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Circuit ideas:

Valve amp turn-on delay, Self-decoding
indicators, Water level indicator

9 770959 833080

Te net

Fluke 5700A Multifunction Calibrator sith 5725A
Amplifier
£I7.000
Hewlett Packard 3314A Function Generator 20MHz
£1250
Hewlett Packard 3324A synth. function/sweep gen. (21MHz) £2250
Hewlett Packard 3325B Synthesised Function Generator
£3250
Hewlett Packard 3326A Two-Channel Synthesiser
£3000
Hewlett Packard 4191A R/F Impedance
Analyser (I-1000MHz)
£4995
Hewlett Packard 4192A L.F Impedance Analyser
(5Hz-13MHz)
£40011
Hewlett Packard 4193A Vector Impedance Meter (4-110‘111/) £3)))00
Hewlett Packard 4278A lkHz/1MHz Capacitance Meter
£3750
Hewlett Packard 53310A Modulation Domain Analyser
(opts 1&31)
£6750
Hewlett Packard 8349B (2 -20 GHz) Microwave Amplifier
£2500
Hewlett Packard 8508A (with plug-in 85082A-2GHz)
Vector Voltmeter
£2500
Hewlett Packard 8904A Multifunction Synthesiser (opt 2+4) £1950
Hewlett Packard ESG-D3000A (E4432A) 250 kHz-3GHz)
Signal Gen.
£6995
Marconi 6310 — programmable sweep generator
(2 to 20GHz) —new
£2500
Marconi 6311 Prog'ble sig. gen. (10MHz to 20GHz)
£2995
Marconi 6313 Prog'ble sig. gen. 410M Hz to 26.5GHz)
£4750
R&S SMG (0.1-1GHz) Sig. Generator (opts B1+2)
£2750
Rohde & Schwarz SM1Q-03B (opt11,12,14,20,B42)
Vector Signal Generator (300kHz-3.3GHz)
£8500

Quality second-user
test St measurement
equipment
Radio Communications Test Sets

Anritsu MT 8801C Radio Comms Analyser 300kHz -3GHz (opt 1,4,7)
Hewlett Packard 89208 (opts 1.4,7.11,12)
Marconi 2955
Marconi 2955A
Marconi 29558/606
Marconi 2955R
Racal 6103 (GSM) Digital Radio Test Se
Racal 6111 (GSM)
Racal 6115 (GSM)
Rohde & Schwarz CMT 55 (2GHz)
Rohde & Schwarz CMD 57 GSM test set (opts B1/34/6/7/19/42/43/61
Rohde & Schwarz CMT 90 (2G Hz) DECT
Rohde & Schwarz CMTA 94 (GSM)
Schlumberger Stabilock 4031
Schlumberger Stabilock 4040
Wavetek 4103 (GSM 900) Mobile phone tester

£6500
£6750
£1250
£1750
£3500
£1995
£6250
£1250
£1750
£7500
£7995
£3995
£4500
£2750
£1300
£1500

Wavetek

£2000

4106

(GSM 900. 1800. 1900) Mobile phone tester

OCSILLOSCOPES
Gould 400 20MHz -DSO -2 channel
Gould 1421 20MHz -DSO -2 channel
Gould 4068 150MHz 4 channel DSO
Gould 4074 100MHz -400 Ms/s -4 channel
Hewlett Packard 54201A -300MHz Digitizing
Hewlett Packard 54502A -400MHz - 400 MS/s 2 channel
Hewlett Packard 54520A 500MHz 2ch
Hewlett Packard 54600A -100MHz - 2 channel
Hewlett Packard 54616B 500MHz - 2Gs/s 2 Channel
Hewlett Packard 54810A 'Infinium .500MHz 2ch
Hitachi V152N212N222N302BN302FN353FN550BV650F
Hitachi V1 100A -100MHz -4 channel
Intron 2020 -20MHz Dual channel D.S.0 (new)
lwatstu SS 5710/SS 5702 Kikusui COS 5100 -100MHz -Dual channel
Lecroy 9314L 300MHz -4 channels
Meguro MSO 1270A -20MHz -D.S.O. (new)
Philips 3295A -400MHz -Dual channel
Philips PM3070 -100MHz -2 channel -cursor readout
Philips PM3392 -200MHz -200Ms/s -4 channel
Philips PM3094 -200MHz -4 channel
Tektronix 464/466 -100MHZ -(with AN. storage)
Tektronix 465 -100MHz -Dual channel
Tektronix 468 -100MHz D.S.O.
Tektronix 475/475A -200MHz/250MHz
Tektronix 2213/2215 -60MHz -Dual channel
Tektronix 2220 -60MHz -Dual channel D SD
Tektronix 2221 -60MHz -Dual channel D.S.0
Tektronix 2235 -100MHz -Dual channel
Tektronix 2245A -100MHz -4 channel
Tektronix 2430/2430A -Digital storage -150MHz
Tektronix 2440 -300MHz/500MS/s D.SD
Tektronix 2445 -150MHZ -4 channel +DMM
Tektronix 2445/2445B -150MHz -4 channel
Tektronix 2465/2465A /24658 -300MHz/350MHz 4 channel
Tektronix 7000 Series (100MHZ to 500MHZ)
Tektronix 7104 -1GHz Real Time - with 7A29 x2, 7B10 and 7E315
Tektronix TAS 475 -100MHz -4 channel
Tektronix TDS 310 50MH7 DSO 2 channel

£695
£425
£1250
£1100
£750
£1600
£2750
£675
£2500
£3500
from £100
£750
£450
from £125
£350
£2750
£450
£1400
£650
£1750
£1500
£295
£295
£500
from £400
£300
£850
£850
£500
£700
from £1250
£2100
£850
£800
from £1250
from £200
from £1950
£850
£750

SPECTRUM ANALYSERS
Advantest 4131 (10kHz - 3 5GHz)
£3750
Advantest R3272 Spectrum Analyser (9kHz-26.5GHz)
£12000
Advantest/TAKEDA RIKEN -4132 -100KHz -1000MHz
£1350
Ando AC 8211 -1.7GHz
£1500
Anritsu 54111A Scalar Network Analyser (0.001-3GHz) +dets+SWR
£7000
Anritsu 54154A Scalar Network Analyser (2-32GHz)+detectors+SWR
£9950
Avcom PSA-65A -2 to 1000MHz
£750
Hewlett Packard 182T Mainframe + 8559A Spec.An. (0.01 to 21GHz)
£2000
Hewlett Packard 853A Mainframe + 8559A Spec.An. (0.01 to 21GHz)
£2500
Hewlett Packard 3582A (0.02Hz -25.5kHz) dual channel
£1500
Hewlett Packard 8560A (50MHz-2.9GHz) High performance with Tracking
Generator option (02)
£5500
Hewlett Packard 8567A -100Hz -1500MHz
£3400
Hewlett Packard 8590A (opt 01, 021, 040) 1MHz-1.5MHz
£2500
Hewlett Packard 8596E (opt 41, 101, 105,130) 9KHz -12.8GHz
£9950
Hewlett Packard 8713C (opt 1E1) Network An. 3 GHz
£6000
Hewlett Packard 8752A -Network Analyser (1.3GHz)
£4995
Hewlett Packard 8753A (3000KHz -3GHz) Network An.
£3250
Hewlett Packard 8753B+85046A Network An + S Param (3GHz)
£6500
Hewlett Packard 8754A -Network Analyser 4MHz -13COMHz)
£1500
Hewlett Packard 8756A/8757A Scaler Network Analyser
from £900
Hewlett Packard 70001A/70900A(70906A/70902A/70205A -26.5 GHz
Spectrum Analyser
£7000
IFR A7550 -10KHz-GHz -Portable
£1750
Meguro -MSA 4901 -30MHz -Spec Anaylser
£600

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,
Coventry CV3 2SF.

TM 4
.11
Meguro -MSA 4912 -1MHz -1GHz Spec Anaylser
Tektronix 492P (opt12,3) 50KHz -21GHz
Wiltron 6409 -10-2000MHz R/F Analyser

£750
£3500
£1250

MISCELLANEOUS
Ballantine 1620A 100Amp Transconductance Amplifier£1750
Bias unit 3220 and 3225L Cal Coil available if required.
EIP 545 Microwave Frequency Counter (18GHz)£1000
EIP 548A and 8 26.5GHz Frequency Counter
EIP 575 Source Locking Freq.Counter (18GHz)
EIP 585 Pulse Freq.Counter (18GHz)
Gigatronics 8541C Power Meter + 80350A Peak Power Sensor£1750
Gigatronics 8542C Dual Power Meter + 2 sensors 80401A
Hewlett Packard 339A Distortion measuring set
Hewlett Packard 436A power meter and sensor (various)
Hewlett Packard 3335A - synthesiser (200Hz-81MHz)
Hewlett Packard 3457A mull meter 6 1/2 digit
Hewlett Packard 37900D
3784A -Digital
-Signalling
Transmission
test set Analyser

(PO A)
from £1500
£1200
£1200
£2500
£750
from £750
£1995
£2950
£3£785500

Hewlett Packard 4276A LCZ Meter (100MHz-20KHz)
£1400
Hewlett Packard 5342A Microwave Freq.Counter (18GHz)
£850
Hewlett Packard 53508 20KHz Microwave Freq.Counter
£2000
Hewlett Packard 5351B (pt 1& 6) Microwave Freq.Counter (26.5GHz)
£3000
Hewlett Packard 5385A -1GHz Frequency counter
£495
Hewlett Packard 6033A -Autoranging System PSU (20v-30a)
Hewlett Packard 6622A -Dual 0/P system p.s.0
££
12
75
50
0
Hewlett Packard 6624A -Quad Output Power Supply
£2000
Hewlett Packard 6626A /6629A Quad OPP Power Supply
£3500
Hewlett Packard 6632A -System Power Supply (20v-5A)
£695
Hewlett Packard 8350B -Sweep Generator Mainframe
£1500
Hewlett Packard 8603A, B and E -Distortion Analyser
from £1000
Hewlett Packard 8642A - high performance R/F synthesiser (0.1-1050MHz)
£2500
Hewlett Packard 8656A -Synthesised signal generator
Hewlett Packard 8656B -Synthesised signal generator
£9
£
79
5°
5
Hewlett Packard 8657A -Synth signal gen. (0.1-1040MHz)
£1500
Hewlett Packard 86578 -100MHz Sig Gen -2060 MHz
£3950
Hewlett Packard 8657D -XX DOPSK Sig Gen
£3950
Hewlett Packard 8901B -Modulation Analyser
Hewlett Packard 11729B/C Carrier Noise Test Set
from £
£2
22
500
50
Hewlett Packard 53131A Universal Frequency counter (3GHz)
£850
Hewlett Packard 53151B Microwave Freq. Counter (26.5GHz)
£3400
Hewlett Packard 85024A High Frequency Probe
£1000
Keithley 237 High Voltage -Source Measure Unit
£4
45
5
Keithley 238 High Current -Source Measure Unit
1%
Keithley 486/487 Picoammeter (+volt.source)
£1350/£1850
Keithley 8006 Component Test Fixture
£1750
Marconi 2840A 2 Mbit/s Transmission Analyser
£1100
Marconi 6950/6960/6960B Power Meters & Sensors
from £400
Philips 5515 -TN -Colour ri/pattern generator
£1
13
4 00
Philips PM 5193 -50 MHz Function generator50
Leader 3216 Signal generator 100KHz -140MHz -AM/FM/CW with built in FM stereo
modulator (as new) a snip at
£650
Rohde & Schwarz FAM (opts 2,6 and 8) Modulation Analyser
£3750
Rohde & Schwarz NRV dual channel power meter & NAV Z2 Sensor
£1000
Tektronix ASG100 -Audio Signal Generator
£750
Wavetek 178 Function generator (50MHz)
£750
Wayne Kerr 3245 -Precision Inductance Analyser
£1850
Wayne Kerr 3260A + 3265A Precision Magnetics Analyser with Bias Unit
£5500
Wayne Kerr 6245 -Precision Component Analyser
£2250

Tel: 02476 650 702
Fax: 02476 650 773
Web: www.telnet.uk.com
Email: sales@telnet.uk.com
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CIRCUIT IDEAS
•Ozoniser
•Economical mains LED
•Two channels —one gain pot
•Valve amp turn-on delay
•Self-decoding 1of 4indicator
•Water level indicator
•Triac drive
•Zero crossing detector

NEWS
•1Gbyte on a3cm disc
• Laser steel cutter
• New superconductor
• Alien help for disabled

39

NEW PRODUCTS
The month's top new products.

24

TRANSPARENT V-I
PROTECTION IN AUDIO
POWER AMPLIFIERS
The desirability or lack thereof, of
over-voltage and over-current
protection for power semiconductors in
audio power amplifiers remains apoint
of contention in the field.

• Robot technology
• White LED
• A roll in the PARC
• Healthy antenna
• IMbit magnetic RAM
• Sub £100 DAB radio
• Wireless broadband trial

12

TACKLING INTERFERENCE
PROBLEMS ON 433.92MHZ
Migrating from 433.92MHz to 868MHz to
escape interference is only ashort-term fix
for Short Range Devices (SRDs)

56

LETTERS
• Conspiracy theory
• M.G. Scroggie
• 500 Mhz front end
• More PBCs
• EW improvements
• Electronics as an occupation
• Electrocution
• Lightning

1Gbyte 3cm optical disc, page 5.
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Tackling interference, page 12

Useful web addresses for electronics
engineers.
Tying the knot page 26

16

CAPACITOR SOUND

2ndorder.ewb

ru lBateman continues his
investigations into capacitor borne
distortion

24

SPECTRUM PRICING'S
UNCERTAIN FUTURE
As atool for managing radio spectrum,
pricing has become the principle tool.
DaNid Rudd concludes his report.

26

TYING THE KNOT
Another excellent DIY project from the
pen of Jeff Nlacaulay, this time amotion
feedback loudspeaker.
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Visit our website
www.distel.co.uk

THE ORIGINAL SURPLUS WONDERLAND!
THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

GIANT 10" 7SEGMENT DISPLAYS
A bulk purchase enables us to bnng to you these
GIANT 7segment digrtal displays at anow affordable
pnce" The 10" character size gwes exceptional readabdrly at long distances and enables ahost of applications including. score boards. digital clocks, counters, event timers etc. As the units are a simple
electromechanical device and operate from 12 V DC.
simple switching via switches relays PIC or PC may
be used to control single or multiple digits Unrts feature
,••••••••••••••”
integral Zero Power memory which greatly srnpirfies
design For an excellent DIY practical article, see the May issue of
'Everyday & Practical Electronics' magazine Ideal School /College construction project Supplied n good RFE condition complete with data sheet
Less than 30%
of makers pri08 I

Only £29.95(e) or 4I£99 .00(D)
Order Rw4,4

Order PH26

THE AMAZING TELEBOX
TV SOUND 8
VIDEO TUNER
CABLE COMPATIBLE •
Converts your colour monitor into a QUALITY COLOUR TM!
The TELEBOX is an attractive hAy cased mans powered unit containing at
electronics ready to plug rep ahost ci video inuaturb or AV equipment which
as fitted with acomposite video or SCART nput The composite video output
will also plug directly into must video reuxdas, allowing reception of TV
channels not normally receivable on most television receivene (TELE BOX MB) Push button contrcis on the frcre panel alow reception of 8 fully
tuneable off ax' UHF colour television charnels TELEBOX MB covers un arty all television frequencies VHF and UHF including the HYPERBAND as
used by most cable TV operators. Ideal for desktop computer video systems & PIP (picture in pectre) setups For complete compabbiley -even for
monitors wrthout souid -an ntegral 4watt audio anpkfier and low level Hi Fi
audio output are provided as standard Brand new -fully guaranteed

-SHORT SUPPLY -BULK

OBSOLETE
For

MAJOR SAVINGS

CALL or see web site www.distel.co.uk

COMPUTER MONITOR SPECIALS
Legacy products
High spec genuine multysync.

l
a

CGA, EGA, VGA, SVGA

Mitsubishi FA3415ETKL 14 SVGA Multisync colour monitor with fine
0.28 dot pitch tube arid resolutice of 1024 x768 A vanety of inputs allows comection to a host ci computers
including IBM PC's in CGA, EGA, VGA & SVGA
nodes, BBC, COMMODOFtE (ncluding Amiga 1200),
ARCHIMEDES and APPLE. Many features. Etched
faceplate text switching arid LOW FtADtAT1ON MPR
. ...
specification Fully guaranteed. in EXCELLENT little
used condrtion Titt & Swivel Base £4.75
VGA cable for IBM PC included.

Only £129 (
E)

C»
cder

External cables for other types of computers available -CALL

Generic LOW COST SVGA Monitors
We choose the make, which includes Compaq,
Mitsubushi. IBM. etc Supplied ready to run with all
cables. Standard RTB 90 day guarantee

14

15

17

£59.00

£69.00

£79.00

order TD84

order TO21

order TJ66

Supplied in

good used condition Shipping

code (D)

VIDEO MONITORS

Onl y£99 00

2 TOSHIBA MK1002MAV 1 1Gb laptop(12.5 mm H) New £59.95
2 "TOSHIBA MK4313MAT 4 3Gb laptop (8.2 mm H) New £105.00
2 "TOSHIBA MK6409MAV 6.1Gb laptop (12.7 mm H) New £98.00
2 "TOSHIBA MK1814GAV 18 Gb laptop (12 mm H) New £149.95
2•to 3 "conversion kit for Pc's, complete with connectors
£15.95
3 "COMPAQ 313706-B21 (IBM) 9 gb ULT/SCSI3
New £199.00
3 "FUJI FK-309-26 20mb MFM I/F RFE
f59.95
3 "CONNER CP3024 20 mb IDE I/F (or equiv.) RFE
f59.95
3 "CONNER CP3044 40 mb IDE I/F (or equiv.) RFE
£69.00
3 "QUANTUM 40S Prodrive 42mb SCSI I/F, New RFE
£49.00
5' MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE
£49.95
5' SEAGATE ST-238R 30 mb RLL I/F Refurb
£69.95
5" CDC 94205-51 40mb HH MFM I/F RFE tested
£69.95
5" HP 97548 850 Mb SCSI RFE tested
f99.00
5" HP C3010 2Gbyte SCSI differential RFE tested
£195.00
8"
NEC D2246 85 Mb SMD interface. New
£99.00
8"
FUJITSU M2322K 160Mb SMD I/F RFE tested
£195.00
8"
FUJITSU M2392K 2 Gb SMD I/F RFE tested
£345.00
Many other floppy & H drives, IDE, SCSI. ESDI etc from stock,
see website for full stock list. Shipping on all drives is code (C)

Only £79.00 (D)

240 V AC mains powered

INDUSTRIAL COMPUTERS
Tiny shoebox sized industrial 40 Mhz 386 PC system measuring
only (mm) 266 w X 88 h X 272 d. Ideal for dedicated control applications running DOS. Linux or even Windows iSteel case contains 85 to 265 V AC 50 /60 hz 70 Watt PSU. a 3 slot ISA passive
backplane and a Rocky 318 (PC104) standard, single board computer with 8 MByte NON VOLATILE solid state Disk On Chip'
RAMDISK System compnses: Rocky 318 (PC104) SBC ISA card
with 40MHz ALi 386SX CPU, 72 pin SIMM slot with 16 Mbyte
SIMM, AMI BIOS, battery backed up real time clock. 2 x9 pin D
16550 serial ports. EPP/ECP printer port. mini DIN keyboard connector, floppy port. IDE port for hard dnves up to 528 MByte
capacity, watchdog timer and PC/104 bus socket. The 8 MByte
solid state disk on a chip' has its own BIOS. and can be fdisked.
formatted & booted. Supplied BRAND NEW fully tested and guaranteed. For full data see featured item on websde Order as OG36
100 s of applications inc:
firewall routers robotics etc
£99 .
00

TEST EQUIPMENT 8, SPECIAL INTEREST ITEMS
MITSUBUSHI FA3445ETKL 14 Ind. spec SVGA monitors
FARNELL 0-60V DC @ 50 Amps. bench Power Supplies
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy
KINGSHILL CZ403/1 0-50V @ DC 200 Amps -NEW
lkW to 400 kW -400 Hz 3phase power sources -ex stock
IBM 8230 Type 1. Token ring base unit driver
Wayne Kerr FtA200 Audio frequency response analyser
INFODEC 1U. 24 port, RJ45 network patchpanels #TH93
3COM 16670 12 Port Ethemet hub -RJ45 connectors rrLD97
3COM 16671 24 Port Ethernet hub -RJ45 connectors
3COM 16700 8 Port Ethemet hub -RJ45 connectors NEW
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 I/O
ALLGON 8360.11805-1880 MHz hybrid power combiners
Trend DSA 274 Data Analyser with G703(2M) 64 i/o
Marconi 6310 Programmable 2to 22 GHz sweep generator
Marconi 2022C 10KHz-iGHz RF signal generator
HP1650B Logic Analyser
HP3781A Pattern generator & HP3782A Error Detector
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts
HP6264 Rack mount variable 0-20V © 20A metered PSU
HP54121A DC to 22 GHz four channel test set
HP8130A opt 020 300 MHz pulse generator. GPIB etc
HP Al, AO 8 pen 1-IPGL high speed drum plotters -from
HP DFtAFTMASTER 18 pen high speed plotter
EG+G Brookdeal 95035C Precision lock in amp
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 industnal spec UPS
Mann Tally MT645 High speed line printer
Intel SBC 486/133SE Multibus 486 system 8Mb Ram

• • • •

• • •
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Unless marked NEW, items in
this section are pre owned.

HP6030A 0-200V DC @ 17 Amps bench power supply
£1950
Intel SBC 486/125C08 Enhanced Multibus (MSA) New
£1150
Nikon HFX-11 rEphiphot) exposure control unit
£1450
PHILIPS PM5518 pro TV signal generator
£1250
Motorola VME Bus Boards & Components List. SAE /CALL EPOA
Trio 0-18 vdc linear, metered 30 amp bench PSU. New
£550
Fujitsu M3041 R 600 LPM high speed band printer
£1950
Fujitsu M3041D 600 LPM printer with network interface
£1250
Siemens K4400 64Kb to 140Mb demux analyser
£2950
Perkin Elmer 299B Infrared spectrophotometer
£500
Perkin Elmer 597 Infrared spectrophotometer
£3500
VG Electronics 1035 TELETEXT Decoding Margin Meter
f3250
LightBand 60 output high spec 2u rack mount Video VDA s f495
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
B&K 2633 Microphone pre amp
£300
Taylor Hobson Tallysurf amplifier /recorder
£750
ADC SS200 Carbon dioxide gas detector /monitor
£1450
BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics
£75
ANRITSU 9654A Optical DC-2.5G/b waveform monitor
£5650
ANRITSU ML93A optical power meter
£990
ANRITSU Fibre optic characteristic test set
£P0A
R&S FTDZ Dual sound unit
£650
R&S SBUF-El Vision modulator
£775
WILTRON 6630B 12.4 /20GHz 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 digital realtime +colour display etc f5100
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser
£3950
PHILIPS PW1730110 60KV XRAY generator & accessories £P0A
VARIACS -Large range from stock -call or see our website
CLAUDE LYONS 12A 240V single phase auto volt. regs
£325
CLAUDE LYONS 100A 240/415V 3 phase auto volt regs
f2900

ALL MAIL TO
. •:•
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£245
£995
£1850
£3950
EPOA
£760
£2500
£49
£69
£89
£39
£P0A
£45
£550
£250
£P0A
£4500
£1550
£3750
EPOA
£1800
£475
£P0A
£7900
£550
£750
£1800
£P0A
£3750
£4500
£1499
£2200
£945

Europe's Largest Stocks of
quality rack cabinets,
enclosures and accessories.
Over 1000 Racks from stock

10,000,000 items EX STOCK

PHILIPS HQS35 (same style as CM8833) attractively styled 14
colour monitor with bah 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 for all
State of the art PAL (UK spec) UHF TV tuner module video monitoring /security applications with direct connection
with composite 1V pp video & NICAM hi fi stereo sound to most colour cameras High quality with many features such as
outputs Micro electronics all on one small PCB only 73 x front concealed flap controls. VCR correction button etc Good
160 x 52 mm enable full tuning control via a simple 3 wire link to used condition -fully tested -guarante
Dimensions W14" xH12 "x 15" D ed
'
(D)
an IBM pc type computer Supplied complete with simple working
program and documentation Requires +12V & + 5V DC to operate
PHILIPS HCS31 Ultra compact 9 colour video monitor with stanBRAND NEW -Order as MVOS.
Only f39.95 code (El) dard composite 15.625 Khz video input via SCART socket Ideal
See wvev.distel.co.uk/data_my00.htm for picture • full details
for all monitoring /security applications High quality, ex-equipment
fully tested & guaranteed (possible minor screen burns) In attractive square black plastic case measuring W10" x H10" x 13" D

HARD DISK DRIVES 2fi" -14"

19" RACK CABINETS

IC's -TRANSISTORS -DIODES

TELEBOX ST for composite video input type monitors
£36.95
TELEBOX STL as ST but fitted with integral speaker
£39.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5 5or 6 mHz sound specification
•For cable /hyperband signal reception Telebox MB should be connected to a cable type service Shipping on all Telebox s code if3)

•• •

Surplus always I
wanted for cash!

Dept W, 29 /35 Osborne Rd
Thornton Heath
Surrey CR7 8PD, UK
Open Mon -Fri 9.00 -5:30

This month's special
33 /42 /47 U -High Quality

Made by Eurocraft Enclosures Ltd to the highest possible spec, rack features all steel construction Witr
removable side, front and back doors Front and
back doors are hinged for easy access and
lockable with five secure 5 lever barrel locks
The front door is constructed of double walled
steel with a 'designer style' smoked acrylic front
panel to enable status indicators to be seen
through the panel, yet remain unobtruso,
Internally the rack features fully slotted re
forced vertical fixing members to take 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 internally mounted to the bottom
rear, provides 8 x IEC 3 pin Euro sockets and 1x
13 amp 3 pin switched utility socket. Overall ventila lion is provided by fully louvered back door and double skinned top
section with top and side louvres The top panel may be removed
for fitting of Integral fans to the sub plate etc Other features
include fitted castors and floor levelers, prepunched utility panel at
lower rear for cable /connector access etc. Supplied in excellent,
slightly used condition with keys Colour Royal blue some grey
available -CALL -Can be supplied in many other configurations

33U

47U

Order as DT20

Order as RV36

Only

Only

Only

External dimensions External dimensions External dimensions
mm=1625H x 635D x mm=2019H x635D x mm=2235H x 635D x
603 W. (64 H x 25 603 W (79 5 H x 25 603 W (88 H x 25
x 23 W )
D x 23 W )
D x 23 W )

£245

£345

£410

Call for shipping quotation

COLOUR CCD CAMERAS
Undoubtedly a miracle of modern technology &
our special buying power I A quality product featuring a fully cased COLOUR CCD camera at a
give away price I Unit features full autolight sensing for
use in low light & high light
applications. A 10 mm fixed focus
wide angle lens gives excellent focus
and resolution from close up to long
range The composite video output will
connect to any composite monitor or TV
(via SCART socket) and most video
recorders Unit runs from 12V DC so
ideal for security & portable applications where mains power not available
Overall dimensions 66 mm wide x 117 deep x 43 high Supplied
BRAND NEW & fully guaranteed with user data. 100's of applications including Security, Home Video, Web TV, Web Cams etc, etc
Order as LK33

ONLY £79.00 or 2for £149.00 (8)

SOFTWARE SPECIALS
NT4 WorkStatloh, complete with service pack 3
and licence -OEM packaged.

ONLY £89.00 re)

ENCARTA 95 -CDROM, Not the latest -but at this price I £7.95
DOS 5.0 on 3" disks with concise books c/w °Basic
£14.95
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks
£55.00
Windows 95 CDROM Only -No Licence £19.95
Wordperfect 6 for DOS supplied on 3" disks with manual £24.95
shipping charges for software is code B

SOLID STATE LASERS
Visible red. 670nm laser diode assembly. Unit runs from 5V DC at
approx 50 mA Originally made for continuous use in industrial barcode scanners, the laser is mounted n a removable solid aluminium
block, which functions as a heatsink and rigid optical mount Dims of
block are 50 w x50 d x 15 h mm Integral features include over ternperature shutdown, current control, laser OK ouput. and gated TTL
ON /OFF. Many uses for experimental optics. comms & lightshows
etc. Supplied complete with data sheet.
Order as TD91

ONL Y£24.95 ,A,

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.

RELAYS -200,000 FROM STOCK
Save Mf's by choosing your next relay from our Massive Stocks
covering types such as Military. Octal. Cradle, Hermetically Sealed.
Contmental, Contactors, Time Delay. Reed, Mercury Wetted. Solid
State. Printed Circuit Mounting etc. .CALL or see our web site
www.distel.co.uk for more information. Many obsolete types from
stock Save UTts

Secure Ordering, Pictures, Information
Secure Site

42U

Order as BC44

18 Million Items On Line Now!
4riSign

61e>
4/
oe

All steel Rack Cabinets

www.distel.co.uk
email = admin@distel.co.uk

ALL

f
i
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ENQUIRIES

0208 653 3333
FAX 0208 653 8888

Al poxes ficir UK Mainland. UK customers add 17 5% VAT to TOTAL /r be amount Minimum order £10. Bcna Fide account orders accepted fro, )
Universities and Local Authoibe., -minimum account order £100. Cheques over £100 are subject to 7waling days clearance. Cdf1aye charges (A)=E., u b
(D)=E15.00. (E)418 00, (F)<'Al I.Now approx 3days for shpping -faster CALL. Al goods supped to our Standard Conditions ci Sale which cal be viewed at our websrte ar
armless stated guaranteed kw 90 days Al guarantees on areturn to base basis Al rights reserved to change paces specifications without prior notice. Orders subject to sloe
Discounts tor volume Top CASH prices paid for surplus goods AM trademarks traclenames etc admeMedged Display Electronics 2002. E&OE.
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Jackie

hat an enlightening month! Ihave
never worked for amagazine

Lowe
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before who's readers feel so passionately
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about it.
My mailbox was jolly full this month,

020 8722 6028

as you can see from the extended letters
pages. It was not all good, as some of
you were quite critical about EW —but 1
certainly do not mind that. And nor do I
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mind publishing them. My job here is to
produce amagazine that you want to
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earnings that may result from applying
information presented in the magazine. It
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read, and as Isaid last month, all
comments are welcome.
Iam trying to broaden the horizons of
EW and Ifor one, would to see more in
the way of computer articles, perhaps
setting up small networks and even
software reviews. Whilst Ihave plenty of
traditional EW articles to hand —some of
this 'new' stuff is abit more rare. So, if
any of you feel up to the challenge — let
me know.
Iam also considering running some
'new technology' items, which would
take the form of insights into the
enabling technologies of new products
and services. Some ideas of mine would
encompass digital imaging, video and
audio compression, Bluetooth and
wireless LANs. Again any suggestions
gratefully received.
One reader suggested afree 'readers
ads' page, where you could ask other
readers' help in finding rare electronic
items or old articles. Feedback please.
This month sees amixed bag of articles
from the second part (of six) of Cyril
Bateman's excellent ideas on distortion
caused by capacitors, the final part of

Cyril Bateman's excellent ideas on distortion.

loudspeaker project from Jeff Macaulay.
Also on the subject of audio (a subject
dear to your hearts, Iknow) comes part 1
of an article on V-I protection in audio
amplifiers by Michael Kiwanuka. For the
RF aficionados, Marc Isherwood tackles
interference problems on 433.92MHz.
And of course we have the usual mixed
bag of circuit ideas, industry news and
new products.
Ihope you enjoy it.

David Rudd's spectrum pricing article
and part one of aDIY motion feedback
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£1 BARGAIN PACKS
Selected items
PIEZO ELECTRIC SOUNDER, also operates efficiently as a microphone. Approximately 30mm
diameter, easily mountable, 2 for £1. Order
Ref: 1084.
LIQUID CRYSTAL DISPLAY on p.c.b. with i.c.s
etc. to drive it to give 2 rows of 8 figures or letters
with data. Order Ref: 1085.
30A PANEL MOUNTING TOGGLE SWITCH.
Double-pole. Order Ref: 166.
SUB MIN TOGGLE SWITCHES. Pack of 3. Order
Ref: 214.
HIGH POWER 3in. SPEAKER (11W 8ohm). Order
Ref: 246.
MEDIUM
WAVE
PERMEABILITY
TUNER.
It's almost a complete radio with circuit. Order
Ref: 247.
HEATING ELEMENT, mains voltage 100W, brass
encased. Order Ref: 8.
MAINS MOTOR with gearbox giving 1 rev per 24
hours. Order Ref: 89.
ROUND POINTER KNOBS for flatted Vain. spindles. Pack of 10. Order Ref: 295.
REVERSING SWITCH. 20A double-pole or 40A
single pole. Order Ref: 343.
LUMINOUS PUSH-ON PUSH-OFF SWITCHES.
Pack of 3. Order Ref: 373.
SLIDE SWITCHES. Single pole changeover. Pack
of 10. Order Ref: 1053.
PAXOLIN PANEL.
Order Ref: 1033.

