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MICROMASTER LV PROGRAMMER

The Only True 3V and 3V
Universal Programmers

addition to their comprehensive, ever widening device support, they are the only

lce Technology’s universal programming solutions are designed with the future in mind. In

programmers ready to correctly programme and verify 3 volt devices NOW. Operating
from battery or mains power, they are flexible enough for any programming needs.
The Speedmaster LV and Micromaster LV have been rigorously tested and approved by some of
the most well known names in semiconductor manufacturing today, something that very few
programmers can claim, especially at this price level!
Not only that, we give free software upgrades so you can dial up our bulletin board any time for

the very latest in device support.

Speedmaster LV and Micromaster LV - they’re everything you'll need for programming, chip
testing and ROM emulation, now and in the future.

Speedmaster LV £495

Programmes 3 and 5V devices including memory,
programmable logic and 8748/51| series micros.
Complete with parallel port cable, software,
re-charger and documentation. -

Micromaster LV £625

As above plus support for over 130 different
Microcontrollers, without adaptors, including PICs,
89C54, 68HC705/711,ST6,Z8 etc.

8 bit Emulator card £125

Expansion card for Speedmaster LV/ Micromaster
LV containing 8 bit wide ROM/ RAM emulator.
Emulates 3V and 5V devices. Includes cable and
software. Configuration: 128K x 8 expandable to
512K by 8.

16 bit Emulator card £195

As above but containing 16 bit ROM/RAM
emulator. Configuration: 128K by i6,256K by 8,2
by 128K 8,expandable to 512K by 16/1024K by 8.

Y o
owo ?_ ICE Technology Ltd. Penistone Court, Station Buildings,
2. L. ¥ Ppenistone, South Yorkshire, UK S30 6HG
T Y 4 Tel: +44 (0)1226 767404 Fax: +44 (0)1226 370434
o\o(. " BBS: +44 (0)1226 76118} (14400, 8N1)
X

CIRCLENO. 101 ON REPLY CARD

APPROVED

by major manufacturers including
AMD
MICROCHIP
ATMEL

from only

£495

THE ONLY PROGRAMMERS
WITH TRUE 3 VOLT SUPPORT

EATURES

®  Widest ever device support
including EPROMs, EEPROMs,
Flash, Serial PROMs, BPROMs;,
PALs, MACH, MAX, MAPL, PEELs,
EPLDs, Microcontrollers etc.

® Correct programming and
verification of 3 volt devices.

® Approved by major manufacturers.

® High speed: programmes and
verifies National 27C512 in under
I 1 seconds.

o Full range of adaptors available for
up to 84 pins.

L Connects directly to parallel port -
no PC cards needed.

® Built in chiptester for 7400, 4000,
DRAM, SRAM.

® Lightweight and mains or battery
operation.

® FREE software device support
upgrades via bulletin board.

® Next day delivery.

For @ copy of our catalogue giving full details of

programmers, emuators, erasers, adaptors and logic

analysers call, fax or dial the BBS numbers below,
Ay W RN
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Development or a high-speed,
magnetically powered train that does
not levitate, is inexpensive, and can
run on already-laid track — page 721.

Special reader
discount of 30%

Plug a Pico module into the LPT port
and turn your pc into a spectrum
analyser, ’scope, f-meter, dvm or
data logger. EW+WW is offering two
such modules. See page 736.

An electro-acoustic measurement system for £750 —
representing a 20% discount exclusively for
EW+WW readers. Turn to page 780.

NEW PRODUCTS

Pick of the month — classified
for convenience.

Next month: probe for measuring mosfet switching losses,
Triple stepper motor controller, Very fast power amplifier for
instrumentation, Hybrid valve amp, Analysis circuits from energy use.
Free - Circuit Ideas Pocket Book Part Il
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Eight motorway tolling systems are about
to be tested, starting next summer on a
stretch of the M3, page 716.
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"mbving from schematic to layout

- could not be easier"
Electronics World & Wireless World Jan 1995

quickroute 3.0

Design for Windows 3.1

DESIGNER QExti]

*Schematic & PCB Drawing *1/2 layer auto-router *Supports
Windows printers/plotters *Full set of libraries *Clipboard
support *Designer Special (manual on disk) also available.

£199

*Schematic & PCB Design *Schematic Capture *Integrated
Rats-Nest Generation *1-8 layer Auto-router (faster than
Designer) *Net-List Export *Supports Windows
printers/plotters *CAD-CAM outputs.

pro. SR

As the PRO but also includes *Advanced Schematic Capture
(Busses,Power rails,etc) *Larger Schematic & PCB Designs
*Gerber file IMPORT for File Exchange *Extended libraries
(CMOS,SMT,etc) *SPICE Export *SpiceAge DDE Link

B Lol Ll S

dled.using Global Nets

ntegrated Schematic & PCB Design.

Quickroute Systems Ltd., 14 Ley Lane, Marple Bridge,
Stockport, SK6 5DD, U.K.

Tel/Fax 0161 449 7101 FREE

Demo
*Prices exclude P+P and V.A.T. *VISA/MasterCard Pack
Accepted *Network versions available. Available.

CIRCLENO. 104 ON REPLY CARD
714

KENWOOD

TESTS&S MEASURING INSTRUMENTS
A SUPERB RANGE OF OVER 100
QUALITY INSTRUMENTS.
Available from
B.K. ELECTRONICS

FM-AM Signal Generators x Colour Pattern
Generators * Video Signal Analyser % Video
Timing Analyser * Video Noise Meter
* Distortion Meter * Waveform Monitors
* Vectorscopes *Audio Generators ®* Wow and Flutter
Meters % Electronic Voltmeters
* Digital Multimeters * Function Generators
* Frequency Counters x Bus Analyser
* Resistance Attenuator * Oscilloscopes *-Fully
Programmable Digital Storage Oscilloscopes

* Regulated D.C. Power Supplies

A free, 50 page colour brochure, including price
list, is available on request. Please make your
request on company headed notepaper, by post
or by fax, to:

B.K.ELECTRONICS
Unit 1 Comet Way,

SOUTHEND-ON-SEA,
Essex, SS2 6TR.
Tel: 01702-5875782 )

Fax: 01702-420243

Orbit 48

Mobile Programmer

Everything you need in one... No gimmicks..,
No _adaptors... No after thoughts! The latest in
design and technology from a company
that understands and cares

Designed to program EPROMs, EEPROMs, FLASH.

Serial EEPROMs. and Micro-controllers as standard
without fragife adapior add ons)

Optional PLD docking modute

The latest m.emulation techniques
that others try to copy
ncluding 8 & 16 bit devices

16 tMbits RAM with expansion to
64 Mbits

8 16 and 32-bit formats
Real Windows & DOS environments

Europe’s largest programmer S B AN G

manufacturer PROGRAMMERS

call today on +44 (0)1707 332148 = =
or fax +44 (0)1707 3715083 for further information

Al trade nxarks are scknowsedged and respaciza
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EDITOR The industry we never had
Martin Eccles
LI o2 Sl During the industrial revolution members
EDITORIAL of the aristocracy wishing to spend an
ASSISTANT inheritance building a steam powered car or a
Rob Allcock flying machine could always find an artisan to
0181 652 8638 assist them. Around this relationship, Britain’s

industries prospered and a number of Lord &
CONSULTANTS

Blacksmith Ltds became world leaders.
In the early nineteen eighties it seemed
history might repeat itself. University

Jonathan Campbell
Philip Darrington

HamECkas professors scoured the countryside looking for
DESIGN & someone to turn their designs — half of which
PRODUCTION were never committed to paper — into working
Alan Kerr instruments.

We were on our way — a few winners;
ENEER personal computers, digital effects consoles —
ADMINISTRATION the new industrial age.
Jackie Lowe

But earlier this year one of the last major

BIB1563258614 subcontractors — Race — limped off the pitch.

E-MAIL ORDERS What went wrong? It wasn’t, as some
jackie.lowe@rbp.co.uk suggest, that we let the industry slide
Eastwards. More the case there was no real
A MESTEESENT industry in the first place.
M,ANAGER L Prise open the casing of modern consumer
L O electronics products. For all their would settle next to the chip manufactures in
OllRaIZ 5620 functionality, you'll usually find a chip count ~ Japan or Taiwan but its on the move again.
DISPLAY SALES of one at the most. Why aren’t British China, Africa who knows where labour will
EXECUTIVE engineers assembling these products? Because  be cheap next year. The functionality of the
Malcolm Wells no-one is assembling them. There’s someone chip will increase, perhaps to the level of
0181-652 3620 standing next to the machine which makes serial input and output, with a massive
them, but the skill needed for this is minimal.  number of uncommitted gates in between. The
G LG In the production of a single chip device the minimal skill needed to glue this to power
PR(,)D,UCTION most complicated operation is getting Parcel rails on a pcb can be found anywhere — to do
Christina Budd Force to deliver the components. it in Britain is a waste of a resource.
LIl SEEE Who are the losers? For one, any electronic Although Britain did hang on too long,
PUBLISHER assembly company which was going for today’s view of the world is more realistic.
Mick Elliott growth in the late eighties. Then there’s the It’s no longer just the university Professor
component supplier who expanded out of a who wants a circuit built, but Siemens who

EDITORIAL FAX

shop between the shoe repairer and the gent’s  need chips designed. If all the action is in the
0181-652 8956

hairdressers to end its life as a ‘For Sale’ sign  chip itself then is this such a bad thing? It

CLASSIFIED FAX stuck on a warehouse next to a motorway takes the skill of an artisan to prototype a pcb
0181-652 8956 intersection. And of course there’s the and, as the rest of the world is telling us, these

financier who gave a whole new meaning to skills are also needed to develop integrated
ilil)BTSS:I:TION the term solder sucker. circuits.

The part of the industry which remains is

01622 721666 the low-volume, high-quality sector. The bulk

Quote ref IN])

of the low value work travels around the Peter Kruger,
SUBSCRIPTION world like a Mexican Wave. It seemed it flames@flames.cityscape.co.uk
QUERIES
01444 445566
NEWSTRADE
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UPDATE

Eight motorway
tolling systems are
about to be tested,

starting next
summer on a
stretch of the M3,

Researchers have
developed a
computer system
for recognising
facial expressions.
Even tiny
movements in
seemingly
unexpressive faces
are recognisable.

Decision on road toll trials

he Government has finally made a

decision to go ahead with trialling
the electronic toll collection systems
with eight of the original 29 bidding
consortia.

The chosen consortia are ANT
Bosch, Autolink UK, EuroPassage,
GEC-Marconi, Tollstar and Tollway
proposing microwave-based systems;
EasyToll with a system based on
global positioning satellite
navigation; and Siemens Traffic
Controls developing an infra-red two-
way communication system.

The consortia will initially carry out
trials next summer at the Transport
Research Laboratory in Berkshire,
followed by tests on a section of the
M3 near Basingstoke.

If any of the systems prove
successful they may be installed on
UK motorways in the next century.

| . _

|

Although the basic in-vehicle unit
may cost around £50, more expensive
units will be available which will

Computers look back

team at Tokyo University has
built a prototype computer-based
system for analysing facial
expressions to determine human
feelings like joy, anger and sorrow.
The position of 21 reference points,
like nose tip and eyebrow top, are
located on the analysed image of the
face. These are used to fit the image
onto a digital wire-frame face model
to ‘normalise’ the face.
Once done the relative movement of
48 points, some coincident with the

original 21, is analysed.

The analytical software is
sophisticated enough to tell the
difference between people with un-
expressive and over-expressive
demeanours and apply a second level
of normalisation to account for this.

The current system can identify
several basic feelings including
happiness, anger, sorrow, surprise and
fear. Even the tiny movements in
seemingly unexpressive faces are
discernable.

provide information such as route
guidance, weather and congestion
details.

A second part of the experiment
reconstructs and displays the original
facial structure from the emotion
information and both sets of
normalisation parameters.

Away from conceivable ‘big
brother’ applications, the research
could provide the basis of extreme
data compression for videophones or
allow future computers to
communicate with people in a
manner closer to normal human
interaction.

Circuit board shortage

affects UK users

world shortage of printed-circuit
board laminate is putting US
firms out of business and is
threatening UK producers already
struggling with severe allocations.
Circuit board makers are being told
that a system of rationing is being
considered by the laminators because
of the shortage of woven glass yarn.
David Heywood, technical manager
with the German laminate company
ISOLA Werke, advises board makers
to “plan their usage and keep their
laminate suppliers informed”.
Heywood added: “The problem is

world scarcity of the spun glass yarn
from which FR4 laminate board is
made. European manufacturers of
yarn have not been investing in looms
that make it.

The situation is exacerbated by the
decline in the pound against other
major European currencies.

Brian Haken, director of the UK
peb trade association, PCIF, said:
“pcb makers face a difficulty in
passing on laminate price rises to
OEMs, and OEMs for their part,
expect year-on-year unit cost
reductions.”
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UPDATE

New technique reduces rf chip count

S firm TRW has developed a
chip fabrication process that
could reduce the number of rf chips in
mobile phones and other wireless

equipment.

The technology allows, for the first
time, the fabrication of both high
electron mobility transistors — hemts
— and heterojunction bipolar
transistors — hbts — on the same
substrate.

The technology is currently being
employed in a satellite programme,
but could be offered to other
equipment makers. Dwight Streit, a
spokesman for TRW, said: “There has
been no decision yet to sell combined
technology chips to other OEMs but it
would give us a tremendous

Motorola joins display technology alliance

otorola is to develop flat panel

displays based on field emission
technology — FED — and has joined
the PixTech alliance of companies
developing screens based on the
technology.

Motorola and the other members of
PixTech, which includes Texas
Instruments, Raytheon and Futaba,
are betting that the FED based
screens will result in cheaper and
better quality colour flat panel
displays.

“We’re working on the technology
for next generation displays,” said
Pete Shinyeda, Motorola vice
president and general manager of
Motorola’s Flat Panel Display
Division. “This technology will make
it possible to manufacture displays

advantage when bidding for new
business.”

Hemts are the output devices in
many rf power amplifiers, but are too
noisy for receiver input stages where
hbts are favoured. Hbts are, in turn,
not linear enough for optimised
output stages.

But putting both hemts and hbts on
the same chip means the hbts, which
are relatively fragile, are normally
damaged by the thermal cycling
required to fabricate hemts.

TRW’s solution has been in two
parts; first it has progressively
developed more robust hbt materials
and second, it has designed a process
that protects the hbts while hemts are
grown.

that are bigger yet lighter and thinner,
brighter yet more efficient, and are
capable of full motion and colour.”

Shinyeda predicts that FED based
displays will find a wide range of
applications in portable computers,
cellular phones and video games
systems.

FED displays offer many of the
same benefits of cathode ray tube
displays but are thinner, lighter and
use less power.

Instead of a single cathode ray
source, FED relies on hundreds of
cathode ray sources for each pixel.
Such displays should be easier to
manufacture than active matrix liquid
crystal displays which suffer from
relatively poor production yields
because of their complexity.

The resultant devices have the same
characteristics as separately grown
transistors.
A spin-off is that the control circuits
required by hemts can be made with
on-chip hbts rather than off-chip
silicon.
In the process, the hbt layers are
epitaxially grown and then selectively
etched to form the hbt transistors. A
silicon nitride protective film is then
laid down.
The hemt layers are then grown.
Selective etching then removes the
unwanted hemt material. So far, the
process has proved successful with
GaAs and InP substrates.
Field-emission
displays offer many
of the benefits of
cathode ray tube
displays but are
thinner, lighter and
use less power.

Steve Bush, Electronics Weekly
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Three US companies battle for unified memory first

hree US firms are working towards being

the first to market with pc core logic
chipsets which support the proposed unified
memory architecture, reducing the amount
of dynamic ram required in pcs.

Next month pc chipset specialist OPTi will
announce a two-chip design which the
company claims will remove the need for
32Mbyte of frame buffer d-ram in Pentium
pes resulting in a $60 cost saving.

By the end of the year, graphics specialist
Weitek will be sampling its first single chip
memory controller and graphics
accelerators, W464 and W564, which will
support unified memory designs in 486 and
Pentium-class PCs.

VLSI Technology, one of the leading

Pentium chipset suppliers, is expected to
introduce its single chip unified memory

design, called Coyote, at the turn of the year.

The use of the one block of d-ram for cpu
main memory and graphics frame buffer has
been made possible by the availability of
new forms of high speed synchronous d-
ram. As well,as saving on a quarter of the
memory in a pc with 8Mbyte of ram, chip
suppliers are convinced the new designs
have implications on the future development
of the pc architecture.

OPTi’s two-chip design which is being
evaluated by the VESA standards body, is
seen as a lower cost implementation which
will be incorporated into pcs next year.

OPTi is working with market leading

graphics accelerator suppliers S3, Trident
and Cirrus logic, to ensure compatibility.
“The approach has the potential to be a
defacto standard because of the
collaborative effort with the graphics
vendors,” said Prem Talreja, director of
marketing for core logic at OPTi, but he
admitted there could be a ten percent
performance penalty largely due to bus
arbitration.

According to Chas Rimpo, at VLSI
Technology, the Coyote one chip design,
will create no penalty and could enhance
performance by running graphics on the
66MHz system bus.

Richard Wilson, Electronics Weekly
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UPDATE

One-chip fuzzy controller is low-cost

Areconfigurable microcontroller
that executes fuzzy logic control
in hardware has been developed by
Silicon Valley-based Adaptive Logic.
The device, the AL220, is a low cost
single chip fuzzy logic processor
targeted at the large eight-bit
microcontroller market.

In addition to a processing core, the
device features on-chip a-to-d and d-
to-a converters.

The core performs fuzzy-based
control on up to four analogue inputs.
It first fuzzifies the input data,
processes it based on the chosen rule
set — the rules which capture the
actions to be performed for given
input conditions — before defuzzifying
the data to generate output values.

The accompanying Windows-based
development tool, called Insight e,

New surround sound system

VC has developed a virtual

surround sound system called
‘Dolby Pro-Logic 3D-Phonic’ that
creates a surround effect from a
Dolby Stereo source using just two
front speakers.

The Dolby Pro-Logic Surround
decoder and 3D-Phonic processor
have been programmed into a single
1si chip. And the first product to use
it is a 29in tv retailing at £900 —
with other home audio-visual
products to follow.

The centre-channel signal is added
in equal amounts to the left and right
front channels to maintain its central
sound image. Because the surround
channel signal is mono it requires
processing before being added to the
left and right channels. Otherwise, it
too would seem to come from the
centre, This is prevented by reducing
the correlation between the signal
going to the left channel and that to

enables a designer to capture and
simulate the fuzzy design. An
emulator is also provided, allowing
the control algorithm to be linked to
the application and be executed in
real time. On design completion, the
fuzzy rules are programmed into the
AL220’s on-chip 256x8 eeprom,
much in the way a logic array device
is programmed.

The store can hold about 50 rules,
with a processing performance of
500,000 rules per second. According
to: Adaptive Logic’s president,
George Schneer, implementing the
algorithm in hardware avoids having
to write and debug software using a
standard microcontroller. “This
reduces development cost and time to
market,” said Schneer.

the right, together with a degree of
phase shifting and retiming between
them. The result is the apparent
localisation of the surround channel
in symmetrical positions on either
side of the listener.
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In addition to a fuzzy processing core, the new controller has
on-chip a-to-d and d-to-a conversion.

Normal stereo and mono are
reproduced without processing. While
direct audio line outputs from the Pro
Logic decoder are included for those
who prefer separate front, centre and
rear speakers.

Lech
Dolby Pro Logic decoder 2.speaker processor 1
Reproduction of video software Lech S q\ > <+) > [ﬂ
Leb |
Source o Reh
Reh 3
Reh :..\—b + e
Video output
L3 -
Sch  |3gf 3D-PHONIC SL
The beauty of the new 3D- ] | sound-iocalization processing
Phonic system is that it +no-correlation processing Sz
creates virtual surround
sound from a Dolby stereo

source using just two front
speakers.

Gas sensor breakthrough achieves ten times more sensitivity

Tokyo based Nippon Telegraph
and Telephone, NTT, claims to
have developed an electronic smell
sensor that can detect gas
concentrations of a few hundred parts
per billion — ten times the sensitivity
of conventional sensors.

The sensor consists of an array of
eight quartz crystals, each coated
with a different organic gas
absorption film.

The resonant frequency of each
crystal is affected by gas absorption

and is monitored over time. The
array is sensitive to a variety of
smells and a pc performs pattern
recognition to differentiate between

burning smells and others.

The sensing technique can be
extended to detect virtually any gas or
odour. '

Semiconductor orders up 38%

he computer sector was the main

factor in creating demand to
exceed supply for semiconductor
products for the UK and Eire,
reported the Semiconductor
Manufacturers’ Association (SMA).

This has allowed companies to fill
their order books, although there are
capacity limitations.

For the year to date, the order intake
was 38% higher than last year’s,
while for billings it was 28% higher.m
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M & B RADIO (LEEDS)

THE NORTH'’S LEADING USED TEST EQUIPMENT DEALER

FARNELL SSGS520 10 MHz-520 MHz symheuxed F LTI IT T gp— ]

OSCILLOSCOPES

TEKTRONIX 1225 50 MHz dual trace
TEKTRONIX 468 100 MH:z digral storag
TEKTRONIX 475 200 MHz dual trace
TEKTRONIX 434 25 MHz dual trace sto
TEKTRONIX SCSWMSMIDMSOI 80 HI

S— 1)
EKTR6 1X 7000 series oscilioscopes instock phone for prices & details
EKTRONIX 5113 dual beam storage mainframe (new)... ars

EXTRONIX T9221 MHx rack Mount GSCillOSCOPE muammmmn.

EEEE

HPI7ISA IM MHz w|th dvm

HPI703A e oscilloscope.
PHILIPS J] 0 MH! digital storage 125 MHZ Ok urecicecnssanesasssansnnnss £ 700
PHIUIPS 3262 )00 MHz dual trace.

PHILIPS 3260 100 MHz oscilloscope =
PHILIPS 3055 50 MHz dual trace. £400

wun'su SSS'”O 60 MHz 4 channel ...
DER LBO524L 40 MHz dual trace. delayed vh..
GOUL) 40)5 20 MHz digital storage EEE.
GOULD 1420 20 MHz digitat storage

GOULD OS4000 10 Mz digital storage we... . £200

GOULD OS2508 |5 MHz dual trace £120
PE TR

KTRONIX 492 21 GHz spectrum analyser .- e £5500

L £2000

TEKTRONIX TL13 10 Kb B G et
TON 1120 20 Hz-100 KHz audio analyser
Hz audio analyser .....
1

I
°
=
3

.>

HPt :
HP1417/8552B/8554B 100 KHz-125 0 MHx + ?5538{“ SRR
HP'Q ‘8554A 10 MHz-18 GHI + (85538]

Hz network analyser _—.__.nso
MARCONI TF2370 30 Hz-110 MHz :ped.rum analyser €950
MARCONI TF2370 30 Hz-| 10 MHz latest version &2
MARCON TF2370/2373 30 Hz- 1250 MHz with fr equency
convertor .......
BRUEL & K),
SIGNAL GENERATORS

HPB672 2 GHz-18 signal
HPBESID 2.3 Gha- 13 GHz OPT 501 D03 solid state generator (as

RACAL 2081 5 MMz $10 Mz
ADRET 71000 300 KHz-600 MHz synthesized generator - e
SV RON DONNER 1708 130 K100 11is synthesized

enerator —
&ILSTRON 610D/501 MHz-1500 MHz xweeper
GIGA GRIHOIA |2 GHz-18 GHz pulse generator (as. new)
POLARAD ! 108ET |.8 GHz-4.6 ng with modulator .,
MARCONI! TF2008 10 KHz-510 MHz signal genera(ov/xwecp
MARCONI TF2016 {0 KHz-120 MHz signal gencrator....
MARCONI! TF2016A 10 KHz- 120 MHz with rev power trip .
MARCONI 60558 850 GHz-21 50 GHz signal source..
MARCONI 6056B 2 GHz-4 GHz signal source
WAVETEK |82A | Hz-4 MHz function generator

d gencrator €450

500

EXACT 502LC | Hz-5 MHz function generator I | 3
ADRET 2230A 200 Hz-t MHz source £195

LINSTEAD G 1000 10 MHz synthesized oscillator ........ . £200

SAYROSA MA30 |0 Hz-10 KHz oscillator ......... .£150

THANDAR TG503 0.005 MHz-5 pulse/fun‘uon generator... .

YEST EQUIPMENT

TEKTRONIX 1141/SPGI11/TSGI | Pal video generator...... -. L1500

TEKTRONIX 145 Pal gen lock test signal generator w e £1 500

TEKTRONIX 521 A vector scopes.

TEKTRONIX 318 50MHz 16 channei logic analyser ...

TEKTRO Is

TEKTRONIX P6045 FET differential probe .........comwmmm e £250
TEKTRONIX PGOLS high wolcage scope probe.——. .. ————L95
HP3468A 5.5 digit €400
HP5004A signature analyser.

HP5005A signature

HP355D - 1000 MHz VHF attenuator 50 ohm |-120db.

HP1500A7 F807A 32 bit logic analyser.
HP105294 logic comparator..
BIRD 4
BIRD am termaline B0 watt coaxial resstor ..
BIRD 8321 30dB SOw

BIRD 8329 30dB coaxiaf attenuator 2000w
TELEWAVE TWL-300 RF dummy load S0 ohm . .
EXACT 334 precision Current GABrator . —emmmomo o
SYSTROM BONNER M 107 precision OC vohage source.

FLUKE 103A frequency comparator..o—..— ~(250
FLUKE 3330B prog constant cur g (450
BALLANTIN 6| 5C st set £400

HALC YON 500B/521 A universat tesl system
BRADLEY [92 oscilloscope calibrat
ALTECH 533X-t1 ullbramr {1 HP}SS:II HPI5SD Al A1'l')

new) KEMO DP! iHz-100 ghase Meter (NewW) s . £150
HP8620C/862908 2 GHz-18 GHz sw [ ———— 1 {1 WAYNE KERR CT496 LCR meter battery portable..
HP8420 sweeper mainframes (as new) IEEE .... " RADIOMETER TRBI | RLC comparator £150
HP3586A 50 Hz-32.S MH1 selective level meter ..... POLAR B2000A uP bus tester £125
HP3I314A 0.001 Hz-19.99 MH2 fi ™ generator AVO 215-L/2 AC/DC br tester L400
HP33368 |0 Hz-21 MHx meter £6S0 AVO 8 MKS testmeters with case/probes. _ —.E75
HP3336C 10 Hz-2| MHz meter €750 FARNELL RB (030/35 electromicload . — €495
HP8640A 500 KHz-5 |2 MHx signal generator . FARNELL TM8 10 KHz-1000 MHz true RMS. sampllni voltmeter ......... £350
HP8654A |10 MHz-520 MHz signal generator . £350 FARNELL TOPS 3D tripie oulpm dlglul power suppl - £195
HPB8406A comb U2 - £350
HPBOIBA serial data generator.. mlu D00 Kbz 30 Mz tevel meter - £350
HPB8007B 10 Hz-100 MHz pulse g W2108 200 KHz- 30 MHz level oscillator. .
58 0.3 Hz-20 MHz pulse genuuo( NARDA 300! 450 MHz-950 MHz directional coupler 10/20/30db........... £100
HP 6A | .8 Ghz-4.5 GHz generator ... O N S NARDA 3041 -20 500 MHz- 1000 MHz directional coupler 20db............. £125
RO HDE & SCHWARTZ APN62 0.1 Hz-260 K.Hx LF generator NARDA 3044B-20 3.7 GHz-8.3 GHz 20db directional coupler .. ... £150
& Rk £2000 NARDA 3004- 10 4 GHz-10 {0db directionat couple -£175
ARNELL $SG12000 10 KHZ-2000 MHz synthesized generator (as NARDA 60132 solid state amplifier 8 GHz-12 GHz . €150
€2000 THURLBY DSA524 20 MHz digital scope 2d2ptor ... 15
FARNELL 5563 6601 1a.i10 1w synthesized (new)... SAYROSA AMM 1.5 MHz-2 GHz sutomatic modulation meters £195

ALL PRICES PLUS VAT AND CARRIAGE - ALL EQUIPMENT SUPPLIED WITH 30 DAYS WARRANTY

86 Bishopgate Street,Leeds LS| 4BB
Tel: (0113) 2435649 Fax:(0113)2426881
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IWATSU SC7104 10 HGz- 1000 MHz frequency counter.
ROHDE & SCHWARZ NKS RF power meter
ROHDE & SC| ARZ ESU2 test recetver 15 000 MH.
EDDYSTONE IBJ1II 30 MHz receiver + 1529 FSK umt
RA) MHz valve receiver.
RACAL RAI218 30 MHz receiver.
RACAL RA 1772 30 MHz receiver ..
RACAL RAI779/MA § 107 30 MHz receives
RACAL 9063 two tone oscillator
RACAL 9009 10 MHz-1500 MHz automatk modulation meter
RACAL 9008 1.5 MHz-2000 MHz aulomau( modulation mete
SYSTEMS VIDEO 2360
SYSTEMS VIDEO 1152/1155 compaﬂ I9 T waveform monitor/
vectorscope..
PHILIPS PM

vectorsco 5 €600
PHILIPS PM8525A dual pen recorder . £2215
SCHLUMBERGER 7702 digital transmission malyur {40307 Ne——— ¥ ]
SCHLUMBERGER 4010 radio test sc(__.._..___. L400
SCHLUMBERGER 4900 AF/RF measuring _£400
SCHLUMBERGER AF 405 3 tone gcncrnor/modula!or -£150

AMBER 4400A audio test set
FERROGRAPH RTS 2 audio test set + ATU |
ROD-L M100BVSS h-;):‘( tester.
BRANDENBURG 0- KVoI( wer sup‘;ly. ...... —

19 level generator ...

MARCONI 6950/69!0 IO MHz 20 GHz RF power meter.
MARCONI 6593A VSWR indicator ... P
HMARCONI 6440/6421 10 MHz-12.4 [ wer meter
HMARCONI TF2306 pro§rzmmab|e nterface unit ...
HMARCONI TF230. meter,
MARCONI TK2374 zero Ioss Proba E.
MARCONI TF23008

MARCONI TF2432A |0 Hz-560 MHx ﬂ'e UENCY COUNTET cooreneneenrrccannnes £
MARCONI TF2604 RF mllllvo{!meteu:n probes -A75

MARCONI TF2913 test line gener AOF e
MARCONI YF2160 20 Hz-20 Kktr d AF
ARCONI TF2700 LCR meter battery porable -

GHz source locking microwave counte!
Hps342A NS otk ks frequency meter OPTO0N]

8'GHz (new,

HP‘JSBIB‘HIA/O‘B‘A/I 1708A 10 MH:-

pangals). £100
HPA35B/8481A |0 MHz- 18 GHz RF power meter  ............ ..o £800
HP435A/8482AH 100 KHz-4.2 GHz RF power meter._ ~.£550
HP438A digital RF power meters. ... o ST
Hnssl C I'5 Hz-50 KHz selecuve £600

vector meter with probes £450
HP‘?SIA protocol anafyse 50

HP3779A primary mun.pcex analyser
HP3780A pattern gencrator/error detector —
HP333A distortion analyser..
HP3762A data generator
HP1(667A DC-18 GHz power spiiiter {new),
HPI1710A down converte
HPBADSA | Mhiz- 1000 MMz vector voltmets
HP4261A LCR meter ...._
HPB7S0A storage normaliser
HP3400A true AMS
HP3403C true RM5 voi (digreal)
HP3406A 10 KiHz 1200 MHz RF sampimg
HP3465A 4.5 digit
HP3466A 45 diglt autoranging
RACAL DANA 9904 SO MLy universal counier tmer
RACAL DANA 9914 |0 Hz-200 MHz frequency countar..
RACAL DANA 9915 10 Hz-560 MHz frequency counter..
RACAL DANA 9916 10 Hz frequency counter..........
RACAL DANA 9919 |0 Hz- 1100 MHz frequency counter._
RACAL DANA 9908 10 Hz- 1100 MHz universal counter tmer.
RACAL DANA 9921 10 Hz-3000 MHz frequency counter.. - £400
RACAL DANA 1991 10 Hz-160 MHz universal counter timer 9 digit.... £500
RACAL DANA 6000 microprocessing digital VORmMeter .o £250
RACAL DANA 9232 dual output power supply 0-30 voit 0-2 amp...— £150
BRUEL & KJAER 2203 precision sound fevel meter/WB0812 fiter ....... £450
BRUEL & KJAER 2971 phase meter........ et E45 0
BRUEL & KJAER 1022 beat frequency 03cHIator w e £350
BRUEL & KJAER frequency responsc analyser _£250
BRUEL & KJAER 2425 0.5 Hr. 500 KH electron voltmeter . £225

with probes

Hewlett Packard 8683D

£2,950 + Carriage + Vat

Solid State Microwave

Signal Generators

2.3-13 GHz Freq' Range
~ Wideband FM for satellite
AM/FM & pulse modulation

Built in pulse generator

Options 001/003 fitted

Supplied fully tested in as new condition. With 30 days parts & labour warranty.
M & B Radio pEALERS IN SURPLUS ELECTRONIC TEST EQUIPMENT

86 BISHOPGATE STREET LEEDS LS1 4BB
TEL: 01132 435649 FAX: 01132 426881
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Jonathan Campbell

Differential gps brings top honours for flying robot

tudents have used a gps technique

that can give a positional accuracy
of centimetres rather than the usual
10m to win an award for their design
of a flying robot. In the Annual Aerial
Robotics Competition held in Atlanta
at the Georgia Institute of
Technology, a team from Stanford
University’s Aerospace Robotics
Laboratory used gps for accurate
determination of the position of its
flying robot, allowing the robot to
navigate a course and carry out some
predetermined tasks.

The competition, sponsored by the
Association for Unmanned Vehicle
Systems (AUVS), requires that flying
robots locate six small metal disks
scattered in a 2m ring, capture them
one at a time, carry each of the disks
over a tennis net and drop them into a
second 2m ring — all without direct
human control.

Stanford’s autonomous flying
machine was the first entry to use
satellite navigation to control
movement, with an on-board
computer relying on gps to update its
position, including altitude, five times
per second.

The military gps system was
originally designed to limit the

accuracy available to civilian users,
but the students used a technique
called differential carrier phase gps to
provide the computer with position
information accurate enough to
follow a pre-programmed course.

Their robot helicopter sported four
gps antennas, two gps receivers and a
486 computer to control the
helicopter’s orientation as well as its
motion. Precise positions of the
boundaries of the competition area,
and the location of the starting point,
pick-up ring, net and drop-off ring
were first determined by the students.
Then the on-board computer was
programmed to instruct the helicopter
to climb to a set altitude; calculate the
direction to the pick-up ring; fly to
the pick-up ring; drop to the correct
altitude so that the pick-up magnets
would just drag on the ground; stay in
the pick-up area for a few seconds;
climb to an altitude high enough so
that the magnets would clear the net;
calculate the direction to the drop-off
ring; and fly to the drop-off ring.

The autonomous flying machine
became the first entry not only to
hover under control, but also to move
to the ring containing the metal disks
and pick one up.

On its maiden flight, the Stanford
helicopter disqualified itself by
picking up two disks, rather than one.
On its second effort, it failed to pick
up any disks. But on its third try, it
successfully picked up a single disk
and carried it over the net to the drop-
off ring.

However, the first prize for
designing an aerial robot that can pick
up all six disks and drop them in the
ring still remains to be won. so there’s
still time for a UK team to take the
honours next year.

High speed magnetic trains are back on the rails

evelopment of a high-speed,

magnetically powered train that
does not levitate, is relatively
inexpensive to build, and can run on
already-laid track could revitalise
practical application of magnetic
drive technology.

The concept for the train, developed
at Sandia National Laboratories, is a
spin-off from technology created at
Sandia in the late 1980s for the Star
Wars programme.

To move the train, pulsed magnets

- 30 per ‘locomotive’— induce
reversed electric currents in a series
of aluminum plates bolted to or near
the track. The induced currents create
their own magnetic fields that oppose
those of the train. With the aid of

optical sensors, the fields pulse on
just as the magnets pass the midpoint
of the aluminum plates, and by
repulsion propel the train forward.
Plates would be pre-assembled in
ladder-like sections — the plates
serving as rungs — for fast, cheap
bolting to the track. The design is also
the basis for the name of the train
Seraphim: segmented rail phased
induction motor.

Rather than travel suspended by
magnetic fields, Seraphim would ride
on unpowered wheels made of steel
or composite materials, reducing the
cost and complexity of the system.

So unlike mag-lev trains under
construction in Germany and Japan,
the Sandia approach needs no

specially designed track, and permits
old-style and new-style trains to
travel on the same rails.

Also unlike mag-lev trains, which
travel with no engine aboard, the
proposed Sandia train would carry its
own drive mechanism — a gas turbine
that powers on-board electromagnets.

So far, using magnetic coils, a
working model has propelled a
vertical, two-foot tall aluminum plate
along a rail. In less than 4m the plate
can reach a speed of 54km/h,
demonstrating the potential of the
propulsive technique.

The researchers are currently
applying for funding to power an
actual train to travel at 320km/h.
Sandia says the train could achieve

Differential
carrier-phase gps
helped Stephen
Morris, Bruce
Woodley and
Andrew Conway
from Stanford
University position
their robot within
centimetres rather
than metres.
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Using available
track, Seraphim is
powered forward

by inducing
reversed electric
currents in a series
of aluminum plates

Steve Mann'’s
NetCam has
moved on from
just attaching a
camera to the head
and recording
what the head
movements point
at, leftmost photo.
Now what Steve
sees is transmitted
and processed
remotely. As a
result Internet
browsers can view
the world exactly
from his
perspective.

420km/h, but not on track already
laid.

Slow-moving shuttles have used a
similar method to achieve speeds of
50km/h. But these trains embed
magnetic fields relatively slowly in a
neighbouring metal rail to generate a

Camera wired up to the world

Any EW + WW reader currently
planning a romantic trip with a
co-traveller who is not their partner —
if you get my drift — should avoid
Boston, Massachusetts. Or if they
should find themselves in Boston,
they should avoid Steve Mann.
Fortunately Mr Mann is relatively
easy to pick out amongst Bostonians
going about their normal business: he
will probably have a box of
electronics and camera lenses
strapped to his head (see pictures).
But if he does see you, then you
should be prepared to share your
secret — with about 20-odd million

Prime Power Unit

backward-moving wave of magnetic
flux which thrusts the train forward.
The Sandia method induces magnetic
fields around the edges of a segmented
, aluminum rail placed along the rack, a
difference that allows a Seraphim-type
train to achieve much highér speeds.

others. Because Steve Mann and his
camera are attached to the Internet,
and anyone browsing the Internet can
see what he sees.

Mann’s system is much more than a
simple head-mounted camera.

Instead, visual information from the
camera is sent directly to one or more
remote processors, with a processed
version of the visual information then
received back at the head-mounted
display, as part of a ‘visual filter’.

Mann himself is part of the
VisMod vision and modelling group
in the Media Lab at MIT, and the
purpose of the exercise is to stimulate

2 :
Magnetic
Propulsig

QI

Similarly, experiments with
conventional linear induction motors
have reached speeds of more than
320km/h, but efficiency suffers at
higher speed, while the performance
and efficiency of the Sandia engine
actually improves with velocity.

discussion of everything from visual
perception and learning, augmented
memory and personal safety/security,
through to video postcards — with
personal privacy considerations
included along the way. =

-Using the camera system with radio
communications, Mann’s ‘NetCam’
can send his visual field anywhere in
the world, using the Internet as a
communications medium.

So if you want to find out more
about how to view Steve Mann’s
world on the Internet — or want to find
where he is s0 you aren’t — contact
him at steve@media.mit.edu.

Battlefield
operation — and
not a surgeon in
sight

f the makers of MASH — the

television series thaf memorably
recorded life for a mobile army
surgical hospital under fire in the
Vietnam war — were to try portray
battlefield medicine as it is
developing today, things could look a
little different. Because one of the key
components of combat zone surgery
could soon be gone forever: the
surgeon.

That’s not to say the soldiers will
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ANCHOR SURPLUS Ltd
The Cattle Market Depot
Nottingham NG2 3GY. UK

Tele: +44 (0115) 986 4902/986 4041
Fax: +44 (0115) 986 4667

Bruel & Kjoer Rohde & Schwarz Model APN-62

Model 2107 Frequency Analyser, 20Hz-20Khz-60 to Precision Low Frequency Generator 1Hz to 260Khz with
+ 40db 4 Weighting Filters + External £225 1Hz res (0.1Hz<20Khz) Balanced/UnBal Outputs Sine-
Model 5587 Spectrum Shaper 125Hz-40Khz in 36 Bands Square-Triangle-Sawtooth 100uV-20V Output

Slider Controls £250 (0.1db resolution) Frequency Sweep 1ms—65 secs

Model 2304 Level Recorder —0003-100mm/sec and Level Sweep 2ms—65 secs IEEE488 Option Fitted
2-1000/sec Write Speed £175 £995.00
Marconi

TF2121 Waveform Generators, 0.001Hz to 100Khz
500hm & 600ohm QOutputs, Sine Square, Triangle Sawtooth. 0-10V Out.
+100 Phase Output. Cont/Single Shot DC Offset and Level Front/Rear OPs £250

FOR-9

TG160 Alpha Numeric Video Title Generators, Variable Position Variable Bk/White Colour Mask, Parallel Bus £75
VTG22 Video Timers, Year/Month/Date/H/M/s + 0.01sec superimposed on standard Video £50

Fluke

Model 77 LCD Digital MultiMeters inc Protection case. ‘Bumper Case’, Leads, Probes, Manual Limited Qty Fully Tested
and Warranted. ONLY £75
**xAlso*** Model 80TK Digital Thermometer Add-Ons for the 77. C°,F°, Cased Manual. ONLY £50

Racal DANA 9000 Series — All fitted High Stability Reference Oscillator

Model 9056/9059M HF Selective Analysers 1Mhz-100Mhz AM FM SSB (Two Tone) Measurements 60db
Range Wide/Narrow Filters. For Analysis of Radio Transmissions. Few Left £50
Model 9904 10Hz to 50Mhz. 7 Digit LED Universal Counter Timer. NOW ONLY £50
Model 9914 10Hz to 200Mhz. 8 Digit LED. NOW ONLY £75
Model 9915 10Hz to 520Mhz. 8 Digit LED. NOW ONLY £95
Model 9916 10Hz to 520Mhz. 8 Digit LED. NOW ONLY £110
Model 9919 10Hz to 520Mhz. 8 Digit LED. NOW ONLY £175

Wayne-Kerr

Model B424 Digital Component Meters LCD display of L, C and R (0.1uh 1-2Kh 0.1pF-20,000uF 1mR-20MR)
Automatic Selection. Very Easy to Operate. Manual Incl £75

Hewlett Packard

3456A 6.5 digit System Voltmeter 100nV Resolution 3478A 5.5 Digit LCD MultiMeter 100nV 100uOhm Resolution.
300 Samples/sec 0.0001% Accuracy. HPIB Option Fitted 90 readings/sec True RMS with 300Khz B/W & 41 Crest factor
Last Few Available Reduced to HPIB Fitted. Last Few Available Reduced to
Only £495 Only £495

OPEN SEVEN DAYS A WEEK

Mon-Fri 9am-6pm Sat8am-4pm Sun 10am-4pm

NO APPOINTMENTS NEEDED. CALLERS ALWAYS WELCOME
All Prices are Ex VAT & Carriage

All items are Fully Tested with Verified Calibration

VISA |
and carry our Unique 30 Day Un-Conditional Warranty !\
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The remote
scalpel appears to
emerge from the
hand controls as
the surgeon looks
down into the
virtual workspace.

