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COMMENT

A computerised confidence trick

Ithough I'm not particularly

ancient I can remember quite
clearly what one kilobit of program
ram and a large helping of
ingenuity could produce from the
original Sinclair ZX81 computer. It
provided an object lesson in
efficient programming. Working
with such limited resources
required absolute focus on the
intended application for the
program.

I also remember equally clearly
that, as a former components editor
on our sister publication
Electronics Weekly, I wrote with
some awe about the power of the
MIPS R3000 risc architecture. This
cache equipped microprocessor had
been designed to run multitasking
Unix at the heart of a high end
graphics workstation.

Much has happened over the last
10 to 15 years, six of which I spent
as editor of this magazine. But I am
not sure that the progress I see
around me is always in a forward
direction. Having marvelled at the
latest generation of games
hardware and its astonishing
polygon animation, it should have
been no surprise to learn that the
particular one that I was looking at
used as its main processor the same
workstation architecture in its
R4000 incarnation. There is no
problem here. The games machine
companies always said that they
would eventually lead the way in
the use of raw processing power
and, being totally focussed on the
trivial, we pundits never really
believed them or paid much
attention.

It is amazing what a single-
minded application feeding into a
mass market can achieve.
Comparing the performance of
Sony’s Playstation with that early
ZX81, it is easy to see what the
extra megaflops and megabits have
achieved.

Not so with the Intel/Microsoft

personal computer market. The
combine regularly doubles the
power of its offerings but without a
commensurate doubling of utility.
Microsoft continues to turn out
sloppily programmed, convoluted
and memory intensive software.
Intel matches this with increasingly
powerful general purpose
microprocessors to make the
inefficient software architecture run
at halfway decent speed.

It is not even as though we need
the dubious sophistication of the
duopoly’s latest offerings. The
majority of business applications
should require relatively modest
memory and processor
requirements; spreadsheets,
wordprocessors, presentation
graphics and networking involve
relatively little data computation and
manipulation. It shouldn’t take
16Mbits of ram, 133MHz
processors and a Gbyte of hard disk
to run the things that you or I want
to do — unless we are working in
professional graphics.

Yet the Intel/Microsoft axis has
pumped so much marketing money
into persuading us all that computer
gear more than a couple of years old
is fit for nothing but scrap that it
almost amounts to a confidence
trick. It causes people and
businesses to spend needlessly on
upgrades while at the same time
creating chronic inefficiency by
forever trapping users on a perpetual
learning curve.

Even the computer manufacturers
are not immune from the effects of
the duopoly's cavalier marketing.
One household name PC maker
found that it was unable to pay for
the massive shipment of
microprocessors and other chips
which it had bought from Intel.

Being loaded with your money
and mine, Intel simply turned the
debt into a loan. The reason that the
bill went unpaid in the first place
was that the PC maker had gambled

that the hot PCs for the season
would be 75MHz Pentiums and
geared up production accordingly.
In the event, duopoly marketing
ensured that the punters were
demanding 100MHz and 133MHz
machines. The loan allowed the PC
maker to unload the 7SMHz
machines at bargain prices, causing
all sorts of people to lose out in the
process.

And then there is the Internet.
While much of the purpose which is
supposed to drive this technolgoical
hula-hoop verges on insanity, uses
will emerge which make sense —
and virtually none will require
intensive local processing. Thus

Games machines have advanced
phenomenally - but
have pcs made the same progress?

may be born the PC Killer, an
Internet access appliance which
allows users to do all the genuinely
useful things of which the net is
supposed to be capable, but without
having to invest thousands of
pounds in the latest Intel/Microsoft
confidence crisis. A simple
computer, fitted out with just
enough memory and processing
power to make sense of the Internet,
may induce a change of thinking.

It is about time that we ignored
the advertising and started to
reconsider what we actually do
with the machines which we
purchase.

Frank Ogden

Electronics World is published manthly. By post, current issue £2.35, back
issues {if avoilable £2.50.) Orders, payments and general correspondence
1o L333, Electronlcs World, Quadrant House, The Quadrant, Sutton, Surrey
SM2 5AS. TIx:892984 REED BP G. Cheques should be made payable to

Reed Business Publishing Group

Newstrade: Distributed by Marketforce (UK} Ltd, 247 Tottenham Court Road

London WI1P QAU 0171 261-5108.

Subscriptions: Quadrant Subscription Services, Oakfield House Perrymount
Road, Haywards Heath, Sussex RH16 3DH. Telephone 01444 445566.
Please nofify change of address, Subscription rates 1 year £30 UK 2 years
£48.00 3 years £70.00. Surface mail 1 year £35.00 2 years £56 00 3
yeors £80.00 Air mail Europe/Eu 1 year £43.00 2 years £68.00 ROW 1

year £52.00 2 years £83.00

USA: $52.00 airmail. Reed Business Publishing (USA), Subscriptions Office
205 E. 42nd Street, NY 10117,

Overseas advertising agents: France and Belgium: Pierre Mussard, 18-20
Place de la Madeleine, Paris 75008. United States ot America: Ray Barnes,

Reed Business Publishing Ltd,

205 E. 42nd Street, NY 10117, Telephone {212) 867-2080. Tix 23827.

USA mailing agents: Mercury Airfreight International Lid Inc, 10(b)

DAt 4 SDT,

Englehard Ave, Avenel NJ 07001. 2nd class postage paid at Rahway NJ
Postmaster, Send address changes to above. Printed by BPCC Magazines
[Carlisle] Ltd, Newtown Trading Estate Carlisle. Cumbria, CA2 7NR

Typeset by Wace Publication Imaging 2-4 Powerscrott Raad, Sidcup, Kent

Reed Business Publishing Lid 1995 ISSN 0959 8332

March 1996 ELECTRONICS WORLD

{1270

Playstation screen photo.



UP DAIE

Government rejects
microelectronics advice

he recommendations of the

Government’s high technology
advisory panel highlighting the need
for a microelectronics R&D centre
have fallen on deaf ears.

The first 63 projects bidding for
funding under the Technology
Foresight initiative were named last
week and the proposal to set up a
university-based microelectronics
centre providing R&D and training
support was not among them.

Although the strong emphasis on
multimedia and broadcast
technologies in the IT projects is
welcome, there is some surprise at
the omission of the microelectronics
bid.

According to Neil Downie at
semiconductor manufacturing

equipment and materials trade
association JEMI (UK) there is a need
for technology development and
training support and companies were
prepared to fund it. “Inward investors
don’t do R&D here and we need to
encourage them,” said Downie.

One of the Government’s IT
advisors on the Foresight programme
Ian Barron, founder of Inmos, said
there was a need for a
microelectronics R&D house to
support the high levels of inward
investment by semiconductor
manufacturers. “We need to maintain
a source of expertise for inward
investors to call on and use,” said
Barron.

The shortlisted projects were
selected from over 500 involving

Road toll trials: “No problem”

epartment of Transport (DoT)

has denied its motorway tolling
trials, due to start in July, are in
jeopardy following the decision of a
second consortium to withdraw last
week. The Tollway group, led by US
firm Amtech and including Serco and
WS Atkins, has pulled out just one
week after Siemens announced its
withdrawal citing lack of government
commitment to a commercial system.

But the DoT says it expects a
preliminary shake-out. “We are
basically in discussion with many
companies which want to participate
in the trials and these discussions will
go on for another six weeks. We’ll
know which companies will
definitely participate in the trials in
six weeks time,” said a DoT
spokeswoman.

However, the departures of

Small format memory-card imminent

collaborations between industry and
university research groups. The
average size of the projects is £4m,
ranging from £500,000 funding for
the smallest up to £15m for the
largest. The winning groups will be
named at the end of May.

There were just six projects named
under the heading of Information
Technology, Electronics and
Communications (ITEC), they
included the setting up of four UK
centres of excellence in mobile
communications, microsystems at the
Rutherford Laboratory, broadcast and
data mining at the University of
Ulster. There were also projects
looking at multimedia at Lancaster
University and display technology at
Thom EMI’s CRL.

Siemens and Tollway could be
followed by others if the UK trials do
not begin on time. A number of the
six remaining consortia prefer
involvement in trials for a South
Korean system, scheduled to begin
this Spring.

But Tony Kellett, the technical
director of Peek, the company leading
the Tollstar consortium, believes
competition will remain intense.

miniature memory card a quarter the

size of the PC Card (PCMCIA) format
will appear in the summer as part of an
initiative by electronics firms in Europe,
the US and Japan.

Small format memory cards, due for
summer appearance, will be a quarter
the size of their PCMCIA predecessors.

The standard format, dubbed the
Miniature Card, is expected to be small
enough for use in cameras and audio
equipment as well as notebook PCs. Details
of the format, including interface
specifications, will be released during
February, with first products using the card
expected in July.

Bill Howe, general manager for memory
components at Intel, a leading member of
the Miniature Card Implementers Forum,
said: “We believe flash memory is the ideal
storage medium for hand-held consumer
devices and for bringing that data back to
the PC for further use. We have several
design wins for Miniature Card in hand and
will ship product in the second quarter of
this year”.

Internal memory of up to 64Mbytes of
either flash, DRAM or ROM will enable
the cards to store image, text and voice
data. Data transfer to the PC will probably
be via a standard PCMCIA adaptor. The

ruggedised package with a pinless
connector, at 38 x 33 x 3.5mm, is a quarter
the size of PCMCIA cards.

The small format memory cards are
expected to have applications in digital
cameras, audio recorders, mobile phones
and other consumer equipment.

Companies supplying the core
semiconductor technology include
Advanced Micro Devices, Fujitsu, Intel and
Sharp. End user system support includes
Compaq Computer Corporation, Hewlett
Packard, Konica Corporation, Nokia
Mobile Phones and Olympus Optical
Company.

The Miniature Cards will compete
against Compact Flash from SanDisk and
the as yet unannounced Solid State Floppy
Disk Card from Toshiba. Compact Flash
however only offers flash memory and uses
connector pins less suited for consumer
systems.

Richard Ball, Electronics Weekly
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Circuit board designers
unprepared for EMC

CB designers have a lack of
knowledge concerning the new
EMC Directive, according to a survey
by Zuken-Redac, the pcb and multi-

chip module CAD/CAM software
company.

The survey of 135 UK printed
circuit board designers showed that
94 per cent were unprepared for the
EMC Directive even though 84 per
cent were fully aware of the new
regulations.

Zuken-Redac said most companies
had not taken the opportunity to
improve their designs with respect to.
emc in advance of January 1996, the
starting date for complying with the
EMC Directive.

Another worrying point is that 80
per cent of all pcb designs are carried
out on pcs. However, there are few
pc-based pcb CAD design tools with
integrated emc design rules. Suppliers
such as Zuken-Redac, VeriBest and
Mentor Graphics are only now
introducing the required tools.

Even though pcb designers do not
necessarily have to make their
products comply, they may be
supplying to original equipment
manufacturers, designing without emc
in mind during the early stages can
lead to rework and time-to-market
delays later. In most cases this will
cost a significant amount of time and
hence money until emc design at the
peb level is more fully appreciated.
Layout designers with no emc
knowledge have no way of knowing
whether their design is helping or
hindering the final system in terms of
emc.

Currently available design tools for
emc can bg roughly classified into
predictive and analysis types. Tools
using predictive and analysis
techniques, such as Ultimate’s EMC
Expert or Zuken-Redac’s EMC
Adviser, now released for the pc,
compare the design with a set of
standard emc rules giving a
qualitative rather than quantitative
result, at the expense of some
accuracy.

Modelling the emc characteristics
of individual components on the pcb,
such as carried out with Mentor’s
Quad Quiet, has the potential to give
the most accurate results, but this
depends on the accurate modelling of
each device. The disadvantage here is
the heavy processing overhead and
only the fastest pcs can handle the
work load. It may be that accurate
emc analysis cannot be carried out on
pc based systems.

Emitter

Emitter

e combined bipolar /fet switching device

etex has produced a novel device
for high side switching from low
side control signals.

The ZHD 100 ‘treeswitch’ was
originally designed for a specific
automotive application but is now
being offered for general sale.

The equivalent circuit is a p-n-p
transistor with its base connected to
the drain of an n-channel mosfet.
This is very similar to an igbt, where
the collector and source are also
connected. Dave Casey, co-developer
of the device said: “There is a
parasitic igbt in the structure which
we have suppressed.”

The advantage of separating the
collector and source is that the low
saturation voltage of the transistor
can be fully exploited. In saturation,
the igbt becomes a diode with a
voltage drop of about a volt. The
source of the treeswitch can be taken
more negative than the collector
which allows the transistor to fully
saturate down to a few millivolts.

The p-n-p transistor is made by
diffusing n, then p structures into a
p-type substrate.

The fet is diffused as a p-well,
similar to the emitter, with an n-type
island in it. The gate metallisation for
the fet overlaps the n-island and the

main base n-type diffusion. It is
insulated from the substrate by an
oxide layer.

Pulling the gate positive with
respect to the source attracts
electrons into the p-type material
below it which forms an n-channel
between the base and source. This
allows base current to flow and turns
the transistor on.

The transistor has Zetex’s matrix
architecture which results in a low
saturation voltage. The fet sits in the
middle of it and is small in '
comparison, limiting the amount of
current it can pass. This makes the fet
approximate a constant current
device, removing the need for a
drain-base current limiting resistor.

The ZHD 100 is rated to switch half
an amp at 80V. At high voltages the
device dissipation is predominantly
from the 10mA base current. If the
full output current of the device is not
required this can be reduced by
adding a series resistor between the
source and ground. '

There are other high side switches
on the market. Casey said: “The
matrix architecture results in a very
small chip compared with its
competitors. The small chip leads to
alow device cost.”

UPDATE

Similar to an igbt,
the new high-side
tree switch has
separate source and
collector terminals.
Small relative to the
bjt, the fet
approximates a
constant-current
device, removing
the need fora drain-
base resistor.

Pentium P7 slips back

ources close to Intel report that the

forthcoming P7 microprocessor, the
successor to the Pentium Pro, will be delayed
by as much as year and will not involve
Hewlett-Packard to the same extent as was
previously believed.

The P7, now code named the Merced, is
likely to be launched in 1998, not 1997 as has
been indicated earlier by Intel. Also Hewlett-
Packard’s involvement in Merced now seems to
be to define the 64-bit instruction set and
software interfaces. Originally, Hewlett-
Packard and Intel said they would both be

involved in the design of the chip.

The Merced will feature a new 64-bit
instruction set but.it will also run x86
instructions in native mode rather than relying
on emulation technologies. Hewlett-Packard is
believed to be working on its own
microprocessor design to support the same
microcode.

The P7 delay could be a deliberate Intel ploy
to give it more time to establish Pentium Pro in
the marketplace. There is less pressure on Intel
to bring out new microprocessor architectures
since its competition is struggling.
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UPDATE

Cellular phone speech and noise are
improved by superconductors

uperconducting technology is

being used in the US to improve
the noise performance and voice
quality of cellular phones.

Ameritech Cellular Services
reported excellent results from the
use of a cellular system radio-
frequency filter incorporating
superconducting devices from
Illinois Superconductor. Ameritech
said that use of the filter at the cell
site, improved voice signals by more

than a third and was 10,000 times

more effective at eliminating

interference and signal noise.
The SpectrumMaster filter also

allowed more cellular phone users to

access the system and increased the
receive path range. There were also
fewer dropped calls and an increase
in the number of usable channels.
Ameritech said that the filter is
especially effective at cell sites that
have problems from interference,

Poor demand for video games hits 3D0

ideo games console designer

3DO, said that its third quarter
results will be worse than expected
due to poor demand for video
games systems during the recent
Christmas season. 3DO said that it
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Scientists in Japan have fabricated a diode only 2.5nm across
using a synthetic protein molecule. The molecule has been
made by Mitsubishi Electric and is a combination of the natural
protein cytochrome C552 and the vitamin flavin. Under an
electric field an iron atom in the cytochrome can be persuaded
to release an electron to the flavin. Conversely, a similar
electric field in the other direction cannot push an electron to
the cytochrome. Forward voltage drop is reported to be
900mYV at 70pA and 10,000 of these devices would fit onto a
diode made with leading edge 0.25um semiconductor
technology. Like most of the current wave of molecular
electronics, it is still in development and requires several
hundred kilos of specialist equipment to make it work. To
operate the molecule a scanning tunnelling microscope is used
to select one of a number of the molecules that has been laid
down on a metal substrate. The substrate is then the cathode
and the microscope the anode.

will be forced to establish reserves
against large inventories and a five
million dollar charge due to
changes in its business model which
includes a focus on Internet related
products. The troubled company

either from buildings or from other
radio signals. If other cellular
phone system providers adopt the
filter, it could open a major new
market for superconducting materials
and help drive the development of
other superconductor based
technologies.

High temperature ceramic
superconductors continue to operate
above the boiling point of nitrogen
(77K).

continues to struggle to establish its
video game hardware in an
increasingly competitive market
that includes Nintendo, Sega and
newcomer Sony with its
PlayStation.

Speech secure enough for banking?

C ambridge-based speech
recognition technology firm

Vocalis, is to develop a speaker
verification system for secure banking
over telephone lines as part of the EU-
funded CAVE (CAller VErification in
banking and telecommunications)
project.

The project’s primary objective is
to prove that speaker verification can
be applied to financial transaction
services, providing an initial level of
protection.

“It is a pilot scheme acting as a
demonstrator for the feasibility and

applicability of this technology. Banks
have been very cagey and we have to
prove that this technology is feasible,”
said Richard Winsky, senior research
scientist at Vocalis.

CAVE is expected to last two years,
after which the technology and the
security provided by it will be
upgraded. First field trials are
expected within the year.

The actual deployment of speaker
verification technology will await the
outcome of the R&D work in CAVE.
The resulting system is to complement
other security mechanisms.

