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NEW!

*  Ability to program 3 volt devicas.

* 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

ORDERING INFORMATION

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

only £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.

Udadel

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

Phone now on: 081 951 1848/9
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CIRCLE NO. 160 ON REPLY CARD

*  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
TTL1/0 and “active pull up”, D/A voltage output,
ground, noise filter circuit and OSC crystal
frequency.

New features include negative programming
voltages, 3 volt programming ability, protective
circuitry for ICs incorrectly inserted, calibration
software to comply with 1S09000, 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.
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to turn these theoretical advantages into practice have
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Stochino found the answer?

NEW WAVE MICROWAVES...........cccceevvueeecnnne 829
In his article covering mixers and signal converters, Mike
Hosking describes the components and circuits needed to
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serial port. Designed by J. N. Ellis, the board has uses
ranging from led switching to managing a control
system.

HIGH-VOLTAGE VERSATILITY ....ccooeevvvurreeeennes 837
International Rectifier’s /R2151 is a fluorescent lamp
ballast driver, but incorporating a 555-type timer and 600V
power mosfet drivers, it could have many other
applications. The /R2151 is the subject of this month’s free
offer and our £1800 design competition on page 840.

IR £1800 DESIGN COMPETITION

By finding a new application for a high-voltage IC comprising
power mosfet drivers and a 555-type timer, you could win one
of six mosfet designer’s kits worth £1800 in total.

Full details on page 837...
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Goodbye, Goodbye. Classified run-down of new electronic products, presented
in the industry’s most readable format.
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Wideband op-amp delivers broadcast-quality video,
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IC, Low battery-voltage indicator, Bench filter
evaluator with tuning control.

In next month's issue: Making the most of CAD. Owen
Bishop takes an in-depth look at CAD from the design engineer’s
viewpoint, using working circuitry for demonstration.

And John Gregg looks at a new generation of atomically
engineered magnetic materials.

There will also be details of our writers” award — the prize for
which is a £4000.

THE NOVEMBER ISSUE IS ON SALE FROM October 27
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Programming Solutions

SMART Communications offer the best range of low cost programmers for your ever/y need.
Unrivalled device support includes the la testIMACH , pLSI, MAPL, PIC, WSI, Atmel, Xilinx and
Intel parts.

ALL-07 Universal Programmer

Pin driver expansion can drive up to 256 pins.

Supports over 2000 IC’s — 3 and 5 volt devices.
EPROMs, E2PROMs, Bipolars, Flash, Serial EPROMs
up to 16 Mbits parts, over 150 Mlcrocontrollers
and PLDs, EPLDs, PEELs, PALs, GALs, FPGAs etc...

Universal DIL (up to 48 pins), PLCC and gang PACs

- significantly reduces the number of adapters required.
Powerful full colour menu system.
Connects to the pc printer port with’its own power supply.
Latest programming algorithms.
Tests TTL, CMOS and SRAM devices

- even identifies unknown parts.
Approved by AMD for their range of programmable logic.

£595

EMP-20
Multi-Device
Programmer

EPROMs, E2PROMs, Flash,
Serial EPROMs to 16 Mbits.

PLDs, GALs, PEELs, WSI PSDs.

Intel, Microchip, Motorola
and Zilog Microcontrollers.

Fast programming algorithms.

£325

Erasers }
& pin
convertors

AT-701 - Chiprase
Ultra-violet eraser.
Very compact

16 chip capacity
Built in timer £95

Pin convertors
from DIL to
PLCC, SOP, SOIC etc...

from £50

We also supply a wide range of development tools — Assemblers, Compilers, Simulators
and Emulators - for a wide range of microprocessors, especially the Microchip range.
Our ROM emulators start at just £99.

"'\r\.{ r 2 Field End e Arkley e Barnet o Herts  EN5 3EZ o England
Telephone +44 (0)181 4413890 ‘P

COMMUNICATIONS Fax +44 (0)1814411843 @ LA

CIRCLENO. 103 ON REPLY CARD

PB-10 Programmer
Low cost programmer.
EPROMs, E2PROMs, Flash and 8748/8751.
Fast programming algorithms.
Simple but powerful menu driven software.

£139

SMART Communications have a full
range of dedicated programmers for
the Microchip PIC range of
microcontrollers - both single and
gang for DIL and SOIC variants.




EDITOR
Frank Ogden
081-652 3128

DEPUTY EDITOR
Martin Eccles
081-652 8638

CONSULTANT
Derek Rowe

DESIGN &
PRODUCTION
Alan Kerr

EDITORIAL

ADMINISTRATION

Jackie Lowe
081-652 3614

ADVERTISEMENT
MANAGER
Richard Napier
081-652 3620

DISPLAY SALES
EXECUTIVE
Malcolm Wells
081-652 3620

ADVERTISING
PRODUCTION
Christina Budd
081-652 8355

PUBLISHER
Susan Downey

EDITORIAL FAX
081-652 8956

CLASSIFIED FAX
081-652 8956

SUBSCRIPTION
HOTLINE

0622 721666
Quote ref IN])

SUBSCRIPTION
QUERIES
0444 445566

NEWSTRADE
DISTRIBUTION
Martin Parr

081 652 8171

BACK ISSUES
Available at £2.50
081 652 3614

ISSN 0959-8332

®

REED
BUSINESS
PUBLISHING

(OMMENT

Goodbye, goodbye

allow sporting similes to appear in this

magazine. After all, it is simply not
cricket. But since this is my last editorial
for our magazine, | shall make an exception.

How else can you note the performance of
Great British Electronics plc other than to
compare it with our national cricket or
football teams and their past triumphs? I
say this because the rumours are insistent
that our last major semiconductor maker,
GEC Plessey Semiconductors, is about to
be sold off to US company Rockwell. It
looks like we are about to say goodbye to
our last chance to compete in a $100bn
worldwide industry, a figure which is
expected to rise to $200bn by the turn of the
century.

It is worth recalling that just a decade ago,
we had five major indigenous
semiconductor makers: Ferranti, Plessey,
Marconi, STC and Inmos. A similar list for
two decades ago would have been double
that length. There are a host of complacent
voices in the UK Government and the Civil
Service who ask if the passing of a national
semiconductor industry really matters. ..

The same voices say that the real value
comes from building semiconductors into
systems rather than in the making of the
devices themselves. They see that wafer
lines require astronomic investment,
produce irregular returns and don’t employ
too many people. Contrast this with
equipment assembly operations which are
undemanding of their bankers and backers
while employing any number of redundant
miners and shipbuilders.

To anyone who has worked in electronics
as I have, who has sat in this office and
watched in impotent fury as we have moved
down the world technology league table,
the seductive voices were wrong, wrong,
wrong. I say “were” because, realistically,

I have always promised that I would never

the time has long gone when we could have
turned the situation around. We are now
marginalised in an area fundamental to
electronics design.

Semiconductor development and
manufacture controls absolutely the design
of the end-equipment. We mostly define the
nature of a complete system at the silicon
layout stage. If we wanted to add
significant value in system building, we
should have retained control of the enabling
technology. We didn’t, we haven’t while
our national competitors have and thus the
fists of rage. The picture of Arnie
Weinstock abdicating totally from any
responsibility to our last major
semiconductor concern will present a fitting
epitaph to the UK’s high technology
decline.

Returning to the sporting simile, there are
two remaining hopes. Root for the
Europeans such as Temic, SGS-Thomson,
Siemens and Philips in the hope that they
play a few away matches in our country;
support our junior league of small silicon
design houses which have been singularly
successful in contrast to the big league.
Either way, we must keep playing the game
to retain any sort of advanced technology
manufacturing base.

1 am saying goodbye to Wireless World
after six years in the editor’s chair to take
up a position with another magazine. I have
enjoyed my tenure and I would like to
thank both readers and contributors for their
support and the help which they continue to
give to our magazine. I know that my
successor, Martin Eccles, currently WW’s
deputy editor, will continue to develop this
venerable journal towards applied
electronic design. This has always been my
ambition and I believe it to be one that
Martin shares.  Frank Ogden
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UPDAIE

Intelligent power
dressing: This silicon
maze is claimed to
be the first dc motor
controller chip to
bring together high-
side drive and low
voltage regulator
aspects in one
surface-mount
package. This IC, the
5i997CS from
Siliconix, is designed
for three phase
brushless motors and
handles between 1-
5A of current.
Interfacing with
microprocessors in
photocopiers and
printers, the
controller will
handle over a dozen
control and
protection functions.

796

EC in the dark over r&d

n admission by the European
Commission that it does not
know what the r&d plans of Europe’s

major companies are, or how they
relate to the EU’s own strategy, is
expected to create further argument
in the UK cabinet.

The Commission plans to create a
register of the research and
development strategies of Europe’s
top 500 industrial companies. The
aim is to discover the effectiveness of
r&d being funded through its

Framework Programme and Eureka.
EC spokesman Michel André said:

“European enterprises are responsible

for 60 per cent of all r&d undertaken
in Europe, but the information we
need to evaluate this work is
missing.”

The admission by the Commission
will add weight to the UK
government'’s criticism of the way in
which the EC calculates funding for
R&D programmes. It will also
strengthen the government’s view

that cutting back UK funding to the
Eureka programme was the right one.

A spokesman for the DTI said that
such a situation could not arise in the
UK. He said: We run a UK r&d
Scoreboard, giving a breakdown on
UK high tech companies, and how
much they spend on r&d as a
percentage of sales and profit. We
also have an Innovation Unit linking
national programmes, such as Link,
into the work being undertaken by
industry and academia.

Euro screen is clear world leader

A new liquid crystal screen for
portable computers and video
projectors has the remarkable
property of self-healing any defects
in manufacture.

Developed by Philips Research
Laboratories at Redhill, UK, the
display uses active-matrix thin-film
diode lcd is easier and cheaper to
make than conventional lcds. It also
gives brighter pictures.

The screen measures 24cm
diagonally and is made as a plug fit
replacement for the conventional
lcd panels currently supplied by
Japanese manufactures. Philips
hopes this will encourage firms
making portable computers to
switch from using Japanese to
European displays.

Virtually all screens in today’s
portable PCs use thin-film transistor
technology to control the flow of
electricity through the liquid crystal.

The material is sandwiched
between two thin glass plates and
light-polarising filters. When
electricity is passed thorough the Ic

material it reacts to alter the angle
of polarisation of any light which is
passing through. The filters then
work like crossed sunglasses, to
create light areas where the crystal
and filter polarisations have
matching angles and dark areas
where they cross.

In thin-film transistor screens, the
glass plates have a thin film of
amorphous silicon semiconductor
material bonded to their surfaces.
This silicon is formed into a mosaic
of transistors which control the flow
of electricity through pixel spots of
the Ic material to create a pattern of
light and dark which displays the
text or graphics image. Philips uses
silicon diodes instead of transistors.
The diodes are easier to make than
transistors and need only two wire
connections. They work with the
capacitance of the Ic material to
switch between on and off states.

The diodes are made by
sandwiching silicon nitride between
metal electrodes which are so thin
that they are almost transparent.
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Because the diodes block less of the
light which passes through the
screen, the picture is around 10%
brighter and has crisp contrast with
256 grades of grey. In practice this
means that black areas of the image
look much blacker than on
conventional screens. The diodes
also respond rapidly to the
switching current so there is no
smear on moving objects.

The diodes are easy to mass-
produce because alignment of the
electrode sandwich is not critical. As
long as the two outer electrodes
cover at least part of the silicon
nitride filling, the diode works as a
switch. The filling also has the
remarkable ability to self-heal. If it is
faulty through a fault in
manufacture, and thus passes too
much current, its electrical resistance
increases to reduce the current.

Philips claims that the diodes are
stable in bright light and heat and
thus suitable for use in a projector.
This means that the new lcd panels
can be used in a video projector,
where a bright light is shone
through a small lcd panel and lens,
and onto a large wall screen.
Transistor panels break down after a
few hours use under these conditions.

Philips began work on the display
technology in 1989 and the first
manufacturing samples are now
rolling off a production line which
Philips has jointly constructed with
Thomson of France at a factory in
Eindhoven, the Netherlands. This
was the factory originally built for
the ill-fated Megachip memory
project. Barry Fox
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY. DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

NEW LOW PRICE — NEW COLOUR

HP141T

SPECTRUM ANALYSERS

TESTED

HP141T + 8552A or B IF — 8553B RF — 1kHz - 110Mc/s —
A IF £600 or B IF - £700.

HP141T + 8552A or B IF — 8554B RF — 100kHz —
1250Mc/s — A IF £800 or B IF — £900.

HP141T + 8552A or B IF — 8555A RF — 10Mc/s — 18GHz
— A IF £1400 or B IF — £1600. The mixer in this unit
costs £1000, we test every one for correct gain
before despatch.

HP141T + 8552A or B IF — 8556A RF — 20Hz — 300kHz —
A IF £600 or B IF — £700.

HP-ANZ UNITS

AVAILABLE SEPARATELY
NEW COLOUR - TESTED

HP141T Mainframe — £350 — 8552A IF — £200 — 8552B
IF — £300 —~ 8553B RF — 1kHz — 1 10Mc/s — £200 — 8554B
RF — 100kHz — 1250Mc¢/s — £400. 8555A RF — 10Mc/s —
18GHz - £1000. 8556A RF — 20HZ — 300KHZ — £250.

HP8443A Tracking Generator Counter — 100kHz —
110Mc/s ~ £300 — £400.

HP8445B Tracking Pre-selector DC — 18GHz — £400-
£600 or HP8445A — £250.

HP8444A Tracking Generator — £750 — 1300Mc/s.

HP8444A Opt 059 Tracking Generator — £1000 — 1500Mc/s.

SPECIAL OFFER — 14 ONLY
HP140T (NON-STORAGE)

Mainframe Plus 8552A IF Plug-In Plus 8556A RF Plug-
In 20Hz —~ 300kHz Plus 8553B RF Plug-In 1kHz -
110Mc/s. Tested with instructions — £700.

Marconi TF2008 — AM-FM signal generator — also sweeper — 10Kc/s — 510Mc/s — from £250 — tested
to £400 as new with manual — probe kit in wooden carrying box.

HP Frequency comb generator type 8406 — £400.

HP Vector Voltmeter type 8405A — £400 to £600 — old or new colour.

HP Sweep Oscillators type 8690 A & B + plug-ins from 10Mc/s to 18GHz also 18-40GHz. P.O.R..

HP Network Analyzer type 8407A + 8412A + 8501A — 100Kc/s — 110Mc/s — £500 - £1000.

HP Amplifier type 8447A — 1-400Mc/s £200 — HPB447F. 1-1300Mc/s £400.

HP Frequency Counter type 5340A — 18GHz £1000 —rear output £800.

HP 8410 — A — B — C Netwdrk Analyzer 110Mc/s to 12GHz or 18GHz — plus most other units and
displays used in this set-up — 8411a — 8412 — 8413 - 8414 — 8418 — 8740 — 8741 - 8742 - 8743 -
8746 — 8650. From £1000.

Racal/Dana 9301A — 9302 RF Millivoltmeter — 1.5-2GHz — £250-£400.

Racal/Dana Counters §315M — 9916 — 9917 ~ 9921 — £150 to £450, Fitted FX standards.

Racal/Dana Modulation Meter type 9009 — 8Mc/s — 1.5GHz - £250.

Marcon| RCL Bridge type TF2700 — £150.

Marconl/Saunders Signal Sources type — 6058B — 6070A — 6055A — 6059A — 6057A — 6056 —
£250-£350. 400Mc/s to 18GHz.

Marconi TF1245 Circuit Magnification meter + 1246 & 1247 Oscillators — £100-£300.

. Marconi microwave 6600A sweep osc., mainframe with 6650 P{ — 18-26.5GHz or 6651 PI—
40GHz - £1000 or Pl only £600. MF only £250.

Marconi distortion meter type TF2331 — £150. TF2331A - 200.

Tektronix Plug-ins 7A13 - 7A14 — 7A18- 7A24 — 7A26 - 7A11-7M11-7511-7D10-7512-S1
— 82 — S6 — S52 — PG506 — SC504 — SG502 — SG503 — SG504 — DC503 —DC508 — DD501 —
WR501 - DM501A - FG501A — TG501 — PG502 — DC505A — FG504 — 7B80 + 85-7B92A

Gould J3B test oscillator + manual — £200.

Tektronix Mainframes — 7603 — 7623A — 7613 — 7704A — 7844 — 7904 — TM501 —TM503 — TM506 —
7904 — 78347104 — 7623 - 7633.

Alitech 757 Spectrum Analyser — 001 22GHz — Digital storage + readout — £2000.

Marconi 6155A Signal Source — 1 to 2GMz — LED readout — £400.

Barr & Stroud Variable filter EF3 0.1Hz— 100kc/s + high pass + low pass — £150,

Marconi TF2163S attenuator — 1GHz. £200.

Famell power unit H60/50 — £400 tested. H60/25 — £250.

Racal/Dana 9300 RMS voltmeter — £250.

HP 8750A storage normalizer — £400 with lead + S.A or N,A Interface.

Mareoni TF2330 — or TF2330A wave analysers — £100-£150.

Racal/Dana signal generator 35082 — 1.5-520Mc/s — £500.