Color TV Cameras
Stereo _ |
Shutter
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=
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Photochromic
properties of liquid
crystals composed
of photosensitive
azobenzenes could
enable them to be
used as an optical
data storage
medium.

no longer be put under the surgeon’s
knife, simply that the surgeon may be
holding it from several miles away

through the technique of telepresence.

Remote manipulation has been
around for many years, in the
handling of dangerous materials for

Moanitor
b

Electronics

example, though the interface has not
been natural enough to allow a
surgeon to work.

But now tests being carried out by
SRI International in California
(Telepresence Surgery, I[EEE
Engineering in Medicine and Biology,
PS Green et al, pp.324-329), are
showing that remote surgery is a real
possibility. Most recently an operation
has been carried out by a surgeon
160m away from the ‘patient’ - a
dummy with a pig’s intestines.

The SRI system integrates vision,
hearing and manipulation using a
surgeon’s console and a remote
surgical unit.

At the console, the surgeon can look
down into a virtual workspace
recreated by a 120field/s stereographic
video monitor with an lcd shutter — the
surgeon wears polarised glasses.

No image problem for lcds

hotochromic molecules change

their molecular shape upon
photoradiation - a property that
allows light to be used to control the
orientation of liquid crystals. Now
Tomiki Tkeda and Osamu Tsutsumi
at the Research Development
Corporation of Japan have
developed a liquid crystal system
that demonstrates optical switching
capabilities significantly faster than
any previous liquid crystal. Thermal
stability of the system also means it
could hold promise as a storage
medium for optical images.

Ikeda and Tsutsumi concentrated

their investigations on azobenzenes
(“Optical switching and image

storage by means of azobenzene
liquid crystal films, Science, Vol
268, pp.1873-1875).

The attraction of azobenzene is
that the trans form of some of its
derivatives is rod-like, stabilising
the liquid phase, whereas the cis
form is bent and destabilises the
liquid crystal phase when present.
So trans-cis photoisomerisation of
azobenzenes in the liquid crystal
phase can cause disorganisation of
the phase structure.

To carry out their study, very thin
films of photochromic liquid
crystals (200nm) composed of
photosensitive azobenzenes were
produced and their photochemical

In a remote unit, the patient is
viewed by a pair of video cameras and
operated on by instruments held by a
manipulator. The surgeon sees the
instruments as emerging from handles
he or she manipulates, and is able to
sense the resistance of tissues as they
are touched by the instruments and
feel the suture as a knot is tied.
Sounds are also picked up by stereo
mics and relayed to the surgeon
through speakers to add to the
experience.

So far a telepresence surgery system
has been installed in a mobile surgical
vehicle with the intention that
eventually, wounded soldiers will be
placed on its operating table to be
operated on remotely, improving
immediate trauma care under combat
conditions.

Field tests are expected shortly.

response investigated.

What the researchers found was
that irradiating the films with a laser
brought the trans-cis transformation
in only 200us, cutting off light
transmission through the crystal
two orders of magnitude faster than
any system investigated previously.

Similarly, when the film was
laser irradiated through a mask,
then held at the same temperature
in the dark, the resulting image
remained unchanged after eight
months.

The authors believe the properties
of thin crystals of azobenzenes
could make them ideal for optical
switching and image storage.

X-ray film bites the dust?

cientist in the US are in the process of

developing a prototype electronic x-ray
sensor that could be the next step on the path
to filmless x-ray examinations for patients.
Developers claim their design differs from
other digital radiographic devices that have
recently come on the market in that it
| provides a better spatial resolution for a
given sensitivity to x rays. So reduced
dosages for examinees would result too.

At the core of the process is an electronic
readout device being developed by scientists
at Lawrence Berkeley Laboratory and Air
Techniques, the US’ largest supplier of
automatic dental film processors. First
application for the technology will be in
dental radiography, but researchers say the
goal is to make larger digital devices
suitable for mammography or heart imaging.

The conventional way to x-ray teeth is
with a piece of thick film that is moderately
sensitive to x rays. To increase efficiency
and lower the required dosage of x rays, the
film can be sandwiched between sheets of
plastic called intensifying screens.
Disadvantage of using the screens is that
they scatter radiation, resulting in decreased
spatial resolution and accuracy.

But soon, in place of dental film, patients
will be closing their mouths around
electronic sensors and dentist and patient
will be able to watch images coming up on a
computer screen seconds after the device is
inserted into the mouth. The images will be
higher resolution than film images and will
be conveniently stored or manipulated.
Dental patients will also be exposed to as
little as one-tenth of the x-ray radiation they

typically receive now.

The alternative electronic technology,
developed at LBL by physicists Victor
Perez-Mendez, John Drewery, and graduate
student Tao Jing, relies on a light-emitting
material, or scintillator.

Vacuum evaporation is used to deposit a
scintillator, caesium iodide, on raised pucks
dotting the surface of a patterned piece of
high-temperature plastic. In the process of
evaporation, the caesium iodide forms
columns on the plastic pucks. When x rays
hit these columns, the material emits light
(scintillation) which is partially collimated,
and sideways spreading is minimised.

“The net result is that our x-ray-detecting
devices are more efficient and more accurate
than the commercial Kodak film
combination,” says Perez-Mendez. "
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TRANSFORMERS FOR
BALANCED LINES IN HIGH
PERFORMANCE AUDIO SYSTEMS

HI OWTERS:

TRANSFORMERS

E A Sowter Ltd
PO Box 36 IPSWICH IP1 2EL  ENGLAND
Tel: +44(1)1473 252794
Fax: +44(1)1473 236188
E-Mail: sowter@tcp.co.uk

Design and Manufacture
of all types of Audio Transformer using
Nickel and Grain Oriented cores

Free catalogue
Free technical support service
Popular types from stock

COMPONENTS FOR
GLOBAL POSITIONING SYSTEMS

Our GPS starter pack as featured in the August issue of Elec-
~ tronics World & Wireless World is still available.

m The pack includes; Rockwell MicroTracker LP GPS receiver,

» MicroPulse magnetic mounting antenna, Power supply/serial

=4 hoard, Mains adaptor, serial cable, DC power cable, batteries,

¢ reference card, software and manuals - in fact, everything you
need to get started. Price £379.

Also, now available, a Vehicle Tracking Developers Kit which
includes GPS receiver, modem and software, which via a cel-
lular telephone allows a remote vehicle position to be displayed
over AutoRoute plus maps. The pack is available now for £495. s«

S The Rockwell NavCard offers GPS receiver functionality in a
O PCMCIA Il format for only £299. Capable of displaying your
position on AutoRoute maps, this receiver is ideal for use with
laptop computers. AutoRoute drivers and Windows GPS moni-
tor software, £9.95.
Please add carriage at £13.50 (TNT next day), and VAT to total cost.

GPS Seminar, Bosingstoke, September 7th £25, call to book.

=

Telecom Design Communications Ltd

Connect House, Stroudley Road,

Basingstoke, RG24 0UG
N Rociowell

Tel : 01256 332800
Fax : 01256 332810

CIRCLENO. 109 ON REPLY CARD

CIRCLE NO. 110 ON REPLY CARD

TECHNOLOGY

1 Kenfieid Place, Aberdeen AB1 TUW, Tel/fax: 01224 316004

/ﬁ—\}\ HATELY ANTENNA

NEWS of the CROSSED FIELD ANTENNA

THE GROUND PLANE CROSSED FIELD ANTENNA which has been more and
more continuously used in development tests for Medium Wave Broadcasting at the
Tanta Station in the Nile Delta, is now a permanent feature of Egyptian Broadcasting,
reports our colleagues Kabbary and Khattab.

Recently completely re-built, and re-opcned at a ceremony with President Moubarak,
the GPCFA is now providing a service 16 hours a day on 1.161 MHz for a population
of 15 million, using 30k W only. This represents a saving of 66% relative to the earlier
100 kW necessary to give the same signal service area using the now demolished
quarter-wave antenna 65 metres in height.

Furthermore, the wider bandwidth of the GPCFA, which is only 8 metres tall mounted
on the roof of the single storey transmitter building, is evident to most of the listeners
in improved speech quality.

FUTURE PLANS

There are more GPCFA projects on stream in Egypt in order to extend both Long
Wave and Medium wave services at reduced capital cost and running costs for the
parent organisation; the Egyptian Radio and TV Union.

Professional Engineers may phone or circle the card to request a copy of the detailed
signal strength report and photo. Patent licences are still available for some countries
from our portfolio including US, Europe, Australia, Japan. New patents are filed for
the “electrical dual” forms using two currents on separate wires, These have particular
advantages in erection simplicity.

Evaluation tests can be performed using the modestly priced Amateur Radio versions
available at: GPCFA format £400, Delay-Line format £199, Loop format £250, all
prices including UK VAT and postage. Cash with order, or Pro-forma Invoice will be
sent.

Proprietor: Maurice C. Hately, MSc FIEE Chartered Electrical Engineer (GM3HAT)

EVERYTHING
Interactive development,
YOU WANT IN
easy to learn with
ACARD
ready-made libraries. TDS2020
COMPUTER
RAPID
Graphics and keypad interfaces,
APPLICATION
35 parallel and 2 serial, clock,
DEVELOPMENT

10-bit 8-ch A to D, multitasker,

IN HIGH LEVEL
300pA data logging, PCMCIA.

Triangle Digital
riangle Digita LANGUAGE

Services Ltd
Tel 0181-539 0285
Fax 0181-558 8110
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8 CAVANS WAY,

BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 25F

Tel: 01203 650702

Fax: 01203 650773

VARG yopite: 0850 400683

(Premisea situated close to Eastern-by-pass In Coventry with easy
access to M1, M6, M40, M42, M45 and ME9)

OSCILLOSCOPES

Gould 0S4000, 0S4200, 054100, OS1000B .
Gould 0S3000 - 40MHz, dual ch. ...
Gould 4035 - 20MHz digitat storage
Gould 4050 - 35MHz digital storage
Gould 5110 — 100MHz inteliigent oscilloscope ......
Hewiett Packard 17074, 17078 ~75MHz duaich . .
Hewiett Packard 17404, 1741A, 1744A, 100MHz dual ch. ...
Hewlett Packard 54201A - 300MHz digitizing ..
Hewlett Packard 54100D - 1GHz digitzin,
Hitachl ¥-212 - 20MHz dual trace......
Nicolet 3091 — Low req D.S.0. ...
Philips 3315 - 60MHz D.S.0. .
Lecroy 140 - 100MHz D S.0. .
Tektronlx 463 — 100MHz D.S.0. .
Tektronix 2213 — 60MHz dual ch
Tektronix 2215 — 60MHz dual ch. ..
Tektronix 2225 - 50MHz dual trace ..
Tektronix 2235 - 100MHz dual ch. (portabie)
Tektronix 2335 — 100MHz duat ch. (portable) ...
Tektronix 2465B 400MHz 4 channel.
Tektronix 464/466 — 100MHz, storage.....
Tektronix 465/4658 — 100MHz dual ¢h. ..............
Tektronlx 7313, 7603, 7613, 7623, 7633, 100MHz 4 ¢h. ..
Tektronix 7704 — 250MHz 4 ch.
Tektronix 7834 with 7842, 7
Tekironix 7904 — S500MHz....
Telequipment D68 ~ SOMH:
Phllips 3206, 3211, 3212, 3217, 3226,
3244,3261,3262 (2ch + 4 ch)).....
Phillps PM3295A — 400MHz dual channel ..
Hewlett Packard 54501 A - 100MHz Digitising — 4 channel .. ]
Tektronix 2236 — 100MHz Dual Trace with Counter/Timer/Dmm......,............
fwatsu TS 8123 — 100MHz Dig. Storage. "

Other scopes avallable too

SPECTRUM ANALYSERS

Hewlett Packard 3580A - 5Hz - 50KHz .........
Hewlett Packard 3582A - 25KHz analyser, duai channel ..
Hewlett Packard 182T with 85594 (10MHz - 21GH1)

Marconl 2370 -- 1 10MHz
Marconl 2371 - 30Hz-200MHz
Rohde & Schwarz - SWOB § Polyskop 0.1 - 1300MHz ...
Schlumberger 1250 — Frequency response analyser
Alltech 727 - 22 4GHz ........
Alitech 70727 - Traciang Gener:
Texscan AL51A - 1GHz. .
Tektronix 7L14 with 7603 - GHz)
Tektronix 7L12 with 7603 mainframe (1.8GHz)

| TELNET |

Hewlett Packard 8754A Network Analyser— 4 —-1300MHz ............ £3250
Hewlett Packard 3709B Constellation Analyser with 15709A H-gh
Impedance Interface (as new) ..

MISCELLANEOUS

Anritsu MG642A Pulse pattern generator
3 True RMS
Datalab DL 1080 — Programmable Transient Recorder ..
Datron 1061 - precision multimeter ..........
Dynapert TP2¢ - Inteiliplace tape peel loster immac. cond.
E.lP. 331 18GHz frequency counter ..
E.|.P. 548A —frequency counter (26.. 5GHZ)
Farnell 2081 R/F Power meter ........
Farnell TSV70 Mkli — Power Supply (70V
Ferrograph RTS2 Audio test set with ATU1 .
Fluke 5101A - Calibrator AC/DC .
Fluke 5101B — Calibrator AC/OC .
Fluke 5220A — Transconductance Amplitier (20A)........ 3
Heiden 1107 — 30v-10A Programmabie power Bply (IEEE)
Gould K100D - 100MHz Logic Analyser with PODS
Hewlett Packard 3325A - 21MHz synthesiser/function g
Hewlett Packard 3437A System voltmete
Hewlett Packard 3438A Digital multimete:
Hewleft Packard 3490A Digital multimete
Hewlelt Packard 3586A — Selective level meter .. £17:
Hewlett Packard 3702B/3705A/3710A/3716 A Microwave link analys;ar
£1500

Hewlett Packard 3760/3761 Data gen + error detector
Hewlett Packard 3762/3763 Data gen + error detector
Hewlett Packard 3777A Channel selector...
Hewlett Packard 3779A/3779C Primary multi. analyser
Hewlett Packard 5150A Thermal printer ..
Hewlett Packard 5316A — Universal counter HPIB ...

Hewlett Packard 59501B HP 1B isolated D/A power supply
programmer

Hewlett Packard 6181C D.C. current source....

Hewlett Packard 4953A — protocol analyser....
Hewlett Packard 1630G - logic analyser - 65 channels
Hewlett Packard 5359A — time synmemser 4
Hewlett Packard 5505A — |aser display EP.0A.
International Light - IL 1700 research radiometer with Erymemal
SeNSOIEAGE R e K ....£1250
Lyons PG73N/PG75/PG2B/PG Pulse generator
arconi 2306 Prog
Marconi 2337A Automatic dist. meter .
Marconl 2356 20MHz levet oscillator ...
Marconl 2432A 500MHz digital freq. meter
Marconl 2830 Multipiex tester
Marcon| 2831 Channel access switch
Marcon| 893B A/F power meter
Marconl 2019A 80KHz - 1040MHz synthesised sl%/I
Multicore “Vapourette” bench top vapour phase S
machine (new and unused) (£1100+ new)...
Phliips PM 5167 10MHz function gen. .
Phlilps PM 5190 LF synthesizer w/th GP
Phlilps 3551A — iogic analyser.. .0
Phoenlx 55004 ~ telecomms analyser with vanous interface opnonsu
Racal 9301A True RMS FUF millivottmeter ...
Racal Dana 1992 - 1300MHz frequency coumer op(s CB+55
Racal Dana 3100 40-130MHz synthesiser .
Racal Dana 5002 Wideband level meter ...
Racal Dana 5003 Digital m/meter...
Racal Dana 9000 Microprocessing timer/cou
Racal Dana 9081 Synth. sig. gen. 520MHz
Racal Dana 9084 SL mth. sig. gen. 104MHz ..
Racal Dana 9242D Programmable PSU 25V-2
Racal Dana 9246S Programmable PSU 25V-10A ...
Racal Dana 9303 True RMS/RF level meter..........
Racal Dana 9341 LCR databridge...
Racal Dana 9500 Universal timet/counter 100MHz
Racal Dana 9921 3GHz frequency counter .. .
Rohde & Schwarz BN36711 Digital Q meter . @
Rohde & Schwarz LFM2 Sweep 0.02 - 60MHz
Rohde & Schwarz SCUD Radio code test set....
Rotek 3980A — AC/DC Precision Calibrator with Rotek 350A High

eQr e
soldering

DISCOUNT FOR QUANTITIES

l Hewlett Packard 626 1B Power supply 20V—50A ...

Hewlett Packard 7402 Recorder with 17401A x 2 plug ins..
Hewlett Packard 8005B Pulse generator..................
Hewlett Packard 8011A Pulse gen. 0.1Hz - 20MHz.
Hewlett Packard 8152A — optical average power meter
Hewlett Packard 8158B — optical attenuator with opt's 002 +

Hewlett Packard 8443A Tracking gervcounter with 1EEE
Hewtett Packard 8620C Sweep oscillator maintrame ...
Hewlett Packard 8750A Storage normaliser.........
Hewlett Packard 3456A Digit
Hewlett Packard 8684A ~ 5.4GHz to 12.5GHz Sig Gen.
Hewlett Packard 6632A — SKA stern Power Supply (HPIB]
Hewlett Packard 8640B — AM/FM Signal Gen. (512MHz)...
Hewlett Packard 5340A - 18GHz Frequency Counter.

Hewlett Packard 5356A - 18GHz Frequency Converter Hi
Hewlett Packard 432 A — Power Meter {with 478A Sensor)
Hewlett Packard 435A or B — Power Meter (with 8481N6484A

Tektronlx 7L18 with 7603 mainframe (18GHz) .......... 2950 from £750
Polrad 641-1 10MHz — 18GHz £1500 Hewleft Packard 8662A - (10KHz - 12B0MHZ) synthesised s»gnal
Hewlett Packard 35601 A - Spectrum Analyser Interface................. £1000  generator 0

Current Adaplor...........ecococuneecicricecccice e .EPOA

Schlumberger S| 4040 — Stabilock, high accuracy 1GHz radio test sel
£5950

Schiumberger 4923 — Radio Code Test Sei -£1500

Schlumberger 2720 — 1250MHz Freq. Count: ...£600

Systems Video 1258 Waveform analyser + 1255 vector monhor

+1407 phase & gain module + 1270 remote control

panel £2250

Systron Donner 60548 or D~ 18GHz or 24GHz Freq. Counter .....from £800

Tektronlx DA59100 Series Logic Analyser.. e £500

Tektronlx - Plug-ins — Many available such as PG508, FG!
SC504, SW503, SG 502 etc.

Tektronix TM5003 + AFG5101 Abmrary Function Gen...
Tektronlx 1240 Loglc Analyser..................

Time 9811 P resistance

Time 9814 Voltage calibrator ........

Watanabe WTR211 3pen ploner
Weller D900 D
Wiltron 352 Low fre
Wiitron 560 Scalar

etwork analyser

MANY MORE ITEMS AVAILABLE - SEND
LARGE S.A.E. FORLIST OF EQUIPMENT ALL
EQUIPMENT IS USED — WITH 30 DAYS
GUARANTEE. PLEASE CHECK FOR AVAILABILITY
BEFORE ORDERING -~ CARRIAGE
& VAT YO BE ADDED TO ALL GOODS

CIRCLE NO. 113 ON REPLY CARD

BROADCAST MONITOR

RECEIVER 2

150kHz-30MHz

We have taken the synthesised all mode FRG8800 communica-
tions receiver and made over 30 modifications to provide a
receiver for rebroadcast purposes or checking transmitter per-
formance as well as being suited to communications use and
news gathering from international short wave stations.

The modifications inciude four additional circuit boards providing
*Rechargeable memory and clock back-up *Balanced Audio line
output *Reduced AM distortion *Buffered IF output for monitoring
transmitted modulation envelope on an oscilloscope *Mains safety

improvements.

The receiver is available in free standing or rack mounting form
and all the original microprocessor features are retained. The new
AM system achieves exceptionally low distortion: THD, 200Hz-
6kHz at 90% modulation —44dB, 0.6% (originally —20dB, 10%).

*Advanced Active Aerial 4kHz-30MHz *PPM10 in-vision PPM
and chart recorder *Twin Twin PPM Rack and Box Units
*Stabilizers and Fixed Shift Circuit Boards for howl reduction
*10 Outlet Distribution Amplifier 4 *Stereo Variable Emphasis

Limiter 3 *Stereo Disc Amplifiers *Peak

*PPMS5 hybrid, PPM9 microprocessor and PPM8 IEC/DIN —50/
+6dB drives and movements *Broadcast Stereo Coders.

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh

Surrey GU6 7BG

Telephone: 01483 275997 Fax: 276477

726

date

Deviation Meter

product

AMDAT

The ADC-60 brings the accuracy of a time standard to your
computer. It provides a data source which can be used by
any system which has a serial port such as a PC, MAC or
mainframe. The ADC-60 offers improved reliability by using
both the British MSF and German DCF time standards. if
one of the signals cannot be received the other source will
automatically be used.

Other ADC-60 Features include:

LCD display showing current time and date together
with the lock status of the unit.

Provides GMT or Local time outputs together with the

Serial output in ASCII or BCD format
Includes 2 software packages, the firstis a TSR which
runs under DOS, the second runs as a minimised
window in Microsoft Windows

Contact us today for further information on this superb

4 Northville Road, Northville
Bristol BS7 0RG

Tel: 01179 699352 Fax: 01179 872228

CIRCLE NO. 1 14 ON REPLY CARD
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Best rf article 95

Following the success of

1994's Writers Award, &
Electronics World and -
Hewlett-Packard are WI“ u £4000 .

launching a new scheme
programmable signal

to run from January to

December 1995.
Only articles which

have an element of rf

design will be eligible for generﬂtor from
Hewlett-Packard

consideration by the
judging panel. It is
hoped that this year's
award will focus writer
interest on rf engineering
in line with the growing
importance of radio
frequency systems to an
increasingly cordless
world.

The aim of the award
scheme is to locate
freelance authors who
can bring applied
electronics design alive
for other people.

Qualifying topics might include
direct digital synthesis, microstrip

The prize for the coming year’s award is
a £4000 Hewlett-Packard HP8647 A

design, application engineering 1GHz progran?mable signa.l generator. It
for commercially available rf ICs features HPIB interface, solid state

and modules, receiver design, programmable attenuator and built in
PLL, frequency generation and rf AM-FM modulation capability.

measurement, wideband circuit
design, spread spectrum
systems, microstrip and planer
aerials... The list will hopefully
be endless.

For further details about our quest for
the best, call or write to:

All articles accepted for Martin Eccles, Editor, Electronics World,
publication will be paid for — in Quadrant House, The Quadrant, Sutton,
the region of several hundred Surrey, SM2 5AS
pounds for a typical design Tel 081-652 3128
feature. et
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ANALOGUE DESIGN

single rail

Analogue expert
Walt Jung shows
how to design
circuits operating
from a low-voltage
single-rail supply
without
compromising on
performance.

Walt Jung is with Analog Devices Inc.

in existence, and much more is emerg-

ing. Nearly all of this circuitry operates
from a single 5V or 3V rail. Since more and
more analogue and digital circuitry is being
combined, there has been a rapid rise in the
need for analogue circuitry capable of operat-
ing from the same low-voltage supply rail as
the logic elements.

This collection of applications illustrates
low-voltage, low-power design concepts. A
variety of stand-alone circuits is presented,
each involving single supply and/or
low-power circuit design techniques.

There is a vast amount of digital circuitry

Low-power, low-dropout references
There are many problems associated with
making stable dc voltage references work
from 3-5V supplies. Among these are quies-
cent power consumption and overall power
efficiency, the ability to operate down to 3V,
low input/output (dropout) capability, and
minimum noise output.

Since supplies of less than 7V cannot sup-
port zener mode devices, low-voltage refer-
ences must of necessity be bandgap types. All
circuits shown below work at 5V and up, with
many operating down to as low as 3V.!2

One of the more difficult designs is simply
to get a reference to work well from very low
voltages, say 3V. This dictates use of a refer-
ence diode of appreciably lower voltage. One
solution is a 1.2V reference diode and appro-
priate low power support circuitry, Fig. 1.

While this circuit appears trivial at first
glance, when power drain must be minimised,
the options narrow. A low operating current
diode is a must for D, and here, an industry
standard AD589. This 1.235V device has a
minimum current of SOpA.

Resistor R sets this current, which is chosen
for SOp A at the minimum operating supply. In
this case, R operates from supplies down to
2.7V. Obviously, loading on the unbuffered

diode must be minimised, but generally static
loads of a few microamps are fine.

Dynamic loads present a larger problem.
Usually, a power conscious designer will not
want to burn excess current in a reference
diode to cater for occasional load changes.
Amplifier /C, alleviates this problem, buffer-
ing the diode so that higher source/sink cur-
rents are allowed, with a quiescent current
which follows the /C choice from the table.

Without gain scaling resistors R 3, output is
simply 1.235V; when the resistors are used the
output can be set between the reference volt-
age and the supply rail, assuming a rail-to-rail
output swing from /C,. Amplifier standby cur-
rent can be optionally reduced to around 20p A
if an OP193 is used, and the listed devices
generally operate from supplies down to 3V -
except for the SV minimum OP279.

Available output current is set by the device
chosen, which can be as high as 45mA, as
indicated in the last column. As noted for all
rail-to-rail devices, Vgur can approach the
positive rail within the levels shown at the
specified currents.

Power conservation can be a critical issue
with references, just as can output dc preci-
sion. For such applications, simple, one pack-
age fixed voltage references which simply
‘drop in’ with minimal external circuitry and
deliver high accuracy are very attractive.

Two unique features of the three terminal
REF19x bandgap reference family are low
power consumption and shut-down capability.
The series allows fixed outputs from 2.048 to
5V, which can be controlled between on and
off via a ttl/c-mos power control input, V. It
provides a precision reference for the popular
voltages as listed in the table of Fig. 2.

The REF{9x family can be used as a basic three-
terminal fixed reference as per the table, simply by
linking pins 2 and 3 and operating it as shown. It
can also be used as an on/off controlled device, by
programming pin 3 high or low, as noted.
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+3V or more ©

Vour = +1.235V
——Ooor
Vout = +1:235V x (1 + Ry/Ry)

In addition to the shutdown capability, the
distinguishing functional features are a low
dropout of 0.5V at 10mA, and low current
drain for both quiescent and shutdown states,
at 45 and 15p A maximum, respectively.

When a REF]95 is used with inputs in the
range 6.3 to 15V for example, it can drive 5V
loads at up to 30mA. It also has grade depen-
dent tolerances of 12 to £5mV, and maximum
temperature coefficients of 5 to 25ppm/°C.
Other devices in the series provide comparable
accuracy specifications, and all have low
dropout features.

To maximise dc accuracy in this circuit, the
output lead from /C; should be connected
directly to the load with short heavy traces, to
minimise the impact of /R drops. The common
ground terminal, pin 4, is much less critical
due to the lower current in this leg. The 1pF
output capacitor is part of the device’s fre-
quency compensation, and cannot be omitted.

Regulating with low dropout voltage
By adding a boost transistor to the basic rail-
to-rail output low-dropout reference of Fig. 1,
output currents of 100mA or more are possi-
ble, while still retaining the features of rela-
tively low standby current and low dropout
voltage. Figure 3 shows a low dropout regu-
lator with a 800p A standby current, suitable
for a variety of outputs at current levels of
100mA or more.

The 100mA output is achieved with a con-
trolled-gain bipolar power transistor for pass
device Try, namely an MJE170. Maximum
output current control is provided by limiting
base drive to Tr; with series resistor R4. This
limits the base current to about 2mA, so the

_D
AE)589 >
+1.235V S
R3 Rg [
VRer
~ 241,235V (Unbuffered)
Fig. 1. Rail-to-
supply and 25°C ambient. :‘:;;g‘g: -‘.latmps
. Vil I help design
sat(— sC =
A Vmax@mA mA min {/‘:;;;;ggp e
0.280@1 (typ) 18
0.110@1 ! references.
0.075@2.5 1+8.75
0.055@2 +15
0.125@1 S5

maximum Hgg of Tr| then allows no more
than 500mA, limiting the transistor’s short cir-
cuit dissipation to safe levels.

Overall, the circuit operates as a follower
with gain similar to Fig. 1, so Voyr has a sim-
ilar output expression. The circuit is adapted
for different voltages simply by programming
feedback resistor R, via the table. Dropout
with a 100mA load is about 200mV, thus a 5V
output is maintained for inputs above 5.2V,
see table, and Vgt levels down to 3V are pos-
sible.

Step load response of this circuit is quite
good, and transient error is only a few milli-
volts pk-pk for a 30-100mA load change. This
is achieved with low effective series resistance
switching-type capacitors at input-output, but
the circuit also works with conventional elec-
trolytics, albeit with increased transient errors.

If desired, lowest output noise with the
ADS820 is reached by including the optional
reference noise filter, Rs/C,. Lower current
op-amps can be used for lower standby cur-
rent, but they may involve a tradeoff of larger
transient errors, due to reduced bandwidth.

As noted above, a ‘low dropout’ regulator is
readily implemented with a rail-to-rail output
op amps such as those of Fig. 1. This is
because their wide output swing makes driv-
ing a low saturation voltage pass device sim-
ple. Further, it is most useful when the op-amp
used also enjoys a rail-rail input feature, as this
factor allows high-side current sensing for cur-
rent limiting.

Typical applications are voltages developed
from a 3-9V range system sources, or any-
where where low dropout is required to max-
imise power efficiency. The 4.5V example
here works from SV nominal sources, with

ANALOGUE DESIGN

worst-case levels down to 4.6V or less.

Figure 4 shows such a regulator using an
OP284 plus a low Rygon) p-channel mosfet
pass device. Low dropout performance is pro-
vided by Try, with a rating of 0.11Q with a
gate drive of 2.7V. This relatively low gate
drive allows operation on supplies as low as
3V without compromising overall perfor-
mance.

The circuit’s main voltage-control loop oper-
ation is provided by /C g, half of the OP284.
This voltage control amplifier amplifies the
2.5V reference voltage produced by IC2, a
REF192. The regulated output voltage Vgyrt is
then:

Vour =Voura|1 +&
R

where Voyra is generally the /C, voltage.

Note that for the lowest Vgoyt dc error,
R,lIR3 should be maintained equal to R, as
here, and the R, 3 resistors should be stable,
close tolerance metal film types. The table
suggests Ry_3 values for popular output volt-
ages. In general, Voyr can be anywhere
between Vgyrs and the 12V maximum rating
of Tl'] .

While the low-voltage saturation character-
istic of Try is part of the low drop-out key, the
other expedient is a low and accurate current-
sense comparison. Here this is provided by
current-sense amplifier /C 4, which produces
a20mV reference from 1.235V reference D,
and the R7/Rg divider. When the product of the
output current and sense resistor Rggngg match
this voltage threshold, current control is acti-
vated, and /C 5 drives Tr|’s gate positive via

Fig. 2. A voltage reference family with 30mA,
low-drop-out features.
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Vino- [ ' © Vour
3to 6V
Vour | Ro | Vin(min)
Ry 6V |38k | 62v
> 39k2 ) 5V |30tk | 52V
= R, 4V 226k 4.2V
0.01u == % 33V | 169k | 3.5V
Jn+ P 3.0V | 143k 3.2v
: Lo:x,eﬁ)v = = 100y, 25V
Rs . (Low esr) Fig. 3. Adding a boost transistor to a
100%&&""“” low-dropout reference results in a
- l ) low-dropout regulator providing a
& AD589 $1 L T(?Ok 100mA output current, 800pA
1.235V T (gpt:;al) standby current and 200mV dropout
o Common  voltage.

D;. Overall circuit operation is then under cur-
rent mode control, with a current limit I
defined as:

%]
limit — f
Regnse || Ry +R'8

Obviously the comparison voltage should be
small, since it becomes a significant portion of
the overall dropout voltage. Here the 20mV
value used is higher than the typical offset of
the OP284, but still reasonably low as a per-
centage of Voyr, at less than 0.5%. For other
Timic levels, sense resistor Rgpnsg should be set
along with R;.g to maintain this threshold volt-
age between 20 and SOmV.

For a 4.5V output version, measured dc out-
put change for a 225mA load change was of
the order of a few microvolts, while the
dropout voltage at this same current level was
about 30mV. Current limit as shown is
400mA, allowing operation at levels up to
300mA or more. While Tr| can support cur-
rents of several amperes, a practical current
rating takes into account this SO-8 device’s
2.5W 25°C dissipation. A short-circuit current

i

of 400mA at an input level of SV will cause a
2W dissipation in Try, so other input condi-
tions should be considered carefully in terms
of the device’s potential overheating. If high-
er powered devices are used for Q1, the circuit
will support outputs of tens of amperes as well
as the higher Vgt levels noted above.

The circuit can be used either as shown for a
standard low dropout regulator, or it can also
be used with on/off control by applying a
logic control voltage V¢ to /C,. Note that
when the output is off in this circuit, it is still
active — i.e., not an open circuit. This is
because the off state simply reduces the volt-
age input to R}, leaving the /C, 55 amplifiers
and Tr still active.

When on/off control is used, resistor R
should be used with IC,, to speed on-off
switching, and to allow the output of the cir-
cuit to settle to a nominal zero voltage.
Components D3 and R;; also
aid in speeding up the on-off transition, by
providing a dynamic discharge path for Cj.
Transition time from off to on is less than
Ims, while the on-to-off transition is longer,
but under 10ms.

4-20 mA current looping
Amplifier devices with outputs that swing
close to the negative rail both enhance and
simplify the design of 4-20mA current loop
transmitters. A case in point is the circuit of
Fig. 5. This is a loop-powered strain-gauge
sensor where an amplified SOmV full-scale
bridge output is calibrated to drive a 4-20mA
transmitter output. This is a loop powered cir-
cuit, thus the entire signal processing current
budget must stay well below the 4mA offset
current level — including bridge drive.

Single-supply instrumentation amplifier, or
in-amp, IC; is an AMPO4. It amplifies the
bridge signal linearly by a gain G of about 40
times, where gain is determined by Rgain-
The AMP04 output swing includes the nega-
tive rail, so the 0-S0mV bridge signal is ampli-
fied to a nominal 0-2V signal referred to the
loop common bus, pin S of /C,. With all
device negative supply pins referenced to this
bus, the bulk of the loop quiescent current is
made to flow into Rg, plus the external loop
and the 100€2 termination, Ry pap.

With no output from the bridge, /C, output
will be at the negative rail. No current then

Try
S${9433DY
Fig. 4. Low drop-out l (Siliconix)
v AV R
voltage regulators are Vs> outr a I RSENSE
useful for battery 0.05R byl (_
applications. This 300mA R, Re odn
regulator features high- 4k99 S 4k99 i é Rs
side current sensing. D 22k1
g 1505289 ANe opas D,
ICya P
Rg 2l A 1N4148
301k L § R,
] g 10 ” 2k21
ULy
g T
Rg CS
27k4 D3 Ry 001 4
4 i "Ry =
[ indtas Tk 4k53 § d
Cy Vourz OP284 Vour
01 ]\2 +2.5V 1™ °45V@400mA (max)
-
— MWN——————— ¢
3 IC, 5 l *
Veo— L 2
REF192
9 Rro ‘L,L Ry 8k06 =t
] 1k C, 10k =0
p: 10u
1u
ViNe °Voyt
Common Vg:optional  ON (CMOS hi or open) Common

OFF (CMOS low)
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5.00V 6loy %3 inl2
'ReFO2 "
R3 gnd
Agan 4mA null & 50k 2
1
2k49 | 0.22p A = A 1N4p02
4
2 N, R, 976k v
+ R
8 97k6
IC, > 1 3 |+\K i
50mV 2| _ AMPO4 5k 410 turn Ic 6 PG
full scale 1 5 2 ™
20mA - 1
S 5| BF193 TIP29A
[o]
350002 HP5082-2810 & 2
ts)tr}zln gauge 220p L VS
ridge 13k3 100k 12 to 36V
5°/°
4 to 20mA
- . Rg Rioap
Fig. 5. Single-supply amplifiers enhance the design of 4-20mA Rs 200 100Q
current loops — such as this one. Its trims are non-interactive m

since the amplifiers can swing close to the negative rail and

accurately amplify zero-scale signals.

flows into the summing point of IC, via R) 5,
since the summing point is servoed by /C; to
this same potential. For this zero scale signal
condition, the loop is calibrated via R3 (null)
for a 4mA output current, or 0.4V across
Rioap- Because current in R) is zero for this
condition, it has no effect on the null trim, thus
making the null/span trims non-interactive.

Resistors R4 4 effectively appear across the
5V reference voltage from /C3, so the current
injected is constant and scaled upward by loop
output summing resistors, Rs . The expression
for this current, Inypy, iS,

[

where 5 represents the IC3 reference volt-
age.

As the system sees a 50mV full-scale
bridge output, this is amplified to a 2V level
by IC,, which then supplies signal current to
the /C, summing point. Like the reference
current through R34, signal current in Ry, is

5
Ry+R,

INULL=|:

scaled up by the loop, and appears in R¢ as

JSPAN7 or,
R5 R6

Lspan ’"‘I:

where Vgripge is output of the bridge, and
G is gain of the AMPO4 op-amp. In this case
trimming is done via potentiometer R, (span)
with a SO0mV full-scale bridge output, for a
20mA output current (4mA Inypp plus
16mA Igpan), or 2V across Ry oap.

In this circuit the three active devices and
the 3500€2 bridge consumes 3.75mA of cur-
rent worst case — safely below the 4mA zero
scale of the system. Capacitor C; provides a
7Hz low pass, to limit noise, while C; sta-
bilises the IC; output loop.

The 0-16mA Ispan portion of the loop out-
put is conducted by Tr), a TO-220 device.
The low drift at typically 0.2pV/°C of the
OP193 used at IC,, along with the low qui-
escent power of 15mA, aid overall perfor-
mance of this circuit.

Varipge X G
R +R,

_—
INULL *+ IsPan

Digital-to-analogue on a 5V rail

Most d-to-a converters are designed for dual sup-
ply operation. Of those which are not, most work
on supplies of 12-15V, as opposed to 5V only.
This greatly reduces the component choices
available for single +5V supply system power.

Complementary-mos R-2R ladder converters
are natural choices for low voltage operation,
as many of these units are designed to work
on 5V supplies. However, when used in their
standard multiplying mode with an inverting
output amplifier, they also require a negative
supply for the amplifier, in order to output
negative voltage with a positive reference.
Conversely, if a negative reference is used, the
output is positive range. In either case a neg-
ative supply is required.

In order to make such a d-to-a converter
operate totally unipolarly, it can be turned
around and operated in what is known as its
inverted, or voltage-output mode. With the IC;
DAC8043 pinout shown in Fig. 6, in this
mode Vggr input to the ladder becomes the
voltage output node, pin 1, and normal /oyt
node becomes the reference input, pin 3.

This voltage mode c-mos d-to-a converter
circuit works on 5V only, using two eight-pin

5v
i Fig. 6. Toruna
L] standard c-mos R/2R
0.1 ) Vs TR A ey ¥ ladder d-to-a
vy ANAN- AN~ ‘See text converter from a
y »—oVout single supply rail,
2R 22R 2R 2R 2R i "eed:‘t’ oper f’;‘e
IC1 DAC8043 e converter in its

17k8

HE A Y

[
Vigr = 1.235V 2442

H Y

AD589 B .| |iour

Serial
digital

CclKk ———
SRl
D

inputs

Note: All fixed resistors are 1% and have temperature coefflicients s50ppm/°C

inverted, or
voltage-output,
mode.

10 turn, film
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T 100y, 25V

)

Ry
Co ] 22k1
100y, 25V =
[
A
1
[Ir+
- 479
1000 oy >
o— _._l AN + SSM2135
ik E+25v ] s
100y, oo
©.1) == 100y, 25V
§ 22k1 221
(1M)
Vin Ry Rgain
221 é— > 2k5 —o
1%
47&% Vout
o— /’L = 0
Rgain
| I
Ra P—
Zero IsRIDGE
5001
> R1 - Rz'
267 S26k7
o Vourt
10092 010 4.00V
RTD 0 to 400°C
S
10002 - 0°C Q
166.6Q2 — 175°C
229.6Q — 300°C
Ry, Linearity

¢ +0.5%, +25ppm/°C
++1%, +50ppm/°C

REF43  in|2—o45V

50kt (at 1/2fs)

Fig. 8. Overall current drain of this thermometer design is 1.3mA. The circuit yields a 0 to
400°C output working from a 5V supply and 0 to 350°C from a 4.5V supply.

