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THE WORLDS No.1 BEST SELLING
UNIVERSAL PROGRAMMING AND TESTING SYSTEM.

The PC82 Universal Programmer and Tester is a
PC-based development tool designed to
program and test more than 1500 ICs. The latest
version of the PC82 is based on the experience
gained after a 7 year production run of over
100,000 units.

The PC82 is the US version of the Sunshine
Expro 60, and therefore can be offered at a very
competitive price for a product of such high
quality. The PC82 has undergone extensive
testing and inspection by various major IC
manufacturers and has won their professional
approval and support. Many do in fact use the
PC82 for their own use!

The PC82 can program E/EPROM, Serial PROM,
BPROM, MPU, DSP, PLD, EPLD, PEEL, GAL, FPL,
MACH, MAX, and many more. It comes with a 40
pin DIP socket capable of progrlamming devices
with 8 to 40 pins. Adding special adaptors, the
PC82 can program devices up to 84 pins in DIP,
PLCC, LCC, QFP, SOP and PGA packages.

The unit can also test digital ICs such as the TTL
74/54 series, CMOS 40/45 series, DRAM (even
SIMM/SIP modules) and SRAM. The PC82 can
even check and identify unmarked devices.

Customers can write their own test vectors to
program non standard devices. Furthermore it
can perform functional vector testing of PLDs
using the JEDEC standard test vectors created
by PLD compilers such as PALASM, OPALjr,
ABLE, CUPL etc. or by the user.

The PC82’s hardware circuits are composed of 40
set pin-driver circuits each with TTL I/0 control,
D/A voltage output control, ground control,
noise filter circuit control, and OSC crystal
frequency control. The PC82 shares all the PC’s
resources such as CPU, memory, I/0 hard disk,
keyboard, display and power supply.

A dedicated plug in card with rugged connecting
cable ensures fast transfer of data to the
programmer without tying up a standard parallel
or serial port. Will work in all PC compatibles
from PC XT to 486.

The pull-down menus of the software makes the
PC82 one of the easiest and most user-friendly
programmers available. A full library of file
conversion utilities is supplied as standard.

The frequent software updates provided by
Sunshine enables the customer to immediately
program newly released ICs. It even supports
EPROMs to 16Mbit.

Over 20 engineers are employed by Sunshine to
develop new software and hardware for the
PC82. Not many competitors can boast of similar
support!

Citadel, a 32 year old company are the UK agents
and service centre for the Sunshine range of
programmers, testers and in circuit emulators
and have a team of enéineers trained to give
local support in Europe.

ERR

' |

* More sold worldwide than any other of
its type.

* UK users include BT, IBM, MOD, THORN
EMI, MOTOROLA, SANYO, RACAL

* High quality Textool or Yamaichi zero
insertion force sockets.
Rugged screened cabling.
High speed PC interface card designed
for use with all PC models from XT to
486.

* Over 1500 different devices (including
more than 100 MPU'’s) supported.

* Tests and or identifies a wide range of
logic devices.
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NOW SUPPLIED WITH SPECIAL VALUE
ADDED SOFTWARE (worth over £300 if
bought seperately):

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

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

* Super fast EPROM Erasers.

* 1, 4 & 8 gang EPROM 8Mbit production
programmers.

* Battery operated portable EPROM
programmers.

* “In circuit” Emulators.

* Handy pocket IC testers.

ORDERING INFORMATION

PC82 complete with interface card,
cable, software and manual only £395

Please add £7 carriage (by overnight courier) for
UK orders, £20 for export orders, and VAT where
applicable.

ACCESS, MASTERCARD, VISA or CWO.
Official orders are welcome from Government

bodies & local authorities.

Free demo. disk with device list available.

* Software supplied to write own test
vectors for custom ICs and ASICs etc.,

* Protection circuitry to protect againstv
wrong insertion of devices.

* Ground control circuitry using relay
switching. |

* One model covers the widest range of
devices, at the lowest cost.

* No need to tie up a slow parallel port.
* Two year free software update.
* Speed

optimised range of

programming algorithms.

* NATIONAL SEMICONDUCTOR OPAL;jy
PAL/PLD development software.

* BATCH SOFTWARE for productio:
programming.

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

Phone now on: 081 951 1848/9
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A communications revolution

he world is about to change
T irrevocably. At face value, the UK

now has, or will have, an extra 14
satellite TV channels controlled by News
International and its associates. Whatever
one may say about the quality of
programming, this new group will broaden
viewer choice. What we are really seeing
is the start of a revolution.

For those of us who have grown up with
three or four channels of terrestrial
television, it is hard to conceive how we
could comfortably deal with 20 or 30
channels. New digital compression
technology promises to increase this
viewer choice by an order of magnitude
within ten years.

With hundreds of channels to choose
from, individual programming will become
highly specialised. The most appropriate
analogy seems to be with the world of
publishing. If one considers the four
existing terrestrial channels as daily
newspapers, then the new satellite services
will become specialist magazines. Not
inferior substitutes for something which
already exists but a new communications
medium for a specialist audience. If you
want to find your particular leisure activity
— for instance sailing and windsurfing — on
the box whenever you want it, then the
new TV explosion will almost certainly
offer it to you.

But the communications revolution
means more than that. Satellite video
channels can transmit a large amount of
data very quickly to the viewer’s or user’s
home. When local high density storage
(video recorder?) and some computing
power is available at the receiving end,
then many things become possible.
Entertainment programmes, electronic
newspapers and magazines may be
downloaded off-peak for later viewing or
reading — a sort of multimedia interactive
video service. And since this magazine,
your daily newspaper and most of the other

things you read and watch are already
originated electronically, this is only a very
small step from the world today. The
existing telephone network will allow the
viewer and reader to place their specific
programme requirements with the local TV
control centre.

The concept of panoramic choice is
difficult to grasp; the concept of global
broadcasting seems equally so. We
conventionally think that our programme
material should originate, in the main,
from our own country. Satellite
broadcasting represents true
internationalism by its nature and foreign
doesn’t always mean inferior. Ted Turner’s
CNN News Service is highly regarded the
world over, mostly exceeding anything
which our own national networks can
provide in the field of global current
affairs. High quality international leisure
and education services will also become
available outpacing our own national
networks in both scope and resource. No
matter what we may think about such an
idea at present, we will eventually accept
and use them.

Global communications have so far acted
as an humanising influence; brutal regimes
can no longer hide their activities from the
world’s television screens. But
communication without borders carries
significant risk: those who would control
global networks wield immense power
unfettered by individual nations or
electorates. This makes me uneasy. One
could conceive of a new kind of tyranny
where communications moguls might
practice blatant propaganda or, even worse,
subtle persuasion against governments and
people. Broadcast technologists are now
able to deliver this power to their
unanswerable masters.

We must ensure that we address the
moral, ethical and democratic issues of the
communications revolution.

Frank Ogden.
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UPDATE

Time runs out for digital tv breakthrough

here is hardly any time left to stop tv

broadcasters, electronics manufacturers
and viewers in the next century looking back
on 1993 as the year in which the ITC lost the
UK a unique opportunity to lead Europe into
a digital future.

History has left Britain in a unique
position. It has a pair of frequencies in the
middle of the UHF tv broadcasting band that
are not used for broadcasting and can be
used to kick start Britain into the digital tv age.

Unfortunately the already ageing
Broadcasting Act 1990 obliges the
Independent Television Commission to try
to earn money for the treasury by selling off
these frequencies for a fifth tv service, to be
called Channel 5. This will use the same
analogue technology as is used for today’s
four tv channels. It will provide one new
programme channel for around 70% of the
population. Analogue Ch 5 will also cause
interference to many millions of VCRs,
satellite receivers and video games that use
the frequencies to connect with a tv set,

Research work recently carried out by the
BBC suggests that if the same two
frequencies were used with digital
technology, they could provide 97% of the
population with eight new channels and less
risk of interference.

R

*

If granted, the licence for analogue Ch 5
will run for 10 years — though it cannot be
granted until 1994 at the earliest so the
analogue route blocks the digital option until
well into the next century. It is hard to find
anyone, except those who hope to make
quick money out of it, who favours analogue
Ch 5. In the long term the digital option will
generate far more revenue for the treasury.
But it has yet to see the wisdom of waiting a
couple of years for the technology to be
ready for consumer use.

In late June the ITC published a
consultation document on the broad issue of
digital television. Although heavy reading,
the document gives the clear message that
digital tv technology makes far more
efficient use of available frequency
spectrum.

When the ITC published the document,
Peter Rogers, the ITC’s deputy chief
executive, refused to discuss the issue of
allocating the Ch 5 frequencies for digital tv.
He said that the ITC had separated the issues
of digital tv and Ch 5, and would be
publishing a second document, specifically
dealing with Ch 5, in a few weeks time.

The ITC published its Ch 5 document in
mid-July and by the ITC’s own admission
the content was deliberately neutral. It

simply listed holding the Ch 5 frequencies
free for digital tv as one of three options.
The ITC says it believes it has discharged its
duties.

A lost digital multi-channel opportunity
will cause few tears to be shed by the Ch 3
and Ch 4 stations, who are already losing
advertising to the satellite stations.

The ITC has invited anyone interested in
Ch 5 to comment on the two documents*
published so far, by October 15. But without
wider explanation of the issues, it is a safe
prediction that many of those who should be
interested in commenting will not realise it
until they are years too late.The
Broadcasting Act may bar the ITC from
taking sides, and blocking analogue Ch 5.
But it does not bar it from ensuring that the
mass media understand the issues and
inform the public of their right to comment.
If the ITC does grant a licence for analogue
Ch 5 then it must stand accused by future
generations of failing to ensure that the
public had the best possible chance to
understand what the UK stood to lose.

Barry Fox

*Copies of both documents are still available
from the ITC at 33 Foley Street, London W1P
7LB.

The joint European x-ray
telescope, called Jet-X,
has completed its
vibration and
decompression tests at
British Aerospace Space
Systems in Stevenage.
The picture shows the
551kg telescope being
prepared for the
decompression tests:
These were carried out in
a 3.5m diameter by 6.4m
autoclave evacuated
from 2 to 1bar in 80s.
Video film recorded no
distortion of the structure
or movement of the
thermal insulation. The
satellite is due for launch
in 1995 by the Russian
Proton rocket. Its four-
day orbit will be highly
elliptical with a perigee
of 1000km and an
apogee of 200,000km.
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BT moves on System
X replacement

T has named AT&T and Alcatel, the

world’s largest telephone equipment
manufacturers, as its first suppliers for the
digital telephone exchange technology that
will replace System X exchanges at the
turn of the century.

The decision not to support any
development of the broadband switch
technology known as ATM (asynchronous
transfer mode) in Britain by ignoring a bid
from GPT and Siemens is likely to come as
a major blow to hundreds of engineers at
GPT.

GPT is already struggling to adapt its
switching business in anticipation of a run
down of System X exchange orders from
BT now that its UK network is largely
complete. In 1991 GPT, the UK’s largest
telecommunications manufacturer, shed
more than 1000 workers from its Liverpool
switching site.

The disappointment will be increased
because it was thought that the company’s
technical partnership with its German
parent Siemens had secured its future by
developing new technologies like ATM
and the SDH transmission system.

Earlier this year GPT/Siemens was
named as one of BT’s two SDH suppliers
and also won orders for broadband
computer network technology known as
MANSs. But the failure to be named as a
main ATM supplier is a blow to GPT,
which supplied virtually all of BT’s
existing digital telephone exchanges.
Siemens has already secured ATM orders
in Germany and the US.

The AT&T ATM switches will be used
in BT’s national telephone network while
Alcatel’s will support BT’s participation in
the European ATM trial. BT will also
introduce ATM switches into the
SuperJanet academic network in 1994.

Richard Wilson, Electronics Weekly.

Pirates ride the
waves

he annual report of the

Radiocommunications Agency, since
1990 an Executive Agency of the DTI, tells
that radio piracy is on the increase again.
In the year 1990/91, the RA prosecuted
145 people for radio piracy. The
Broadcasting Act 1990 then came into
force and gave the RA new powers to
target people who finance pirate stations
and advertise on them, as well as those
who broadcast. This deterred some
operators and the RA prosecuted only 67 in
1991/92. But now they are broadcasting
again. In the year 1992/93 the RA made
536 raids, and secured 68 convictions.
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Look out for broken glass while bonding: This glass sheathed microwire (top left) was originally
developed for a military application and consists of a fine core filament of copper, gold, or silver of 3
to 10um diameter encased in a glass sheath with an outside diameter of 15 to 30pm. A short high
energy burst of ultrasonics breaks the glass and forms the bond with a substrate allowing
manufacture of microsensors in low conductivity fluids. The bared conductor may be used as a
microprobe, for instance in measuring membrane potentials. Chemring 0705-735457.

Video scramble for pot of gold

hen Rupert Murdoch talked recently

of his “global vision” and plans to
develop a common standard for digital tv
transmission and the delivery of video
pictures by telephone line, he is really
talking about the pot of gold to be earned
from scrambling pictures.

The electronics industry has already
developed the digital compression
technology that makes transmission and
delivery possible, and in a remarkable
demonstration of world wide cooperation
the industry has almost finished five years
work on setting a common standard. But
nobody has yet been able to agree on the
encryption system to be used to ensure that
only those viewers who pay to watch are
able to watch.

News Datacom, a small security company
owned by Rupert Murdoch’s News
International, has already developed an
encryption system. If Murdoch can get the
world to adopt this, NI will earn vast
royalties through the next century.

When Rupert Murdoch began
broadcasting his Sky service from
Luxembourg’s Astra satellite in February
1989, he chose the existing analogue Pal tv
system, and broadcast clear — without
scrambling. A year later Sky started to
scramble some transmissions, to earn money
from subscriptions.

Broadcasters had previously judged it
impossible to scramble analogue Pal, with
sufficient security to prevent piracy and
without degrading the picture when
unscrambled.

Thomson Consumer Electronics of France

updated an old idea from Westinghouse in
the US, which involved chopping up the
lines of the picture before transmission and
putting them together again in a receiver
decoder. Professor Adi Shamir of the
Weitzmann Institute of Science in Israel had
already been working on ciphers for NI's
News Datacom. Using smart card
technology, TCE and NDC jointly
developed Videocrypt for Sky. The system
uses digital encryption to control the
analogue line chopping.

Murdoch has snubbed TCE and signed a
deal between what he calls the “best brains”.
These are NDC, NTL (formerly the
Independent Broadcasting Authority’s
research laboratory), and US
telecommunications company Comstream.
A separate deal ties in British Telecom and
its cellular phone network Cellnet.

The deal is nicely timed. The moving
picture experts group of the ISO and IEC
recently sealed a first standard, MPEG-1, for
handling digital tv pictures at low data rate
(1.5Mbits/s) and the telecomms industry is
already looking at ways of sending MPEG- |
data streams down telephone lines. The
group is on the point of finalising its second
standard, MPEG-2, for broadcasting digital
tv at higher data rates (usually 4 or 8Mbit/s)
from terrestrial or satellite transmitters.

Although Murdoch has dropped TCE,
News Datacom had worked with TCE on a
digital version of Videocrypt for use with
DirecTV, the new digital satellite tv service
planned by aerospace company Hughes in
the US. Because the previous deals between
NDC and TCE were specific to projects,
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Murdoch is free to offer NDC’s encryption
as the common standard for use with both
MPEG standards. The potential rewards for
NDC are huge.

Any manufacturer wanting to make a
Videocrypt decoder for use with Sky first
gives TCE an up-front payment of £200,000
to cover royalties at £4 each on the first
50,000 decoders made. After that the royalty
remains £4, of which half goes to NDC and
half to TCE. Firms which cannot afford to
manufacture in bulk, pay £35 for a ready-
made circuit board. Until recently they paid
£40. This includes the £4 royalty split
between NDC and TCE.

There are 3 million Videocrypt decoders
in use round the world, meaning that NDC
has already earned £6m in royalties. If

Murdoch can make NDC'’s encryption a
world standard for the next century, the
potential rewards are enormous.

Although patents on scrambling
technology, such as chopping picture lines,
have limited life, the encryption algorithms
developed by NDC are covered by
copyright, like computer software. NDC can
thus protect it rights and draw royalties for
decades into the next century.

NTL is developing multi-channel video
compression and multiplexing technology
for Murdoch. The firm will be looking at
new methods of carrier modulation as well
as a method of statistical multiplexing that
will make more efficient use of the satellite
transponder bandwidth.

BF

Resources pooled to make solid state discs

merica’s third largest disc-drive maker

Quantum is teaming up with Silicon
Storage Technology (SST), a Silicon Valley
flash chip designer, to produce solid state
memory discs.

The companies have signed an agreement
where Quantum will gain exclusive rights to
use SST’s flash chips in PCMCIA memory
cards with IDE and AT interfaces. It is
projected that 12 million portable computers
will have PCMCIA compatible slots by
1996.

James Prasad, a product manager at
Quantum, said there are several reasons why
Quantum has chosen SST’s technology.

First, it only requires a single power
supply of 5V for programming and reading.
This contrasts with the chips made by Intel,
the world’s largest flash supplier, which
need two power supplies. This, says Prasad,
means that Quantum flash devices will
dissipate little power.

Secondly, the sector erase size on the SST
chip is fully compatible with the AT bus

used in most PCs.

Finally, the SST flash chips have a much
thicker oxide layer than Intel’s chips (40nm
as opposed to 10nm), which makes them
easier to make and results in a smaller die
size. The flash drives should be available in
the second half of next year.

TFT cell scores 3V goal

Mitsubishi has used its thin film
transistor (TFT) static ram cell, first
developed for a 4Mbit part, to build a | Mbit
device.

The result is a chip that operates from a
3V supply while consuming just 0.05uA on
standby. Power consumption rises to |6mA
for the chip when active.

The device is organised as 128K x 8bit
and samples will be available later this year.
A fourth polysilicon layer forms the TFT
yielding soft error counts of 0.03 on cycle
times of 300ns.

New
opportunities for
environmentally
sound electronics:
small scale
electricity
generation
projects such as
the Caennes Bay
wind farm in
Wales are
providing new
opportunities for
development in
process control
engineering. This
wind farm uses
rented equipment
from Livingstone
Hire as part of the
high voltage safety
commissioning
procedure.

Flat screen
TV leads
Matsushita’s
display drive

Matsushita Electric Industrial says
it plans to take 10% of the £140
million a year worldwide display
market by the end of the century. And
the product it believes will spearhead
this push is a flat screen television
launched in Japan this month. Priced
at £1835 the television has a 14in
screen and is less than one third the
depth of a comparable CRT. Initially
about 1000 units a month will be
produced.

The display is based on
Matsushita’s flat vision technology
unveiled in 1985, and uses a similar
principle to that of a CRT; a
fluorescent surface is illuminated by
incident electrons.

A matrix of wires is used as the
electron source instead of a single
gun. The electrons are focused onto
confined sections of the display by
electrostatic deflection circuits.
Removing the gun and the
conventional, but bulky, magnetic
deflection circuits have let Matsushita
get the depth down to less than 10cm.

The firm claims its approach
provides the brightness of an LCD
combined with the picture quality of a
CRT while being considerably simpler
to build than an LCD. The firm plans
to build larger, wall mounted versions
and to improve picture quality suitable
for HDTV systems.

Europe snubs US
global plans

urope’s largest telephone operators

have shunned US plans to create a
global mobile telephone network
using low orbit satellites.

STET, which owns Italy’s public
telephone network, is the only
European company to commit any
money to Motorola’s Iridium project
to build the world’s first global mobile
telephone system, which has raised
$800m from backers in the US, Japan,
China, and Russia.

Europe’s largest operators, Deutsche
Bundespost Telekom, BT and France
Telecom, are signatories of Inmarsat,
the international satellite operator,
which plans to launch a rival system
by the end of the decade.
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Marconi TF2008 — AM-FM signal generator — Also sweeper — 10Kc/s — 510Mc/s — from £350
tested to £500 as new with manual — probe kit in wooden carrying box.

HP Frequency comb generator type 8406A — £400.

HP Sampling Voltmeter (Broadband) type 3406A — £200.

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

HP Synthesiser/signal generator type 8672A — 2 to 18GHz £4000.

HP Osclllographic recorder type 7404A — 4 frack — £350.

HP Plotter type 98728 — 4 pen — £300.

HP Sweep Osclilators type 8690 A & B + plug-Ins from 10Mc/s to 18GHz also 18-40GHz. P.O.R.
HP Network Analyser type 8407A + 8412A + 8601A — 100Kc/s — 110Mc/s — £500-£1000.
HP Down Converter type 117108 - .01-1 1Mc/s - £450.

HP Puise Modulator type 11720A — 2-18GHz — £1000.

HP Modulator type 8403A — £100-£200.

HP Pin Modulators for above-many different frequencles — £150.

HP Counter type 5342A - 18GHz — LED readout ~ £1500.

HP Signal Generator type 86408 — Opt001 + 003 ~ .5-512Mc/s AM/FM —£1000.

HP Amplifier type 8447A — .1-400Mc/s £200 - HP8447F .1-1300Mc/s £400.

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

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

HP Signal Generator type 8660C — .1-2600Mc/s. AM/FM — £3000. 1300Mc/s £2000.

HP Signal Generator type 8656A — 0.1-930Mc/s. AM/FM — £2000.

HP 8699B Sweep Pl —0.1-4GHz £750 ~ HPB8690B Mainframe £250.

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

Racal/Dana Counters 9915M— 9916 — 9917 — 9921 — £150 to £450. Fitted FX standards.
Racal/Dana Modulation Meter type 9009 — 8Mc/s — 1.5GHz — £250.

Racal - SG Brown Comprehensive Headset Tester (with artificial head) Z1A200/1 — £350.
Marconi AF Power Meter type 8938 — £200.

Marconi RCL Bridge type TF2700 — £150.

Marconi/Saunders Signal Sources type — 60588 — 6070A ~ 60558 — 6059A — 60578 ~ 6056 —
£250-£350. 400Mc/s to 18GHz.

Marconi TF1245 Circuit magnification meter + 1246 & 1247 Osclllators — £100-£300.

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

Marconl distortion meter type TF2331 — £150, TF2331A — £200.

Microwave Systems MOS/3600 Microwave frequency stabilizer — 1GHz to 40GHz £1k.
Tektronix Plug-ins 7A13 - 7A14 —7A18-7A24 - 7TA26 - TA11 - 7TM11-7811-7D10-7S12—
S1-52- 56 - 552 - PG506 — SC504 - SG502 - SG503 — G504 — DC503 — DC508 — DD501 —
WR501 - DM501A - FG501A ~ TG501 — PG502 — DC505A — FG504 - P.O.R.

Alltech Stoddart recelver type 17/27A - .01-32Mc/s — £2500.

Alltech Stoddart recelver type 37/57 — 30-1000Mc/s — £2500.

Alitech Stoddart recelver type NM65T — 1 to 10GHz — £1500.

Gould J3B Test oscillator + manual — £200.

Infra-red Blnoculars in fibre-glass carrying case — tested — £100. Infra-red AFV sights £100.
ACL Fleld intensity meter receiver type SR — 209 — 6. Plugs-ins from 5Mc/s to 4GHz -~ P.O.R.
Tektronix 491 spectrum analyser — 1.5GHz-40GHz — as new — £1000 or 10Mc/s 40GHz.
Tektronix Mainframes — 7603 — 7623A — 7633 - 7704A — 7844 — 7904 — TM501 — TM503 —
TM506 — 7904 — 7834 - 7104.

