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NEW!

*  Ability to program 3 volt devices.

* Calibration software to comply with
1S09000.

*+ Batch software for production programming.
High quality 42 pin Textool zero insertion
force sockets.

*  Rugged metal housing and heavy duty
screened cable.

*  Ground control circuitry using relay switch-
ing.

*  Protection circuitry to protect against wrong
insertion of devices.

* Speed optimised range of programming
algorithms.

*  Supplied with MICROTEC disassemblers for
Z8, 8085, 8048, 8051, 6809 & 68HC11.

NOW ONLY
£469

O‘gg o TESTER

ORDERING INFORMATION

Expro-80 complete with
interface card, cable,
software and manual

ony £469

Please add £8 carriage (by overnight courier) for
UK orders, £30 for export orders and VAT where
applicable.

ACCESS, MASTERCARD, VISA or CWO. Official
orders are welcome from Government bodies
and local authorities.

dadel

CITADEL PRODUCTS LTD
DEPT. WW, 50 HIGH ST.,
EDGWARE, MIDDX. HA8 7EP.

Phone now on: 0181 951 1848/9
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*  Programs PIC16 series without adaptor.
*  Software supplied to write own test vectors

for custom ICs and ASICs etc.

* One model covers the widest range of

devices, at the lowest cost.

*  Over 2000 different devices (including seve-

ral hundred MPU’s) supported.

* Tests and or identifies a wide range of logic

devices.

* High speed PC interface card designed for

use with all types of PC.

* No need to tie up a slow parallel port.
* More Sunshine programmers sold world-

wide than any other of its type.

* UK users include BT, IBM, MOD, THORN EMI,

MOTOROLA, SANYO, RACAL.

*  Two year free software update.
*  Free demo disk with device list available.

EXPRO-80

Our stocked range of own manufactured and
imported Sunshine products include:

Super fast EPROM Erasers.
8Mbit EPROM Programmers:
ie: 1gang £149
4 gang £229
8 gang £399
* Battery operated portable EPROM program-
mers.
“In circuit” Emulators.
Handy pocket IC testers.

FROM THE MAKERS OF THE WORLDS BEST SELLING
UNIVERSAL PROGRAMMING AND TESTING SYSTEM

The Sunshine Expro-80 Universal Programmer
and Tester is the 42 pin version of the immensely
popular Expro-60/PC-82. Following that success,
the Expro-80 is a PC-based development tool
designed to program and test more than 2000
ICs. The culmination of over 8 years production
experience has resulted in perfecting this rug-
ged, classically designed programmers’ prog-
rammer.

Volume production has now enabled us to offer
this powerful programmer at a very competitive
price for a product of such high quality. The
Expro-80 has undergone extensive testing and
inspection by various major IC manufacturers
and has won their professional approval and
support. Many do in fact use the Expro-80 for
their own use!

The Expro-80 can program E/EPROM, Serial
PROM, BPROM, DSP, PLD, EPLD, PEEL, GAL, FPL,
MACH, MAX and MPU. It comes with a 42 pin
DIP/SDIP socket capable of programming
devices with 8 to 42 pins. It even supports
EPROMs to 16Mbit, the PIC16 series of MPUs and
many many more without the need of an adap-
tor. Adding special adaptors, the Expro-80 can
program devices up to 84 pins in DIP, PLCC, LCC,
QFP, SOP and PGA packages.

The unit can also test digital ICs such as the TTL
74/54 series, CMOS 40/45 series, DRAM (even
SIMM/SIP modules) and SRAM. Furthermore it
can perform functional vector testing of PLDs
using the JEDEC standard test vectors created
by PLD compilers such as PALASM, OPALjr,
ABLE, CUPL etc. or by the user. The Expro-80 can
even check and identify unmarked devices.

The Expro-80’s hardware circuits are composed
of 42 set pin-driver circuits each with control of
TTL 1/O and “active pull up”, D/A voltage output,
ground, noise filter circuit and OSC crystal
frequency.

New features include negative programming
voltages, 3 voit programming ability, protective
circuitry for ICs incorrectly inserted, calibration
software to comply with 1SO9000, new six layer
PCB and voltage clamping to banish noise and
spikes.

A dedicated plug in card with rugged connecting
cable ensures fast transfer of data to the prog-
rammer without tying up a standard parallel or
serial port. Will work in all types of PC. In
addition, there is now the Link-P1 enabling the
programmer to be driven through the printer
port. Ideal for portables and PC’s without expan-
sion capability.

The pull-down menus of the software makes the
Expro-80 one of the easiest and most user-
friendly programmers available. A full library of
file conversion utilities is supplied as standard.

Sunshine’s team of over 20 engineers are con-
tinually developing the software, enabling the
customer to immediately program newly
released ICs.

Citadel, a 33 year old company are the UK agents
and service centre for the Sunshine range of
programmers, testers and in circuit emulators
and have a team of engineers trained to give
local support in Europe.



Building on Doug Self’s work,
Edward Cherry takes an in-depth look
at distortion in audio power amplifiers
— and presents his ideas for
minimising it.
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In next month's issue:

Between amplifier and speaker. Ivor Brown examines
interactions between the audio power output and its load.

RF power splitters and combiners. Steve Winder discusses
the pros and cons of various types of splitters and combiners.
Data logging via LPT1. Pei An describes a subsystem for
logging 12bit analogue data via the printer port.
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“Electronics Workbench
is the best simulator to

design and verify circuits.”

Gordon MacDonald
Production Engineer Technician

Hectronics Workbench is a highly
productive bench where you design and
verify circuits in a fraction of the time.
Connections are atways perfect. Wires
route themselves. And the simulated
components and test instruments work
just like the real thing.
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4 b 3¢ = zop i components because you change
connections and component values

B instantly. And since the simulated

components are free, you don’t need to

replace burnt-out parts or keep an

extensive inventory. The result: You save

precious time and money. Guaranteed!
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over six years, Electronics Workbench is the
most popular tool of its kind. It has gained
worldwide acclaim as the ideal complement
to any test bench. Fact: Over 90% of
our customers recommend it to
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Analog Module: Tuning an RF front end. their friends and colleagues.

Rlons - EleCtrOIliCS Workbench

The el o i g1

The electronics lab in a computer™

Call: 44 0203 23321

Robinson Marshall (Europe) PLC
ust £1 % Nadella Building, Progress Close, Leofric Business Park, Coventry, Warwickshire CV3 2TF QWY
FAX: (44) 0203 233210 \‘ Yh, 4

FogDOSiNindorBogiiadhesicn. *30-day money-back guarantee. e =
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All trademarks are the property of their respective owners. &

**With the purchase of Electronics Workbench. Offer valid until October 15, 1994.
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Build or borrow?

We’re used to differences between
the UK and mainland Europe, but
it was a surprise that last week’s meeting
between the Semiconductor
Manufacturers Association (SMA) and
the Parliamentary Information
Technology Committee (PITCOM)
should highlight quite such a fundamental
gap between the official attitudes of the
UK and mainland Europe towards
microelectronics.

Both the UK and Continental Europe
know microelectronics is important, but
from there on attitudes diverge. Whereas
Europe sees a necessity to protect and
support European companies and
European technology, the UK sees
microelectronics as something done
outside Europe which we need to attract
inside if we are to get our share of the
jobs and investment it involves.

Many a Brit has squirmed at Jessi (Joint
European Sub-Micron Silicon Initiative)
meetings when our European partners
have referred to the ‘modest’ or ‘limited’
contribution coming from the UK.

Jessi, as the main body in the EU
devoted to all aspects of silicon research
— design, process technology and
production equipment — is generally
credited with revitalising the European
semiconductor industry just as the
collaborative VLSI Project brought
Japan’s chip industry to the fore, and the
Sematech industry consortium halted the
slide in US chip competitiveness.

COMMENT

Yet Britain’s contribution to Jessi is
only a tenth of Holland’s, and Holland’s
is only 40 per cent of the individual
contributions of Germany and France.

The SMA/PITCOM meeting last week
explained this stinginess. There was
nothing about improving the UK’s
competence in microelectronics; it was
all about how best to spruce up the place
to attract inwardly investing Japanese,
American, Korean and Taiwanese
microelectronics companies into the
country.

Industry figures from US companies
dangled tasty morsels before
parliamentarians, such as the fact that
between 100 and 150 new chip factories
— each costing a billion dollars — will be
built in the world in the next decade to a
decade and a half.

MPs’ eyes may glaze over at the
mention of technology but figures like
$100 billion to $150 billion have a good
chance of attracting their attention.
Compared to $2000 for asking a question
it’s serious money. All we have to do to
get it, said chip men, is to adjust the tax
laws a little, give grants on the basis of
investment size rather than employee
count (these plants won’t employ many
people), and skew the education system
more towards the needs of these potential
investors.

Is that good old Anglo-Saxon
pragmatism, or is it a bit sad?

David Manners
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UPDAIE

Telephone television.
With adsl, 16kbit/s data
from the subscriber is
used to access a one-
way broadband video
signal from the

Video down

T believes it has found the

technology to transmit a
1.5Mbit/s digital video channel
down 92 per cent of its 24 million
copper telephone lines. As a result,
next summer, 2000 households in
Suffolk will get the chance to use
interactive tv services such as home
shopping, a multimedia version of
TV Times and video-on-demand.

The asymmetric digital subscriber

loop (adsl) technology which will
achieve this is still in its infancy.
US developers like Aware, Westell
International and Analog Devices
are now working on software and
components which could both
increase the capacity and cut the

exchange. cost of adsl systems.
ADSL system overview
_ Street Distribution
Separation cabinet palnt Sspaiafion Existing
filter filter telephone
Public phone
network Optical Existing B
fibre copper pair
Digital | Di%i"a/'vid
audio/vide o= | s audio/video
Control= ADSL SR Control

Telephone exchange

_ Customer's home

the “phone line

The BT system will be based on
an adsl transceiver which Westell
and Atlantech have been marketing
for over 12 months. The principle of
adsl is that a 16kbit/s data signal
from the subscriber to the exchange
is used to access a one-way
broadband signal distributing video.
It uses the carrierless amplitude and
phase (CAP) modulation scheme
originally developed by AT&T
Paradyne for the US cable tv
industry. CAP relies on effectively
halving the 2.048Mbit/s channel
data rate by splitting the data stream
between two carriers which are 1/2
out of phase with one another. BT
believes that Westell’s FlexCAP
system can support 2Mbit/s
transmission to the subscriber over
6km lengths of telephone grade
copper pair. A newer adsl
technology which increases the
forward data rate to a theoretical
6.9Mbit/s and is based on a discrete
multi-tone modulation (dmt)
technology has also been evaluated
by BT. This technology, pioneered
by Aware, Westell and analogue-to-
digital converter specialist Analog
Devices, though technically
superior to CAP, is too expensive
and power thirsty for BT's
application.

French propose voice identification
as PIN replacement

esearchers and scientists at

CEPT, the France Telecom and
La Poste research centre, have
embarked on a project of voice
authentication, which could replace
the PINs used in bank card
transactions. Voice authentication
not only offers better security, it can
be used for remote verification
typically performed over the phone
or at an atm. Unique voice
parameters are stored in the form of
spectral coefficient and fundamental
frequencies calculated for every
20ms of speech.

“We use evolution of the
frequency and the spectral
coefficient in the human voice,” said
Isabelle Milet, senior researcher at
CEPT.

The system consists of a low pass
filter and an a-to-d converter
digitising on 8kHz to 14 bits on an
ISA card designed by Acsys of
France. It is installed in a pc also
equipped with a Dialogic ISA card
that performs a Fast Fourier
Transform on the voice spectrum
using a Motorola DSP56000 chip.

The system’s response time in the
lab is less than one second. The
product is at its prototype stage at
present and CEPT is currently on
the look-out for companies which
would like to use this product. “For
the moment we are not completely
ready to sell the licence although we
are showing the prototype. But we
are looking for companies which are
interested in it”, said Milet.