Approximately

12in.

x 12in.

CLOCKWORK MOTOR. Suitable for up to 6
hours. Order Ref: 1038.
TRANSISTOR
DRIVER
TRANSFORMER.
Maker's ref. no. LT44, impedance ratio 20k ohm to
1k ohm; centre tapped, 50p. Order Ref: 1/23R4.
HIGH CURRENT RELAY, 12V d.c. or 24V a.c.,
operates changeover cocntacts. Order Ref: 1026.
3-CONTACT MICROSWITCHES, operated with
slightest touch, pack of 2. Order Ref: 861.
HIVAC NUMICATOR TUBE, Hivac ref XN3. Order
Ref: 865 or XN11 Order Ref: 866.
2IN. ROUND LOUDSPEAKERS. 500 coil. Pack of
2. Order Ref: 908.
5K POT, standard size with DP switch, good
length lain. spindle, pack of 2. Order Ref: 11R24.
13A PLUG, fully legal with insulated legs, pack of
3. Order Ref: GR19.
OPTO -SWITCH on p.c.b., size 2in. x lin., pack of
2. Order Ref: GR21.
COMPONENT MOUNTING PANEL heavy paxOlin 10in. x 2in., 32 pairs of brass pillars for soldering binding components. Order Ref: 7RC26.
HIGH AMP THYRISTOR, normal 2 contacts from
top, heavy threaded fixing underneath, think
amperage to be at least 25A, pack of 2. Order
Ref: 7FC43.
BRIDGE RECTIFIER, ideal for 12V to 24V charger
at 5A, pack of 2. Order Ref: 1070.
TEST PRODS FOR MULTIMETER with 4mm
sockets. Good length flexible lead. Order Ref: D86.
LUMINOUS ROCKER SWITCH, approximately
30mm square, pack of 2. Order Ref: D64.
MES LAMPHOLDERS slide on to 'Ain, tag, pack
of 10. Order Ref: 1054.
HALL EFFECT DEVICES, mounted on small
heatsink, pack of 2. Order Ref: 1022.
12V POLARISED RELAY, 2 changeover contacts.
Order Ref: 1032.
PROJECT CASE, 95mm x 66mm x 23mm with
removable lid held by 4 screws, pack of 2. Order
Ref: 876.

LARGE MICROSWITCHES, 20mm x 6mm x
10mm, changeover contacts, pack of 2. Order

Ref: 826.
COPPER CLAD PANELS, size 7in. x 4in., pack of
2. Order Ref: 973.
100M COIL OF CONNECTING
Ref: 685.

WIRE.

Order

WHITE PROJECT BOX, 78mm x 115mm x35mm.
Order Ref: 106.
LEVER-OPERATED
MICROSWITCHES,
exequipment, batch tested, any faulty would be
replaced, pack of 10. Order Ref: 755.
MAINS TRANSFORMER, 12V-0V-12V, 6W. Order
Ref: 811.
QUARTZ UNEAR HEATING TUBES, 306W but
110V so would have to be joined in series, pack
of 2. Order Ref: 907.
REELS INSULATION TAPE, pack of 5, several
colours. Order Ref: 911.
UGHTWEIGHT STEREO HEADPHONES. Order
Ref: 989.
THERMOSTAT for ovens with ktin. spindle to take
control knob. Order Ref: 857.
MINI STEREO 1W AMP. Order Ref: 870.
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SELUNG WELL BUT STILL AVAILABLE
IT IS A DIGITAL MULTITESTER, complete
with backrest to stand
it and hands-free test
prod holder. This tester
measures d.c. volts up
to 1,000 and a.c. volts
up to 750; d.c. current
up to 10A and resistance up to 2 megs.
Also tests transistors
and diodes and has an
internal buzzer for continuity tests. Comes complete with test prods, battery and
instructions. Price £6.99. Order Ref: 7P29.
INSULATION TESTER WrfH MULT1METER. Internally generates voltages which enable you to read insulation directly in
megohms. The multrrneter has four ranges: AC/DC volts. 3
ranges DC milliarnps. 3 ranges resistance and 5amp range.
These instruments are ex-British Telecom but in very good
condition, tested and guaranteed OK, probably cost at least
£50 each, yours for only £7.50 with leads, carrying case £2
extra. Order Ref: 7.5P4.
REPAIRABLE METERS. We have some of trie above
testers but slightly faulty, not working on all ranges, should
be repairable, we supply diagram, £3. Order Ref: 3P176.
PHILIPS 9M. MONITOR. Not cased, but it is in aframe for
rack mounting. It is high resolution and was made to work
with the IBM 'One per disk' computer. price £15. Order
Ref: 15P1.
METAL CASE FOR 9in. MONITOR. Supplied as a flat
pack, price £12. Order Ref: 12P3.
ANOTHER PROJECT CASE. Should be very suitable for a
non-recoglisabie bug or similar hand-held device. It is
15Ornm long, 38mm wide and 15mm thick. Originally these
were TV remote controls. price 2for £1. Order Ref: 1068.
A MUCH LARGER PROJECT BOX. Size 216mm x
130mm x85mm with lid and 4 screws. This is an ABS box
which normally retails at around £6. All brand new, price
£2.50. Order Ref: 2.5P28.
BT TELEPHONE EXTENSION WIRE. This is proper heavy
duty cable for running around the skirting board when you
want to make a permanent extension. Four cores properly
colour coded, 25m length only £1. Order Ref: 1067.
HEAVY DUTY POT. Rated at 25W, this Is 20 ohm resistance so it could be just right for speed controlling a d.c.
motor or device or to conked the output of a high current.
Price £1. Order Ref: 1/33L1.
1mA PANEL METER. Approximately 80mm x 55mm, front
engraved 0-100. Price £1.50 each. Order Ref: 1/16R2.
VERY THIN DRILLS. 12 assorted sizes vary between
0-6mm and 1.6mm. Price £1. Order Ref: 128.
EVEN THINNER DRILLS. 12 that vary between 0,1mm
and 0.5mm. Price £1. Order Ref:129.
D.C. MOTOR WITH GEARBOX. Size 60mm long, 30mm
diameter. Very powerful, operates off any voltage between
6V and 24V D.0 Speed at 6V is 200 rpm. speed controller
available. Special price £3 each. Order Ref: 3P108.
FLASHING BEACON. Ideal for putting on a van, a tractor
or any vehicle that should always be seen. Uses a Xenon
tube and has an amber coloured dome. Separate fixing
base is included so unit can be put away if desirable. Price
£5. Order Ref: 5P267.
MOST USEFUL POWER SUPPLY. Rated at 9V 1A, this
plugs into a 13A socket. is really nicely boxed. £2. Order
Ref: 2P733.
MOTOR SPEED CONTROLLER. These are suitable for
D.C. motors for voltages up to 12V and any power up to
1/6h.p. They reduce the speed by intermittent full voltage
pulses so there should be no loss of power. In kit form
these are £12. Order Ref: 12P3a. Or made up and tested,
£20. Order Ref: 20P39.
BALANCE ASSEMBLY KITS. Japanese made, when
assembled ideal for chemical experiments, complete with
tweezers and 6 weights 0,5 to 5 grams. Price £2. Order
Ref: 2P44.
CYCLE LAMP BARGAIN. You can have 100 6V 0.2A
MES bulbs for just £2.50 or 1,000 for £20. They are beautifully made, slightly larger than the standard 6,3V pilot
bulb so they would be ideal for making displays for night
lights and similar applications.
SOLDERING IRON, super mains powered with long-life
ceramic element, heavy duty 4ow for the extra special job,
complete with plated wire stand and 245mm lead, £3.
Order Ref: 3P221.
HIGH AMP THYRISTOR. Normal two contacts from the top
and heavy threaded fixing underneath. We don't know the
amperage of this but think it to be at least 25A. Price 50p
each. Order Ref: 1/7RC43.
THREE LEVEL PRESSURE SWITCH. All 3 are low pressures and the switch could be blow-operated. With a suitable tubing these switches could control the level of liquid,
etc., price £1. Order Ref: 67.
BREAKDOWN UNIT, Order Ref: BM41001. This sprobably the most valuable breakdown unit that you have ever
been offered. It contains the items specified below, just 2of
which are currently selling at £3.50 each. Other contents
are:
Computer grade electrolytics, 3304F 250V DC. you get 4of
these. 4.700riF at 50V DC, you get 2of these. 1,000/iF at
16V DC, you get one of these, and 16A 250V double rocker switch, 115V to 250V selector switch. You also get a
standard flat pin instrument socket, a 250V 5A bridge rectifier, 2 x 25A bridge rectifiers mounted on an aluminium
heatsink but very easy to remove.
2 NPN power transistors ref. BUV47, currently listed by
Maplins at £3.50 each, a power thyristor. Mullare ref.
BTW69 or equivalent, listed at £3.
All the above parts are very easy to remove. 100s of other
parts not so easy to remove, all this is yours for £5. Order
Ref: 1/11 R8.

RELAYS
We have thousands of
relays of various sorts in
stock, so if you need anything special give us a ring.
A few new ones that have
just arrived are special in
that they are plug-in and
come complete with a special base which enables you
to check voltages of connections of it without having
to go underneath. We have 6 different types with varying
coil voltages and contact arrangements.
Coil Voltage Contacts
Price
Order Ref:
12V DC
4-pole changeover
£2.00
FR10
24V DC
2-pole changeover
VISO
FR12
24V DC
4-pole changeover
£2.00
FR13
240V AC
1-pole changeover
£1.50
FR14
240V AC
4-pore changeover
£2.00
FR15
Prices include base
MINI POWER RELAYS
For p.c.b. mounting, size 28mm x25mm x 12mm, all have
16A changeover contacts
for up to 250V. Four versions
avalable, they all look the
same but have different
coils:
6V Order Ref: FR17
12V Order Ref: FR18
24V Order Ref: FR19
48V Order Ref: FR20
Price £1 each less 10% if
ordered in quantities of 10,
same or mixed values.
4CIRCUIT 12V RELAY. Quite small, clear plastic enclosed
and with plug-in tags, £1. Order Ref.205N.
NOT MUCH BIGGER THAN AN OX0 CUBE. Another
relay just arrived is extra small with a 12V coil and 6A
changeover contacts. It is sealed so it can be mounted in
any position or on ap.c.b. Price 75p each, 10 for £6 or 100
for £50. Order Ref: FR16.
BIG POWER RELAY. These are open type fixed by
screws into the threaded base. Made by Omron, their
ref: MM4. These have 4 sets of 25A changeover contacts. The coil is operated by 50V AC or 24V DC, price
£6. Order Ref: 6P.
SIMILAR RELAY but smaller and with only 2 sets of
25A changeover contacts. Coil voltage 24V DC, 50V
AC, £4. Order Ref: 4P.
BIG POWER LATCHING RELAY. Again by Ormon, their
ref: MM2K. This looks like adouble relay, one on top of the
Other. The bottom one has double-pole 20A changeover
contacts. The top one has no contacts but when energised
it will lock the lower relay either on or off depending on how
it is set. Price £6. Order Ref: 6P
RECHARGEABLE NICAD BATTERIES. AA size, 25p
each, which is a real bargain considering many firms
charge as much as £2 each. These are in packs of 10,
coupled together with an output lead so are a 12V unit
but easily divideable into 2 x 6V or 10v 1,2V. £2.50 per
pack. 10 packs for £25 including carriage. Order Ref:
2.5P34.
BUY ONE GET ONE FREE
ULTRASONIC MOVEMENT DETECTOR. Nicely
cased, free standing, has internal alarm which can be
silenced. Also has connections for external speaker or
Ught. Price £10. Order Ref: 10P154.
CASED POWER SUPPLIES which, with a few small
extra components and a bit of modifying, would give
12V at 10A. Originally £9.50 each, now 2 for £9.50.
Order Ref: 9.5P4.
3-OCTAVE KEYBOARDS with piano size keys, brand
new, previous price £9.50. now 2 for the price of one.
Order Ref: 9.5P5.
1.5V-6V
MOTOR
WITH
GEARBOX. Motor is mounted
on the gearbox which has
interchangeable gears giving a
range of speeds and motor
torques. Comes with full
instructions for changing gears
and calculating speeds, £7.
Order Ref: 7P26.
MINI
BLOWER
HEATER.
1kW, ideal for under desk or airing cupboard. etc.. needs
only a simple mounting frame, price £5. Order Ref: 5P23.
IT IS VERY POWERFUL In fact it is almost Xih.p. and can
be driven by a 12V battery, so one on each wheel would
drive a go-kart and its passenger. Made by the famous
Smiths company, this motor should give agood, long, trouble-free service. Offered at £12 each or if you order a pair,
then you can have the pair for £20. Order Ref: 12P41.
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Blue laser fits 1Gbyte into 3cm disc
Philips has demonstrated a1Gbyte
fully functional 3cm optical disc
drive, claiming it to be the worlds
first.
Behind the development is the
technology which will be used in
Blu-ray optical discs, the generation
to follow DVDs.
A blue laser is the key to storing so
much data on asmall disc and an allplastic objective lens has cut the
thickness of the 56x34rnm drive to
7.5mm.
The lens makes adifference
because it is mounted above the disc
and has to have acertain
diameter/thickness ratio.
Thinning it means reducing the
diameter from the normal 3.5mm to a
hard-to-handle 1.3mm. Although
Philips has made both glass and
plastic lenses, plastic allows
extensions to be moulded onto the
lens, which are later removed, for
production handling.
Electronics are currently in a
separate box, but the company sees
no problems in fitting them in with
the optics and mechanics.
The drive, which has afullyremovable disc, will allow Philips to
try out future PDA and personal
music player concepts, said the
company.

Laser cuts inches of steel
IPG Laser from German} has built
an infra-red fibre laser that has a
2kW single mode, continuous wave
output.
Diode-pumped fibre lasers such as
this are gaining popularity in
applications such as welding and
cutting. They do not need any water
cooling and the quality of the beam
is far better than competing devices
such as CO 2 or Nd:Yag lasers.
This 2kW version could easily be
used to cut through several inches of
steel or weld steel, copper and
aluminium. In areas such as
automotive, the beam can be
delivered by up to 20m of single
mode optical fibre.
IPG's design is an example of a
standard diode-pumped fibre laser,
made from adouble clad fibre, with
an ytterbium-doped core, said the
firm's Dr Sergei Popov. The inner
cladding is used to contain the pump

light which is launched into the fibre
from multiple diodes, each providing
aportion of the input power.
The output is at around 1085nm.
With abeam size of 50µm, the laser
has apower density of around
100MW/cm 2.The lifetime of the
diode pumps is claimed to be over
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100,000 hours, another advantage
over other solid state lasers.
The entire system fits in abox
measuring 1.1x1.2x0.6m. Higher
power versions with outputs of 5and
10kW are planned before the end of
the year.

Superconductors yield another secret
Researchers at Ohio State University have
nailed an answer to one of the remaining
high-temperature superconductor (HTS)
questions.
The mystery is associated with cuprate-type
HTSs.
Scientists, according to professor Thomas
Lemberger at Ohio, are still arguing whether
cuprates exhibit d-wave or s-wave
superconductivity.
S-wave is more desirable because this gives
better properties at high temperatures.

Unfortunately, most HTS cuprate compounds
appear to exhibit d-wave behaviour.
The Ohio team has shown ceramic cuprates
switch between sand d-wave under certain
circumstances and by doping certain cuprates
with enough cerium s-wave superconduction
can be promoted.
"It seems that the mechanisms for both
kinds of behaviour are always present in these
materials," Lemberger said. "So if you do
something to suppress one, acuprate will
automatically switch to the other."
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UPDATE

UK firm ousts copper with
superconductors
A superconductor company has been
set up in Cambridge to exploit
magnesium diboride, the material
unexpectedly found to have
superconducting properties by
Japanese scientists in 1999.
Called Diboride Conductors, the
company already has £10,000 from
the Cambridge Virtual Incubator
Fund. "In mid-Autumn we plan on
going for £300,000, which will be a
mixture of angel and VC [venture
capital]," said the companys founder
and managing director Dr Philip
Sargent.
According to Sargent, the big
interest in MgB 2 conductors is their
low cost, cheaper than copper. He
puts high-temperature
superconductors (HTSs) at an
expensive $3,000/1cA.m, nonsuperconducting copper at $15/1cA.m,

Europe invests in nanotech
As part of its funding
programme, the European
Union is planning to invest
€700m in nanotechnology in
the coming four years.
"The challenge is so big that
it has to be faced by solid
public-private partnerships,"
said EU Research
Commissioner Philippe
Busquin.
"With private sector
contributions this amount
should rise to Elbn," he said.
Typical projects that could
benefit include those in energy
storage, processors and display
technologies, bio-analysis and
drug delivery, robotics and
prosthetics.
Funding would cover projects
such as COUNT, run by six
European metrology institutes,
including NPL in the UK. It is
creating asingle electron
current source and current
meter. The equipment pictured
allows the circuits to work at
temperatures below 50mK.
However, the EU's
investment is still far short of
the US funding for nanotech.
"The US government is
pouring 600 to 700 million
dollars per year into this
sector," Busquin said.

followed by MgB 2 at an estimated
$5/1cA.m.
Sargent is amaterial scientist with a
background in running companies.
Diboride Conductors already has two
patents on MgB 2 preparation for
superconducting wires, with more on
the way.
Although magnesium diboride is a
true superconductor, having no
resistance at all below its operating
temperature, it is not ametal, but a
black powder.
MgB 2 wires are prepared like
HTSs, by filling ametal tube with
superconductor powder, then drawing
it into awire.
"You pull it down [in diameter] at
room temperature," said Sargent.
"The powder gets [crushed] finer and
finer."
Unlike HTS, which need asilver
tube, MgB 2 can be drawn inside
cheaper iron or copper.
MgB 2 superconducts around 20°K,
too low for liquid nitrogen but "you
can buy cryo-coolers that get to this
temperature in one stage", said
Sargent. A motor, for instance, could
be cooled using gaseous helium.
Using post-drawing heat-treatment,

MgB 2 wires able to carry
7x105A/cm 2 have been made, said
Sargent, compared with 103A/cm 2 for
copper in room-temperature motors.
A drawback of MgB 2 is its poor
performance in strong magnetic
fields, but this is changing. "It has a
pretty ropey resistance to high fields
in wires made now. You could use it
at 21 in an ordinary motor and could
get up to 10T in some years," said
Sargent. "Typical working conditions
are 25K and 1T, so it can be used in
transformers, motors and generators,
but not in most MRI scanners."
Some small MRI scanners use
weaker conventional copper-iron
electromagnets and Sargent thinks
MgB 2 will be used to make
superconducting versions of these. "I
expect to see demonstration machines
in 2003," he said, "either low-field
scanners or electric motors."
Continuously-used big electric
motors are another obvious target as,
over a30-year life, electricity cost for
these are 100 times the initial motor
cost. Superconducting motors are also
80 per cent smaller, so ships could be
another market.

Disabled man helped by Aliens
Using two motors, speechrecognition software and an exoskeleton inspired by the film Aliens,
undergraduates at the US Johns
Hopkins University have designed
and built adevice to help adisabled
man grasp and lift.
The project was started after the
disabled man, with progressive
muscle deterioration, approached
Volunteers for Medical Engineering,
anon-profit organisation, which got
in touch with the university.
The team rejected electromagnets
and air pressure systems, finally
settling on two stepper motors for

motive power. These move fingers
and elbow in small, slow, increments
and hold position without power.
The words "arm" and "hand" wake
up the device, the elbow motor then
responds to "raise", "down" or
"stop", and hand motor responds to
"open", "close" and "stop".
A waist-carried rechargeable 12V
lead-acid battery powers the whole
set-up. With the device auser can
clasp acup firmly without crushing
it. "The students did awonderful
job," said Jan Hoffberger, executive
director of Volunteers for Medical
Engineering.
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Batteries get Guardian angel
A four-person firm from Manchester
is developing achip that monitors
standby batteries, giving constant
updates on their condition and
potentially extending their lifetimes.
Guardian Link said its technology
could be used in thousands of sites
across the UK, including hospitals,
air-traffic control and other
important sites where standby cells
provide backup in case of mains
outages.
"But nobody knows what condition
these cells are in, because there's no
fluid in them anymore," said Nigel
Scott, MD of Guardian Link.
Also, said Scott, "they are more
sensitive than the old batteries used
to be".
Scott developed atechnique to
analyse the cell from the waveforms
produced when varying frequency
currents are placed across the cell \

terminals. He worked with UMIST
which formulated the algorithms
needed to analyse the data.
"We wanted to use spectrum
analysis to break cells down into
electrochemical components," said
Scott.
In 1999 this resulted in abenchtop
instrument, sold to AVO in the US.
Now Scott is working on asingle
chip version where the IC is
integrated into the cell. The cell's
condition is monitored constantly,
with data delivered over aCAN-bus.
The mixed signal chip is in design
at the University of Glamorgan. "It's
fairly well advanced into its design.
We should have it within nine to 12
months," said Scott.
Moreover, Scott said the technique
is applicable to any battery
chemistry. "The chip could go in a
nickel metal hydride pack and tell

you the condition of each cell in the
pack."
Such asystem could help
paramedics in life-threatening
situations when using defibrillators,
for example, or with battlefield
comms systems.
By controlling terminal voltage
and avoiding under and overcharging, the chip can also extend
battery life, Scott claimed.
This is because all standby cells
have slightly differing terminal
impedances, so charging at constant
voltage causes slightly different
charging levels. Over-charging
causes heat damage, while undercharging results in sulphation.
Thus abattery with arated lifetime
of ten to 12 years might only
manage six. "The chip can actively
do something for the cell itself,"
Scott pointed out.

Robot technology steps forward
This is Honda's ASIMO robot.
designed eventually to assist
humans.
"I think it will take another dozen
years until the robots will be used at
home," said Toru Takenaka, chief
engineer for the ASIMO project.
"Until then there will be some use
in the public areas, such as the
robots working as aguide at the
museums or robots working as a
body guard to some persons. Or
could be used in the dangerous
situations instead of human beings
actually being there."
It stands I.2m tall and weighs
52kg. Currently ASIMO can walk,
wave, grasp and lift things on its
own, without human assistance.
Power comes from internal
nickel-zinc batteries, brushless
servomotors provide movement and

the body is magnesium alloy.
Honda's biggest contribution to
robots is probably its research into
balance and walking which has
produced some of the best biped
movement algorithms that exist.
These are pulled together under
Wind River's VxWorks real-time
operating system.
"In the program at any given time
more than ten tasks are running and
if you include all of the programs,
there should be something like
some hundreds of thousands of
commands in it," said Takenaka.
"For instance, atask to take control
of leg balance and task to operate
arms and also the wireless
communication with external
systems. Also, there is
communication between the motors
that actually move joints."

Old idea cleans new telescopes
The huge hi-tech Gemini optical telescopes are being cleaned
using surprisingly old-tech materials.
After much experimentation, detergents normally used to wash
horses and natural sponges have proved to be the best
combination.
Horse soap, apparently, is astrong detergent but non-abrasive
and leaves no residue. Using it and sponges to clean the 8m
mirrors was originally developed by technicians at the Gemini
South telescope in Chile, but it has now been adopted at Gemini
North in Hawaii.
The mirrors are 20cm thick, weigh 24 tonnes, and have to be
lowered to the ground for cleaning.
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Bright white LED breaks all records
Lumileds, the Agitent-Philips joint
venture, has announced what it claims
it the brightest white LED in
production.
Called the Luxeon 5-Watt, it emits
an incredible 120 lumen, four times
the previous record holder which is
also aLumileds product.
Although the LEDs are available unmounted, heat-sinking is said to be so

A roll in the PARC
US researchers at PARC, the former Xerox Palo Alto
Research Center. have developed atechnique for
rolling copper into micro-scale out-of-plane
inductors.
The manufacturing process is simple, they say, and
the resulting devices have high Q-factors, up to 70 at
1G1-17..
To make the coils, copper is electroplated onto a
stress-engineered film. The stress in the underlying
layer forces the copper to curl into shape.
Inductances range from 1to 50nH, while the Q on a
standard CMOS process is over 40.
PARC became an independent company in January
this year.

8

critical that Lumileds will only be
supplying most customers with 5W
Luxeons pre-mounted to a
aluminium-PCB sandwich. Even then,
the devices must only be operated
with this PCB in good contact with
further heatsinking.
Several beam patterns are available,
including a'side-emitting' version
which looks to be designed for use

with areflector.
Lumileds' 1W devices are available
in a/0 variant which has in-built
beam-forming optics. Unfortunately
for experimenters, this will not be the
case with the 5W LEDs.
Green, cyan, blue and royal blue
5Watts are also planned, delivering
outputs from 301 (blue) to 1201 (green
and cyan).

Greek legend protects PC
Software giant Microsoft is
developing an operating system that
adds hardware encryption to block
viruses, spam and limit software
piracy.
Called Palladium, the system uses
its combination of hardware and
software to check data from the
Internet, CD-ROMs, and even inside
the PC, such as from the keyboard or
to the monitor.
Palladium checks all applications for
author and source before installing,
which should stop viruses from
loading. It could also apply
encryption to documents, so e-mails
could only be read and not modified,

copied or forwarded by the recipient.
The OS will also be liked by the
music and video industries, as it
might allow CDs and files to be
copied once for personal use, but not
more, ensuring copyright is
maintained.
Processor firms AMD and Intel are
supporting the development of
Palladium with dedicated chips for the
encryption of data.
The OS could be included in an
update to Windows within two or
three years.
It is named after the statue of
Athena that stood at the gates of Troy,
allegedly protecting the city.
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Women suffer in science
Women scientists have fewer
opportunities than men, drop out of
the profession sooner, while their
careers progress slower, claims a
report from the European
Commission.
The EC survey, covering 30
countries' found discrimination
against women in all the European
nations.

Philippe Busquin, the EU's
Research Commissioner, said: "The
evidence demonstrates
unquestionably that women scientists
are under-represented in key
scientific and research positions."
This is despite the fact that women
outnumber men at undergraduate
level in science, especially in fields
such as biological and medical.

However, by the time they reach the
top jobs, women are in the minority.
"This issue has to be addressed if
we are to improve the position and
role of women in scientific
research," said Busquin.
He described the situation as a
waste of women's skills and
knowledge, as women drop out of
scientific careers at every level.

Antenna cuts RF radiation
UK aerial specialist Sarantel has
produced amobile phone antenna
that has aspecific absorption rate
(SAR) just six per cent that of
competing designs.
The Wellingborough-based firm's
PowerHelix design has an SAR of
0.07mW/gm, much lower than the
1.26mW/gm typical of existing
mobile phone antenna.
New legislation is set to force
mobile phone makers to state the
SAR of their handset on
packaging.
"The issue of mobile phone
health is escalating rapidly," said
Professor Yiannis Vardaxoglou of
Loughborough University's Centre

for Mobile Communications
Research (CMCR). The centre has
worked with Sarantel to model the
near field from the antenna, which
uses ceramics and adouble-helix
moulded aerial.
"The inspiration for aradical
redesign of the wireless antenna hit
me while Iwas sending afax
through to our patent agent," said
inventor Dr Oliver Leisten, technical
director at Sarantel. "Our doublehelix design provides lower SAR
values for mobile users and reliable
connections for wireless LAN and
Bluetooth applications."
The firm has 12 patents filed on its
designs.

Magnetic RAM reaches 1Mbit
A magnetic memory device with a
density of 1Mbit has been fabricated
by Motorola. The achievement is a
significant step toward commercial
MRAM ICs.
Several firms are pursuing MRAM
as it is dense, low power and nonvolatile. Motorola and IBM have the
major research programmes,
although Infineon Technologies and
some Taiwanese firms are also
interested.
"MRAM has the potential to
become the prevalent memory of

choice for the vast majority of digital
consumer applications," said Saied
Tehrani, director of MRAM
technology at Motorola.
All the research efforts with a
reasonable chance of success are
using asingle transistor combined
with amagnetic tunnelling junction
to form the memory cell.
Both IBM and Motorola are
expecting to go into commercial
production of magnetic memories in
2004, by which time they hope to
reach densities of 256Mbit

Magnetic sensor is most sensitive
Researchers at the State University
of New York at Buffalo claim to
have developed the world's most
sensitive nanoscale magnetic sensor.
"The magnitude of the magnetic
effect created surpasses all previous
records," claims the US National
Science Foundation which funded
the work. Sensor resistance changed
"more than 3,000 per cent", said the
foundation.
Made of nickel and only afew

atoms in diameter, the sensor works
with ultra-small magnetic field, at
room temperature, said inventors
Harsh Deep Chopra and Susan Hua.
The effect is spintronic and called
'ballistic' magnetoresistance
(BMR).
Chopra predicts the sensor will be
used for data storage and the
ultimate capacity will be around a
terabit per square inch, far above
today's densities
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Digital radio breaks £100 barrier
Digital audio broadcasting has come one step closer
to the mainstream with the launch of asub-f 100
DAB radio. VideoLogic Systems' EVOKE-1 radio has
gone on sale in the high street priced at £99.99. The
radio is both mains powered and portable.

EVOKE-

1

UPDATE

BT tests mesh radio in Wales Into the Valley
BT is running awireless broadband
trial in Pontypridd, South Glamorgan
using technology from Radiant
Networks.

The 100 home trial run by BT
Wholesale will test the technology's
ability to supply interactive TV and
video-on-demand from Yes

Tachos to go digi tal
One of the UK's most archaic forms
of technology, the tachograph, is set
to be junked in favour of all-digital
units logging data onto smartcards.
Switching to digital tachographs
on trucks and commercial vehicles
across Europe will result in millions
of smartcards being issued to
professional drivers.
By April 2004, all new vehicles
over 3.5 tonnes will have the digital
units. The ruling follows the
European Commission's adoption of
technical specifications for the
tachograph.
"We're replacing an instrument

Curved lithium ion cells are being produced by
Philips. The Lithylene' batteries aimed at handheld
products. To physically stabilise the cells, Philips has
developed atechnique of creating microscopic holes
in the electrodes and separators which are then
filled

that been in use since the 1970s in a
way that's frankly prehistoric," said
aspokesperson at the Freight
Transport Association.
Existing tachos scratch through a
layer of wax on their paper disc to
record speed.
"It's anatural progression, but like
any change it costs time and
money," said the FA spokesperson.
"I'm told it will be 20 to 25 per cent
more than existing tachos, and the
cost relative to the vehicle is small."
The new tachos will interface
better with vehicle electronics, said
Steve Wilson from manufacturer
Siemens VDO: "Vehicles are
advancing by using CAN-bus
systems, and the tacho must link to
that."
The unit itself will include asmall
alphanumeric LCD and thermal
printer.

US organic LED developer
Universal Display Corporation has
demonstrated afull-colour, activematrix OLED mobile phone
prototype with a5.6cm display.
Samsung made the phone using
UDC's proprietary phosphorescent
OLED (PHOLED) technology. UDC
came out of Princeton University.

Pico scopes out car diagnostics
PC instrumentation firm Pico
Technology has introduced an
automotive diagnostics package for
its oscilloscopes.
The Automotive Diagnostics
Package can measure car systems
such as starter current, signals from
ignition, injectors and ABS, and
RPM sensor outputs.
The system "affords automobile
technicians and engineers the ability
to make accurate and highresolution measurements and
compare them to... expected
results", said Alan Tong, Pico's
technical director.
The system uses the firm's ADC-

I0

Television.
Radiant uses amesh structure to
deliver wireless data, allowing the
system to be used in areas where
point-to-multipoint networks suffer
from multipath fading and non-line
of sight problems.
"This trial, with Radiant Networks'
mesh radio solution, will give us an
extended look at the technology in a
real-life situation and let us explore
its suitability for BT to deliver
broadband services in areas beyond
the reach of ADSL," said Paul
Reynolds, CEO at BT Wholesale.
Pictured alongside aRadiant node
are Tom Kressner (back), Geoff
Butcher (front left), and Paul
Reynolds, the chief executives of
Yes TV, Radiant and BT Wholesale.