Knott Polyskanner WM1001 + WM5001 + WM3002 + WM4001 - £500.

Alttech 136 Precision test RX + 13505 head 2 — 4GHz — £350.

SE Lab Eight Four — FM 4 Channel recorder — £200.

Alitech 757 Spectrum Analyser — 001 22GHz - Digital Storage + Readout — £3000.

Dranetz 606 Power line disturbance analyser — £250.

Preclslon Anerold barometers— 900- 1050Mb — mechanical digit readout with electronic indicator
— battery powered. Housed in polished wood carrying box — tested — £100-£200-£250. 1, 2 or 3.
HP141T SPECTRUM ANALYSERS — ALL NEW COLOURS

TESTED WITH OPERATING MANUAL

HP 141T+8552A or B IF-8553B RF — 1kHz—-110Mc/s-A IF — £1300 or B iF — £1400.

HP 1417+ 8552A or B IF-8554B RF — 100kHz-1250Mc/s-A IF — £1400 or B IF — £1500.
HP141T48552A or B IF-8555A RF — 10Mc/s—18GHz-A IF — £2400 or B IF - £2500.
HP141T+8552A or B IF-8556A RF — 20Hz-300kHz-A IF-A IF — £1200 or B IF — £1300.
HP8443A tracking generator/counter — 100kHz—110Mc/s — £500.

HP8445B tracking pre-selector DC-18GHz - £750.

HP ANZ UNITS AVAILABLE SEPARATELY — NEW COLOURS - TESTED.

HP141T mainframe — £550 — 8552A IF — £450 — 85528 IF — £550 — 85538 RF — 1kHz—110Mc/s —
£550 — 85548-RF — 100kHz—1250Mc/s — £650 — 8555A-RF — 10Mc/s-18GHz - £1550.

HP 3580A LF-spectrum analyser — 5kHz to 50kHz — LED readout — digital storage — £1600 with
instruction manual - internal rechargeable battery.

Tektronix 7D20 plug-In 2-channel programmable dlgitizer — 70 Mc/s — for 7000 mainframes —
£500 - manual - £50.

Datron 1065 Auto Cal digital multimeter with Instruction manual - £500.

Racal MA 259 FX standard. Output 100kc/s—1Mc/s-5Mc/s — intemal NiCad battery — £150.
Aerlal array on metal plate 9"x 9" containing 4 aerials plus Narda detector — .100-11GHz. Using
N type and SMA plugs & sockets — ex eqpt —-£100.

EIP 451 microwave puise counter 18GHz — £1000.

Marconi RF Power Amplifler TF2175 - 1.5Mc/s to 520Mc/s with book — £100.

Marconl 6155A Slgnal Source - 1 to 2 GHz — LED readout — £600.

Schi ger 2741 Progr ble Microwave Counter — 10Hz to 7.1GHz - £750.

Schi ger 2720 Prog bie Unlversal Counter 0 to 1250Mc/s — £600.

HP 2225CR Thinkjet Printer —£100.

TEK 576 Calibration Fixture — 067-0597-99 — £250.

HP B006A Word Generator - £150.

HP 1645A Data Error Analyser - £150.

Texscan Rotary Attenuators — BNC/SMA 0-10-60-100DBS - £50-£150.

HP 809C Slotted Line Carriages - various frequencies to 18GHZ - £100 to £300.

HP 532-536-537 Frequency Meters — various frequencies — £150-£250.

Barr & Stroud variabile filter EF3 0.1Hz—100kc/s 4 high pass + low pass— £150.

S.E. Lab SM215 Mk11 transfer standard voltmeter — 1000 voits.

Alitech Stoddart P7 programmer - £200.

H.P. 6341B multiprogrammer extender. £100.

Fluke Y2000 RTD selector + Fluke 1120A IEEE-488-translator + Fluke 2180 RTD digital
thermometer + 9 probes. £350 all three items.

H.P. 6181 DC current source. £150.

H.P. 59501A ~HP-iB isolated D/A/power supply programmer.

H.P. 3438A digital multimeter.

H.P. 6177C DC current source. £150.

H.P. 6207B DC power supply.

H.P. 741B AC/DC differential vottmeter standard {old coiour) £100.

H.P. 62098 DC power unit.

Fluke 80 high voitage divider.

Fluke 431C high voltage DC supply.

Tektronix M2 gated delay calibration fixture. 067-0712-00.

Tektronix precision DC divider calibration fixture. 067-0503-00.

Tektronlx overdrive recovery calibration fixture. 067-0608-00.

Avo VCM163 valve tester+book £300.

H.P. 5011T logic trouble shooting kit. £150.

Marconi TF2163S attenuator — 1GHz. £200.

PPM 8000 programmable scanner.

Fiuke 730A DC transfer standard.

B&K 4815 calibrator head.

SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOUR REQUIREMENTS WHICHMAY BE IN STOCK

B&K 4812 calibrator head.

Farnell power unit H60/50 — £400 tested.

H.P. FX doubler 938A or 340A — £300.

Racal/Dana 9300 RMS voltmeter — £250.

H.P. sweeper plug-Ins — B6240A — 2-8.4GHz — 86260A — 12.4—-18GHz - 86260AH03 — 10—
15GHz — 862908 — 2-18.6GHz. 86245A 5.9-12.4GHz.

Telequipment CT71 curve tracer — £200.

H.P. 461A amplifier — 1kc—150Mc/s — old colour — £100.

H.P. 87504 storage normalizer.

Tektronlx oscllioscopes type 2215A — 60Mc/s — ¢/w book & probe — £400.
Tektronlx monitor type 604 — £100.

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

HP5006A Signature Analyser £250 + book.

HP10783A numeric display. £150.

HP 3763 A error detector. £250.

Racai/Dana signal generator 9082 - 1.5-520Mc/s ~ £800.

Racal/Dana signal generator 9082H - 1.5-520Mc/s — £900.

Claude Lyons Compuline — line condition monitor — in case — LMP1+LCM1 £500.
Efratom Atomlc FX standard FRT — FRK — .1-1-5-10Mc/s. £3K tested.

Racal 4D recorder — £350 — £450 in carrying bag as new.

HP8350A sweep oscillator mainframe + HP11869A RF Pl adaptor — £1500.
Alltech — precision automatic noise figure indicator type 75 — £250.

Adret FX synthesizer 2230A - 1Mc/s. £250.

Tektronlx - 7512-7514-7T11-7511-81-552-553.

Rotek 610 AC/DC calibrator. £2K + book.

Marconk TF2512 RF power meter - 10 or 30 watts -- 50 ohms — £80.

Marconi multiplex tester type 2830.

Marconi digital simulator type 2828A.

Marconl channel access switch type 2831.

Marconi automatic distortion meter type TF2337A - £150.

Marconi mod meters type TF2304 — £250.

HP 5240A counter — 10Hz to 12.4GHz - £400.

HP 3763A error detector.

HP 8016A word generator.

HP 489A micro-wave amp — 1-2GHz.

HP 8565A spectrum analyser —.01-22GHz — £4k.

HP 50654 rubidium vapour FX standard — £5k.

Fluke 833A differential meters — £100 ea.

Systron Donner counter type 60548 — 20Mc/s-24GHz — LED readout - £1k.
Takeda Riken TR4120 tracking scope + TR1604P digital memory.

EGA&G Parc model 4001 indicator + 4203 signal averager P1.

Systron Donner 6120 counter/timer A+B+C inputs — 18GHz —£1k.
Racal/Dana 9083 signal source — two tone — £250.

Systron Donner signal generator 1702 - synthesized to 1GHz— AM/FM.
Systron Donner microwave counter 6057 — 18GHz - Nixey tube — £600.
Racal/Dana synthesized signal generator 3081 — 520Mc/s — AM—FM. £600.
Farnell $SG520 synthesized signal generator — 520Mc/s — £500.

Farnell TTS520 test set — £500 — both £900.

Tektronix plug-ins —AM503 — PG501 — PG508 — PS503A.

Tektronix TM515 mainframe + TM5006 mainframe.

Cole power line monitor T1085 — £250.

Claude Lyons LCM1P line condition monitor — £250.

Rhodes & Schwarz power signal generator SLRD-280 — 2750Mc/s. £250-£600.
Rhodes & Schwarz vector analyser — ZPV+E1+E3 tuners —.3-2000Mc/s.

Bell & Howell TMA3000 tape motion analyser — £250.

Ball Efratom PTB-100 rubidium standard mounted in Tek PL.,

Ball Efratom rubidium standard PT2568-FRKL.

Trend Data tester type 100 — £150.

Farnell electronic load type RB1030-35.

Fairchild Interference analyser model EMC-25 — 14kc/s—1GHz.

Fluke 1720A instrument controller+ keyboard.

Marconl 2442 — microwave counter — 26.5GHz — £1500.

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

B&K 7003 tape recorder — £300.

B&K 2425 voitmeter — £150.

B&K 492144149 outdoor microphone.

Wiitron sweeper mainframe 610D - £500.

HP3200B VHF osclilator - 10-500Mc/s — £200.

HP3747A selective level measuring set.

HP3586A selective level meter.

HP5345 A electronlc counter.

HP4815A RF vector Impedance meter ¢/w probe. £500—-£600.

Marconl TF2092 noise receiver. A, B or C plus filters.

Marconl TF2091 noise generator. A, B or C plus filters.

Tektronix oscliloscope 485 - 350Mc/s — £500.

HP180TR, HP182T malnframes £300-£500.

Bell & Howell CSM2000B recorders.

HP5345A automatic frequency convertor — .015—-4GHz.

Fluke 8506A thermal RMS digital multimeter.

HP3581A wave analyser.

Phlilps panoramic receiver type PM7800 - 1to 20GHz.

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

Wiltron scaler network analyser 56043 heads. £1k.

R&S signal generator SMS — 0.4~1040Mc/s — £1500.

HP8558B spectrum ANZ Pl —,1-1500Mc/s —o/c - £1000. N/C — £1500 — To fit HP180 serles
mainframe avallable - £100 to £500.

HP8505A network ANZ 4+ 8503A S parameter test set + 8501A normalizer - £4k.
HPB505A network ANZ + B502A test set— £3k.

Racal/Dana 9087 signal generator — 1300Mc/s — £2k.

Racal/Dana VLF frequency standard equipment. Tracor recelver type 900A + difference
meter type 527E +rubidium standard type 9475 — £2750.

Marconl 6960-6960A power meters with 6910 heads — 10Mc/s — 20GHz or 6912 — 30kHz-
4.2GHz — £800-£1000.

HP8444A-HPB444A opt 59 tracking generator £1k—£2k.

B&K dual recorder type 2308.

HP8755A scaler ANZ with heads £1k.

Tektronix 475 — 200Mc/s oscilloscopes — £350 less attachments to £500 ¢/w manual, probes etc.
HP signal generators type 626 — 628 — frequency 10GHz-21GHz.

HP 432A-435A or B—436A — power meters +powerheads — 10Mc/s—40GHz — £200-£280.
HP37308 down convertor — £200.

Bradley oscilloscope calibrator type 192 — £600.

Spectrascope SDI3J0A LF reaitime ANZ — 20Hz—-50kHz — LED readout - tested — £500.
HP8620A or 8620C sweep generators — £250 to £1k with IEEE.

Barr & Stroud variable filter EF3 0.1Hz—100kc/s+ high pass +low pass — £150.
Tektronix 7L12 analyser — .1Mc/s—1.8GHz — £1500 - 7L14 ANZ - £2k.
Marconi TF2370 spectrum ANZ - 110Mc/s - £1200-£2k.

Marconl TF2370 spectrum ANZ 4+ TK2373 FX extender 1250Mc/s+ trk gen — £2.5k—£3k.
Racal receivers —RA17L-RA1217-RA1218-RA1772-RA1792 - P.O.R.
Systron Donner microwave counter 6057 — 18GHz — nixey tube — £600.
HP8614A signal gen 800Mc/s—2.4GHz old colour £200, new colour £400.
HP8616A signal gen 1.8GHz-4.5GHz oid colour £200, new colour £400.

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. S A.E. FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS. AVAILABILITY OR PRICE CHANGE. VAT AND CARR., EXTRA.
ITEMS MARKED TESTED HAYE 30-DAY WARRANTY.  WANTED: TEST EQPT ~ VALVES — PLUGS & SOCKETS — SYNCROS — TRANSMITTING & RECEIVING EQPT. ETC.

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

CIRCLENO. 133 ON REPLY CARD

October 1993 ELECTRONICS WORLD+WIRELESS WORLD

709




EASY FAST & POWERFUL

CAD SOFTWARE THAT GIVES YOU THE EDGE

ISIS - SCHEMATIC CAPTURE

Easy to use vyet exremely
powerful schematic entry system
with all the features you need to
create input for ARES or other
CAD software. Now available in a
super-fast 32 bit version capable
of handling huge designs even on
AO-szed sheets.

| ;
o e :E

E3

BE RN

Graphical User Interface gives
exceptional ease of use - two mouse
clicks will place & route a wire.
Automatic wire routing, dot
placement, label generation.

2D drawing capability with symbol
library.

Comprehensive device libraries.
Heterogeneous devices (e.g. relay
and coil) allowed in different places
on the schematic.

Special support for connector pins -
put each pin just where you want it.
Output to printers, plotters,
Postscript.

Export designs to DTP and WP
packages.

Netlist formats for most popular PCB
& simulation software.

Bill of Materials and Electrical Rules
Check reports.

Multi-sheet and hierarchical design
support.

Automatic annotation/packaging.
ASCI| data import database facility

from

£275

ARES - PCB DESIGN

Advanced netlist based PCB
layout software newly updated
to version 2.5. Major new
features include SMT library,
real time snap (for those tricky
SMT spacings), thermal relief
power planes and enhanced
autorouting.

Graphical User Interface.

Real time snap.

Auto track necking.

Curved, 45/90 or any angle tracks.
Extensive through hole and SMT
package libraries as standard.

2D drawing capability with symbol
library.

Connectivity highlight.

Output to printers, plotters,
Postscript, Gerber and NC drill.
Gerber View facility.

Graphics export for DTP etc.
Advanced netlist management with
forward design modification.
Component renumber and
back-annotate to ISIS.

Full physical and electrical design
rule checks.

Autorouter handles single, double or
mufti-layer boards.

Power plane generator with reliefs.
Strategy & DRC information
loadable from ISIS.

Gerber import utility available.

from

£275

abcentcer
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ISIS ILLUSTRATOR

Schematic capture for MS
Windows 3.1 - produces high
quality schematics like you see
in the magazines with your
choice of line thicknesses, fill
styles, fonts, colours etc. Once
entered, drawings can be
copied to most Windows
software through the clipboard.

New version 2 includes
netlisting, bill of materials,
hierarchy, and much more.
An ideal front end for
Windows Simulation and
PCB design.

new low prices from

£99

CADPAK - BUDGET PRICE CAD

Two programs - ISIS
SUPERSKETCH and PCBIII -
for the price of one.

CADPAK has everything you
need to produce circuit
diagrams and PCBs on your
PC and is exceptionally easy
to use.

superb value at only

£79

Call us today on 0274 542868 or
fax 0274 481078 for a demo pack.
Combination, mult-copy and educational

discounts available. Prices exc P&P and VAT. §
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RESEARCH NOTES

Blue laser burns itself into storage record books

S cientists have demonstrated a blue laser
optical recording system that can write
and read data at what they claim is a world
record density of 2.5 gigabits per square
inch on a removable magneto-optic disk.
That’s the equivalent of 6.5 gigabytes on a
double-sided 5.25-inch optical disk.

Researchers have long known that blue
light, because of its shorter wavelength, is
potentially capable of writing more data on
a given disk area. It is simply that blue
light can be focused on to a smaller spot
than infra-red: 0.4pum, as compared to
0.8um, about a quarter of the area. But
while the theory is straightforward, the
practical problems are immense. What
researchers at IBM’s Almaden Research
Centre in California have shown is that the
high storage density predicted for blue
light systems can now be achieved under
realistic conditions.

For their latest demonstration, the IBM
team wrote a pattern of data bits on a
rotating glass disk coated with a film of
magneto-optic material optimised for blue
light. They then read back the pattern at a
realistic rate of 2Mbyte/s and were able to
distinguish the signal from the background
noise as accurately as in current commercial
products.

In rewritable magneto-optic recording, a
mark is made when a short, high-intensity
laser pulse very quickly heats a small spot
of the magneto-optic coating in the
presence of a magnetic field. Within a few
milliseconds after the laser pulse, the
material cools, locking in the magnetic
orientation, which in turn affects the
polarisation of any light that subsequently
passes through it.

To read the data, a low intensity laser
illuminates the track. A detector and its
associated electronics then reads the
changes in polarisation and converts them
into data pulses. Erasure is achieved by
re-heating the area with the high intensity
laser while the magnetic field is reversed.

IBM’s team generates its blue light by
passing the output of an infra-red gallium
arsenide diode laser through a specially
designed frequency doubler. Careful
feedback controls enable this process to
operate efficiently at the power levels
required. The blue laser technology has
been licensed to Coherent Inc who will
initially be targeting industrial, medical and
printing applications.

Blue lasers have long proved attractive as a means to increase disk storage desnsity. Now IBM claims
to have the beginnings of a real blue laser system.

The successful high density data
recording experiments have depended, not
just on blue laser technology, but also on
the parallel development of new encoding
techniques, new magneto-optic materials
and a new way of mechanical tracking.

As the marks written on a disk become
smaller, it becomes increasingly difficult to
keep the head positioned accurately over

the data track. Current optical disks use
grooves for the purpose, but the hope is that
these will be eliminated because of the
additional noise they cause. The latest
experiments successfully used a “sample”
servo to track a grooveless disk by rapidly
analysing the presence of periodic patterns
to determine whether or not the head is
accurately positioned over the data.

Top people are always in a spin

W + WW can now reveal the secret to

staying at the top of the pile. To succeed
in the stock market, politics, courtship or the
media, you have to behave just a little
unpredictably. At least that is the conclusion
of a study by two researchers at the
University of Illinois in Urbana.

Computer simulations by physics
professors Alfred Hubler and David Pines
show that the best strategy in any kind of
chaotic situation is to be neither completely
orderly nor totally unpredictable. According
to Hubler: “a competitor who imposes a
weakly chaotic dynamic on a chaotic
environment stays leader for the longest.”

Using mathematical terms to define
variables such as a competitor’s
predictability and changes in the

environment, the researchers charted the
results of several hypothetical long-term
interactions. Their simulations suggested
that the most productive arrangement for
two competitors is to exist in a leader-
follower relationship. The arrangement
avoids conflict, whether in the home, in the
workplace or between nations.

Hubler and Pines’ conclusion is hardly
surprising. But what is interesting is the
finding that such stable relationships last
longest when a small degree of
unpredictability is introduced by one or both
participants. If a person, or organisation,
behaves too predictably, a competitor can
figure out a pattern and attempt to short-
circuit it, in turn, destabilising the
relationship.
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The logical advice to companies,
therefore, is to avoid making your
corporate strategy too transparent or
unchanging.

On the other hand, says Hubler: “if
behaviour is too chaotic, unpredictable and
non-reproducible, it may alarm competitors
who were formerly content.”

Such formerly happy competitors may
then energise all their efforts in a powerful,

but dangerous over-reaction. It’s the sort of
thing that leads to price battles, stock
market collapses and ultimately, wars.

According to the computer simulation, a
small degree of unpredictability is desirable
for two reasons. Not only does it stabilise
your position at the top, it also offers the
tools to respond more quickly to changes in
the economic or political climate.

Space service will tackle

Hubble’s wobbles

hen the Space Shuttle takes off -
probably in December — to service the
Esa/Nasa Hubble space telescope, one of its
tasks will be to replace the pair of solar
panels supplying the telescope with power.
The solar arrays consist of about 50,000
silicon cells covering a surface area of 70m?.

They generate about SkW of electrical
power when new, yet must be flexible
enough to be rolled up for storage, but rigid
enough to remain stable when unfurled in
space. To meet this need they are constructed of
huge sheets of fibreglass-reinforced Teflon
held in place with metal struts,

Unfortunately, after the telescope was
launched in 1990, its pointing capability was
affected by jitter caused by expansion and
contraction of the solar arrays every 90
minutes as the craft passed in and out of
sunlight. Temperature variations of 200°C
caused the tips of the panels to bend out of
true by up to 30cm.

The problem was solved provisionally by
anticipating the temperature changes and
issuing commands for the telescope to
change its direction to counter the changes
caused by the flexing solar panels. But this
extremely cumbersome procedure occupies
a large amount of on-board processing
power.

Effects of the flexing have been made
worse by the fact that the expansion and
contraction is jerky. The new panels, with
fewer moving parts, are being carefully
designed to minimise the problem. Each
support boom is covered with an aluminium
layer supported by 900 plastic discs
forming an accordion-like structure. The
structure will reduce thermal gradients by a
factor of 20 while, at the tip of the arrays, a
complex system for countering expansion
has been replaced by one of frictionless
springs. The deployment drum will also be
immobilised by an electrical brake.

If all this seems a bit over the top, it is
important to realise the degree of stability
necessary. The telescope’s precision
pointing system demands that residual
torque from the solar cells must not exceed
0.002Nm — equivalent to the weight of half a
paper-clip held at arm’s length!

As well as ridding Hubble of its wobble,
the astronauts wil! be fitting an optical
device to correct the aberration of the
primary mirror. Space testing and servicing
of the device will make use of the faint
object camera (foc), The foc, one of the
main contributions from Esa, the European
Space Agency, is one of several light
sensors on the telescope, and consists of a
powerful image intensifier able to detect
stars of magnitude 29. That is five billion
times too low (o be seen by the naked eye
and is roughly equivalent to a candle on the
moon. In conjunction with the telescope
optics, the foc is sensitive enough to
distinguish between a pair of coins at a
distance of 200km. At the moment, one of
its two detectors is showing signs of
deterioration and will also need to be fully
re-tested

Final testing at British Aerospace of the roll-out
solar array for the Esa/Nasa Hubble space
telescope. The first servicing mission is
scheduled for December.
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Geniuses are made not created

t a time when British industry is
desperately trying to seek out (and
retain) its brightest talent, it is il]uminating

to ask — as psychologists at Florida State
University have - exactly what are the
ingredients of talent or giftedness.

Florida’s Anders Ericsson, professor of
psychology. may have an answer. He has
been studying world-class experts in music,
chess, sport and the arts to learn what talent
really means. It seems that all we need to
emulate feats — such as the amazing ability
to recite pi to 32 000 digits — is practice.

Reassuringly, he is discovering that
experts may not be any smarter than the rest
of us. Indeed, to judge from Ericsson’s
findings, giftedness has as much more to do
with environment than with whatever
“clever” genes we inherit. The common
factor that emerges when top people are
studied is not their IQ but their dedication.
As Ericsson casually observes with
delighttul understatement: “By the time
Mozart was 7, he had had a lot of practice.”

Unfortunately, there may be a certain age
after which you might as well give up trying
to become a megastar — in the artistic
professions at least. A common feature of
many famous musicians and sportspersons is
that they started practising consistently from
a very early age. Genius at the Mozartian
level appears to be difficult to create later in.
life if the foundations have not been laid
during childhood and adolescence.