Dmt uses orthogonal frequency
division modulation techniques and
divides the signal between around
100 narrow carriers. The low data
rates on each carrier reduce the
dispersion in the cable and the use
of Reed-Solomon forward error
correction makes the dmt scheme
more resilient to poor line quality
and interference. Aware has
developed a more efficient digital
signal processing algorithm, which
is claimed to reduce the cost of the
dmt modulation scheme.

Analog Devices, which is already
in prototype production of its dmt
chipset, is currently incorporating
the new dsp software, known as
Wavelet technology, into its dsp-
based adsl design. “Wavelet
technology will significantly
increase the bit rate of dmt and
make it more cost effective”, said a
spokesman for Analog Devices. He
likened the improvement in signal
processing efficiency, with little
loss of precision, to that achieved
with a fast Fourier transform
compared to the discrete Fourier
transform. Westell is also
developing an adsl system based on
the new technology and the first
Wavelet-based dmt systems should
be available in 1995.

Survey shows
fast electronics
growth

lectronics and computers

was the fastest growing
sector by a long way in the
British engineering industry,
according to the Engineering
Employers’ Federation
(EEF) in its biannual survey
of British engineering. This
showed sales growing by 24
per cent over the past 18
months, measured at con-
stant purchasing power.

The EEF says the sector is
likely to continue its steady
growth until the end of 1995,
boosting sales by a further
14 per cent.
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The Complete Electronics Design System

Schematic Capture

Easy to Use Graphical Interface.

Netlist, Parts List & ERC reports.
Hierarchical Design.

Extensive component/model libraries.
Advanced Property Management.
Seamless integration with simulation and
PCB design.

naisaaieerasal Simulation

® SPICE compatible Analogue Simulation.

® Event driven Digital Simulation with
modelling language & PLD support.

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

® Graphs displayed directly on the
schematic.

PCB Design

Multi-Layer and SMT support.
Unlimited Design Capacity.

Full DRC and Connectivity Checking.
Advanced Multi-Strategy Autorouting.
Output to printers, plotters, Postscript,
Gerber, DXF and DTP bitmaps.
Gerber View and Import capability.

G v 5. 0w 3
AGREH ofiin. 8o e B

Write, phone or fax for your free demo
Cl b C e m C e r\ disk, or ask about our full evaluation kit.
Tel: 0756 753440. Fax: 0756 752857.
E |l e ct r o n i c s 5355Main St Grassington. BD23 5AA.

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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UPDATE

Tagging via
‘programmable
magnetic resonance’.
When set in motion
by an ac
electromagnetic field
from the reader, the
resonator rings at a
number of
programmable, well
defined frequencies.

Alternative to bar codes announced

ambridge-based Scientific

Generics has introduced a
technology that is claimed to solve
the main problems that relate to
identification technology. There are
two main methods currently in use:
bar coding and electronic tags. Bar
codes are cheap but need line of
sight equipment to read and are not
well suited to industrial use.
Electronic tags (radio frequency
devices) do not require line of sight
technology but are too expensive

Magnetostrictive mechanical resonator

N S

FANERNY
N

Hard material

for most applications.

The Scientific Generics
technology, Programmable
Magnetic Resonance, like
electronic tags, can be read without
using line of sight scanning
technology and irrespective of
orientation of the scanned item. It
involves tags with a hard magnetic
strip and a mechanical resonator
packaged together. These can be
encoded at the point of issue,
making it flexible to use. It is also
claimed to be cheap to manufacture:
each tag costs only a few pence
rather than the $1 US typical of
existing rf tags.

The tags are also suitable for
industrial use. Providing the
capsules containing the magnetic
material are robust enough, the tags
can be used over a wide
temperature range as well as being
able to withstand high pressure and
adverse chemical environments.

In addition to the tag, the system
consists of a conventional magnetic
strip reader/writer and a remote
reader that generates and detects
alternating magnetic fields from a
distance, using coils. Readers can
be hand-held, or more sophisticated
gate readers used for automatic
sorting.

The tag’s hard magnetic material
can have a magnetic pattern written
conventionally, like the strip on a
credit card. This part is placed close
to the mechanical resonator and sets
up relatively high dc magnetic
fields in the resonator. The
resonator can resonate or ring at a
number of well-defined
frequencies, where frequency
equals (resonance number X
velocity of sound in material)
divided by twice the length of the
resonator. There is a characteristic
spatial vibration pattern for each
resonance.

Hexfet power MOSFETS make technological leap

nternational Rectifier claims to

have made the biggest advance in
Hexfet power Mosfet technology
since the original device was
developed in 1979. Its Generation
V range of products offer “lowest
cost per Amp,” claims Gene
Sheridan, IR’s director of strategic
product marketing.

The next generation of IR’s
vertical dmos (VDMOS) process
has enabled IR to slash power drain

source on-resistance (Rpg.qn) on the
p-channel by up to 80 per cent, and
reduce it by up to 50 per cent on the
n-channel. This means the n-
channel Rpg o, level comes in at 8
milliohms and p-channel Rpg_on
levels will be at 30 milliohms early
next year. The n-channel option is
out first as it addresses the bigger
volume users of the product. New
p-channel products will be available
this month.

Protel plans Windows EDA client

an Jose developer Protel

Technology is joining
Intergraph in supporting Windows-
based eda tools. Protel is proposing
a client/server architecture for
desktop eda and is developing a set
of Windows-based eda tools which
will run on existing client/server
computer systems. This will enable
eda tools to run in a shared
environment and potentially opens
the way for high performance eda
tools from more than one vendor
running under Windows.

Protel’s EDA Client will enable a
single pc-based client to run eda
editors such as symbolic editors,
special editors for Verilog, VHDL
and pld/fpga design, and layout
editors for pcb design. Servers will.
provide more complex functions.
such as analogue and digital

simulators, design compilers and
synthesis tools, design verification
and analysis tools. For design
vendors there is no need to include
a graphical user interface on these
server tools, as they will be
accessed through the client system.

The user can not only run more
complex eda tools in a cost
effective Windows environment,
but can also mix and match tools
from a number of vendors. Cost
savings could result when a single
simulation or compiler tool licence
can be accessed through a
workgroup of clients although the
eda vendors will probably be quick
to plug any loophole.

Protel believes that increasing PC
performance and the emergence of
multi-tasking Windows and
Windows NT environments opens

The first series of products will
offer ratings of 55V and below. The
low-voltage sector is the largest in
the market at 40 per cent. Its aims
are automotive applications and
12V, portable and laptop computers.

International Rectifier will offer
products in three packages
including its new Micro 3 SOT-23
package which has a profile of less
than 1.1mm. The portable *phone
market is one of its targets.

the way for multi-user eda in a pc-
based client-server environment.
Intergraph is perhaps the only eda
vendor committed so far to the
view that the Windows NT
environment will quickly start to
replace the Unix environment as
the main platform for both high and
low cost eda. Earlier this year it
introduced its Veribest family of
chip and pcb design tools which run
under Windows NT as well as
Unix.

Jeff Edson, Intergraph’s vice-
president, predicts that the
emergence of Windows 95 and
Windows NT will threaten Unix as
the main eda platform. “Unix will
become an insignificant percentage
of the market within two years; 20
per cent is insignificant,” he added.
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Surplus always
wanted for cash!
LOW COST PC's - ALL EXPANDABLE - ALL PC COMPATIBLE

SPECIAL BUY | PC SCOOP

COMPLETE
AT 286 COLOUR SYSTEM
40Mb HD + 3Mb Ram

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems i
Made in the USA to an industrial specification, the system was ANHESSEoulQpIrchase snableSus o bingryou|a, COMBLETE

; oy ready to run colour PC system at an unheard of price!l
designed for total reliability. The compact case houses the mother- The 3’|5 iay Electronics PC99 syst i full d
board, PSU and EGA video card with single 5%" 1.2 Mb floppy disk o 2 9 31 SIEm comprises oyt NIEDT

patible and expandable XT PC with 256k of RAM, 5%° 360k flop-
gy disk drive, 12" CGA colour monitor, standard 84 key key-

oard, MS DOS and all connecting cables - just plug in and go
1l Ideal students, schools or anybody wishing to leam the world of
PC's on an ultra low budget. Don’'t miss this opportunity.
Fully guaranteed for 90 Daés'

rder as pcogcoL  £99.00 )

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

£29.00
£29.95

Optional Fltted extras: 640k RAM
2nd floppy drive, specify 5%" 360k or 3%" 720k
Above prices for PC99 offer ONLY.

VIDEO MONITOR SPECIALS
Superb quality 14* FOREFRONT MTS-9600 SVGA Muitisync -

Multimode monitor 0.28° dot pitch with resolution of
1024 x 768. The multi mode input allows direct con-
nection to a host of computers including IBM PC's in
CGA, EGA, VGA & SVGA modes, BBC, COM-
MODORE (including Amiga 1200), ARCHIMEDES
%% etc. The H version will also function with the ATAR! in

all modes inc HI RES monochrome. Complete with

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. Ready to Run !
Order as HIGRADE 286 ONL y £ ’4?. oo E)
CALL FOR QTY |scou~$s
Optlonal Fitted extras: VGA graphics card £29.00
1.4Mb 3%" floppy disk drive (instead of 1.2 Mb) £32.95
NE2000 Ethernet (thick, thin or twisted) network card £49.00
FLOPPY DISK DRIVES 3.5"- 8"
5.25" from £22.95 - 3.5" from £24.95
Massive purchases of standard 5.25* and 3.5° drives enables us to
present prime product at industry beating iow 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 3.5" supported on your PC).

3.5" Panasonic JU363/4 720K or equivaient £24.95(B) ‘text’ switching for WP use.{possible minor screen bums) Syncs down to
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only * £36.95(B) 15 kHz. Supplied in EXCELLENT littie used condition with full 90 day
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £29.95(B) guarantee.

5.25" Teac FD-55GFR 1.2 Meg £29.95(B) Order as MTS-9600/H for ATARI £149.00 (E
5.25" BRAND NEW Mitsubishi MF501B 360K £22.95(B) All modes as above Order as MTS-9600/ S £129.00 (E

* Data cable included in price. ELECTROHOME ECM-1211SBU 12" VGA multisync monitor with
Shugart 800/801 8" SS refurbished & tested £195.00(E) resolution 640 x 480. Multi input selection; 9pin CéN EGA ; 15 pin
Shugart 851 8" double sided refurbished & tested £250.00(E) VGA or 5 BNC connectors. 0.31 pitch. Compatible with PCs,
Mitsubishi M2894-63 8" double sided NEW £275.00(E) Amiga, Atar and others. In good used condition {possible minor
Mitsubishi M2896-63-02U 8" DS slimline NEW £285.00(E) screen burns)90 day guarantee. ..... £99.00 (E)

KME 10" high definition colour monitors. Nice tight 0.28" dot plich
for superb clarity and modem styling. Operates from
any 15.625 khz sync RGB video source, with RGB
analog and composite sync such as Atari,
Commodore Amlga, Acorn Archimedes & BBC.
Measures only 13.5" x 12" x 11°. Only £125 (E)
Good used condition. 90 daE 8uaramee.

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

NEC CGA 12" colour IBM-PC compatible. High qual-
ity ex-equipment fully tested with a 90 day guaran-
tee. In an attractive two tone ribbed grey plastic case
measuring 15°L x 13"W x 12"H. The front cosmet
bezel has been removed for contractual reasons.

Only £49.00)

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

HARD DISK DRIVES

End of line purchase scoop! 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})
3.5" FUJI FK-309-26 20mb MFM I/F RFE £59.95(C
3.5" CONNER CP3024 20 mb IDE I/F (or equiv )RFE £69.95(C
3.5" CONNER CP3044 40mb IDE I/F (or equiv.)RFE £89.00(C
3.5" RODIME RO3057S 45mb SCSI I/F (Mac & Acorn)  £99.00(C
5.25" MINISCRIBE 3425 20mb MFM I/F {or equiv.} RFE £49.95(C
5.25" SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95(C
5.25" CDC 94205-51 40mb HH MFM i/F RFE tested EGQ.QS%%
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00
Hard disc controllers for MFM , IDE, SCSI, RLL etc. from £16.95

THE AMAZING TELEBOX

Converts your colour monitor into a QUALITY COLOUR TV

TV SOUND
& VIDEO

20" 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solid state colour monitors,
complete with composlte video & optional sound inputs. Aftractive
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.In
EXCELLENT little used conditlon with full 30 day guarantee.