ICs 1o achieve serial input 12bit operation. It is
scaled for a 0-4.095V output range, or
ImV/lIsb. Digital inputs are ttl compatible, and
the circuit uses a low component count. A
number of output amplifiers can be used for
IC3, as noted below.

While the circuit is clean and straightforward,
some application points are noteworthy in the
interests of maximising performance. Note that
with only a 5V supply, the internal n-mos switch-
es have only 5V-Vpgg as enhancement voltage,
or 3.765V with a 1.235V reference. Therefore
1.3V for Vygg is about as high as can be applied
to the d-to-a converter operating in this fashion.

If higher Vrgr voltages are used, the mosfet
gate drive can become starved, leading to higher
on resistance and output voltage non-linearity.

This circuit uses an DAC8043. Because this

is a 12bit multiplying d-to-a converter, the out-
put voltage will be (D/4096)xVRrgE, where D
is the 12bit digital word ranging from 0-4095.
With a Vg of 1.235V, unbuffered output at
pin 1 of IC; will be (4095/4096)x1.235V at
full scale, or about 1.2347V, which is around
300p V/isb.

Output amplifier IC, brings the overall scale
seen at Vgur up to the desired 1mV/Isb. Gain
required of IC, for this weighing is about 3.3,
and is made variable to trim out tolerances in
both Vggr and the gain resistors. Also, for
bipolar amplifiers /C, it helps to make the
equivalent resistance of the gain divider equal
to the d-to-a converter output resistance of
around | 1k€Q. This has been done for the R| 3
values shown.

Accuracy at dc, speed and power are strong-

Fig. 7. Devices and circuit topologies make
achieving low noise difficult in single-supply
designs. One critical design technique is to
limit resistor noise using low-noise resistors,
or by adding bypass capacitors across them,
as this circuit does for R;.

ly affected by the choice of /C,, and some
tradeoffs may be necessary for the best overall
choice. Relatively slow response and good
overall dc accuracy is possible with the
OP295, or faster response with good but
somewhat reduced accuracy with the AD820.

For a linear V,,, range of 0 to 4.095V, the
amplifier must be a rail-to-rail output stage
type such those shown in Fig. 1. The OP295
has a maximum V4 of 300uV, so the worst
case output offset will be about 1mV; with the
ADS820 this is raised by a factor of 1.67 —
optionally nulled if desired. If the low offset
OP284 is used, the output offset error can eas-
ily be kept below 1l1sb.

All amplifiers mentioned can source a
4.095V output on 4.75V, with current as noted
in the table of Fig. 1. The rail-to-rail output
stages allow linear swings close to ground. For
the OP295, the c-mos output stage allows lin-
ear outputs down to within 1mV or lower,
while the bipolar output types pull down to
about 10mV or lower. Note that the R,_3 gain-
set resistances act as a pull-down, as do any
external loads to ground.

With the amplifier selection, there is a an
intrinsic speed/power tradeoff. Settling time
using the OP295 is under 150ps, but this can
be improved with the AD820 or OP284 to
about just a few microseconds, due to their
much higher slew rate. The tradeoff here is
power; an OP295 channel with the d-to-a con-
verter consumes about 660p A, while the faster
AD820 or OP284 use more than 1mA.

Note that the output amplifier function can
also be satisfied with more specialised cir-
cuitry for specific applications. For example, a
buffered amplifier-pass transistor combination
such as that used in Fig. 4 allows a pro-
grammable power supply with high current
output characteristics to be readily imple-
mented, by replacing the fixed reference of
that configuration with the voltage variable
source from the DAC8043, pin 1. By choosing
the scaling of the buffer amplifier accordingly,
a wide range of output swings is possible.

Low-noise single supply amplifiers

It is much more difficult to achieve low noise
operating on single supplies than with dual
supplies — for various reasons.

Many single-supply devices limit low-level
performance, because of low-current internal
biasing which compromises voltage noise in
bipolar stages. For example, input noise den-
sities of 40-50nV/VHz are not uncommon for
low power devices. Also, single supply ampli-
fier configurations can themselves limit noise,
due to biasing and other non-ideal issues
absent in dual supply designs.

Figure 7 is a design which addresses these
difficulties — a single supply ac amplifier,
arranged for low-noise operation from either
low or high-impedance sources. Because of
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single-supply operation, input and output cou-
pling is of necessity via capacitors, three in the
circuit itself and two more for bypassing.

Amplifier IC| can be half of an SSM2135
dual, an AD820, or half of an AD822, depend-
ing on the source impedance. All of these are
low noise units suitable for SV and higher sin-
gle supply operation.

The SSM2135 features a 6nV/VHz input
noise, comparable to the popular 5532, which
does not operate optimally on low voltage sin-
gle supplies. The AD820/AD&22 single/dual
types have about 12.5nV/Hz voltage noise.
Current noise of the SSM2135 is 0.3pA/NHz,
while the AD820/AD822 current noise is only
0.8fA/NHz, due to its fet input stage. Thus the
SSM2135 is preferred for source impedances
below approximately 10kS2, and the
AD820/AD8&22 are generally better when the
source is above 10kQ).

To achieve lowest circuit-related noise, the
IC, gain resistance R, is set by design to a
value which has a Johnson noise !/5 that of the
SSM2135, or 221Q (2nV/NHz). This step
ensures that the noise of the amplifier will
dominate at high gains with very low source
resistances, rather than the adjoining circuit.

For lowest noise in the surrounding circuit,
biasing must also be noiseless, that is free
from noise added directly or indirectly by the
biasing.? This means resistors with dc across
them should have low excess noise, or be ac-
bypassed. As a result, R;_s, are metal film
types, and Ry 5 are bypassed. A 2.2 or 2.5V
bias source is provided from R, s, which bias-
es the output of /C; for optimum swing. In
addition, C and C; are low esr types.

To provide a low source impedance for low-
est noise, C; must be larger than if chosen
strictly from a time constant point of view
(100pF). Otherwise, current noise from a
bipolar amplifier such as the SSM2135 might
produce an equivalent low-frequency voltage
noise, across Cy and RgoyrcE.

Because of the very low current noise and
bias current of the AD820/AD822, when they
are used, this allows the input impedances to
be much higher, and C; can be correspond-
ingly smaller (0.1pF). Component values in
parentheses apply to an AD820 or AD822.

Gain of the stage as shown is 100 with the
fixed value of R,. However a remote gain
function can be optionally provided by using
the variable network, Rgan. Bandwidth of
this amplifier with the SSM2135 is about
30kHz at maximum gain, and about. 20kHz
with the AD820 or AD822.

Apart from the source impedance choice
between these two types, there are some
. power consumption differences; the SSM2135
draws a quiescent current of 1.45mA/channel,
while the AD820 or AD822 current is about
700p A/channel.

With the two sections of the duals available,
the circuit is useful as a low level preamp for
multi-media or other 5V supply audio appli-
cations. Noise performance will reflect the
device chosen for /C, and the relative source
impedance. With a shorted input, the
SSM2135 measures an output noise of about

ANALOGUE DESIGN

110pV rms at a gain of 100, and thd+n was  measures help minimise differential tempera-
0.022% at a 1V mms output level into a 2k ture coefficients.
load. Under similar conditions, the AD820 Gain resistor Rg should have a temperature
measures about 200p Vrms with 0.05% thd+n.  coefficient which is low with respect to the
AMPO4 coefficient of 50ppm/°C. Less critical
Precision temperature sensing resistors, market T, with smaller percentage
Many methods of sensing temperature are error.contributions can be more loosely con-
available, but very high precision on single trolled. All potentiometers should be multi-
power supplies remains a challenge. ple-turn film types.

Figure 8 shows how a precision platinum The bridge/amplifier combination has a
resistance temperature device, or rtd, can be  small amount of non-linearity, typically
implemented on a single 5V supply. The rtd  around 0.5%. In comparison, the rtd has a
bridge is driven with a total regulated Iggipgg ~ much larger non-linearity, as much as 6°C
current of 200p A. This minimises the rtd self-  over a 400°C span, or 1.5%. Fortunately, this
heating, by virtue of the 100pA excitation. non-linearity can be corrected with controlled
Overall circuit current drain is 1.3mA and the  positive feedback which increases the bridge
circuit works from supplies of 5V for a drive with increasing output. To implement
0-400°C output, or down to 4.5V for a this, a fraction of Vyyr is picked off by R,
0-350°C range. (linearity), is buffered by ICyg, and then is

The 200p A Igripge current passes through  summed with the 0.2V reference voltage via
Rgensg and is compared to the 0.2V reference  R;. With correct adjustment, this feedback
voltage appearing across Rs. The IC 4 control  cancels the rtd non-linearity.
amplifier is an OP295, which easily allows Calibration is a relatively simple three-step
input voltages of 0.2V, and the rail-rail output  process. First, care must be taken in the setting
provides ample headroom to drive the bridge.  for 0°C, for the simple reason that the lack of

At the bridge output, the common mode a negative supply prevents this end point
voltage is around 0.201V — a level difficult to  going through OV.
handle for a conventional SV instrumentation- One technique, step 1, is to substitute an
amp, whether IC or discrete. In this circuit the  exact 1009 resistor for the rtd, or place the
output is amplified by /C,, an AMPO4. This  actual rtd in an ice bath solution, and adjust
device has an input common-mode range of . zero-setting resistor R3 until Voyt begins to
0-3.5V and a output range of 0-4.2V while swing positive. Next, trim Rj in the reverse
operating on 5V. direction until Vgyt just stops changing,

Gains of 1-1000 are set by a single external ~ which should be zero volts.
resistor, Rgan. The AMPO4 gain is simply For full-scale trim, step 2, preset R}, to a
equal to 100kQ/RaN, S0 in the case here itis  midpoint and substitute a 274.04€) resistor for
nominally 245. This gain times the bridge out-  the rtd. Then trim Rg for 4.000V at Vqyr,
put voltage of 38pV/°C yields a Voyr scale  which represents 400°C. For setting linearity,
factor of 10mV/°C. Capacitor C; provides a  step 3, substitute a 175.84Q resistor for the
low-pass filter function in conjunction with the  rtd, and trim Ry for 2.000V at Voyr . Steps 2
internal AMP04 100k(Q resistor, so the signal  and 3 should be repeated for best accuracy, as
is low pass filtered above 3.4Hz. they interact.

Several factors are important in the associ- When fully trimmed, the output errors of the
ated circuit for best performance. All critical  circuit are within £0.5°C over the 0-400°C
resistors, marked *, should be 0.5%, range.
1+25ppm/°C types, or about 100 times better
than the rd temperature coefficient of Monitoring current supply
3850ppm/°C. Resistors R;, in particular  Single supply amplifiers can be arranged to
should be same batch/same manufacturer make accurate current monitors in either a
units, with R, also same manufacturer. These  negative or positive supply lead. The circuits

l 0.1p
A "
A
2 100k 1% ™ 1%
= r BY
= HP5082-2800 iCy =
e 1+ OP295 s Vour = X' xI,x Rgense
_|(optional) 1 SR R,
P
90k9
£ 1o/° /_'___o
e o oy Ry =10=10.1%
Rsense =) R
AWV 2
e
L = L \\Alternative IC,

: ly co i
Note: R, and R, = Ohmtek #283 or equivalent S

Fig. 9. In this supply-current monitor with negative-rail sensing, 1C, senses voltage across
Rsense. Current through Rsense is 1 oap, which equals the total supply current. Resistors R, ;
scale and invert voltage across Rsgnse to produce a positive Voyr.
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Fig. 10. In this
positive-rail
sensing
supply-current
monitor, 1C;
senses voltage
across R SENSE-

Voltage across R,
is forced equal,
and Ry ; scale
output voltage.
The transistor

Vour = Rz x I x Rgense

shifts level and Alternative Try:

produces 2N3906 or similar Ry
ground-referred 2k5
oulput VOUT'

o R¢
|

Vout | To high Z load

below deliver output voltages directly pro-
portional to load current and positive with
respect to supply ground. They are adaptable
for wide operating current ranges.

An easy way to monitor negative rail supply
current with a single supply amplifier is
shown in Fig. 9. Here IC) is a section of an
OP295 arranged to sense voltage drop across
Rsgnsk in the negative supply lead. Current
through Rggnsk is /1. — the total supply current.
Resistors R;; scale and invert the voltage
across Rsensg, producing a positive output,
Vour-

Because of the ability of IC, to sense inputs
close to its negative supply rail and a rail-rail
output capability, the circuit responds linearly
to small currents down to a Vpyr level of a
few millivolts. Current-to-voltage conversion
scaling is set by the choice of resistor Rgensg
plus the Ry/R; ratio, producing 10mV/mA or
1V=100mA output scale factor as shown here.

Resistor Rgensk 1S adjusted proportionally
for other scale factors, such as 0.1Q for
ImV/mA, 0.01Q for 0.ImV/mA, etc. Full
scale will be essentially dictated by the supply
voltage. For example the 6V supply shown
allows currents to be monitored up to 600mA.
Resistors R ; should be ratio matched for low-
est gain error, and stable types should be used
for both these and RggnsE-

For highest performance, some other factors
should be considered. For low power losses
and sense errors, drop across Rsensg should be

+5V

1

100mV or less. As shown, the relatively low
160p A/channel OP295 supply current is part
of I, but it can be alternately bypassed around
Rsensk if needed. A Shottky diode clamp is
suggested for IC, if input transients can take
the summing point 0.3V or more below
ground.

The circuit of Fig. 10 allows positive rail
sensing, by placing the Rggnsg resistor in
series with the positive rail to be monitored,
such as +5V, etc. This requires an op-amp
which can operate with common-mode inputs
near the positive rail, such as the OP284
shown for IC;.

This circuit uses the op-amp plus a high cur-
rent gain transistor such as 77| to sense the
drop across Rgensg, Which the loop duplicates
as an equal drop across R;. With the connec-
tion of a high gain Tr, as a follower, the drain
current is then equal to the current in R;.
Output, Vour, is then proportional to /1, and
referred to the common end of Ry, or ground.

Interestingly, the overall expression for
Vour follows the same form as that of Fig. 9.
In this case, with 0.1Q for Rsgnsg and R 5 as
shown, the sensitivity is set up as 2.5V/A.

Caveats similar to those of Fig. 9 apply to
selecting Rsgnsg for a full scale drop of less
than 0.1V, and the general precision of R; ».
The op-amp should also have a low offset
voltages, which is true in the case of the
OP284. Additional caveats apply to the gain
of Try, which ideally should be a mosfet such

IC,a, IC,b = ADB22

as the low threshold device listed.

Since the effective B of an fet is near infi-
nite, the entire current passing through R, also
passes through Rj, and develops an accurate
output. Note that since this is a current output,
R; can be returned to a remote load for best
accuracy.

At the expense of accuracy, the circuit can
be simplified by substituting a high-gain PNP
transistor such as the 2N3906 for Tr,. Note
that since the output of this circuit is
unbuffered, any shunt resistance across R, will
change the overall scale factor. Therefore
Vour should drive a high impedance input
such as a buffer stage, or a non-loading a-to-d
converter input.

A composite instrumentation-amp
As noted earlier, high performance linear cir-
cuits operating from 5V and lower supplies
are common in many modern designs. While
there are many precision rail-to-rail op amps,
plus some good single-rail compatible in-amps
such as the AMPO4 (above), it is generally true
that achieving the very highest levels of per-
formance today requires the use of devices
expressly designed for conventional dual-sup-
ply operation.

It may seem a contradiction in terms to
make such a statement, however, as will seen,
clever interfacing allows such a precision dual
supply device to provide accurate, high
dynamic range outputs while operating on a
single 5V supply.*-

A technique allowing high precision with
single-rail operation takes advantage of the
fact that popular transducers such as strain
gauge bridges provide an output signal which
is naturally centred around the mid-point of
the excitation voltage. When the supply rail is
used as excitation for these bridge type cir-
cuits, the inputs of the signal conditioning in-
amp then see a common-mode voltage equal
to half the rail voltage.

For single 5V rail operation, this implies a
common-mode level of 2.5V, which the
amplifier sees as equal to a common-mode
voltage of zero when operated on 2.5V sup-
plies. What is needed to implement this type
of system is an in-amp ‘front end’ which has
very high precision on a 5V supply, plus an

Fig. 11. Precision
instrumentation amplifier
capable of operating

from a single low-voltage
supply. Rail-to-rail output
is made possible by the
precision instrumentation
amplifier IC; and a
rail-to-rail-performance

buffer, IC 2B-

Vout
} 1omV 10 4.98v
-0
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output buffer stage which can be set up to pro-
vide rail-to-rail output. This greatly enhances
overall dynamic range and dc precision.

Fig. 11 shows such a high performance in-
amp which operates from a single +5V rail,
and senses signals from a bridge. The circuit
uses the AD620 IC in-amp for the input stage,
IC,. It also uses a dual IC for the second stage,
ICy 5 g — sections of an AD822. The ICyp stage
is used for voltage scaling and buffering, pro-
viding a rail-to-rail output swing. The stage
around /C;, is a unity-gain buffer for Vygg,
which drives the reference input of /C, and
also provides an ‘elevated ground’ potential
for circuits following.

Resistors R,, form a voltage divider, nomi-
nally splitting the supply rail to around 2.5V,
with optional adjustment via trimmer P;. This
voltage is applied to the input of /C;4, using
the fet input AD822, thus providing buffering
and a low-impedance source for the AD620’s
output reference port at pin 5. Note that a low
source resistance here is critical to maintain
high common-mode rejection, so this buffer
stage is important.

The other half of /C; is connected as a fixed
inverting gain stage which scales the signal by
a factor of three. This guarantees that a 5V
pk-pk or ‘rail-to-rail’ output from the /Cyp
stage will only need a 1.67V pk-pk drive
from I/C). This output swing is well within the
ADG620’s capability, which in tum ensures
highly linear operation from the /C stage.

As is noted in the diagram, Voyr is refer-
enced to Vrg, as opposed to power ground.

The active Vg1 range of 0.01-4.98V on a 5V
supply essentially means the circuit processes
outputs of up to £2.5V linearly with respect to
the +2.5V elevated ground. Over an operating
gain range of 10-1000 and the rail-rail signal
swing noted, the linearity of this composite in-
amp is better than 0.005%.

Gain G of the composite amplifier is the
product of the IC1 and IC2B stage gains, or
simply,

ik [49.4/@ E IH Re }

Roam R,

In this expression the 49.4kQ value is an
internal resistance of the AD620. Resistors Rg
and R are the resistances around the /C,g gain
stage, and RN iS the user selected gain set
resistor connected between pins 1-8 of IC,.
With a fixed gain of 3 in stage /Cyp, it turns
out that standard 1% values for Rgapy allow
convenient overall gains, such as 21.5kQ =
G=10, 1.53kQ = G=100, etc.

In this +5V powered application, the total
input common-mode voltage applied to the
inputs of the AD620 can be in the range of
+2.1V to +3.7V for full rated performance.
Operating this circuit then at an overal}l gain of
10, the common-mode input voltage span is
such that the inputs can readily accommodate
the required 0.5Vpk-pk signal centred about a
nominal 2.5V level.

The inverting configuration was chosen for

the output buffer to facilitate system output
offset voltage adjustment by summing cur-

ANALOGUE DESIGN

rents into the buffer’s feedback summing
node. These offset currents can be provided by
an external d-to-a converter, or from a resistor
connected to a reference voltage.

The AD822 rail-to-rail output stage exhibits
a very clean transient response, not shown,
and a small-signal bandwidth over 100kHz for
gain configurations up to 300.

To reduce noise effects, an optional capaci-
tor C is recommended in this /Cyg stage. This
forms a simple low pass filter in conjunction
with Rg, with the values shown placing the
corner frequency at 10Hz. Also, to help min-
imise the effects of high frequency input-stage
rectification, additional common-mode filter-
ing can be used prior to the /C; inputs. [ |
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THE COMPLETE

EMC EMISSIONS
TEST KIT

All you need for effective pre-qualification

EMC testing

The EMC regulations will be in force by the end of 1995!

Pre-qualification testing has been acknowledged os o sensible and effective strategy
for reducing fimescales and costs involved with complionce.

The RF-Kxx range of test kits provides all you need to test for cll RF emissions,
conducted ond radioted, over the range 10KHz to S00MHz.

Speific features include:
* Complionce to relevant CISPR specifications

o PCinterfoce and software
o Precise frequency analysis
* Comparison ogoinst limits aql

All kits include:
* Powerful RF Spectrum Analyser
* Broodband pre-omplifier
® Near field probe set (E&H)
© For field antenna ond stand

>

L\ /T

® All necessary cables
® Definitive text book — EM( for Designers

Options:

o LIS for mains conducted meosurement
o Serial link ond software for P(

The complete kit for:
o (hecking existing products
© Refining circuit and screening design
® Location of hot spots and leaks
o Monitoring of problem frequencies
© Pass the formal test first fime round
© Documenting results for Technical files
® Monitoring production performance

Prices for complete kits start from under £2q00 _
RING FOR COMPLETE DETAILS LAPLACE INSTRUMENTS LTD  TEL: 01692 500777 FAX: 01692 406177
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PC ENGINEERING

Plugging into a pc¢
printer port, these
two a-to-d converter
interfaces provide a
simple and
economical way of
providing virtual
instrumentation and
data logging.

irtual instruments — computer based
Vtest instruments — comprise two main

components. One is-interface hardware
connecting to the computer and the other soft-
ware that simulates the functions of the instru-
ment. By simply changing the software, the
computer can become an oscilloscope, volt-
meter or spectrum analyser.

Consider three different test instruments - a
digital storage scope, spectrum analyser and a
logic analyser. Although they all perform dif-
ferent functions, each of these expensive items
contain much of the same inside — a display,
keypad, processor and power supply.

Rather than buy three separate displays,
three keypads and three power supplies, it
makes sense to use those you already have in
your computer. All the hardware you need to
buy is a data acquisition interface.

With a disk drive to save waveforms and a
printer already connected, virtual instruments
give additional advantages.

The division between data logging and vir-
tual instrumentation is fuzzy. Often the same
hardware can be used for both. The ADC-11
described here was designed primarily for data
logging with PicoLog software, but it can also
be used with PicoScope software to create a
simple oscilloscope. Similarly the ADC-100
was designed as a virtual instrument using
PicoScope, but‘m also be used as a data log-
ger with PicolLog.

Pico data converters

Most data acquisition devices are plug in
cards. Pico devices differ in that they plug
directly into either the serial or parallel port,
depending on the model, and require no power
supply. This means that they can be installed
in seconds and are ideal for use with portable
personal computers.

Available software includes PicoScope for
use as a Virtual Instrument and PicoLog for
datalogging. For users wanting to write their
own software, C, Pascal, Visual Basic and
Windows DLL drivers are supplied as stan-
dard.

Data logging with the ADC-11

The ADC-11 provides eleven channels of ana-
logue input in a case slightly larger than a
matchbox. Each channel accepts inputs in the
range 0 to 2.5V and provides a resolution of 1
part in 1023, i.e. 10bits.

Basic accuracy of the device is 1% and it
can take up to 15,000 samples a second. A
digital output is also available for
control/alarm functions, which can alterna-
tively provide power for sensors such as ther-
mistors.

The ADC-100 virtual Instrument

The ADC-100 has been described as ‘a com-
plete electronics lab in your pc’. With the sup-
plied PicoScope software, you can use your pc
to emulate the following instruments:

@ dual-channel storage oscilloscope,
100ps/div to Ss/div

@ XY mode oscilloscope

@ spectrum analyser, 0-50kHz

@ voltmeter, ac/dc or dB

@ frequency meter, 0-30kHz.

Plugging directly into a pc parallel port, the
ADC-100 offers both a high sampling rate of
100kHz and a high resolution of 12bits. Nine
input ranges, providing £50mV to +20V full
scale, enable the unit to be directly connected
to a wide range of signals.

As well as its use as a general purpose lab-
oratory instrument, the ADC-100 has proved

Add senses to

Software for creating a
spectrum analyser is
primarily designed for use
with the faster ADC-100,
but it can also be applied
with the ADC-11 to form a
simple oscilloscope,
frequency counter,
voltmeter and spectrum
analyser.

popular in many diverse fields. For example
they are used in garages for tracing faults in
modern car electronics, ie ignition, fuel injec-
tor and ABS circuits. In addition, they prove
invaluable to audio engineers as the spectrum
analyser covers the whole audible range.
Spectrum-analyser capabilities of the
ADC-100 a-to-d converter together with the
Picoscope software are illustrated above. This
same software also turns the pc into a dual-
channel or XY-mode oscilloscope, voltmeter
or frequency counter. The spectrum analyser
display shows harmonics of a square wave.

Battery discharge

An example of simply measuring a
voltage is plotting the discharge curve of
one or more batteries. This is often used
as a test to see if rechargeable batteries
are coming to the end of their useful life,
or to compare the capacity of two
different types.

For this example two different types of
6V mobile phone batteries were fully
charged, then discharged, while being
monitored by the ADC-11. PicoLog
software was used to show a real time
graph of the discharge.

The attenuator needed is shown,
together with a graph of the results.
Resistor R is used as a load resistor to
discharge the battery while R, 3 form a
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your PC

Monitoring temperature

Temperature is the most commonly measured ‘real
world’ signal in data logging. The ADC-11 works well
with either thermistors or semiconductor sensors. For a
thermistor, only a simple potential divider circuit is need-

ed. LM35
A common semiconductor temperature sensor is

ADC-11 Dout

+Vs

National Semiconductors LM35, which gives an output o/p gl
of 10mV/°C. As its power requirements are fow, it can be Gnd

powered using the ADC-11’s digital output. With an I

ADC-11, you can measure temperatures in the range 2°C

to 110°C with an accuracy of better than 1°C. ADC-11 Gnd

An optional terminal board for the ADC-/1 has space
for an LM35 to allow
quick and easy connec-
tion. Once connection is
made, the PicoLog soft-
ware can display and
record the temperature.
The circuit for connect-
ing the LM35 to the
ADC-11 is shown,

Body Temperatures

Monitoring body
temperature on the pc
is simply a matter of
plugging the a-to-d
converter into the
printer port and wiring
in a sensor.

sdog’ <t

B G NPLCINATLANIANIKEZADAT | colleatod 1M o Guadnadd

T T
' ne CSocou

simple potentiai divider
to increase the ADC-11
input range from 2.5V to
8V. The plot shows that
the nickel-metal-hydride
battery, although much
smaller than the nickel-
cadmium battery, has
virtually the same

o
Battery Discharge

PC ENGINEERING

Current loop sensing

Most industrial sensors have current-loop
outputs. Normally these are 4-20mA
loops. A value of 4mA corresponds to a
zero signal and 20mA corresponds to full
scale.

Currents below 4mA or above 20mA
signal error conditions, such as a failed
sensor or broken wire. Picolog’s alarm
functions can be used to give warning of
these. Current loops are used rather than
voltage signals as they are less subject to
electrical noise and unaffected by cable
length.

The easiest way to monitor a current is
to measure the voltage developed across a
resistor inserted into the circuit. Here, a
120Q resistor allows currents just over
20mA to be monitored. Remember that
the ADC-11’s OV is effectively mains
earth, assuming a mains powered pc. As a
result, check with the sensor manufactur-
er whether it is permissable to ground part
of the current loop.

In 4-20mA loop systems, apearance of
currents below 4 or above 20mA signal
an error condition. Via one resistor,
Pico allows 4-20mA monitoring on the
pc, together with an alarm trigger when
currents above 20mA are detected.

4-20mA ADC-11
loop channel
120 ]
4-20mA ADC-11
loop ov
®

Detecting light levels

Light levels can be measured simply by
connecting an ORPI2 or similar light-
dependent resistor. In bright light, this
device has a resistance of a few hundred
ohms, so the voltage fed into the ADC-11
is very low. In total darkness the resistance
rises to several megaohms causing voltage
to rise.

. 5V An ORP12 or
capacity. . similar
connected to the
M pc via the a-to-d
interface allows
) a wide spread of
ADC light level to
) ¥ monitored at
L1000 ALL AT Bl ) ERY 1 / IOW COSt.
ADC-11
e i ¢ YV ™ channel Monitoring battery charge or
- discharge is simply a matter of Gnd
51, 2w 10k, 1% connecting the battery terminals
to the a-to-d converter via a
Battery — - Q\?C" L suitable potential divider.
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PC ENGINEERING

Converting humidity
to frequency

Two types of humidity sensor are available —
resistive and capacitive. Resistive sensors are
easier to use but tend to be less accurate.

The interface shown is based on a Phillips
capacitive sensor, part no 2322 691 90001. If
a c-mos 555 timer is used, the circuit can be
powered from the ADC-I/1 digital output.
Alternatively, an external 5V supply is
required.

PicoLog software supplied with the ADC-11
has the ability to record the frequency of the
input signal. This is useful for sensors that
generate pulse outputs such as flow sensors or
for car engine rev/min measurement.

The humidity sensor is used as the timing
capacitor in a standard 555 circuit. Output is a
square wave whose frequency is related to
humidity. Response of the humidity sensor is
non linear, so a lookup table is required to
convert frequency to a humidity proportion-
mally.

The photograph on the right shows a plot
from PicoLog displaying humidity, tempera-
ture and light levels from the described cir-
cuits. =

Capacitive humidity
5V or sensors are more difficult
ADC-11 Dout to use that resistive ones,
l4 8 §1 M ?1 ok but, they are also more
R +V accurate. This one changes
3 TR o output frequency of the
7 astable timer for
555 DIS 100k subsequent detection on
> 6 the pc via the ADC-11.
—={CV  THR 2M ADC-11
r Gnd channel
100k
-rC1 ADC-11
ov

N
Environnent

Bringing together three of
the sensors described here
produces a versatile but
low-cost data-logging
system.

an 600 1000
T oma (Mot

Huun D3 ADAZ N LU 6L ol Lected 17:4% oo td.d

the ADC-11 as standard.

The Pico Technology ADC-11 and ADC-100 are
versatile a-to-d converters for the PC - outlined in this
issue. These printer-port plug-ins are supplied
complete with software and have a normal list price
of £95 and £219 respectively, exclusive of VAT and
postage. While stocks last, EW+WW readers can
obtain the ADC-11 for only £66.50, and the ADC-100
for £153.30, excluding VAT and postage.

ADC-11 has eleven analogue input channels
and takes up to 15000 samples a second. It plugs
directly into the pc printer port. This 10bit converter
takes inputs in the range 0 to 2.5V and has a digital

alarm output. Data-logging software is supplied with

Order form

Please Send me:

__ADC-11@£66.50 £

__ADC-100 @£153.30 £

Postage and packing

(UK) £2.00

(overseas) £5.50 I
VAT(17.5%if applicable) £ I
Total £

Please make cheques/POs payable to Reed Business Publishing Group
and send to EW+ WW, Quadrant House, The Quadrant, Sutton, ’
Surrey SM2 5AS. Credit card orders, including address, card type,
number and expiry date can be faxed on 0181-652 8956, or e-mailed

via jackie.lowe@rbp.co.uk

ADC-100 is a high-performance
100kHz sampling a-to-d converter that
plugs into the pc printer port via its
supplied lead. Resolution is 12 bits and
nine input ranges cover 50mV to 20V
full-scale. Each unit is shipped complete
with virtual instrument software for
turning your pc into a spectrum analyser,
frequency counter, dvm or storage oscilloscope.
Data-logging software is also included. '
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Surplus always
wanted for cash!

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

LOW COST PC's - ALL ANDABLE - ALL PC COMPATIBLE

SPECIAL BUY

AT 286

40Mb HD + 3Mb Ram

LIMITED QUANTITY only of these 12Mhz Hl GRADE 286 systems
Made in the USA to an industrial specification, the system was
designed for total reliability. The compact case houses the mother-
board, PSU and EGA video card with single 5%" 1.2 Mb floppy disk
drive & integral 40Mb hard disk drive to the front. Real time clock
with battery backup is provided as standard. Supplied In good used
condition complete with enhanced keyboard, 640k + 2Mb RAM,
DOS 4.01 and 90 DAY Full Guarantee Rsady to Run ! l

PC SCOOP

COMPLETE
COLOUR SYSTEM

ONLY £79.00

A massive bulk purchase enables us to bring you a COMPLETE
read to run colour PC s;stem at an unheard of pricel
isplay Electronics PC zstem comprises of full com-
patible and expandable XT PC with 256k of RAM, 5%" k flop-
gy disk drive, 12" CGA colour monitor, standard 84 key key-
oard, MS DOS and all connecting cables - just plug in and go
1t Ideal students, schools or anybody wnshlng to learn the world of
PC's on an ultra fow budget. Don't miss this opportunity.
Good used condition - Fully guaranteed for 30 Days.

SRR

urplus always
wanted for cash!

19" RACK CABINETS
uperb quality 6 foot 40U
Virtually New, Ultra Smart

Less than Half Price!
Top qualité 19" rack cabinets made in UK by
Optima Enciosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered removable side panels. Fully
adjustable internal fixing struts, ready punched
for any configuration of equipment mounting
plus ready mounted Integral 12 way 13 amp
socket switched mains distribution strip make
these racks some of the most versatile we
have ever sold. Racks may be stacked side by side and therefore

require’dnly two side panels to stand slngly or in multiple bays.

Overall dimensions are: 77%" H x 32%" D x 22" W. Order as:
OPT Rack 1 Complete with removable side panels. £335.00 (G)

Order as HIGRADE 286

oc«L FOR OTY |scou N"’E) rder as PC99COL £79.00 (E)
Optional Fitted extras: VGA graphics card £29.00 | |Optional Fitted extras: 640k RAM £29.00
1.4Mb 3%." floppy disk drive (instead of 1.2 Mb) £24.95 | |2nd floppy drive, specify 5%" 360k or 3%" 720k £29.95
NE2000 Ethernet (thick, thin or twisted) network card £48.00 Above prices for PC89 offer ONLY.

FLOPPY DISK DRIVES 3%"- 8"
5%" from £22.95 - 312" from £24.95

Massive purchases of standard 5%" and 312" drives enables us to
present prime product at industry bealin? low prices! All units {unless
stated) are BRAND NEW or removed from often brand new equip-
ment and are fully tested, aligned and shipped to you with a 90 day
guarantee and operate from standard voltages and are of standard
size. All are IBM-PC compatible (if 3%" supported on your PC).

3%" Panasonlc JU363/4 720K or equivalent £24.95(B
3%" Mitsubishi MF355C-L. 1.4 Meg. Laptops only * £36.95(B
3%" Mitsublsht MF355C-D. 1.4 Mag. Non laptop £29.95(B

5'%" Teac FD-55GFR 1.2 Me: £29.95(B

eg
§%" BRAND NEW Mitsubishi MF501B 360K £22.95(B

* Data cable included in price.

Shugart 800/801 8" SS refurbished & tested £185.00(E'
Shugart 851 8" double sided refurbished & tested £250.00(E
Mitsubishi M2894-63 8" double sided NEW £275.00(E
Mitsubishl M2896-63-02U 8" DS slimline NEW £285.00(E

Dual 8" drives with 2 mbyte capacity housed in a smart case with
built in power supply. ideai as exterior drives| £499.00(F)

HARD DISK DRIV

End of line purchase scoopl Brand new NEC D2246 8" 85 Mbyte
of hard disk storage! Full Industry standard SMD Interface. Ultra
hi speed data transfer and access time, replaces Fujitsu equivalent
model. complete with manual. Only 299.00(E)
3%* FUJI FK-309-26 20mb MFM I/F RFE £59.95(C
3%" CONNER CP3024 20 mb IDE I/F (or equiv )RFE £69.95(C
3%" CONNER CP3044 40mb IDE I/F }or equiv.)RFE £89.00$C

3%" RODIME RO3057S 45mb SCSI I/F (Mac & Acorn})  £99.00(C
5%" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RF| £49.95(C
5%" SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95(C
5%" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95(C
8 FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00(E
Hard disc controllers for MFM , IDE, SCSI, RLL etc. from £16.95

THE AMAZING TELEB

Converts your colour monitor into a QUALITY COLOUR TV

TV SOUND
& VIDEO
TUNER!

The TELEBOX consists of an attractive fully cased mains powered
unit, containing all electronlcs ready to plug into a host of video monk
tors made by makers such as MICROVITEC, ATARI, SANYO,
SONY, COMMODORE, PHILIPS, TATUNG, AMSTRAD etc. The
composite video output will also plug directly into most video
recorders, allowing reception of TV channels not normally receivable
on most televislon receivers® (TELEBOX MB). Push button controls
on the front pansl allow reception of 8 fully tuneable 'off air UHF
colour television channsls. TELEBOX MB covers virtually al! televi-
sion frequencles VHF and UHF inciuding the HYPERBAND as
used by most cable TV operators. A composite video output is
located on the rear panel for direct connection to most makes of
monitor or deskiop computer video systems. For complete compath
bility - even for monitors without sound - an integral 4 watt audio

amplitier and low level Hi Fi audio output are provided as standard.

TELEBOX ST for composite video input type monitors £34.95
TELEBOX STL as ST but with mlegral speaker £37.50
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6 mhz sound specification.
*For cable / hyperband reception Telebox MB should be connected

to a cable type service. Shipping code on all Teleboxes is (B}
FANS & BLOWERS

MITSUBISHI MMF-D6D12DL 60x60x25 mm 12v DC £4.95 10/ €42
MITSUBISHI MMF-09B12DH 92x92x25 mm 12v DC £5.95 10/ £53
PANCAKE 12-3.5 92x92x18 mm 12v DC £7.95 10/ £69
EX-EQUIP 120 x 38mm AC fans - tested specify 110 or 240 v £6.95
EX-EQUIP 80 x 38mm AC fans - tested specify 1100r240v £5.95
VERO rack mount 1U x 19° fan tra ay specify 110 or 240v £45.95 (B)
IMHOF B26 1900 rack mnt 3U x 19" Blower 110/240v NEW £79.95
Shipping on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK

5,000,000 items EX STOCK

For MAJOR SAVINGS - Send SAE or CALL FOR LATEST LIST

Issue 13 of Display News now

sese
LYY

South

Open Mon - Sat 9:00 - 5:30
215 Whitehorse Lane
Norwood
On 68A Bus Route
Nr.Thornton Heath &
Selhurst Park SR Rail Stations

VIDEO MONITOR SPECIALS

One of the highest specification

* monitors you will ever see - *

At this price - Don’t miss it!!

Mitsubishi FA3415ETKL 14" SVGA Multisync monitor with fine

0.28 dot pitch tube and guaranteed resofution of 1024 x 768. A

. variety of Inputs allows connection to a host of

computers including IBM PC's in CGA, EGA, VGA &

SVGA modes, BBC, COMMODORE (including

Amiga 1200), ARCHIMEDES and APPLE. Mavw

ed faceplate, text switching and LO
S EXCEITEAEI‘IAHISNSZ:R specffication. Full 90 day warranty.
upplied n ittle Lt condition. .

Order as Ms-svaa  ONly £139g

Tilt & Swivel Base £8.00 Leads for IBM PC £8.95 (A}
External Cables for other computers £ CALL

PHILIPS HCS35 (same stxle as CM8833) attractively styled 14"
colour monitor witl GB 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 monitoring / security applications with direct connection to
most colour cameras. High quality with many features such as
front concealed flap controls, VCR correction button etc. Good
used condition - fli"y tested_ with a ?O day guarantee

Dimensions: W14" x H12%" x 15%" D. on|y £99 ®

OPT Rack 2 Rack, Less side panels £225.00 (G)

| 32U - High Quality - All steel RakCab |

Made by Eurocraft Enclosures Ltd to the highest possible spec,
rack features all steel construction with removable
side, front and back doors. Front and back doors are
hlnged for easy access and all are lockable with /
five secure 5 lever barrel locks. The front door ks
is constructed-of double walled steel with a it
‘desligner style’ smoked acrylic front panel to H
enable status indlcators to be seen through the s
Panel yet remain unobtrusive. Internally the rack &
eatures full slotted reinforced vertical fixing mem-
bers to take the heaviest of 19” rack equip-
ment. The two movable vertical fixing struts [
(extras ava:lable) are unched for standard
‘cage nuts’. A mains d strl ution pane! internal- §
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched
utility socket. Overall ventllation is provided by 2
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 Iinclude: 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 Roya! blue. External dimensions
mm=1625H x 635D x 603 W. { 64" H x 25" D x 23%" W)

Sold at LESS than a third of makers price !!

A superb buy at only £195.00 ©)
Over 1000 racks in all sizes 19" 22" & 24"

Speclal Offer save £16.95 - Order TELEBOX ST &
HCS835 together - giving you a quality colour TV & AV
system for Only £122.50 (E)

3to 44 U. Available from stock !!
Call with your requirements.

KME 10" th definition colour monitors. Nice tight 0.28" dot pitch

v

for superb clarity and modern styling. Operates from
any 15.625 khz sync RGB video source, with RGB
analog and composite sync such as Atari,
Commodore Ami a, Acorn Archimedes & BBC.
Measures only 13%" x 12" x 11", Only £125 (E)
Good used condition. 90 day guarantee.

KME 10" as above for PC &A standard £145.00 (E)

PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composlte 15.625 Khz video input vla SCART socket. Ideal
for all monitoring / securlty applications. High quallty, ex-equipment
fully tested with a 80 day guarantee (possible minor screen burns).
in attractive square black plastic case measuring W10" x H10" x
13%" D. Mains powerad mited Quantity - Only £79.00 (D)

20" 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL ali solid state colour monitors,
complete with composite video & optional sound inputs. Attractive
teak style case. Perfect for Schools, Shops, Disco, Clubs, stc.in
EXCELLENT little used condition with full 90 day guarantee.

20"...£135 22"...£155 26"...£185(F)

DC POWER SUPPLIES

Vlrfually every type of power
ply you can imagine.Over
00 Power Supplles Ex Stock
Call for Info / Iist.