Fortunately, for those of us in more
mundane engineering or academic
professions, you don’t necessarily have to
start your PhD thesis at 18 months of age.
Apparently, brilliance in these areas can
flower much later in life.

To illustrate the relevance of sheer hard
work and practice, professor Ericsson cites
the example of students who were put
through a rigorous training programme to
help them memorise numbers. After a week
of practising an hour a day, a typical college
student could recite the value of pi to about
12 or 13 digits. After two years’ practice, he
or she could manage about 80. Ericsson is
now continuing his research into the ability
of the 35-year old psychology graduate and
his 32 000 digit pi — taking about three hours
to recite: he’s hoping to reach 100 000.

Ericsson says that people are not born
with this sort of exceptional memory. Being
gifted in this — or indeed other areas — seems
10 be largely a matter of motivation.

Ericsson doesn’t imply that everyone can
become a genius. There are undoubtedly

Research Notes is written by John Wilson
of the BBC World Service.

genetic differences that make some people
more likely to succeed than others. But the
assumption that talent is largely in the genes
is not supported by the evidence.

The key difference between ordinary
people and highly talented people is the
extent to which they are motivated to
practise, and it is not just the quantity of
practice, but its quality. Endless repetition
will not create talent: the sort of practice that
makes for genius is well organised and

" RESEARCH NOTES

aimed at a specific goal.

Truly talented people, says Ericsson,
regard properly directed practice as so
essential that they come almost to enjoy
what other people find an unrewarding
grind. They are also motivated to seek out
other experts who will direct their practice
effectively. As yet no-one knows why
some people have the necessary motivation
1o become geniuses and others, with equal
intelligence, don’t. Pushy parents, 1'd guess.

Diamonds without pressure

hemists at Pennsylvania State University

have devised what they say is the first
method for making diamond from a soluble,
solid-phase non-diamond material. The
process works at normal atmospheric
pressure and at relatively low temperatures.

Natural diamonds are created under
conditions of extremely high temperatures
and pressures deep inside the Earth, and
most existing industrial processes employ
similarly energy-intensive approaches. The
Penn State chemists, led by Patricia
Bianconi, have adopted a less aggressive
and therefore potentially cheaper technique.
They have developed a polymer, called

polyphenylcarbyne, which looks like brown
sugar and has a natural tendency to turn into
diamond when heated because some of its
atoms are already in a diamond-like
configuration. The polymer is also the first.
proto-diamond material that can be
dissolved in solvents. It opens up the

possibility of being able to coat objects with
the polymer solution and then, by heating,
10 cover the object with a protective coat of
wear-resistant artificial diamond.

Bianconi speculates that such artificial
diamond could have widespread applications
in the electronics industry. Not only does it
have the highest melting point of any
known material, it also has a very high
thermal conductivity. She says that it might
be possible to draw diamond components
directly onto a chip by coating it with the
polymer solution and then directing
localised heat at it by means of a laser beam.

Bianconi and her team are now refining
the chemistry to reduce the amount of
impurity, especially graphite. a

Penn State protodiamond polymer after
processing (40 x). Black areas are microscopic
diamond coated with graphite; transparent areas
are crystalline diamond.
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Ben Duncan analyses
distortion performance
and harmonic spectra
of the UK’s ten most
popular audio power
ICs. In a unique
performance guide, he
names the good, the
bad - and the ugly

SPECTRALLY CHALLENGED:

The top 10 audio power chips

amplifier IC was released by Plessey in

the UK in 1968. But it took Clive
Sinclair to make a success of it as the /C/2'.
Since then, IC power blocks have become the
mainstay of portable audio and communica-
tions equipment.

So who needs reviews? Without them, pur-
chasers will undoubtedly work out which
products are poor value and eventually bad
business draws to a close. But reviewing pro-
vides feed-forward as well as speeding the
feedback loop, and quality of many end prod-
ucts — from cars to software — has certainly
been forced upwards by continuous published
scrutiny.

The world’s first monolithic audio power

Electronic components have faced little of
this. The open-ended application of compo-
nent parts appears to make comparative
review (beyond checking published specifi-
cations) next to impossible. But IC power op-
amps are different in that they are made and
used mainly for just one task — driving audio
into loudspeakers.

They are used in professional audio for talk-

back and headphone monitoring; in low bud-

get audio, and by one maker as a power amp
driver stage. Similarly, comms, and wherever
a few tenths to tens of watts are needed, from
a few Hz to 20kHz, are also likely applica-
tions.

In use, the small signal stages must be pro-

tected from positive feedback induced by
asymmetric, Class A-B currents in the adja-
cent output section and from thermal distor-
tion caused by widely fluctuating Class A-B
Jjunction temperatures. So design with low dis-
tortion and RF/LF stability is quite a chal-
lenge?, but today there are over 100 IC power
amplifiers to choose from, several dating back
twenty years. A large number are Japanese
and most of these are not readily available out-
side the orient. The remaining main players
are Nat Semi in the US, and Philips and SGS-
Thomson (representing Europe).

For practical testing, these companies’ 50 or
so devices have been whittled down to the
most useful ten best sellers in the UK (Table 1).
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Table 1. Power op-amps under test.

Power capabilities range from hundreds of
milliwatts (TBAS20M) up to tens of watts

The devices being tested vary greatly, and
bold decisions were needed to make the pro-
cessing reasonably straightforward while giv-
ing meaningful results. To begin with — and
unlike most IC op-amps — over half the group

Nominal Po
Model Maker %THD, load (TDAI514).
LM380 Nat Sem! 3W, 3%,4Q
LM383 T Nat Semi 17W, 10%, 2 Testing standards
LM386 N4 Nat Semi 0.3W, 3%, 4
LM1875 Nat Semi 33W, 1%, 8
TBA820 M SGS-Thom 1.6W, 10%, any
TDA1514 Philips 50W, 0.1%, 4
TDA2030 SGS-Thom 16W, 0.5%, 4
TDA2040 SGS-Thom 36W, 10%, 4
TDA2611 Philips 12W, 10%, 8
TDA2822 M SGS-Thom 1W, 10%, 8

These 10 power op-amps were chosen as being
presently the largest selling models in UK, from
European & US makers. Maximum power outputs are
maker's specification into lowest rated load at highest
rated supply, or closest tabulated rating. They cannot be
directly compared, as the loads and %THD reference
polnts differ: for example, power ratings at 10% THD wilt

be higher than those taken (more properly) at 0.1% THD.

of power ICs is devoid of a standard package
or pinouts. The four units in the Pentawatt
package are the exception. With consistent
pinout, and dual polarity supplies and inputs,
the Pentawatt is a universal receptacle for
amplifiers configured as op-amps.

Most of the remaining ICs are not pure op-
amps (note the requirement for a DC blocking
capacitor on the LM383’s —ve input, for exam-

ple, signifying internal input biasing). But they
all employ mainly direct-coupled stages with
overall NFB. The LAM380, 386 and TDA2611,
2822 have fixed gains to save on parts count,
ranging from +26 to +39dB. This is too much
gain for use at common line levels, but allows
most transducers to be connected without
intermediate preamplification — a particularly
useful facet in ultra compact, low budget
equipment. On the other hand, it prevents test-
ing at a uniform gain.

Gain can be adjusted on all the remaining
devices, and — with the exception of the TBA
820 - it is set by an external, shunt feedback

Figs. 1 to 10 show %THD (on left) vs input level in dBy. (horizontal axis) vs
output level in Log watts (on right). % THD is the solid line. Transfer
function in watts is dashed. By selecting onset of clip or 0.1% THD

4W, assuming 2V saturation losses. The comparison suggests some devices
(eg LM 383T and TBA 820) have either rather optimistic power
specifications or have entered thermal shutdown when swept - a fact not

(whichever is highest) as the reference, power outputs can be
meaningfully compared between these figures. Note that some devices

employ 30V and others 15V, giving target powers of about 21 and about

registered by thermal monitoring. Retests from cold show that spectral
results are essentially unaffected by thermal conditions.
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| Ben Duncan Research

10

(3}

Fig. 5 to 10. The dynamic THD and transfer plots on this page show a variety of pathologies. All plots are at 5kHz.
_ In Fig. 8, the distortion is barely out of the noise floor (at -31dBu input drive) before it begins to rise again, into a very soggy
_ asymmetric clip, rather like a single ended valve amplifier. The transfer functions for all the others bend as clip is entered.

The almost flat distortion curves in Figs. 6, 9 and 10 are characteristic of crossover distortion.
in Fig. 5, distortion (and noise) are commendably low for signals 20dB below clip, but % THD rises at a steady rate thereafter.
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divider. The LM383 (Fig. 23) employs unusu-
ally low resistor values here to enhance PSRR.
Instead of fixing the gains of the flexible
devices at one arbitrary level, gain is allowed
to follow the maker’s evaluation circuit,
excepting the LM383 and LM 875, which are
set at 20dB.

The conditions are reasonable in that all the
devices have gains which are close to those
most used in practice, considering the ICs’
span of power ratings. For example, the high-
er power devices are less liable to be used in
portable battery-powered systems, and rather
more likely to be driven at line level, requiring
less gain.

All devices are operated in the non-inverting
mode as this is the sole option for the non op-

amp types (Fig. 22), excepting the TDA/514.
As the lowest gain is +20dB, common mode
distortion will be expected to be a minor feature.

Most of the lower power ICs work on single
rails, while the higher output models employ
dual supplies. Maximum supply voltages vary
from 30V (TDAI514) down to +15V
(TDA2822 M). The test supply is fixed at the
lowest device’s maximum: +15V for single
rail devices and £15V for dual rail devices.
Under these conditions, the loop gain of the
devices having significantly higher maximum
voltages will be depressed about 10 to 15%.
This affects % THD above 5kHz, but only
marginally against the background of loop
gain unit-to-unit tolerance of 30 to 50%, and
the gain differences already discussed.

Test circuits

Looking at the test circuitry in more detail, on
all the single rail circuits, the output DC
blocking capacitor is standardised at 1000pF.
Some circuits specify — and most received —
an RF filter capacitor at their inputs. On sev-
eral ICs, it is mandatory, despite being driven
by just 1.5m of screened cable from a 25Q
source. Some units need a DC blocking capac-
itor at their inputs to preserve their biasing.

Figs. 11 to 21 show harmonic spectra and noise. Harmonic levels are slightly changed when testing preceeds from switch on, as opposed to
being pre-warmed by quiescent current. If further changes were evident over logarithmic time intervals, the audiophile’s claim that equipment
sonics change over a long period of ‘warm up’ would be potentially validated, subject to further psychoacoustic translation. And while the
broad pattern of the harmonics were only slightly changed with temperature, this might amount to a disproportionate audible change.

Ben Duncan Resaarch PA1514 AMPIB) v FRECIHZ) 19 JUN 53 140628 BeglitncaglFasaarch PA-IM383 AMPIGB) v FREQHZ) 2 JUNS2192558
5000 5000
Ar

T 000

70.00 00

000 2 i

200 f

B 1000

1100

1200

1300

1400

1500

100

1200

1200

1400

. 1500

100k 2006 300k 400k SO0k 6Ok 7Ok 800k S0k 100k 110k U0OS, 2006 g0k, AOONSS RSO St OOF N THOCE N 00K R 0+ S 0.0 0 11K
Fig. 11. TDA1514 Fig. 13. IM383 T
Ben Duncan Research PA-2030 AMP1(dB) vs  FREQ{Hz) 19 JUN 93 14:5929 Ben Duncan Ressarch PA-1875 AMP1(dB} vs  FREQ{Hz) 19 JUN 93 19:1700
5000 000
4000 Q000
70.00 70.00
2000 20
5000 00 E L -
1000 1009 e -
110.0 110.0 o
1200 1200 4 A
|
41300 1300 —3
|
1o i 1400
|

1500 1500

A0 200k 300k 40k S0 600k 700 8Ok 900k 100k fiok 100 200 30k 0k S0k 600k 700 B0k SO0 100k 110K

Fig. 12. TDA2030

Fig. 14. IM1875

October 1993 ELECTRONICS WORLD + WIRELESS WORLD

807




Ben Duncan Research PA-2040
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Figs. 15 to 20. In this group the TDA2040 is a good example of monotonically reducing harmonics, with the exception of
the 10th and 11th. This kind of structure is more pleasing to the ear, and more like the harmonics in euphoric musical
sounds than the humped pattern of the LM380 in Fig. 17. At over twenty years, LM380 is the oldest device in the tests, and
the only DIL unit having provision for copper heatsinking “wings" to be soldered to 6 of its pins. But the even more ugly,
roller-coaster harmonic pattern of a much newer device like the LM386 (Fig. 19) shows that audio quality evolution cannot
be counted upon. '

AMPIOB] v FREQMH:) 20JUN 83 15:41:47 :BenDuncanReswm PAG2OM AMPIB] v FREQHz) 19JUN3 18:132
A
_ _ | -5000

= 4000

[-1100

1200

1300

1400

400k 500c 6O 700k 8OOk 800k 100k 10k 100 2000 300k 400k SO0k Bk 7Ok BO0K 900k 100k 1ok

Fig. 18. TBA 820 M

AMPY{gB)r v FREQ{Hz) 19 JUN 93172857 Ben Duncan Research PA-/L\MJ&G n AMP1(dB) v FREQ(Hz) 20 JUN 93 12:44:07

50,00 ~ =

4400

‘ -1500

400k 5,00k £.00k 7.00K 800k 9,00k 10.0% 1.0k 100k 200k 3,00k 4.00k 5.00k 6,00k 7.00k 8.00k 900k 10.0k 1.0k

Fig. 19. LM386 N4

AMP1(dB) vs  FREQ(Hz) 19 JUN 93 16:47:12 Ben Duncan Research PA-2822 AMP1(dB) vs  FREQ{Hz) 19 JUN 93 16:16:27
A
-50.00

%000 - 4 F B

|-76.00 - 4 - - = = L/

|-1500
4000 SO0k 6Ok Tk BO0K 800k 00k 1k 1006 2006 300 400k 500k ok Rbok  mook ek 100k 110k

Fig. 20. TDA2822 M

808

ELECTRONICS WORLD + WIRELESS WORLD October 1993



Ben Duncan Research PA-APR
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The TDA261 I’s stability margin is such that
the Audio Precision analyser’s mildly reactive
loading had to be isolated with 1k. The
TDA1514 works well despite its modest sup-
ply decoupling. Past experience led me to
increase the supply decoupling on other units
beyond the maker’s recommendations.

The 470UF rail decoupling capacitors are all

Low-Z at HF types. Power is taken from a
regulated supply with a reasonably low source
impedance, below 10mQ (including leads &
connections), from below 100Hz to above
10kHz. In practice, many battery and low bud-
get mains supplies will be considerably high-
er.

The circuits are built on Veroboard explic-

itly made for analogue prototyping and solely
available from RS (433-911). As each node
has five holes, inter-track capacitance is lim-
ited to a few pF. RF stability and low THD are
assured by noding all the main grounds to a
common point, and by running solder along
power, output and ground tracks to keep resis-
tance down. Hook-up is with 1/0.6mm solid
core wire with a maximum length of 50mm.

Test procedure
All testing is performed into an 8Q2 load, with
about InF of load capacitance. As a prelimi-
nary to spectral testing, each DUT (device
under test) is checked by first performing a
bandwidth sweep. Several have secondary
(HF) crossover distortion, slew limiting and/or
RF oscillation above 20kHz. Results of the
tests led to some of the fixes described above.
Next, %THD is plotted dynamically, against
level. The DUT is driven from 15 or 20dB
below clip, up to and beyond clip, at a spot
frequency of SkHz. The characteristic of a

TDA1514.
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Fig. 23. Test circuits, all Pentawatt

package.
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high-performance, clean device with high
NFB is a “lazy V” or sideways *“L” shape. The
noise floor at first drops linearly to reveal the
real %THD, and the THD then rises abruptly,
beyond clip. Looking at the results in Figs. 1-
10, the TDAI514 and LM 1875 come closest
to this. The same Figs also plot the transfer
function, in watts, with a log scale so that the
power can be related to a given %THD and
drive level.

On Fig. 1, for example, 0.1% at A on the
THD graph corresponds to point B (draw a
straight vertical line above), which is around
11W. Looking down shows that input drive is
around —7.5dBu. The AP’s %THD residue is
typically below 0.0007% up to clip, much
lower than even the best DUTs.

As in previous tests?, the devices’ harmon-
ic spectra are then plotted, using the Audio
Precision dual domain test set’s DSP facility,
set at 48kHz sample rate to provide a tight,
3Hz bandwidth. All the units had spectra
(Figs. 11-20 ) much higher than the AP
residue (Fig. 21) and their own noise, so there
is none of the uncertainty that plagues mea-
suring the better op-amps. Processing is speed-
ed up by averaging just 16 samples for cer-
tainty, and all testing was done with DUTs
placed in a steel shielding tray. The results of
Figs. 1-10 were used to set the test level at
between 1 and 2dB below clip — the latter
defined clearly in most cases by the point
where the %THD graph turns irrevocably
upwards.

All the devices heated up when tested, and
whereas external heatsink temperatures would
be lower with program instead of a sinewave,
and with a real loudspeaker as a load, peak
junction temperatures could be much the
same. Some tests were run immediately at
switch on, and while several showed greater
power on output, %THD and spectral results
were only marginally better, if different at all,
particularly with the 8pin DIL devices, which
have small junctions and high thermal resis-
tance.

From best to worst
Ranking devices by absolute level of their
spectra (Table 2), it is fitting that Philips’
TDA1514 appears as the top performer, as it’s
trumpeted as a “high performance Hi-Fi
amplifier”, as well as the being the newest in
the group (1991). But that two of the oldest
(circa 1975-8) devices came next best shows
that evolution in audio quality is not to be
relied upon. If the harmonic pattern is taken to
be more critical to the ears than the absolute
levels of spectra, then the clear leaders are
TDA[514 and TBA820M, with their even-
order dominance. On this basis, asymmetric
clipping and even the 820’s primitive, single-
ended output stages are beneficial!

Next most likely to be preferable on sonic
grounds are the units with monotonically

Table 2. Spectral ranking generally ordered by
2nd harmonic level. Cleanest devices with least
residue are at the top.

Model Package Harmonic Gain
pattern * = fixed

TDA1514 SIL Even +30
TDA2030 Pen Mono +30
LM383 T Pen Mono +20
LM1875 Pen Cplx +20
TDA2040 Pen Mono +30
TDA2611 SIL Mono +38*
LM380 DiL 14*  Cplx +34°
TBA820 M DiL 8 Even +34
LM386 N4 DIL Cplx +26*
TDA2822 M DIL 8 Cplx +39*
Notes:

Pen = Pentawatt = five leg TO 220
Even/Odd = even/odd harmonics dominate
Mono = harmonics slope off monotonically
Cplx = complex pattern

* = fitted with 2in? heatsink.

descending spectra (TDA2030, 2040, 26/ ] and
LM383). Soft clipping may contribute to good
sonics, where the amplifier’s swing is forced
(by design, battery technology and budget
constraints) to be inadequate. When this is the
case, the LM386, TBA820, TDA2822 and to a
lesser extent the LM2040 are expected to
sound least painful in overdrive. Much hearing
damage is caused by compression or signal
clipping, not high SPLs per se, so it is hoped
that designers of equipment driving headsets
and earpieces (particularly domestic replay
equipment likely to be used by children) are
making notes... Ideally, audio designers will
all be studying Douglas Self's treatise (series
running in this issue) on fundamental bipolar
amplifer distortion pathologies too.

Looking now at Fig. 10, the TDA2822M is
strictly unacceptable as an audio device, on
the grounds that THD consistently above 0.1%
from a device with overall feedback is bound
to be fatiguing and irritating. It could prove
fatal (or at least needlessly stressful) if used to
drive an air traffic controller’s or pilot’s head-
set, for example.

Finally, how do ICs compare to real power
amplifiers? Well compared to the profession-
al PA amplifiers measured so far, the top five
ICs are returning similar absolute levels,
though with different spectra. The remaining
five are probably not much different to most
tight budget commercial amplifiers. [
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e® ® " LIMITED OFFER ®s

AMAZING PC BASE

PY %
Py IS
SALE »+° IBM COMPATIBLE '*,,
WE HAVE ACQUIRED A SELECTION OF HIGH PY S
QUALITY AMSTRAD PC BASE UNITS AT MEGA K4 LAPTOP COMPUTERS *
DISCOUNT PRICES. LOOK WHAT YOU CANBUY | @ s
FROM ONLY £19.00! v
e BROM ONLY £99'OO'("'“‘"‘) .‘-
UNTESTED AMSTRAD PC BASE UNITS |2 AGAIN [N STOCK AT A SUPERB DISCOUNT PRICE! =
COMPLETE WITH MOTHER -BOARD, s gLy IBM COMPATIBLE LAPTOP COMPUTERS &
VIDEO CONTROLLER, DISK CNTRLR, |g¢ OFFERING EITHER 512K OR 640K MEMORY. »
& 5.25" DRIVE(S ). keyboard. Mouse. PSU & DOS not supplicd) “ FLIP UP GREEN SUPERTWIST LCD SCREEN. :
3 1 .
AMSTRAD 1512SD £19.00  REF:EWAMI®PI | % FULé‘SZQ;ZElFRTI;TnggﬁD' .
AMSTRAD 1512DD £25.00  REF: EW/AM2SP1 Y el 31 R
AMSTRAD 1640SD  £25.00  REF: EW/AM25P2 % g ONSaARTE N R
AMSTRAD 1640DD £30.00  REF: EW/AM30P1 ‘,' D SRRy AR .
r..........-........-...... .. MS-DOSSIRUNSTHESELINI’IS “

NEW or REFURBISHED PC BASES
COMPLETE WITH KEYBOARD,
MOUSE, and 5.25" DRIVE.

RUNS UNDER MS-DOS VER 3 ©0s sot suppiied
All sold guaranteed as new. All you
need is a power supply unit & monitor.

L )
L ] s
L e

...I----l'-

AMSTRAD LAPTOP OPTIONS

AMSTRAD PPC 1512 SD (512k memory Single 3.5 disc drive) £99.00 Ewramesp!
AMSTRAD PPC 1512 DD (512k memory Two 3.5 disc drive) £109.00 Ewramioopi

AMSTRAD 1512SD £49.00 REF: EW/AM49P1 |AMSTRAD PPC 1640 SD (640k memory one 3.5" drive modem) £129.00 Ew/am129P1
AMSTRAD 1512DD £59.00 REF: EW/AMS9P1 |JAMSTRAD PPC 1640 DD {640k memory two 8.5" drive modem) £139.00 Ew/AM139P1
AMSTRAD 1640SD  £69.00 REF: EW/AM69P1 MAINS POWER SUPPLY FOR ALL ABOVE LAPTOP UNITS ONLY £10.00

AMSTRAD 1640DD £79.00 REF: EW/AMT79P1"

AMAZING COMPUTER BARGAINS
IBM COMPATIBLE LAPTOPS:.. ONLY £99.00:.
COMPUTER BASE UNITS:.« ONLY £19.00:..c s,

LIMITED OFFER - HURRY WHILE STOCKS LAST
AMAZING SALE OF |10 WATT SOLAR CELL PORTABLE RADIATION

features.:-

Micro Cassette

Call Screening

Call Count

Answer only

Last No redial

On hook dialling

BT Network Services
Mute Factlity

RESPONSE 200 AND 400 MODELS

Each Response Unit is supplied with a
Micro cassette, PSU and User Details. The
following features are found on the 400
Model and the 200 has almost as many

Ren 1.0.