212 oscilloscope, which uses a
standard PC to display traces. The
kit includes a600A current clamp,
secondary ignition pickup and test
clips, leads and probes. Software
includes drop-down menus of
common automotive tests and
expected waveforms -including
common faults.
"The test package is everything
you need to measure and record the
majority of the signals, currents and
voltages responsible for whether a
vehicle is functioning or not," said
Tong.
The complete package costs £599,
or £200 without the ADC212.
•
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Q UASAR ELECTRONICS LIMITED

ABC Mini Hotchip' Board

(Dept EW), PO Box 6935. Bishops Storttord, CM23 4WP

Currently
learning
about
microcontrollers?
Need
to
do
something more than flash a LED
or sound buzzer? The ABC Mini
'Hotchip'
Board
is
based
on
Atmel's
AVR
8535
RISC
technology and will interest both
the beginner and expert alike.
Beginners will find that they can
write and test a simple program,
ABC dilutes Puck
using the BASIC programming
language, within an hour or two of
connecting it up. Experts will like the power and flexibility of the
Atmel microntroller. as well as the ease with which the little Hot
Chip board can be "designed-in" to a project. The ABC Mini
Board 'Starter Pack' includes just about everything you need to
get up and experimenting right away. On the hardware side,
there's a pre-assembled micro controller PC board with both
parallel and serial cables for connection to your PC. Windows
software included on CD-ROM features an Assembler. BASIC
compiler and in-system programme. The pre-assembled boards
only are also available separately.

TEL: 01279 467799

I

FAX: 07092 203496
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Enhanced .PlUALL' ISP PIC Programmer
Kit will program virtually ALL 8 to 40
pin* serial and parallel programmed
PIC microcontrollers. Connects to PC
parallel
port.
Supplied
with
fully
functional pre-registered PICALL DOS
and
WINDOWS
AVR
Software
packages, all components and high
quality DSPTH board. Also programs
Certain
ATMEL AVR,
SCENIX SX
and
EEPROM
24C.
devices. New devices can be added to the software as they are
released. Blank chip auto detect feature for super-fast bulk
programming. Hardware now supports ISP programming.
'A 40 pin wide ZIF socket is required to program 0.3" devices
(Order Code AZIF40 @ £15.00).

Order Ref

Description

Inc. VAT se

Description

Inc. VAT se

ABCMINISP

ABC MINI Starter Pack

£59.95

31441(T

Enhanced MALL ISP PIC Programmer

£84.95

ABCMINIB

ABC MINI Board Only

£34.95

AS3144

Assembled Enhanced PICALL ISP PIC Programmer

£74.95

Assembled Enhanced PICALL ISP PIC Programmer

£89.95

Order Ref

AS3144ZIF

crw ZIF socket

ATMEL 89xxxx Programmer

Ill

Powerful programmer for Atmel 8051
micro controller family. All fuse and lock
bits are programmable. Connects to
serial port. Can be used with ANY
computer and operating system. 4
LEDs indicate programming status.
Programs 89C1051, 89C2051, 89C4051, 89C51, 89LV51,
89C52, 89LV52, 89C55, 89LV55, 89S8252, 89LS8252, 89S53 &
89LS53 devices. NO special software needed - uses any
terminal emulator program (built into Windows).
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Atmel 89Cx051 and AVR programmers also available.

PC Data Acquisition & Control Unit
Use a PC parrallel port
as
a
real
world
interface. Unit can be
connected to a mixture
of analogue and digital
inputs from pressure,
temperature,
movement, sound, light
intensity, weight sensors,
etc. (not supplied) to sensing switch and relay states. It can then
process the input data and use the information to control up to
11 physical devices such as motors, sirens, other relays, servo
motors & two-stepper motors.
FEATURES:
• 8 digital Outputs: Open collector, 500mA, 33V max
• 16 Digital Inputs: 20V max.Protection 1K in series, 5.1V
Zener to ground.
• 11 Analogue Inputs: 0-5V, 10 bits (5mV/step)
• 1Analogue Outputs: 0.2.5V or 0-10V. 8 bit (20MV/step.)
All components provided including a plastic case (140mm x
110mm x35mm) with pre-punched and silk screened front/rear
panels to give a professional and attractive finish (see photo).
with screen printed front and rear panels supplied. Software
utilities & programming examples supplied.

See web site for full del.;

_
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Serial Port Isolated I/O Controller
Kit provides eight relay outputs capable
of switching 5 amps max and four
optically isolated inputs. Can be used
in a variety of control and sensing
applications including load switching,
external switch input sensing, contact
closure and external voltage sensing.
Programmed via a computer serial
port,
it is compatible
with ANY
computer & operating system. After programming, PC can be
disconnected. Serial cable can be up to 35m long, allowing
'remote' control. User can easily write batch file programs to
control the kit using simple text commands. NO special software
required - uses any terminal emulator program (built into
Windows). Screw terminal block connections. All components
provided including a plastic case with pre-punched and silk
screened front/rear panels to give a professional and attractive
finish (see photo).
Order Rd
3108KT

Description

Inc. VAT um

Serial Port Isolated I/0 Controller 10,1

£54.95

AS3108

Assembled Senal Port Isolated I/O

£69.95

Controller

details of these items and over 200 other projects can
be found at www.QuasarEfectrbnics.com
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Tackling interference
problems on 433.92MHz
Marc Isherwood, RF specialist at contract design and manufacturer,
EMA, asserts that migrating from 433.92MHz to 868MHz to escape
interference is only a short-term fix for Short Range Devices (SRDs)
and that improving receiver design is a better long-term solution.

S

ince the days of the earliest transmitters, designers
have continually migrated to higher frequencies in
order to escape the interference caused by everincreasing user numbers. Now, with the spectrum fully
allocated from 9IcHz to 300GHz, designers of Short-Range
Devices (SRDs), such as security and automotive remote
entry systems, are finding that they have nowhere left to run.
There are no more green-field sites in the RF spectrum.
The harmonisation of radio frequencies in the EEC should
have made life easier for manufacturers. Instead of producing
devices for 224MHz 315MHz, 418MHz and 433.92MHz the
single Europe-wide standard was defined by ETSI 300-220
as 433.92MHz 6.But 433.92MHz is not exclusively reserved

Figure 1: Correctly
wired 4-pin SM
package with no
shared vias

Figure 2:
Degradation in
performance
caused by common
ground pin

At the receiving end
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for SRDs and the frequency is available for radiolocation as
well as amateur and military users.
More traffic means more interference, and many designers
of SRDs are abandoning 433.92MHz and have begun an
exodus to the newly allocated 868MHz band*. But already
the cycle is repeating itself: the level of interference on
868MHz is rising and it will only be amatter of time before
868MHz is as crowded as 433.92MHz.
Of course, modulation techniques such as the various
spread spectrum systems 7 make extraordinarily good use of
the available bandwidth, but older, less efficient systems are
firmly entrenched. Even with the government's desire to turn
off analogue TV transmissions to free up much needed
space, interference will be aconstant challenge for designers.
The only viable long-term solution is to make best use of the
space that is available. This means better receiver design and,
when required, use of the more exotic modulation systems.

41011

Efficient front-end filtering is critical to overall performance.
Today, SAW front-end filters are available with bandwidths
of ±1501cliz, making best use of the improved stability of the
SAW manufacturing process. The major manufacturers such
as RFM, Murata and Epcos make parts available in very
small surface mount packages with all four connections for
the input and output ports available. This does not however
mean that things are simple for the designer.
To ensure there are no extraneous coupling effects between
the input and output ports there must be no sharing of vias
connecting to the ground plane. PCB tracks must be arranged
to minimise inductive and capacitive coupling. Fortunately
manufacturers are generally rather specific as to the correct
layout for their parts.
To demonstrate the effects of extraneous coupling on the
theoretically achievable performance of atypical SAW filter
(Epcos B3555) Ihave performed simulations using the Eagle
Gensys simulator.
In Fig. 1the Epcos B3555 is matched as suggested in the
manufacturer's data sheet with no shared vias. The strange
lumps in the response are mostly due to internal reflections in
the filter substrate, which vary considerably from
manufacturer to manufacturer.
A second simulation used acommon ground pin and the
degradation in performance caused by introducing this shared
via is clearly visible in Fig. 2. Whilst the degradation in the
bandpass characteristics might be considered minor, the
ultimate rejection has suffered badly, losing some 40dB at
430.92MHz. This is due to the 1
nH inductance now
appearing as a shared ground between the input and the
output ports. Even with an inductance as low as 0.1nH in the
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common ground pin, there is a loss of some 20dB in
rejection at the same point.
A good approximation for the inductance of aPCB via is
given by the following formula where his the height and dis
the diameter of the via in mm.
L

5

In(4h )1 nH
d

21.111111111=MIIMIIIIIMI
2
-65
.11

-15 5
20

Even with 0.8mm PCB material and adiameter of 0.3rrun,
-24 5
the via's inductance will still be around 0.5nH.
29
In asimilar manner, capacitive coupling between the input
-33 5
and output ports of the filter is equally bad. A capacitance of
36
only 0.2pF will produce an equally poor result as shown in
-42.5
Fig. 3.
Figure 3: Effect of
Another common problem arises with testing the system.
capacitive
47
433.92
4//192
Typically, all manufacturers test their RF filters in a50Q
430.92
coupling between
Freci (Wiz)
system, but in the actual application it is most unlikely that
input and output
the impedances seen by the filter will be 50Q. Impedance
ports
0S21]
matching of the filter will be required. Some designers
assume that the antenna will be 500 and only re-match the
output of the filter to their system, Fig. 4.
This will work perfectly when tested on the
bench with a500 signal generator or a500 test
antenna. Unfortunately. in the wild, antennas are
often not the impedance they are supposed to be,
particularly when simple whip or loop antennas
are
used.
Even
worse,
some
vehicle
Nominal 50ohm &totems
manufacturers use alength of wire embedded in
the vehicle loom; take your pick for antenna
Li
impedance at this point!
33 nil
Due its small geometry, the SAW filter is
4
Match to rest of system
sensitive to static
discharge.
Although
0? QS
manufacturers are often rather coy about ESD
ratings, SAWs can typically only withstand a
Cl
maximum discharge of a couple of hundred
5pF
volts. If you really must connect the SAW
directly to the antenna then the notes on ESD
protection on the RFM website will give useful
o
guidance 9.
In addition, this arrangement provides no
isolation between the aerial and the input of the
receiver. Any local oscillator leakage present at
Ad
the input is therefore directly coupled to the
Figure 4: Typical
antenna and will contribute adversely to the EMC
layout of filter
compliance of the product. Whilst apure resistive error in
circuit
matching to the filter simply results in asmall loss of signal,
o
areactive mismatch alters the filter's bandpass characteristics.
A lOmm error in the effective length of awave whip can
12
reduce the filter rejection at 433.25MHz from a typical
18
—I9dB to —I6dB and add another couple of dB to the pass24
band ripple. This can easily occur when track or connection
30
pin lengths between the SAW and antenna are not taken into
account. Similar problems occur with stray capacitance on
-42
the antenna tracks. The variation in bandpass response with
48
mismatch depends on the manufacturer of the SAW. Some
Figure 5: Effect of
are far more susceptible to mismatch than others.
-54
inductive
Depending on the type of mismatch (inductive or
-80
43022
43522
mismatch on
capacitive), the filter either produces the classic triple hump
FrOol 20143
bandpass
in the passband, with rather sharper shoulders than normal,
0010211
Fig. 5, or a substantially flat passband with rounded
shoulders as shown in Fig. 6, Both forms exhibit a
substantially greater in-band loss when compared with the
The same problems in matching exist with 868MHz
typical —3dB that can be achieved with aproperly matched
systems, but the effects of stray capacitance and inductance
part. (N.B. The mismatch has been exaggerated on both these
are doubled. In addition, SAW filters for use at 868MHz
graphs to make the effect clearer).
typically have IMHz bandwidth whilst the equivalent
These figures only take into account mismatch at the input
433.92MHz filters are available down to 300kHz bandwidth.
of the filter. As a SAW filter is a symmetrical part, this
Although manufacturers are looking to remedy this, at
mismatch has adirect effect on the impedance seen at the
present it is easier to make receivers more selective at
output side of the filter, which can further degrade the
433.92MHz than at 868MHz.
response of the system.
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Manchester encoding. In this form of encoding the clock and
data are combined in such a way that there is always a
transition at the centre of the bit window. The direction of
this transition defines a 1or O. (Other forms of Manchester
coding also work in asimilar manner).
Transmission

—

Bit boardazy

-36
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Figure 6: Effect of
capacitive mismatch
on bandpass
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Buffering the front end filter
Clearly what is needed is abuffer between the antenna and
the SAW. The impedance presented to the SAW will then be
essentially constant regardless of the impedance of the
antenna, and so the bandpass characteristics will be
unaffected. The buffer will also compensate for the losses
inherent in the filter.
Common emitter stages are often used here, and careful
design can reduce the effects of the antenna mismatch shown
in the above example to less than 0.5dB. Typical reverse
isolation will be about —20dB, so we have also gained a
useful attenuation of any local oscillator leakage.
Care must be taken to ensure that the amplifier is stable
under all conditions, as it is only too easy to create an oscillator
rather than an amplifier. Attempting to squeeze the maximum
possible gain out of the buffer is certain to lead to instability.
Even though more than 14dB is typically available from a
single stage, designing for an $21 of 6-10dB is much safer.
A common base stage can also be used as abuffer and in
this application has some advantages. A transistor with a
lower transition frequency than that required for the common
emitter stage can be used, which will also reduce cost. If the
operating point is carefully chosen, then the impedance at the
emitter can be arranged to be very close to 50Q with only a
minimum of additional components. Typical reverse isolation
will be about —28dB and the effects of our example mismatch
will be much the same as with the common emitter stage.
Although stability is again crucial, this is usually easier to
achieve than with acommon emitter stage, due to the lower
transition frequency.

Improving transmission techniques
Although FM systems have atheoretically greater range, at
433.92MHz, AM systems will often perform just as well
because much of the interference in this band is FM.
Provided the level is not high enough to saturate the front end
of an AM receiver, the AM system will only see the FM
interference as aconstant carrier. The FM signal will reduce
the sensitivity of the AM receiver, either by the action of the
AGC or logarithmic IF response, but the AM signal can still
be detected.
AM systems are typically noisier than FM in the absence of
an input, however a simple squelch arrangement can
eliminate this problem with aloss in sensitivity of only afew
dB. Careful design of the decoding software is essential to
recover data in anoisy environment.
When sending data, consideration must be given to the fact
that an RF link is not perfect. Software at the receiving end
must have some idea of when amessage starts, and should
easily be able to extract the clock from the data stream. It
must also be able to cope with missing data. All these points
have already been given thorough consideration some time
ago by designers of tape streamers, which use a form of
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To give the receiver software some idea of when amessage
is about to arrive, aconsistent preamble is placed at the front
of the message. In AM systems the mark space ratio of this
preamble should be the same as the average mark space ratio
for the data. This is because in most receivers the AM signal
is detected by measuring the difference between the actual
signal level and the average signal level. If the average level
in the preamble differs from that in the data, then the receiver
will appear less sensitive when tested with real data than with
abit error rate tester. This is due to the fact that it takes a
finite time for the average level to adjust to that in the data
stream, causing the first few bits of the data stream to be
missed at low signal levels.
As most SRDs are not transceivers, the receiver cannot
request adata packet again if it was not decoded correctly.
Either an error correcting code can be used or, more
commonly, the message is transmitted more than once. To
ensure the best chance of successful transmission, the length
of the message should be kept as short as possible.
Conclusions
Avoiding interference by migrating to higher, less cluttered
frequencies is ashort-term solution to along-term problem,
and afront-end filter is essential for any receiver to work
successfully in today's crowded spectrum.
It is tempting to believe that that areceiver can be made by
simply by connecting an aerial directly to the input of a
'complete' receiver chip. However, even 'complete' receiver
chips do not include front-end filters and, in the real world,
the performance of such circuits will not achieve the
performance guidelines published by RAKE (Radio
Activated Keyless Entry). 8
The only long-term solution to tackling interference lies in
careful front end design, efficient software management and
the correct choice of modulation techniques. These factors
have afar greater effect on overall system performance than
the operating frequency and allow designers to build circuits
which operate effectively at 433.92MHz.
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Capacitor sound 2
Output Buffer and
Twin-Tee Notch/Pre-amp.

M

()st
properly
designed
power amplifiers measure
less than 0.01%, or 100
PPM distortion when sine
wave tested at I
kHz. Such small distortions are believed inaudible, yet users
often claim to hear distortions from these
amplifiers when listening to music.
As aresult many articles can be found
on interne and in specialist magazines,
claiming to have identified differences in
sound, between different capacitor types.
Not by measurements, but by listening
tests, having upgraded acapacitor. This
has led to aretrofit upgrade market supplying 'better' audio grade capacitors, at
substantially elevated prices compared to
mass market types.
A common subjectivist claim is that oil

impregnated paper capacitors sound better
than film types in valve amplifiers. Others
claim that aPET capacitor sounds 'tubby'
while a Polypropylene sounds 'bright'
and that all ceramics sound awful.
Naturally these claims have no supporting
measurements.
A year ago, aparticularly acrimonious
letters page dispute arose regarding capacitor distortions. It seemed some of the
issues raised could only be resolved by
providing proof positive, that many
capacitors do cause distortion. Ioffered to
perform some comparative distortion
measurements.

Commitment honoured.
To measure the distortion level for most
capacitors, avery low distortion generator

Figure 1: Very low distortion, low output impedance buffer amplifier, with passive Twin
Tee notch filter, bandpass filters and 40dB gain preamp printed circuit board (right). This
arrangement used with my low distortion 1kHz oscillator(left), can measure capacitor distortions down to -130dB.

Many capacitors introduce
distortions onto a pure sine
wave test signal. In some
instances this distortion
results from the
unfavourable loading which
the capacitor imposes onto
its valve or semiconductor
driver. In others, the
capacitor generates the
distortion within itself.
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complete with amatching low output impedance, low distortion, buffer amplifier must be used. An easily replicated,
low cost, extremely low distortion test generator was
described in my last article. Ref.!
This article describes amatching very low distortion, low
output impedance, buffer amplifier needed to generate apure
sine wave voltage across a test capacitor. Having a near
600Q input impedance, this buffer amplifier could equally be
used with many commercial generators as well as with my
design. Fig. 1.
To facilitate measuring capacitor distortions using low cost
instrumentation, the I
kHz test fundamental should first be
attenuated some 65dB in apassive Twin Tee notch filter.
Reducing the dynamic range to be measured.
Using atypical 3volts test signal, this attenuated test fundamental plus distortion components, is reduced to afew millivolts. This small signal should be bandwidth filtered and
pre-amplified by 40dB, to allow measurement using a16 bit
computer soundcard or the 12 bit Pico ADC-100 converter.
An easily built, low cost buffer amplifier together with a
notch filter/pre-amplifier, has been designed on a second
PCB. Together with my IkHz test generator Ref. Ithese two
provide acomplete system able to measure distortions as
small as -130dB, 0.3 PPM or 0.00003%, below a5volt test
signal.
To replicate common circuit drive voltages, this buffer
should be able to generate up to seven volts RMS across a
1pF capacitor, fed via a1000 current limiting source resistor.

Figure 2: Plot of a
near perfect 1
pF
foil and
Polypropylene
capacitor tested
at 5volts in series
with a 100Q
source
impedance. This
plot includes not
only any
capacitor
induced
distortion but
also that of my
test system.

Test Requirement.

Next best is an extended foil and film Polypropylene,
closely followed by extended metallised film electrodes with
unmetallised Polypropylene dielectric. This last, manufactured by BC Components (Philips) is stocked by Farnell as
part 577-881, 0.47pF 250v. Iused two of these, type 376 KP
0.47/250v connected in parallel. Fig. 2.
If you have agenerator able to provide suitably low distortion into a6000 resistive load, then my buffer amplifier
may allow your generator to be used, however it is important
to note that the series input resistance seen by my buffer,
some 1120Q inclusive of the 5110 R38, is essential for its
low distortion. This total value should not be changed.

Perhaps you already have alow output impedance test generator. The simple method Iused to decide when my equipment was suitable for capacitor distortion measurements, will
determine whether your existing equipment can be used.
Using a 100Q source impedance, connect a5110 resistor
to ground. Increase the generator output so as to measure 3
volts or more across this 5110 using aDVM. Remove the
DVM and perform adistortion measurement across the 5110
resistor.
If one PPM or less, replace the resistor by agood, nearly
perfect 1pF capacitor and without changing the generator
output voltage, perform adistortion measurement across the
capacitor. If less than 1PPM, the equipment can be used to
measure capacitor distortions.
The best test capacitor for this would be either a COG
ceramic or an extended foil/Polystyrene. These are not distributor items so are impossible to obtain in small quantities.

The buffer amplifier must not itself contribute measurable
distortions. Since distortion levels measured in good capacitors are -130dB, 0.3 PPM or less, designing asuitable generator and buffer amplifier was no simple task. Designing a
suitable buffer amplifier required almost as much development time as was needed for my low distortion oscillator.
Ref.1
To drive 7V RMS into a1000/1pF capacitor combination
using my generator, abuffer was required with again of 2.
Many potential buffer amplifier configurations were breadboarded and rejected. While able to drive aresistive load,
they were not able to develop a few volts across a 1pF
capacitor without distorting.
An open loop buffer IC, the Burr Brown BUF634P used
with an OPA604 in the makers suggested circuit, worked

Buffer amplifier design.

Constructing the notch filter boards.
To provide adegree of notch filter
tuning, afour gang variable resistor is
needed, ideally it would be awell
matched conductive plastic part. To fit
within the screening case it cannot be
larger than 18mm diameter.
Icould not find asuitable four gang
conductive plastic potentiometer. Alps
do list amore modest four gang carbon
track design, but again Idid not find a
supplier. Glancing through an old price
list from Falcon Electronics. Ref.2 Ifound
afour gang 4x501d1 Alps potentiometer
at £1.75, used in active crossover filters.
Iordered five potentiometers for
evaluation. Apart from being rather old

September 2002 ELECTRONICS WORLD

stock needing re-tinning of the terminal
pins, they worked well and all were
ganged closer than ldB. Iused these
pots in both my lkHz and 100Hz notch
filter builds.
Since then a regular and valued correspondent, Juan from Spain, has written to
me suggesting Ilook at the Sfernice 1
311
four gang 100 kil linear control stocked
by Selectronic in France. Their part
number 22.5700-1 is priced at 22.71
Euro. (http://www.selectronic.fr.) Ivisited
their web site several times, but the web
page will not accept a UK postal code.
Without apostal code, their catalogue
cannot be requested. IeMailed my

request, but so far with no success.
The increased resistance of the P11
should not be aproblem. To minimise
potentiometer distortion, its tuning range
is restricted by a38k3 series resistor,
then bridged by a22k6 shunt resistor.
With the exception of this variable
control, to minimise noise and distortion
and for easy replication, all resistors used
in the twin tee notch filter signal path up
to the first amplifier input, used 0.5%
Welwyn RC55C, seen as black in the
photo. To save space the four 38k3
series resistors are mounted between the
potentiometer and PCB, so are hidden in
the photo.
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well at low drive voltages or with smaller capacitors. Loaded
with a10052/IpF capacitor test load, it distorted at increased
drive levels. By closing one link, this combination can be
used on my PCB.
The most nearly suitable circuit Itried was described in the
Analog Devices AD797 datasheet. With an AD811 as the
output driver, this combination claimed to be able to drive a
6000 load to 7volts RMS at 100kHz with less than -109dB
distortion.
When breadboarded, this design produced less distortion
driving into my capacitive test load than did the BUF634P
circuit. For minimum distortion however, the circuit required
critical matching of the impedances seen at both AD797
inputs. I was working to ensure suitable matching in
November, when my only spare AD797 was damaged.
Replacements not being available until February, I was
forced to try other IC options. This combination of
AD797/AD811 can be used in my PCB.
A low cost NE5534A worked quite well with this AD811
output stage. but again required careful input matching to
minimise distortion. An OPA604 distorted at high drive, but
the OPA134/AD811 worked best of all the combinations I
tried.
Performance plots in this and my earlier article, were made
using this OPA134/AD811 buffer amplifier.
With maximum drive into a 1pF load, the AD811 heats up,
so should be fitted with a small heatsink, half of Maplin
RN69. To minimise noise pickup, the circuit was screened
using a small 50mm x 50mm Perancea solder mounting
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500 Output Amplifier

Figure 3:
Schematic
drawing of the
low distortion
buffer amplifier,
pre-notch
filter/preamplifier circuits
shown in figure 1.
The buffer
amplifier at
bottom, can drive
more than seven
volts at very low
distortion, into a
100f1/1pF test
combination.
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distortion of my oscillator, built using AD797 IC's and the
OPA134/AD811 buffer, driving 5V into my 100Q/10F test
capacitor load, measured -130dB, or 0.3 PPM, Fig 3.
In most circuit applications, acapacitor is used either connected as shunt to ground or in series with the signal either to
tailor the frequency response or simply block DC. Our test
method should permit testing capacitors in either configuration.
Capacitor jigging
To avoid soldering the capacitor under test, some form of test
jig, permitting easy exchange of various size capacitors, is
required. The test jig must provide very low resistance and
secure connections to the test capacitor.
Itried anumber of spring contact terminal blocks. All but
one required excessive capacitor lead lengths to ensure secure
connections and that needed at least 5mm wires (Fame11 part
268-902.) My PCB accepts this terminal block as well as the
cage type below, Fig 4.
Ultimately for my own use Ichoose a5rrun centres, cage
type, screw terminal strip, able to measure capacitors having
4mm long wires (RS part no 425-522.)
Designed to accept thick wires, it easily accepts 2.5 and
7.5mm spaced leads within its cage mouth. These cage terminals grip awire tightly but without bending or damaging
the capacitor leads. This terminal strip jig' was used for all
IkHz measurement plots.
The buffer amplifier/test jig shown can be used to test
either series or shunt connected capacitor configurations. My
preference is to shunt test, exactly as shown in the photo. The
switchable current limiting resistor in series with the test signal, the capacitor being connected between signal and
ground, Fig I.
This provides two benefits:-

-70

Series tests.

To test in the series mode, the test capacitor and current limiting resistor are simply interchanged. The test capacitor is
connected to the A.O.T resistor Vero Pins and the switch is
set to the A.O.T position. The current limiting resistor is fitted to the test jig terminals, replacing the test capacitor shown
in the Figure, Fig I.
Test Capacitor Source Impedance.
The buffer amplifier output switch provides selection of four
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1) A good capacitor acts to slightly reduce any test generator harmonics, while abad capacitor clearly shows much
increased harmonic amplitudes.
2) The capacitor test voltage can be measured directly,
using ahigh impedance meter attached to the DVM output
test point. This test point measures the voltage at the input to
the passive Twin Tee notch filter.
A test capacitor connected in series with the test signal,
depresses the lower frequencies while slightly increasing
higher harmonics, relative to the shunt connection. The test
voltage can only be measured by connecting aDVM directly across the capacitor. This DVM must be removed before
the capacitor can be tested.
Harmonic levels between the two methods differ by only
one or two dB for the same capacitor voltage. A good capacitor looks good, and bad capacitors look bad, regardless of
testing in the series or shunt connection.
By way of comparison, using aIld2 source impedance, I
plotted test results of aknown bad, 0.1pF metallised PET
capacitor, measured in both series and shunt modes at 5volts.
In comparison, the third harmonic distortion peak of agood
0.10F metallised PET capacitor tested at the same voltage.
measures substantially lower, around -125dB. Figs 5&6.

Figure 4: The PCB
is double pierced
so as to accept
either the screw
cage terminal test
jig, as shown in
figure 1, for
capacitors with
lead spacing up
to 30mm.
Alternately this
'spring contact'
terminal strip,
accepts lead
spacing up to
27.5mm centres.
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Figure 5: Distortion plot of aknown 'bad' 0.1pF metallised
PET capacitor tested at 1
kHz with 5volts across the capacitor, using the optional 'series mode' connection. The
capacitor is in series with the test voltage, the 1kS2 current
limiting resistor, is to ground.
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values of current limiting, or source impedance resistors. In
principle any resistance value can be used to test any capacitance. However this resistor value determines the maximum
test voltage which can be developed across the capacitor and
the test's sensitivity.
By way of illustration Iplotted test results for a220pF Y5P
50v ceramic capacitor, Famell 896-524, using each value of
current limiting resistor in turn. At lkHz a220pF capacitor
has an impedance around 720kil.

Figure 6:
Distortion plot of
the figure 5
capacitor and
with the same 5
volts 1
kHz signal,
using my standard 'shunt'
connection. The
1
k1I current
limiting resistor
in series with the
test voltage, the
capacitor connected to ground
as in figure 1.
Almost identical
distortion was
measured in both
configurations.
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Other measuring methods
In the sixties, engineers at Ericsson
believed that non-linearities in
capacitors and resistors could be
detected. They measured the level of
third harmonic distortion generated in a
component subject to avery pure sine
wave test signal. Ref.3 Non-linearities
were believed to result of badly ground
resistor spirals, poor electrical contacts
and non-linear materials. At that time
poor contacts, especially in capacitors,
were commonplace. Fortunately today,
with improved techniques, poor contacts
in capacitors are now quite rare.
Their original non-linearity detector
design produced low distortion test
signals at 10 and 50kHz. Third
harmonic distortion generated by the
component under test was passed
through bandpass filters for
measurement. Subsequently the 50kHz
test frequency was dropped and a
commercial instrument, the CTL1
component linearity tester, was
produced by Radiometer of Denmark.
Ref.4
To accommodate the range of
component impedances and test
voltages needed, alow distortion output
transformer was used. Having seven
adjustable tappings, it was used to

tightly couple the instrument to the
component under test. Component
impedances from 3S2 to 3001d2 could be
directly measured, using source
impedances from 0.05i2 to 500f2
respectively.
When testing lower impedance
capacitors, the CTL1 datasheet which I
still have, claimed to be able to output
0.58 A maximum. Resulting in a
maximum test voltage around 100mV at
10kHz testing a100pF capacitor. In my
view this is not sufficient to reveal the
true characteristics of such an
electrolytic.
Today an updated version can be
obtained from Danbridge AIS, Denmark,
aspecialist manufacturer of capacitor
test instruments. Some specialist audio
suppliers quote distortion levels for
Electrolytic capacitors, measured using
the CTL1 meter. Because of the
capacitance values measured and the
10kHz test frequency, these results
usually are based on extremely small
test voltages. Such small test voltages
will not harm the capacitor and will
reveal any shortcomings in the metallic
connections used in an electrolytic
capacitor. However, in my experience,
today these are at such low level as to

Only the 100kQ and 101d2 plots are shown. These clearly
show that as the capacitor is more and more closely coupled,
then its distortion peaks look smaller. Tested with Ild2 the
third harmonic peak had fallen to -121dB and with 100Q to
-127dB. Figs 7& 8
Readers may recall it was use of a220pF capacitor 101Q
resistor low pass filter combination, which sparked off considerable reader discussions last year.
The actual value of current limiting resistor used or source
impedance, determines how tightly coupled is the capacitor
to the source. Using very low source and load impedances,
makes even abadly distorting capacitor look relatively good.
This is my main objection to the test method used by the
CTLI tester. (See box 'Other measuring methods'.)
This is ameasurement quirk, the capacitor still generates

be unimportant.
Most important and relevant to audio
in my view, are the inherent distortions
which result from the electrolytic
capacitor's diode characteristics. This
diode characteristic is easily measured.
Ref.5 From my test measurements at
100Hz and lkHz, Ifind significant and
measurable distortions when testing
electrolytics, using voltages above 0.5
volts, but less so at very low test
voltages. This is exactly the result to be
expected from consideration of the
constructions used to manufacture these
capacitors.
Extremely tight coupling between the
test capacitor and the linearity tester is
implicit in the CLT1 equipment design.
From my early work measuring
capacitors, Ifound it necessary to loosen
this coupling in order to clearly reveal
anomalies, now found in many modern
capacitors. By trial and error, measuring
known good and bad capacitors at
1kHz, Ifound that 100S2 in series with a
luF capacitor provided the best
compromise between measuring current
and capacitor voltage. Adjusting this
resistance value according to the
capacitors impedance, at the test
frequency used.

the same distortion currents, but the measurement cannot see
them. Similarly when testing with reduced voltage, the distortion still exists, but can be lost in the noise floor and so not
seen. From many measurements of known good and bad
capacitors. I found that a compromise between these
impedance extremes should be used. Using a100Q current
limiting resistor with aljdF capacitor gave the best and most
consistent results. Good capacitors looked good and bad
capacitors looked very bad.
Figure 8: Distortion plot of the figure 7capacitor, tested
exactly the same except for the current limiting resistor,
now 10k1. Because the capacitor is more tightly coupled to
the very low distortion test source, its distortions are
partially decoupled, so appear much smaller.

Figure 7: Distortion
plot of a220pF Y5P
disc ceramic capacitor
tested using a1001d1
current limiting
resistor and with a5
volts 1
kHz test signal
across the capacitor.
Clearly shows significant distortion products when tested using
this source impedance.
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COMPONENTS

Alternate IC's/Components.