SPECIAL INTEREST

MITS. A FA3445ETKL 14" Industrial spec SVGA monitors
Computar MCA1613APC t6mm auto iris lenses 'C' mount
Seaward PAT 2000 dual voltage computerised PAT tester
INTEL SBC 486/133SE Multibus 486 system. 8Mb Ram £1200
Zeta 3220-05 AO 4 pen HPGL RS232 fast drum plotter £1950
MOTOROLA VME Bus Boards & Components SAE / CALL £POA
Trlo 0-18 vdc linear, metered 30 amp bench PSU. . New £470
Fujitsu M3041 600 LPM band printer £1950
VG Electronics 1035 TELE Decoding Margin Meter £3750
Andrews LARGE 3.1 m Satellite Dish + mount (For Voyager!) £950
KNS EMC / Line interference tester NEW 200
Thurlby LA 160B logic analyser

‘GEC 1.5kw 115v 60hz power source

Brush 2Kw 400 Hz 3 phase frequency converter

Anton Plliar 75 kW 400 Hz 3 phase frequency converter
Newton Derby 70 KW 400 Hz 3 phase frequency converter £POA
COMPONEDEX T1000 Portable TELEX tester NEW £250
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
HP 7580A A1 8 pen HPGL high speed drum plotter £1850
Densel MUD 0185AH 1KVa UPS system with batts NEW £575

available - send lar

£245
£125
£585

TOUCH SCREEN SYSTEM

The ultimate In 'Touch Screen Technology’ made by the experts -
MicroTouch - but sold at a price below cost Il System conslsts of
a flat translucent glass laminated Fanel measuring 29.5 x 23.5 cm
connected to an electronic controlier PCB. The controller produces
a standard serial RS232 or TTL output which continuously gives
simple serial data containing positional X & Y co-ordinates as to
where a finger is touching the panel - as the finger moves, the data
Instantly changes. The X & Y information Is given at an Incredible
matrix resoiution of 1024 x 1024 positions over'the entire screen
slze If A host of avallable transiation software enables direct con-
nection to a PC for a glad of applicatlons including: control pan-
els, pointing devices, POS systems, controllers for the disabled or
computer un- -tralned etc stc. Imagine using your finger with
‘Windows', instead of a mouse !l {a driver is indeed available !) The
appllcatlona for this amazing product are only limited by your
Img ination!! I%‘;c:jmpleleI systergI Inc||1udln Controller, Power Supply
and Data supplied at an incredible price of only:

Full MICROTOUCH Software Support Pack £ 145' 00 (B)
and Manuals for IBM compatible PC's £29.95 RFE - Taated

LOW COST RAM & CPU'S

INTEL 'ABOVE' Memory Expanslon Board. Full length PC-XT
and PC-AT compatlble card with 2 Mbytes of memory on board.
Card is fully selectable for Expanded or Extended (286 processor
Enﬁ abov%) mce’mory. Fulldd%a snd driver dIleks supplied. RFE.

ully tested and guaranteed. Windows compatible.
£59.9511)

Order as: ABOVE CARD
Half length 8 bit memory upgrade cards for PC AT XT expands
memory either 256k or 512k in 64k steps. May also be used to fill
in RAM above 640k DOS limit. Com. 2plete with d
Order as: XT RAM UG. 256k. £32.95 or 51 2k £38.95 (A1)

SIMM
1MB x 9 SIMM 9 chip 120ns

Only £19.50 (A1
1 MBx 9 SIMM 3 chip 80 ns £23.50 or 70ns £26.00 (A1
1 MB x 9 SIMM 9 chip 80 ns £22.50 or 70ns £28.00 (A1
4 MB 70 ns 72 pin SIMM with parity Only £105.00 (A1
SPECIAL OFFER- INTEL 486-DX33 CPU £79.99 (A1)

PHILIPS - LOW COST PRINTERS
A masterpiece of & gmeering, the PHILIPS model 1436 tully

featured MULTIMODE matnx printer packs a host of features into a
unlt weighing just over 4Kg and measuring only 40 x 12 x 28 Cm!
Fully Epson compatibie with adjustable paper tractor which
accepts upto 9.5" sprocket fed paper and adjusts down to handle
the smallest labels. The 9 needle head produces Near Letter Quality
in a host of fonts and type sizes and in draft mode ‘whizzes’ along
at 120 characters per second! Manx‘ other features include most
Europsan character sets, IBM, EPSON, MSX & Prestel emuiations.

Good used condition, IBM Cable £6.95 Only £49.95

e SAE - PACKED with burguinsl

Open Mon-Fri 9.00-5:30 ‘6’5‘
Dept WW. 32 Biggin Way
Upper Norwood
LONDON SE19 3XF

Info on 1

FREE On line Database
COMING SOON 1

ALL @ ENQUIRIES

0181673 4414

FAX 0181 679 1927

DISTEL®

The Original

5,000+ stock itemsl

All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders acoepted from Govemment, Schools,
Universities and Local Authorities - minimum account order £50. Cheques over £100 are subject to 10 working days clearance. Carmiage charges (A=E3.00, (A1)}=£4.00,

ESTABLISHED (B)=€5 50, (C)=£8.50, (D)=£1200 (E)=£15.00, (F)=£18.00, (G)}=CALL Allow approx 6 days for shipping - faster CALL_ Scotland surcharge CALL. All goods supphed to our
25 YEARS tandard Conditions of Sale and unless stated guaranteed for 90 days. K?.Jarante%onaretumtot.waset.vass Alngatsr%ewedlo prices / specifications without prior
not:oe Orders subject to stock. Discounts for volume. Top CASH pnces paid for surpius goods. Alltrademarks efc acknowledged. © onics 1995. E&AOE. 65
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APPLICATIONS

Please mention Electronics World + Wireless World when seeking further information

Converting at video-speed without s&h circuitry

his high speed a-to-d flash converter is

based on the VP0I58 from Gec Plessey,
which requires no preceding sample and
hold stage. Operating from a single 5V
supply, the device is capable of digitising
analogue signals with frequencies up to the

Nyquist limit at a conversion rate of 25MHz.

Output data is available in four possible
8-bit formats, selectable via two digital
control inputs, giving either true or inverted
code in binary or offset twos’ complement.

The typical application circuit shown is
designed to accept a 1V pk-pk signal.
Conditioning circuitry level shifts and
multiplies the input signal to provide the
converter’s recommended 2V pk-pk drive

signal, biased at 4.0V for optimum
performance.

The analogue input amplifier, an AD842 or
similar, should be a wideband, high slew
rate op-amp since it drives the A;; inputs
directly. This device provides the necessary
gain, offset and low impedance drive. A
stable voltage level is needed for both input
offset and gain control, in this case provided
by a REF12Z micro-power reference.

The VP1058 requires an external clock
applied to the CONV input to determine the
conversion sampling rate. This input
synchronises the sampling, conversion and
output stages of the devices.

Features of the chip include a 60MHz

—3dB analogue input bandwidth, ttl
compatible, digital i/o, and low power
consumption of typically 670mW.

This application is taken from the digital
video section of GEC Plessey’s new Digital
video & digital signal processing IC
handbook. Further sections in the book
cover dsp building blocks, algorithm-
specific dsp chips and video compression.

GEC Plessey Semiconductors, Unit 1,
Crompton Road, Groundwell Industrial Estate,
Swindon, Wiltshire, SN2 5AF. Tel 01793
518527/518566, fax 01793 518582.
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Requiring no sample and hold stage,
this video a-to-d converter accepts a
composite 1V pk-pk signal.

Conditioning circuitry provides the
recommended 2V pk-pk signal
required to drive the VP0158.
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PLEASE PHONE US FOR TYPE NOT LISTED HERE AS WE ARE |
HOLDING 30,000 ITEMS AND QUOTATIONS ARE GIVEN FOR
_ LARGE QUANTITIES
Please send £1 P&P and VAT at 17.5%. Gowt, Colleges, etc.
K.P. HOUSE, UNIT 15, POP IN COMMERCIAL CENTRE, Orders accepted. Please allow 7 days for delivery. Prices quote_d
SOUTHWAY, WEMBLEY, MIDDLESEX, ENGLAND HA9 OHB are subject to stock availability and may be changed without notice.

TV and video parts sold are replacement parts.
Telephone: 0181-900 2329 Fax: 0181-903 6126 Access & Visa Card accepted
OPEN Monday to Saturday.

. WE STOCK TV AND VIDEO SPARES, JAPANESE TRANSISTORS AND
Times: Mon-Fri 9.00-5.30 Sat 9.00-2.00 TDA SERIES. PLEASE RING US FOR FURTHER INFORMATION.

TRANSISTORS

Part Price Price |Part Price [Part Price [Part Price |Part Price |Part Price |Part Price [Part Price
AAY32 9p | BD265 45p | BFY90 45p [ MJ2501 100p |2N2102 50p [7815 25p | TIC236D 85p | AN315 210p |BAG209 85p [LA4110 120p
AC107 40p |BD267 4sp |BLY48 85p | MJ2955 55p | 2N2218A 24p (7818 2p | 12A7/a00v AN316 350p |BAG6304 120p |LA4120 270p
AC125 30p | BD269 45p | BR100 14p | MJ3000 100p |2N2219 24p |7824 25p | TIC246D 105p | AN360 100p |BAG6305 140p |LA4140 60p
AC126 30p |BD278 50p |BR103 37p |MJ3001° 100p |2N2221 23p | 7905 25p | 16A/400V AN362 140p |BA6410 220p {LA4160 100p
AC127 30p |BD311 100p |BR303 85p | MJE29A 30p |2N2222 23p | 7906 30p |TIC253D 190p |AN366 150p |BA6411 250p |LA4182 180p
AC128K 40p [BD314 100p |BSS74 33p | MJE30A 30p |2N2369 15p | 7908 30p |20A/400V AN610 160p | BA6993 150p |LA4190 300p
" AC141K 4s5p | BD315 150p | BSX20 15p | MJE340 25p | 2N2484 15p |7912 30p | TIC263D 205p |AN3312 350p | BA7001 150p |LA4192 140p
AC176 22p |BD317 150p | BT100A 70p | MJE350 80p | 2N2646 40p | 7915 30p | 25A/400V AN3821K  600p |BA7004 200p |LA4200 130p
ACY18 48p |BD331 40p | BT106 180p | MJE520 30p |2N2904 20p |7918 30p AN3822K  600p |BA7007 200p [LA4201 120p
ACY19 48p |BD332 40p | BT109 s0p |MP8112 45p | 2N2908 20p |7924 300 | ywyristors AN3990K  300p |BA7021 180p |LA4260 230p
AD143 60p | BD361 60p |BT119 100p |MPSAQS 15p {2N2906 18p |78L05 24p AN3991K  400p [BA7022 350p |LA4261 300p
AF125 50p |BD362 sop |BT146 99p | MPsA06 15p | 2N2907 18p |78L08 24p | 2N5061 20p [AN5025 250p |BA7751LS  150p |LA4270 300p
AF139 30p |BD370 30p | BTY79 140p |MPSA13 15p | 2N3019 28p |78L12 24p [0.8A/60V AN5033 400p |BA7752 250p |LA4420 140p
AF239 30p {BD371 30p | BUT0S 80p | MPSA20 15p | 2N3053 18p |78L15 24p | TIC116C 59p JAN5132 250p [BA7755 150p |LA4422 130p
BB105B 18p | BD410 50p |BU108 100p | MPSA42 15p | 2N3054 40p |78L18 24p | 8A/300V AN5150 400p |BA7767AS  155p |LA4430 130p
BB205B 24p |BD433 28p | BU109 80p | MPSA43 15p | 2N3055 38p |78L24 24p [TIC116D 70p | AN5151 600p |cA3011 110p |LA4440 150p
BC107 8p |BD434 30p |BUt10 90p | MPSA70 15p | 2N3055H 50p | 79L05 35p | 8A/400V *|ANS215 100p |CA3048 190p |LA4445 150p
BC108 8p |BD435 31p |BUINM 100p | MPSA92 20p | 2N3442 85p |79L08 35p |TiC126D 75p |AN5256 150p |CA3052 190p |LA4460 120p
BC109 8p | BD436 30p |BU124 60p | MPSA93 20p | 2N3702 9p 79112 35p |12a400v AN5262 175p [CA3054 95p {LA4461 120p
BC109C 10p | BD437 28p [BU126 85p | MRS10 35p |2N3703 9p |79L15 35p |TIC126M 90p |AN5265 80p |CA3085 135p [LA4500 200p
BC140 20p | BD438 36p | BU180 100p | MR856 36p |2N3704 9p [LM309K 100p | 12A/600V ANS5352 600p | CA3088E 200p |LA4505 220p
BC142 20p | BD439 40p |BU184 100p |OC28 350p | 2N3705 9p |Lm317T 100p |C106D 28p |ANS411 450p |CA3089E 150p |LA4508 200p
BC143 20p |BD440 40p | BU204 65p | OC29 250p [2N3706 9p |LM323K 350p | 4A/400V AN5421 150p [CA30900  250p [LA4510 100p
BC147 8p | BDag1 40p |BU205 70p [OC35 350p | 2N3707 9p [78H0BKC  800p |BR103 37p |ANS429 420p |CA3130S 100p |LA4520 170p
BC149 8p |BD533 50p [BU206 100p |OC36 250p [2N3710 12p {79H12KC  700p |BR303 85p | ANS512 100p |CA3134E 280p |LA4s50 200p
BC159 8p |BD534 38p | BU208 70p jOCas 50p |2N3711 12p | 79HGKC 800p |BT106 180p | ANS515 160p |CA3140E 38p |LA4555 120p
BC160 30p [BD535 38p | BU208A 75p | 0C200 180p | 2N3771 a5p BT119 100p ] ANS520 550p |CA3160 85p |LA4570 130p
BC171 10p | BDS536 38p {BU20BAT  200p |R2008B 100p |2N3772 90p |1 e, 17088 200p | ANS521 100p | CA3189E 230p |LAS112 200p
BC172 10p | BDS37 40p | BU208D 130p |R20108 100p | 2N3773 100p 17089, 200p |ANS612 200p |CA3193E 230p |LASS23 150p
BC177 14p | BDS38 40p | BU209 90p | 52000A3 175p | 2N3799 18p |3mm 17127 200p | ANE613 200p | CA3260E 170p |LA5527 150p
BC178 14p | BD643 50p | BU225 120p | S2000AF 175p | 2N3819 29p |RED 5p | 15/80H 230p |ANS615 300p |CA3290E 150p |LA5700 300p
BC179 14p | BD64s 50p | BU226 120p | 52085A 175p | 2N3903 11p | YELLOW 8p |15/85R 230p |ANS5620 250p |Cx108 950p |LATO11 220p
BC182 7p | BD647 50p |BU312 90p | S2055AF  200p |2N3906 11p | GREEN 8p |SG264 800p |{ANE622 275p |CX136 600p |LA7033 400p
BC182L 7p | BD649 50p | BU325 55p | 525304 100p §2N4031 25p |5mm SG613 1500p | AN5625 400p |CX139A 750p |LA7042 280p
BC183 7p | BD675 40p | BU326A 75p | S2800M 72p |2N4401 12p |RED 5p ANS5712 180p |CX141 750p |LA7046 300p
BC183L 7p |BD676 40p | BU406 60p | TiP29 15p | 2N4403 12p | YELLOW 80 | cOMPUTER IC ANS5722 140p |CX145 725p |LA7224 150p
BC184 7p | BD677 38p | BU406D 85p | TIP29A 22p | 2N5061 20p | GREEN 8p ®  |aN5730 160p |CX1508 325p |LA7505 250p
BC184L 7p |BD678 40p | BU407 55p | TIP29C 25p | 2NS5088 20p 280ACPU  100p |ANS732 120p |CX175 325p |LA7507 250p
BC212 7p |BD679 40p | BU407D 75p | TIP29E 40p |2N5192 50p | pecrANGULAR | 289ADMA  200p | ANS5753 130p |CX187 825p |LA7520 200p
BC212L 7p [BD680 40p | BU408 60p | TIP30 25p |2N5241 5000 | 'Epg ZBOACTC  140p | ANS763 450p | Cx804A 775p |LA7620 500p
BC213 7p |BD681 45p | BU408D 75p [ TIP30C 25p | 2N5245 45p Z80ASI0-1  210p [ANS5790 240p |CX867 575p |LA7800 90p
BC213L 7p | BD682 45p | BU409 8p | TIP31A 22p | 2N5294 30p |5mm x 2.5mm Z80ASIO-2  210p |ANS791 225p |CX868 525p |LA7801 100p
BC214 7p |BD705 50p | BU426A 70p | TIP3IC 27p | 2N5296 30p |RED 5p | 75107 65p [AN5836 450p | CX877 300p |LA7802 300p
BC214L 7p | BD707 50p [ BUS00 100p | TIP32 24p | 2NB4ag 12p |YELLOW 8p |75110 75p | AN5900 130p [HA1125 120p {LA7806 260p
BC237 7p | BO709 50p | BUSOS 90p_| TIP32A 21p | 2N6107 40p | GREEN 8p [75113 100p |ANG135 120p |HA1197 130p JLA7808 250p
. BC238 7p | BD711 §0p | BUS05D 90p | TIP32C 28p | 2N6292 40p 75122 110p | AN6247 200p |HA1199 130p [LA7820 100p
BC239 7p | BD736 50p | BUSOSDF 90p | TIP33 50p | 2N6385 1200 [ 5pro 75154 100p |AN6270 400p |HA1319 200p |LA7823 200p
BC300 20p | BDB26 50p | BUS06 100p |TIP33C 60p [2N6403 169 | coupLERS 75162 700p | AN6300 600p |HA1338 300p |LA7910 150p
BC301 20p | BD828 50p | BUS06D 70p | TIP34 50p 75182 95p | AN6306 380p |HA1339A  350p |LA7940 200p
BC302 20p | BD839 55p | BUSO6DF  120p | TIP34C 60p | pecriFieR anN37 58p | 75183 95p | AN6320 180p [HA1377 120p |LC7131 260p
BC303 20p | BDB97 50p | BUSO08A 70p | TIP35C 65p | pioDES 4N38 68p [75195 185p | AN6332 320p {HA1388 320p |LC7132 400p
BC304 25p | BD839 50p | BUSOBAF 95p | TIP36C 65p 2114 150p | AN6341 200p {HA1389 210p JLC7137 450p
BC327 7p | BD977 50p | BUSO8D 75p | TIP41A 20p | BY127 80 | sripGe 2532 200p | AN6344 440p |HA1392 120p |LF347 110p
BC328 7p | BDX33 60p | BUSOSDF  115p |TIPa1C 22p | BY133 80 | peCTIFIERS 2716 100p | AN6350 610p |HA1394 170p |LF353

BC337 7p | BDX65S 80p | BUS08V 110p | TIPA2A 20p |BY164 40p 2732 200p | AN6359 500p |HA1397 200p |LF355 60p
BC338 7p |BDW24 55p |BUSOBVF  100p | TiP42C 22p | BY179 35p | woos 16p |2732A 220p | AN6360 320p |HA1398 240p {LF357 70p
BCa41 28p | BDWS3 sop | BUS26 75p | TIPa7 40p | BY184 32p |1A/50v 2764 150p | AN6362 400p |HA11219 280p |LF398 300p
BC446 8p | BDW94 50p | BUS36 100p | TIPas 40p | BY206 11p fWo1 18p |27C64 200p |AN6371 350p |HA11221 180p [LM301 26p
BC477 18p | BDY92 100p | BUS46 125p | TIPSO 60p |BY207 9p | 1A/100v 2128 150p | AN6387 480p |HA11225 130p |LM311 35p
BC516 22p |BF137 35p | BUGOS 120p | TIPS1 80p | BY227 19p |wo2 19p [27256-25  150p | ANG884 200p |HA11235 120p [LM319 165p
BC537 25p | BF167 30p | BU626 120p | TIPS2 80p | BY228 28p | 1A7200v 27512 300p | AN7105 170p |HA11251 190p |LM324 30,
BC546 8p | BF181 18p | BU705 130p | TIPS4 85p | BY298 15p | woa 21p |4116 40p |AN7110 75p |HA11423 140p |LM3352 120p
BC547 8p | BF183 20p |BU706DF  175p |TIP10S 65p | BY299 18p | 1A/d00v 4164-15 80p | AN7114 120p |HA11724 650p JLM339 35p
BC548 8p | BF195 7p | BU706F 150p | TIP106 65p | BY448 20p |Wo6 23p |4164-12 90p |AN7115 110p | HA12002 220p [LM348 5
BC549 8p | BF199 8p | BUBO1 70p | TIP107 65p | BYX10 15p | 1A/600v 41256-15 80p |AN7116 90p |HA12003  250p |LM358 a5p
BC550 8p | BF200 16p | BUBOE 70p |TIP110 40p [BYX55/600  25p |wWo8 28p [ 4125612 100p |ANT120 100p |HA12005 180p [LM380 80p
BC556 8p | BF225 30p | BUBO7 60p | TIP111 40p | BYX70/500 1A/800V 41256-10 110p |AN7130 75p |HA12017 100p |LM381 150p
BCS57 7p | BF240 16p | BU902 110p | TIP112 p | 0A47 10p | BRB1D 33p [41464-1 150p | AN7140 170p |HA13001 110p |LM382 130p
BC558 8p | BF245 25p | BU903 TIP112H 50p | 0A9) 10p |2A/100v 6116 80p |ANT145 195p |HA13002 200p |LM386 60p
BC559 8p | BF254 15p | BUS20, 100p | TIP115 30p | OA202 10p { BR82D 33p |6264-10 210p [AN7146 210p |HA13006 400p |LM387 100p
BC560 8p | BF255 12p | BU922 110p | TIP116 30p [IN40O1 3p {2A200v 62256-12  300p |AN7154 180p |HA13007 400p |LM393 4s5p
BC637 20p | BF256 18p | BU930 130p | TIP117 30p | IN4002 3p | BR8AD 37p {65024 360p | AN7156 240p [HA13108 350p |LM431 50p
BC639 20p | BF257 18p | BU2508A 130p | TIP120 37p [IN4003 3p | 2A/400V 65C02 930p | AN7168 200p |HA13412 600p |LM710 45p
' BC640 20p | BF259 18p | BU250BAF  130p | TIP121 35p | IN40O4 3p | BR8ED 43p | 6522 280p | AN7178 180p |HA13432 400p |LM723 4
BCY33 200p 4 BF262 25p |BU2508D  130p | TIP122 30p | IN4005 3p |2A/600v 6800 210p | AN7222 75p |HA17524  250p |LM741DIL 18p
BCY34 200p | BF270 18p | BU2508DF  150p | TIP125 30p |IN400S 3p | BR8SD 43p | 6802 220p | AN7254 150p |ICL7106 650p [LM741MET  d5p
BCY70 16p | BF273 15p | BU2520AF  225p | TIP126 a0p | IN4007 4p | 2A/800v 680 500p | AN7256 250p |ICL7660 240p JLM747 5!
BCY71 16p ]'BF311 21p | BU2520DF  225p | TIP127 35p |IN4148 2p | BR32 43p | 36808 500p |AN7310 60p | KA2102 150p fLM1889 300p
BCY72 16p | BF336 20p [BU2525AF  325p | TIP130 30p | INS400 9p | 2a/200v 6809 500p |AN7311 90p |KA2130 150p [LM189aN  200p
BD115 0p [ BF337 20p 515 200p | TIP131 30p | IN5401 8p | BR34 43p | 6810 150p | AN7410 150p | KA2206 150p fLM3900 40p
BD124P 50p | BF338 20p |BUT11AF 55p | TIP132 30p | IN5402 8p | 2a/a00v 6818 380p |AY3-1015  290p |KA2209 125p | LM3909 100p
BD131 5p | BF362 30p |BUT12 0p | TIP141 65p | IN5403 8p |BR a4p 6821 130p jAY3.1270  800p |KA2210 230p |LM3914 160p
BD132 25p | BF367 13p | BUTS6A 5p | TIP142 75p [ IN5404 8p |2A/600v 6840 290p {AY3-1350  450p |KA2212 8op |LM3915 160p
BD133 p | BF371 17p | BU1B 80p | TIP145 50p | IN5405 11p | BR62 8op | 6845 200p |AY38910  360p |KA2213 130p |LM3916 270p
BD135 20p | BF421 18p | BU1BAF 80p | TIP146 70p | IN5406 12p |6A/200v p |AY3-8912  400p |KA2214 150p 200p
BD136 20p | BF422 21p | BUX10 150p | TIP147 80p | INS407 12p |BRé4 72p |8085A 300p |BA301 55p | KA2261 100p |M491BB1  500p
BD137 20p | BF423 25p { BUX11 200p | TIP150 90p | (N5408 12p |6A/400v 8086 500p | BA311 p |Kka2263 100p [ M494B1 00p
BD138 20p | BF4s55 12p | BUX12 150p | TIP151 60p [RGP15 25p | BR251 150p {8088 430p |BA313 60p | KA2264 100p |M50115P  320p
BD139 20p | BF458 19p | BUX20 350p | TIP2955 42p | RGP30 16p | 25A/100V 8156 300p [BA333 80p | KA2284 100p : [M50117P  500p
BD140 20p | BF462 50p | BUX21 450p [ TIP30S5 42p | SKE4F2/06  60p | BR252 165p | 8223 240p | BA401 60p | KA2401 150p 1MEQ119P  525p
BD144 90p | BF471 28p | BUX22 450p | TIPL760 100p | SKE4F2/08  80p |25A/200v 8226 240p | BAd02 50p |KA2412 350p |Ms50784 300p
BD157 38p | BF472 28p | BUX37 220p |TIPL763A  200p | SKE4F2/10  100p | BR254 185p | 8250 750p |BAS511 145p | KA2912 125p | M50786 500p
BD166 30p [ BF479 30p | BUX40 210p | TIPL791A 80p | SR2M 60p | 25A/400V 8261 200p | BAS14 160p |KA2914A  300p [M50790 600p
BD175 30p | BF494 16p | BUX41 200p | TIS61 15p BR256 200p | 8253 160p | BAS16 150p |LA1130 240p | M51161 300p
BD177 30p | BF495 16p | BUX42 200p | TIS90 0 [, o sockeTs 25A/600V 8257 220p | BAS21 100p |LA1150 150p [M51381P  200p
BD179 32p | BF595 16p | BUX47A 220p | TIS93 20p | - BR258 240p | 8271 3400p | BAS24 240p |LA1185 150p {M51387P  800p
BD181 45p | BF596 16p | BUXa8A 150p | zTX107 1p |8 PIN sp | 25A/800v 8279 270p | BA526 180p |LA1201 75p | M51544 150p
BD182 60p | BF615 30p | BUX80 180p |ZTX108 1p | 14PIN 6p | BR3s1 185p | 8283 400p | BAS27 95p {LA1210 140p | M51848 150p
BD184 60p | BF617 30p [BUXB4 50p | ZTX109 12p | 16PIN . 7p | 3sVIt00v 8284 440p | BAB32 100p [LA1222 80p |msa523p  200p
BD187 30p | BF760 40p | BUX85 50p |ZTX212 20p | 18PIN 10p |BR352 200p |8287 260p |BAS34 220p |LA1230 130p |M54563P  200p
BD201 33p | BF763 40p | BUX86 30p | 2TX300 10p | 20PIN 12p |3svi200v 8288 650p | BAS36 150p |LA1364 200p | M58484 500p
BD202 38p | BF870 22p | BUX8? 50p | ZTX301 16p | 22pPIN 13p | BR354 220p {8748 700p | BAS4S 160p | LA1365 120p |M51516 260p
BD203 a2p | BFB71 22p | BUX98A 350p { ZTX302 10p }24PIN 14p | asvioov 8755 800p |BA612 120p |LA1368 220p |M51518 200p
BD204 42p | BF960 38p | BUY69A 200p | ZTX303 20p | 28PIN 16p | BR356 230p {8T26 95p | BA656 110p |LA1385 170p |MB3712 140p
BD222 31p | BF961 35p { BUY71 250p | ZTX304 10p | 40PIN 18p { 35V/600V 8T28 110p | BA658 350p |LA2000 150p [ MB3713 130p
BD225 31p | BF964 38p [ BUZT1 200p | ZTX320 20p BR358 260p BA684 400p |LA2101 270p |MB3714 270p
BD232 31p }BFR90 85p | BUZ1 75p ZTX50; e | 2enens 35V/B0OV LINEARIC BA685 400p | LA2200 190p |MB3715 250p
BD233 30p | BFR91 99p | BUZ80 200p %?,8 }gP BY164 U BA1310 160p | LA3160 120p [MB3722 280p
BD234 32p | BFT43 30p | BY448 20p Zszog 320 | 400 mWatta 15A/100v  40p | AN203 210p | BA1320 75p |LA3210 65p | MB3730 160p
BD235 28p | BFX29 20p | BYT11 25p | SnEoe 2P | 2vato3av 5p | BY176 | AN210 165p | BA1330 120p | LA3300 140p | MB3731 220p
BD236 30p | BFX84 20p | C106D 28p | SNga7 520 [ 1.3 Watts 1.5A/800v  40p |AN214Q 170p | BA1360 160p |LA3301 110p |MB3756 160p
BD237 21p | BFX85 20p | IRF630 150p | 5Neas “,; 2V7 1039V 9p AN228 280p | BA4403 220p | LA3361 100p | MB3759 200p
BD238 24p | BFX87 15p | J174 38p | on78 22p TRIACS AN252 150p | BAS101 350p |LA3375 300p | MB8719 360p
BD239 30p | BFxes 15p | J300 50p |2n914 28p | voLTAGE AN259 250p | BA5102 140p | LA4030 180p | MC1455 45p
BD240 40p | BFX89 60p | MJ900 200p | 2N930 18p | REGULATORS TIC206D 60p [AN262 140p | BAS204 200p | LA4031 140p | MC1496 85p
BD241A 40p | BEYS0 14p | MJ1000 200p | 2N1131 28p 4AJ400V AN271 230p | BAS402 180p [LA4032 140p [ MC3401 45p
BD243A 50p | BFY51 14p | MJ1001 200p |2N1132 28p | 7805 25p | TIC225D 69p | AN274 250p | BA5406 180p | LA4051 160p | NES555 20p
BD244 50p | BFY52 14p | MJ10012 300p | 2N1613 24p | 7806 25p | 6A/400V AN301 330p [ BA5408, 180p { LA4100 85p | NESS6 40p
BD24S 50p | BFYS6 25p [MJ15003  250p | 2N1711 24p | 7808 25p | TIC226D 88p | AN303 250p | BA6104 250p {LA4101 80p | NE558 80p
BD246A 50p | BFY64 25p | MJ15004  300p | 2N1893 30p | 7812 25p | 8A/400V AN304 360p | BAG208 175p |LA4102 100p | NES65 110p

LU NO.TIZTONREPLY CAR
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APPLICATIONS

60A half bridge draws milliampere quiescent

Each buffer receives its drive signal from
the /R2110. They in turn drive an insulated-
gate bipolar transistor module with a total
gate charge, Qg of typically 600nC. The
modules switch an inductive load current of
60A. It is possible to use lower voltage
power mosfets ie 60V. However, the large
reduction in Rpgon) Causes a great deal of
noise and ringing in the circuit due to a rise
in large peak currents.

International Rectifier, Hurst green,
Oxted, Surrey RH8 9BB, UK.
Tel 44 883 713 215, fax 716 093.

Modules and other paralleled mos-gated
power transistors often present
difficulties in gate-drive circuit design.

Most mos gate drivers provide large peak
output currents, acceptable for most
applications. However, when driving large
loads of many paralleled devices, excess
power dissipation may become an issue
when switching above a few tens of
kilohertz. International rectifiers design tips
dt 92-2 outlines a way of alleviating this
problem by using a current buffer.

Figure 1 shows a typical circuit for a high
input impedance power buffer. It delivers
8A peak output but draws only negligible
quiescent current. Transistors 0,  are low
current drivers for Qs 4 which can be sized
to suit peak output current requirements.

When the input changes state the 1002
resistor limits the resulting current of 0 ».
In its new state, the driver transistor
discharges the gate capacitance of the
conducting output transistor, forcing it into
off-state.

The gate of the other output transistor
charges through the resistor. Turn-on is
delayed by the RC time constant formed by
the resistor and the input capacitance of the
output transistor.

The configuration of Fig. 2 employs two
power buffers in conjunction with a /R2/10
half-bridge driver, which combine to create
a high-current half-bridge circuit.

Fig. 2. Two power buffers with an
IR2110 driver combine to create a
high-current half-bridge power driver
for 60A IGBT modules.

INPUT O—

S

[T 1

Bufter driving module at 400V

5.0 Buffer driving module at OV
Buffer only

4.0

3.0

=

=]

Bl 1 0
Frequency [kHz]

Quiescent Current Cansumplion [mA|

Quiescent current of the 2110 rises with
increasing frequency, but even at 10kHz, the
figure is still under 7mA.

Fig. 1. This high input impedance current
buffer delivers 8A peak output yet draws
negligible quiescent current.
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Power.

Or where to find the widest
selection of power SMDs
at the lowest cost/amp.

SMD Power Dissipation

I |

@
e )
SoIC SMD-220
i W
PLCC
,

]
. D-PAK
S0 /
SOT-89 . ‘
T sMB

-

Small as they are, our power SMDs save you
more than just board space. They save you time.
And money. With the best price-performance
ratio from the widest choice of SMDs available.

All off the shelf. All under one roof. And value-
priced at the lowest cost/amp. From HEXFET®
power MOSFETs and IGBTs to their drivers,
the IR2100 Series. And, of course, Schottkys.

You'll find no other power SMDs so closely
matched in features and capabilities. But don’t
take our word for it.

2W L=

Power Dissipation

You’ll be surprised at what you save. 0 L_ N
25 50

Available now at key IR distributors.
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SMD-220
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/ SOT-223
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International Rectifier

150

WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, USA 310-322-3334, FAX 310-322-3332, TELEX 66-4464. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND, (01883) 713215, FAX (01883) 744234
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APPLICATIONS

Autoshutdown reduces RS232 standby current to TpA

axim’s eighth edition of the Interface
Analogue Design Guide outlines a new
invention that automatically reduces standby
power of an RS232 interface to 1pA.
Reducing supply current is a critical factor
for extending battery life in any hand held
device. Ideally any idle RS232 IC should
draw no supply current without degrading
performance or increasing cost. With this
new invention, the IC draws only 1pA,
providing the device is not connected to an
operating RS232 system.
Called Autoshutdown the scheme involves

monitoring the RS232 receiver inputs. If no
valid RS232 level is present, the IC
automatically turns the device on/off, rather
than relying on independent software
commands to perform the shut-down.

This device is claimed to save 1000 times
the supply current relative to other RS232
devices. It is said to be suitable for any hand
held system — regardless of the complexity
of software.

The RS232 IC is available in four
versions. Each has different characteristics
suited to different applications. These

include varying data rates, a choice of
operating supply ranges and a selection of
transmitters/receiver permutations.

Maxim Integrated Products(UK) Ltd.

Unit 3, Theale Technology Centre, Station Rd
Theale, Berkshire RG7 4XX, Tel 01734
303388, fax 01734 305577.

R3 <21V
LEVEL CoWER
DETECIOR SUPPLY v,
Re VALID RS 232 | sprree

INVALID CONNECTOR
RS-232 REMOVED
IcC
1nA
10us TIME

Fig. 2. Valid/invalid RS-232
input detector signal is sent to
the power-supply circuitry.
Some 10ys after valid inputs
are removed, the power supply
is shut down, reducing its
current to TpA.

INVALID
RS-232

vee

Fig. 4. While data is being
received, the device does not
enter shut down, because input
levels less than +1V are not

present for more than 10ps.

TIME
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A NEW FORCE IN LOW COST PORTABLE PROGRAMMERS

The L5000 can program or emulate either a single 8 bit eprom, a pair of 8 bit eproms or a 40 pin - 16 bit — eprom.

YOU GET MORE WITH THE L5000! m{fg g;‘,!’{m
% Approved algorithms, as used in our gang
programmers, for eproms & flash.

* Programs up to 2M devices in one pass. Ram
expandable to 8M bits.

* Settings for numerous micros from Hitachi, NEC and
Toshiba.

* Use stand-alone or with a PC using bi-directional
RS232, or Centronics ports. No internal card needed
for portable PCs.

% Batch file facility for repetitive operations.

* Full set programming facilities including editing in
words or bytes.

% Optional facilities to program 40 pin eproms and/or 8751 micros.

* Emulation of either a single 8 bit eprom, a 16 bit pair of 8 bit eproms or a single 40 pin eprom.
You can even emulate ram.

The L5000 already caters for tomorrow’s devices. For example, the 2M user ram is twice the size normally found in
most small programmers and it can be expanded to 8M bits for the largest 32 pin devices. Adequate ram saves
multiple downloads and the need to program in blocks. The L5000 also has additional hardware to support sector
protect/unprotect on flash devices such as 29F010/040.

LLOYD RESEARCH LTD., Enquiries and credit card orders:
7 & 7A Brook Lane, Tel: +44 (0) 1489 574040
Warsash, Fax: +44 (0) 1489 885853
Southampton SO31 9FH.

EXPORT SALES AND DISTRIBUTOR ENQUIRIES WELCOME

CIRCLENO. 119 ON REI'LY C/RD

DEVELOPMENT AND PRODUCTION SOLUTIONS

® Gang Programmers ® Paékage Converters

® Development Programmers @ Development Tools

® Universal Cross Assembler @ Emulator Pods + Adapters
|

1.2800395 m

070217390, ! ELECTRONICS Ltd Ask for Free
02921035 54 Park Road Centre, Malmesbury, Wiltshire SN16 OBX UK Information Pack
(‘);gg(?;;‘];‘g Tel: 01 666 825146 Fax: 01 666 825141 and Demonstration

EMULATION TECHNOLOGY , INC. o
ELECTROSPEED UK e/mail 100447.1124@compuserve.com Discs

[~CRCLENO 120 ONRIFLY CARD ]
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Fig. 1. Rear View of the Fada
Neutrodyne trf radio showing its
inclined coil arrangement. In
conjunction with Hazeltine
neutralisation circuits, this physical
layout enabled stable rf amplification
over the whole broadcast band. Prior
to practical and cost-effective super-
heterodyne sets, the Neutrodyne
represented state-of-the-art
technology. It flourished during the
1923-26 time frame.

Irving Gottlieb has been
looking at the Neutrodyne
— a receiver that achieved
high gain without
suffering from oscillation
due to stray coil coupling.
“Why:is this simple
solution not in use today?”
he asks.

new

HISTORY

slant

on an old angle

scillation caused by stray coupling
Obetween tuned circuits is a common

problem in multi-stage f and if
amplifiers that need to be constructed in a
small space.

Toroidal inductors help reduce the tendency
towards oscillation. Alternatively, cylindrical-
shaped inductors can be mounted so that they
are mutually perpendicular to one another. A
third approach stems from the Neutrodyne
technique used in early battery radios in vac-
uum-tube tuned radio-frequency, trf, circuits.

This method arranges the coils at a slant
with respect to the horizontal. The ‘magic’
angle used was 54.7° — the tangent of which
happens to be the square-root of two.
Electromagnetic coupling was surprisingly
scarce between any two of the coils, the layout
of which is shown in Fig. 1.

You might be tempted to analyse the exis-
tence of this coupling null mathematically, but
calculations turn out to be extremely complex.
Subsequently, best results accrue from empir-
ical work.

The angle is not sacred. Variations of plus or
minus several degrees produce similar results.
The reason for this is that the angle is a func-
tion of wire size, winding length, coil shape
and coil spacing. Other variables tend to creep
in with regard to proximity effects.

However, the null is attainable over a wide

range of dimensions and circumstances. A
useful aspect of the phenomenon is that it is
not frequency-sensitive. In old radio sets, near-
zero couplings held good over the entire
broadcast band.

A straightforward way to implement this
technique is to use coils whose diameter and
winding length are about the same. This coil
configuration also tends to yield optimum Q.
Spacing between coils of about-one coil-radius
appears to work best. Closer spacing can be
accommodated, but the null then becomes
more critical to adjust. This is probably due to
capacitive coupling.

Electromagnetic isolation provided by this
strange scheme does not tie in with our every-
day experience of tuned circuits. You might
expect strong coupling, for instance some-
where between that due to axial alignment and
that caused by perpendicular orientation of the
coils. However, with an rf generator, oscillo-
scope, and a pair of resonant coils, you can
easily observe that energy transfer neatly nulls
when the coils are positioned approximately as
prescribed.

Surely, this is a useful phenomenon — one
that has probably been overlooked in mod-
ern electronics because of the many more
exciting advances that have captured our
interests. After researching many radio and
engineering tests, even contemporary ones of

746
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HISTORY

Fig. 2. Magnetic flux lines threading
through a coil ‘slanted’ for
zero-coupling. Under the null
conditions, the coil-conductors are cut
symmetrically by both downward and
upward-sloping flux lines. A net
cancellation of induced voltage takes
place so that there is no effective
electromagnetic induction. Zero-
coupling achieved in this way
prevented unwanted feedback in the
Neutrodyne radio receiver. N {

ﬁ@

® Easy to Use Graph|cal Interface.
O Netlist, Parts List & ERC reports.
O Hierarchical Design.

O Extensive component/model libraries.

O Advanced Property Management.
O Seamless integration with simulation
and PCB design.

1
2“' sies

1“|l|l*~—-— -y
: 4

h

5

svessebtines

Flux from
adjacent coil

the Neutrodyne, I met with frustration and dis-
appointment. I could find no explanation of
this cause and effect relationship. In seeking
an analysis from engineers, most of them
viewed the situation as a paradox. Here, how-
ever. appears to be a feasible solution.

(PEE ez

O Multi-Layer and SMT support.

O ‘Unlimited Design Capacity.

O Full DRC and Connectivity Checking.

O Advanced Multi-Strategy Autorouting.

O Qutput to printers, plotters, Postscript,
Gerber, DXF and DTP bitmaps.

O Gerber View and Import capability.

In Fig. 2, you can see lines of magnetic flux
threading through a coil. The flux emanates from
an adjacent coil and it is assumed that the
‘magic angle’ exists between the coils.

Note the symmetry of the downward and
upward-sloping flux lines. This certainly
implies electromagnetically induced emfs in
the coil conductors. However, because of the
alluded symmetry, these emfs cancel. This is
tantamount to zero coupling between the coils.

If the angle is different from the ‘magic’
one, either the upward or downward slope
lines will predominate and a net emf will then
manifest. Bear in mind that it is the compo-
nent of the magnetic lines that ‘cut’ the coil
conductors at right angles that counts. If you
mentally rotate the coil with respect to the
magnetic lines, the notion of the ‘magic’ angle
is driven home.