Racal/Dana signal generator 9082H — 1.5-520Mc/s — £600.

Tektronix—7514—7T11-7511-7512 - S1— 82539 — 547 - 551 — 852 - 553 - 7M11.

Marconi mod meters type TF2304 — £250.

HP 5065A rubidrum vapour FX standard — £2.5k.

Systron Donner counter type 6054B — 20Mc/s — 24GHz — LED readout— £1k.

Racal/Dana 9083 signal source — two tone — £250.

Systron Donner - signal generator 1702 — synthesized to 1GHz — AM/FM — £600.

Tektronix TM515 mainframe + TM5006 mainframe — £450 — £850.

Rhodes & Schwartz power signal generator SLRD-280 — 2750Mc/s — £250-£600.

Ball Efratom rubidrum standard PT256B-FRKL — £1000.

Farnall electronic load type RB1030-35- £350

Racal/Dana counters — 9904 — 9905 — 9906 — 9915 9916 — 9917 — 9921 — 50Mc/s — 3GHz — £100-
£450 — all fitted with FX standards.

HP4815A RF vector impedance meter c/w probe — £500-£600.

Marconi TF2082 noise receiver. A, B or C plus filters — £100-£350.

26.5-

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

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel. No: (0274) 684007 Fax: 651160

Marconi TF2091 noise generator. A, B or C plus filters — £100-£350.

HP180TR, HP182T mainframes £300-£500.

Fluke 8506A tharmal RMS digital multimeter. £400.

Philips panoramic receiver type PM7900 — 1 to 20GHz — £400.

Marconi 6700A sweep oscillator + 6730A - 1 to 2GHz — £500.

HP8505A network ANZ + 8503A S parameter test set + 8501A normalizer — £4k.

Racal/Dana VLF frequency standard equipment. Tracer receiver type S00A + difference meter I
type 527E + rubidium standard type 9475 —£2750.

HP signal generators type 626 — 628 — frequency 10GHz — 21GHz.

HP 432A — 435A or B — 436A — power meters + powerheads — Mc/s — 40GHz — £200-£1000.

Bradley oscilloscope calibrator type 192~ £600.

Barr & Stroud variable filter EF3 0.1Hz — 100Kc/s + high pass + low pass —~£150.

Marconi TF2370 spectrum ANZ — 110Mc/s — £900.

Marconi TF2370 spectrum ANZ + TK2375 FX extender 1250Mc/s + 1stgen —£1.5k.

HP8614A signal generator 800Mc/s — 2,4GHz, new colour £400.

HP8616A signal gen 1.8GHz —4.5GHz, new colour £400.

HP 3325A syn function gen 20Mc/s — £1500.

HP 3336A or B syn level generator — £500-£600.

HP 35868 or C selective level meter — £750-£1000.

HP 3575A gain phase meter 1Hz — 13Mc/s - £400.

HP 867 1A syn microwave 2 — 6.2GHz — £2k.

HP 8683D S/G microwave 2.3 - 13GHz — opt 001 — 003 — £4.5k.

HP 8660 A-B-C syn S/G. AM + FM + 10Kc/s to 110Mc/s Pl — 1Mc/s to 1300Mc/s — 1Mc/s to
2500Mc/s — £750-£2800.

HP 86408 S/G AM-FM 512Mc/s or 1024Mc/s. Opt 001 or 002 or 003 — £800-£1250.

HP 8656A S/G AM-FM 0.1 — 990Mc/s - £1500.

HP 86228 Sweep PI-01-2.4GHz + ATT - £1750.

HP 8629A Sweep Pl —2 - 18GHz — £1000.

HP 862908 Sweep Pl —2 — 18GHz — £1250.

HP 86 Series PI's in stock — splitband from 10Mc/s — 18.6GHz — £250-£1k.

HP 8620C Mainframe - £250. IEEE — £500.

HP 8615A Programmable signal source — tMHz— 50Mc/s — opt 002 - £1k.

HP 8601A Sweep generator .1 - 110Mc/s — £300.

HP 4261A LCR meter + 16038A test leads — £400.

HP 42718 LCR meter 1MHz digital meter + 16063A test adaptor — £850.

HP 4342A Q meter-22kHz — 70Mc/s 16462A + gty of 10 inductors — £850.

HP 3488A HP - IB switch control unit — £500 + control modules various —£175 each.

HP 3561A Dynamic signal ANZ — £3k.

HP 8160A 50Mc/s programmabte pulse generator — £1400.

HP 853A MF ANZ + 8558B — 0.1 — 1500Mc/s — £2500.

HP 8349A Microwave Amp 2 — 20GHz Solid state — £1500

HP 3585A Analyser 20Hz — 40Mc/s — £4k.

HP 85698 Analyser .01 — 22GHz — £5k.

HP 3580A Analyser 5Hz— 50kHz— £1k.

HP 1980B Oscilloscope measurement system — £600.

HP 3455A Digital voltmeter — £500.

HP 3437A System voltmeter — £300.

HP 3581C Selective voitmeter — £500.

HP 5370A Universal time interval counter — £450.

HP 5335A Universal counter — 200Mc/s — £500.

HP 5328A Universal counter — 500Mc/s — £250.

HP 6034A System power supply — 0 — 60V —0— 10 amps — £500.

HP 3960A 3964A Instrumentation tape recorders — £300-£500.

HP 5150A Thermal printer — £250.

HP 1645A Data error analyser— £150.

HP 4437A Attenuator — £150.

HP 3717A 70Mc/s modulator — £400.

HP 3710A — 3715A ~ 3716A — 3702B — 3703B — 3705A — 3711A — 37918 — 3712A — 37938
microwave link analyser— P.O.R

HP 3730A+B RF down converter— P.O.R.

HP 3552A Transmission test set — £400.

HP 3763A Error detector — £500.

HP 3764A Digital transmission analyser — £600.

HP 3770A Amp delay distortion analyser — £400.

HP 3780A Pattern generator detector —£400.

HP 3781A Pattern generator — £400.

HP 37818 Pattern generator (bell) — £300.

HP 3782A Error detector — £400.

HP 37828 Error detector (bell) — £300.

HP 3785A Jitter generator + receiver — £750-£1k.

HP 8006A Word generator — £100-£150.

HP 8016A Word generator — £250.

HP 8170A Logic pattern generator — £500,

HP 59401A Bus system analyser — £350.

HP 59500A Multiprogrammer HP — B — £300.

Philips PM5390 RF syn — 0.1 — 1GHz - AM + FM - £1250.

Philips PM5519 Colour T.V. pattern generator — £250.

S.A. Spectral Dynamics SD345 spectrascope 111 — LF ANZ — £2500.

Tektronix R7912 Transient waveform digitizer — programmable — £400.

Tektronix 496 Analyzer 1kHz — 1.8GHz — £3.5k.

Tektronix TR503 + TM503 tracking generator 0.1 — 1.8GHz — £1k — or TR502.

Tektronix 576 Curve tracer + adaptors — £900.

Tektronix 577 Curve tracer + adaptors — £900.

Tektronix 1502/1503 TDR cable test set — £1000.

Tektronix 7L5 LF analyser— 0 — SMc/s — £800. OPT 25— £1000.

Tektronix AM503 Current probe + TM501 m/frame — £1000.

Tektronix SC501 — SC502 — SC503 — SC504 oscilloscopes — £75-£3!

Tektronix 465 - 4658 — 475 — 2213A — 2215 - 2225 — 2235 — 2245 — 2246 £250-£1000.

Kikusui 100Mc¢/s Oscilloscope COS6100M — £350.

Farnell PSG520 Signal generator — £400.

Nicolet 3091 LF oscilloscope — £1000.

Racal 1991 - 1992 — 1988 — 1300Mc/s counters — £500-£300.

Tek 2445 150Mc/s oscilloscope — £1400.

Fluke 80K-40 High voltage probe in case — BN —£100.

Racal Recorders — Store 4 —4D — 7 - 14 channels in stock — £250 — £500.

Racal Store Horse Recorder & control — £400-£750 Tested.

EIP 545 microwave18GHz counter — £1200.

Fluke 510A AC ref standard —400MHz — £200.

Fluke 355A DC voltage standard — £300.

Schlumberger 5229 Oscilloscope —500Mc/s — £500.

Solartron 1170 FX response ANZ —LED dislay — £280.

Wiltron 610D Sweep Generator + 6124C Pl —4— 8GHz— £400.

Wiltron 610D Sweep Generator + 61084D Pl — 1Mc/s — 1500Mc/s — £500.

Time Electronics 9814 Voltage calibrator — £750.

Time Electronics 9811 Programmable resistance — £600.

Time Electronics 2004 D.C. voltage standard — £1000.

HP 8699B Sweep Pl YIG oscillator .01 — 4GHz — £300. 8690B MF — £250. Both £500.

Schlumberger 1250 Frequency response ANZ — £2500.

Dummy Loads & power att up to 2.5 kilowatts FX up to 18GHz — microwave parts new and ex
equipt — relays — attenuators — switches — waveguides — Yigs — SMA —APC7 plugs — adaptors,
etc.

B&K ttems in stock —ask for list.

W&G Items in stock —ask for list.

Power Supplies Heavy duty + bench in stock—Farnell—HP—Weir—Thurlby — Racal etc. Askfor list.
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UPDATE

The ultimate train
set: Managing the
Jubilee line
extension of the
London
Underground could
be carried out from
a computer
terminal. Datel
Technology has
demonstrated an
information
management
system in a £60m
project for the
railway. Real-time
information from
the platforms,
signalling and
surrounding area
will be available
from the ten
stations on the line.

Multilevels boost memory

ntel has revealed that it is

developing new flash memory
technology which will enable a
single storage cell to hold two or
more bits of data.

The technology, dubbed
Multilevel Cell, dramatically
increases a chip’s storage capacity
without needing any more memory
cells. Intel says the technique will

'be applied to memories for cost

sensitive mass storage applications
such as PCMCIA cards, digital
audio and digital photography.
Multilevel Cell technology is
simply the ability to write and read
four (for 2-bit storage) or more
voltage levels on the flash
memory’s floating gate storage cell.
This compares with the
conventional two levels for single
bit storage and implies the use of
three internal reference voltages.
Dr Stefan Lai, Intel’s director of
flash technology, said the technique
has been demonstrated on a 16Mbit
die storing two bits per cell.
However, Lai also reported Intel
engineers have experimented with
three bits (eight voltage levels) and
even four bits (16 voltage levels) per
cell. “Our goal is to provide a 1Gbit

flash memory this decade based on
four bits per cell and a 256Mbit
die,” said Dr Lai. The chip would
need a 0.35pm process.

Intel’s move has interested other
flash memory manufacturers.
Hitachi engineers in Japan said they
were aware of multilevel cell
technology but had no plans at
present to implement it. They
identified tighter process control and
slower read times,.because the cell
has to be compared to a minimum of
three reference voltages, as the two
principal drawbacks.

Giulio Casagrande, technical
manager of SGS-Thomson’s flash
memory division, said Intel’s
development made sense. “If you
want to address the solid-state
storage market, then multilevel cell
technology is just one of the
alternatives that may provide the
breakthrough needed to significantly
reduce the cost per bit,” said
Casagrande. But he questioned the
scalability of the approach,
suggesting the read voltage would
need boosting as Intel progressed to
smaller geometry processes.

Dr Lai reports that the main
engineering problems to be

overcome are designing sufficiently
accurate reference voltages and
boosting the read currents from the
cells. He does not consider the more
stringent signal-to-noise constraints
(to maintain adequate s/n margin
between levels) to be outside the
bounds of Intel’s existing 0.6mm
process even for 16 voltage levels.

“We feel comfortable at 16 levels
even down to a 0.1V margin
between levels. The process is the
most developed part of the
technology,” said Dr Lai.

“The read access times are slower
but that’s not really because we are
reading two bits but rather that the
sense currents are smatler and take a
longer time to charge up the
column. So we are looking at more
sensitive techniques and are looking
at a parallel read operation.

“Reference voltage accuracy is the
big issue at the moment. The
voltages need to be stable across a
range of operating conditions and
although there are external
references that provide the accuracy,
the challenge will be building an
internal reference.” he said.

Simon Parry, Electronics Weekly.

Big Tl hopes for the big screen

T exas Instruments looks as
though it will lead the market
for PALPIus decoders with the
launch of Britain’s first widescreen
TV service using PALPlus
technology later this year.

Channel 4 has announced plans to
broadcast at least 500 hours of
PALPlus 16:9 format material a
year starting in October. The £1.5m

cost incurred by Channel 4 is being
split between the EU and Nokia
Consumer Electronics, which will
launch a 28in PALPlus tv to
coincide with the start of services.
The set will cost £1299.

TI is the only company with a
highly parallel digital signai
processor aimed at pixel processing
and suitable for handling the

PALPlus decoding in tvs. It could
maintain that position until
dedicated PALPlus chipsets become
available, and they are not expected
until next year end at the earliest.
“Everyone is using the Texas chip,”
confirmed Dr Helmut Stein, head of
r&d at Nokia Consumer Electronics.

Called the SVP, the TI chip
enables three dimensional
processing of an entire line of the
picture at a time. The chip integrates
960 processing elements in a single-
instruction, multiple-data
architecture. The number of
elements is sufficient for a 16:9
picture format and is quick enough
to cope with 16MHz sampling.

A more powerful version of the
chip is due at the end of this year.

It will be four times faster,
integrate more on-chip program
memory and integrate 1024
processing elements — sufficient for
16:9 format pictures using
computer-compatible square pixels.

Three German tv stations are
already making regular PALPlus
broadcasts. Belgium is due to start
this year, and Holland and Italy next.
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POWERFUL SCHEMATIC CAPTURE,
PCB DESIGN AND AUTOROUTING
ALL FOR JUST £395...

PROPAK AR for DOS provides all the features you need to create complex PCB designs quickly
and easily. Draw the circuit diagram using the powertul facilities of ISIS DESIGNER+ and then netlist §
into ARES AUTOROUTE for placement, autorouting and tidy up. Advanced real time design rule
checks guarantee that the final PCB will correspond exactly with the schematic thus saving you from

costly layout errors and time consuming debugging.

1]
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CADPAK
Two Programs for the Price of One

ISIS SUPERSKETCH

A superb schematic drawing program
for DOS offering Wire Autorouting,
Auto Dot Placement, full component
libraries, export to DTP and much more.

Exceptionally easy and quick to use. For example, you
can place a wire with just two mouse clicks - the wire
autorouter does the rest.

PCB Il

High performance yet easy to use manual PCB layout
package. Many advanced features including curved tracks,
auto track necking, DXF export, Gerber and NC file
generation, Gerber viewing and more.

Alan Chadwick writing in ETI (January 94) concluded...
"At £79 I thought this was an excellent buy."

apcencer

Aftractive, easy to use graphical interface.

Obiject oriented schematic editor with automatic wire routing,
dot placement and mouse driven place/edit/move/delete.
Netlist generation for most popular CAD software.

Bill of Materials and Electrical Rules Check reports.

Two schemes for hierarchical design.

Automatic component annotation and packaging.
Comprehensive device libraries and package libraries
including both through hole and SMT parts.

User definable snap grids (imperial and metric) and Real
Time Snap to deal with tricky SMT spacings.

Manual route editing features include Auto Track Necking,
Topological editing and Curved tracks.

Autorouting for single, double and muiti-layer boards.

Non autorouting PROPAK is available for just £250 if you do
not need or want the router.

Full connectivity and design rule checking.

Power plane generator with thermal relief necking.
Graphics support to 800x600 Super VGA.

Output to dot matrix and laser printers, HP and Houston
plotters, Postscript devices, Gerber and Excellon NC
machines plus DXF and other DTP file formats.

ISIS ILLUSTRATOR
Schematic Drawing for Windows

o Pt

Running under Windows 3.1, ISIS ILLUSTRATOR lets
you create presentation quality schematic drawings like
you see in the magazines. Furthermore, when the
drawing is done, transferring it to another document is
just a matter of pasting it through the Clipboard.

Now used by a number of prominent technical authors to
illustrate their latest books and magazine articles.

Call us today on 0756 753440 or fax
0756 752857 for a demo pack - state
DOS or Windows. Multi-copy and

educational discounts available.
Prices exdude p&p (£5 for UK ) and VAT.

WE HAVE MOVED - NOTE NEW ADDRESS ,, [ == = e redemarks R

53-55 Main St, Grassington, North Yorks. BD23 5AA.
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UPDATE

Drive to nowhere:
Not in a jam around
London but in a
driving simulator.
Researchers at the
University of lowa
have created a virtual
highway on the car
windscreen. The aim
is to collect data for
new research into
vehicle safety,
highway design and
driver training.
Three computer-
generated images
provide the driver
with a realistic
illusion of moving at
speed while also
feeling bumps in the
road and hearing the
wind rushing by. This
virtual reality
experience includes
the sensation of a

violent rear end
shunt.

Video surveillance over the ‘phone line

ideo surveillance technology

developed for the US army by
Iterated Systems of Atlanta,
Georgia, will soon let unattended
cameras in art galleries, car parks
and office buildings catch thieves,
vandals and terrorists. It relies on
fractal compression of moving
images and plays a clever trick to
send clear moving pictures of any
suspicious behaviour down an
ordinary 'phone line. Since the
system also works over a cellphone
link, the camera can be in a field.