To produce alow distortion notch filter it
is important to use resistors having asmall
voltage coefficient. To ensure an easily
reproducible design, Iused 0.5% Welwyn
RC55C metal film resistors, visible as
black in the photograph, in the signal path.
These are marked as 0.5% on the schematics. These resistors use plated steel
endcaps, which Iprefer for reliable long
term end contact stability. Many subjectivists claim non-magnetic endcaps are
better. Ido not subscribe to that belief.
Having emerged from the notch, the
fundamental signal has been reduced to a

few millivolts, so my usual 1% resistors
can be used. Amplified by 40dB, the
maximum output signal is still less than
0.5 volts.
Low distortion, low noise ICs must be
used in this amplifier circuit. In my tests I
found the OPA134 worked better than the
OPA604 for high input levels, but found
the reverse when amplifying the tiny
voltages output from the notch filter. For
my builds Iused OPA134 for the high
input impedance, high level, switchable
pre-amp U9 and OPA2604 dual IC's for
the low level amplifier stages Ul, U2. In

Thus Iwould normally use the 1001Q source impedance
when measuring test capacitors of 1nF and below. Whether
these measured capacitor distortions are audible or not
depends on the capacitor's location in the circuit, the subsequent gain of the circuit, capacitor voltage drive levels and
whether the capacitor is inside or outside the negative feedback loop. Since Icannot determine that, my object was simply to prove absolutely, using easily repeatable methods, that
many capacitors can and do distort avery pure sine wave test
signal.

each case my preferred IC choice is the
first type listed on the schematic drawing
To facilitate evaluating IC's Iused
Harwin turned pin sockets for each
position.
Similarly for capacitors, those used in
the notch filter must be low distortion and
for the IkHz version, 1% COG ceramic or
extended foil/Polystyrene types only
should be used. At 100Hz which requires
100nF, such capacitors are not easily
obtained. Foil/Polypropylene then metallised Polypropylene, in order of preference, can be used.

tone test in figure 9, we see distortion products around 2kHz
and 4kHz in this dual tone test. They are not visible in the
single tone test, even though both tests used the same capacitor, voltage levels and source impedance. Figs 8& 9
The level of distortion measured is naturally dependant on
capacitor style, construction and the AC voltages present
across the capacitor terminals.

Measurement equipment

Ihave designed asecond printed circuit board, similar to that
housing my test oscillator which provides both the buffer
amplifier and notch filter/pre-amplifier needed to complete a
Intermodulations.
measurement system. The buffer amplifier section is
Is it not possible that any measurable capacitor distortion
using asingle tone test signal, say distortion greater than - designed so it can be easily separated from the notch fil120dB, will be made many times worse, when subject to a ter/pre-amplifier if desired. Figs 10
For values above 1pF, it is common practise to change to
multiplicity of signals?, thus contributing notable intermodusing electrolytic types, both tantalum and aluminium. To
ulation distortion.
avoid overstressing such capacitors while maintaining simiIntemiodulation distortion measurements of such capacitors
using just two pure tones, 100Hz and lIcHz, do show amultiplicity of distortion products, almost regardless of dielectric.
Similar intermodulation distortions have been measured in
bad metallised film capacitors, i.e. those which show significant distortion above -120dB, using asingle tone. Testing
good capacitors with the same two tones, resulted in no intermodulation products being seen.
Comparing the single tone test in figure 8with the dual
Figure 9: Adual test frequency intermodulation distortion
plot, 100Hz and IkHz, of the capacitor shown in figure 8.
Made using the same voltage and source impedance. Notice
the appearance of new distortion products around 2kHz and
4kHz, not present when using the single test frequency. Bad
metallised film capacitors exhibit similar distortions.
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0

Figure 10: The
version II printed
board designed for
my 1kHz notch
filter/pre-amplifier
and low distortion
buffer amplifier.
This arrangement
was used for all
measurement plots
in this and my
previous article.
The board is multipierced to allow
the widest possible
choice of Twin Tee
notch and bandpass filter tuning
capacitors.

COMPONENTS

Soundcard FFT Software.

In this and my earlier article Iused my
Pico ADC-100 for all measurements,
with the latest software downloaded
from their site. However many readers
will not have this ADC and wish to use a
soundcard instead. A modern low cost
PCI card with FFT software can provide
improved capability, measuring even
smaller distortions using my instruments,

Figure 11:
Photograph of the
100Hz version
printed board
assembly complete with BNC
sockets allowing
use with Hewlett
Packard test jigs
or four separate
coax cables. The
board is identical
to figures 4and
10, except for the
tenfold increase in
tuning capacitor
values and the
higher output
current buffer
amplifier,
designed around
an Elantec
EL2099C integrated amplifier.

than is possible using the ADC-100. The
software Ichoose to use for the
remainder of this series, is the 'Spectra
232Plus' FFT software. It can be
downloaded from:
www.telebyte.com/pioneer
Should you have only an older ISA
soundcard, some software may not work.
One that will, is FFT.EXE, a DOS

lar test voltages, areduced test frequency must be used. I
developed an alternative buffer amplifier, able to drive up to
7volts and 400mA at 100Hz, albeit with slightly greater dis
tortion than for my IkHz design. Since electrolytic capacitors
distort more than the lower valued better quality film and
ceramic types, this small increase in distortion is acceptable.
The printed circuit boards for my 100Hz and IkHz generators are identical. The only component differences are the
three low loss tuning capacitors, Cl, C2 and C3 which are
100nF I% for 100Hz. One resistor value, R16 is 1162 for
IkHz but 0S2 for 100Hz. Pads for awire link have been provided.
The 100Hz notch and bandpass filters are also based on the
1kHz design and need ten times capacitance values for
100Hz. The board layout accepts the Vishay 10011F 1% MKP
capacitors (Farnell 303-8609), also 47 nF (Farnell 303-8380.)
Smaller capacitances were provided using the same capacitor types used for the IkHz design. However, as can be seen
in the photo, the buffer amplifier section of this PCB layout
is quite different. Figs 11
The full schematic and PCB layout for this 100Hz version
will be included in afuture article, 'Testing Aluminium and
Tantalum electrolytics'.
Capacitor Tests
Having tested one capacitor of amake and type, what guarantee does this give about harmonic distortions generated by
other similar capacitors in the same batch? In my view that
depends totally on the method of manufacture and the particular dielectric used. For the audio perfectionist however,
perhaps every signal path capacitor should be distortion measured.
For example, COG ceramic is probably the most stable and
most nearly perfect of all commonly used dielectrics. COG
disc and multi-layer ceramic capacitors do not rely on pressure contacts or metal spray connections onto their electrodes. One maker's products should measure consistently

program by Henk Thomassen. This can
be found on the internet, also the Elektor
96-97 software CD-ROM.
Users having amodern PCI soundcard
will find avery large variety of programs,
often available as freeware, on the
internet. One site which links to some of
the better packages is:
www.pcavtech.com/Iinks/index.htm.

Technical Support
Professionally produced printed circuit boards for the
IkHz low distortion signal generator, the IkHz low output impedance buffer amplifier/notch filter/pre-amplifier
boards and the IkHz DC bias buffer will be available.
Full details of price and availability will be provided in
my next article of this series, which will also include
details of my DC bias buffer circuit and PCB.

and with remarkably low distortion. Those from adifferent
maker may measure slightly differently, but again should be
consistent from batch to batch.
Polystyrene is another of the best performing capacitor
materials. Capacitors made using the extended foil technique
and with their lead out wires soldered directly onto the
extended foil electrodes, should be consistently nearly perfect. Distortions in capacitors made using metal spray end
contacts to their metallised film dielectric electrodes, for any
one film type, will vary more from maker to maker. Worse
still, from my measurements, they can also differ considerably even within asmall capacitor batch.
Some film capacitor makers however do seem remarkably
consistent within abatch and from batch to batch. With other
makers Ihave measured some 20-30dB different harmonic
levels, in quite small batches, even when the capacitors have
been supplied taped to card strips.
Having provided ausable, repeatable test method and easily assembled, low cost test equipment, my next articles will
explore which capacitor types produce the least harmonic
distortion, according to capacitance value. When possible I
shall try to explain how different capacitor constructions can
affect the harmonic distortion generated in the capacitor.
With so many capacitor suppliers available, Icannot provide a best buy list. This measurement hardware, which
allows repeatable capacitor distortion tests, Ifeel should be
more than sufficient.
My next article will discuss capacitors having values up to
lOnF and soundcard FFT measurement software available on
Internet.
Z
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SMALL SELECTION ONLY LISTED —EXPORT TRADE AND QUANTITY DISCOUNTS —RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK
Ring for Latest Reduced Prices on this advert

SECOND MASSIVE 8 WEEKLY
CLEARANCE SALE
BUILD UP UNDERWAY -DUE SEPTEMBER
Details from Chris Rigby, tech-asset.co.uk or Johns Radio
at Smithies Mill, Batley Storage Site.
Tel: 01924 442905. Fax: 01924 446170

CLEARANCE ITEMS AVAILABLE NOW FROM JOHNS
RADIO, at Birkenshaw Workshop and Office Site
at reduced prices sold off the stack in bulk as come and seen -or
single items fully tested in our workshops. Please contact Patricia
Smith for details or call in to view by appointment.
Tel: 01274 684007. Fax: 01274 651160

EXAMPLES OF SPECIAL OFFERS
GOVERNMENT INTENSIFIER NIGHT SIGHTS tested £300 each
MARCONI TF2019A SIGNAL GENERATOR AM/FM 80kcs-1040 MCS, off the
stack as come and seen untested £190 - or tested basic working £300 - or
normal Johns Radio workshop test with warranty £380. All supplied with
instruction book -qty available.
TEK 2445A OSCILLOSCOPE - 4 CH - 150 MCS with instruction book, off the
stack as come and seen untested £250 each or tested basic working £350 Johns Radio workshop test with warranty plus two probes and instruction book
£400
TEK 2465-2465A-2465B etc available
RACAL DANA 1992 COUNTERS 1.3GHZ tested from £250
RACAL DANA 1999 COUNTERS 2.6GHZ tested from £400
H.P. 53131A COUNTERS 3.0GHZ tested from £750
BENCH + RACK POWER SUPPLIES large range qty from £10
H.P. POWER UNITS 66311B-66312A-66309D in large qtys from £250
H.P. 8922 RADIO TEST SETS TYPE G-H-M-M010 with HP83220 A OR E GSM
CONVERTOR from £500-£1,000 options available including Spectrum Anz.
quantity in stock.
Most previous advertised items available in stock.
800 CATV SET TOP CONVERTOR units unused, boxed, make Texsan -make an
offer for the lot within 14 days please!
4500 CAN SET TOP CONVERTOR units unused, boxed, MAKE GPT -WITH 13
AMP PLUG-IN POWER UNIT -make an offer, for the lot within 14 days please!
ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. SAE FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS. AVAILABILITY OR
PRICE CHANGE. VAT AND CARRIAGE EXTRA. ITEMS MARKED TESTED HAVE 30 DAY WARRANTY. WANTED: TEST EOUIPMENT-VALVES-PLUGS AND SOCKETS-SYNCROS-TRANSMITTING AND
RECEIVING EOUIPMENT ETC.

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel: (01274) 684007. Fax: 651160
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Spectrum pricing's
uncer tai future
Since 1998 spectrum
pricing has been
applied successfully to
many allocations to
private operators, but
continuing failure to
understand its
underlying principles
has marred its future
prospects.

M

yarticle, Spectrum pricing comes of
age' in the July issue, broke off with
the UK Department of Trade and
Industry (DTI) white paper on spectrum
management in 1996. That white paper
professed to recognise that the prices charged
to spectrum users should not be set to
maximise the revenue, but should reflect the
value of the spectrum and it proposed initial
tariffs for the first affected services in the
private sector. But the preceding consultations
with 400 spectrum users over two years had
exposed a conflict between 'administrative
pricing' and auctions.
The UK government preferred auctions for
users in the private sector on the supposed
grounds of economic efficiency, transparency
and speed, but the responders to the
consultations evinced amarked preference for
'administrative pricing'. They were the people
who had experienced the technical problems of
spectrum management at first hand and would
have to cope with the new regime and they
preferred the prices to be set 'administratively',
which meant by the Radiocommunications
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Agency (RA, the new name for the old RRD),
rather than by a newly invented, untried
process. Perhaps those users preferred the devil
they knew.
That white paper also announced that
defence and the emergency services should
have the same incentives for spectrum
efficiency as the private sector and would pay
charges "on acomparable basis", but it did not
explain how that basis would be calculated. I
reviewed that white paper for Electronics
World in September and October 1996 1.
It was of course gratifying to learn that my
proposals for dealing with what had become a
multi-billion pound national problem, which
had been discarded 13 years earlier, looked like
reaching the statute book at last. But there
followed ageneral election in 1997 and the
new government evidently regarded the radio
spectrum as alegitimate source of revenue. It
was therefore to be expected that it would
probably try to maximise that revenue, as I
predicted in Chapter 8, 'Technology and
Politics', of my book, 'Prosperity from
Technology', published in 1999 2.
Following that white paper, the Wireless
Telegraphy Act 1998 duly gave the RA wide
powers to introduce spectrum pricing and they
forged ahead with administrative pricing in the
ensuing four years -first for mobile networks,
then point-to-point fixed links, embracing the
whole private business radio (PBR) sector in
July 2000 and extending to earth satellite
stations a year later3.They repeated the
commitment to charging the armed forces and
emergency services on acomparable basis, but
explained that "the details are under
negotiation with the departments concerned."
In other words, those departments were (and
probably still are) dragging their feet and so
increasing the costs of licences unnecessarily in
the private sector.

Where angels feared to tread
Pursuing that DTI preference for auctions over
administrative pricing, the RA sold five
licences for third-generation (3G) mobile

phones in acontroversial, high-profile auction
in 2000. It raised £22.5 billion for the Treasury
(10 times the fee per MHz charged to the TV
broadcasters and 200 times the fee per MHz
for PBR). The sale was subsequently staunchly
defended by the National Audit Office
(NAO) 4.The stated objectives were optimum
efficiency of spectrum utilisation, promotion of
competition and realisation of the full value of
the spectrum, but those are weasel words.
Optimum utilisation efficiency often differs
substantially from optimum economy and the
meaning of 'realisation of full value' is at best
ambiguous.
The essence of spectrum pricing as the
means of making the best practicable use of a
physically scarce resource is that the users
should be induced to compare the charges for
spectrum and their other costs of using
spectrum with their benefits of using it and
consider their options. More efficient
utilisation would be one way of using less
spectrum but it might be better to move to a
less congested band or revert to land lines.
Different users and potential users would come
to different conclusions. Some competition
would ensue but competition is not the object
and should not be artificially stimulated.
Charging the users more than the minimum
necessary to prevent overcrowding undermines
the essential principle of spectrum pricing.
On the other hand 'realising the full value' in
an auction, if it means anything, means that the
greatest possible revenue is to be realised. It
did not seem to occur to the organisers of the
auction, nor to the NAO, that the much higher
prices per MHz obtained for the band allocated
to 3G licences was an indication that perhaps
that band should be somewhat wider and the
prices correspondingly lower, with the bands
on either side somewhat narrower and the
prices higher. The advantage to the 3G
licensees would outweigh the disadvantage to
the users in the neighbouring bands.
The NAO repeatedly denied that the object
had been to maximise the proceeds for the
Treasury, but the organisation of the auction
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could hardly have been better crafted if that
had been the avowed intent. The RA reserved
one licence for anew operator (denying it to
any of the four incumbents -Vodaphone, BT
Cellnet (now 02), Orange and One 2 One
(now T-Mobile) in order to stimulate
competition. They then employed N. M.
Rothschild as financial advisers and paid them
asuccess fee of £700,000 for persuading nine
new bidders to participate -at their great
expense.
The bidders were required to put in
simultaneous sealed bids with £50-400 million
bidding bonds in a succession of bidding
rounds. The highest bidder for each licence in
each round was excluded from the next round
for that licence but could resume bidding in
subsequent rounds. The bidding continued in
that way for seven weeks until all but the four
incumbent operators and one new bidder had
dropped out voluntarily. In total there were
nearly 500 bids of which more than half were
by the eight losing bidders. They were left
without licences and had to recoup their
bidding costs, including those expensive bid
bonds, from their other operations.
That organisation was devised explicitly to
simulate auctions of other goods and services.
But auctions (e.g. for pictures, houses and
second-hand furniture) have evolved and been
honed over centuries precisely to maximise the
proceeds, beginning with maximum publicity.
If there had to be an auction as amatter of
policy there was at least no need to drum up
the maximum interest in advance nor to
conduct it during asurge of euphoria in which
the participants were speculating about highly
uncertain future prospects. But their inherent
tendency to maximise the proceeds is the
principal objection to having auctions at all.
And it was adistortion of spectrum pricing to
try and use it to force the four incumbent
operators to accept anew entrant against the
advice
of
the
Universal
Mobile
Telecommunications Service, the main body
representing the telecommunications industry.
In fact, the whole operation was avery risky
political
intervention
in
the
radio
communication industry which may yet prove
to have damaged it irrevocably. The NAO let
the cat out of the bag by reporting that "The
timing of the auction was conducive to
maximising the proceeds". and now the
Financial Times newspaper has reported on a
survey in June this year, revealing that "more
than four in 10 of the population have no
interest in third-generation (3G) services ...
[which] will be a serious blow to mobile
operators that spent billions on third-generation
technology and need arapid return on their
investment" 5.Thus a possible disaster has
come astep nearer.

Apersistent blind faith in deregulation
On 6th March of this year the Department of
Trade and Industry and HM Treasury
published the final report of a 'Review of
Radio Spectrum Management' by Professor
Martin Cave. It is concerned with spectrum
valuation, pricing and trading as tools for
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allocating and assigning scarce radio spectrum
across virtually the whole range of frequencies
from 88MHz to 60GHz. It runs to 260 A4
pages and makes 47 recommendations.
That review was preceded by aconsultation
which elicited 80 written responses, including
one from myself, but it is impossible to say
how much attention, if any, the review team
paid to them individually. There are no explicit
counter-arguments to any of the responses in
the final report.
Most of the report's 47 recommendations are
pretty bland, but the report remains wedded to
the economists' pathetic faith in deregulation
and competition as the only effective way of
preventing private operators from exploiting
their customers' dependence on their services
for the benefit of their shareholders. And it
advocates extensive trading in spectrum
between private operators with scant regard for
the
practical
problems of preventing
interference, less in fact than was evinced in
the DTI economists' paper in the Merriman
report 20 years ago.
In reality the mere existence of four or five
operators cannot ensure effective competition
beyond the short term. They are an oligopoly
and even before the FT survey they expected a
process of consolidation in afew years time
when the euphoria for high-technology
industries
in
general
and
mobile
telecommunications
in
particular
has
evaporated, as even the NAO recognised. The
forces, familiar to engineers, that will impel
such consolidation are the economies of
eliminating or reducing the duplication (or now
quintuplication) of the expensive transmitting
stations that are springing up all over the
country. There will have to be regulation to
prevent exploitation and Iproposed a new
approach to that subject in 1992 6 but, like
spectrum renting/pricing nine years earlier, it
was discarded.
Government
horizons
are
inevitably
restricted to afew years, but one might hope
their independent advisors would recognise
that competition cannot be apanacea for all
industrial problems in the long term. They
might also admit that there is little, if any,
difference in practice between realising the full
value of spectrum and maximising the
proceeds of selling or leasing it, and that
beneficial trading in it depends on all the
traders thoroughly understanding the technical
complexities.
Acquiring that necessary
expertise would be very expensive and
experience has shown that the traders in any
competitive industrial field will not go to any
expense they hope they can avoid.
For the public services the report
recommends apolicy of reserving specified
bands of spectrum for such purposes and
basing the charges on "the value of that
spectrum to users" But it again ducks the
David Rudd Ph.D. F.I.E.E. C.Eng. is an
engineering and economics consultant. He •
can be contacted at 14 Colcokes Road.
Banstead, Surrey SM7 2EW,
telephone 01737 356427.

problem of how to calculate that value and
obscures the anomaly of public and private
users being charged at greatly differing rates in
adjacent bands. Because the spectrum is
physically continuous it follows that ideally the
rate per MHz should not change substantially
at any such boundary. If at aboundary between
such bands the lower rate is high enough, the
higher rate in the adjacent band must be too
high. In practice such discrepancies will
inevitably continue for many years, but
meanwhile they should be valuable indicators
of how much both the charges for the public
services and the sizes of their allocations
should be gradually adjusted as and when the
opportunities to do so occur.
The report preaches again that spectrum
pricing should not be a device for raising
government revenue, but it does not criticise
the auction of third-generation mobile phone
licences in 2000 for becoming just such a
device. Moreover it professes to be "concerned
that the current regime, in which inflexible
allocations to particular purposes, generate
artificial scarcities which ... ultimately lead to
higher prices paid by consumers", without
apparently realising that its recommended
policy of reserving specified bands of spectrum
for specified public services is an example of
just such inflexibility.
As with many applications of technology,
spectrum management is not a matter of
common sense, nor of applying economic
theories without fully understanding the
practical problems of the technology itself
There may not be many people in Britain who
are capable of understanding both the
technology and the commercial economics of
spectrum pricing in the necessary detail (other
countries may be better placed). But there are
some and they will have to be found and put in
charge if we are to get the full benefit of radio
communications in the long term.
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TYING THE
The notion of using some
kind of 'servo feedback'
to control speaker cone
movement occurred to
engineers a very long
time ago. The first
references that Ican find
date from the early
1950's and in fact Philips
produced some domestic
models in the 80's.

KNOT

B

ack in those Halcyon days ideas that
we now take for granted, servo
theory and negative feedback for
example, were only just being
widely disseminated. Hi-Fi was very much
an enthusiast's activity, especially in this
country. Nevertheless, several references can
be found for increasing speaker 'damping' in
'The Radio Designers Handbook' I. Before
discussing these ideas in some detail, it
would be as well to define just what motional
feedback is and how it can be employed to
improve loudspeaker response.
The main problem in speaker design is that
of obtaining aflat frequency response. A
typical loudspeaker has the response of a
band-pass filter with aload of ad hoc
resonances thrown in for good measure.
Even when carefully designed, atolerance of
±3db within the driver's pass-band is
considered good. Any power amplifier with a
similar response variation would be
discarded as seriously substandard! The nub
of the problem is that aloudspeaker is a
mechanical device and that it is passively

driven. The only sensible way of linearising
the response would be to actively control the
cone's motion. This, however, is beset with
further problems. Many forms of motional
feedback control have been proposed and
tried. All of them are expensive to
implement, especially in the context of an
existing audio system. Still the prize of a
truly flat speaker response is sufficiently
alluring to make the effort worthwhile.
Measuring the position of amoving cone is
surprisingly difficult and implies the use of
some kind of sensor. Among the methods
that have been applied include piezo-electric
accelerometers, dual voice coils, photoelectric and capacitive proximity detectors
and measuring the acoustic output directly
with amicrophone. All of these methods also
require signal-processing circuitry.
Furthermore, with the possible exception of
using amicrophone, these methods are only
useful when the driver is operating as a
piston. With atypical 8" speaker this region
extends only up to 1-2kHz. At higher
frequencies the phenomenon of cone break-

2ndorder.ewb

5

..•••••••••••••

o
-25
Fig. 1: The effect of
driving an
experimental 18
enclosure

—40
10

100

200

Frequency (Hz)

6

ELECTRONICS WORLD September 2002

AUDIO

up occurs. In this mode different parts of the
cone move at different velocities and the
servo's signal will become unrepresentative
of the driver's output.
There is one area in which motional
feedback can be employed to advantage namely the improvement of bass response,
and this can be done without the use of
expensive transducers. The basis of the idea
is that aspeaker system is itself atransducer
and as such it is atwo-way device. Apply a
current and the cone moves. Apply aforce to
deflect the cone and aback emf is generated
which is proportional to the cone's velocity.
All that is required is to extract the back emf,
process it and apply it as afeedback signal in
the power amp stage. The purpose of this
article is to tie the knot between this form of
motional feedback and Thielle/Small (T/S)
theory.
At first sight motional feedback speaker
systems seem to fly in the face of existing
T/S theory. The usual method of designing a
speaker system is to take asuitable driver
and calculate the enclosure size for aflat
response. Because of the interactions
between the cabinet and speaker parameters
this is not an easy task and the resulting
system is usually acompromise between
domestic acceptability and performance.
However, T/S theory can tell all you need to
know about any conceivable
speaker/enclosure combination. The
difference between amotional feedback
system and anormal system is that the open
loop gain of the amplifier is used to
straighten the response at the bass end, in the
same way that anegative feedback circuit
uses open loop gain to reduce its nonlinearity. In the design of amotional
feedback speaker system the enclosure has to
be chosen so that the driver cannot selfdestruct due to large bass excursions. The
resulting system non-linearity is taken care
of by the electronics.
If you measure the impedance curve of a
driver around the bass resonant frequency
you will observe that the impedance is that of
atuned circuit peaking at resonance. The rise
in impedance is entirely due to the back emf

R1

Fig. 2: The
R6

R2

modern

R3
R4
—{=1-11>—=—•

INPUT

equivalent to
Clements' PF
circuit in
R5

generated by the driver in response to the
mechanical resonance between the
compliance of the surround and the cone
mass. This rise in impedance can be
modelled by an equivalent electronic circuit
(see box). In order to suppress the rise in
acoustic output around resonance, power
amplifiers are designed to have zero output
impedance. Unfortunately this doesn't work
very well because the speaker's coil
resistance is in series with the reactive
components. If the output resistance of the
power amp were made negative and of the
same value as the voice coil resistance then
the resonance could be perfectly damped by
the amplifier. The result is aresponse that
rises at 6db/octave. This is because the
drivers' output would be made directly
proportional to cone velocity. In practice this
is difficult to do since the adjustment is
critical and the voice coil impedance is
temperature sensitive.
However by adjusting the value of the
output impedance the Q of the speaker can
be controlled and this relates directly to
standard T/S theory. Furthermore the
feedback voltage is derived directly from the
driver's back emf and so qualifies for the
term 'Motional Feedback'.
In order to understand the technique we
must consider the three main T/S parameters
that define the behaviour of adriver at

outline

resonance. These are Vas, the volume of air
that has the same compliance as the speaker
surround, Fs, the free air bass resonant
frequency of the driver and Qts the 'Q' of the
bass resonance. Qts is essentially the factor
that can be varied by the use of negative
output impedance.
The definition of Qts includes the output
impedance of the drive source the equation
being,
Qts =((Qes.Qms)/(Qes +Qms)),
Where Qes is the electrical Q and Qms is
the mechanical Q of the resonance.
Qes =k((Re +Rg)
Where Re is the voice coil resistance and
Rg the generator impedance. As previously
discussed the output impedance of apower
amp is designed to be zero and so Rg is zero.
By altering the value of the output
impedance Qes, Qts can be varied over a
wide range. The relevance of this is that the
flat response enclosure size for both sealed
and vented speaker enclosures depend
critically on the value of Qts. So being able
to vary this parameter means that making
that ideal system becomes alot easier!
Varying the Q of the driver's resonance is
obviously useful, but to make aviable
feedback speaker system requires that some
other factors are taken into account. The rest
of this article is going to concern itself with
the design of sealed enclosures, the so-called
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infinite baffle or IB type. The major
advantage of the IB is that you only have to
worry about one resonance and that the rate
of bass rolloff is limited to 12db/octave. Fig.
Ishows the effect of driving an experimental
IB enclosure. The upper trace shows the
response obtained when driven from a
normal amplifier, zero output impedance.
The lower trace shows the response obtained
from the same enclosure when driven from
an amplifier modified to give an output
impedance of 3.5R.
As you can see the resonant peak is far
better damped. The enclosure Q has been
lowered from 1.2 to 0.4. The importance of
having awell damped <0.5 Q response is
twofold. Firstly, the original Q of 1.2
response had alousy transient response and
would overshoot when transient inputs were
applied. Secondly, equalisation to aflat
response would be difficult. With the Q at 0.5
or less, transients don't overshoot and the
response rolls off initially at asedate
6db/octave making equalisation adoddle,
relatively speaking.
It's also easy to see that, with the IB, the
amount of bass that you can generate is
limited to the volume of air that the driver
can move. That is to say the product of the
moving cone area and the peak excursion that
the speaker can provide. Although you can
simply pick abox size at random and fit the
driver in, the results are unlikely to be as
desired. To get good results some design
work needs to be done. When trying to obtain
the maximum bass from an enclosure,
attention must be paid to ensuring that the
driver doesn't self-destruct! The reason is
that for aflat bass response the cone
excursion will increase fourfold every time
you half the input frequency. Without correct
acoustic loading, the driver's excursion limit
will be exceeded and the driver's coil will
become de-centred or worse.
Luckily, the air inside an enclosure acts as
amechanical load to the driver that will limit
excursion to tolerable levels providing the
correct volume has been chosen. Below the

driver's resonant frequency, the response will
drop off at 12db/octave for agiven electrical
power input, the same, luckily, as the bass
roll off of an IB enclosure. On the other
hand, if the cabinet is too small, the full
acoustic output will not be reached. In order
to find the right enclosure volume you first
need to know the electrical power rating,
peak excursion and the radiating diameter, D.
This can be determined by measuring the
diameter of the driver plus half the surround.
The last factor required is the sensitivity of
the driver expressed as so many db/W @ lm.
All the T/S parameters should be available in
the driver data sheet.
With this information the enclosure can be
designed from the following equations. The
proof of which was given in Russel Bredon's
'Roaring Subwoofer' article. 2
Mo =SPL + 10Log(P) db/W/m
Where Mo is the maximum acoustic output
in the driver's pass band, SPL is the
sensitivity of the driver in db/W/m and Pis
the power rating of the amplifier used in
Watts RMS.
M 1=40Log(D) +20Log(App) -83
db/W/m
where M Iis the maximum acoustic output
at 1Hz, into half space, D is the effective
diameter of the driver and App the peak to
peak cone excursion expressed in mm. The
resonant frequency of the driver in the
enclosure, Fc can then be determined from:
Fc = 10^((Mo -MI )/40).Qts, the Q of the
driver enclosure volume can be determined
by:
Qtc =Qts( Fc /Fs)
Finally the enclosure volume, Vb, can then
be determined from:
Vb =Vas /((Fc /Fs)^2 - 1)

Having found our optimum Vb the
frequency response will be far from flat. This
is where the motional feedback techniques
come in. A driver, mounted in asealed box,
will have afrequency response exactly the
same as a2nd order high pass electronic filter
of the same Fc and Q. The classic 2nd order
high pass can have avariety of response
shapes dependent only on the Q of the filter.
As previously discussed the Qtc, the 'Q' of
the speaker system response can be directly
varied by manipulating the output impedance
of the amplifier.
In his 1952 articles 3.
4 Warner Clements
outlined asimple technique to alter the
output impedance of an amplifier to a
negative value. To understand the technique
it must be realised that even an infinite
amount of negative feedback applied to a
power amplifier circuit can only reduce the
output impedance to zero. To get anegative
output impedance, positive feedback must be
used. At first sight the idea of positive
feedback in an audio circuit is anathema.
However it has along history. For example,
many valve amp designs were improved by
the judicious use of positive feedback (PF).
The idea was to increase the gain of the
front-end valve, which typically had little
THD by using PF. This improved the open
loop gain of the amplifier and thus improved
the response and THD when global feedback
was applied.
The modern equivalent circuit to Clements'
is shown in outline in Fig. 2. This shows a
conventional power amp, Al, with a
feedback loop consisting of RIand R2. The
positive feedback is applied via the shunt
amplifier A2. A small resistor, R5 is
connected in series with the speaker and
monitors the current flow through it. The
voltage drop across this resistor is thus
proportional to the current flowing through
the speaker. As the impedance rises this
voltage will decrease proportionally.
Normally, feedback from this point would be
negative. The inverting amplifier produces

25 20 15 10

-s Fig. 4: Acoustic
response of the
entire system
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The rise in speaker impedance around resonance is entirely due to
the excess motion of the cone. It can, however, be modelled by an
equivalent tuned circuit as shown right. The parameters can be
gleaned from the information and T/S parameters supplied with the
driver. Otherwise the parameters can be measured directly 5.The
equivalent circuit will exhibit the same impedance curve as the
driver mounted in asealed box. Note that although the parameters
quoted here are measured in an IB enclosure the same arguments
apply to measurements taken unmounted in free air.
RE is the voice coil resistance.
RM is the maximum impedance at resonance, RM = RE 1(QMC /
QEC) + 11
FS is the resonant frequency.
Cl = 106 [QTC /(2 PFC)I /[(RE RM) /(RE + RM)I value is in i.JF.
11 = (2 E FC)-2/C1, Cl EXPRESSED IN FARADS
The 2nd order high pass filter has afrequency response identical to
the bass response of aspeaker of the same Fand Q. As such it is
useful as amethod of simulating the acoustic response of the
speaker when driven by apower amplifier. To do this the
components must be selected as follows.
Choose aconvenient value for C. 10Onf, say. Then fo =FC and
Q=QTC. Let D = 1/Q, then,
Rn = 159155 /fo /C, where C is expressed in pF and R1 = D /2*
Rn and R2 =2/D *Rn.