Modem makers boosted by
Internet connections

pward spiralling numbers of

Internet connections in the US,
with consumers linking their pcs to
online services, is good news for
modem suppliers.

More than 18.6 million modems
were shipped last year, generating
revenues of about $5.8bn, exceeding
earlier expectations, said US market
research firm International Data
Corporation (IDC). The market grew
82 percent compared with 1994
shipments of 10.2 million.

The increased shipments, however,
came at the expense of falling prices
for almost all modem speed
categories except in sales of top speed
V.34 (28.8kbit/s) equipped modems

which held their sales value. The
sales boom was led by U.S. Robotics,
GVC and Hayes Microcomputer
Products. IDC foresees continuing
boom times for the modem industry
for at least the next few years as the
popularity of the Internet and online
services continues to attract millions
of new users and as modem owners
upgrade to faster modems.

@ US Robotics, the Illinois-based
modem maker is reported to be
planning a move into the market for
consumer telephone hand sets, to
offset falling prices which is
squeezing margins in its core modem
business. |
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SYNTHESISED
SIGNAL SOURCE

an innovative design from an
established ‘Off-Air’ Company

o C}Jstom designed chip set
@ Sinewave output 0dBm into 500

@ Can be run independently or genlocked to external source

@ dcto 16MHz in 0.1Hz steps, with option 0.0001 Hz steps

@ Freestanding rack mounting, or OEM options available

@ Increased resolution and increased stability options available
Models available October, contact us for prices

‘OFF-AIR’ FREQUENCY STANDARD |

-

Variants from

£249.un

Output frequencies -
10MH2, 5MHz, 1MHz
Short term stability = better
than 1x10~9 (1 sec)
Typical - 4x10~9 (1 sec)
Long term = tends to
2x10"12 (1000 sec)
Catt for ‘Off-Air’ Standard st

* Prowides 10MHz, SMHz & 1MHz

& Use it for callbrating equipment that relies on quartz crystals,
TCXOs, VXCOs, oven crystals

# Phase iocks to DROITWICH (rubidium controlled and
traceable to NPL)

* For ADDED VALUE also phase locks to ALLOUIS (cesium
controlled and traceable to OP — French eq to NPL)

* Bntish designed and Bntish manufactured

# Options available include enhanced receiver, sine wave

oulputs and 13MHz output for GSM. Pnces on application.

TEST EQUIPMENT Eimamyam

We are well known for our quality, new and used Test
Equipment. Our list is extensive, ranging through most

disciplines. Call for details and a complete list

4 /HALCYON ELECTRONICS mz=xi

423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 0181-542 6383. FAX 0181-542 0340

10 OUTLET DISTRIBUTION
AMPLIFIER 4

10 OUTLET DISTRIBUTION AMPLIFIER 3

A compact mains powered unit with one balanced input

and ten AC and DC isolated floating line outputs.

@ Exemplary RF breakthrough specifications giving
trouble-free operation in close proximity to radio tele-
phones and links.

@ Excellent figures for noise, THD, static and dynamic
IMD.

@ Any desired number of outlets may be provided at
microphone level to suit certain video and audio
recorders used at press conferences.

@ Meets IEC65-2, BS415 safety.

*Advanced Active Aerial 4kHz-30MHz *PPM10 in-vision PPM

and chart recorder *Twin Twin PPM Rack and Box Units

*Stabilizers and Fixed Shift Circuit Boards for howl reduction

*Broadcast Monitor Receiver 150kHz-30MHz *Stereo Variable

Emphasis Limiter 3 *Stereo Disc Amplifier *Peak-Deviation Meter

*PPM5 hybrid, PPM3 microprocessor and PPM8 IEC/DIN —50/

+6dB drives and movements *Broadcast Stereo Coders.

SURREY ELECTRONICSLTD
The Forge, Lucks Green, Cranleigh,
Surrey GU6 7BG
Telephone: 01483-275997 - Fax: 276477

PICICEl

In Circuit Emulator for

PIC16C54-55-56-57-71 and 84

Replaces all 18 or 28 pin PIC's. All ports Bi-
directional DSC2 output, RTCC input, on board
A/D converter for PIC18C71. Supplied with
PICDEV software suite, user manual, connect-
ing leads and headers asrn, user sample files
and hardware circuit projects.

£159.95

MEGAPROM EPROM PROGRAMMER

EPROMS, E2 PROMS and
FLASH memories
from 2Kb to 8Mb

INC. MICROCHIP 24L series.

Operates via host IBM PC and centronics port,
uses standard printer cable, on board produc-
tion quality ZIF socket.

£99.95

SMARTCARD/PIC CHIP PROGRAMMER
ON BOARD ISO 7816 INTERFACE, software runs on host IBM PC allowing

the user to program SmartCards or PIC16C84’s on a SmartCard emulator, also
Programs PIC16C84 on a target board via an on board header. The perfect SmartCard
development tool. Supplied with a full suite of software.

£79.95

JOHN MORRISON |
SOFTWARE and OEH HARDWARE MODULES

NEW Enhanced PIC PROGRAMMER

PIC 16C54, 16C55, 16C56, 16C57, 16C58A,

16C61, 16C64, 16C65, 16C71, 16C74, 16C84,

16C620, 16C621, 16C622 and Memory Chips
24LC01, 24L.C02, 24LC186, 24L.C32, 24LC85

Centronlcs port interface, powerful editing soft-
ware allows the user to Read, Write and Copy
PIC devices including data memory in
PIC16C84. Supplied with Editor Assembler soft-
ware suite. Sample files and notes.

£99.95

EPROM EMULATOR
For ROM from 1Kb to 32Kb

Operates via host IBM PC and centronics port,
uses standard printer cable. Very fast download
to target board EPROM socket, operates with or
without our development software suite.

£69.95
DEVELOPMENT SOFTWARE

Develop software on your IBM PC for other Microprocessors, Controllers, PIC Chips
etc. Each software suite has a fully Integrated Text editor, Assembler, Disassembler
and Simulator included. Code can be downloaded directly to our emulators. All
software supplied with operator instructions and sample code.

MCS8051/52/552 ~— MCS8048/49 -  PIC16C54/55/56/57
PIC16C71/84 - HDe3/6809 - Res02 £19.95 ea

Please add £1.75 for P&P to UK mainland.

g
aA

BBS: 0956 700018

CROWNHILL ASSOCIATES LIMITED, PO BOX 845
WATERBEACH, CAMBRIDGE, CB5 9JS

TEL: 0956 700017

All prices subject to VAT at the prevailing rate (17.5%)

FAX: 01223 441645
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The MICRO MODULE
- ANEW LOW COST controller
., <gthat gives you customisation

_“renfor as little as

e

FEATURES

® 16/32 bit 68307 CPU for fast operation

@ Up to 1 Mbyte of EPROM space onboard

@ Up to S12Kbyte SRAM space onboard

® 32 Kbyte SRAM fitted as standard

® RS232 serial with RS48S option

® MODBUS & other protocols supported

® Up to 22 digital VO channels

@ 2 timer/counter/match registers

@ V'C port or Mbus & Watch dog facilities

@ Large Proto-typing area for user circuits

® Up to S chip selects available

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

@ Real Time multitasking Operating System

@ 059 or MINOS with free run time license
option

@ Manufacturing available even in fow
volumes

® A full range of other Controllers available

£95%ﬁ

1N
ity
fyy
;

PCs, 8051 &
68000

P.C.'C’ STARTER PACK AT ONLY £295 + VAT
The Micro Module will reduce development time for
quick turnaround products/projects and with the P.C. ‘'C’
Starter pack allow you to start coding your application
immediately, all drivers and libraries are supplied as
standard aiong with MINOS the real time operating
system all ready to run from power on.
The 'C’ Starter pack inciudes: A Micro Module with 128
Kbyte SRAM, PSU, Cables, Manuals, C compiler, Debug
monitor ROM, Terminal program, Downloader, a single
copy of MINOS, Extensive example software, and free
unlimited technical support all for £295 + VAT,
Cambridge Microprocessor

Bl e

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

CIRCLENO. 113 ONREPLY CARD

For users of

RAPID

Interactive development,

DATA LOGGER

easy to learn and
DEVELOPMENT
ready-made libraries with oy

MODULE TDS2020CM +
or without PCMCIA. TDS2020

LESS HASSLE THAN

1ImA single battery supply,

THE TRADITIONAL
10-bit 8-ch A to D,

DESIGN PROCESS,

2 serial I/0O, modem option,

YET TAILORED TO

customisable logging software.

Triangle Digital THE JOB

Services Ltd
Tel 0181-539 0285
Fax 0181-558 8110

CIRCLENO. 114 ONREPLY CARD

Finally an upgradeable PCB CAD
system to suit any budget ...

e Captare

BoardCapture - Schematic Capture

Smooth scroiling

Context sensitive editing

> o & o & s s 8 0 s 8 s

| awv7:1030
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Intelligent wires (automatic junctions)
Dynamic connectivity information
Automatic on-line annotation
Integrated on-the-fly library editor

Direct netlist link to BoardMaker2

Forward annotation with part values

Full undofredo facility (50 operations)
Single-sheet, multi-paged and hierarchical designs

Extensive component-based power control
Back annotation from BoardMaker2

o b <3y
sy

i

I K L b 5 r
i mmsmimmme e .

CIRCLENO. 115 ON REPLY CARD

o) Maker

BoardMaker1 - Entry level

PCB and schematic drafting

Easy and Intuitive to use m
Surface mount suppon

90, 45 and curved track comners

Ground plane fill

> e s 0 0 o 0

Copper highlight and clearance checking
BoardMaker2 - Advanced level
ARl the features of BoardMakeri plus
Full netlist support - OrCad, Schema, Tango, CadStar
Full Design Rule Checking - mechanical & electrical
Top down modification from the schematic
Component renumber with back annotation B’S
Repont generator - Database ASCIl, BOM
Thermal power plane suppont with full DRC
FB = I '
el odter
BoardRouter - Gridless autorouter
+ Simultaneous multi-layer routing Ezoo
- SMD and analogue support
+ Fuil interrupt, resume, pan and zoom while routing
Output drivers - Included as standard
e Printers - 9 & 24 gin Dot matrix, HPLaserjet and PostScript
= Penplotters - HP, Graphtec, Roland & Houston
« Photoplotters - All Gerber 3X00 and 4X00

Excellon NC Drilf / Annotated drill drawings (BM2)

~ -
e
tsien

Tsien (UK} Lid Aylesby House Wenny Road Chatteris Cambridge PE15 6UT

Contact Tsien for further
information on
Tel 01354 695959
Fax 01354 695957

All trademarks acknowledged
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RESEARCH NOTES

Single electron switches presage
quantum computing

any obstacles have to be

overcome before we can make
practical use of single-electron
devices, and furidamental research is
feverishly being carried out to this
end around the world. But the
ultimate goal, of developing devices
whose principles of operation are
quantum mechanical — progressing
electronics far beyond the scalability
and performance limits of
conventional circuits — means the
field is hot one for science.

The work of one team in the US
gives a good indication of where we
are in development of real single
electron devices — and also gives a
glimpse of what could be achieved.

M G Ancona and colleagues at the
Naval Research Laboratory in the US
noted that comparatively little
attention has so far been paid to the
development of circuit architectures
capable of exploiting single-electron

device performance at circuit level. So

he has devised a set of principles for
single-electron digital circuits (sedc)
and then used these rules to design
some circuits (‘Design of

computationally useful single-electron

digital circuits’, J App Phys, Vol 79,
No 1, pp. 526-538).

For computational use, circuits
require non-linear rather than linear
operation, which means mixing
control and data circuits. Since the
data now are single electrons, some
portion of the control must also
operate on this level. To achieve this
Ancona has devised a single electron
switch (ses).

Physical basis for the the ses is

direct electron-electron repulsion. The

switch is composed of two circuits, a
switching circuit and control circuit,
made up of a number of islands. The
circuits interact through a capacitor,
and the principle is that repulsion
makes it energetically unfavourable
for islands 3 and 6 (see figure) to be
occupied.

When the ‘switching island’, 2, is
occupied by an electron, the gate
biases must cause this electron to
transition, in a fully Coulomb-

blockaded manner, to island 4 if
island 6 is occupied, and to island 3 if
island 6 is unoccupied. In this way,
the electron in the switching circuit
would be under the control of the
electron in the control circuit.

Ancona says he has discovered a c \ .

] . 7 6 ) Switching
number of capacitance and bias values o—ﬂ]——g—m—o island
that allow this switch to operate, Contral
though have not discovered the f circuit
optimum as yet.

Ancona also shows how the
switches could be linked together to
make And/Or and Xor circuits, and 1
bit memories.

Electron-level switching. This SES
comprises two circuit interacting
through coupling capacitor C. Basis of
operation is electron repulsion which
inhibits the simultaneous occupancy of

M G Ancona is at the Naval Research islands 3 and 6.

Laboratory, Washington, DC 20375,
email ancona@estdsun4.nrl.navy.mil

Sun set: We will not be around to see it, but what will our Sun look like at its death?
Images produced by Nasa’s Hubble Space Telescope of planetary nebula NGC 7027
show remarkable new details of the process by which a star dies. Features captured by
Hubble include faint, blue, concentric shells surrounding the nebula; an extensive
network of red dust clouds throughout the bright inner region,; and the hot central white
dwarf, visible as a white dot at the centre.

The nebula is a record of a star’s final death throes. Initially the ejection of the star’s
outer layers, when it was at its red giant stage of evolution, occurred at a low rate and
was spherical. The photo reveals that the initial ejections occurred episodically to
produce the concentric shells.
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RESEARCH NOTES

Hearing in two different ways

eorge Zweig at Los Alamos

National Laboratory has spent a
lot of time looking into ears. As a
result he has shown that how we hear
loud sounds is quite different from
how we hear soft ones. Now his
theories of the mechanics of hearing
are opening new directions in
acoustic research that could lead to
better hearing aids, improvements in
the technology of cochlear implants
and further development of speech-
recognition machines.

Semicircular canal

Cochlea

Cross-section of the human ear
shows the inner ear and the cochlea,
where sensory hair cells respond to
vibrations and send impulses to the
brain. Travelling waves, amplified by
the hair cells, can be reflected back
and forth in the cochlea, causing the
ear to ring or whistle. (Graphic by
Edwin Vigil)

For loud sounds, the textbook
understanding of hearing is
essentially correct: sound waves enter
the ear canal and vibrate the eardrum,
whose oscillations are transmitted by
the tiny bones of the middle ear to the
inner ear, creating waves in the fluid-
filled tubes of the cochlea. Sensory
hair cells in the cochlea respond to
motion of the fluid, generating
electrical impulses that are interpreted
by the brain as sensations of tone.
Low-frequency tones excite hair cells
further from the middle ear than do
tones of higher frequency. Deafness is
often associated with the destruction
of hair cells.

For very quiet sounds, however, the
ear is not just a passive receiver of
sense impressions. Instead, the ear
responds to and amplifies faint waves
generated by soft noises.

Zweig, a physicist in Los Alamos’
Theoretical Division, has recognised
a symmetry governing behaviour of
these waves in the cochlea and has
developed an equation that describes
what happens to these subtle
travelling waves within the ear.

“Understanding how the ear
functions has important implications
for signal processing, for how you go
about extracting information from
many kinds of signals, not just speech
and not just signals in the frequency
range of hearing,” says Zweig.

Back in the 70s his work led to the

discovery of the continuous wavelet
transform, a way of displaying and
extracting time and frequency
information in a signal. Now,
continuous wavelet transforms are
used by other researchers in
mathematics and engineering, with
implications for a broad range of
endeavours from music production to
seismic testing to submarine
surveillance.

Zweig hopes a clear picture of how
the ear works also can help build
better speech recognition systems.
“When you look at how the ear
responds to speech, what you see in it
are the acoustic signatures or the
resonant modes of the mouth,
including how the vocal folds are
moving in the throat. This is the kind
of information you would need if you
wanted to identify electronically
whether one thing was being said
rather than another, or who said it,”
says Zweig.

Zweig can also use his wave
equation to explain common ringing
in the ear. He shows that wave energy
not transferred to the middle ear is
reflected again and amplified again,
combining with the original wave.
This backward and forward wave
amplification and reflection can set
up a standing wave or resonance in
the cochlea. If the process runs away
with itself, the ear begins to whistie
spontaneously.

Scientists rethink superconductivity

C ould a new type of electron behaviour be
responsible for ‘high-temperature’
superconductivity?

A team at IBM has conducted an experiment to
suggest that this could be the case, opening the door to
the production of new high temperature
superconductors with predictable properties.
Eventually, scientists hope they will be able to to find
superconductors that don’t need to be cooled at all.

Superconductivity is believed to result from the
ability of electrons to overcome their mutual repulsion
and pair up in ways that enable them to pass unimpeded
through the host material.

In recent years, two different types of electron
behaviour have received significant support from
theoretical physicists as possible keys to the mechanism
of high-temperature superconductivity: ‘s-wave’
electron pairing where charge-induced vibrations in the

material hold the pairs together, and ‘d-wave’ where the
electron magnetic spins are critical.

Conventional low-temperature superconductivity is
caused by a well-understood form of s-wave pairing.
But some scientists have been sceptical that this should
be the starting point for theoretical explanations of the
higher-temperature phenomena.

Unfortunately, past experiments to distinguish
between s-wave and d-wave have given mixed results.
Now Chang Tsuei, John Kirtley and co-workers at
IBM’s TJ Watson Research Center and at State
University of New York campuses in Buffalo and
Stony Brook have come up with the most convincing
evidence yet for d-wave electron pairing. The result is
expected to be a shift in research that could spawn
superconductors designed to exploit d-wave pairing,
and perhaps nearing the goal of room temperature
operation.
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MICROMASTER LV PROGRAMMER

The Only True 3V and 5V
Universal Programmers

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

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

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

the very latest in device support.