The pictures display any distance
away on an ordinary personal
computer, and are recorded on an
ordinary floppy disk. To save
money on phone charges the camera
automatically dials the telephone
number of the display PC only when
it registers motion. The same
technology can be used for low cost
videoconferencing.

Until now videophones have only
been able to send very blurred
moving pictures down ordinary
domestic telephone lines. Thieves
are only recognisable if they
obligingly remain still and pose
close to the camera. Systems which
deliver high quality pictures rely
either on ISDN digital telephone
lines or work only over very short
distances.

The US military wanted to put a
video camera on a remote-controlled
vehicle, and send it into a dangerous
area, while relaying high quality
moving pictures by low quality
radio links. Iterated Systems had

already developed fractal
technology to compress high quality
still pictures into small volumes of
digital code. The company made the
compressoar work fast enough to
code moving pictures from a video
camera.

Coding a picture by fractal
compression reduces the number of
digital bits needed to capture good
quality by a factor of around thirty.
The fractal compressor works by
breaking each picture down into
component shapes, like pieces of a
jigsaw, and then rebuilding the
picture by arranging basic shapes
which have been previously stored
in a library. Conventional picture
compression systems work by
breaking the picture down into a
mosaic of tiny picture points or
pixels, and coding each one
separately.

Despite the powerful compression
achieved with fractals, the number
of bits per second needed to display
a full screen picture of clear motion
is still far too many to send over
long distances by a POTS (“plain
old telephone service”) line. POTS
lines, and cellphone links, can
reliably carry only around 10
kilobits/second, and at best
20kbits/s.

Iterated Systems gave the US
military a clever compromise. At the
beginning of the surveillance
session, the camera takes around 10s
to transmit a high quality still
picture of the whole area under
surveillance. This picture is frozen

on the screen of the display PC. The
operator then singles out a small
‘window’ area of the picture, such
as a vulnerable doorway or valuable
painting on a wall. The camera now
provides a moving image for just
that part of the picture.

Because the selected area of the
screen can be relatively small, the
quality of the moving image is high,
but the bit rate within phone line
limits. So the overall impression is
of a clear picture of the whole area,
with an equally clear view of any
motion in those areas which need
surveillance.

After initial setup, the telephone
connection is broken to save money.
But as soon as the camera registers
any motion in the selected image
area it automatically dials the
telephone number to connect with
the PC, and triggers an alarm to alert
the operator.

Alan McKeon, Iterated System’s
Vice-President of Sales and
Marketing, recently demonstrated
the system working on ordinary
telephone lines between London and
Atlanta. Clear moving pictures of an
office worker’s head and shoulders
appear in the middle of an overall,
frozen view of the office room.

The compression circuitry will be
built into a video camera, along with
a telephone modem and auto-dialler,
and sell for around £750. All the
user then needs is a desktop PC,
ordinary phone line or cellphone.
Iterated Systems Ltd 0734-880261.

Inmarsat to improve on GPS services

nmarsat, the international satellite

operator, has signalled its intention
to compete head-to-head with
existing US and Russian global
positioning (GPS) satellite services,
inviting potential GPS service
providers to bid for navigation
transponders on its next generation
Inmarsat-3 satellites.

Inmarsat claims the new satellites,
to be launched at the end of next
year or early 1996, will offer a more
accurate positioning service than the
existing military-owned US Global
Positioning System and Russian
GLONASS (Global Navigation
Satellite System).

In addition, Inmarsat says it will
provide an independent “integrity
monitoring” sérvice for the existing
GPS networks. As well as the

=== navigation signals, the satellites will

broadcast an additional signal which
corrects errors in the US and
Russian services. The move could
enable civil airlines to start using
GPS for navigation for the first time.
Until now airlines have been put off
by the unreliability of existing
services.

The satellite organisation says
Inmarsat 3’s correction signals will

pinpoint the position of users to
within 10m, compared to the SOm
currently achievable by using the
US service alone. |

Eurofighter
scrap

A call that the Eurofighter
manufacturing collaboration
should be scrapped due to
soaring development costs has
come from the German
opposition Social Democrats.
But the German defence
.minister Volker Ruhe has
defended the multi-billion DM
project which is being financed
by German, British, Spanish
and Italian taxpayers.
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PROGRAM 8
CHIPS IN THE
TIME IT TAKES

FOR ONE!
At £645 costing around half the

price of slower gang
programmers, the Speedmaster
8000 gang programmer uses a
simple 2 button operation in
stand-alone mode. PC operation
gives comprehensive file handling
and editing functions. Capable of
gang and set programming it
supports 32 pin EPROMs to 8M
with no adaptors required.
Programming cycle times of only
23 seconds for 8 27C010’s
mean your throughput can now

be faster than ever before.

CIRCLE NO. 106 ON REPLY CARD

ROM/RAM EMULATOR
PLUG IN CARDS

Using these expansion cards your
programmer can run as if there’s
an EPROM or RAM plugged into
the target socket. Available as 8
bit wide 128k x 8 as standard,
upgradable to 512k x 8, and 16
bit capable of emulating 40 pin
EPROMs. They can emulate both
5V and 3.3V devices.

CIRCLE NO. 107 ON REPLY CARD

PACKAGE ADAPTORS

A full range of package adaptors
is available for non DIL devices
and parts with more than 40 pins.
Prices from £65.

CIRCLE NO. 108 ON REPLY CARD

DISTRIBUTORS
BENELUX: +3255313737;
CYPRUS: 02485378;
DENMARK: 048141885;
FINLAND: 070039000;
FRANCE: 0139899622,
GERMANY: 060827421615;
GREECE: 0190201 15;
ITALY: 02457841,
JAPAN: 053865501;
NORWAY: 063840007;
SINGAPORE: 04831691;
SOUTH AFRICA: 011974121 1/1521;
SPAIN: 013270614
USA: Distributors required.

FREE SOFTWARE UPGRADES! -
KEEP UP TO DATE WITH NEW DEVICES

Before you choose your
programmer, check out the cost
of ownership. While other
manufacturers charge for every
update or require expensive
libraries and modules, ICE
Technology programmers

support the whole range of
devices at no extra charge*. And
keeping up to date is FREE for
life at no charge on our BBS
service.

Just dial on: +44(0) 1226761181,
and download the latest version.

Disk based upgrades are available
free in the first year, and a small
administration charge made for

each subsequent disk.
* for DIL up to 40 pins.

CIRCLE NO. 109 ON REPLY CARD

AT LAST, AN AFFORDABLE 3V AND 5V

UNIVERSAL PROGRAMMER!

he latest  universal

programmers from ICE

Technology, the

Micromaster LV and
Speedmaster LV, now support
programming @i verification of
3.3V devices, now you can test
devices at their actual operating
voltage.

They offer wider device
support than ever before, the
majority requiring no
adaptor. They will operate
from battery or mains power,

making them flexible enough
whatever your programming

needs.

Not only that, as new devices
come onto the market we give
free software upgrades and the
units” modular design, with easy
upgrade path, protects your
investment.

Available now and priced from
£495 they are everything you'll
need for  programming,
chiptesting and ROM emulation.

FEATURES

¢ Widest ever device support
including: EPROMs,
EEPROMs, Flash, SPROMs,
BPROMS, PALs, MACH,
MAX, MAPL, PEELs, EPLDs
Microcontrollers, etc.

¢ High speed, programmes a
PIC16C54 in 0.5 secs
(Micromaster LV).

¢ Up to 84 pin device support
with adaptors.

¢ Connects directly to parallel
port - no PC cards needed

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

¢ Lightweight and operates from
mains or battery.

4 Optional 8 or 16 bit wide
ROM/RAM emulator.

# Designed, built and supported
in the UK.

@ FREE software device support
upgrades via bulletin board.

¢ Next day delivery.

CIRCLE NO. 110 ON REPLY CARD

Speedmaster LV

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

B cios T
MicromasterLV

As above plus support for over 90
different micro controllers without
adaptors, including PICs, 89C51,
87C751, MC68HC705, ST6, 786 etc.

B <c2s

ICE Technology Ltd. Penistone Court, Station Buildings, Penistone,
South Yorkshire, 530 6HG, UK.
Tel +44(0)1226767404, Fax +44(0)1226370434, BBS +44(0) 1226 761181

8 bit Emulator card

Expansion card Fo
containing 8 bit wide
ROM RAM emulator,
includes cable and
software. 128K x 8.

s

16 bit Emulator card

Expansion card containing 16
bit wide ROM RAM
emulator, includes cable and
software. 128K x 16.

<0

! Call now to place your order, for
more details or a free demo disk,
or call our bulletin board to

download the latest demo.
Alternatively clip the coupon or
| circle the reply number.

Name: .....coveiiiiiiiiiicie e
POSItioN . e

Company: .......... T
Address: .................

All major credit cards accepted

b, I AMERICAN
@- VISA BXPHESS
| ——i
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RESEARCH NOITES

Jonathan Campbell

Monolisa, left,
through the eye of a
predecessor of a
micro-scanning
camera designed for
digitally archiving
works of art, right.

Old masters painted in pixels

he EC programme to put high-

resolution copies of Europe’s
greatest art masterpieces onto CD-
rom could take a leap forward with
development of a camera that
delivers high resolutions, rapidly
and from a much smaller unit than
previously. The new digital camera
has been developed by Lindsay
MacDonald of Crosfield Electronics
and Reimar Lenz of Munich’s
Technical University (‘An Ultra-

High Resolution Digital Camera’,
The Journal of Photographic
Science, Vol 42, pp. 49-51) within
the European Marc research project.
Marc — Methodology for Art
Reproduction in Colour, part of the
Esprit programme — aims to produce
digital representations of fine art for
high quality printing or for
electronic manipulation and
distribution. But current, high
resolution digital camera technology

is slow, cumbersome and limited to
two-dimensions. MacDonald and
Lenz believe their camera could
change that.

Like previous digital cameras, the
Marc camera makes use of micro-
and macro-scanning to boost the
resolution of conventional ccd
arrays.

In micro-scanning, a mask is fitted
over a standard low resolution ccd
array to make the sampling
apertures smaller. Using piezo-
electric actuators, the chip can be
moved in two dimensions across the
image plane allowing partial images
to be captured at each sampling
point. These can then be assembled
in the correct pixel sequence by
computer. Colour images are
obtained by using a ccd sensor with
built-in colour filter stripes and
image quality is comparable to
35mm film. The sensors are low-
price and the camera is easy to set
up, though the piezo-electric
actuators must be carefully
calibrated and the small aperture
means high levels of illumination
must be used. But the technique has
been used to produce high
resolution commercial cameras.

Macro-scanning involves step-
moving the camera and lens
assembly in front of the scene, by
the width and height of the ccd
array, to build a complete image by
a series of patches. Speed of
acquisition is rather slow because
the sensor has to be moved about
10mm and must be allowed to settle
between adjacent patches. But with

Robodoc with the hip attitude

H undreds of thousands of people
every year undergo surgery to
replace hips with artificial implants.
But currently in the US, a brave few
are being operated on by a rather
unusual surgeon — a robot.

The Robodoc surgeon takes over
from the human one in cutting the
cavity in the thigh bone into which
the implant is pushed. Results have
shown that the robot’s accurate
preparation and positioning of the
cavity means patients have a better
than usual chance of walking

properly again.

Trials are still in the early clinical
stages. An initial ten-patient single-
centre study has been successfully
completed and now researchers are
in the middle of a 300 patient,
multi-centre test.

The robot has been developed by
a US team from IBM and Integrated
Surgical Systems. In early tests it
was used in veterinary clinical trials
on dogs needing hip replacement
surgery.

The researchers report an order of
magnitude improvement in surgical
precision compared to manual

sufficient positioning precision,
defect-free images can be obtained.

Cameras combining micro- and
macro-scanning are already in use,
digitising fine art at the National
Gallery in London and Neue
Pinakothek in Munich.

But the problem is that they are so
big, as they need to incorporate a
massive rigid frame to make
accurate patch movement possible.
As a result, pictures must be
removed from the gallery to be
processed in the laboratory.

The new Marc camera combines
micro- and macro-scanning behind
a stationary lens so that the need for
a large x-y external position
mechanism is eliminated. As the
image perspective is not altered, the
developers say that, with a suitable
lens, 3-d objects of arbitrary size
can be processed, resolution of the
system is limited only by diffraction
and the image field size of the lens.

The camera is currently
undergoing final debugging before
it is used later this to year scan in a
series of Flemish masters. During
digitisation, each patch needs only
4s to micro-scan with an additional
0.7s to reposition. So a full size
image can be acquired in less than
five minutes. But the greatest
advantage is that the camera can be
used on pictures still hanging in
position in the gallery. The result is
faster processing, no transport
problems or extra insurance cover
and no worries over humidity
damage for what are extremely
valuable pictures.

broaching for cementless hip
replacements. Russel Taylor of the
IBM TJ Watson Research Center,
and colleagues, claim the robot is a
step forward in the evolving
partnership between humans
(surgeons) and machines
(computers and robots), a
relationship that seeks to complete a
task better than either can do alone.
Robots have been used for limited
tasks in surgery before. But the
group says that the hip replacement
application requires ten-times
greater accuracy than other uses,
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while the shapes to be cut are more
complex. Safety is more important
and the working volume must be
much less constrained.

For the patient, preparation for
robot surgery begins prior to the
operation, with the implanting of
three titanium pins through a small
skin incision into the thigh bone. A
computer tomography scan is then
made of the leg, and the pins are
located relative to the coordinate
system of the CT images. The
surgeon selects a hip implant
module and determines its position,
using the CT data, which is written
to disk for use in the operation.
During the surgery, the sterilised
robot is brought into the operating
theatre and the patient data disk
loaded. When the patient is ready,
his or her thigh bone is fixed rigidly
to the robot base and the three
titanium pins exposed.

The robot then orientates itself
using these pins and computes the
transformation from CT coordinates
to robot coordinates. Cuts can be
made by the robot to produce the
desired implant shape at the planned
position and orientation relative to
the pins.

The human surgeon monitors the
robot both visually and by
observing a graphical display
showing successive cuts. When
cutting is complete the thigh-bone is
unclamped and the robot is moved
out of the way. Plainly, when
cutting into a human body, constant
position checking and protection
against machine failure is vital. But
the researchers say there as yet have
been no problems.

One of the main needs has been

RESEARCH NOTES

Optical Tracking System

orce I
ensor Fixator
LEDs  Cutier
Bone Motioa Moaitor !
Tool Air
: Safef
Chesking Vaiye et % Robot
Computer
| Optical
!\’ Force Sensor |
Processor Isolators
\ ‘EPO
Real Time Monitor '
Computer % Z | Robot + Servo
Controlier 1 Power
) i Module
o) r—l/\)
o @ i-1-1-1-} B
U >'< J onoa
pons{ Hand Held Terminal (Pendant)
2088
that the human must be in charge at
all times, a complex requirement as
the surgeon must also trust the
system to some extent. Researchers
say the system has worked well in
surgery and the total surgery time Robodoc’s
was comparable to manual participation in a
broaching. A future development total hip

could be addition of a head-up
display that shows the surgical plan

replacement marks
the first time in US

superimposed on the actual patient. medical hi'story
It will surely be some time before that rebotics
technology has

such robots become part of the
scene in normal NHS hospitals.
Researchers will need to develop an
integral coin slot and pay meter for
a start.

been actively
employed in an
invasive surgical
procedure.

Mesfet redesign cuts power needs

nnouncement of a 2d mesfet

that makes big cuts in the
power consumption/delay product
could pave the way for greater vlsi
scaling and longer battery life.
Conventional fet power needs put
an upper limit on vlsi size, while
reducing power consumption will
detrimentally affect switching
speed.

But using a novel design of 2d
mesfet, where opposing Schottky
side-gates modulate channel width,
WCB Peatman and colleagues at the
University of Virginia (EEE
Electron Device Letters, Vol 15, No
7, pp- 245-247) say they have
practically eliminated the narrow
channel effect which limits the
minimum power consumption in
conventional fets.

The power/delay product of a fet
is determined by the energy stored
in the gate capacitor and is
determined by the gate capacitance

Unusual mesfet
design that
combines low

plus parasitic capacitance, power )
multiplied by the square of gate consumption with
voltage swing needed to switch {?5‘ switching
between on and off. In the Virginia mes:

2d mesfet, gate design is based on a

lateral metal-2d electron gas (2deg) Gate Air

junction, having geometry very Bridges

different to that of conventional fet
devices. Junction capacitance of the W,
3d-2d Schottky diode is dominated
by the direct contact to the 2d
electron gas, and the parasitic
capacitance is small compared to
the junction capacitance.
Transconductance is said to be
higher than achievable in
conventional 1pm fets suffering

=
wdep

E-Field
Streamlines
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Alberta researchers
squeezing high-power
performance from a
low power burst
mode laser welding X-
70 pipeline steel.

e
——

from the narrow channel effect
while threshold voltage and sub-
threshold ideality factor are reported
to comparable to state-of-the-art
hemfets. Gate capacitance is

estimated to be 0.8fF/pm per
sidegate, or about half that of
conventional hemfets.
Overall, the device shows a
significant reduction in power

consumption without loss in speed,
and the researchers believe it could
have very good prospects for ultra
low power circuit applications in the
future.