the 1800c phase shift required to produce
positive feedback and the output operates as
an earth return for R2. By inspection you
should be able to see that as speaker
impedance rises the positive feedback will
fall, reducing the amplifier's gain and
damping out the bass resonant peak.
In order for the circuit to work as
advertised R5 should be « than the speaker
impedance and 0.47R is an acceptable value.
The negative output impedance obtained can
be calculated quite easily,
Rout =-R5((R I.R3) /(R2.R4)) Ohms.
Note the negative sign. The output
impedance is always negative. When fed in
this way the system Q will be reduced
according to the formulas presented. As with
any electronic system there are limits that
should be observed. For example, the extra
circuitry can be added to an existing
amplifier without fear of oscillation because
the feedback is positive. The op-amp is not
critical; aTL072 is fine, and commendably
cheap. Knowing the values of RI and R2 will
allow alarge range of negative output
impedance to be generated. To avoid
problems the op-amp should be operated
from apair of voltage regulators.
From the driver point of view it should be
remembered that voice coil resistance is
temperature sensitive. This means that if you
try to remove all the impedance you are
likely to experience oscillation. The
maximum amount of damping that you can
apply is probably limited to about 80% of the
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voice coil resistance that is more than enough
to transform the bass response of an
enclosure.
So far, Ihave discussed the basic circuit.
This can be extended to model actual speaker
systems. The technique is to replace
Rspealcer with the tuned circuit network
derived from the in box measurements of Fc,
Qmc and Qec. The output from the circuit is
fed through asecond order filter with fo =fc
and Q =Qtc. As you will recall such afilter
will have the same response as the T/S
speaker response. The output of the filter will
be the same as the acoustic response of the
speaker system. This allows multiple 'what
if' acoustic simulations to be made of the
system's acoustic response via asuitable
Pspice package.
To render the bass response flat, some
external equalisation is required. Look at
Fig. 3. that shows asimulation circuit of the
type just discussed. Using the ubiquitous
'ideal' op-amps on Electronic Workbench to
simulate an actual system. Referring to this
RI, R2 and CIprovide passive bass boost
between 20Hz to 200Hz. Components Re,
LI, C and RM simulate the speaker's
impedance curve. A2 in conjunction with R6
and R7 provide apositive feedback signal
that is injected into the main amplifier
feedback loop comprising R3 and R4.
This particular system has aFc of 75Hz
and Qtc of 1.2. The acoustic output of the
driver and amplifier system is produced by
feeding the output of the amplifier into the
2nd order Sallen and Key High pass filter
built around A3. This filter has the same

characteristics of the driver and box
combination. Examining its output will
therefore reveal the acoustic response of the
entire system. Fig. 4. shows the result. The
red trace shows the output from the
amplifier, this being the sum of the input
filter and the damping applied to the driver.
The bottom curve shows the acoustic
response of the system. As you can see the
response is flat down to low audio
frequencies being only 6db down at 20Hz. In
part 2, Iwill describe asystem for DIYers
with an extended bass response and
domestically acceptable size based on these
principles. A kit will also be available once
the second part has been published.
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Fact: most circuit ideas sent to Electronics World get published
The best circuit ideas are ones that save time or money, or stimulate the thought process. This
includes the odd solution looking for aproblem —provided it has adegree 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 aminimum requirement: disks with separate drawing
and text files in apopular form are best —but please label the disk clearly.
Send your ideas to: Jackie Lowe, High bury Business Communications, Anne Boleyn House,
9-13 Ewell Road, Cheam, Surrey SM3 8BZ

Economical 240V AC mains power LED
With the availability of high
efficiency LEDs, it is now
possible to power LEDs directly
from the

RI 100K

240v AC mains. Normally this
was possible through the use of a
mains power capacitor or amains
transformer. In those cases the

01 1N4004
Cl 100nF
16v
R2
3k9

240 vAC

LED 1

are higher and they would be
not be feasible should space
becomes an issue. All the resistors
used in this circuit are 0.25W.
Overall, the space utilised by the
components is very tiny in this
design. The LED used should be
around 3000mcd capability.
The above circuit was able to
power aBLUE LED with
maximum brightness. In the case
of lower efficiency LEDs, the
value of RIshould be reduced to
47K and R2 to 2K2.
Michael Yong Kin Ong
City Beach,
WA 6015
Australia
costs

Two channels —one gain pot
Reading the February 2002 issue, Iwas interested in the
article 'Two channels, one gain pot'. Irecall that analogue
multipliers have been used to solve the same problem.
The circuit shown uses LM13600s but it could also be
implemented with an LM13700. It allows you to drive two
or more voltage-dependant preamplifiers with only one
potentiometer. Gain goes from 0to 900 when the voltage is
varied from -15 volts to +15 volts. Ithink this idea was
originally from aNational Semiconductor application note.
Jean-Marc Brassart
Saint-Laurent-du-Var
France

o

Gain control
voltage
33k

-15 to +15V

+15V

-15V

15k
10k

Output 2

An alternative solution for controlling two audio
channels using one potentiometer.
-15V

4.7k
-15V
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Valve amp turn-on delay adds
automatic protection
While building a‘al‘e stereo
amplifier. Iwanted to prevent
cathode current being drawn in the
output valves until the heaters had
reached asuitable operating
temperature. It is standard practice to
include a Standby' switch in guitar
amplifiers, but the idea presented
here was developed to remove the
need for aseparate switch.
It is not new to allow the cathodes
of the output valves to float, rather
than delaying the application of HT
voltages, to prevent current being
drawn while the valves are warming
up. The circuit shown uses aCMOS
555 with an RC time constant and
power MOSFET to perform the
function.
In amplifiers with high HT
voltages, it is common practice to
include voltage equalising resistors
across the series filter capacitors.
This design makes use of the bleed
current for its power source by
drawing power from the lower bleed
resistor, instead of connecting it to
ground. While there is now a
difference of 12V across the upper

and kmer filter capacitors, this is
deemed quite tolerable.
Given the value of resistance used
in the timing circuit —6.8MQ —it is
almost mandatory to use atantalum
device to provide the capacitance.
The time delay can be varied
according to taste. This version is
being used in an amplifier that has a
fixed bias of about —50V applied to

the output valve grids but it can also
be used when cathode resistor/s are
used for biasing.
Malcolm Watts
Wellington
New Zealand
270k

HT+ (-500v)

1W
Main
Filter
Caps

2 /8k
1W

114914

Semiconductor
solution for
making sure that
cathode current
in avalve
amplifier doesn't
flow until the
heaters are
warmed up.

6.8M

BC5 58B

470F
tant

from output
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C12V
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Self-decoding one-of-four indicator
Iwas using atwo-bit binary ripple counter to electronically select
one of four signal sources and Iwanted avisual indication of the
active source. Instead of adding an extra chip —gates, decoder etc.
to decode and drive the LEDs, Imade use of the inverting and noninverting outputs of the bistable devices to do the decoding,
resulting in the circuit shown.
A switch-activated monostable —not shown —toggles the clock
input of the first bistable device.
The LEDs are high-brightness types with clear lenses. A useful
light source can result from aLED current of less than 500pA. Here,
the series resistors restrict bistable-device output currents to
somewhat less than this current to make sure that logic high and low
levels on the output pins are not affected.
Although this circuit may be implemented in several ways,
designing for back-to-back connection of the LEDs ensures that
reverse-bias ratings are not exceeded. Higher current output
capabilities of HCMOS devices, like the 74HC74, would allow
higher LED currents to be used without logic level specifications
being violated.
Malcolm Watts
Wellington
New Zealand
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o
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4

OP A

1Ok
'NAN' •

LED3
2121

LED2

D

111= CD401 3B
LED1-4 = High
Intensity

S

Q

lib

Clock
In

Clocked by asignal from amonostable device, this circuit produces atwobit binary signal for selecting one of four signal sources. Normally, adding
four LEDs to indicate which source was selected would mean additional
two-to-four-line decoding. The scheme shown avoids any additional
components apart from current-limiting resistors.
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Water level indicator with audible
high and low warnings
A versatile, effecti% e and yet simple
and low-cost water level indicator is
described here.
This circuit represents different
water levels in meaningful English
characters. It has the added
advantage of giving an audible
warning at the lowest water level.
When the water reaches the
uppermost level, the electric motor
that pumps the fluid is automatically
stopped.
The circuit is also flexible in that it
can even be made to produce an
audible alarm at both the lowest and
highest levels.
At the heart of this circuit is
programmable array logic device,
which is programmable and can be

programmed using PALASM
assembler. Alternatively you could
use aGAL 16V8.
The INDICAT.PDS file is the
firmware for the PAL. Here a
PAL16V8 is used as PAL I6L8, i.e.
its output will be active low.
Connection to the PAL device can
be made in two different ways,
represented in Figs 1and 2
respectively. In Fig. I. the circuit
beeps continuously, while when the
connections are made as in Fig. 2,
the device beeps in pulses whose
pitch can be controlled using the
potentiometer.
The circuit displays five different
characters on seven-segment display
corresponding to five different

£50 winner

levels. They are F for full, A for
above half full, H for half. L for low
and E for empty.
The electric motor is stops
automatically when the water reaches
the highest-level only if the motorenable switch, labelled MES', is
closed. The circuit connects to the
motor via anormally-closed relay.
The ratings of this relay will depend
on the motor used.
Ihave tested the circuit on a
Vinytics PAL kit. You can request
the .PDS file in electronic form by emailing me at
tejinder_marwah@hotmail.com
Tejinder Singh
New Delhi
India
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Fig. 1. Level indicator featuring
motor shut-off, five-level
indicator and 'level-low' alarm.
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The Headphone Amplifier Box

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

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

(using a video capture card)
'Liesgang diabe automatic slide viewer with built in high quality colour TV camera. It 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. For further details see www.diatv.co.uk
£91.91+ vat = £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 enclosure and have fragile exposed surface mount
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 39x38x27mm camera for C mount lens these give a much sharper image
than with the smaller lenses

£32.00 + vat = £37.60

Economy C mount lenses all fixed locus & fixed iris
VSL1220F 12mm F1.6 12x15 degrees viewing angle

£15.97 + vat= £18.76

VSL4022F 4mm F1.22 63x47 degrees viewing angle

£17.65 + vat = £20.74

VSL6022F 6mm F1.22 42x32 degrees viewing angle

£19.05 + vat = £22.38

VSL8020F 8mm F1.22 32x24 degrees viewing angle

£19.90 + vat = £23.38

Precision transformerless balanced input * Bridged
headphone output drive * Sensitivity selectable over a wide
range of input levels * Low noise and distortion * High
common mode rejection * Loop through facility * Extensive

Better quality C Mount lenses
VSL1614F
VWL813M

16mm F1.6 30x24 degrees viewing angle

RFI

£26.43 + vat = £31.06

8mm F1.3 with iris 56x42 degrees viewing angle

£77.45 + vat = £91.00

1206 surface mount resistors E12 values 10 ohm to 1M ohm

100 of 1value £1.00 + vat
1 he Balance

1000 of 1value £5.00 + vat

telephone

it

contains

10

1.6Ah

sub

C

batteries

The

DIN rail mounting

radio frequency interference filter and voltage transient

(42x22clia the size usually used in cordless screwdrivers etc.)
the pack is new and unused and can be broken open quite
easily

(precision mic/line amplifier) -

Phantom Power Box -The OneStop

866 battery pack originally intended to be used with an orbiter'
mobile

Box

protection

protector for voltage and current loop process signal lines

£7.46+vat = £8.77
Please add 1.66 + vat = £1 95 postage & packing per order
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JPG ELECTRONICS

Shaws Row, Old Road, Chesterfield, S40 2RB
Tel 01246 211202 Fax 01246 550959 MastercardNisa/Switch
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GOULD OS 300 OSCILLOSCOPE
--1;;;1;:
=

...L.

1,4t.

uAL TRACE
20MHz TESTED
WITH
MANUAL

£95

OSCILLOSCOPES
TEKTRONIX 2445A 4Cn
150MHz Delay Cursors etc
Supplied with 2Tektronix probes

ONLY

AM/FM synthesised signal
generator 80kHz
1040MHz

4=1110

NOW ONLY

TEKTRONIX 2232 Digital Storage Scope. Dual Trace
100 MHz.100nVs with probes
£525
H.P 545016 Digitizing OscilloscopelOOMHz, 4Ch £425
HP 3312A Function Gen 0.1Hz-1384Hz MAIFIA
Sweep/In/Gate/Burst etc
£300
FARNELL Dual PSU xA35-27 0-35V 0-2A Twice OMD
LCD Display
£180
CIRRUS CRL254 Sound Level Meter with Calibrator,
80-120d13 LEO
.
£150
EDDYSTONE 1002 Recever 150kHz-30MHz .Broadcast
FM
£125
FARNELL AMM255 Automatic Mod Meter 1.5MHz.
2GHz Unused
£300
FARNELL DSG1 Low Frequency Syn Sig Gen
0001Hz to 99 99kHz. Low Distortion TTL/SMINIV
Pulse Outputs etc
£95
FLUKE 8060A Handhekl True RMS OMM 4'/2 digit
As new £150 Used £95
BECKMAN HD110 Handheld 3'/, digit OMM 28 ranges
wth battery leads and carrying case
£40
HP 3310A Function Gen 0005Hz-5MHz Sine Sq tri
Ramp/Pulse
£125
FARNELL FLM4 Sine/Sq Oscillator 10Hz•IMHz low
distortion TTL Output Amplitude Meter
£125
HP 5450 Logic Probe with 5460 Logic Pulse,
and 547A Current Tracer
f90
FLUKE 77 Multimeter 3*-, digit Handheld
£60
FLUKE 77 SERIES II
£70
HEME 1000 LCD Clamp Meter 0-1000A in Carrying
Case
f60
Racal NINI
Automatic Modulation
15MHz -2GHz

Meter

ONLY dirnmo
AM T.

Degree 1861
High Quality 55 Digit Bench Multimete.
True RMS/4 wire Res/Current Convene,

£150

Deleon MU
High Quality 6 ,2 digit Bench Mullin-re>
True RMS/4 yore/Current Converter
Raul Receiver RA1772
SOKHz •30MHz
LED Display Basically Working

£250

£400

MARCONI 893C Al Power Meter, Sinad Measurement
Unused £100 Used £60
MARCONI 893B •No Sinad
£30
MARCONI 2610 True RMS Voltmeter Autorangin 5Hz25MHz
£195
GOULD J38 Sine/Sq Dec. 10N2-1001d1z. Low distortion
£75-£125
AVO 8Mk6 in Ever Ready Case. with leads etc
£80
Others Avos£50
from
GOODWILL GV7427 Dual Ch AC Millivollmeter 10mV in 12
Ranges Fred 10Hz-1MHz
£100-£125
SOLARTRON 7150 OMM 6/1 digit True RMS •IEEE
£95.£150
SOLARTRON 7150 PLUS
NIGH QUALITY RACAL COUNTERS
9904 Universal Timer Counter 50MHz
9916 Counter. 10Hz.520MHz
9916 Counter, 10Hz-560MHz. 9-digit
WAYNE KERR 8424 Component Bridge£125

£200

RACAL/AIM 9343M, LCR Databridge. Dotal
Automeasurements of R CL0.0.
HUNTRON TRACKER Model 1000

£200

MARCONI TF2015 AM/FM sig gen, 10-52014Hz
FLUKE 8050A 45Digit. 2A True RIAS
FLUKE 8012A 35Dion, 20

£175
£75
E40

SOLARTRON 7045 Bench Multimeter
45 ;• ;"
•• ..- 11 , 061 ,
Portable Appliance Teeter
Mugger Pat 2
HP 60128 DC PSU 0-60V 0-506 tOO
FARNELL AP60/50 1KW Autorangrng
FARNELL H60,50 0.60V 0-500
FARNELL H60/25 0.60V, 0-25A
Power Supply HPS3010 0-300 0-10A
FARNELL L30.2 0-30V 0-2A
FARNELL L30.1 0.30V 0-1A
Marry otter Power Supplies available.
Isolating Transformer 240V In/Out 500VA

STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL

GU307Qm

Information line 01428 751469 Fax 751223

£50
£75
£50

£125

£30
£180
£1000
£750
£400
£140
£80
£60
£40

ws4

TEKTRONIX
TD5350 Dual Trace 200MHz 10/5
unused
£1500
TEKTRONIX TDS320 Dual Trace 100MHz 500AVS £1200
TEKTRONIX TDS310 Dual Trace 50MHz 200M/S
£950
LECROY 94000 Dual Trace 175MHz SG'S
.£1500
HITACHI VC6523 Dual Trace 20MHz 2084/S etc
unused
£600
PHILIPS P1430022.2Ch 200MHz Delay
£8111 As New £950
PHILIPS PIA3082 24th 100MHz Delay etc
£700 As New £800
TEKTRONIX TAS465 Dual Trace 100MHz Delay etc £750
TEKTRONIX 24658 4Ch 4COMHz Delay Cursors etc£1500
TEKTRONIX 2465 4Ch 3COMHz Delay Cursors Mc £900
TEKTRONIX 468 Dig Storage Dual Trace 100MHz
e
l eRONIX
466 Analogue
Storage
Dual 'f r
4a
50
ce
100MHz
£250
TEKTRONIX 485 Dual Trace 350MHz Delay Sweep £550
TEKTRONIX 475 Dual Trace 200MHz Delay Sweep £400
TEKTRONIX 4658 Dual Trace 100MHz Delay Sweep £325
PHILIPS PM3217 Dual Trace 50AAHz Delay £200. £250
GOULD 051100 Dual Trace 3084Hz Delay
£150
HAMEG
HM303 Dual Trace 30MHz Component
Tester
f275
HAMFG HN203 7 Dual Trace 20MHz Component
Tester
£200
FARNELL DTV20 Dual Trace 20MHz Component
Tester
£125
MANY OTHER OSCILLOSCOPES AVAILABLE
MARCONI 2022E Synthesised »NM Sig Gen f525 -£750
10KHz •1.016Hz LCD Display etC
HP 8657A Syn 100KHz -1040MHz Sig Gen
£2000
HP 86568 Syn 100KHz •890MHz Sig Gen£1350
HP 8656A Syn 100K112 990 MHz Sig Gen
£995
RAS APN62 Syn 1Hz -260KHz Sig Gen
£425
Balanced/Unbalanced Output LCD Display
PHILIPS PM5328 Sig Gen 100KHz •180MHz with 200MHz
£550
Freq Counter IEEE
RACAL 9081 Syn MVFM Sig Gen MHz -1024MHz £250
H P 3325A Syn Function Gen 21MItz
MARCONI 6500 Amplitude Analyser
£1500
HP 41920 lmpedence Analyser
HP 4275A LCR Meter 10KHz •10MHz .
£
£
2750
5
M
il P 89030 Distortion Analyser
£2
£
1000
000
WAYNE KERR Inductance Analyser 3245
HP 8112A Pulse Generator 5081,H
.In
znei
£12S0
)0
MARCONI 2440 Freq Counter 206Hz
.£110
2(
50
H P 53508 Fred Counter 206Hz
£2000
H 5
H
16
34
50
2/
Ccunter
£1000
MARCONI.
•
•Hz -2Ghz
RA010 ciimmtiiiicATONS TEST SETS
MARCONI. ••
from £1500
Rohde i5 S
-MHz
£2000
Schlumberg,
£900

H P 60638 DC Electronic Load 3.240V 0.10A ".
P0
HP 66312A PSU 0-20V/0-2A
£400
HP 663116 PSU 0•15V/0-30
£400
HP 66309D PSU Dual 0-15V 0-3/1.0-12V 0-1 SA £750
HP 66328 PSU 0-20V/0-5A
£500
HP 6623A PSU Triple Output ranging from
£850
0-7V 0-5A to 0-20V 0-4A
H P/Agrlent 34401A DMM 6' dmit
£400 1450
HP 3478A OMM 5'-;
.•
FLUKE 45 DIAM Dual L •
KEITHLEY 2010 DIAM 7.
KEITHLEY 617 Programmable Electrometer
£1250
HP 43388 Milhohmmeter
£1500
RACAL Counter type 1999 26GHz
£500
HP Counter type 53131A 3GHz
£850
H Plligilent 331204 Function Gen/AREI
£900,11000
100nocroHz -15MHz
SONY/TEKTRONIX AFG320 Arbitary Function Gen £1250
H P 89046 Syn Function Gen DC -600KHz£1600/£1250
BLACK STAR JUPITOR 2010 Function Gen 02Hz •2MHz
wrth Frequency Counter
£140
H P 81104 Pulse Generator 1mH-50MHz
£1950
HP 86578 Syn Signal Gen 01-2080MHz
£2500
CO-AXIAL SWITCH 1SGHz
tz'
IEEE CABLES

11113=11CIIII
HP
HP
HP
HP
HP
HP

85618 50Hz -65GHt
8560A 50Hz •29Gliz Synthesised
8594E 9KHz •296Hz
£4500
8591E 1MHz .18GHz 75 ohm
853A with 8559A 100KHz •216Hz
85588 with Main Frame 100KHz -1500MHz

H P 3585a 20Hz -40MHz
HP 3580A 5Hz -50KHz
ADVANTEST R41318 10KHz -35GF11
EATON/Ailtech 757 0001 -226Hz
MARCONI 2382 100Hz -400MHz High Res
MARCONI 2370 30Hz -110MHz0

(5000
£3500
£2250
£1250
f300P

£1500
50
££ 0
fron,

HP 182 wrth 8557 10KHz •350MHz
£500
H P 141T Systems
8553 1KHz 110MHz
from £500
8554 500Kliz -1250MHz
from £750
8555 10MHz
from £1000
TEKTRONIX 491 10MHz -12 4GHz
£500
Counter 110MHz
£250
H.P. 81
04 4
3T0rpa
t
ck
05
m9gGels/Counter
HP
£750
EA K2033R Signal Analyser
£750
H P 5372A Frequency d Time Interval Analyser
£2250
H P 8754A Network Analyser 4MHz •1300MHz
£1250
H P 35776 Network Anahiser 5Hz •2001.4Hz
£3000
HP
533106 Modulation
Domen Analyser Opt
001/003
£5000
ONO SOKKI voahr ZFT A ,,, tyser
£150 ,,

USED EQUIPMENT -GUARANTEED. Manuals supplied.

Telephone: (0118) 9268041
Fax: (0118) 9351696
wviw.stewart-of-reading.cosuk

This is aVERY SMALL SAMPLE OF STOCK SAE or telephone for lists Please check availability before

Callers welcome 9am-5.309m Monday to Friday (other times by arrangement)

ordering CARRIAGE all units £16. VAT to be added to total of goods and carriage
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£100 winner

Triac drive features AC coupling
This circuit makes use of the AC
synchronous pulses and aDC voltage
to control the delay of an AC phasecontrol circuit. As there is no floating
ground in the circuit and the ground
reference is linked to the neutral line,
the potential for getting an electric
shock from the circuit is greatly
reduced.
Fig. I. AC-coupled triac driver
circuit with associated waveforms.

10ms sync pull

I

Output pulse
5

Typical triac triggering circuits
operate at quadrants Iand IV. They
normally use an RC delay circuit with
abilateral triggering device such as a
diac. Unfortunately, the triggering
currents in quadrants Iand IV are not
even. The driving circuit would
usually need ahigh margin to avoid
missing the odd pulse.
Triggering currents in quadrants II
and III on the other hand are relatively
the equal. In this case, only anegative
drive of similar magnitude would be
needed. But there is adrawback here
in that it is necessary to drive the gate
negatively, that is, the flow of
triggering current should be sunk out
from the gate of the triac.
In order to produce anegative gate
drive, most circuits tie the positive
supply terminal to the ground
terminal, which is shared by MT2, so
that the negative current can drive the
gate in quadrants II and III. Most triac
control circuits in this configuration
have 'hot' and floating references all
over the circuitry. Such aset up can
be hazardous.
In the design presented here, the
triac driver circuit eliminates such

hazards by sharing the common
ground of the circuit with the neutral
power line. The hazardous locations
would only be the power line input
and the terminals across the load.

The driving circuit
The circuit is atypical inverter
running from synchronous pulses
from the zero-crossing detector circuit
published on page 36. It does not need
to link up to the live line for triac
control as other commercial units do.
With the introduction of the AC
coupling capacitor, it allows
additional and adequate protection for
the driver circuit.
The basic principle of getting
negative drive with acommon ground
connection is to make use of acharge
and discharge circuit. A
complementary output driver would
be needed.
The capacitor is charged up most of
the time and then discharged at 1to
2ms after the zero-crossing point.
This generates anegative pulse
current passing through the gate
during the discharge cycle.
Note that in using the operational

VLA.
04

R5
56k 1W

i

Fi7
100k

R5
100k

ci

T

'C2
i=e

470nF 250VAC
R4
120

OD

R9
47k

U1A
05

1000uF 16V
LM358

10V

R6
10k

R8
47k

C3
100n

R1

R2

01
.
S7

220,,
R10

9014

^

6k8
C4

02

LP1

NEUTRAL

Lamp
VCC
02

U1B
VR1

Fig. 1. AC lamp on/off control circuit.

7
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Evaluate the full version risk free for 30 days
woe' , e
• 'gr.'e

Free technical support
eel"

>

1
'7i

.000e

.0

seree

,
•

,

Some of the
nevg,featurs

„ede

cpdecte
,,..)

.
•--I

w
!
Doe

elseefe

oo

de
\QC

ex

and bill of materials.

e Schematics with DIN and ANSI symbols.
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Schematic borders and title-box for professional output.
Smith and polar plots.
A massive 16,000 parts as standard.
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Powerful new graphing and plotting -display & switch
between multiple graphs easily.
New "workspace" window to manage your projects
and files.

c„„tege

Results you can rely on

New "parts chooser" window to easily pick and place
parts.
Combined digital and analogue graphs.

B2 Spice s ease of use and above all, accuracy, is why it is used by

Even faster simulations.

large numbers of universities and professional designers in the UK and

Unlimited undo /redo.

US. B2 Spice delivers simulations that accurately behave like the end

Many new simulation models.

result. This new version contains a plethora of additional features, from

Create new parts .

Radio Frequency simulation to PCB capabilities.

Create and edit symbols.

More features and simulation options than ever before

New fully featured schematic editor.

Sinusoidal, constant, periodic pulse, exponential, RF, single frequency, FM, AM

There are NO limits

Create new PCB layout parts.

DC voltage, AC voltage, VCO, Vcc, piecewise linear, polynomial /arbitrary
source, voltage-controlled voltage, voltage-controlled current, current-controlled

We set no limit on the size of your design or the

voltage, current-controlled current, lossy and ideal transmission line, MESFET,

number of nodes or parts. It can be as large or as

uniform RC, current and voltage controlled switches are all available.

complex as you want. The high quality graphics ensure
that your results are easy to understand and interpret.

Fully mixed mode, single /dual parameter DC sweep, AC sweep, transient
analysis, small signal transfer function, Fourier analysis, AC & DC sensitivity,
Smith charts, pole zero. Monte Carlo analysis, noise, distortion operating point,
temperature change, as well as generating component faults.

Everything can be customised to suit your needs and
preferences.
30 Day no risk trial with free ongoing
technical support. If it doesn't do what you
want, then simply return it.

From just £159 ex VAT for the standard version.
Normal price - professional version £229 ex VAT.
Upgrades from earlier versions £179 ex VAT.
All libraries included -no hidden extra costs.
Education discounts and site licences available.

Tel: 01603 872331

@Research

Research House, Norwich Road, Eastgate
Norwich. NR10 4HA. Fax: 01603 879010

Email info@looking.co.uk

www.spice-software.com

Also order on-line through GREY MATTER
www.greymatter.com/mcm/rdresearch
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amplifier for the driver, there are, in
general, three types of output level
swing:
• OV to %/cc-1.5V, such as LM358
• 1.5V to Ver-0.2V, such as TL062,
LM1458
• OV to V„.-0.6V (rail-to-rail)
output, such as TLV2462.
In this application, the output should
be close to ground level during
discharge so only types the fist two
types can be used.
Control circuitry
The control circuit has the following
novel aspects: AC coupling gate
drive; power saving; independent DC
supply voltage.
AC coupling gate drive: The output
is virtually isolated from the gate. It
provides additional protection to the
circuit should someone accidentally
short the gates to MT Ior MT2 during
while experimenting. This assumes
that the capacitor can withstand the
voltage.
Power saving: Since the triggering
circuit requires ashort duration of
discharge current throughout the
10ms period of every half cycle, the
triggering pulse may be designed to
have adischarge pulse width of, say,
2ms, taking 8ms for the capacitor to
charge up.
Assume that the charging and the
discharging rates are linear and
perfect. For such a4:1 current ratio, a
triac of 10mA trigger current would

only need 2.5mA charging current.
Theoretically, if the triac responds
in 1ms during the discharge cycle,
this gives aninefold charging
advantage. In other words, it is
possible to charge at 1.1mA for a
10mA triggering device, provided
triggering occurs at the right time in
the cycle. Hence the supply current
can be adjusted according to the
mark:space ratio of the driver.
Independent DC supply voltage:
Since the triac driver is triggered
negatively, it is isolated from the
charging current delivered from the
operational amplifier, which does not
necessary depend on the supply
voltage. Thus the operational
amplifier circuit may have apower
supply voltage closed to its maximum
limit. This would provide more
charge to the capacitor for the next
discharge pulse, resulting in afurther
saving in the charging current.
If the current consumed during the
operating half cycle is limited, not
only can the capacitance be reduced,
but also the current consumption of
the whole unit.
The complete circuit is shown in
Fig. 1. The control signal is adirect
voltage selected by an external
variable resistor. This circuit can
easily be adapted for use with
microprocessor control as the i/o
interface can redesigned to suit
various voltages.

Lamp controller
In this lamp controller, Fig. 2, control
is set by varying the voltage at the

inputs of U18. The sawtooth wave is
delayed by /2 10/C4 for control at
lower conduction angles. These parts
can be ignored as they give an
improvement in brightness of around
1to 2dB.
The design is easily interfaced to
digital circuitry since there is no
worry of floating ground. A
mark:space ratio of 4to 5could be
easily obtained. Higher ratios would
require more precise component
values and further circuit
optimization, such as the addition of
logic gates.
The power circuit may also have
room for optimization. The standby
current could be further reduced
down below 10mA by adding apreregulating stage of 33V zener and
101.1F/35V capacitor.
Since the major current consumer is
the triac trigger and the DC power
circuit is ashunt regulator, which
requires around 3to 5mA to maintain
the regulation, ahigher voltage would
shorten the charging time and
increase the discharge current for
triggering. In fact, regulation is not
essential as the triggering pulse is
generated from the short discharge
pulse irrespective to the supply
voltage.
A hint for optimizing the
performance is to select the right triac
first and then calculate the required
currents and the pulse widths at
different points of the circuit.
Yeuk-chi Chan
Kowloon
Hong Kong

Zero-crossing detector for triac control
Developed for use in lighting control
circuits, this zero-crossing detector is
compact and costs much less than any
ASIC of similar function. It also
functions as afrequency doubler.
Most triac control circuits require a
zero-crossing detection circuit for
zero phase reference —especially
when the circuit is linked to logic
control units.
LINE IN
Fig. 1. Full-wave
rectifier circuit using
just one diode.

R1

If the circuit is designed to drive the
triac in quadrants II and III, the it
needs either anegative supply or an
isolated triggering circuit. Using a
negative supply, greater care is
required in analysing the circuit since
the reference ground is floated to the
live terminal. With an isolated
trigger, it the transformer would be
expensive and may make the product

R2
>R3

LINE IN
LOAD

36

R1

R2

Fig. 2. Positive cycle
current flow of the
full-wave rectifier.

,R4

NEUTRAL

too bulky for small household
applications.
This original idea is derived from
an old trick for making full wave
rectification using only one diode.
The answer is to use abridge circuit
of three resistors and one diode. If the
reference point is taken from the
voltage divider of two identical
resistors, then the voltage coming out

,R4

IL D1

NEUTRAL
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of the diode should have afull wave
rectified waveform.

Single-diode full-wave rectification
A full-wave rectifier is also a
frequency doubler where the period
of the power line is changed from
20ms to 10m. The old ways of getting
10ms synchronous pulse could use
Exclusive-Or gates or A transformer.
These methods would have higher
cost and size as compared to the
circuits described here.
Figure 1illustrates how to fullwave rectification out of asinglediode. Here, the reference point is
shifted up by half of the incoming
voltage. This circuit fits our
requirement since we don't have to
consider the efficiency of the
rectifying circuit. Figures 2and 3
add details.

resistors may vary the slope of the
edges and the pulse widths. Fig. 4.
The circuit requires just afew
components to get the AC
synchronous pulses, which in turn
could be linked up to asuitable delay
circuit for phase control.
It is important to have the supply
voltage common ground connected to
the neutral line. A simple single wave
rectification is enough for V„.
Yeuk-chi Chan
Kowloon
Hong Kong

—LINE

R1

IN

R2

Fig. 3. Negative
cycle current
flow of the fullwave rectifier

NEUTRAL

Vcc
Fig. 4. This zerocrossing detector
also acts as a
frequency doubler.