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

Speedmaster LV £495

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

8 bit Emulator card £125

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

Micromaster LV £625 16 bit Emulator card £195

As above plus support for over 130 different
Microcontrollers, without adaptors, including PICs,
89C51,68HCT705/711,5T6,Z8 etc.

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

oY
°~_° i .”_;u_‘ ICE Technology Ltd. Penistone Court, Station Buildings,
2z 1 Penistone, South Yorkshire, UK S30 6HG
r Tel: +44 (0)1226 767404 Fax: +44 (0)1226 370434
"»( & BBS: +44 (0)1226 761181 (14400, 8N 1)
15

CIRCLE NO. 116 ON REPLY CARD

APPROVED

by major manufacturers including
AMD
MICROCHIP
ATMEL

from only

£495

THE ONLY PROGRAMMERS
WITH TRUE 3 VOLT SUPPORT

FEATURES

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

® Correct programming and
verification of 3 volt devices.

®  Approved by major manufacturers.

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

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

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

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

® Lightweight and mains or battery
operation.

®  FREE software device support

upgrades via bulletin board.

® Next day delivery.

For a copy of our catalogue giving full details of
programmers, emulators, erasers, adaptors and logic
analysers call, fax or dial the BBS numbers below.

o AMERIKAN

]
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RESEARCH NOTES

Bose-Einstein postulate is condensed

US group looks to have made a

breakthrough in the decades-long
effort to understand the rare state of
matter known as the Bose-Einstein
condensate (BEC). BEC, a
mysterious quantum-mechanical state
in which matter is coherent and has
‘laser-like’ properties, was first
postulated more than 70 years ago by

Indian physicist Satyendra Nath Bose
and Albert Einstein. It has been
observed in liquid helium and
superconductors, and more recently
in semiconductors.

Now work of professor Wolfgang
Ketterle and his colleagues in the
Research Laboratory of Electronics
(RLE) and the Department of Physics
at Massachusets MIT is expected to
allow scientists to move beyond
demonstrating BEC to using it to
study little-understood quantum
mechanical effects.

BEC is achieved by chilling a gas
of atoms to such a low temperature
that the normal motion of the atoms is
suddenly halted and they lose
individual identity and display
uniform behaviour as required by the
rules of quantum mechanics. Because
of this, scientists believe they may be
able to study quantum effects on the

hundredths of a millimetre (atoms are
10,000 times smaller).

The MIT advance has been to
obtain Bose-condensed atoms with a
very much higher production rate
than previously, and reaching this
level in 9s, compared with the several
minutes required by devices used in
the other experiments.

Keys to the achievement were a
special arrangement of laser beams to
collect and cool the atoms and a
unique magnetic trap that kept the
atoms from escaping.

The result: a Bose condensate with
about 500,000 sodium atoms

BEC is a ubiquitous phenomenon
which plays significant roles in
condensed matter, atomic, nuclear
and elementary particle physics, as
well as in astrophysics.

According to the MIT team: “The
study of BEC in weakly interacting

Bose-Einstein condensation is a phenomenon in which a macroscopic number of atoms end up in the ground
state of the trap. This means that we can produce a macroscopic system that exhibits quantum behaviour. This
coherent state of matter is to ‘normal’ matter what laser light is to ‘normal’ light. The three images show the
optical density of a dilute sodium gas as a function of position after the gas has been allowed to freely expand
for several milliseconds. The images were taken at three different temperatures: one just above the transition
temperature, one just below the transition temperature, and one well below the transition temperature. These

rather large scale of several

systems holds the promise of
revealing new macroscopic quantum
phenomena that can be understood
from first principles, and may also
advance our understanding of
superconductivity and superfluidity in
more complex systems.”

‘time of flight’ images show us the velocity distribution of our atoms. Above the transition temperature, as

expected, the velocity distribution is a spherical gaussian. But as we cross the transition line, we see a sudden
change. The distribution becomes bimodal, with two separate contributions from the ground state and from all
other states. In the third picture, the temperature has been lowered enough so that most of the atoms are in

the ground state, and the distribution looks gaussian again.

War machine that won't stop

ou might think “It doesn’t get tired, it

doesn’t get hungry, it doesn’t get sleepy
—and it’s expendable” sounds like a quote
from Research Notes’ favourite film The
Terminator. In fact you wouldn’t be far
wrong. Because it is actually a project
manager’s chilling description of a
prototype robot soldier that is currently
being tested in the US.

‘Sarge’, being developed at Sandia

National Laboratories, could well become
standard battlefield equipment, serving as a

‘force multiplier,’ to increase soldier/Marine

effectiveness and survivability. Its prime
aim is to engage in remote surveillance, as
evidenced by its full name — surveillance
and reconnaissance ground equipment.

The final, complete tugv (teleoperated
unmanned ground vehicle or ‘tug-vee’ to
you, me and Norman Schwarzkopf) will be
produced by the hundreds and put into the
armed forces inventory. Individual or
multiple robots will be assigned to infantry
units and battalions.

Unlike the walking, talking, metal
humanoid Hollywood robots with lasers for
eyes, Sarge is a much simpler machine, and
the latest in a long line of prototype

battlefield robots.

Its base platform is a commercial
recreational ‘four-wheeler,” a Yamaha
Breeze, with the addition of a roll cage and
four video cameras — two for surveillance
and two for driving — on a pan/tilt platform.

Everything - steering, throttle, cameras —
can be remotely operated from a suitcase-
size operational control unit miles away.

Sarge’s predecessor, Dixie, had to be
teleoperated via a 1200-baud radio link.
Coupled with the slow speed of its
processor, that caused a 75ms delay between
user command and machine response.
Operators had to drive ahead, or plan for
what was coming up to compensate.

With Sarge, the lag time has been much
reduced. Its command/response delay is
approximately 20ms, thanks to its much
faster modern processors and
communications equipment.

The developers hope that Sarge will make
it unnecessary for a contingent of soldiers to
have to go out on reconnaissance during
combat, to determine the enemy’s position
and assess the situation.

Instead, the robot could be sent ahead, and
images captured by its video cameras would

For more information please contact
professor Ketterle at MIT -
wolfgang@amo.mit.edu

be relayed back. If there is an enemy
ambush, the number of casualties would be
less than one.

“Obviously, using a robot for surveillance
is different from using a person,” says
project manager Bryan Pletta. “It’s not going
to be as good at some things as a person
would be, with eyes and ears and a brain”.

Gaining acceptance of the use of robotics
among infantry soldiers may be a challenge
t0o.

“Right now, using robotics is a pretty
radical departure from the way they
currently do things,” Pletta says.

The next critical part of the project is the
manufacture of eight to ten Sarge units to be
given to infantry battalions, getting them
involved in development up-front.

“The program will actually give them to
infantry battalions and say, ‘This is yours,
keep it. Take it home, learn how to use it.
Try and figure out what you could do with it
if you had one,’”

Take it home??

Bryan Pletta can be contacted at Sandia National
Laboratories, Albuquerque, USA.
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Designing

valve preamps

Morgan Jones
details how to get
the best from
valves in hi-fi
preamplifiers, but
his article should
prove equally
useful to designers
opting for
transistors.

ferent levels, process them, and pass them to

the power amplifier. They should do this with-
out adding noticeable noise or distortion and they
should be convenient to use.

Figure 1 is a block diagram of a typical pre-ampli-
fier. Working back from the output, there is a line
stage providing a limited amount of gain. This stage
may be designed to drive long cables. It is preceded
by the volume control and input selector; associated
with this will probably be some form of switching to
provide facilities for tape machines, which may, or
may not, be buffered.

One of the sources to the selector switch will be an
RIAA equalised disc stage, although many modern
pre-amplifiers neglect this stage because it is so dif-
ficult to design. The excuse for this is that the long-
playing record is obsolete. This may be so, but there
are still many treasured collections of LPs that need
to be played, so a proper pre-ampli-
fier should include a disc stage.

The pre-amplifier only has to pro-
vide a very limited output voltage to
the power amplifier; even the most
insensitive power amplifiers will not
require more than 4 or 5V rms to
drive them into clipping. This means
that the line stage may be optimised
for linearity, rather than headroom,
but it will have to drive the capaci-
tance of the output cable without loss
of high frequencies. It may need to
be able to drive power amplifiers of
lower input impedance, such as tran-
sistor amplifiers.

Since the stage will be preceded by
the volume control, the power ampli-
fier will amplify all of its self-gener-
ated input noise, so we will need to
ensure that this noise is minimised,
the stage also requires a low output
impedance, coupled with low gain
which ought to be quantified.

Low capacitance screened cable
has a capacitance of around 100pF per metre. To

P reamplifiers receive a variety of signals at dif-

avoid inducing hum from the power amplifier mains.

transformers into the pre-amplifier, it will probably
be necessary to separate them by one metre. By the
time the routing of the cable between the line stage
and the input connector of the power amplifier has
been allowed for, about 1.5m of cable will have been
used. This is equivalent to 150pF. A valve amplifier
will typically have input capacitance around 20pF,

so it should be possible to drive 170pF.

In combination with the shunt capacitance of the
cable, the source impedance forms a low-pass filter
whose -3dB cut-off we can calculate from;

1
2nCR

It would be useful, however, to have the high fre-
quency roll-off within the audio band to be far less
than 3dB. As a result, it is necessary to find out what
f3qp corresponds to a given amount of loss at a
given frequency,. This can be found from,

faw =

e
f—JJB - (d? timit)
1

o
100

As an example of using this equation, we find that

for 0.1dB roll-off at 20kHz, we require

f-3ag=131kHz. It should be noted that this formula is
only valid for a single high-frequency CR or LR net-
work. We can now determine that for 0.1dB loss at
20kHz, driving 170pF of capacitance, we need an
output impedance of 7k€2, and preferably less.
For a single low-frequency CR or LR network,

1
F-3a8 = fia ttminy | a5~ 1
3ap = Joas iy | 7T

Using this formula, 0.1dB roll-off at 20Hz corre-
sponds to an f 34g of 3Hz.

Once stages are cascaded, both high and low-fre-
quency cut-offs begin to move towards the mid-
band. For ‘n’ stages, each with identical low-fre-
quency cut-off, the cut-off frequency of each
individual stage is related to the cut-off of the com-
posite amplifier by,

f—JdB(individual) T f—JdB(mmpo,,‘,e)\/ 2. -1

Applying this formula to a three-stage (n=3) capac-
itor coupled amplifier, you will now find that the
3Hz cut-off for the entire amplifier requires each
stage to have a 1.5Hz cut-off. The traditional value
of 0.1pF coupling capacitor into 1MQ grid-leak
gives a cut-off of 1.6Hz.

Traditional power amplifiers had input
impedances of 1IMQ or more; this is a useful
impedance, because it allows a low value of cou-
pling capacitor from the pre-amplifier. A value of
47nF almost meets our 20Hz 0.1dB criterion, but
100nF is better. Note that many modern valve
amplifiers have an input impedance of 100k€,
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requiring a 1pF coupling capacitor.

A power amplifier input stage using a triode
with a sensitivity of 2V rms has excellent
noise performance. But the higher gain of a
pentode not only results in increased sensitiv-
ity — 125mV rms is common — but the intrin-
sically noisier pentode further worsens the
already compromised signal to noise ratio.

Because of the previous low-frequency cut-
off and noise considerations, valve pre-ampli-
fiers should be designed to drive 2V into IMQ
—even if it means modifying the power ampli-
fier to achieve this match.

Typically, a sensitivity of around 250mV
rms is needed at the input of the line stage.
This results in an A, of 8 for the line stage, but
it may be useful to have 3dB to 6dB more
than this, to allow for unusually low recording
levels. As a result, maximum allowable gain
A, is 16, so an A, of 12 would be fine.

This stage will be preceded by the volume
control, which is discussed later. For the
moment, it will suffices to simply state that it
will probably be a 100kQ potentiometer,
whose maximum output resistance will be
25kQ.

The question of potentiometer output resis-
tance is crucial, because it forms a low-pass
filter in conjunction with the input capacitance
of the line stage. Using the earlier argument of
0.1dB high-frequency loss at 20kHz (-3dB at
131kHz), you can see that the maximum
allowable input capacitance of the line stage is
around SOpF.

If the input sensitivity of the stage is around
170mV, i.e. 2V/12, and a signal to noise ratio
of 100dB or more is needed, then the self-gen-
erated noise of the stage referred to the input
would be 170mV-100dB, which is 1.7pV.
This is certainly achievable with triodes.

Together with the previous arguments, this
results in a table of requirements as

follows.
A, 12
Zout 7k max. CLS
Cin 50pF max. A=0
Vnoise 170|JV B =0
max. N =0
Output coupling 100nF PR;NT
A good design is a simple PRINT
design, so you should check to  prINT
see whether the common cath- INPUT S
ode triode such as the ECC82, a PRINT
low p triode will suffice Fig. 2. INPUT D
A, 15.5 PRINT
Zow 7.7kQ INPUT L
G 30pF PRINT
INPUT R

Gain is certainly satisfactory, as
is the input capacitance due to
Miller effect and strays. The out- Y =
put impedance howeverisalittle C = R -
over the required value. PRINT A
Although the output impedance BB,
is higher than the ideal, input +
capacitance is considerably less A
than the allowable maximum.
Reduced roll-off at this point
compensates for the slightly

AUDIO

Fig. 1. A typical pre-amplifier
_{ RIAA UNE |— selects input signals at different
€0 — SELECTOR levels, processes them, and
LINE — passes them to the power
TAPE — - TAPE OUT amplifier.

increased high-frequency roll-off at the output.
Provided that great care is taken with the
capacitive loading of the output cable, or the
stage is converted to a p-follower, this would
be a satisfactory solution.

Sadly, the ECC82’s octal predecessor, the
6SN7, would have an input capacitance of
around 70pF, because C, is 3.9pF, and would
therefore only be suitable if a 50kQ2 volume
control could be tolerated.

Controlling volume

The volume control is an essential part of a
pre-amplifier and should be treated with the
same care as any other part of the design.

Human ears have a logarithmic response to
sound pressure level, so if you want a volume
control that has a uniform perceived response
to adjustment throughout its range, you need
to use a logarithmic potentiometer. This is the
root cause of all our problems.

It is not a problem to make a linear poten-
tiometer; all you need do is to deposit a strip
of carbon of uniform width and thickness onto
an insulator, put terminals at each end, and
arrange for a contact to scrape its way round.

In an attempt to produce a logarithmic law,
the coating thickness is made variable; in def-
erence to audio sensibilities, a pressed metal
screening can is fitted, and two potentiometers
are ganged together on one shaft. Making the
coating thickness continuously variable would
be expensive, so the logarithmic law is approx-
imated by a series of straight lines, Fig. 3.

It is surprising how good a fit to the ideal

“What step size (dB)”;

DO UNTIL N = S - 1
((R-L /10 ~ (-A / 20)) + SQR((L / 10 ~

“dr \\’, C,' “ohms”

|Un=

] 10M

Fig. 2. Common cathode ECC82 triode stage
suitable for preamplifier output use.

logarithmic curve can be made using only four
different resistance tracks, but it will come as
no surprise to you that this still results in steps
in the response as the knob is rotated.

You would also expect the mechanically
linked potentiometers to produce identical lev-
els of attenuation all the way from OdB to
60dB. Some of them are remarkably good, but
the carbon track potentiometer’s natural habi-
tat is buried in the undergrowth of a television.

If quality is paramount, and a control that is
not continuously variable is acceptable, a

“This program calculates individual values of resistors between”
“taps of a potential divider string.”
“How many switch positions can you use”;

*What value of load will be across the output of the potentiometer”;

“What value of potentiometer is required”;
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switched attenuator can be used. Such an
attenuator has conventional resistors connect-
ed to a switch in order to control volume.
Adherence to the logarithmic law can now be
perfect, as can channel balance. Commercially
made switched attenuators are available with
resistors fabricated directly onto the ceramic
substrate of the switch wafer. Their perfor-
mance is excellent.

The practical disadvantage of the switched
attenuator is that you can only have as many
different volume levels as switch positions.
Although rotary switches are available with 30
positions — as opposed to the more usual 12 —
this still limits us to 26 or 27 positions once an
end stop is fitted.

For a normal volume control, it is often
desirable to have a mute position, followed by

a —60dB position, then uniform steps all the
way up to OdB. Already 6 of the 30 positions
have been used, so 60dB divided by 24 steps
gives 2.5dB per step. This is too coarse, and
commercial attenuators coarsen the lower lev-
els to allow finer control at the upper levels,
but this still only brings the basic step size
down to 2dB.

If you don’t mind wiring individual resistors

This panel defines the requirements for a high-performance RIAA
equalisation circuit.

® Low noise and no hum. It has to be admitted that valves are
not as quiet as the latest generation of low-noise |C op-amps, but
they can be made quiet if you use dc heater supplies. Pentodes
are too noisy, and care is needed when using triodes.

@ Constant input impedance. This might seem obvious, but many
designs have failed to appreciate this requirement. Cartridge
manufacturers design for a specific loading of resistance and
capacitance. They use this to equalise mechanical deficiencies of
the generator system. This is particularly noticeable for moving
magnet designs such as the older Shure and Ortofon models.

® Accurate RIAA. It is unbelievable how many designs have
incorrect RIAA equalisation — ancient and modern. This is either
down to a failure to use the correct equations, or to appreciate
the loading conditions.

@ Low sensitivity to component variation. Valves age, and as they
do so, their anode resistance rises. When a valve is replaced, nei-
ther the new value of r,, or G, may be the same as the old
valve. Neither of these effects should noticeably affect the accu-
racy of RIAA equalisation.