20"...£135 22"...£155 26"....£185(f
12" Mono. Philips BM7542 /05G for CCTV

NEW £69.95 (C)

DC POWER SUPPLIES

10,000 Power Supplies Ex Stock
Call for info / list
Power One SPL200-5200P 200 watt (250 w peak).Semi open
frame giving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a, +24v
4a (6a peak). All outputs fully regulated with over voltage protection
on the +5v output. AC Input selectable for 110/240 vac. Dims13* x
5" x 2.5". Fully guaranteed RFE. £85.00(B)
Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v
(2A). 5v @ 20A. & 12v @ 1.5A. Switch mode.New. £59.95(B)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ 2a,
-12v @ 0.1a. 6-1/4" x 4" x 1-3/4" RFE tested £22.95(B)
Lambada LYS-PV-12 200 watt switch mode.+12v DC @ 29a
semi enclosed, 10" x 5 x 5. RFE and fully tested. £59.95(C)
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v @
15a,-5v @ 1a,+12v @ 6a.27 x 12.5 x 6.5cms.New. £49.95(C)
Boshert 13090.Switch mode.Ideal for drives & system. +5v@ 6a,
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B
Farnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00$C

SPECIAL INTEREST

INTEL SBC 486/133SE Multibus 486 system. 8Mb Ram
Zeta 3220-05 AO 4 pen HPGL RS232 fast drum plotter
3M VDA - Video Distribution Amps.1 in 32 out

Trio 0-18 vdc bench PSU. 30 amps. New

Fujitsu M3041 600 LPM band printer

VG Electronics 1035 TELETEXT Decoding Margin Meter  £3750
Andrews LARGE 3.1 m Satellite Dish + mount (For Voyager!) £950
RED TOP IR Heat seeking missile (not armed 1!} POA
Tektronix 1L30 Spectrum analyser piug in £330
Thurlby LA 160B logic analyser £375
GEC 1.5kw 115v 60hz power source £950
Brush 2Kw 400 Hz 3 phase frequency converter £850
Anton Pillar 75 kW 400 Hz 3 phase frequency converter POA
Newton Derby 70 KW 400 Hz 3 phase frequency converter POA
Nikon PL-2 Projection lens meter/scope £750
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995
HP 7580A A1 8 pen HPGL high speed drum plotter £1850
Kenwood DA-3501 CD tester, laser plckup simulator £350
Computar MCA1613APC 16mm auto iris lenses 'C' mount  £125
Seaward PAT 2000 dual voltage computerised PAT tester  £585

TUNER!

The TELEBOX consists of an aftractive fully cased mains powered
unit, containing all electronics ready to plug into a host of video moni-

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 television receivers* (TELEBOX MB). Push button controls
on the front panel allow reception of 8 fully tuneable 'off air' UHF
colour television channels. TELEBOX MB covers virtually ali televi-
sion frequencies VHF and UHF including the HYPERBAND as
used by most cabie TV operators. A composite video output Is
located on the rear panel for direct connection to most makes of
monitor or desktop video %ystems. For complete compatibility - even
for monitors without sound - an integral 4 walt audio amplifier 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 integral speaker £37.50
TELEBOX MB Multiband VHF-UHF-Cable- Hyperband tuner £69.95
For overseas PAL versions state 5.5 or 6mhz sound specification.
“For cable / hyperband ion Telebox MB should be connected
to cable service. Shipping code on all Teleboxes is /B!

FANS & BLO

MITSUBISHI MMF-D6D12DL 60 x 25 mm 12v DC  £4.95 10/ £42
MITSUBISHI MMF-09B12DH 92 x 25 mm 12vDC £5.95 10/£53
PANCAKE 12-3.592 x 18 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 specity 110 or 240 v £5.95
VERO rack mount 1U x 19* fan lray specify 110 or 240v £45.95 (8)
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 - SAE or CALL FOR LATEST LIST

£1975

Surplus always
wanted for cash!
SPECIAL OFFER

Computer
Controlled

= Laser Video
One of the most amazing surplus DISK Player

deals that we ever been able to offer
you! The Phillps VP410 LaserVision player, in as new condition,
unit features full computer control, Plays standard 12" LaserVision
disks with startling visual and audio quallty in two channet stereo
or mono. When controlled by a computer, it may also be used as a
versatile high quality storage / retrieval medium. It will play back
elther LaserVision CAV (active play) or CLV (Long Play) discs
gwhlch covers most types of commercially available video discs).
ome of the many features of this incredible machine ari

RS-232 INTERFACE RGB/

BNC4+SCART INTERFACE

IR+WIRED REMOTE CONTROL

SPECIRL PURCHASE only £399.00

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

Less than Half Price!

Top qualitE 19" rack cabinets made in UK by
Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front door,
full height lockabte half louvered back door
and 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 soid. Racks may be stacked side by side and therefore require
only two side panels to stand singly or in bays
Overall dimensions are: 77-1/2° H x 32-1/2° D x 22° W. Order as:

Rack 1 Compiete with removable side panets. £335.00 (G)

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

Over 1000 racks in all sizes 19” 22" & 24”
3 to 44 U. Available from stock !!
Call with your requirements.

TOUCH SCREEN SYSTEM

The ultimate in "Touch Screen Technology’ made by the experts -
MicroTouch - but sold at a price below cost 1! System consists of
a flat translucent glass laminated panel measuring 29.5 x 23.5 cm
connected to a PCB with on board sophisticated electronics. From
the board comes a standard serlal RS232 or TTL output. The out-
put continuously gives simple serial data containing positional X & Y
co-ordinates as to where a finger is touching the panel - as the fin-
ger moves, the data instantly changes. The X & Y information is
given at an incredible matrix resolution of 1024 x 1024 positions
over the screen size ! So, no position, however small fails detec-
tion. A host of available translation software enables direct con-
nection to a PC for a myriad of applicatlons including: control pan-
els, pointing devices, POS systems, controllers for the disabled or
computer un-trained etc etc Imagine using your finger in ‘Windows'
Instead of a mouse ! (a driver is indeed available ') The applica-
tions for this amazing product are only limited by your Imagina-
tion!! Supplied as a complete system including Controller, Power
Supply and Data at an incredible price of only: £145.00

RFE. Full Software Support Available - Fuily Guaranteed . (8)

LOW COST RAM UPGRADES

INTEL "ABOVE' Memory Expansion Board. Fuil length PC-XT
and PC-AT compatible card with 2 Mbytes of memary on board.
Card is fully selectable for Expanded or Extended (286 processor
and above) memory. Full data and driver disk supplied. In good
used condition fully tested and guaranteed.
Windows compatible. Order as: ABOVE CARD  £59.95(a1)
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. Complete with data.

are:
COMPOSITE VIDEO OUTPUT
PAL /RGB DECODER
FAST RANDOM ACCESS

Order as: XT RAM UG. 256k £32.95(A1
512k £38.95(A1)
1 MB x 9 SIMM 9 chip 120ns onty £19.50(A)
1 MB x 9 SIMM 3 chip 80 ns only £23.50(A
1 MB x 9 SIMM 9 chip 80 ns only £22.50(A

NO BREAK UNINTERRUPTIBLE PSU'S

Brand new and boxed 230 voits 1 KVa uninterruptible power supply
from system from Densei. Model MUD 1085-AHBH. Complete with
sealed lead acid batteries in matching case. Approx time from inter-
rupt is 15 minutes. Complete with fult manual. £57500(G)

EMERSON ACCUCARD UPS, brand new 8 Bit half length PC
compatible card for all IBM XT/AT compatibles. Card provides DC
power to all internal system components in the event of power sup-
ply failure.The Accusaver software provided uses only 6k of base
RAM and automatlically copies all system, expanded and video
memory to the hard disk in the event of loss of power. When power
is returned theé machine is returned to the exact status when the
power falled 11 The unit features full self diagnostics on boot and is
supplied brand new, with full, easy fitting instructions and manual.

Normally £189.00 NOw! £69.000r 2 for £120

Issue 13 of Display News now available - send large SAE - PACKED with bargains!

seee .... : . :
. S0 Open Mon - Sat 9:00 - 5:30 Open Mon-Fri 9.00-5:30
see [ ] [ o0 )
o 28§ 8 7 ApWHiehorseItans Dept EWW. 32 Biggin Way
Seses S u. S, = 2 On 68A Bus Route

Upper Norwood
LONDON SE19 3XF

Nr.Thornton Heath &
Seihurst Park SR Rall Stations
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DISTEL © The Original

FREE On line Database

Info on 1000's of items
V21,v22, V22 BIS

0181 679 1888

All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from Government,
Schools, Universities and Local Authorities - minimurn account order £50. Carriage charges (A)=£3, (A1)=£4.00, (B)=£5.50, (C)=£8.50, {D}=£12.00, (E)=£15.00,
(F)=£18.00, (G)=CALL. Allow approx & days for shipping - faster CALL. Scotland surcharge
unless stated guaranteed for 90 days. All guarantees on a return to base basis. All rights reserved to change prices / specifications without prior notice. Orders
subject to stock. Discounts for volume. Top CASH prices paid for surplus goods. All trademarks etc acknowledged. © Display Electronics 1995. E & OE. 1/11
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FAX 0181 679 1927
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UPDATE

DBS dish for
computer data
receipt

ughes Network

Systems is planning
to introduce a direct
broadcast satellite dish
specifically for receiving
computer data. The
product will be called
DirecPC and will be
aimed at businesses who
want to receive large
amounts of computer
data at T1 line speeds of
about 1.5Mbit/s.
According to Hughes,
businesses will be able to
receive large software
updates directly from
software vendors and
they will also be able to
download large
multimedia files that
would take hours using
standard modem
connections.
The DirecPC receiver
will cost about $1,500
and carry a $16 monthly
charge. Hughes hopes
that DirecPC will follow
the success of the
DirecTV satellite digital
TV broadcast system
introduced earlier this
year into the US with
partners RCA-Thomson
and Hubbard
Broadcasting.

Japanese propose chip production consortivm

Fears for their future
competitiveness in chipmaking
have propelled the top Japanese
semiconductor companies to propose
an industry/government/academic
consortium to develop production
equipment for the Gigabit chip
generation.

The move is a response to the
successes of America’s Sematech
consortium, the European Jessi
collaboration and the European and
Taiwanese industry/university
collaborations in developing
advanced chip processes and
equipment. Japan’s top companies
are looking for a similar arrangement
to defray the heavy financial burden.
Senior executives from ten leading
Japanese chip firms, including NEC,
Toshiba and Hitachi, met earlier this
month to discuss the formation of the

new collaboration.

Although Japan has an ongoing
industry/government programme
called Sortec which provides for
shared R&D effort in advanced
technology, this is thought to be the
first collaborative effort to be
focussed on chipmaking since the
famous ‘VLSI Project’ of the early
80s which resulted in the Japanese
putting a 256K dram into production
a full year before the Americans. It
also led directly to the exit of all US
companies (except TI and Micron)
from the dram business in the
recession year of 1985 and to
Japan’s market share lead in chips
after 1989.

Sematech, the American
industry/government consortium was
set up in 1988. It worked first on
developing new processes and then

in developing new process
equipment. The US regained market
share ascendancy in 1992 and has
been increasing its lead ever since. In
the meantime, Europe has formed a
similar consortium called Jessi
which developed the half micron
process currently being used by
Europe’s leading chip companies,
Taiwan’s ERSO has delivered a half
micron process to Taiwan’s leading
chip companies, and Korea’s KIET
has delivered world-competitive
processes to Samsung, Hyundai and
Lucky Goldstar.

The new Japanese consortium is
expected to start its work in 1996. It
will be aimed at developing cost-
effective equipment to be used in
chip-making from 2000AD onwards
and manufacturing chips with feature
sizes down to 0.18 micron.