Memo Facility
Remote Facility
20 Memories
Variable volume
Hands free speach
PABX Compatible
LCD Display

RESPONSE 200 £35.99Ref:EW36P1

RESPONSE 400 £49.99Ref:EW49P1
(plus vat)

discolouration. There are possibly hundreds of
uses for these cells, a few of which could be: for
Car Battery Charging, for useon Boats or on
Caravans, in fact anywhere a portable 12V
supply is required. Several of our overseas
Mediterranean customers with homes in remote
hilly sites. use these solar cells as a daytime
power source to backup generators. The solar
cells can be connected in series or parallel to give
higher voltages or larger current capacity.
REF: EW34P2

PRICED at only

£33.95...,

PLUS an additional £2.00 special packaging charge

BT ANSWERPHONES| (3" x 1") 14.5v/700mA DETECTOR
As NEW, fully guaranteed BT | Now available by mail order SPECIAL OFFER
Product as LESS than Half the | Coated with exceptionally efficient amorphous o 49 99 o
original retail price!!! silicon these glass solar cells have an almost * By
timeless lifespan and will not suffer with | NEVER OFFERED BEFORE............... Wecan

now supply a unique handheld personal
portable Gamma and X-Ray detector. This
Radiation detector contains two Geiger
Tubes has a 4 digit LCD display with a piezo
speaker, glving an audio visual Indication.
The radiation detectors detect high energy
electromagnetic quanta with an energy
from30KeVtoover1.2MeVandameasuring
rate 5-9999 UR/h (sampling rate 2585) or
1099990 NR/h (sampling rate 2.55) Sources
of radiation could be Granite Kerbstones
old Luminous Wateh dlals or even a
Jewellery shop where mineral ore Is sold to
rock collectors. A piece of uranium Ore
would be Idedl................ooc

Only £49.99 Each Ref: EW50PI
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£1 BARGAIN PACKS

In fact...cheaper than £1 because if you buy 10 you
can choose one other and receive it free!

1 x 12v Stepper Motor. 7.5 degree. Order Ref: 910.
1 x 10 pack Screwdrivers. Order Ref: 909.

2 x 5 amp Pull Cord Celling Switches. Brown. Order
Ref: 921.

5 x reels insulation Tape. Order Ref: 911.

4 x 14Mn Bull-races. Order Ref: 912.

2 x Cord Grip Switch lamp Holders. Order Ref: 913.
1 x DC Voltage Reducer. 12v-6v. Order Ref: 916.

1 x 10 amp 40v Bridge Rectifier. Order Ref. 889.
Lightweight Stereo Headphones. Moving coil so
superior sound. Order Ref: 896.

2 x 25W Crossovers. For 4ohm loudspeakers. Order
Ref: 22.

2 x nicad Constant Current Chargers. Easily adapt-
able to charge almost any nicad battery. Order Ref: 30.
10m Twin Screened Flex. White pvc cover. Order Ref:
122.

2 x White Plastic Boxes. With lids, approx. 3" cube.
Lid has square hole through the centre so these are
ideal for light operated switch. Order Ref: 132.

2 x Reed Relay Kits. you get 8 reed switches and 2
coil sets with notes on making relays and other
gadgets. Order Ref: 148.

1 x Big Pull Solenoid. Mains operated. Has 2" puil.
Order Ref: 871.

1 x Big Push Solenoid. Mains operated. Has 2" push.
Order Ref: 872.

1 x Minl Mono Amp. 3W into 4 ohm speaker or 1W
into 8 ohm. Order Ref: 268.

1 x Minl Stereo 1W Amp. Order Ref: 870.

1 x In-Flight Stereo Unit is a stereo amp. Has two
most useful mini moving coil speakers. Made for BOAC
passengers. Order Ref: 29.

1 x 0-1mA Panel Meter. Full vision fact 70mm square.
Scaled 0-100. Order Ref: 756.

2 x Lithium Batterles. 2.5V peniight size. Order Ref:
874.

2 x 3m Telephone Leads. With BT flat plug. Ideal for
'phone extensions, fax, etc. Order Ref: 552.

1 x 12V Solenoid. Has good 2" pull or could push if
modified. Order Ref: 232.

4 x In-Flex Switthes. With neon on/off lights, saves
leaving things switched on. Order Ref: 7.

2 x 16V 1A Mains Transformers. Upright mounting
with fixing clamps. Order Ref: 9.

2 x Humidity Switches. As the air becomes damper,
the membrane stretches and operates a micro switch.
Order Ref: 32.

5§ x 13A Rocker Switch. Three tags so on/off, or
changeover with centre off. Order Ref: 42.

2 x Flat Solenoids. You could make your multi-tester
read AC amps with this. Order Ref: 79.

1 x Suck or Blow-Operated Pressure Switch. Or it
can be operated by any low pressure variation such as
water level in tanks. Order Ref: 67.

1 x 6V 750mA Power Supply. Nicely cased with mains
input and 6V output lead. Order Ref: 103A.

2 x Stripper Boards. Each contains a 400V 2A bridge
rectifier and 14 other diodes and rectifiers as well as
dozens of condensers, etc. Order Ref: 120.

12 Very Fine Drills. For PCB boards etc. Normal cost
about 80p each. Order Ref: 128.

5 x Motors for Model Aeroplanes. Spin to start so
needs no switch. Order Ref: 134.

6 x Microphone inserts. Magnetic 400 ohm, also act
as speakers. Order Ref: 139.

6 x Neon indicators. In panel mounting holders with
lens. Order Ref: 180.

1 x in-Fiex Simmerstat. Keeps your soldering iron etc
always at the ready. Order Ref: 196.

1 x Mains Solenoid. Very powertful as V2" pull, or could
push if modified. Order Ref: 199.

1 x Electric Ciock. Mains operated. Put this In a box
and you need never be late. Order Ref: 211.

4 x 12V Alarms. Makes a noise about as loud as a car
horn. All brand new. Order Ref: 221.

2 x (6"x4") Speakers. 16 ohm 5 watts, so can be joined
in parallel to make a high wattage column. Order Ref:
243.

1 x Panostat. Controls output of boiling ring from
simmer up to boil. Order Ref: 252.

2 x Obiong Push Switches. For bell or chimes, these
can switch mains up to 5A so could be foot switch if
fitted in pattress. Order Ref: 263.

50 x Mixed Silicon Diodes. Order Ref: 293.

1 x 6 Digit Mains Operated Counter. Standard size
but counts in even numbers. Order Ref: 28.

2 x 6V Operated Reed Relays. One normally on, other
normally closed. Order Ref: 48.

1 x Cabinet Lock. With two keys. Order Ref: 55.

1 x Magnetic Brake. For stopping a motor or rotating
tool. Order Ref: 66.

1 x Shaded Pole Mains Motor. %" stack, so quite
powerful. Order Ref: 85.

2 x 5 Aluminium Fan Biades. Could be fitted to the
above motor. Order Ref: 86.

1 x Case. 3"2x2Vex1% with 13A socket plns. Order
Ref: 845.

2 x Cases. 2Vex2Vax1% with 13A pins. Order Ref: 565.
4 x Luminous Rocker Switches. 10A mains. Order
Ref: 793.

4 x Different Standard V3 Micro Switches. Order Ref:
340.

4 x Different Sub Min Micro Switches. Order Ref:
313

BARGAINS GALORE

Medicine Cupboard Alarm. Or it could be used to warn
when any cupboard door Is opened. The light shining on the
unit makes the bell ring. Completely bullt and neatly cased,
requires only a battery. £3. Order Ref: 3P155.

Don't Let It Overfiow! Be it bath, sink, cellar, sump or any
other thing that could flood. This device will tell you when
the water has risen to the pre-set level. Adjustable over quite
a useful range. Neatly cased for wall mounting, ready to
work when battery fitted. £3. Order Ref: 3P156.

Very Powerful Mains Motor. With exira long (22") shafts
extending out each side. Makes it ideal for a reversing
arrangement for, as you know, shaded pole motors are not
reversible. £3. Order Ref: 3P157.

Solar Panel Bargain. Gives 3v at 200mA. Order Ref:
2P324.

£1 Super Bargain
12V axial fan for only £1, ideal for equipment cooling,
brand new, made by West German company. Brush-
less so virtually everlasting. Needs simple transistor
drive circuit, we include diagram. Only £1, Order Ref:
919. When we supply this we will include a list of
approximately 800 of our other £1 bargains.

PC Operating Systems. Fully user documented and
including software. MS-DOS 3.20, with 5” disk, £5, Order
Ref: 5P2076: MS-DOS 3.3 with 3'%" disk, £5, Order Ref:
5P208: MS-DOS 4.01, with 32" disk, £10, Order Ref:
10P99.

45A Double Pole Mains Switch. Mounted on a 6x3'2
aluminium plate, beautifully finlshed in gold, withgilot light.
Top quality, made by MEM, £2, Order Ref: 2P316.
Amstrad 3" Disk Drive. Brand new and standard replace-
ment for many Amstrad and other machines, £20, Order
Ref: 20P28.

High Quality Key Switch. This is a single pole, 2 position
switch, changeover or on/off. Ideal for mounting through a
front panel when it would be secured by a hexagonal nut.
It's a Yale type switch and comes complete with 2 keys.
Good British make, normally retails at £3, our price £1.50,
Order Ref: 1.5P12.

Movement Alarm. Goes off with the slightest touch. Ideal
to protect car, cycle, doorway, window, stalrway, etc.
Complete with Piezo shrieker, ready to use, only £2, (PP3
battery not supplied), Order Ref; 2P282.

Project Box. A first-class, Japanese two-part moulding, size
95mmx66mmx23mm. Held together by 2 screws, this will
hold a PP3 battery and a PCN and Is ideal for many projects.
To name just one, the washer bottle described in Septem-
ber's issue of E.E. This Is nicely finished and very
substantial. You get 2 for £1, Order Ref: 876.

AM-FM Radlo Chassls. With separate LCD module to
display date and time. This is complete with loudspeaker,
£3.50, Order Ref: 3.5P5.

2, 3 and 4 Way Terminal Blocks. The usual grub screw
types. Parcel containing a mixture of the 3 types, giving you
100 waves for £1, Order Ref: 875.

12/24 DC Solenold. The construction of this is such that it
will push or pull as the plunger is a combined rod and piston.
With 24V this is terrifically powerful but is still quite good at
12V and of course, it can be operated by any intermediate
voltage. £1, Order Ref: 877.

2m 3-Core Lead. Terminating with flat pin instrument
socket, £1, Order Ref: 879. Ditto but with plug on the other
end so that you could use this to extend an instrument lead,
£1.50, Order Ref: 1.5P10.

20W 5" 4 Ohm Speaker mounted on baffle with front grille,
£3, Order Ref: 3P145. Matching 4 ohm 20W tweeter on
separate baffle, £1.50, Order Ref: 1.5P9.

LCD 3'2 Digit Panel Meter
This is a multi range voitmeter/ammeter using the A-
D converter chip 7106 to provide 5 ranges each of
volts and amps. Supplied with full data sheet. Special
snip price of £12, Order Ref: 12P19.

Solar Energy Educational Kit. It shows how to make solar
circuits and electrical circuits, how to increase voltage or
current, to work a radio, calculator, cassette player and to
charge nicad batteries. The kit comprises 8 solar cells, one
solar motor, fan blades to fit motor and metal frame to hold
it to complete a free-standing electric fan. A really well
written instruction manual. Price: £8.00, Order Ref: 8P42B.
Hl?h Power Switch Mode PSU. Normal mains input, 3
outputs: +12V at 4A, +5V at 16A and ~12V at '2A.
Completely enclosed in piated steel case. Brand new. Our
special offer price of £9.50, Order Ref: 9.5P1.

Muiti-core Cables. All with BA 230V cores so suitable for
disco and other special lighting effects. With earthable
woven screen and thick pvc outer, 3 core, 30p per metre,
25 core, £1 metre and 36 core, £1.50 per metre.

Ultra Thin Drills, actually 0.3mm. To buy these regular
costs a fortune. However, these are packed in half dozens
and the price to you is £1 per pack, Order Ref: 797B.

You Can Standv On Itl Made to house GPO telephone
equipment, this box is extremely tough and would be ideal
for keeping your small tools in, internal size approx.
1012"x4%2"x6" high. Complete with carrying strap, price £2,
Order Ref: 2P283B.

Ultra Sonic Transducers. Two metal cased units, one
transmits, one receives. Built 10 operate around 40kHz.
Price £1.50 the pair, Order Ref: 1.5P/4.

Safety Leads. Curly coil so they contract but don’t hang
down. Could easily save a child from being scalded, 2 core,
5A, extends to 3m, £1, Order Ref: 846, 3 core, 13A, extends
to 3m £2 each, Order Ref: 2P290.

Power Supply with Extras. Mains input is fused and filtered
and the 12V DC output is voltage regulated. Intended tor
high class equipment, this is mounted on a PCB and, also
mounted on the board but easily removed, are two 12V
relays and Piezo sounder,£3, Order Ref: 3P80B.

100W Mains Transformers. Normal primaries 20-0-20 at
2.5A, or 30V at 3.5A, £4, Order Ref: 4P24, 40V at 2.5A, £4,
Order Ref: 4P59, 50V at 2A£4, Order Ref: 4P60.

Phlilps 9" High Resolution Monitor. Black and white in
metal frame for easy mounting. Brand new, still in maker's
packing, offered at less than price of tube alone, only £15,
Order Ref: 15P1.

Insulation Tester with Multimeter. internally generates
voltages which enable you to read insulation directly in

BARGAINS GALORE

megohms. The multimeter has four ranges, AC/DC voits, 3
ranges DC milliamps, 3 rané;es resistance and 5 amp range.
These instruments are ex-British Telecom but in very good
condition, tested and guaranteed OK, probably cost at least
£50, yours for only £7.50 with leads, carrying case £2 extra,
Order Ref: 7.5P/4.

Mains 230V Fan. Best make "PAPST", 412" square, metal
blades, £8, Order Ref: 8P8.

2MW Laser. Hellum neon by Philips, full spec. £30, Order
Ref: 30P1. Power supply for this in kit form with case is £15,
Order Ref: 15P16, or in larger case to house tube as well
£18, Order Ref: 18P2. The larger unit, made up, tested and
ready 1o use, complete with laser tube £69, Order Ref: 69P1.
4hp 12V Motor - The Famous Sinclair C5. Brand new,
£15, Order Ref: 15P8.

Solar Charger. Holds 4AA nicads and recharges these in 8
hours, in very neat plastic case £6, Order Ret: 6P3.
Ferrite Aerial Rod. 8" long x 38" diameter, made by Mullard.
Complete with two coils, 2 for £1, Order Ref: 832P.

Air Spaced Trimmer Caps. 2-20pf, ideal for precision
tuning UHF circuits, 4 for €1, Order Ref: 818B.

Mains Isolation Transformer. Stops you getting *‘to earth”
shocks. 230V in and 230V out. 150 watt, £7.50, Order Ref:
7.5P/5 and a 250W version is £10, Order Ref: 10P97.

5 RPM Mains Driven. This is a shaded pole motor, £5,
Order Ref: 5P54.
Amstrad Power Unit. 13.5V at 1.9A or 12V at 2A encased
and with leads and output plug, normal mains input £6,
Order Ref: 6P23.

Atari 65XE. At 65K this is quite powerful, so suitable for
home or business, unused and in perfect order but less
PSU, only £19.50, Order Ref: 19.5P/5B.

80W Mains Transformer. Two available, good quality, both
with normal primaries and upright mounting, one is 20V 4A,
Order Ref: 3P106, the other 40V 2A, Order Ref: 3P107, only
£3 each.

Project Box. Size approx. 8"x4"x4'2" metal, sprayed grey,
louvred ends for ventilation otherwise undniled. Made for
GPO so best quality, only £3 each, Order Ref: 3P74.
Water Valve. 230V operated with hose connections, ideal
for auto plant spray or would control air or gas into tanks
etc. £1 each, Order Ref: 370.

BT Power Supply Unit. Output 9.5V AC at 600mA, in black
plastic case with 13A plugs to go straight into socket, and
approximately 3 metres of twin output lead. Price £1.50,
Order Ref: 1.5P7.

500V Bridge Megger. Developed for GPO technicians, the
Ohmeter 18B is the modem equivalent of the bridge
megger. 9V battery operated, it incorporates a 500V
generator for insulation testing and a null balance bridge for
very accurate resistance measurement. ex BT, £45, Order
Ref: 45P2.

Experimenting with Valves. Don't spend a fortune on a
mains transformer, we can supply one with standard mains
input and secs. of 250-0-250V at 75mA and 6.3V at 3A, £5,
Order Ref: 5P167.

15W 8 Ohm 8" Speaker & 3" Tweeter. Made for a
discontinued high qual'ﬂ& muslc centre, gives real hi-fi and
only £4 per pair, Order Ref: 4P57.

Water Pump. Very powerful, mains operated, £10, Order
Ref: 10P74.

0-1mA Full Vision Panet Meter. 2% square, scaled 0-100
but scale easily removed for re-writing, £1 each, Order Ref:
756.

VU Meter. llluminate this from behind becomes on/off
indicator as well, 112" square, 75 each, Order Ref: 366.
Edge-Wise Panel Meter. ldeal when short of panel space,
only 40x14mm, also have built-in LED, 500uAf.sdd, scaled
0-5, £1 each, Order Ref: 131.

1 RPM Motor. This Is only 2W so will not cost much 1o run.
Sgeed is ideal for revolving mirrors or lights. £2, Order Ref.
2P328,

12 Solar Cell. Could keep a battery charged even when no
mains available. £17.50, Order Ref. 17.5P1.

Battery Quick Char%er. Into a flat battery to about 5A the
charging rate would be 8-10A, this would fall away as the
battery charges up or it can be switched to a lower rate.
Complete kit includes mains transformer, rectifier, capacitor,
switch and metal case. £7.50, Order Ref. 7.5P20.

15V PSU. Mains operated nicely cased, adequately smooth
dc output. £1, Order Ref. 942.

Mains Filter. Resin impregnated, nicely cased, pcb mount-
ing. £2, Order Ref. 2P315.

Unusual Solenoid. Solenoids normally have to be energi-
sed to pull in and hold the core, this is a disadvantage where
the appliance is left on for most of the time. We now have
magnetic solenoids which hold the core until a voltage is
applied 1o release it. £2, Order Ref. 2P327.

200VA Mains Transformer. Secondary voltages 8v-0-8v.
So you could have 16v at 12A or 8v at 25A. Could be ideal
for car starter charger, soil heating, spot welding, carbon rod
welding or driving high powered amplifiers etc. £15, Order
Ref. 15P1.

Prices Iinclude VAT. Send cheque/goslal order or ring
and quote credit card number. Add £3 post and packing.
Orders over £25 post free.

M&B ELECTRICAL
SUPPLIES LTD

Pilgrim Works (Dept. WW},
Stairbridge Lane, Bolney,

Sussex RH17 5PA

Telephone (0444) 881965 —
phone for Fax

Callers to 12 Boundary Road;
Hove, Sussex.
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Sliding into a
software specialty

Drawing together various graphs and plots from different
sources into a coherent slide presentation is notoriously
difficult. Allen Brown assigns Stanford Graphics to the task.

. ne of the key aspects of any good presentation is

dyconfidence. For that, a coherent and lucid aural pre-

sentation of the facts supported by well produced

visual aids is essential — gone are the days when an engineer

could present information simply by using half a dozen trans-
parencies and a few felt tip pens.

Fortunately presentation software — such as Stanford
Graphics for Windows from 3-D Visions of California — is
making the task of generating quality visual aid material now
relatively easy.

Stanford Graphics is an alternative to the well known
Harvard Graphics, and allows the user to create a set of
slides with a consistent format, irrespective of source. The

Graphgallery in the ~ slides may be included in documents or used for audio visu-
technical section

illustrating the 3-D

plots available.

-

al purposes (or both).
Images can be imported from other sources (including TIF
and PCX formats) and so slides can incorporate graphs,

Stanford Graphics |3

File Edit View Formal Arrange Graph Topels Analyze Window Help

=

Graph Gallery

Graph name.
Usage
Authot:

{Comments:

| l'glegow' _"l 3

Busmness

O Statistical
I‘@ Iechnical
| O Custom

R 3D soloction
x Sample data

Trajectoy Plot ]

|3 Variable Line Chating ]

';,n Visions J [N

Dizplays .alline, o1 fines. in 3-dimensional
space, based upon a series of X, ¥ and Z
data value triplets_

view  [Themaster 7

images and text. Using the slide sorter enables slides to be
displayed as an array for final checking.

The finished product could be a set of 35mm colour trans-
parencies for projectors (several companies will now convert
EPS image files into 35mm) and a set of accompanying hand
outs, including the slide contents, which can be produced
from a laser printer. When generating text slides the user has
access to the Style Master which allows the creation of sev-
eral templates which are used to standardise the presentation
format.

Graphing
Prime feature of Sranford Graphics is its large array of
graphing formats, grouped into the four categories of busi-
ness, statistical, technical and custom. A “gallery” enables the
user to have a quick look at each option by browsing through
the possible designs. Each group offers an impressive range
of designs, including 3-D options: some are well known (bar
and column graphs); others not so. For example, apparently
the Spider plot allows a number of system parameters to be
rated on an equal scale, enabling a user to track any param-
eter moving outside an acceptance envelope. Among the use-
ful business options is the Gantt chart, frequently used to plan
projects (unfortunately it still does not predict slippages!).
Statistical options inciude histograms, scatter plots, star
plots and error-bar plots, all useful for plotting very basic sta-
tistical information. But anyone needing to perform any seri-
ous statistics would probably turn to a statistical package
such as SPSS or SrarGraphics. These already have an impres-
sive range of graphical representations and since they run
under Windows, it is highly unlikely that an engineer or
statistician would deliberately choose Stanford Graphics for
statistical processing. But the technical graphing options are
very useful and include polar plot, shadow-contour, Smith
chart and a surface plot.

Importing data
Importing data from spreadsheets such as Microsoft Excel or
Lotus 1-2-3 presents no problem. But if other sources are

814

ELECTRONICS WORLD + WIRELESS WORLD October 1993



PC ENGINEERING

== anford ap v($l
File Edit View Format Arrange a Tools Analyze Window Help
l o =5 ._qu'L-_-» Gallery... 111 oy = —
== H e ap Are a 3
=@ = Statistical Graph | Bar Chart...
ELE _— Technical Graph Bubble Chart...
| E e Add Axis... Column Chart...
N Add Axis Title... Gantt Chart...
Add Data... Gif‘:_“"c“l"ap"'ch N
Add Legend... RERROIRE) Chvart =2 Drop-down menu
Line Chart... shows the variety
Change Data... Pie-Bubbles... of 3-D choices
Change Graph Pie Chart... that are offered
- within business
Add Object Spider Plot... graph options.
Table Chart... H‘l‘
Bar Chart (3-D)...
Bubble Chart (3-D)... Ei

Column Chart [3-D)...
Group Map (3-D)...
5 Pie-Bubbles (3-D)...
| Pie Chart (3-D)...
an car Ribbon Chart (3-D)..
e Simple Columns (3-D)...

used, data must be in an ascii file for- Ie Edit Yiew Forma$ Amrange Graph Tools Apalyze Window Help

mat with a minimum of two arrays (X [ X] 1] A |EEE
and Y). Unfortunately, a sequence of q
data (Y co-ordinates) can not be plot-
ted directly from a data acquisition
card or data file, as X co-ordinate val-
ues must be supplied. The limitation
can be irritating as all data files must
be pre-processed to add the scaled X
array data.

