •
MH925A 1.3 • MH929A 1.55 - MH92SA 1.3GI • MH914C 1.3SM •
£500 + one P.I.
Anritsu MZ100A E,/0 Converter.
+ MG912B ILD 1.35) Light Source+ MG92B (LO 0.851
Light Source £350.
Anritsu MZ118A O/E Converter.
+MH922A 0.8 0/E unit + MH923 A1.3 0/E unit £350.
Anritsu ML96B Power Meter & Charger £450.
Anritsu MN95B Variable Att. 1300 £100.
Photo Dyne 1950 XR Continuous Att. 1300 • 1500 £100.
Photo Dyne 1800 FA. Att £100.
Cossor-Raytheon 108L Optical Cable Faull Locator
0-1000M 0·10kM £200.
TEK P6701 Optical Converter 700 MC/S-850 C250.
TEK OF1SO fibre Optic TDR - £750.
HP81512A Head 15-0MC/S 950-1700 C250.
HP84801A Fibre Power Sensor 600· 1200 £25-0.

TEK491 10MC/S-12.4GHZ + 12.4-40GHZ - £500.
TEK492 50KHZ-21GHZ OPT 2- £2.500.
TEK492P 50KHZ-2tGHZ OPT 1·2·3 - £3,500.
TEK492AP 5-0KHZ-21GHZ OPT 1·2·3 - £4.000.
TEK492BP SOKHZ-21GHZ - £3,000-£4,000.
TEK495 100KHZ· 1.8GHZ - £2,000.
HP 8557A 0.01MC/S·350MC/$ - £500 + MF180T or 180C- £150 182T - £500.
HP 8558B 0.01· 1500MC/S - £750 - MF180T or 180C - £150 182T - £500.
HP 8559A 0.01-21GHZ - £1,000 • MF180T or 180C - C1S0 -182T
- (500.
HP 8901A AM FM Modulation ANZ Meler - £800.
HP 8901B AM FM Modulation ANZ Meter- £1,75-0.
HP 8903A Audio Analyzer - £1.000.
HP 8903B Audio Analyzer - £1,500.
MARCONI 2370 SPECTRUM ANALYZERS· HIGH OUALITY DIGITAL STORAGE - 3DHZ-110MC/ S Large qty to clear as
received from Gov - au 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 qtys of five.
A EARLY MODEL GREY - hori2ontal alloy cooling fins - (200.
B LAT!: MODEL GREY - vertical alloy cooling fins - £300.
C LATE MODEL BROWN - as above Ifew only) -(500.

HP8158B ATT OPT 002+011 1300·1550 (300.
HP81519A RX OC-400MC/$ 550-950 £250.
STC OFRlO Refiec1ometer - £250.
STC OFSK15 Machine jointing+ eye magnifier - £250.
COMMUNICATION EQUIPMENT
Anritsu ME453L RX Microwave ANZ - £350.
Anritsu ME4S3l TX Microwave ANZ - £350.
Anritsu MH370A Jitter Mod Oscillator - £350.
Anritsu MG642A Pulse Patt Gen. (350.
System MS02A Timer & Digital Printer - ( 500.
Complete MS65A Error Oernctor.
Anritsu ML612A $el Level Meter - ( 400.
Anritsu Ml244A Sel l evel Meter - 0 00.
W&G PCM3 Auto Measuring Set - £300.
W&G SPM14 Sel Level Meter - £300.
W&G SPM15 Sel level Meler - £350.
W&G PS19 Level Gen- (500.
W&G DA20+DA 1 Data ANZ £400.
W&G PMG3 Transmission Measuring Set- £300.
W&G PSS16 Generator - £300.
W&G PS14 Level Generator -(350.
W&G EPM-1 Plus Head Milliwatt Power Meter - £450.
W&G DLM3 Phase Jitter & Noise - £35-0
W&G DLM4 Dala Line Test Se, - (400.
W&G PS10 & PM10 Level Gen. - £250.

MISCELLANEOUS ITEMS
HP 3852A Data Acquisition Control Unit + 44721A 16ch input
£1,000.
HP 4261 LCR meter - £65-0.
HP 4274 FX LCR meter - ( 1,500.
HP 4951A Protocol ANZ - £500.
HP 3488 Switch Control Unit + Pl Boards - £500.
HP 75000 VXI Bus Controllers+ E1326B-DVM-quantity.
HP 83220A GSM DCS/PCS 180S-1990MC/S convertor for use
with 8922A - £2,000.
HP 1630-1631-1650 Logic ANZ's in stock.
HP 8754A Network ANZ 4•1300MC/S + 8502A + cables - (1,500.
HP 8754A Network ANZ H26 4-2600MC/S + 8502A + Cables £2,900.
HP 8350A Sweeper MF + 83540A Pl 2•8.4GHZ + 83545A Pl 5.9·
12.4GHz all 3-(3,500.
HP MICROWAVE TWT AMPLIFIER 489A 1·2GHZ-300B - (400.
HP PREAMPLIFIER 8447A 0.1-400MC/S - £200. Dual - £300.
HP PIIEAMPLIFIER 8447D 0.01-1.3GHZ - £400.
HP POWER AMPLIFIER 8447E 0.D1•1.3GHZ - £400.
HP PRE+ POWER AMPLIFIER 8447F 0.01·1.3GHZ - (5-00.
HP 3574 Gain-Phase Mei er 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 Meler (opt Sinad filter) - £250.£350.
MARCONI 6950-69608 Power Meters+ Heads - £400-£900.
MARCONI SIGNAL SOURCE-6055-6056-6057-6058-6059 -FX
Range 4·18GHZ- £2S0-(400.
RACAL 1792 COMMUNICATION RX - £500 early - ( 1,000 - late
model wil h back lighti ng and byte test.
RACAL 1772 COMMUNICATION RX - £400•£500.
PLESSEY PR2250 A·G·H COMMUNICATION RX - £500·£900.
TEK MODULE MAINFRAMES - TM501-5-02-503-S04-506TMS003-5006
TEK Pl 5010-Ml - Prog Mulll ln,erface - (250. FG Prog 20MC/S
f unclion Gen -(400 -$1 Prog Scanner - £25-0-DM Prog
DMM - £400.
TEK 7000 OSCILLOSCOPE MAINFRAMES - 7603·7623-7633·
7834-7854-7904-7904A-7104 - £150-£1,000.
TEK 7000 Pf's - 7A 11-7A12-7A13-7A 18·7A19-7A22-7A24-7A26·
7A29•7A42-7810-7B15-7BS3A-7B80•7B85•7B92A•7D1S-7D20.
TEK 7000 - 7S1 1-7S12-7S14-7M11 ·$1-S2-S3A-S4-SS-S6-SS1·
S53-$54.
HP POWER SUPPLIES -6621A-6623A-6624A-6632A-6652A.
Otys available. Also 6000 types CPOA.
RADIO COMMUNICATION TEST SETS
BULK PURCHASE ONLY FROM JOHNS RADIO
~ RF Ci>mmunica1ion Test Sets - Opts available 001·3·
4•5•7• 11·12·14·H13-K13. £1,500·£1,750.
t:fmlQA with opt 002 Spectrum anz p lus tracking generator
plus opls. 001.3.4.5.11-12-014 available in parl i ncludes syn sig
generator - digital oscilllscope distortion meter - mod meter RF power me1er etc. £2,500.

r.:: -

SPECIAL OFFERS -

-

,

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/$ - Cl,500 each.
MARCONI 2960A RF Test Sets· 1000MC/$ - £1,500 each.
ANRITSU MS555A2 Radio Comm Anz-lOOOM/Cs - £75-0
each.
MARCONI 2019A SYNTHESIZED SIGN.AL GENERATORS 80KciS-1040MC/S- AM-FM - £400 inc. inSlruction book leSled.
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 -260KH< 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
$/Generator doubles the output frequency EG.S0-1300MC/S to
S0-2600MC/S price from £250 - (450 each.
SPECTRUM ANALYZERS
HP 3580A SHZ-SOKHZ- CTS-0.
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 8568B 100HZ· 1.5GHZ - £4,500.
HP 8590B 9KC/S-1.8GHZ - £4,500.
HP 85698 10MCIS (0.01-22GHZI - £3,500.
HP 3581A Signal Analyzer 15HZ-5-0KHZ -£400.

OSCILLOSCOPES
Tl:K 465-465B 100MC/S + 2 probes - ( 250-£300.
Tl:K 466 100MC/S storage + 2 probes - £200.
Tl:K 475-47SA 200MC/S-2SOMC/S + 2 probes - £300-(350.
TEK 2213·2213A·2215·221SA·2224-2225•2235·2236·2245-60·
100MC/S - (250-£400.
Tl:K 2445 4Ch 150MC/S + 2 probes - £450.
Tl:K 2445A 4th 150MC/S + 2 probes - £600.
TEK 2445B 4ch 15-0MC/S • 2 probes - £75-0.
TEK 468 D.S.0. 100MC/S + 2 probes - (500.
TEK 485 35-0MC/S + 2 probes - £55-0.
TEK 2465 4ch-300MC/S - ( 1,iso.
TEK 2465A 4ch-3SOMC/S - £1,550.
TEK 2465ACT 4ch-3SOMC/S - (1,750.
TEK D.S.O. 2230 · 100MC/S + 2 probes - £1,000.
Tl:K D.S.O 2430 -15-0MC/S + 2 probes - ( 1,250.
TEK D.S.O. 2430A •150MC/S + 2 probes - £1,750.
TEK D.S.O. 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/$ storage + 2 probes - (200.
HP1720A - 1722A -172SA · 27SMC/S + 2 probes- £300-(400.
HP1744A - 100MC/S storage - large screen - £250.
HP1745A -1746A • 100MC/S - large screen- C350.
HP54100A - 1GHz digitizing- £500.
HP54200A - 50MC/S digitizing - £500.
HP54501A -100MC/S digitizing-£500.
HP54100D - 1GHZ digiti, ing - (1,000.
MICROWAVE COUNTERS - AU LED READOUT
EIP 351D Aul ohet 20Hz-18GHz - £750.
EIP 371 Micro Source Locking- 20Hl·18GH,- C8SO.
EIP 451 Micro Pulse Counter- 300MC/S-18GHz- C700.
EIP 545 Microwave Frequency Counter -10H,-18GH, - C1K.
EIP 548A Microwave Fre<,uency Counter - l OHZ-26.SGHz - £1.Sk.
EIP 575 Microwave Source Locking - 10H<•18GHz - (1.2K.
EIP 588 Microwave Pulse Counter - 300MC/S-26.5GHz - £1.4K.
SD 6054B Micro Counter 20HZ-24GHZ- SMA Socket - C800.
SD 6054B Micro Counter 20HZ-18GHZ- N Socket - £700.
SD 6054D Micro Counler 800MC/S· 18GHz- £600.
SD 6246A Micro Counter 20H<-26GH< - £1.2K.
SD 6244A Micro Coun1er 20Hz-4.5GH, - (400.
HP5352B Micro Counter OPT 010--005-46GHz-new in box - £5k.
HP5340A Micro Counter 10HZ-18GHz - Nixey - £500.
HP5342A Micro Counter 10HZ· 18•24GH, - C800-C1K - OPTS
001-002-003-00S-011 available.
HP5342A + 53445 Source Synchronizer - Cl .SK.
HP534SA SOOMC/S 11 Digit LED Readout -£400.
HP5345A + 5354A Plugin - 4GH, - CTOO.
HP5345A + 5355A Plugin with 5356A 18GHz Head - £1K.
HP5386A 1GHz 5386A-5386A3GHz Counter -£1K-£2K.
Racal/Dana Counter 1991-160MC/ S - £200.
Racal/Dana Coun1er 1992·1.3GH, - £600.
Racal/Dana Counter 9921·3GH, - £35-0.
SIGNAL GENERATORS
HP8640A- AM-FM 0.5-512-1024MC/S-£200·£400.
HP8640B - Phase locked -AM-FM-0.5·512· 1024MC/S - £500·
C1.2K. Opts 1-2·3 available.
HP8654A - B AM-FM 10MC/S•520MC/S - £300.
HP8656A SYN AM-FM 0.1·990MC/S- £900.
HP8656B SYN AM-FM 0.1·990MC/S - ( 1.SK.
HP8657A SVN AM-FM 0.1· 1040MC/S- £2K.
HP8657B SVN AM·FM 0.1-2060MC/S - £3K.
HP8660C SYN AM-FM,PM-0.01· 1300MC/$·2600MC/S - £2K.
HP8660D SVN AM-FM-PM--0.01-1300MC/S•2600MC/S - £3K.
HP8673D SYN AM-FM-PM-0.01-26.S GHz-(12K.
HP3312A Function Generator AM-FM 13MC/S-Dual- £300.
HP3314A Function Generator AM•FM-VC0-20MC/$ - £600.
HP3325A SYN Function Generator 21 MC/S - £800.
HP3325B SYN Function Genera1or 21MC/S - £2K.
HP8673-B SYN AM-FM-PH 2-26.S GHz - £6.5K.
HP3326A SYN 2CH Function Generator 13MC/S•IEEE - ( 1.4K.
HP3336A-8-C SYN Fune/Level Gen 21MC/S - (400·£300-£500.
Racal/Dana 9081 SYN $/G AM,FM-PH-5-S20MC/S- (300.
Ra cal/Dana 9082 SVN SIG AM-FM-PH-1 .S·S20MC/S - £400.
Racal/Dana 9084 SYN $/G AM·FM-PH-.001· 104MC/S - £300.
Racal/Dana 9087 SYN SIG 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.
Marconi TF201S AM-FM-10-520MC/S - (100.
Marconi TF2016A AM-FM 10KC/S-120MC/S-(100.
Marconi TF2171/ 3 Digital Synchroni2er for 2015/2016A-£50.
Marconi TF2018A AM-FM SYN 80KC/S-520MC/S - UiOO.
Marconi TF2019A AM-FM SYN 80KC/S•1040MC/S - £650-CIK.
Marconi TF2022E AM-FM SYN 10KC/S•1.01GHz-C1K-£1.2K.
R & S SMPD AM-FM-PH 5KHz-2720MC/S - £3K.
Anritsu MG3601A SYN AM-FM 0.1-1040MC/S - (1.2K.

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR OEMONSTRATIDN OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE.
VAT AND CARRIAGE EXTRA. ITEMS MARKED TESTED HAVE30 DAY WARRANTY. WANTED: TEST EQUIPMENT-VALVES-PLUGS ANO SOCKETS-SYNCROS-TRANSMlmNG AND RECEIVING EQUIPMENT ETC.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BO11 2ER. Tel: (01274) 684007. Fax: 651160
CIRCLE NO. 110 ON RfPLY CARD

IDEAS

Over the next 12 months,
National Instruments is awarding
over £3500 worth of equipment
for the best circuit ideas.

Fact: most circuit ideas sent to
Electronics World get published
The best circuit ideas are ones tha t 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.

RS232-to-parallel data conversion
ere, standard IC s convert RS232
format to eight-bit parallel data
with orie start and stop bit. Total cost
and power consumption is less than
that of any standard chip available.

H

Convert RS232
format data to
8-bit parallel
data cheaper
than with a
UART.

The circuit can be used as part of a
PC-based serial interface through the
COM! or COM2 port.
A general purpose timer, /C1 is used
as the clock generator, producing
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1843200
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clock pulses only on receipt of serial
data. Data is shifted into a serial to
parallel shift register, and along with
each data byte (DATA) a latch pulse
(LATCH) is generated for the parallel
destination port.
No initialisation other than the bitrate setting from the PC is required.
The rate is equal to the clock, CL,
generated by timer /C1. Setting the
divisor value for bit rate 'B' sets the
baud value of the PC.
4
CL=
l.
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1 Decouple Vee pin of all lCs with 100n
2 Vee pin of IC4 and IC2 is pin14
3 GND of IC4 and IC2 is pin?
4 Pin16 and pin8 of IC3 are VCC and GND
respectively

RS2i 7 Start /

D0-D7

It is possible to program the PC for
any bit rate by putting the correspond·
ing divisor value in 16-bit format
using statements in turbo-C as given
below, for COM!,

/

Stop

outport(Ox2FB,131)
; /*2 F8 for Baud sett ing* /
outport(Ox2F8 ,0xLSB)
; /* LSB byte of d i visor* /
outport(Ox 2F9,0xMSB)
/ * MSB o f divisor*/
out port(Ox2FB,3 )
/ * 2F8 f or transmissi on* /
Any data in eight-bit format can be
sent to pin 3 of the nine-pin D-type
connector using statement 'outpor t ( Ox2 F8, word ) '. For COM2
use 3F8, 3F9 and 3FB.

Once every two months throughout 2000,
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 to the best circuit idea of the year.*

About National Instruments

Nl4050

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 prooesses at a fraction of the cost
of traditioJ1al approaches.

The NI 4050 is a full-feature digital multimeter (DMM) for hand-held and
notebook computers with a Tyf?C II PC Card (PCMCIA) slot. The NI 4050
features accurate 5 1/ 2 digit DC voltage, true-rms AC voltage, and resistance
(ohms) measurements. Its size, weight, and low power consumption make it
ideal for portable measurements and data logging with hand-held and notebook

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, producti_on, and
service. Our flagship LabVIEW product, with its
revolutionary, patented grapbkal 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 produc1s are complemented by our broad
selection of hardware to connect compute~ to real-world
signals al)d 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 foyefront
of computer and instrumen1ation 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.
*All published cfrcuit ideas that a re not elig ible for the prizes detailed here
w ill earn their authOfs a minimum o f £35 and up to £ 100.

computers.
•
•

DC Measurements: 20mV to 250V DC; 20mA to JOA
AC Measurements: 20mV rrns to 250V rms; 20mA rms to IOA rrns;

• True rms, 20Hz to 25kHz
• Up to 60 readings/s

• UL Listed

e 5 1/i Digit Multimeter for PCMCIA
LabVIEW
LabVIEW is a highly
productive graphical
programming environment
that combines easy-to-use
gral?hical development with
the flexibility of a l?owerful
programming language. It
offers an intuitive
environment, tightly
integrated with measurement
hardware, for engineers and
scientists to quickly produce
solutions for data acquisitio.n,
data analysis, and data
presentation.
•

Grapnical programming development environment

• Rapid application development
• Seamless integration with DAQ, GPIB, RS-232, and VXI
• Full, open network connectivity
• Built-in display and file 1/0

S. Vijayan Pillai
Kera/a
India

Latch
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National Instruments - computer-based measurement and automation
National Instruments, 21 Kingfisher Court, Hambridge Road, Newbury, Berkshire, RG14 5S/. Tel (01635 523545), Fax (01635) 524395
info.uk@ni.com www.ni.com.
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Efficient battery auto-charger
This efficient automatic battery
I charger commences charging

FDNCs using current conveyors
Frequency (Hz)

U

sing two current conveyors, the
circuit of Fig. 1. realises the
function Y1_ 1(s)=s2D, where
D=C I C2R 1. The equivalent circuit
consists of a parallel connection of
the ideal frequency-dependent
negative conductance, D,
capacitance C and conductance G.
Parasitic components C and G are
due to the non-ideal nature of the
current conveyors. The stable
condition of the circuit requires
positive signs for C and G. Figure 2
shows computer simulations of the
negative conductance - o:iD and C
dependencies versus frequency.
These were carried out for current
conveyors constructed according to
the Huertas concept 1 using two
TL08ls, four l00kn resistors and
two lkO resistors for each
conveyor. Component values used
were C1=0.lµF, lµF, l0µF; C2=lµF
and R 1= lkO.
In Fig. 2, the stable operation
region of the circuit is marked by
continuous lines. If capacitance C is
negative the circuit becomes
unstable.
The frequency-dependent
negative conductance circuit forms
a resonant circuit with resistance
and can be used in resonant bridges
capable of measuring capacitance
with high losses, like the frequencydependent negative resistance
circuit used for measuring
inductances with high losses2 .
L. Tomawski, M. Manka, M. Slawiec
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Fig. 1. A frequency-dependen t negative conductance circuit, a) and its equivalent
circuit, b).
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Ten year index:
new update

The computerised index of Electronics World magazine covers the
nine years from 1988 to 1996, volumes 94 to 102 inclusive and
is available now. It contains a lmost 2000 references to articles.
circuit ideas and applications - including a synopsis for each.

Fre quency (Hz)

Fig. 2. Computer simulations versus frequency of a) negative conductance
-w2D and b), capacitance C.
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This charger
switches on
when the
battery
becomes
discharged
and switches
off again after
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when the battery voltage reaches the
set lower limit and ceases charging
when the upper level is reached.
Adjustments are provided
for both limits, which are
best set up using a variable
de power supply. With the
mains supply disconnected,
the 'fully charged' voltage
of 14.5V de is applied at
the circuit's battery terminals, and VR 1 adjusted so that the
relay is energised, cutting off the
charging supply.
Next, the variable de power supply
is set to the lower limit of 12.5V de,
and VR2 adjusted so that the relay deenergises, reconnecting the charging
supply. Settings for VR 1 and VR2
interact, so the adjustments should be
iterated as necessary.
An op-amp forms a pseudo window
comparator. Its supply is stabilised at
9.1 Vanda 3.9V reference is applied
to its inverting input.

Battery voltage is sensed by divider
chain R 1, VR" R2 and applied to the
non-inverting terminal. Positive
feedback to the non-inverting terminal
sets the lower limit at which charging
recommences. The circuit can be used
for charging various battery types.

implementation of current
conveyor,' Electronic Letters No.
16, 1980,pp. 225-226.
2. Tomawski, L, ' Resonant bridge
with Frequency Dependent
Negative Resistance,' IEEE Trans.
On Instrum. and Meas. No. 37
March 1988, pp. 45 - 48.

(C75a/b)
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The EW index data base is easy to use and very fast. It runs on
any IBM or compatible PC with 5 12K ram and a hard disk.
The disk-based index price is still only £20 inclusive. Please
specify whether you need 5 .25in, 3.5in DD or 3.5in HD format.
Existing users can obtain an upgrade for£ 15 by quoting their
serial number with their order.

Photo copies of Electronics World articles from back
issues are available at a flat rate of £3.50 per
article, £1 per circuit idea, excluding postage.
Hard copy Electronics World index
Indexes on paper for volumes 100, 101 , and 102
are available at £2 each, excluding postage.
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Postal charges on hard copy indexes and on photocopies
are 50p UK, £ 1 for the rest of the EC or £2 worldwide.
For enquires about photocopies etc please send an sae to
SoftCopy Ltd. Send your orders to SoftCopy Ltd,

1 Vineries Close, Cheltenham GL53 ONU.
Cheques payable to SoftCopy Ltd, please allow 28 days
for delivery. ,
e -mail at SoftCopy@compu5erve.com, tel 0 1242 241455
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£75 Winnerl

30W Class-A power follower
A
it
t first glance, this circuit may
seem familiar. Essentially, is a
typical source follower working in
pure Class-A with a constant-current
generator forming the load. Features
that differentiate it are its negative
power supply and small power supply
reservoir capacitor.
The current generator has a DC
feedback through the B0139 to
prevent thermal effects on quiescent

in the diodes, which is undesirable.
My circuit has a relatively small
capacitor after the bridge. It is
follow·e d by a MOSFET voltage
regulator featuring a very low
frequency CR filter of220µF/1001ill.
Components used in the power
supply have been simulated and
optimised for a 3A quiescent current
and with a capacitor value of 3300µF.
The 5000 trimmer should be set to

current. Note that this circuit works
only in class A, so it needs enough
bias current for the required output
power.
To keep the power dissipated under
static and dynamic conditions the
same, I have used identical devices
for the follower and current source.
Class-A power amplifiers normally
involve a large reservoir capacitor.
This causes very high current peaks

+
input

Class-A amplifiers
normally use the
configuration on
the left. This
power follower
uses a negative
power supply, as
in the right-hand
diagram, and the
speaker is in
parallel with the
driving mosfet
instead of the
current source.

T

0-f
input

II II

+

+
Vb

I

Vt

I

+

1/2 Vb

1/2 Vb

..,
::::s

A.
C

power
supply
capac.

IRFP150

1k
Input 0.5W

+

220µ
63V

470µ,35V

+

1k
0.5W

Q--1
1 to 2.2µ
MKPor
paper/oil

10k
1W

500
multi-turn

Complete Class-A
power follower and its
regulator/smoothing
circuit. Note the bias
switch to save power at
low listening levels, and
the relatively small
reservoir capacitor.

220µ, 63V
4A fast
fuse

2k2
2W

IRF
26MB60
3300µ
63V

1.8k
1W

IRFP150

470µ

+

35V

8D139

mount in contact
with o/p MOSFET

0.47
3W

----~- ------11,---- --11,-- - - - -- - - • - - - - -- -- - •

L - - -....
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balance the output fuse voltage to
half the regulator output. This single
trim could be done after the switchon; it simply allows you to get the
maximum available output swing.
Quiescent current is set by the
resistor at the current generator
FET's source. It can be changed
using lq=0.1/R where 0.7 is the baseemitter voltage of the B0139.
I added a switch that allows the
bias current to be changed.
Sometimes I listen to music at low
volume so the switch can be used to
save power dissipation.
The power supply transformer can
have a secondary of anything
between 24V an 33V, but you need at
least 250VA per channel. If you use a
smaller transformer, you will have to
reduce the bias current.
With a bias current of 3A you can
get about 30W continuous into a 60
load. Power can be increased within
the limits of the heat sink and power
devices.

May 2000 ELECTRONICS WORLD

My prototype's PCB foil pattern, its
layout, and a suggestion for mounting
the circuit board on the heat sink.

beard
separator

L

mosfet

heatsink
I suggest using a heat sink of at
least 30 by 42 by 16cm, or a smaller
one in conjunction with a fan.
In my view, the input capacitor, the
470µF input bypass and the output
capacitor affect the sound quality. I
prefer to use ELNA Cerafine
whenever possible.
Since the circuit has no voltage gain
it has to be preceded by a voltage
amplifier with an output swing not
lower than lOV rms. It should also
have an output impedance of less
than llill.
Input impedance of the buffer is

47kntl450pF. Its resistive value can
be adjusted over a pretty wide range
by just using a different input resistor.
The input capacitance of 1450pF
may seem high but a gain stage with
a l kQ output resistance gives a cutoff
frequency of more than 1OOkHz.
A T03 equivalents or other similar
MOSFETs, such as IRF250s,
IRFP250s, IRF240s or IRFP240s, can
be used to replace the lRFP 150s with
a minimal impact.
•
Andrea Ciuffo/i
Italy
by e-mail
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above 5cr. However, even for this
value the tabulated answer is
0.9999997133.

from your scope
Oscilloscope noise, and making measurements in noisy environments are the
topics of Les Green's third article explaining how to make more reliable
measurements using your scope.
real-time scope to be quieter than a
DSO because there are no noisy
microprocessors and a-to-d
converters to corrupt the trace.
So how do you measure the noise

he noise levels of DSOs and
real-time oscilloscopes are
not easy for the user to
compare. All else being equal, one
could reasonably expect a basic

T
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Number of samples required to exceed pip noise value 2.5% and 97.5% of the time
Hence for 95% of the time the pip value will lie between the two curves.
CNORM is the MathCad cumulative Normal distribution function.
cnorm(x)
Probability of being l~ss than +x is
(1 - cnorm(x))
Probability of being greater than +x is
Probability of being greater than +x or less than -x is
2{1 - cnorm(x))
Probability of being less than +x and greater than -x is 1 - 2(1 - cnorm(x))
= 2 . cnorm(x) - 1
Probability of being <+x and >•x after n trys is
p = (2.cnorm(x) - 1) A n
Re-arrange in terms of n;
n = log(p) / log(2.cnorm(x) - 1)
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Fig. 1. MathCad
generated graph
ofrms to
peak-to-peak
conversion
factors for
Gaussian noise.

of your scope? If it is a DSO, it is
really easy; select a slow time-base,
turn on the max-min function and
measure the noise band.
If you are the unlucky owner of
one of those bandwidth-reducing
scopes that I mentioned in my last
article, make sure that you compare
the noise level with a scope of the
reduced bandwidth.
To measure the noise of your
real-time scope you can use the
Tektronix 'tangential noise'
measurement technique. This
involves putting the oscilloscope in
add-mode and applying a small
amplitude quiet square wave to the
other channel. The trigger is set to
auto so that the untriggered squarewave-plus-noise pattern causes two
bright bands to appear on the
screen.
By adjusting the square wave
amplitude the two bands can be
made to merge in a very repeatable
manner - when the dark band in the
middle just disappears - and the
square-wave amplitude is a
measure of the noise of the first
channel.
At first glance, anyone would
complain that the DSO was very
noisy compared to the real-time
scope; the trace is much narrower
on the real-time instrument. The
problem here is the conversion
from rms to peak-to-peak.
Estimating the peak-to-peak value
of a real-time scope trace by eye
you may well obtain a value that is
twice the rms value. This is ±cr as
far as statistical tables are
concerned.
Now look at the DSO result: it
may be taking lO0MS/s over a onesecond measurement period and
displaying the max-min values.
Tables of the Normal/Gaussian
distribution do not generally go
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This says that on average 1
acquisition in 3.'5 million wiJI
exceed the 5cr positive peak. I have
used MathCad to generate a graph
of rms to peak-to-peak conversion
factors for Gaussian noise, f ig. 1.
In the case of lO0MS/s for 1
second the number of samples is
1£8. Reading the graph it says that
95% of the time the peak-to-peak
noise level will be greater than 11cr
and less than 12.7cr: cr being the
rms value.
Clearly, for a DSO running at this
speed a more reasonable
conversion factor from rms to
peak-to-peak is 12 - a conversion
factor of x6 for general purpose
work is often used, i.e. ±3cr.
Conclusion: a DSO with the same
rms noise level as an equal
bandwidth real-time scope can have
a max-min trace width six times as
large!

mechanisms are handled by the
same technique. Removing the
probe signal clip reveals the probe
tip and a metal earthing ring. If the
probe earth-lead can be unclipped,
do so. If not then just clip it to the
probe lead out of the way, so that it
does not dangle around and shortout parts of the circuit.
Wind several turns of tinned
copper wire - 6 turns of 22SWG
for example - around the metal
earthing ring of the probe and
leave a short tail at the end - not

more than an inch ideally. You can
now solder the free tail to a signal
earth and probe nearby points, Fig.