Integrated VR system for consumer market

BM and UK virtual reality (vr)

specialist Virtuality are expected to
launch the world’s first integrated vr
system for the consumer market by
1996. The system will consist of
IBM'’s hardware, including a head-
mounted motion sensor, joystick,
tracker and graphics cards, and
Virtuality’s software. “Individual
packages and software like this
already exist, but we want to
integrate it and make it easier to use

and more reliable,” said Jan-Paul
Boos, the new markets manager at
IBM Europe.

The package will be sold either as a
PC upgrade kit, priced around
$5,000, or already integrated in a PC.
Currently the two companies are
delivering the more expensive
version of this product, called
Elysium, to beta sites. It costs
between $10,000 and $70,000,
depending on the model version, and

is aimed mainly at companies and
software designers who would like to
develop software for their own ‘full
experience’ VR model used for
promotion or advertising.

“Elysium itself is not targeted at the
consumer market, more in
entertainment products for public use.
But we are looking into dropping the
price down for consumers to use it on
their PCs,” said Richard Holmes, the
design director at Virtuality.

Possible European standard for digital TV access

Moves by British broadcasters to
establish a conditional access
(CA) format for digital TV services
could broaden into a new European
CA standard. Major terrestrial
broadcasters from across Europe
have discussed the development of a
common digital CA standard in a
meeting of the European

Broadcasting Union.

The BBC, ITV companies and
Channel 4 decided to work on their
own CA system in September after
the DVB, Europe’s digital
broadcasting standards body, failed
to agree to a compulsory common
CA system. Terrestrial broadcasters
believe that the compromise that

Multiple advances in disc drives

dvanced disc-based storage

systems have been unveiled by
3M, Toshiba and Hitachi. 3M has
shown a high-capacity CD-ROM
disc that doubles the storage
capacity of existing high density
CD-ROM discs through the use of
an innovative dual layer technology.
The disc has a second layer that can
be accessed by a CD-ROM drive

read head by shifting the angle of
reflected laser light as it shines
through the top layer. 3M says its
discs can store as much as 6Gbytes —
ten times the current 600Mbyte
capacity of cd discs. The disc was
developed with help from Philips
and Sony.

Toshiba, like Panasonic, is to sell
rewritable optical disc systems based

resulted from that meeting and is
based on a code of practice, is
unworkable.

The DVB has already agreed a
non-compulsory common interface
for CA systems. Sources close to the
Iatest talks say they could result in a
common Europe-wide CA format to
go with this interface.

on phase change technology. The
company has developed a double-
sided 3.5 inch disc that can store
1.3Gigabytes. First products are
expected towards the end of 1995.
Toshiba and Hitachi have both
announced 2.5 inch magnetic hard
disc drives with capacities of over a
gigabyte. The drives are due on the
market early next year. |
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RESEARCH NOITES

Jonathan Campbell

Fig. 1. Hierarchical view of
the proposed optical network
architecture.

a) represents ATM cell injec-
tion and switching;

b) ring and mesh fibres have
equal status for subframe
switching.

inner core (mesh)

core node

outer core (rings)

access (PONs)
terminal

Optical ether could become reality

Communication completely in the
optical domain across the whole
of the UK, in a network
implemented on a step by step basis,
could become a practical reality if
proposals by two researchers in the
department of electronics and
electrical engineering, University
College, London, succeed. Using
the principle of an optical ‘ether’,
they have developed (/EE Proc
Optoelectronics, Vol 141, No 5) a
novel method that will allow a
network to be constructed piece-
meal yet have the capacity to

terminal

ring-PON
interface

service 25 million customers with
over 3Mbit/s capacity each.

There has already been much
speculation about building a
network, national or global, in
which the complete transmission
path is in the optical domain.

But up to now proposed methods
have relied on simultaneous
implementation across the whole
network, with the ultimate number
of nodes in the network set at the
beginning of the project.

M Sabry and JE Midwinter’s idea
is to exploit unused bandwidth in
existing optical fibres to develop an
optically routed broadband network
that could evolve ‘gracefully’ from
today’s point-to-point transmission,
on some routes only, to an extensive
multi-node network.

An inner core would be a highly
interconnected mesh, with each of
the nodes providing routing within
the mesh as well as access to one or
more ring-type networks making up
an outer core. These in turn would
be connected to end users via pons
(passive optical networks).

First step in building the network
would be to replace present optical

Giant steps for memory boosts

G iant magnetoresistance (gmr)
could be the key to a new
generation of fast ram devices and
permanent magnetic random access
memory (mram) chips.

Many fundamental problems still
need to be solved. But Barthélémy,
Fert, Morel and Steren at the
Laboratoire de Physique des
Solides, Université Paris-Sud,
France — one of the original groups -
involved in identifying giant
magnetoresistance — believe that
such breakthroughs should be
possible and that gmr holds the key
to advances in information storage
and logic operations (Physics

World, November, 1994, pp. 34-38).

In giant magnetoresistance, the
resistivity of a layered structure of
alternate magnetic and non-
magnetic materials dramatically

changes when a sufficiently high
magnetic field is applied. The effect
seems to be because the
magnetisations in the alternate
layers are anti-parallel.

At zero field the resistivity is at a
maximum, but in high fields the
magnetisations become parallel to
the applied field and resistivity
drops startlingly.

Mram chips would be constructed
by cutting an array of magnetic
plots into the top layer of a three-
layer structure. Resistivity of each
plot would depend on whether its
magnetisation was parallel or
antiparallel to the reference.

Information could be written by
flipping the magnetisation of the
plots — by running an electrical
current in a nearby wire —and
information could be read by

fibre regenerators with erbium-
doped fibre amplifiers (edfas). This
would remove the need for rigid
data formats imposed by
regenerators and would turn the
fibre links into transparent lossless
data pipes.

Existing transmission links that
would form the inner core would
then be upgraded to use dense-
wavelength division multiplex (d-
wdm) transmission, but with each
carrier operating to standard
interfaces. Later these interfaces
would be replaced by transparent
wavelength switches, which, once
rings are added, would allow
transmission between rings entirely
in the optical domain.

The achitecture allows the
network to be developed from the
top down using a common set of
components throughout.

“As our proposed evolution of the
whole network relies on a single
modular set of building blocks, the
development can stop at any stage”,
say the researchers. It could just as
easily restart and be used to
interface to the existing public
switched network as necessary.

sensing the resistivity of each plate.
But the memory would be
permanent because the magnetic
plots would need no energy to retain
their orientations. According to the
group, such very high density
memories will be feasible within a
few years.

The new fast ram devices would
make use of a development that
adds magnetic clusters into a non-
magnetic-layer/magnetic layer
structure. While the dynamics of
magnetic processes in multi-layers
are governed by the relatively slow
motion of domain walls, reversal of
magnetisation in a small particle can
be very fast — possibly as rapid as
101! or 10-'2s. This speed,
combined with gmr sensitivity,
would be the main attraction of the
new devices.

10
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Jamming could undermine GPS

L ow-power rf jamming could
wreak havoc with commercial
global positioning satellite (gps)
systems, according to researchers at
Georgia Tech. As a result we must
be much more careful about how
gps is used, they warn.

GPS technology is increasingly
becoming part of daily life, giving
position or velocity information for
a large number of uses.

So the findings by Georgia Tech's
John Daher, Joseph Harris and Mark
Wheeler that commercial gps
receivers show worryingly large
susceptibilities to in-band
interference by anyone with
unfriendly intent (/EEE AES
Systems Magazine, October, 1994,
pp-21-25) could have wide
implications.

Two commercial receivers were
tested in detail for the study: both
exhibited low susceptibility
thresholds to in-band continuous
wave signals, and both could also be
over-driven with an out-of-band
signal.

The Georgia researchers also
assessed just what it would take to
jam a receiver. Using measured in-
band susceptibility levels of
—112dBm for threshold, —103dBm
for las (“lost all satellites’) and a
typical gps antenna gain of 3dBi
showed that a gps receiver could be
vulnerable to jamming from low
power transmitters tens of km away.

Fortunately the receivers showed
good rejection of out-of-band and
pulsed interference signals, so
unintentional interference is much

less likely than the intentional
jamming threat.

But the researchers say that, based
on their measured gps receiver
vulnerabilities, careful consideration
must now be given to the
applications for which gps is
chosen, particularly as the
technology has been considered as a
replacement for the current
instrument landing system (ILS) and
future microwave landing system
(MLS), putting it in a safety-critical
position.

Even where commercial use was
not safety-critical, inaccurate data
could still be very costly for users.

Interference mitigation techniques
must be be investigated to improve
system reliability, while interference
rejecting antenna techniques such as
the military controlled response
antenna (crpa) should be evaluated
for commercial applications, say the
researchers.

Meanwhile, they say, signal
processing and filtering techniques
should be incorporated into
commercial receivers.

@ Also at Georgia Tech, software that
scans research databases and
automatically builds up profiles of
activity in particular technical areas
has been developed.

Toak software can analyse
databases — such as the international
electronics database, Inspec; the
engineering, computer, and business
indexes, and US Patents — and show
how much an emerging technology
is linked with various applications

Border controls that cross the line?

such as checking whether a new
plastic is being used in electronics
packaging or aerospace. Toak can
also map relationships between
sectors, identifying component
technologies that contribute to
advances in a target area, or can be
used to compare research and
development activity by state or
nation. Such an analysis recently
showed that Japan and the US are
going head-to-head across most
electronics assembly technologies.

RESEARCH NOTES
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Jamming of GPS — which
is not too difficult ~
could cause significant
problems.

Robot search planes equipped with laser
scanners and advanced electronic
systems able to track large numbers of
‘infiltrators’ sounds like a scene from The
Terminator. In fact it is the language and
emergent technology of US immigration
control.

Over 1000 people a day are drawn to
enter the US illegally, many dodging
border patrols and crossing from Mexico
into the San Diego region of California

But border guards could soon be the last
thing on the mind of frontier-crossing
Mexicans if Bill Wattenburg, a senior research
scientist at the University Foundation,
California State University, is right.

He makes a case (Science, Vol 265,
pp. 1184-1185) for dusting all popular
border-hopping routes with a material that
fluoresces when illuminated with laser or
uv light.

Using fdi - fluorescent tagging of
infiltrators — Wattenburg, who has been an
enthusiast of fdi for 25 years, says that
anything touching the fluorescent material
could be easily identified.

Amongst the many systems that could be
used for tracking the illegal immigrants,
Wattenburg likes the look of a portable
system developed by Lawrence Livermore
National Laboratory to track the trajectory
of a rifle bullet. Fitted to a robot plane and

used with a laser scanner, Wattenburg says
that the system could be used to monitor a
strip at least 10km long and keep track of
even 100 moving ‘targets’.

He estimates the cost of a six-month
fairly-low tech experiment based around
San Diego as $500,000. Compared with
figures he reproduces for the drain on the
state of illegal immigrants — “...while
needy families of legal immigrants and
native born alike will be denied the full
government assistance they require to
better their lives” — that sounds like a
bargain. If the system could be automated,
then no-one, it seems, need get their hands

dirty.

January 1995 ELECTRONICS WORLD + WIRELESS WORLD

11



Permittivity, E”

RESEARCH NOTES

Dielectric permittivity

can be used to

indicate precisely
when an adhesive has
set. These curves are

Microwave sticking point

Knowing to the second when an
adhesive has hardened is not
easy, but it can be vital for efficient
and safe production of glued
structures and components. The
problem is that production time is
wasted through leaving a joint to
cure for longer than is necessary,
while trying to handle a joint too
early can result in even more serious
consequences.

But Abayomi Olusanya and
colleagues at NPL, Teddington, are
developing a technique to monitor
the dielectric permittivity of curing
adhesives that should indicate

uses microwave frequency, so
removing much of the uncertainty
that has been associated with the
approach.

During the cure of thermosetting
adhesives, cross-linking of molecules
takes place. But initiators taking part
in the reaction can cause confusing
conductivity effects which have
upset previous methods.

Using microwave frequencies
effectively ‘freezes’ the initiator ions,
removing them from the signal,
while electrode polarisation problems
are avoided too.