Professor Hazeltine was a brilliant mathe-
matician. It appears that he deduced this
invention from theoretical considerations. For
our purposes, the descriptive account tendered
here should suffice for useful resuits.

From a number of experiments, I would
suggest mounting the coils in such a way as to
allow a few degrees of angular adjustment.
You can then build a high-gain amplifier
channel in a small space and carefully adjust
the coil slants so as to optimise stability. In
doing so, you can compensate for various
stray feedback paths since the coil adjustments
allow small amounts of negative feedback. m

O Noa-Lmoar & Llnear Analogue
Simulation.

O Event driven Digital Simulation with
modelling language.

O Partitioned simulation of large designs
with multiple analogue & digital sections.

O Graphs displayed directly on the
schematic.

L

Write, phone or fax for your
free demo disk, or ask about
our full evaluation kit.

|abcenter

E Il ectronic s

53-55 Main St, Grassington, N Yorks, BD23 5AA
Tel: 01756 753440 Fax: 01756 752857

Proteus software is for PC 386 compatibles and runs under MS-DOS. Prices start from £475 ex VAT, full system costs £1495.

Call for information about our budget, educational & Windows products. All manufacturers’ trademarks acknowledged.
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HART AUDIO KITS - YOUR VALUE FOR
MONEY ROUTE TO ULTIMATE HI-FI

Hart Audio Kits and tactory assembled unlts use the unique combina-
tion of circuit designs by the renowned John Linsley Hood, the very
best audiophile components, and our own engineering expertise, to
give you unbeatable performance and unbelievable value for money.
We have always led the field for easy home construction to profes-
sional standards, even in the sixties we were using easily assembled
printed circults when Heathkit in America were still using tagboards!.
Many years of experience and Innovation, going back to the early
Dinsdale and Bailey classics gives us incomparable design back-
ground in the needs of the home constructor. This simply means that
building a Hart kit 1s a real pleasure, resulting in a piece of equipment
that not only saves you money but you will be proud to own.

Why not buy the reprints and construction manual for the kit you are
interested in to see how easy it is to bulld your own equipment the
HART way. The FULL cost can be credited against your subsequent
kit purchase.

K1100 AUDIO DESIGN 80 WATT
POWER AMPLIFIER.

This fantastic John Linsley Hood designed amplifier is the flagship of
our range, and the ideal powerhouse for your ulttmate hifi system.
This kit is your way to get UK performance at bargain basement
prices. Unique design features such as fully FET stabilised power
supplies give this amptifier World Class performance with startlling
clarity and transparency of sound, allied to the famous HART quality
of components and ease of construction.

Usefui options are a stereo LED power meter and a versatlle passive
front end glving switched inputs, with ALPS precision Blue Vetvet
low-noise volume and balance controls. Construction Is very simple
and enjoyable with all the difficult work done for you, even the wiring
Is preterminated, ready for instant use!. All versions are available with
Standard components or sp: Super AL com-
ponents at £29.60 extra per channel plus U2.40 if you want to include
Gold Plated speaker terminals.

K1100B Complete STANDARD Amplifier Kit,. . . .
A1100B Factory Assembied..

K1100SC Complete SLAVE Amleer Klt

A1100SC Factory Assembled. . .
K1100M C MONOBLOC Kit,
A1100M Factory Assembled

RLH11 Repnnts of latest Amplifier amcles ......
K1100CM Construction Manual with full parts Ilsls

“CHIARA” SINGLE ENDED

.£395.21
. .£499.21
. .£333.62

.£422.62
. .£261.20

.£329.20

CLASS “A” HEADPHONE
AMPLIFIER.

This unit provides a high quality headphone output for "stand alone’
use or to supplement those many power amplifiers that do not have
a headphone facility. Easily installed with speclal link-through feature
the unit draws its power from our new Andante Ultra High Quality lin-
ear toroidal supply. Housed in the neat, black finished, Hart minibox
# features the wide frequency response, low-distortion and ‘musical-
ity’ that one associates with designs from the renowned John Linsley
Hood. Pre-terminated interconnecting leads and PCB mounted sock-
ets prevent supply polarity reversal and on-board diagnostics provide
wisual indication of supply line integrity. Volume and balance controls
are Alps “Blue Velvet™ components. Very easily built, even by begin-
ners. since all components fit directly on the single printed circuit
board. The kit has very detailed Instructions, and even comes with a
complementary roll of Hart audiograde silver solder. it can also be
supplied factory assembled and tested. Selling for less than the total
cost of all the components, if they were bought separately, this unit
represents Incredible value for money and makes an
attractive and harmonious addition to any hifi system.
K2100 Complete Kit

K2100SA Series Audiophile version with seiected audlophlle
components. . . £112.48
A2100SA Senes Audiophile version, factory Assembled. . ..€149.46
K3585 “Andante” Power Supply Kit to surt “Chiara”. . . .£85.42
A3565 Power Supply, Factory Assembled. .
CM2100 Construction Manual. . . .

SPECIAL OFFER. Both units together Kit Form..
Factory Assembled and Tested..

£109.50

55 .2184.92
. .£267.88

“Andante” SERIES 20VA
AUDIOPHILE POWER
SUPPLIES

Specially designed for exacting audio use requiring absolute mini-
mum noise, low hum field and total freedom from mechanical noise
this unit is a logical development from our highly successful 1550
seres.

Utilising linear technology throughout for smoothness and musicality
makes it the perfect partner for any module requiring fully stabilised
+15v supplies.

Two versions are available. K3550 has 2 +15v supplies and a single
15v for relays etc. and can be used with our K1400 preamp and our
K1450 RIAA pickup preamp, as well as other useful modules soon to
be introduced. The K3565 is identicai in appearance but only has the
215v lighter current supply for use with the K1450 RIAA pickup pre
amplifier or *Chiara® headphone ampiffier.

K3550 Full Supply with all outputs. ..., .

K3565 Power Supply for K1450 & K2100.

ALPS “Blue Velvet”
PRECISION AUDIO
CONTROLS.

Now you can throw out those noisy Hi-matched carbon pots and
replace with the famous Hart exclusive ALPS 'Blue Velvet' range
components only used selectively in the very top flight of World class
amplifiers. The improvement In track accuracy and matching really is
Incredible giving better tonal balance between channels and rock
solld image stability. Motonsed versions have Sv DC motor.
MANUAL POTENTIOMETERS

2-Gang 100K Un. .

2-Gang 10K, 50K or 100K Log.

2-Gang 10K Special Balance, zero crosstalk and zero

. £15.67
. .£16.40

MOTORISED POTENT|OMETERS

2-Gang 20K Log Volume Control . .£26.20
2-Gang 10K RD Special Balance, zero crosstalk and less than 10%
loss in centre position. .£26.98

TECHNICAL BOOKSHELF
NEW! Ancther Classic by John Linsley Hood. “AUDIO ELECTRON-
ICS" Following the enormous ongoing success of his “Art of Linear
Electronics™ the latest offenng is the ail-new edition of “Audio
Electronics®, now entirely re-written by the master himself.
Undertying audio techniques and equipment is a worid of electronics
that determines the quality of sound. For anyone involved in design-
ing, adapting or using digltal or anaiogue audio equipment under-
standing electronics leads to far greater control over the reproduced
sound. The subjects covered include tape recording, tuners, power
output stages, digital audio, test instruments and loudspeaker
crossover systems. John's lifetime of expernience and personal inno-
vation in this field allow him to apply his gift of being so familiar with
his subject that he can write clearly about t and make it both
interesting and comprehensible to the reader. Containing 240 pages
and over 250 line illustrations this new book represents gveat value for
money at only . .£18.99°

“THE ART OF LINEAR
ELECTRONICS.”

The definitive linear electronics and audio book by John Linsley
Hood. This 300+ page book will give you an unparalleled insight into
the workings of alf types of audio circuits. Learn how to read clrcuit
diagrams and understand amplifiers and how they are designed to
give the best sound. The virtues and vices of passive and active
components are examined and there are separate sections covering
power supplies and the sources of noise and hum. As one would
expect from this wnter the history and denvation of audio amplifier
clrcuitry have an entire chapter, as does test and measurement equip-
ment. Copiously illustrated this book Is incredible value for the
amount of information It contains on the much neglected field of in-
ear, as opposed to digital, electronics. Indeed It must be destined tc
become the standard reference for all who work, or are interested in,
this field. Latest reprinted edition with extended index. 1994 344
Pages. 247 x 190. 1Kg. 0-7506-0868-4. £16.95°

“DIGITAL AUDIO AND COMPACT DISC TECHNOLOGY"
0-7506-0614-2 .

INTRODUCING DIGITAL AUDIO CD, DAT AND SAMPLING. ISBN
187077522 8 .£7.95
“THE ART OF SOLDERING™ 0-85935-324-3. 0

“TOWERS' INTERNATIONAL TRANSISTOR SELECTOR"
0-572-01062-1.

“AUDIO" FA.Wilson. BP111 ., . .£3.
“HOW TO USE OSCILLOSCOPES A OTMER TEST EQUIPMENT"
R.A.Penfold. BP267

“THE LOUDSPEAKER DESIGN COOKBOOK" Vance Dickason.

(4th Edn.) 0-9624-191-7-6
ELECTROSTATIC LOUDSPEAKER DESIGN AND CONSTRUC-
TION Ronald Wagner BKT6 . £18.95
“AN INTRODUCTION TO LOUDSPEAKERS & ENCLOSURE
DESIGN” V. Capel. BP256 . £2.95
“LOUDSPEAKERS FOR MU$|C|AN3" BP297 . £3.95
“THE HART PRINTED CIRCUIT BOARD CONSTRUCTION
GUIDE."

VALVE & EARLY
CLASSIC BOOKS

THE VTL BOOK David Manley BKVT1

LOUDSPEAKERS; THE WHY AND HOW OF GOOD REPRODUC-
TION. G.Briggs. 1949 0-9624-1913-3. £8.95
MULLARD TUBE CIRCUITS FOR AUDIO AMPLIFIERS BKAA27

GEC 1957, 1-882580-05-2

AUDIO ANTHOLOGIES, articies from Audio Engineening. Six voumes

covenng the days when audio wasyoung and valves were kingl.

BKAAZ/1 to 6. All . £13.95 each.

“A SIMPLE CLASS A AMPLIFIER" J.L.Llnsley Hood M.LE.E. 1969.
. .£250

Postage on all books, unless slarred is only u1.50 per book maxi-
mum 14.50 for any number, any size!. Starred items are heavy books
costing .£2.50 to send.
No waiting!. AH listed books are normally in stock!.

SPECIAL OFFER. All book orders over £15 will receive a FREE John
Linsley Hood monograph entitled “Digital versus Analogue, Black
Disks or Silver?”

SPECIAL OFFER
PRECISION Triple Purpose
TEST CASSETTE TC1D.

Are you sure your tape recorder is set up to give its best? Our latest
triple purpose test cassette checks thethree most important tape
parameters without test equipment. |deal when fitting new heads.
A professional quality, digitally mastered test tape at a price anyone
can afford. Test Cassette TC1D. Our price only. . £9.99.

HC80 Replacement Stereo
Cassette Head.

The excellent performance of modern cassette recorders depends
totally on the quality of the R/P head.Even the slightest amount of
wear can impair the frequency response and distortion levels. Our
HC80 is atop quality head from one of the foremost manufacturers in
Japan, easlly fitted to most standard sterec recorders (except Sony)
and will transform the performance over a worn head. Only the fact
that we buy these in vast quantities enables us to offer them at the
amazing price of onty £11.70 each or 2 for £17.60.

We also stock a range of other heads, including ™ reel-to-reel stereo

SOLDERING

The size of modern components makes the nght soldenng equipment
essential for good results. Everything we offer we actually use in our
own workshops!. See our Lists for the full range. 845-820 XS240
ANTEX 240v 25w Soidenng Iron. This is the ideal Multi-purpose iron
as the bit is designed to totally surround the element giving the best
heat transfer. This excellent design also means that aithough it is
small and handy enough for modern components its heating capaci-
ty is better than larger wons of conventional construction. Excellent

.£9.83
845-080 ST4 Lightwseight Soldenng Inon Stand This has provision for
the classic damp sponge for bit wiping . . £3.95

HART SUPER AUDIOGRADE
SILVER SOLDER.

Hart Super Audiograde Silver Soider has been specially formulated for
the senous audiophile. Not only does it give beautiful easy-to-make
joints but it is designed to melt at normal soldering temperatures
avoiding the possibility of thermal damage to components or the need
tor special high temperature irons. A very low residue flux makes per-
fect joints easy but eliminates the need for board cleaning after
assembly.

845-007 3mtrs 22SWG in Hart Mini Tube . . .

845-008 100g. Reel Special Valve Grade, 20swg
B845-009 100g. Precision PCB Grade, 22swg . . .
845-110 100g Reel Superfine 24swg for ultra precise control and
easy working L. £2145

. £3.90
. £12.90

QUALITY
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Steve Winder presents a new
approach to providing a
balanced amplifier output for
twisted-pair transmission
lines. Using the supply pins of
an op-amp as a combined
supply and line-connection
point, this scheme eliminates
the need for a line-coupling
transformer at the remote end.

are often sent to the base station via an

amplifier feeding a twisted pair. The
amplifier can be powered locally by battery or
mains supply. Most often, though, there is a dc
feed from the base station.

If only one cable pair is available, the dc
feed must use the same pair as the signal. Line
transmission requires a balanced output and, if
local power is available, there are two meth-
ods of providing it,

Readings from sensors in remote locations

@ using two amplifiers connected to the same

ANALOGUE DESIGN

A new

balanced view

Direct-current feed from the base station
travels along the pair and can be taken from
across the coupling capacitor to the amplifier’s
power connections. Unfortunately the line
coupling transformer is bulky and is difficult
to design because of the dc flowing through its
windings.

I have found an altemative to using the
transformer is to apply the line directly across
the amplifier’s power supply pins, as shown in
Fig. 2. At the base station, dc power is fed into

the line using a split primary transformer. The
two halves of the primary winding are capac-
itively coupled so that ac signals pass through
the transformer.

A dc supply for the amplifier is fed through
the primary windings and down the twisted
pair. At the sensor, the twisted pair is con-
nected across the amplifier power supply pins.
The amplifier output is loaded by a resistor to
produce a change in current flow from the
supply when signals are applied at the input.

source. One amplifier is inverting and the Si.lpply fe ﬁfh:&an @
other is non-inverting. Any signal applied to Sensor Line Base station analysis of
the input will produce two outputs which are a2 v transformer-
anti-phase — and balanced — and so can be 4 coupled
connected to the two wires of the twisted pair. E E balanced i/o
Input ¥ : : system.
® driving a transformer from an amplifier’s E 5 Wmd'{'gs die
output. The secondary winding of the trans- = : ) ¢ : C"P"?’ZVG'Y 7
former will be balanced and suitable for con- | —— —— il EOPCC (gaiiow
. e r— ¢ —_— ] PUl " the ac signal to
nection to the transmission line. p b g [ass through
- . E E them in series.
When local power is unavailable the second ! d
configuration can be used, but using a trans- : :
former with split secondary windings and as
shown in Fig. 1. These windings are capaci- l
tively coupled to allow the ac signal to pass / ,/
through both of them in series.
Remote sensor Power '
' ' = Fig. 2. In this
g ! Transformer alternative to the
i Y VA 0.5+0.5:1.0 conventional
1 '/ 1 transformer-coupled
! . H balanced system, the
' ' : line is applied
' ' : directly across the
1 ] 1 1 . ’,
s s 2124 2 ampllﬁer' 's power
: Transmission 3 — E Output  supply pins.
1 line ' i 600 Q
(] [} :
- ] 0
1 [] g
(] ] v
1 1 3
1 1 3
1 1
1 [}
1 / / (]
T 7 A L §
] ]
] [}
(B 1

A1 = TLE2027 or OP27
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To make the impedance of the remote sen-
sor equal to 600X it is necessary to use a
300€2 load at the amplifier. The reason for the
load resistor value being half that of the line
impedance follows.

Consider an ac signal applied to the trans-
former output. As the potential of the positive
supply rail rises, the negative rail will fall, rel-
ative to the mid-rail voltage. The ac voltage
from the negative rail to the mid-point will be
half the total voltage change. This same volt-
age appears across the load since it is con-
nected between the negative rail and the out-
put of the amplifier which is at mid-rail
potential. Thus only half the ac voltage
appears across the load, so only half the cur-
rent flows through it and the effective
impedance of the amplifier seen from the
transformer is doubled. This is illustrated in
Fig. 3.

This scheme requires a decoupled mid-rail
supply to be generated locally, but this is sim-
ple to achieve using a few resistors and a
capacitor; as shown in Fig. 4.

Thévenin’s theorem can be used to analyse
the circuit. Potential at the centre of the resis-
tor chain is V/2. The source impedance is
approximately equal to R, relative to the
power supply rails. This is because the power
rails are much lower in impedance than R —
actually about 300€2 — and so signals applied

centre of the resistor chain should have no ac
component present. The decoupling capacitor
should not be needed. In practice tolerances in
the resistor values result in small ac signals
reaching the mid-point unless a decoupling

Vg

Supply
Fig. 3. Analysis = +
shows that
only half the
ac voltage
appears across
tll:f load so Vs I Vg Vg T
only half the 2 2 2]
current flows <
through it. As a o
result{;effective — Mid-rail —
impedance of 1
the amplifier Vs Vg
seen from the RL y T T \E T
transformer is 2
doubled.
Fig. 4. Achieving a local decoupled mid-
supply rail is easy, using a few resistors and a Dl
capacitor. 1
:
parallel paths to the OV rail, both 2R. .

The decoupling capacitor does not affect the :
impedance because an equal ac potential Effective ,
appears at each terminal. In theory, signals on zng{}lt =
the power supply rails are balanced and the (atac) * =

,
L
[ ]
L}
1
1
L}
)

to the centre of the resistor chain have two ] - = EE=

capacitor is present.

TOROIDAL TRANSFORMERS
High Quality Low Prices '

In addition to our standard range
we will be pleased to quote
for your special requirements.

The MICRO MODULE
ANEW LOW COST controller
\,@that gives you customisation

S l ttl S PRICE LIST
Or as 11ttie a one off
Quantity Price Excluding VAT & Carriage
"‘ VA Mail Order 2+ 10+ 25+ 50+ 100+
a 15 14.59 10.21 7.69 5.69 5.52 5.35
30 16.04 11.23 8.45 6.25 6.06 5.89
50 17.83 12.48 9.40 9.95 6.74 6.53
60 18.02 12.61 9.49 7.02 6.82 6.61
80 17.98 12,60 9.49 7.02 6.81 6.60
100 21.07 14.74 1.1 8.21 7.96 7.72
120 21.54 15.08 11.35 8.39 8.15 7.89
For users Of 150 25.98 18.19 13.70 10.12 9.82 9.53
PCS, 8051 & 160 23.83 16.68 12.56 9.28 9.00 8.73
g 225 30.10 21.07 15.87 11.73 11.39 11.04
68000 300 34.32 24.02 18.09 13.38 12.98 12.58
400 46.19 32.32 2435 17.99 17.47 16.94
500 50.48 35.34 26.61 19.67 19.09 18.51
9 o
625 53.09 41.36 31.14 23.02 21.24 20.57
and that’s ju e half of it!.. 750 5839° | 4423 |33.30 | 2462 | 2389 | 2317
1000 78.80 55.16 41.54 | 30.70 29.80 28.89
FEATURES P.C.°C’ STARTER PACK AT ONLY £295 + VAT 1200 82.45 57.72 43.46 3212 31.17 30.23
® 16/32 bit 68307 CPU for fast operation The Micro Module will reduce development time for 1500 105.10 73.63 55.40 40.94 39.74 38.53
® Up to 1 Mbyte of EPROM space onboard  guick turnaround products/projects and with the P.C. °C’ 2000 114.45 96.13 72.39 53.51 51.93 50.36
® Up to 512Kbyte SRAM space onboard Starter pack allow you to start codlng your application . i ’ : i )
® 32 Kbyte SRAM fitted as standard immediately, all drivers and libraries are supplied as EL B9 UKL GEEY B9 B Bl

@ RS232 serial with RS485 option

@® MODBUS & other protocols supported

@ Up to 22 digital O channels

@ 2 timer/counter/match registers

@ FC port or Mbus & Watch dog facilities

@ Large Proto-typing area for user circuits

® Up 1o 5 chip selects available

@ Program in C, C++, Modula-2 & Assembler

@ Real Time multitasking Operating System

@ 059 or MINOS with free run time license
option

@ Manufacturing available even in low
volumes

@ A full range of other Controllers available

standard along with MINOS the real time operating
system all ready to run from power on.
The ‘C’ Starter pack includes: A Micro Module with 128
Kbyte SRAM, PSU, Cables, Manuals, C compiler, Debug
monitor ROM, Terminal program, Downloader, a single
copy of MINOS. Extensive example software, and free
uniimited technlcal support all for £295 + VAT.
Cambndge Mu:ropmcessor

LIVIS P

Unit 17-18, Zone ‘D’, Chelmsford Road Ind. Est.,
Great Dunmow, Essex. U.K. CM6 1XG
Phone 01371 875644 Fax 01371876077

These prices are for 240volt primary and two equal secondar-
ies with 8" colour coded fly leads.

Each transformer is supplied with a mounting kit (steel dish
washer pads, nut and bolt)

Mail order prices include vat and postage.

Please do not hesitate to telephone or write with your
particular requirements.

&%= Airlink Sales Co
16 Knight Street, Sawbridgeworth, Herts CM21 9AT
Tel: 01279 600139 Fax: 01279 726379

CIRCLENQO. 123 ON REPLY CARD

CIRCIENO. 124 ON REPLY CARD
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Square law rules in

ichael Williams” article! shows how
M the difference of two squares — D2S

— produces a linear output from a
pair of fets, forming the basis for a perfect lin-
ear amplifier. This approach has never been
intentionally applied to class AB amplifiers to
reduce distortion. The reason is probably the
inherent difficulty in obtaining conjugate gain
characteristics in the crossover region to pre-
vent crossover distortion?3,

Newly developed circuit techniques could
solve this problem, and put the square-law to
work in high power audio amplifiers.
Experimental results demonstrate the effec-
tiveness of these techniques, but first a look at
the underlying theory.

Crossover distortion in class AB
Class-AB is most widely used due to effi-
ciency and lower cost relative to class-A, but
class-AB generates more distortion than class-
A. Distortion from class-AB is mainly
crossover related and cannot be eliminated by
trimming. Negative feedback has difficulty
reducing crossover distortion in the high audio
range, where there is generally less feedback
available for distortion reduction®.

Our ears are more sensitive to frequencies in
the 1-5kHz range, so crossover distortion is
probably a more noticeable type of distortion.
It is difficult to design out, and not easy to
reduce using negative feedback.

The crossover distortion problem of
class-AB power amplifiers is essentially that
each of the two output devices must operate in
two different modes. Firstly, each device must
have constant gain at high currents, but sec-
ondly they must have a variable gain in the
crossover region where both devices con-
tribute to output current, Fig. 1. The ideal
transfer function for no distortion is a straight

UDIO PO

To the best of lan Hegglun’s knowledge, the
difference of two squares concept has never
been used in audio power amplifiers, but as
this work shows, there are significant
linearity benefits to reap.

line, Fig. 1a. Gain is represented by the slope
of the line which is constant, Fig. 1b. Both
devices conduct in the crossover region
between —V; and +V,. The gain of each device
must sum to a constant value in the crossover
region and the total gain must also match the
gain outside the crossover region.

With symmetrical components, the gain of
each device when V;;, is zero must be exactly
50% for a sum of 100%. These requirements
give a family of possible symmetrical gain
functions that result in zero crossover distor-
tion. A constant rate of change of gain, Fig.
1b, gives the square-law V-I transfer curve
Fig. 1c. This can be found from the gain func-
tion by integrating upwards from -V, for the
positive conducting device and down from V,
for the other.

An alternative gain function which satisfies
the 50% gain requirement and is symmetrical
about V;,=0 is shown in Fig. 1d. At low cur-
rents, fets show exponential deviation from
square-law’, resulting in a gain curve that is
initially exponential. This gives a rounded
gain function at low current, Fig. 1d. This sug-
gests it may not be necessary for a fet to show
perfect square-law characteristics at low cur-
rents to give perfect linearity, provided that the
gain curve can be made symmetrical. This
should be possible by altering the shape of the
top end transition, ie below V.

Classical bipolar.and fet class AB stages do
not meet these requirements. Figure 1e shows
significant gain non-linearity® in and near the
crossover region. Gain is 32 with a variation
of —4, representing a 13% change when biased
for minimum distortion.

Gain error results from one transistor turning
off before the other has reached constant gain.
Resistors in the emitters cause the gain to flat-
ten at high currents, but the transition occurs

over far too wide a range. Figure 1f is the V-/
transfer function for 1V input, giving 32V
output and +4A peak into 8.

The difference between the line having
average gain, i.e. about 31, and the output line
results in the distortion component. The error
voltage is about 500mV pk-pk, or 200mV
rms, with total harmonic distortion of about
1%. If this stage were reconfigured as a
unity-gain follower, the action of local feed-
back would reduce total harmonic distortion to
0.03%.

More feedback

Negative feedback usually reduces crossover
distortion. Due to increasing phase change
with frequency, a limit must be put on the
amount of negative feedback?. In particular,
the gain of the feedback loop plus the ampli-
fier must be under unity at the frequency
where 180° phase shift occurs. This prevents
oscillation and likely destruction of the output
transistors.

The 180° phase shift represents a complete
phase reversal, turning negative feedback into
positive feedback. If the gain 21 at the fre-
quency where 180° shift occurs, the circuit
will oscillate. Ideally the gain should fall
below 0.7 at the 180° point to give a well-
damped response to a square wave.

Load impedance variations have an effect on
the loop gain-phase relationship. Capacitive
loading from speaker leads and speakers adds
phase shift to the output and therefore to the
feedback signal®. Most output stages are unity-
gain follower types with 100% local feedback.
These are more sensitive to loading than out-
put stages that have less than 100% feedback
and have a gain above unity.

An appropriately designed Zobel network
usually overcomes this problem. Generally a

September 1995 ELECTRONICS WORLD + WIRELESS WORLD

751



AUDIO

Output A
Voltage
or current

(@

»

Input Voltage

GainA

Total gain

Bottom transistor —»'\

(b)

4y 4

. XA
| »

>

I
-V 0 Vi

Total gain

E'3

@ et

/
\,

Bottom transistor——)‘\

/ ;
I,"<— Top transistor gain

Input Voltage

Output A
Voltage
or cuirent

©

4Iq1

=)

/—\7 1 input Voltage

Gain

(e)

Sed »

Fig. 1a) A straight line transfer function is required for
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no distortion. 1b) shows gain variation for a class-AB
output stage. Voltage V, to -V, is the crossover region.
Individual gains in the crossover region need to sum to

a constant value.

In 1c), the transfer functions required for Fig.1b are ®
square-laws in the crossover region and linear beyond.

1d) shows an alternative gain function that also gives

no crossover distortion. Both curves must have odd

symmetry about the y-axis.

In 1e), gain linearity of a bipolar common emitter
output stage is shown. Assymetry makes it impossible
to eliminate distortion, based on Self’s Fig. 8 ref. 6.
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Transfer function for the bipolar common emitter
output stage Fig.1e is shown in 1f). Difference
between the average gain of 31 and the output is the

distortion component.

conservative amount of global feedback is
used to remove any possibility of oscillation.

Using fets as square-law devices, it should
be possible to reduce the amounts of feedback
required to a level that eliminates complica-
tions caused by loading — making amplifier
design easier.

The ideal circuit should also be highly effi-

cient — preferably as high as class AB — to
minimise cost. Any distortion should consist
mainly .of a few low-order harmonics rather
than the high variety®.
Our ears are more sensitive to high-order odd
harmonics produced by crossover distortion -
particularly if they lie in the sensitive hearing
region. Ivor Brown suggests the multiplicity of
high order harmonics from crossover distor-
tion reduces spatial definition®,

Differencing two squares

Michael William’s article! explains the prin-
ciple of differencing two squares — D2S — also
known as ‘Curvelinear class-A’. By definition,
D28 is class-A since both devices are always
conducting. However, the mode of operation
shown in Fig. Ic is class-AB — a different
class from D2S which I call ‘Square-law
class-AB’. Only one device conducts when the

input swing exceeds V.

As Williams points out, D2S has the advan-
tage of a lower quiescent current than class-A
per output watt. Heat dissipated at idle P, is
l/zlkacc, since the quiescent current is set at a
quarter of the peak output current (/g=Ip/4).

For split supply rails of V.., quiescent
power dissipation Pg is 2V.Jq, which is
UolokVee. Neglecting saturation and ripple
voltages, this is the same as the output power
rating.

Saturation and ripple voltages, say 2V for
saturation and 2V s ripple (6V,.,), cause dis-
sipation to rise by 10%. Both conventional
class-A and D2S require this same margin
which means practical class-A push-pull
amplifiers dissipate twice the power of the
D2S amplifier per output watt. For class-AB,
dissipation peaks at half full power, dissipat-
ing typically the same amount as heat. As a
result, maximum dissipation is !/, of maxi-
mum output power, so D2S dissipates twice
the power of class-AB.

The maximum possible sinewave efficiency
for D28, as detailed in the appendix, is 75%,
compared to 50% for push-pull class-A and
78.5% for class-B. Since the efficiency of D2S
and class-AB are almost the same, their power

o o

0.5v 1.0v
Input Voltage

1.5v

-16VT -2A

supply rating is likewise. As a result, D2S
offers a substantial cost advantage over other
types of class-A due to its high efficiency —
effectively the same as class-B. Requiring
only a larger heatsink D2S is slightly more
expensive than class-AB.

Operating in class-A using D2S, rather than
class-AB, crossover distortion can be avoided
completely at little extra cost. Distortion com-
ponents are mainly second and third harmon-
ics. Due to component mismatch most of the
second harmonic can be trimmed by equalis-
ing the gain difference. Third harmonics can
be compensated by gain drop in the fet.
Trimming these errors can be considered a
form of feed-forward error correction, relying
on the stability of the other parameters to
maintain linearity after set-up.

Most amplifiers already require the setting
of one preset at manufacture, so another
should not be a serious disadvantage.

Implementing the concept

Douglas Self® explored a power-fet square-law
circuit (Self’s Fig. 2) but found the range for
the square-law only extended over a disap-
pointing 80mA range of output current. This
circuit was class-AB with only one device

75/,
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conducting at high currents.

Examining the V- transfer curves of Self’s
Fig. 10, you can see that considerable local
feedback is applied to the fets. About 1V
appears across the 0.22€) source resistors at
5A with 1.5V input. This amount of feedback
kills the square-law relationship — even at low
currents. Reducing or eliminating these resis-
tors increases the useful square-law current
range.

The design example described in the panel
shows that IRF540/9540 power fets could
achieve class-A power levels of 100W with
distortion as low as 0.0005%, without trim-
ming. This appears possible even with a 12%
fet gain drop at peaks, and a 16% mismatch. It
suggests that ultra low distortion D2S ampli-
fiers are not only possible, but cheaper than
other class-A amplifiers.

Class AB square-law circuits
The circuit of Fig. 2 was constructed to eval-

uate power fets for class-AB. It is similar to.

Self’s Fig. 2 evaluation circuit, minus source
resistors.

Driver transistors 773 4 provide level shifting
for the fets as well as biasing and voltage gain.
Unlike conventional class-AB driver circuits
the emitters are not coupled. This gives a
wider crossover region — wider than the fets’
range +V,. Effectively, the power fets are
open loop, ie they have no source resistors,
apart from a small amount of voltage feedback
used to trim the higher gain half for symmetry.

Figure 3 shows triangle wave input and out-
put voltages. Supply is reduced to 22V so
saturation can be seen. Open-loop linearity is
maintained up to within a few volts of satura-

tion. Traces are offset by 0.47V to aid trim-
ming. Vertical differences represent the output
error voltage.

Deviation of about 0.2V, appears at the
ends, covering about !/, of the time. Since
total harmonic distortion is the ratio of rms
error voltage to rms output voltage, the rms
error voltage can be calculated using,

vV
Vewss =¢\/Z
" a2NT

where ¢/T is the duty cycle. In this case error
voltage is 35mV rms for 12V, output volt-
age, giving 0.3% thd open loop. Open loop
measurements are shown in Table 1.

Table 1. Open-loop performance of amplifer
based on difference of two squares principle.
Phase shift was 180° with 8 load at 10kHz.

Load bias thd gain
8Q 250mA 0.3% 20
4Q 500mA 0.5% 15
8Q 500mA 0.5% 30

Fets used here have a 7A/140V rating and
Rpson Of 1€2. Measurement showed their gate
thresholds were very low and quiescent volt-
age across Ry g was only 1.1V and -0.75V for
a quiescent current of 250mA. These fets are
still capable of delivering high currents effi-
ciently since gate voltages in this circuit can
swing up to /3 of the supply voltage, limited

AUDIO

Efficiency in D2S class-A
Equations in this panel describe efficiency
1 in D28 class-A using two square-laws.
With a sinewave input each fet has a cur-
rent waveform given by,

I(x)=

(smx +1)°

B
Im=lj2,,L‘(sinx+l)2dx
w3 4

=
* Tave 8
for each half,
3}
= 2141\:Vcc — 4 kavcc
and,
P = vkaka - (vcc B vw:)!ﬁ
o 2 2
Po‘U Sa’
P 4 P‘(l - )

Maximum possible sinewave efficiency is
75% with V,; at 0. When Vi, is 5V and V.
is 35V, efficiency is 64%.

I4=250mA

200ps/div

Fig. 3. Output of circuit of Fig. 2 with a triangle wave input
shown for comparison.

Ri3 8Q
1 sg load

Fig. 2. Class AB output stage with power fets operating as approximate
square-law devices in the crossover region with correction provided by

increasing gain of the driver transistors.

1ms/d|v

Fig. 4. Curves for Fig. 2 with output voltage, Tr3 current and gate
voltage show square-law region, linear region and non-linear gain

of driver used to compensate for fet gain drop.
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A 100W D2S fet amplifier

For 100W continuous into 8€2, output swing
is $40V peak at £5A peak. For D28, quies-
cent current must be set at /4/;, or 1.25A.

Peak input voltage V; can be calculated for
a specified distortion level as follows.
Velocity saturation’ causes a reduction in
output current at high current, causing gain
compression.

Assuming matched fets, there is no second
harmonic, but there is mostly third harmonic
distortion for which,

o
O 8 +d
24
(eq. 12 of ref. 11).
- With velocity saturation,

- B(VG i Vr )2
[,©)= 21+6(V, - V,)]

Taking the ratio of current with saturation
velocity to the ideal current gives

1,(0)

D(ideal)

=1-6(V, - V,).

This shows the gain compression factor
A=6(V5-Vr). For, say, 1% of third-harmonic
at full power using the equation for D3, with
5*8*=8"=AG, gives AG=0.12. Using a typical
value for 8 of 0.1V~1, peak gate rise VgV is
1V. This means that V;; is $0.5Vpy. I

With a 3V threshold voltage, the fets would
need to be biased® at 4V, reducing by
6mV/°C. Since peak current is SA with a gate
rise of 1V, the fet requires a gain of SA/V.
The minimum value of B, calculated from
2e=P(Vg—Vr), is SA/V2.

For an /RF540, B can be found from the
data sheet V-/ transfer curves by plotting V/p,
against V using,

by zeners. For a low saturation voltage of say
3V, the fets would be restricted to (50w
average) but linearity is still good up to 5A
allowing 100W average into 82, making them
cost effective.

To measure fet current, a 0.1 sensing resis-
tor was placed in the supply rail, with no
noticeable effect on linearity. Figure 4 shows
fet current with output voltage using a triangle
wave input after trimming for best linearity.
The output voltage is vernier scaled until this
curve merges with the current trace. This
allows square law and linear regions to be
clearly seen in the top transistor similar to the
curves shown in Fig. 1c.

Gate voltage is also displayed at 1V/div.
The current waveform appears to be a square-
law within the crossover region and outside
the gain it is reasonably linear. The square-law
crossover region covers an input swing of
10.8V. The quiescent current of 220mA was
stable with temperature on a 1°C/W heatsink.

lope = _B.
slope 5

This yields a B of 11A/VZ with V7 at 3V for
both the IRF540 and IRF640.

Their complements, the JRF9540 and 9640,
typically have betas that are 25% lower. This -
means they are suitable for a 100W D2S
class-A amplifier with 1% thd, open loop.

Fet gain mismatch causes the gains at each
end to be different, giving mainly second har-
monic distortion, calculated from,

_5-&
8

D,

1
(eq. 12a of ref. 11). A mismatch of 8% adds
1% second harmonic distortion. Total open
loop distortion is 1.4%,

D, =[D}?+D;

Open-loop voltage gain is calculated from
Avy=GR; =80 where the overall gain G is
the same as the gg calculated above at the
end points. Distortion of this output stage can
be compared to other unity gain output stages
using the relationship,

= DOL

1+ B4,

where [ is 1 for 100% feedback.

With a gain of 80 and 1.4% open loop dis-
tortion, the equivalent unity gain distortion is
0.02%. Similarly, a gain drop of 20% with a
gain of 80 is equivalent to a drop of 0.3% at
unity gain. Douglas Self’s class-A output'
stage (Fig. 3 of ref. 10) shows a gain drop of
0.3% at 70% output swing at 30W, giving
0.0012% thd at 20kHz with 30dB global-
feedback factor, also at 20kHz.

Current at the end of crossover region is about
0.8A — four times /, — indicating square-law
operation.

Gain of the driver transistor can be mea-
sured from the gate voltage waveform. It dou-
bles from -V to +V. Increasing the gain of
the driver transistors offsets the fet gain drop
due to velocity saturation within the square-
law region, resulting in a near ideal square-law
relationship. At V, the fet has gone linear’.
This demonstrates that the falling gain of fets
is not an obstacle for the square-law principle.

Theory® shows gain falls by 50% at high
currents. Using,

G, =+2pl, -36I,
the gain peaks at,

=l
=%

where,

__B
LT
This is half the gain of the ideal fet where 0 is
0 and velocity saturation does not occur. It is
possible to calculate the beta required for a
given amplifier, given 6 of say 0.11, using
B=1862I,, where Iy is the output current at the
inflection point (G, maxima, where the V-I plot
curves backwards). Current I, is therefore arbi-
trary. It simply depends on how much of the
rated capacity of the fet is to be used.
A useful technique to find 6 and f§ from data
sheets that give the G versus Ip curve, that
shows a peak is,

g= "o
=
and,
ey
3,

Gk and Iy are G and Ip at the maxima.

Values of R;g were altered to suit the
amount of compensation required for a par-
ticular fet and operating current range.
Increasing bias voltage gives less gain com-
pensation for higher gate bias voltages of
modern power fets. I expect equations can be
found to calculate resistor values from J3, 9,
peak /Ip, etc.

Interestingly, the slow gain change of bipo-
lar class-AB circuits — the cause of crossover
distortion — is advantageous in offsetting the
slow gain change of the fets from square-law
to linear. Modern op-amps with output swings
of £10V can be used to drive output stages if
they have voltage gain. For example, the
OPAG627, although expensive, can give dis-
tortion figures as low as 0.0003%!2 with a
gain of 3 and the NE5534 can give almost as
good performance!® at lower cost. They can
provide suitable slew rates, and more impor-
tantly, reduce component count. They are
probably not more widely used in this type of
application because the usual starting point in
a design is with a voltage follower, unity gain,
output stage.

Other advantages of using output stages
with gain are:

@ Improved output stage stability due to lower
feedback factor. This makes it easier to
ensure less than unity loop gain at 180°.

@ Higher efficiency due to lower saturation
voltage.

@ Biasing current can be derived from areg-
ulated/filtered supply, improving power sup-
ply rejection and its resulting effect on dis-
tortion.

@ Slew rate required for the driving amplifier
is reduced due to the output stage gain.

@ Driver transistors only need to be rated at
half the supply voltage.

@ Output is a current source so current limit-
ing can be performed by simply limiting
input voltage swing using diodes.
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Another square-law circuit

The circuit of Fig. 5 uses 74HCUO4 cmos
inverters as drivers for the bipolar output tran-
sistors. In this arrangement ambient tempera-
ture variations need not affect linearity, where-
as changes in load cannot.

C-mos inverters provide well matched com-
plementary fets, readily available and cheap.
When the six inverters in a HCU04 are paral-
leled, 120mA can be safely handled, at which
point the gain drops by 10%. This is sufficient
to drive a bipolar power transistor for 5A out-
put, given a beta of 50 at SA.

For six HCUO4 inverters in parallel, fet
parameters are B=50mA/V2, V=08V and
6=0.12(V-1). Matching of p and n beta values
was within a few percent. Devices with the
same date mark had almost identical betas,
although the threshold voltages of p fets were
typically 80mV higher than n fets for those
tested.

The HCUO4 runs from 5V. Figure 5 uses a
level shifter with one HCUO4 driving both
sides to increase voltage swing.

_Figure 6a shows an alternative circuit giving
lower distortion by using n fets for better
matching. Here Tr; g are acting as virtual com-
plements. )

Gain matching of each half is achieved with
RV, 3 in series with small signal diodes Dsg.
This compensation method is effective, allow-
ing large gain variations in bipolar transistors
as well as partly linearising beta fall-off in the
bipolar transistors above 1A.

Usually, the output transistors have a resistor
directly across the base-emitter terminals to
remove base leakage current and speed up turn
off. These resistors are not used in this appli-
cation. This is due to the fact they cause unac-
ceptable non-linear gain at low currents.

One solution to prevent thermal run-away is
to keep the transistors cool with a larger
heatsink. An alternative is the circuit of Fig.
6b. Temperature sensing diodes D75 can be
soldered to a lug held by the TO3 bolt to the
case of Trs¢. High-gain transistors Try; 12,
with 3>300 across the base-emitter terminals,
remove the temperature-dependent leakage
current and prevent thermal run-away allow-
ing minimal heatsinks.

In Fig. §, fets Try g are used as a bias voltage
generator. They maintain a constant bias cur-
rent through fets Trg 1o since current through
Trq3 is mirrored into Trg ;o independent of
ambient temperature changes. Impedance of
the bias generator is small compared to Rs¢
supplying the bias, being 1/g¢, where g is
V2BIp or 1009 since Ip is ImA.