2.
It is also possible to use a finer
coil of wire to contact the probe tip
in order to make a hands-free
connection to the circuit.
Oscilloscope manufacturers know
all about this but the information
does not always get through to the
user. Tektronix actually sells a
little socket to plug probes into,
which makes a nice semiFig. 2.
Measurement
technique for
high-speed logic
and for low-noise
measurements.
Note the other
earthing coil so
that pins on the
other JC can be
manually probed.
Use 24SWG for
the probe tip coil
and 22SWG for
the earth coil.

Noisy measurements
Regardless of the type of scope
used, there is often a problem
measuring the actual noise of the
circuit. This is due to the
connection between the scope and
the equipment being probed.
Unless you are using an isolatedinput scope, the BNC connectors
on the front_panel have to be
earthed. In order to meet safety
standards like EN61010-1 the BNC
outers have to be able to take 25A
at the supply frequency and present
an impedance of less than 0. 111.
As soon as you connect your
scope probe earth-lead to the
system being tested, a commonmode current flows down the ohter
braid of the coaxial cable. If the
circuit being probed has much high
speed logic on it, or a switchedmode power supply, there will be a
significant high-frequency content
to this common-mode current.
Before connecting your probe to
an actual circuit node, try this
simple test; clip the probe tip to the
earthing crocodile-clip and touch
the pair onto a convenient 0V point
in the circuit to be probed.
If the noise measured on the
scope becpmes too large for
comfort then you have a noise
problem to resolve. This could be
due to common-mode current alone
or there could be an element of
magnetic pickup, as the path from
the coaxial cable screen via the
probe earth-lead back to the probe
tip has quite a large area.
Fortunately both pickup
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Fig. 3. Two readings
of the same signal.
Trace TR1 is the
measurement with
a 10:1 probe
negligently placed
near a line-output
transformer, as in
Fig. Sb). Trace TR2
is the same point
measured with a
coax cable soldered
to the underside of
the PCB, as in Fig.
Sc). Measurements
and plots were
made on a Gould
475 with 20MHz
bandwidth limit
selected.
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Fig. 4. Trace TR1 is
measured with a 10:1
probe in its optimum
position, as in Fig. Sa).
The second trace is
the same point
measured with a
coaxial cable soldered
on the underside of
the PCB, as in Fig. Sc).
Measurements and
plots were made on a
Gould 475 with
20MHz bandwidth
limit selected.
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Fig. 5. Power supply and video drive assembly under test. The supply is a flyback
converter and the line-output transformer in the centre of the picture is another
flyback converter. In a), the 10:1 probe is reasonably well positioned, but in b) it
is too close to the line-output transformer. The best solution is to solder a coaxial
cable on the underside of the board, c).

permanent probing point for
development work. It is
manufacture·d by Specialty
Connector Co., of Franklin,
Indiana.
There is also such a thing as a
spring-loaded probe head that
plugs onto the end of a probe with
an ATE type of sprung pin for the
earth contact.
Even connecting between pieces
of equipment via BNC-BNC leads
can cause additional noise.
Different types of BNC cable can
significantly affect common-mode
noise performance; the only
answer is to try a few different

The best of both worlds
This is the pulse response of an amplifier in development. It is being driven with a 200ps edge
and being measured on an analogue sampling oscilloscope system, namely a Tektronix S-2
sampling head in a 7511 sampling unit. To get cursor readouts and a stored trace, the analogue
output of the 7511 is fed into a Gould 6100 storage oscil loscope. Using averaging and
measurement scal ing, the 6100 is calibrated to give the correct rise time.
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ones and see which is the best in
your application.
Another trick is to use a
connection to an unused scope
input - or even that funny earthed
terminal on the front/back of the
scope whose purpose eludes mortal
man - as a parallel common-mode
current path. The idea is to reduce
the common-mode current flowing
in the signal coaxial cable, to
reduce the measured noise.
For low-noise measurements
below 1MHz it is often convenient
to do away with the probe entirely
and just wire a piece of coaxial
cable from your circuit to the
scope, Figs 3, 4 and 5.
Use a proper BNC plug to
connect to the oscilloscope and at
the circuit end make sure that the
connection to the coax braided
screen is keep short, at less than an
inch.
Note that the input capacitance of
this arrangement may be around
l 00pF, depending on the length of
the coaxial lead, so it may be
necessary to put a l kn resistor in
series with the signal input to the
coaxial cable. Do not put a resistor
in series with the screen
connection. The 1k.Q resistor will
only give an attenuation of 0.1 %
into a lM.Q input and the
bandwidth will be nicely rolled off
to around the 1MHz area.
There is another point to be made
about measurements made in the
presence of significant amounts of
radiated field; it is not necessarily
correct to move the probe to the
position of minimum noise
displayed on the scope screen. It is
possible that the radiated noise can
be made to cancel out some of the
actual noise that exists on the point
being measured. The measurement
technique should be such that this
type of cancellation is avoided. •
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Unique reader offer:
x 1, x 10 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
Tata.I___ _ _
Name

Address

Seen on sale for £20 each, these highquality oscilloscope probe sets
comprise:
•
•
•
•

two x 1, x 10 switchable probe bodies
two insulating tips
two IC tips and two sprung hooks
trimming tools

There's also two BN C 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

Postcode

Telephone

· Method of payment (please circle)

Switch position 1
Bandwidth
Input resistance
Input capacitance
Working voltage

DC to 10MHz
1MQ - i.e. osci lloscope i/p
40pF+oscilloscope capacitance
600V DC or pk-pk AC

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

Switch position 2
Bandwidth
Rise time
Input resistance
1MQ
Input capacitance
Compensation range
Working voltage

DC to 150MHz
2.4ns
lOMQ :tl % if oscilloscope i/p is
12pF if osci lloscope i/p is 20pF
10-60pF
600V DC or pk-pk AC

Switch position 'Ref'
Probe tip grounded via 9Mn, s~ope i/p grounded

AUDIO

Room for
improvement II
The listening room has a surprisingly
significant effect on the loudspeaker. Last
month, John Watkinson considered its effects
at low frequencies. Here, he discusses how
the room affects the rest of the spectrum.

real sound source in a real
environment produces a
combination of direct sound
and reflected sound.
The human hearing mechanism
has evolved to locate the sound
source accurately, despite the
reflections, and to assess the nature
of the environment from the
reflections. If either the source or its
reflection is absent, there will be a
lack of realism.
In principle, a stereo recording can
capture sound from any direction,

A

but the conventional stereo pair of
speakers can only create virtual
sound sources over an arc between
the speakers. The 360° sound field
will be mapped into that arc in the
way the recording engineer thought
best.
Clearly, listening to a sound field
of restricted angle is not the same as
listening to a 360° sound field.
Fortunately the reverberation of the
listening room can to some extent
make up for the Joss. Thus
reverberation is essential in the

listening room to create a natural
result.
Note that the listening room can
never create the same reverberant
field as the original venµe with only
a stereo signal pair; but then this is
not the; goal. Reverberation is
chaotic and provided it comes from
all around the listener and has no
gross defects, it will be accepted as
plausible by the ear and the
reproduction will appear more
realistic.
In the case of surround sound,

more channels are available. In
principle, sound can be reproduced
from any number of directions. But
the argument still applies that with a
finjte number of channels,
reverberation in the listening room
is still necessary to create a
continuous sound field from a set of
discrete sources.
\

See for yourself
In a domestic listening environment
it is surprising how much of the
sound we hear is reverberant. This is
very easily demonstrated with any
dipole loudspeaker - a Quad
electrostatic for example.
In Fig. 1a) the speakers are in a
normal listening position. In Fig.
1 b) a large pair of cushions has
been placed in front of the speakers
and in Fig. 1 c), they have been
placed behind the speakers.
The results are non-intuitive. In
practice position Fig. lb) sounds
better than position Fig. le). This is
because blocking the front radiation
allows the rear radiation to excite
the reverberation in the room.
Blocking the rear radiation makes
the speaker sound dull.
One of the great advantages of the
electrostatic speaker is that it is
inherently a. dipole and the
excitation of the room comes free.
However, the same results will be
obtained if the speaker contains
moving-coil units facing forward
and backward. Certain Bose satellite
speakers contain two tweeters that
can be swivelled into such an
arrangement.
Tweeters fore and aft
For experimentation, the moving
coil speaker with tweeters facing
Cushions

Dipole speaker

Dipole speakers

e.g. RS-63
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-
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a) Dipole speaker
beside listener

Fig. 2. Listening only to reverberation by sitting on null of dipole speakers.·

forwards and backwards has the
advantage that it is very easy to
switch between a dipole and an
omnidirectional radiation pattern
simply by swapping the wires on the
rear driver.
Despite the theories put forward
about the massive differences in the
excitation of the room between
these two configurations, the simple
fact is that in practice the skilled
listener is hard pressed to tell which
configuration is in use. There is no
effect at all on the stereo image
heard between the speakers; in fact
this is still retained if one of the rear
speakers is anti-phase and the other
is in-phase.
For a moving coil system, having
the tweeters working in phase as an
omnidirectional source has the
advantage that the low-frequency

roll off due to cancellation is
avoided. This means that a lower
and less audible crossover frequency
can be used.
Another surprising result using
dipole speakers is shown in Fig.
2a). Here, a pair of dipoles has been
placed at either side of the listening
position and adj usted so the
listener's ears are in a null.
No direct sound at all reaches the
listener from the speakers. A virtual
stereo image will be heard in the
opposite wall as shown in Fig. 2b).
Both of these examples illustrate
just how much of the sound we hear
is reverberant. As a result, it follows
that an additional criterion for a
precision loudspeaker is that as well
as creating an accurate waveform on
a direct path to the ear, it must also
create a sufficiently accurate
reverberant field.
This critical aspect of loudspeaker
design has been obvious from
psychoacoustic considerations for
many years but the traditional
loudspeaker industry, with a few
notable exceptions, has passed it by.

Why do loudspeakers sound
so different?
It is well known that loudspeakers
with identical specifications sound
different. There is only one
conclusion to be drawn from that,
which is that the specifications are
incomplete.
In short, the traditional ways of
testing loudspeakers only give part
of the picture. It's like testing cars
in a straight line and then wondering

/

Fig. 1. Simple test for the effects of
reverberation using cushions and dipole
loudspeakers. The normal configuration is
shown in a). In b), the front radiation has
been blocked with cushions and in c) the rear
radiation has been blocked.
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b) Virtual stereo image
in opposite wall
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Fig. 3. Listening
from the next room
tells a lot about
loudspeakers

Speakers

Listener outside door

why they corner differently.
In any other industry, a disparity
between theory and practice results
in research to advance the theory

and close the gap. Why the audio
industry should make itself a
conspicuous exception could be the
subject of a long discussion.

There is a trivially easy way of
demonstrating the aspect of
loudspeakers which makes them
sound different. This is to listen
from the next room via an open door
and compare the tonal quality or
timbre outside the room with that at
the ideal listening position. Figure 3
shows the principle.
Without exception, the
loudspeakers that sound the most
tonally balanced in the next room
are the ones that sound most
realistic in the ideal listening
position. Also, without exception,
the loudspeakers that perform best
are those that have had some
thought given to the quality of the
off-axis sound that they produce.
The constructional philosophy of
the speaker seems to be more
important here than the amount
spent or the transduction principle.
The importance of off-axis sound
quality in a loudspeaker cannot be
underestimated. In my next article, I
will explore the consequences of
getting it wrong
•
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Antennas and propagation are the key factors influenc ing 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
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Fig. 2. Preamplifier
and phase-locked loop
schematics as used in
the EXAR XR-2212
precision PLL
integrated circuit. This
illustrates use of a
double-balanced
mixer, or analogue
phase locked loop.
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Phase-locked loops
Revealing useful web sites along
the way, Cyril Bateman explains
the phase-locked loop and
discusses the options and design
tools available for those involved
with this invaluable building
block.

hree years ago while researching for a phase-meter design, I
surveyed the Internet for information on phase-locked loops. Since
then, the drive to provide ever faster
computer systems' has resulted in an
explosion in the use of phase-locked
loop integrated circuits. This is
reflected in the much increased
amount of phase-locked loop information and design aids now available
for downloading.
A
search
of
the
Philips
Semiconductors site alone brought up

T

LOCI< INDICATION

5V OUT

407 matches for the phrase 'PLL'.
But why search Philips first? Perhaps
a brief look at the history of phaselocked loops will explain.

Phase-locked loop roots
The phase-locked loop concept was
first proposed in 1922.
Probably the first ever general use
of a phase-locked loop was in a
'homodyne' radio receiver in the
1930s. It was in the 1950s though that
the rapid expansion of television
receivers saw the universal adoption

12V Ill

OUTPUT

WOTOA PARAMITTRS

UC36.J;!;
PHASE LOCl(m CONTROLLER

Fig. 1. Illustrates using a
phase-locked loop to
spin a brushless DC
_ motor at 3600rev/min,
±60ppm.
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0.22µ
12V

Input Preamplifier

of phase-locked loops. PLLs were
used in tv sets to synchronise the
'frame' and 'line' oscillators to the
incoming signals - the so-called 'flywheel sync' circuit.
Signetics claims to have produced
the first ever dedicated phase-locked
loop integrated circuits in the spring
of 1970. These were selected as one
of the hundred most significant technical products by the Industrial
Research Institute in 1971.
Two other notable firsts that I recall
were a phase-locked stereo decoder2
and a phase-locked-loop fm tuner. 3
Both were published by Wireless
World.
Today, phase-locked loops can be
used to modulate and demodulate
AM, FM, FSK and BPSK signals.
They can detect the presence of specific frequencies buried in noise and
produce voltage cop.trolled frequencies or precise clock signals.
Phase-locked loops can also restore
signal waveforms that have been distorted using fibre optic links and they
can precisely control the speed of
electric motors. In addition, PLLs are
useful for restoring the timing waveforms when reading floppy and hard
disk drives... the list is endless. Figure
1 is an example of a precise motor
drive.

Designing with Plls

0.022..,.I.

The 'flywheel' analogy is used to
explain phase-Jocked loop behaviour

10K
PULL-UPS
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Phase Detector

in application note ANl 77. Entitled
'An overview of the phase-locked
loop,' this note downloads relatively
quickly.4 I commend this as a first
read for those of you wanting a simple, readable introduction to the topic.
A much longer 123 page technical
article, which is complete with all
needed equations and called 'Dean's
Book', can be downloaded from
National' s web site.5
The phase detector used in the original Signetics phase-locked loop
designs was based on the double balanced mixer circuit. When this
method of phase detection is used, the
complete integrated circuit is labelled
as an 'analogue' phase locked loop,
even though it may also include many
digital stages.
Analogue phase detectors can be
used with both small and large input
signals and at very high frequencies.
A good detailed description of the
analogue phase detector, entitled
'Modelling the PLL double-balanced
mixer' can be downloaded as application note AN178.4 Figure 2 is an
example of an analogue phase-locked
loop from inside an Exar XR2212.
Many of the most popular integrated
phase-locked loops use a digital phase
detector. For this reason, they are
labelled as 'digital' phase-Jocked
loops, even though analogue stages
may be included.
Perhaps the best known and widely
used is the CMOS 4000 series 4046
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Fig. 3. An easy to use, on-line design aid that designs the loop
filter for you, in response to your required parameters.

integrated circuit. While the maximum
operating frequency of this particular
circuit is restricted, other designs can
be used at 100MHz and above.

Three types of digital
phase detector
Three common types of 'digital'
phase detector circuits are in use.
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Fig. 4. A screen
shot of the phaselock-loop
simulator, one
module in the
EagleWare
Genesys software
package.
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Sometimes all three types are included
in the one integrated circuit. Since it
includes all three, I will use the
74HC4046 as an example here. This
device is usable to some 15MHz.
The simplest digital phase detector
is based on the exclusive-or circuit,
and is similar to a 74HC86. This
detector, which should be driven by
50-50 mark-space input waveforms,
provides an output zero when the
input waveforms are exactly 90° out
of phase. Its output is then a square
wave at double the frequency of the
input signal and with a duty cycle of
50%. The actual duty cycle of this
Fig. 5. Digital
phase detector as
modelled for the
'MC145170 PSpice
modelling kit'. This
detector can be
assembled and
simulated using
only standard
PSpice model
elements.
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output waveform varies according to
the phase difference of the input signals.
The second style of phase detector is
effectively a digital memory network
comprising four bistable devices,
some gate logic and a tri-state output.
These bistable devices act only on the
rising edges of the input signals, so
this detector works independently of
the input signal's duty cycle.
When both input signals have the
same phase, the tri-state output
becomes a high impedance. Its output
becomes a logic high or logic low
only while the signal phases differ.

Designing loop filters
You can see from the above that for
most applications, the phase detector
output must be filtered. This filter may
be active, or more simply can be

HB3

Comparator
2

o

HB4

2
Comparator o
~ - -...-l 1 Pulse Generator 01--+----t 1

HB2

The third type of phase detector is
again positive-edge triggered, so is
also independent of the input signal
duty cycles. Based on an RS flip-flop,
it outputs a square wave at the input
signal frequency with a duty cycle that
varies with phase difference.
When the input signals have a 180°
phase difference, this detector output
waveform has a SO% duty cycle.
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High-speed PLL chips ease transition to faster processors. http//devel.penton.com/ed/Pages/magpages/sept0198/analog/0901 ao2.htm
Phase-locked Stereo Decoder, R.Portus & A.Haywood, 'High fidelity designs,' pub. Wireless World 1974
A phase-locked loop fm tuner, J. Linsley-Hood, Wireless World annual 1975.
Philips Semiconductors
http//www-us.semiconductors.philips.com
National Semiconductors
http//www.national.com
Electronic Design/Development Software
http//mypage.uniserve.ca/~gludwig/electron/software.htm
Electronic Design
http//www-inst.eecs.berkeley.edu/~wetherel/rftoolbox/rfdesign.html
PLL Loop Filter Design Program
http//seoul.eecs.berkeley.edu/~wetherel/rftoolbox/pll.html
Interactive Digital Phase Locked Loop Design
http//www-users.cs.york.ac.uk/~iisher/mkpll
Eagleware Corporation
http//www.eagleware.com
SPICE Tools Provide Behavioral Modeling of PLL.
http//sites.penton.com/mwrf/1ibraypenton/archrves/mrf/November1997/501 .htm
http//www .mot-sps.com/lit/html/PLL.html
MCl 45170 PSpice Modeling Kit

is a Windows program, titled
based only on passive components.
'Windows Loop Filter Design' . This
Correct filter design however is
3Mbyte download helps with the
most important for successful circuit
design of loop filters.
operation. Filter design can prove
The second is a smaller DOS protime consuming if done iteratively.
gram, entitled EasyPLL, which assists
Solving the mathematical design
with component selection and designs
equations can prove tedious.
and simulates the loop filter perforThree years ago I found only one
mance.
design aid available for downloading.
National' s final offering is a number
This was version 2 of the 'HCMOS
of miscellaneous phase-locked loop
phase-locked loop design program,'
models to aid loop design and simulawhich I downloaded from the Philips
tion. Many of these can only be run via
site.
Mathcad 7. Since I only have an older
When I looked again this January, I
version of Mathcad, I was unable to try
was unable to locate it, but I did manthese out.
age to find an earlier version. 6 This is
a DOS-based program that allows you
High-frequency applications
to explore 'what if' designs for the
While the various Spice time-domain
Philips HC/HCT4046/7046 and
based simulators are extremely popuHCT9046 phase locked loops by
lar, many have restricted capability
answering a few simple questions.
when performing analysis of high-freWith little effort, I managed to find
several other design and simulation , quency circuits. Historically high-frequency design has been based on freaids. One particularly helpful pa~e I
found was on a university site. It 1 quency domain and harmonic balance
covered many other topics besides I simulators.
One phase-locked loop design modphase Jocked loops. In fact, it was so
ule dedicated to rf design is Genesys
useful that I bookmarked it.
from the EagleWare Corporation10.
The Eagle Ware system is a complete
On-line design aids
system of design tools, targeted to RF
Some sites now offer on-line design
designers' needs. These can be puraids for phase-locked loops. I found
chased either as separate modules or a
the first one on the Berkeley site. It
package.
provided an easy to use on-screen
There are eleven modules in the full
representation of a phase-locked loop,
Genesys package. These include
especially suited to first time users,
schematic entry, simulation, RF and
Fig. 3. 8
conventional layout, filter synthesis,
I also found an interesting and interas well as the dedicated PLL modactive on-line package on the UK's
ule.4
University of York web page. Written
Using PSpice analogue behavioural
in Java code, this provides performodelling techniques, a method of
mance graphs in addition to calculatsimulating the performance of digital
ing design values. 9 Many designers
though will prefer the convenience of phase-locked loop systems running at
several hundred megahertz has been
having th·eir design tools stored withdevised by Spanish RF engineer
in their own computer.
Orlando Pena. 11 This routine was
National Semiconductor5 offers
developed using the PSpice simulator
three software packages as part of its
in version 7. l of the Microsim
series of application notes for the
DesignLab.
design of wireless systems. The first

t
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I have found this version of PSpice
is particularly useful. While aimed at
Windows 95 or Windows NT, provided the Win32S vl.3 extensions have
been installed, it will run on a modest
486PC with Windows 3. l x operating
systems.
The particular phase-locked loop he
modelled was based on a digital
phase-frequency detector, as used in
the Motorola MC4044 integrated circuit. It has an analogue charge pump,
which Orlando based on the Spice
models for 2N222 and 2N2907 transistors, as the output.
Potentially even more useful is the
'MC145170 PSpice Modelling Kit'
because the full Spice models used
have been included. This is described
in application note AN1671, which can
be downloaded from the Motorola web
site. 12 While the models included in
this note are specific to this Motorola
part, it does include sufficient background information to help you develop models for other integrated circuits.

Frequency synthesis
The MC145170 is a PLL frequency
synthesiser integrated circuit complete with serial communications, reference oscillator, phase detector and
counters. The phase detector and
charge pump circuits are similar to
those assumed for the Pena article,
except for the models used for the
charge pump. These simulate the
actual devices used in the MC145170,
Fig. 5.
The note also includes details of
model changes needed to enable these
simulations to be made using only the
evaluation version libraries supplied
with PSpice. I particularly liked the
section that advised on providing for
component and circuit board parasitics. When these parasitics have
been overlooked, the measured results
of a practical circuit and its Spice
•
simulations will not agree.
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for the delectation of the students
(and yours truly).
Starting with meetings late last
autumn, the usual arrangement has
been for me to think up a simple but
interesting project for the students
each week. Working alone or in small
groups, they construct, complete and
get the project working in a single
session of a couple of hours or so,
with a little help and advice if need
be.
Initially, the projects were very
simple. Few of the students had much
experience of constructing circuits
from the ground up. They had of
course done lab work as part of their
courses, but this tends to be very
structured. Few opportunities had
arisen for them to encounter the
problems that arise in development
work of any sort. These problems are
often trivial, but baffling until you
have learned how to sort them out.
Most of the students had had no
active engagement in electronics
prior to embarking upon their degree
course. This is in contrast to young
electrical engineering students of my
generation, who had mostly been
exposed to wireless or radar servicing
during National Service, or had
constructed amateur radio kit from
the copious amounts of ex-government electronic gear on the post-war
surplus market.

n RF

•1n1t1at1ve
• • •
Ian Hickman introduces you to an
important initiative aimed at
encouraging a greater number of
promising electronic engineering
undergraduates to aim for a
career in the fascinatifil - and
burgeoning - field of radiofrequency engineering.

T

he Institution of Electrical
Engineers started life in 1871 as
the Institution of Telegraph
Engineers. What must they have
thought, I wonder, when along came
others, pioneering the transmission
and reception of messages without
wires?
. NaturaUy, this new technique was
called Wireless Telegraphy, WT or
just wireless; telegraphie sans fil in
France, or just TSF. Later the term
'wireless' was used also for wireless
telephony and later still broadcasting,
as also TSF - telephonie sans fil.
But the term wireless, used regularly by my grandparents, fell into
Table 1. Organisations
participating in the RFEEI.

Aerial Group
Cellnet
Defence Evaluation
Research Agency
Department of Trade and
Industry
Ericsson
Hewlett Packard
IFR
Lucent Technologies
Metapath Software
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International
Motorola
NEC
Nokia
Nortel Networks
NTL Telecommunications
Orange
Plextek
Racal
Radio Communications
Agency
Simoco
Sony
Vodaphone

disuse, probably in the l 930s. It was
replaced by 'radio' in both English
and French, and even sometimes in
German, in place of the more common word, 'rundfunk'.
Now, the term ' wireless' has been
unearthed, dusted off and pressed
back into service, in its most literal
sense. Short-range UHF or
microwave links are in vogue for the
exchange of digital traffic such as
data, for example the Bluetooth
standard. What term could be more
appropriate than 'wireless' ?
Applications of wireless communication are booming in a dozen other
fields - telemetry, remote meter
reading, etc., and of course, most
notably, mobile phones.

Radio engineering
All these current applications,
together with others forthcoming,
such as UMTS - universal mobile
telephone system - are creating an
ever increasing demand for engineers
skilled in radio frequency engineering. This is a demand that at present
cannot be filled. The situation can
only get worse, unless suitable steps
are taken.
It is with this need in mind that the
Department of Trade and Industry has
launched the RF Engineering

Education Initiative, or RFEEI.
Under this, the electronic-engineering
departments of universities receive a
three year award aimed at encouraging interest in a career in RF engineering.
The scheme is being sponsored by a
number of companies and
Government departments.