NPL says the method is
particularly suited to applications
where access to the bonded areas is
restricted. Only one surface needs to
be accessible and a use being
envisaged in the early trials is in
monitoring adhesive joints in
bridges. On site, a large area would
be coated with adhesive, with a small
area left exposed to fit the electrode.

The method could also be suitable
for measuring the degree of mixing
in two-part adhesives, if the overall
dielectric properties can be related to
the individual dielectric properties of
the constituent components.

Dynamic dielectric properties of
adhesives during cure are obtained
through analysis of the adhesives'
reflection coefficient using a
reflectometric coaxial sensor. At
present, NPL is studying how
changes in permittivity relate to
mechanical properties.

Voltage follower that gives a lead

for bridge adhesive precisely when the bond has formed.
SKIA PBA 31 LT cured Unlike dielectric methods that have
at 20°C and 40°C. been tried before, the NPL technique
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Avoltage follower that promises
much higher chip performance
- irrespective of which
semiconductor technology is used -
bined . has been designed by W J Su and
g:a’;b e:’c': bZ‘;é‘:‘"'e supervisor F J Lidgey at the School
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between high speed and high
accuracy. But by using an existing
op amp negative feedback approach
augmented by a feedforward
technique to make the op amp float,
the researchers look to have avoided
the usual speed-accuracy trade-off
(Electronics Letters, Vol 30, No. 22).
System design allows the input
signal to propagate either via the op
amp, with 100% nfb used to correct
the difference between input and
output, or through the additional
feed-forward circuits — the
source/emitter followers. The result
is to float the op amp with all its
nodes at virtually the same signal
voltage as the input. So capacitances
within the op amp have little effect
on overall frequency response and a
large bandwidth can be achieved.
Near zero response delay time of
the floating op amp to an input also
means the main speed limitations of
conventional followers are overcome.

Microscopic
improvement is
good news for chips

US applied physicist has

reported success in using an
atomic force microscope (afm) to
half the size of semiconductor gates
— opening up the possibility of much
faster transistors.

Cal Quate of Stanford University
has been using the afm — up to now
used mostly as an imaging tool - to
create silicon dioxide masks less
than 100nm wide on semiconductor
chips.

Conventionally, the afm, which
has an extremely fine tip, is used to
trace surface topography on an
atomic scale. But Quate has used it
to apply a current to a substrate
coated with amorphous silicon,
forming a line of silicon dioxide
which protects the underlying
silicon during etching.

A series of mosfets was produced
by normal manufacturing methods,
with the afm used to make the gate.

Reports are (Science, Vol 266,
p-543) that Quate and his team
fabricated several devices with gates
between 0.7-0.2pm. Transistors are
said to have behaved much the same
as conventional mosfets.

What has generated so much
excitement is that afm techniques
are in their infancy and can only get
better, while conventional
lithographic methods are pretty near
their limits.

The researchers say that simulations
are demonstrating that more than
1300V/ps slew rate and 60ns
settling time can be obtained
relatively easily. At the same time,
bandwidth is increased, from around
35MHz in conventional feedback
buffers, to approximately 220MHz
with a phase margin of 53°.
Improved accuracy comes from the
enhanced gain and faster speed of
the core floating amplifier.

Some additional circuitry has had
to be used, reducing the input.and
output voltage headroom, and the
power supply current is higher. But
the researchers insists that these cost
penalties are: “relatively minor
compared with the substantial
benefits that the circuit exhibits”.

The work is being supported by
Analog Devices and the main
application of the design is thought
to be monolithic integrated circuit
voltage followers. [ ]
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t the outset I should state that there
Aappears to be something of a philo-

sophical difference between our
approaches to distortion inside the feedback
loop. There is nothing wrong with tackling the
distortion of various stages on an individual
basis, but my approach to designing a high-
quality amplifier is to choose a simple topol-
ogy based on common-emitter amplifying
stages and apply negative feedback to reduce
distortion. Variations in circuit topology (other
than push-pull operation) rarely give better
than a ten-fold reduction in distortion on a
production basis; feedback, however, can
reduce distortion almost indefinitely!.

The beautiful thing about feedback is that it
reduces all distortions simultaneously. If there
is enough feedback to fix the major sources of
distortion, the minor sources will be taken care
of automatically. However, as Self points out,
feedback cannot correct distortions arising
outside the feedback loop.

Common-emitter stages have theoretical
advantages over common-collector amplifiers®
and, in my opinion, have important practical
advantages too. The theoretical basis for my
positions regarding both feedback and com-
mon emitter stages rests ultimately on the
work of Bode*, who points out that a com-
mon-collector stage can be considered as a

*Distortion in power amplifiers. D Self. August, 1993
to March, 1994.

Ironing out

DISTORTION

As is often the case with articles on audio subjects,
Douglas Self’s” recent series on amplifier distortion caused a great deal
of interest worldwide. Building on Doug’s work, Edward Cherry offers
an in-depth look at distortion, and discusses how to reduce it.

common emitter stage with a kind of local
feedback, which rarely accomplishes anything
for the stage within the local loop and usually
makes matters worse for the stages outside it.
In part, the complex behaviour of distortion in
Self’s amplifiers is attributable to the local
feedback.

Incidentally, I take it as now being univer-
sally accepted that there is no basis for linking
transient, interface and phase intermodulation
distortions to large amount of feedback.

This commentary addresses audible distor-
tions only; that is, nonlinearities which gen-
erate distortion products in the audible fre-
quency range 20Hz to 20kHz. It is not
concerned with nonlinearities that generate
ultrasonic distortions, for I am not in the busi-
ness of trying to *...please any passing bat...”12

Distortion products can arise as harmonics
of a single input frequency, or from inter-
modulation between two or more simultane-
ous inputs, in which case the distortion prod-
ucts lie above and/or below the input
frequencies. Ultrasonic distortion in an ampli-
fier may, of course, be an indicator of trouble
at audible frequencies, but not necessarily;
what matters is the presence or absence of
audible distortion products.

Indeed, I believe the 20kHz upper limit
should be reduced, because practically no-one
can hear distortions at even 15kHz. As an easy
demonstration of this assertion, readers could
compare the sounds of a 5kHz square wave
with an accurate 1:1 mark-space ratio and a

5kHz sine wave of 1.273 times the peak-peak
amplitude. The square wave contains a SkHz
component of the same amplitude as the sine
wave, but it also contains a component at
15kHz of one-third the amplitude. Shift the
frequency up or down to find your own fre-
quency limit for audible distortion. Be honest,
and remember that this is the equivalent of
33% third-harmonic distortion!

Distortion analysed

Figure 1 is Self’s Fig. la from EW&WW of
August 1993, with some minor changes. I
analysed it in May 1982% and a main purpose
of this commentary is to point out that many
of Self’s conclusions have a rigorous mathe-
matical basis. In addition, given that an audio
amplifier is to be of this basic topology (and it
would not be my first choice), then the simple
changes shown in Fig. 2 give substantial
improvement at little cost. Figures 1 and 2
can, of course, be flipped upside down, with
n-p-n and p-n-p transistors interchanged; the
analysis is identical. It is actually the flipped
version that is considered in Reference 5.

Nonlinearity, sensitivity and distortion
Distortion can be considered as variation of
incremental gain from point to point on the
signal waveform. In other words distortion is
caused by nonlinearity in parameters like B
and g, For example, when an amplifier is
driven near the point of clipping, its incre-
mental gain falls at the waveform peaks; these

14

ELECTRONICS WORLD + WIRELESS WORLD January 1995



Definition of terms

The analysis in Reference 5 is in terms of the effective values of
B and g, for each stage.

Current amplification factor B of a transistor is defined formal-
ly as the gradient of a graph of collector current Ic versus base
current lg. Nonlinearity in B is any departure of the graph from
a straight line, from any physical mechanism whatsoever. In
practice there are many such mechanisms, and the magnitude
of B falls at both large and small currents.

Mutual conductance g, is similarly defined as the gradient of
a graph of collector current Ic versus base-emitter voltage Vgg.
Nonlinearity in g, is any departure of the graph from a straight
line. One physical mechanism for such a departure is the
exponential Ic versus Vg characteristic, inherent in bipolar
junction transistors and-which results in the well-known
formula

g, =ql /KT ()]

where kT/q is approximately 25mV at room temperature.

Although these definitions of B and g, are most often applied
to an intrinsic transistor (a transistor from which parasitic ele-
ments such as base-spreading resistance rg have been
removed), basic formulae like Eg. 1 can be adapted to a com-
plete transistor:

1
rglB + kTlgl -

¢

Emiefy =

peaks are amplified less than the rest of the

AUDIO

For the Darlington transistor in Fig. 3,

1
(ra@yBiay + kTlal cay + Tyl By + KTlal ¢y

gm(cff) = (3)

where the (a) and (b) subscripts identify parameters of the indi-
vidual members. The formulae can even be adapted to include
local emitter degeneration

1
L 4
Emet = Tialc+ Ry ¥
or a resistance Rs between base and emitter:
1 1 1 Ry
i = o o ®)
Bt iclis B Rs(l +qlcRg/kT)

neglecting rg for simplicity. Equation 5 is a particularly useful
analytical trick, since it allows the output resistance of one
transistor or stage (a kind of source resistance) to be incorpo-
rated into the effective R for the next.

In all such cases, ‘base’ and ‘collector’ currents and ‘base-
emitter’ voltage are measured at the effective terminals of the
device, and include the currents in shunt resistances or the
voltage drops across series resistances. Nonlinearity in effec-
tive g, then includes any nonlinear component of voltage drop
across rg, and therefore involves the nonlinearity in §; note that
B occurs in Egs. 2 and 3.

input waveform, and the output is ‘squashed’.

Sensitivity is the ratio of a percentage
change in some parameter like 8 or g, to the
resulting percentage change in incremental
gain. At any point on a signal waveform the
instantaneous voltage and current in, say, the
output transistors of an amplifier can be found.
Hence the fall in, say, B at the signal peaks can
found from the known nonlinearity. Then, if
sensitivity to changes in B is known, the gain

Fig.1. Outline circuit
of many audio power
amplifiers. This was
’{m Self’s Fig. 1a.
load
R,
nominal

-

||H

compression can be calculated and ultimately
distortion can be predicted quantitatively. For

example, if the gain compressions at the pos-
itive and negative peaks of a signal waveform
are ¥ and ¥ respectively, the second and third
harmonic distortions are:

’

emitter

modified
load-stabilizing
shifted lag network
compensation

D, = Y %Z. (12a) O_I degeneration C
I+ ” L
3= Y 5 47 (12b) Drnolgjlfied =
arlington 0
. ch:zfed Fig. 2. Suggested
Figure 4, reproduced from Reference 5, teedback modifications of Fig. 1,
shows the sensitivity of the overall gain of current including a curren't-ml:rror
Fig. 1 to changes in parameters, as functions o and phase correction in the
of frequency on logarithmic scales. Many of feedback ‘;OOP are shown to
the labelled points have the physical signifi- possess advantages.
cance of quantities like mid-band loop gain
considered above. Numerical values are cal- p T Pl 3. e Rt
culated for, effective of sub-circuits for

- B, = 100 (typical);

~ B3 = 5000 (a typical Darlington);

~ gmi1 = 4mA/V (typical for bjts operating at a
few hundred microamperes without emitter

L

base

which effective 8 and
gm can be defined:
Darlington, emitter
degeneration, and
degeneration plus shunt

o eftecti 3
een?ft:ttlevre resistance.
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degeneration, or at larger currents with degen-
eration);

- gm2 = 10mA/V (corresponding to about 682
in the second-stage emitter as part of the pro-
tection circuitry, Eq. 4);

— gm3 = 1A/V (corresponding to about 0.682
ballast in each of the third-stage emitters, Eq.
4),

-3 = 1Gr/s (typical for a Darlington which
consists of a reasonably fast first member and
a slow second member);

— C = 100pF (to set the overall 3dB bandwidth
at 300kHz, Eq. 8);

— B = 0.05 (corresponding to an overall mid-
band gain around 20, perhaps R = 2k2€Q2 and
Rp = 47kQ),

— Rco = 100k<2 (a guess, but it hardly affects
the results)

— Ry = 8% nominal load.