@ Good overload capability. But what capability is necessary?
Using a Tektronix TDS420 digital storage oscilloscope, the
dynamic range of LPs was investigated in conjunction with a
high quality record playing system. The TDS420 was first used in
‘envelope’ mode to find maximum output of the cartridge, and
monitored an entire day of listening to music. The largest musi-
cal peaks were found while playing a Mobile Fidelity pressing of

A: PImny
®: 10amY

Tuk RUR: 3508/ Liwelope .
. I E - 5
Neld 2oatt. J.0mwer  V.0% Hott |

Tak Run: 250Kks/s

Beethoven'’s 9th Symphony. Before equalisation these peaks rose
to +16dB above the nominal 5cm/sec level, but clicks due to
dust or scratches rose to about twice this level at +22dB, Fig. 6.

Individual clicks were then captured, and it was found that the
vinyl/cartridge tip mass resonance was being excited, producing
an oscillation at 56kHz for this particular moving coil cartridge,
Fig. 7. If these ultrasonic signals were to overload the pre-ampli-
fier, they would generate intermodulation products that would
come back down into the audio band, and make the clicks much
more noticeable.

@ You should now allow for variable cartridge sensitivity of about
6dB; if you need more than this, the disc stage should be recon-
figured. A good design should not operate permanently at its lim-
its, so a further 6dB margin is desirable. This gives a total of 28dB
in the audio band, rising to 34dB or more at ultrasonic frequen-
cies. Very few pre-amplifiers of any age achieve this requirement
simultaneously with low noise.

@ Worn/old discs generate more ultrasonic energy than a new
disc. This may be due to dirt ground into the groove walls, or
because they were played by a cartridge that mistracked, caus-
ing wall damage as the stylus flailed from side to side of the
groove. Inadequate ultrasonic overload margin is the reason why
some pre-amplifiers will make worn records sound unplayable,
but a good pre-amplifier is able to extract the best from the disc.

@ Low distortion. This is an obvious requirement, and is linked to
overload capability.

@ Low output impedance. Ideally, the stage should be able to
drive cable capacitance, so that it can drive a tape machine, or
be sited within the plinth of the turntable.

Envibpe'
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Fig. 6. Unequalised enveloped music output from cartridge.
Peaks are dust/clicks. The rest is Beethoven’s 9th.
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Fig. 7. Unequalised output from cartridge showing excitation
of vinyl/tip-mass resonance.
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Fig. 3. Making the 5
coating thickness of a
logarithmic L
potentiometer 30
continuously variable is ¢ 4
expensive, so the log 101
law is approximated by
a series of straight 0 40 8
lines.

onto switches yourself, you can do rather bet-
ter than 2dB steps. It is necessary to design
your pre-amplifier so well that all incoming
signals arriving at the volume control are at
precisely the same level. Additionally, the out-
put of the pre-amplifier is perfectly matched to
the power amplifier, and is only able to over-
load the amplifier on the last few steps of the
volume control. This is feasible, and will
allow you to use 1dB steps.

Usually, you will also need a separate mute
switch in addition to the volume control. This
type of arrangement is surprisingly conve-
nient, and a matched, truly logarithmic volume
control is a pleasure to use.

Assuming that you have a pair of 30-way,
switches available to make a volume control,
you need to calculate the values of resistors
required. You could do this by hand, but a
programmable calculator or computer makes
life so much easier.

One form of switched attenuator is similar to
the conventional potentiometer. It has a string
of resistors from which you can take the appro-
priate tapping. The Qbasic Listing shown gen-
erates the resistor values for this attenuator; it
is not a miracle of programming, but is quick
and easy to use, and can easily be modified for
different versions of Basic. It could also be
made to run on a programmable calculator.

The program asks for the load resistance
across the wiper. This is the grid-leak resistor of
the following valve. It is tempting to try to use
the potentiometer as the grid-leak, but this is
poor practice, and can cause noise problems. It
is also unnecessary, since the program accounts
for its loading in designing the attenuator.

The final value given by this program is
connected between the last useable switch
contact and ground; it is often convenient to
use one of the spare contacts on the switch as
a ground terminal.

Ideally, an earthed metal screen should be
fitted between the individual switch wafers in
order to eliminate capacitive crosstalk between
the stereo channels.

Selecting inputs

It is quite likely that you will have a number
of alternative sources to the pre-amplifier, for
example Ip, cd, digital tv and radio. These will
need to be selected to the volume control. You
may also want to be able to record them onto
tape, in which case you will need a tape loop,
Fig. 4.

120 180 I 260 300
Angle of ontian (degrees)

You will see that the arrangement is very
simple. Incoming signals are routed through
the input selector to the volume control via the
tape monitor switch. This allows off-tape or
source monitoring. The tape monitor switch
should be of the on/off/on type in order to pro-
vide a centre mute position.

An unusual feature is the inclusion of a
switch in the output to tape. All of the sources
to the selector will be low impedance, and per-
fectly capable of driving the cable capacitance
to a powered-up tape machine. As a result, a
tape buffer is not required.

An unpowered tape machine, however, pre-
sents a non-linear load to the source. This load
is in the form of unbiased transistor junctions,
and may cause distortion. Most of the time,
you will not be recording the source, so the
tape output is switched off.

As the circuit stands, the rotary selector
switch could suffer from crosstalk due to
capacitance between adjacent contacts. On
high-quality traditional pre-amplifiers, this
problem was solved by having two switches.
One selected the source, and the other dese-
lected the short-circuit to ground on that
source. Unfortunately, such wafer switches are
no longer available, but a method that works
almost as well is to use alternate contacts as
inputs on a standard wafer switch, and connect
the unused contacts to ground, which then
guards the signal contacts.

A further advantage of the alternately
grounded contacts is that if a tape loop is not
required, the combined source/mute/tape
switch may be dispensed with, since alternate
positions of the selector switch provide the
mute function, Fig. 5.

Criteria for RIAA equalisation

RIAA is the abbreviation for ‘Recording
Industry Association of America’. It is the
worldwide standard for equalisation of
‘microgroove’ records, as opposed to the
numerous standards for 78s. The European
standard is known as IEC, and has an addi-
tional —3dB point at 20Hz (7950ps) on replay
only in order to reduce rumble.

Most manufacturers of quality pre-ampli-
fiers assume that their products will be com-
plemented by equally good turntables, and that
rumble will not be a problem, so they ignore
the IEC recommendation. Their equalisation is
therefore RIAA.

If power amplifiers were let down by their

—_—0
Fig. 4. Input selectors with switchable tape output.
Attenuators and an RIAA equaliser preprocess the inputs
to bring them to similar levels.

Fig. 5. Capacitive crosstalk on the input
selector is reduced by guarding. A further
advantage of this is that if a tape loop is not
required, the combined source/mute/tape
switch may be dispensed with.

phase splitters, then the Achilles heel of the pre-
amplifier must surely be the RIAA disc stage.
The stage has to satisfy so many contradictory
requirements at the same time that its design
and execution is fraught with problems.

The ‘Golden Age’ of valves produced
power amplifier designs that became classics.
There are no classic RIAA stages; they vary
from mediocre to plain awful.

Requirements for an RIAA stage are shown
in the panel. The next stage is to consider a
suitable topology. Constant input impedance
and low noise requirements eliminate shunt
feedback. Low noise also rules out the pen-
tode. You are therefore left with a combina-
tion of triode stages having active equalisation
determined by series feedback, or with passive
equalisation. Each of these contenders may be
further broken down into performing the
equalisation all in one go, or splitting it over a
number of stages.

To tackle the problem of RIAA equalisation,

R,
€

—
R;

Fig. 8. Passive RIAA de-emphasis network.
This is the only feasible network for a valve
pre-amplifier.
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it is necessary to define RIAA equalisation.
The equalisation is specified in terms of time
constants; 75ps, 318us, and 3180ps. The
RIAA equation plus some spot results are
given below.

=2nf
—— 318x10° x s
S (1+3.18%107° x5)(14+75%107¢ x 5)

Frequency Gain
(Hz) (dB ref. 1kHz)
10 +18.802
20 +17.592
30 +16.558
40 +15.657
50 +14.862
70 +13.509
100 +11.899
200 +8.418
300 +6.289
400 +4.778
500 +3.612
700 +1.862
1000 0

2000 -3.789
3000 —6.204
4000 -8.034
5000 -9.522
7000 -11.876
10000 -14.502
20000 -19.915
30000 -23.218
40000 —25.605
50000 —27.474

From the table we see that considerable gain is
needed at low frequencies, while high-fre-
quency attenuation must continue indefinitely.

Because the high-frequency attenuation con-
tinues indefinitely, you can now exclude the
series feedback ‘all-in-one-go’ topology. This
is because the gain of this topology can only
fall to unity. Although this failing can be
exactly compensated after the feedback ampli-
fier, it does mean that the response before
compensation is rising. In turn, this means that
ultrasonic overload capability within the
amplifier is being compromised.

Because the 1kHz level is around 20dB
below the maximum level at low frequencies,
any ‘all-in-one-go’ passive network must have
a minimum of 20dB of loss, and probably
more. This is because the network will have
the grid-leak resistor of the following valve in
parallel with it, which will cause additional
attenuation. You will find that it is extremely
difficult to design a pre-amplifier of acceptable
noise and overload capability using such a net-
work, so this topology can also be excluded.

If you decide to use either of the two previ-
ous topologies, the relevant formulae are given
in the definitive paper by Stanley P. Lipshitz,
‘On RIAA equalisation Networks’, Journal of
the Audio Engineering Society, 1979 June,
Vol. 27, No 6, pp. 458-481.

Of the four possible networks that Lipshitz
gives, these reduce to two for passive equali-
sation. Of these two, only one has a capacitor

in paralle]l with the lower arm of the network.
This feature is important because it allows
stray and Miller capacitance to be taken into
account. It is therefore the only feasible net-
work for a valve pre-amplifier. Fig. 8. Relevant
equations for this passive network are,

R]C] 2187ps
R\Cy 750us
RyC, 318ps
Ci/C, 2916

These numbers have not been rounded.
Remember that any grid-leak resistor in par-
allel with the lower arm of the network, or

7ops

C

=

Fig. 9. Split RIAA de-emphasis. It is usual to
perform the 75us time constant passively
following the input stage. This has the
advantage of ensuring that the impedance
seen by the cartridge is constant with
frequency, apart from input capacitance.

Fig. 10. Outline of an RIAA
preamplifer involving a passive
75us stage, followed by passive
paired 3180ps, 318us constants
over several stages.

[

non-zero output impedance of the driving
stage, changes the effective value of R, as
seen by the network. Therefore, the values for
the network must be calculated using the
Thévenin impedance seen by that network.
Likewise, any stray or Miller capacitance will
need to be subtracted from the calculated
value of C,.

For any ‘all-in-one-go’ topology other than
the above network, it is essential to refer to the
Lipshitz paper, and read it thoroughly before
embarking on design.

You are now left with only two possibilities
for equalisation — split active, and split pas-
sive. The first job is to define how to split the
equalisation. Fortunately, there is only one
rational way to split the equalisation, and that
is to pair the 3180ps with the 318ps, but to
perform the 75ps separately.

The 75us time constant defines a low pass
filter whose ~3dB point is at around 2122Hz
and rolls off at 6dB/octave thereafter. This is
an ideal filter for use early in the pre-amplifi-
er since it allows high-frequency overload
capability after that stage to rise at 6dB/octave
above cut-off. This is exactly what is needed.

It is usual to perform the 75us time constant
passively following the input stage. This has
the advantage of ensuring that the impedance
seen by the cartridge is constant with fre-
quency, apart from input capacitance, for
which a value is usually specified by the car-
tridge manufacturer, Fig. 9.

The reason for choosing a passive network is
that a series feedback amplifier cannot achieve
an A, of less than unity, and a shunt feedback
amplifier would have noise problems.

Additionally, although it was not noted ear-
lier, a feedback amplifier attempting this
response would find its output stage faced
with a heavy capacitive load. This capacitive

load demands a large current at high frequen-
cies, and would be equivalent to changing the
ac loadline to a far lower value of load resis-
tance. The result would be additional distor-
tion before the feedback loop was closed.

Note that all of the previous observations are
equally relevant to discrete semiconductor or
IC based pre-amplifiers.

The 3180us, 318us pairing defines a shelf
response with a level variation of exactly
20dB. Using IC op-amps it is equally conve-
nient to perform this actively or passively, but
with valves it is more convenient to use pas-
sive equalisation.

The preceding description allows you to
define the optimum way of achieving RIAA
equalisation in a valve pre-amplifier. Assume
a passive 75ps stage, followed by passive
paired 3180us, 318us over several stages of
triodes. All you need now do is to define the
topology and operating conditions of each
stage, and calculate component values.

It is now possible to draw a block diagram of
the pre-amplifier, Fig. 10. Note that the block
diagram has completely ignored practicalities
such as coupling, or decoupling, capacitors and
grid-leak resistors. Nevertheless, it represents a
simplicity of design to which we should aspire,
i.e. dc coupling throughout. This ideal is
achievable, but it is not ideal for the novice
designer; you will need to be a little more cau-
tious in your first attempt. 2

Morgan will discuss implementing the valve RIAA stage,
psrr and balanced preamplifiers in a second article.

Further reading

Lipshitz, S P, ‘On RIAA equalisation Networks’,
Journal of the Audio Engineering Society, 1979
June, Vol. 27, No 6, pp. 458-481.

Wright, A, ‘The tube pre-amp cookbook’ 1994.
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TELFORD ELECTRONICS

HP EQUIPMENT

HPBIE1A Programmable Pulse Genesator {opt 001-020)
HP53708 (HPIB) Universal Tiume Interval Counter
HP8A458 Automatic Preselector (opt. 002-003)
HPBE56A Signal Generator {opt. 001)

HPBI0LA Modulation Anatyzer

HP35868 Selectrve Level Meter

HP53354 Universal Counter fopt 020/040)
HP33368 Synthesizer Levet Generator

HP35704 Network Analyzer

HPB0164 Word Generator

HP3571A Tracking Spectrum Anatyzer
HPI330BAutomatic Synthesizer

HP3394 Distortion Measurement Set

HP5328A Universal Counter

HP11722A Sensor Module

HPB015A Pulse Generator

HPR532A Frequency Meter

HP8761ASP.DY RF Switch

HP4354 {B) Power Meter c/w RF Head

HP432A Power Meter c/w RF Head

HPB1704 Logk: Pattern Generator

HPS9501A Power Supoly Programmer

HPS9307A VHF Switch

HP59306A Relay Actuator

HP46 1A Ampliteer

HPA00FL AC. Voltmeter

HP32008 VHF Oscillator

HPBS02A Transmission/Reflection Test Set S00KHz-1 3GHz
HP35650 System |8 siot] crw HP356528 x4, HP35653A. HP356518
HP486A Thermistor Mount

HPEI20 Meter Cahbrator

VARIQUS HP PLOTTERS IN STOCK — PLEASE ASK FOR DETAILS
HP12404 100MHz Dual Trace'Slorage scope
HP180A + HP1B01A + HP1821A 50HH; scope
HP1742A 100MHz Duai TraceStorage scope
HPRESAA 10-520MHz Signal Generator

HPBG14A 0.8-2 4GHz Signal Generator
HP8616A1.8-4 5GH Signal Generator

HPa204A 10Hz-1MHz LF Oscillator

HP651B Test Oscitlator

HP2034A Vanable Phase LF Generator

HP62618 0-20V C-504 Power Supply

HP62098 DC 0-320V 0-0 1A Power Supply
HP5342A Microwave Frequency Mete: 18GH:z
HP53084 75MH; Counter/Timer

HPS3054 1100MH; Counter

TEKTRONIX EQUIPMENT

TEK1 1401 Digitising Osciloscape e/w 11434

TEK24654 35MHz Oscilloscope

TEKP6042 Current Probe 0.C.-50MH:

TEK7904, 7854, 7603, 7704A. 7633, TM304, TM503 IN STOCK
TEX Plug-ins: JA16A. 7851, 7B87. DF1. 7D01. 7A26. 7836A DC509. DESO4A AMSO3, 7B92A,
TB53A MANY MORE IN STOCK

MARCONI EQUIPMENT

6460/1 Power Meter cw Sensor Head 10MHz- 18GH:

2830 Multiplex Tester

2829 Digrtal Analyzer

28284 Digrtat Simulator

2831 Channe Access Switch

2833 Digital Line Monitor

MARCONI Microwave Education Test Bench "X" Band ~ Brand New
2015 Signal Generator 10-520MH;

2019 Signal Generator BOKHz- 1040MHz

OTHER TEST EQUIPMENT
ROKDE & SCHWARZ SMS Signal Generator 0 4-520MHz
ROHDE & SCHWARZ SBAUY Signal Generator 10KHz- 1 30MH:

IWATSU SAS8130 Waveform Anaiyzer ciw SH-18 P1 D.C -3 5GHz
WATSU DM2350 Digital Memory 10Bd 20ns

IWATSU OM6430 Digital Memory Scope

KIKUSUI TOS8350 W1 Auto Tester

NARDA SMA Coaxial 90° Hybiid 2-4GHz
NARDA SMA Minature Stripine Coupler 2-4GH:
NARDA Various SMA Attenuators DC-6GHz DC- 1 2GHz

SOLARTRON 7045 Oigital Multi Meter 412 Dignt

FLUKE 8860A Digtal Mutti Meter

FERROGRAPH Recorder Tes! Set RTS2

TOOt CHESTS (8 drawer) Made by. H Fine & Son (BRAND NEW)
CLARE Flash Tester Model GCHQ/IP

RACAL 9081/9082 520MHz Synthesized Signal Generator
GOULD §3B 10Hz-100KHz Low Orstortion Oscillator
ADVANCE HIE 15-50KHz LF Oscillator