Second Edition

Organisers of the RFEEI have
produced a pack of literature called
'Ride the wave' . It contains a booklet
about careers in radio engineering
and leaflets describing the activities
of the various companies supporting
the Initiative are included.
I am privileged to be assisting with
the Initiative at one of the participating universities, the University of
Portsmouth, just a dozen miles from
my home. The university has made a
room in one of the Electronic
Engineering labs available for use by
a 'radio club'. This is an informal
arrangement whereby interested
students meet one evening a week in
their spare time.
My spot is on a Monday evening
with second year students, a colleague running a similar arrangement
for the first year .students on another
evening.The club even lays on snacks

ELECTRONICS WORLD May 2000
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Tb.is is the first point of reference for the communications industries. It
offers an introduction to a wide range of topics and concepts encountered in
the field of communications technology. Whether you are looking for a
simple explanation, or need to go into a subject in more depth, the
Communications Technology Handbook provides all the information you
need in one single volume.
This second edition has been updated to include the latest technology
including:

COMMUNICATIONS
TECHNOLOGY
HANOBOO-<

• Video on demand
• Wire-less distribution systems
• High speed data transmission over telephone lines
• Smart cards and batteries
• Global positioning systems
The contents are ordered initially by communications systems. This is
followed by an introduction to each topic and goes on to provide more
detailed infonnation in alphabetical order. Every section contains an
explanation of common terminology, and further references are provided.
This approach offers flexible access to information for a variety of readers.
Those who know little about communications professionals, the book
constitutes a handy reference source and a way of finding out about related
technologies. The book addresses an international audience by referring to
all systems and standards throughout.
CONTENTS: Analog systems and concepts; Antennae or aerials; Audio
signal processing; Bar code technology; Codes and coding formats;
Computers in communications; Digital communication systems; Digital
pulse code modulation; Electromagnetic compatibility/interference;
Encryption and decryption; Error control; Facsimile systems; Filters;
Frequency bands in use; Image processing; Information theory; Logic;
Measurement of systems parameters; Memories; Microwave devices; Mixer
signal processing; Modulation and demodulation; Networks; Noise; Optical
communications, devices and systems; Photo detector/receivers; Power
supplies; Propagation; Quality and reliability; Radar and navigation
systems; Radio frequency receivers; Satellite systems; Semiconductor
devices and technology; Signals; Spread spectrum techniques; Standards
organisations and associated bodies; Telephony and associated systems;
Television signal processing and systems; Transmission lines and waveguides; Videotex; CCITI recommendations; Abbreviations and acronyms;
Index

c;r.Ol"F u:w 1s

Expanding the scheme?
To date, five universities are the
lucky recipients of funding under the
scheme. It is to be hoped that it is
successful - and seen to be so leading to its future extension.
In the mean time, there is nothing to
stop other universities starting their
own home-grown version of the
scheme. In fact, 1 know that one or
two have already done so, but at least
one such scheme has fallen by the
wayside. This was due to lack of
enthusiasm, not on the part of the
students or of the organisers, but of
their superiors.
A university wishing to start such a
home-grown scheme need not incur
any great expense. While a bespoke
club room is a nice luxury, the afterhours activity can always be accommodated in one of the electronic
engineering labs. And the projects
can use inexpensive commonly
available parts, many of which will in
any case already be in stock.
As an assistance to any department
wanting to run such a scheme, I hope
- given the Editor's welcome enthusiasm for the Initiative - to publish
simple projects, suitable for such a
venture, in these pages in the forthcoming months.
•

Ride the wave

COMMUNICATIONS
TECHNOLOGY
HANDBOOK

Geoff Lewis's comprehensive book provides a basic understanding of a
wide range of topics. It offers a flexible approach for beginners and
specialists alike. In addition, the work addresses an international audience
by referring to all systems and standards throughout.

This work is written for communications and network managers, engineers,
researchers, technicians and students. In hardback form, the book has 488
pp. and 100 Line illustrations its price is £47 .50 plus £3 carriage.
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Technology Handbook
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Microstrip - an
example of RF design
technique. Using
microstrip allows you
to make components
and even circuits using
nothing more than
profiles etched on
laminated PCB
material. These
diagrams are extracted
from Geoff Lewis's
Communications
Technology Handbook'.
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Visit our website
www.distel.co.uk

THE ORIGINAL SURPLUS WO,NDERLAND!
THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

THE AMAZING TELEBOX

/C's -TRANSISTORS - DIODES

Converts your colour monitor Into a QUALITY COLOUR TV!!

OBSOLETE • SHORT SUPPLY • BULK

"°"""""

FLOPPY DISK DRIVES 2½" - B"
All units (unless staled) 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.dlstel.co.uk for over 2000 unlisted drives tor spares or repair.
3½" Mitsubishi MF355C-L. 1.4 Meg. Laptops only
£25.95 Bl
3¼" Mitsubishi MF355C·D. 1.4 Meg. Non laptop
£18.95 B
5¼" Teac FD·55GFR 1.2 Meg (for IBM pc's) RFE
£18.95 B
5¼" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE £29.95 B
5¼" BRAND NEW Mitsubishi MF501 B 360K
£22.95 8
Table top case with integral PSU lor HH 5¼" Floppy I HO £29.95 B
8" Shugart 800/801 8' SS refurbished & tested
£210.00 E
8" Shugart 810 8" SS HH Brand New
£195.00 E
8" Shugart 851 8' double sided relurbished & tested
£260.00 E
8" Mitsubishi M2894.J;3 double sided NEW
£295.00 E
8" Mitsubishi M28~3-02U OS slimline NEW
£295.00 E
Dual 8' cased drives with integral power supply 2 Mb
£499.00 E

HARD DISK DRIVES 2 ½ " - 14"
2½' TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm HI New £79.95
2½' TOSHIBA MK2101MAN 2.16 Gb laplOR (19 mm H New £89.50
2½' TOSHIBA MK4309MAT 4.3Gb laptop (8.2 mm H) New£105.00
2½" TOSHIBAMK6409MAV 6.1Gb laptop (12.7 mm H) New£190.00
2½" 10 3½" conversion kit for Pc's, complete with connectors £14,95
3½' FUJI FK-309-26 20mb MFM 1/F RFE
£59.95
3½' CONNER CP3024 20 mb IDE 1/F ~or equiv.) RFE
£59.95
3½" CONNER CP3044 40 mb IOE 1/F or equiv.) RFE
£69.00
3½" QUANTUM 40S Prodrl ve 42mb CSI 1/F, New RFE
£49.00
5%" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE
£49.95
5¼" SEAGATE ST•238R 30 mb ALL VF Refurb
£69.95
5¼" CDC 94205-51 40mb HH MFM 1/F RFE tested
£69.95
5W HP 97548 850 Mb SCSI RFE tested
£99.00
5¼" HP C3010 2 Gbyte SCSI d/ffenmtlsl RFE tested
£195.00
8" NEC 02246 85 Mb SMD inle~ace. New
£199.00
s· FUJITSU M2322K 160Mb SMD 1/F RFE tested
£195.00
8" FUJITSU M2392K 2 Gb SMD 1/F RFE tested
£345.00
Many other drives In stock• Shipping on all drives Is code (Cl)

£245
£995
£1850
£POA
£760
£2500
£750
£95
£550
£250
EPOA
£6500
£1550
£4995
£3750
tPOA
£1800
£675
tPOA
£7900
£550
£750
£1800
£POA
£995
£POA
£3750
£9500
£2100
£2200
£945
£2950

6 foot 40U

PRODUCTS

Less than Half Price!
Top quality 19' rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable from door,
full height lockable hall louvered back door
and louvered removable side panels. Fully
adjustable internal ffxing struls, ready punched
for any configuration of equipment mounting
,plus ready mounted Integral 12 way 13 amp

VIDEO MONITOR SPECIALS
One of the highest specification
monitors YOU Will ever See• •
~ At this price - Don't miss it!!~
•

Please quote Electronics World when seeking further information

Mi1subishl FA3415ETKL 14" SVGAMullisync oolour monb with fine
socket switched mains d istributlon slrip make
0.28 dot pilCh tube and resolution ol 1024 x 768. A
these racks soma of the most versatlle we
variety ol rµJts alows connection to a host ol comp.,~ hsve ever sold. Racks may be stacked side by side and therefore
ers ncll.dnQ IBM PC's fl CGA, EGA, VGA & SVGA require only two side panels to stand singly or in multiple bays.
modes, BBC, COMMODORE (inooding Amiga 1200), Overall dimensions are: 77½" H x 32½' D x 22' W. Ordar as:
ARCHt,tEDES and APPLE. Many fealures: EtChed
OPT Rack 1 Complete with removable side panels. £345.00 (G)
faceplate, teicl swtehng and LOW RAOCATION MPR
specfoation. Fully guaranteed, n EXCELLENT little
used ooncftion.
I
Order as
Over 1000 racks, shelves, accessories
TlR & SWfvel Base £4.75
119 IEl MITS-SVGA
19" 22" & 24" wide 3 to 46 U high.
VGA callle f<r IBM PC induded.
External cables f<r other types al oomputers avai._. CALL

O

nY

.

£

been launched by C-Mac. T he
622.08MHz CFPV-2365 uses bulkacoustic-wave crystal technology.
Frequency stability is ±20ppm from 0
to +70"C or ±30ppm from -25 to
+ 85· c . with frequency pullability
between ±80 and ±120ppm.
Frequency pulling locks the oscillator
onto an incoming signal at variance
with the output frequency. The
oscillator c ircuit runs at 155.52MHz,
but its fourth harmonic is selected and
amplified to p rovide the 622.08MHz
output frequency. It operates from a
3 .3V power supply. A sine-wave
output is provided.
C•Mac Frequency Products
Tel: 01460 74433
Enquiry No 504

Available from stock !!

Ex demo 17" 0.28 SVGA Mitsubishi Diamond Pro
monit ors, Full multisync etc.
Fu/190 day guarantee. Only £199.00 (E)
.__ _ _ _ _ _..,._ _ _ _ _ _ _ _ _ _ _ ___,
Just In. Mlcrovltec 20• VGA (800 x 600 res.) colour monitors.
Good SH condition . from £299. CALL for Info

PHILIPS HCS35 (same style as CM8833) auraclively styled 14"
colour monitor with llll1b 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 computers. Ideal lor all
video monitoring / security applications with direct connactlon
to most colour cameras. High quality with many features such as
front concealed flap controls, VCR correction button etc. Good
used condition . fully tested - guaranteed Only £99 00
Dimensions: W14" x H12¾' x 15Y.i" D.
•
(EJ
PHILIPS HCS31 Ultra compact 9'' colour video monitor with stan•
dard composite 15.625 Khz video input via SCART socket. Ideal
for all monitoring/ security applications. High quality, ex-equipment
fully tested & guaranteed (possible minor screen bums). In attrac·
tive square black plastic case measuring WtO" x HtO' x 13½' D.
240 v AC mains powered.
Only £79.00 (D)
KME 10' 15M10009 high definition colour monitors with 0.28" dot

pitch . Superb clarity and modern styling.
Operates from any 15.625 khz sync RGB video
source, with RGB analog and composite sync
such as Atari, Commodore Amiga, Acorn
Archimedes & BBC. Measures only 13½" x 12• x
11'. Good used condition.
Only £125 (E)

j 32U - High Quality - All steel RakCab I
Made by Eurocrafl Enclosures Lid to the highest possible spec,
rack features all steel construction with removable
side. front and back doors. Front and back doors are
hinged tor easy access and all are lockable with
five secure 5 lever barrel locks. The front door
is constructed of double walled steel with a
'designer style' smoked acrylic tronl panel to
enable status indicators to be seen through the
panel, yet remain unobtrusive. Internally the rack
features fully slotted reinforced vertical fixing
members to lake the heaviest of 19" rack
equipment. The two movable vertical fixing struts
(extras available) are pre punched for standard
'cage nuts'. A mains distribution panel internal•
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched
ulllity socket. Overall ventilation is provided
fully louvered back door and double skinned top secli
with top and side louvres. The lop panel may be removed for filling
of Integral fans lo the sub plate etc. Other leatures include: fined
castors and lloor levelers, prepunched utjlty panel at lower rear for
cable / connector access etc. Supplied in excellent, slightly used
condition wit h keys. Colour Royal blue. External dimensions
mm=1625H x 6350 x 603 w . ( 64' H x 25" 0 x 23¾" W)
Sold at LESS than a third of makers price I!

A superb buy at only £245.00

2mm extender
The Robinson Nugent Metpak Two
range of 2mm connectors includes an
extender board option that allows butt
mating (edge-to-edge facing) of
PCBs. The 2mm interface and
footprint comply with IEC1076· 4·001,
48B and EIA/SP-3179 specifications.
The design enables inverse female
modules with integral guide pin to
interface with standard male modules.
When mated the connector bodies
are 23mm long including the shroud
and guide pin. PCB tails are available
in press fit and solder, and plastic
force fit pegs ensure retention to the
PCB during soldering. Available pin
counts are 30, 150 and 2 10 but other
multiples of 30-position five row
mono-blocks are possible.
Robinson Nugent
Tel: 01227 794495

(Gl

42U version of the above only £345 - CALL

20" 22" and 26" AV SPECIALS

12V BATTERY SCOOP - 60% off!!

Superbly made UK manufacture. PIL all solid state colour monitors,
complete with composite video & optional sound input. Allractive A special bulk purchase from a cancelled export order brings you
leak style case. Perfect for Schools, Shops, Disco, Clubs, etc.In the most amazing savings on these ultra high spec 12v DC 14 Ah
EXCELLENT little used condition with full 90 day guarantee.
rechargeable batteries. Made by Hawker Energy Lid, type SBS15
featuring pure lead plates which oiler a far superior shelf & guaran·
20"....£135 22" ....£155 26" ....£185(F)
teed 15 year service ltte. Fully BT & BS6290 approved. Supplied
We probably have the largest range of video monllots In
BRAND NEW and boxed. Dimensions 200 wide, 137 hi~h, 77 deep.
Europe, All sizes and types from 4" to 42" call for Info.
M6 bolt terminals. Fully guaranteed. Current makers price over £70
eachour Price £35 each fC) or 4 for £99 (E)

DC POWER SUPPLIES

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

TEST EQUIPMENT & SPECIAL INTEREST ITEMS
MITS.). FA3445ETKL 14" Industrial spec SVGA mon~ors
FARNELL 0•60V DC @ 50 Amps, bench Power Supplies
FARNELL AP3080 0·30V DC@ 80 Amps, bench Suppy
1kWto400kW. 400Hz3phasepowersources-exslock
IBM 8230 Type 1, Token ring base unit driver
Wayne Kerr RA200 Audio frequency response analyser
IBM 53F5501 Token Ring ICS 20 port lobe modules
IBM MAU Token ring distribution panel 8228·23·5050N
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE
ALLGON 8360.11805· 1880 MHz hybrid power combiners
Trend DSA 274 Data Analyser with G703(2M) 64 i/o
Marconi 6310 Programmable 2 10 22 GHz sweep generator
Marconi 2022c 1OKHz- tGHz RF signal generator
Marconi 2030 opt 03 l OKHz-1.3 GHz signal generator,New
HP1650B Logic Analyser
HP3781A Pallern generator & HP3782A Error Detector
HP6621A Dual Programmable GPIB PSU 0•7 V 160 walls
HP6264 Rack mount variable 0·20V @ 20A metered PSU
HP5412tA DC to 22 GHz tour channel test set
HP8130A opt 020 300 MHz pulse generator, GPIB etc
HP A1, AO8 pen HPGL high speed drum plotters • from
HP DRAFTMASTER 1 8 pen high speed ploller
EG+G Brookdeal 95035C Precision lock in amp
View Eng. Mod 1200computerised inspection system
Sony OX'C-3000A High quality CCD colour TV camera
Keithley 590 CV capacitor/ voltage analyser
Racal ICR40 dual 40 channel voice recorder system
Fiskers 45KVA 3 ph On Line UPS - New batteries
Emerson AP130 2.5KVA industrial spec.UPS
Mann Tally MT645 High speed line printer
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram
Siemens K4400 64Kb to 140Mb demux analyser

Superb quality

Virtually New, Ultra Smart

For MAJOR SAVINGS
CALL OR SEE OUR WEB SITE www.distel.co.uk

CABLE COr.lPA T/BLE '

The TELEBOX is an attractive fuly cased mans powe<ed IXlf, cooo,mg au
eecflooi::sreadytoplugntoaoostofvideomonito<sorAV~ v,ili:n
arefirtedvilhacompositevideoorSCART~ Theoompositevideooutput
wiff also plug direc!ly ilto most video reoo<defs, ano,,.,g reception ol TV c!,an,
ners not nonnally receivable on most television receivers• (TELEBOX
MB). Push button controls on the front panel allow rece¢:,n ol a fuly tlll8able
'off air' UHF cdour television Chamels. TELEBOX MB C<MlrS virtuaJly al television I r ~ VHF and UHF including the HYPERBAND as used by
most cable TV ope,a!OIS. Ideal lor desktop
video systems & PIP
(piclure n picture) sett.ps. For oomplete oompatilili!y • even lor monbs wi1hout
socnd - an rnqal 4 watt audio amplifier and low - Hi Fi audio OUlpUt are
providedasstandatd. Brandnew-fullygua,anteed.
TELEBOX ST lor compos~e video inpuI type monitors
£36.95
£39.50
TELEBOX STL as ST bul fitted with integral speaker
TELEBOX MB MuRiband VHFNHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mHz sound specilication.
'For ca.ble / hyperband signal receplion Telebox MB should be con•
t d t a cable type service. Shipping on all Telebox's, code (B)
State of the art PAL (UK spec) UHF TV tuner module
with composite 1V pp video & NICAM hi ti stereo sound
puts. Micro electronics all on one small PCB only 73 x 160
w"x 52 mm enable full tuning conlrOI via a simple 3 wire link lo an
IBM pc type computer. Supplied complete with simple working program and documentation. Requires +12V & + 5V DC to operate.
BRAND NEW. Order as MYOO.
Only £49.95
code (B)
see www.dlstel.eo.uk/dats_myOO.htm for picture + full detal/s

19" RACK CABINETS

10,000,000 items EX STOCK

TV SOUND&
VIDEO TUNER

Surplus always
wanted for cash!

HP6030A 0-200V DC@ 17 Amps bench power supply
£1950
Intel SBC 486/125C08 Enhanced Multibus (MSA) New
£1150
Nikon HFX-11 (Ephiphol) exposure control unit
£1450
PHILIPS PM5518 pro. TV s,gnalgenerator
£1250
Motorola VME Bus Boards & Components List. SAE I CALL £POA
Trio 0·18 vdc linear. metered 30 amp bench PSU. New
£550
Fujitsu M3041 R 600 LPM high speed band prinler
£1950
Fujitsu M3041 D 600 LPM printer with network interface
£1250
Perkin Elmer 2998 Infrared spectrophotometer
£500
Perkin Elmer 597 Infrared spectrophotometer
£3500
VG Electronics 1035 TELETEXT Decoding Margin Meler £3250
LlghtBand 60 output high spec 2u rack mount Video VDA's £495
Sekonic SO 1SOH 18 channel digijal Hybrid chart recorder £1995
B&K 2633 Microphone pre ame,
£300
Taylor Hobson Tallysurt amphfier / recorder
£750
ADC SS200 Carbon dioxide gas detector /monitor
£1450
BBC AM20/3 PPM Meter (Ernest Turner)+ drive electronics £75
ANRITSU 9654A Optical 0C-2.5G/b waveform monitor
£5650
ANRITSU MS9001Bt 0.6-1 .7 uM optical spectrum analyser tPOA
ANRITSU ML93A optical power meter
£990
ANRITSU Fibre optic characteristic lest set
£POA
R&S FTDZ Dual sound unit
£650
R&S SBUF-E1 Vision modulator
£775
WILTRON 6630B 12.4 120GHz RF sweep generator
£5750
TEK 2445 150 MHz 4 trace oscilloscope
£1250
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount
£1955
TEK TDS380 400Mhz digital realtime + disk drive, FFT etc £2900
TEK TDS524A 500Mhz digttal realtime +colour display etc £5100
HP3585A Opt 907 20Hz 10 40 Mhz spectrum analyser
£3950
PHILIPS PW1730/10 60KV XRAY generalor & accessories tPOA
CLAUDE LYONS 12A 240V single phase aulo volt regs
£325
CLAUDE LYONS 100A 240/415V 3 phase auto. volt regs £2900

RELAYS - 200,000 FROM STOCK
Save ££££'s by choosing r.our next reh3y tram our Massive Stocks
covering types such as M1lltary, Ocral, Cradle, Hermetically Sealed,
Continental, Contactors, Time Delay, Reed, Mercury Wetted, Solid
State, Printed Circuit Mounting etc. , CALL or see our web site
www.dlstel.co.uk tor more information. Many obsolete types from
stock. Save ££££'s

1.1W transistors
Zetex's ZXT 13 transistors use the
firm's Supersot4 technology in a
SOT23·6 package. Power dissipation
is 1 .1 W and continuous collector
current up to SA. There are six
devices - three n-p-n and three p-n· p
-with ratings from 12 to 50V. To
allow switching with low base
c urrents, the c urrent gain of each
device is from 300 to 900. Typical

622MHzVCXO
A voltage•controlled crystal oscillator
for time-multiplexing applications in
SDH STM-4 and Sonet STS-12
synchronous d igital trunk lines has

.,;r

-ELE[TRDIY/[5EST.
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Dept

29/35 Osborne Rd
Thornton Heath
Surrey CR7 8PD
Open Mon • Fri 9.00 • 5:30

tions where mains power not available.

ONLY £99.00 or 2 for £180.00 (BJ

SOFTWARE SPECIALS
NT4

WorkStation, complete with service pack 3
and licence • OEM packaged.
ONLY £89.00 /BJ
ENCARTA 95 - CDROM, Nol !he latest· but al this price! £7.95
DOS s.o on 3½" 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 lor DOS supplied on 3½" diSks wijh manual £24.95
shipping charges for software is code B

9~00~?:ra----01
215 Whitehorse Lane
Visit our

i~~i~ ~e~-z~~~

web site
WWW.distel.co.uk

0208 65:1 3333

Sethurst Park SR Rill Stations

email= admln@distel.co.uk

FAX 0208 653 8888

,.., Thornton t-1.ath &
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Enquiry No 505

Synchronous
rectification IC

Enquiry No 506

Enquiry No 502
ll""--

All pri:es for UK Mahlaro. UI< customers add 17.5% VAT to TOTAL order amomt Mmt111 order £10. Bona Fde accoonl orders accepled from Goverrrnent Schools.
Urwers/lJeS and Local AuthOfites • mr,mt111 account order £50. Cheques over £100 are subject to 10 WOll<ng days clearance. carriage charges (A),=£3.00, (A1)=£4.00,
(8)=£5.50, (C);£8.50, (Cl) £12.50, (D):£15.00, (E):£18.00, (F)=E:20.00, (G)=CALL />JoN approx 6days lor shwng · faster CALL Al goods st.W[ied lo our Standard Conolms
04 Sate and unless staled guaranteed for 90 days. All guarantees on a return to base basis. Al ,v,ts reseMld to change prices/ specifications withoul pro, nooce. Orders subject
to stock. Discounts for volume. Top CASH prices paid for surplus goods. Al trademarks. lradenames e<c ad<nowledged. © Display Elearonics 1999. E & 0 E. 07/99.

CIRCLE NO.

Mitel Semiconductor has launched
the MT91600 programmable
subscriber-line-interface circuit. It
p rovides the interface between a
switching system and a subscriber
loop for short•range applications. The
device provides the normal inte rlace
functions between the codec or
switching system and the analogue
telephone line, including battery feed,
programmab le constant pulse
detection, user-definable line and
network balance impedance, and
off-chip audio gain programming. It
can accommodate a programmable
curre nt range between 18 and 32mA.
Mite/ Semiconductor
Tel: 01793 518000