Imported data is loaded into a
spreadsheet-like table, which can be
edited, and the spreadsheet associated
with each graph can be accessed at any
time by clicking on the appropriate

; 3 3-D and 2-D
icon. As with spreadsheet programs, business graphs
editing options allow data cells to be include a group
manipulated, including a paste func- map, pie-bubbles,
tion which enables a mathematical ribbon charts and
function to be applied to a cell or a spider plot.

|

range of cells (the user’s guide is not [7 [Resoy
very informative on this feature, and
its use is confusing and needs to be cleared up on a future

version). Overall, playing around with the spreadsheet facil- USER'S GUIDE

ity makes it clear that technical data should be fully prepared

in another package prior to importing it for plotting. Documentation is a detailed and well laid out
On the graphs themselves, reasonable control is exercised - though hefty - soft-bound guide. Much of it
over labelling, axis definition and orientation of the plots, all is taken up with the standard interface
performed through typical Windows dialogue boxes. Through f’eatu.res of Wln’f!owsf while the all-important
format and graph menus, labelling size, orientation, font and getting started” section provides an adequate
positioning can all be specified, and axis scales can be overview of features.
changed to reflect logarithmic requirements, either dBs or To he!’p the new user, the pa‘clfage powers
linear. Even the 3-D pie charts can be scaled logarithmical- up to a "quick start” menu, guiding access to

standard features. The tutorial included is

ly — giving true meaning to * ...lies and statistics”.
e g £ t well thought out, and the resulting impression

Analysis of this carefully planed introduction to the
Data, once imported and graphed, can be analysed using package is a very favourable one for the first
curve fitting (regression analysis), interpolations, statistics time user.

and an FFT.
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Elle Edit Yiew Formai Arrange Graph Tgols Apalyze Window Help

Smith charts are
one of the options
in the technical
graphs section.

Each graph in
Stanford Graphics
has a spreadsheet
attached to it which
can be edited.

Curve fitting choices are quite reasonable including one for
surface fitting which carries out a regression process on a sur-
face plot. Another attractive feature is the graphics equaliser,
allowing coefficients to be adjusted after regression mod-
elling analysis has been carried out on a plot. The result is the
original curve plus the error difference curve, generated by
the coefficient adjustments. It’s a sort of “what if?” analyser,
though the pictorial graphics equaliser icon only seems to
appear in a super-VGA graphics mode.

Speed limitation

For generating presentation slides, hand-outs and profes-
sionally drawn graphs for importing into desk top publishing
packages, Stanford Graphics scores highly. Its bewildering

SYSTEM REQUIREMENTS

33MHz 486-PC with 8Mbyte ram
S-VGA monitor
Laser printer

SUPPLIER DETAILS

Stanford Graphics £395+VAT, is available
from Adept Scientific Micro Systems Ltd, 6
Business Centre West, Avenue One,
Letchworth, Herts SG6 2HB. Tel: 0462
480055

array of graphing options leaves the user spoilt for choice.

But there are a few problems, and the main criticism of the
package, apart from its inability to plot a single array of data,
is speed. Under certain conditions, plotting rate on a 33MHz
486-PC with 8Mbyte ram can be painfully slow — spectral
plots for example. Redrawing when the mouse button is
released is also irritating and time consuming and “Out of
memory” messages keep appearing, even when there may be
3Mbyte of unused ram left.

Running on a 16MHz 386-PC does not bear thinking about
and, though possible, should be avoided. To run this package
efficiently needs a fast PC and a fair amount of memory. But
once equipped, Stanford Graphics is easy to work with and
very effective for producing presentation information B

{ anford v ik
File Edit T1l Variable Options Window Help 7
| Galle Tl [P~ Bl
-T1 & Redraw Graph E'Jf = =4 :
=|| Range Association » sl ol et 1| 0
v Range Highlighter : ¢ Ha et ] : E s
Default Ranges | 30,9333 25,4 k1 ﬂ
1% TR 1 03757 99388 |8.52344 14
& 2 v 3 I 0500001 sw0see 24 B QL
: 3 2. P4 305481 2.63713 1112362 14 L
g & ||| 4 Datapoint Labels... P 3.05952 300171 -1.69735 13 E
1 £ 5 Color-Coding... he  [EXCITEN 3 30524 344627 af R|F
Ac 6 Legend Labels... s (SERVGINNNN. 116456 130008 o ||~ F
Al 8 102 459343  EIITCRENN 529805 532133 L4l KNS
N 9 217333 026720  |GRECKECHNN120356  (=| Range Highlighter
- 10 |24.2087 130143 188741 184744 O None
1 J26.8 140,923 186,512 -201.8 Q1x
e rr—— — Q2y
. @®3z
F' Lk ,.'“ il ‘;,! Q 4 Datapoint Labels
' In g ,-" O § Color-Codiny
=/ ,l"ﬂ O & Legend Labels
14 [sT1sCr:gTI8C |
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Distorfion

in power amplifiers

The typical circuit which provides most of the voltage
gain and all the voltage drive to the output stage of an
audio amplifier seems likely to contribute a significant
distortion component. Detailed analysis contradicts this.
Good design can reduce its contribution to below the

noise floor. By Douglas Self.

3: the voltage-amplifier stage

he voltage-amplifier stage (or VAS)
has often been regarded as the most
critical part of a power-amplifier,
since it not only provides all the volt-
age gain but also must deliver the full output
voltage swing. This is in contrast to the input
stage which may give substantial transcon-
ductance gain, but the output is in the form of
a current. But as is common in audio design,
all is not quite as it appears. A well-designed

29 APR 93 18:49137

noane
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voltage amplifier stage will contribute rela-
lively little to the overall distortion total of an
amplifier, and if even the simplest steps are
taken to linearise it further, its contribution
sinks out of sight.

As a starting point, Fig. T shows the distor-
tion plot of a model amplifier with a Class-A
output, (£15V rails, +16dBu out.) The model
is as described in previous articles. No special
precautions have been taken to linearise the
input stage or the VAS and output stage dis-
tortion is negligible. It can be seen that the dis-
tortion is below the noise floor at low fre-
quencies; the distortion slowly rising from
about 1kHz is coming from the voltage ampli-
fier stage. At higher frequencies, where the
VAS 6dB/octave rise becomes combined with
the 12 or 18dB/octave rise of input stage dis-
tortion, we can see the accelerating distortion
slope typical of many amplifier designs.

The main reason why the voltage amplifier
stage generates relatively little distortion is
because at LF, global feedback linearises the
whole amplifier, while at HF the voltage
amplifier stage is linearised by local negative
feedback through C,,,.

Fig. 1: THD plot for model amp showing
distortion below noise floor at low frequency,
and increasing from 2kHz to 20kHz. The
ultimate roll-off is due to the 80kHz
measurement bandwidth.
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Examining the mechanism
Isolating the voltage amplifier stage distortion
for study requires the input pair to be special-
ly linearised, or else its steeply rising distor-
tion characteristic will swamp the VAS con-
tribution. This is most easily done by
degenerating the input stage which also
reduces the open-loop gain. The reduced feed-
back factor mercilessly exposes voltage ampli-
fier stage non-linearity. This is shown in Fig.
2, where the 6dB/octave slope suggests origi-
nation in the VAS, and increases with fre-
quency solely because the compensation is
rolling-off the global feedback factor.
Confirming that this distortion is due solely
to the voltage amplifier stage requires varying
VAS linearity experimentally while leaving
other circuit parameters unchanged. Fig. 3
shows achieves this by varying the VAS neg-

AUDIO

Fig. 2: The change in HF distortion resulting
from varying the negative rail in the VAS test
circuit. The voltage amplifier stage distortion
is only revealed by degenerating the input
stage with 100 resistors.

® V4
1.2 MA l @
l ] Output buffer
emitter-follower
Fig. 3: Voltage
amplifier stage
T Y distortion test
* = circuit. Although
Tr2 Tr3 P S Al th? input pair
i 5 mirror moves up
VAS and down with the
VAS emitter, the
only significant
. Power to parameter being
| "ae:'" ﬁ:ier — * -1V varied is the
100 100 P 1510 <30V g Variable ava'llable voltage
supply swing at the
s collector.
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Fig. 4: Six variations
on a voltage
amplifier stage:

a. conventional
current source VAS
b. conventional
bootstrapped VAS
c. increase in local
NFB by adding
emitter follower

d. increase in local
NFB by cascoding
e. one method of
buffering VAS
collector from
output stage

f. alternative
buffering
arrangement uses
bootstrapping
resistor
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In RF1 It L Fgs:
+ Conceptual spice
G model of
5 % A differential input
1 F c stage (G) and
Rin RF2 VA VAS (F). The
current in F is
; beta times the
Differential Current-controlled HJM current in G.
Voltage-controlled Current-source
Current-source

ative rail voltage; this varies the proportion of
its characteristic over which the voltage ampli-
fier stage swings, and thus only alters the
effective VAS linearity, as the important input
stage conditions remain unchanged. The cur-
rent-mirror must go up and down with the
VAS emitter for correct operation, and so the
V.. of the input devices also varies, but this
has no significant effect as can be proved by
the unchanged behaviour on inserting cascode
stages in the input transistor collectors.

The typical topology as shown in Fig. 4a is
a classical common emitter voltage amplifier
stage with a current-drive input into the base.
The small-signal characteristics, which set
open-loop gain and so on, can be usefully sim-
ulated by the spice model shown of Fig. 5, of
a VAS reduced 10 its conceptual essentials. G
is a current source whose value is controlled
by the voltage-difference between R;, and Ry,
and represents the differential transconduc-
tance input stage. F represents the voltage
amplifier stage transistor, and is a current
source yielding a current of beta times that
sensed flowing through ammeter V which, by
spice convention, is a voltage source set to OV.

The value of beta, representing current-gain,
models the relationship between VAS collec-
tor current and base current. R,. represents the
lotal stage collector impedance, a typical real
value being 22k€Q. With suitable parameter
values, this simple model provides a useful
demonstration of relationships between gain,
dominant-pole frequency, and input stage cur-

rent outlined in the first article in this series.
Injecting a small signal current into the output
node from an extra current source also allows
the fall of impedance with frequency to be
examined.

The overall voltage gain clearly depends lin-
early on beta, which in real transistors may
vary widely. Working on the trusty engineer-
ing principle that what cannot be controtled
must be made irrelevant, local shunt NFB
through Cyg,,, sets the crucial HF gain that
controls Nyquist stability. The LF gain below
the dominant pole frequency P! remains vari-
able (and therefore so does P1) but is ulti-
mately of little importance; if there is an ade-
quate NFB factor for overall linearisation at
HF then there are unlikely to be problems at
LF where gain is highest. As for the input
stage, the linearity of the voltage amplifier
stage is not greatly affected by transistor type,
given a reasonably high beta value.

Stage distortion
voltage amplifier stage distortion arises from a
curved transfer characteristic of the common-
emitter amplifier, a small portion of an expo-
nential!. This characteristic generates pre-
dominantly second-harmonic  distortion,
which, in a closed-loop amplifier, will
increase at 6dB/octave with frequency.
Distortion does not get worse for more pow-
erful amplifiers as the stage traverses a con-
stant proportion of its characteristic as the sup-
ply-rails are increased. This is not true of the

input stage: increasing output swing increases
the demands on the transconductance amp as
the current to drive C,,, increases. The
increased V., of the input devices does not
measurably affect their linearity.

It seems ironic that VAS distortion only
becomes clearly visible when the input pair is
excessively degenerated — a pious intention to
‘linearise before applying feedback’ can make
the closed loop distortion worse by reducing
the open loop gain and hence the NFB factor
available to linearise the VAS. In a real (non-
model) amplifier with a distortive output
stage, the deterioration will be worse.

The local open-loop gain of the VAS (that
existing inside the local feedback loop closed
by Cyon) should be high, so that the voltage
amplifier stage can be linearised. This pre-
cludes a simple resistive load. Increasing the
value of R will decrease the collector current
of the transistor reducing its transconductance.
This reduces voltage gain to the starting value.

One way to ensure sufficient gain is to use
an active load. Either bootstrapping or a cur-
rent source will do this effectively, though the
current source is perhaps more dependable
and is the usual choice for hi-fi or profession-
al amplifiers.

The bootstrap promises more output swing
as the collector of Tr4 can soar above the pos-
itive rail. This suits applications such as auto-
motive power amps that must make the best
possible use of a restricted supply voltage?.

These two active-load techniques also
ensure enough current to drive the upper half
of the output stage in a positive direction right
up to the supply rail. If the collector load were
a simple resistor, this capability would cer-
tainty be lacking.

Checking the effectiveness of these mea-
sures is straightforward. The collector
impedance may be determined by shunting the
collector node to ground with decreasing resis-
tance until the open loop gain falls by 6dB
indicating that the collector impedance is
equal to the current value of the test resistor.

The popular current source version is shown
in Fig. 4a. This works well, though the col-
lector impedance is limited by the effective

Al

A

AUDIC PRECISION APLASTSS THD+N(X) ws FREQ(Hz)
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pair without

Sl
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Fig. 6: Showing the
reduction of VAS distortion
possible by cascoding. The
results from adding an
emitter follower to the
voltage amplifier stage, as
an alternative method of
increasing local voltage
amplifier stage feedback,
are very similar.
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Fig. 7: The beneficial effect of using a
VAS buffer in a full scale Class B
amplifier. Note that the distortion needs
to be low already for the benefit to be
significant.

Fig. 8: Two kinds of balanced voltage
amplifier stage: Type 1 gives more open
loop gain, but no better open loop linearity.
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output resistance R, of the voltage amplifier
stage and the current source transistors> which
is another way of saying that the improvement
is limited by Early effect.

It is often stated that this topology provides
current-drive to the output stage; this is only
partly true. It is important to realise that once
the local NFB loop has been closed by adding
C 4om the impedance at the VAS output falls at
6dB/octave for frequencies above Pl. The
impedance is only a few kQ at 10kHz, and
this hardly qualifies as current-drive at all.

Bootstrapping (Fig. 4b) works in most
respects as well as a current source load, for
all its old-fashioned flavour. The method has
been criticised for prolonging recovery from
clipping. I have no evidence to offer on this
myself, but I can state that a subtle drawback
definitely exists: LF open loop gain is depen-
dent on amplifier output loading. The effec-
tiveness of bootstrapping depends crucially on
the output stage gain being unity or very close
to it. However the presence of the output tran-
sistor emitter resistors means that there will be
a load-dependant gain loss in the output stage
significantly altering the amount by which the
VAS collector impedance is increased. Hence

the LF feedback factor is dynamically altered
by the impedance characteristics of the loud-
speaker load and the spectral distribution of
the source material.

This has significance if the load is a quality
speaker with impedance modulus down to two
ohms, in which case the gain loss is serious. If
anyone needs a new audio-impairment mech-
anism to fret about, then I offer this one in the
confident belief that its effects, while mea-
surable, are not of audible significance.

The standing dc current also varies with rail
voltage. Since accurate setting and maintain-
ing of quiescent current is difficult enough, an
extra source of possible variation is decidedly
unwelcome.

A less well known but more dependable
form of bootstrapping is available if the ampli-
fier incorporates a unity gain buffer between
the VAS collector and the‘ output stage as
shown in Fig. 4f, where R, is the collector
load, defining the VAS collector current by
establishing the V,, of the buffer transistor
across itself. This is constant, and R,. is there-
fore bootstrapped and appears to the VAS col-
lector as a constant current source.

In this sort of topology a voltage amplifier

stage current of 3mA is quite sufficient, com-
pared with the 6mA standing current in the
buffer stage. The voltage amplifier stage
would in fact work well with collector cur-
rents down to ImA, but this tends to compro-
mise linearity at the high-frequency, high-volt-
age corner of the operating envelope, as the
VAS collector current is the only source for
driving current into C 4,

Voltage stage enhancements.

Fig. 2, which shows only VAS distortion,
clearly indicates the need for further improve-
ment over that given inherently by the pres-
ence of Cg,,, if an amplifier is to avoid dis-
tortion. While the virtuous approach might be
an attempt to straighten the curved voltage
amplifier stage characteristic, in practice the
simplest method is to increase the amount of
local negative feedback through this capaci-
tance. Equation | in the first article shows that
the LF gain (ie the gain before Cg,p, is con-
nected) is the product of input stage transcon-
ductance, Tr beta and the collector impedance
R.. The last two factors represent the VAS
gain and therefore the amount of local NFB
can be augmented by increasing either. Note
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that so long as the value of C,,,, remains the
same, the global feedback factor at HF is
unchanged and so stability is not affected.

The effective beta of the stage can be sub-
stantially increased by replacing the VAS tran-
sistor with a Darlington, Fig. 4c. Adding an
extra stage to a feedback amplifier always
requires thought because, if significant addi-
tional phase-shift is introduced, the global
loop stability may suffer. In this case the new
stage is inside the Miller loop and so there is
little likelihood of trouble. The function of
such an emitter follower is sometimes
described as ‘buffering the input stage from
the VAS’ but its true function is linearisation
by enhancement of local NFB.

Alternatively the stage collector impedance
may be increased for higher local gain. This is
could be done with a cascode configuration
(Fig. 4d) but the technique is only useful when
driving a linear impedance rather than a Class-
B output stage with its non-linear input
impedance.

Assuming for the moment that this problem
is dealt with, either by use of a Class-A output
or by VAS-buffering, the drop in distortion is
dramatic as is the beta-enhancement method.
The gain increase is ultimately limited by
Early effect in the cascode and current source
transistors, and more seriously by the loading
effect of the next stage. But it is of the order of
10 times and gives a useful improvement.

This is shown by curves A, B in Fig. 6
where the input stage of a model amplifier has
been over-degenerated with 1002 emitter
resistors 10 bring out the voliage amplifier
stage distortion more clearly.

Note that in both cases the slope of the dis-
tortion increase is 6dB/octave. Curve C shows
the result when a standard undegenerated
input pair is combined with the cascoded
VAS; the distortion is submerged in the noise
floor for most of the audio band, being well
below 0.001%.

This justifies my assertion that input stage
and VAS distortion need not be a problem; we
have all but eliminated distortions | and 2
from the list of seven given in the first article.

A cascode transistor also allows the use of a
high-beta transistor for the voltage amplifier
stage; these typically have a limited V., that
cannot withstand the high rail voliages of a
high-power amplifier. There is a small loss of
available voltage swing. but only about
300mV, which is usually tolerable.
Experiment shows that there is nothing to be
gained by cascoding the current source col-
lector load.

A cascode topology is often used to improve
frequency response by isolating the upper col-
lector from the C},. of the lower transistor. In
this case the frequency response is deliberately
defined by a well defined passive component.

It is hard to say which technique is prefer-
able; the emitter follower circuit is slightly
simpler than the cascode version, which
requires extra bias components, but the cost
difference is minimal. When wrestling with
these kind of financial decisions it as well to
remember that the cost of a small-signal tran-

sistor is often less than a fiftieth of that of an
output device, and the entire small-signal sec-
tion of an amplifier usually represents less
than 1% of the total cost, when heavy metal
such as the mains transformer and heatsinks
are included.

Benefits of voltage drive

The fundamentals of linear voltage amplifier
stage operation require that the collector
impedance is high, and not subject to external
perturbations. Thus a Class-B output stage,
with large input impedance variations around
the crossover point, is the worst possible load.
The ‘standard’ amplifier configuration stands
tribute that it can handle this internal unpleas-
antness gracefully, 100W/8Q distortion typi-
cally degrading only from 0.0008% to
0.0017% at 1kHz assuming that the avoidable
distortions have been eliminated. Note how-
ever that the effect becomes greater as the
global feedback factor is reduced. There is lit-
tle deterioration at HF, where other distortions
dominate”.

The VAS buffer is most useful when LF dis-
tortion is already low, as it removes Distortion
4, which is — or should be — only visible when
grosser non-linearities have been seen to. Two
equally effective ways of buffering are shown
in Figs 4e and 4f.

There are other potential benefits to VAS
buffering. The effect of beta mismatches in the
output stage halves is minimised’. Voltage
drive also promises the highest fr from the
output devices, and therefore potentially
greater stability, though I have no data of my
own to offer on this point. It is right and prop-
er to feel trepidation about inserting another
stage in an amplifier with global feedback, bur
since this is an emitter follower its phaseshift
is minimal and it works well in practice.

A VAS buffer put the right way up can
implement a form of dc coupled bootstrapping
that is electrically very similar to providing the
voltage amplifier stage with a separate current-
source.

The use of a buffer is essential if a VAS cas-
code is to do some good. Fig. 7 shows
before/after distortion for a full-scale power
amplifier with cascode VAS driving 100W
into 8Q.

Balanced voltage amplifier stage
When linearising an amplifier before adding
negative feedback one of the few specific rec-
ommendations made is usually the use of a
balanced voltage amplifier stage — sometimes
combined with a double input stage consisting
of two differential amplifiers, one comple-
mentary to the other. The latter seems to have
little to recommend it, as you cannot balance a
stage that is already balanced, but a balanced
(and, by implication, more linear) voltage
amplifier stage has its attractions. However, as
explained above, the distortion contribution
from a properly-designed VAS is negligible
under most circumstances, and therefore there
seems 1o be little to be gained.

Two possible versions are shown in Fig. 8;
The first type gives approximately 10dB more
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Fig. 9: Showing how dominant pole frequency
P1 can be altered by changing the LF open loop
gain. The gain at HF, which determines Nyquist
stability and HF distortion, is unaffected.