RADFORD LDO4 Low Distortion Oscifiator

RADFORD LDMS2/2 Low Drstortion Measunng Set
PHILIPS PM5132 Function Generator (f 1Hz- 50MH:
PHILIPS PM5715 Pulse Generator 1Hz-50MHz

ADRET Type 22304

ROHDE & SCHWARZ SUF2

FARNELL TSV70 MK2 0-70v @ SM0-35V @ 104
VARIOUS (AMBDA & KEPCO PSU's N STOCK

HAVEN Temperature Calibvator OTB-5 or/water bath
HAVEN Thermo Cal IS Thermocouple SimulatorCahbrator

TIME CD Millolt POT Source Mode) 404N
LEADER £0C705 Scope Calibeator
CASELLA WBGT
PPM 411F Current Reference
CROPICO Resistance Standards - Vanous In stock
HTINSLEY Resistance Bndge Type 5761
WALLACE & TIERNAN Precision Peumatic Calibwator
MICRODINE Telemetry Recerver 2.2-2 3GHz
AVO DAL16 Digitat Multi Meter
FLUKE 80004 Digital Muith Metes
RACAL 9904 50MH: Times/Counter
RACAL 9913/9914/9915/9916/9917/1992/1938 Frequency Counters
RACAL INSTRUMENTATIGN RECORDERS 40S/70S
RACAL WORD SAFE 8 track, 48 Hour, Secure vorce recarder
RACAL TAL885 Auto tuned HF Transmitter | 6-30MHz 1KW output
RACAL TAIB0O HF Linear Amplifier 2-30MHz 10KW Output (alt mode)
PYE TI00AM 68-174MHz 300w output
REDIFON GA484 400W Sokd Stale Amplifier c/w IKW Aerial Filter, Orive Unit. PSU
HARRRIS ATU 601A 1-30MHz. 1KW
DATALAB DK1080 Programmable Transient Recarder
ROTEX AC/OC Precision Calibrator
RACAL 9084 Synthesized Generator cAv GPIB Interface
ROLAND Dratting Protter A2. DPX-2200 Various interfaces, 8 pen
ROLAND DG X- Piotter A3 DXY-980A Various Interfaces 8 pen
KROHN-HITE Fitter Model 5202R
CABLETRON Systems MR-9000C c/w lanview muiticore ethernet 1EEE
CABLETRON Systems FR3000 c/w lanview fibre optic repeater unit
ANRITSU Channet Selector MS120A
BRUEL & KIAER Vibralion Programmer 7H0100
MINOLTA TV Colour Analyzer c/w Probe TV2140
CORNLX 48 48 Audio Switch Matrox Type 921871
PHOENIX Telecommunications Anahvzer $5004
2nd Untt. Phoencx $500-MSU 5500-200
5500-555  55004-828
3rd Unit: Phoenmx Control Module 5500-200 + 55004-828
The abave 3 items come as one unit
WATKINS & JOHNSONS EQUIPMENT
Microwave Tuning Frame 4-8GHz
Frequency Extender 2 4GHz
Demodulator M112.5
Signal Monitor
Recerver Wj36178 2-500MHz
MICROWAVE COAXIAL SWITCHES
“N" Type connectors. RLC. Mogel $-2799
20N @ 100MH;  400W @ 6GHz
TELEDYNE- SMA Conniectors Model CS38S16 22GHz 1m6 out
FLEXWELL COAUAL CABLE CU2Y swe | Yith 50 Ohm

AN EXTENSIVE RANGE OF TEST EQUIPMENT IS AVAILABLE. PLEASE SEND FOR OUR NEW CATALOGUE
Postage and packing must be added. Please phone for price. VAT @ 17"2% to be added to all orders. Please send large SAE for details.

Telford Electronics, Old Officers Mess, Hoo Farm, Humbers Lane, Horton, Telford TF6 6DJ

Tel: 01952 605451 Fax: 01952 677978

CIRCLENO. 118 ON REPLY CARD

alve Amplifiers | BOOIKS

Valve amplifiers

Classic power amplifiers is just one of the subjects covered in a
new book entitled Valve Amplifiers, from which the above
article is extracted. With over 370 pages, Valve Amplifiers is
written by Morgan Jones and covers,

o Circuit analysis

® Components
® Power supplies

® Construction
® Safety

Morgan Jones

® Basic building blocks

® Power and preamplifiers

Valve Amplifiers is priced at £25. Please add postage at £2.50
UK, £5 Europe or £7.50 worldwide. Send your request with a
cheque or postal order made payable to Reed Business
Publishing Group Ltd, to Jackie Lowe, Room L333, Quadrant
House, The Quadrant, Sutton, Surrey SM2 SAS. If ordering by
credit card, please quote card type, number and expiry date
together with card-holder address. Post your order, fax on
0181 652 8956 or e-mail it to jackie.lowe@rbp.co.uk.
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Fractional-N
synthesisers

Cosmo Little discusses implementing the fractional-n
synthesiser, and shows how adding a second accumulator to
the basic synthesiser system described last month reduces low-

frequency spurs.

tional-N synthesiser with a single accumu-
lator, and provided a simulation of its per-
formance. In this article, I examine an
modification to the method which uses a sec-
ond accumulator to generate a different
sequence of divisors. This important enhance-
ment reduces the low frequency spurs seen in
the previous simulation.
In addition, I discuss here some methods of
implementing the fractional-N synthesisers in
hardware and software.

I n my first article, I discussed the basic frac-

Two-accumulator fractional-N loop
Invented by Racal, this modification to the
fractional-N loop is based on the idea that it is
possible to change the frequency spectrum of
the error waveform. This avoids the large dis-
crete spurs that appear at low frequencies
when generating a small fractional increment.
This could be possible by dividing by a
greater range of numbers based on N.

Obviously, it is feasible to divide by any
number, provided that the average over a full
cycle of accumulator additions — a maximum
of the accumulator modulus — equals the
required fractional divider.

Numbers are selected on the following basis.
The loop filter is an integrator at low fre-
quencies and as a result integrates the error
voltage which builds up as a ramp as
described last month. If a large negative error
voltage is generated at the right intervals, the
integrator can be reset to zero. This negative
error voltage could be produced by dividing
by N+1, and then immediately by N-1 at the
next reference cycle.

Provided that a division by N+1 always has
a corresponding division by N-1, the mean
loop divisor has not been altered. As the nor-
mal control mechanism requires periodic divi-
sion by N+1, the combination of the two con-
trols results in divisions by N-1, N, N+1, and
N+2.

I have never found this argument — ref 2,
p201 — convincing as the error voltage is mod-
ified by the loop forward transfer response,
not the loop filter. Forward transfer response is
a constant multiplication by N at low fre-
quencies. However the above algorithm cer-
tainly works, as will be seen later.

The second control may be implemented by
means of a second accumulator, which accu-
mulates the contents of the normal accumula-
tor. These will be referred to as accumulators
A and B. As an accumulator is an integrator,
overflow of accumulator B can be used to ini-
tiate a correction cycle of division by N+1 and
N-1.

A simple combinational logic function can
be designed to combine the overflow state of
both accumulators and the previous overflow
state of accumulator B which must be stored
in a latch.

Operation of accumulator B is shown in the
document Program 1, as is the effect on the
time error waveform. This waveform still has
about the same peak to peak amplitude as that
for the single accumulator fractional-N loop,
but the peaks are only reached on pulses.
These pulses contain less energy at low fre-
quencies. If you make a mental average
through the area of pulses, you will find that
the main low frequency waveform is a triangle
wave of much lower amplitude.

A correction waveform may be constructed
for the two-accumulator fractional-N loop, but
the relationship to the contents of accumulator
A is more complicated. The rule is that if B
has overflowed in the previous reference
cycle, then the value in accumulator A must
be complemented — i.e. subtracted from the
modulus.

A 5% accuracy of the correction voltage has
been assumed in the document, and all other
parameters are the same as for the right-hand
MathCad document in the last issue of EW.
This allows the Fourier transforms of the error

voltages to be directly compared. But note dif-
ferent Y axis) The improvement is dramatic.
The frequency range in both graphs extends to
Jret/2, 50 a typical natural loop frequency
would be 5kHz. Frequency components high-
er than this are progressively filtered out.

Automatic correction of the correction volt-
age by synchronously rectifying the error volt-
age is possible for the two-accumulator loop.
This turns out not to depend upon accumulator
A at all, but only upon the overflow state of
accurnulator B. The graph in the document
shows that the function does work.

There is a possibility that other algorithms
could result in even lower low frequency spu-
rious content to the error voltage. You could
divide by a larger set of integers, for example.
Alternatively, there might be a better sequence
of the set of four integers than that generated
by the two accumulator implementation.

Implementation the fractional-N loop
The lack of widespread use of the fractional-NV
technique may partly be due to the lack of any
commercial large-scale-integration digital chip
for implementing the accumulators and cor-
rection circuits required. This contrasts with
the large number of single-loop synthesiser
chips available, most with provision for con-
trolling dual modulus prescalers, and having
microprocessor interfaces for setting up the
various internal dividers.

Figure 1 gives a possible block diagram for
a single chip implementation of the two accu-
mulator loop. Everything is included except
the d-to-a converters for generating the cor-
rection voltage. Because of the difficulty of
implementing the inverse scaling of the cor-
rection voltage with change of vco frequency,
a simple latch is provided for controlling a
d-to-a converter. It is assumed that the con-
trolling microprocessor will calculate the scal-
ing factor.

For many applications binary accumulators
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Fig. 1. This block diagram
| Latch | [ Adder |} suggesting how the dual-
{} ﬁ b accumulator fractional-N
synthesiser could be implemented
N Latch on a single chip includes everything
except the d-to-a converters for
ﬁ producing the correction voltage.
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Fig. 2. It is possible to use a
processor to calculate the

dual-accumulator algorithm
in real time if the reference
frequency is not too high.
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are adequate. This means that the output can
only be an approximation to a decimal fre-
quency. For some applications such as signal
generators, binary-coded-decimal accumula-
tors will be needed.

It is important that the phase detector used
should have very good linearity at small phase
offsets. Otherwise the error voltage from the
phase detector will not match the correction
voltage. Digital tristate phase/frequency detec-
tors are very poor in this respect, and should
only be used for initial acquisition. A sam-
pling phase detector should be used for track-
ing. This approach is used in the GEC/Plessey
range of chips.

Until a manufacturer decides to make a
suitable Isi chip, low budget designers must
look for other ways to implement the synthe-
siser. Single chip microprocessors are cheap,
and are powerful general purpose logic
machines. It is feasible to use a processor to
calculate the two accumulator algorithm in
real time provided that the reference frequen-
cy is not too high.

A possible block diagram is shown in Fig. 2.
The processor must be synchronised to the
overflow of the loop divider, either by an
interrupt or by polling a port. The processor
may take most of a reference cycle to calculate
the next value of N and the appropriate error
voltage does not appear at the phase detector
output until the loop divider has finished a
cycle. As a result, the correction voltage will
need to be delayed internally to the processor

to keep it synchronised to the error voltage.

It is also assumed in Fig. 2 that the proces-
sor will scale the correction voltage output to
the correction d-to-a converter, either by cal-
culation of lookup table.

I constructed a prototype fractional-N syn-
thesiser for an high-frequency receiver design
about a decade ago. It was based on the two
accumulator algorithm and used an 8041 slave
processor to calculate the algorithm in real
time. The reference frequency was 10kHz, and
the processor used double precision arithmetic
to give 16-bit accumulators.

The processor ran at 6MHz, and the algo-
rithm just fitted into the 100us available. The
correction did not use d-to-a converters, but
corrected the time errors before the phase
detector by the use of binary increments of
delay.

I used a miniature analogue delay line with
four sections of 80, 40, 20, and 10ns. These
sections were switched in and out of circuit
using bipolar transistors. The prototype
worked reasonably well, but it proved difficult
to get the delays accurate. This method of
directly correcting the time errors is worth
considering as an alternative to the usual sys-
tem of generating a correction voltage. A chip
such as the Analogue Devices AD9501 which
provides 8-bit resolution of delay with sub
nanosecond resolution would seem ideal for
the purpose. This correction system is shown
in Fig. 2.

Microprocessors have advanced consider-

fF!EF
Oscin
SlEIN GEC/Plessey PDA vCO
VCO ——»| P/P + 1 NJ88C22
— PDB
MC
Veou LogicMCIN Fig. 3. Low-cost
4 =i ‘ implementation of the
r CorSaly fractional-N
L synthesiser using an
| off-the-shelf
AN synthesiser IC.
Processor :> DAC
Start of cycle S g j S
counters reloaded
Note: MCOUT is extended by 0, 1, 2 or 3 cycles of FIN according
to value N supplied by processor

B T G e i
o L I _' P_MC|N
E L P+1 | Tr MCOUT

ably over the past decade, and it is likely that
a 16-bit digital signal processor could calcu-
late the algorithm in 10ps, making possible a
100kHz reference frequency. For even faster
implementations, the processor could calculate
the algorithm in advance, and store all the val-
ues of N and the correction in ram. The pro-
cessor could then respond to an interrupt and
output the next values in less than lps.

A low-cost implementation is possible by
using a single chip synthesiser with dual mod-
ulus prescaler control, and adding logic to
delay the change of modulus from P+1 to P
by up to three input cycles. This will change
the overall division ratio. This idea is outlined
in Fig. 3.

Programming of the ‘N” and ‘A’ counters
must be altered from the usual arrangement to
ensure that the four divisors are available
without requiring the ‘A’ counter to be zero,
as otherwise the logic would not work. A little
thought will show that provided the ‘A’
counter has a higher modulus than the
prescaler, P, then programming for any four
adjacent integers will always be possible.

This implementation would require only 1x2
bit and 1x8 bit port on the processor, and one
spare interrupt. If sufficient ram was available
to store the divisors and corrections, then the
main system processor might have sufficient
capacity to run the synthesiser as well.

One advantage of the ram storage technique
is that decimal accumulators can be as easily
programmed as binary. As the algorithm is
calculated once only for each frequency
change, the extra time required to calculate for
decimal accumulators would not matter.

Predicting vco spurii
One final MathsCAD document is offered,
Program 2. This ‘document’ calculates the
level of the vco sidebands due to the fraction-
al-N mechanism. It communicates with either
Programs 1 or the right-hand MathCad docu-
ment in the last issue of EW using a data file,
so the appropriate program should be run first.
It is also necessary to design a sensible phase-
locked loop using the phase-locked-loop
MathCad document presented last month.
Loop time constants are copied across man-
ually to Program 2. The document then cal-
culates the voltage-controlled oscillator spu-
rious sideband levels. The simplification is
made that the voltage-controlled oscillator
phase modulation index is small, so each com-
ponent of the phase modulation of the voltage-
controlled oscillator only results in one pair of
sidebands. [

Cosmo is head of the rf design, prototyping and
consultancy company, RF Solutions, Penryn.

Further reading

Digital PLL Frequency Synthesisers, Ulrich L.
Rhode, Prentice Hall.

Frequency Synthesis by Phase Lock ,William F.
Edan Wiley.

Frequency Synthesisers, Theory and Design
Vadim Manassewitsch, Wiley.

Phase Locked Loops. Application to coherent
receiver design, Alain Blanchard, Wiley.
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Program 1. This MathCad document is for evaluating operation of
the fractional-N synthesiser’s second accumulator, designated B. It
also shows how the time error waveform is affected.

Phase lock loop comparison frequency, f ¢ = 10°. Integer part of loop divider, N := 10.
Fractional part of toop diider, M "= 7. Accumulator modulus. Modulo =2°.

Coftection DAC modulus, DAC =2

M\ .
fyco=f g 20.. (Modulo-8 - 1 20 B,:20 Np =N+l T )
veo "f(N’Moduno; A L ) D, N+ Ty
fyco = 1002134.375
The next two statements form the - -
vectors of values In the two accumulators Ay =mod(A - M Modilo) B, =mad(B, 4 A, . Modulo)

Special vector funcbon defintion, returns 1 if next entry in vector is
less than current entry. Serves lo mark accumulator overflows
Hindex 1s <0 returns 0.
Logie section to create vector of dmsors based on overflow of the two accumulators.
Order of statements is important
N =N

Dy,
N =if{OVFL(B.i)=I N + 1N

D,,, *OVLBI=LYD ¢ LNp, )
N =if{OVFL(B,i - 1)m1,N -I,N

Dyt l!( a Diyy D.,n)

N =H{OVFL(A.i)=l N LN \
Diql If( o= D‘ql’ Dlo-l

OVFL(Y,j) = iffj<0,0,i(V, | <V,.1.0))

mean(N py) = 10.027818

Graphs of accumulator content and loop divisor

T 45 T
A 200~ - B, 0f- H
- r
[ L 0 i
° E) o E
i t i
Create vector of time errors due o non exact dwision Np
T error Teroe + Tref- !
el 1 fvco
Create voltage from A. Note that is 1o no of DAC bits.
[ A A s
Carr, = i OVﬂ,(B.i-IPI,~lDAC-ﬂm—'-DAC . floor DAC|| | ———]2x1.59
' Modulo Modulo f yecoDAC
Creale error voltage vector at output of phase detector. eror,
Phase detector constant assumed equal to 1.59 .21 59 95-Com;
Note that correction s assumed to be accurate to 5% ref
Remove DC component from error voltage MV = mm(v mcr) Vare (V MV
Graphs of ime error, correction, and voltage error
o ® T T T
T oy 0 Cony o
r r
SO I i i
» ) 0 ©
i
0.08 T T T
Vom0
r
1 1 1
[ » ) ) 0

Founer transtorm of error voltage. Bin spacing = £REF/no of samples

G2FFT(V gry)  enith(V grey) 204810 lengi(@y= 102510 et

j:70.lengh(G) - | WRITE(freqincl} =Hz  WRITEPRN(freql) =G

Spectrum of error voltage (y axis in volts eqw 1o peak voliage of a transformed sine wave)

0oy T T T T T T T T T

0.004 (-

ELEE 1|

[ 000 1t [T T asw yie

of error voltage

by synchronous rectification of V.error R “(om‘a" =10V error,V error

0p0s T T T T T T ]
. , ] :
" : “
non li\’)" A A f\ i
IEE AV RV S
. o A g
s~ L S ) 4
- S . o
.- ofe” R = o
: v
vt o
Al .
1 ) 1 1 ] 1 1
o 1] 2 30 0 50 0 70 ©

mean(Rect) =0.0167
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Program 2. MathCad routine worksheet for calculating vco
sidebands due to the fractional-N synthesiser’s mechanism.