Multi-rate Ethernet transceiver

DISTEL on the web 11 - Over 16,000,000 items from stock - www.distel.co.uk
ALL MAIL TO
~~~M~:?~,
s1 EL@ ALL 'H' ENQUIRIES
ww,
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Programmable SLIC

Nationa l Semiconductor claims to have the industry's first single-chip
10/100/1000Mbit/s Ethernet transceive r, which is backward compatible to
existing Ethernet infrastructures. The DP83891 G ig Phyter is a full-feature
physical layer transceiver with integrated PMD sublayers to support
10BASE-TX, 100BASE-TX and 1000BASE-T Ethernet protocols, and is
compliant with IEEE 802.3 specifications, including: IEEE 802.3ab, IEEE
802.3u, IEEE 802.3 compliant Auto•Negotiation, IEEE 802.3u M Ii and
IEEE 802.3z GMII.Gig PHYTER is designed for implementation of
10/100/1000Mbit/s Ethernet LANs. It uses standard single Quad TXTransformer interface and performs error-free operations at over 140m,
40m greater than IEEE specifications. The Intention is to support
deployment of the Gigabit technology within an existing 10/100Mbit/s
environment using Cat. 5 cabling. O ther features Include fully IEEE
802.3u-compliant Auto-negotiation at all three speeds of 10, 100 and
1000Mbit/s.
National Semiconductor
Tel: 00 49870 24 0 2171

Overall dimensions 66 mm wide x 117 deep x 43 high. Supplied
BRAND NEW & fully guaranteed with user data, IOO's of applica•
lions including Security, Home Video, Web TV, Web Cams etc, etc.
Web rel~ LK33

Enquiry No 503
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16-bit d-to-a converter
The L TC 1657 from Linear Technology
is a parallel 16-bit voltage output
d-to-a converter for SV single supply
systems. It includes a rail-to-rail
output buffe r a nd an internal 2.048V
reference. This device inc ludes a
16-bit or 2-byte double-buffered
architecture that allows glueless
interface to micros and DSPs.
Differential non•linea rity is ± 1LSB
maximum. The device consumes
650µA typical and includes an internal
reference and rail-to-rail output buffer
that can d rive capacitive loads.
Power-on reset c lears the o utput to
zero. The package is a 28-pin SSOP
orPDIP.
Unear Technology
Tel: 01276 6 77676
Enquiry No 507

Audio DSPs
Toshiba Electronics has released
d igital signal processors supporting
audio compression formats in silicon
audio players, DVD players and TVs.
The TC9446F-004 single·chip DSP
supports decoding AAC (two c hannel)
and MP3 compression formats and

International Rectifier has introduced
the IR1175 synchronous rectification
IC ($RIC) which is designed to
provide optimised gate drive for the
MOSFETs configured as synchronous
rectifiers in the secondary side of an
isolated DC-to-DC converter. The IC
programs the gate drives to ensure
that the losses through the
synchronous rectifiers are minimised
and the parasitic d iodes do not
conduct. The IR1175 $RIC boosts
converte r efficiency to 90% at 3.3V
output, c laims the supplier.
/ntemational Rectifier
Tai: 01883 732020

Enquiry No 501

Undoubtedly a miracle of modern technology &
our special buying power ! A quality product featuring a fully cased COLOUR CCO camera al a -•,, -w.::,r.-.;
give away price ! Unit leatures full autoli9hI sensing for · ,,
i
use In low hght & hi gh llght •··
applications. A 10 mm fixed focus
wide angle lens gives excellent focus
and resolution from close up lo long
range. The composite video output will
connecl to any composite monitor or TV
(via SCART socket) and mos! video
recorders. Unit runs 1rom 12V DC so
ideal for security & portable appllca·

saturation v oltages are down to 45mV
at a collector current of 1A, with a
base current of 1 OmA.
Zatex
Tel: 01616224422

the TC9446F-003 supports decoding
for Dolby Digital, Dolby Prologic and
other audio·visual systems including
DVD. Using a 24-bit by 24.- bit
p rocessor, which incorporates 12k
word data RAM and 12k word
prog ra m ROM. both have a 128 word
prog ra m RAM. Up to 1 Mbit external
$RAM can be used as data RAM.
Operating at 3 .3V, they come in a
100-pin QFP.
Toshiba Electronic
Tel: 00 49 211 52960
Enquiry No 508

LCD card for Pll/111
An LCD CPU board from Anders
comes in a half· size format supporting
Pentium II and Ill p rocessors. Using
industrial specification LC Ds, these
boards have applications in
information kiosks, PoS advertising ,
games machines, medical equipment
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£97
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Professional PCB Layout for Windows at Computer Store Prices!!

Easy-PC For Windows
Versi9n 3.0 of this outstanding product is the
latest evolution of one of the most popular
affordable CAD systems available. With powerful new features and a true Windows graphical
user interface, it is also one of the easiest to
learn and use.

Two-stage voltage inverters

and avionics. The HS-6200 supports
CPU speeds above 650MHz and data
bus speeds of 100MHz. Able to drive
TFT, DSTN or EL LCDs up to 800 x
600, with 2Mbyte video memory, the
product includes a power connector.
The board can be used without a
backplane. Although the single board
computer is available as a
component, the firm can also supply a
fully configured product with display,
touch screen, bios and cabling. Able
to support 1OOMbit/s Ethernet, it has
USB, lrDA and two serial ports. There
are also a bidirectional parallel port,
two IDE ports and Dimm support for
$DRAM up to 1Gbyte. The device
can be configured with two floppy
drives. Disc-on-chip to 144Mbyte is
possible. The board includes a PISA
(PCl+ISA) connector for backplane
expansion.
Anders Electronics
Tel: 0207 388 7171
Enquiry No 509

The BGV503 and BGV903 are one and
two-stage voltage inverters from Infineon.
They convert a positive supply voltage
between +2.7 and +5.0V to a typically
corresponding negative output voltage of
-2.1 to -4.6V and -4.4 to -9.6V,
respectively. The BGV503 has an
integrated regulator for biasing GaAs
FETs and depletion high electron mobility
transistors. An integrated oscillator has a
typical frequency of 230kHz. The p·p
output voltage ripple is typically 25mV at
output currents of 3mA (C 0 u1=1 µF) .
Shutdown input supply current is less
than 5µA between -25 and + 1oo•c. Both
come in TSSOP· 10·1 packages.
Infineon Technologies
Tel: 00 49 89 234 22767
Enquiry No 110

reconfiguration. The DM4·2140
graphics controller interlaces with
graphics modules based on the
Toshiba T6963C. It caters for 128 x
64, 128 x 128,240 x 64 and 240 x
128 display formats through an
RS232 9600 or 19,200baud device.
OM Electronics
Tel: 01235 811880
Enquiry No 512

Time up to 3 hours
With a three hour timing range, the
S1 DX timer from Matsushita has four
operating modes - power on-delay,
flicker, one-shot and one-cycle. Status
is shown by colour LEDs on the front

RF power transistor
Ericsson has introduced the
PTF10149 RF transistor for the 920 to
960MHz band. It uses Goldmos
technology. With an output power of
70W, it is suitable for GSM mobile
phone base station transmitters. Gain
is 16dB, linearity ±0.25dB and
efficiency 50 per cent. It operates from
a 28V supply and has a minimum
drain-source breakdown voltage of
65V. The n-channel enhancement
mode FET has a load mismatch
tolerance of 5:1. Class AB two-tone
third order intermodular distortion is
- 37dBc at 20W peak envelope power.
It uses gold metallisation, ion
implantation and sur1ace passivation.
Ericsson
Tel: 00 46 8 757 4700
Enquiry No 511

LCD controller boards
DM Electronics produces two
controller boards for character and
graphics LCD modules. The
DM4·2120 character controller
interlaces with character modules
based on Hitachi's HD44780. It can
be used with popular display formats
up to four lines of 40 characters
through an RS232 9600 or
19 200baud input device. Features
include input buffer, constant current
source for LED backlighting, contrast
adjustment potentiometer and patch
panel to allow LCD connector

With full manufacturing outputs using Gerber,
Windows printers, N.C. Drill and pen plotters it
is one of the most complete systems for the
casual to the professional user.

125°C. They are for use in computers
and other switch-mode power
applications, including AC-to-DC
supplies, DC-to-DC conversion and
power factor correction in
uninterruptible supplies. The

HGTG20N60A4 has a collector-toemitter saturation voltage of 1.6V
typical at 125°C. It is MOS gated.
lntersif
Tel: 01344 350250
Enquiry No 514

Run multisheet Schematics, PCB layouts and
library manager all at the same time in the
same interface. Switching between each is
simply case of selecting the window with the
mouse without running a new program.
Now with our new autorouter option.

Number One Systems
Call 01684 773662 or Fax 01684 773664
Email info@numberone.com

120V ISDN/Slic protector
Power Innovations has introduced the TISP6NTP2B surlace-mount
ISDN protector. The 120V maximum rating makes it suitable for
providing overvoltage protection on up to four ISDN DC power supply
lines or two Slics. It combines four programmable and independently
triggered protectors in a SOIC package, with each protector having
international protection ratings including 25A ITU-T K20/K21 1onoo and
20A GR-1089-Core 10/ 1000. The trigger voltage is automatically
programmed by reference to the system main supply voltage. In
operation, negative surges are initially clamped close to the power
supply rail, followed by a fast crowbar action, reducing voltage stress for
downstream elect_ronics. Positive surges are clamped to ground by an
integrated inverse parallel diode for each line. It comes in tube or tapeand-reel format. Offstate capacitance is 60pF at - 50V to ensure
transparency in normal use and it has a 150mA holding current. Trigger
current is 5mA.
Power Innovations
Tel: 01234 223022
Enquiry No 515

face. The timer comes in five relay
output and solid-state output versions.
Relay output versions cover AC and
DC operation, and the solid-state
alternatives as transistor and triac
types. Accessories include mounting
frames, leaf holding clips, protective
covers, sockets, caps and DIN
terminal sockets in various
configurations. This UL and CSA
approved timer is suitable for timer
control panels, production machinery
and sequence operations.
Matsushita
Tel: 0 1908 231555
Enquiry No 513

Number One Systems, Oak Lane,Bredon, Tewkesbury, Glos, GL20 7LR. UK
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The science· lab in a PC

The DrDAQ is a low cost data logger from Pico Technology.
It is supplied ready to use with all cables, software and
example science experiments.

DrDAQ represents a breakthrough in data logging.
Simply plug DrDAQ into any Windows PC, run the supplied
software and you are ready to collect and display data.
DrDAQ draws its power from the parallel port, so no batteries
or power supplies are required.

Power supply IGBT
lntersil has announced a 600V IGBT
for switch-mode power applications
requiring off-line power conversion at
frequencies of 1OOkHz or more. It
delivers currents to 20A and has a
current fall time of 70ns typical at

Very low cost
Built in sensors for light, sound (level and
waveforms) and temperature
Use DrDAQ to capture fast signals (eg
sound waveforms)
Outputs for control experiments
Supplied with both PicoScope
(oscilloscope) and Picolog (data logging)
software

ei: 01480 :f96395 Fax: 01480 396296 E:mall:
CIRCLE NO.11 ~ ON RfPLY CARD
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Piezoelectric actuators
Tokin piezoelectric actuators are
available from Semicom. Using the
piezoelectric longitudinal effect to
transform electrical energy into
mechanical energy, these devices are
suitable for mechatronic systems with
movement in increments down to
1µm. The AE resin-coated
components deliver a typical clamping
stress of 3500N/cm2 • They can be
driven to a third of the self-resonant
frequency and have solid-state
construction. A metal-sealed variant,
the ASB, has also been introduced.
Applications include pickup and
tracking control of magnetic heads for
hard disc drives and positioning of
mirrors or prisms in laser systems.
Semicon
Tel: 01279 422224
Enquiry No 516

SVGAcolour
STN display
Hitachi has announced an SVGA
colour STN display for PC and
internet browsing. The 25.4cm display
has a contrast ratio of 50: 1,
brightness of 200cd/m2 and power

encrypted program code execution,
anti-spoofing technology and an
integrated lpsec accelerator. The
processor integrates bulk data
encryption, hashing, public key
acceleration, random number
generation and battery backed
memory. A software development kit
will be available in the spring.
Philips Semiconductor
Tel: 00 3140272 2091
Enquiry No 518

Inverse multiplexer
The Mitel MT90220 is an eight-port
ATM physical layer inverse multiplexer
providing a multi-vendor PCM interface
and is for systems that implement ATM
access over existing trunk interfaces,.
such as central office access
concentrators and edge switches. It
lets users set up multiple ATM
multiplexing groups and can handle
eight T1 and E1 interfaces. In mixed
mode, T1 and E1 lines can be
programmed to operate as inverse
multiplexed or Uni lines for ATM over
T1 and E1 IMA and Uni services
operating simultaneously. It can be
used for asymmetrical applications,
such as internet access, where more
bandwidth is required in one direction.
The ability to route clocks from T1 and
E1 lines allows the use of various
phase lock loops. Supplied in a
208-pin POFP, it provides a Utopia
level two phy interface that lets up to
four devices be cascaded, delivering
up to 32 T1 and E1 interfaces.
Dip International
Tel: 01223 462244
Enquiry No 519

Enclosures
consumption of 2W. It is suitable for
point-of-sale, point-of-information and
internet terminals. The SX25S003
uses multi-line drivers. The
transmissive CSTN display has a
resolution of 800 by 600 pixels with
265 000 colours and operates from a
+3.3V supply. Response time is
270ms. The CFL is enclosed in an
evacuated glass flask, which ensures
the heat generated is used to raise
the temperature of the fluorescent
tube. This means less power is
needed to operate the display and
backlighting.
Hitachi
Tel: 01628 585163
Enquiry No 517

Security processor
Philips has introduced the VMS747
single-chip security processor that
can handle higher than 256MbiVs
lpsec processing (30ES and
M05/SHA-1 hashing). It is based on
transportable IP blocks that are part
of the company's Velocity RSP7
security tool set. Applications include
virtual private networks for OC3 and
higher and cryptographic security in
financial servers and point-of-sale
terminals. It has an integrated Arm?
32-bit Rise microprocessor
subsystem. Security features include
a dual-state processor architecture,

402

APW has introduced the VEcase 700
EMC-screened desktop, 19in
rack-mount and tower enclosures for
CPCI and VMEbus systems. with
applications in networking, traffic,
transportation and industrial control.
There are 18 versions - 3 and 6U
heights in 42, 60 and 84HP widths and
depths of 240, 280 and 340mm. They
have an extrusion-based design. For
CPCI systems, the front tiebars are
compatible with IEEE1101.10, letting
the injector and extractor handles
operate correctly. For CPCI computer
telephony, versions compatible with
the IEEE1101.10 rear-plug module are
available. The deepest 340mm
standard unit will accept two 160mm
deep cards back-to-back in the same
slot position. For VME and generalpurpose use, IEC297-3 tie bars let
cards be mounted vertically or
horizontally. RFI attenuation is
typically greater than 45dB at
100MHz for the standard version. A
further 1 OdB attenuation can be
gained by fitting an optional EMC
upgrade kit. Thermal management
options include rear panels fitted with
extractor fans, ventilated covers and
sides and, in the extended height
units, slim-line fans in the base below
the active card area. The units are
stackable.
APW Electronics
Tel: 01489 780078
Enquiry No 520

0-core choke
Epcos has introduced the B82731-M D core choke, a current-compensated
double choke for interference suppression in electronic power supplies for
lighting ballasts and TV sets. Inductance is between 3.3 and 47mH. Pin grid
size is 12.5 by 10.0 ±0.2mm. Pin size is 0.6mm. With rated voltages of
250V AC or DC, the EMC component covers rated currents from 0.5 to
1.8A. Weight is about 8g and the device incorporates a closed rectangular
ferrite core and a closed polycarbonate coil former with four sections. The
coil former is flame-retardant to UL94V-O. The choke is made without
encapsulation or adhesive materials.

Epcos
Tel: 01344 396689
Enquiry No 521

The Distributor with
20,000 har_d -to-find lines
EX STOCK!!!
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Semiconductors

3.5 digit 0.5inch led d isplay
AC & DC voltage
DC current to l0A
Resistance
Diode & t ransistor hFE test
Basic accuracy of 0.5%
Overload protection
Supplied with battery & probes
Optional soft carrying case

Computer products
We carry in stock everything to make a Personal Computer.
CPUs - Memory - Motherboards - Cards - Scanners Modems - Sound Cards - Speakers - All types of Drives Cases - PSUs - Monitors etc
. .
. ,,
,

. .

.. . .

Components & equipment
Capacitors - Resisitors - Connectors - Potentiometers Cables - Batteries - Speakers - Amplifiers - Lamps Microphones - Fans - Power supplies - Transformers Buzzers - Sirens - Fuses and Holders - LEDs - LCDs Relays - PA Systems - Tools - Test Equipment- etc

to us for our latest catalogue
Semiconductor Supplies International Ltd

digital multimeter for just £8
Features

We have one of the largest ranges of discrete parts in the
UK, both new and obsolete types and, if we do not have it in
stock, we can usually source it for you.

.

30% discount for EW readers

nnn
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For a limited period Vann Draper is offering the compact DT830B digital multimeter
to readers of Electronics World at over 30% discount.

Vann Draper Electronics Ltd
The test & measurement specialists
www.vanndraper.co.uk
New & ex-demonstrat ion instruments from Gru ndig ,
Kenwood, Hameg, T ektronix , Hitachi, Fluke, Avo, ...... . .

~-----------------~
Use this coupon for your order
Please supply me .
............DT830B multimeter(s) at £8.00 inc vat and del
. ...........Soft carrying case(s) at £3.50 inc vat and det
Name . .. .. ..... . .
Address

The DT830B normally sells at an already low price of £12.56 but is available to
readers of EW for the amazing price of only £8 fully inclusive of vat & delivery.
Ideal as a first meter or as a back up meter, the DT830B is supplied ready to use
complete with test probes, battery, operating instructions and a 1 year guarantee.
An optional soft vinyl carrying case is available at £3.50 including vat and delivery.

Tel No.

To order simply post the coupon to Vann Draper Electronics Ltd at
Stenson House, Stenson, Derby DE73 1 HL.
Alternatively tel 01283 704706, fax 01283 704707, email sales@vanndraper.co.uk
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DC volts
AC volts
DC current
Resistance
Transistor hFE
Size
Weight

Key Specifications
200m, 2V, 20V, 200V, 1000V basic accuracy 0.5%
200V, 750V basic accuracy 1.2%
200uA, 2mA, 20mA, 200mA, 10A
200, 2k, 20k, 200k, 2Mohm basic accuracy 0.8%
Oto 1000
70 x 126 x 24mm,
170g
CIRCLE NO. 116 ON REPLY CARD

Total £ . . . . ... .
Cheques payable lo Vann Draper Electronics Ltd
or debit my Visa, Mastercard or Switch card.
Card type
Card No
.. Switch iss No .

Expiry date .
Signature

I

Overseas readers can still obtain this discount but carriage
charges vary according to country. Please telephone, fax.
email or write to Vann Draper.
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Please quote

PCB applicator

SM relay
Rhopoint Components has introduced
a solid-state relay in a surface mount
package for modems and data
communications applications. The
G2-DA06 is a dual-form A device with
18Q maximum on resistance - 10Q
typically - that can handle continuous
load current of 180mA and peak load
voltages of 250V. Input to output
isolation is 3750V RMS. Maximum
height is 0.22cm. No EMI or RFI is
generated by the relay and its solid
state construction eliminates arcing
and contact bounce. No snubbing

Donprint has developed a device for
printing and applying PCB labels. The
Apply-Mark 61 O uses the Zebra 90xill
printer with 600dot/in resolution. It can
be linked or retrofitted to most
production line equipment such as
conveyors. It can also be combined
with the firm's barcode software, data
capture products and customised
programming services for work in
progress tracking. Cycle times are
less than 3s and accuracy
repeatability 0.5mm. The firm is
developing three and four-axis
applicators for multiple label pick-andplace application in one pass.
Donprlnt
Tel: 01355 249191
Enquiry No 524

Flash for GPS
Unique Memec is sampling three
silicon storage x16 flash products.
The 8Mbit 39VF800A, 4Mbit
39VF400A and 2Mbit 39VF200A have

read access times of 45ns and use a
2.7 to 3.6V voltage supply for read,
program and erase. They are suitable
for program code storage in GPS
navigation systems, MP3 players,
PDAs, DSL, DVD, CD-RW, modems
and disk drives. They use a uniform
sector architecture of 4kbyte or
2kword and have a uniform block
erase capability of 32kword or
64kbyte. Erase speed is 20µs per
word for programming, 25ms for
sector and block erase and 100ms for
chip erase. They come in 48-pin
TSOP and 48-ball TFBGA packages.
Unique Memec
Tel: 01296 397396
Enquiry No 522

Engineers and scientists can create
measurement applications in
Microsoft Visual C++, Visual Basic,
and Labwindows/CVI using
Measurement Studio from National
Instruments. The set of integrated
measurement tools includes
acquisition, analysis and visualisation
for text-based programming
languages. The package includes
user interface controls, mathematical
analysis, signal processing routines
and high-level data acquisition and
instrument control 1/0 libraries for
Visual C++ and Visual Basic. It
integrates tools for data acquisition, .
data analysis and data visualisation
directly into Visual C++.
National Instruments
Tel: 01635 523545
Enquiry No 523

use protector
A dual-channel, high-side switched
For the 868MHz band, Low Power Radio Solutions has introduced the
Radiometrix FM TX3 transmitter and RX3 receiver. These modules operate
at 869.85MHz. Internal filtering gives the receiver selectivity, providing
immunity against the introduction of Tetra systems at 870 to 876MHz. Data
rate is up to 64kbit/s. The ETS300-220 compliant transmitter provides a
1mW power output, which, with the receiver's -1 OOdBm sensitivity,
provides a line-of-sight range up to 200m or around 50m in buildings. Both
units will operate from a lithium cell supply. Minimum voltage requirements
are 2.2 and 2.7V respectively for the transmitter and receiver, making them
suitable for portable, battery-powered applications such as hand-held
terminals. They are screened to ensure EMC compliance. They suit
products for European and North American markets. Pin compatible
versions are available operating at 916MHz and conforming to FCC part 15.
Low Power Radio Solutions
Tel: 01296 397396
Enquiry No 525

Series 500 ITT Networks 24-port 1U
patch panels from AX Distribution
provide 96 outlets in 4U cabinet
space. They use Link SE (cat SE)
RJ45 data jacks and come with
shielded or unshielded 808
connectors, cable ties and fixing kits.
The panels can be mounted into the
rack or cabinet first, letting the
terminated 808 mark-two connectors
be individually located and secured.
Also available are cord management

✓ 8 M reoolut,on
✓ Windows and DOS software available

DVM,

For 200 years the
definitive source of UK
produds & services

scope. Spectrum

Logging

✓ 7 ranges +1 25V to +5.0V -2.5V and

±2 5V

✓ Crystal controlled timing tor accurate DSP
✓ Sfmple to Interface to your own software
✓ Low Cost • just £69. 33 Incl vat.

12 bit module coming soon ...

RF
Instruments

Application
specific tools

A new test and measurement
catalogue is available from
Professional Instrument Distributors.
100 pages describe equipment for
electrical, electronic, safety and
environmental testing. Recorders,
data loggers and analysers are
among the 1000 items in the
catalogue. There are five regional
sources of the catalogue covering the
whole of the UK. Ask for your regional
outlet via the number below.
Professional Instrument Distributors
Tel: 01756 799737
Enquiry No 527

FM transmitter and receiver

24-port 1 U patch panels

The NEW HF-08 Analog to Serial Converter

HF

EMC

Instruments

Equipment

Phone: 01420 590000
e-mail: sales@hf-inst.co.uk

Data Logging
& Acquisition

Metered bench power supplies
Up to 60V and 6A
Prices from £127 inc. VAT

Instrument catalogue
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Electronics World when seeking further information

circuits are needed. UL and CSA
recognised, the relay is certificated to
BABT and VOE.
Rhopoint Components
Tel: 01883 717988
Enquiry No 526

Test & Measurement Instruments

LSI IC measuring 5.0 by 6.2 by
1.Smm provides power system
protection for equipment with a built-in
USB hub. Rohm's BD6510F is for
PCs, scanners, monitors, printers,
disc drives and cameras. Features
include under-voltage lockout,
overcurrent protection and thermal
shutdown circuitry that incorporates
an output latch to ensure complete
power shutdown . Typical on
resistance is 1oomn and it can
operate with voltages from 3.0 to 5.5V
making it suitable for notebook
computers and other applications with
mixed 3.3 and 5V power circuits.
Rohm Electron/cs
Tel: 01908 282666
Enquiry No 528

www.kellys.co.uk
CALLNOW FOR FURTHER INFORMATION
panels and clips for routeing patch
cords within cabinets
AX Distribution
Enquiry No 529

~~~NE

...... - "·

0800 521393

Visit our Web Site for full details:

www. hf-inst. co. u k

Electrolytic capacitors
CIRCLE NO. 117 ON REPLY CARD

The GY electrolytic capacitors from
Nichicon are for industrial power
supplies in ballast applications.
Working voltage is 160 to 250V (-40
to + 105°C) and 315 to 450V (-25 to
+ 105°C) and capacitance 39 to
2200µF. Tolerance is ±20 per cent.
Ripple current covers 0.65 to 2.9A
RMS. They have snap-in terminals,
diameters of 22, 25, 30 and 35mm
and lengths from 25 to 50mm.
Nichicon
Tel: 01276 685393
Enquiry No 530

GaAs amplifier
The SXA-289 monolithic GaAs
power amplifier from Link Microtek
is for use as a driver stage in base
station equipment for cellular, ISM
and narrowband PCS applications.
Made by Stanford Microdevices, it
uses Darlington pair topology to
provide broadband performance
from 50MHz to 2GHz, while drawing
110mA from a +SV DC supply.
Typical third-order intercept point is
42dBm across the full frequency

ELECTRONICS WORLD May 2000

The range of 'FM-Cont rollers' provide ·
most of the features required for
embedded control at a very low cost

DEV ELOPM ENT
The PC Starter Pack provides the
quickest method t0 get your application
up and running
·

FEATURES FM-200 Controller
• 68K Micro-Controller 14 MHz clock
• 512 Kbytes Rash EEPROM
• 512 Kbytes SRAM Battery Backed
• 2 RS23~ Serial Ports
• 1 RS232/RS485 Serial Port
• Real Time Calendar Clock
(Y2K Compliant)
• Watchdog & Power fail detect
• 10 Digital 1/ 0 Lines
• 2-16 bit Counter/Timers
• 12C Bus or M-Bus
• Expansion 11us
• Size 100 x 80 mm

Operating System
• Real Time Multi Tasking
• Unlimited copy licence

OPTIONAL EXTRAS
Additional extra features to the FM 200
• LCD Port Graphics or Alphanumeric • Up to 32 Digital VO Channels
• Key Pad Port 64 Keys 8 x 8
• Up to B Mbytes of SRAM Battery
• 8 Channels B bit analogue in
• 2 Channels 8 bit analogue out
• 8 Channels 13 bit analogue in

Backed
• Up to 512 Kbytes of Flash EEPROM
• 1 Mbyte EPROM Space

OTHER FEATURES

C1\ tv!I3RIDGE

MICROPROCESSOR

May 2000 ELECTRONICS WORLD

• 'C'. Modula-2 and Assembler
• Full libraries & device drivers provided

Expansion
• Easy to expand to a wide range of
peripheral and

VO cards

Support

• U~ownload removable card for data
logging and or re-programming
• STE VO Bus, 68000 and PC Interface
• Designed, Manufactured and supported
in the UK

_Languages

•

SYSTEI\IS LIMITED

Units 17-18. Zo ne D C helmsfo rd Ro ad lndus1r1al Estate, Great Dunmow.
Essex U K Ctvl6 l XG Tel. +44 (OJ 137 1 875644 Fax: +44 (0 ) 137 1 8 76 077
CIRCLE NO. 118 ON REPLY CARD

· • Free unlimited telephone, FAX, email
and Internet support

Custom Design
• CMS w ill design and manufacture to
customers requirements
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BOOK TO BUY
Official Wireless Applicauon
Protocol: The Complete Standard
wnh searchable CO-ROM
Available for the first time in book and CD form, the
complete, unabridged standard of the breakthrough
wireless technology standard. The Wireless
Application Protocol (WAP) is the first open,
licence-free standard which allows for the first time
any brand of wireless device to talk to another
across all networks
worldwide. The potential
for new applications
using this protocol is
• w1UY
enormous. Unwired
Planet is the firm that

(}ffiClJJl

wtreless

APPiication
protocol

developed WAP with
AT&T Wireless, Motorola,
Nokia, and Ericsson. In
this, the first of a threebook series on WAP,
they provide the definitive
reference of the standard.
CD-ROM provides the
unabridged specification
for quick reference

UK Price: £45.50 Europe £41.00 ROW £49.50

* * Price includes delivery and package * *

?··/
range. Noise is SdB in the 800 to
900MHz and 1800 l o 2000MHz
bands. Power gain is typically 20dB
in the cellular band and more than
14dB in the PCS band. Fabricated
using GaAs heterojunction bipolar
transistor technology, it is housed in
a SOT-89 surface-mount plastic
package. Evaluation boards,
development kits and application
circuits are available.
Link Microtek
Tel: 01256 356771
Enquiry No 531

66W switching
regulator
UR has available the STR-G6651
offline quasi-resonant flyback
switching regulator from Allegro
Sanken. The switch-mode powersupply regulator is for industrial,
telecoms, datacomms, white goods,
lighting, metering, charger and
security applications. Capable of
handling up to 66W, the device
comes in a five-pin over-moulded
isolated TO-220 package and
incorporates the primary control and
drive circuit with a discrete
avalanche rated power MOSFET.
The MOSFET has a Vds of 650V
and is constant voltage soft gate
driven. II can be used at switching
frequencies of 20 to 300kHz and has
built in cycle by cycle programmable
current protection, latched
overvoltage protection, latched
thermal shutdown, internally
programmed soft start and under
voltage lock out.
Ultimate Renaissance
Tel: 01793 439310
Enquiry No 532

cache, 1Mbyte solid-state disk,
watchdog and real-time clock and
floppy disk and keyboard controllers.
HM Computing
Tel: 0 1299 250997
Enquiry No 533

60mm square fan
The San Ace SOL fan is available
from EAO. The fan measures 60mm
diameter by 25mm thick, and has a
claimed operating life of 100 000
hours at 60°C ambient temperature.
The unit is available in 5, 12 and
24V versions. Nominal acoustic
noise level is 28dB(A) . Alarm
functions are available for remote

Too good
for words

~

~

r 'i
r~

0

z<(

The New Ranger

·xL Series
Ranger 2 for Windows ·
NEW Ranger 2XL
NEW Raµger XL from

~

The Complete,sJntegrated
Schematic PCB Layout
Package

The Quadrant, Sutton, Surrey, SM2 SAS

Please supply the following title:

Official Wireless Application Protocol
Total._ _ __
Name
Address

HM Computing has launched a 3U
Eurocard combining a Pentium
processor with functions and
interfaces for real-time embedded
systems. The card may be expanded
using CompactPCI or PC/ 104
implemented as a mezzanine bus. It
provides a foundation for controlling
machinery and instrumentation and
will run any PC operating system, as
well as real-time operating systems
including QNX, PSOS, VxWorks,
Linux and Pharlap. The CPU-7310
card uses a Pentium or KS
processor operating at up to
400MHz. Also onboard is 64Mbit
DRAM, 0.5Mbit synchronous L2

'
Email: sales@seetrax.com
Websi te:' www.seetrax.com .