Digital laser control puts pulse-power on site

H eavy section welding —
expensive and traditionally

carried out in-shop — could become
a practical process for use on-site
following a breakthrough in welding
power obtained from cheaper, iower
power lasers.

Researchers led by Stefan Scott at
the University of Alberta report
(Applied Physics Letters, Vol 65,
No 3, 1994) development of a multi-
kW cw laser demonstrating
significantly improved welding
properties over conventional
technology. At the heart of the
system is a CO, burst-mode PIE
(photoinitiated, impulse-enhanced,
electrically-excited) laser. The pie
process involves applying dual-

polarity 10kV photoionisation
impulses coupled with high voltage
dc excitation to produce a highly
controllable large-volume discharge.
A digitally controlled hydrogen
thyratron circuit is used to produce
the impulses. Penetration with the
pie laser is claimed to be 50%
better, and the weld profile far

superior to normal cw welding at the
same average power level.

Peak optical power is reported to
be up to three times greater than cw
operation, while the multi-kW
average output power is retained.
The drawback with conventional
high-power cw laser systems is that
they need large capital investment
and can prove unreliable in constant
duty applications. They also allow
only average power to be controlled
during operation.

Deep penetration welding has
tended to focus on peak-power,
short-duration, high-frequency laser
pulsing. Although such systems give
deep penetration, average laser
beam power is low. Unfortunately,
average power (along with peak
intensity) is one of the main factors
that makes economical welding
possible. But the Alberta researchers
say their unit is the first pulsed laser
system capable of high peak power,
pulse-periodic operation at multi-
kW average power levels.

Continuous-wave operation is
achieved using low-level digital
pulse excitation of a pentode
hydrogen thyratron pulser circuit
while burst mode is obtained by
manipulation of the digital trigger
signal. Gating the cw excitation
trigger produces basic burst mode
operation. The project is built
around a 30kW cw pie laser
originally designed for application
in the oi! and gas pipeline industries.

At present the team can weld,
using its modified system, Im
diameter pipe and straight sections
up to 3.5m in length. The apparatus

...but will it fly? Helicopter robots able to navigate their
own way around an arena, and tracked robots able to
manipulate objects on the ground were all busy pumping
their servos at the Association for Unmanned Vehicle
Systems annual aerial robotics competition. Unfortunately
no one machine was yet able to combine both functions —
though the AUVS says this day is not far off.

As usual the competition was held at Georgia Tech’s
Bobby Dodd stadium and Georgia Tech was among the
seven different institutions fielding teams. First prize went
to the students from the University of Southern California
whose ‘behaviourial-based approach’ impressed the judges.

has also been used to biind-weld
heavy plate onto structural members
— as found on large oceanic oil
tankers and military vessels. This
marine application requires
penetration of 0.75in to weld
through the 0.5in steel plate onto a
0.5in web.

Alberta says the task was
completed at an average laser power
of only 9kW.

Mobile phones
make for
mean streets

o car-bore worth his wheels

feels properly dressed
without a dashboard full of in-
vehicle route-finders and journey
information systems. But are we
in danger of giving too little
attention to the actual mechanics
of controlling the car?

A recent Swedish study
showed that, despite what we
think, we can’t even make a
hands-free mobile phone call
without affecting our driving
and, surprisingly, we are most
influenced when the road
conditions seem the safest.

The research was carried out
by Hikan Alm and Lena Nilsson
of the Swedish Road and
Transport Research Institute.
They tested the effects of using a
hands-free phone on driver
reaction time, lane position,
speed level and workload. What
they found (Accident Analysis
and Prevention, Vol 26, No. 4,
pp. 441-451), using a driving
simulator, was that driving
definitely worsened and, against
expectations, driver reaction
times slowed most when
carrying out the easiest tasks. In
the hardest conditions, only
lateral position was affected. So
if the map-reading phone-talking
satellite-tracking auto-pilot
speeding past at 100mile/h is just
wobbling in his lane a little,
don’t worry. The time to be
concerned is when he slows
down...
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Removing larger components from PCB
boards can be a problem in rework and repair
shops. The new Antex range of 10 SMT
Desolder Bits have been produced to fit
components from 018 through
to PLCC 68.

They will fit most
Antex Temperature
Controlled Irons
i and complement the existing
range of smaller DST Desolder Bits.
Al Bits are available smgly orin sets together with

BIIS plus an anachment for Antex Soldering Stanons is also available
from leading Electronic Distributors. :

Antex (Electronics) Lid.
Westhridge Industrial Estate, Tavistock, Devon PL21 B
Tel: (0822) 613565 Fax: (0822) 617598

KENWOOD

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

FM-AM Signal Generators ¥ Colour Pattern

Generators % Video Signal Analyser % Video
Timing Analyser % Video Noise Meter
* Distortion Meter * Waveform Monitors
* Vectorscopes *Audio Generators ¥ Wow and Flutter
Meters % Electronic Voltmeters
* Digital Multimeters ¥ Function Generators
* Frequency Counters * Bus Analyser
* Resistance Attenuator * Oscilloscopes x Fully
Programmable Digital Storage Dscilloscopes
* Regulated D.C. Power Supplies

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

or by fax, to:

Unit 1 Comet Way,
SOUTHEND-ON-SEA,
Essex, SS2 6TR.
Tel: 0702-527572
Fax: 0702-420243

B.K. ELECTRONICS

CIRCLENO. 111 ON REPLY CARD

CIRCLENO. 112 ON REPLY CARD

Schematic Design and Capture

Create your schematics quickly and
efficiently using EASY-PC Professional.
Areas of the circuit can be highlighted on
screen and simulated automatically using
PULSAR, ANALYSER lll and Z-MATCH
our simulation and design programs.

Ijl . "ﬂ}n

im e

N

Digital and Analogue Simulation

Modify the
configuration
and change
component
values until the
required
performance is
achieved.

PCB Design

The design, complete with connectivity,
can then be translated into the PCB. The
connectivity and design rules can be
checked automatically to ensure that the
PCB matches the schematic.

Fe) ()
=

Visa, MasterCard, Amex welcome

Affordable Electronics CAD

EASY-PC: Entry level PCB and Schematic CAD £98.00
EASY-PC Professional: Schematic Capture and PCB| ¢1g5 00
CAD. Links to ANALYSER Ill and PULSAR. )
EASY-PC Pro’ XM: Greater Capacity, XMS Version. | £245.00
PULSAR: Entry level Digital Circuit Simulator £98.00
~ 1500 gate capacity.

PULSAR Professional: Digital Circuit Simulator £195.00
~ 50,000 gate capacity.

ANALYSER IIi: Entry level Linear Analogue Circuit £98.00
Simulator ~ 130 nodes.

ANALYSER Ill Professional: Linear Analogue £195.00
Circuit Simulator ~ 750 nodes.

Z-MATCH for Windows: Smith Chart based £245.00
problem solving program for R.F. Engineers.

FILTECH: Active and Passive Filter design program. | £145.00

No penalty upgrade policy. Prices exclude P&P and VAT.

Number One Systems Ltd.
Ref WW, Harding Way, St. lves,
Huntingdon, Cambs. PE17 4WR, UK.

For Full Information Please Write, Phone or Fax.

Tel: 0480-461778

Fax: 0480-494042

CIRCLENO. 113 ON REPLY CARD
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COMPONENTS

Ben Duncan measures
and compares important,
rarely documented
regulator performance
features through three
generations of linear ICs
and the latest micropower

swifch to lineare

n unsuitable choice of regulator can
Ahave repercussions that are more
catastrophic and far-reaching than
others. Even the best data sheets for linear
regulators, from companies like Linear
Technology and National Semiconductor, do
not tell you everything; important graphs are
absent and documentation has not progressed
in years.
With switching regulators, there is even
more to know, and yet less is graphed in

voltage versions of a particular regulator are
available. Below, an asterisk indicates that the
results shown are for an adjustable type.
Beginning with the linear ICs, the LM340
represents the top grade of classic fixed type,
while the LT317 is a premium example of the
adjustable variant that is almost as old. The
less well known LTI1]29" is a recently
introduced low dropout (0.4V), 700mA part. It
has a low quiescent current that is claimed not
to increase when the regulator is unloaded.

> > roportion. This article charts important ac  Figures 1-3 show the test configurations.
SW'tCh'ng ty p €s. anptransient domain performance results that lg'\ll the switching regulators were chosen for
are sparsely — and decreasingly — charted by  their low external component requirements,
makers. Fig. 4. Ignoring the IC and input and output
decoupling capacitors Ci,, Co,Cop, the
The line-up LM2576 uses the fewest — just an inductor and
For this evaluation, nine monolithic ICs were  a diode. The L4962 requires the most, totalling
chosen, three linear devices and six switchers.  seven, namely two resistors, three capacitors,
For uniformity, all were configured to regulate . one inductor and a diode.
to +5V. Since there is an increasing tendency Throughout, the switching regulators are
to distribute regulation around pcbs!, some differentiated by their current ratings. The first
low current parts operating at less than 1A  three are in plastic dual-in-line packages.
were included, and testing carried out at both  Maxim’s MAX639 is a step-down switching
105 and 225mA. IC rated at up to 225mA. Its current-limiting
In several cases, both fixed and adjustable ‘pulse frequency modulated’ scheme yields
Heatsink .
Heatsink LLItiinll LT1129 Vo
vin VR+ LTH7T Vout o i °V
vin VR+ ERERES Vout Vin ADJ Vo ! ! B Vin Co -'-L()o’s
Vin GND Vg +11V l +5V Vin = oon
T o | I o ‘ oo | [ioonsay Jurd
Eecll 8 ] A 7 W35V
T v o k
3 T100uj35v 400 v MKT
N . o Eina ARE . o g
Pin 1 = Out F
2 = Sense/adjust
Fig. 1, 2, 3. Linear regulators ancient and modern. Input and adjustment capacitance are =0V
uniform values. £k

806

ELECTRONICS WORLD + WIRELESS WORLD October 1994



high efficiency over a range of loads'.

Linear Technology’s LTCII74° is a
multipurpose switching converter. Here it is
configured as the others are made: as a step-
down (buck) regulator, Maximum output
current of 600mA can be stepped down to
340mA by strapping. The integral switch is
mosfet, quiescent current is 130pA and
switching frequency is adjustable, up to a
higher than average 200kHz.

Within the LT1176 step-down switching IC
is an integral 1.2A bipolar transistor switching
at a nominal 100kHz. Response to voltage
changes is speeded by using a multiplier in the
loop.

SGS-Thomson’s L4962 is a 1.5A step-down
switching IC in a Heptawatt seven legged
T0220 packaging. It operates at 150kHz.
While requiring more parts than others, it
includes soft-start. At 50V, the input and
differential voltage ratings are higher than any
of the preceding ICs.

Finally, National Semiconductor’s LM2576"
is a similar category of device in a Pentawatt
packaging. Operating at up to 63V in its HV
version, this device is rated at 3A and switches
at a fixed 52kHz.

Tests and application

Measurements are focused on graphical
performance information readily obtained with
a modem If test set, but scarcely documented
by makers, namely:

@ Intrinsic noise versus frequency

@ Ripple rejection versus frequency

@ Spectra of ripple caused by abrupt,

repetitive load change.

Switching IC data sheets make efficiency
claims, but how often is the efficiency of a
linear psu charted ? Being long overdue, a
uniform assessment is included here.

Figure 5 shows the test circuit used for
noise tests. Figures 6 to 15 illustrate regulator
noise. Getting a clean enough input voltage is
the first stumbling block. Loading is stepped
to reveal changes that can make a regulator
manifest as a current-controlled noise-source.
You too may be surprised at the disparity in
behaviour patterns — particulary between the
switching devices.

Figure 16 shows the ripple rejection test
circuit used while Figs 17 to 25 illustrate the
results obtained. Part of the test circuit is a
20V mms audio power amplifier having
extended hf response. This can handle a 4Q
load and is used to drive the test network.

A power amplifier is needed because Ry, at
47Q, is seen as a load in shunt with the
regulator’s input. A higher Ry, value would
reduce loading but also drop the incoming lab
supply, when loaded. As a result, it would
need to swing above 30V in order to attain the
9V (excluding superimposed AC) required at
the regulator input.

Capacitors of 10,000p+1000p+1p in paraliel
provide resonance-free coupling into the 472,

tMaxim’s MAX639 was omitted from one of the tests as
the initial samples expired readily and a working
replacement was not supplied. A process problem may
have been the cause.

COMPONENTS

O

L = 100uH, SA bobbin

Variations: LT1176
5v setting
LTC1 174 & compensation
Sv setting: Vo Pin7
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27 2K7 % 158 l |
tppin4 é

D = BYW 95 Fast soft recovery (see text), 3A, 200v rated

L4962
Comp. & ~oft start

Pin3 Pin 5 Pin 6

4

AAAA
V¥V

2u

tp pin -
FB8

= —_— N ]
QENTE L Vout  Fig. 4. Generic
| FBE Vol T 1 l’_—g’v minimum test
vin - lC" S22 circuit for
by Vl(r;ND ooy J-‘ coussy  switchers -
MKT Etna ARE with only a few
segi: I min‘or'
400 v MKT variations.

l I EE | 43k Ta2n =
2 10k Soe 10n = 30 _’J I
330p § i T b
* Regulator
D.U.T. AP analyser
Vin Vo [——0=—hot Fig. 5. Noise test network.
—[T IT l Zinc—carbon batteries are
| - used as a short-lived,
[ Gr/j' £oig ultra-low noise power
. supply
2x9V (PPY)
Fig. 6. Ideally, measurement of (1:‘30% . I ! =
regulator’s output noise should not be o | IS
aﬂgected by I'ncﬁming noise from thedc 2500 il ATab PEU" ﬂ: j
(raw) voltage source, but it may be, with ~ —35.00 Eaieetclelecie
all of the regulators having less than —45.00 F 3 T 1 'H’P
infinite and perfectly uniform ripple -55.00 :I i I ﬁ»‘ il ' L]‘ —
rejection. The upper plot (A) shows a -65.00 i H T H—
Thurlby lab supply, considered good -75.00 "‘ AT M -
enough to test sensitive circuitry, 85,00 FANHH-A——HHH— 7 4
measured at the end of 300mm twisted il
cabling. It helps to recall that -100d8Br is _?g;joz f 1_1 ;,_ MV HIL 1| 1l j
10pV rmspand -60dBr is one millivolt. s | 1 [ LS MY
Mid-band noise can be reduced by a0 T RIIIE Ie_ |_L = |
decoupling the psu output with low SIS | ~ Ll
inductance elcaps >1000pF, but below -135.0 ~11 ' 1T
10kHz any sensible array has little useful ~ -1450, "~ = o a7 P
effect. The lower curve is the AP residue. )
A pair of 9V primary batteries paralleled (dBr)
with a 1000pF Elna Low-L capacitor =15.00 7 T T 7171 —
yielded a plot identical to this, and were _25.00 1 I .|—__
duly adopted it as a ‘virtually noisefree’ —35.00 ﬂ j i HHHH ,L ll 1 - _l
DC supply for measuring the intrinsic jj: i | AOnoad 22R ora7R ' |||
e o ~45.00 | B No load
- -55.00 111 l+ T W 1 I
Fig. 7. The 20 year old LM340T-5 has 6500 I T T b ] I j
equal second lowest noise, exceeding ~75.00 T -'* 1 HH
-95dB in all the tested places. Noise -85.00 HH ! T A
character is smooth. Note how noise is —95.00 Saes |
identical with either loading (A) yet how  _jg50 - L il waliiiie
much the unloaded noise droops away _115.0 . A gL
above 3kHz (B). Y "‘i il :E = =saii *”7nj
-1250 l T I
4 i 1 T r—_~| il ] ] 11 l-T l Il _J
0dBr=1 volt in all graphs | —*°, Wy 10K — —
contributing less than -1dB additional Figures 26 and 27 illustrate the group
deviation from 10Hz to 200kHz. The spectra caused by abrupt load switching. In

protective zener was added after the more
highly stréssed DIL-packaged switchers with
marginal voltage ratings were vaporised when
loading was removed before reducing the lab

supply input.

test circuit Fig. 26, a mosfet is driven with a
10kHz square wave with roughly equal
mark:space ratio. This in turn switches the
22Q load.