From
input
stage

Output
stage

From
input
stage

Fig. 10: Two ways to reduce open loop gain:

a. simply loading down the collector. This is a
cruel way to treat a VAS since current variations
cause extra distortion.

b. local NFB with a resistor in parallel with
Cdom. This looks crude, but actually works very
well.

open loop gain than the standard, but this nat-
urally requires an increase in C,y,, if the same
stability margins are to be maintained. In a
model amplifier, any improvement in lineari-
ty can be wholly explained by this o/l gain
increase, so this seems (not unexpectedly) an
unpromising approach. Also, as John Linsley
Hood has pointed out®, the standing current
through the bias generator is ill-defined com-
pared with the usual current source VAS.
Similarly the balance of the input pair is like-
ly to be poor compared with the current-mirror
version. Two signal paths from the input stage
1o the VAS output must have the same band-
width; if they do not then a pole-zero doublet
is generated in the open-loop gain character-
istic that will markedly increase settling-time
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................................... £350
TYPE 9316 Up/down converter. Input & output frequencies 20MHz to 2GHz
B/W up to 100MHz. NF 0.7dB. Gain 40dB variable. .............. £550
TYPE 9115 Up/down converter. Input & output frequencies 20MHz to 1GHz.
B/W up to 100MHz. NF 0.7dB. Gain 60dB variable. Output up to 10mw (+
10dBm). AGC. ... £650

LOW NOISE GASFET PREAMPLIFIERS

Two-stage Gasfet preamplifiers. High Q filters. Masthead or local use.
TYPE 9006 Frequency 5-250MHz. B/W up to 40% of CF. NF 0.6dB. Gain 10-
40dB variable. ... £105
TYPE 9004 Frequency 250-1000MHz. B/W up to 10% of CF. NF 0.7dB. Gain
25dB variable. ... £135
TYPE 9304 Frequency 1-2GHz. B/W up to 10% of CF. NF 0.7dB. Gain 20dB.
...... £185

WIDEBAND AMPLIFIERS

TYPE 9301 100KHz-500MHz. NF 2dB at 500MHz. Gain 30dB. Output
12.5dBm, 18MW. ... £165
TYPE 9302 10MHz-1GHz. NF 2dB at 500MHz. Gain 30dB. Output 12.5dBm,
18mwW. £165
TYPE 9008 Gasfet. 10MHz-2GHz. NF 2.5dB at 1GHz. Gain 10dB. Output
18dBmM, BSMW. .. e £165
TYPE 9009 Gasfel. 10MHz-2GHz. NF 3.8dB at 1GHz. Gain 20dB. Output
20dBm, 1T00MW. £185

WIDEBAND LINEAR POWER AMPLIFIERS

TYPE 9246 1 watt output. 100kHz-175MHz. 13dB gain. ....... . £192
TYPE 9306 1 watt output. 10MHz-1GHz. 15dB gain ... £312
TYPE 9247 4 watts output. 1-50MHz. 13dB gain. ........ .. £215
TYPE 9051 4 watts output. 20-200MHz. 13dB gain. . . €215
TYPE 9176 4 watts output. 1-50MHz. 26dB gain. ...... . £345
TYPE 9177 4 watts output. 20-200MHz. 26dB gain. .. £345
TYPE 9178 10 watts output. 1-50MHz. 13dB gain. ... .. £304
TYPE 9179 10 watts output. 20-200MHz. 13dB gain. ..... .. £304
TYPE 9173 20 watts output. 1-50MHz. 17dB gain. ........ .. £395
TYPE 9174 20 watts output. 20-300MHz. 10dB gain. . .. £395
TYPE 9271 40 watts output. 1-50MHz. 16dB gain. ...... .. £748
TYPE 9172 40 watts output. 20-200MHz. 10dB gain .. £748
TYPE 9660 60 watts output. 25-76MHz. 10dB gain. ...............ccccoeeie. £898

TELEVISION TRANSMISSION EQUIPMENT

TYPE 9169 Tunable television modulator. Bands | or Il or IV & V. Cutput
O R L T o I e RS £350
TYPE 9269 Phase locked loop vestlglal sideband television modulator with
sound channel. RF o/p 10mW on your specified channel in bands [, il
IVorV. . £650

TELEVISION LINEAR POWER AMPLIFIERS

Tuned to your specified channel in bands I, Ill, IV or V.
TYPE 9252 10mW input, 500mMW output. ... £353
TYPE 9254 50mW input, 2 watts output. ... .

TYPE 9259 500mW input, 3 watts output. .....
TYPE 9263 2-3 watts input, 12 watts output. .................
TYPE 9364 3W input, 22-25W output. Integral forced air cooling.
TYPE 9266 10W i/p, 50W o/p. Integral forced air cooling and output transistor
DYCIECHIOME. B0, s e - s - NN I SR o8 £1919
TYPE 9367 50W i/p. 150W o/p Integral forced air cooling and output transistor
protection. ...................... £3950

TELEVISION TRANSMITTERS AND TRANSPOSERS
19" rack mounting. Single channel. Bands |, Ilf, [V or V. O/p protection, front
panel meter, mains power supply, fan cooling. 5W to 150W. ... £2650 to £9900

Prices exc/ude p&p charges and VAT

RESEARCH COMMUNICATIONS LTD
Unit 1, Aerodrome Industrial Complex, Aerodrome Road, Hawkinge, Folkestone, Kent CT18 7AG

Tel: 0303 893631

Fax: 0303 893838
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after a transient. This seems likely to apply to
all balanced voltage amplifier stage configu-
rations.The second type is attributed by
Borbely to Lender”. Fig. 8 shows one version,
with a quasi-balanced drive to the VAS tran-
sistor, via both base and emitter. This config-
uration does not give good balance of the
input pair since it depends on the tolerances of
R3.R;, the V,,. of the voltage amplifier stage,
and so on. Borbely has advocated using two
complementary versions of this giving a third
type, but this would not seem to overcome the
objections and the increase in complexity is
significant.

All balanced vollage amplifier stages seem
to be open 1o the objection that the vital bal-
ance of the input pair is not guaranteed, and
that the current through the bias generator is
not well-defined. However one advaniage
would seem to be the potential for sourcing
and sinking large currents into Cy,,,, Which
might improve the ultimate slew-rate and HF
linearity of a very fast amplifier.

Open loop bandwidth.
Acute marketing men will appreciate that
reducing the LF open loop gain, leaving HF
gain unchanged, must move the P1 frequency
upwards, as shown in Fig. 9. Open loop gain
held constant up to 2kHz appears so much bet-
ter than open loop bandwidth restricted to
20Hz. These two statements could describe
near identical amplifiers, except that the first
has plenty of open loop gain at LF while the
second has even more. Both amplifiers have
the same feedback factor at HF, where the
amount available has a direct effect on distor-
tion performance, and could easily have the
same slew rate. Nonetheless the second ampli-
fier somehow reads as sluggish and indolent,
even when the truth of the matter is known.
Reducing low frequency open loop gain
may be of interest to commercial practitioners
but it also has its place in the dogma of the
subjectivist. Consider it this way: firstly there

is no engineering justification for it and, sec-
ondly, reducing the NFB factor will reveal
more of the output stage distortion. NFB is the
only weapon available to deal with this second
item so blunting its edge seems ill-advised.
It is of course simple to reduce open loop
gain by degenerating the input pair, but this
diminishes it at HF as well as LF. To alter it at
LF only requires engineering changes at the
VAS. Fig. 10 shows two ways. 10a reduces
gain by reducing the value of the collector
impedance, having previously raised it with
the use of a current source collector load. This
is no way to treat a gain stage: loading resis-
tors low enough to have a significant effect
cause unwanted current variations in the VAS
as well as shunting its high collector
impedance, and serious LF distortion appears.
While this sort of practice has been advocated
in E&WW in the past?, it seems to have noth-
ing to recommend it. 10b also reduces overalt
open loop gain by adding a frequency insen-
sitive component to the local shunt feedback
around the voltage amplifier stage. The value
of Rypp is too high to load the collector sig-
nificantly and therefore the full gain is avail-
able for local feedback at LF, even before
C 4o comes into action. Fig. 11 shows the
effect on the open loop gain of a model ampli-
fier for several values of Rygg; this plot is in
the format described in the first part of this
series where error voltage is plotted rather
than gain so the curve appears upside down
compared with the usual presentation. Note
that the dominant pole frequency is increased
from 800Hz to above 20kHz by using a
220k value for Rygg; however the gain at
higher frequencies is unaffected and so is the
stability. Although the amount of feedback
available at 1kHz has been decreased by near-
ly 20dB, the distortion at +16dBu output is
only increased from below 0.001% to
0.0013%. Most of the reading is due to noise.
In contrast, reducing the open loop gain by
just 10dB through loading the VAS collector

JAN 93 21:23:38

Fig. 11: The result of
voltage amplifier stage
gain reduction by local
feedback; the
dominant pole
frequency is increased
from about 800Hz to
about 20kHz, with
high frequency gain
hardly affected.

to ground requires a load of 4.7kQ which,
under the same conditions, yields distortion of
more than 0.01%.

It might seem that the stage which provides
all the voltage gain and swing in an amplifier
is a prime suspect for generating the major
part of its non linearity. In actual fact, this is
unlikely to be true, particularly with a cascode
VAS/current source collector load buffered
from the output stage. Number 2 in the dis-
tortion list can usually be forgotten. ]

Next month: the power output stages

References

1. Gray & Meyer Analysis & Design of Analog
Integrated Circuits. Wiley 1984, p251 (VAS
transfer characteristic)

2. Antognetti (Ed) Power Integrated Circuits
McGraw-Hill 1986, Section 9.3.2

3. Gray & Meyer Analysis & Design of Analog
Integrated Circuits. Wiley 1984, p252 (Rco
limit on VAS gain)

4. Self Sound Mosfet Design, EW+WW Sept
1990, p760

5. Oliver Distortion In Complementary-Pair
Class-B Amplifiers, Hewlett-Packard Journal,
Feb 1971, p11

6. Linsley-Hood Solid State Audio Power- 3,
EW+WW, Jan 1990, p16

7. Borbely A 60W MOSFET Power Amplifier,
The Audio Amateur, Issue 2, 1982, p9.

8. Hefley High Fidelity, Low Feedback, 200W,
EW+WW, June 92 p45

824

ELECTRONICS WORLD + WIRELESS WORLD October 1993



|
|

M & B RADIO (LEEDS)

THE NORTH’S LEADING USED TEST/EQUIPMENT DEALER

OSCILLOSCOPES

TEKTRONIX 2445A ) 50MHZ GPIB
TEKTRONIX 2445A |50MHZ.
TEKTRONIX 475 200MHZ DU,
TEKTRONIX 466 |00MHZ STORAGE ...
TEKTRONIX SC504/TM503/DMS01 PORTABLE 80MHZ SCOPE +
DVM . £650
IWATSUI T58)23 STORAGE OSCILLOSCOP

PHILIPS PM3217 SOMHZ DUAL TRACE WITH PROBES/MANUAL €375
HITACHI V222 20MHZ DUAL TRACE WITH MANUA €2,

-GOULD OS4000 10MHZ DIGITAL STORAGE..
GOULD OS250B ISMHZ DUAL TRACE..........
FARNELL DTC)2 | 2MHZ DUAL TRACE/COMPONENT TESTER
FARNELL DTI2/5 12MHZ DUAL TRACE
HAMEG 204/2 20MHZ ..
HP 17228 275MHZ MICROPROCESSOR CAL MEASUREMENTS.
HP 1725 A 275MHZ OSCILLOSCOPES (AS NEW)....

SIGNAL GENERATORS
MARCONI 2019 80KHZ TO 1040MHZ .

..£1900
£1250
£750

MARCONI 2008 10KHZ TO 520MHZ INC. RF PROBEKIT
MANUAL 300

MARCONI 20151217} SYNCHRONIZER (OMHZ TO SZ01HZ (AS

e £325

W)...

MARCONI 2015 10MHZ TO 520MHZ AM/FM SIGNAL

GENERATOR
HP 86408 SOOKHZ TO 1024MHZ OF’T 001 002 003
HP 8640B 500KHZ TO SSOMHZ OPT. 001
HP B816A | 8GHZ TO 4.SGHZ
HP 3310B .000SHZ TO SMHZ .. sesann.
ADRET 740A 10KHZ TO I.1GHZ SYNTHESIZED
FARNELL $5G2000 I0KHZ TO 2GHZ SY NTHESIZED (AS NEW) £2250
FARNELL $5G 1000 I0KHZ TO IGHZ SYNTHESIZED (A5 NEW) £1500
FARNELL 55G520 I0MHZ TO 520MHZ & TTS 520 TRANSMISSION

TEST SET. £800
ADRET 20230A |MHZ SYNTHESIZED SOURCE..... £195
POLRAD J [06ET 1.8 TO 4.6GHZ WITH MODULATO . £400
ROHDE & SCHWARZ TYPE SMCI 48GHZ TO 12.6GHZ . £500
WAVETEK 193 20MHZ SWEEP FUNCTION GENERATOR. . £295
MARCONI 2020 SOKHZ TO S20MHZ SYNTHESIZED... . £500
MARCONI 2000 20KHZ TO 20KHZ WITH METERED

ATTENUATOR
TEXSCAN VS60B SWEEP GENERATOR ...
SAYROSA FREQUENCY OSCILLATOR MA30 |0HZ TO

10KHZ £250

JEST EQUIPMENT
EFRATOM FRT ATOMIC FREQUENCY STANDARD ........ DU 711 11)

. £125
. €250

HP 5065A RUBIDIUM VAPOR FREQUENCY STANDARD ... £2000
MARCONI 2955 COMMUNICATIONS TEST SET
MARCONI 2305 MODULATION METER ..... ..
MARCONI TF23008 MODULATION METER ......
MARCONI 233) DISTORTION FACTOR METER
MARCONI 2700 LCR BRIDGE
FARNELL LA520 RF AMPLIFIER |.SMHZ TO 520MHZ
FARNELL LFM4 AUDIO OSCILLATOR
FARNELL TM8 TRUE RMS SAMPLING RF METER (AS NEW) IGHZ (350
TEKTRONIX 521 A PAL VECTORSCOPE
AMBER 4400A MULTIPURPOSE AUDIO TEST SET ..
DYMAR 2085 AF POWER METER
BIRD TENULINE 8343 100W DB ATTENUATOR (NEW).
NARDA 3022 8| DIRECTIONAL COUPLER IGHZ TO 4GHZ .
NARDA 3001-30 DIRECTIONAL COUPLER 460MHZ TO 960MHZ ... €100
GRUNDIG FG7 COLOUR BAR GENERATOR......
AVO RM2I15 L2 AC/DC BREAKDOWN TESTER ...
ROTEK AC/DC PRECISION CALIBRATOR....
EXACT 334 CURRENT PRECISION CALIBRATOR..
HP 3488A SWITCH CONTROL UNIT.....
HP 11667A POWER SPLITTER (NEW) I8GHZ .
HP 11683A POWER METER CALIBRATOR...
NARDA 769/6 150W 6DB HIGH POWER ATT (NEW)
RACAL DANA 5002 WIDEBAND LEVEL METER..... ..
RACAL DANA 9303 TRUE RMS RF LEVEL METER .
RACAL DANA 6000 MICROPROCESSING DVM ...
RACAL DANA 9000 MICROPROCESSING TIMER COUNTE!
S20MHZ £275
RACAL DANA 488 IEEE STD 488 BUS ANALYSER..
RACAL DANA 1002 THERMAL PRINTER....
RACAL DANA 9302 RF MILLIVOLTMETER |0KHZ TO 1500MHZ..
RACAL 9301 A RF MILLIVOLTMETER 10KHZ TO | S00MHZ.
RACAL 9008 MODULATION METER...
RACAL DANA 1998 1.3GHZ FREQ COUNTERITIMER
RACAL 9841 3GHZ FREQUENCY COUNTER.....
RACAL 9921 3GHZ FREQUENCY COUNTER oo oo
RACAL 9903 TIMER COUNTER ..
RACAL 9904 TIMER COUNTER
RACAL 9915 |0HZ TO 520MHZ FREQUENCY COUNTER
RACAL 9919 |.1GHZ FREQUENCY COUNTER/TIMER.
HP 435A POWER METER 8482H HEAD
BICC/TEST T431M CABLE TEST SET

MARCONI TF2914A INSERTION SIGNAL ANALYSER
FLUKE 103A FREQUENCY COMPARATOR..
LYONS PG73 PULSE GENERATOR.....
FEEDBACK 550603 SINE/SQUARE AUDIO OSCILLATOR .
FEEDBACK 602 VARIABLE PHASE OSCILLATOR ..
FEEDBACK SFG61) 12MHZ SWEEP FUNCTION GENERATOR
FEEDBACK TFA TRANSFER FUNCTION ANALY SE|
FEEDBACK EW 604 ELECTRONIC WATTMETER
HP 3455A HIGH STABILITY VOLTMETER GPIB ...
HP B405A VECTOR VOLTMETER & ACCESSORIES...
HP 8406A COMB FREQUENCY GENERATOR ..

HP 3468D DIGITAL MULTIMETER
HP 3466A DIGITAL MULTIMETER
HP 8750A STORAGE NORMALIZE
HP 333A DISTORTION METER.
HP 3400A TRUE RMS YOLTMETER ..
HP 3403C TRUE RMS VOLTMETER DIGITAL.

HP S005B SIGNATURE ANALYSER
HALCYON 500B/521 A UNIVERSAL TEST SYSTEM ...
TEKTRONIX 576 CURVE TRACER & 172 PROGRAMMEABLE TEST

HP 5006 A SIGNATURE ANALYSER ..
KEMO DPI PHASE METER IHZ TO IOOKHZ «

SPECTRUM ANALYSERS

HP 85588 |OMHZ TO |.SGHZ WITH (82T MAINFRAME ...
HP 41T 8552B IF 8554B/85538 RF UNITS..
HP 3580A SKHZ TO 50KHZ ANALYSER (NEW)...
B&K 2033 AUDIO ANALYSER IHZ TO 20KHZ.
MARCONI 2370 | |0MHZ ANALYSER ...

...................... e £2000

wW)....
HP 8444A TRACKING GENERATOR 0.5 TO 1300MHZ .
TEKTRONIX 492 S0KHZ TO 1BGHZ PORTABLI

RADIO EQUIPMENT

BICC/TEST 437 CABLE LOGGER........
FARNELL B30/5 POWER SUPPLY 0-30VOLT SAM
FARNELL B30/20 POWER SUPPLY 0-30VOLT 20AMP...
RACAL 9063 TWO TONE GENERATOR ...
FARNELL PSG520 PORTABLE 520MHZ SYNTHESISED
‘GENERATOR ...
FARNELL ELECTRONIC LOAD RB IOJO/JS
FARNELL TRIPLE OUTPUT POWER SUPPLY TOPS 0.
FARNELL L50/0.5AMP POWER SUPPLY....
MARCON) TF2910/4 TV LINEAR DISTOR
MARCONI TF2913 TEST LINE GENERATOR + INSERTER..

RACAL RA 1792 HF RECEIVERS £1600
RACAL RA2309B/RA2295 Y0OMHZ TO 400MHZ..... -.£900
PHILIPS 88MHZ TO 108MHZ BROADCAST TX 10KW . ...........£3000

BULK PURCHASE SPECIALS

HP 180 SOMHZ OSCILLOSCOPES ...
MARCONI | 10f RC OSCILLATOR 20HZ TO 20KHZ..
ADCOLA 777 DESOLDERING STATION ...
RACAL 9059 S60MHZ FREQUENCY COUNTI

STANDARD........

ALL PRICES PLUS VAT AND CARRIAGE
86 Bishopsgate Street, Leeds LS| 4BB
Tel: (0532) 435649 Fax: (0532) 426881
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Z8 7280 Super8\

6502 65816
68HC11
68000...
8051...

from only ££l !)

and many more

COMPILERS
CROSS-

ASSEMBLERS
IMULATORS

Call

Tel: 081-441 3890

Fax: 081-441 1843
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RF ENGINEERING

2: detailed circuitry

Spread spectrum radio is
now used extensively for
both military and civilian
communications.

James Vincent* describes
the circuitry for a fully
functional experimental
voice link.

‘James Vincent G1PVZ works for a major
aerospace company.

as being linear or non-linear codes.

Linear codes are generated using linear
operations (which for binary pseudo-random
codes is solely modulo-2 addition or subtrac-
tion). This essentially means only ex-OR gates
are used in the shift register feedback path. A
pseudo-random generator which does not use
such techniques is termed non-linear.

The most commonly used group of pseudo-
random sequences used in spread spectrum are
the maximal linear code sequences (some-
times called M-sequences or pn — pseudo-
noise — codes). Maximal codes are the longest
codes that a shift register of specified length
can produce and have mathematical properties
well suited to spread spectrum communica-
tions.

A maximal shift register pseudo-random
generator consists of a shift register with
selected outputs being exclusive-ORed and
fed back into the shift register input. The cir-
cuit goes through a number of states (deter-
mined by the bits in the shift register at each
clock pulse) before it repeats itself after a set

Pseudo-random codes can be categorised

Voice link

read

number of clock pulses. The maximum num-
ber of states for a shift register of length m is
2™, ie for a 7-stage shift register 27 = 128
states. However the all-zero state is not allow-
able as the pseudo-random generator would
lock-up as ex-ORing two logic 0 results in yet
another logic 0 at the input. Therefore a max-
imal length pseudo-random code generator
can produce a pseudo-random sequence 2"-1
bits long before repeating itself.

To obtain a maximal sequence, the correct
shift register outputs (tap points) must be
found. These could be found be experimenta-
tion but this would be very time consuming!
However tables of feedback connections are
available3,

A 7-stage (ie seven flip-flop) shift register
can produce a maximal code of length 271 =
127 bits (known as chips in spread spectrum
‘terminology) long. The feedback tap points
may be taken from the following stages:

[7.11(7.31[7.3,2,11 [7,4,3,2] [7,6,4,2]
[7,6,3,1]1[7,6,5,2] [7,6,5,4,2,1] and
[7,5,4,3,2,1]

826
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PN code output

Pseudorandom code output
127-chip (blt) maximal code

O—=

Inverter

+25 mA
\ >O O drive

AC series logic inverter
driver

Clear {reset) —— = 1 2 3 4 5

Clock ———=p

Shift register

127 chip maximal length pseudorandom code generator

As the simplest circuit implementation is
often desired, the first option of tapping the
seventh and first stages is selected

To avoid the all-zero lock up problem,
inverting stages are inserted before the shift
register input and at the output of the shift reg-
ister. When the shift register is switched on, a
reset pulse is initiated. This pulse initiates all

shift register outputs to logic 0. This would
normally lock up the pseudo-random sequence
generator. However the input inverter injects a
logic 1 so that the maximal sequence can com-
mence. The output inverter ensures that max-
imal code output is inverted negating the
effect of the anti-lock-up inverter at the input.
The maximal code is also available at the out-

+5V
74HC14

+5V

RF ENGINEERING

put (A) of the modulo-2 adder, but the second
inverter output is normally used to permit
direct drive of the DBM in a direct sequence
system

Receiver functional description

The 435MHz direct sequence (ds) signal is
first amplified by a low noise amplifier? fol-
lowed by a helical filter and further amplifi-
cation by a low noise amplifier block (MANI-
LN) and a MARS. The ds signal is mixed with
a 7dBm 365MHz local oscillator in a down-
converter. The ds signal now centred on an
intermediate frequency of 70MHz is amplified
(MAR8) and bandpass filtered (PIF-70),
before being resistively split into three identi-
cal signal paths. In each signal path (late, on
time or early) the 70MHz signal is amplified
by a further MAR6 amplifier. A DBM config-
ured as a biphase shift keyer is driven by an
early, on time or late pn code. The DBM is

PN Generator

"

16
J 1
3 Reset pulse _ [
8 4 | MHz
4MHz clock 7aHCA04p |31:25KHz 4MHz )
6-50p Divider 13 {bé‘
+5V —¢— 1k 435MHz
input
5V 7d8m)
3 22 + 1 (
I 22 T  FX608J Em
T3n3 (CVSD) 1 Direct
Py 1 8 Py [|I_ 10 21 L sequence
SL6270 . }— Clock ~1IL. == | D Q olpto
—2 /1 i 10u ower am
- 47 T 1 cvsD Cja/ta 1 = 1K |10n 2 6 p P
3 6 Rt
= 9 10 10 14 1
' 5 e ik TRMIH |
4700 | s | 5 > 74HC74 Ao af W 17
29k 1y 12 D Q ] r 2
@ mic C} = 2 1019
N 2 74HC86 l_ -
0y ' 150
= Diphase encoder 8
9 9R1
0 g 0 0 0 g = 0 3 74HC14
Direct sequence digital voice transmitter-exciter. The 435MHz 7dBm carrier feeding the balanced diode ring g 00N
modulator comes from an external oscillator (not shown). 1 8
<]
74AC86
+12V dc - L
l 10n 7 turns of wire wrapping wire
| on 2mm diameter former
' A Wotorola Toko 232MT1001 A
Direct sequence CA4812
input from BPSK B g
S D 50 © 3dB pad L S N el T 435MHz 500 output
__I I I 1 Helical to aerial
bandpass 9
R1
1n n ° ORI 100n filter
150 +12Vdc ommm 1000
~ X 3] 8] 12] 16]
ov - L 2 L - e

MAR-8 mmic

Power amplifier and driver circuit for direct sequence transmitter.
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RF ENGINEERING

The delay locked loop

After initial acquisition, the
spread spectrum receiver must
maintain synchronisation by
tracking changes in the
transmitter’s pn code clock. The
circuitry required is known as a
tracking loop as it tracks the
transmitter’s code clock
frequency variations. Without a
tracking loop synchronisation
will be lost as the transmitter
and receiver pn code clocks
drift apart.