-

Old B uriton Lime Works, Buriton, Petersfield, Hants. UK GU3 I 5SJ
Tel: (44) 01730 280062 Fax: (44) 01730 267273

CIRCLE NO.119 ON REPLY CARD

monitoring, and locked-rotor
protection is provided by an
overcurrent limiting circuit.

WATCH SLIDES ON TV
MAKE VIDEOS OF
YOUR SLIDES
DIGITISE VOUR
SLIDES

EAO
Tel: 01444 236000
Enquiry No 534

Configurable
memory device

(using a video capture card)

A wafer-scale integration Easyflash
programmable system device from
Insight Memec provides in-system
programmability of blank devices via
a four-pin ISP port, based on the
JTag standard, which lets code
bypass the MCU blank and flow
directly into the device's memory
banks. The WSI PSD9xx can be
soldered onto the circuit board and
programmed at the end of the
assembly line. The device provides
concurrent memory arrays to
support in-application

"Liesgang diatv" automatic slide viewer with bum in high quality colour TV camera. II has
a composite video output to a phono plug (SCART & BNC adaptors are available). They
are in very good condition with few signs of use ............................. £91.91+ val~ £108.00
Board cameras all with 512x582 pixels 8.5mm 1/3 inch sensor and composite video out.
All need to be housed in your own enclosu re and have fragile exposed su rface mounl
parts. They all require a power supply of between 10 and 12v DC 150mA.
47MIR size 60x36x27mm with 6 infra red LEDs (gives the same illumination as a small
torch but is not visible to the human eye) ......................................... £37.00 + vat = £43.48
30MP size 32x32x14mm spy camera with a fixed focus pin hole lens for hiding behind a
very small hole.
.................................................................£35.00 +vat = £41.13
40MC size 39x3Bx27mm camera for 1C' mount lens these give a much sharper image
than with the smaller lenses ............................................................. £32.00 +vat= £37.60

Low cost
Embedded Control
Control Syste!llS
Custom Design
Micro-Controllers
Logic Controllers
Data Loggers
Analogue & Digital 1/0

Postcode
Telephone
Method of payment (please circle}

CAMBRIDGE

Access/Mostercord/Viso/Cheque/PO
Cheques should be made payable to

MICRO

Reed Business Information

PROCESSOR

Credit cord no_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

SYSTEMS LIMITED

Cord expiry date

Uni~ 17- 18. Zone '9'.
Chelmsford Road Industrial Estate,
Great Dunmow, Essex
UKCM6 l XG
Tel: +44 (0) 1371 875644
Fax: +44 (0) 1371 876077

http://www.cms.uk.com

Signed

CIRCLE NO. 120 ON REPLY CARD
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FREE Website Download Demo

Advanced Systems & Technology for PCB Manufacturers ·

3U Eurocard controller
Return to Jackie Lowe, Room L333, Quadrant House,

£170
' £500
£950

ELECTRONICS WORLD M ay 2000

May 2000 ELECTRONICS WORLD

Economy C mount lenses all fixed focus & fixed iris
VSL1 220F 12mm F1 .6 12x15 degrees viewing angle ..................... £15.97 +vat= £18.76
VSL4022F 4mm Fl .22 63x47 degrees viewing angle ..................... £17.65 +vat= £20.74
VSL6022F 6mm F 1.22 42x32 degrees viewing angle ..................... £19.05 +val = £22.38
VSL8020F 8mm F 1.22 32x24 d egrees viewing angle ..................... £19.90 +vat = £23.38
Beller quality C Mount lenses
VSL 1614F 16mm F1.6 30x24 degrees viewing angle .................. £26.43 +vat = £31.06
VWL813M 8mm F1 .3 with iris 56x42 d egrees viewing angle ........ £77.45 +vat = £91.00
1206 surtace mount resistors E12 values 10 ohm to 1M oh m 100 of 1 value £1.00 + vat
1000 of 1 value £5.00 + vat
866 ballery pack originally intended to be used with an orbital
mobile telephone ii contains 10 1.6Ah sub C balleries
(42x22dia the size usually used in cordless screwdrivers etc.)
the pack is new and unused and can be broken open quite
easily ........................................................ .. £7.46+vat = £8.7 7

-

< _

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 550959 MastercardNisa/Switch

Callers welcome 9:30 a.m .to 5:30 .m. Monda to Saturda
CIRCLE NO.121 ON REPLY CARD
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BOOK TO BUY
f'.requency Synthesis
by Phase Lock
Frequency synthesis is an important element in the design of all
communications equipment, but has taken on new life recently
with the advent of new hand-held wireless devices. This
technology not only allows wireless transmitters to change
frequencies quickly, but also gives high reliability and security in
transmissions. Thus, mobile devices such as cell phones can
utilise this technology to change frequencies until a suitable one
is found for the location in which it is being used.
• Emphasises the fundamentals
of frequency synthesis
• Based on a course that Dr.
Egan has been teaching for over
20 years at Santa Clara
University
• Provides a link to the Wiley ftp
site for the use of associated
MATLAB exercises
• Taken together with Phase
Lock Basics by the same author,
the two books provide readers
with complete coverage of the
field.
CONTENTS Introduction; The
Elementary Phase-Locked
Synthesiser; Modulation,
Sidebands and Noise Spectrums;
Frequency Dividers; Phase
Detectors; Higher Order Loops;
Sampling Effects; Architectures;
Williorf1 f. Egon
Large-Signal Performance,
Natural Acquisition; Acquisition
Aids; Spectral Purity; Computer
Aided Engineering.

frequency
Synthesis by
Phase Lock

•]BUY
re-program mability: which allows
execution out of one memory array
while the other is being updated. It
integrates up to 2Mbit of flash.
256kbit of concurrent flash or
EEPROM, up to 64kbit of SAAM,
additional i/o, power management
and security. PSOsoft Express
software lets external memory and
accompanying logic be added to the
designs without logic design effort or
expertise. It is programmable via the
ISP port, the MCU's serial port or a
third party device programmer.
Insight Memec
Tel: 01296 330061
Enquiry No 535

Piezo speakers
Megacera's piezo speakers are
available from Oeltron Roxburgh .
The speakers house a 50µm thick
ceramic resonator in a stainless
package. The driving voltage is less
than 6V. They have an operating
frequency band up to 20kHz. The
largest modE!I, the MS-4048U,
measures 40 by 48 by 2 .5mm and
develops 85dB (1m) sound
pressure. The smallest measures 19
by 23 by 2.5mm, weighs 2.3g and
achieves a sound pressure of 76dB
(1m).
De/Iron Roxburgh Electronics
Tel: 01724 281770
Enquiry No 538

Rad-hardened MOSFET

• Pliee: £64.00 Europe £66.50 ROW £69.00

**

Price includes delivery and package

**

lntersil has introduced a radiation
hardened MOSFET for protecting
against single-effect effects in
satellite and aerospace applications.
The 60V p-channel MOSFET

Without an engineering degree, a pile of

delivers power conditioning and
control in satellite applications, and
has a typical on resistance of 16mQ.
The device is suitable for
applications exposed to radiation
environments, such as switching
regulation, switching converters,
motor drives, relay drivers and
drivers for high-power bipolar
switching transistors. The FST9055
acts as a switch to control or supply
power to an entire system or to a
single object such as a solenoid or
motor. The device is an
enhancement-mode silicon-gate
power field effect transistor with a
vertical double-diffused metal-oxide
semiconductor structure.
Insight lntersil
Tel: 01344 350250
Enquiry No 537

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
p rocessing 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 I
filtering. Full of tried and tested interfacing
routines.
Price £14.99.

LCD controller
with SRAM
The SEO1375 from Epson is a
colour or monochrome LCD graphics
controller with an embedded 80kbyte
SAAM display buffer. Applications
include office automation equipment,
mobile communications devices and
palm-sized PCs. Features include
hardware portrait mode and virtual
and split screen.
It is aimed at Windows CE
applications but works with other
CPUs and operating systems.
Resolution is 640 by 480 at a colour
depth of 2bits/ pixel, 640 by 240 at
4bits/ pixel or 320 by 240 at
8bits/ pixel.
Epson Electronics
Tel: 00 49 89 14005 363
Enquiry No 539

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 Tu rbo
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.

Return to Jackie Lowe, Room L333, Quadrant House,
The Quadrant, Sutton, Surrey, SM2 SAS

Please supply the following title:

Frequency Synthesis by Phase Lock
Total_ __

_

r-------------------------------------------------------------r---------------------------------,

Name

I

Post your completed order form to:Jackie Lowe, Electronics World, Room L333,
Quadrant House, The Quadrant, Sutton, Surrey, SM2 SAS

Address

Postcode
Telephone
Method of payment

DC-to-DC converter with 12V inputs

(please circle)

Access/Mastercard/Visa/Cheque/PO

Cheques should be made payable to
Reed Business lnformae;on
Credit card no_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Card expiry date

Ginsbury has launched a de-to-de converter with 12V inputs for battery
power architectures in portable equipment. The Powercube TO is available
in half-brick 30, 50, 75, 100 and 150W units and full-brick 250 and 300W
devices. It meets standards for distributed and board mounting power
systems in telecoms and server applications. Features include overtemperature shutdown, overvoltage protection, power-good signal output,
built-in current monitor, case ground pin and positive or negative logic
shutdown (remote on-off). Other inputs are 300, 150, 48 and 24V.
Ginsbury Electronics
Tel: 01634 298900
Enquiry No 536

Signed

Please send me

Price

Enhanced Interfacing with C book @

£14.99
£22.49
£15.00
£7.50
£3.50
£7.00
£12.00

Enh. Interfacing with C book @ + disk
Interfacing with C disk @
Original Interfacing with C book @
Postage + Packing per order UK
Postage+ Packing per order Eur
Postage+ Packing per order UK

Qty

Total
£ ...... .

I

I

How to pay

I
I

O I enclose a cheque/bank draft for £._ _ __

_

Please charge my crediVcharge card
D Mastercard D American Express O Visa O Diners Club
Credit Card No:

Expiry Date:

Signolure of Cordholder_ _ _ _ _ _ _ _ __

£ .......

Send my order to: (please use copilolsJ

£...... .

Nome_ _ _ __ _ __ _ _ _ _ _ __

£ ...... .

Address,_ __ __ __ _ _ _ _ _ _ __

£...... .
Total

£ .......

Po st

Code,_ _ __ _

Tel:_ _ _ _ _ _ __

Fax:_ _ _ _ _ _ _ _ _ _ _Dole_ __
Please allow up to 28 days tor d elive ry
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I

I

(payable to Reed Business Information)

£...... .
£ ...... .

I

L-------------------------------------------------------------L---------------------------------

I

I
I
I
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RF DESIGN

RF DESIGN

IF filter options
Over the years, a variety of intermediate-frequency filter
arrangements has evolved. Joe Carr looks at a variety of
the techniques available and discusses their merits.
number of different types of IF filters are used in
radio receivers today. In addition to LC filters,
there are various types of crystal filter, monolithic
ceramic filters, and mechanical filters to consider. In this
article, I take a look at the various types of IF filter, their
characteristics and their applications.
Before delving into the topic, it is helpful to consider how
these filters are used. Figure 1 shows a generic IF amplifier
with the filters in place. The IF amplifier provides most of
the gain in a superheterodyne receiver, as well as the bulk
of the selectivity of the receiver.

A

From
mixer

IF filter

(a):IJHIT:
(b)~ll~

IF filter

To
detector

Fig. 1. Intermediate-frequency
filtering arrangement, as used in a
typical superheterodyne receiver.

Fig. 2. Various LC IF filter circuits.

Filters a) to c) are all tuned on

(c)~11a
(d)
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either side of the transformer and
vary primarily in drive impedance.
Filter a) used to be the
conventional IF filter, but it is no
longer widely used. Filter b) has
low-impedance taps on both sides
to increase its usefulness in solid•
state circuits; filter c) is identical,
except that the high-impedance
taps are no longer available to the
outside world. Filter d) is single•
tuned and its low-impedance
output is use for impedance
matching. In filter e), the filter
coils are not magnetically coupled.
Instead, the signal is transferred by
common reactance. Here, the
reactance is a capacitor, but it
could eq':'ally well be an inductor.

Selectivity is the function of the IF filter. It has the narrowest bandpass of all the filters in the receiver. Its main
function is to supply the selectivity of the receiver by narrowing the bandpass down to accommodate the type of
modulation being used.
The IF amplifier may or may not use two - or more - filters, depending on the type of design. In cases where only
one filter is used, then the filter will usually be placed at the
input of the amplifier in order to eliminate the mixer products that can affect the IF amplifier performance.
Noise produced by the IF amplifier can be significant.
This means that an output IF filter is indicated in order to
eliminate that noise.
LC IF filters
The basic type of filter, and once the most common, is the
LC filter, which comes in various types Fig. 2. The type
shown in Fig. 2a) contains two parallel tuned LC sections.
Although it is not apparent here, the input and output sides
of the LC network need not be the same impedance,
although that is usually the case.
Once the most common form of IF amplifier filter, this
type has largely been eclipsed by other types, except in certain IC amplifiers.
A more common form today is shown in Fig. 2b). This
form has a low impedance tap for transistor or IC applications, with the high impedance portions still available. In
Fig. 2c) is a common form of IF filter in which the low
impedance tap is available to both input and output sides,
but one side of the high impedance portions of the transformer is not.
In Fig. 2d) you can see a single-tuned IF filter. It has a
standard IF filter input side, but it has only a low
impedance link on the output side. The IF filtering is performed by the tuned LC circuit, whereas the low impedance
link is for impedance matching.
In Fig. 2e) you can see a double-tuned IF filter that is not
magnetically coupled (so it is not a transformer), but rather
is coupled through a common impedance. In this case a
small value capacitor is used as the common impedance,
but inductors can also be used as well.

Crystal filters
The quartz piezoelectric crystal resonator is ideal for IF filtering because it offers high Q - resulting in uarrow bandwidth - and it behaves as an LC circuit. Because of this
feature, it can be used for high quality receiver design as
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well as filter type single-sideband transmitters.
Quartz bas a dielectric constant of about 3.8. A schematic symbol for a crystal is shown in Fig. 3a), while the
equivalent LCR circuit and the device's impedance curve
are shown in Figs 3b,c). Tne equivalent circuit shows that
there is a series inductance, L,, and capacitance, C,, as well
as a series resistance R, .
Series inductance and capacitance of a crystal are sometimes called the motional reactance values. There is also a
parallel capacitance, Cp.
The parallel capacitance resonates with the inductor to
form a parallel resonance, while the series capacitance resonates with the inductor to form a series resonance.
Figure 3c) shows capacitive and inductive reactance
against frequency. The frequency marked F, is the series
resonance point. The anti-resonance is 'officially' the parallel resonance, but in practical terms there is a range of
parallel resonance.
Figure 4 shows a typical crystal package and its mounting on a printed circuit board. The basic package is shown
in Fig. 4a). Note that the pins might be actual pins, or they
may be wires. A cut-away view is shown in Fig. 4b). This
gives you a better idea of bow tbe crystal works.
Figure 4c). shows how the crystal is usually mounted on
a double-sided printed circuit board. An insulator is placed
on the board to prevent short circuiting the board tracks
with the crystal package.
Figure 5a) shows a simple crystal filter that has been
around since the 1930s in one form or another. Figure 5b)
shows the attenuation graph for this filter.
There is a 'crystal phasing' capacitor, adjustable from the
front panel, that cancels the parallel capacitance. This cancels the parallel resonance, leaving the series resonance of
the crystal.
Although the 1930s vintage filters did not use it, this fil.
ter is built in trifilar form. This means that the windings of
T 1 are wound together, interlaced with each other.
Figure 6a) shows the circuit for a half-lattice crystal filter, while Fig. 6b) shows its attenuation curve. This type of
crystal filter is used in lower cost radios. Like the simple
crystal filter described above, this version uses a trifilar coil
for T1. But instead of the phasing capacitor there is a second crystal in the circuit.
The frequency relationship between the two crystals, Fig.
6b) shows that they have overlapping parallel and series
resonance points. This makes the parallel resonance of crystal No 1 is the same as the series resonance of crystal No 2.
You can use the half-lattice filter to build a cascade halflattice filter, Fig. 7, and a full-lattice crystal filter, Fig. 8.
The cascade half-lattice filter bas increased skirt selectivity. It also gives fewer spurious responses compared with
the same passband in the half lattice type of filter. It is a
back-lo-back arrangement on a bifilar transformer, T1. In
practice, close matching is needed to make the cascaded
half lattice filter work properly.
The full lattice crystal filter of Fig. 8 uses four crystals
like the cascade half-lattice, but the circuit is built on a different basis. It uses two tuned transformers, T1 and T2 , with
the two pairs of crystals that are cross-connected across the
tuned sections of the transformers. Crystals Y1 and Y3 are of
one frequency, while Y2 and Y4 are the other frequency in
the pair.
The principal advantage of the full-lattice filter is the use
of two different frequencies instead of one frequency for the
crystals. It is more difficult to match four crystals than two.
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Anli-resonance

Fig. 3. The quartz
crystal. In a) is a
crystal schematic
symbol, b) an
equivalent circuit
and c) the crystal's
impedance-versus•
frequency curve.
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Fig. 4a) Crystal package; b) in cut-away form showing inside; c) Mounting on a
printed wiring board.

Insertion
toss

- 3dB -------- --- - -

Fig. Sa).
Simple
crystal
intermediate
filter and b),
its resonance
curve. The
transformer
is trifilar.
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cancelling
parallel
capacitance.

411

RF DESIGN

RF DESIGN

A different sort of filter is shown in Fig. 9a), with its
asy=etrical attenuation curve shown in Fig. 9b). This filter has a more gradual fall-off on one side than on the other,
Fig. 9b).
The filter has the advantage that the frequencies of crystals Y1 and Y2 are the same frequency. Capacitor C 1 is
included in the circuit to allow tuning of the desired pass
band. The bandwidth of this filter is only half what is
expected from the half-lattice crystal filter above.

(a)

Fig. 6. Half-lattice
crystal filter, a), and its
resonance curve, b).
This type of filter is
used in low-cost
radios.

Y2
Crystal

Crystal ladder filters

No2

Figure 10 shows a crystal ladder filter. This filter has sev"'
eral advantages over the other types.
CrystalY,

• All crystals are the same frequency - no matching is
required.
• Filters may be constructed using an odd or even
number of crystals.
• Spurious responses are not harmful - especially for
filters over four or more sections.
• Insertion loss is very low.

(b)
Crystal Y2

Both Butterworth and the equi-ripple or Chebyshev
responses can be created using this design. Ideally, in
Chebyshev designs the number of positive peaks should be
the same as the number of crystals. Response should also
be of equal amplitude over the passband of the filter.
In reality, fewer peaks than that are found, some being
merged with each other. Additionally, the amplitude of the
ripple increases towards the edges of the band.
Designing this filter can be simplified by using a test fixture to dope out the problem first. The value of the end
capacitors is,
Fig. 7. Cascade halflattice crystal filter has
increased skirt selectivity
over the standard half
lattice.

CEND

9
= [uR,F;,
xios]x[✓ REND
R,

-1]-s

The value of the coupling capacitors is,

Input

Rs

CJK = 1326[_M_]- 10
BkJKF;,

And the value of REND is,
R

Fig. 8. Full lattice crystal
filter involves two tuned
transformers.

END

=[120B]-R
q/ij
S

FO
M

is the crystal centre frequency.
is the bandwidth measured in a test fixture.
k1 K
is the normalised values given in tables l and 2.
q
is normalised end section Q gi ven in tables l and 2.
Rs
is the end termination of the filter, Rs>REND·
REND is the end termination to be used without matching
capacitors.
A special version of the crystal ladder filter is the Cohn filter or 'minimum-loss' filter of Fig. 11.
This filter rotates the end capacitors, and makes the shunt
capacitors equal value. It preserves a reasonable shape factor, while minimising loss when built with practical resonators.
Like the crystal ladder filter, the Cohn filter uses same
frequency crystals throughout. The error in frequency
between the crystals, M 0 , should less than 10% of the
desired bandwidth of the filter.
The design procedure given by Hayward (1987) is simplified:

Fig. 11. Cohn ladder filter, also known as minimum-loss filter.

• Pick a crystal frequency in the range 2 to 12MHz.
Hayward used 3.579MHz colour burst crystals.
• Pick a capacitance for the filter. A good start is 200pF
- higher capacitance yields narrower bandwidth but
higher insertion loss.
• Vary the end termination impedance to obtain a
ripple-free pass band while providing sufficient stop
band attenuation.

Fig. 12. Outline of a monolithic
crystal filter's
construction.
Table 3. Cohn three-crystal filter.
Bandwidth C (pF) REND (Q)
380
200
150
238
600
130
1000
70
431
30
1500
1800
2500
17
3300

Table 3 gives various Cohn filter bandwidths, termination
impedances and capacitor values for a three-crystal filter.

Monolithic ceramic crystal filters
Figure 12 represents a monolithic crystal filter. The prin-

cipal benefit of this type of filter is its price, which is low
enough to allow its use in low-cost consumer radios. Only
a few monolithic filters have the shape factor needed for
high-performance receivers though.
These filters are often made with synthetic piezoelectric
resonators, rather than quartz. They are made in small packages, with some being made in crystal packages and some
being made in special packages. Some of the special packages are smaller than crystals, and some are larger.

Where:

Mechanical filters

is the bandwidth in hertz.
CEND is the end capacitance in picofarads.
C1K
are the shunt capacitors in picofarads.

Considerable improvement in filter action is possible with
the use of the mechanical filter. These filters were once

B

Fig. 10. Crystal ladder filter has a number of advantages
over the other types, one of them being that its spurii are
not problematical.

used in Collins high-end radio receivers and SSB transmitters. They are now more widespread, although the
Rockwell/Collins company still makes the filters.
The basic principle of operation is the phenomenon of
magnetostriction, that is the length or circumference of a
piece of material will change when it is magnetised. Nickel
changes in this way when magnetised, but only by about
one part in about 20 000.
Other materials, such as ferrites or powdered-irons (types
61, Ql or 4C4), provide much stronger magnetostriction
effects. In addition, these materials have a high electrical
resistivity, so eddy current losses are minimised, and they
Ferrite

Table 1. Normalised k and q values for Butterworth response.

(a)

N

q

~2

~3

~4

~5

2
3

1.414
1.0
0.785
0.618

0.7071
0.7071
0.8409
1.000

0.7071
0.4512
0.5559

0.8409
0.5559

1.0

4

5

l·
Fig. 9a). This type of filter, a), uses two crystals of the same
frequency and results in a pass curve with asymmetrical
slopes, as is evident in resonance curve b).

412

rod
lndu~

~

Table 2. Normalised k and q values for Chebyshev response.
N
q
k34
k12
k23
~5
2
1.638
1.6362 0.7016
3
1.433
0.6618 0.6618
0.5421
0.685
0 .685
4
1.345
5
1.301
0 .7028 0.5355 0.5355 0.7028

L
Fig. 13. Mechanical resonator, a), and
its equivalent circuit, b). The coil is
wound on the rod in such a way that it
is free to slip, allowing the rod to
expand and contract when subjected
to a magnetic field.
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have a mechanical Q on the order of several thousand. They
make far better filters than nickel!
The typical ferrite material is formed at 1300 to 1400
degrees Celsius, and has a Q determined by the proportions
of oxides used in the formation of the ferrite material.
Figure 13a) shows a magnetostrictive resonator, while
Fig. 13b) shows the equivalent circuit. The ferrite rod is
wound with a coil such that it is a slip fit. It is biased magnetically with either a permanent magnet or a DC component to the electrical signal applied to coil L.
When alternating current flows in the coil, it adds to or
subtracts from the magnetic field of the bias, causing the
ferrite length to oscillate. But with the parallel resonant
component, Fig. 13b), there's a sharp peak in the response
at a frequency equal to the mechanical resonance frequency. When the ferrite rod is wound into a toroidal shape the
circumference, hence the radius, of the toroid shape varies
as it is magnetised.
Figure 14 shows a mechanical filter built using toroidal
resonators. Various mechanical filters are available in frequencies between 60kHz and 600kHz. A pair of transducers are located at either end of the filter to translate electrical energy to mechanical energy, and vice versa.
The resonators supply a sharp shape factor of up to 1.2: 1
(60-to-6dB), with Qs of 8000 to 12000. This is up to 150
times the Q of crystal filters.
Over a temperature range of -25°C to +85°C, the change
of resonant frequency is as little as 1.5 parts per million. In
one test, the frequency shift for eight months was one part
per million.
The mechanical filter consists of three basic parts: a) the
transducers, b) the mechanically resonant discs, and c) disc
coupling rods. The transducer is a magnetostrictive device
that converts electrical energy to mechanical vibrations, and
vice versa. The resonant discs form parallel resonant circuits, so increasing the number of discs decreases the band•
width of the circuit.
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a lifetime in electronics
The coming of the transistor - this month John remembers the
emergence and evolution of early transistor audio power amplifiers
including the Lin design and his own 75 watter.

uring the 1950s, a new type of
amplifying device emerged in
fits and starts - and in some
strange shapes - from the semiconductor manufacturers' laboratories. By the
end of the decade, reasonably reliable
and workmanlike components were
readily available.
I had begun to introduce low-power
dual-transistor gain blocks of the type
shown in Fig. 6 in my domestic ' hi-fi'.
These blocks were low-noise small-signal circuits with a low distortion of typicall y less than 0.01 % at !kHz and l V

D

RMS.
In this application, the freedom from
heater-circuit wiring, the relatively low
noise and the almost complete absence
of mains-frequency hum in filter and
frequency-correction circuits was welcome. Also, due to the fact that the
devices gave off little heat in lowpower use, one could, at last, make
drift-free FM tuners.
However , there was no doubt that
many reasonably competent electronics
engineers found it difficult to come to
terms with the 'solid-state' revolution.

totally change your life
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If you're unhappy at work, totaljobs.com can put a smile on your face. We've thousands of interesting jobs and we're adding

The transition to transistors
Junction temperatures in excess of
about 200°C for silicon devices - and
even less for germanium ones - could
cause permanent damage to a transistor, even after brief overheating. This
snag was made worse because the
devices were polarity sensitive.
Excessive currents could flow if they
were inadvertently connected the
wrong way round.
By comparison, valves mostly didn't
object to even severe overloads - p~o-

voltage, operated device. All its electrodes presented internal conductive
paths, whereas in a valve such interelectrode paths were usually virtually
open-circuit.
However, there were electronic circuit design engineers who were at
home with these components, and they
soon turned their attention to audio
applications.

vided that they were brief. Nor, for that
matter, did valves mind being connected the wrong way round. They just
didn't work.
If one complicates the issue by noting that transistors could also burst into
unexpected - and sometimes damaging
- parasitic oscillation, and consequently expire before your eyes, it is easy to
understand why many would-be users
retired hurt after their first encounters
with solid-state components.
From a design point of view, the
transistor differed from the valve
because it was a current, rather than a

Transistor audio amplifiers
From the late l 950s, circuit designs for
transformer-coupled audio amplifiers,
based on germanium p-n-p diffused
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junction transistors had been presented
by transistor manufacturers. These germanium devices were the only ones
commercially available at the time.
However, as in the case of valveoperated audio output stages, the challenge that remained was to eli minate
the inter-stage coupling transformers.

These transformers were sources of
distortion and they limited the frequency and phase linearity of the system. Moreover, even loudspeaker coupling output transformers shouldn' t be
needed with low impedance output
loads such as a loudspeaker.

r----------.---....- - - - - - - < ) - V c c
1\1

Fig. 7. Audio
amplifier due to Lin.
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The Lin design
An almost complete answer to the
demand for a transformerless audio
power amplifier was proposed by H C
Lin in 1956. At that time the only
available power transistors were p-n-p
by the way.
Lin's design is principally remembered for the introduction of the ' quasicomplementary' output stage layout.
This involves a p-n-p/p-n-p and
n-p-n/p-n-p arrangement used to simulate a symmetrical polarity pair of
emitter-followers as the output group.
However, Lin's real contribution to
amplifier design lay in his use of a lowpower voltage amplifying stage followed by a low or unity-gain
impedance conversion stage. This layout has been adopted for almost every
power output stage design since then not forgetting some thousands of
op-amps. Lin's design is shown in Fig.
7.
This circuit gave some 6W output
with around 1% distortion, and covered
the audio range of 30Hz-15kHz within
±ldB. At that time, for reference, the
better high power valve amplifiers
could give 25 watts at less than 0.05%
and with a 5Hz-50kHz bandwidth.
However, these were early days, and I
was quite content with my Williamson
mono set up - the snag lying in the
' mono' bit.