First stage

As stated by Self, signal amplitude in the first
stage increases in proportion to frequency
above the forward-path cut-off 1/8,B8:RLC
where overall loop gain falls away. The non-
linearity of g, is therefore more strongly
exercised as the frequency increases.
Simultaneously, sensitivity to changes in g,
increases with frequency as shown in Fig. 4.
Therefore, overall distortion rises with fre-
quency, either as the square or cube, depend-
ing on details.

In my opinion, Self’s discussion of input
stages is over-kill. Despite the rapid increase
of distortion with frequency, the simple long-
tailed pair with emitter degeneration shown in
Fig. 5 contributes vanishingly small audible
distortions. Fancy topologies are simply not
required.

Emitter degeneration. If a feedback amplifi-
er is fed with a fast-rise mid-frequency square
wave, the peak-to-peak input to the first stage

is twice as large as the square wave itself.
Therefore, if an amplifier is not to go into
slew-rate limiting (alternatively, is not to gen-
erate hard transient intermodulation distortion)
when fed with a full-amplitude fast-rise square
wave, its input stage must be designed not to
clip on a signal twice the amplitude of rated
mid-band sinusoidal input to the complete
amplifierS. This result is independent of the
overall bandwidth and slewing rate.

Taking the numerical values in Fig. 5 as an

Basic equations
With the notation shown in the

Definitions panel, the main features of the

small-signal response of Figs 1 and 2 are
determined by just four components:

— the overall feedback resistors Rg; and
Rg, via the overall feedback factor B:

__Rn
RF] + Rn
— the first-stage mutual conductance g
— the second-stage lag-compensating
capacitor C.

Overall mid-band gain

1
Ania = 5 ™
Overall high-frequency 3dB cut-off
B
wsap = 21 ®
Forward-path mid-band gain
Go = 8m B2B3R, ®

©

example, g, is about 4mA/V and maximum
output is about 8mApk-pk; the stage clips at
about 2Vpk-pk input. Therefore, this circuit
should not be used as first stage in an ampli-
fier rated at more than 1V pk-pk input
(350mV rms) for full output. Suppose this
input is at 6.67kHz, so that the third harmonic
is at 20kHz (our upper limit for audible dis-
tortion), and suppose that other parameters are
as in Fig. 4. Then:

— Overall loop gain at 6.67kHz is 46.

— Therefore, the differential component of the
input to the first stage is overall input/loop
gain, which is 22mVpk-pk.

— Therefore, signal current in each transistor is
1/2%g 1 x(differential input) = 47p Apk-pk.

— Compression of incremental gain at this
peak current is 0.0075%, found from the for-
mula for effective g, of a degenerated long-
tailed pair: . (13)

kT/ql ey + *T1ql cirigny + 2R e

- But, from Fig. 4, sensitivity towards changes
in gm; at 6.67kHz is 0.022.

— Hence the (equal) compressions ¥’ and ¥ of
overall gain at the signal peaks = sensitivity *
first-stage compression = 0.00016%.

— Hence overall third harmonic at 20kHz
associated with first-stage nonlinearity is
0.000013%, from Eq. 12b. This is at least a
factor of ten smaller than the wildest sugges-
tion I have ever seen as a target figure for an
‘ideal’ amplifier.

Emietf) =

An analytical approach allows one to clas-
sify for certain the nonlinearities in an ampli-

Forward-path high-frequency 3dB cut-off
1

W) =

" BaBsR.C g
Mid-band loop gain
AL = 8 B2B3R.B S

where,

— B; (not used here), B, and B3 are the
effective current amplification factors of
the transistors, including the effect of any
series or shunt resistors, in the first, sec-
ond and third stages respectively;

— 8m1, 8m2 and g3 are the effective mutu-
al conductances of the transistors (includ-
ing the effect of resistors);

-y, 0, (neither actually used here, but
used in the JAES paper) and w; are the
projected gain-bandwidth products of the
transistors;

— for later use, Rc is the equivalent resis-
tance (ideally infinite) of the second-stage
current-source load.

The substance of these results is the same
as given by Self.

16
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fier as significant or insignificant contributors
to audible distortion. Repeating the above cal-
culation using a 20kHz input (the popular
20kHz thd test beloved of spec. men), gives
the third harmonic as 0.0004% — not nearly so
impressive, and even casting doubt on the
intermodulation performance with real pro-
gramme material. But this harmonic is, of
course, at 60kHz and of itself has nothing to
do with audible distortions.

In one of the more savage forms of the IEC
total-difference-frequency intermodulation
test, the input consists of two equal-amplitude
sine waves at approximately 10kHz and
I5kHz. For Fig. 5, the total of the audible
intermodulation products near S5kHz is
0.000008%; the inaudible products near 25,
30, 35, 40 and 45kHz are larger, but it is the
audible distortion that matters. To chase any-
thing better than Fig. 5 would be folly.

The theoretical requirement that a complete
amplifier should be able to accept a full-ampli-
tude fast-rise square-wave input is unneces-
sarily severe; real programme material (even
the output from a digital synthesiser) is subject
to some form of band limiting. Typically I
relax the requirement by about a factor of two.
This increases 20kHz third-harmonic distor-
tion of 6.67kHz by four, to 0.00005%.

However, I do regard some form of emitter
degeneration as mandatory in a bjt first stage
(perhaps not with fets). If there is none, a bjt
long-tailed pair clips at about 100mV pk-pk
input. Ideally, therefore, an amplifier that uses
an undegenerated first stage should be
designed to operate with no more than
50mVpk-pk or 18mV rms input. Self’s Fig.1a
of August 1993 would certainly generate hard
transient intermodulation distortion in the
square-wave test.

Including adequate emitter degeneration in
the first stage carries the penalty of a slight
increase in noise. The numerical situation for
Fig. 5 is confused because total noise is dom-
inated by the current mirror. However, if mir-
ror noise could be eliminated (it can, but not in
an amplifier of the Fig. 1 type), then the ther-
mal and shot noise noise referred to the input
of Fig. 5 would be 5.6nV/VHz. After remov-
ing the emitter degeneration and adjusting the
quiescent current to give the same gain, the
noise drops about 1dB to 5.0nV/VHz.

Current mirror. Self correctly points out that
a current mirror in the first stage, rather than a
simple resistance load: doubles the first-stage
gain g, and therefore the overall feedback if
nothing else is changed; doubles the available
output current and hence the slewing rate; and
improves the common-mode rejection.

Far more importantly, it raises the source
impedance seen by the second stage. I shall
show that distortion associated with output-
stage B nonlinearity is inversely proportional
to effective B of the second stage. Raising the
source resistance for the second stage by using
a current mirror in the first stage has the
potential for increasing B, (Eq. 5) and reduc-
ing this distortion by orders of magnitude.

Increased first-stage gain is a mixed blessing

because it may provoke high-frequency insta-
bility. Self’s suggested remedies are to double
the first-stage emitter degeneration resistors,
which is wasteful if these are already ade-
quate, and it increases the noise; and to double
the compensating capacitor C, which loses the
slewing-rate improvement.

However, there is a third solution, which I
strongly recommend: halve the value overall
feedback factor B (halve R, for example),
thereby doubling the overall mid-band gain
and halving the signal input voltage required
to produce full output from the amplifier. This
has two advantages in that it halves the com-
mon-mode voltage present in the first stage,
and thereby halves a second-harmonic distor-
tion mechanism associated with finite com-
mon-mode rejection; and it reduces the likeli-
hood of clipping in the first stage, thereby
reducing the incidence of hard transient inter-
modulation distortion.

Halving the input voltage required for full
output, from something like the typical 0.6-
1.0V of modern transistor amplifiers to 0.3-
0.5V, makes the transistor amplifier more like
the earlier Leak/Mullard/Quad vacuum-tube
amplifiers. Why was this ‘standard’ ever
changed? My best amplifiers are designed
with 300mV sensitivity.

Second stage
Distortion in the second stage originates from
three quite distinct types of nonlinearity:

— distortion associated with variation of effec-
tive B, from point to point on the signal wave-
form, as the instantaneous current and voltage
in the transistor change;

— distortion associated with similar variation
of effective g,, (this turns out to be very
small);

— distortion associated with variation of the
collector-base capacitance.

AUDIO

Fig. 5. First stage, with emitter degeneration,
current source and current mirror, and with
typical numerical values as used by the
author.

Distortion associated with B,. Nonlinearity
in B, models the changes in current gain at
high and low collector voltages and currents.
Figure 4 shows that sensitivity to these
changes is constant over most of the audible
band of frequencies, but increases somewhere
near the top of the band at the B cut-off fre-
quency ms/B; of the output transistors (40kHz
for the assumed data). However, sensitivity is
inversely proportional to 8,; distortion from
this nonlinearity can be reduced simply by
making B, large — for example, by using a
Darlington. Sensitivity and distortion are not
affected by the choice of lag compensation C,
and hence are independent of both the for-
ward-path and overall high-frequency cut-off.

current-source ‘
load

~5mA

output-
stage

current

limiters

output
Darlington

biasing !
device |®

— 1 -

from
first second-stage
stage transistol
second-stag
current limiter
Rgy ~ 68Q

output
Darlington

Fig. 6. Suggested protection
circuitry for Fig. 1. Current-
limiting transistors and diodes
can be ordinary small-signal

types.
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Fig. 7. Combinations of output voltage and
current available with nonlinear fold-back
protection of the output stage. For a nominal
50W, 8Q amplifier, I,,;, should be around
1.5A and I,,,,, around 6A.

Distortion associated with g.,,. Nonlinearity
in gmp models the exponential /¢ versus Vgg
characteristic intrinsic to a bjt, and the voltage
drop across rg. Sensitivity to changes in gy is
extremely small (it is not even shown in Fig.
4) so the distortion associated with this non-
linearity is small too. Additionally, g2 does
not appear in the sensitivities of the other
parameters. Therefore, emitter degeneration in
the second stage, which reduces effective gy,
has no effect on overall distortion and might at
first appear pointless.

However, emitter degeneration can improve
high-frequency stability. A significant amount
of such degeneration is normally provided
inadvertently, as part of the current-limiting
protection circuitry. Second-stage degenera-
tion therefore costs nothing in components, it
does no harm, and it may do some incidental
good.

Collector-base capacitance. Collector-base
capacitance ccg of the second-stage transistor

is basically in parallel with the lag-compen-
sating capacitor C and adds to its value.
Collector-base capacitance is inevitably non-
linear, and has something like an inverse-
square-root dependence on collector voltage.
Figure 4 shows that sensitivity to changes in
C (hence ccp) increases in proportion to fre-
quency over the whole of the amplifier pass-
band, and reaches unity at z4g. The only way
of reducing sensitivity towards C while retain-
ing the basic amplifier topology is to increase
overall cut-off frequency. Contrary to intu-
ition, it does not help to use a larger value of
C (the idea being that the nonlinear transistor
capacitance would represent a smaller part of
the total), nor does it help to increase f§ (by
using a Darlington); it does help to use a cas-
code for the second stage (Self’s Fig. 4d of
October 1993) or his modified Darlington
(Fig. 4c same ref). Either removes signal volt-
age from the collector of the first member.

Output stage

In a push-pull class-B stage, the values of B;
and g3 for the n-p-n and p-n-p transistors
individually apply well into each half of the
signal waveform, where only one transistor is
conducting. In the overlap region near the
middle where both transistors are conducting,
or in a class-A stage, the values of B8; and g3
are appropriately-defined averages.

Distortion associated with B3. Sensitivity to
changes in B3 is constant throughout the
amplifier passband. This rather surprising
result is confirmed by experiment. Distortion
associated with nonlinearity in 83 does not
increase above the forward-path cut-off fre-
quency y as loop gain falls away, nor does it
increase above the B cut-off frequency w;/B3
of the output transistors.