With a low impedance voltage drive there is
little incremental drop across the bias genera-
tor as the input voltage varies. Since the input
voltage swing is only £2V, resistors Rs ¢ can
be used rather than active current sources to
set the bias current.

Power supply ripple rejection is about 30dB,
with zeners D34 providing another 30dB.
Transistors Try , compensate for temperature
change in Tr34 since they are coupled ther-
mally. Higher power versions will require a
heatsink. Tests on the SOW version were done

Fig. 5. This class AB amplifier uses

AUDIO

2A
complementary mosfets in the o\ p—o +35V
emitters of the drivers to give naming!
accurate square-law current
differencing in the crossover Trg
region and a linear gain outside the ":/“” 5004
crossover region. (EL502)
Ry 2x3V3
10k ¢
D
D,
Cs >
220p Pt
o]
R1 2 2
a7 M
°
3
Vin (o} 8Q
1 Ry Ry load
(1V rms) T in F8 200 nw
D ;
Ic, TLO71
Ds-Dg 1N4148 Trg
For fig 6a, connect all inputs MJ15003
to outputs. (MJ802)
Try - Tryg = 2 x 74HCUO4
2A
-35V
nominal

without this heatsink.

Transistors Tr3 4 act as voltage followers.
Input voltage is transferred to the gates of
Trg 1. The resulting drain currents are level
shifted by Tr3 4 to drive the output transistors.
Resistors Ry ) limit the output current for out-
put shorts to prevent secondary breakdown. At
a V. of 50V, the /g rating for these transis-
tors is 4A.

Resistors Ry ;o can be calculated assuming a
beta of 50 at 4A. As a result, base current i§
80mA so 30V across Rg ;o requires 3302
resistors. These resistors also reduce dissipa-
tion in the drivers, allowing free-standing
TO92 devices for a S0W version. Transistors
Trs,¢ have gains of 110 and 80 respectively at
1A, both falling to 50 at SA. MJ15003/4s were
used because of availablity, but the
MJ802/MJ4502 pair is a better choice for a
50W version with similar /gg ratings at half
the cost.

Typically, the bias voltage for optimum bias
of 150mA was 1.7V in Fig. 5, with 785mV
across n-channel fet Trg and 863mV across the
p-channel fet Trg — a difference of 83mV.

This is attributed to differences in the p-n
threshold voltages. It was found to cause one
side to finish its square-law before the other
and so give non-linearities toward the ends of
the crossover region. These could not be
trimmed out since the fets are internally cou-
pled.

Using all n-channel fets for Tr;_,¢, Fig. 6a,
the bias voltages were to within 6mV and non-
linearity in the crossover region was remov-
able by trimming the quiescent current.

Digital meters were used in a static test to
accurately measure Fig. 5°s V-I transfer func-
tion at each half of the collectors of Trj4
before the output stage. Plotting the results
manually showed surprisingly linarity to meter
accuracy of +0.1% right up to 100mA.

1
BC559C
)
A Ryp
10k
v
\& By
Case of Trg

(b)

Fig. 6a) Alternative arrangement for Tr;_;0,
giving better matching. Transistors Tr; g
are virgual complements. Use four
74HCUO04s for Tr;_;9. Source is pin 7.
Leave pin 14 floating.

Fig. 6b) Cbllector-base leakage current
compensation circuit to prevent thermal
runaway in Trs. A similar circuit is used
for Trg, not shown.

However, the gain of each half was different,
at 69mA/V and —-64mA/V. This is compen-
sated for in this circuit using RV 3.

Points where the fets change from square-
law to linear were considerably different —
from 20mA upwards and —25mA downwards.
Another plot of VIp versus Vi, showed the
square-law relationship was accurate up to the
20/25mA points.

The reason for the abrupt change from
square-law to linear required for class-AB is
not yet fully understood. It may be caused by
pinch-off, where the fet changes from current
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i o/p 5V/diV\

7 \Up 0.3V/dIv

Fig. 7. Output of circuit of Fig.
5 but all n-fets (Fig. 6a) with a
triangle wave input shown for
comparison. It shows the open
loop linearity before applying

global feedback.

saturation to resistive mode as /p increases.

Dynamic testing of the output stage of Fig.
5, after trimming for best linearity showed a
0.2V deviation over £20V. When plotted, the
static test also showed 0.2V deviation.
Distortion at S00Hz was 0.3% when the swing
reached 60% of the full output.

Most of the harmonics were third and fifth
order. Voltage gain was 13 with an 8Q resis-
tive load. Full power bandwidth was 70kHz,
and gain-bandwidth product 1MHz. Second
harmonic switching distortion, seen on an
oscilloscope as differences in the bandwidth of
the output transistors, reached a maximum of
3% at 10kHz and 33V pk-pk, first noticeable
at 2kHz. At SkHz distortion is 1%.

The negative side is the slower half and gen-
erally has the higher gain. This allows a 10Q
resistor in parallel with a 1pF capacitor to be
added in series with the emitter of T to give
lead compensation to the slower half. This
allows switching asymmetry to be almost can-
celled over the audio range, giving similar
open-loop distortion levels to the power fet
circuit of Fig. 2. In closed-loop the power fet
circuit can achieve lower distortion due to
higher open-loop gain and bandwidth.

Modification Fig. 6a reduced total harmon-
ic distortion after trimming by a factor of 3 to
0.1% at 500Hz. Figure 7 shows the open-loop
transfer curve. Based on the static test, remain-
ing non-linearity is probably due to the bipolar
output transistors. There was only a slight
temperature induced change in linearity,
observed between idle and running continu-
ously at maximum power.

Load impedance changes did not have any
noticeable affect on linearity for the same out-
put current swing. Without collector-base
leakage compensation, quiescent current
through the output transistors would rise from
150mA of optimum bias, to 230mA after run-
ning at full power for some time. This varia-
tion does not affect linearity.

Circuit Fig. 6a has demonstrated that a sta-
ble 0.1% thd can be achieved up to 2kHz open
loop with a gain of 13 using readily available
non-selected parts. Closed-loop distortion
could not be measured with the HP54601A
using FFT. Closed loop thd however is
expected to be 0.001% at 1kHz and 0.006% at
20kHz. This assumes an TLO7! providing
about 40dB feedback at 20kHz.

In closed loop, C3 provides some phase

advance above 70kHz - the output stage
roll-off point — keeping the loop phase less
than 180° until the gain has fallen below unity.

Using similar transistors in a complementary
feedback-pair output stage, Self’s Fig. 8 class-
AB amplifier of reference 2 shows distortion
reaching 0.01% at 20kHz, using a 37dB feed-
back factor at 20kHz. This he attributes main-
ly to crossover and switching distortion.

With a 37dB feedback factor, output stage
distortion can be calculated to be 0.7% with
optimal biasing — 50 times higher than the
0.014% expected from an optimally biased
complementary-feedback pair'*. Presumably
the 0.7% figure is mostly due to switching dis-
tortion and not component mismatch. The
emitter resistors determine gain matching at
high current — not the transistors.

The fet output stage is expected to give

0.001% thd at 20kHz since it has higher gain’

and wider bandwidth allowing a higher feed-
back factor at 20kHz. It is also expected to
match the class-A design of 0.0012%. at
20kHz by Self'%4 with a similar spread of low
order harmonics.

Setting optimum bias

I developed a straightforward technique for
setting optimum biasing using an oscilloscope
and triangle wave source. The alignment is
carried out with an open loop by connecting a
100uF capacitor across D;. Trimming is best
achieved at about 50% of the maximum out-
put swing by applying about 1.5V peak trian-
gle wave with an 842 resistive load.

Display the input and output waveforms
together, as Fig. 3. Set RV, at zero and RV 3
at maximum. Raise quiescent current to about
150mA then determine which half shows the
lowest slope. If, for example, the lower half
has the lower gain then vary RV for best lin-
earity — lower half only. Lastly, reduce RV,
until the upper half has the same slope as the
lower half. The overall line should then be
straight.

Better things yet to come?

The static test showed that given a sufficient-
ly linear current mirror output stage, crossover
and high-end gain deviation could go as low
as 30.1% for open loop class-AB. If this were
achieved, the output stage alone could go as
low as 0.001% thd with unity gain, since open
loop gain 210. This would be two orders of

magnitude lower than the best possible using
classical class-AB circuits.

A technique that gives an output stage excel-
lent linearity has been used in a fast power
amplifier!. As for bias stability, integrating
Tri4 and Tr4. o on the same chip must provide
ultimate performance. Integrating can also
allow automatic biasing using a slave circuit!6
to monitor linearity and correct any changes.

In summary

Preliminary results from two different class-
AB circuits show the square-law nature of fets
can be used to reduce distortion below the lev-
els of classical fet and bipolar output stages.
The only drawback is that two presets are used
for alignment instead of one, as is normally
the case.

1t is pleasing to see fets go linear at higher
currents in a way that allows near elimination
of class-AB crossover distortion. Two differ-
ent techniques have demonstrated that class-A
performance is possible using class-AB — one
circuit using power fets over their full current
range, and the other using fets driving bipolar
power transistors.

Bipolar output-stage bandwidth degrades
performance above 2kHz. The power fet out-
put stage is free from switching distortion and
allows more feedback at the top audio end
giving superior overall performance. These fet
based circuits demonstrate that class-A per-
formance need not be traded for class-AB effi-

ciency.

I would like to thank Manawatu
Polytechnic, New Zealand for its help in
preparing this article. [ |
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ANALOGUE DESIGN

Recording
on demand

As a learning aid for
advanced students,
note taking is only
useful to the
dextrous.

Francois Steenkeste’s
delayed recorder is
designed to make the
alternative - tape
recording lessons - a
much more efficient
process.

ote-taking is a complex activity requir-
N ing listening, thinking, manual dexter-

ity and eyesight. Not everyone takes
notes equally well. Visually impaired people
for example can be at a distinct disadvantage
at university, when note taking skills can make
the difference between a pass and a fail.

Tape recordings help, but sorting a few use-
ful ideas from a long speech can be very time
consuming.

With the note-taking aid described here,
speech is recorded into a rolling buffer mem-
ory. When the listener perceives that an
important point has been made in the speech,
he or she simply presses the record button —
after the event.

Unlike a tape recorder, this system records
not the real-time speech, but a delayed repre-
sentation of it. In this way, ideas already spo-
ken can be recorded provided that the button
is pressed before the rolling delay has expired.

Delayed recording details

To obtain a few seconds delay, a digital mem-
ory and a-to-d/d-to-a converters are used, Fig.
1. Memory is organised as an endless loop by
a memory controller, making it easier to
reconstruct the audio-signal after the delay.

Digital information coming from the micro-
phone via the a-to-d converter is sent to ram
address x by the memory controller. During
the same sample period, the memory con-
troller reads the bits contained in the ram
address x+1, incrementing the address counter
by one ready for the next read/write. These
three operations are repeated each sample
period.

If the endless loop contains n addresses, the
information stored at address x will be read n
sample periods later. One complete memory
cycle time, d, is represented by the time taken
to sample one converter reading multiplied by
the total number of addresses.

The d-to-a converter receives this informa-

tion and sends the corresponding analogue sig-
nal towards the magnetic head. Provided the
listener operates the remote control before the
end of the delay period, the motor turns on
and the signal is recorded.

The three switches of Fig. 2 represent ana-
logue multiplexers/demultiplexers. These give
access to the recording and playback functions
of the recorder. They are controlled by the
keyboard via logic. If §, , are in position A,
the device records. In position B, playback
takes effect. Delay position, A, and the normal
position, B, are controlled by S.

Playback circuitry is provided by the OKI
MSM6310. This device is designed for endless
loop recording in eight-bit pulse-code modu-
lation and is used to drive the endless loop.

Three units make up the internal circuit. The
input unit comprises a line amplifier, low pass
filter and eight-bit a-to-d converter, An eight-
bit d-to-a converter followed by a low pass fil-
ter forms the output unit. Finally, there is a
control unit for one or two dynamic-ram seg-
ments. This control unit also drives the remote
control, motor and sample frequency.

Delayed recording and repeated playback
depend on the remote control. When the oper-
ator presses the button, the motor command is
given by an output from the MSM6310. In the
case of delayed recording, the analogue signal
corresponding to the idea spoken d seconds
earlier is recorded on tape.

When the speaker finishes giving relevant
information, the listener presses the remote
control a second time. After delay d, the motor
is stopped. This avoids losing the last piece of
information contained in the endless loop
memory.

In the repeat mode, the user operates the
remote control in order to re-hear the last sec-
onds of playback. Consequently, the motor is
stopped and the memory content is repeated
on the loudspeaker until a second action on
the remote control turns the motor back on.
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ANALOGUE DESIGN

Implementing the recorder
At the heart of this recorder is the MSM6310
controller, connected to two 256Kx1-bit
MSM41256 dynamic rams, Fig. 3. The device
controls address lines, column address strobe
signals, row address strobe signals and the
memory write enable signals. '
Double-pole, three-way slide switch Swy,
allows selection of delay time with a duration
of 2, 4 or 8 seconds by controlling both RAMS
and FSS inputs. A high level to the RAMS input
informs the MSM6310 IC that an external
dynamic ram is connected. When the same
level is applied to the FSS input, the crystal fre-
quency of 8MHz is divided by 1024, giving
around an 8kHz sampling frequency. If this
level is low, the divisor is 512, doubling the
sampling frequency.

Analogue section

Recording and playback are provided by the
analogue section, under control of the 40538
analogue multiplexer-demultiplexer. When the
Ob,4 NOR gate output is low, the microphone’s
signal is recorded on the tape.

Transistor Trg buffers the built-in micro-
phone signal and feeds an SL6270 gain con-
trolled pre-amplifier. This IC is designed to
accept signals from a low sensitivity micro-
phone and provide a constant output signal for
a 50dB input range.

Dynamic range, attack and delay times are
controlled by the R3s/C ;4 network. The signal
is amplified by the MSM6310, whose 40dB
gain is fixed by network R3g/R49. The ampli-
fier output, AMPO, together with the output of
the internal d-to-a converter, DAO, is connect-
ed to the analogue multiplexer-demultiplexer.
Output of the multiplexer-demultiplexer is
linked to the MSM6310 low-pass filter.

This implementation allows the user to
choose between a recording with or without
delay, DAO/aMPO. Amplifier A3 mixes the
low-pass filter output with the 33kHz signal of
controlled oscillator A, and a 50Hz signal
from oscillator A4.

Oscillator A4, controlled by Sw; allows
marking of the start of a new recording. The
mixed signal is then sent through the Rsg/Coy
network into magnetic head H,. During
recording, erase head H, and oscillator A; are
activated by a high level on R34 and R5;.

Conversely, in playback mode, the Ob; NOR
gate output is high. In this instance, the audio
signal is supplied by the tape, through the
magnetic head H;, and amplified by Trg.
During playback, this signal’s source replaces
the microphone in the amplifier chain detailed
above. In the same way, during playback,
amplifier A3 output is connected to the
MSC1191 power amplifier and the built-in
speaker.

Figures 4 and 5 show the bandwidth of the
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amplification chain between the Trg and AOUT
of the MSM6310. When the delay time is
fixed at 2 or 4 seconds, the sampling frequen-
cy is 16kHz. This results in a —3dB bandwidth
equal to 270-5600Hz, Fig. 4. At 8 seconds, the
sampling frequency reduces to 8kHz and the
bandwidth to 260-3450Hz, Fig. 5.

Logic section

The logic circuitry is designed to drive an
electrically-controlled mechanism made by
Olympus. The heads are positioned by a dc
motor driving a gearwheel and cam. This clos-
es Sw; when the magnetic heads are near the
tape.

Main functions of the recorder are controlled
by slide switches. Playback/record is con-
trolled by Sw, and rewind/fast forward by
Swy. Output levels of gates Na, ; and the sta-
tus of Sw; drive the exclusive-or circuit com-
prising NAND gates Na3 and Nc;.

The tape motor is driven by two three state
set-reset latches within the 40448, connected
to transistor network Tr, 5. Tape direction is
indicated by Oa,. Control depends on Sw-
Sw, and the ‘motor’ output of the MSM6310
circuit, through a logic network comprising
four two input NOR gates Oa, | and Nd|.

The motor has an inductive tachymetric
generator whose output signal is used to adjust
the motor’s speed. This signal is compared
with a reference voltage from resistor net-
works Rs7/Rsg or Po/Rss/Rsg, by amplifier A

6400

This amplifier controls the LM3]7 adjustable
regulator.

Network Rs7/Rsg indicates fast forward and
rewind. The two-position slide switch Sws
allows the user to choose the tape speed of
2.4cm/s or 1.2cm/s.

Record/playback switch Sws drives the input
DEL/REP of the MSM6310 and controls the
analogue switch of the 40538 via Nd,3. In
addition, contact Swg on the microcassette
holder detects whether the cassette can be
erased. If the cassette’s erase-protection tab is
broken, gates Ob, 4 prevent the multiplex-
ers/demultiplexers from establishing the
recording circuit.

Finally, Swg together with gates Nd, and
Nc) 4 create the start/stop pulses. These puls-
es drive the motor output of the MSM6310
during delay and repeat modes.

Non Motor
handicapped handicapped
Wiritten notes 80% 71%

Recorded notes - 90%

Table 1. These results show that motor-
handicapped students using the delayed
recorder take notes more efficiently
than non-handicap/Jed students taking
notes conventionally.

Results
We have tested this recorder with different
student groups during their courses. During

ANALOGUE DESIGN

Fig. 4. A 16kHz sampling frequency, with a
delay of 2 or 4 seconds, results in a -3dB
bandwidth of 270-5600Hz. Horizontal scaling
is 2kHz/div and vertical is 20dB/div.

Fig. 5. At eight seconds, sampling frequency
falls to 8kHz, resulting in a bandwidth of 260-
3450Hz. Horizontal scaling is 1kHz/div while
vertical is 20dB/div.

the first experiment, motor handicapped pupils
used delayed recorders set for four second
delay. In addition, non-handicapped pupils
aged 13 from the French fifth form took notes.

Approximately a quarter of the lesson was’
recorded. Pupils who used the recorder took
note of 90% of the main information, while
the non-handicapped pupils wrote down less
than 80% of main information. However, the
pupils were not very selective and had diffi-
culty appreciating what could be said in four
seconds.

A second experiment took place during the
psychology and physiology courses of the
Universite de Lille. A blind student recorded
his course notes with the delayed recorder.
The capacity of the endless loop was set to
two seconds.

It was possible for this student to select and
record complete sentences without losing the
first words.. Recording duration lasted less
than 50% of the course.

Initial findings

Results obtained using a delayed tape recorder
have shown that selective recording during
courses is practicable. Using prototypes, we
reached the following conclusions:

@ Due to ram limitations, it is more difficult
to take notes with a four-second delay than
with two seconds.

@ Delayed recording facilitates rapid
selection of information.

@ Recordings made are shorter than the
lessons, reducing the amount of post-
analysis needed by the students. a
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on quasi-complementary fet output

stages! prompted me to examine how
his proposed configuration works.
Investigations showed that his scheme
changes not just the output stage but the
entire structure of the amplifier, and it
presents some intriguing new design
problems.

B engt Olsson’s most interesting article

An alternative architecture

Nearly all audio amplifiers use the conven-
tional architecture I have analysed previous-
ly.2 There are three stages, the first being a
transconductance stage, ie differential voltage
in/current out, the second is a transimpedance
stage ie current in/voltage out and lastly a
unity-gain output stage, Fig. 1a.

Clearly, the second stage has to provide all
the voltage gain and is therefore formaily
named the voltage amplifier stage, or vas.
This architecture has several advantages. A
main benefit is that it is straightforward to
arrange things so that the interaction between
stages is negligible. For example, there is very
little signal voltage at the input to the second
stage, due to its current-input nature. This
results in very little voltage on the first stage
output, which in turn minimises phase-shift
and possible Early effect.

In contrast, the architecture presented by
Olsson is a two stage amplifier, Fig. 1b. The
first stage is once more a transconductance
stage, though now without a guaranteed low
impedance to accept its output current. The
second combines voltage amplifier stage and
output stage in one block. It is inherent in this
scheme that the voltage amplifier must double
as a phase-splitter. This results in two dissim-
ilar signal paths to the output, and it is not at
all clear that trying to break this block down
further will assist a linearity analysis. The use
of a phase-splitting stage harks back to valve
amplifier days, when it was essential due to
the lack of complementary valve technology.

Since the amount of linearising globai feed-
back available depends upon amplifier open-
loop gain, the way in which the stages con-
tribute to this is are of great interest. The
normal three-stage architecture always has a
unity-gain output stage — unless you really
want to make life difficult for yourself. As a

result the total forward gain is simply the
product of the transconductance of the input
stage and the transimpedance of the voltage
amplifier stage. Transimpedance is determined
solely by the Miller capacitor C 4oy, €xcept at
very low frequencies’.

Typically, the feedback factor at 20kHz will
be 25-40dB. It will increase at 6dB per octave
with falling frequency until it reaches the
dominant pole frequency P, when it flattens
out. What matters for the control of distortion
is the amount of negative feedback, nfb, avail-
able, rather than the open-loop bandwidth, to
which it has no direct relationship.

In my EW+WW Class-B design, input stage
&m is about 9mA/V, and Cyor, is 100pF, giv-
ing a feedback factor of 31dB at 20kHz. In
other designs I have used as little as 26dB at
the same frequency with good results.

Arranging the compensation of a three-stage
amplifier can be relatively simple. Since the
pole at the voltage-amplifier stage is already
dominant, it can be easily increased to lower
the hf negative-feedback factor to whatever
level is considered safe. The local negative
feedback working on the voltage amplifier has
an invaluable linearising effect. I am aware
that some consider there are better ways to
perform this sort of compensation, but the
Miller approach is so far the most stable
method in my experience.

Fewer stages, more complexity?
Paradoxically, a two-stage amplifier may be
more complex in its gain structure than a
three-stage. Forward gain depends on the
input-stage g, the input-stage collector load,
and the gain of the output stage, which will be
seen to vary in a most unsettling manner with
bias and loading. Input-stage collector loading
plays a part here since the input stage can not
be assumed to be feeding a virtual earth.
Choosing the compensation is also more
complex for a two-stage amplifier. The volt-
age-amplifier/phase-splitter has a significant
signal voltage on its input. Usually, the pole-
splitting mechanism enhances Nyquist stabil-
ity by increasing the pole frequency associat-
ed with the input stage collector. But because
of the relatively high voltage on the voltage-
amplifier/phase-splitter, the pole-splitting
mechanism is no longer effective.
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This may be why Olsson’s circuit uses a  Fig. 1. Conventional three-stage —— Vs

amplifier architecture, and two-stage
architecture advocated by Olsson.

cascoded input stage comprising 7,7 in his
original circuit, Fig. 11. This presents the input
device collectors with a low impedance and
prevents a significant collector pole. Another Ry
valid reason is that it also allows the use of
high-beta low-V,. input transistors, which
minimise output dc offset due to base current
mismatch. This is usually much larger than the
dc offset due to V. mismatch.

Such an input cascode can also improve
power-supply rejection as it prevents Early
effect from modulating the subtractive action
of the input pair.

Simple calculation gives the g, of Olsson’s
amplifier as 16mA/V, but the effective gain of
the next stage seems much more difficult to
equate. A full PSpice simulation of the com-
plete amplifier with an 8€2 load shows that the
feedback factor is 36dB up to 300Hz. It then

Fig. 2. Basic fet
output stage used
for simulations of
Figs 3, 4 and 5.
Transistors My,
are IRF240 and M,
is IRF710.

@
3 L ®"

Rz
330

Rioad

Input

L.

V-

Devices and desires

rolls off at the usual 6dB/octave, until it pass-
es through OdB at about 20kHz. This 36dB
represents much less feedback than the three-
stage version. It indicates that C,,,, notional-
ly connected between drain and gate of M3,
must be comparatively very large at approxi-
mately 3nF.

Specified internal capacitances of M3 are
certainly orders of magnitude larger than those
of an equivalent bipolar device — they vary

from sample to sample and also with operating
conditions such as V. These unwanted vari-
ations would appear to make stable and reli-
able compensation a difficult business.

The low-frequency feedback factor is about
6dB less with a 4€2 load, due to lower gain in
the output stage. However, this variation is
much reduced above the dominant pole fre-
quency, as there is then increasing local neg-
ative feedback acting in the output stage.

In his opening paragraph, Olsson says that the
symmetry of complementary transistor output
stages is theoretical rather than practical.
Presumably he is referring only to power-fets, .
as suitable pairs of bipolar devices, such as
Motorola MJ802/MJ4502 — old favourites of
mine - exhibit excellent symmetry.*
Admittedly, the two devices are not exact mir-
ror-images, but the asymmetries are small
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Fig. 4. Output transfer functions for stepped bias voltage. For lower bias, the characteristic is
sigmoidal - S-shaped, unlike a conventional Class-B stage. Values for Vy;,; are 7.5, 8, 8.5, 9 and

9.5V.

enough for even-order harmonic generation in
the output stage to be negligible. This is sure-
ly what counts.

This symmetry does not hold for power-fets
however, and so it may be that some of
Olsson’s concern with symmetry flows from
an initial decision to use fets. I find it difficult
to understand why power fets in particular suf-
fer from so many mis-statements. It is still
confidently held that fets are more linear than
bipolars, although the opposite is certainly the
case when the two types of device are used in
normal Class-B output stages.

Similarly, fet robustness is often exaggerat-
ed, the devices being prone to summary explo-
sion under serious parasitic oscillation.
Mercifully bipolars are not. In particular, I
find it hard to understand Olsson’s contention
that fet parameters are predictable — they are
notorious for being anything but.

From one manufacturer’s data, namely
Harris, the Vg for the IRF240 varies between
2 and 4V for an I, of 250pA — a range of two
to one. In contrast the Vy,/I,. relation in bipo-
lars is fixed by a mathematical equation for a
given transistor type. The exponential rela-

tionship may be regarded as more non-linear
than the partially-square-law fet Vg /l4 rela-
tionship but it is dependable, and gives a much
higher transconductance. This can always be
traded for linearity by introducing local nega-
tive feedback.

Output considerations

Figure. 2 shows the basic output configuration
I have investigated. I have not examined the
‘anti-saturation” schemes intended to provide
the output fets with extra gate drive.

My first discovery is that the voltage-ampli-
fier stage/phase-splitter does not have to be a
fet. Replacing it with a bipolar junction tran-
sistor, for example MPSA92, gives almost
identical results. I have used M,,; etc rather
than Try,, for fet designations as this preserves
consistency with the PSpice output.

This output stage configuration'is totally dif-
ferent in operation from the conventional
Class-B stages discussed in reference 1. Itis a
hybrid common-drain/common-source con-
figuration, or, in bipolar speak, a common-col-
lector/common-emitter (cc-ce) stage. In this
sort of output, the upper emitter-follower has
a common-emitter active-load. This load may
or may not deliver an appropriate current into
the node it shares with the upper device.

The input-voltage/output-current relation-
ship for the upper and lower devices will be
different, as a result of the two dissimilar paths
to the output. This means that while such a
stage can always be biased into Class-A by
increasing the quiescent enough® there is
every likelihood that it will be an inefficient
kind of Class-A. It will deviate seriously from
the constant-sum-of-currents condition that
distinguishes classical Class-A ¢

Lower quiescents tend to give a depressing-
ly non-linear and asymmetrical Class-AB. In
general there is no equivalent at all to standard
Class-B, where the symmetry of the configu-
ration — rather than anything else — allows
both output devices to be biased to the edge of
conduction simultaneously.

In general, cc-ce stages generate large
amounts of even-order distortion, due to their
inherent asymmetry. [ appreciate however that
avoiding this is one of the prime purposes of
Olsson’s circuit.

In Fig. 2, the position of Vy,;, causes a form
of bootstrapping, and I can confirm that driv-
ing it from the output is essential to make the
scheme work.

Figure. 3 shows drain current in each output
fet when driving an 8Q load, with Vyy
stepped, as simulated by PSpice. Compared
with conventional Class-B, the drain currents
cross over smoothly. This seems intuitively a
good idea, and has been recommended by sev-
eral writers, but in fact a smooth-looking cur-
rent crossover does not guarantee a linear
composite gain characteristic.

Figure 4 shows the input/output character-
istic for the stage. You can see that the lower
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Vbias levels produce a sigmoidal transfer func-
tion, with gain falling off in the crossover
region. This gross output distortion is much
greater than that given by a normal Class-AB
stage. It suggests that it is only practical to run
the stage in full Class-A, see the straight line
at the right of the plot. I do not recall a men-
tion of this point in the original article.

Quiescent current needed to achieve this is
about 2A. The desirability of Class-A opera-
tion is reinforced by the incremental gain plot
in Fig. 5. It is clear that the gain variations are
serious for lower Vi, and do not augur well
for the closed-loop distortion performance.
Only the rightmost Class-A gain characteristic
has a clear flat portion over its operational
range.

It is true that the drain currents in this stage
are symmetrical — but the quiescent required to
remove the sharp-eared ‘Batman’ effect in Fig.
5 is so high that the amplifier is working
entirely in Class-A. The symmetry of the cir-
cuit means only that when distortion is pro-
duced, it will be predominantly odd-order,
which is not normally considered a good thing
from the subjective point of view. To keep the
stage linear into 4Q2 loads would demand a
quiescent of 2.9A. It is interesting that this is
not twice the current for the 8€2 case.

There are other significant differences from
the usual voltage-follower configuration,
which if nothing else has a stage gain reliably
close to unity. Olsson’s output stage gain
varies with Vy,;,; adjustment — even when in
Class-A — and also varies strongly with load
impedance. This would seem to make reliable
compensation a difficult business, but in the
complete amplifier this variation is probably
only significant below the dominant-pole fre-
quency P;.

Figure 6 is a comparison between the
Olsson configuration and three conventional
stages, all biased to drive an 8€2 load in Class-
A. Traces 1 and 2, at the top, are bipolar-emit-
ter follower and complementary-feedback-pair
stages. These produce the usual linearity and
close approach to unity gain.

The curved lower trace, 4, is a conventional
complementary fet output. Trace 3 is the
Olsson stage, with its gain of about 65 times
normalised to fit in between the other curves.
It shows stronger curvature than the bipolar
stages, and despite everything, is actually less
symmetrical than the usual output stages. |
think this is inherent in the circuit’s lack of
symmetry about the output line.

I hope this article is a fair analysis of the
proposed configuration, and that I have not
made any serious misinterpretations of Mr
Olsson’s intentions. I also trust that it will not
be taken as purely destructive criticism, for
that is not my intention. I have to conclude
that the configuration appears to require a very
high quiescent current for linear operation, and
has only a limited amount of negative feed-
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Fig. 5. Incremental gain plot for the Olsson stage, with V;,; stepped. The -AB mode (curve B)
shows serious gain variations and therefore poor linearity.
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Fig. 6. Curve 3 shows incremental gain for the

4 — normal fet o/p stage \
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Olsson stage, driving 8 in Class-A. Equivalent

plots for conventional Class-A bipolar emitter follower (curve 1), bipolar complementary
feedback pair (curve 2) and a normal complementary fet stage (curve 4) are shown for

comparison.

back available to correct output stage distor-
tions. Any deeper investigation would need to
be encouraged by some promise that the
Olsson configuration can deliver substantial
benefits, and as far as my analysis goes, this
does not seem likely. ! ]
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TUBULAR PLATE CONSTRUCTION, FOR DEEP CVClE HIGH
CURRENT USE, MADE FOR BRITISH NAVY, 800 CELL:

AVAILABLE, PHONE FOR PRICING ALSO AVAILABLE FILLED &
CHARGED

Narrow angle infra red emitter LEDSSC......
UMB116M-2L surface mount 1000 available .
2808 P10 7000 available £1 each, qu pnce .
CNY65 OPTO ISOL 3000 ilabl

KEYTRONICS

TEL. 01279-505543

FAX. 01279-757656.
P O BOX 634
BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX

OPTO ICS also available TLP550 TLP666GF
68 way PLCC SKT 1500 available
100 wa PLCC SKT 100 available..

. £1 each
. £1.50 each

LM324 (Quad 741)
MINIATURE FERRITE MAGNETS 4X4x3mm
TLO71 LO NOISE OP AMP,
TLOB1 OP AMP ...
47000u 25v SPRAGUE 360.
12 way dil sw..
10NF 63V X7Fl PHILIPS SURFACE MOUNT 100K available

€.
SWITCHED MODE PSU 40 WATT UNCASED QTY. AVAILABLE +5v
SA, +12V 2A, 12V 500mA FLOATING

... £9.95(£2)

220R 2.5W WIREWOUND RESISTOR 60K AVAILABLE

CMOS 555 TIMERS.
2/3 AA LITHIUM celis as used in compact cameras..
ICM7126CPL CMOS 31/2 DIGIT LCD ORIVER CH|P
LITHIUM CELL 1/2 AA SIZE

PASSIVE INFRA RED SENSOR CHIP + MIRROR + CIRCUIT £2 ea
EUROCARD 28-SLOT BACK PLANE 96/96-WAY S o8
“PROTONIC 24 VARIBUS™ 16.7" 5" FIBREGLASS MULTILAYER

PTHPCB

EUROCARD 96-WAY EXTENDER BOARD ... ..ocoooocniiiicns £10ea
290%100mm

DIN 41612 96-WAY A/B/C SOCKET PCB RIGHT

ANGLE £1.30

DIN 41612 96-WAY A/B/C SOCKET WIRE WRAP PINS
OIN 41612 64-WAY A/C SOCKET WIRE WRAP PINS
DIN 41612 64-WAY A/C PLUG PCB RIGHT ANGLE.
DIN 41612 64-WAY A/B SOCKET WIRE WRAP (2-ROW BODY)
BT PLUG+LEAD
MIN. TOGGLE SWITCH 1 POLE c/o PCB type i

LCD MODULE sim. LM018 but needs 150 to 250V AC for dlsplay

40x2 characters 182x35X 13mm....... . £10
6-32 UNC 5/16 POZI PAN SCREW!
NUTS...

PUSH 8 l
RS232 SERIAL CABLE D25 WAY
£5.90 ea (£1.30)

25 FEET LONG. 15 PINS WIRED BRAID + FOIL SCREENS
. INMAC LIST PRICE £30
. €1

AMERICAN 2/3 PIN CHASSIS SOCKET
WIRE ENDED FUSES 0.25A..............
NEW ULTRASONIC TRANSDUCERS 32kHz
POWERFUL SMALL CYLINDRICAL MAGNETS .
BNC 500HM SCREENED CHASSIS SOCKET.
SMALL MICROWAVE DIODES AE1 OC1026A
D.L.L. SWITCHES 10-WAY £1 8-WAY 80p 4/5/6-
180VOLT 1WATT ZENERS also 12V& 75V ............
MIN GLASS NEONS
RELAY 5V 2-pole changeover looks like RS 355-741 marked STC

47WBost ... 1ea

MINIATURE CO-AX FREE PLUG RS 456-071...........cccocoiccvoiiioninns 2/!:1
MINIATURE CO-AX PCB SKT RS 456-093 .. 1
PCB WITH 2N2646 UNIJUNCTION WITH 12V . €1
400 MEGOHM THICK FILM RESISTORS. 1

STRAIN GAUGES 40 ohm Foil type polyester backed balco gri
£1.50 o2 10+ £1

alloy
ELECTRET MICROPHONE INSERT

Linear Hall ettect IC Micro Switch no 813 SS4 sim RS 304-267
. £2.50 100+ £1.50
. 5 |

HALL EFFECT IC UGS3040 + magnel
1 pole 12-way rotary switch ..
AUDIO ICS LM380 LM386
555 TIMERS £1 741 OP AMP .
ZN414 AM RADIO CHIP
COAX PLUGS nice ones.
COAX BACK TO BACK JOINERS
INDUCTOR 20uH 1.5A. ... ........
1.25" PANEL FUSEHOLDERS ...
12V 1.2W small w/e lamps fit most modern cars
STEREO CASSETTE HEAD.
MONO CASS. HEAD £1 ERASE HEAD
THERMAL CUT OUTS 50 77 85 120°C..
THERMAL FUSES 220°C/121°C 240V 15,
TRANSISTOR MOUNTING PADS TO-5/TO-18
TQO-3 TRANSISTOR COVERS
PCB PINS FIT 0.1 VERO
T0O-220 micas + bushes ..
TO-3 micas + bushes
Large heat shrink sleeving pack
IEC chassis plug fitter 10A
POTS SHORT SPINDLES 2K5 10K 25K 1M 2M5
40x U/S TRANSDUCERS EX-EQPT NO DATA ..
LM335Z 10M C
LM234Z CONST. CURRENT |.C.
BNC TO 4MM BINDING POST SIM RS 455-961....................
MIN PCB POWER RELAYS 10.5v COIL 6A CONTACTS 1 pole c/o

BANDOLIERED COMPONENTS ASSORTED Rs, Cs, ZENERS

LCD MODULE 16 CHAR. X 1 LINE (SIMILARTO HITACHI LMlO)
OPI[1264A 10kV OPTO ISOLATOR. . 1.3508 100+ £1 u
'LOVE STORY' CLOCKWORK MUSICA BOX MECHAMSM

MADE BY SANKYO
Telephone cable clips with pINs ..
10,000uF 16V PCB TYPE 30mm DIAx31mm
EC CHASSIS FUSED PLUG B-LEE L2728 ..
2A CERAMIC FUSE 1.25" QB .
46 WAY IDC RIBBON CABLE 100 FOOT REEL ................. £5+CARR
20mm PCB FUSEHOLDER .. S0
IEC CHASSIS FUSED PLUG B-LEE L2728
ASTEC MODULATOR VIDEO + SOUND UM1287.
BARGRAPH DISPLAY 8 RED LED:!
NE567 PHASE LOCKED LOOP.

NE564.
PB749H USED WIPED

TLOB4
1R2432 SHARP 12 LED VU BAR GRAPH DRIVER

DIODES AND RECTIFIERS
A115M 3A 600V FAST RECOVERY DIODE ...
1N5407 3A 1000V
1N4148
1N4004 SD4 1A 300V
1N5401 3A 100V
INS819RL 20K Ex stock ...
BA158 1A 400V tast recover
BY254 800V 3A..........

BY255 1300V 3A

6A 100V SIMILAR MR751
1A 600V BRIDGE RECTIFIER
4A 100V BRIDGE

6A 100V BRIDGE

10A 200V BRIDGE,

25A 200 V BRIDGE £2

25A 400V BRIDGE £2.50

2KBPO02 IN LINE 2A 200V BRIDGE REC .....

SCRS
PULSE TRANSFORMERS 1:1+1 .
TICV106D 800mA 400C SCR 3/£1.
MEU21 PROG. UNWUNCTION .

TRIACS

NEC TRIAC ACOSF 8A 600V TO220
TXAL225 BA 500V 5mA GATE........
BTA 08-400 I1SO TAB 400V SmA GATE
TRAL22300 30A 400V ISOLATED STUD..
TRIAC 1A BOOV TLC381T 16k AVAILABLE .

CONNECTORS

D25 IDC PLUG OR SOCKET

34-way card edge IDCCONNECTOR (disk drive type)

CENTRONICS 36 WAY IDC PLUG
CENTRONICS 36 WAY IDC SKT..
BBC TO CENTRONICS PRINTER LEAD 1.5M

CENTRONICS 36 WAY PLUG SOLDER TYPE

USED CENTRONICS 36W PLUG +SKT
14 WAY IDC BLOCK HEADER SKT...

PHOTO DEVICES

HI BRIGHTNESS LEDS COX24 RED
SLOTTED OPTO-SWITCH OPCOA OPBB1
2N57T7

TILB1 PHOTO TRANSISTOR

TIL38 INFRA RED LED

4N25, OP12252 OPTQ ISOLATOR
PHOTO DIODE 50P

MEL12 (PHOTO DARLINGTON BASE rvc)
LED's RED 3 or 5Smm 12/£1

LED's GREEN OR YELLOW 10/€1
FLASHING RED LED 5mm 50p....
HIGH SPEED MEDIUM AREA PHOTODIODE

STC NTC BEAD THERMIST

G22 220R, G13 1K, G23 2K, G24 20K, G54 50K, G25 200K, RES 20°C

DIRECTLY HEATED TYPE

RS651-995

ORS

£1 ea

FS22BW NTC BEAD INSIDE END OF 1" GLASS PROBE RES 20°C
£1

200R

A13 DIRECTLY HEATED BEAD THERMISTOR 1k res. ideat for

audio Wien Bridge Oscillator ...

CERMET MULTI TURN PRESETS %"

10R 20R 100R 200R 250R 500R 2K 2K2 2K5 5K 10K 47K S0K 100K

200K 500K2M........... . 50p ea
IC SOCKETS

14/16/18/20/24/28/40-WAY DIL SKTS ..o . £1 per TUBE
8WAY DIL SKITS £2 per TUBE
32-WAY TURNED PIN SKTS... 3 for £1

SIMM SOCKET FOR 2X30-way SIMM

POLYESTER/POLYCARB CAPS

330nF 10% 250V AC X2 RATED PHILIPS TYPE 330

100n, 220n 63V 5Smm o
10nv15n/22rv/33rv47nv66n 10mm rad ...
100n 250V radial 10mm

... £20/100
20/£1100/€3
.. 100/£3.50

100n 600V Spi axial 10/€1

100/£3
100/86 (£1)

2u2 160V rad 22mm, 22 100V rad 15mm
10nV33nv47n 250V AC x rated 15mm.
14 600V MIXED DIELECTRIC ......
140 100V rad 15mm, 1u0 22mmrad..