Finally, Fig. 29 compares efficiency. Each
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regulator was driven at 10V so its burden is “:i'(”o N e b
g T — i1g. 0. Hn an iiega ow qui
?l?out 5V. Loading was kept close to 50% of ~ _,. | !T 1{[[ ‘[ [ - fr W thi | 1’_’317 ’:’ings’at
e rated value using off-the-shelf resistors. 3500 LN \_1_1 850Hz, albeit 5508 down [see ref. 3
Average (not true rms) input and output 4500 ] ﬂ IH i for explanation]. From the graph, a
currents and voltages were then measured and ~ _ss.00 A= H— strong second harmonic (X) is also
w;ste COI_T‘P‘“CS from: :65~°° 1111 A-:/T_l . evident. A strange tonal-noise
o efficiency=[(V I )(Vipxlin)}x100 75.00 | 1 N I modulation effect would occur in
There are surprises. First, efficiencies of the ~ —#2% | I YN 111 unfortunate circumstances where
competent switchers converge at around 70%. > | 1 =3 g current draw dips. to very few mA. )
This is better than for the linear devices, with ::?:'2 1T N i e When the LT317 is arranged to deliver
Vi, being twice V,,. But remember that if Viq is o5 o [dshiec] - a minimum of 5 to 7mA, the tone
set much closer to V,, linear efficiency can  _y350 i vanishes, and is replaced (middle
rise 10 at least 70% 100. reno LI T LTI | [ curve, B) b.y a sm.ooth whlte_ noise that
Secondly, the dismal efficiency of the o W K oo zook . becomes pink noise when viewed,
M) R Y A unloaded (about 1.3mA), B biased on (112mA), C,D 47R, 22R loads from a higher frequency perspective —
L?'C] 174 was confirmed with retests at as noise density is dropping off above
slightly lower current and after a 10kHz. At higher currents with the
47Q and 22Q loads, audio band noise
. . (dBr) is unchanged but notice how the hf
vapld silicon 1500 g I [ T hinge is shifted up to 65kHz, while
j:'gg I I I no;'1se is zbout 10chhigher 1.5 octaves
i i [ 1 either side. Noise character is
ﬁ(s)&t:]]; /‘;’::[):5;]9;11:(:, )[/,:f c]ei‘7h4n [;roved -::gg il T T El {I 1 all-round smooth, as befits a bandgap.
idiosyncratic voltages (around 11 to 13V) -65.00 —i-- I r—-rh”n— i |!
that may not ring alarm bells in analogue =75.00 1] T Loaded 22R, 47R 1
design heads. The rejection test network’s 8500 - T *E“‘ =
series resistor Ry, (Fig. 16) causes a voltage "‘:5‘50 2 1
drop when running loaded. It is easily :1?5: o
compensated for by jacking up the input 250 | L T
voltage, but had deathly consequences for —135.0 4l ik T unioaded
these chips when the test load was removed ~ta50 LML L1 TUIN L1
30 100 1k 10k 100k 200k

even momentarily. This loss prevented the
plotting of the input drive level when in the
loaded condition. IC designers should think
more clearly before making parts with such
arbitrary and low breakdown voltages.

(H2)

Fig. 9. Listening through the 1/3rd octave sweep, the LT1129 produced the classic,

psychologically disturbing noise (sounding in the mid-band when put through speakers like a
deathly Antarctic wind ) of a crude zener reference. Lower plot shows noise when unloaded. Note
same increase in hf noise with loading irrespective whether this is 47Q or 22, indicating nil

noise modulation over this span of current.

Noise and layout

Even for instrumentation, listening to noise is one of the quickest

ways to evaluate its characteristics. One would expect linear
regulators to be intrinsically quieter than any switcher. The
results show this is mostly true. Excess noise in linear regulator

ICs arises mainly from the reference. It has been long established

that regulators using plain (cf buried) zener references have a
subjectively “gross” noise character. Bandgap-referred (as well
as the more modern buried zener-referred) regulators are both

ESL 100uF combined with 100nF low ESL+ESR reservoir
capacitors which are mandatory for switching regulators was
adopted uniformly throughout, so output decoupling has no
appreciable part in performance differences. All 100uF elcaps
were matched within +2%. Adjustable linear regulators require
the sensing resistor to be connected to output pin, but a sample of
the output current is not required, and a wrong, non-starred
connection degrades Z, and the transient response.

Turning to switchers?, we face incisive waveforms with

plentiful harmonics. As well as radiating noise, many switchers

measurably quieter and have a smoother, more unobtrusive noise
character. Peak noise voltages are up to at least 10 times (20dB)
higher than the rms levels plotted. When supplies are bussed-
about this may couple into a critical node. Fig. 6b amply
illustrates why high-end audio perfectionists might dispense with
ac mains and the regulators, and opt for cupboards full of car
batteries.

All IC regulators demand considered layout. The older fixed
types readily oscillate at rf and can even burn out if driven from a
distant source without local and quite wideband decoupling. In all
test circuits, Cy, was 680nF low ESL MKT, placed less than
10mm from the IC legs. Most linear regulator ICs also require
typically a minimum of 100uF of output decoupling. The LT1129
is exceptional, being intelligently designed to be stable with C, of
under 10pF. However, above 1kHz, the Z, and transient response
of all this and all other linear regulator ICs employing voltage
feedback is increasingly dependent on adequate C,,.

In all test circuits (Figs. 1 to 4) the stricter standard of a low

depend on comparators, and these require robust hysteresis and
appropriate filtering so that locally generated noise does not upset
the feedback loop(s). As a switching regulator is so easily upset
by its own hash, it pays to be kind to it and the environment at the
same time, and design the layout for low noise and precision.
This is mainly achieved by compact placement, fat star grounds,
low inductance, preferably paralleled capacitors of at least two
widely spaced values, and the use of adequately rated inductors,
preferably toroidal types which radiate least.

With switchers like the LTC1174 working up to 200kHz and
higher, subtler techniques including steps to forestall eddy-
currents such as use of Litz wire (plaited conductors) to balance
copper losses will be significant. For lowest noise, output
(including return) must be taken directly across the output
capacitor. Fig. 19c¢, Fig.24d and Fig. 25b are plots demonstrating
the results of misconnecting the analyser’s cold input just a few
inches up the OV wire back towards the power source, instead of
coming off the star ground separately.
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(dBr) (9Br) (@8n)
-15.00 [T -15.00 - =" -15.00 ek
[ ARHIISG I
L [ \ \ \ H | bR |
30 [ =i c i i =35.00 A Unloaded
—45.00 —45.00 —45.00 o B 47R load
f55.00 ! % —55.00 i / i _55.00 C 22R load
~65.00 ~65.00 (<41 -85.00 = ~
~75.00 ’ —75.00 ;/ A Unloaded ~75.00 \
4 B 47R ioad Ml C
- [ L1 g T € 22R Ioad gS200 D [ 7
-95.00 1T -95.00 T TR T t ~+  -95.00 (] o
~105.0 ! ~105.0 — 1050 AT LS g
-1150 As -115.0 i -115.0 .
-1250 u -125.0 -125.0 | :
L1-+H gBIs 1
-1350 [fORe /\ t -135.0 S ad -1350 [+ I t
-1450 . —1450 LLLL ~1450 | [ [
30 100 K (Hz) 10K 100k 200k 30 100 K gy 10k 100k 200k 30 100 Kz 10k 100k 200K
Fig. 10. The prototype of my high power Fig. 11.below The MAX639 is most 'Fl'g. 12. Tl{e LTC 1'1'74 (C for CMOS) switcher
audio regulator [see 4; and discussed in commendably quiet when unloaded is contrastingly noisiest (upper curve) when
recent issues] was dragged out to show the (lowermost), except for 50Hz reception spike unloaded. A 2k4 f{xe'd loa'd resistor was added
kind of thing that audiophiles find improves (left). Loaded noise is far higher (upper to set a more realistic quiescent ‘unloaded’
their ability to hear ambient cues and other curves). With the 47Q load, the noise current of 2mA. The peak point indicates an
nuances in recordings: Irrespective of loading,  character is rough (like the fixed linears), and  unloaded PRF of 40Hz. Measured noise with
this regulator’s noise is indistinguishable from  curiously includes a 1.8kHz tone (peak at °X’), 47 and 22 ohm loading is almost the same
the AP residue in my lab’s environment. If as in Fig. 8. With the 22Q load, switch (A,B). But A’s peak suggests a low Q version
anything, the two AP plots are actually the artifacts are clearly audible; the third octave of Fig. 8's resonant phenomenon, about an
higher of the four here. sweep sounds like a swarm of bees! The bee octave either side of 1.7kHz.
sound is imparted as the tone spike (at ‘X’)
g‘;ao'c’) has shifted down to 250Hz (Y). Overall, noise
"25‘00 with this higher loading is unchanged in the (d8n
_35'00 i decade above 25kHz, is slightly less down to -15.00 T T T
= ! 5kHz, and below 1kHz, 20 to 50dB higher. -25.00 =17 | I 1
—45.00 Unloadad CJ -35.00 HHH 1] :
-55.00 B47R load 7 —45.00 i /
-65.00 C 22R load ~ A Unloaded X
| Wi (dBr) 55.00 B47R
=75.00 8 o ~15.00 . 47R load c o
| l i C 22R ioad
-85.00 » -25.00 I b o —75.00 1+ B
-95.00 5 -35.00 ] H 7} -85.00 |
-105.0 A AP residue
:?5 . LA % A el "~ B Unloaded\ 7 { N 4
e L~ [ b N -55.00 - C47R load /f -105.0 W= o
1250y N = -65.00 D 22R load o _115.0 T r—tTrrl &
-135.0 -75.00 -1250
-145.0 - -85.00 -4 -135.0 t
30 100 1t (Hz) 10k 100k 200k T 25 - T
-95.00 -145.0 - 1 1
Fig. 13. The LT1176 has commendably low -105.0 il 30 100 1k (HzZ) 10k 100k 200k
noise below 1kHz, irrespective of load 1150 W snill A .
condition. The lowermost curve (A) shows 1250 I200TIRE" ] I Shiiiimn Fig. 15 The LM1576T when unloaded, was as
the 100kHz switch frequency, rejected by _as0 LN AL L T —=F noisy as the L4962 when the latter was
at least -60dB. The middle and upper P Fom g bl loaded. Still, the noise character is similarly
curves are for loads of 47 and 22Q T30 100 1k (Hz) 10k 100k 200k smooth. The unloaded plot (A) is quite good

respectively. Note that noise increases
20dB for a just over twofold rise in current
well away from the maximum current
rating of at least 1.2A. The change in noise
(ie. noise modulation) might disturb
sensitive circuitry drawing discontinuous
current. At least noise character is
uniformly smooth.

Fig. 14. SGS’s L4962 was measured in a later
session, so the AP residue was replotted
(lowest, A). Compare this to Fig.10. When
unloaded, the L4962 is just above the residue
and remarkably quiet above 1kHz. Even
below 1kHz noise is good for any switcher, at
<-105dB. When loaded (47R, curve C), noise
rises markedly around the switching
fundamental to a -35dB minima. Past this
point there is little noise modulation — shown
by the negligible change with the 22Q load
(uppermost, D). Noise character is truly
excellent for a switcher — as smooth as
bandgap linears.

in the audio band, but above 20kHz, a train
of harmonically related spectra occur,
harmonics made visible because this
regulator’s fundamental is about an octave or
two lower than the others at 50kHz. When
loaded, the fundamental peaks only 23dB
below 1V, and noise is barely changed
between the 22Q and 47 loads.

Fig. 16. The Rejection Test Network. Although ripple is
fundamentally at power line frequency, one cannot just test at
100/120Hz! The capacitor array, power amplifier and high
wattage resistor allows tens to hundreds of milliamperes of

AP analyser

Rin
+910 +33V 47R, 7w, WW
O W— Vin
DC Regulator
B.UT.

Supply
P —

oV

trom
AP
gen o

100W/B ohm wideband pawer amp
Otis Power Station

Vin Vo Yo

L
T!O&uF T\OOOuFT‘ M
K

nv
0w

n Ou

incoming DC at 9 volts, to be mixed with 1V rms of sweepable AC
from the Audio Precision’s generator, with uniform response over
13 octaves (10-200kHz) being preserved at the regulator’s input.
DC and ac levels have to be finely set to avoid clipping the ac, or
overstressing the marginally rated switcher chips; or dropping out
on the longest (20Hz) ac peak dip. Any ac appearing at the
regulator’s output is feedthrough. The amount varies with loading,
as open-loop gain is depressed, eg. by beta loss with increasing
current.
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Fig. 17. In this and all the subsequent
rejection graphs, the upper plot shows the
incoming, 1V swept 20Hz to 200kHz swept
test signal as applied to the regulator’s input.
Much of the rolloff above 30kHz, to —12dB at
200kHz, arises because the drive capability
required is borrowed from an audio power
amplifier, one of the few with extended
ultrasonic response to 200kHz. The incoming
signal has been plotted with the regulator’s
output both unloaded (A) and loaded (B), to
confirm that the drive reference only changes
slightly around 130-200kHz. Rejection is best
when unloaded (C). When loaded with 47 and
22 ohms (D, F) rejection improves slightly
below 200Hz but reduces markedly above
1kHz. Note also how rejection barely changes
(mainly below 200Hz) wiith the more than
two fold load increase, and how the heavier
loading (E) has the best rejection of all below
1kHz, better than the unloaded case.

{
|
g Dx
i c
i [' NN L
= -l <y T = B
| A Unloaded 11
- B47Rload THH
| C22Rload - A
D Drive |4
z
L L1
20 100 1k (Hz) 10k 100k 200k

Fig. 20. High power reference regulator for
audio. The input shows about 10dB extra
attenuation at 200kHz (D), showing imperfect
buffering at hf. Unloaded rejection beats all
the regulator ICs. Rejection degrades greatly
with slight loading, most markedly at LF,
where the outcome is least audible. Note the
psychoacoustic tuning; after having accepted
decay with loading, deepest rejection has
been tuned to the ear’s most sensitive region,
about 3.5kHz. Loading was the same
105/225mA as other regulators. Further up
the scale of this regulator’s far higher
operating capacity (up to 35 Amperes)
rejection improves, where again it matters
most.

(dBr)

(dBr)
5.0000 T T 5.0000
1 1 e 4] A
~5.000 T A \ —5.000
-15.00 -15.00
-25.00 -25.00
-35.00 -35.00 ¢
D L
-45.00 = A Input M= 4500 T,
B Unloaded\ L+ =
5500 [ @ ] o = 5500 <
-65.00 || D22Rload ° —-65.00 =
Ll 11 1 ’ L~
~75.00 I B —75.00 U -
-85.00 ||| dl } -85.00 H
-95.00 I L __.J | | i 1 l 1 H HI )
20 100 1k (H2) 10k 100k 200k 20 100 1k (Hz) 10k 100k 200k

Fig. 18. The LM340 still sets standards, at least at Fig. 19. With the LT317, loaded and unloaded
low currents. Whether unloaded (B) or loaded with rejection is identical below 10kHz. Above, the
47Q (C), rejection below 3kHz is the same within 22 and 47Q load conditions (D,E) are no more
tolerance and at least —70dB. Above 3kHz, the than 10dB worse than the best unloaded case
loaded condition is consistently about 12dB less (B) at 30kHz, re—converging above. Curve C
good but still manages to exceed —45dB. With the  shows the effect of the unloaded case with a
heavier (22R) load, rejection is degraded to a less  bad ground connection; here the analyser’s
healthy —35dB uniformly with frequency (D). The  ‘cold’ input was coupled to ground several
30kHz step—down is curious; answers please. Note inches back from the output capacitor towards
all three load conditions show identical input levels the supply input.

(A, uppermost), suggesting the input is well

buffered at hf,
(dBr) (dBr)
5.0000 T 5.0000
A % H A\ iAN
~5.000 T HH e l l ! \ -5.000 "
-15.00 ! an 1 ~15.00

| | ' N 1 A\
~25.00 T 25,00 i il - '
—35.00 | 1 | ! -35.00 =y oo t
~45.00 . | ' | ~45.00 j asdii
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Fig. 21. The MAX639’s unloaded rejection is

100

1k

2 10k T By 20 100 Tk (M) 10k 100k 200k

Fig. 22. Unloaded, the LTC1174 has

excellent below 3kHz, being better than —70dB. marginally good (>-40dB) rejection

But rejection decay sets in markedly above

between 200Hz and 20kHz, but both

10kHz and well before the 125kHz switching modestly loaded (472) and unloaded, it

frequency. See footnote on p807.

offers a paltry less than —30dB of rejection
at line (50/60Hz) and switching (>50kHz)

5(;:(;()) frequencies. “Unloaded” includes the small
&\ 2mA bias established earlier (Fig.12). Notice
™ A also that the upper, reference plot of the
-15.00 incoming test signal is peaking slightly just
_25.00 o above 100kHz, a sign that Z,,, is affecting
500 | Al \c the driving amplifier’s stability.
B Unloaded /|
4590 1= G Loaded 47R Y (d8n)
-55.00 0000 T AR
LI -5.000 T HH
-65.00 T B ANo load, B 47R, C 22R, We
~75.00 ] -15.00 7] D 22R bad ground example F
’ | 25,00 I+ E:F: G Unlioaded drive signals E
-85.00 “ B ml ~p
LI | | =35.00 |~
-95.00. J c
20 100 1k (W) 10k 100k 200k 45,09 il \,\/ u
Fig. 23. LT1176 has quite good rejection in the e A
audio band before loading, but with 47R, rejection 8500
decays to an unimpressive -25dB at 6kHz. With the _zs 0o N Y
input drive (uppermost), note the peaked-up then hii fill |
steeper rolloff at 120kHz, the switching frequency. L | |
-95.00
20 100 tk (Hz 10k 100k 200k

Fig. 24. (Bottom right) Unloaded, the L4962 displays its best rejection around 600Hz, with a negative resonance. When loaded, rejection is a
more modest 45dB but is uniform with frequency and load up to 50kHz. Noise at the switching frequency is also at least 15 and up to 30dB
lower than any of the other switcher ICs. It is clearly amongst the cleanest switchers. Above 100kHz, the loading effect on the source is slight but
more varied than others. Curve D shows the same bad ground connection as in fig.19 (C). Notice how the result is less catastrophic.
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cool-down period. Thirdly, you might imagine
that the LT//29 would be slightly more
efficient than a ‘normal dropout’ regulator
with emitter follower output. But this is clearly
not so for real-world test condition, where Vi,
is higher than it might be.