Sensitivity to changes in B is inversely pro-
portional to both B, and B3. Increasing either
reduces distortion without jeopardising sta-
bility. Notice particularly that B, corresponds
to the effective current gain of the second
stage. Even in the ideal situation of very high

filter supply rail M § I —l
power inductor B - to power
supply N s transistor

N 3}
| &
—E input e WF i 3
stage| = A >
° ]
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Fig. 8. Circuit-board and chassis layout for low distortion, showing separate tracks for noisy and

quiet circuitry, separately grounded.

transistor B (such as a Darlington) and very
large quiescent current I, Begr given by Eq. 5
cannot exceed Rg/Rg. For example, in Self’s
Fig. la of August 1993, the first-stage collec-
tor-load resistors are 2.2k and second-stage
quiescent current is about 6mA. In a real cir-
cuit there would almost certainly be a resistor
of 50-100€2 in Tr, emitter, as part of the pro-
tection circuitry. Hence B¢ of the second
stage cannot exceed about 30. In contrast, if
there is a current mirror in the first stage, the
source resistance as seen by the second stage
is large and B¢ approaches B of the transistor.
Herein lies the greatest advantage of the first-
stage current mirror.

Self considers nonlinearity associated with
B33 as a nonlinearity in the input resistance of
the third stage and hence as a nonlinear load-
ing on the second stage. He goes on to con-
sider the benefits of an emitter-follower buffer
between the second and third stages. This is
perfectly valid, but I prefer to consider such a
buffer as an extra member in the third-stage
Darlington where it increases B3. Note that the
2202 resistor in Self’s Fig. 4f of October
1993 reduces effective B (Eq. 5 again!); his
Fig. 4e would be my preferred option.
However, because sensitivity to changes in 3
is inversely proportional to both B, and B85, it
would do just as much good (and probably be
simpler) to put the extra transistor into a sec-
ond-stage Darlington.

Distortion associated with g,3. Nonlinearity
in g3 models the exponential /¢ versus Vgg
intrinsic to transistors (twice over, because the
transistor is usually a Darlington, Eq. 3); it
models the nonlinear voltage drop across rg
associated with B (also twice over in Eq. 3);
and it models cross-over distortion. Effective
8m3 includes the local emitter degeneration
that is associated with emitter ballast resistors
(Eq. 4).

Sensitivity to changes in g3 increases in
proportion to frequency, starting from a very
small value which depends of all things on the
equivalent resistance R of the second-stage
current-source load. The only way of reducing
sensitivity towards gn3 while retaining the
basic amplifier topology is to increase the
overall cut-off frequency. Changing the emit-
ter degeneration in any stage does not help,
nor does increasing B of any transistor.

Notice that cross-over distortion is predom-
inantly associated with nonlinearity in gy3.
Self considers the cross-over region in detail;
he points out the near impossibility of elimi-
nating cross-over nonlinearity, stresses that the
overall feedback is relatively ineffective in an
amplifier of the topology of Fig. 1, and con-
cludes that cross-over nonlinearity is the great-
est source of distortion in a ‘blameless’ ampli-
fier. In short, his observations confirm the
theoretical prediction.

However, a great improvement can be
achieved by slightly changing the amplifier
topology: move the second-stage compensat-
ing capacitor C so that it encloses the third
stage as shown in Fig. 27. Sensitivity to
changes in g3 becomes constant throughout
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the passband, instead of increasing with fre-
quency.

Many people believe that moving C pro-
vokes high-frequency oscillation, but this is
not my experience and I strongly recommend
the change. My amplifiers always incorporate
a judicious amount of emitter degeneration in
the second stage and a properly-designed load-
stabilising network. If an amplifier oscillates
when C is moved, it usually oscillates at sev-
eral megahertz (far above the frequency of
unity overall loop gain) and will usually con-
tinue to oscillate if the overall feedback can
somehow be removed. The oscillation is a
local parasitic. Try adding capacitors of
around 50pF between collector and base of the
first member of the output Darlingtons, using
the shortest possible leads. Try shortening all
leads to the output transistors. Try a small
resistor in series with C, in theory about 20%
larger than the second-stage emitter-degener-
ation resistor.

Nested feedback loops

Self makes brief reference to multiple feed-
back loops, nested one inside the another, but
this of course is to depart from the basic
amplifier topology under consideration. He
also mentions multi-pole roll-off.

Nested feedback loops in general, and my
own nested differentiating feedback loops in
particular, offer a very great improvement in
amplifier performance. However, the design-
er of a nested-loop amplifier needs to under-
stand what he is about: time constants must be
in correct ratios or the whole becomes impos-
sible to stabilise. This is not to say that nested
feedback circuits become more critical
towards component tolerances — far from it —
but the nominal values do need to be right.

Interested readers might refer to Reference
7, which describes how two nested differenti-
ating feedback loops can be added to an
amplifier of Self’s basic topology, leading to
an order-of-magnitude reduction in distortion.
Loop roll-off is at a three-pole rate.

Protection

Self’s class-B amplifier (February 1994)
includes no protection — no doubt the circuit as
printed was never intended to be a complete
design. This amplifier would almost certainly
be destroyed by even a momentary short-cir-
cuit of the output terminals; it requires current
limiting in the output stage (probably of the
fold-back variety) and also in the second
stage, as in Fig. 6.

Despite what I may have published in the
past, I have in recent years become an advo-
cate of nonlinear fold-back limiting for the
output stage. The circuit is not complicated,
and it gives better protection than either sim-
ple limiting or linear fold-back limiting with-
out restricting an amplifier’s ability to drive
reasonable reactive loads, so much so that it
may even be possible to dispense with fuses in
the supply rails.

Figure 7 shows the accessible regions of the
load VI plane; the applicable design equations
are,

AUDIO

Fig. 9. Two forms of Thiele’s load-stabilising network, with component values for 8Q nominal
load and 200kHz cut-off, where the output transistors sée a nominally constant load.

1o~ VeE (142)

1 | R, )]
| — Voe + Veel— 14b
max RE3 BE CC(R2 ( )
where Vgg is about 0.7V and R| should be
somewhere around 100€2.

I regard current limiting as mandatory in the
second stage. If the load is short circuited and
the input signal goes negative, the second
stage is turned hard on, fighting against the
limiter for the p-n-p haif of the output stage. A
simple current limit is sufficient for the second
stage, and I set this at rather more than twice
the quiescent current.

Liimie = ] (13)

Re;

Typically, this quiescent current is a few
milliamperes, so Rg; becomes 50-100€2. This
provides just about the optimum level of emit-
ter degeneration for high-frequency stability,
as referred to above.

Distortions outside the feedback loop
Hum and distortion currents. Correct layout
of an amplifier pcb is essential, to isolate hum
and distortion currents in the output stage from
the low-level wiring. Figure 8 shows the
approach I adopt® to reduce both conductive
and inductive coupling.

Note first the use of separate quiet and noisy
ground tracks on the pcb, connected to chassis
ground at separate points. Power-supply
ground is connected to the chassis at yet
another point. I don’t believe in single-point
grounding! Within the power supply, the
transformer centre-tap and filter-capacitor
grounds are all joined together as described by
Self, and then a single lead comes out from
this junction.

Quiet and noisy ground tracks run parallel to
each other on the pcb, and as close as possible
to minimise the area between them. Magnetic
fields associated with the large currents in the
output stage induce voltages between these
tracks, proportional to this area.

Connect the quiet ground track to chassis
ground at the input socket, via the shield on
the input coaxial cable. This track carries the
input-resistor and feedback-resistor ground
currents and, depending on circuit details, may
carry the ground currents from intermediate-
level stages. Also, the vector area of the loop
formed by the input lead/coupling capaci-
tor/input transistors/local emitter-degeneration
resistors/feedback capacitor/feedback resistor
is zero; follow this loop, and note how the

load

feedback

CFz 12pF

Fig. 10. Modified load-stabilising network
which incorporates the overall feedback
network. Values are for 8Q nominal load and
200kHz cut-off.

areas enclosed on its left and right sides are
equal. All these components hug the quiet
ground track.

Connect the noisy ground track to chassis
ground at the output terminal, via the twisted
output leads. This track carries the ground cur-
rents from the supply bypass capacitors, the
load-stabilising network (if any), and it may
also carry ground currents from intermediate-
level stages. The ground ends of the bypass
capacitors are connected to this track as close
together as possible, and-no connections are
made to the track between these two capaci-
tors.

Similarly, the emitter ballast resistors in the
output stage are connected to the output track
as close together as possible, and no connec-
tions are made to this track between these two
resistors. The output track runs parallel and
close to the noisy ground track. The feedback
pick-off point from this track is located
between the ballast-resistor connections and
the output connection, as is any load-stabilis-
ing network.

Mutual inductance should be zero between
signal wiring and the loop formed by the
bypass capacitors, emitter ballast resistors,
power transistors and associated wiring. This
corresponds approximately to setting zero vec-
tor area for the loop; in Fig. 8 the ballast resis-
tors and bypass capacitors form a figure-of-
eight, and the tracks to collector and emitter
are spaced as closely as possible. Self’s rec-
ommendation of twisted power-supply leads
(February 1994) is really not enough; har-
monic currents flow in all components of the
loop, including the wiring to the power tran-
sistors. I recommend small filter inductors of
a few microhenries in the positive and nega-
tive supply rails, to confine high-frequency
components of supply current to the figure-of-
eight loop on the pcb where the wiring layout
is well defined®; these inductors should be
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‘mounted well away from the pcb itself, so that
their magnetic fields do not interact with the
input stage.

The two ground tracks on the pcb are linked
via a 10€2 resistor, so that the bypass capaci-
tors are effective for the low-level stages. This
resistance is practically short-circuit in com-
parison with the impedances in typical low-
level stages (it is smaller than the reactance of
a 10nF capacitor at all frequencies up to
1MHz), but is open-circuit in comparison with
the impedances in high-level stages. Signal
components of current in the low-level stages
can cross into the noisy ground track, but cur-
rents in the high-level stages cannot cross into
the quiet ground.

Further thoughts on distortion
Here are a few ideas, unrelated to Self’s arti-
cles.

First, there was another outstanding series
on audio amplifiers by Peter Baxandall in
Wireless World, beginning in January 19789
Sixteen years on, these articles are still well
worth reading.

Load-stabilising networks. Thiele'? has pro-
posed an LRC network to be connected
between an amplifier and its load, to reduce
the problem of high-frequency instability
when the load is capacitive and also to reduce
the problem of radio-frequency pickup on the
loudspeaker leads. The output transistors are
in principle presented with a constant-resis-
tance load, and in practice are protected from
the worst excesses of high-frequency variation
in loudspeaker impedance.

Figure 9 shows two forms of Thiele’s cir-
cuit. Parameter inter-relations are:

R = RL(nominal) (16)
1 R

—= — = ) 17
rRC L * L

where ®, is the network cut-off frequency,
usually corresponding to 100-300kHz. Figure
9b, with 100nF connected directly across the
load looks crazy — more like an unstabilising
network — but it is correct and has some
advantages.

It is amazing how few published circuits are
correctly designed (Self’s are not). Usually
they appear to be based on Fig. 9a, but they
include a resistor in parallel with L as shown
in Fig. 1, and the values are all wrong any-
way!

Fig. 11.
Simple and
phase-
compensated
low-
frequency
e f‘ut-off: as
important at
low
frequencies
Re3 as at high
frequencies.

low-frequency
phase
compensation

Figure 10 is a modified load-stabilising net-
work?? which incorporates the overall feed-
back network and has two advantages over
Fig. 9 in that the network does not introduce a
3dB loss at the cut-off frequency ®,; and that
radio-frequency interference picked up on the
loudspeaker leads is isolated from the feed-
back point by a two-pole filter (isolation in
Fig. 9 is single-pole).

If the amplifier without feedback has just
one dominant pole, and if the overall loop gain
without the network falls through unity at w,,
then the overall response is made phase-linear
by choosing
RpyCry = _(ﬁ-l)_ _ 0-7 (18)

Wy Wy

In practice, where the amplifier has second-
order poles, Cg; is selected around this value
to give the best square-wave response. The
inductor should be air cored and mounted with
nylon or other non-conducting screws, well
away from any metalwork to avoid nonlinear
eddy-current losses. I usually mount it on the
peb, in the under-populated area near the first-
stage tail current source.

Low-frequency phase compensation. There
is a simple modification to the overall feed-
back network which linearises the phase of the
low-frequency cut-off and improves the
square-wave response.