Turntable trauma

Fig. 8. The 10W
class A design.
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When my old friend, the Seascale carpenter, made the cabinets for our two
radiograms, he fitted each with a Decca
turntable and its XMS sapphire-stylus
pick-up. This seemed quite a good
choice in 1952, before the advent of
stereophonic LPs, even though the
playing weight of the spring counterbalanced head was 40g or thereabouts.
Sadly though, there was no way that
the Decca system would play a 'stereo'
disc without jumpi ng up and down during the loud bits.
Replacing the turntable and pick-up
would have presented little difficulty,
though any new system would probably not have fitted as snugly as the
original joiners installation.
The real problem was what to do
about the single Williamson power
amplifier. Quite apart from the cost and
difficulty of buying and installing
another Williamson, with its separate
450V power supply, there simply
wasn't room in the cabinet to accommodate it.
So my thoughts turned to constructing two equivalent transistor power
amplifiers. This solution would certainly save space, but it had to sound as
good too.
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I treated the requirement as if it were
for a typical industrial control system.
The emphasis would be on simplicity on the premise that 'what you don't put
in won't go wrong'. I designed and
made up the experimental four transistor
power amplifier circuit shown in Fig. 8.

though I am unconvinced that I ever
needed or used more than two
watts.

to 45V, the new transistors allowed an
output power of more than 15W. This
was equivalent to the Williamson,

+V 47V

,_r
C5

Set VoutDC

Why was it n-p-n throughout?
At that time, 1965, silicon p-n-p transistors were not very good, so the design
used only n-p-n power devices. The
opposite was the case with germanium
devices, where it was the n-p-n ones
which were relatively poor in performance.
This design operated in class A, which
removed any problems which might
arise with class ' AB' output bias level
settings.
On being tested with a 35V supply
line, this amplifier worked very well. It
had an output power of a little over
10W, a THD figure rather better than
0.1 %, and a bandwidth of 10Hz to
lO0kHz, ±0.5dB. This was very encouraging - especially when I compared its
sound quality against the Williamson,
and concluded that it was at least as
good.
On seeing these results, l built a tidiedup stereo version as a Christmas present
to myself in 1967. Some time later, I
replaced the output transistors with
Motorola 'epitaxial base' 2N3055s.
With an increase in the supply voltage
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Unlike the Lin design, my !OW
Class-A circuit did not use a push-pull
pair of output devices to provide the
required low output impedance. Instead
it used a 'Darlington pair' connected
amplifier stage, comprising Q 1 and Q3,
driving Q2 as an active load. Transistor

COMMUNICATIONS

Q4 gave increased loop gain for the AC
and DC feedback loops.

My first audio article
It had not occurred to me to seek to
publish my design. But two of my
friends urged me to do so.

GET EXPERT HELP!
BUY TWO OF JOHN LINSLEY
HOOD'S BOOKS FOR THE
FANTASTIC PRICE OF JUST

£38. 99 - fully inclusive!
Leading expert in the audio field
John Linsley-Hood presents the wisdom of
his lifetime in electronics in two excellent
books.
Priced at £25.00, Audio Electronics covers
audio techniques and equipment and
explains the role that electronics plays in
sound reproduction. This book is a must for
anyone involved in designing, adapting and
using digital and analogue audio
equipment.
Valve & Transistor Audio Amplifiers
normally costs £19.99. This work covers
everything from classic amplifiers to new
designs using the latest components.
Offer closes 31 December 2000 so order
now and rely on John Linsley Hood to keep
you ahead of the rest!
Return to Jackie Lowe, Room LS 14,
Quadrant House, The Quadrant, Sutton,
Surrey, SM2 SAS

Please supply the following titles:
Audio Electronics/Valve & Transistor Audio Amplifiers
Total. _ _ _ __ _
Nome

- --------- --------Address
- -- -- - - -- - - - - -- -- - - -- -- - -- _ _ _ _ _ __ _ __ _ __ _ __ _ _ _ _ _ _Postcode_ _ _ _ __ __
Telephone_ _ _ __ _ _ _ __ _
Method of payment (please circle) Access/Mostercord/Viso/Cheque/PO
Cheques should be made payable to Reed Business Information

Credit cord no

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

Cord expirey dote
Signed

John Greenbank, an assistant editor
on Wireless World at the time, greeted
my contribution with enthusiasm.
Unknown to me, the topic of Class-A
versus Class-AB was one of current
hi-fi debate. As a result of this publication, r suddenly found myself to be a hifi guru.
I was urged to offer more audio circuit designs. Two worthy of recalling
were the simple 15-20W class AB circuit shown in Fig. 9 and a 75W design
subsequently published in Hi-Fi News
in 1972.
Of these designs, the 15-20W was
aimed to give the same quality as the
original !OW amplifier, but with more
power at a much lower heat dissipation.
An unexpected tribute to its performance came at a lecture from a representative of a most eminent loudspeaker manufacturer. He mentioned that the
company liked my design a lot - so
much in fact that it had been adopted
as an 'in-house' design.
The 75W design did not owe its
inception to any feeling on my part that
r needed more output power. It arose
from a chance discussion with the managing director of a large speaker manufacturing company at one of the then
popular annual Olympia or Earls Court
Hi-Fi shows, where I had given a lecture.
The subject of our discussion was the
incorporation of power amplifiers into
the body of the speaker cabinet. This
idea would allow the frequency
response equalisation and cross-over
networks to be provided at low power
and high impedance - an arrangement
which we both felt to be a good thing.
The question I then asked was what
amplifier power should be provided. I
was told '75W into 8Q at 0.01 % THD'.
This was an interesting challenge, and I
spent the next few months of my spare
time trying out various likely circuit
arrangements.

Soon it will be possible to connect peripherals to your PC via an rf
link using a wireless local network technology called Bluetooth.
Geoff Lewis outlines how it works.
luetooth is the title used for an
open-specification system
designed to provide a fast and
secure short range radio interconnection between portable devices and a
local area network (LAN) through the
use of spread spectrum techniques.
The services provided for include
internet, e-mail, image and data
transmission together with voice
applications extending to three
simultaneous 64kbit/s PCM channels.
The concept has been adopted by
about 2000 diverse user organisations and is supported by many of the
major semiconductor chip manufacturers. These include Intel, Toshiba,
VLSI, Nokia, Texas Instruments,
Ericsson, Thomson (ST), Lucent and
Siemens. In addition, the Bluetooth
standards have gained the approval
of the FCC (Federal
Communications Commission), ETSI
(European Telecommunications
Standards), the IEEE (Institute of
Electrical and Electronic Engineers)
and the IrDA (Infrared Data
Association) for global use.

B

The 'user portable terminal
devices' involved can include mobile
phones, headsets, printers, digital
cameras, PDAs (personal digital
assistants) and lap/palm top and
notebook computers, The emphasis
is to provide a robust worldwide
system capable of acting as a cable
type of replacement at low cost with
plug and play capabilities.

The transmission system
The system operates in the licensefree Industrial, Scientific and
Medical, or ISM, band from 2.4GHz
to 2.5GHz and employs frequencyhopping spread-spectrum (FHSS)
technology.
For this application, FHSS is
preferred to the more common directsequence spread-spectrum (DSSS)
system.
While FHSS is somewhat slower in
operation, it is much simpler to
implement through the use of a
frequency synthesiser. The power
output of the transmitters ranges from
l to 2.5mW (0 to 4dBm) to provide a

coverage of at least l O metres - a
range that can be increased to 100
metres by the use a radio-frequency
power amplifier.
A prime number (79) of subcarriers, spaced by 1MHz, occupies
the band 2.402MHz to 2.480MHz.
Each sub-carrier is frequency modulated with a deviation of either
-140kHz to -175kHz for binary Oor
+140kHz to +175kHz for binary 1.
This modulation method is referred to
as Gaussian frequency-shift keying
(GFSK) because the base-band digital
signal is filtered to provide a
Gaussian bell-shaped response with
at least 90% of the pulse energy
contained within the 3dB bandwidth.
The resulting signal has a good
spectrum efficiency and resilience to
co-channel interference (CCI).
Each sub-carrier can be switched at
the rate of 1600 frequency hops per
second to provide a spread spectrum
signal with a hop period of 625µs.
The maximum bit rate is currently set
to lMbit/s but because each subcarrier can carry multiple bits during

High-power audio
The ftnal amplifier circuit, shown in
Fig. 10, was demonstrated at a BKSTS
lecture in London. The chairman was
Mike Jones, technical editor of Hi-Fi
News, where the circuit design subsequently appeared.
This design was offered in kit form
by several manufacturers and proved
enormously popular. At that point I
resolved I would do no more audio
amplifier designs. They took up too
much time.
Alas, I did not keep to my resolve.
There were two reasons for this - technical curiosity and requests from
fr~~•
In the next article, John looks at the
coming of the IC.
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What is Bluetooth?
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PLL
loop filter

Rx balun

Radio
system
ASIC
VCO tank
circuit

Tx/Rx
switch

Antenna
filter

Tx balun

Tx/Rx switching
13MHz
crystal
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Fig. 1. At the heart of a Bluetooth
radio module is a radio-system asic.
This chip carries out all functions
associated with sub-carrier
generation and control.
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each time slot, this figure might be
doubled in the near future.
A bandwidth bit period (Bw.TbiU
product of 0.5 has been set for
Bluetooth. For a maximum bit rate of
1Mbit/s, this yields a signal bandwidth of0.5x106, which is 500kHz.
Under these yOnditions, the system
has an adjacent carrier interference
(ACI) ratio of better than -20dBm. If
the bit rate is increased to 2Mbit/s
then this ACI protection ratio will be
reduced.

Bluetooth's radio module

Fig. 2.
Baseband
signal module
controls
operation of
the radio
section and
inputs from
either of the
i/o interfaces
using a RISC or
DSPcore.

As currently configured, each
Bluetooth terminal is constructed
around two highly integrated modules. Each contains an applicationspecific integrated circuit (ASIC)
designed to handle the radio functions
and the baseband signal processing.
The basic module is constructed on
a laminated substrate consisting of
seven layers of metal interleaved by
six layers of ceramic. This is then
connected to a PCB via ball grid
array (BGA) mounts.
The lower metal layer acts as a
ground plane while the component
side carries a pair of metal screens to
complete the electromagnetic shielding. In order to maintain good
interference rejection, the various
earths points are distributed around
the ground plane.
As Fig. 1 illustrates, the radio
system ASIC carries out all the
functions associated with the generation and control of the sub-carrier
frequencies. This is achieved through
the use of a voltage-controlled
oscillator, or VCO, linked to a phaselocked loop circuit. In turn, the PLL
is locked to the output of a 13MHz

crystal oscillator.
A VCO tank circuit forms part of
the PLL circuit. Its tuned load is laser
trimmed for accuracy. A loop filter is
used to remove any ripple from the
output of the PLL circuit. For receive
purposes, this IC employs a heterodyne technique to generate a low IF
at3MHz.
Spread-spectrum frequencyhopping modulation is performed
directly on the VCO. A pair of balun
circuits convert the balanced signals
used within the ASIC into the unbalanced form used externally for
transmission and reception.
An antenna switch diverts the
signals between the baluns and the
antenna input/outputs for the transmit/ receive functions. The antenna
filter reduces the harmonic radiation
from the terminal device during
transmit and helps to minimise the
unwanted interference effects during
receive. The antenna feed is designed
to match a SQQ impedance load.

Baseband signal processing
module
Figure 2 is a simplified block
diagram of the baseband signal
processor. The ASIC in this stage
contains an embedded reduced
instruction-set computer core that
controls the operation of the radio
section and the inputs from either of
the input/output interfaces.
A flash reprogrammable memory
carries the software that provides the
overall control of the system. The
supply voltage is well regulated and
filtered to provide power for both the
signal interfaces and the transceiver.
The 13MHz clock signal from the
radio section is used to synchronise

Love
vinvl?

the action of the processor ASIC.
The universal asynchronous
receiver transmitter, or UART,
interface operates as a 'data circuit
equipment' , or DCE, device under the
control of the request to send or clear
to send signals RTS and CTS. In tum,
these handshaking signals control the
data flow lines TxD (transmit data)
and RxD (receive data). This interface can handle all the standard data
rates from 300bit/s up to 460.Skbit/s.
Apart from the universal serial bus
standard bi-directional ports D+ and
D-, two additional inputs are provided for the control of a lap/notebook
computer. The ' wake-up' signal
advises the host computer that the
terminal has become operative and
the 'detach' signal indicates a suspend operation mode. While the USB
port is capable of running at
12Mbit/s, the Bluetooth operation is
limited to 1Mbit/s.
The PCM interface operates at the
standard sample of rate of 8kHz and
can handle linear PCM from 13 to 16
bits, plus both µ-law and A-law 8-bit
companded samples.

If you treasure your vinyl collection,
this book is for you. Featuring articles
from the pages of the US magazine
Audio Amateur and other sources, it
contains absolutely everything the
serious LP music collector needs to
get the most out of both vintage
records and the highest quality new
pressings.

Software and protocol
The code stored within the flash
memory provides control for both
host controller interface and the local
link manager for the USB, UART and
PCM ports. The operational protocol
provides for link set up and configuration together with authentication.
To maintain a secure transmission
system and a high data rate in what
might well be a noisy environment,
Bluetooth operates with a packet
switching protocol that includes both
forward error control and encryption.

Articles feature:
• Cleaning discs
• How to build a cleaning machine
• Calibrating and maintaining your tonearm
Please send me _ _ copies of The LP is Back!

• Equipment that will improve the quality of

Name

long-play record listening

Networking Bluetooth

r-------------0 Vee

3.5V (i/o)

Voltage
regulator

Rise or
digital
signal
processor
core

Common
ground

Vee
5V

Flash
memory

Power-on
reset

5VVee
to radio module

Bluetooth terminals are organised
into small groups referred to as
'piconets'. These contain up to eight
peer devices with one acting as a
master for the group. The simplest
network is just two devices linked by
a virtual cable.
Piconets may be linked together via
a terminal device that is common to
two groups, but this must not be one
of the masters. Each piconet has a
different frequency hopping sequence
and a collection of piconets is known
as a 'scattemet'.
Finally, I should like to acknowledge the help received from Ericsson
Components AB in preparing this
article. The company's Bluetooth
data sheets and extensive information
on the web site,

Address

Postcode
Daytime phone number_ __ _ _ __ _ __

•

Collected from the high point of this old-new again
technology, 'The LP is Back!' brings a wealth of information
to help you keep your existing equipment in top form and
help you understand and appreciate the best in new products
available from cartridges to turntables. Published 1999,
160 pp., 8in by 101 / 2 in, softbound.

I enclose a cheque for £._ __

Fully inclusive prices:

Or debit my Visa __ Master Card _ _ (tick one)

UK
Europe
ROW

Card number ___ _
Expiry date

/

Card-holder's signature:

www.ericsson.com/bluetooth
have been particularly helpful.

and cartridge

£11.49
£11.99
£13.98

How to order:
Post the coupon to:
The LP is back, Electronics World, Quadrant House, The Quadrant, Sutton, Surrey
SM2 SAS, orfax 0208 652 8111 ,
or e-mail

jackie.lowe@rbi.co.uk

Please make cheques payable to Reed Business Information
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A novel
inductance meter
Combining high-speed phase detection circuitry with microcontroller
data processing, Michael Slifkin and Alexander Gornstein have
developed an inductance meter capable of displaying accurate measurements from 201,1H to 200mH on an LCD module.
here are many different ways of
measuring reactance. Before the
era of digital techniques, the
usual methods were to use bridge
circuits and to find the null point by
adjusting resistors. Often the null point
was very broad and it could take some
time and manipulation to find the
reactance value.
Reactance differs from resistance in
that it is frequency dependent.
Furthermore, inductance will contain
some resistance, known as ohmic loss,
and this will affect the measurements.
Nowadays reactance measurements
can be made automatically, digitally
and accurately. There are different
options for carrying out such
measurements and it is not always
possible to say which is the best
general method. Among the methods
for measu ring reactance are:

T

•

Michael Slifkin and
Alexander Gornstein,
Jerusalem College of
Technology, Israel.

Via a bridge. This method is
outdated now, but you could
automate the technique using a
quasi bridge method to bring it up
to date. This involves measuring the
out-of-balance voltage or current
rather than .looking for a null, as is
normally the case.

Specifications
Displays three digits together with units. Overload
message shown. The display is continuously
updated
Measurement from 20µH to 200mH in four
switchable ranges:
20µH to 200µH
Range 1
Range 2
200µH to 2mH
Range 3
2mH to 20mH
Range 4
20mH to 200mH
Accuracy
±(1.5%+single digit)
Voltage (Ve)
BV

424

• Phase-shifting. Here you would use
the reactance as the variable
element in a phase-shifting circuit
and then measure the change in
phase of an osciJlator working at
fixed frequency. There are different
ways of measuring phase change.
You could use a p ulse-counting
technique as described in our article
on a power factor meter in the
February issue. Alternatively you
could use the phase detector
described in the April 1999 issue on
page 312. It would be possible to
devise a range of methods for such
measurements.
•

You could use the reactance as a
frequency determining element in a
tuned circuit and obtain the new
frequency or change in frequency
caused by the reactance. If the
change in frequency were very
small, you would probably find a
linear relationship between the
change and the value of the
reactance.

Methods exist that are specific to the
type of reactance being measured. You
could measure capacitance by charging
it to a known voltage and then find the
discharge time. Or you could try to
measure inductance by findi ng the
back EMF when a pulse is applied to
it.
Standard radio techniques can be used
to measure reactance. This is not as farfetched as it sounds. For example, a
radio receiver with a BFO would detect
the shifting of a carrier wave due to
reactance added to the tuned circuit.
You would not need to use an actual
radio receiver to do this, although I
once saw a radio receiver used in this
manner about 45 years ago.

Nowadays you can buy chip sets
comprising a transmitter and receiver
in frequency and phase modulation
modes that can be readily adapted to
reactance measurements. This is not
the subject of this article, but perhaps
of one in the future.
Finally, you could try to measure the
reactance directly by finding the
current through the reactance at some
voltage. This is the method we chose.
Although this would appear to be an
obvious method, it does not seem to
have been used before, probably
because of the 90° phase shift between
the current and the voltage introduced
by the reactance. The ohmic loss also
causes phase shifts of unknown value.

The instrument in detail
Figure 1 is a block diagram of our
instrument and Fig. 2 is its full circuit
diagram.
The meter involves a simple
analogue circuit in which the
inductance to be measured is placed in
series with an alternating constant
current generator at the input to a high
impedance PET op-amp. A voltage is
produced across the inductance. This
voltage is amplified. By using suitable
values of gain, tJ1e amplified voltage is
found to be numericaHy equal to the
inductance.
At this point, the voltage is converted
to a digital form. A processor now
calculates the value of inductance
according to the range and sends the
reading to a 16-character by 2-line
liquid-crystal display module.
The best form of detection of a
sinusoidal voltage signal is the phasesensitive detector, as mentioned above.
As explained in the earlier article, the
phase-sensitive detector is just a
multiplier and a low-pass filter.
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Our implementation of the phase-sensitive
detector here is very different from that
described in the previous article. In this
case, we need only a fixed frequency but at
the higher value of !MHz as compared to a
low frequency but variable over a wide
range. The reason for using this high
frequency is that the inductor has a small
inherent resistance - ohmic loss - but as the
reactance is given by wL, this can be
swamped by using a relatively high value of
oo. Inductance of the component in henries
is L, and oo is the angular frequency, i.e.
2xmifwhere/is the frequency in hertz.

Oscillator

.

~

j

...

90'
phase shifter

Measurement circuit

•r
Phase
sensitive
detector

'-+ Comparator

Overload
indicator

Phase-sensitive detector
Digital switches together with a high quality op-amp form the phase-sensitive detector.
To understand how it works, have a look at
Fig. 3, which is taken from our 1999 article.
The effect of the inductor is to add a 90°
phase shift between the current and the voltage. Adding a 90° phase shift in the reference channel compensates for this.
In this design, the 90° phase shifter is the

~

I

Fig. 1. Combining
analogue and
digital circuitry,
the inductance
meter. This
design applies a
constant-current
sine-wave to the
inductor under
test and measures
the resulting
voltage.
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Hexadecimal listing o f 8051 code for the inductance meter. Locations not shown are filled with zeros.
000000
000016
00002c
000042
000058
00006e
000084
00009a
OOOObO
0000c6
OOOOdc
0000£2
000108
OOOlle
000134
00014a
000160
000176
00018c
0001a2
0001b8
OOOlce
0001e4
OOOlfa
000210
000226
00023c
000252

02
08
05
e6
15
fO
01
f9
01
es
01
12
12
90
7f
05
d2
90
93
80
91
fe
80
91
80
d2
fe
00

00
60
78
54
22
64
7f
12
68
£0
Sb
01
01
05
e5
40
91
d2
b4
c2
22
df
38
75
01

00
00
20
6f
20
61
00

03
Ob
01
40
e9
84
e5
01
12
12
90

58
24
fO
12
12
91
24
90
75
fa
d2
80
d2
91 12
df fa
00 00

Sb
01
01
05
74
12
12
75
01
02
12
01
d2
80
75
91
38
91
02
22
00

81
01
00
05
60
01
12
90
7f
58
19
2e
01
01
fO
Sb
2e
02
22
91
Of
80
12
d2
12
2e
00
00

00
00
32
20
24
6e
00

00
00
20
30
6d
65
00

00
55
6d
30
69
24
00

7£

75
12
12
60
98
12
fO

50
68
Sa
78
Ob
58
01
05
e5
12
12
12
7f

8b
Oa
22
c2
2e
£5
12
c2
38
02
91
02
c2
00
00

12
90
es
03
e8
12
58
Od
fO
01
01
01
90
11
84
c2
91
c2
80
02
90
d2
2e
12
2e
91
00
00

01
05
90
12
f9
01
12
12
75
7f
Sb
7f
05
13
12
92
22
91
d2
2e
d2
9l
c2
02
c2
22
00
00

50
4c
b2
00
12
68
01
01
fO
90
11
e5
35
es
01
d2
75
22
90
c2

79
12
es
d5
01
12
7£
8b
Oa
05
13

00
01
54
e5
Sb
01
90

12
8b
20
90
90
7f

05

11 13

12
22
78
54
12
75
01
75
12
22
64
12
98
12
fO
24
91
91
c2
c2
22

02
es
02
80
01
£0
Sb

08
91
fe
00
00

d2
12
df
00
00

00 00 00 00
20 32 30 30
20 71 6f 20
72 6f 48 24
65 6e 72 79
00 00 00 00
00 00 00 00

00
20
32
20
24
00
00

00
6d
20
6d
H
00
00

00
48
6d
48
75
00
00

92

80
f5
d2
91

91 12

12 02
91 7e
2e c2
91 75
7f 28
00 00
00 00

fO

84
e9
84
es
22
d2
d2
2e
Oc
91

7f 14

fe 75 80

37
90
12
60
Sb
Oa
22

80
b2
00
05
11
84
e9

fO 64 84

80
d2
de
00
00

12
ao
58

12
12
aO
fO
8b
fO
01
01
c2
d2
12
75
2e
c2
de
75
06
ff
00
00

25
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05
e7
00
fO
12
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58
Sb

01
e9
84
01
60
01
12
30
12
12
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7e
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91
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00

fO

84
35
e5
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01
75
12
12
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22
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91
80
7e
00
00

00
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60
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05
es
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es
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Oa
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Ob
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12
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00
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12
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2e
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00
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Fig. 2. Complete circuit
of the four range
inductance meter, with
the Wien-bridge
oscillator upper left, the
switches of the phasesensitive detector upper
· right and the
microcontroller bottom
left. The display is a
generic 1620 matrix type
with 16-by-2 characters
such as the Sanyo
C1620S.
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CLCLCLCLCLO:CLCL

V1+ 6

a,

V1- 7

D

CLKR 19

C7
J33p

R29
10k

IC8
1

cs

CLK 4

Vee

2 RD

Vee

c,o

Vee

J150p
3 wR
5 INTR

47µ

A22
220

VREF g

o,

8 AGND

Vee

ADC0802
9

Analogue
g round

IC12
LCD

A2a
470k

Vee

1N746
3V3

Vee
Ps
100k

Trim a-to-d
reference

t=-----t--t--~1rvvv--<.:(H
Overload level set.
Adjust so 7V in or greater
activates the circuit

c,1

100n
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The Stereo Headphone Amplifier Box
LH channel

-0+
0

RH channel

microprocessor. The display is a I 6 by
2 alphanumeric LCD display made by
Sanyo. Figure 4 details its connections.
The microprocessor is an 87C5 l. It
has an on-board EPROM into which
the control program is loaded. We
provided the SY Yee supply rail using a
separate power supply. Power drain is
rather high for battery operation.
Programming for this instrument is
not particularly difficult and only
occupies a small amount of memory.
The object code is given and the source
code in assembler is available from
Electronics World.

In phase

0

-0+

lnantiphase

~
0

-C)+

90° out of phase

'1J '1J J7 J7

Fig. 3. Phasesensitive detector
concept. Taken
from the April
1999 issue, this
diagram shows
how a switch
operated b y a
reference signal
feeds the signal
being detected to
two RC networks
alternately.

Input signal

Output signal

Signal

Reference .

C

····;;.lSwitch

A

A

Enhancements

C

built around /C2, and associated. In
practice the overall phase shift will be
sljghtly less than 90° due to the ohmic
loss. However, as the reactance should
be very much higher than the
resistance, the difference wiII not be
great.
A phase shift error of as much as I 0°
will cause an amplin1de error of only
1.5%. Modern inductors are most
unlikely to introduce any greater error
due to the ohmic loss, except for those

Technical support
Michael Sl ifkin is in the Department of Electronics
at the Jerusalem College of Technology. A lexander
Gornstein is a former student at JCT. The authors
have opened a web site at:
http://optics.jct.ac.il/-slifkin/nim.htm . It contains
URLs to all the devices used in this instrument.
If you want the object code in electronic form,
e-mail jackie.lowe@rbi.co.uk and it will be
forwarded to you as text embedded in an e-mail.
Please use L meter as the subject heading.
If you want the object code on disk, again free of
charge, send us a PC formatted 3.Sin floppy with a
protective self-addressed envelope and enough
stamps to allow us to return the disk to you. Post it
to the Quadrant House address below.
The source code is available on d isk for £7 5, or
as an e-mail attachment for £10 fully inclusive.
E-mail the above address with your credit card
number, expiry date and card-holder address or fax
020 8652 8555 with the details. Alternatively, send
your order to L meter, Electronics World Editorial,
Quadrant House, The Quadrant, Sutton, Surrey
SM2 SAS.

specially
made
for
high-loss
applications. You can always do a
separate measurement on the ohmic
loss as discussed later.
Op-amp IC 1 and components around
it form a Wien bridge oscillator. Such
oscillators are very popular in
situations such as this, as they are
stable and cheap to build. The small
light bulb is a non-linear element in the
feedback loop used to stabilise the
oscillator. Resistance of the bulb
increases with heat, i.e. current through
it.
A crystal-controlled osci.llator would
be easier to implement than tbe Wien
bridge, albeit not as cheaply. However,
the stability of the Wien bridge is
perfectly adequate in this application.
Comparator IC6 converts the sine wave
produced by the Wien bridge oscillator
into a square wave suitable for driving
the phase-sensitive detector.
This instrument has four manuallyselected ranges. Each range is indicated
to the microprocessor on a unique i/o
pin.
Overload indication involves /C 16
and / C 13a and a separate pin on the

Balanced or unbalanced line inputs to stereo
headphone output
Professional portable units operating from an internal PP3 battery
or external mains adaptor

P1 .1
P1 .0
~~

Ve e

6
E
5
R/W
4
RS
3
Vo

ECC82

ECF82
ECL82

ECL86
EF86

consumption for extended battery life *Extensive RF! protection

OB7
OB6
OB5
OB4
IC12
OB3
OB2
2
OB1
Vee
1
DB0
Vss

IC11
14
13
12
11
10
9
8
7

P0.7
P0.6
P0.5
P0.4
P0.3
P0.2
P0.1
P0.0

Fig. 4. Using a Sanyo 16•character by 2-line LCD module greatly simplifies the
inductance meter.
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...a n d a few ··other Brands" (i n c. Scarce types).