All the switching regulator ICs were
successfully applied by reference to the data
sheet alone. And all four switching device
makers offer some in-depth advice on critical
layout and critical component specification for
optimum performance. Linear Technology’s
LTC1174 data sheet had the most explicit
physical layout recommendations while
National’s showed the IC internal workings
most clearly in relation to the outside world.
Physical layout was on five-node analogue
Veroboard (RS 433 911). Positioning of major

critical parts was organised for shortest lead-

lengths, then repeated within £3mm for each
different device.

Conclusions

Beginning with noise, the benchmarks are set
by my own regulator circuit. Similar op-amp-
based regulators after Sulzer’, set even higher
or similar standards as do ones yet to be
published by Walt Jung® which I have had a

chance to consider.

For the quietest regulator with the best
rejection and lowest output impedance, you
need to look at ICs other than those labelled as
regulators. On the other hand, while these op-
amp based designs are not expensive against
performance, they will cost many times more
than an IC like the LM340T, which is typically
under 40p in bulk. The more discrete design
will also occupy more space.

Returning to explicit regulator ICs, easily
the all-round quietest are LM340 and LT317.
In this instance, the latter is slightly quieter
below 1kHz, and the former above. With the
switchers, L4962 is the clear leader, staying
below —95dB up to 20kHz under the three test
conditions. Considering just noise in the audio
band, it comes close to equalling the LM340.
LM2576 is next best. Such a pattern suggests
that switcher noise can be curtailed by using
an IC with plenty of reserve current capability.

As for “ripple” (really broadband ac)
rejection, the LM340 exhibits the best figures
until it falls apart — at a load current of one
fifth of its 1.2A rating (Fig. 18 curve D). The
LT317’s rejection hardly varies with load
current, but all load conditions share the
earlier onset of decaying rejection above

(dBr)

COMPONENTS

1kHz. High frequency rejection might
improve with improved adjustment pin
decoupling — not an option with LM340.

The LT]129 is again a slight backwards step
from twenty year old technology. Only two of
the switchers shows rejection across the range
of loading that is remotely acceptable for
plumbing around a sensitive analogue circuit.
Again, this is SGS’s L4962, with its near
uniform loaded rejection of —45dB, ie. 6mV
rms per every 1V rms of ripple sawtooth, with
LM2576 again not far behind. In a real
application, the hf (>10kHz) rejection of the
switchers will likely be improved markedly if
inputs are EMI filtered.

Faced with abrupt load switching, and
taking the ripple at fundamental as an
indicator of output impedance (Z,), then the
familiar linear duo LM340 and LT3]7 have
the lowest Z, and maintain the overall cleanest
supply, but are still perturbed more than 22dB
compared with the BDR linear benchmark
regulator.

The LT1129 is by contrast fundamentally
worse than even the most perturbed of the
switchers, with a closed loop, loaded Z, that is
6 to'11 times greater than the follower type
outputs.

5.0000 =
Test conditions Fig. 25 Unloaded, the LM2576 is ~5.000 3 4' \\
. uiet and commendably so at -15.00
prpy R vore cither fixed SV lerasonic frequencies. &gain, the -
models or if adjustable, e outcome of poor grounding practice I DA"‘ g N
output +5V. As the ICs’ maximum rated is shown (B), this time with marked —85.00 N
load current varied from 225mA effect. Loaded response (C,D) 45,00 - o
upwards, and the surprisingly puny PP9 behaviour is akin to the L4962, only 55 [T il |
batteries used for noise testing could not not quite so good by some 7dB. . T [ A' ] \:
support much more than 225mA on-load iy 1
(Fis WElg perfqnned W]mA47 L 2.29’ Fig. 26. Abrupt load switching test _85.00 1 |
2% CF load resistors, drawu'.lg a nominal network. A mosfet switches the [ | il
105mA and 225mA respectively. 22Q load in and out at about B0 100 K (Hz) 10K 100k 200k
Note: Throughout the following text 12kHz with a consistent (though
and graphs, 0dBr = 1 volt rms. —60dBr approximate) 50/50 mark—space Regulator
= ImV. —120dBr = [uV. “Unloaded” ratio. The test set is then set to D.UT. AP analyser
means, unless stated, that there is only plot the third—octave spectra +10V 0—{ Vin Vo § ] hot
the load of the test equipment — typically above 10kHz to 200kHz. If Z, from
under 100uA. were zero, or the feedback were  labPSU
instantaneous and the slew and ol
loop gain infinite, there would be
no spectra. The spectral levels
give a proportional indication of
each regulator’s averaged,
dynamic output impedance - the 25 K1058
product of the static Z, and 0.35V
transient response. 12 kHz
Fig. 27. These abrupt load switching spectra are a new way of looking at a related (dBr)
characteristics simultaneously: Voltage and current step as well as Zo and slew gl I_ ]
induced perturbations mapped into the frequency domain. —25.00 | MRiias
The Audio Precision spectra show how a 12kHz clock (with clean rise and fall of | AN oA
about Tps) driving a rather abusive 22Q load would appear on the supply rails at ~ —3%-00 I/\ Ny,
the regulator output. In other words, the results are based on direct, optimum —45.00 LN S M SN P LT317
noding. The performance on real pcbs won’t get any better and will likely be worse |/ \\ /\// ! T LT340
if the clocked supply conductors even remotely share with any other currents. -55.00 ¥, [y
Of the linears, LT1129 has the highest spectra indicating higher impedance and —65.00 - dIE -
inferior damping. The bandgap twins, LM340 and LT317 have at least 14dB better /\ VA |1 | —————1 BDRreg
performance. LM340 is up to 4dB better than LT317 below 60kHz and vice-versa ~ ~ %0 ) T N
above 100kHz. My high current audio regulator has the lowest artifacts, up to _85.00 < A 4
30dB below the best regulator ICs. Note how each regulator follows a recognisably _ys 4 8 |
similar set of inflexions. o (H2) o Sodlc
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Fig. 28. Turning to thé switchers,

(@B} LT1174——  LT1176---- L4962= ==~ LM2576--—- ;
_20.00 the inflexion pattern is devoid of
' correspondence with the exception
-25.00 |-\ of the fundamental. At this point
/ \ , (12kHz), the order of performance
~30.00 {f— N N is similar to the feedthrough
[ l\ \ ) s \\ ranking, with LTC74 the clear loser
_35.00 l'/ \‘ SR A o e (fundamental 24dB below 1V) and
¢/ \\“3, § '{ T o I o -;‘,,.\ ,/\\ L4962 the clear winner. Yet, by
~40.00 H4 \\‘,‘. : ; . ik ; ;\/ \‘}{\ ¥ 200kll-lz, the chaotic traces-have
N I \\ / \J x| exactly reversed the positions.
~45.00 ‘\\.\ I \\, 7 L/ \/\—\“ Averaging by eye over the
% -\\ 4 / bandwidth displayed suggests that
~50.00 i (i) the L4962, followed by the
% 7\/ LTC1174, will maintain the cleanest
-85.00 = rails, (i) the LT1176’s rails will be
. b the noisiest, followed by-the
10k oy Tk 200k LM2576. The MAX639 does not

As for the other switchers, the by now
familiar L4962 is least perturbed at the
fundamental, but still near three times (10dB)
more than the LM340. Note the wide,
individualistic swings in ripple above the
fundamental of all the switchers other than
(oddly) LTC1174.

On the basis of these results, regulator IC
ac/transient performance has not improved
since Linear Technology’s first efforts 11
years ago.

Low dropout regulators, while a boon for
battery systems, should be used with care in
sensitive circuitry powered off-line as their ac
(20-200kHz) rejection and output impedance

appear; see below.

(hence transient line and load regulation) are
both inferior to normal dropout parts.

Analogue circuitry employing switching
regulators may require considerable rf filtering
and stout decoupling. Even if EC or other
EMC regulations do not make this mandatory,
hash pickup may well affect performance. In
this case, the cost of fixing this (in money,
space and weight) may exceed the cost of
using a linear regulator with a slightly larger
heatsink from the outset. In summary — and
with the possible exception of applying SGS-
Thomson’s SMPS chip — before, while and
after switching to switchers, designers must
perform regular reality checks!

Efficiency — a score card

Efficiency, at 50% rated load .
576mA

LT 1176 71.5%

L4962 70.5% 710mA
LM2576 69.0% 1.4A
LT317 52% 710mA
LT1129 49% 333mA
LTC1174 23% 215mA

Vin 9.5V #0.1V; V, 5V 0.1V
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The G-TRON 08ERD Electric Radiation Detector will indicate by
bleeping the presence of any alternating electric field radiating from
cables carrying electricity. This unit will indicate 240V at a distance
of about 15cms, depending on cable layout, and about 30 metres
from electric pylon cables carrying 132,000 volts. Overall sensitivity
4 voits per cm. it can be used to:

@ Warn of electric pylons tens of metres away.

@ Check the field strength from all electrical apparatus.
@ Check if cables are live.

@ Monitor automotive ignition.

@ Price: £19.98 inc. Battery, P&P & VAT,

The G-TRON 08MRD Magnetic Radiation Detector will measure
the presence of any alternating magnetic field from 50 to 500
nanotesla. Use to measure the field from:

@ Electric cables above and underground.
@ Meters and switchboards.

@ All electrical apparatus.

@ Automobiles and electric trains.

@ Price: £29.85 inc. Battery, P&P & VAT.

Designed & Manufactured in the U.K. by

GLAZERTRONLTD

Upnor Road, Lower Upnor, Rochester, Kent ME2 4UY
Tel: 0634 712699 Tech-help: 0634 294030 Fax: 0634 712891

MEGAPROM device programmer. EPROMS, E2PROMS, and FLASH memories from 2k {2716} to
8 Mcg (27Q080). Runs on 1BM PC via the centronics port using standard printer cable. Works on all
PC compatibles, laptops, and notcbooks. No special port requircments.

Uses approved programming algorithms. Very fast program and verify 27C512
(64K Bytes) in 45 scconds.

Full screen editor software supports Bin, Intel Hex, motorola § and Asc formats.
Top quality P used throughout including production ZIF socket.
Requires external power supply 18-25v AC or DC @ 250ma. (optional extra (£6.50)
PICPROG Programs Pic)6C54-55-56-57-71-84. Centronics port interface same as Mcegaprom.
Powerful editing software o Read, write & copy Pic devices including data memory in PicJ6C84.

Unit suipplied with IBM software & 12 months parts & labour guarantee. Only £69.95-
Requires external power 15-20v AC or DC @ 250ma. (optional extra £6.50).

EPROM EMULATOR Works on ANY computer with centronics printer port. Data sent to the

prinier appears in the target board Eprom socket. Emulates from 1k to 32k Byte (27C256) roms,
board switchable. Power supplied from target Rom socket (less than 10ma). Very fast download.

Sofiware supplied for IBM PC to convert and send Intel Hex, Moterola S, ASC
and Bin files.

Board supplied with software and 12 months parts and lubour guarantcc.

Only £99.95

Only £49.95

PC SCOPE Convert your IBM PC into a Storage Oscilloscope with our A/D converter. Simply plug
into the printer port (no power required). Sample rate 10k to 30k per second.
Software supplicd for Scope and Voltmeter. A/D source to write your own

programs. Only £29.95

DEVELOPMENT SOFTWARE

Develop software on your IBM PC for other Micropr 2
fully integrated Text Editor, A bler, Dis: bler and Sii
The Simul fisplays all regi along with di bled code program counter, Condition code
register. The user can single-step, go with breakpoints, watch memosy ctc. change any/all registers/
memory locations at any time (on the fly).

Code caun be Saved to disk and/or downloaded directly to our EPROM Emulator. All software
supplied with sample ASM filcs and user documentation.

C llers, Pic’s etc. Soft has

Very powerful software as supplicd to universitics ges ITECS and Industry.

Available for the following:-

MCS8051/52/552 scries  Softwarc £19.95 MCS8048/49 series Softwarc £19.95
PIC16CS4/5/6/7 Softwarc £29.95 PIC16CT71/84 Software £29.95
HD63/6809 Software £49.95 .

LOW COST PIC ICE (In-Circuit Emulator)

Plus into the printer port and runs in conjunction with the PIC development simulator sofiware.
Appears to the tagget system as a normal Pic device including OSC2 and RTCC infout. Runs in reul
time from the IBM PC changes made to File registers reflected on target.

Supplicd with Software of your choice Pic54-57 or Pic 71/84 Only £89.95

All hardware carrics a 12 months puns' and lubo;x'r Guarantee. No VAT payable.
Please add £1.50 for Carriage. SAE or TEL for further details.

JOHN MORRISON DEPT WW
4 Rein Gardens, Tingley
West Yorkshire

el
Tel (or Fax): 0532 537507 —
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From capture

to layout

Protel’s new pcb design and schematic capture packages both have
the prefix ‘Advanced’, but with so many excellent products on the
market how do they compete? John Anderson investigates.

Protel, has recently launched Advanced Schematic 2.

In addition to providing schematic capture, this
package executes front-end tasks for Advanced PCB — a
new pcb design tool covered later in this review.

First launched as Schematic for Windows, this product
retains the same object orientated editor, but adds many
new features. These include library searching, drag and
drop editing, and guided wiring.

The software is supplied with professionally produced,
comprehensive user, reference and library reference
manuals. In addition, there is a strange document entitled
the Environment Guide, and a software-protection dongle
plugging into the parallel port. Installation follows normal
Windows procedure, involving a ‘set-up’ program which
unpacks the files and installs its own group in file
manager.

On initial start up, you are taken to an interrogation
screen where you are prompted for access codes. These are
codes that unlock specific features of the software — the
review version had an eight-digit code for the schematic
capture module.

The company known for Easytrax and Autotrax,

Editing

The system requirements state that a minimum screen
resolution of 800 by 600 is needed. This type of
specification is quite unusual and it was not until I ran the
program that the reason for this requirement became
apparent. There are two dialogue panels, namely the
Component Browser and Project Manager, which in
standard vga take over half the editing screen area. These
can be turned off, but realistically, because the Component
Browser is an essential part of the software operation, it
needs to be kept on all the time.

On-screen working space is made even smaller because
of two floating toolbars carrying wiring and drawing tools.
The distinction between wiring and drawing tools is
important, and obvious — except for the icons. In
particular, because both line types have similar default
colours, it is easy to inadvertently select a drawing rather
than the wiring tool, and hence fail to connect up the
components electrically.

Capture works as follows. After selecting the component

AL EHEEYIEEESIE]

\%:3680 v 30
“Idlla Stalm - Rrade For Rommand

The Normal operating screen! Note that this picture is captured in 640x480 vga format
and the actual editing screen size increases with higher resolution formats.

browser, the user selects which of the standard libraries to
use via the Windows ‘add feature’ method. Back at the
browser, any of the libraries in the selection list can be
chosen. Once a library is chosen a list of components from
that library is displayed. A specific component may then
be selected and moved onto the drawing sheet.

This format of selection and placement seemed to work
well, although the method did have weaknesses. In
particular, if a multiple element component is selected, for
example a 4-by-2-input nand gate, the placement system
described above always places the first gate of the four,
and you need to undertake a specific subsequent task to
edit the gate identifiers or use the toggle part number icon
to select any of the remaining three gates.

Editing facilities work well with the Windows clipboard,
allowing selected items to be moved to the clipboard and
then pasted to a new sheet. If the items are copied to the
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There is much more room if the project manager and component browser are off.

clipboard then pasted back into the same drawing, no
prompt or correction is made for the duplicated identifiers.
Again using the clipboard, items clipped can be moved to
other applications in Windows '.WMF' format — a nice
touch for desktop publishing of technical manuals.

Moving around the sheet is somewhat awkward. This is
mainly because the automatic panning is rather limited and
only becornes available once a editing function is selected.
The alternative is to rely on Windows scroll bars.

There aré $everal files that can be generated from the
schematic. There is a bill of materials, in tabular and
comma separated variable form for spreadsheet or
database use. There is also netlist output for interfacing to
the pcb cad package, which may be output in any one of
over 30 different formats.

Most important is the electrical rules check, or erc. This
feature reads through the schematic database, generating a

" list of rule violations. Examples include multiple
components with the same identifier, unconnected lines
and floating input pins.

Rules for the erc are set in a user programmable matrix
of errors and warnings. As an example, connecting output
_pins together would normally be an error but leaving input

pins unconnected may be considered warning. The
designation of pin type is set in the library edit facility.

Project control

Facilities within Advanced Schematic for project control
are excellent and intuitive. Any number of sheets in a
project hierarchy can be connected, and then whole
projects loaded automatically. Each sheet is available at a
click, which moves the selected sheet to the top window of
a cascaded window stack.