Zero-crossing detector
The zero-crossing detection circuit is
derived from the single diode
detection circuit. The load is replaced
by the base-emitter connection of an
n-p-n transistor.
In order to fix the voltage and allow
even pulse width, asecond diode is
added to balance the waveform. This
ensures that the transistor base would
remain at apotential difference of
two p-n junctions above and below
ground level during turn on.
Output from the transistor is a
regular 10ms negative-pulse
waveform. The selection of the

Vcc
+0.9V
—1.2V

Ten year index: new update
Hard copies and floppy-disk databases
both available

111

Vcc

—
Wave at A
A

Wave at B

Ordering details
The EW index database price of £20 includes UK postage
and VAT. Add an extra £1 for overseas EC orders or £5
for non-EC overseas orders
Postal charges on hard copy indexes and on photocopies
are 50p UK, £1 for the rest of the EC or £2 worldwide.

Whether as a PC database or as hard copy, SoftCopy can supply a

For enquires about photocopies etc please send an sae to

complete index of Electronics World articles going back over the past nine

SoftCopy Ltd. Send your orders to SoftCopy Ltd,

years.

1Vineries Close, Cheltenham GL53 ONU.
Cheques payable to SoftCopy Ltd, please allow 28 days

The computerised index of Electronics World magazine covers the nine years

for delivery.

from 1988 to 1996, volumes 94 to 102 inclusive and is available now. It
contains almost 2000 references to articles, circuit ideas and applications including osynopsis for each.
The EW index data base is easy to use and very fast. It runs on any IBM or
compatible PC with 512K ram and a hard disk.
The disk-based index price is still only £20 inclusive. Please specify whether
you need 525m, 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.

www.softcopy.co.uk
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High Resolution Oscilloscope
• High speed 5GS/s dual channel oscilloscope
• 50MHz, 80dB dynamic range spectrum analyser
• PicoScope & PicoLog software supplied FREE
• Plug into any desktop or laptop PC
• High resolution -12 bits
• Large 128K memory
• 1% DC accuracy
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Request your FREE
Test & Measurement catalogue 8
and Software & Reference CD, 13
or visit our web site:
•

piq

www.picotech.com
Tel: +44 (0) 1480 396395

Fax: +44 (0) 1480 396296

E-mail: post@picotech.com

TAKE YOUR PIC!

Parallax BASIC Stamp2

I

BASICMICRO ATOM

I

BASICMICRO Compiler

I

• Full spec BASIC Compiler

• Very easy to use

• Easy to use

• No programmer required

• No programmer required

• 500 lines Interpreted BASIC

• Compiled BASIC

• Windows Environment

• 99.99% Stamp2 Compatible

• 99.99% Stamp2 Compatible

• 16 I/O lines

• Uses 16F876

• Requires programmer

• 4000 lines/sec

• Very fast

• We use it!

• 24-pin DIP package

•Interrupts/PWM/Timers/ADCs

• Full Debug facility

• Ready-to-go module

• 32 bit Maths-It/Floating Point

• Supports all 14-bit PICs

• £39.00 each

• £45.00 each

for PICs
• Windows Environment

(inc 16F84/87X/628 etc)

www.milinst.com_j
Milford Instruments Limited, Tel 01977 683665, Fax 01977 681465, sales@milinst.com
itt
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Optical connectors
and assemblies
Radiatron have added the
Fujikura range of optical
connectors to their product line.
The firm's products are
primarily used in fibre optic
networks. The standard range of
over 45 types includes multifibre
connectors, field installable
versions, backplane connectors,
adapters, mechanical splices and
fibre optic cord assemblies.
Where applicable the connectors
are fully compliant with
international specifications
including JIS and IEC standards.
Cable assemblies are all
produced in Fujikura's IS09002
accredited facility.
Radiatron
Tel: 01784 439393
www.radiatron.com

Connector housings
with metric cable
entries
Harting has introduced metric
threaded versions of its Han
range of heavy-duty connector
hoods and housings. The
connectors conform to the
recently published international

DIN EN 50262 metric thread
specification standard, and the
firm's existing PG Series (PG7
to PG48) will be replaced by the
metric series MI2 to M63. The
adoption of metric threads is
intended to simplify the
understanding and specification
of glands, since the product type
description contains the thread
dimension (eg. MI6 refers to
16mm thread diameter), said the
company. The firm has produced
anew catalogue as asupplement
to its main heavy-duty Han
connectors catalogue in order to
support the change from PG
threads to metric threads.
Harting
Tel: 01604 766686
www.harting.co.uk

Infrared daughter
boards open doors
The IRTI and IRDI infrared
pulse transmitter and detector
from RF Solutions are designed
for applications such as
automatic door opening and
building security systems. Both
transmitter and detector boards
have SIL pins to enable vertical
mounting into customer PCBs.
The transmitted infrared beam
has atypical frequency of 400Hz

Fast probes for 5GHz scope
Tektronix has announced two oscilloscope probes and
accessories for the acquisition and analysis of highspeed signals in computer, communications and
advanced electronics. It is the firm's first oscilloscope
probe to implement IBM's silicon germanium (SiGe)
technology. Called the P7260, the active probe has a
6GHz bandwidth and better than 75ps rise time
capability. It features atoggle switch that offers the
choice of using the probe with adynamic range of 6V
peak-to-peak with x25 attenuation or at 1.5V peak-topeak with x5 attenuation with increased sensitivity.
An input capacitance of less than 0.5pF. The PPM100
Probe Positioner employs 3-axis control that holds a
probe in position, the tool is available with either a
high-mass base camp or aclamp. The TCA-IMEG
high-impedance buffer amplifier provides selectable
input coupling, selectable bandwidth limit, and a
IMS2 input.
Tektronix
Tel: 01344 392000
www.tektronix.com
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and can be detected by the IRDI
module at adistance of up to
20m. If the beam is broken, then
both high and low output signals
are generated on IRDI pins nine
and seven respectively. The
thick film hybrid technology
used on both modules results in
stable electrical characteristics
and high RFI immunity. Supply
voltages required are 9VDC for
the transmitter, and either 12 or
24VDC for the detector.
RF Solutions
Tel: 01273 480661
www.r1solutions.co.uk

Low power SRAMs
run at 1W
Apta group has introduced a
range of monolithic SRAMs
designed to minimise power in
handheld appliances. Featuring
maximum operating and standby
power dissipation values of 1W
and 82mW respectively, the
MSM85I2CB devices, from the
company's HMP range, are
5I2k x8SRAMs with access
times of 15ns and 2Ons. The
devices are packaged in a48-ball
(1mm pitch) 'chip size' bga (ball
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grid array) measuring 10 x8x
1.4mm thick. According to the
supplier, these are less than 50
per cent the board area of
conventional SOP, SOJ and
TSOP II packages. Devices with
a5V supply voltage provide a
standby supply current of 60mA
and an operating supply current
of I85mA. There is also a3.3V
version with the same package
and dimensions.
Apta
Tel 0191 2930500

Motor drive gets
intelligent power
module
International Rectifier (IR) has
launched its first programmable
isolated-intelligent power
module (PI-IPM) in the iNTERO
range. The device integrates the
power stage with the embedded
driver board containing a
programmable DSP on board. It
is designed for three-phase, AC

induction and brushless DC
industrial and servo motor drive
up to 15kW. The PIIPM50P120B004 is rated at 1200V and 50A
and includes all power
semiconductors for athree-phase
inverter power stage, including
non-punch-through IGBT, as
well as aprogrammable 40MIPS
DSP, current sensing, isolation,
gate driver and power stage
protection for direct interface
with the motor drive host and the
input stage. The module includes
an asynchronous 2.5Mbit/s serial
port compatible with the scalable
coherent interface/IEEE 15961992 (SCI), service provider
interface (SPI), and controller
area network (CAN). Ajoint
Action Test Group (JTAG) IEEE
1149.1 standard port for DSP
interfacing and an isolated serial
port input with strobe signal for
quadrature encoders or SPI
communication are also
included. The device is housed
in the EMP package that has the
mechanical outline of the
industry-standard EconoPack 2
package.
International Rectifier
Tel: 020 8645 8003
www.irf.com

Power buffer IC gets in
atri -state
Torex Semiconductor has apair
of tri-state output buffer ICs with
built-in input amplifier and
divider circuits. Designed for

*
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Microwave or optical
test gets custom
switch system

voltage-controlled crystal
oscillator circuits, the XC2300/1
are CMOS buffers with
maximum operating frequencies
of 70 and 160MHz respectively.
Torex Semiconductor
Tel: 01509 269992
www.torex.com

Packet processor for
3G basestation
Broadband Technology is
offering an access packet
processor from WinPath
designed to handle data-path and
control-path packet processing
functions required in 2.5G and
3G basestations and digital
subscriber loop access
multiplexers. The design
incorporates aMIPS 64bit Risc
processor core, which can be
removed and used with an
external PowerPC bus
compatible microprocessor. With
18 resident protocols available
are the WIN777 which includes
both control and data path

Controller with built-in TCP/IP
Epson's latest network
controller incorporates the
protocol stack functions and
other elements needed to
connect household and
industrial appliances to a
network.
As protocols required for
TCP/IP connectivity are
processed internally, only
simple command and data need
to be sent from the host MPU.
The SIS60000 enables devices
that use 8- or 16-bit MPUs to
change into networkconnectable devices without
any advanced operating system
or commercial protocol stack.
The company also intends to
provide IPv6 support for faster
connections and intends to
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develop an interface module
that incorporates the SIS60000
controller. Compatible
protocols include ARP, ICMP,
IP, TCP, UDP, HTTP, DHCP,
TFTP, SNMP, with IPv6 under

functionality and the WIN770
for data path only (no MIPS
core). Each product is offered in
both I66MHz and 200MHz
versions.
Broadband Technology
Tel: 01727 791000
wwvv.broadband.uk.corn

planning. Applications are
expected to include home
electronics products, home
security, home gateways,
electric power and gas control
terminals.

Racal Instruments has developed
aswitching platform for custom
RF, microwave and optical
switching, which offers users
custom configurations. The aim
has been to tackle the
requirement to pre-condition
signals from atest object as well
as switch them. The system, the
1257, incorporates elements of
control, conditioning and signal
routeing, as determined by the
needs of the test engineer for
each application. The lifetime of
aswitch is typically around one
million cycles -which can be
exceeded in as little as two
months. This makes
'serviceability' aprimary
consideration, said the supplier.
Removable drawers allow fast
access to all components, both
diagnostics in development
applications, and for ease and
speed of service. Removable top
and bottom covers allow for
maintenance whilst the unit is
under power, thus avoiding the
need for re-calibration of the
unit. The channel capacity is up
to 240 channels. It has GPIB and
RS-232 remote interfaces in
19in. rack mount 4U, 5U, or 6U
chassis.
Racal Instruments
Tel: 01628 604455
www.racalinstruments.com

TV chip combines settop with cable modem
Broadcom's combined cable TV
set-top box/cable modem is
designed to provide adedicated
digital cable television channel
as well as aDOCSIS 1.1 cable
modem supporting interactive
TV functionality and broadband
Internet access through the same
device. The BCM7110 also
incorporates multiple features
considered important for nextgeneration digital cable set-top
boxes, including personal video
recording (PVR) functionality, a
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MIPS processor and graphics
engine. In addition to the cable
modem/set-top box interfaces,
set-top boxes based on the
BCM7110 enable the
distribution of voice, video, and
data services throughout the
residence. It supports home
networking through Ethernet,
802.11b Wi-Fi wireless,
HomePNA-over-Coax, and
various other options. The chip
includes acomplete DOCSIS 1.1
media access controller that
supports quality of service (QoS)
for broadband interactive
services such as Voice over IP
(VoIP) and video conferencing.
The chip's dual tuner
architecture allows for
simultaneous viewing of Internet
and video, or two independent
programme streams for watch
and record PVR. It can also be
configured to provide true watch
and record and DOCSIS Internet
browsing simultaneously with an
external QAM demodulator.
Broadcom
Tel: 001 949 450 8700
www.broadcom.com

Low noise VCO for
wireless Internet
systems
Z-Communications is offering a
VCO specifically for wireless
Internet systems, which
generates frequencies between
2535-2675MHz within 0.4-2.9V
DC of control voltage.
According to the supplier, this
low noise VCO exhibits aclean
spectral signal of —84dBc/Hz,
typically. The SMV2560A
provides the end user with
73dBm of output power into a
son load and suppresses the

Silicon support for
software in cars
Philips Electronics has launched
an automotive software radio
semiconductor design, the
SAF7730 is adual IF car radio
and audio Digital Signal
Processor (DSP).
According to the supplier, user
specific functions can be
configured to match the software
platform required for the car
radio manufacturer's system.
The chipset includes audio
features including adaptive ultrabass 11 and music elevation,
combined with ahigh sound
quality. The software radio also
includes an iDAB interface,
enabling digital radio.
Philips Electronics
Tel: 0031 40 272 2091
www.semiconductors.philips.corn

Trimmers for tight
corners
A small trimmer chip capacitor
measuring 1.5 x 1.7 x0.85mm is
available from Murata.
According to the supplier, the
TZR1 series requires one third of
the board mounting area of a
2mm device. The trimmer is
available in two capacitance
value ranges: 1.5 to 4.0pF and
3.0 to 8.0pF. Both are rated at
25V DC, operating temperature
range from —25 to +85°C.
Primarily designed for high
frequency applications, these
miniature trimmers are suitable
for RF and wireless equipment

100W quarter-brick DC/DC converters
deliver 1.2V
The Lambda PAQ series of
DC/DC converters,
available from Powerline, is
arange of industry-standard
quarter brick profile devices
with ratings from 50 to
100W. designed for use in
distributed power systems
where the voltage is
converted at board level, the
units feature up to 90 per
cent efficiency and do not
require heatsinks. Nominal
input voltage is 48V DC,and
output voltages of 1.2V,
I.8V, 2.5V, 3.3V and 5V
are available at current
ratings from 10A to 25A
depending on the model.
Line and load regulation are
10mV. Overcurrent and
overvoltage protection are
fitted as standard. Remote
sensing, remote on/off

including Bluetooth devices,
remote keyless entry systems,
portable communications
equipment, pagers, crystal
oscillators and filters. The leadfree TZRI design is constructed
with no plastic material, which
provides superior heat resistance
to enable high temperature leadfree soldering.
Murata
Tel: 01252 811666
www.murata.co.uk

control and series operation
are available as options.
Powertine
Tel: 01494 753800
www.powerline.co.uk

Alphanumeric LCD
with CMOS drivers
The SC series of alphanumeric
dot-matrix LCD modules from
Wimbledon-based CTL
Components have been designed
with built-in CMOS driver
devices to reduce component
count and simplify the interface
circuitry. Available in formats
ranging from 2lines of 8
characters to 4lines of 40

150W switching PSU in 1U enclosure
Ultimate Renaissance is
offering IU form factor
switchers packing 150W and
available in output voltages
from I.8V to 48V. The Cortech

second harmonic to better than
—I2dBc. This device draws
21mA of current from a3V DC
supply. Available from
Eurosource Electronics, the
device comes in asurface mount
package measuring 0.30 x0.30 x
0.08in.
Eurosource Electronics
Tel: 020 8878 5355
www.eurosource.co.uk
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CSS150 is available in quad,
triple, dual and single output
versions. Output voltage is
selectable from 3.3V to 48V
from output 1and 2, at 150W

maximum from output 1and
100W maximum from output 2.
Choices for outputs 3and 4
allow any value from 3.3V to
24V, at 45W. Outputs 3and 4
can also be combined for a
maximum 60W continuous
delivery. Features include
remote sense, single wire
current sharing on outputs 1
and 2, OVP, over current
protection and thermal
shutdown. Active power factor
correction is also included and
all units are packaged in 4.2 x8
xI
.5in, u-channel suitable for
system enclosures.
Ultimate Renaissance
Tel: 01793 439310
www.ur-home.com
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High reliability
memory wins size
upgrade

characters, the modules can be
specified with either twistednematic or supertwist LCD
technology, according to the
requirements of the application.
Backlit versions are also
available, utilising achoice of
green, blue/green or white
electroluminescent illumination
or yellow, orange or red LED
backlights. Module sizes range
from 58.0 x32.0 x8.6mm to
190.0 x54.0 x9.0mm and all use
a5x7dot-matrix format with
cursor.
CTL Components
Tel 020 8545 8700
www ctl-components com

Real-time design
for Ada
Artisan Software Tools has
released version 4.2 of its Realtime Studio which has expanded
Ada support that includes
reverse engineering and roundtrip synchronisation. Users can
also translate their legacy Ada
source code into UML models.

Apta. formerly HMP Europe,
has upgraded its range of high
reliability memory modules
making use of its pinned
uncommitted memory array
(Puma) design, which allows
for the addition of higher order
address lines. The 4x512k x8
Puma2 SRAMs feature the
same footprint as the first
generation 4x8k x8devices.
The hermetically sealed,
ceramic part is housed in a66pin PGA package. The range
can now offer 8, 16 and 32-bit
wide memory devices. They are
user-configurable, and
upgradeable and can feature a
combination of memory types,
such as EEPROM, flash and
and support round-trip
engineering for Ada and Spark.
Also the C++ synchroniser is
substantially re-written to better
support re-engineering of legacy
code. It uses the same new tool
structure as the Ada
synchroniser, and supports visual
differencing of model elements
against source code constructs.
The parsing technology is
capable of reversing incomplete
source-code, and provides
technology to cope with partially
formed constructs and missing
types. The code generation
technology in both
Synchronisers is entirely
template-based so users can

SRAM in asingle footprint.
For example, a512k x16 flash
and 128k x16 SRAM die can
be supplied in one device.
There is also asurface mount
control the form and content of
the generated code, allowing
them complete code generation
flexibility.
Artisan Software Tools
Tel: 01242 229300
www.arlisansw.com

Low power
microcontroller
Hitachi has introduced the first
member of its H8/300L low
power series of flash
microcontrollers. The
H8/38024F is also the first
member of the series to offer an
on-chip debug interface, which
allows users to debug their

Controller with built-in TCP/IP
Toshiba Electronics has
launched arange of miniature
chip scale power Mosfet
packages that it claims are over
60 per cent thinner than
conventional TO-220SM
(D2PAK) devices and require
30 per cent less PCB mounting
area. Called the Slim TFP
package, it has aboard
mounting area of 10.7 x9.2mm
and aprofile of 1.7mm. The
devices have high DC current
handling capabilities and are
rated for power dissipation of
up to 125W. A four-pin
structure (gate, drive source,
main current source and drain)
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is intended to minimise the
effects of parasitic inductances
while offering electrical noise
immunity. The first Mosfet in
the new package will be a
500V, 8A device with an on

resistance of 750nel. Future
devices will include 200 and
250V Mosfets.
Toshiba
tel: 01276 694730
wwwtoshibeeurope.com

equivalent constructed as two
stack layers each with two
memory die.
Apta
Tel: 0191 2930500
applications in-circuit using the
firm's own EIOT debugger. The
microcontroller incorporates
32kbytes of flash memory that
can be programmed and erased
with asingle power supply. The
device operates at maximum
frequency of 10MHz using a3V
power supply, and offers on-chip
peripherals including a32kHz
sub-clock, timers, aspecial
asynchronous timer, watchdog
timer, asynchronous/synchronous
serial interface, 10-bit
analogue/digital converter, 32 x
4LCD controller/driver and
high-current pins. The device is
supported by the E6000 realtime in-circuit emulator with
4Mbyte of emulation RAM, 256
PC break points and 12
cascadable and complex
hardware break points (events).
An evaluation board is available.
The H8/38024F is available in
two 80-pin Quad Flat Packages,
the 14 x14mm QFP-80A and the
14 x20nun QFP-80B, as well as
a12 x12mm 80-pin Thin Quad
Package, the TQFP-80C.
Hitachi
Tel: 01628 585163
www.hitachi-eu.com

Power converter raises
Mosfet efficiency
"l'exas Instruments is offering a
family of low-voltage pulsewidth-modulated (PWM)
synchronous DC-to-DC
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Looking for ICs TRANSISTORS
A phone call to us could get a
result. We offer an extensive
range and with aWorld-wide
database at our fingertips, we are able
to source even more. We specialise in
devices with the following prefix
(to name but afew).
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Professional PCB Layout & Mixed Mode Simulation
at Computer Store Prices!!
From Only

NEW Easy-PC V6.0
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Easy-PC for Windows V6.0 is released with now even more
time saving features:

• On-line design rules checking
• Single shot' post processing for all your output files
• PCB Footprint & SCM Symbol Wizards for fast creation
• Import DXF files from your mechanical drawings

• and mans more new features!

Spice Based Simulator
Easy-Spice is a powerful A/D mixed mode simulator with
superior convergence and functionality.
• Easy-Spice is integrated with Easy-PC Schematics
• Supplied ready to use with SPICE libraries and models

• Easy to learn and use and supplied with afull manual
For more information or for ademo copy call us on +44 (0)1684 773662 fax +44 (0)1684 773664
or E-mail info@numberone.com

or download ademo copy from

www.n um berone.com
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•
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controllers. The TPS4000x
PWM step-down DC-DC
controllers feature apatented
predictive gate drive technology
and are designed to achieve
overall converter efficiencies
greater than 95 per cent, said the
supplier. PGD technology is
designed to provide the highest
efficiency in rectifier control by
driving Mosfet power transistors
at two to four per cent greater
efficiency than conventional
adaptive gate drive technology.
Two internally fixed operating
frequencies are available, at 300
and 600kHz, as well as source
and source/sink options. A
programmable closed-loop soft
start, short circuit disable and
thermal shutdown provide
protection for system circuitry.

CMOS monochrome and colour CMOS image sensors
National Semiconductor has
expanded its range of CMOS
image sensors which are
expected to find applications in
wireless access devices, entrylevel digital cameras and
industrial products, including
security cameras and scanners.
The monochrome LM96 IS and

colour LM9628 VGA CMOS
image sensors feature the wide
linear and non-linear dynamic
ranges and operate over
industrial temperature ranges,
so are suitable for outdoor
applications. The sub-QCIF
(quater common interface
format) LM9630 supports

frame rates exceeding
600frames/s. The 1.3Mpixel
monochrome LM9638 and
colour LM9648 sensors offer
an optical format of one half
inch.
National Semiconductor
Tel: 0870 242171
wwvv.national.corn

Texas Instruments
Tel: 01242 229300
www.trcorn

200W power module
baseplate cooling
Lambda's latest haltbrick DCDC power module has anominal
input voltage of 48V. The single
output 200W PAH200H48 series
offers arange of output voltage
of 1.8, 2.5 or 3.3V. The DC-DC
converter has apower density of
72.4W/in' and power efficiency
of 90 per cent at an output of
3.3V. According to the supplier,
there is no need for baseplate
cooling under normal
temperature conditions. Module
footprint is 58 x6Imm and
profile is lOmm. The open
modules can be convection or
forced air cooled. Operating
temperature range is —40 to 85°C.
Lambda
Tel: 01271 856666
www.lambda-gb.corn

Multimeter has
reference accuracy
Fluke's 8508A reference
multimeter is an 8.5-digit
resolution instrument designed
as aprecision measurement tool
for calibration laboratories. I
n
addition to measuring voltage
and current for both AC and DC,
and frequency, the meter also
includes other features. A ratio
feature, with front and rear
connectors supporting all 8508A
functions and GPIB control,
allows for automated
measurement transfers. There is
also current measurement up to
20A. One year accuracy is
specified as 3ppm and 20-minute
transfer uncertainty is 0.12ppm.
Fluke
Tel. 01603 256689
www.fluke.co.uk

1GHz SAW filter for
networking
Epson's quartz-based precision
SAW (surface acoustic wave)
resonator for networking
applications is claimed to

improve on the temperature
characteristics compared to
conventional SAW resonators by
50 per cent. The firm also offers
prototype-free custom device
development. The SAW
resonator has an improved
temperature coefficient of —1.7 x
10(- 8). Fundamental oscillation
up to 1GHz is supported.
Epson
www.epson-electronics.de

Processor board has
PCI bridge to 133MHz
Radstone Technology's latest
G4DSP signal processor board
based on the 7410 PowerPC
Risc processors with AltiVec
between 400MHz and 550MHz
includes aprocessor and

memory upgrade. The design
means that the board provides
each 7410 PowerPC compute
node with 256Mbyte L2 cache
and an IBM-CPC710
64bit/66MHz PCI host bridge.
The board exercises the same
crossbar like PCI ring
architecture and takes advantage
of aPCI bridge upgrade to take
the processor bus and memory
bus interfaces from 100MHz to
apeak of 133MHz. As with the
hardware architecture, software
support is also open standard to
protect software investment and
ease development. The G4DSP
supports VxWorksNxMP and
VSPWorks DSP OS from Wind
River Systems and also MPI
message passing libraries and
VSIPL signal processing
libraries from MP! Software
Technology. It is available in
five ruggedisation build levels
for industrial or extended
temperature, shock and
vibration environments in either
air-blown or conduction-cooled
formats.
Radstone
Tel: 01327 359444
www.radstone.co.uk
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Transparent II-I protection in
Audio Power Amplifers
(Part 1)
The desirability or lack thereof, of overvoltage and over-current protection for
power semiconductors in audio power
amplifiers remains a point of contention in
the field. Michael Kiwanuka explans.

F

,
or example, Nelson Pass 2 appears to recommend
multiple-transistor complementary output stages, as
mandated by class-A operation, to circumvent the
need for V-I protection of bipolar devices, while
Rod Elliot 3 suggests that V-I limiters can be dispensed
with altogether by adopting e-MOSFETs.
These views appear to be rather more widely accepted
than they should, and constitute acharter for near heroic
unreliability in amplifiers so designed. The zener diodeclamping of gate-source voltage for e-MOSFET's is
thought by some" to be all that is required with regard to
protection. While the zener diodes are mandatory, (ideally
With 10V<V,,„„.<20V to prevent premature clamping),
they only serve to protect the e-MOSFET gate oxide
insulation from over-voltage destruction 6,and do nothing
whatever to protect the device from accidental short
circuits and forbidden voltage-current combinations that
may occur when the amplifier is called upon to drive
reactive loads.

Rs
100R

Figure 1: Single slope,
linear foldback protection
circuit applied to a
complementary emitter
follower.
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Output

The positive temperature coefficient of on-resistance 7,
(and therefore negative temperature coefficient of drain
current), enjoyed by e-MOSFETs eliminates the secondary
breakdown phenomenon which is the bane of bipolar
transistors, but does not constitute alicence for wilful
violation of power dissipation limits in linear, audiofrequency applications. This is in contrast to ultrasonic
switching usage, where e-MOSFET dissipation bounds
can be blissfully ignored, and adherence to drain current
and drain-source voltage limits will suffice.
All output stage semiconductors used in complementary,
or quasi-complementary, (full or half bridge), linear audio
power amplifiers, without exception, require V-I
protection for reliable operation. However, such circuitry
must be carefully designed to prevent premature activation
during normal amplifier operation.

Single -slope, linear-foldback limiting
Many low to medium-power, (sub-100W), commercial
audio amplifiers incorporate asingle slope, linear
foldback, voltage-current protection circuit, (figure 1),
attributed to S.G.S. Fairchild Ltd. by Dr A.R. Bailey 8.In
practice the complimentary output transistors, To1 and T02 ,
may each consist of acompound arrangement of at least
two transistors in series. The collector-emitter voltage,
Vce, across To' is sensed by RI,and R3, while the output
current, in the guise of avoltage developed across emitter
resistor Re, is simultaneously monitored by R3, and R2.
The voltages are thus summed algebraically at the base of
the protection transistor, Tp1 ,which is driven into
conduction, shunting voltage drive to T01 ,in the event of
an over-voltage, over-current or simultaneous occurrence
of both conditions in the output device.
The series resistor, Rs, (typically 100R), expedites this
process by limiting the current required by Tp1 to shunt
voltage drive to T01 .The freewheeling diode, DF,protects
the output device from excessive base-emitter reverse
bias 9,due to over-rail voltage spikes generated by
inductive loads, while DF performs the same function for
the small-signal protection transistor, by preventing its
base-collector junction from being forward biasedm.
If the output approaches the negative supply rail while
driving asufficiently low impedance, the current sunk by
To2generates an appreciable voltage drop across its
emitter resistor. The output is therefore at asignificantly
higher potential than the common input to the
complementary output stage. Transistor To1 is reverse
biased, and T,, 1's base-collector junction, in the absence of
DF,would be forward biased, resulting in current flow
from emitter to collector.
Diode DF prevents this form of spurious, inverse-active
mode limiter activation by decoupling T,, 1's collector as
T01 's base-emitter is reverse biased. The potential at Tol 's
emitter is then equal to the output voltage since, contrary
to Duncan 11 ,To1 is non-conducting and no current, except
negligible leakage, flows through its emitter resistor. By
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18

symmetry, the explanation above also
17 .5
Curie
17
applies to the negative half of the
18.5
circuit.
18
A small-value capacitor is
15.5
sometimes connected across the base15
14.5
collector junction of each protection
14
transistor', with aview to eliminating
13.5
P
OW«
benign parasitic oscillation 12 that may
13
occur sporadically in the network
12.5
12
during the limiting process. These
11.5
capacitors appear in parallel at A.C,
11
and are entirely unsatisfactory, as they
1:
create an ill-defined and therefore
8.5
undesirable feed-forward path around
Protection
the output stage, shunting it out of the
8.5
8
Locus
Seconcl
global feedback loop at high audio
7.5 — A
&labium Uruk 7
frequencies, precisely where the
8.5
amplifier is most vulnerable with
e
respect to non-linearity. Such
5.5
vulnerability is due to anecessarily
5
4.5
diminished feedback factor at high
4
audio frequencies in the interest of
3.5
Nyquist stability. Connecting the
3
2.5
capacitor, (of the order of In0), across
2
the base-emitter junction of each
1.5
protection transistor is the preferred
1
solution.
0. o
The resistor values for the
110
100
O
10
20
30
40
50
03
arrangement in Figure 1are obtained
V
4go(V)
by drawing the desired protection
Figure 2: MIL3281A safe operating area with single slope, linear foldback protection locus drawn to
locus onto alinear scale graph of the
intersect the Vce-axis at avalue greater than 21 Va l,to prevent premature limiting.
output transistor's safe operating area,
(S.O.A). One of the three resistors
comparatively large S.O.A in the low-Vce region of the
(usually R3), is assigned an arbitrary value (typically
graph, especially at high supply-rail voltages where, in the
100ReR 3s1k), and the two remaining resistors calculated
case of bipolar transistors, secondary-breakdown severely
from simultaneous equations developed from two
curtails flexibility in optimal placement of the protection
convenient points on the protection locus.
locus. This is graphically illustrated in figure 2, for an
This arrangement requires that the linear protection locus
amplifier with ±40V supply rails, using Motorola's
intersects the S.O.A's Vce axis at avalue greater than the
excellent 14 200W, MJL3281A-MX1302A complementary
sum of the moduli of the amplifiers voltage supplies,
power transistors.
otherwise To turns on under normal loading when the
Only the positive half, Fig. 3., of the circuit in figure 1
output swings negative, even with the output open-circuit.
needs be used to calculate the required component values.
Similarly Tp2 would be activated under normal output
Ideal devices are assumed, with infinite input impedance,
loading when the output swings positive. This effectively
zero saturation voltage, and zero ohmic resistance, the
short-circuits the small signal circuit preceding the output
error thus accrued is negligible. Let Vbe «)V6, R3=220R,
stage directly to the output, causing gross and very audible
ReIR22. Taking two arbitrary points, A and B on the
distortion. Failure to adhere to the above condition appears
locus, such that,
to have caused some designers to erroneously abandon
electronic S.O.A protection of any form altogether'. 13 .
This requirement however, constitutes asignificant
limitation with regard to efficient utilisation of the

0.6 -

s

<(21I= 8011}

where for point A, Ic.85A; Vce3V, and for point B,

40V

I
C=6A85
Rs
100R

R3
AAAA
vvv v

40V

22OR
R.