In a delay locked loop two
identical pseudo-random or pn
despreading codes are delayed
with respect to each other. Each
pn code is used in separate
correlators (early and late) to
despread (correlate) the
received direct sequence signal.
The result of correlation
between an incoming direct
sequence signal and the
receiver pn code is a triangular
function two chips (code bits)
wide. Assuming synchronisation
two correlated signals
(each with a triangular
correlation waveform) are
produced with their
correlation peaks
separated by the delay between
the early and late receiver pn
codes. If the two correlation
signals are summed in a
difference amplifier and filtered,
then a composite correlation
function is produced. This
composite correlation function
has a linear region between its

maximum and minimum values.

If this composite correlation
function is used to control the
receiver’s code clock frequency
(for example by driving a
voltage controlled oscillator)
then the receiver will track the

Received direct

transmitter’s code clock at a
point halfway between the
maximum and minimum values
of the composite correlation
function.

An optimum solution is to
have a third on-time (punctual)
pn sequence correlator channel
for signal recovery, with early
and late correlators simply
providing tracking to keep the
on-time channel in the middle
of the correlation window. Such
an approach provides an
optimally correlated (despread)
output signal for subsequent
data demodulation.

Correlators

The composite correlation function and correlator waveforms in the

1/2 chip delay locked loop.

Late channel

Sequence input

Early channel correlator
output

Late channel correlator
output

- Tracking point. (note at peak of
on-time correlation output)

Composite correlation function
(early-late)

On time correfator
output

@ Signal Difference |
level amplifier
¥ Low pass
fiter Vexo
Early channel P
\ /\E ;\ Signal
i level J
Punctual channel
s <g} > IF Demodulator ——O0 Data output
1/2 12
chip chip
—p
Late Punctual| Early
QA QE Qc Clock
SIPO i PN code In PN :
Shift register Input generator  ClOcK +2
(serial in — parallel out)

The 1/2 chip delay locked loop system. An analogue difference signal derived from the relative
correlation levels of advanced and retarded PN code controls a high stability VXCO such that code

synchronisation is mainta

ined

Correlator
435MHz direct sequence 6 MHz Signal ) -
signal input "@_’@‘ BPF —-b—» strength [ © To difference amplifier
Early LO Signal )
PN code 64 MHz strength Audio
Downconverter Correlator amplifier
70 MHz 6 MHz IF Squaring Diphase to Delta
, BPF BPF loop NRZ decoder demodulator
Low noise
amplifier LO Punctual LO loudspeaker
365 MHz PN code 64 MHz
Correlator
6 MHz Signal | o -
BPF —-bo strength ——o0 To difference amplifier
Late LO
Difference PN code 64 MHz =
amplifier clock
Early channel signal strength Signal VCXO = PN Early-late
Late channel signal strength processing 8MHz generator generator

Block diagram - double conversion receiver for digital voice direct

sequence spread spectrum reception.
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;‘ L2 - +12V dc
100n | 100 5R6
L L1 L1 &L2 7 turns of wire wrapping wire l 10n
Receiver 10n on 2mm diameter former L2
antenna
— 365MHz input = \

. 110 local osc. 110 70MHz Direct
Receiver front (from sig. gen’) sequence
end and down- output to pin 1
converter. Sl 2 50 Q 3dB pad 2 500 308 pad P
365MHz local 1 8 1 SBL-1

; ; MAN1-LN ;
oscillator drive 9R1 mixer
is derived from 234886 10n 10n 9R1 10n 10n
an external i 150 25687
signal 3 = -
generator (not Pin 7 not used _Y_—
shown). MAR-8 = MAR-8

(isolate)

buffered by 50Q2 pads and driven by an AC
logic buffer as with the DBM used as a BPSK
modulator in the transmitter.

Assuming synchronism the despread output
is injected into a NE605 low power FM IF
integrated circuit. The second local oscillator
at 64MHz in conjunction with the on-chip
mixer downconverts the despread signal
(which contains the data in a BPSK format) to
6MHz. The NE605 further amplifies the
6MHz signal and provides filtering using
6MHz ceramic filters originally designed for
television sound strips.

A RSSI (received signal strength indicator)
is available from each NE60S with a 90dB

12v

Centre
freq adj.

Early

Rss| 100
3
1
Late
(from 100k
Rfbd) —e 8Y >

A1to A3 LM324
Quad op amp

range logarithmic output. The RSSI outputs
from the early and late channels go to the
delay locked loop circuit. The despread data
output from the on time (punctual) channel is
further amplified by a MARS amplifier before
being frequency doubled in a Mini Circuits
RK3 doubler. As previously discussed the
despread data signal has a biphase shift keyed
(BPSK) format. The BPSK frequency spectra
is similar to that of a double sideband sup-
pressed carrier and as for DSBSC, carrier
recovery is required to demodulate the signal.
It can be shown mathematically? that by
squaring or doubling a BPSK signal a twice
frequency carrier is obtained. After passing the

Low pass inverter

doubled signal through a 12MHz crystal used
as an exceptionally narrow bandpass filter, the
signal is applied to a synchronous oscillator.
This versatile circuit (see section The
Synchronous Oscillator) free runs at 6MHz
and on application of the 12MHz signal syn-
chronously locks to half of the input frequen-
cy, effectively regenerating the 6MHz carrier
reference. This locked 6MHz output is
buffered and amplified to produce a logic
level O, +5V output, which together with the
signal output from the on-time (punctual)
NE605 1IC is injected into a DBM configured
as a phase detector. The voltage output of the
phase detector is amplified, level shifted and

(~308B at 158Hz)

Differencing amp
(Tracking & acquire)

—T—1 2v

6V +5V —e¢

8MHz

TLE 2426

+5V
100n 10
16

% 100n

1] 14 74HC86 L F
74HC4040 8MHz in 2
From 74HC14 R 9 8 5 74HC164 =
pin2 ) B 4MHz 9 —
1 6 i 9 Qp Qg Q¢
Inverting 1MHz — 3] 4] s
summer ' 8 to PX600J pin 1 Rails shown as 7
—l— | Late | Early
_ are OV On time
+5V PN codes to Rf board
74HC14
4 PN Generator 1/2 chip generator
Manual reset
|_| To 74HC4040
? T 15 tant. o (Reset pin 11)

Reset pulse

Direct sequence receiver delay lock loop and PN code 1/2 chip generator
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(from pin 3 74HC164)

L1, L2 and L3 7 turns of wire wrapping wire on a 2mm dia former.
Although Prime RFFM 2 diode ring mixers are shown, most +7dB

could be used
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~ +5V
780
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Diphase decoder, delta modulation voice
decoder and audio amplifier 220k T‘ .

using a voltage comparator converted into
standard logic levels.

The output from this squaring loop BPSK
demodulator does not recover the original data
polarity as the original phase of the signal is
lost in the doubling process. This is why the
data was diphase encoded at the transmitter so
that the correct data polarity could be recov-
ered at the receiver.

An edge detector configured from an exclu-
sive-OR gates produces a negative pulse for
both positive and negative edges of the com-
parator’s diphase data stream output. The edge
detector output triggers monostable A, one half
of a dual monostable. (Note: all monostables
are non-retriggerable). Monostable A is set to
produce a positive output pulse with a dura-
tion of 75% of the diphase bit cell period. The
Q output of monostable A triggers monostable
B which produces a positive output pulse of
duration 25% of the diphase bit cell period.

In turn the negative going edge of monos-
table B output triggers monostable C which
produces a positive pulse with a duration of
50% of the diphase bit cell period. D-type flip-
flop Dy is clocked by the /Q output of monos-
table C and flip-flop D, by the Q output.

The positive edges of the Q and /Q outputs
of monostable C occur before and after any
mid-bit transition. Thus when D; and D, are
clocked, their outputs will be different if the
diphase encoded bit represents a one, or the
same if the diphase encoded bit represent a

b 0 = 0 - 1 = 1 > 0 - 1 f= 0 == 0 ]
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Timing diagram - diphase to NRZ conversion

Diphase data in

Edge detector

Monostable A Q output

Monostable B Q output

Monostable C Q output

Monostable C Q output

Flip-flop D, Q output

[

Flip-flop Dy Q output

Outputs of Dy and D; exclusive ORED
Qp, ® Qp,

Data value clocked into CVSD demodulator
by recovered clock

Recovered NRZ data
© James Vincent June 1993
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The synchronous oscillator

The synchronous oscillator is an
elegant but little known circuit
which can be used to advantage
where a phase-locked loop (PLL)
would normally be employed.
The SO is a free-running
oscillator which oscillates at a
frequency determined by its LC
tank with no signal applied to its
input.

When a signal is applied
within the SO’s acquisition
bandwidth the oscillator
synchronises and tracks the
input signal. The SO output
amplitude is constant when
locked to and tracking an input

SO’s tracking bandwidth to
maintain a constant signal-to-
noise ratio at the SO’s output.
This characteristic allows a SO
to acquire and track very noisy
signals.

The SO can also act as a
frequency multiplier or divider.
In the direct sequence receiver,
the SO locks to a noisy 12MHz
signal and provides a stable
6MHz output. This function
could be achieved using a PLL
but the SO has many
advantages®>®7:8 and, as it is
based on only two transistors, is
much simpler to implement.

transistor acts as a Class C

.oscillator. The upper transistor

only conducts for a very brief
period of time; when the upper
transistor conducts, there is a
voltage across the lower
transistor biasing it allowing it to
conduct. At this time the input
signal can then be injected to
synchronise the oscillator.
During the rest of the oscillator
cycle input noise is unable to
enter the oscillator as the lower
transistor is reverse biased. This
arrangement produces coherent
amplification which is why the
SO can extract signals from very

signal. A decrease in the input
carrier-to-noise ratio reduces the

zero. If D; and D; outputs are exclusive OR-
ed then the instantaneous NRZ data is
obtained. The clock is recovered at the Q out-
put of monostable A. It can be seen that miss-
ing or corrupted diphase data could cause
monostable A to trigger on a mid-bit transition
rather than a ‘start’ transition. This false syn-
chronisation will be corrected on the next
diphase encoded zero as monostable A will not
be triggered.

The recovered clock and NRZ data is deliv-
ered to the delta modulator integrated circuit
where it is converted back into audio and
amplified to a loudspeaker.

The delay lock loop and code generation cir-
cuitry permits code correlation, synchronisa-
tion and tracking. The difference amplifier has
its inverting and non-inverting inputs respec-
tively connected to the early and late channel
RSSI outputs. The difference amplifier is fol-
lowed by a summing amplifier used to adjust
the quiescent frequency of the voltage con-
trolled crystal oscillator and a low pass filter.
The output of the inverter drives the control
input of the voltage controlled oscillator. The
VCXO consists of a high stability AT cut
crystal in a discrete transistor based oscillator
with varicap frequency control. The oscilla-
tor’s low voltage output is amplified by
approximately 10,000 with a linear biased HC
logic gate. This hard limits the buffer’s output
to standard logic levels. The VCXO provides
a highly stable, repeatable output which has a
2kHz tuning range centred on 8MHz for a tun-
ing voltage of 0 to 6V.

The VCXO output is divided by two to pro-
duce a 4MHz clock. This clock signal drives
the 127 chip maximal pn generator. The out-
put of this pn generator is re-clocked through
a shift register by the original 8MHz clock. By
extracting the three outputs from neighbouring
outputs three identical pn codes are available
(early, on-time and late) but with a half clock
cycle difference between them. Thus the early
code is one clock cycle (or “chip” in spread
spectrum terminology) ahead of the late code.
Each pn code generator output drives the rel-

A simplified explanation of
operation is that the upper

evant correlator (de-spreader). See section
Delay Locked Loop.

In operation the VCXO is offset to a slight-
ly higher frequency than the crystal clock in
the transmitter, effectively producing a sliding
correlator. Assuming that the receiver is in
range and unsynchronised, the receiver code
will slide past the transmitter code. At one
point in time the two codes will match. This
will result in correlation and the direct
sequence signal will be despread. The early
channel will be despread before the late chan-
nel and the early RSSI value will be consid-
erably higher than the late uncorrelated chan-
nel. This difference signal after filtering steers
the VCXO output towards the frequency of
the transmitter clock. When the receiver and
transmitter clocks and pn codes are synchro-
nised the RSSI outputs from the early and late
channels will be identical and the difference
amplifier output will be zero. Should the
receiver clock be retarded greater energy will
in the late channel than the early channel, and
the VCXO will be driven by the difference
amplifier to increase its frequency. If the
receiver clock is advanced greater energy will
be in the early channel than the late channel
and the VCXO will be driven by the differ-
ence amplifier to decrease its frequency. Thus
the delay locked loop will maintain synchro-
nism once the sliding correlator has caused the
receiver to lock. The frequency offset is select-
ed such that it will cause rapid synchronisation
but remain within the capture range of the
loop.

Construction and Testing
The direct sequence transmitter and receiver
were constructed on a combination of
Veroboard and double-sided printed circuit
boards. The radio-frequency circuits were built
on the double-sided pcbs, with the usual RF
design techniques employed. The photograph
of the completed transmitter- exciter and
receiver shows the combination of construc-
tion techniques used.(See August EW+WW).
The system is designed around easily

low signal-to-noise inputs.

obtainable components and all inductors and
filters are selected from either the Toko or
Mini-Circuits range to avoid the difficulties of
winding coils.

The set-up of the receiver requires a func-
tioning exciter as a source of a direct sequence
signal, hence the exciter is adjusted first. This
involves setting the master 4MHz crystal
oscillator with the aid of a frequency counter.

Now the receiver can be directly connected
(with a suitable attenuator in-line to prevent
overload) to the exciter output. Initially the
64MHz second local oscillator should be
adjusted on frequency. The VCXO’s frequen-
cy is set using the centre frequency adjust
potentiometer, to be slightly higher or lower
than twice the measured frequency of the
transmitter’s master clock.

The resonant circuit of the synchronous
oscillator (SO) has to be adjusted until it free-
runs at 6MHz. It is important to ensure that
the SO oscillates at 6MHz (ie not a harmonic)
and the input level potentiometer is set to the
minimum input level which permits reliable
operation.

The gain and comparator reference point
potentiometers should be adjusted such that
the phase detector recovers the diphase data
stream with HC logic compatible levels.

The VCXO frequency is slowly adjusted
until the sliding correlator and delay locked
loop lock to and track the transmitter. If a
spectrum analyser is available, a narrowband
despread BPSK data signal will can be detect-
ed at the input to the PIF-70 filter. A dual
channel oscilloscope can be used to monitor
and compare the transmitter and receiver
(punctual) pn codes. If the receiver has syn-
chronised then the two pn codes will line up
and the receiver code will be seen to track the
transmitter’s code. If all is correctly adjusted
then the synchronous oscillator will regenerate
the 6MHz carrier with the data recovery cir-
cuit and delta-modulator i.c. recovering the
audio. Various waveforms are shown on the
circuit diagram to aid trouble shooting.

After this initial procedure the power and
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Squaring loop carrier recovery and diphase data recovery circuits

pre-amplifiers can be added for free-space
checks (provided radio regulations permit).
Some minor adjustments particularly of the
VCXO frequency may be required to ensure
reliable acquisition and locking. If the VCXO
frequency offset is too great then the receiver
will initially acquire the signal, but will be
unable to track it. A degree of tral and error
may be necessary to arrive at a receiver clock
offset which provides rapid synchronisation
and reliable tracking performance. The proto-
type took less than two seconds from power-
up to synchronise and would remain in lock
provided the signal was not lost.

The Radiocommunications Agency (the UK
radio regulatory authority) granted special
authority to the author to experiment with
spread spectrum techniques on the 70cm band
under his amateur radio service licence.

At present the UK amateur radio licence
does not permit the use of spread spectrum
modulation. It is hoped that in the future the
standard UK licence will permit spread spec-
trum modes of operation as is allowed in the
USA by the Federal Communications
Commission. [ ]

The design and circuitry presented in
this article is held in copyright by James
A Vincent, 1993.
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USING RF TRANSISTORS

1: Making rf data sheets make sense

How does a figure in a data sheet relate to performance in a real circuit? In an
extract from their book Radio frequency transistors: principles and practical
applications, Norm Dye and Helge Granberg explain how to interpret

manufacturers’ data sheets.

Radio Frequency
Transistors

M amororoLAa

Norm Dye is Motorola's product
planning manager in the
Semiconductor Products Sector, and
Helge Granberg is Member of
Technical Staff, Radio Frequency
Power Group (Semiconductor
Products) at Motorola. Their rf
transistors book includes practical
examples from the frequency
spectrum from 2MHz to
microwaves, with special emphasis
on the UHF frequencies .

RF Transistors: Principles and.
practical applications is available by
postal application to room L333
EW+WW, Quadrant House, The
Quadrant, Sutton, Surrey, SM2 5AS.
Cheques made payable to Reed
Books Services. Credit card orders
accepted by phone (081 652 3614).
288pp HARDBACK 07506 9059 3
Cost £19.95 + Postage £2.50

ata sheets are often the sole guide to a
Dproduct’s capability and characteris-

tics. Circuit designers, unable to talk
directly with the factory, must rely on the data
sheet for device information. So it is vital that
user and manufacturer of rf products speak a
common language. The problem is that what
the semiconductor manufacturer is saying
about an rf device is not always fully appreci-
ated by the circuit designer.

DC specifications
Rf transistors are characterised by two types of
parameters: dc and functional.

By definition, “dc” specs consist, of break-
down voltages, leakage currents, /gg (dc beta).
and capacitances. Functional specs cover gain,
ruggedness, noise figure, Z;,, and Z,,, S-
parameters, distortion, etc.

Thermal characteristics do not fall cleanly
into either category since thermal resistance
and power dissipation can be either dc or ac.
So thermal resistance is best treated as a spe-
cial specification.

Table 1 is from a typical rf power data sheet
showing dc and functions and specs. A critical
part of selecting a transistor is choosing one
that has breakdown voltages compatible with
the supply voltage of an intended application.
The design engineer must select a transistor
that, on the one hand, has breakdown voltages
which will not be exceeded by the dc and rf
voltages appearing across the various junc-
tions of the transistor; and on the other, has
breakdown voltages permitting the “gain at
frequency” objectives to be met by the tran-
sistor.

Mobile radios normally operate from a 12V
source and portable radios use a lower voltage,
typically 6 to 9V. Avionics applications are
commonly 28V, while base station and other
ground applications such as medical electron-
ics generally take advantage of the superior
performance characteristics of high voltage
devices, operating with 24-50V supplies.

In making a transistor, breakdown voltages
are largely determined by material resistivity

and junction depths (Fig. 1), so breakdown
voltages are intimately entwined with func-
tional performance characteristics. Most prod-
uct portfolios in the rf power transistor indus-
try have families of transistors designed for
use at specified supply voltages such as 7.5V,
12.5 volts, 28, and 50V.

Leakage currents (defined as reverse biased
junction currents occurring prior to avalanche
breakdown) are likely to be more varied in
their specification — and also more informa-
tive.

Many transistors do not have leakage cur-
rents specified because they can result in
excessive, and frequently unnecessary,
wafer/die yield losses. Leakage currents arise
as a result of material defects, mask imper-
fections, and/or undesired impurities entering
wafer processing. Some sources of leakage
currents are potential reliability problems:
most are not. Leakage currents can be materi-
al-related such as stacking faults and disloca-
tions, or can be “pipes” created by mask
defects and/or processing inadequacies. These
sources result in leakage currents that are con-
stant with time. If initially acceptable for a
particular application, they will remain so, and
do not pose long term reliability problems.

But channels induced by mobile ionic con-
taminants in the oxide (primarily sodium)
cause leakage currents that tend to change
with time and can lead to increases that render
the device useless for a specific application.
Distinguishing sources of leakage current can
be difficult, which is one reason devices for
application in military environments require
HTRB (high temperature reverse bias) and
burn-in testing. But even for commercial
applications — particularly where battery drain
is critical or where bias considerations dictate
limitations — a leakage current limit should be
included in any complete device specification.

Dc parameters such as hgg and C,, (output
capacitance) need little comment. Typically,
for rf devices, /g is relatively unimportant for
unbiased power transistors because the func-
tional parameter of gain at the desired fre-
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quency of operation is specified. Note, though,
that dc beta is related to ac beta (Fig. 2).
Functional gain will track dc beta particularly
at lower rf frequencies. An hgg specification is
needed for transistors requiring bias, which
includes most small signal devices normally
operated in a linear (class A) mode. Generally
rf device manufacturers do not like to have
tight limits placed on Agg, primarily because:

® There is a lack of correlation with rf per-
formance;

o difficulty in controlling wafer processing;
@ other device manufacturing constraints dic-
tated by functional performance specs which
preclude tight limits for Agg.

A good rule of thumb for Agg is to set a max-
imum-to-minimum ratio of not less than 3 and
not more than 4, with minimum /igg value
determined by an acceptable margin in func-
tional gain. Output capacitance is an excellent
measure of comparison of device size (base
area) provided most of the output capacitance
is created by the base-collector junction and
not parasitic capacitance arising from bond
pads and other top metal of the die.
Remember that junction capacitance will vary
with voltage (Fig. 3) while parasitic capaci-
tance will not. Also, in comparing devices, the
voltage at which a given capacitance is speci-
fied should be noted, as no industry standard
exists. The preferred voltage at Motorola is the
transistor V,, rating, ie 12.5V for 12.V tran-
sistors and 28V for 28 volt transistors.

Ratings and thermal characteristics
Maximum ratings (Table 2) tend to be the
most frequently misunderstood group of
device specifications. Ratings for maximum
junction voltages are straightforward, and sim-
ply reflect the minimum values set forth in the
dc specs for breakdown voltages. If a device
meets the specified minimum breakdown volt-
ages, then voltages less than this will not cause
junctions to reach reverse bias breakdown and
the potentially destructive current levels.