The Balance Box (mic/line amplifier) - The Phantom
Power Box - The OneStop DIN rail mounting rad io frequency
interference filter and voltage transient pretector for voltage and
current loop process sign.al lines
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SPECTRUM ANALYSERS

SPECIAL OFFERS
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TEKTRONIX 2445A

In summary

LCD

The CVC Premium range offers continuity of supply of high grade audio valves.
Based on the best from world•wide sources. processed by us to suit audio applications.
Pre•amp types tested/selected for LOW NOISE, HUM and MICRO PHONY.
Power valves are given controlled BURN-IN to improve stability and to select-out those
with weaknesses. MAJOR BRANDS also supplied as available.

ECC81
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swtep; a,rso,s/ readoot
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H.P. 8562A 1KHZ·22GHz.................................... £9000
AOVANTEST R3261A 9KHz•2.6GHz Synthesise<! ......

loroo~
MARCONI 893C AF POWER METER 300µ watts.JO watts: 20Hz•35KHz;
~
2.50hm• 20K Ohms
Marcooi 893C unused. bo,ed

G}

Marcoo 8938 -

MARCONI 2610 TRUE RMS VOLTMETER

=
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Digi1al LCD+analogue
meler SHz25MHz +.DC ~
au1orangIng ~
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I:\
I • .........
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' . ~=