0R22 t1V507
>
38V493

Output

Output

Figure 3: Output conditions at point A on the protection locus

Figure 4: Output conditions at point Et on the protection locus in

in figure 2.

figure 2.
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Ic=4A; Vce=36V, it follows from figure 3:

0.6 -R,(36.28/R, +0.28/220)

1.507R,

(1)

e+e,220/(e, +220)
With reference to figure 4:
12 - I, +I,

(2)

0.6/R, -(40 -3.72)/R, +(4 -3.72)/R,

Solving (1) and (3) simultaneously gives RI=12K4 and
R2=143RO. To afford an acceptable degree of precision, it
is recommended where necessary, that these values be
made up from series, or parallel combinations of 1%
resistors.
When the output swings to -40V, then 80V appears
across R3 in series with R2//R 3,to agood first
approximation. Therefore the voltage present at the base of
the protection transistor, T. is given by:
80(R, /IRO
(R, IIRO +R,

Rs
100 R

(3)

•••0V55

It follows therefore that subject to instantaneous
collector current, i, being less than the maximum
permissible collector current, I
c(mAx) ,
at V41V„1,
spurious activation of Ts,cannot occur. A general
expression which allows the rapid verification of the
compliance of any amplifier using single slope, linear
foldback limiting may developed:

Figure 5:
Compromised single
slope, linear
foldback scheme
resulting in grossly
inefficient 5.0.A
utilisation.

//R,)
{(R2 HR3)+ RI}

<OV6

<OV6
(R2R3

R1R2

(4)

RIR3)

Equation 4is valid subject to the following condition:
l
c< Ic(Mmx)Iv„-21vi

(5)

This condition is invariably fulfilled during normal
operation, as no practical loudspeaker system would
demand that the output transistor sustain Vce:2IV„1, while
providing any appreciable current.
Figure 6: Linear protection
locus clearly shows
inflexibility of scheme in
figure 5.

18
17.5
17
16.5
16
15.5
15
14.5
14
135
13
12.5
12
11.5
11
10.5
10
9.5
g
9
2

es

8
7.5
7
6.5
6
5.5
5
45
4
3.5
3
2.5
2
1.5
0.5O
0

10

20

30

40

50

60

70

80

90

100

110

ves(V)

48

ELECTRONICS WORLD September 2002

PROJECTS

Figure 7: Output
conditions at point Bon
the protection locus in
figure 6.

Rs
100R

Figure 5 shows acommon variation 1" 4•
15 ,
on the single
slope, linear foldback limiter of figure I, with resistor R2
excised, so that from equation 4:
2V,R,
+

<OV6

+(R., 71:-:)}

Since R.
,
2V,R,
(
R,+R)

,then:

The optimal protection locus for this network Fig. 6., is
plotted so that calculated resistor values comply with the
above condition. This scheme is atrociously inefficient, as
for anominal V„../V and Re=0R22, resistors RIand R3
are in parallel, and collector current, 4, is perforce
prematurely limited to,
<(V,/ Re

2A7)}

A value of Re :1R1 gives amodest improvement, with,
<(V,/R,

6A0)}

The protection locus is realised by deriving output stage
conditions Fig. 7. for asingle, arbitrary point. B on the
locus, subject to, {O<V„<21V„1}. With V„=40V,
R3=22OR and noting that RI,R3 constitute a
simple voltage divider:
R

Figure 8: Ideal emitter follower used to determine
instantaneous collector current, lc, collector.
emitter voltage, Vce, and device dissipation, Pd.

<OV6

(40 +39.4)
(-39.4 +39.78) 22OR

46K

This unwarranted dependence on the value of Re is
unacceptable, as in some applications such as output
stages comprised of paralleled, complementary eMOSFET pairs, (ORI<Re.s1R0), may be required to ensure
equable current sharing.

Driving reactive loads.
A clear appreciation of the nature of the amplifierís load is
required to establish the bounds within which the V-I
limiter must remain inactive. Figure 8shows an ideal
complementary emitter follower. (in Electronics
Workbench's excellent Multisim professional
simulator 16 ), used to drive astandard (80L0°) test load to
±40V supply rails.
The plots obtained in Fig. 9. show that the voltage v„,
across T01 is precisely 180° out of phase with the current.
its required to source: the voltage across the device is a
minimum when its collector current is at amaximum, and
vice versa. Instantaneous power dissipation is merely the
product of instantaneous device voltage and current. Peak
transistor dissipation, Pdona 50W, occurs twice in Tol 's
conducting half-cycle, at half the peak load voltage,
(Voug/2=V„/2) and half the peak load current, i
c(peak)/2.
As the (MILO') load line lies well below the linear
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protection locus in figure 10, (reproduced from figure 2), it
is clear that asingle pair of MJL3281A-MJL1302A power
transistors, operating from ±40V rails will comfortably
drive an 8Q dummy load to clipping without V-I limiting.
This however, will certainly not be the case with
loudspeaker loads, which are invariably reactive 17 •
18 .
An
amplifier with 'high-fidelity' aspirations, intended to drive
full-range, multiple-transducer loudspeaker systems,
including electrostatics, should at least be capable of
driving a(40L±60°) impedance without V-I limiting.
A (40L-60°) impedance was devised by driving a
2Q0 resistor in series with a45p 9441 capacitor at 1Khz
with the ideal complementary emitter follower in figure 8.
The traces thus obtained, Fig. 11., were used to plot the
(4QL±60°) load line in figure 10. Peak transistor
dissipation. Pe„,„, T=352.9W, occurs at v„=45.97V, and
i
c=7.68A.
In other words Fig 12., because current leads voltage in
acapacitive impedance, the NPN transistor, T„ i in figure
8, is required to source =7.68A when the output swings

Figure 9: Instantaneous
Vce, lc, and Pd in
sourcing output
transistor, driving
100W into (8QL60').

au
70

Pd

If

i
e
10

o
311a

Lie

4.0a

4.3a

Saa

Taw (S)
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18
175
17
165
16
155
15
14.5
14
13.5
13
12.5
12
11 5
11

(4020 °)
load line

Figure 10: Reactive load
gives rise to an elliptical
line, resulting in more than
seven times greater peak
device dissipation than for
the (851L60°) case.

(4QL ±60 °)
load lme

away from the negative
supply rail to z--5.97V.
Similarly, the PNP device,
(8ozo°)
T02, must sink 747.68A when
105
load line
10
the output swings to +5.97V
95
from +Vcc. Note that the
9
crossover discontinuity in
85
8
the output voltage
75
characteristic (figure 12),
7
now precedes zero crossing
6.5
by 60°, at Wo„,1=35V.
6
5.5
For a(4QL+60°)
Linear foldback
5
inductive impedance, in
protection locus
45
which current lags voltage,
4
35
the output conditions are
3
reversed, with the load
25
demanding 7.68A from To1
2
15
when the output swings from
the positive supply to
05
o
—5.97V. Regardless of the
O
80
90
100
110
nature of the load however,
70
10
20
30
40
50
60
Vce(V)
device voltage, v„, and load
voltage, v
ow ,
are always
180° out of phase, and being avoltage follower, the input
voltage is always in phase with v.,.
The linear foldback protection locus of figure 10 only
permits 3.1A at Vce=45.97V, therefore aminimum of
three, (ideally four), output pairs are required to drive a
notional (4QL±60°) loudspeaker system from I-40V
supply rails without intrusive limiter activation. On this
basis and using other established techniques 12 •
19 ,
including
D.C. offset, and thermal overload protection, areliable,
low distortion, 100W into (4QL±60°) class-B amplifier
may be constructed.
As the cost of power transistors is significant, there is a
compelling financial incentive to minimise the number of
devices used by utilising the S.O.A as efficiently as
possible. To this end it has been suggested" that ideally
the protection locus should closely match the bounds of
the S.O.A. This is unnecessary, as reactive load drive
3Da
15a
4.0s
Cs
Sam
primarily requires that current delivery in the
Tex (S)
IVccIsli„<21V„I region be maximised without violating
Figure 11: Instantaneous Vce, lc, and Pd in sourcing output transistor, driving 150W
D.0 safe operating limits. In general an optimally located,
into «2 L60°).
non-linear protection locus with no more than one
breakpoint should suffice.

y

Single slope, single breakpoint non-linear
foldback limiting.

s

i

re
48

Introducing azero-gradient segment Fig. 13, at some
optimal point in the protection locus permits the
enhancement of current delivery at the low-Vce end of the
S.O.A., without significantly compromising available
current at higher device voltages. The single slope, linear
foldback protocol', (equation 4), is made redundant, as
the protection locus does not cross the Vce-axis at any
point. This scheme is briefly mentioned in reference [20],
where it is dismissed in favour of the comparatively

as
4
Lin

413.1
Tone (S)

50

Si.

Figure 12: Transistor To2 delivers 7.68A to the (4S1L60°)
load when output swings away from -Vcc to -5.97V. Note
that the crossover discontinuity marked Xprecedes zero
voltage crossing by 60°.
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Figure 13: Single slope, single breakpoint non-linear foldback protection locus.
inferior single slope, linear foldback method.
The zero-slope segment, B-C, is realised by splitting R2
in figure 1into voltage divider, RiA and R28 Fig 14., and
shunting R3 with afast recovery diode, DI.The diode
applies aconstant voltage, Vjez0V6 (to afirst-order
approximation), across R3,for,
(64V ≤ V,<(211/„.1— 80V))

0.33)

(7)
1'2A

From equation 6:
(40 +23.4)

,
1MA,
0.33
-

R2,

0.6
R,

With reference to figure 16, and invoking equation 7:

(8)

Figure 14: Single
slope, single
breakpoint nonlinear foldback
protection circuit
as applied to a
complementary
emitter follower.

<(21y.,I= 80V)}

subject to /,<IA, the diode effectively clamps the voltage
across R2A ,and R2B ,preventing the development of
sufficient voltage across R2B to turn on the protection
transistor.
However, for,
{64V ≤

R2R

8K2

Therefore, for,
{64V s

And,

Figure 15: Output
conditions at point II on
the protection locus in
figure 13.

<(21V,I -80V))

and i
ckl A, the increased potential drop across Re with I.
results in anet increase in voltage across R2A ,and R28 „
inducing alarge enough voltage drop across R28 ,to trigger
the protection transistor.
For (0V5V„<64V) the diode is off (open-circuit to a
first-order approximation) and the circuit reverts to alinear
foldback, single slope regime.
Resistor values are calculated by developing
simultaneous equations for segments B-C, and A-B, at
points B and A respectively Figs. 15, and 16. Resistor,
R1is selected with aview to minimising diode power
dissipation when R1and the diode are exposed to the
magnitude sum of the supply rails.
With reference to figure 15, let R1=8K2, and i
e
Assuming Vbe=Vis3V6, then:
I, =1,+1 2 +1,
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OA

1.65/22,
4(0.6/0.33)
R2,
4(0.6/0.33)

Solving equations

+R„, +8K2R, PK2 +R„)

8, and 9simultaneously:

R,..198R7
R,
A •88 R9

(9)

20, aminimum of three output pairs is required to drive a
(40L±60°) load, since available current at Vcez-45V97
remains unchanged at Ic=3A1. However with the
protection locus in figure 13, available current per output
pair at Vcez-4 V is increased from 6A4 to 7A1, and the
current at licez--21V„1, increases from 0A5 to just under 1A5
per output pair.

And,
- Ru (0.6/0.22)..161R6
As was the case with the linear foldback locus of figure
040V

Figure 16: Output conditions
at point A on the protection
locus in figure 13.

Figure 18:
Polarity-dependent
voltage divider
used to introduce
single breakpoint
in otherwise
linear-slope locus.

I
c =7A5
RI
8k2

Rs
100R
0-1AAAd-4>

OFF
40V
R3
R2A

1V65

38V95

OV6

R2B

Re ; OR22

38V35

0 Output

Figure 17: Zener diode-based
single slope, single breakpoint
non-linear foldback limiter.
100R

01

Figure 19: A
common
variation in
figure 18,
which results in
inferior
performance
due to the finite
reverse
recovery time
of the diodes.

Output
Output
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Figure 20: Single slope,
single breakpoint, non-linear
protection locus described
by network in figure 18. A
notional 5V drop in the
supply rail causes an
equivalent horizontal
translation of segment A-8
to D-E.
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Since the locus is non-linear, caution must be exercised
to ensure that, while pursuing the secondary objective of
enhancing current delivery in the low-Vce region of the
S.O.A., available current in the critical higher device
voltage region, (i.e., IV„IsV„<21V„I), is not
simultaneously compromised by the location of the
breakpoint.
The circuits in Fig. 17, and 18 are frequently
usedn2122 ,to realise single slope, single breakpoint nonlinear foldback protection. The zener diode in figure 17 is
used to establish the flat portion of the locus. This is a
rather unsatisfactory solution as in practice the zener
breakdown voltage 23 can vary about its nominal value with
current by as much as 25%, as the diode is driven in and
out of breakdown, as is the case here. The breakpoint in
the protection locus would therefore be ill defined in
practice, significantly enhancing the potential for S.O.A.
violation.
The more dependable p-n diode is used (figure 18), to
effect asingle slope, single breakpoint regime by means of
asimple, voltage polarity-dependent divider24 .However
this scheme (beloved of American manufacturers) is suboptimal with respect to flexibility in breakpoint placement
as diode commutation can only occur at VoutV,
(i.e.V„.=V„), so that the nominally zero-slope portion of
the locus is solely defined by the voltage drop across Re
being equal to the protection transistors base-emitter
voltage, Vbe.
The locus in Fig 20, requires anominal Re=0R47, more
than doubling gain-step distortion 12 'Pg 256 generated by a
class-AB amplifier, relative to the circuit in figure 14 for
which Re )R22. A smaller value for Re cannot be
employed as this would result in acommensurate and
necessarily unsafe vertical displacement of segment B-C.
Thus segment B-C is fixed for IV„I=40V, and results in
even more inefficient S.O.A usage in the crucial
IV„Iel,„<21V„I region than the compromised single slope,
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o 40V

Jic = 14A
Rs

Figure 21: Output

100R
0——•

conditions at point A on
the protection locus in
figure 20.
R1
220R

34V02

40V

ON

6V58

0R47
33V42

0 Output

linear foldback arrangement in figure 5.
Further, using afixed reference voltage (zero volts in this
case) independent of the floating collector-emitter voltage.
V„., as the basis for VI protection is rather optimistic, as it
presumes equally invariant supply rails that do not sag
under load. A nominal 40V supply rail which sags by 5V
under load would effect a5V horizontal displacement
(figure 20) of segment A-B to D-E. Conversely, aprimary
supply surge could cause apotentially disastrous horizontal
translocation along B-C of segment A-B into and perhaps
well beyond the transistor's S.O.A limits.
Since the diodes in figure 18 are in theory never forward
biased simultaneously, the modification in figure 19 is
often adopted 19 in what may at first appear to be an elegant
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carrier storage causing the diodes to conduct briefly when
reverse biased. This often results in minute, intermittent
zero-crossing oscillation at the output, particularly with a
reactive load, which may easily be misdiagnosed as
crossover distortion.
Since segment B-C is established by merely selecting
R,e)R47, only point A on locus A-B-C (figure 20) is
required to obtain asolution.
With reference to Fig 21. and letting R1=220R, and
Vcc=40V,
C
Figure 22: The use of
arbitrary voltage
references of equal
magnitude makes for
aworthwhile
improvement in
efficiency.

I,
R2

Fl.

Where,
I, -(40 —34.02)/220R

27.18mA

With V, ..0V7 at 27mA,
R,

The circuit in figure 18 is capable of modest improvement,
however and therefore merits closer scrutiny.
This scheme can be made more efficient, (figure 22), by
changing the voltage dividers fixed reference voltage from
zero to two arbitrary voltages, VRe ,and VRef2 ,of equal
magnitude but opposite polarity, such that;

R2
--AAAA

V„/12 •(34.02 —0.7)/27.18mA ..1K2

IV.,

R.
RI

<(111,1,1- IV, f,I)<IV,11

simplification. The excision of one of the resistors in this
fashion is alas afalse economy at best, as the performance
of the circuit is now significantly compromised by the
finite reverse recovery time of the diodes, with minority
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Figure 23: Improved single slope, single breakpoint locus, 8-E-F, realised by using an
arbitrary voltage reference.
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Re

I

f

"'

V

I
V, -60V

.« ,

20 V6

with VR,
A =-20V6 and V
Re=+20V6. This calls for a
nominal 60V6 zener diode. It is recommended however,
that the required voltage drop be realised with multiple
low-voltage devices, (61/sVzsl2V), as these posses a
significantly lower series impedance 23 .Therefore Z, and
Z2 may in fact consist of six Motorola 1N5240B 10V
zeners, in series with aforward biased 1N4148 diode, the
whole quiescing at anominal 10mA established by R,
Crucially in figure 22, the cathode of diode Z1 is
connected directly to
effectively bootstrapping VRefi
to the supply rail, so that any anomalies on the supply are
directly impressed on the reference voltage. This
substantially eliminates the potentially fatal tendency of
segment B-E to migrate back and forth along C-F with
non-ideal supply rail variation. Similarly VRep is
bootstrapped to the supply rail by connecting the anode of
Z2 10 —V„.
With reference to Fig. 25, and taking R1=22R, and
1
7,.,=40V:

*1,

1

Nominal 40V rails are assumed. This enhances the
flexibility of the circuit, as the breakpoint can now be
freely located along C-F, Fig. 23., giving rise to amore
efficient locus, B-E-F.
The reference voltage is generated by azener diode,
which in contrast with figure 17, is acceptable, as the
current established by the diode's current limiting resistor,
is reasonably constant, which makes for asubstantially
invariant voltage drop across the diode. A depletion mode
MOSFET configured as acurrent regulator could be used
instead of R, to firmly establish quiescent conditions. This
is expensive, and therefore probably unjustifiable in a
commercial unit.
The reference voltage, is equal in magnitude to the
output voltage, V„„,, at the breakpoint in locus B-E-F,
Fig. 24., i.e.:

1
2.
,I,
Where,
/, -(40 —35.9)/220R .
,18.64mA
With Vp0V7 at 20mA,
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Figure 24: The reference voltage

R2

is made equal in magnitude to

Figure 25: Output
conditions at point 8

the output voltage at the
breakpoint, (i.e., when
Vce=b0V); the diode is then at

=20V6

=20V6

on the protection
locus in figure 23.

the threshold of conduction.
R, - V„//,

- 0.7 + 20.6)/18.64mA ...3K0

The dependence of segment E-F on the value of Re for
the circuit in figure 22 remains its Achilles heel. The
singular advantage of the network in figure 14 therefore, is
that it permits the arbitrary location of abreakpoint in the

Newnes, ISBN 0-7506-2629-1, pg. 202, and pg. 204, figure
5.23, respectively.
12. Self, D.. 'Audio power amplifier design handbook', 2nd
edition. Newnes. ISBN 0-7506-4527-X, pg. 335.
13. Hood, J. L., 'Valve and transistor audio amplifiers', Newnes,
ISBN 0-7506-3356-5, pg. 165.

protection locus without undue reference to the value of

14. Self, D., 'Load-invariant audio power'. Electronics world &

Re.
Moreover, because the entire network of figure 14 floats

15. Piper. J.R.I. 'Output transistor protection in class B

between the supply and output rails, the position of the

wireless world. January 1997, pg. 16.
amplifiers', Wireless world, February 1972.

locus in the S.O.A remains resolutely invariant in the face

16. www.electronicsworkbench.com

of deviant power supply behaviour, without recourse to a

17. Benjamin. E., 'Audio power amplifiers for loudspeaker loads'.

bootstrapped voltage reference. The accuracy of such a
reference is necessarily compromised by its dependence on
zener diodes, which are only available in discreet,
preferred values.

Journal of the audio engineering society. Vol. 42, #9,
September 1994, pg. 670.
18. Self, D., 'Cool audio power', Electronics & wireless world,
august 1999, pg. 657.
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to the editor
Letters to "Electronics World" Highbury Business Communications,
Anne Boleyn House, 9-13 Ewell Road, Cheam Road, Surrey SM3 8BZ
e-mail j.lowe@highburybiz.com using subject heading 'Letters'.

Conspiracy theory
The town of Valley, near Munich,
Germany, has petitioned the Federal
District Court in Washington to
remove the nuisance of Radio Liberty,
which has had the less than
satisfactory result of the German
government deciding not to renew its
lease which expires in 2005.
This has happened because almost
half the citizens of the town now have
cancer and they have nothing else to
blame it on but the powerful
transmitters of Radio Liberty, aimed
to reach Eastern Europe and Central
Asia. It has been there for some
decades, but Itake leave to doubt if
there is even the slightest necessity for
it these days.
You notice that citizens come
second in this ruling, else the station
would be closed immediately. The
same phenomenon comes up in this
country with regard to toxic hazards
from rubbish tips and incinerators.
And of course with GM plants. Idon't
have to drag in, presumably, the
chemical town of Cubatao in Brazil,
where there are no winds and infant
mortality is variously quoted at 27%
and 43%, to suggest that just as Tony
Blair hails science as our benefactor,
it is turning into something else.

Not quite irrelevant is the scare in
America over someone supposedly
prepared to spread radioactive
material around the place. What sort
of person would do athing like that?
Well, the Americans did it over 195565 with remarkable efficiency, halting
the decline in infant mortality there
and also in the UK. Thanks to the jet
stream and the prevailing winds, they
covered the whole contiguous United
States bar Vermont.
That people are systematically
betrayed is shown by the
encouragement of mobile phones in
this country. They encourage brain
cancer and leukaemia but these may
not be seen for 25 years. Though the
matter can hardly be researched, the
case of Valley should be borne in
mind. So should the man whose brain
was affected by using his mobile 5
hours aday for propagation studies by
BT. He forgets to take the baby
upstairs at night, can no longer play
the guitar, and puts his speech
together quite hesitantly; he can no
longer work.
Ihave always brought acertain
pessimism to environmental and
occupational health issues but on
investigation things have always
turned out to be worse than Idreamt.

500Mhz sampling front end -June 2002 issue
You have probably received afair number of
comments from other readers concerning Mr
Hiclunan's interesting and informative article.
Nevertheless, Ithought Iwould write to you
with an observation of my own.
With regard to producing shorter gate 1
sampling pulses, Isuspect that the avalanche
pulse generator employed has already reached
the limit of its capability in this direction. Some
improvement may be indeed be achieved by
using ashorter delay line, LI, and atransistor
having ahigher transition frequency than the
BFR91. Unfortunately, this will inevitably be at
the expense of pulse amplitude, since most
commonly available low cost transistors with
higher transition frequencies also tend to have
lower avalanche voltages. Therefore, it might
be worth considering an alternative method of
generating shorter sampling pulses. The method
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Ihave in mind is avariation on the theme of the
classic step recovery diode (SRD) impulse
generator. However, instead of employing an
SRD -which is an unusual device that readers
are unlikely to find in the majority of
mainstream electronic component distributors'
catalogues -try using an inexpensive and
readily available PIN switching diode. With
suitable biasing some short lifetime epitaxial
PIN diodes exhibit behaviour very like that of
SRD's. For example, Agilent Technologies'
HSMP-3820 PIN diode or similar would
probably make asuitable candidate for
experimentation. In principle it should be
possible to generate sampling pulses, having
sufficient amplitude, of around 300ps or less
using this method.
Douglas R. Taylor
(By email)

Looking back at the last century, the
first thing Iseem to see is asbestos
dust covering awhole district in
Nottingham, agreat hazard that never
should have been permitted.
Bernard Jones
London SW1
Editor's comments:
Ithink Bernard has struck achord
with this one. Some other things to
think about are the hazards of living
and/or working under power lines.
There was in fact areport about this
in Wireless World over 20 years ago
and arecent report stated that there
was in fact no risk Iwould be
interested to hear other readers'
views on governments hushing up
scientific facts of life, something we as
engineers should be trying to stop.

M. G. Scroggie
M. G. Scroggie was awell known
contributor to Wireless World for
many years, writing under his own
name and as 'Cathode Ray'. He was
the author of many books, such as the
Radio Laboratory Handbook and also
compilations of his WW articles. A
technical biography of him and his
work would be afitting tribute and
make an interesting article for EW.
So, is there anybody out there with
sufficient information and knowledge
of him to write it?
PS. Noting the current article on
'super-regens' in EW April 2002,
Scroggie wrote at length in WW and
in his books on their operation and
showed waveforms very similar those
in this article.
Howard Miles
Melton Mowbray
Leicestershire, UK.
Any takers? —Ed.

More PCB ideas.
The May issue of your excellent
publication has just been received
here in the Antipodes. The article by
Cyril Bateman on PCB-making was,
like all of Cyril's articles, excellent.
Cyril suggests some simple ways of
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producing boards but there is another,
apparently little known or used,
technique for producing one-off
PCBs.
For several years. Ihave been
producing boards by direct-plotting to
the copper-clad stock, then etching
etc. as usual. Boards of at least the
complexity of the examples shown in
Cyril's article and, often of rather
greater complexity are easily and
quickly produced.
Iusually use Easytrax for design
(antiquated, Iknow, but adequate for
most applications and far more
intuitive than the Windows-based
programs which Ialso have) and plotout to aHP7475A plotter. Ialso use a
HP7550A on occasions, but other
types of plotter (e.g. Roland) should
be useable. A plot on paper is first
made, then asuitably-sized piece of
copper stock, cleaned as below, is
taped-down by its edges so as to cover
the plot. The pen is changed to an
etch-resist type and the plot done
again onto the copper. The board is
then etched etc.
Some tips for those who wish to try
this technique; Staedtler Lumocolor
313 pens, made for overheadprojector use, make excellent (and
cheap) etch-resist pens; Ithink the
black ones are best, although Ihave
used the red ones successfully. The
pen can be mounted with tape in a
drilled-out body from astandard
plotter pen so that the machine can
pick it up. Cleaning the board with a
'polishing' motion, using very fine
'wet & dry' paper and adrop of
detergent under running water, seems
best as it gives the surface apattern of
tiny 'scratches' which help the pen
make aclean line.
Occasionally atrack or two will
require retouching with an etch-resist
pen, but Ithink that this is due to
carelessness on my part in cleaning
the copper. In this application the
necessity for preparing the copper
surface properly is vital and is at least
one level of importance above the
usual. Watch the orientation of the
printout as it may be necessary to
'flip' the artwork to avoid amirrorimage product, depending upon
whether your board is SMD or
through-hole. Of course Ihave never
felt like afool after making amirrorreverse board and then trying to
assemble it!
The reference below for Easytrax is
worthwhile, both for the support
given for this 'obsolete' program and
for other information that the
delightful Bob Barnes makes
available. Here in Australia plotters
are to be had for the asking; try your
local drafting supplies shop or

building plan draftsmen.
With regard to Cyril's notes re:
drills, Ihave found it unwise to use
carbide drills in ahand-held machine
as they snap very easily. A drill stand
is to be preferred; Iuse aDremel but I
think it alittle crude and am saving up
for a'proper' unit!
Kerry Power,
Coffs Harbour
Australia.
References;
Easytrax;
www.cia.com.au/rcsradio/ Drills;
Toolsandtunes (Joseph Moran) on
Ebay has agood range of drills
Exposure
In my experience exposing ether side
separately invariably ends in tears, or
at least misalignment. So here is my
double-sided method.
A pair of 500W halogen flood
lamps, with glass removed, are good
U.V sources for less than five pounds
each, at 2'6" (750mm), defined by
the height of the shelves in my
kitchen, results in a15 min. exposure
time. One lamp is placed above and
one below apair of shelf brackets on
which apolycarbonate carrier simply
rests on. The polycarbonate carrier is
simply two pieces of non-U.V stable
polycarbonate hinged at one edge
with 'gaffer' tape and clipped shut
with 'bulldog' clips.
Simply take top foil and trim
approx. 1"(25mm) off 3edges, then
align it against the bottom foil on a
light box and secure with masking
tape along the three trimmed edges,
forming an envelope that the P.C.B
board is placed inside, that is in turn
placed inside the polycarbonate
carrier. Thin cardboard strips can be
used to centre the edges (vertically) of
the envelope in the sandwich. The
whole assembly then rests on the shelf
brackets and is exposed.
Jo Atkin
(by email)
Another UV source
Iwould like to add the following
information to the recent articles from
Cyril Bateman about printed circuit
making that appeared in EW.
A powerful UV source for photoresist exposure and also for EPROM
erasing, can be made from mediumpressure mercury arc lamps, such as
the Philips HPL series. They consist
of adischarge tube containing
mercury vapour, supported within a
glass bulb, coated on the inside with
fluorescent material and have metal
rods, which also double up as current
leads. The space between the
discharge tube and the bulb is filled
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EW improvement ideas
Ithink the magazine might well benefit from achange of
direction (larger page count, lower cover price, rename
to Wireless World, OK only joking!) although Isuspect
there is aloyal core of readers who like it more or less as
it is. Personally, Ifeel the readers' letters are the best
part, especially when there is violent (but well argued)
controversy. Ialso feel there should be ahistorical
feature every (or nearly every) issue, as this broadens the
appeal and crucially differentiates the magazine from so
many others. You don't want to become just aclone or
look-alike of every other electronics mag, as this is a
highly competitive arena and would be dropping the old
values in any case.
Andy Emmerson
UK
A quick comment on EW content recently....
One thing that's rather annoying, is when several pages
of amag are taken up with software listings. Ithink that
these days it's highly improbable that anyone thinking of
building aproject won't have intemet access -if not
themselves then via someone they know. Stuff like this
belongs on awebsite so it can be downloaded, error-free
by those who want it. There's no need for an all-singing
flashy corporate site -just aURL in the article to get the
file. Obviously there may be instances where parts of a
software listing may be useful or informative, but the
inclusion of full listings is just wasteful and unnecessary.
The inclusion of two pages of HEX listing on June
2002's issue was particularly ridiculous, and Iwould
question whether this was of any use at all to any single
reader! It served no purpose to illustrate the article, and I
doubt anyone would think of typing it in! OK that issue
was pretty thin but if that's all you could find to pad it
out things must be getting pretty desperate!
Mike Harrison
UK
Suffice to say that in future code will be available by
email in the short term and I'm hoping to get a
rudimentary website up in the not too distant future.
There won't be anymore HEX listings
unless they
are VERY short!
Ed.

with an inert gas, probably nitrogen.
By carefully breaking the neck of the
bulb around the base, it can be
removed and the exposed discharge
tube used by itself, in the same socket
and with the same current limiting
inductor as the whole lamp. This tube
emits strongly in the 436 and 365nm
mercury lines and also in the visible
546nm line. Two safety
considerations apply: firstly, the
discharge tube is made of fused quartz
and gets quite hot when running. So,
it must be handled with the same care
as an halogen lamp bulb, that is, no
organic contamination shall be
allowed on its surface. Secondly, the
tube support rods are now exposed
and at mains potential, so they must
not be touched by hand or conductive
objects while the lamp is on. These
lamps are being replaced in outdoor
lighting by metal arc lamps, but are
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still quite easy to find and not
expensive, at least here. Ithink RS
carries them in the UK.
Jose A.Senna
Brazil

Electrocution I
The June and July issues of
Electronics World included letters
regarding the safety of the current in
an EHT circuit which appeared in the
May issue. Ithink that further
information is required to clarify the
physiological effects of 50 Hz
currents and direct currents.
The authoritative document is IEC
60479: Effects of current on human
beings and livestock. The following
values are from IEC (60)479-1, Third
edition, 1994.
Italicised text are my notes.
(i) There is considerable variation
between individuals.
(ii) D.C. is allowed to include up to
10% ripple.
(iii) Requirements for different

Electronics as an
occupation
People who are self-employed, e.g. doctors,
electricians, plumbers, etc., do tend to earn
more than electronic professionals who mostly
work for asalary. It is difficult for adesign
engineer to work for himself, but we (in the
electronic profession) could start, manage and
own more electronic manufacturing companies
ourselves. Those who are self-employed could
learn from medical doctors. For example, if you
have arepair shop, let your customers wait, to
make sure you always have work. Charge them
for fault finding, regardless of whether you can
identify the problem or fix it. If your repair
operation turns out to be failure, still charge for it.
In afree market economy, salaries should be
determined by supply and demand. If electronic
professionals are not happy with their pay or
status, they should seek other occupations.
Students tend to take courses that interest them,
without considering the demand for such
qualifications. Electronics is an interesting
subject, and unfortunately too many people
think so. Many occupations increase their
income beyond the free market level by having
aunion recommend fees and by reserving
work. For example, even if you know all about
the prescribed medicine you need, you cannot
get it without paying adoctor for aconsultation
(The patient usually has to discover the sideeffects for himself). Nor can you get the results
of some medical tests without seeing adoctor.
Only acertified electrician may work on the
electrical wiring of your home (at least in some
countries). Homes may only be sold by a
registered estate agent. Engineering
associations should recommend salary levels. If
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frequencies, some non-sinusoidal
waveforms and charged capacitors
are covered separately.
Threshold of reaction: 0.5mA at
50Hz; 2.0mA d.c.
Reaction can be dangerous, e.g. in
confined spaces or on ladders.
Threshold of let-go: 10mA at 50Hz.
For 50Hz above, the let-go
threshold is where the victim may be
unable to release grip on asource of
current. The threshold is lower for
women and lower again for children.
For D.C., only making and
breaking of the current leads to
painful and cramp-like contractions
of the muscles.
Threshold of Ventricular
fibrillation: 40 -500mA at 50Hz; 140
-500tnA D.C.
Values depend on exposure time
(inversely), current path through the
body, state of health, etc.
Ventricular fibrillation is
considered to be the main cause of
death from electric shock.
Note. IEC publishes product safety

all else fails, consumers could be required to
obtain a'prescription' from an electronic
engineer or technician to buy electronic
equipment. After all, we need to make sure that
the equipment is right for them. It could also be
dangerous in the wrong hands, e.g. a
microwave oven used incorrectly.
Electronics is too successful. If the medical
world were able to design medicines which
could cure any problem (not just treat the
symptoms) and if the medicines were imported
cheaply from Asia and sold at supermarkets,
doctors would have little work. If laws were
written more clearly and decisively (making a
court judgement unnecessary), there would be
less demand for legal professionals. We need to
design products that fail more often and go
obsolete. Microsoft has demonstrated how you
can force the public to continuously buy new
hardware and software. Just make the operating
system ever larger, requiring abigger, faster
computer, and convince the peripheral
equipment manufacturers to only supply drivers
for the latest Microsoft product, and you've got
it made. For those who are in doubt, this letter
is not be taken entirely seriously.
Dewald de Lange
South Africa
PS. Through the decades that Ihave read
Electronics World, you have had some very
unique and well illustrated articles. With
electronics becoming more integrated, and
dominated by large international companies,
the demand for electronic magazines is likely to
shrink. Let's hope Electronics World survives.
With more readers like you, Idon't think we'll
have aproblem. Ed.