100/£10
lial

0.22) 250V AC X2 RATING
0.22 900V

g1

RF BITS

SAW FILTERS SW662/SW661 PLESSEY SIGNAL TECHNOLOGY

379.5 MHZ
FX3286 FERRITE RING ID 5mm OD 10mm ...
ASTEC UM1233 UHF VIDEO MODULATORS
STOCK

... £1.50 e
.. 10for €1

(NO SOUND) 1250
1.50

MARCONI MICROWAVE DIODES TYPES DC2929. DC2962,

DC4229F1/F2

XTAL FILTERS 21M4 55M0
ALL TRIMMERS ..
VIOLET

.. 5-105pF

YELLOW 5-65pF RED 10-110pF GREY 5-25pF

SMALL MULLARD 21to 22pF.....
TRANSISTORS 2N4427, 2N3866.
CERAMIC FILTERS 4M5/6M/SM/10M7
FEED THRU' CERAMIC CAPS 1000pF
SLe10

3 FOR 50p £10/100

6 VOLT TELEDYNE RELAYS 2 POLE CHANGEOVER.............c.cc.e.. £©2

(BFYS51 TRANSISTOR CAN SIZE)
2N2222 METAL

P2N2222A PLASTIC

2N2369A

VNIGKRME 3. S e

10n 50V 2.5mm

100n 50V 2.5mm or 5mm
100n ax short leads..........
100n ax long leads

100n 50V dit 0.3"rad
1uF 50v 5mm.......
QUARTZ HALOGEN LAMPS

12V 50watt LAMP TYPE M31
6V 50wall...............

.. £1 8a HOLDERS 60p ea
£1

NEW BITS

XENON STROBE TUBE

SEND £1 STAMPS FOR CURRENT IC+ SEMI STOCK LIST — ALSO AVAILABLE ON

3%2" FLOPPY DISK

MAIL ORDER ONLY

MIN. CASH ORDER £5.00. OFFICIAL ORDERS WELCOME
UNIVERSITIES/COLLEGES/SCHOOLS/GOVT. DEPARTMENTS

MIN. ACCOUNT ORDER £10.00

P&P AS SHOWN IN BRACKETS (HEAVY ITEMS) OTHERWISE 95p
ADD 17'%2% VAT TO TOTAL
ELECTRONIC COMPONENTS BOUGHT FOR CASH

.. £1.60 “*NEW
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PC ENGINEERING

The latest update

of the longest
established pc-based
circuit simulator now
analyses mixed-mode
designs, but was
making MicroCap V
compatible only with
Windows also a step
forward? Ben Duncan

Mixed-mode
modelli

benefits of a ‘windows-like’ environment in dos. One of

the keynotes of MicroCAP-V, or MCS5, is that it is
written in 32-bit code and runs under Windows. This brings
the advantages of select-your-own typefaces, ease of screen
grabbing, pasting simulation schematics and graphs into other
programs. It also makes printer control more coherent.

However, it also has the penalty of needing 8MB of
memory to run what only needed 4MB under dos. This is in
additon to Windows’ existing problems of flakey double
click and an excessive reliance on mouse selection. There is
also presently an incompatibility between Microsoft’s own
mouse and drivers and Win 32s. This driver upgrades
Windows 3.1+ to 32 bits.

Another keynote is an event-driven digital logic engine.
Using PSpice syntax, many users won’t need to relearn
anything. The promise of seamless digital/analog modelling
seems a very good reason for buying MCS5.

Previous generations of MicroCAP have had all the

Digital features

Digital analysis is outside my domain, but I can outline the
new version’s essentials. MicroCAP-5 has about 75% of the
digital models in PSpice. Each program’s libraries can be
read by the other. PSpice can read MC5 text circuit files or
alternatively, MCS can read most PSpice files. Analogue and
digital circuits can be freely mixed, either in MCS schematics
or in Spice text file circuits.

System requirements
Windows 3.1 + optional Win 32s — when

debugged — Absolute minimum 33MHz AT PC
with 386-DX, dos 5, and 8Mbyte ram. However
16MB is recommended.

wonders.

Digital nodes, like analogue ones, are numbered
automatically and can be referenced by any legal name. On
schematics they are in square boxes, whereas analogue node
boxes are clearly distinguished by radiusing. Interfacing
between analogue and digital nodes and vice versa can be
automatic, with hard one, zero or fuzzier R, F, X levels.

To enable tri-state and multiple open-collector outputs to be
accurately modelled, six digital states are allowed, each with
different strengths and levels. Device input/output models
provide impedance and switching time data. These determine
output strength with wire-ORed parts.

Loading, inertial and transport delays are covered. Path
commands identify and list gates in paths as well as
calculating and showing each paths delay. They can be
‘point-to-end’, ‘point-to-point’ or ‘show all paths’.

Delays can be minimum, typical, maximum, or the worst
case minimum-maximum, creating a realistic ambiguity
region. Equally, timing hazards, for example convergence or
cumulative ambiguity hazards, can also be modelled.

Digital powering is automatically provided for a given
logic family. There are over 1200 digital parts. Primitives
include plas and multibit d-to-afa-to-d converters. Bistable
devices may be both edge and level triggered, and gated
latches similarly srff and ditch types. Digital stimuli can
originate from a generator or a file. Generator form can
create virtually any waveform.

Analogue developments
There is a number of small additions to the analogue features
in the new version, mostly concemning analysis. Temperature
modelling abilities of MC5 — previously a relatively a weak
spot — have since caught up with other high-end Spice-based
programs. Now, measured, absolute, local and global
temperature settings are all handled.

Unfortunately, MCS5 follows the obscure nomenclature of
Spice. For example, the ‘absolute’ temperature would be
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PC ENGINEERING
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With R1.C1 1k6 4 660nF, 1.73dB/oct re tiresRG,n >>1dB peak
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Fig. 1. Fragment of a filter system, converted from MC4. Only the psu macro - two
batteries — had to be replaced to get it to run ‘as was’. With the Beta copy tested,
some text labels have shifted to overlap, but in any event, MC5 allows all part labels
to be moved freely. Note the icons above the schematic and help screen below.

le Edit Windows 0

Carlo
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Fig. 2. An example of four simultaneous ac plots. Any mixture of ac operators may
be employed, provided a common scale is realisable. Here the green graph is phase
and the others are amplitude. Any number of plots are allowed in theory but there
are only sixteen colour choices. The new cursor function is annotating the
approximate 34dB difference between one plot and the dip of another.

better named a ‘solo’ temperature, as it is independent from
the others, including the default global temperature. The
‘measured’ setting is not used in simulation. Instead it re-
normalises spice parameters when measured at other than the
fixed, nominal 27°C.

In stepping, it is now easier to enter model parameters like
BF — as opposed to simple part values with enhanced control.
With the default ‘public’ library, each part shares its model
parameters with others using the same model name. !

If, as before, you wanted to step one BC337 transistor’s [3,
among other BC337’s in your circuit, you would normally
have to rename it ‘Tr3’ or some other legal and previously
unused name. However, using the ‘private’ option when
initially drawing a schematic, only a given part’s parameters
are stepped.

With MCS, the only part that cannot now be stepped,
excepting the various tabular sources, is the transformer. This
can be replaced though through mutualled inductors which
are steppable. When a relatively subtle parameter, say the
‘vaf’ of one transistor in many, is being stepped, a new
command line enables it to be plotted on the analysis screen.
This allows you to verify whether it is being stepped or
Monte-Carlo processed.

After analysis, cursors can now provide approximate auto
measurement on the screen between any pair of horizontal or
vertical data points, Fig. 2. To ensure multiplot clarity in
black and white printouts, six types of graphic primitives can
be placed on the graph, for instance a diamond.

When analysing, any number of simultaneous plots can
now in theory be specified. This can have its creative uses
such as mass parallel plotting of circuit alternatives.
Reviewing the beta software version I could only get four
plot colours to run, Fig. 2, but readers can rely on Spectrum
Software meeting their specification on release.

Inductor and core modelling has been changed from using
a ‘mutual’ statement to the spice format, using the ‘K’
device. This is straightforward — core data as MC4, with turns
as the inductor parameter.Micro-CAP and PSpice appear to
be the only pc simulators using the advanced Jiles-Atherton
magnetics model.

In the model editor I found a ‘revert’ function, something
every good program should have. In the event of a data entry
disaster it puts everything back to where it was at the start of
a session.The manual continues in the MicroCAP tradition of
being unusually well written, if somewhat terse. It contains a
useful chapter on solving bad convergence. If MCS5 runs like
its predecessor then this chapter will not be needed often.

Reliable and fuss-free conversion of the tens of thousands
of MC4 files to the MCS format is vital. I tested a variety of
different circuits and found this was the case with just one
exception — all macros had to be partly re-created manually.
MC4 macros should not need re-creating in the released
version — a ‘merge’ command should auto-convert them.
This is something of a nuisance, especially, if like me you
have dozens of standard macros, such as a psu that appears in
nearly every schematic needing conversion. Still, it is far
better than having to convert parts of thousands of MC4 files
individually.

The first version MicroCAP appeared 14 years ago, making
this package the longest surviving pc simulator. It is also the
most friendly of the £1k-£10k packages as far as it is 100%
seamless — compared with similarly costly pc simulators that
comprise a Spice core with a schematic editor and other
functions bolted on as an afterthought.

For the intuitive user, MCS5 largely avoids the counter-
intuitive jargon of spice-land. A battery is called a battery. &

Software so

Datech, 0181 308 1800, fax 308 0802. A
demonstration disk is available
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RANGER3 - DOS £2500
- Windows\NT £2900

Hierarchical or flat schematic linked to artwork.
.. . . : . ; Copper flood fill; Power: planes, Track necking,
Unlimited design size. 1 micron resolution Curved tracks, Clearance checking,
Any shaped pad, definable outline library Simultaneous multi-layer auto-router
Pin, gate & outline swapping - auto back annotation
Split power planes, switchable on - line DRC

COOPER & CHYAN SPECCTRA RANGER?2 UTILITIES £250
autorouter (SP2) _
Inputs: OrCAD, Cadstar;
PCAD, AutoCAD.DXF COOPER & CHYAH SPECCTRA auto-router.(SPI)
Gerber-in viewer, AutoCAD DXF in & out

Outputs: Postscript, Windows bit map

R2 & R3 Outputs: 8/9 & 24 pin printers, HP UPGRADE YOUR PCB PACKAGE
Desk & Laser Jet, Canngon Bubble Jet, | TO RANGER?2 £60

HP-GL, Gerber,
NC Drill; AutoCAD DXF

TRADE IN YOUR EXISTING'PACKAGE TODAY
Seetrax CAE, Hinton Daubnay House, Broadway Lane, Lovedean, Hants, PO8 OSG

Call 01705 591057 or FaX 017 599056 + VAT & RP All Trademarks Acknowledged

Cxon g

INDUSTRIAL SPEC COMPONENTS AND SYSTEMS
386SX-40 All-in-one CPU Board on PC half card from
£215. Requires only display adapter and RAM to complete
the core of a PC-compatible system. PC/104 or ISA bus
expansion. PC/104 display adapter from £135. Desktop LCD
mono VGA monitor with display adapter and passive back-
plane from £499. Please enquire for complete systems.

Prices exclude VAT and carriage. . L F

DIRECT

e
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LETTERS

Letters to “Electronics World” Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS

Earth grounds for
digital tv

Your editorial in the July edition
debating the pros and cons of various
means of digital television delivery
was stimulating as usual.

Digital television may well be
available first via satellite and cable
systems, but we are of the view that
digital terrestrial television still has a
major part to play — particularly for
universal service and the delivery of
regional and local services, and for tv
sets where access to satellite or cable
is either inconvenient or impossible.

Your assertion that “there is
absolutely no reason to run digital tv
from land based transmitters” is a
conclusion with which we could not
agree. Estimates for the percentage
of population able to erect antennas
and receive satellite television
services directly vary between
80-95%, depending on source.

It ought to be easy to accept that
not every home in the country can
erect a dish in a suitable position. As
a result, it is impossible for
geostationary satellites ever to
achieve the 99.5% penetration of the
current analogue services. There are

also planning constraints on the
erection of dishes which might well
apply even to the smaller dishes that
will most probably be practicable for
digital satellite tv.

The benefits of digital terrestrial
are that it can reach houses other
technologies cannot reach; that it
provides a more attractive route for
local and regional television; and
that if early tests prove correct, it
can deliver a robust service to set
top aerials for portable reception and
second and third sets in the home
which do not have access to the
main satellite/cable delivery point.

Your point about the amount of
spectrum occupied by television
broadcasting is well made, but I
suspect few of your readers would
be enthusiastic if we were to
relocate domestic television to an
alternative slot in the spectrum at
short notice and everyone had to buy
converter boxes or new televisions
and a new aerial.

However, our long strategy is to
free up a portion of the spectrum
currently used for terrestrial
television broadcasting for other
applications. This might include
mobile tv which opens up another

Speakers and dynamos,

mismatching and reluctance

In the May issue, Jeff Macaulay remarked that
moving-coil loudspeakers are somewhat crass
devices that lose 99% of the applied energy in
copper losses. In the June issue a correspondent
complained that his cycle dynamo achieved
constant output by being very inefficient.

Both are wrong. Loudspeakers are lossy
mainly because of the mismatch between the
cone and the surrounding air, which of course
can be changed by the use of a homn, which
makes efficiency is much higher.

As a permanent-magnet alternator, the cycle
dynamo suffers from the field generated by the
rotor when a lagging current is drawn. This
current bucks the voltage generated in the way a
series inductance would.

In power engineering, the equivalent
inductance is called synchronous reactance. You
cannot design it out. I reckon if you short circuit
the machine at any speed, it will circulate
sufficient current internally to nul the internal
magnetic field at its peaks. But this current will
be the same regardless of speed, except that the
idea must fail at some low speed.

So you have something akin to a constant-
current machine operating over a range of
speeds. Bulbs in the circuit are constant-current
devices too, so if they have different ideas about
the magnitude of the current, problems occur. As
a result, if I manufactured cycle dynamos I
would try to obtain a precisely defined output
from them.

In the interests of better lighting, I think
manufacturers should produce a large dynamo.
Bernard jones,

London

Alternate dynamo

In response to Steve Bush’s letter in the June
issue concerning bicycle dynamos, I would like to
pass on the results of my research.

The bicycle dynamo is not a dynamo at all,
since a dynamo is a dc machine. It is actually a
single-phase alternator.!2 Electrically it looks like
an ac voltage source whose voltage and frequency
are linearly proportional to speed; in series with
the resistance and inductance of the windings.

A motor vehicle alternator has a field winding
whose current can be varied to vary the magnetic
field, and thus the output. The cycle dynamo on
the other hand has a permanent magnet, and
cannot be regulated. At high speeds, the
inductance dominates. As its reactance is also
linearly proportional to speed, the output is a
crude constant current source. This is as close to
regulation as it can manage. Unloaded ac output
can exceed 100V rms.

In order to extract maximum power, the dynamo
must be run at the lowest possible current.
Additionally, advantage must be taken of the high
unloaded output voltage. Rectification schemes
that take large, short current pulses such as a
simple diode and capacitor will not work
however. This is due to the inductance limiting
dr/de.

A power factor corrector IC may be worth
trying. In simple terms, a higher power output
ought to be possible by using a higher voltage
lamp with the same current rating as the original,
at the expense of reduced brightness at lower
speed.

Cycle lamps seem to manage an efficiency of
about 5 lumens per watt. Leds vary from about
1Im/W to 30lm/W, but are usually quoted in
candelas. Convert to lumens by multiplying by
2n(1—cosd) where ¢ is the half angle of the output
beam.

Rear lamp red leds capable of out-performing
the filament lamp are reasonably common, but
yellow leds for front lights are not.There are a few
ultra-bright yellow types available from Hewlett-
Packard (RS 826-723 and 823-717).

Filament-lamp brightness is proportional to the
cube of applied voltage, current to the square root,
and life inversely to the twelfth power,? but
longer for an ac supply. Lower voltage lamps
have thicker filaments, and therefore better
mechanical shock resistance.
lan Benton
llkeston
Derbyshire

References

1. Smith, R}, ‘Circuits, Devices and Systems’,
Chapter 4, ISBN 0-471-80516-5

2. Admiralty ‘Examples in Electrical
Calculations’, Chapter 24, HMSO B.R.158

3. Oshino Lamps catalogue

Steve replies...

I agree with both correspondents that dynamos
are simple constant-current ac machines, but I
suspect the laminations of the stator are
deliberately thick to reduce output voltage by
increasing eddy currents at high speed. This
technique is certainly used in the alternators of
cheap motorcycles.

Using higher voitage bulbs does therefore
work, but the physical effort required to produce
a certain power output is disproportionally large.
After a few lunch times wrestling with a
propped-up bike, a handful of dynamos and an
AVO, I have determined the following:
® A series capacitance in the circuit increases
the output, probably by series resonance with the
dynamo inductance. Selection of the value can
produce an extra watt.
® No cycle dynamo has magnetics that are
efficient enough to produce 6W without
unacceptable physical effort — whatever
electronics are fitted.

The next step is to try a different machine,
perhaps a rare-earth, three-phase brushless dc
motor, which should look like a ‘star’ wound
generator (has anyone got one that I can
experiment with?).

Note that 12Q) is the standard load used in BS
bicycle specifications.

Steve bush,
Epsom
5 [ -
BW, 12V LI =T st
: 240+500F |+ b
7
/&
oW, 12V A | T
£3 240 -
: |
5 A/ 3w, 12v
6 2 v R
/
AL AT L
// = Ave cycling
0 - ——
0 10 20

Speed (mile/h)

Output versus loading for a Soubitez
dynamo. British Standard loading is 12Q) but
24Q) with a series capacitor produced better
results. Plots were produced using an
average reading ac voltmeter so there will be
some errors due to distortion of the
waveforms involved.
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Electronic Designs

Right First Time?

Schematic Design

Affordable Electronics CAD

EASY-PC: Entry level PCB and Sch. CAD. | $195.00 £98.00

i T
1

- = Create your schematics quickly and
IRUIRUREE efficiently using EASY-PC Professional.
| Areas of the circuit can be highlighted on

EASY-PC Professional: Schematic $375.00 £195.00
Capture and PCB CAD. Links directg to
ANALYSER Ill, LAYAN and PULSAR.

screen and simulated automatically using
PULSAR, ANALYSER Ill and Z-MATCH

PULSAR: Digital Circuit Simulator $195.00 £98.00
~ 1500 gate capacity.

our simulation and design programs.

ANALYSER llI: Linear Analogue Circuit $195.00 £98.00
Simulator ~ 130 node capability

LAYAN: New Electro-magnetic layout $950.00 £495.00
Simulator. Include board parasitics in your
Analogue simulations.

Z-MATCH for Windows: Windows based | $475.00 £245.00
Smith-Chart program for RF Engineers.

FILTECH: Active and Passive Filter Design | $275.00 £145.00

|[pEsssa— == Samn] Modify the

t je——cr—ma——__| configuration

g ._.! R and change e

Jx B component . ) b
B values until the |-~ N\ /\\/}‘_‘:
é?i—‘*—ﬁ':—— required i VY e
b performance is | ... VR

TR ~wm. wwes o] achieved. SR T T

We operate a no penalty upgrade policy.|US$ prices |Sterling
Technlical support Is FREE FOR LIFE. include Prices

Special prices for Education Post and exclude
Packing Pil; and
VAT.

PCB Design

The design, complete with connectivity, can
then be transiated into the PCB. The
connectivity and design rules can be checked
automatically to ensure that the PCB matches
the schematic. And with LAYAN the Parasitic
effects of the PCB can
be included in the
Analogue Simulation

Number One Systems
Ref WW, Harding Way, St. Ives,
Huntingdon, Cambs. PE17 4WR, UK.

For Full Information Please Write, Phone or Fax.

Tel: +44 (0) 1480 461778

)
Fax: +44 (0) 1480 494042

CHELMER
c c VALVE
COMPANY

If you need Valves/Tubes or RF Power

Transistors e.t.c....then try us/
We have vast stocks, widespread sources and
33 years specialist experience in meeting our
customers requirements.

g
m Lo |
500 ; =
<
w
£
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S 000 WU 2000 2500 300 B0 00 €00 00 U

Tuned to the needs of the Professioncl User

Chelmer Valve Company, 130 New London Road,

Chelmsford, Essex CM2 ORG, England

244-01245-355296/265865
Fax: 44-01245-490064
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hornet’s nest of diverging views
about the benefits, practicability and
desirability of mobile television!
Adrian Grilli,

Director of Broadcasting Services,
Radiocommunications Agency,
London

Give them a chance

Frank Ogden’s leader Jobs for the
Boys (July 1995) was, as usual, a
model of clear prose — reasonably
factual with an unmistakable
conclusion. Regrettably that
conclusion was wholly wrong.

Lord Thomson, when he chaired
the 1BA, argued in its latter days for
“change with continuity” in
broadcasting. That was in the late
eightics when the ITV system was
due for radical overhaul and the IBA,
itself about to be disbanded.

My union BECTU, which
represents all broadcasting, film and
theatre categories, including NTL
and BBC transmission staff, agrees
that continuity is a vitally necessary
concomitant of change. The existing
terrestrial transmission networks
should provide that continuity
between analogue and digital
transmission, for the sake of viewers,
listeners and programme makers.

Satellite and cable delivery are
playing an increasing role. However
it is clear that neither separately nor
together can they soon replace

terrestrial transmission — if ever.

That durable and reliable system,
comprising the hundreds of sites
owned by BBC, and NTL, and
importantly operated by highly
trained and qualified engineering
staff will remain the main delivery
system for decades to come.

To deny BBC and NTL any role in
digital broadcasting would be both
wrong and shortsighted. Both
organisations are developing
commercial activity in
telecommunications. If their core
businesses of television and radio
transmission were restricted both
would be hard pressed to maintain
and grow those increasingly
important sectors.

Do not hasten the end of BBC and
NTL — they both have an important
role still to play.

Brian Marsh,
National Organiser BECTU

Emi still not

understood...

Dr Walton’s letter, EMI Still Not
Understood, EW+WW, July 1995,
took its theme from a newspaper
article which contained
unsubstantiated statements. I would
therefore like to take this opportunity
of putting the record straight and
allaying Dr Walton’s concerns.
Aviation authorities and industry
have, for many years, recognised that

aircraft and their systems need to be
protected against the effects of
electro magnetic interference, EMI.
Sources of EMI generated within the
aircraft can be non-intentional or
intentional as in the case of the
aircraft:’s own high power
communication transmitters. The
required protection is demonstrated
by ensuring that aircraft and their
systems are qualified to electro
magnetic compatibility, EMC,
standards appropriate to aviation
operations. These standards, which
were written in conjunction with
aviation industry experts, have been
continuously updated as the level of
understanding of EMC and the
possibility and consequences of EMI
have increased. As a result of the
application of these standards,
aircraft and their systems have
continued to demonstrate a high
level of immunity to EML

The issue of interference to aircraft
systems by portable electronic
devices, PEDs, is one which it is
correct to become concerned about.
There have been a number of reports
of interference with aircraft
navigation systems (but not with
flight critical systems as inferred in
the newspaper article), which were
investigated but could not be
substantiated. For this reason,
aviation authorities have adopted a
cautious approach and many have

imposed a ban on the use of PEDs

Seeking failure

Can anyone help? I am researching the
cause and consequences of equipment
failure and I am interested in hearing
from readers who have first hand

like any failure details of electronics,
mechanisms, structures, software or
procedures.

Photographs, reports etc would be
much appreciated particularly if the

might have been avoided.

All letters will be acknowledged.
Bob Collins, 1 Church Street, The
Square, Wimborne Minster, Dorset
BH21 1JH.

knowledge of specific instances. I would

failure resulted in serious mishap which

during certain phases of flight.
However, they are not content with
such a simplistic approach and are
current]y researching the issue to
determine if PEDs are capable of
emitting sufficient power to cause
airborne system disruption and how
any electromagnetic coupling
between PEDs and airborne systems
could occur.

In the same way that airborne
inter/intra-system EMC issues have
been recognised as a potential
problem, so has lightning. To this
end, aviation authorities also require
that aircraft and their systems
demonstrate immunity to the effects
of electromagnetic energy generated

Measure & Record Temperature

on your PC. '

Pico’s NEW TC-08 is a 8 channel
thermocouple to PC converter. Supplied
with PicoLog datalogging software it is
designed to allow simple yet accurate
temperature recording onto a computer.

[T

TC-08 has provision for up to 8 thermocouples
-B,E,J,K,R,S and T types. For type K the
resolution over -270°C to +1300°C is

better than 0.1°C and accurate to +0.1°C.

NEW from Pico TC-08 £ 199.00

complete with PicoLog, software drivers and
connecting cable. A range of thermocouple

probes is available.

Call for your Guide on

‘Virtual Instrumentation’ and Release

your PC Potential.

Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ UK. |
Fax: 01954 - 211880

Tel: 01954 - 211716

Hot ond Cold
= ’
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PicoLog Advanced data logging software.

o
\ Samples can be taken every second or as slow

Tima (Socomds |
Raa €A PHOTOATIST

PICe®
TC-08

8 Crarne grermocouple
Date Logee’

as one per hour and displayed in real time.

-
pTechnology Limited

. All prices exclusive of VAT. Carriage Overseas £9
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When Performance is more important than size:-
two new re-programmable BASIC Stamp Computers.

»
3 4

8 1/0 lines 16 1/0 lines
up to 100 program lines up to 600 program lines
2,000 lines/sec 10,000 lines/sec
Comms to 2400 baud Comms to 9600 baud
£29 single price £49 single price

Programming package £66
Milford Instruments Tel 01977 683665 Fax 01977 681465
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by lightning. Again, these
requirements are written against
aviation industry standards.

Considering the issue of how
airborne systems withstand the
electromagnetic ‘explosion’ of
lightning but not the electromagnetic
‘whisper’ of PEDs, remember that
the ‘explosion’ takes place outside
of the Faraday cage provided by the
aircraft fuselage.

With regard to the possibility of
terrorist attack, modern aircraft and
their systems are even now under
‘attack’ by high power external rf
sources such as commercial
broadcast transmitters, satellite
communication transmitters and
surveillance radars, which generate
very high electromagnetic fields.
Again, aviation authorities have
recognised this problem and, in
conjunction with aviation industry
experts, have developed design and
test criteria for aircraft and their
systems to ensure they remain
immune to such rf illuminations.
These design and certification
criteria should also ensure the
immunity of flight critical systems
to potential terrorist activity, be it
generated by an on-board suicide
‘emitter’, or a source outside the
aircraft.

C F.Phelan
Head of Avionics and Electrical
Systems Group, CAA

...nor are analogue
systems

Dr David Walton writing about the
laptop computer ban in airplanes
(Letters, July issue) may well be an
expert on digital systems and the
electromagnetic compatibility rules
needed to make those systems work
safely. But he is not aware of the
analogue systems used in avionics.

Radio beacons and instrument
landing systems (ILS) are analogue.
They rely on fixed land-based
transmitters continuously sending
waves - on clean channels - to
airborne receivers.

These waves are modulated and/or
beam-formed so that airplanes using
directional antennas and/or
discriminating detectors can find
their way safely towards the next

. beacon. In the axis of the landing

runway the safe glide path for
touching down on the right spot of
the runway can be found. This
allows manoeuvres to start many
miles away from beacons through
heavy clouds or fog.

Lightning interference may well
hide such weak oncoming vhf radio
waves, but only for very short
durations. Proper operation relies on
continuous heading or path
searching and keeping, except
during lightning pulses. A lightning

pulse cannot set any data bit. It is an
insignificant transient type of
interference which can be filtered
out at any step in the process.

Most terrorists do not want to be
inside the airplane they want to
destroy. They also want a reliable
means of destroying an airplane,
which is not simple. A jammer near
an airport would have to be on the
right frequency, which is easy. But
in order to go unnoticed long
enough to lead an airplane to a
crash, the transmitter also needs to
radiate the right power with the right
antenna beams — very unlikely.

Conversely, weak but continuous
interference — any harmonic of a
local oscillator or computer clock
for example — from aboard the
airplane can impair the operation of
the ILS, if this interference is within
the radio channel. The problem is
especially acute when the signal is
radiated by whip antenna or mouse
cord. Under worst-case conditions,
the interference goes unnoticed, but
the instrument on the dashboard
gives continuous false bearing or
glide angle that can result in
collision or crash.

So the best way to prevent terrorist
attacks against ILS is still the ban of
computers, radios, etc in airplanes.
Louis Aubree,

Nantes,
France

Self reacting

I must admit | was disappointed in
Ivor Brown’s example of negative
feedback operation (Letters, June
95) as it seems likely to add to the
confusion that exists in some minds
between open-loop bandwidth and
slew rate. He says “limited open-
loop bandwidth prevents the
feedback signal from immediately
following the system input.” This is
not true unless the amplifier has
been pushed into slew-limit.

No linear circuit can introduce a
pure-time delay; the output must
begin to respond at once, even if it
takes a long time to respond fully. In
the typical amplifier the dominant
pole capacitor introduces a 90°
phase shift between input pair and
output at all but the lowest
frequencies; this is not in any way
the same thing as a time delay. The
phrase “delayed feedback™ is
sometimes used to describe this
situation, and it is a wretchedly
inaccurate term; if you really delay
feedback to a power amplifier, it will
turn into the proverbial power
oscillator as sure as night follows day.

1 agree with ivor that the amount of
negative feedback applied should be
maximised at all audio frequencies,
and to my mind the only limit on this
is the requirement for hf stability; the
point at issue is how to go about it.

The new schematic capture program =
Geswin (GESECA for Windows™)
adds more than a pretty face to
szceAge Upgrade for £100+ VAT*

Geswin DDE links with SpiceAge to provide instant
circuit editing. Because this link enables SpiceAge
to retain all its simulation settings, the schematic
(produced by Geswin} is uncluttered so that you
can create clean drawings that may be clipboarded

into your other Windows applications.

° You can clipboard sections of your netlist from
SpiceAge back into Geswin's attribute Inspector if

you wish to use patches of existing circuits.
L Geswin has inherited GESECA's speed and ease of
use. You will find it’s best-loved "bucket of bits” components’ store waiting for your instant use from a
special self-replenishing window.

ew Draw Jools Window Heip

<3> "EXAMPLES\BRRECT.S

<2> EXAMPLESYMCACALD.S*

£ 4L

o i

° The SpiceAge component library has been expanded and re-drawn into "stubbies”. The new symbols allow
more components to fit within a given screen area without compromising clarity.

° Multiple windows allow you to scratch pad your designs {simulating as you work) and clipboard them into
a fair copy window.

° File compatible with GESECA: schematics and components from GESECA may be read.

L Comprehensive HELP provides reference material; tutorial style manual reassures you of your own intuition.

® Geswin automatically invokes {(or switches to} SpiceAge; you can also invoke Geswin from SpiceAge.

Please contact Those Engineers Ltd, 31 Birkbeck Road,

LONDON NW?7 4BP.

Tel 0181-906 0155, FAX 0181-906 0969.
*upgrade price from GESECA; £29%5 + VAT new
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Open and closed-loop gain for a
typical generic power amplifier with
closed-loop gain set at 26dB.

The heavy line in the diagram
shows the open and closed-loop gain
for a typical generic amplifier; closed-
loop gain is set at +26dB as usual.
The second and third poles P2 & 3 are
just beyond the intersection of the two
gain lines, so the curves close on each
other at no more than 6dB/octave and
Nyquist stability is obtained.
Dominant pole P1 is a 1kHz. Below
this frequency the open-loop gain
curve levels out the feedback factor
becomes constant.

So, supposing we want to increase
the negative feedback to a maximum.
What can be done? Clearly, if our
target is a constant negative feedback
factor across the audio band, which
appears superficially attractive, the P1
must be increased to 20kHz, and we
can claim ‘high open-loop
bandwidth’. This can be done in two
ways: firstly we can increase the

open-loop gain at hf by decreasing the
compensation capacitor so that we get
curve A with P1A at 20kHz; but this
also lifts P2 & 3 above the unity loop-
gain level and we get a power
oscillator and the tweeters explode.

Alternatively we can reduce the
open-loop gain at low frequencies, by
shunting the compensation capacitor
with a resistor, giving curve B with
P1B at 20kHz once more. This will be
stable, and may look nice on a graph,
but seriously reduces the amount of
feedback at low frequencies, gives
much more distortion than necessary,
and badly degrades ripple rejection.!
Neither A nor B is acceptable.

I hold that the amount of feedback
should be truly maximised, as said
before. The open-loop gain is
therefore left alone in the falling
6dB/octave region, where it is already
maximal if we stick to this slope.
Instead the flat low-frequency region
is raised to give curve C, which has a
lot more negative feedback at low
frequencies than the original. This is
simply done either by cascoding or
adding a beta-enhancing
emitter-follower to the voltage
amplifier stage! This in turn pushes
the new dominant pole PIC down to a
much lower frequency, possibly as
low as sub-10Hz, but so what? We
have only altered linear gains in
various parts of the circuit, and have

not affected the non-linear limit

phenomenon of slew rate at all. | have
calculated this, simulated it, measured
it and even built a special amplifier
where PI could be varied with a knob
on the front panel, so [’m pretty sure
of my ground here.

The only way to increase the
amount of negative feedback applied
above that shown in curve C is to
make the compensation more
complex, so that we are not confined
to a 6dB/octave gain roll-off. In the
form of two-pole compensation in the
second reference, the gain is held
constant up to a higher frequency,
before rolling off more quickly; the
key to stability is that the slope
reduces to 6dB/octave before the
Nyquist gain intersection is reached.

To say it once more; open-loop
bandwidth and slew rate are nothing
to do with each other. High-gain op-
amps with sub-1Hz bandwidths and
blindingly fast slewing are as
common as the grass (if somewhat
less cheap) and if that doesn’t
demonstrate the point beyond doubt
then I really don’t know what will.

In his letter Ivor also stigmatises
sinewaves as steady-state’ signals,
which is presumably meant to imply
that they are in some way particularly
easy for an amplifier to handle. Since
sinewaves have an unending series of
non-zero differentials, ‘steady” hardly
comes into it. I know of no evidence
that sinewaves of randomly varying

LETTERS

amplitude would provide a more
searching test of amplifier
competence.

I think this view must be the result
of anthropomorphic thinking about
amplifiers; twenty sinewaves of
different frequencies may be
conceptually more complex to us, but
to an amplifier it resolves to a single
instantaneous voltage that must be
increased in amplitude. An amplitude.
An amplifier has no perspective on
the signal arriving at its input, but
must take it as it comes; one might
also say, ‘the amplifier has no
memory’ by analogy with the roulette
wheel.

To remind us that a distortion
analyser is incapable of distinguishing
between Bartok and Bon Jovi is not
really necessary; why ever should it
mimic the human brain? 1 don’t want
a machine to enjoy music for me so
that I don’thave to do it... [ ]

1. Self, D, ‘Distortion off the rails’
EW+WW Mar 1995, p210

2. Self, D, ‘Distortion in Power
amplifiers’ EW+WW Feb 1994, p140.
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The NEW CMS Mini-Module

PLMETENY

o=

most word processors and can be down
loaded into the module. The module will

A UNIQUE LOW COST

HIGHLY DEVELOPED MODULE

The Mini-Module is a small 100 x
118 mm all CMOS microcontroller
containing a 32 bit microprocessor, 32
digital 1/O, 4 analogue in, 1 analogue out,
direct output to LCD displays, keyboard
input, serial port, 1°C port, 512k EPROM
space, 128K SRAM, RTC, Timers, plus
much more. The board, on its own, or in
combination with other peripheral cards,
is capable of outstanding performance.

The programming environment is
very simple to use. When connected to
an IBM PC, programs can be written from

compile the program into very fast
executable code.

® PROGRAM IN C, C++ OR
MODULA-2.

@ CHOICE OF OPERATING SYSTEMS
0S9 68K OR MINOS.

@ (DEAL FOR ONE OFF APPLICATIONS

@ EASY TO USE, VERY FAST
DEVELOPMENT.

The Mini-Module provides the
complete solution to many applications
and can be customised or expanded to
suit your needs.

Cambridge Microprocessor
Systems Limited

Unit 17-18, Zone ‘D’, Chelmsford Road Ind. Est.,
Great Dunmow, Essex, UK. CM6 1XG
Phone 0371 875644 FAX 0371 876077
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Programming Solutions

Universal Programmer
& Uses standard pc printer port
works with notebook and handbook pc’s
@ Pin driver expansion can drive up to 256 pins.

& Supports over 2000 IC’s - 3 and 5 volt devices.
EPROMs, E2PROMs, Bipolars, Flash, Serial EPROMs
over 150 mlcrocontrollers WSI/PhlIlps PSDs,

PLDs, EPLDs, PEELs, PALs, GALs, FPGAs
including MACH, MAX, MAPL & Xilinx parts
Universal DIL (up to 48 pins), PLCC and gang PACs

L
& Powerful full colour menu driven software.
L
L

Approved by AMD, Tl, NatSemi, etc...
Tests TTL, CMOS and SRAM devices (including SIMMS)

Eprom Programmer

Multi-Device Programmer
& EPROMs, E2PROMs, Flash EPROMs, Serial EZPROMs,

PLDs, GALs, PEELs, EPLDs, MACHs & WSI PSDs EPROMs, E2PROMs, Flash and 8748/51 micros.

Micros — Intel, Microchip, Motorola, Zilog Fast programming algorithms. Simple colour menu operation.
@ Fast programming algorithms.
¢ Connects direct te. pc printeriport. EMULATORS  SIMULATORS » COMPILERS » ASSEMBLERS
¢ Simple full colour software. PROGRAMMERS » 8051 8085 Z8 68020 77C82 80C552
& No expensive adapters. 320C25 68HC11 6301 6502 87C751 65816 Z80 6809

: ; PIC 7720 MIPS etc.
Prices exclude VAT & Delivery

' '\r\.{ r 2 Field End e Arkley e Barnet e Herts ® EN5 3EZ o England l |?
A‘ [

COMMUNICAT|ONS Telephone +44 (0)181 4413890 Fax +44 (0)1814411843
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[ 4 CROSS DEVELOPMENT
ectronics S\ SOFTWARE TOOLS FOR THE C
High quality stepping motor kits (all including s(e‘p §L.952 UHF Limiting amplifier LC 16 ;urface
ping motors) * ms(cgcmdependem control o 2 mounting paclr.agc with dau sheet ... | L4
stepping motors by allel AM27502 . 25ead|}90p loo+) L
2 motors and ;of(uarc - Ki 1 CIMOO7UB - |0p 100+ (6p 1000+) o C 11
Rcady Guslth. = R 5 . Sinclair hﬁlu gun terminated with a jack plug and \ ]
Software support znd‘dlgllal mpu ..£27.00 PPS ves a signal when pointed at 50Hz o °
Power intertace 4A kit . !!6 00 ﬂlclcnngﬁl ht with sutput wave form chart
Power interface 8AKit ... £46.00 £3.95
Stepper kit 4 (manu;l conu?l) lndudc\ 200 nag Dc?%% convengaoll‘ihszlny model VI?P.LIZV in 5v
i 1% Cll'c\lll ......... a out it to output 10!
W o g ioon and | S EBE ek Sk o 10593 3 FULLY SUPPORTED
tl ot L N o o
R Al T Al T Q\‘E’E{“ (et A eyt o gy 5ot QUALITY SOFTWARE
q
Invertor toroidal transformers 225VA 10.5-0-10.5 = new ......ccoinnninnnn X
&nmary 0-260-285 !c(ondary £29.95 Alr‘;ax A82903—C large wepping motor 14v 7.5 ste
; $mm o Bmm red or green ... 7p cach 27ghm 68mem dia body &:Smim shaft . I > 8051 C Compiler (DOS)
.................................... cacl lor a X ol
Czhlr 1 h, £5.95 1000, £49.50 0,000 bos 22 5 lead h . ee - . i .
Hx;;;:;uglflay( Ot Gt s e e‘.’fny el o 93;’2‘?“ ﬁ';';’?ach" 'ﬂ" ..... 30+ P;'o‘moo . An optimising C compiler with full support for floating point
- tesennnrsnnarans cac ] M > . . .

Dimensions  single sided  double sided oo¢ ‘iop B arithmetic, interrupts, embedded assembler, linking and

48 inches £275 % relocation, IEEE695 debug output. Includes a complete

6x12 inches £6.20 - 0.22uf 250v polyester axial leads ... .. .

12x12inches  £12.25 — ,f 100+ relocatable cross assembler. Price: £349.00
Rt(}(l:{rg;)lb'! Ba,{llclnu Po'ég?Pylc“ehI;{ ?49011\{#: (Wima 75KP10}3

...... mm pitc| x29x17mm case..... 75p cac
£0.99 100+ > 80
e%A;{lOmm i l£| 75 oA i Phnhgn 128 unes |oI|d alumini xial ]udsp- 33uf 51 Cmss Assembler (DOS)
o . L |
cutl nhmldcr ags Piss 9" il v & 220l 40 ... 0P ek Available in two variants: absolute and relocatable. The
4, . -
,;24.9“ "h ”Id:' "B sube ;iu. ettt T relocatable assembler allows you to flexibly link and locate
I2AA withsoldertags  £250 pmi U AUR ceramic capaditors all .

e it tags (Philigs Molyer AVX cerame ca fP,'g:;g; smmlpich your program into 8051 address space and generates IEEE695
g RV il e T0peach 3pe100+ 3. 5P---)--'°°°" debug output for symbolic information (ideal for use with our
Standard charger charges 4 AA cell in 5 hours of 500pi compression Emmmer ...

4Cs or Dy In 12.14 hours + 1xPP3 (1. 2,3 or4 0 Z‘:::Z&v.:fg LT RSt o ;cgusoroid?m};:% simulator). The absolute assembler is easy to use and creates
1 UMEY oo pebs]
H,STP;T;‘,YW,;?,, ) isrges the Coang  Solid carbon resistors very low Inductance ideal for H final 8051 code from a single assembler source file.
Ds m‘S hours. AAs, Cs and Dlmuslbechzrﬁtaiglr; RF circuits - 27ohm 2W, 68ohm 2"}5"2?!"%2 P R ] tabl £169 00 Absol. £9
Nickel Menai Hydryde A cellshigh capaciy with o We have 2 range of 025 050 1w a?_d 2w sohd rices: Relocatable .00, Absolute £99.00
C Tesistors, please se t H Ll B

e o ey o ey A RO P BONR B i > 8051 Simulator (Microsoft Windows)

for hlgh dlschargc rates)... ) ;hrd mov.her'boaﬁl z:d .'hkdisk drive connectors, w tch PC .