Loop fixed parameters:

op amp low frequency pole and open loop gain: fo =10 A g := 100000
loop filter componentvalues: RI:=4700 R2.=10000 CI:=1016° €2 =.5.10°°
Phase detector gain constant ( volts per radian) Kp := 1.59

VCO gain constant (radians per volt second) Kv =50 10

VCO modulation pole(Hz) .4 '=3010°

Loop division ratio N:=10

Additional low pass pole(Hz): fpole 20000

Data from previous fractional N calculations:

Hz =READ(freqincl)  SPUR “=READPRN(freql ) i 1= 0.. last(SPUR)
f=iHz  les(SPUR) = 102410°  length(SPUR) =1.025-10°

calculated values 1

g s ty:=CI-R1 15:2R2{Cl +C2)
Zxfg
1 1
t=C2R2 t = t - s =2 -f
3 oy 2nf g ok 2R L pole ' '
Ag(l4+st \
= oftests) ' :

Sgt 1-l3+sz-(Ao-l|~l3¢l 1t3+igty “0"2)"5(‘\0" Ear| +l2¢lo)+ LT+ 9o T+ st o)

O] Hi=—
B(s) := 4
g2 1+ G(syH i

ol

.. Kp-KvF(s)
K Umod = S30516: 167 ¢ =0,01592 1} =4.7:10

L3 o® =10 - 4
VCOi lpok-7.95775 10 13=510 ty = 10510

This graph is peak phase deviation of the VCO

VCQ phase dewiation in time domain
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At CPC we only stock quality products from quality
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CONTROL ELECTRONICS

Designed for use
with a 12V dc
motor, Matthew
Hall’s pwm speed

controller is

adaptable for use
with a servo-arm

mechanism.

SPEED

control

with servo option

his motor speed controller evolved from a need
T to be able control the speed of my 12V electric

drill while drilling pcbs and the like. Having an
interest in radio control, I also wanted a design that
could be actuated by a servo arm.

Design considerations

To suit my needs, the motor controller needed the fol-
lowing attributes.

@ High efficiency
@ Complete control via one drive shaft, i.e. fast
through to slow forward rotation, fast through to

slow reverse and stationary.

@ No moving parts eg. reversing relays/switches
etc. other than the drive shaft.

Table 1. Suitable driver mosfets — prices and sources.
Designation Type

Trae
Tf4|5
Tf3’5
Tf3’5

BUZ11
BUZ10
BUZ271
MDT2955E

Fig. 1a). Pulse-width modulation
motor controller extending

from full power reverse,

through stop, to full-power

forwards.

©® When the controller is being actuated by a servo
arm, the +45° moved by a typical radio-control
servo will need to be mapped onto the full control
range. Therefore provision to trim this mapping
will be required.

® Performance maintained for small fluctuations in
the supply voltage.

® Low cost

Regarding efficiency, it is widely accepted that pulse-
width modulation control is more efficient than a sim-
ple rheostat since very little power is lost in the
switching components as they are either fully on or
fully off. Pulse-width modulation control also has the
advantage that higher torques can be achieved at low
motor speeds when compared with rheostat control.

Table 2. Truth table of voltages within the
output circuit around Trs.q.

Rpsion) Price (each) Distributor V[13] V) Trs Try Trs Trs
0.03Q £1.44 Maplin low low off off off off
0.08Q2 £0.80/£0.65  Maplin/Grandata low high on off off on
0.15Q £2.15 RS high low off on on off
0.3Q £1.97 RS high high off off off off
12Veo
Ry C4 'L %Rs Ry
12k 100% $ 1 4k7 Rg Ryp Ry ol s
R, . 100k - a7
330R (5] I '
Ry ?3 . D
b 3 1M 2
2 ) < 22k W éVR 1/4 TLOB4 5 !L1N4001 [
<:n (1 AL Ry (6 1/4TLo84
Ty N2 2N694
2N2646 [ b; o Cq VR VR
1000 5 [l v 22"
. 1N4001
Ry Ry (8]
i 2k2
c2 . [10] 2
amn . = Cs =% I— 1/4TL084
2%2 T .

1N4001 %

0Vo

Relaxation oscillator
f = 800Hz
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Hence, the design given here is based on pwm
control.

Moreover, this design can generate high
duty cycles and the motor switching compo-
nents have low ‘on’ resistances. This leads to
high efficiency at maximum speed so that
nearly full power may be attained.

In this design, motor power is produced via
a solid state complementary bridge driver,
Try¢on Fig. 1. 1

An optional aiteration to the design appears
in Fig. 1b. This makes the circuit fully com-
patible for control via a servo arm.

To keep the cost down, the only relatively
expensive components in the design are output
mosfets Tr3 ¢. When choosing these transis-
tors, a compromise needs to be made between
low Rpg(ony and low price. In practice having a
low Rpg(on) is more important for motors
requiring high currents. This is because what-
ever the on resistance of a switching mosfet,
more power is dissipated in the device as the
current through it increases.

With these considerations in mind, the
Table 1 gives some possible types for Tr3 ¢
along with prices and corresponding distribu-
tors.

Circuit details

Resistors RI-6? IOgCIhCr with VR], C1_3, Dlv Tl‘l
and Tr, form a linear sawtooth generator.
Without R4~67 VRl, C3, Tl‘z, and with Dl short-
ed, the circuit would function as a standard

Ry and Ry, will also require adjustment

From IC,, output

unijunction transistor relaxation oscillator with
a repeating cycle as follows.

Capacitors C) ; charge through R; 3, the volt-
age at point [1] rising towards 12V according
to a negative exponential curve.

When the voltage at [1] reaches the peak
point voltage of the unijunction device, the
emitter becomes forward biased and the
dynamic resistance between the emitter and
base 1 drops dramatically to a low value.
Capacitors C, are then rapidly discharged
through the emitter.

When voltage at [1] drops below a critical
value — usually about half the saturated emit-
ter voltage for the given circuit — the unijunc-
tion transistor ceases to conduct and the cycle
starts again.

The signal at point [1] is indicated in Fig. 2.
With the improved circuit, comprising all the
components, as the voltage at [1] rises, the
voltages at [3] and [4] fall and rise respec-
tively due to the increased conduction of Tr,.

The increase in voltage at [4] is effectively
transferred to [5], since Cj relatively is large.
This rising voltage at [S] makes C g, charge
at a more constant rate, rather than progres-
sively reducing which would occur if the lin-
earisation components were omitted and the
charging voltage was the 12V supply.

Linearisation is further increased by the inte-
grating network R/C; which provides second
order compensation for the nonlinearity of the
wave form. By adjusting VR), a near-linear

From IC, output

———>Toinv,
input of ICyy,
VR3,
(22k)
A %4—‘“9 To inv. input
\\_______\_ of IC,,
VRSa
(22k) 1b). Optional circuit extension,

replacing Ry;.;5 and VR 3, adds
45° servo-arm facilities to the
pwm motor controller.

lC 'L 100n
(1] ;13% 4 x 1N4001 ;E
Cg
W747 py T Gﬁ) A0 100n Ds % T
ICsa JH —
1 Ry;
[12] : :
1/2 747
aDs D; &
[14] Trof b I Trg
1M

CONTROL ELECTRONICS

Voltage >

%

Time >

Fig. 2. Waveform obtained using a standard
unijunction transistor relaxation oscillator.

T

Voltag

N 1
Time |:_:>

Fig. 3. Enhancing the relaxation oscillator
produces a much more linear sawtooth.

sawtooth may be obtained, a positive ramp
appearing at [4] and a negative ramp at [3].

A suitable inverting amplifier, /Cy,, then
inverts, amplifies and shifts the voitage at [4]
to a usable level, impedance and amplitude.
Voltage at [6] therefore changes as per Fig. 3.

Diode-capacitor pairs D3C5 and D,Cg find
the upper and lower bounds of the voltage at
[6] respectively. The upper boundary appears
at [8] and the lower at [7]. Op-amps /Cjg.
then act as voltage followers, lowering the
impedance of the voltages at [7] and [8]. The
voltages appearing at [11] and [12] can there-
fore be varied between the upper and lower
bounds of the sawtooth at [6].

Potentiometer VRj3 is arranged such that
when one wiper voltage is at the upper bound
the other is at the lower and vice versa.

Op-amps IC», , act as Schmitt triggers: for
IC,,, when the sawtooth voltage at [6] is
greater than the voltage at [11] the output at
[13] is high. The same applies for /C, and
points [12] and [14].

Note that since the thresholds for these
schmitt triggers are actually derived from the
upper and lower bounds of the sawtooth
waveform, very high duty cycles may be
achieved at their outputs. This technique offers
a significant improvement over the duty cycle
attainable using standard monostables. In
addition, should the sawtooth voltage at [4]
and at [6] change by a small amount in ampli-
tude or level, due to fluctuations in the supply
voltage, the performance of the circuit will be
maintained. This all helps to fulfil my first and
fifth design considerations.

Note that R7419 were introduced to provide
a small amount of positive feedback, and
therefore hysteresis in each schmitt trigger, to
reduce any change or erratic triggering.

A simple truth table of voltages at points
[13] and [14], Table 2, should help you under-
stand the motor drive circuitry around Tr3.¢.

Clearly when Tr3g¢ conduct the motor will
move in one direction and it will move in the
opposite direction when Tr445 conduct.

Note that D4 7 and Cy are included purely to
prevent the mosfets being destroyed by back
emf, transient spikes, etc.
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V[a] and V[10]

v | [N N ) | — [~ Virg)

a fe—- L
. i = -l ! [ il Viel
oy - L — L > 3 = =V

Vl71 and V[g]

[T~

r Vi L s
‘ V
' Al 1. - -
Trg, Trg Trs, Try 1Trs, Tt T, Tre Tey, Trg Tty Trg Try, Teg Try Trg 1 Bridge driver
T LI i J : 4 transistors
1in conduction

A A A

o o -] ! o ! -] |
1 Position of VRy
e REV! FWD' REV! FWD' REV FWD' REV FWD' REV FWD'

Medium power Stop Medium power ' Near full power
reverse forward forwards

== =

f Near full power
reverse

In order to show more detailed operation of
the circuit, and to show that VR corresponds
to the full control range needed, I have pro-
duced a timing diagram/chart, Fig. 5. Sections

Fig. 4. These timing relationships show how
the pwm control sweeps from full-power
reverse to full-power forward.

d, e, and f are particularly useful in this
respect.

Modification for servo actuation
Problems will arise when driving VR3 from a
servo, since the typical angle of swing is
+135° for a potentiometer, but only 45° for a
servo.

Differential voltage Vy,o—V|g therefore
needs to be amplified using,

Yor Yoy
2

This is achieved by the modification as in
Fig. 1b). Wiper voltages of VR3 may be varied
between the upper and lower bounds of the
sawtooth waveform at [6], without using the
full range of VRy’s travel. The amount of trav-
el used is dictated by the position of VR, and
this can clearly be used to carry out the rim-
ming outlined in the design considerations,

In practice the amplification introduced by
IC3 may need to be so high that the outputs of
IC3 will saturate, in order to provide the cor-
rect range of travel for the servo/VR;.

Under these circumstances R g or Ry; may
require adjustment in order to reduce the gain
provided by /C\,, allowing V|, and V[ ¢ to lie
between the maximum and minimum output
voltages of the op-amps /Cy, and [Cyy,. |
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Gates convert

dc to dc

POWER SUPPLIES

lan Forster has found
that 74AC logic gates -
with their high switching
speed and low output
impedance - make useful
building blocks for
simple and cheap low-
power dc-dc converters.

he 74AC series of logic
T gates have a number of

unique characteristics,
including low static power con-
sumption, very high speed and
low output impedance. This
makes them an useful building
block for some simple and inex-
pensive power conversion circuits
as described here.

These power conversion cir-
cuits can be considered as high
frequency resonant impedance
converters. Their Q is determined
by the output impedance of the
7T4AC logic gate and the L/C
ratio. This has the effect of multi-
plying the input 5V swing to a
higher level, which is then recti-
fied to produce a stepped up pos-
itive or negative — or both — dc
supply.

Two basic circuits are shown in
Fig. 1a) and b). Components L,
C) and C, are the resonant circuit,
with Dj — or Dy, in the voltage
doubling case — providing rectifi-
cation, with Cj filtering the output
ripple. ‘

Output voltage against load cur-
rent is shown for both circuits,
equivalent to a 1.1k output
impedance for the circuit of Fig.
I(a) and 4.5kQ for Fig. 1(b).
Negative voltages can be gener-
ated by reversing the diodes.

Loglc '1" high V out
Logic '0' OV out

21 —
2MHz clock 20|‘
19}
18}
17}
T_T_T_T g 16
Control 3
Logic 1" high V out i $ 151
Logic '0' OV out 3
S 14}
o]
13}
Fig. 1. Basic dc-to-dc converter based 12—
on a 74AC logic gate, together with 1
load performance curves. Output
impedance of a) is around 1.1kQ, 10}
while that of b) is around 4.5k, ol
8L

2MHz clock

Cy D,
chliio IC -
T T 4

11, 74Ac08 C1
“ )4

Control

Component values:

Ly 10uH surtace mount TOKO 43FS series
C, 470p ceramic

C, 120p ceramic

Cy 100n ceramic (see text)

Cs 100n ceramic

D;, D, BYV10-40 Schottky diode

IC4 74AC08

\ |
+

0o 1 2 3 4 5 6 7 8
Load current mA

9 10

4

£ ==
An

30

25[ ‘ !
20

15

10}

5

()IL JH S G = L =l (=

6ot 2 3 4 5 86 7

Load current mA

Output voltage

2MHz clock

Cotrol
Data '0’ +5V out
Logic '1" -10V out

Component values:

2.7kHz drive
Fig. 2. Logic power
conversion applications. a) c L. Approx. 40v p-p
is useful as a serial-port I1 g
driver while b can deliver
up to 96dBa from a piezo- 1/, 74AC00 High level
electric sounder. 2.7kHz sound
Control

Component values:

Sounder - 35mm piezo sound element

L,  10uH surface mount TOKO 43FS series 3
Cq 470p ceramic J
C, 120p ceramic

Cy 1n ceramic (see text)

Ry 3k9

Dy BYV10-40 Schottky diode

IC,  74AC00

in Helmholtz resonator

Sounder

220mH TOKO axial
100n ceramic 100V
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2MHz clock

Control
Logic ‘1" high V out
Logic '0’ OV out

1 (Gh=—
/4 T4ACO8 1-|-

+5V
Try

F'Ioad

T C, D& 3R

As

Component values:

2MHZz clock

Fig. 3. In a) the
74AC power
converter is being
used to drive a
high-side switch,
with a 1.27ys rise
time and 3.11us
fall. In b), much
higher voltages
can be produced -
up to 60V - at
the expense of
output impedance.

Control
Logic '1' high V out
Logic '0' OV out

Component values:

Ly 10pH surface mount TOKO 43FS series
Cy 470p ceramic

Ca 120p ceramic

D, BAT42

D, BZX79C12

Ry 10k 1/8W

Try IRFD110

Ly 47uH surface mount TOKO 43FS series
Cy 68p ceramic

C, 68p ceramic

Cs 100n ceramic 100V

Cy 100n ceramic 100V

Dy, Do, D3 D4 BYV10-40 Schottky diode

Figure 2a) shows the idea
applied to serial data communi-
cations. Here a quarter of a
74AC00 nand gate is used to gen-
erate either —-10V by power con-
version or +5V via L, and R;.
The main limitation on speed is
the value of C3, which includes
line capacitance; with the load
shown the circuit was able to
drive at an equivalent of 9600
baud.

Figure 2b) shows another way
the high drive capability of the
74AC gate can be used. Here the
tuned circuit is formed by L, and
the capacitance of the piezoelec-

tric sounder disk. Capacitor C,
prevents dc being applied to the
disc. With the disc mounted in an
appropriate Helmholtz resonator,
a very high sound level can be
produced — in excess of 96dBa.

Delivering up to 60V
Figure 3a) shows a power con-
verter high-side driving an n-
channel mosfet as a 5V switch.
Mosfets with a p-channel struc-
ture tend to have higher on resis-
tance than equivalent n-channel
devices and are also more expen-
sive.

In this circuit L}, C and C2 are

the impedance converter with D,
rectifying the signal. Diode D,
limits the voltage to avoid dam-
aging the gate. In this example,
smoothing of the rectified signal
relies on the gate source capaci-
tance, and R, provides a discharge
path to allow modulation. As
shown, with a 10/5Q load resis-
tor, the on resistance of Tr; was
measured as 0.54Q and modula-
tion with a S0kHz square wave at
the control input gave a 1.27ps
rise and 3.11ys fall time.

Figure 3b) shows a converter
using a much higher impedance
transformation and hence higher

output voltages. Under no-load
conditions V+ is 65V and V- is
—60V. With a simultaneous 68kQ2
load, V+is 43V and V- is -38V.

For interest, I found that it was
possible to light a neon lamp with
this circuit.