standards covering most aspects of
safety. These are usually adopted
(sometimes with modifications) by
the European organisation for
electrical standards, CENELEC, and
published by BSI. Probably of most
interest to EW readers are:
BS EN 60065 -Safety requirements
for audio, video and similar electronic
appliances;
BS EN 60950 -Safety of
Information Technology Equipment
(this includes asmall section on safety
principles); and
BS EN 61010 -Safety requirements
for electrical equipment for
measurement, control and laboratory
use.
At well over £100 each, hobbyists
may be put-off by the price. If so, it
may be possible to gain access via a
library or college.
Ted Smith
UK

Electrocution II
Re: Switching EHT generator for ES
loudspeakers (Circuit ideas) and
Shock Hazard Reduced (letters).
Whilst the shock hazard of Mr
Vincent's EFIT circuit on the bench
may be seen to be minimal, would Mr
Bennett say the same for an infant
crawling around the back of an
electrostatic loudspeaker and
attempting to put 'something
interesting' into its mouth?
For example, the internals of aQuad
ELS-63 (lots of them around -Ihave
a pair myself) have warning notices
"DANGER -VERY HIGH
VOLTAGES -TAKE EXTREME
CARE" and the EHT circuit includes
a10M resistor and aneon indicator in
series at the output.
Iwould suggest that the simple and
prudent expedient of ageneral
warning for EHT supplies would not
be aims, particularly in a'Circuit
Ideas' section where only aminimal
description is given and where
substitution of components that
happen to be to hand is quite possible.
Ialso note that the Quad ELS-63's
four stage voltage multiplier uses 10n
and 20n capacitors (versus Mr
Vincent's three stage and In
capacitors), which might be retained
and the switching circuit 'tweaked' to
drive it (maybe without changing the
turns ratios of the transformer).
Iaccept that my concern may be
seen as to be somewhat 'in extremist',
but the EHT generator circuit was put
forward for electrostatic loudspeakers
which would normally be sited in a
domestic environment. Furthermore it
is likely to be built by persons
interested in audio electronics but not
necessarily familiar with voltages
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above the (?)60V or so used in audio
power amplifiers. One can experiment
with line level audio circuits with
relative impunity (one is probably at
greater risk of burns from asoldering
iron than anything else), but multikilovolt EHT DC power supplies are
another matter and should always be
treated with 'Extreme Care' (even if
they are theoretically only able to
supply afew mA).
Since it is now understood that
once past the skin barrier electrical
currents can travel easily within the
body favouring nerves and blood
vessels as conductors, Iwould have
thought that the safety aspect of EHT
supplies would be the first concern in
any design. And one perhaps
shouldn't overlook the modern
reality that without awarning (i.e.
showing due diligence) it is possible
that both Electronics World (I have
been reading this learned journal for
over thirty years) and the author
might be seen as negligent should an
injury or fatality occur directly or
indirectly because of this circuit.
Iwould also note that many
dwellings are not fitted with RCD
protection (mine is, but only on the
13 amp power sockets -not on the
lighting or other circuits) so Mr
Bennett's comments on the protection
afforded by these devices should be
taken in context. And Iremain
unconvinced as to the safety of
touching atelevision's EHT supply,
particularly one in situ! Nowadays
all such supplies that Ihave seen are
encased in metal shielding with big
'DANGER' signs and red flashes,
unlike the old valve televisions where
that bit was just in acorner (and parts
of the metal chassis was liable to be
live too!)
Susan I.L. Parker AMIEE
London, UK
Electrocution Ill
Paul Bennet (Letters, July 2002) in
referring to 1
mA as the threshold of
feeling and that it is the current which
is the determining factor in electrical
shock hazards is quite correct;
however his figure of "IA plus to
interfere with heart operation" is a
rather dangerous suggestion. Most
sources with which Ihave come into
contact, if you will pardon the pun,
suggest amuch lower value, the usual
levels being set out as follows:1mA: Threshold of sensation.
5tnA: Maximum 'harmless' current.
10mA: Muscle contraction (muscles
'in circuit').
15mA: Loss of muscle control.
20tnA +Severe electric shock,
depending on path.
100 -250mA Fatal electric shock

Lightning
Ienjoyed Joe Can's lucid exposition in the June
issue on how to observe lightning and its effects.
Long term readers of EWW may recall a
feature (Lightning Strikes!) Iwrote on recording
the polarity and waveforms of lightning strokes.
As ageophysicist, Ihave been recording
variations in the earth's electric field for many
years, and would like to add some points to Joe's
feature.
For the last 20 years Ihave used atriode valve
(6Q7GT) antenna electrometer (described in the
feature) to record the electric field. The valve
was replaced once about 10 years ago, when its
emission failed. It is easy to get the gigohm
input impedances needed using semiconductors,
but they fail when exposed to the high voltage
pulses from nearby strikes. My observatory has
had two nearby lightning strikes which took out
the power supply to my earth current
geomagnetic field recording system, vaporising
the 10A protection diodes across the incoming
lines from the earth electrodes, and killing the
cordless phone terminal connected to an
overhead BT line.
Protecting electronic gear from lightning
spikes is tricky. Anything connected to an
outdoor antenna or large frame aerial needs to be
protected -expensive gear like 'scopes will only
take 300-500volts across the input. As well as
the obvious direct lightning voltage spike, there
is also an earth voltage spike caused by the local
dissipation of the stroke energy, which elevates
the ground potential nearby and adds to the
equipment protection problem. Equipment inputs
can be protected by silicon diodes or neon tubes

(ventricular fibrillation.)
250mA +Severe electric shock,
heart stops.
Apparently, patients who receive
over 250mA stand achance of
recovering provided CPR is rapidly
applied, since fibrillation did not
occur. Levels such as these are only a
guide, and vary alittle according to
patient health, and the nature (D.C.,
50-60Hz, HF) of the current involved.
All this is very fine, but the reaction
to electric shock (whether due to loss
of muscle control or conscious rapid
reaction) can cause very much more
serious harm than the physical effects
of the shock on its own. Serious cuts
and lacerations can often result when
working on equipment that contains
sharp objects -protruding selftapping screws, glass dials,
compartment screening etc.
Stored energy in capacitors does
not usually present aproblem, for
they are normally screened, and in
many CRT applications, formed from
the coaxial EHT cable itself.
However, they are the most
dangerous points in most SMPS units
such as those used in small
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to shunt the induced voltage spike. Inductors or
chokes are also helpful to blunt pulses coming in
by the back door from the mains. Joe's wire
ended neon indicator circuit can be turned into a
charge measuring instrument by blacking out
daylight to stop neon conduction until the
antenna voltage reaches the strike voltage (about
85V). This turns the neon into asawtooth
oscillator whose pulses can be tapped off to a
counter or recorder or audio input to give
quantitative measurement of incoming charge
rate. During thunderstorms, the device conducts
almost continuously and positively screams at
every lightning stroke. The antenna only needs
to be about 40 feet long and about 15 feet above
ground. With good insulation, the detector
makes acontinuous plopping noise in acrystal
earpiece at the earthy end of the chain, and is
rightly called a'farter'.
Many books have been published about
lightning. Works by Oliver Lodge provide a
background to the design of lightning
conductors. Watson-Watt (the inventor of radar)
and Bainbridge Bell published atreatise on the
recording and direction finding of lightning
storms using large frame aerials in the
'Applications of the Cathode Ray Oscillograph
in Radio Research' as long ago as 1933. More
recent works on ionospheric physics and
lightning induced whistlers like 'Natural VLF
Radio waves' by Okada and lwai (1988) are
worth reading. A trawl through the Web will
find hundreds of other references. Above all,
heed Joe's advice when recording lightning- it
bites!
Anthony Hopwood. Worcestershire, UK

computers, etc., retaining typically a
380V charge for avery long time
after switch- off. Admittedly the
capacitors in the original design by
John Vincent present afairly low
series value and these are effectively
'bled away' by virtue of R4, R5, R6
and R7.
My purpose here is not to argue
with Mr. Bennet nor Susan J.L.
Parker (June 2002), but rather to
bring some clarity to the issue of
electrical safety. There is atendency
today to think that all things electrical
are much safer than they were,
especially by the people who actually
work on computers, radios, and the
like; this must surely be due to the
lower voltage rails used (you can
touch computer wiring while it is
working...!) which when added to the
increased equipment safety standards
in some manner actually decreases
the respect for electricity.
The wall socket is still the wall
socket, it's still around 230Vac there,
and human physiology has not
changed much in the last 100 years.
F.C. Trevor Gate.
The Netherlands.
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in front of 18,000
electronic fanatics.
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acknowledge your
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site, which is why we
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Linage only will cost
£150 +vat for afull
year.
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DIRECTIONS
ANASOFT LTD

CROWNHILL ASSOCIATES LTD

http://www.anasoft.co.uk

http://www.crownhill.co.uk

SuperSpice, the atfordable, mixed-mode
windows circuit simulator. Wrote by an
analogue design engineer for those
Teletubbies who like keeping things
simple.

BEDFORD OPTO
TECHNOLOGY LTD
http://www.bot.co.uk
Optoelectronic products UK design
development manufacture standard and
custom, LED bargraphs, circuit board
indicators, stand offs.
transmissive/reflective switches, baseefa
optocouplers tubular and surfacemount.
pannel mount LED assemblies.

CRICKLEWOOD
ELECTRONICS

• Schematics, Layout & Autorouting
• Free tech support
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,

DB TECHNOLOGY

http://www.cricklewoodelectronic
s.co.uk
Cricklewood Electronics stock one of the
widest ranges of components, especially
semiconductors including ICs,
transistors, capacitors, all at competitive
prices.

http://www.dbtechnology.co.uk/
p
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EMC Testeg and Cormuitancy
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COMPONENT KITS

EDAForce
http://www.edaforce.co.uk
EDAForce is adivision of the independent
specialist recruitment consultancy
TelecomForce. We specialise in placing
engineers and engineering managers.
either contract or permanent, in the role
that is right for them. Visit the web site.
email us on ewgedaforce.co.uk or call
+44(0)1628 850273 to find out how we
could help you.

EQUINOX TECHNOLOGIES
UK LTD
http://www.eguinox-tech.corn
epseeez lecenelepeo

http://www.componentkits.com
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EMC Testing and Consultancy.
Anechoic chamber and open area test site.
e Compliance Tests
• Rapid, accurate pre-compliance tests.
• Fixes included. FCC Listed.
• Flexible, hourly booking available

DESIGNER SYSTEMS CO.
'Component Kits LLC manufactures and
distributes Electronic Component Kits
used for professional engineering design,
prototype. University lab, and hobbyist
uses.
Visit our website to review our current
product line, request our Free CD-ROM.
or join our newsletter:

http://www.designersystems.co.
uk
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Equinox Technologies UK Ltd.. specialise
in development tools for the embedded
microcontroller market.

http://www.feller-at.corn

E-mail
I. cruickshankse, highburybiz. corn

c.

Test & Measuring Equipment
Operating & Service Manuals.

49911.
19X

Feller (UK) Ltd. manufacture Fully
approved cordsets (Moulded mains
plugs and connectors) and Power
Supply Cables for all industrial
Countries to National and International
Standards

COOKE INTERNATIONAL

infogcooke-int.corn

dialb
1111111.
lab
111.110
11•11,

FELLER UK

http://www.cooke-int.corn
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Ole Ill

Electronic product design company with
over adecade of experience promoting
it's own product range and designing
and manufacturing innovative products
for client companies/individuals.

EAGLE PCB DESIGN
SOFTWARE
http://www.puresoft.co.uk

FIELD ELECTRIC LTD
http://www.fieldelectric.co.uk
Field Electric Ltd has been successfully
trading since 1958 in the re- sale of used
test & measurement equipment &
computer hardware. We buy and sell in
small or bulk quantities and can source
equipment to particular requirements.
Visit our web site or call 44 01837 83736.

• Professional PCB design made easy ,
• Fully functional freeware download
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Micrel. Applications for telemetry,
video and remote control.

82 SPICE V4

New Verso°.

Eyehole heel« 30 days

MAGNIFICO

«MI

(The Magnifier Company)

UnmIMILIIUMMLiala

http://www.magnifyingglasses.
co.uk
4

FUTURE TECHNOLOGY
DEVICES INTL. LTD.

1,
11.
mz.„die

http://www.ftdichip.com
FTDI designs and sells LISB-UART and
USB-FIFO interface i.c.'s. Complete with
PC drivers these devices simplify the task
of designing or upgrading USB
peripherals

JW HARDY
COMMUNICATIONS
http://www.jwhardy.co.uk

The best online selection of magnifiers
and low-vision aids, including handheld, hands-free, illuminated,
magnifying stands, fresnel sheets and
inspection loupes.

MAPLIN ELECTRONICS
http://www.maplin.co.uk

Need PCI lrypert

TEL 01279 467799. FAX: 07092 203496
or EMAIL:
ewsalesOquasarelectronics.com

PHAEDRUS LTD
www.phaedrusltd.co.uk
Manufacturer and supplier of low cost
general purpose and serial I/O digital
modules and accessories. PC based
software for data logging and control
applications.

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

RD RESEARCH
http://www.spice-software.com
B2 Spice offers powerful simulation
software for professional engineers and
education establishments. All the
software is available on a30 day trial
basis and comes with free technical
support.

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

TEMWELL CORPORATION
http://www.temwell.com.tw

_

Manufacturer & Exporter of Heelical BPF
Filter, 30 Watts BPF Power Filter and
Handset/Base Station Duplexers

CM_

R.F. Network Specialist.
Shop online -for R.F.network
components. We supply afull range of
TV, radio reception equipment to receive
analogue/digital signals from both
terrestrial and satellite sources. We
provide afree planning service for your
R.F. networks. MATV and SMATV etc

A fully secure and interactive internet
ordering system from Maplin
Electronics, the specialist electronic
retail and mail order company to
business and retail consumers alike.
15,000 products available on line.

MATRIX MULTIMEDIA LTD
www.matrixmultimedia.co.uk

LABCENTER
http://www.labcenter.co.uk

Matrix Multimedia publishes anumber of
highly interactive CD ROMs for learning
electronics including: Complete
electronics course, Analogue filter
design, and PlCmicro(R) microcontroller
programming (C and assembly).

TELNET
http://www.telnet.uk.com
Radiometrix specialises in the design
and manufacture of VHF & UHF, RF data
modules. We offer abroad range of
PCB mounted miniature transmit,
receive and transceiver modules for
OEM use. They comply with European
harmonised standards EN300 220-3
and EN301 489-3 and are CE certified
by an independent Notified Body.
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RADIO-TECH LIMITED
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http://www.radio-tech.co.uk
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Radio modules, modems, telemetry,
audio transmitters, pagers, antenna,
remote controls and much more. All UK
designed and manufactured.

Top quality second-user Test and
Measurement Equipment

RALFE ELECTRONICS

TELONIC

professional test &measurement

http://www.telonic.uk.com

eMail salesgtelnet.uk.com

',noun

,,

NORCALL Ltd
Download evaluation versions of our
unique Proteus VSM mixed mode SPICE
and CPU simulator, and also the full
range of Proteus PCB Design products.
Register the Proteus Lite shareware
versions online for as little as £20.

LOW POWER RADIO
SOLUTIONS
http://www.lprs.co.uk
LPRS markets low power radio
transmitters, receivers and transceiver
modules manufactured by ourselves,
Radiometrix, Circuit Designs, RDT and

KIKUSUI

www.ralfe-electronics.co.uk

RIMO AKO PP
http://www.art-decade.com

QUASAR ELECTRONICS
www.quasarelectronics.com
Over 250 electronic kits, projects and
ready built units for hobby,
educational & industrial applications.
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http://www.norcall.co.uk
e-mail NorcallCaol.com
Suppliers programmers and repairers
of new and refurbished two-way radio
equipment. Retuning and recrystalling
service available. All types of batteries
chargers and aerials supplied.

rI

We provide the following services:
Systems design, test & analysis.
Software design & coding. Avionics
design. Document technical review,
authoring & proof reading. Rig design.
Hardware design.

ET

GRUNDIG cltgeness -

CELESC-0
Telonic. specialists in laboratory AC &
DC Power Supplies. Electronic AC & DC
Loads, Electrical Safety Testing and
complete test systems. Plus RF Filters,
Attenuators. Diesel Engine Smoke
Measurement, Quartz Crystal
Microbalances.
Tel +44 (0) 118 9786911'

61

%MO à among=

•

Al

112

Le e

TECHNICAL AND
SCIENTIFIC SUPPLIES
http://www.technicalscientific.com

TEST EQUIPMENT
SOLUTIONS

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

http://www.TestEquipmentHQ.com

TOTAL ROBOTS

Test Equipment for rental or second user
sale at the industry's lowest prices. All
types of equipment from all leading
manufacturers including general purpose.
communications and industrial test.
Items fully refurbished with 1year
warranty. Rental rebate given on
purchases.

Robot Kits and Control Technology
products, including 00Pic the first
Object-Oriented Programmable
Integrated Circuit. Secure on-line
ordering and fast delivery.
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THOSE ENGINEERS LTD
http://www.spiceage.com
Working evaluations of SpiceAge mixedmode simulator, Spicycle PCB design
tools and Superfilter demo (synthesises
passive, active, digital filters). Tech
support, sales links and price list.
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There are countless applications what
are yours?

VUTRAX PCB DESIGN
SOFTWARE
http://www.vutrax.co.uk

at baud rates of 19.2Kbaud to 128Kbaud.
The UK based Company can offer
customised derivatives of their products
as well as turnkey RF Systems.

WILMSLOW AUDIO
http://www.wilmslowaudio.co.uk

http://www.totalrobots.co.uk

ULTRACOM
http://www.ultracom.fi
Ultracom specializes in the design and
manufacture of data radio products
including Radio Modules, Radio
Modems. Filters and Antennas for realtime data communication. In addition to
our standard RF-products we provide
tailored solutions for customers wireless
communications requirements.
Our wireless data radios are used in the
most varied applications: transferring
environmental data in tropical
conditions, locating moving targets,
remote-control of cranes, controlling
pump stations in waterworks. monitoring
real estates, transferring data in public
transportation information systems.

Vutrax electronic schematic and pcb
design system for Windows 95/98, ME,
NT, 2000, XP and Linux. Limited Capacity
FREE version downloads available, all
upgradeable to various customised level.

WARWICK WIRELESS LTD
httewww.radiotelemetry.co.uk
Free data on Radio Modems, Radio
Telemetry. Radio Modules and Wireless
Video systems. The licence exempt
radios can transmit data from 1to 20Km

"Uk's largest supplier of high quality
loudspeaker kits and drive units.
Comprehensive range of components and
accessories, including damping products,
connectors and grilles materials.
Demonstration facilities available.
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WEB DIRECTIONS
Put your web address in front of 21,000 Electronics fanatics.

FOR 12 ISSUES:

Electronics World acknowledges your companys need to

Lineage only will cost £150 for a full year just £12..50 per

promote your web site, which is why we are now dedicating

month. This includes your companys name, web address and a

page's in every issue to WEB ADDRESSES.

25 word description.

This gives our readers the opportunity to look up your

Lineage with colour screen shot will cost £350 for a full year

companys name, to find your web address and to browse the

just £29.17 per month. This will include the above plus a 3cm

magazine page to find new sites.

screen shot of your site, which we can produce if required.

We also understand that cost is an important factor, as web

To take up this offer or for more information ring

sites are an added drain on budgets. Iam sure you will agree

on 0208 722 6028.

these rates make all the difference

E-mail: Lcruickshanks@highbury.com

Company Name
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Real-Time Digital Filter
Signal Wizard 1.6 (formerly RTDF) is a unique realtime audio-bandwidth digital filter system with infinitely
adjustable characteristics — all available at the click of
a button. It uses a DSP unit that runs the filter and a
friendly Windows-based interface that allows you to
design and download any kind of filter you like, all
within seconds. You don't need to know about filter
maths, DSP or analogue filter design — all you need to
know is what kind of filter you want. With Signal
Wizard you can do more than specify the gain of the
frequency response — you can also specify the phase
of any frequency, with a resolution of one hundred
thousandth of a degree! If you don't want to bother
with phase, Signal Wizard will design with total phasefree distortion, no matter how complex or sharp the
filter is. You are not limited to the design tool interface
either - you can also import frequency responses as
text files, specifying just
phase. Once you are
download the filter and
High-pass, multiple-band

magnitude or magnitude and
happy with the design, just
run it in real-time. Low-pass,
or arbitrary are all possible.

Signal Wizard 1.6 -Ke features
•

Runs under Windows 95, 98, Me. 2000, NT and XP.

•
•

Multiple pass, stop or arbitrary filters.
Import mode for arbitrary frequency response.

•
•

Zero-phase distortion or arbitrary phase.
Rectangular, Bartlett, Hamming, Nanning, Blackman or
Kaiser window functions.
Deconvolution (inverse) or flipped filter options.

•
•
•

Use this coupon to order Signal Wizard

Single (18-bit) or dual channel (16-bit) modes.
Plots impulse and frequency responses as magnitude,
dB, square, root, real, imaginary or phase.
Extensive filter analysis statistics.

Please send me
filters at £299.00 excluding shipping
and UK special delivery and VAT (£359.55 fully inclusive)

•
•

Animate facility for tap adjustment.
Impulse and frequency responses exportable as text
files for off-line processing and spreadsheet analysis.

Address

•

Real-time gain and sample rate control.

•
•

Filter module holds up to 16 filters.
Eleven sample rates from 48kHz down to 3kHz.

•

Normal or turbo mode.

•

Maximum input and output level 3.5V pk-pk.

•

ystem includes:
•
•
•

DSP filter board.
Signal Wizard 1.6 CD.
Integrated help files and tutorial.

•

RS232 and analogue I/O cables with adaptors.

•

Power supply.

Visit the website at:
www.umistac.ulediasipagisignalwizard.htm

September 2002 ELECTRONICS WORLD

Name

Phone/fax:
Total amount £
Ienclose acheque
Please charge to my credit/debit card
Card type (Mastercard/Visa/Switch etc)
Card No

—

—

—

Expiry Date:
Please mail this coupon to Electronics World, together with payment.
Alternatively fax credit card details with order on 020 8722 6098.
Address orders and all correspondence relating to this order to
Signal Wizard Offer, Electronics World, Anne Boleyn House, 9-13
Ewell Road, Cheam, Surrey, SM3 8BZ
email j.lowe@cumulusmedia.co.uk
Make cheques payable to Electronics World
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SERVICES

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 177.% VAT.
All cheques, postal orders etc to be made payable to Highbury Business
Communications Ltd. Advertisements together with remittance should be sent
to Electronics World Classified, Highbury Business Communications Ltd.
Anne Boleyn House, 9-13 Ewell Road, Cheam, Surrey SM3 8DZ.
Tel: 020 8722 6028.
Fax: 020 8772 6096.

P&P
ELECTRONICS

Service
Link

Design of Electronic Systems
by Degree Qualified Engineer

01924 402931

ARTICLES WANTED

POWER SUPPLY DESIGN

SURPLUS WANTE

For all your valves,
tubes, semi conductors
and ICs

WE BUY: ICs, Memory, Relays, Caps, PSUs, Semiconductors,
Populated Boards, Computers +Test Equipment
For our wide range of Semiconductor +Passives List,
please ring, fax or email

FAX: 020 8684 3056

MAIL ELECTRONICS

Wide range of valves
and CRT stocked

Tel: 01403 784961
Billington Export Ltd.
Fax: 01403 783519
Email .sales'. bel -tubes co.uk
Sussex RH14 9E2
Visitors by appointment

Rack Enclosures

SERVICES

Concept

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

RF DESIGN
SERVICES

•
•
•

All aspects of RF
hardware development
considered from
concept to production.

www.rlaver.dial.pipex.com

FOR SALE

Designer:
VA Systems

•CAD Layout • Electronic Design •Assembly (prototype & production)
•SAM m/c assy

ts

Unit 5, East Belfast Enterprise Park
308 Albertbeidge Rd, Belfast B7'5 4GX
TEL 028 9079 8897 FAX 028 9073 1802
infoCagarcorcults corn

•
•
•
•

Wireless telemetry systems
Audio & Video processing
GSM telemetry via. SMS
or data ITGP8P1
DvD player control systems
GPS positioning systems
Specialist cable looms
Small, medium & large scale
manufacturing

PCBs Conv/PTH/Multi-Layer/Flexible •UK & Far East production

TEL: 01223 862550
FAX: 01223 440853

Prices from f45 +vat

lei. 0113 2702114 Fax. 0113 2426881

•
•
•

MICf1OFHIP 41te

WATERBEACH ELECTRONICS

PRINTED CIRCUIT BOARDS
DESIGNED A MANUFACTURED :::::agar

86 Bishopsgate Street, Leeds LS1 4BB

Embedded monitoring & control
PSIS telephones and test equipment
Datacom interfacing, One driving etc.
Switch Mode & linear PSU and battery
management
Gas detection systems
Printed Circuit Board design
Technical documentation, schematic
layout & language translation

Email: sales@designersystems.co.uk
Tel/Fax: +44 (0) 1872 223306

New and Used -most sizes
16U to SOU side and rear panels
mains distribution
19" Panel mounts
optima eurocret

M&B Radio

eiumet

Production

FOR SALE

PratOtyPI Of preducteon moues •••••
Fast turnround amiable
!!!!.?.Crc
PCBs 'Jenne from Cifald theorems
Almost MI computer fees accepted
PCB esuentedy •mechanocal assembly
Fue product Oesign-rnanulectureteehœPmr

Lomond Electronic Services

1Mayo Road. Croydon. Surrey CRO 2QP
TEL: 020 8684 1166

TEL: 0161-761 4520 /FAX: 0161-763 6863
EMAIL: andrew@mailelectronics.com
www.mailelectronics.com

For all valves KT88
PX4 and other
audio types

Tel/Fax: 01243 842520
eugen_kusecix.co.uk

Langrex Supplies Limited

ANYTHING CONSIDERED

BEST CASH
PRICES PAID

Switched Mode PSU
Power Factor Correction
designed to your specification

TOP PRICES PAID

18.500 cps/hr

/ ---ivresren•

Deliveries tram

24

from

Tel: 01635 40347
Newbury Electronics Lld
Faraday Road Newbury Reds RG14 240
Fax 01635 36143
e-mad circuits unewbury Icom co uk
blip

www newburyelectronics co uk

f'40.0

SEE OUR WEB SITES

thsit

www.pcbtram.com

The low cost source for prototype PCB-.
from 1 to G layers

WANTED
WANTED Surplus or Obsolete Electronic Components
Turn your excess stock into instant cash!
SEND OR FAX YOUR LIST IN STRICTEST CONFIDENCE

Will collect anywhere in the UK

4..

Mushroom

6a St.Marys St. Bedford. Bedfordshire. MK42 OAS
Tel: 01234 363611 Fax: 01234 326611
E-mail: sales@mushroomcomponents.com
Internet: www.mushroomcomponents.com

PIC BASIC COMPILERS

Crownhill ',ssociates
smart electroniL

5uiuthins

PIC Basic Plus Et PIC Basic Pro Compilers

FD

IC

BASIC Plus, supports the popular 14 bit Microchip PIC-Microcontrollers,
allowing the user to write professional programs in BASIC. The compilers
produce fast, tight machine code to load directly into the PIC-Microcontroller.
The Compiler produces code that is guaranteed 100% compatible with Microchips
MPASM assembler. The compiler allows direct comparison between the BASIC
Drogram and the assembly listing. Two compilers are available, the PIC Basic Pro,
antry level compiler and PIC BASIC Plus, professional compiler. Both produce fast
assembly code from BASIC. The Compilers run under Windows 95,98,NT,ME and XP
and are supplied with a comprehensive, Windows based editor with Syntax
nighlighting and just two key clicks to compile and program and detailed manuals with
Norked examples. The Compilers support a range of programmers including the
Microchip PICStart-plus and our own development programmers. For a free demo of
the Pro compiler visit our web site www.letbasic.com, or join our web based forum to
near what other users think of our compilers and supporting products... (PIC BASIC Pro is
supplied with the book "Experimenting with the LET Basic Pro compiler - by Les Johnson, an invaluable
guide for the beginner.See the web site for an example chapter).

Technical support is pro ided online via our web based forum, www.picbasic.org,
e
.
.
or to tutors via telephone direct from the Author.
r
P'eBASre comp;i.
Additional support can be provided to tutors using
our development system for educational purposes.

Development system

Prototype PCB system

Programmers

Supplied with source code and documentation
or 20 Educational projects. Supports LCD displays
rom 2x16 Chrs to 128x64 dot matrix Graphics panel

II supporting components stocked at corn: -titiv
ices
.g PIC 16F84 04 /P -£1.80 each. PIC 16F877 04 / £3.95 each
CD 2x16 Chrs, £7.50 each LCD 128x64 dot matrix'&15.95 each
any more items stocked, email sales©crownhill.co. tik for prices

32, Broad Street, Ely
Cambridge, CB7 4AH
Tel .+44 (0) 1353 666709
Fax: +44 (0) 1353 666710
sales@crownhill.co.uk
All prices exclude:
VAT, postage and packing
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The HS801: the first 100 Mega samples per second measuring
instrument that consists of a MOST (Multimeter, Oscilloscope,
Spectrum analyzer and Transient recorder) and an AVVG (Arbitrary
Waveform Generator). This new MOST portable and compact
measuring instrument can solve almost every measurement
problem. With the integrated AVVG you can generate every signal
you want.
The versatile software has a user-defined
toolbar with which over 50 instrument
settings quick and easy can be
accessed. An intelligent auto setup
allows the inexperienced user to perform
measurements immediately. Through the
use of a setting file, the user has the
possibility to save an instrument setup
and recall it at a later moment. The setup
time of the instrument is hereby reduced
to a minimum.

When a quick indication of the input
signal is required. a simple click on the
auto setup button will immediately give a
good overview of the signal. The auto
setup function ensures a proper setup of
the time base. the trigger levels and the
input sensitivities.

The sophisticated cursor read outs have
21 possible read outs. Besides the usual
read outs. like voltage and time, also
quantities like rise time and frequency
are displayed.

• Measured signals and instrument
settings can be saved on disk.This
enables the creation of a library of
measured signals. Text balloons can be
added to a signal. for special comments

The (colour) print outs can be supplied
with three common text lines (e.g.
company info) and three lines with
measurement specific information.

The HS801 has an 8 bit resolution and a
maximum sampling speed of 100 MHz.
The input range is 0.1 volt full scale to 80
volt full scale. The record length is
32K/64K samples. The AVVG has a 10 bit
resolution and a sample speed of 25
MHz The HS801 is connected to the
parallel printer port of a computer.

The minimum system requirement is a
PC with a 486 processor and 8 Mbyte
RAM available. The software runs in
Windows 3.xx /95 /98 or Windows NT /
2000 /XP and DOS 3.3 or higher.
TiePie engineering (UK), 28 Stephenson
Road. Industrial Estate, St Ives.
Cambridgeshire. PE17 3VVJ. UK
Tel 01480-460028, Fax: 01480-460340
TiePie engineering (NL),
Koperslagersstraat 37. 8601 VVL SNEEK
The Netherlands
Tel: +31 515 415 416: Fax +31 515 418 819

Web: http://www.tiepie.n1