1100: fan and n utlet ¢ 1 back al 0 1
Sposiutafnt e check for vaiibiiy. i oo i s B for Beeaiaay die your program run on your PC. Set breakpoints, single
Stick of 4 42xJemm Nicad batirics I71xl6mni:5 dia 212x149x149mm cxcluding switch _£26.00 cach step, trace, watch and modify memory and SFR's. Generate

ac S WV ecercncinnanennns oT . . .
115V AC 80V DC motor 4x22mim shaft Somm dia x  MX180 Digital multimeter 17 ranges 1000vdc interrupts, run the timers, serial port and parallel ports. All
60 long body (cxcluding the shaft) it has a repla. 750vac 2Mohm 200mA transistor Hfe 9v and - . . "
ceabethermal fuseand bruses | (L LSy be et £1295 without a single piece of 8051 hardware. Works with any
— eacl 5 + oms .. eacl /100+ -
§m7em common anode ied display I2mm  £0.45  DIF swicch SPCO 12 pin (ERG SDC-9-029) ) S0P cach 8051 assembler or compiler that generates Intel hex, OMF51,
M3I37k TO: lator” . S 00+ H . . .
case variable vrxus;or iy °°*,3 R i "““l‘ for 825 ik drive i 3"“:"‘7‘” Y IEEE695 or binary output. Uses debug information in OMF51
FET I leaka 873 ... £12 1iy 67x268x24 . .
GEAY . how T ':mm("s‘e 95 104, £7.95 |5o"+) ; P:;fi'af."rp 7. light grey pleste: Iorx£49x50 r;?'u"o and IEEE695 files to create a symbolic disassembly of your
BS250 t 0.45 ultr: 14 1t ETOIf:.. ey, [ 95 inpe
BC559 transistar e oo €995 pcr 100 CV2486 gas reT:(y’"%':mfn"Z?a with 3 wire termi. program. Price: £148.00
741505 hex invertor ... £10.00 pcr 100 nals. will also work as a neon light ......... 20p each
Used 8748 Microcontroller -50 £7.50 per 100 Further information from: (prices exclude VAT and delivery)
rod o sed d unused unl e 1 ted.
e ,...,.Mcuos#n7".‘.:'57:;?;..,:';,:;:[:;:&.& R e e Shpacitors, ol i CROASwARS HECRUCTS _
‘always in stock. Please add £1.95 wowards p&p. VAT included in all pri St John's Innovation Centre, Cowley Road, Cambridge, CB4 4WS , UK
el: +44 (0 T+
JPG Electronics, 276.278 Chatsworth Road, Chesterfield $40 2BH BoS: cea(0) o s e N L
5 . =IN= . sales(@icrossware.com
Access/Visa (01246) 211202 Fax: 550959 Callers welcome ’
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POWER

Need a tough
PC for an
industrial

application?

Arcom’s SCIMX, on the rugged single-Eurocard
STEbus, provides unprecedented power and
flexibility: 486SLC performance, full PC-AT

compatibility, over 10Mbytes of RAM and Flash
EPROM, and three local expansion routes!

It's a real breakthrough for embedded DOS/Windows developers -
call for details:

) STEBus

(Arcom et (0223) 411200 Fax 410457

CONTROL SYSTEMS LTD

CIRCLE NO. 140 ON REPLY CARD

RADIO MODEM

MPT 1329 licence exempt.
Range 10— 20km in free
space or 1km in buildings.
* Half duplex
asynchronous
transmission at 4800/
9600 bits/sec.

Serial interface with

baud rates of 1200, 2400,
4800 and 9600.

4K of buffer memory.
Predictor/corrector error
checking.

Automatic repeater
mode to extend range.
Station addressable.
Analogue and digital
interfaces.

Low power battery
operation.

* %

*

* %% % ¥

Warwick Industrial Electronics Ltd
The Manor Aston Flamville
Leicestershire
Tel: 01455 233616 Fax: 01455 233179
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main () —
{ i
char cv As.‘
int ivl = 321; __ g

float fvl, fv2; L]

/* lost precision = =
NI
£300 TO JUST £30
TIMELY TECHNOLOGY LIMITED
TEL : 01536 791269. FAX : 01536 790730

MILLBANK, KETTERING ROAD
LITTLE CRANSLEY, NORTHANTS NN14 1PJ
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INTERFACING
WITH C

HOWARD HUTCHINGS

f you have followed our series on the
use of the C programming language,
then you will recognise its value to the
practising engineer.

The book is a storehouse of information
that will be of lasting value to anyone
involved in the design of filters, A-to-D
conversion, convolution, fourier and many
other applications, with not a soldering
iron in sight.

To complement the published series,
Howard Hutchings has written additional
chapters on D-to-A and A-to-D conversion,
waveform synthesis and audio special
effects, including echo and reverberation.
An apendix provides a ‘getting started’
introduction to the running of the many
programs scattered throughout the book.

This is a practical guide to real-time
programming. The programs having been
tested and proved. It is a distillation of the
teaching of computer-assisted engineering
at Humberside Polytechnic, at which Dr
Hutchings is a senior lecturer.

Credit card orders

accepted by phone.
Call 0181 652 3614.

e
5.

A disk containing all the
example listings used in this
book is available, Please
specify size required

Please supply copies of
INTERFACING WITH C Price £14.95
Please supply copies of

Disk containing all the example listings £15.00.
Remittance enclosed £

Interfacing with € can be obtained from
Jackie Lowe, Room L333, Quadrant House,
The Quadrant, Sutton, Surrey, SM2 5AS

Cheques should be made payable to
Reed Business Publishing Group Ltd

Please debit my credit card as follows:
Access/Master  Barclay/Visa ~ Amex  Diners

Credit Card No.
Exp date

NAME (Please print)
ADDRESS

POST CODE
DATE TELE

SIGNATURE

VAT NO.

If in the UK please allow 28 days for delivery. All prices are correct
at time of going to press but may be subject to change.
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Complete set
for £ $97.00

)

You can simply plug the new TiePieSCOPE - HS508 into the parallel
port of your portable or desktop PC. With the advanced software,
you can use this two channel, 8 bits, 50 MHz measuring instrument
as a fast digital storage oscilloscope, including a lot more features
than a single oscilloscope! Moreover, the TiePieSCOPE - HS508 con-
tains a multiple display voltmeter (up to 5 MHz true RMS), a spec-
trum analyzer with an harmonic distortion meter and a transient
recorder for recording a variety of signals.

The TiePieSCOPE - HS508 is supplied complete with user manual,
software, and two probes.

Call now for a free demo diskette and our catalog!!

TiePie engineering (UK)
=1()28. Stephenson Rd, Industrial Est., ST. IVES, CAMBS PE17 4W)J
Tel.: (01480) 460028 - Fax: (01480) 460340

TiePie engineering, The Netherlands
P.O. Box 115, 8900 AC LEEUWARDEN
Battenserreed 2, 9023 AR JORWERD

Tel.: (31) 5106 9238 - Fax: (31) 5106 9704 779
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20% discount - Electro-acoustic
measurement system for under £750

Until 30 September, EW+WW can obtain 20% discount on Clio — a pc-based electro-acoustic measurement
system that operates under pc control. Normally, this system costs £938.83 including vat, but readers can
obtain the system at the special price of £749.90 fully inclusive.

Manufactured by Audiomatica, Clio is a
complete electro-acoustic measurement
system combining several instruments for
testing at audio frequencies. The system is
designed to work as a precision a-to-d/d-to-a
audio front end for your pc. It is capable of
generating pre-defined stimuli, for example
sine, square, burst, and noise signals etc,
analysing signals present at its inputs both in

This offer is open to readers in the UK
only until end September 1995. For more
information, contact DBS Audio at P.O
Box 91, Bury St Edmunds, Suffolk IP30
ONF. Tel 01284 828926, fax 01284
828026. Make cheques payable to DBS
Audio and send to the above address or
post/fax your order with Visa or Access
card type plus card-holder address, card

frequency and time domains — the wide number and expiry date.
range of programmable output attenuation
and input gain allows interface to the outer
world.

The system is supplied with Windows like,

mouse orientated pc software.

Reviewed in EW+WW, Hom *
10 base system

August 1995, p. 656 Clio mic. 02

‘AF analysis via the pc’

20% discount — exclusive to EW+WW readers

EW+WW discount price
£749.90 fully inclusive
£163.90 fully inclusive
£913.80 fully inclusive

Normal price
£938.83
£175.07

Base system + mic  £1113.90

Next month’s issue

Free with the October issue
Cover-mounted Circuit Ideas Pocket Book - Part Il

Worth £4.95, this book is a compilation of circuit ideas from
EW+WW brought together in handy pocket-reference
format. Among the ideas are improved solutions to existing
problems and methods for saving costs or components, but
also many unique electronic designs.

Free with November issue

Cover-mounted TO-92 three-terminal voltage regulator

Manufactured by Zetex, this high-performance 5V regulator is
similar to the industry standard 78L05, except that it has a
quiescent current of around 350pA as opposed to 2-3mA. In
addition, it has double the output current, at 200mA, and
improved line and load regulation.

Remember... you can reserve your copy of Electronics World with your local newsagent.
Simply fill in the card in the magazine to guarantee your monthly copy.
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

HP New Colour Spectrum Analysers

HP141T +85528 IF + 8553B RF — 1KHz-110Mc/s — £700.

HP141T+8552B IF + 8554B RF — 100KHz—1250Mc/s — £900.

HP141T+8552B IF + 8556A RF — 20Hz—-300KHz - £700.

Special Offer just in from MOD Qty 40 HP8555A RF Units 10Mc/s — 18GHzS.

HP141T+8552B IF + 8555A 10Mc/s—18GHzS — £1200.

HP ANZ Units Available separately — New Colours — Tested

HP141T Mainframe — £350.

HP85528 IF — £300.

HP8553B RF 1KHz to 110Mc/s — £200.

HP85548 RF 100KHz to 1250Mc/s — £500.

HP8555A RF 10Mc/s to 18GHzS — £800.

HP8556A RF 20Hz to 300KHzS — £250.

HP8443A Tracking Generator Counter 100KHz—110Mc/s — £300.

HP84458 Tracking Preselector DC to 18GHz — £350.

HP3580A 5Hz - 50KHz ANZ - £750 — £1000.

HP3582A .02Hz to 25.6KHz — £2k.

HPB568A 100Hz-1500Mc/s ANZ — £6k.

HP8569B 10Mc/s—22GHz ANZ - £6k.

HP Mixers are available for the above ANZ’s 10 40GHz

TEK 492 — 50KHz — 18GHz Opt 1+2 — £4k—£4.2k.

TEK 492 - 50KHz - 18GHz Opt 1+2+3 - £4.5k.

TEK 492P - 50KHz — 21 GHz Opt 1+2+3 — £5k.

TEK 494AP 1KC/S —21GHz - £ 7k.

TEK 486P 1KHz-1.8GHz - £4k.

TEK 5L4N 0-100KHz - £400.

TEK 7L5 + L1 -20Hz—5Mc/s — £700.

TEK 7L5 + L3~ Opt 25 Tracking Gen — £900.

TEK 7L12 ~ 100KH2-1800Mc/s — £1000.

TEK 7L18 — 1.5-60GHzs — £1500.

TEK 491 10Mc/s—12.4GHzs—40GHzs — £750. 12.4Ghzs-40Ghzs with Mixers.

Tektronix Mixers are available for above ANZ to 60GHzs

Systron Donner 763 Spectrum ANZ + 4745B Preselector .01~18GHz + Two Mixers 18-40GHz in
Transit Case — £3k.

HP8673D Signal Generator .05-26.5GHz — £20k.

Systron Donner 1618B Microwave AM FM Synthesizer 50Mc/s 2-18GHzs
R&S SWP Sweep Generator Synthesizer AM FM 4-2500Mc/s — £3.5k.

ADRET 3310A FX Synthesizer 300Hz—60Mc/s ~ £600.

HP8640A Signal Generators — 1024Mc/s - AM FM - £800.

HP3717A 70Mc/s Modulator — Demodulator — £500.

HP8651A RF Oscillator 22KC/S - 22Mc/s.

HP5316B Universal Counter A+B.

HP6002A Power Unit 0-5V 0—10A 200W.

HP6825A Bipolar Power Supply Amplifier.

HP461A—465A—467A Amplifiers.

HP81519A Optical Receiver DC-400Mc/s.

HP Plotters 7470A-7475A.

HP3770A Amplitude Delay Distortion ANZ.

HP3770B Telephone Line Analyser.

HP8182A Data Analyser,

HP59401A Bus System Analyser.

HP6260B Power Unit 0—10V 0-100 Amps.

HP3782A Error Detector.

HP3781A Pattern Generator.

HP3730A+3737A Down Convertor Oscillator 3.5-6.5GHz.

HP Microwave Amps 491-492-493-494-495-1GHz-12.4GHz - £250.

HP105B Quartz Oscillator — £400.

HP5087A Distribution Amplifier.

HP6034A System Power Supply 0—60V 0—10A-200W — £500.

HP6131C Digital Voltage Source+ — 100V 2 Amp.

HP4275A Multi Frequency L.C.R. Meter,

HP3779A Primary Multiplex Analyser.

HP3779C Primary Multiplex Analyser.

HP8150A Optical Signal Source.

HP1630G Logic Analyser.

HP5316A Universal Counter A+B.

HP5335A Universal Counter A+B+C.

HP595018 Isolated Power Supply Programmer.

HP83901A Modulation Meter AM — FM — also 8301B.

HP5370A Universal Time Interval Counter.

Marconi TF2370 - 30Hz—-110Mc/s 750HM Output (2 BNC Sockets +Resistor for 500HM MOD with
Marconi MOD Sheet supplied — £650.

Marconi TF2370 30Hz-110Mc/s 50 chm Output — £750.

Marconi TF2370 as above but late type — £850.

Marconi TF2370 as above but late type Brown Case — £1000.

Marconi TF2374 Zero Loss Probe — £200.

Marconi TF2440 Microwave Counter — 20GHz — £1500.

Marconi TF2442 Microwave Counter — 26.5GHz — £2k..

Marconi TF2305 Modulation Meter — £2.3k.

Racal/Dana 2101 Microwave Counter — 10Hz-20GHz — £2k.

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

Racal/Dana 9303 True RMS Levelmeter+Head — £450. IFFE — £500.

TEKA6902A also A6902B Isolator — £300-£400

TEK 1240 Logic Analyser — £400.

TEK FG5010 Programmable Function Generator 20Mc/s — £600.

TEK2465A 350Mc/s Oscilloscope — £2.5k + probes — £150 each.

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

TEK J16 Digital Photometer + J6523-2 Luminance Probe — £300.

TEK J16 Digital Pho + J6503 Lumi Probe — £250.

ROTEK 320 Calibrator + 350 High Current Adaptor AC-DC - £500.

FLUKE 5102B AC-DC Calibrator — £4k.

FLUKE 1120A |EEE — 488 Translator — £250,

Tinsley Standard Cell Battery 5644B — £500.

Tinsley Transportable Voltage Reference — £600.

FLUKE Y5020 Current Shunt—£150.

HP745A+746A AC Calibrator — £600.

HP8080A MF + 8091A 1GHz Rate Generator + 8092A Delay Generator + Two 8033A 1GHz Amps
+ 15400A — £800.

HP54200A Digitizing Oscilloscope.

HP11729B Carrier Noise Test Set .01-18GHz — LEF — £2000.

HP3311A Function Generator — £300.

Marconi TF2008 — AM-FM signal generator — also sweeper — 10Kc/s — 510Mc/s — from £250 —
tested to £400 as new with manual - probe kit in wooden carrying box.

HP Frequency comb generatar type 8406 — £400.

HP Vector Voltmeter type 8405A — £400 new colour.

HP Sweep Oscillators type 8630 A & B + plug-ins from 10Mc/s to 18GHz also 18-40GHz. P.O.R..

HP Network Analyzer type 8407A + 8412A + 8501A — 100Kc/s — 110Mc/s — £600 — £1000.

HP Amplifier type 8447A —1-400Mc/s £200 — HP8447A Dual - £300.

HP Frequency Counter type 5340A — 18GHz £1000 - rear output £800.

HP 8410 — A — B — C Network Analyzer 110Mc/s to 12GHz or 18GHz — plus most other units and
displays used in this set-up — 8411a — 8412 — 8413 - 8414 — 8418 — 8740 — 8741 — 8742 - 8743 —
8746 — 8650. From £1000.

Racal/Dana 9301A — 9302 RF Miltivoltmeter — 1.5-2GHz — £250-£400.

Racal/Dana Modulation Meter type 9003 — 8Mc/s — 1.5GHz - £250.

Marconi RCL Bridge type TF2700 —£150.

Marconi/Saunders Signal Sources type — 6058B — 6070A — 6055A — 6059A — 6057A — 6056 —
£250-£350. 400Mc/s to 18GHz.

Marconi TF1245 Circuit Magnification meter + 1246 & 1247 Oscillators - £100-£300.

Marconi microwave 6600A sweep osc., malnframa with 6650 Pl — 18-26.5GHz or 6651 Pi —
40GHz - £1000 or Pl only £600. MF onl £250.

Marconi distortion meter type TF2331 — £1 50. TF2331 A -£200.

26.5-

Tektronix Plug-lns 7A13 — 7A14 - 7A18 - 7A24 - 7A26 - 7A11 - 7M11 —7S11 - 7D10- 75§12 - $1
— 82 - §6 - §52 ~ PG506 — SC504 — 5(502 — SG503 — SG504 — DC503 —DC508 — DD5GT —
WR501 - DM501A - FG501A — TG501 — PG502 — DC505A — FG504 — 7B80 + 85-7B92A

Gould J3B test oscillator + manual — £150.

Tektronix Mainframes — 7603 — 7623A — 7613 — 7704A — 7844 — 7904 — TM501 — TM503 — TM506 —
7904A - 7834 - 7623 — 7633,

Marconi 6155A Signal Source — 1 to 2GHz— LED readout — £400.

Barr & Stroud Variable filter EF3 0.1Hz — 100kc/s + high pass + low pass —£150.

Marconi TF2163S attenuator — 1GHz. £200.

Farnell power unit H60/50 — £400 tested. H60/25 — £250.

Racal/Dana 9300 RMS voltmeter — £250.

HP 8750A storage normalizer — £400 with lead + S.A or N,A Interface.

Marconi TF2330 — or TF2330A wave analysers — £100-£15

Tektronix—7514-7T11-7811-7812-51-82-539— 847 §51-852-S53-7M11.

Marconi mod meters type TF2304 — £250.

HP 5065A rubidrum vapour FX standard — £1.5k.

Systron Donner counter type 6054B — 20Mc/s — 24GHz - LED readout — £1k.

Racal/Dana 9083 signal source — two tone — £250.

Systron Donner - signal generator 1702 — synthesized to 1GHz — AM/FM — £600.

Tektronix TM515 mainframe + TM5006 mainframe — £450 — £850.

Farnall electronic load type RB1030-35 - £350.

Racal/Dana counters — 9304 — 9905 — 9906 — 9915 — 9916 — 9917 — 9921 — 50Mc/s — 3GHz — £100-
£450 - all fitted with FX standards.

HP4815A RF vector impedance meter c/w probe — £500-£600.

Marconi TF2092 noise receiver. A, B or C plus filters — £100-£350.

Marconi TF2091 noise generator. A, B or C pius filters — £100-£350.

Marconi 2017 S/G 10Khz - 1024MHz.

HP180TR, HP182T mainframes £300-£500.

Philips panoramic receiver type PM7900 — 1 to 20GHz - £400.

Marconi 6700A sweep oscillator + 18GHz Pl's available.

HP8505A network ANZ + 8503A S parameter test set + 8501A normalizer — £4k.

HP8505 network ANZ 8505 + 8501A + 8503A.

Racal/Dana VLF frequency standard equipment. Tracer recelver type S900A + difference meter
type 527E + rubidium standard type 9475 — £2750.

HP signal generators type 626 — 628 — frequency 10GHz —21GHz.

HP 432A — 435A or B - 436A — power meters + powerheads — Mc/s — 40GHz — £200-£1000.

Bradley oscilloscope calibrator type 192 — £600.

HP8614A signal generator 800Mc/s — 2.4GHz, new colour £400.

HPB616A signal gen 1.8GHz — 4.5GHz, new colour £400.

HP 3325A syn function gen 20Mc/s — £1500.

HP 3336A or B syn level generator — £500-£600.

HP 35868 or C selective level meter ~ £750-£1000.

HP 3575A gain phase meter 1Hz — 13Mc/s — £400.

HP 8683D S/G microwave 2.3 - 13GHz - opt 001 — 003 — £4.5k.

HP 8660 A-B-C syn S/G. AM + FM + 10Kc/s to 110Mc/s Pl — 1Mc/s to 1300Mc/s — 1Mc/s to
2600Mc/s — £500-£2000.

HP 8640B S/G AM-FM 512Mc/s or 1024Mc/s. Opt 001 or 002 or 003 — £800-£1250.

HP 86222BX Sweep Pl—-01 - 2.4GHz + ATT - £1750.

HP 8629A Sweep Pl - 2 - 18GHz - £1000.

HP 862908 Sweep Pl -2 - 18GHz - £1250,

HP 86 Series Pl's in stock — splitband from 10Mc/s — 18.6GHz — £250-£1k.

HP 8620C Mainframe — £250. IEEE — £500.

HP 8615A Programmable signal source — 1MHz - 50Mc/s — opt 002 - £1k.

HP 8601A Sweep generator .1 —110Mc/s — £300.

HP 3488A HP - IB switch contrai unit— £500 + control modules various — £175 each.

HP 8160A 50Mc/s programmable puise generator — £1000.

HP 853A MF ANZ — £1.5k.

HP 8349A Microwave Amp 2 - 20GHz Solid state — £1500

HP 3585A Analyser 20Hz — 40Mc/s — £4k.

HP 85698 Analyser .01 — 22GHz - £5k.

HP 3580A Analyser 5Hz - 50kHz — £1k.

HP 19808 Oscilloscope measurement system ~ £600.

HP 3455A Digital voltmeter — £500.

HP 3437A System voltmeter — £300.

HP 3581C Selective voltmeter ~ £250.

HP 5370A Universal time interval counter — £450.

HP 5335A Universal counter— 200Mc/s — £500.

HP 5328A Universal counter— 500Mc/s — £250.

HP 6034A System power supply —0 - 60V —0 - 10 amps — £500.

HP 5150A Thermal printer — £250.

HP 1645A Data error analyser — £150,

HP 4437A Attenuator — £150.

HP 3717A 70Mc/s modulator — £400

HP 3710A — 3715A — 3716A — 3702B — 3703B — 3705A — 3711A — 3791B — 3712A — 3793B
microwave link analyser—P.O.

HP 3730A+B RF down converter — P. 0.R.

HP 3552A Transmission test set — £400.

HP 3763A Error detector — £5600.

HP 3764A Digital transmission analyser — £600.

HP 3770A Amp delay distortion analyser — £400.

HP 3780A Pattern generator detector — £400.

HP 3781A Pattern generator — £400.

HP 37818 Pattern generator (bell} - £300.

HP 3782A Error detector — £400.

HP 3782B Error detector (bell) — £300.

HP 3785A Jitter generator + receiver — £750-£1k.

HP 8006A Word generator — £100-£150,

HP 8016A Ward generatar — £250.

HP 8170A Logic pattern generator — £500.

HP 59401A Bus system analyser — £350.

HP 53500A Multiprogrammer HP — IB — £300.

Philips PM5390 RF syn — 0.1 — 1GHz— AM + FM — £1000.

S.A. Spectral Dynamics SD345 spectrascope 111 — LF ANZ - £1500.

Tektronix R7912 Transient waveform digitizer — programmable — £400.

Tektronix TR503 + TM503 tracking generator 0.1 - 1.8GHz - £1k— or TR502.

Tektronix 576 Curve tracer + adaptors — £300.

Tektronix 577 Curve tracer + adaptors — £900.

Tektronix 1502/1503 TDR cable test set — £1000.

Tektronix AM503 Current probe + TM501 m/frame ~ £1000.

Tektronix SC501 — SC502 — SC503 — SC504 oscilloscopes — £75-£350

Tektronix 465 — 4658 — 475 — 2213A — 2215 — 2225 — 2235 - 2245 - 2246 £250-£1000.

Kikusui 100Mc/s Oscilloscope COS6100M — £350.

Nicolet 3091 LF oscilloscope — £400.

Racal 1991 — 1992 — 1988 — 1300Mc/s counters — £500-£900.

Fluke 80K-40 High voltage probe in case — BN —£100.

Racal Recorders — Store 4 — 4D — 7 - 14 channels in stock — £250 — £500.

Racal Store Horse Recorder & control — £400-£750 Tested.

EIP 545 microwave18GHz counter — £1200.

Fluke 510A AC ref standard — 400Hz — £200.

Fluke 355A DC voltage standard — £300.

Wiltron 610D Sweep Generator + 6124C P-4 - 8GHz - £400.

Wiltron 610D Sweep Generator + 61084D Pl - 1Mc/s — 1500Mc/s —

Time Electronics 9814 Voitage calibrator — £750.

Time Electronics 9811 Programmable resistance — £600.

Time Electronics 2004 D.C. voltage standard — £1000.

HP 86998 Sweep PI YIG oscillator .01 — 4GHz — £300. 8630B MF - £250. Both £500.

Schlumberger 1250 Frequency response ANZ — £1500.

Dummy Loads & power att up to 2.5 kilowatts FX up to 18GHz — microwave parts new and ex
equipt - relays — attenuators — switches — waveguides — Yigs - SMA —APC7 plugs — adaptors.

B&K [tems in stock — ask for list.

W&G tems in stock — ask for list.

Power Supplies Heavy duty + bench in stock—Farnetl — HP - Weir—Thurlby — Racal etc. Ask for list.

£500.

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

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel. No: {01274) 684007. Fax: 651160

CIRCLENO. 144 ON REPLY CARD

September 1995 ELECTRONICS WORLD+WIRELESS WORLD

781



netlist link I!
anno 5&@1
il undo/redo acmy { c>panhn¢
gnngbaheet, multi-paged and hierarchical designs
mooth scrolling

intelligent wires (‘aulomnm junctions)
Dynamic connectivity information
Automatic on-line annotation

Integrated on-the-fly library editor

Context sensitive ng

Extensive ent-based power control
Back annotation from BoardMaker2

LR B A L I B s

> o
o |

AWVII0-30

. oy ' track corners
B LRGN, anil daaviince ohwnking

BoardwkerQ Advanced level

All the features of BoardMaker! plus

Full netlist support - OrCad, Schema, Tango, CadStar
Full Design Checking - mechanical &
Top down fication from the schematic
Component renumber with back annaé
Report generator - Database ASCll, BOM
Thermal power plane support with full DRC

Board Roater

BoardRouter - Gridless autorouter

+ Simultaneous muiti-layer routing

+ SMD and analogue support

+ Full interrupt, resume, pan and zoom while routing

Output drivers - Included as standard

+ Prnters - 9 & 24 pin Dot matrix, HPLaserjet and PostScript
« Penplotters - HP, Graphtec, Roland & Houston

» Photoplotters - All Gerber 3X00 and 4X00

« Excellon NC Drill / Annotated drill drawings (BM2)

Contact Tsien for further
information on
Tel 01354 695959
Fax 01354 695957

All trademarks acknowledged

tsien

Tsien {(UK) Lid Aylesby House Wenny Road Chatterls Cambridge PEY6 6U1:
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KESTREL
ELECTRONIC
COMPONENTS LTD

¥ All items guaranteed to manufacturers’ spec.
¢ Many other items available.

‘Exclusive of V.A.T. and post and package’

1+ 100+ 1+ 100+
27C64-15 260 1.80 628128LP-85 8.30 7.20
27C128-15 240 180 62256LP10 3.00 2.60
27C256-15 220 1.70 6264LP-10 210 1.45
27C512-15 220 1.70 MM58274CN 490 3.75
27C010-15 395 280 ULN2003A 043 0.30

27C020-15 6.00 425 7805 032 025
27C040-15 8.60 6.45 MAX232 135 0.88
80C31-12 210 1.65 7406 035 023
8255AC-2 2.00 145 7407 035 023
Z80A CPU 1.80 1.00 74HC244 035 0.24
LM386N-3 050 0.35 74HC245 035 024
75176BP 1.35 085 74HC373 035 025
68w PLCC skt 0.90 0.70 74HC374 032 025

74LS, 74HC, 74HCT Series available
Phone for full price list
All memory prices are fiuctuating daily, please phone to
confirm prices

178 Brighton Road,
Purley, Surrey CR8 4HA
Tel: 0181-668 7522. Fax: 0181-668 4190.
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;OFF-AIR’ FREQUENCY STANDARD

' o = T " Variants from
2B £689 pqgg,,.,

* Provides 10MHz, 5MHz & 1MHz

* Use it for calibrating equipment that relies on quartz crystals,
TCXOs, VXCOs, oven crystals

* Phase locks to DROITWICH {rubidium controlled and
traceable to NPL)

* For ADDED VALUE also phase locks to ALLOUIS (cesium
controlled and traceable to OP — French eqto NPL)

* Briish designed and British manufactured

* Options available include enhanced receiver, sine wave
outputs and 13MHz output for GSM. Prices on application.

Output frequencies —
10MHz, 5MHz, 1MHz
Short term stability - better
than 1x10~8 (1 sec)
Typical - 4x10~9 (1 sac)
Long term —tends to
2x10°12 (1000 sec)

Call for “OH-Air’ Standard list

TEST EQUIPMENT

We are well known for our quality, new and used Test Equipment. Our list
is extensive, the following will give some idea of our range and prices:

TIME 404S Precision mV source £95 FEEDBACK SS0603 1MHz sine/square oscillator £125

TIME 2003N DCV PovCal, 0-10V, null, etc FEEDBACK DPM6E09 10Hz- 100kHz phase meter £125
£249  TEKTRONIX 2215 60MHz dual trace, dual delay /8

TIME 2004 DC Volt standard 0.005 % £945 £450

TRACOR 890A 60kHz/75kHz tracking Rx £95 TEKTRONIX 2455 300MHz 4 trace, dual delay /B £1950

FLUKE 8012A 3.5 digit lcd, ac/dc/V/I/CY £149  GOULD OS3000A 40MHz dual trace, dual delay T/8

FLUKE 8600A 3.5 digit led, ac/dc/V/UCY £59 £249
KEITHLEY 197A 4.5 digit led, ac/dc to 1kV HITACHI V222 20MHz dual trace, TV trig £249
£149 MARCONI TF2370 100MHz spectrum analyser £995

ADVANCE VM78 ac 1mV 1o 300V, up to 1IMHz ADRET 740A 0.1MHz-1.2GHz sig. gen. AWFM/PM o
450

£25
MARCONI TF26008 video vm 300V, to 10MHz  FLUKE 931B AC rms/differential voltmeter, 0-1kV ac
£75

£95
BRYANS BS272 2 pen 10cm/min to 10mm/hr £95
MARCORITEZLe3IDE kBB Rzlatiend ator c195  GOULD 24006 pen Smmvsec to 200mmimin £125
E.V. EV4020A NTSC Viscope 305  VIGILANT SR532 10KH2-30MHz, AM/ICW/SSB, PLL » A
LEADER LG396 NTSC pattem generator ca0s  VIGILANT SRS10 10KHZ-30MHz, AWICW/SSB, PLL
£750
PHILIPS 5509 PAL pattern generator £195 DDY! N KH MHz. A
PHILIPS PM5716 pulse generator Tizs Mon STOREICCIO) SRR ANCWSSR S,
PHILIPS PM5134 tunction generator £1495  RACAL RA170.510 30MHz AMCW/SSB/NL £149
MARCONI TF2700 universal LCR bridge DRAKE MN2700 ATU/PSU £380
£195  DIGITAL LNO3 Serial Laser Printer £249
AVO CZ457/5 component comparator £95  DIGITAL MicroVAX Il 9 VT220 terminals, Hubs, SW
PHILIPS 8833 Mk 2 RBG, comp, sound £99 £POA

Call for Equipment list

& HALCYON ELECTRONICS mzm

423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SWZP 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 0181-542 6383. FAX 0181-542 0340
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Predicting fm

hy fm? Frequency modulation, car-
rying data, audio or television, is
very popular. Its advantages are,

@ bandwidth is controlled simply by adjusting
deviation to set spectral occupancy. A mini-
mum of twice the highest baseband modulat-
ing frequency is needed.

@ constant envelope — no amplitude compo-
nent — means a linear transmitter is unneces-
sary; frequency multipliers can be used with
no distortion to the signal. Carrier harmonics
must be filtered out in the usual way.

@ hardware implementation is straight for-
ward. Only amplitude modulation with super-
regenerative demodulation provides a simpler
option.

Noise level is independent of deviation. As a
result, signal-to-noise ratio can be improved
arbitarily by simply increasing deviation, and
hence the signal level in the numerator of the
s-n ratio. Limits to this are firstly regulatory.

Increased deviation widens occupied rf
bandwidth according to Carsons’s rule (of
thumb), which gives bandwidth as twice high-
est modulating frequency plus the peak to
peak deviation.

In the UK, the Radiocommunications
Agency — part of the DTI — issues perfor-
mance specifications called ‘MPTs’. These
include limits of adjacent channel power,
spectral occupancy etc. In principle, increasing
deviation will incur a greater cost as rf spec-
trum is auctioned off.

Secondly as deviation is increased a techni-
cal difficulty arises; the threshold effect
destroys the integrity of the fm system and no
useful output is produced. The margin above
threshold is an important operational system
parameter.

eITecCIsS

Everyone knows that
noise affects
integrity in fm data
communications —
but by how much?
Simon Day discusses
the problem.

PC ENGINEERING

Improving performance
With deviation set according to the criteria
above, the system quality — s-to-n ratio — can
only be improved by reducing the noise level.
Many factors contribute, including received
carrier level, the noise figure of the receiver rf
front end, baseband filtering after demodula-
tion and transmitter modulator residual fm, i.e.
ssb phase noise. De-emphasis and local oscil-
lator residual fm also play a role.
A key reciever parameter, which does not
affect noise level directly, is receiver IF

Fig. 1. This fm-if spectrum of carrier entering
a demodulator shows that components far
away from the carrier are removed by
baseband filtering.
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PC ENGINEERING

Fig. 2. Phasor diagram - geometrical
representation of a noise element, top photo.

Fig. 3. Graphical output of the spectrum
analyser connected to a receiver output - part
of a typical satellite-television simulation.

Software availability

FM Noise Analysis is available from
Phasor Design at 16 Blenheim Way,
Market Harborough, Leicestershire

LE16 7LQ. Tel. 01858 432148, fax
432109. It is priced at £119 excluding
VAT.

bandwth when above threshold.

Two additional factors relate to the mea-
surement of noise. In audio and video systems,
standard weighting networks are used. These
modify the noise frequency distribution to rep-
resent the way noise is perceived by the ear or
eye. The weighting networks may have gain
so actually increasing the noise level. Mainly,
rms detection is used to meter noise; audio
systems are an exception, where average read-
ing detection was promoted by Dolby

Laboratories. This seems to have been accept-
ed for domestic equipment; broadcast and pro-
fessional noise measurements often use the
CCIR 468-4 quasi-peak method which is
accepted as reading about 5dB higher then
rms.

Modelling noise

Fundamentally noise arises because the pure
carrier becomes embedded in unwanted ele-
ments. These are resolved by the fm demodu-
lator as baseband voltages. These elements are
either noise sidebands originating in oscillators
or ‘link noise’ caused by the carrier falling to
the noise floor. Figure 1 shows the situation
entering the demodulator.

An important difference between oscillator
and link noise — not visible in the IF spectrum
— is the coherence between lower and upper
sidebands. Most oscillators have little ampli-
tude modulation noise so coherence exists.
Link noise has no coherence and so half of
this noise power is rejected by the fm receiver
which is insensitive to amplitude modulation.

A geometrical representation of one noise
element is illustrated in Fig. 2. The claim that
IF bandwidth is not a factor above threshold is
supported by Fig. 1 — the IF spectrum — which
shows the noise components far away from
the carrier are removed by baseband filtering.

CAD tools

A pc application called FM Noise Analysis
from Phasor Design brings all these points
together to predict s-to-n ratio in real systems.
Figure 3 is the graphical output forming a
detailed simulation of the spectrum analyser
connected to the receiver output.

FM system deficiencies can be quickly
resolved by comparing experimental and pre-
dicted spectra. Signal-to-noise ratio is calcu-
lated by numerical integration and displayed,
along with probability of a bit error for an fsk
system.

A typical satellite television simulation is
shown in Fig. 3; emphasis to CCIR Rec.405
for system I, and 200ns weighting are includ-
ed along with transmitter and receiver oscil-
lator noise contributions.

FM Noise Analysis is a software tool specif-
ically developed to help engineers get the best
from fm systems. Its design philosophy is to
minimise learning time and provide a direct
and clear way for the engineer to simulate and
verify the noise performance of their commu-
nications system. It is based on actual engi-
neering experience of optimising frequency
modulated systems operating between 1MHz
and 18GHz. ]

PC requirements
1PC with 640K main memory
D0s 3.1 or higher

Printer port (for software k
In addition, VGA monitor with colour
printer are recommended
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LOW COST DEVELOPMENT SYSTEM

The PC based ECAL hardware emulator is fully
integrated with the assembler. Connection is made to
the target through the eprom socket so a single pod

ECAL comprises a versatile relocatable assembler with
integral editor which runs about ten times faster than
typical assemblers. Support includes 4, 8, 16 & 32 bit

processor families including
75X, 6502, 6809, 68HCO05/11,
8031/51, H8-300, 718K, PICs, ST6
& 7Z80/180, 68000, 80C196, H8-
500 & Z280.

ECAL is either available for a
single processor family or all
families.

Single processor version £295
Multiprocessor version.... £395

can support all processors.
Facilities include windows for
the inspection or change of
registers or memory. You can
even watch your program
executing at source levell

Download time is about two
seconds!

Pods can be daisy-chained for
16/32 bit systems.

Applications include software
development, hardware
debug, test and, finally,
teaching about micro-
controllers in education.

Overseas
distributors

required

OEMA Ltd.,

7 & 7A Brook Lane, ECAL emulator ................. £475
Warsash, Quantity discounts of
Southampton S031 9FH up to 50% make ECAL
Tel: 01489 571300 software ideal for

Fax: 01489 885853 education.
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i | | A e s || Pl Field Electric Ltd.

0181 684 TUBES, SEMICONDUCTORS AND I.C.S. 0181 684 A Tel: 01438-353781 Fax: 01438 359397 A
1166 1 MAYO ROAD  CROYDON ® SURREY CRO2QP 3056 Tel: 01625 434623
24 HOUR EXPRESS MAIL ORDER SERVICE ON STOCK ITEMS

Mobile: 0836-640328/0860-213370

i [ 275 | Prsooa 400 | 6847 500 | 6567 300 Unit 2, Marymead Workshops,
AZ31 5.00 91 300 | PYS0O 1.50 | 6BE6 150 | 6SL7GT 4.50 s R
CBL3 £1250 | €95 200 | Pysol 150 | 68H6 250 | esnraT 450 Willows Link, Stevenage, Herts, SG2 8AB.
CL3a 10.00 | EL360 18.50 | 0Qvo2-6 12.00 | 686 225 | 6557 3.00
0Y86/7 150 | ELS09 1200 | QQvo3-10 5.00 | 6BNG 2.00 | 6UBA 1.50 Wangtek 5099 EN24 60mb tape drive, c/w TEK: 7012 A/D converter piug in £150
£88CC Mull 6.50 | EM34 15.00 | QQV03-204 15.00 | 6BQ7A 3.50 | 6V6GT 425 fty e etc. TEK: TM504 mainirame £125
€180F 350 | Ems1 400 | QQV06-40A 1750 | 68R7 6.00 | 6X4 3.00 new & boxed £35 TEK: 184 time mark generator €95
£810F 22.00 | EM84 400 | Qv03-12 10.00 | 6BRSA 4.00 | 6X5GT 2.50 Crystal Eyes stereoscopic system, model CE-PC. TEK: D10 ¢’scope mainframe £95
EABCBD 200 | EM87 400 | V19 10.00 | 6BS7 500 | 12AT7 3.00 new & boxed £40 TEK: DAS9100 digital analysis system £295
£891 1.50 | €N91 Mull 7.50 | uABCSC 150 | 6BW6 450 | 12A07 1.00 Switchcraft 3 pin plugs, new £1.50 TEK: 067 0508 00. 50 chm ampiitude cat. £95
EBF80 150 | EY51 250 | uscal 400 | 6Bw7 1.50 | 12x7 150 102 key at IBM compatible keyboard terminated to TEK: 7811 sampling unit £180
EBF8Y 1.50 | EV86 1.75 | UBF89 £1.50 | 6826 250 | 12AX7AGE 1.00 6 pin din mini DIU_P £8¢/p £3.75 TEK: 453 o'scope 50MHz dual beam £200
EBL3L 15.00 | EYB8 1.75 | UCH42 400 | 6C4 2.00 | 12846 2.50 360/720K 5.25" TEAC BBC compat. disk drives Laser drive inc. Model 134 HE-NE gas laser input
€0C33 1.50 | E280 356 | UCHBI 250 | 6C6 5.00 | 12866 2.50 £9.50C/P£3.50  10-14v output DC 1250v new & boxed £125
ECC35 750 | EZ8] 3150 | ucLs2 2.00 | 6CB6A 300 | 12BH7A GE 6.50 Yuasa NP 10-6: 6v 10ah sealed lead acid Sony video cassette player VP5040 NTSC/PAL/
ECC81 3.00 | Gyso1 300 | ucLes 3.00 | 6CD6GA 5.00 [ 12BY7AGE 1.00 baﬂeg NEW£7.95C/P £3.50 SECAM £325
ECC82 300 | G232 Mult 850 | UF89 4.00 | 6CL6 375 | 1261 15.00 PC PSU 200watt square type NEWE1SC/P €5  Stag Prom eraser SE100 £150
ECC83 350 | 6233 8.00 | uLal 12.00 | 6CG7 750 { 12HG?N12GNT 5.50 NEC CMV 123NE 12" colour monitor will work on Philips Universal sync & patt. gen £145
£0C85 50 § GZ34GE 150 | wsd 350 | 6CHG 6.00 | 30rLL2 1.50 PC VGA/AMIGA/ATARI/BBC. Supplied with lead 12" Mono VGA chassis <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>