RACAL TRUE
RMS
VOLTMETERS

93005HZ•20MHZ usatle to60MHZ
10 '10its316V

~
~

G}

93008ver,ion
GOODWILL
GVT427 DUAL CHANNEL AC
MILLIVOLTMETER

}Used
~fq~:'£100
C:11&1,~1~~:s
Unused £125

~

dislonioo. Balanced

~~~:~

... ...

•fl.Jjf.;.-.

SOLARTRON 7150
Dt.'.M 6½digi1.TRUE

RMS.High aocuracy
IEEE.;,,:il!l'!!II~,,,_

•il-JU11•

Other AVOSs lro!ll •

c. a,

~

10 watts max.
NOSINAO

GOULD J3B SINE/SQ OSCILLATOR
. I 1OHz•1200KHz. Low

AYO 8 Mk 6 MULTIMETER

RACAUAIM 9343M LCR Oatabridge . Oigital......•....£200
Auto measuremen1s ol R. ~ D.
HUNTRONTRACKERModel 1000 ....... .... ..... .... £125
H.P. 5315A Universal Counter 1GHz 2Ch...................!l0
FLUKE 8050A IJMM 4½ cflgil 2A True RMS ................£75
FLUKE 8010A DMM 3½digit IOA...............................£50
FLUKE 8012A IJMM 3½digit 2A.................................£40

...........................................................................£4000

SINAD
MEASUREMENTS

4 Channel 150MHz delay

- In Ever Ready case with ~
leads and battenes ~

IC11

f or High Quality Au d io Tubes

A selection of

-

This instrument allows you to measure
a wide range of inductance to a good
accuracy without the problem of ohmic
loss errors. Extra programming space is
available to upgrade the instrument.
You could improve accuracy even further by measuring the ohmic loss sep•
arately.

CHELMER VALVE COMPANY

PRE-AMP TUBES

*Wide range of headphone drive impedances *High common

Only a small portion of the EPROM in
the microprocessor is used, so there's
plenty of scope for enhancements. For
example, you could add autoranging by
monitoring the measuremenis and then
switching in the appropriate range
using electronic relays. You would not
need to get the gain exactly right in the
instrument; it should be possible to
provide a scaling factor in software.
You could easily make a very accurate instrument by also measuring the
ohmic loss, r, under software control.
This would be done by evaluating the
DC voltage across the inductance for a
given DC current or vice-versa.
lf Xis the apparent inductance value
then the true value is given by
L=Xsin0 with cos- 10=rlwX. Of
course you could measure the ohmic
loss with a simple voltmeter and then
apply the correction.
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HIGH QUALITY
RACAL
COUNTERS

9904 Universal time, counlei 50MHz
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9916Coun1e, 10Hz•520MHz
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~ I FARNELL
AMM255

Automat~ Mod Mete, AM/FM 1.SMHz·
~
2GHz 3.5 digit LCD Display. Uoosed
~
Also available:
~
FARNEll Al.tM2000 ALJ\omalic Mod Meter ~
10Hz•2.4GHz. Unused
MARCONI 2305 Mod Meter 500l<Hz•2GHz ~
from ~

STEWART of READING

IV

110 WVKEHAM ROAD, READING, BERKS RG61PL
Telephone: (0118) 9268041 Fax: (011 8) 9351696
Callers welcome 9am·5.30pm Monday to Friday (other times by arrangement)

EATONIAILTECH 757 0.001·22GHz ..................£2500
TEKTRONIX 492 50KHZ·18GHz.......................E3500
H.P. 85588 with Main lrame 100KHz·1500MHz.£1250
H.P. 853A (Dig Frame) With 8559A 100KhZ·21GHz.....
···········································································£2750
MARCONI 2382 1OOHz-400MHz High Aesohrtion.£2000
8 & K 2033R Signal Ana~ser............................£1500
ADVANTEST TR413110KHz·3.5GHz...............£2750
MARCONI 2370 30HZ•110MHz .................. lrom £500
HP141 Systems 8553 1KHz·110MHz from........ £500,
8554 500KHz• 1250MHz from £750; 8555 10MHz.
18GHz....
...........from £1000

MARCONI 2022E
SYN AM/FM SIG GEN 10KHz · 1.01GHz
Up to +1OdBm OUljlut, phase mod, LCD display.
keyboard entry etc. Small, lightweight

• i-fH\MildiJ.1 •
1

1

RADIO COMMUNICATIONS TEST SETS

UNUSED OSCILLOSCOPES

MAACON1295o_ _ _ _ _ _ _ _ E2000

TEKTRONIX TDS350 Dual Traco 200MHz IGS/See.£1500
TEKTRONIX TAS485 4 Chann<I 200MHz ele.. .........£1100
H.P. 546008 Dual Trace 100MHz 20MS/s ..................£1000

MAROON12""<1~ - - - . . , . , . . . - - ~f'2-"'l

MARCONl2019$j,illiAWFMSigGentlll<Hz•IOO.Viz....._ ..... W5
H.P.8651AS),illl5';jGen IOOIO!z•1~11z- _ _ £2:,00
H.P.86568$yit\SigGen 100Kl!z-990f,!iz _ _ _ _ t13:Jl
H.P.8656A$yit\SigGen tOOKHz·900ilil=-c- -~f99'i
GIGAJRONIC 1100$yit\SlgGen IIMl!z·lOOl!z ....- ..- ...£5000
111~
120tl AMfMl'llase LOO<edSigGen l lll<Hz•10'l4~

m

1

Good SqiaJ Punr
H.P.116111/1.AMfMSigGen 51Xm·IO'l4~11b
NM
H.P.116411AAM.fMSigGen:.ixl01l·S12MHz
£2',0
PHllPSPMS3i8SigGen 1rdW·l~wcll200MHz_ ..._ £6!iO
FreqCMe!EEE

RACAl.!1081 &j,jhAlffl!SigGen~~.- .....- ....- .... £350
H.P.3325AS)'ljhflJ'dlcnGen21t.ltz~- - --:"""
MARCOM6500Anlltiillfe.lnat,,,r
1500
H.P.4275A LCfl Me',r 1IIKH!·lot.liz _ _ _ _~750
llP. B003E ~llflionM!)f.,el._ _ _ _ _ _ 750
WAYNE KERR lrd.ctm Allalyser 3245._ _ _--:£2!""
llP.8112.I Pulse Genetal0f 5Wliz_,..--,,.,..,,,,,,,-t250
11\!WJN~IUiliele<51\-11!~ 1065/1061AI 1071..._ ....- - - - - - - - -·- .. t:m-M
MAACOl(!2«0f"'1'J8"CYCrulel200'iz
£1(111
llP.5ll08Frequen,/Cruleliriratz_ _ _ __ £21""
llP.5.142.I, llltiz·lllGHzFi,qC<IJnlef_ _ _ _-:£800
FARNELL.\Pttn"JOl'ooer&!Jl:ly_ _ _ _~ 1(11)
F/JINELLAP7000~Si,!llly- - - - - - cWlJ
l'IIIUPSPM5418rnCooortvPattemGa>erab...._. _ £1750
PHIUPSP115418TX1CdculVl'a:lemGenera!rl......._ ..._.E2000
B&Kkoel!romel~l)l)043!6,_ _,--:--_--:f300
H.P.116!120DualDid:llalC,oi,l)ief1MHz·IIGHz_..._ ...._ £Hi(lt)
H.P. t16910 Dual IJvdn,I Col!iE< 21,!Hz·IIIGl!z.......- ...-.£1250
TEKTfl:lNIX P610l8 Prd,o 100MHz ReadOOI. IJ!llsa:l.....- .....- £60

OSCl LLOSCOPES
PHIUPSPM3092 2,2 Cl1 200MHZ Delay TB etc........ £950
PHILIPS PM3082 2+2 Qi 100MHZ Delay e:c..............£800
TEKTRONIX TAS465 Dual Trace 100MHz Delay e!C.••£800
TEKTRONIX 2465 4Qi 300MHz Delay SweepCtrso<s.....
---ccc~-cc·········.................... ......................£1250
TEKTRONIX 2430 Dusi Trace 150MHz 100MS/s Curso1s
elc ............................................................................... £800
TEKTRONIX 2232 Dual Tiace 100MHz 100MS/s Cursors
etc.•. ·- - - - -··-·······....·................. £800
TEKTRONIX 2212 Dllal Traco 60MHz 20MS/s CUrsorS etc.

•···························........................................................£650

TEKTRONIX 2210 Dusi Traco 500MHz 20MS/s.......... £450
H.P. 54200A D~ilising 50MHz 21101,tS/s ......................£600

PHILIPS PM321 7 - ~9~~
0ual Trace 50MHz Delay
•

- ........ ..
•

• ... '

•- . ,••• •
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•
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BEST CHEAP
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EVER BUY!!!
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This is VERY SMALL SAMPLE OF STOCK. SAE ortelephone for lists. Please check availability before
ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage.
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shrinking, the regu lator assembly is
actually increasing in size.

So efficient they don't need a
heat sink

Everything
but the sink
Two significant breakthroughs in isolated modular de-to-de converters
have been made by a relative newcomer in this field. The company,
SynQor, has introduced synchronous rectification - increasing efficiency to such an extent that the new converters are the first of their kind
to do away with heat sinking. Secondly, planar magnetics have been
used, reducing weight and lowering board height.
Derating is
another important
issue in DC-to-DC
converter design.
As ambient
temperature
increases, the
amount of power
you can get out of
a DC-to-DC
converter falls.
These curves
show the new
SynQor40A
product against
some of its
competitors for a
200 linear feetper-minute air
flow.

I

n the interests of increasing
reliability, and to ease the
problem of conveying power to
electronic equipment in racking,
it's common to have regulators on
cards distributed throughout the
racking system. Each individual
regulator is fed by a relatively high
voltage, allowing the cross section
of power-distributing buses to be
reduced.
Distributing the power supply in
this way means that heat lost
through regulator inefficiency is
spread around the cabinet. This is
a great advantage relative to
having one large central regulator,
but it does mean that valuable card
s pace is lost to accommodate the

individual regulators.
There has been little innovation
in the design of such regulators
over the past few years. Almost all
the inefficiency in modern regulators is still caused by the voltage
drop of a Schottky diode - evidence that current products are
making the most of traditional
switching circuitry.
A typical 5V, 30A regulator will
have an efficiency of 83%. At full
output, it would dissipate just over
25W. Clearly, such a regulator
needs some form of heat sink on
top of it, increasing the amount of
valuable inter-board space needed
for the card, its regulator and the
regulator's heat sink.

While 5V regulators have been
the norm, and alternatives to
Schottky diodes have been impracticable, designers have had to
tolerate regulators that need additional heat-s.inking. But now that
supplies lower than 5V are becoming common, the dissipation
problem is compounded.
Efficiency of a traditional 3.3V
Schottky-diode-based regulator
drops to 79% at 30A - an equivalent 1.5V product is only 64%
efficient. This fall in efficiency is
mainly due to the fact that the
diode's voltage drop is becoming a
greater proportion of the output
voltage.
So when everything else is

40 . - - - -- - - - - - - - - - - - - - - ~

Output Full load
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g
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5
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SynQor 40A
- - synaor 3oA

1_ . _

-A-Vlcor w/HS

- - Lucent w/HS
..,..._ Vlcor no HS

r - - - - - - - - - - - - ---1
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25

30
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40

45

50

55

60

65

70

15V
12V
5V
3.3V
2.5V
2.0V
1.5V

10A
12.SA
30A
30A
30A
30A
30A

Conventional
converter
88%
86%
83%
79%
74%
68%
62%

New
converter
90%
90%
89%
89%
87%
85%
83%

Heat
reduction
1.2x
1.5x
1.7x
2.2x
2.4x
2.7x
3.0x

Reduction in dissipated heat offered by SynQor's DC-to-DC
converters over conventional Schottky-diode based converters.

Now, a new player in the DC-toDC converter market, SynQor, has
developed a ·range of products that
need no heat sinking. Being more
efficient, these regulators output
more power for a given volume.
And needing no potting compound
or heat sink, they are significantly
lighter. Eliminating the heat sink
also removes the unreliability of
the thermal interface between the
traditional converter and its heat
sink.
The company has replaced the
traditional Schottky diodes with
synchronous rectifiers, which has
made a significant i mpact on
efficiency. In additio n, planar
transformers are being used,
offering benefits in both weight and
board height. Windings of these
transformers are actually pcb
tracks, and their ferrite 'core'
passes through the pcb, wrapping
around heavy copper tracks.
These are not the first designs to
be based on synchronous rectification, but they are the first to incorporate a patented method of
improving rectifier efficiency. The
rectifiers in this case are
MOSFETs. To achieve a low 'on'
resistance, these FETs have to be

10

tM4 Ctt•I

JO
t ( A- .1)

large-area types. But large area is
synonymous with large gate capacitance.
Normally, driving a high gate
capacitance at a few hundred
kilohertz would waste considerable
power, but SynQor is using a
patented method of re-using the
gate driving energy.
Resulting efficiency improvements are good at 5V, rising from

83% for a typical conventional
converter, to 89% for the new
products. But at 1.5V and 30A, the
efficiency is 83% against 62% for a
conventional converter. Work this
out in watts at 30A and you will get
an idea of what a difference the
efficiency gain makes.

•For more information, see
www.synqor.com

See for yourself•••
An evaluation kit for these new converters comprising:
•
•
•
•

One regulator of any of the available voltages
An evaluation board
An evaluation procedure manual
Carrying case

is available to Electronics World readers at a special
17.5% introductory discount price of £125. Simply
mention Electronics World and this advertisement
when ordering. Call SynQor on 01753 860276 or fax
01753 840332 for further ordering details and see
www.synqor.com/synqor/synqor.nsf/EvaluationKitsMain
for more information on the kit.
Voltages available are 2, 2.5, 3.3, 5, 12 and 15V in
the 30A series and 1.5, 1.8, 2, 2.5 and 3.3 in the 40A
series. The 12-page manual and evaluation board
allow you to thoroughly check out the performance of
the module and to compare it against what you are
currently using.
The kit is also the basis of an educational tool for
anyone wanting to find out more about the characteristics of DC-to-DC converter modules.
·
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WEB DIRECTIONS
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.

custom, LED bargraphs, circuit board
indicators, stand offs, .
transmissive/reflective switches, baseefa
optocouplers tubular and surfacemount,
pannel mount LED assemblies.

http://www.conceptkey.co.uk
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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
IS09001.

CONTROL SOLUTIONS
www.controlsolutions.co.uk

ALCATEL COMPONENTS
http://www.components
@alcatel.de

ASHWELL ELECTRONICS

Data acquisition and control for
beginners, hobbyists, and professionals.
Perform mathematical and logical
operations on data in real time. Email:
info@controlsolutions.co.uk.

http://www.ashwell-hq.com

COOKE INTERNATIONAL

Ashwell provide technical support for
Apex Microtechnology op-amps and
DC/DC'S; Aeroflex; EMP filtered
connectors; M S Kennedy; Mintech
obsolescence; NSC MiVAero; Teledyne
Relays and isocom mil/optocouplers.

http://www.cooke-int.com
e-mail: info@cooke-int.com

FLASH DESIGNS LTD

http://www.equinox-tech.com

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?
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Equinox Technologies UK Ltd., specialise
in development tools for the embedded
microcontroller market.

ELECTRONICS WEEKLY
HYPERACTIVE
http://www.electronicsweekly.co
.uk/
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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
LPRS markets low power rad io
transmitters, receivers and transceiver
modules manufactured by ourselves,
Radiometrix, Circuit Designs, ROT and
Micrel. Applications for telemetry,
video and remote control.

MATTHEY MICROFILTERS
http://www.microfilters.net
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ECM SELECTION

Stockists of Quality Used Electronic
Test Instruments and Operating &
Service Manuals.

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.

BROADERCASTING
COMMUNICATIONS
SYSTEMS

http://www.bot.co.uk
Optoelectronic products UK design
development manufacture standard and

http://www.newnespress.com
Over 300 books and information
packages for those working with
electronics and engineering technology.
Visit our site for a free catalogue and
downloads

http://www.eptsoft.com

DANIEL MCBREARTY
http://www.danmcb.demon.co.u
k/eng.html
Experienced engineer based in London,
specialist in audio and control systems.
Available for design, project engineering
or general consultancy. Background of
high-quality work.

This popular electronics educational title
now available to engineers, students and
hobbyists absolutely free. A huge 'virtual
textbook' of electronics information, from
DC to PIC's.

http://www.softcopy.co.uk
As a PC data base or hard copy, SoltCopy
can supply a complete index of
Electronics World articles over the past
ten years. Photo copies of articles from
back issues are also available.

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
providing 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, MEG
Switches, Hirose Connections.

RADIOMETRIX
http://www.radiometrix.co.uk

RALFE ELECTRONICS
professional test & measurement

SESCOM, INC.

www.ralfe-electronics.co.uk

http://www.sescom.com

~

Newnes

http://www.jenving.se

http://www.looking.eo.uk/spice
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Analogue and digital SPICE modelling
software. Full details available on this site.
Available on a 30 day evaluation basis.

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.

:::...-.::=:~ ,:, ,~

SESCOM, INC. is a 30-year manufacturer
of audio ·problem solvers' and
transformers. We also offer easily•
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.

http://www.temwell.com.tw
Manufacturer & Exporter of Heelical BPF
Filter, 30 Watts SPF Power FIiier and
HandsevBase Station Duple_xers

THERMOSPEED

-a~
~•

http://www.thermospeed.co.uk

E• Co m m•rc• Site
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Temperature and pressure, control and
instrumentation. Full on-line purchasing.
• Overnight ex-stock delivery
• Create your own hotlist
• Download datasheets
• Full technical support

http://www.radio-tech.co.uk
Radio modules, modems, telemetry, audio
transmitters, pagers, antenna, remote
controls and much more. All UK designed
and manufactured.

Put your web address in front of 21000
electronics enthusiasts and experts.
Electronics World acknowledges your
company's need to promote its web site,
which is why we are now dedicating pages in
every issue to announce your
WEB ADDRESS.
This gives other readers the opportunity to
look up your company's name, to (ind your
web address and to browse the magazine page
to find new sites.

Jenving Technology AB is the
manufacturer of Supra Audio Cables. OEM
productions are also accepted.

TEMWELL CORPORATION

bt,

,!'~ u.tl •

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.

Company name

SUPRA AUDIO CABLES

RD RESEARCH

RADIO-TECH LIMITED

NEWNES - BOOKSFORTHE
ELECTRONICS WORLD

ELECTRONICS PRINCIPLES
FREE ONLINE

www.broadercasting.co.uk

BEDFORD OPTO
TECHNOLOGY LTD

,,.c,,,,_,.,, ... _ _ _ _

30 years experience in the design and
manufacture of high quality passive filters
and delay lines. Used in Broadcast,
Telecommunications, Medical,
Multimedia, and Computer industries.

CROWNHILL ASSOCIATES LID

WINRADIO now brings you a complete
choice in personnel computer controlled
radio scanning and reception solutions •
Broadcast • Media • Monitoring •
Professional Amateur Radio
communications

__

---~--
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For the pick ofthe UK's Top High-Tech
Software and Hardware career
opportunities - from fresh Grad/PhD to
Senior Engineer/Manager •· £22,000 £70,000

http://www.crownhil I.co. uk
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http://www.ecmsel.co.uk

httpJ/www.arcomcontrols.com/ev/
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HSPS LTD
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-

SOFTCOPY

http://www.flash.co.uk

http://www.lprs.co. uk
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ARCOM

A leading international supplier of
communication and control technology to
industry, Arcom provides leading edge
solutions through a comprehensive
range of market leading products.

Tel: 020 8652 8339 Fax: 020 8652 3981

EQUINOX TECHNOLOGIES
UK LTD
&i-,M~C.-o.itltd

CONCEPT ELECTRONICS

To reserve your web site space contact Pat Bunce

Continued over a e
We understand that cost is an important
factor, as web sites are an added drain on
budgets. But we are sure you will agree that
the following rates make all the difference:

FOR 12 ISSUES:
Lineage only will cost £150 for a ruu year just
£12.50 per month.
This includes your company's name, web
address and a 25-word description.
Lineage with colour screen shot costs £350 for

a full year, which equates to just £29.17 per
month.
This price includes the above mentioned
information, plus a 3cm screen shot of your
site, which we can produce if required.
To take up this offer or for more
information ring:

Pat Bunce on 020 8652 8339
or fax on 020 8652 3981 .
or e-mail: pat.bunce@rbi.co.uk

Web address

FELLER UK
http://www.fe Iler-at. com
Feller (UK) Lid. manufacture Fully
approved cordsets (Moulded mains
plugs and connectors) and Power
Supply Cables for all industrial
Countries to National and International
Standards
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equipment from all leading
manufacturers including general
purpose, communications and industrial
test.

TRIDENT MICROSYSTEMS LTD
http://www.trident-uk.co.uk

THOSE ENGINEERS LTD
http://www.spiceage.com
Working evaluations of SpiceAge mixedmode simulator, Spicycle PCB design
tools and Superfilter denio (synthesises
passive, active, digital filters). Tech
support, sales links and price list.

TEST EQUIPMENT
SOLUTIONS

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.

TOWER HILL
TECHNICAL SERVICES
http://www.towerhillaerials.com
Everything you need for DIY Satellite &
TV aerial installation. The one stop

httpJ/www.TestEquipmentHQ.com

Letters to the editor
http://www.technicalscientific.com

Letters to "Electronics World" Quadrant House, The Quadrant,
Sutton, Surrey, SM2 SAS
e·mail jackie.lowe@rbi.co.uk using subject heading 'letters'.

Suppliers of pre-1985 equipment and
components.
- TesVMeasurement equipment
- Valves and semiconductors
- Transducers and pressure gauges
- Scientific books and catalogues
- Manuals and data sheets

TID: RIP?

VANN DRAPER
ELECTRONICS LTD
http://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.

Quality second user test equipment with
full warranty and support. All types of

VUTRAX PCB DESIGN
SOFTWARE
http://www.vutrax.co.uk
VUTRAX electronic schematic and pcb
design system for Windows 95, 98 and
NT. Limited Capacity FREE version
downloads available, all upgradeable to
various customised levels.

To re!iiE!nleyoul'web

WOOD & DOUGLAS

'i"" - ··~-- -

site space contact
PatBunce

http://www.woodanddouglas.co.uk

shop for TV, FM, Satellite, Amateur
Radio PMR Aerials, Distribution
Equipment, Cable & Accessories.

Tel: 020 8652 8339
Fax: 020 8652 3981

Wood & Douglas Ltd is the leading
independent British designer and
manufacturer of quality radio products
for International telemetry, data.voice &
video wireless communications.

ADVERTISE FREE OF CHARGE
Subscribers* to Electronics World can advertise their
electronics and electrical equipment completely free of charge

Over the last thirty years there has been a
continuing debate as to what might affect
the sound qualjty of transistor power
amplifiers.
In the early seventies, the argument was
fired up by Lohstroh and Otala's transient
intermodulation distortion (TIO) theory I but
over the last few years this appears to have
been slowly falling out of favour.
Self has argued strongly for the Miller
capacitor as a means to solve amplifier
stability and distortion problems. 2 On the
face of it, this seems to be a useful way
forward. However, this Miller capacitor
causes slew-rate overloading when the input
signal exceeds the slew-rate limit.
I thought it useful to determine this limit
so that it need not be exceeded. The
calculations I have made contained a
surprise that does indeed link the amount of
feedback to the maximum acceptable input
rate of change of voltage as I wi ll now
explain.
Consider a typical transistor stage in the
diagram on the right. The input differential
pair operate at a nomina l current of i, and
the current source supplying them is 2i,. The
voltage-amplifier stage, or VAS as Self calls
it, shares any current between the base
current, ib, and the M iller capacitor current

Simply write your ad in the form below, using one word per box, up to a maximum of twenty words.
Remember to include your telephone number as one word.
You must include your latest mailing label with your form_
• This free offer ORplies to private subscribers only. Your ad will be placed in the first available issue.
This otter applies to private sales of electrical and electronic equipment only.

im. The Miller current is proportional to the
collector voltage,

i =C_dV.,
m

dt

Please send your completed forms to:

Cm

(2)

--+
im

This Miller-capacitor current would have
appeared as a voltage across the emitter
resistors of the input transistors, which are
usually used to linearise the input stage to
reduce distortion (see Self, op. cit.). In order
to determine the maximum drive to this
capacitor to prevent the input stage from
hard switching, and thus cause a high level
of distortion, it is necessary to consider what
the limit might be.

limited-slew criterion
I propose that the worst-case limit should be
where the input transistors are able to
respond to an input, and thus retain control
of the amplifier. If the input-pair currents are
altered by up to half their DC levels, this
would leave a current of a further 50% still
available to them. But with such a change
this would already be ' large signal' and the
distortion levels would be rising. However,
it seems to be a reasonable starting point.
In this circumstance, i 1 might be I.Si,,
while i2=0.5i,. Note that the emitter-base

In the article ' Mouse holes' in the
May 1999 issue, I mentioned the
use of a proprietary pad on the
upper leg for working the mouse.
Usi ng it there reduces muscular
strain.
At the time, although these
things were being used in the
USA, there was no product
available in the UK, so I was
unable to nominate a supplier or
give a review. Now a firm called
NMI in Newcastle-upon-Tyne is
making a rather good design that
has won an Innovation 99 award. I
have tried it out and it seems fine.
You have to adapt your technique
somewhat, but it certainly relieves
the aches and pains of continuous
mousing.
Rod Cooper
Sutton Coldfield
West Midlands

All adverts will be placed as soon as possible. However, we are unable to guarantee insertion dates. We regret that
we are unable to enter into correspondence with readers using this service, we a lso reserve the right to reject adverts
which do not fulfil the terms of this offer.

ib

where,

There's a mouse on
my knee

Trade advertisers - call Pat Bunce on 020 8652 3620

i in

(l)

Rload

Fig. 1. Input stage of an audio amplifier
in which current through each device of
the input pair is i•.
voltages are quite different, and are,

d½, = V,1, (log(l .5) - log(0.5))

(3)

where V11,. Is the thermal voltage, 25.3mY at
20°C, and the logs are natural. (I prefer the
programmer's 'log' rather than the
mathematician's ' In' ), dVb is 27.8mV here.
With rather low values, in my opinion, of
22.Q emitter resistors, as Self originally
suggested, there is an additional increase of
22mY where i,=lmA. This gives a total
margin between the bases of about 50mY. It
would be 130mY for 100.Q resistors.
When the output voltage is limited by the
slew rate to,
(4)

where the feedback point (Vbz the base of
the second output transistor) rises at a rate
of,

d'1i, 2 _ i,
- - -a
dt

Cm

(5)

where a is the feedback attenuation factor,
assuming that the output stage follows the
VAS voltage closely.
If you plot this rising voltage with time, a
straight line is observed as shown by ( I ) in
the graph on the next page, where the
maximum voltage reached corresponds to
the maximum input voltage after the rise
time 1, , as observed at the feedback point.
I said earlier that to achieve this vol tage,
the input must not exceed the 50mY drive

Free Classified Offer: Electronics World, L333, Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS
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Fig. 2. Voltage curve up to rise time t,.

margin, or the currents in the transistors wi.ll
be in danger of cuffing off. This margin is
shown by tl1e dotted line on ihe grapb.
Input voltage, Vbt, can be drawn to drive
Vb2+0.05 by line (2). This allows the input
transition to change very slightly faster than
the feedback, but is in essence virtually the
same.
For a typical amplifier operating with
is=lmA, a Miller capacitor of JO0pF, and
SOW 'rms' output, the peak output voltage is
28.3V for 8Q, the maximum slew rate
guideline is IOV.µs- 1•
With a feedback factor of 0.033, i.e. a gain
of 30, the input slew limit is 0.33Vµs- 1• This
corresponds to a frequency of
3

333xJ0 Hz
2n0.7
or 75kHz, where the input voltage is now a
sinewave of 700mV, which has a peak of IV.
This slew rate can be ensured by including
an input fi.lter in series with the input of, say,
IOkQ and 220pF shunt to ground.
If the situation is ever likely to occur
where a square wave input of IV is applied,
the input time constant should be the slew
limjt, requiring the capacitor to be increased
to 330pF.
If the input resistors are made much larger,
such that the differential margin becomes
equal to the maximum input voltage, then
the margin is not exceeded even for a square
wave, Fig. 3. Here, JkQ resistors have been
used as these will give a IV margin at I mA.
This is the reason why I recommend much
larger resistors than Self - even at the
expense of reducing the open loop gain and
worsening the overall distortion figures. Of
course, a different slew-rate criterion could

,,,

be applied other than the 50% change in
current, perhaps based on a certain increase
in distortion figure.
Now for the surprise. In equation 5, the
amplifier feedback attenuation ratio was
included. Otala et al. (op. cit.) conjectured
that a high level of feedback may increase
transient intermodulation distortion.
Equation 5 shows a simple but significant
result - that for more feedback, where ex is
greater, corresponding to a lower gain, a
faster input signal can be tolerated.
Perhaps I was slow to appreciate this point
before, because this is really just another way
of saying that for more feedback, the
bandwidth is greater! This would appear men
to agree with Cherry's comments about

TJD3.
The sound of a power amplifier might have
been affected by high-speed preamplifiers,
which would undoubtedly influence low
slew-margin amplifiers. If a simple input
filter is used, it might, with tlle power
amplifier limit, have adversely affect the
overall frequency response of me system.
The simplest way out of this would be to
use a faster amplifier. Another approach
might be to use a two or three-order filter, to
try to leave more of me upper audio
frequencies untouched before the cut-off
point.
It is not a new idea to include a low-pass
filter on the input of an amplifier to prevent
slew-rate limiting, but I hope this has shown
a method for determining the optimum.
Alternatively, large input resistors solve
the problem, admittedly with some other
drawbacks. Perhaps, though, wim either
approach, we can lay the ghost ofTID to
rest.

time

tr

Fig. 3. Input margin for 1kn resistors.
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Rab Graham
Via e-mail

Early radar
In the very interesting history article on
Blumlein in the March issue of Electronics
World, mention is made of 'chain-home'
radio direction finding, later to be called
radar. Apart from tlle later airborne aircraft
interception, or Al, fitted to Beaufighter
night fighters, from ilie earliest days there
were 'chain-home low-flying', or CHLF,
stations and later the ground-controlled
interception, or GCI, version.
Chain-home low flying worked at 200MHz
wim 25kV on the transmitter valve anodes.
The range was up to 20 miles, if tlle open
feeder wire SWR could be reduced to around
1.0 I: I, but on occasions of temperature
inversion, second-trace reception was
possible with ships plotted at up to 400
miles.

Domestic thermocouples?
Can someone tell me how thermocouples
work? From time to time I change our
domestic ones, but I do wonder how the
minuscule voltage of around 12mV can do
the work of opening and holding open a gas
valve?
I have asked a couple of professional
installers of heating equipment. One said he
didn't know tlle other that it transmitted heat.

GrahamCax

J.N. Ellis

Bexhill-on-Sea
West Sussex

Tavistock
Devon

I'm not an expert on this, but the
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Free PCB layout tool
Vmax

I succeeded first time and easily produced
line thicknesses down to 0.016in with many
tracks passing between IC pads - particularly at the FPGA.

A ' lite' version of the Eagle layout tool from
Cadsoft is available off ilie web for free. Its
limitation is that it can produce a maximum
board size of 4in by 3in, double sided. I've
successfully built a board for the 'Five-chip
logic analyser' from EW February 1999
using the package.
I printed the layout for both sides on a
laser printer and used blue 'iron-on' transfer
material to make the board.

'thermocouples' you find used to control gas
appliances, etc., are not thermoelectric. I've
always assumed that they rely on expansion,
or state change, of some material within their
copper tubing. The only ones I've seen have a
plunger that activates an electrical push
switch or displaces a mechanical valve. Does
anyone know how they work? Are
thermocouples ever found in domestic
appliances? Ed.

Dangerous protection
On page 776 of the September I 999 issue,
the 'Overvoltage load protection' circuit
betrays a fundamental and dangerous lack of
knowledge of MOSFETs.
Including D 1 in the gate circuit of the
MOSFET ostensibly to provide 'protection'
against reverse voltage is totally wrong.
Firstly, MOSFETs of the type shown are
characterised for 20V on the gate. There is
no restriction as to polarity - only voltage
magnitude - making the diode redundant.
More importantly, the inclusion of the
diode ensures that the MOSFET can not be
turned off quickly as the charge cannot be

ELECTRONICS WORLD May 2000

removed from the gate except via me
leakage current of D 1: this may take hours.
Another point is that in higher voltage
circuits, there is nothing to prevent the gate
being charged via the drain-gate capacitance
to very high voltages - enough to puncture
me very thin insulation layer. MOSFET
gates must have a resistive gate-source path
under all conditions and should be clamped
at ±18V.
Come to think of it, I have never seen
anything in your journal that describes in
detail the behaviour of switching
MOSFETS.
Are you lot totally besotted with ancient
linear bipolar circuitry and endless rehashes
of low-noise amplifiers and such? How
about sometlung that is relevant to modern
power electronics?

Dale Butler
Dir. Research and Development.
EnerTec Pty Ltd

Not quite sure who "you lor are Dale, but 1
would like to say that the topic of power
electronics is well covered by power
e lectronics magazines. You're obviously not
a long-term reader either, otherwise you
would have seen the numerous articles we
have carried on power mosfets s ince their
introduction. I am on the look-out though for
someone to do an in-depth piece on how the
latest generation mosfets perform though.
They are quite remarkable relative to the
early devices for both linear and switching
applications. Ed.

the nature of their deficiency?
While it is true that approximately 8% of
men suffer from 'defective colour vision' often incorrectly called ' colour blindness' these statistics are made up from 2% who
suffer from abnormal ' red' perception, and
6% who suffer from abnormal 'green'
perception. By comparison only about 0 .5%
of women are affected by red/green
perception problems.
Most colour deficiency is congenital,
following the male line. Abnormal ' Blue'
perception is very rare, affecting only about
0.01 % of the population, both men and
women equally.
My son has green perception difficulties,
inherited from my father-in-law, but we

reckon that the colour is not the mai n factor.
He doesn' t see the 'greenness', only the
' brightness' of the green display. Many of
these are blue-green anyway, and be can
perceive blue OK.
The over-riding factors that determine
clarity are the brightness, contrast and
character-shape of the display. Colour does
not seem to present him with a major
problem either way.
A more telling question would have been
' how many people can manage to
programme a video-recorder', which in my
experience seems to be linked to ' age' and
' gender' rather than colour perception?

Graham Field

•

London El

Free capacitor
pack*
*UK readers only

Can anyone throw
light on this?
I believe I have managed to overcome some
of me problems associated with me
electrical replay of cylinders, but I would
like to achieve better quality replay by the
use of a light beam.
To this end, I am looking for a Philco
photo-electric reproduction pickup head,
model 41429, produced around 1946 for the
replay of 78rev/min discs. It was a lightbeam device in a 78 pickup head reflecting
off the recording groove back into a mirror
also in the pickup head. A jewel stylus was
used for the purpose of guiding the pickup.
Does any reader have such a pickup lying
on a shelf somewhere? Alternatively, is
there anyone out there working on light
beam replay? Allied to the feed-screw drive
on cyli nder machiners, such a device could
well give surprising results.

Jae Pengelly

Free with this issue is a pack of four miniture ceramic
capacitors with 0.1 in lead spacing. Pictued above, their
values are 100pF, 2.2nF, 1nF and 10nF from left to right.
With a voltage rating of 63V, these devices are suitable
for a wide range of filtering to decoupl ing applications
at all frequencies to RF. Three of the capacitors are
ceramic disk types while the fou rth, the bl ue 1nF
device, is a multilayer type.

Plymouth

On 'defective
colour vision'
In Letters, February 2000, R N Soar asks if
'colour-blind' males find it easier to read
the time on a (green fluorescent display)
video recorder than a (red LED display)
clock-radio. Could the answer depend on
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Contact Pat Bunce on

0208 652 8339

SUPPLIER OF QUALITY USED
TEST INSTRUMENTS

ELECTRONICUPDATE

DAQ Designer 2000
National Instruments new
DAQ Designer'" 2000 is a
FREE CD that helps
engineers and scientists
interactively configure custom
measurement systems. DAO
Designer 2000 includes the
new capability to recommend
real-time data acquisition and
motion control hardware and
software.

Video On-Screen Display
Products
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Phone 01635 523545 Fax: 01635 524395
e-mail info.uk@ni.com web www.ni.com/uk

A regular advertising feature
enabling readers to obtain more
information an companies'
products or services.

._.

LS

_ '9
°!:.:.:;!.* ~=

LSdesigns supply a range of simple•to·use
and cost•effective On•Screen Display
devices that superimpose text and
graphics directly onto composite video
signals. These products offer new
possibilities for designers looking for a
simple method of displaying data and
informaUon in conjunction with a video
image.

For the simple solution to your On- .
Screen Display requirements call
LSdesigns today

Tel: 0115 932 4488
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Toolworld Ltd

TRIDENT 0 1SPLAY5

A WORLD OF

Cooke International
Unit Four, Fordingbridge Site, Barnham,
Bognor Regis, West Sussex, PO22 0HD, U.K.
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457
Web: http://www.cooke-int.com
E-mail: info@cooke-int.com
catalogue available
CIRCLE NO.126 ON REPLY CARD

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
manufacturers.
Phone TRIDENT today for your free
copy.

Cooke International
Unit Four, Fordingbridge Site, Barnham,
Bognor Regis, West Sussex, PO22 0HD, U. K.
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457
Web: http://www.cooke-int.com
E-mail: info@cooke-int .com
catalogue available

TEL: 01737 780790
FAX: 01737 771908

CIRCLE NO.127ON REPLY CARD

OR VISIT OUR WEBSITE:
www.tridentdisplays.co.uk

.......,.,.., •. ,.,.l. >1.t•1•«>uk
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Make better notc.h fi&.rm-s
' using oscilloi?Opes
OSP 10rhe~
~ids -

• Adhesives, Aerosols & Cleaning
Supplies
• Datacom/Telecom, Cables &
Connectors
• Test & Measurement
.• Cutting & Polishing Tools
• Toolkits, Cases & Bags

TWLtd
Tel: 01249 822100
Fax: 01249 821919
CIRCLE NO.11 1 ON REPLY CARD

ELECTRONICS WORLD
is the longest establ ished
magazine in the industry,
w ith a history of over 80
years.
The editorial is the most
respected in the i ndustry,
presenting ideas to innovate
and improve products.
For all your advertising needs
Call Pat 0208 652 8339
E-mail: Patbunce@rbi.co.uk
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PROGRAMMERS
•
•
•
•
•
•

Hand held and bench top
Single socket to 16 gang
Stand alone and PC based
DOS and Windows 3.1/95/NT
Fast algorithms
Vast range of adaptors:·PLCC, QFP, SOIC,
-SSOP, BGA, etc...
Tel: +44(0) 181 953 9292

Email: sales@smartcom.co.uk
Web: www.smartcom.co.uk
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Call now for the TW Catalogue
featuring thousands of quality brand
name products.

ELECTRONICS WORLD M ay 2000
CIRCLE NO. 1 H ON REPLY CARD

TO ADVERTISE
YOUR CURRENT
CATALOGUE/
CD ROM
CONTACT
PAT BUNCE FOR
DETAILS
TEL: 0181 652 8339
FAX: 0181 652 3981

As an advertiser you can be certain that your sales message is
going to be read by decision-making electronics professionals
with the power to purchase your products.
The pre-paid rate for semi-display setting is £17 per single column centimetre
(maximum 4cm). Box number £22 extra. All prices plus 17½% VAT. All cheques,
postal orders etc to be made payable to Reed Business Information.
Advertisements together with remittance should be sent to Electronics World
Classified, 12th Floor, Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS.
Fax: 0208 652 3981 .
Tel: 0208 652 8339

ARTICLES
WANTED

From
·To

WANTED
Valves & Semiconductors
All types e.g. Discrete & lC's
Good Rates Paid

CHELMER VALVE CO.
130 New London Road. Chelmsford. Essex
Tel: 01245 265865 Fax: 01245 490064

Electronic design and en9tneenn9 services
for the new millennium:
•
•
•
•

Embedded control
Telecommunlcadon products
Oalacommunleatfon products
SM PSU and ballery mana~nt

• WJreltss transrnlalton systems
• A udio 11.0d Vkleo p,oces.smg
• DVD conlrol $Y$10IM
• Internet lite •nd graphrcs authoong
• PC8 deStQl[1
• Schemattc la~out and ti-drawing
• Technical doc:;_µrnentallon & trans:tat.1on

Tel/fa)(: +44 (0) 1872 223306
Email: deslgner.systems@btintemet.com

Rack Enclosures
New and Used most sizes
16U to SOU side and rear panels
mains distribution 19" Panel mounts
optima eurocraft. Prices from £45 ••••

M&B Radio
86 Bishopsgate Street Leeds LS 1 488
Tel. 0113 2702114 Fax. 0113 2426881

TOP PRICES PAID
For all your valves,
tubes, semi conductors
and IC's.

Langrex Supplies Limited

PRINTED CIRCUIT BOA ROS - Quick
Service. Design and Manufacture for Pro101ypes
or Production. Agar Circuits, Unit 5. 308
Albertbridge Road. Belfast BT5 4GX. Tel: 02890
738897. Fa.: 02890 731802. E-mail:

agar@argonet.co.uk

Need schematics or service manuals, Fluke
887A differential Voltine,er, B&K 2203 sound
level meter: your cos1s reimbursed. Mueller
(Germany)(49) 2461 61 4259.

Jog/Shuttle S)·stem as fitted to high grade video
recorders with plastic wheels. Lee01705 467700.
Garrard Zero lOOSB turntable for sale with
Shure M55E cartridge and new (genuine Shure)
N55E stylus. Tel: 0780 336 6894.

CIRSIM. Circuit simul ation program for
Windows. C ircui1s up to JOO nodes. Graphical

Link

DYNAPERT 318 HR
High speed/high resolulion head. fiducial

correction,

linear

bearing

tweezers,

manual load. 60 feeder positions,
100 x 8mm feeders, 2 x 12mm feeders,
2 x 16mm feeders all late lype. Sold and
serviced by Dynapert. 5500 hours.

POWER SUPPLY DESIGN
Switched Mode PSU
Power Factor Correction
designed to your specification

£6,900

Tel/Fax: 01243 842520
e-mail: eugen_kus@cix.co.uk

IEMME750

Lomond Electronic Services

Reflow oven. PC conlrol (included) four
heating zones plus two forced air
convection zones. mesh bell. Low hours.

£2,900

Pass this order form to your newsagent to
ensure you don't miss the next issue of EW.

Enquiry numbers may be found at the bottom of each 1ndwtdua1 advertisement.
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To ............................................ .......... . ................
(name of Newsagent)

Please reserve me the June
issue of Electronics World
and continue to order
every month's issue until!
further notice
Name .... ......... ................. ................................ .
Address .................... ................. ..................... .

··················· ··········•············ ····•···················· ·····
Name

········•············· ··················································

Job title

·······································································

Thank you

[ml D. S. G. SPEDITION LIMITED

The pair, £8.800. bolh available lasl
week in March - conlacl Ray Malkowski.
Fringe Eleclronlcs Ltd., 4 Highfield Road.
Clipstone. Mansfield. Notts NG21 9ER.

In co-operation wilh our partner in Belgium
ECU TRANS Antwerp we offer daily services
between Brentwood and Antwerp opening up

Tel: 01623 643802
Fax: 01623 625407

EAST EUROPE, BALTIC STATES,
GERMANY

Telephone

•

MAY2000

tick here if you do not wish to receive direct marketing
promotions from other companies.
Only

TERRY M.URPHY or JOHN OVERLAND

Total Service
Analogue and digital, mechatronics,
EMC. Low voltage and Machineries
Directives Compliance. Industrial
design. microprocessor, software. PCB
l ayout. machining. sheet metal. ASIC
design. draughting, CAD and CAE,
technical authoring, model making,
Fluid and Thermodynamics.
production, consultancy.

Cyber Developments Ltd

Tel: 020 8940 1676 Fu.: 020 8948 7258
E-Mail: papawhisky@zetnet.co.uk

ARTICLES FOR
SALE
RF DESIGN
SERVICES
All aspects of RF
hardware development
considered from
concept to production.

IWATERBEACHELECTRONICS I
TEL: 01223 862550
FAX: 01223 440853

Please Mention Electronics World
When Replying to advertisements

Tel: 01277 812337
Fax: 01277 812359

AE.CdL.

Email: OSGSPEO@aol.«>m

1:;;;;tfTRANS

As an advertiser you can be certain that
your advertisement is going to be read by
DECISION-MAKING
ELECTRONIC PROFESSIONALS
with the
POWER TO PU~HASE your products.

Why not let Electronics World help you?
Call Pat Bunce

Tel: 020 8652 8339
Fax: 020 8652 3981
E-mail: patbunce@rbi.co.uk

output. Many examples. £10. Tel: 01753 643384.
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For more information aboul any of the products or services in this issue of ELECTRONICS WORLD.
simply ring the relevant enquiry number.

Newsagent order form

Company Address

Forf11rtht r infom1a1ion please contact

1 Mayo Road, Croydon, Surrey CRO 20P
TEL: 020 86841166 FAX: 020 8684 3056

Please Mention Electronics World
When Replying to advertisements

Service

ARTICLES FOR SALE

SERVICES
Concept ~.!1,9.~t
Production

ELECTRONICS READER
INFORMATION
WORLD
SERVICE
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Subscribe

today!

Guarantee your own
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Guarantee your own
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TAKE A LOOK AT Wi NRADiO's DiGiTAL ~UiTE SOFTWARE (AWARDED 5 STARS BY WRTH)
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2. Packet Radio for HF·ano•Vtfti
3. Aircraft Addressing and Repolfing System (AGARS)
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4. Audio Oscilloscope, real time Spectrum Analyzer with
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calibration cursors
5. Squelch-controlled AF Recorder
6. DTMF, CTSS decode and analyse
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If you're after the ultimate receiver-in-a-PC
with full DSP then smile and say, "Hello" to
the new WR31000i-DSP with its hardware for
real-time recording, signal conditioning and
decoding applications. It's all you need.

IN(ODOIAnNe WlllU.UI WO•lO

SUBSCRIPTION CARD
Please enler my subscriplion lo ELECTRONICS WORLD. I enclose Cheque/Eurocheque
10 lhe value of£ _ _ _ _ made payable to Reed &sine.. Information
Please charge my
MaslercardNisa/
Amex accounl

Model Name/Number

SUBSCRIPTION CARD
Please enler my subscripl,on lo ELECTRONICS WORLD. I enclose Cheque/Eurocheque
to the value of £ _ _ _ _ made payable to Reed Business lnfonmation
Please charge my
MastercardNisa/
Amex account

With £ _ _ _ _ _ _ _ _ Expiry Date

With £ _ __ _ _ _ _ _ Expiry Date _ _ _ _ __ _ __

Signature
Name _ _ _ _ _ __ _ _ _ __ _ _ __ _ _ __ __

Signature
Name _ _ __ __ _ __ _ _ _ _ __ __ __ __ _

Job Title_ _ _ _ _ _ __ _ _ __ __ _ _ _ _ __

Job Title _ _ __ _ __ _ _ _ _ _ _ __ __ _ _ _ _ _

Address _ _ _ _ _ _ _ _ __ _ __ __ _ _ _ _ __ _

Address _ _ _ __ _ _ _ _ _ _ _ _ __ __ _ _ _ __

Postcode
Tel:

Postcode

Country

SUBSCRIPTION RATES
UK 1 year
UK 2 years
UK 3 years
Student rate (proof required)
Airmail
Europe 1 year
Europe 2 years
Europe 3 years
Rest of the world 1 year
Rest of the world 2 years
Rest of the world 3 years
Surface mail 1 year

Tel:
Post to:

£36
£58
£72
£21.30

£51
£82
£103
£61
£98
£123
£41

Construction of internals
Construction of externals
Frequency range
Modes
Tuning step size
IF bandwidths

ELECTRONICS WORLD
P.O. Box 302
Haywards Heath,
West Sussex RH16 30H UK.

CREDIT CARD HOTLINE
Tel: +44 01444 445566
Fax: +44 01444 445447
Please tick here ff you do nol wish to
receive di,ect marketing.promotion lrom
other companies D
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SUBSCRIPTION RATES
UK 1 year
UK 2 years
UK 3 years
Student rate (proof required)
Airmail
Europe 1 year
Europe 2 years
Europe 3 years
Rest of the world 1 year
Rest of the world 2 years
Rest of the world 3 years
Surface mail 1 year

Country

£36
£58
£72
£21.30

£51
£82
£103
£61
£98
£123
£41

Post to:
ELECTRONICS WORLD

P.O. Box 302

External units

Haywards Heath,
West Sussex RH16 3DH UK.

CREDIT CARD HOTLINE
Tel: +44 01444 445566
Fax: +44 01444 445447
Please tick here d you do not wish to
receive direct marketlflg.promollon from
other companies 0
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NEW .EXTERNAL MODELS

Available as either an internal ISA card
that slips inside your PC, or as an external
(portable) unit. WiNRADiO combines the
power of your PC with the very latest, and
greatest, synthesised receivers.

ELECTRONICS
WORLD

audio bandwidth and other slgnal
conditioning functions.
(requires SoundBlaster 16 compatible sound card)

YOU CAN USE WINRADiO™ SCANNING
PC COMMUNICATION RECEIVERS FOR:
Broadcast, media monitoring, professional &
amateur radio communications, scanning,
spot frequency, whole spectrum monitoring,
instrumentation surveillance and recording.

ELECTRONICS
WORLD

(2995+VAT) allows continuous control of

ONLY £81.07 inc vat

WiNADiorr,, PC RECEIVERS

I\)

··•·" - -

~! :{ •'·:'-. ;\.

EXTERNAL WiNRADIO™
We are now able to offer you a
complete range of stand-alone
WiNRADiO comms systems:
• W R1000e- £359 INCVAT
• WR1500e • £429 lNC VAT
• WR31 OOe - £1169 INC VAT

Each stand-alone unit connects
to your PC through either the
basic RS232, or through an
optional PCMCIA adapter (for
high speed control).
The units are powered through
either your existing 12v
supply, or through an
(entirely optional) NiMH
rechargeable 12v battery
pack.

WR-1000

"It's software is excellent.. more versatile and less idiosyncratic
than that of the lcom IC-PCR1000"
WRTH 1999 Review
"Five stars for its
mechanical design"
WRTH 1999 Review
"Most Innovative
Receiver''
WRTH 1998 Awards

WR-1500

WR-3100

WR-1000i/WR-1500i-31 OOiDSP- Internal full length ISA cards
WR-1000e/WR-1 500e - 3100e • external RS232/PCMCIA (optional)
0.5-1300 MHz
0.15-1500 MHz
0.15-1500 MHz
AM,SSB/CW,FM-N,FM-W

AM,LSB,USB,CW,FM-N,FM-W

100 Hz (5 Hz BFO)

100 Hz ( 1 Hz for SSB

6 kHz (AM/SSB),

2.5 kHz(SSB/CW), 9 kHz (AM)

2.5 kHz(SSB/CW), 9 kHz (AM)

17 kHz (FM-N), 230 kHz (W)

17 kHz (FM-N), 230 kHz (W)

17 kHz (FM-NJ, 230 kHz CW}

PLL-based triple-conv. superhet
10 ch/sec (AM), 50 ch/sec (FM)
200mW
200mW
8 cards
8 cards
65 dB
65 dB
no
±2 kHz
no - use optional DS software
no
no
yes
yes
yes
yes
yes
yes
£299 inc vat
£369 inc vat
£359 inc vat
£429 inc vat

and CW)

AM,LSB,USB,CW,FM-N,FM-W
100 Hz (1 Hz for SSB and CW)

200mW
3-8 cards (pse ask)
85dB
±2 kHz
YES (ISA card ONLY}
yes (for ISA card)
yes
yes
yes (also DSP)
£1169.13 inc
£1 169.13 inc (hardware DSP only internal)

PCMCIA Adapter (external):
£69.00 inc when bought with 'e' series unit (otherwise: £99 inc)
PPS NiMH 12v Battery Pack and Charger: £99 inc when purchased with 'e' series unit (otherwise: £139 ,nc)
The WiNRADiO Digital Suite: £74.99 inc when purchased with a WiNRADrO receiver (otherwise: £8 1 05 inc)
To receive 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
our website at http://www.broadercastlng.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.

Please send all your enquiries to: info@broadercastlng.com or Telephone: 0800 0746 263 or +44 (0)1245 348000 • Fax: +44 (0)1245 287057
Enformatica Limited, Unit B, Chelford Court, Robjohns Road, Chelmsford, Essex, CM1 JAG, United Kingdom
E&OE Wi NRADI O and Vls l tune are trademar ks of WiNRAOiO Communicatio ns• c o pyright Broaderc asling Communic ation s Systems
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or production.
A r.1nge of truly portabll•, Univc>rsal ;rncl EPROM/Flash programmers for every need
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programmers
are here ...
Tlw new Malrix l'rogr.imming Sy,lem offPr~ lhe most complete,
flcxihlt• gang p rogr,1mnwr you will t•v(•r m·<•d for production
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