Power conversion circuits using
this principle have a number of
possible advantages; they are
cheap, flexible and, for use in
communications circuits, both
frequency stable and clock syn-
chronous. This avoids problems
associated with jamming of inter-
mediate frequencies. |
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Racal 9301A True AMS R/E millivoltmetes =
Racal Dana 9303 True AMS/RF level meter..
Racal Dana 9921 3GHz frequency counter ..
Schatfner NSG 200E - Mainframe for NSG plug
Schaffner NSG 203A - Line voltage vaniation simulat
Schaffner NSG 2224 - Interferance simulator.
223- generator
Schiumberger 2720 - 1250MHz Freq. Counter
Schiumberger S| 4040 - Stabiock, high accuracy 1GHz radhio test set s
Schlumberger 4923 — Radio Code Test Set ...
Tektronix — Plug-ins — Many available such as PG508, FG504,
SC504, SW503, SG 502 etc.
Tektronix TM5003 + AFG5101 Abntrary Function Gen. ..
Tekironix 1240 Logic Analyser ......
Tekironix 576 — Cure tracer (with test fixture]
Textronix AM503 + TM501 + P6302 —curre obe amplvﬁel s
Textronix PG506 + TGS01 + SGS03 + TM503 - Osullosoope caibrat
CG5001 = Pr
Time 9811 Programmable resistance ..
Time 9814 Voltage calibrator...........
Wavatek 20028 - Sweep generalav {0-2. SGHZ)
Wayne Kerr N905 - Precision LCR meter ..
Wiltron 560 Scalar Network analyser ......

OSCILLOSCOPES

Gould 0S3000 - 40MHz, dual ch . e ...£250
Gould 0S33008B .. = . £250
Gould 0S4000 - 10MHz Ongual storage £200

| Haemeg 203/203-4/203-5/203-6

Hewlett Packard 180D — 100MHz 4 channel
Hewlett Packard 182C — 100MHz 4 channe!
Hewlett Packard 1707A, 17078 - 75MHz dual ch..

Hewlett Packard 1740A, 1741A, 17444, - 100MHz dual ch ..from
Hewlett Packard 1980B - 100MHz - 2 channel - HP1B programmable ...... £750
Hewlett Packard $4100D - 1GHz digitizin: ..£3995
Hewlett Packard $4201A - 300MHz digitizing.............
Hewlett Packard 54501A - 100MHz Digitising — 4 channel ..
Hitachi V650F — 60MHz Dual channet...

Kikusul COS 6100 - 100MHz 5 channel 12 frace.
Lecroy LS 140 — 100MHz 4 channel D.S.0. (As ne
Nicolet 3091 - Low freq D.5.0. ..
Philips 3217 - 50MHz Dual CH..
Philips 3219 — 50MHz with ar\alogue stovage Dual CH ..
Philips 3295 — 350MHz dual ¢h. ..

Philips 3302 - 20MHz D%nai storage ...
Philips 3315 - 60MHz D. =z
Philips PM3295A — 400MHz dual charne
Tektronlx 455 - 50MHz dual channel...

54 — 400! processmg

Tektronix 464/466 - 100MHz. storage...

Tektronix 465/465B — 100MHz dual ch. .

Tektronix 468 - 100MHz D.S.0. ..

Tektronix 2213 — 60MHz dual ch.

Tektronix 2215 — 60MHz dual ch. .

Tektronlx 2225 - 50MHz dual trace ..

Tektronix 2235 - 100MHz dual ch. 1porlab| )

Tektronix 2236 — 100MHz Dual Trace with Coun!erlﬂnerlem

Tektronix 2335 - 100MHz dual ch. {§ ble) ..

Tektronix 7313, 7603, 7613, 7623,

Tektronix 7704 — 250MHz 4 ch.

Tektronix 7904 — 500MHz ..

Telequipment D83 — 5OMHz dual ch
Other scopes available 100’

SPECTRUM ANALYSERS

Advantest 4133A — 10KHz-20GH ...
Advantest 4133B - 10KHz-20GH -
Hewlett Packard 141T + 8552B + 8555A (10MHz-18GHz)
Hewlett Packard 182T with 8559A {10MHz-21GHz) ... ;
Hewlett Packard 853A with 8559A (0.01-21GHz)....
Hewlett Packard 3562A — dluaymc signal analyser, dual channel .
Hewlett Packard 3580A - 5| &
Hewlett Packard 3582A — 25KHz analyser dual cnanr\el
Hewlett Packard 3709B - Consteflation Analyser with 15703A ngh
Impedance Interface (as new)
Hewlett Packard 8505A — Network analyser (500KHz-1.3GHz),
Hewlett Packard 8565A (0.01-22GHz) ..
Hewlett Packard 8590A - KHz-1 SGHI-
Hewlett Packard 8754A — Network Analyse
Hewlett Packard 35601A — Spectrum Analyser Interface .
Marconl 2370 - 110MHz..... -
Marconl 2371 - 30Hz-200MHz .
Polrad 641-1 — 10MHz-18GHz _.... ...
Rohde & Schwarz - SWOB 5 Polyskop 0.t— 1300MHz .
Schiumberger 1250 ~ Frequency response analyser ...
Tektronix 496P - 1KHz-1.8GHz programmabie...........
Tektronix 2710 - KH2-1.8GHz.........

MANY MORE ITEMS AVAILABLE - SEND

LARGE S.A.E. FOR LIST OF EQUIPMENT ALL
EQUIPMENT IS USED - WITH 30 DAYS

633, - 1001

GUARANTEE. PLEASE CHECK FOR AVAILABILITY
BEFORE ORDERING - CARRIAGE
& VAT TO BE ADDED TO ALL GOODS

206

CIRCLENO. 121 ON REPLY CARD

ELECTRONICS WORLD+WIRELESS WORLD March 1996




SPECIAL OFFER WINDOW STICKERS AND TRANSFERS

Claim one of our unique, limited edition “Bright Sparks
Do It With Electromail” window stickers and transfers. We're giving away
6,000 of them. Simply place an order of any value, including orders for a
catalogue, and quote reference EWWI, Please allow 28 days for delivery
of your sticker and transfer.

Electromail gives you instant access to Europe’s largest stock of electrical, HURRY OFFER ENDS WHEN STOCKS RUN OUT

electronic and mechanical components.
WI N A FANTASTIC PSION 3A POCKET COMPUTER

Your chance to win this powerful 256k memory PSION 3A pocket
All top brands, tested and approved by our engineers. computer. To enter the prize draw simply recommend a friend you
think would be interested in the Electromail service. No purchase is necessary. Send
your friend’s name, address and telephone number, plus your own together with
your Customer Reference Number (1f you have one) and tell us in not more than 20
words, why you would use Electromail. Applications can be sent by post or fax
quoting reference EWWI. Full rules and conditions are available on request.

“hatever your specific interest ; radio-controlled
models, radio-communications or general electronics,
the one component you can’t afford to be without is
Electromail.

60,000 product lines available ex-stock.

Order by Phone, Fax -24 hours a day, 365 days a year.
Order lines manned 8.00am. to 8.00pm.

Next day delivery available
on request.

Repair and Calibration
service available.

Postal applications to: Amanda
Johnston, D.PN.55, Electromail, PO. =T

Nominal P&P charge of Box 33, Corby, Northants, NN17 9EL

Fax Applications: FA.0. Amanda

only £2.95+VAT on all et -
standard delivery orders. Johnston on Fax No 01536 405555 D908 0808 00e
To find out more about Electromail, See the Internet T

http: //www.rs-components.com /YS / All entries must be received at Electromail's office
by 5.00pm on Friday 31st May to qualify. All

f H [ r ] | , = qualifying entries will be included in the prize draw and the winner will be advised by post by I6th June,
‘ H‘ ? ¢ / 1 o~ This competition is not open to employees (or their families) of Electromail or associated companies,or

; i . — public servants and members of government bodies or agencies involved in this promotion. No cash
; J J { j J ; j J alternative is available and no correspondence will be entered into.The judges decision is final.

Everything you need at the end of the phone! Electromail, PO. Box 33, Corby, Northants NNI7 9EL.

TELEPHONE 01536 204555 24 HOUR A DAY ORDER LINE @ iﬁ]

Cards accepted when placing an order
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RF DESIGN

antenna preamp

LOW-noise

In D F Conway’s low-noise, narrow-band masthead amplifier, input is shared
between two mosfets. This eliminates the balun, enhances overload capability
and reduces harmonic levels for high-level in-band signals.

be connected to a balanced antenna

input for reception of signals over a nar-
row band of about 2MHz. It was originally
designed as a mast-head amplifier for receiv-
ing weather satellite transmissions in the range
of 137MHz to 138MHz. However, its centre
frequency can be varied over a wide range by
selecting suitable values for the tuned circuit
components.

The amplifier has 28dB gain and a low
noise figure. It is powered from a 12-15V sup-
ply, fed down the coaxial cable. Mast-head
amplifiers are an effective method of enhanc-

This amplifier is specifically designed to

Liutenant Commander D F Conway, ME(Elect),
MIEE, MIPENZ, C Eng, psc, RNZN.

55
t%

Fig. 1. Output signal amplitude for a signal
swept from OHz to 1GHz. The hump at about
700MHz is mainly due to self resonance of
the dc blocking circuit used to isolate the
supply voltage from the spectrum analyser

input.

T T )

Fig. 2. Output signal amplitude for a signal
swept from 100MHz to 200MHz. Frequency
response is narrow and shows good roll off.

ing weak signals because they provide a gain
stage at the antenna. Any loss that occurs
between the antenna and the first gain stage
adds directly to the noise figure of the entire
antenna/receiver system.

Most single transistor amplifiers have an
unbalanced input which requires the insertion
of a balun between a dipole antenna and the
amplifier. These have insertion losses of about
1dB or more! which is greater than the noise
contribution of typical low noise amplifiers.

Parallel amplifiers

This amplifier uses two low-noise mosfets as
parallel amplifiers to remove the requirement
for a balun at the input and improve the
dynamic input power range when compared to
a single-device amplifier.

Sharing the input signal between two mos-
fets means that the amplifier will accept a 3dB
higher signal before overloading, compared
with a single device amplifier. This in turn
raises the third-order intercept point by 9dB.
The circuit looks similar to a long-tailed pair
but the inclusion of by-pass capacitor C;
decouples the sources of both mosfets to
ground.

To ensure even power sharing between the
devices, it is important that both signal paths
have the same characteristics. Balance is
achieved by a symmetrical circuit layout and
by the input and output inductors. The trans-
former action of these inductors compensates
for any gain variations between the two mos-
fets. This is so effective that varying RV over
its full range has no observable effect on the
amplifier’s overall performance.

Implementation details
Correct operation of such a high-gain ampli-
fier depends on good circuit layout and prop-
er shielding. I constructed the amplifier on a
double-sided pcb using surface mounted
devices to minimise parasitic reactances.
The BF981 device is obsolete and has been
repackaged as a BF99!. I used the BF981
because the SOT-103 package can be mount-
ed on its ‘back’ so that the rf signal paths
through both mosfets were symmetrical.

|
1]
_;'Ti%
|'—l‘ T

i :
I e

S B —

1! |

Fig 3. Output frequency spectrum for a
0dBm input at 137.5MHz. Even at this high
input level, the second harmonic is down
30dB while the third is down 50dB. Sweep
frequency is 0-500MHz.

[ i ] I—L_
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Fig. 4. Output frequency spectrum for a
-30dBm input at 137.5MHz. At this lower
input level, the second harmonic is down
50dB while the third is down 70dB. Sweep
frequency is 0-500MHz.

Py

a4 6 B & NE

Fig. 5. Plot of input signal level at 137.5MHz
versus the output levels of the fundamental,
second and third harmonics. The 1dB
compression point occurs at about 5dBm
while harmonic suppression is good even at
high input levels.
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Shielding made of sheet steel was used to iso-
late the input and output signals and prevent
oscillation.

Inductors are air cored, space wound using
18swg enamelled wire. The centre tap is a
short piece of wire soldered to the centre tumn.
On the output transformer, the secondary
winding is one turn that straddles the centre
tap of the primary coil.

The setting up procedure consists of solder-
ing a short link in place of C; and measuring
the supply current, which should be 10 to
20mA. Replace the link with C3 and adjust
RV so that the supply current is now double
the initial reading. Connect the antenna to the
amplifier and adjust C, and Cs to achieve
maximum amplifier output at the desired input
frequency.

Performance of the amplifier is fully record-
ed in the plots.

To summarise

This amplifier is suitable for receiving weak
signals and is for use with a balanced antenna.
Its narrow bandwidth provides good reception
in the presence of high level out-of-band inter-
ference. As a bonus, using two mosfets to
share the load significantly reduces harmonic
levels for high-level in-band signals. [ ]

Reference
1. Mini-Circuits rf/if Designers Handbook,
'92/°93 Section 14.

RF DESIGN

R Ly B,
4%:‘ RFC Rf output
YNy °
L.+l i’
Cg E1 CQ
100n i 10n
Pri: 4turns
> Rs Sec: 1 turn Fy
100k 18swg on 6mm former < 100k
1 M2 I
R, Vel BF981 R,
100R M, 2-22p 100R
—VWW\— BF981 —VWWA——¢
- l
3 47k
S, %56k R, c, L e,
10n < 27R 10n AV * 101
1
22k |
ﬂL Ly
18swg
4 turns on
6mm former
CS - — C7

Narrow-band low-noise
preamplifier optimised for
operation at 137.5MHz.

B,

| —| antenna

M & B RADIO (LEEDS)

THE NORTH’S LEADING USED TEST EQUIPMENT DEALER

OSCILLOSCOPES

HP 541 1D 500 MHz digiizing scope (colour display)
TEKTRONIX 2465 300 MHz 4 channel ..............
TEKTRONIX 2230 100 MHz digreal s(orage scope.
TEKTRONIX 2220 60 MHz digital storage scope
TEKTRONIX 222 |0 MHz portable digital storage scope (new]
TEKTRONIX 7844/7A24/7A19/76938/7880 (500011

400

MH;

TEKTRONIX 2213 60 MHz dual trace..........
TEKTRONIX 2215 60 MHz dual ln(e/delzycd T
TEKTRONIX 475 200 MHz dual trace
TEKTRONIX 465B 100 KHz 2 channel
TEKTRONIX 434 25 MHz 2 channel storage
TEKTRONIX SC504/TM504/DM501 80 MHz scope/DVM
TEKTRONIX 212 500 KHz handheld battery portable s:ope <
BALLANTINE 1022B 25 MHz miniscop
PHILIPS 3262 100 MHz dual trace.
PHILIPS 3055 50 MHz dual trace....
PHILIPS 3057 50 MHz dual trace
PHILIPS 3217 50 MHz dual trace.......

LEADER LBOS24L 40 MHz dual trac y
GOULD 4035 20 MHz digital storage IEEE.
GOULD OS300 20 MHz dual trace ...
GOULD OS4000 |10 MHz digial storage
UNAOHM G508 DT 20 Hl-fx compact du:

SPECTRUM ANALYSERS
TEKTRONIX 2710 10 KHz-1.8 GHzx....c.. ...
TEKTRONIX 7L12 10 KHz- 1.8 GHz + mainiram
HP 8410/841 1 A network analyser |10 MHz-12.4 GHz
HPB549A/B |00 MHz-22 GHz spectrum analyser ...
HPB9O3A 20 Mz-100KHz audio analyser ..
HPBT54A 4 MHz-1 300 MHz network analyser .
HP3580A § Hz-50 KHz audio analyser.
HP140T/8552B/8553B | KHz-110 MHz spectrum analyser
HP 141 T/8552B/8554B |00 KHz-1250 MHz + g 5538).
HP {4} T/8552B/855S A 10 MHz-18 GHz + (85538]
MARCONI T#2370 30 Hz-110 MHz spectrum g
MARCONI TF2370 30 Hz-110 MHz fatest version
BRUEL & KJAER 2033 | Hz-20 KHz audic analyser .