Selecting the Library Editor from the Schematic Editor
library menu results in a program running in another
window which looks very similar to the schematic editor.
However it automatically loads and decodes the currently

Lselected library in the Library Browser.

As well as adding bit maps in any one of a variety of
forms from "WMF' and ' PCX" through to PostScript, the
editor provides all the normal vector drawing facilities.
The list of standard libraries is impressive, with a total of
76 libraries in all amounting to over 12,000 components
‘taking over 12M-byte of disk space.

Compatibility
A level of compatibility is maintained with the earlier

‘Protel dos based schematic program, with some of the
libraries arranged in a similar multiple vendor form.

Files generated by the earlier dos product are loaded by
the editor, but a warning is provided that some components
are converted from a bitmap form to vector form. In
practice this did not seem to cause any problems and
existing designs loaded without incident.

Electrical rule checking of the new software is better
than that of the dos product. This can result in errors being
reported in dos-based schematic designs which had passed
the equivalent report facility in the old product.

+ When the schematic editor and the companion Advanced
'PCB editor are open at the same time, it is possible to
cross probe — that is, select a part in the schematic and then
jump automatically to the corresponding pcb component.
This works in the reverse direction, perhaps suggesting
that these two products might have been sold as one.

Back annotation from the pcb to the schematic,
sometimes called the ‘was-is’ function, is supported.
Forward annotation, where changes in the schematic are
transferred to the pcb, is also provided. In this case,
annotation reflects all netlist changes through removal of
obsolete tracks and component footprints — dangerous!

Advanced Schematic has routes to interact with other
programs. There is, as you might expect, the direct access
icon to the Advanced PCB product, but direct execution of
.analogue, digital or mixed signal simulators is also
‘possible. However, these are not supplied with the package
and the level of support is little more than that of
launching another dos or Windows program.

One exception to this is support for the analogue
simulator, §. The software produces Spice compatible net

Jists, together with an ascii text input facility to add other
Spice commands to the Spice control. These might be, for
example, generator frequency or simulation parameters.

Other than Spice, the Advanced Schematic outputs for
the somewhat obscure EEsof and Touchstone simulators.
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Advanced PCB 2

integrated pcb layout program that Protel released

two years ago. In addition to updating the package,
Protel has also integrated Advanced PCB 2 with Advanced
Schematic 2.

Compared with the earlier Protel for Windows, this new
package has 123 new functions and features. Although
some of these are little more than corrections of problems
with the earlier version, some of them are valuable. There
is a split plane feature which allows a net to be assigned to
one or more copper planes for example, and a preview-
mode display allowing quick scanning between layers,
displaying only one at a time.

The package is supplied with comprehensive user and
reference manuals, an Environment Guide and a parallel
port dongle. Installation follows the normal Windows
procedure, involving a ‘set-up’ program which unpacks the
files and installs its own group in file manager. It also
requires modification of autoexec.bat.

Both manuals are well produced and include a command
reference and user guide. However the package is
straightforward to learn and use, so the manuals are only
of importance should you run into problems. The level of
detail in the manuals is commendable — extending even as
far as providing the exact format of the pcb-file database.
Stored in ascii form, the database could be edited by any
word processor.

On initial start up, you are taken-to an interrogation
screen where you are prompted for access codes. These are
codes which unlock specific features of the software. The
review version had an eight-digit code for each of four
modules, namely ‘PCB’, ‘Advanced PCB’, ‘Advanced
Route’ and ‘Advanced Place’. How advanced all these
advanced features are remains to be seen.

Dimensional limits on pcb size are 100 by 100in, while
positional resolution is 0.001in. Even with toggling
between imperial and metric units, the system maintains an
accuracy of 0.005in. It supports up to 16 signal layers, 4
internal power planes, 4 mechanical assembly layers, 2
silkscreen overlays, 2 resist masks, 2 paste masks, drill
guide, drill drawing, multi-layer and drc error layers — 34
in all!

This is an upgraded version of the Windows-based

Editing

Without further delay, and without reading the manuals,
straight into the editor; load a file, Windows style, and
start work. Moving around the pcb is done with the mouse,
cursor keys or scroll bars. Zoom level is controlled via
page up/down keys, the zoom toolbar, which is a window
zoom function, or the zoom menu, from which any zoom
can be set.

Commands can be executed from Windows pull down
menus, but experienced users-will find using two key
sequence mnemonic hot keys much quicker. Pressing ‘PA’
for example places an arc. Pressing the Q key at any time
toggles between metric and imperial units.

There are hot-key shortcuts for automatic pan and zoom.
If you are using auto pan, for example, while dragging a
component, holding down the shift key will pan the
display at four times the normal rate. When using page-up
and page-down to zoom, holding down the shift key causes
slow zooming at 0.1 of the normal rate.

Interconnection starts with the pcb netlist generated by
schematic capture. This defines the set of pcb footprints
and the connectivity between nodes. Once the components

= New
Open...
Close
Restore Backup

Save
Save As...
Save All

Shape Based Router

Output Options...
Gerber

Print

Pen Plot

NC Drill...

DXE...
Export Selection...

Reports
Re-Annotate
Run Schematic Capture...

Exit
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Advanced PCB’s conventional windows editing environment.
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Pattern selection from library by name and preview.

are placed, a rat’s nest shows what needs to be connected
and as the nodes are connected, so the rat’s nest is
removed. Once all the node connections are complete, the
engineering rule check evaluates whether nets are
complete and separate from one another.

Component placement is usually the key to a good pcb,
making it easy to route and optimising it electrically. The
strategy for auto-placement facility in Advanced PCB is
not specified, but it is usual for optimisation to be based on
total net length and real estate use. The facility worked
well, if rather slowly, but using local auto-placement,
quicker placement of specific areas can be achieved.

The autorouter can be set for a wide variety of routeing
strategies and passes, including pre-routes, smd stringer
and fanout, memory routes and line probe. A maze router
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and shape router can be selected. Performance of each of
the facilities does depend upon the pcb type and density,
but the overriding impressions are of very slow progress
combined with excellent final results.

Speed - or the lack of it
For any pcb layout package, it is essential that the redraw

speed is fast. When you are trying to visualise how to route

or place an item, you do not want to have to wait for the

system to redraw. I tried Advanced PCB with a logic board
of about 25 ICs and the redraw time was about 2-3 seconds
on a 33MHz 486DX PC. This was significantly worse than

the redraw time using the earlier DOS based Autotrax

product. This made it clear why the Preview Mode display

had been implemented!
Autorouteing and placement are other areas where the
speed problem prevails. If it takes an hour to try and route

a few dozen routes — and fail to route about half of them —

then productivity is certain to be poor.

Advanced PCB retains the same review and report
structure as its predecessors. Although functional, some
competing products provide on-line design-rule checks
which can stop you doing something silly at the time. The
design-rule check function was very slow compared with
the old DOS based Autotrax — probably taking twice as
long to do the same job.

There is a wide variety of component libraries, and as
each library may have hundreds of components the new
library search facility is very welcome.

The component outline library provides data on pad size

and placement for a wide variety of component footprints
totalling over 300. There are options available to generate
your own library components, or indeed modify those
provided. This is all achieved within the program library

SYSTEM REQUIREMENTS

Advanced PCB 2:

Windows 3.1 in standard mode with a 286 or better processor and at
least 1M-byte ram.

Advanced PCB requires at least 4M-byte of ram with Windows 386
enhanced-mode recommended. Will work with a 386 with maths
coprocessor, but a 486 processor is recommended.

MS DOS 5.0 or later.

Advanced PCB needs a minimum display resolution of 800x600.
Larger screens are recommended.

Output to a Windows supported pen plotter or printer is provided plus
separate direct HPGL output. Gerber format photoplotter output is
also possible.

Advanced Schematic 2:

Windows 3.1. 386 processor minimum, 486 and svga video, i.e. 800
by 600, preferable. Larger screens are recommended. System will
work with standard vga.

20M-byte hard disk space plus 8M-byte ram.

Output to a Windows supported pen plotter or printer.

Separate direct HPGL support. Gerber format photoplotter output.

SUPPLIER DETAILS AND PRICE

Premier EDA Solutions, 133 Cardiff Road, Reading, Berkshire RG1
8ES. Tel 0734 57 44 44, fax 0734 599 519. Prices for the Protel
packages: Professional PCB £695, Advanced PCB £1250, Advanced
Route £695, Advanced Placement £695 and Advanced Schematic 2.
£695. The productivity pack reviewed is priced at £2795. There is a
competitive upgrade scheme plus educational and volume discounts.

CELL VERSUS SHAPE-BASED ROUTEING

Most autorouters are grid-based routers using a map
of grid cells to define every available cell on.the
pcb. For tight tracking, a small grid size is required
and the memory requirements escalate alarmingly.
A four layer pcb on a 0.001in grid only 5 by 5in
with one byte per cell, for example, requires 100M-
byte of memory. Although the day when a standard
PC has this much memory may not be too far off,
shape-based routeing offers high resolution routeing
by only checking pcb objects while routeing.

Protel’s Advanced SB Route is an optional shape-
based autorouter. The benefits of the shape-based
router is that it describes the routeing problem more
precisely and in much less memory than a grid
router. Applications where shape-based routeing
will score are off-grid metric placements, fine-pitch
smds or staggered pga objects, where high
resolution is required.

editor. Each ‘component’ may then be loaded to the pcb in
the same way as any other.

Engineering change order, or eco, is a new Protel
function. Following closely the PADS pcb system, it
checks the pcb database for changes made during routeing
and produces a file which can be read into the schematic.

When the schematic editor and the companion Advanced
PCB editor are open at the same time, it is possible to
cross probe — that is, select a part on the pcb and then jump
automatically to the corresponding pcb component on the
schematic.

Conclusions

Advanced Schematic 2 is a truly excellent electronic cad
tool. Although it has some weaknesses, these can be
spotted and overcome in the normal use of the product to
provide an electrically consistent schematic.

The ability to link to the simulation products is perhaps
rather overstated, because it is only the Spice interface that
seems to be properly supported. Many of the so called
‘tool’ facilities are just as easy to launch by task switching
to program manager — an example of a facile menu option
is that of launching the windows clock!

With a full Windows help system, you should be able
navigate through the program almost without reference to
the documentation.

Fast selection of library components and a really good
project orientated sheet hierarchy offer great user
productivity, but this can only be achieved using the high
resolution screen. A standard vga screen will operate — but
is barely usable.

At less than £700 the package is competitively priced,
and offers users the opportunity to truly upgrade their dos
products to a product with much greater power and
functionality. With a high resolution screen and fast
processor the functionality and performance is equivalent
to the best workstation products.

Although this review was carried out on a 33MHz
486DX PC with 8M-byte of ram, all the functions on the
latest version of Advanced PCB 2 ran very slowly. This is
sad, because the software looks good and handles well, but
without a 100MHz Pentium, it could bring on a case of
severe frustration.

Advanced PCB offers a workstation level of
functionality, but without the best PC processor speed and
extended memory size it cannot deliver sufficient speed for
good user productivity. [
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THE COMPLETE

EMC EMISSIONS
TEST KIT

All you need for effective pre-qualification
EMC testing

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

Pre-qualification testing has been acknowledged as a sensible and effective strategy
for reducing timescales and costs involved with compliance.

The RF-Kxx range of test kits provides all you need fo test for all RF emissions,
condycted and radiated, over the range 10KHz to 500MHz.

Specific features include:
* (ompliance to relevant CISPR specifications
o P(interface and software
® Precise frequency analysis
* (omparison against limits

All kits include:

o Powerful RF Spectrum Analyser

o Broadhand pre-amplifier

® Near field probe set (E&H)

o Far field antenna and stand

* All necessary cables

* Definitive text hook — EMC for Designers
Options:

o LISN for mains conducted measurement

o Serial link and software for PC

The complete kit for:
* Checking existing products
* Refining circuit and screening design
* Location of hot spots and |e(3<

© Monitoring of problem frequencies

® Pass the formal test first fime round

© Documenting results for Technical files
* Monitoring production performance

Prices for complete kits start from under £2000
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AUDIO

Audio design

Designers have long
recognised the
theoretical advantages
of combining feed-
forward error
correction with
feedback. But in his

design for a feed-
forward audio power
amp Giovanni Stochino
looks to have
succeeded in putting
theory into practice.

1920s feed-forward error correction has

found practical application in radio fre-
quency and microwave amplifiers2, But it has
never been used, in Black’s form, in audio
power amplifiers®. The reason is probably the
inherent difficulty in accurately and efficient-
ly applying Black’s feed-forward principle to
audio power amplifiers over the full audio fre-
quency range.

But a newly-developed circuit technique
could do just that, and, within specified limits,
put Black’s true feed-forward principle to
work in high power audio amplifiers.

Experimental results demonstrate the effec-
tiveness of the proposed technique, but first , a
look at some of the underlying theory.

Since its invention by H S Black! in the

Feed-forward or feedback?

The general input-output relationship of a
power amplifier, before applying correction,
can be written as V=V|Gp+E,,. G, is the volt-

leaps forward?

age gain, generally a function of frequency
and load impedance, and E, is the error com-
ponent that includes the amplifier’s non-linear
distortion and noise. E; depends on input volt-
age and load impedance, and on frequency.

When negative feedback is applied (Fig. 1),
the input-output relationship of the corrected
amplifier becomes V,=A,Vi+Eq,. Ay is the
closed loop voltage gain, substantially defined
by the feedback network, and Eg, is the resid-
ual error component after feedback correction.

Analysis shows that distortion can never be
completely nulled by negative feedback —
though feedback is effective in reducing dis-
tortion as long as there is enough gain within
the feedback loop.

Feed-forward is based on a different mech-
anism of error correction. The basic scheme
(Fig. 2) incorporates a criterion network (&, ¥y
and SC) to determine, isolate and extract
power amplifier error; an auxiliary amplifier
AA (low power requirement, low distortion

Fig. 1. Basic elements of a feedback
amplifier. Analysis shows that distortion can
never be completely nulled with this
configuration.

Fig. 2. Principles behind feed-forward. In
this configuration, power amplifier error is
extracted, determined and isolated via a
criterion network comprising o, vy and SC.

Power ampilifier

Nwer amplifier

Vio—a—| « ¥
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and low noise compared with the power
amplifier, PA) to provide a buffered copy of
Ej; and output summing network SO. In SO
the error component of PA and its copy avail-
able at the output of AA cancel out to provide
a distortion-free output voltage on load Ry.
Phase-amplitude equaliser network A is added
to the basic scheme to improve the error-cor-
rection mechanism at high frequency.

The scheme should include a few delay lines
to compensate for amplifier propagation delay
and connections. But their influence is negli-
gible in the audio frequency range.

Simple analysis of the diagram gives:

Vo=Vy'-Va
=ViGpA-G,Vi(0+YG +Ep(A-YG JHE,

where E, is the error component (distortion
plus noise) produced by the auxiliary amplifi-
er. Proper operation of the feed-forward tech-
nique requires that E,<<E, so the effective
output error is Eg=E,+E ,/p. Term p =1/(A-
¥ G ,) can be defined as the distortion rejec-
tion factor of the feed-forward amplifier and
describes the effectiveness of feed-forward in
removing distortion in the power amplifier. Eg
reduces to its lowest value of E, when p =co,
that is when ¥ G ,=A, and shows the potential
of the feed-forward mechanism to completely
null distortion Ej, in the power amplifier.

The further condition yG ;=—c should be
satisfied to nullify the component V"=V (V)
(see panel p. 822 for definition of V,') at the
input of the auxiliary amplifier. This would
minimise both E, and power handling require-
ments for the auxiliary amplifier. The mathe-
matics implies that when y>0,G, and & have
opposite signs.

Feed-forward more promising?
Distortion Eg, of a feedback amplifier can
never be nulled, but it can be substantially
reduced in the range of frequency and input
voltage, where the feedback factor is much
greater than 1.

As a technique, it is less effective at the
highest frequency of the audio range and in
the crossover region of class AB amplifiers,
where the feedback factor can be low and
deviation from linearity is high*.

On the other hand, negative feedback ampli-
fier configurations are very simple and require
no matching of components (Fig. 3).

Feed-forward error correction is much more
complex. But better distortion results are pos-
sible. In theory, the error of the whole power
amplifier can be reduced to that of the auxil-
iary amplifier alone, even at high frequencies
and in the crossover region. The advantage is
that the auxiliary amplifier needs to handle
only moderate currents and voltages. So it can
be designed to provide much lower distortion
(for instance it can be operated in class A)
than the power amplifier, and very low dis-
tortion can be achieved.

Neither feedback nor feed-forward error cor-
rection can completely null the output error of
a power amplifier. But feed-forward is more
promising, virtually nulling distortion of the

AUDIO

Fig. 3. Simplicity of a practical
feedback amplifier configuration
with inverting gain.

" Fig. 4. A practical
’ feed-forward
amplifier
incorporating
feedback
amplifiers.
PA = Power amplifier
C = Criterion
AA = Auxiliary amplifier
PA
R
G Hy
Vi A
Fig. 5. Basic | AA
scheme of the
proposed feed-
forward audio
power amplifier. R, B
W AN < :
n=Ng/Np > 1 =0 } Iy = V/R,
iy Va} - v:;R?,

power amplifier, leaving only the low residual
error of the auxiliary amplifier over the load.