In Fig. 11a the low-frequency cut-off asso-
ciated with the feedback network is

(19)

There is an additional fall-off associated
with Rg and Cg, usually small in comparison.
If oy, is chosen corresponding to 5Hz, a
20Hz square wave is reproduced with about
40% tilt and looks nothing like a square wave.
This is the result of phase nonlinearity; all the
Fourier components in the waveform are
reproduced within 3% of their correct ampli-
tudes.

However, if Cg; in Fig. 11b is chosen,

2

Wiow
the phase is linearised and a 20Hz square
wave is reproduced with essentially zero tilt.
In practice, Cgz should be somewhat smaller
than this theoretical value, to compensate also
for the phase associated with Cc. The nearest
preferred-value resistors are close enough.

Maximal flatness of frequency response is
incompatible with phase linearity, at both low
and high frequencies. Linearising the high-fre-
quency phase inevitably results in a small drop
in gain. Linearising the low-frequency phase
inevitably results in a small peak (1dB at
1.6Hz for the values given). Given the choice
between flat frequency response and phase lin-
earity, everybody opts for the latter at high fre-
quencies (that is, for best square-wave
response). Why not at low frequencies?

Capacitor types. Most readers will know that
polyethylene-terephthalate (Mylar) capacitors
exhibit nonlinear effects at audio frequencies,
associated with the dielectric relaxation time,
and should be avoided in high-quality ampli-
fiers. Polycarbonate capacitors are recom-
mended for values up to a few microfarads. A
problem is Cg, of the order of 100uF.
Nonlinearity in Cg results in distortion that
increases at low frequencies.

Ten years ago I made a study of the capaci-
tors available in Australia. The surprising
result was that ordinary cheap aluminium elec-
trolytic capacitors were remarkably linear, far
better than most tantalum types. I have made
no measurements on more modern compo-
nents, but the underlying chemistry has not
changed, so it is unlikely that the situation has
changed. Be sure to use the capacitors in the
correct polarity — the positive side of both C¢
and Cg towards the transistor bases if ampli-
fier polarities are as in Figs 1 and 2. ]
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SENSORS

INTERFACING

piezoelectric cable

Piezoelectric
coaxial cable offers
a very simple means
of sensing pressure
or vibration. But
since the signal
produced is high

impedance, a
carefully designed
interface is needed.
Barry Gillebrand
looks at some of the
alternatives.

standard coaxial cable with the inter-

electrode insulation replaced by a piezo-
electric composite elastomer. When com-
pressed or flexed, the cable generates a
voltage between the centre conductor and the
screen braiding which varies directly with the
applied radial pressure.

The voltage/pressure relationship is linear
over several decades. However, being a signal
source of high Thévénin impedance — typi-
cally several megohms — care is needed when
designing interface circuits or preamplifiers.

Consider the design of an amplifier to oper-
ate at audio frequencies with a gain of 40. The
simplest approach, Fig. 1, would be to design
a non-inverting voltage amplifier using a low-

Piezoelectric coaxial cable is similar to

Barry Gillebrand is managing director of
Quantelec.

noise op amp such as the TLAO7!. This has a
unity-gain bandwidth of 3MHz, so this would
give a flat response up to around 70kHz.

It is necessary to provide a path to signal
earth for the input bias current of the amplifi-
er, in this case some 200pA. The resistor
needed for this purpose appears as the princi-
pal component of the input impedance, so it
should not be less than 20MQ if the piezo
cable is not to be loaded excessively.

A current of 200pA flowing through 20MQ
generates an offset voltage of 4mV, which
combined with the inherent input offset volt-
age of 3mV and the contribution of the gain-
defining components will produce an output
offset of 0.2V; if offset trim is not used, ac
coupling may be advisable in the next stage.
The principal advantage of this circuit, apart
from its simplicity, is the excellent low-fre-
quency response, which extends down to dc.

A more compact voltage amplifier with the
advantage of lower noise figures can be con-
structed using an fet/bipolar cascode pair of
transistors. The circuit of Fig. 2 has an input
impedance of 20MQ and exhibits a high
degree of linearity due to the negative feed-
back used. Gain can be varied without affect-
ing the operating point of either transistor by
changing the feedback coefficient using the
ac-coupled resistor Ry. The gain of this ampli-
fier is:

Av=(Ri+R2)(Re—R2)/RRo

assuming reasonably high values of g, and hg,
for the two transistors: I assumed SmA/V and
100 respectively for this calculation, giving an
open-loop gain of some 105dB with the spec-
ified load resistors.

The output impedance of this collector-cou-
pled circuit may be a little high for some
applications; there are a number of commer-
cial instrumentation amplifiers of hybrid
microcircuit construction which can be used
‘out of the box’. Unipulse’s U300 series has
an output impedance of 0.1Q and and a fixed
gain of 200, variable gain versions are also
available.

One of the most suitable types of amplifier

Output

Fig. 1. A non-inverting buffer based on a low-
noise op-amp is the simplest way of
interfacing the high-impedance of
piezoelectric cable.

o

BC212

15k 100

Output

Tmou

Fig. 2. Fet/bipolar cascode amplifier with
input impedance of 20MS2 and excellent
linearity due to negative feedback.

Ry (20M)

——\WWA—
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@

Input

Reome (20M) RL(=10k)

Fig. 3. One of the best types of amplifier for
interfacing is the charge amplifier since it
amplifies the input signal but not dc offsets.
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Piezo-rubber

Sheath rubber (synthetic)

Ground electrode or braid

Fig. 4. Piezoelectric coaxial cable produces an output voltage in response to

compression or vibration.

for use with piezoelectric cable is the charge
amplifier, which exhibits a higher gain to the
generated signal than for any dc offsets. A cir-
cuit is shown in Fig. 3, where the operational
amplifier is again a low noise, low offset fet
input type such as the TLAO71. For a continu-
ously-varying signal, the transfer function of
such an amplifier is :

Vo=Q/C(1+1/(GRCy))

where Q is the rms value of the charge gener-
ated by the vaniations in pressure. Note that
the effect of the feedback resistor needed to
provide a leakage current path for the op amp
is to introduce a single pole which limits the
gain at low frequencies; for the TLAO7! this
could be 20MQ for an offset of less than SmV
at the output.

For a 1000pF piezo cable, a feedback capac-
itor of 25pF would give the required gain,

since the charge variation generated by the
cable is proportional to its total capacitance.
The lower 3dB point of this amplifier would
then be 318Hz.

Getting charge amplifiers to work at very
low frequencies poses a problem because of
the large values of feedback resistor needed
with typical feedback capacitor values. In this
instance, the desired gain could be split
between the charge amplifier and a conven-
tional second stage to improve the low-fre-
quency response; assuming the charge ampli-
fier had unity gain, the feedback capacitor
would then be 1000pF and the lower 3dB
point at 8Hz.

As with any engineering design, a compro-
mise must be reached between the various
characteristics of the amplifier: maximum per-
missible offset versus low-frequency perfor-
mance, closed-loop gain and resistor avail-
ability and physical size here. With such large

values of resistance and small capacitors, this
is an obvious contender for a custom hybrid, if
numbers permit. The principal advantage of
using a charge amplifier compared with a volt-
age amplifier as the first stage is that the
piezoelectric cable is driving a virtual earth
point, so the input impedance of the op amp
does not load the transducer.

Piezoelectric coaxial cable is a durable,
water-resistant form of pressure sensor ideal-
ly suited to outdoor applications such as vehi-
cle detection and vibration analysis. With a lit-
tle care in the design of the input stages of the
conditioning amplifier, it is also linear and
responds well to both high and low frequen-
cies. Though still a very new material (first
described by Hisao Banno of NTK Ceramics
in 1986), it should find widespread application
in industry over the next few years. a

Further reading

Banno, O., et al: Piezoelectric & Acoustic
Propetties of Piezoelectric Composites,
Japan Journal of Applied Physics, Vol. 26.
For an excellent analysis of charge
amplifiers, see Mark Serridge & T.R.
Licht: Piezoelectric Accelerometer &
Vibration Preamplifier Handbook, Bruel
& Kjaer, 1987.

For further information on piezoelectric
cable, contact Quantelec at 50 Market
Square, Witney, Oxon OX8 6AL. Tel :
0993 776488, fax 0993 705415.
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A computerised index of Electronics World+Wireless World magazine
is now available. It covers the five years 1990 to 1994 — volumes 96 to
100 — and contains over 1400 references to feature articles, circuit
ideas and applications, with a synopsis for each. The software is easy
to use and very quick. It runs on any IBM or compatible PC with 512K
ram and a hard disk. Each disk is scanned before shipping with the
current version of Dr Solomon’s Anti-Virus Toolkit.

For the UK, the five year index is priced at £20. Please specify 5/, or
3'/,in format. This price includes UK postage and VAT. Add an extra
£1 for overseas EC orders or £5 for non-EC overseas orders.

Photo copies from back issues of EW+WW are available at 50p
per page plus VAT (in EC) and a flat postage charge of 50p UK,
£1 rest of EC, and £2 rest of world. For enquiries about photo
copies send an sae to Video Interface Products.

Please allow up to 28 days for delivery. Cheques should be made
payable to Video Interface Products, not EW& WW or Reed Business
Publishing.

Please post your request to Video Interface Products Ltd, 1
Vineries Close, Cheltenham GL53 ONU, UK.
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As with feature articles, each circuit idea in
the EW+WW computerised index is
accompanied by a brief description.

Peter Marlow explains
the rationale behind the
new computerised
index for
Electronics World.

EWW - WW

now has a computerised index. It runs on
IBM and compatible personal computers,
and covers the five years from 1990 to 1994 —
volumes 96 to 100. It contains over 1400 ref-
erences to feature articles, circuit ideas and
applications, each accompanied by a synopsis.

Why put the index of EW&WW on to a data
base? A computer is particularly good at
searching quickly through large quantities of
data. Applied to an index it can save a lot of
time looking for information.

Minimum requirements for the soft-index
are an IBM or compatible pc running DOS 3.0
or higher, with at least 512K of ram, and a
hard disk with 600Kbyte available. A floppy
disk drive for either 5'/4in 360K or 3!/in
720K disks is needed to load the software. The
program runs under DOS, and supports a
mouse; it will also run via windows.

Electronics World and Wireless World

Features

The soft-index is easy to use with plenty of
on-screen help. Finding information is a two
stage process; first you select a subject in the
‘Table of Contents’ then you examine the sub-
ject index. The subject index is like a card file:
an index is displayed on one side of the screen
while information relating to the chosen index
item appears on the other side.

Many useful features have been built into
the software. They are accessible by using
function keys and menus. Rapid searches of
data on one or more words are possible. A
Memo function enables comments to be added
to index data. A blank subject index is also
provided for your own notes and information.

The EW& WW Soft-Index should be treated
like a book. A purchased copy should be run
on only one machine at any one time but a
copy may be taken for backup.

Now for a look at the main features of the
software. Full instructions for use are con-
tained in the manual supplied with the disk.

The EW&WW Soft-Index is shipped on
disk in ‘archived’ form. There is a simple
install procedure which results in the program
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Marker Generator, 18 MHz/1 MHz

Marks & Spaces ad justment
Marks & Spaces. Fven them up
Memory, one-gate

Metal detector

Metronome, accented
Microphone pre—amplifier tips

Micr phones, Cheaper Ultrasonic
Milliohmeter, Digital
Mixer, Sangllng audio

~ = E Phace

Modulator, Digital phase
Modulator, Sinple DC
Monostable, complementary
Mosfet gate—-voltage generator
Motion-direction detector
Motor control

Motor coutrol using PWM

Motor control, Auto-reverse
Motor cowntroller, DC dual-speed

and data being ‘expanded’ and copied to a
directory called EW on drive C, taking up
600Kbyte. Other directory names and drives
can be used.

To run the program, type ‘EW’ followed by
Enter.

Table of contents

After a short pause, the Table of Contents
screen appears. A list of subjects is displayed
on the left hand side of the screen. The
Information section provides details about
EW&WW such as editorial informati