SIGNAL GENERATORS

HPBST2A 2 GHz-18 GHz synthesized signal generator (new).. .£7000
HPB683D 2.3 GHz- 13 GHz OPT 001/003 solrd state generator (new)

HPBS20C/86290B 2 GHiz-1 B GHz sweeper...
HP8620C/862308 .8 GHz4.2 GHz sweeper.....
HPB8620C sweeper mainframes (as new). Ty
HP3125A frequency synthesizer | uHz-21 MHz (HB-1B} ..
HP312A function generator 0.1 Hz-13 MHzx
HP3586C 50 Hz-32.5 MHz selective level m
HP314A 0.001 Hz-19.99 MHz function/wavefor
HPB04A DC-600 KHz
HP435A/8482AH 100 KHz-4.2 GHz RF power meter
HPB494B step attenuators 0- | ldb DC- 18 GHz .
HPU1716A kit (1x 84948 + Ix 84968624 10db DC. 18 GHz
HP 11581 A attenuator set (4x 849 1A DC-18 GHz ATT) 3/6/10/20d
HPS087A distribution amplifier (NEW) =

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

HP8477 A RF power meter calibrator ...
HP [ 1683A power meter calibrator -
HP436A digital RF power meters (sensors avatlable POA) .
HP3BS | C IS Hz-50 KHa selective voltmeter.......
HP4951 A protocol analyser
HP333A distortion anaiyser.
HP11710A down converter
HP3400A true RMS voltmets
HP3403C true RMS5 voltmeter (dl‘lu” S
HP3406A 10 KHz- 1200 MHz RF sampling volimeter with probe
HP3466A 4.5 digit autoranging muttimeter
HPI437A 3.5 digh high speed system voltmeter
HP3455A 6.5 dignt digital voltmeter ..............
HP 34684 5.5 dight multimeter/auto cal (LCD)....
HPS5004A signatare analyser ...
HP500SA signature
HP6032A systems power supply 0-60v/0-50 amp 100W.
HP6255A dual DC power supply 0-40v/0-1.5 amp
HP6253A dual OC power supply 0-20v/0-3 amp,
HP682S A power supply/ampiifier-20v to +20v/0.2 am|
HP62688 DC power supply 0-40v/0. 30 amp OPT 005/010/040 -
BIRD 43 RF
BIRD 8323 30db coaxial 100w .
BIRD 8329 30db coaxial attenuator 2000
EXACT 334 precision current calibrator .
FLUKE (03A frequency comparator...
FLUKE 3330B prui constant current/voltage cal
BALLANTINE 8125C prog p tes
BRADLE
ALTECH s30T calibrator (| HP355¢/t HP3SSD ATT)
KEMO DPI | Hz-100 KHz phase meter (new)...
WAYNE KERR CT496 LCR meter bactery portabt
RADIOMETER TRB! | RLC comparator
AVO 215-L/2 AC/DC breakdown/ionisation tester...
FARNELL RB 1030/35 clectronic [02d co...
£ARNELL TM8 10 KHz-1000 MHz tre RMS samph
U223, {rew)
SIEMENS D2 108 200 KHz-30 MHz level meter .
SIEMENS W2108 200 KHz-30 MHz level oscillator .
NARDA 3001 460 MHz-950 MHz directional coupler 20db....
NARDA 304(-20 500 MHz-1000 MHz directional coupler 20d
NARDA 3044B-20 3.7 GHz-8.3 GHz 20db directional coupler.
NARDA 3004-10 4 GHz- 10 GHz | 0db directional coupler
NARDA 60132 solid state amplifier 8 GHz-12 GRz ...
SAYROSA AMM 1.5 MHz2-2 GHz automatic modulation meters
IWATSU SC7104 10 Hz- 1000 MH2 frequency counter ...
ROHDE & SCHWARZ NKS RF power meter .

RACAL DANA 9904M 50 MHz universal counter timer -
RACAL DANA 9915 10 Hz-520 MHz frequency counter......
RACAL DANA 9916 10 Hz-520 frequency counter ...
RACAL DANA 9919 10 Hz-1 100 MHz frequency counter.
RACAL DANA 9908 10 Hz-1 100 MHz universal counter time:
RACAL DANA 9921 10 Hz-3000 MHz frequency counter.....
RACAL DANA 1991 10 Hz-160 MHz universal counter timer ..

BRUEL & KJAER 297t phase meter

86 Bishopgate Street,Leeds LS| 4BB
Tel: (0113) 2435649 Fax:(0113) 2426881
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DATRON 1071 autocal digital multmeter
FLUMKE B506A thermal RMS voltmeter-.
FLUKE 5 (008 calibrator ...
FLUKE 5200A programmable AC calibrator ..
FLUKE 5205A precision power amplifier
FLUKE 54408 direct volts calibrator

RF MICROSYSTEMS INC. AN/TRC- 176 VHF/UHF

SPEC|AL OFFERS
SOLARTRON 7045 4.5 digit bench (battery/mains)
FLUKE 25 High spec digital muftimeters with manual/probes (as new)
SMITHS 3" diameter altmeters

SIEMENS PDRM82 portable LCD radiation meters (new]
HP3336B |0 Hz-2) MHz synthesizer/level meter
HPB640A 500 KHz-1024 MHz signal generator OPT
HPB654A 10 MHz-520 MHz signal generator ...
HP8406A comb g
HP214A high power pulse generator 10 Hz-10 MHz OPT 001
HPBOISA | Hz-50 MHz dust output pulsc generator
HP8616A 1.8 GHz-4.5 GHz signal ;emmor
FLUKE 601 1A 10 Hz- 11 MHz
ROHDES & SCHWARTZ APN62 0.1 H:-Zbo KHz LF gen (new).
FARMELL SSG2000 10 KHz-2000 MHz synthesized gen (as new)......
FARNELL DSG2 0 00/ Hz-110 KHz synsneszed (Pew) o

SYSTRON DONNER 1702 100 KHz-1000 MHz synthesized gen
WILTRON 610D/501 | MHz-1500 MHz sweeper ........
GIGA GRI101A 1 2GHz-18 GHz pulse generator (as new,
MARCONI TF2015/2171 10MHZ-520 MHz (with synchronizer) .
MARCONI TF2016 10 KHz- 120 MHz (£250) TF2016A
MARCONI 60558 850 GHz-2150 GHz signal source..
MARCONI 60568 2 GHz-4 GHz signal source....
PHILIPS PMS 190 LF synthesizer | uHz-2 MHz digital ...
AORET 2230A 200 Hz-| MHz synthesized source ..
LINSTEAD G000 10 Hz- 10 MHz synthesized oscillator
THANDAR TGS03 0.005 Hz-5 MHz pulse/function gencrator.

TEST EQUIPMENT
BALL EFRATROM MRT-H rubidium frequency standard
TRACOR 527E frequency difference meter...

WAYNE KERR 3245 precision inductance analyser ...
WAVETEK 108A log fin RF peak power meter DC-26 GHz
ANRITSU MS65A 2 GHz error detector

TEKTRONIX msmmnsol AITGSOI/PGE0s/SC 06/
$G503/5G504 cal 5
TEKTRONIX 1141/SPG1I/TSG 1 pal video gonerator .o,

opes
SONY/TEKTRONIX 108 20 Mtz data analyser.
TEKTRONIX A6902A isolator -}
SYSTEMS VIDEO 2360 vide £1500
SYSTEMS VIDEO 1152/1 155 compact 19" wavelormiveciorscope .. 500
PHILIPS PM5567 paf vectorscopes...
SCHLU 7702 digital tr analyser (new).
SCHLUMBERGER 4900 AF/RF measuring umit.
SCHLUMBERGER AF405 3 tone gencrator/mod
AMBER 4400A audio test set.
ROD-L M100BVSS hipot test
WANDEL & GOLTERMAN PSS 19 level generator ...
MARCONI TF2305 mod meter S0 KiHz-2 3 GHz (46883-527G)
MARCONI 6950/6910 10 MHz-20GHz RF D ==
MARCONI 6593A VSWR indicator .
MARCONI TK2374 zero loss probe
MARCON) TF2432A 10 Hz-560 MH; frequency counter .
MARCONI TF2700 LCR meter battery portable ...
E{P 371 18 GHz source locking microwave counter ..
HP5328A universal frequency counter 2x 100MHz + DYM
HP5342A 500 MHz-18 GHz frequency meter OPTO01/003 .
HP5345A 1.5 MHz-26.5 GHz countsr/5355A/5356A +B senso
HP4)SB/848 1 A/8484A/1 1 708A 10 MHz-(8 GHz (new)
HP435B/8481A |0 MHz- 18 GHz RF power meter...

209



210

reader offer
30V, 5A power supply

For a limited period, Vann Draper is offering over 25% discount on the
305 LDD - a bench power supply featuring digital display of both voltage
and current. Normally, the 305 retails at £159 excluding VAT and
delivery but it is available to EW readers filling in the coupon on the right
at the 25% discount price of £139 - fully inclusive of VAT and delivery.
Infinitely variable between O and 30V - with coarse and fine controls ~
and adjustable between 0 and 5A, the 305 LDD has a ripple figure of
typically 10mV. lts load regulation is also excellent, at typically +0.2%.

Accuracy of the supply’s dual 3.5-digit liquid crystal displays is 0.1
decimal digit. The output can handle a continuous shortircuit,
overloading at 5.5A £0.5A. When the overload circuit is activated, it
causes both audible and visual alarms, resettable via a push-button on the
front panel.

Dimensions of the 305 LDD are 310 by 260 by 120mm and its weight is
5.5kg. Housed in a light-grey steel enclosure, the unit is built to comply
with UL, CSA and TUV safety standards.

Features of the 305 LDD

0-30V fine and coarse adjustments
0-5A adjustable

10mV ripple

Digital displays for V and |
Continuous short circuit protection
+0.2% load regulation

Use this coupon to order your 305 LDD

Please send me ...... 305 LDDs) at the fully
inclusive special offer of £139
Name

Company (if any)
Address

Phone number/fax
Total amount o 8 e

Make cheques payable to Vann Draper Electronics Ltd
Or, please debit my Master, Visa or Access card.

Card type [Access/Visa)

Card No
Expiry dafe

Please mail this coupon to Vann Draper Electronics, together with
payment. Allernatively fax credit card details with order on

0116 2773945 or telephone on 0116 2771400.

Address orders and all correspondence relating to this order to Vann
Draper Electronics at Unit 5, Premier Works, Candl Street, South
Wigston, Leicester LE18 2PL,

*Overseas readers can also obtain this discount but details vary
according to country. Please ring, write or fax to Vann Drapes
Electronics

/

ELECTRONICS WORLD March 1996




HART AUDIO KITS - YOUR VALUE FOR
MONEY ROUTE TO ULTIMATE HI-FI

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

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

K1100 AUDIO DESIGN 80 WATT
POWER AMPLIFIER.

This fantastic John Linsley Hood designed ampilifier Is the flagship of
our range. and the ideal powerhouse for your uitimate hifi system.
This kit 18 your way to get 0K performance at bargain basement
prices. Unique design features such as fully FET stabilised power
supphes give this amplifier World Class performance with startling
clanty and transparency of sound, allied to the famous HART quality
of components and ease of construction,

Useful options are a stereo LED power meter and a versatile passive
front end giving switched inputs. with ALPS precision Blue Velvet
low-noise volume and balance controls. Construction is very simple
and enjoyable with alt the difficutt work done for you, even the winng
is preterminated, ready for instant use!. All versions are available with
Standard components or specially selected Super Audiophile com-
ponents at £29.60 extra per channel, plus U2.40 if you want to include
Gold Plated speaker terminals.

K1100B Compiete STANDARD Amplitier Kit,.
A1100B Factory Assembled..

K1100SC Complete SLAVE Ampnher Kit,.

A1100SC Factory Assembied. . . . ..

K1100M Complete MONOBLOC Amplifier Kn
A1100M Factory Assembled..

RLH11 Reprints of latest Amplifier articles, . . ... .
K1100CM Construction Manual with full parts hsts .

“CHIARA” SINGLE ENDED
CLASS “A” HEADPHONE
AMPLIFIER.

£395.21
.£499.21
.£333.62

. .£422.62
.£261.20
£329.20

. £1.80
£5.50

This unit provides a high quality headphone output for 'stand alone”
use or to supplement those many power amplifiers that do not have
a headphone facility. Easily installed with special link-through teature
the unit draws its power trom our new Andante Ultra High Quality Iin-
ear toroidal supply. Housed in the neat, black finished, Hart minibox
it features the wide frequency response, low-distortion and ‘musical-
ity’ that one associates with designs from the renowned John Linsiey
Hood. Pre-terminated interconnecting leads and PCB mounted sock-
ets prevent supply polanty reversal and on-board diagnostics provide
visual indication of supply tine integnty. Volume and balance controls
are Alps “Blue Velvet” components. Very easily bullt, even by begin-
ners, since all components fit directly on the single printed clrcut
board. The kit has very detailed instructions, and even comes with a
complementary roll of Hart audiograde silver solder. It can also be
supplied factory assembled and tested. Selling for less than the total
cost of alt the components, if they were bought separately, this unit
represents incredible value for money and makes an
aftractive and harmontous addition to any hifi system.
K2100 Complete Kit. .
K2100SA Senes Auduophlle verswon wnh selected audlophlle
components. . ..............%.. . £112.48
A2100SA Series Audiophile version, Iactory Assembied . £149.46
K3565 “Andante” Power Supply Kit to suit “Chiara”.
A3565 Power Supply, Factory Assembled. .
€M2100 Construction Manual. ... .. 5o
SPECIAL OFFER. Both units (ogelhev Kl\ For
Factory Assembled and Tested..

£109.50

“Andante” SERIES 20VA
AUDIOPHILE POWER
SUPPLIES

Specially designed for exacting audio use requinng absolute mini-
mum noise, low hum field and total freedom from mechanical noise
this unit 1s a logical development from our highly successful 1550
series.

Utilising linear technology throughout for smoothness and musicaltty
makes it the perfect partner for any module requirng fully stabiised
215v supplies.

Two versions are available. K3550 has 2 +15v supplies and a single
15v for relays etc. and can be used with our K1400 preamp and our
K1450 RIAA pickup preamp. as well as other useful modules soon to
be introduced. The K3565 I1s identicai in appearance but only has the
+15v highter current supply for use with the K1450 RIAA pickup pre
amplifier or “Chiara” headphone amplifier.
K3550 Full Supply with all outputs. .
K3565 Power Supply for K1450 & K2100

ALPS “Blue Velvet"
PRECISION AUDIO
CONTROLS.

£93.75
. .£85.42

Now you can throw out those nolsy ill-matched carbon pots and
replace with the famous Hart exclusive ALPS 'Blue Velvet' range
components only used selectively in the very top flight of World class
amplifiers. The improvement in track accuracy and matching really is
incredible giving better tonal balance between channels and rock
solid image stability. Motonsed versions have 5v DC motor.
MANUAL POTENTIOMETERS

2-Gang 100K Lin. .

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

2-Gang 10K Special Balance, zero crosstalk and zero
centre loss. . ... .

MOTORISED POTENTIOMETERS

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

TECHNICAL BOOKSHELF
NEW! Another Classic by John Linsley Hood. "AUDIO ELECTRON-
ICS" Following the enormous ongoing success of his “Art of Linear
Electronics™ the latest offenng is the all-new edition of “Audio
Electronics”, now entirely re-wntten by the master himself.
Undertying audio techniques and equipment is a world of electronics
that determines the quality of sound. For anyone involved in design-
ing. adapting or using digital or analogue audio equipment under-
standing electronics leads to far greater control over the reproduced
sound. The subjects covered include tape recording, tuners, power
output stages, digital audio, test Instruments and loudspeaker
crossover systems. John's lifetime of expenence and personal inno-
vation in this field allow him to apply his gift of being so famitiar with
his subject that he can wnte clearly about it and make it both
interesting and comprehensibie to the reader. Containing 240 pages
and over 250 line llustrations this new book represents great value for
money at only . £18.99°

“THE ART OF LINEAR
ELECTRONICS.”

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

£15.67
£16.40

. .£17.48

“DIGITAL AUDIO AND COMPACT DISC TECHNOLOGY"
0-7506-0614-2 .
INTRODUCING DIGITAL AUDIO CD, DAT AND SAMPLING. ISBN
187077522 8 .£7.95
*THE ART OF SOLDEHING" 0- 85935 324 3.0 . .£3.95
“TOWERS® INTERNATIONAL TRANSISTOR SELECTOR"
0-572-01062-1.

“AUDIO” F.A Wilson. BP111 A
“HOW TO USE OSCILLOSCOPES & OTHER TEST EQUIPMENT"
R.A.Penfoid. BP267. . . .. .£3.50
“THE LOUDSPEAKER DESIGN COOKBOOK" Vance Dickason.

(4th Edn ) 0-9624-191-7-6 3
ELECTROSTATIC LOUDSPEAKER DESIGN AND CONSTRUC-
TION Ronald Wagner BKT6 . . i
“AN INTRODUCTION TO LOUDSPEAKERS & ENCLOSURE
DESIGN” V. Capel. BP256 . . £2.95
“LOUDSPEAKERS FOR MUSICIANS™ BP297 5 £3.95
“THE HART PRINTED CIRCUIT BOARD CONSTRUCTION
GUIDE.” £2.50

VALVE & EARLY
CLASSIC BOOKS

THE VTL BOOK Dawid Manley BKVT1 . £17.95
LOUDSPEAKERS; THE WHY AND HOW OF GOOD REPRODUC-
TION. G.Bnggs. 1949 0-9624-1913-3.. . .£B.95
MULLARD TUBE CIRCUITS FOR AUDIO AMPLIFIERS BKAA27
................. . £13.95
“THE WILLIAMSON AMPLIFIER 0-9624 1918- 4 .. afieres
AN APPROACH TO AUDIO FREQUENCY AMPLIFIER DESIGN,
GEC 1957, 1-882580-05-2 . £18.95
AUDIO ANTHOLOGIES, articies from Audio Englneenng Six voumes
covering the days when audio wasyoung and valves were king!.
BKAA3/1 to 6. All . £13.95 each.
“A SIMPLE CLASS A AMPLIFIER" J.L LInsIey Hood M.LE.E. 1969,
RLH12. .. . .£2.50
Postage on all books, unless sta"ed is only u1 50 per book maxi-
mum U4.50 for any number, any size!. Starred ltems are heavy books
costing .£2.50 to send.
No waiting!. All listed books are normaIIy in stock!.
SPECIAL OFFER. Al book orders over £15 will receive a FREE John
Uinsley Hood monograph entitled “Digital versus Analogue, Black
Disks or Silver?”

SPECIAL OFFER
PRECISION Triple Purpose
TEST CASSETTE TC1D.

Are you sure your tape recorder 1s set up to give its best? Our latest
tnple purpose test cassette checks thethree most important tape
parameters without test equipment. Ideal when fitting new heads.
A professional quality, digitally mastered test tape at a pnce anyone
can afford. Test Cassette TC1D. Our price only. . £9.99.

HC80 Replacement Stereo
Cassette Head.

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

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

SOLDERING

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

..... . £9.93
845-080 ST4 L|gh1we|gm Soldering Iron Stand. This has provision for
the classic damp sponge for bit wiping . .£3.95

HART SUPER AUDIOGRADE
SILVER SOLDER.

Hart Super Audiograde Silver Solder has been specially formulated for
the serious audiophile. Not only does it give beautiful easy-to-make
jonts but it Is designed to melt at normal soldering temperatures
avoiding the possibility of thermal damage to components or the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>