Combining feedback and feed-forward
Tight matching of parameters in the feed-for-
ward scheme (Fig. 2) can be achieved, simply
and steadily, by using negative feedback. The
strategy helps precise definition of gain in
both the power amplifier and the auxiliary
amplifier — provided the open loop gain of
both amplifiers is high in the audio frequency
range. So feedback and feed-forward tech-
niques can be profitably combined in a true
low-distortion audio power amplifiers. In a
practical application (Fig. 4), the power ampli-
fier and auxiliary amplifier have the gains
defined by their respective feedback networks:
Gy=Vp/Vi=—Go and G,=V,/V =(1+Gy"’) pro-
vided A/Gy>>1 and A/Gy’’>>1. But there is
also y=1/(1+Gy’), A =1 and a =Gy'/(1+Gy).
As a result, Go''=Gg and Gy'=Gy.

The scheme is a practical way of assuring
that the fundamental conditions for proper
operation of feed-forward technique are
always satisfied. But the problem remains in

implementing the output summing network —
probably the most difficult obstacle in the
basic feed-forward error correction scheme.

The simplest and most intuitive way of real-
ising this summing network is where correc-
tive voltage V), is directly transferred into the
load’s loop. Voltage Vjy across the load is
equal to V,-V,=—GoVi+E-Ep+E,=—GoV+E,,
which is consistent with feed-forward theory.

But if, in this scheme, the auxiliary amplifi-
er has to sustain the full load current, the
assumption that the auxiliary amplifier is a
low-power, low-distortion (prospectively class
A) amplifier is no longer valid.

As aresult, we can not assume that Ea<<Ep,
and consequently the inherent advantage of
the feed-forward technique disappears. This is
why the simple feed-forward configuration
has never been used in power amplifiers>.

It also explains why, though the advantages
of the feed-forward technique, in conjunction
with feedback, are generally recognised,
Black’s feed-forward error correction tech-
nique has found only limited application by
audio designers.
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Fig. 6. Non-zero
output resistance of
-PA does not influence I
the properties of the
feed-forward
correction
mechanism.

AA + SO

power amplifier.

Fig. 7. Experimental circuit configuration of the feed-forward audio

Feed-forward error correction (always intra-
loop) is sometimes used in audio power ampli-
fiers> 6, but Black’s basic scheme has yet to
be incorporated into audio power amplifier
design.

A feed-forward power amplifier

that works

We have seen that, in the feed-forward
scheme (Figs. 2, 4), the most critical part to be
implemented in audio applications is the out-
put summing network (SO). Here the power
signal V;, coming from the power amplifier
and low level corrective signal V, produced by
the auxiliary amplifier have to combine with-
out undesired interaction (ie cross-modulation,
frequency instability, gain impairment) to pro-
vide a distortion-free output.

What is more, this combination must be per-
formed efficiently without requiring much
power from the auxiliary amplifier, and must
not be affected by impedance-variations of
loads — even loads as difficult as loudspeakers.

In amplifiers for hf use, such problems are
less critical. Appropriate networks can be used
to implement the output summing function,

due mainly to the favourable frequency range
and fixed system impedance (50€2).

But audio applications span an unfavourable
frequency range and imply complex and
unpredictable load impedances. As a result,
circuit techniques commonly used in radio
frequency and microwave feed-forward power
amplifiers are not practical, and different solu-
tions have to be found.

An effective approach (Fig. 57) has PA as
the power amplifier to be corrected (usually
class AB), and AA as the auxiliary amplifier.
AA should be operated in class A for the best
performance and incorporates transformer TR
in its feedback loop. (Resistor R also includes
the resistance of winding W, and the output
resistance of Aj.)

The unique role of TR is to provide both the
wide-band impedance matching of the auxil-
iary amplifier to Ry and the power-efficient
means for injecting the corrective signal V,
into the load’s loop.

Transformers are usually avoided in solid
state audio power amplifiers, as they are
expensive, bulky, band-limited and not suited
for very low distortion applications. But when

used in unconventional ways, as in this case,
their unique properties can prove useful.

Putting transformer 7R in the feedback loop
of the auxiliary amplifier has two very impor-
tant effects. The flux produced in the magnet-
ic core of TR by the power component of the
load current is automatically annulled by the
feedback that forces voltage V, to be insensi-
tive to power component variation. So no
restrictions are imposed on transformer size
and core material by the amount of power that
the power amplifier transfers into the load. In
most cases a small transformer can be used.

Open loop output impedance of the auxiliary
amplifier can also be extremely low (a few
m{2) in the full audio frequency range and
above. The consequence is that undesired
interactions and cross-modulations between
power amplifier and auxiliary amplifier, as
well as the sensitivity of the auxiliary ampli-
fier to load impedance variations, are strongly
reduced. A further benefit is that the primary
winding of 7R is driven, virually, by a voltage
source, since R tends to zero. This widens the
frequency bandwidth of TR, whose practical
low frequency comner fj turns out to be as low
as a few Hz, even if a small ferrite core is used
to improve its bandwidth and linearity.

Transformer operational requirements
The function of the transformer — to permit
injection of the corrective current into the load
without interaction with the main current com-
ponent — is performed by cancelling the core
flux generated by the main current component.

This flux neutralisation is carried out by the
coercive action of the auxiliary amplifier’s
feedback loop and is effective as long as the
current and voltage available at the output of
A, are adequate and the loop gain remains
high. The only effective flux in the trans-
former core is therefore produced by the cor-
rective voltage V,.

For frequency f>fp, the peak flux density By,
and the peak voltage V,, are linked by
2rfB, SN, where S, is the effective cross-sec-
tional area of the transformer core. So the
amount of corrective voltage V,, that can be
provided to the load is limited by the core
geometry, through S, and the core material,
through B (ie the saturation flux density),
since it must always be B,<B,. The amount of
available corrective voltage can also be seen to
increase in direct proportion to frequency.

As an example, take a toroidal ferrite core
with S, at 100mm? and B, at 200mT. If N, is
20, V,p is 50mV at 20Hz and V; is 5V at
2kHz. Compared to an output of 100W/8€2,
they represent peak correctable errors of
0.12% and 8.7% respectively.

Performance matches well with that of class
AB audio power amplifiers, exhibiting non-
linear distortion that rises with increasing fre-
quency, and extends normally, say, from
0.01% to 1% in the audio frequency range.

Amplifier requirements

Class A operation is mandatory for amplifier
A, to achieve the lowest distortion with low
level error signals. High gain and low noise
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AUDIO

are also recommended, as is low output offset
voltage to stop any noticeable direct current
flowing into the transformer winding.

Other requirements are wide bandwidth and
high slew rate so that the correction capabili-
ty of the auxiliary amplifier is extended to the
highest harmonics of audio signals.

Output voltage and current handling capa-
bilities of the auxiliary amplifier are dictated
by the peak values of load current and correc-
tive voltage: Vy=nV,, and /,=l,/n where
n=N/N; is the tumns ratio and is>>1. The turns
ratio is used to trade-off voltage for current to
reach the best level of performance of A, with
a reasonable power consumption. For exam-
ple, /o;=8A, V,;=0.5V and n=40 gives
V=20V and /,=0.2A. Therefore, A5 can be
powered from +25V and its output stage
biased at 0.2A for class A operation.

Only 10W of power is consumed by the
auxiliary amplifier — a reasonable and worthy
amount if compared with the 256W of undis-
torted audio power furnished to an 8Q2 load.

Auxiliary considerations

An important, yet often overlooked, charac-
teristic of feed-forward schemes based upon
Black’s principle, is that the voltage across the
load is not defined by the power amplifier, but
by the auxiliary amplifier only. In other words
Vo is not theoretically dependent on power
amplifier parameters (output impedance, gain,
linearity etc). Power amplifier output could
even be completely uncorrelated with V;, and
power amplifier output impedance could be
high and non-linear without affecting the out-
put voltage value (Vo=—GgV; in Fig. 5).

We can also deduce, mathematically, that
Va=ViG0+Vp and V0=VP—V]G0—VP =-ViGg to
show that output voltage is always equal to the
desired value, regardless of the power ampli-
fier output voltage V.. So any deviation of V/,
from its ideal value affects the output of the
auxiliary amplifier but not output voltage Vj.

We reach the same conclusion if we take
into account the non-zero output impedance of
the power amplifier Fig. 6 — particularly
important in the crossover and clipping
regions, where comparatively high values of
output impedance can be experienced.

Assume GoR3>>Ry,. In this case we have /¢
<</, so I,=lp and the node voltages are:

Vo= (Vo VIIRo+Rp)+V,
and,
Va=VpatGoVi.

Solving simultaneously, substituting and
assuming in normal operation that
Vpa=—GoVi+Ep, we have:

V=GoVi(1-Rpo/RO+E,
and
Va=GOViR pa/R 0+Ep

You can see that the auxiliary amplifier has
to contribute a certain amount of signal volt-
age to the load in addition to the copy of the
error voltage E;,. This amount is proportional
to the ratio R,/Ro.

Power amplifiers with poorly biased class
AB output stages can actually have closed
loop-output impedances comparable with load
impedance, at least in the crossover region. In
such cases, the auxiliary amplifier contribution
to the output signal voltage in the crossover
region can prove significant.

Clearly, the role of forcing the desired volt-
age across the load is undertaken by the aux-
iliary amplifier.

In well-designed feed-forward amplifiers,
the power amplifier provides the power to the
load, while the auxiliary amplifier is limited to
providing accuracy and precision only.
Nevertheless, should the power amplifier fail
to do its job (for instance due to crossover
mechanism), the auxiliary amplifier would be
forced to provide power as well as precision.
Obviously, the auxiliary amplifier is designed
to provide only a limited amount of precise
corrective voltage.

It is worth noting that the auxiliary amplifi-
er is always stable because even with the
worst-case positive feedback factor (Rpz=<0),

Fp=R3/[R3(1+G¢')+Rol

Turning Black’s feed-forward principle into practice

Load impedance ‘seen’ by amplifier A,
is high enough to allow true low
distortion operation of the auxiliary
amplifier.

Auxiliary amplifier has to process
only small error components, and
being class A operated, its percent
error contribution to load current is
extremely low.

There is no appreciable common-
mode-induced distortion because
component V" = Vi(V)) is virtually
zero.

Transformer distortion, if any, is
reduced in proportion to the loop gain

of the auxiliary amplifier.

Extremely low open loop output
impedance means the auxiliary
amplifier’s closed loop gain and
distortion performance are insensitive
to load impedance variations.

Wide bandwidth achievable for the
low power auxiliary amplifier also
allows a large reduction of the highest
harmonics of audio signals.

Error correction technique (Fig. 5)
can be applied to all power amplifier
circuit configurations, with inverting as
well as non-inverting gain.

Magpnetic flux cancellation
This diagram helps analyse the
mechanism of magnetic flux
cancellation ®(V)) in the transfomer
core, due to main signal current
l;=V/Ro=—GgVi/Ry. It is operated by
tge auxiliary amplifier.

(V) = V,(V)/27N,)

R i
(V) =-GV,

"R, {1+ A, [[n(1+G,")]}

From this,

ImV,(V,)=d(V,))=0
(A, — ecandforR — 0)

Vg'=Vg(V))=0

is always lower than the negative feedback
factor Fp=R,/[R2(1+Gy’")} when Gy'=Gy''.

Practical circuit

In a practical circuit implementation (Fig. 7),
the first-order error due to the finite gain-
bandwidth product of the amplifiers can be
taken into account and compensated for.

Transformer TR is modified to provide error
correction to a grounded load and its sec-
ondary windings W, and W5 are close-coupled
to assure that V,'=V/,. Follower B buffers the
input voltage source and the phase-amplitude-
equaliser (R o, Ry and C4) from the criterion
network. R, and Cs form an input low-pass fil-
ter cutting off input frequencies above
100kHz. Decoupling C, avoids undesired dc
operation with the auxiliary amplifier.
Trimmers T, T, and T; facilitate calibration of
the complete amplifier and help achieve the
best distortion performance.

In analysing the circuit, the effects of C; on
the output voltage can be neglected, with C,
assumed to be oo,

In the Zobel network (R,, C,, Ry and L)
commonly used at the output of class AB
audio power amplifiers, R, and L, in conjunc-
tion with Cg implement the A amplitude-phase
equalisation network (Fig. 2).

As well as its normal role of separating the
power amplifier from the load at frequencies
far above the audio range, this network also
limits positive feedback around the auxiliary
amplifier at the highest frequencies, improving
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frequency stability of the whole amplifier.

Resistor Rg controls the high frequency out-
put impedance of AA. Trimmers T, and T,
permit conditions to be satisfied. C3 compen-
sates the frequency response of the auxiliary
amplifier, and the input capacitance of Aj.

In the analysis, a single pole frequency
response is taken for all amplifiers. So, in
addition to condition Gy'=Ggo"'=Gg, we shall
assume V,;=[-ViGo/(1+s/p))1+E,,. Also,

Vi=Vo/(1+s/p3)=V=Vi(1+s/29)/(1+s/po),

where pg is 1/[C4(R+R11)], zg is 1/C4R,; and
Va is Vel[(1+Go)/(1+s/p) HE,.

In general we have p3>>p; and p3>>p; so
that the assumption V=V has no appreciable
consequences.

As for A — assuming a first order response
of the auxiliary amplifier — we expect a first
order low-pass frequency response so that
A=1/(1+s/ps) where ps=1/(CgR¢), corre-
sponding to the assumption that Rg<<sL,.

Regarding the value of the distortion rejec-
tion factor, the validity of the above expres-
sions for A and ps is substantially independent
on the load impedance value, since V,’ is
applied in series with Ry. Then, according to
Black’s scheme in Fig. 2, applied to our circuit
(Fig. 7), the error voltage V., can be written as:

Ve=Vi(a+y G p+YE

where
0= [(1+5/20)/(1+5/po)].[Go/(1+G)(1+s5/p4)],
Y=(1+5/23)/[(1+Go)(1+5/p4)],
Y G=—Go(1+s/23)/1(1+Go)(1+s/p1 XL +5/p4)],
23=1(GoR3C3)

and
pa=(1+Go)zs.

The condition that ¥ Gy=—a can be met if
po=p) and zg=z3 so that the error V, reduces to
YE,.

V\ge also want to satisfy the condition
yG,=A. Substituting for each term reveals
that this condition is true if z3= p; and ps = p,
so that p =1/(A—yG,)=c. Therefore, the
power amplifier error Ej, turns out to have
been completely removed from the output
voltage and the above can be written as:

Ps=p4=(1+G)z3=(+Go)pr=27f 1),

where fr, is the nominal gain-bandwidth prod-
uct of the auxiliary amplifier.

The interpretation of making z; equal to p,
and ps=py is that zero z3 is introduced to com-
pensate for the first-order phase-amplitude
errors caused by the pole p, of the auxiliary

amplifier, while the low residual errors due to
the collateral pole p4, associated with block of
the criterion network, are counteracted by
means of the high frequency pole ps of the
phase-amplitude equalising network A .

In other words we can state that all potential
limitations of Black’s feed-forward error-cor-
rection mechanism, due to the dominant pole
of both the power and the auxiliary amplifier,
have been actually counterbalanced in this
practical implementation.

The more accurate expression of 4, written
as A=(1+s/z)/(1+s/zs+5%wg?) where z, is
RyL, and @ g? is 1/L.Cs shows the additional
potential of the 4 network to compensate for a
more realistic second-order frequency
response of the auxiliary amplifier, by suitable
choice of z; and @ .

This accounts for the high distortion rejec-
tion factor (30 to 60dB for frequencies up to
1MHz) that has been measured after calibra-
tion on the prototypes (see ‘Measurement
results’) with different load conditions. The
end result is that very low distortion figures
can be expected — and attained.

An additional property of the feed-forward
implementation depicted in Fig. 7, with its
floating winding (W) able to inject the cor-
rective voltage V, into the load’s loop, is that
it easily lends itself to iterative application,
reducing output error to extremely low levels.

Power op-amp A; in practice
The viability of the error-correction technique
discussed so far has been demonstrated by
prototypes of an 100W/8Q audio power
amplifier (Figs. 8, 9 and 10), assembled and
calibrated according to Fig.7 using the theory
analysed above.

Power op amp output stage (Fig. 8) includes

Main characteristics of A,

Output power into 8Q 100W
Output power into 4Q 160W
Slew rate +60V/us
Power bandwidth =200kHz
Gain-bandwidth product

(measured at 1MHz) =11MHz

two pairs of complementary n- and p-channel
power mosfets whose quiescent current can be
adjusted with trimmer T,. Different supply
rails are used to improve amplifier efficiency.

Output offset voltage can be adjusted with
trimmer T').

Auxiliary op-amp A,
Amplifier A,, Fig. 9, has a mosfet output

Main characteristics — amplifier A,

Voltage gain >108
Output voltage range =20V
Output current range

Class A =+200mA

Class AB +800mA
Slew rate =+500V/ps
Gain-bandwidth product

(measured at 1IMHz) =300MHz
Output offset voltage =1+600pV
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+Vee3d = 25V
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