The value of BV cgp is sometimes misinter-
preted. Its value can approach or even equal
the supply voltage rating of the transistor, and
the question naturally arises as to how such a
low voltage can be used in practical applica-
tions. First, BV¢gp is the breakdown voltage
of the collector-base junction, plus the forward
drop across the base-emitter junction with the
base open. It is never encountered in ampli-
fiers where the base is at or near the potential
of the emitter. That is, most amplifiers have
the base shorted or use a low value of resis-
tance such that the breakdown value of inter-
est approaches BV cgs.

Second, BV cgg involves the current gain of
the transistor and increases as frequency
increases. So the value of BV g at rf fre-
quencies is always greater than the value at dc.

Maximum rating for power dissipation (P,)
is closely associated with thermal resistance
(95¢). In reality, maximum P, is a fictitious
number because it assumes that case temper-
ature is maintained at 25°C. But, providing
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Table 1. Typical dc and functional specifications from an rf power data sheet.

Symbol

Off characteristics:
Collector-emitter breakdown voltage
(IC = 20mA dc. Ig= 0)
Collector-emitter breakdown voltage
{lc = 20mAdc. Vg=0)

Emitter-base breakdown voltage

(fe =5.0mA dc. Ic = 0)

Collector cut-off current

(VCE =15V dC, VBE =0, Tc = 25°C)

On characteristics:
DC current gain
(lc = 4.0Adc, Ve = 5.0V dc)

Dynamic characteristics:
Output capacitance
(VCB = 12.5V de, IE =0, f= 1.0MHZ)

Functional tests:

Common-emitter amplifier power gain
(Voo = 12.5V dc, Py = 45W,

lefmax) = 5.8A dc, f= 470MHz)

Input power

(Vee = 12.5V dc, P, = 45W, f= 470MHz)
Collector efficiency

(Ve = 12.5V dc, P, = 45W,

Ie{max) = 5.8A dc, f= 470MHz)

Load mismatch stress

(Vee = 16V de, Py, = Note 1, = 470MHz,
VSWR = 20:1, all phase angles

Series equivalent input impedance

(Voo = 12.5V dc, P,y =45W, f= 470MHz)
Series equivalent output impedance

(Voo = 12.5V dc, Py =45W, f= 470MHz)

Notes:

Visriceo 16 = =
Visrjces 36 = ¥
Visreso 4.0 = =

Ices = = 10

hee 20 70

Cob r 90

&. 1 48

Pin - 13 15

n 55

Zin 5

Zot =

Min Typ Max Unit
Vdc
Vdc
Vdc

mAdc

150 -

125 pF

54 = dB

watts

60 = %

No degradation in output power
1.4 +j4.0 - ohms

1.2 +j2.8 - ohms

1. Pj, = 150% of drive requirement for 45W output @ 12.5V.
y* = Mismatch stress factor ~ the electrical criterion established to verify the device resistance to load
mismatch failure. The mismatch stress test is accomplished in the standard test fixture terminated in a

20:1 minimum load mismatch at all phase angles.

BV IN VOLTS

10

o elAE L t _

1 i1 LIS Y

Fig . 1. Curvature and
resistivity determine
breakdown voltage.

1014

everyone arrives at the value in a similar man-
ner, the rating of maximum P, is also a usefu]
comparative.

Even so, several reasons dictate a conser-
vative value be placed on 8;¢. Thermal resis-
tance increases with temperature, and die tem-

1015
DOPING DENSITY Cg (cm™3)

perature T; is not a worst case number. Also,
by using a conservative value of 8¢, a realis-
tic value is determined for maximum P,
Generally, Motorola’s practice is to publish
6;c numbers approximately 25% higher than
that determined
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Fig. 2. Dc beta is related to ac beta.

Now onto die temperature. Reliability con-
siderations dictate a safe value for an all-Au
(gold) system (die top metal and wire) to be
200°C. Once Tymax is determined, along with
a value for 8;c maximum P is simply:

P max) = (T (max) - 25°C)/6)¢

Specifying maximum P, for T, = 25°C leads
to the necessity to derate maximum P, for any
value of T, above 25°C. The derating factor is
simply the reciprocal of ;¢!

Maximum collector current /. is probably
the most subjective maximum rating on the
transistor data sheets. Different methods of
determination lead to different maximum
ratios. The only valid maximum current limi-
tations in an rf transistor concern the current
handling ability of the wires or the die. But

Fig. 3. Junction capacitance varies with voltage .

power dissipation ratings may restrict current
to values far below (what should be) the max-
imum rating. Unfortunately, many older tran-
sistors had their maximum current rating
determined by dividing maximum P4 by col-
lector voltage (or by BV ¢go for added safety).
But this is not a fundamental maximum cur-
rent limitation of the part. Many lower fre-
quency parts have relatively gross top metal
on the transistor die — ie wide metal runners —
and the “weak current link” in the part is the
current handling capability of the emitter
wires (for common-emitter parts). Current
handling ability of wire is well known, so
maximum current rating may be limited by the
number, size and material used for emitter
wires.

Most modern high-frequency transistors are
die-limited because of high current densities

...designed for 12.5V UHF large-signal amplifier applications in industrial and commercial FM

equipment operating to 520MHz.

@ Guaranteed 440, 470, 512Mhz 12.5V characteristics.

Output power = 50W

Minimum gain = 5.2dB @ 440, 470MHz
Efficiency = 55% @ 440, 470MHz

IRL -10dB

@ Characterised with series equivalent large-signal impedance parameters from 400-520MHz.
@ Built in matching network for broad-band operation.

@ Triple ion implanted for more consistent characteristics.

@ Implanted emitter ballast resistors.

@ Silicon nitride passivated.

@ 100% tested for load mismatch stress at all phase angles with 20:1 VSWR @ 15.5V dc, 2.0dB
overdrive.

Maximum ratings:

Symbol Value Unit
Collector-emitter voltage Veeo 16.5 Vdc
Collector-emitter voltage Vces 38 Vde
Emitter-base voltage Veso 4.0 Vdc
Collector-current — continuous e 12 Adc
Total device dissipation @ Tg 25°C Po 135 w
Derate above 25°C 0.77 WeC
Storage temperature range Tag -65 to +150 °C
Thermal characteristics

Symbol Max Unit
Thermal resistance, junction to case Rosc 1.3 °C/W

Table 2. Maximum power ratings of a typical rf power transistor, the Motorola MRF650.

resulting from very small current carrying
conductors. These densities can lead to metal
migration and premature failure.

It is up to the transistor manufacturer to
specify an /.max based on whichever of the
two limitations, die or wire, is paramount.
Circuit design engineers should consult semi-
conductor manufacturers for additional infor-
mation if /.max is of any concern.

Storage temperature is another maximum
rating that is frequently not given the attention
it deserves. A range of —55°C to 200°C has
become more or less standard. For the single-
metal, hermetic-packaged type of device,
200°C creates no reliability problems. But a
lower high-temperature limitation exists for
plastic encapsulated or epoxy-sealed devices
which should not be subjected to >150°C to
prevent deterioration of the plastic material.

Power transistor characteristics

Selection of a power transistor usually
depends on frequency of operation, output
power, desired gain, voltage of operation and
preferred package configuration consistent
with circuit construction techniques.

By necessity, functional characteristics of an
f power transistor are tied to a specific test
circuit. Without specifying a circuit, the func-
tional parameters of gain, reflected power,
efficiency and even ruggedness, hold little
meaning. Furthermore, most test circuits used
by rf transistor manufacturers (even those used
to characterise devices) are designed mechan-
ically to allow for easy insertion and removal
of the device under test (DUT). This mechan-
ical restriction sometimes limits achievable
device performance, explaining why perfor-
mance by users frequently exceeds that indi-
cated in data sheet curves.

Conversely, a circuit used to characterise a
device is usually narrow band and tunable,
resulting in higher gain than attainable in a
broadband circuit. Unless otherwise stated,
characterisation data such as P vs frequency
can be assumed to be generated on a point-by-
point basis by tuning a narrow band circuit
across a band of frequencies. As such it rep-
resents what can be achieved at a specific fre-
quency of interest provided the circuit presents
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optimum source and load impedances to the
DUT.

Broad-band, fixed tuned test circuits are the
most desirable for testing functional perfor-
mance of an rf transistor. Fixed-tuned is par-
ticularly important in assuring everyone —
manufacturer and user — of product consis-
tency on a day to day basis.

Tunable, narrow-band circuits have led to
device users and manufacturers resorting to
the use of “correlation units” to assure product
consistency over time. Fixed tuned circuits
minimise (if not eliminate) the requirements
for correlation. In so doing, they tend to com-
pensate for the increased constraints placed on
the device manufacturer. Against this, manu-
facturers prefer tunable test circuits because
they allow adjustments to compensate for vari-
ations in die fabrication and/or device assem-
bly. Unfortunately, gain is normally less in a
broad-band circuit than in a narrow-band cir-
cuit, and this fact frequently forces transistor
manufacturers to use narrow-band circuits to
make their products more attractive when
compared with competitors (specsmanship!).
One compromise the transistor manufacturer
can make is to use narrow-band circuits with
all tuning adjustments “locked” in place.

For all these reasons, when comparing
devices, the data sheet reader should observe
carefully the test circuit in which specific
parameter limits are guaranteed.

Ruggedness
RF power transistors give considerable weight
to ruggedness.

Ruggedness is the characteristic of a tran-
sistor to withstand extreme mismatch condi-
tions in operation — causing large amounts of
output power to be “dumped back” into the
transistor — without altering performance capa-
bility or reliability.

Many circuit environments, particularly
portable and mobile radios, have limited con-
trol over the impedance presented to the
power amplifier by an antenna (at least for
some duration of time). In portables, the
antenna may be placed against a metal sur-
face; in mobiles, perhaps the antenna is broken
off or inadvertently disconnected from the
radio.

RF power transistors must be able to survive
such load mismatches without effect on sub-
sequent operation. One realistic possibility for
mobile radio transistors, though not a normal
situation, is where an RF power device “sees”
a worst case load mismatch (an open circuit,
any phase angle) along with maximum V.
and greater than normal input drive — all at the
same time.

So the ultimate test for ruggedness is to sub-
ject a transistor to a P;, (rf) 50% above that
necessary to create rated Pgp; increase V. by
about 25% (12.5V to 16V for mobile transis-
tors); and then set the load reflection coeffi-
cient at a unity while its phase angle is varied
through all possible values from 0-360°.

Ruggedness specifications come in many
forms. Older devices (and even some newer
ones) simply have no ruggedness specifica-

Die temperature is measured using an infra-red
microscope.

tion. Others are said to be “capable of” with-
standing load mismatches, while still others
are guaranteed to withstand load mismatches
of 2:1 VSWR, to infinity at rated output
power. A few truly rugged transistors are
guaranteed to withstand 30:1 VSWR at all
phase angles with both overvoltage and over-
drive: for all practical purposes 30:1 VSWR is
the same as infinity VSWR.

Again, the user must match circuit require-
ments against device specifications.

But, confusing the whole issue even further
is the way semiconductor manufactures define
what constitutes passing the ruggedness test,
generally saying that after testing the DUT
“shall have no degradation in output power.”
A better phrase would be “no measurable
change in output power”, though even this is
not perfect. Unfortunately, the DUT can be
damaged by the ruggedness test and still have
“no degradation in output power.”

Physical test jig for an rf power transistor.

RF ENGINEERING

RF power transistors now consist of up to
1000 or more low power transistors connected
in parallel. Emitter resistors are placed in
series with groups of these transistors to give
best control of power sharing throughout the
transistor die.

Manufacturers know that a high percentage
of an rf power transistor die (25-30%) can be
destroyed with the transistor still able to deliv-
er rated power at rated gain — at least for a
while. If a ruggedness test destroys a high per-
centage of cells in a transistor, then a second
ruggedness test (by manufacturer or user while
in circuit) wouid probably result in additional
damage and premature device failure.

A more scientific measurement of passing
or failing a ruggedness test is called AV, the
change in emitter resistance before and after
the ruggedness test. V), is determined to a
large extent by the net value of emitter resis-
tance in the transistor die. So if cells are
destroyed, emitter resistance will change with
a resultant change in V.

Changes as small as 1% are readily
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detectable, with 5% or less normally consid-
ered an acceptable limit.

More advanced device specifications for rf
power transistors use this criteria to determine
success or failure in ruggedness testing.

Matching circuit

A circuit designer must know the input/output
characteristics of the rf power transistor(s)
selected, to design a circuit that matches the
transistor over the frequency band of opera-
tion. Data sheets provide this information in
the form of large signal impedance parame-
ters, Z;, and Z,,, (commonly referred to as
Z*p1). Normally, these are stated as a function
of frequency and are plotted on a Smith chart
and/or given in tabular form.

Z;,and Z,,, apply only for a specified set of
operating conditions, — power output, voltage
and frequency — and are determined in a sim-
ilar way: place the DUT in a tunable circuit
and tune both input and output circuit ele-
ments to achieve maximum gain for the
desired set of operating conditions. At maxi-
mum gain, DUT impedances will be the con-
jugate of the input and output network
impedances. So terminate the input and output
ports of the test circuit, remove the device and
measure Z looking from the device — first,
toward the input to obtain the conjugate of Z;,
and, second, toward the output to obtain Zg,,

Test station for rf power transistors used by Motorola.

the output load required to achieve maximum Py,.

A network analyser is used to determine the
complex reflection coefficient of the circuit
using, typically, the edge of the package as a
plane of reference .

Once Z;, and Zy; of the transistor are
known as a function of frequency, cad can be
used to design L and C matching networks for
a particular application.

The complete impedance measuring process
is somewhat time-consuming since it must be

repeated for each frequency of interest: note
that the frequency range permitted for char-
acterisation is that over which the circuit will
tune. For other frequencies, additional test cir-
cuits must be designed and constructed,
explaining why it is sometimes difficult to get
a semiconductor manufacturer to supply
impedance data for special conditions of oper-
ation such as different frequencies, different
power levels or different operating voltages.
]
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ROM Emulator

Fast
Flexible

rom onty £ YY)

Emulates 24, 28, 32,
40 and 42 pin devices

7 Emulates up to 4 4
1 Mbit EPROMs
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printer port /7 Full screen editor

N\

Downloads 27256 4
in 3 seconds

Other models available
up to 8 Megabits and
with bl-directional

7/ Accepts Intel Hex, communications
Motorola S-Records

and Binary flles CALL FOR

FULL DATA SHEET

Tel: 081-441 3890
Fax: 081-441 1843
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FIBRE-OPTICS EDUCATOR

Versatile training
equipment for
education and
industry.

dBm and uW
| scale; battery life
500 hours.

FIBRE-OPTICS MONITOR

For continuity
testing and voice
comms.

For further details contact:
ELLMAX ELECTRONICSLTD.,

Unit 29, Leyton Business Centre,
Etloe Road, Leyton, London, E10 7BT. E LLMAX
Telephone: (081) 539 0136 ELECTRONICS

Fax: (081) 539 7746
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Programmable Logic
Handbook

Geoff Bostock

Logic circuit designers are
increasingly turning to
programmable logic devices as a
means of solving problems. This
book, for the established
electronics engineer, student and
technician, is a thorough
introduction to programmable
logic. Geoff Bostock will take you
to a level where you, as a
designer, can take full advantage
of the growing product range of
ASICs and other self-
programmable arrays used in
computer and control systems.
Paperback 256 pages.

Price £19.95 0 7506 0808 0

Understand Electrical and
Electronic Maths

Owen Bishop

People who find maths difficult
often have, as a result, difficulty

840

in grasping electrical and
electronics theory. This book has
been written to help such
students to understand the
mathematical principles
underlying their subject so that
they can go on with confidence
to tackle problems in practical
circuits. Paperback 256 pages.
Price £14.95 0 7506 0924 9

CIRCUIT MANUALS

Ray Marston

A series of books dealing with
their subjects in an easy-to-read
and non-mathematical manner,
presenting the reader with many
practical applications and
circuits. They are specifically
written, for the design engineer,
technician and the experimenter,
as well as the electronics student
and amateur. All the titles are
written by Ray Marston, a
freelance electronics design
engineer and international writer.

Op-amp Circuits Manual
Paperback 224 pages
Price £13.95 0434 912077

Audio IC Circuits Manual
Paperback 168 pages
Price £13.95 0434 912107

CMOS Circuits Manual
Paperback 192 pages
Price £13.95 0434 912123

Electronic Alarm Circuits
Manual

Paperback 144 pages

Price £13.95 0 7506 00640

Timer/Generator Circuits
Manual

Paperback 224 pages
Price £13.95 0434 912913

Diode, Transistor and FET
Circuits Manual

Paperback 240 pages

Price £13.95 0 7506 0228 7

Instrumentation and Test Gear
Circuits Manual

Ray Marston

Modern instrumentation and test
gear circuits of value to the
industrial, commercial, or
amateur electronic engineer or
designer make up this book.
Almost 500 outstandingly useful
and carefully selected practical
circuits are in here. This is one
book you must have if you need
access to practical working
circuits ranging from simple
attenuators and bridges to
complex digital panel meters,
waveform generators, and scope
trace doublers. Paperback 400
pages.

Price £16.95 07506 0758 0

Logic Designers Handbook
Andrew Parr

Easy to read, but none the less
thorough, this book on digital
circuits is for use by students and
engineers and provides an
accessible source of data on
devices in the TTL and CMOS
families. It's a ‘Designers
Handbook’ that will live on the
designer’s bench rather than on
the bookshelf. The basic theory
is explained and then supported
with specific practical examples.
Paperback 488 pages.

Price £25.00 07506 0535 9

Digital Audio and Compact
Disc Technology

Luc Baert, Luc Theunissen &
Guido Vergult

Essential reading for audio
engineers, students and hi-fi
enthusiasts. A clear and easy-to-
follow introduction and includes a
technical description of DAT
(digital audio tape). Contents
includes principles of digital
signal processing, sampling,
quantization, A/D conversion
systems, codes for digital
magnetic recording, principles of
error correction, the compact
disc, CD encoding, opto-
electronics and the optical block,
servo circuits in CD players,
signal processing, digital audio
recording systems, PCM, Video
8, R-DAT and S-DAT. Paperback
240 pages.

Price £16.95 07506 0614 2

NEWNES POCKET BOOKS

A series of handy, inexpensive,
pocket sized books to be kept by
your side and used every day.
Their size makes them an ideal
‘travelling’ companion as well.

Newnes Electronics
Engineer’s Pocket Book

Keith Brindley
Hardback 319 pages
Price £12.95 0 7506 0937 0

Newnes Electronics Assembly
Pocket Book

Keith Brindley
Hardback 304 pages
Price £10.95 07506 0222 8

Newnes Television and Video
Engineer’s Pocket Book
Eugene Trundle

Hardback 384 pages

Price £12.95 07506 0677 0

Newnes Circuit Calculations
Pocket Book

T Davies
Hardback 300 pages
Price £10.95 07506 01957

Newnes Data Communications
Pocket Book

Michael Tooley

Hardback 192 pages

Price £12.95 0 7506 0427 1

Newnes Telecommunications
Pocket Book

JE Varrall & EA Edis

Hardback 400 pages

Price £12.95 0 7506 0307 0

Newnes Z80 Pocket Book
Chrls Roberts

Hardback 185 pages

Price £12.95 0 7506 0308 9

Newnes 68000 Pocket Book
Mike Tooley

Hardback 257 pages

Price £12.95 07506 0309 7

Newnes Electrical Pocket
Book

21st edition

E A Parr

Paperback 526 pages

£12.95 0 7506 05138

Newnes Electric Circults
Pocket Book Linear IC

Ray Marston

Hardback 336 pages

Price £12.95 0750601329

Newnes Guide to Satellite TV
D J Stephenson

A practical guide, without
excessive theory of mathematics,
to the installation and servicing of
satellite TV receiving equipment
for those professionally
employed in the aerial rigging/TV
trades. Hardback 256 pages.
Price £17.95 07506 02155

Newnes Practical RF
Handbook

lan Hickman

Pressure on the RF spectrum
has never been greater and it's
people with knowledge and skills
of RF design who are now in
demand in the electronics
industry to design, produce,
maintain and use equipment
capable of working in this
crowded environment. This
practical introduction to modern
RF circuit design will equip you
with the necessary RF
knowledge and skills to enable
you to compete effectively in the
industry. Paperback 320 pages.
Price £16.95 07506 0871 4

Troubleshooting Analog
Circuits

R A Pease

Bob Pease is one of the legends
of analog design. Over the years,
he's developed techniques and
methods to expedite the often-
difficult tasks of debugging and



troubleshooting analog circuits.
Now, Bob has compiled his
‘battle-tested’ methods in the
pages of this book. Based on his
immensely popular series in EDN
Magazine, the book contains a
wealth of new material and
advice for Digital/Analog
electronics engineers on using
simple equipment to

explaining how the system
functions; describing several
actual systems and giving
several analyses and design
rules. You can't afford to be
without this invaluable
technology update if you're a
systems design engineer, service
engineer or technician.
Paperback 400 pages.

r
|
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PRODUCTION/A.T.E.

SECOND USER EQUIPMENT

ON NEW

/ HUGE SA\"NGS PRICES

SPE

TETRONIX 2236-100 MHz Counter/Timer/DMN,
Duai Trace Portable O:

OFFER - SCOOP PURCHAS

TEK 212 handheld Rugged 10 MHz Digital Storage
O Ba i

4
Counter/Timer DMM, Lightweight easy to use
2mV sensitivity Sns/Division Sweep Rate, 100 MHx
counter, Gated Counter Measurements, Time
Channel AC & DC Volts. £895
Manual & Probes extra
TEKTRONIX 576 Curve Tracer, with Calibrated
Dispiay Ofiset, Power up to 220W. Scale Factor
Readout £Cal

ENVIRONMENTAL

TEST

SHARTREE 5cak Test Room, Amb ~60°C £5,750
8x8 ft Imernal Dimensions. Service and UK Installation

included

MONTFORD TSPK2ELM2 Thermal Shock Chamber -
70°C to +200°C . €2,475
ALTITUDE TEST CHAMBER. Temperature/
HumidityVacuum, Configured to sult {Can
MICROTON 295D 20 Litre POA
GALLENKAMP TGC200. -70°C to +200°C, 225
Litres, Digital Programming (POA
HERAEUS VTR 5036 Vacuum Drying Oven. Temp.
Range 40°-180°C. 2,975
GALLENKAMP FEBOT/8/MD)/R40 Chamber. Temp
Range - 40°C o +100°C Call

GALLENKAMP OVR 200/010W Humudity Oven.
Temp Range Amb. to 60°, Humidity Range 0 to 95%. 190

Litres Working Yolume €1,500
RINGWAY Apel Test Chamber, —40°C to + 140°C.
Internal Dimensions 2500x2500x2900mm Call
LING VIBRATION Systems Various models

avallable (Call
MARCONI 287 Dau Analyser €1,750
MARCONI 893B AF POWER €Qrs
SIGMA MECHANICAL COMPARATOR MODEL
201-13 €500

EPROM ERASER UY 141 Timing Period 5-50 i €45
Eprom Eraser Stag SEI00 Large Capacity. Accept 60
Eproms in Quick Action Slide in Drawer Timer up to 60

min. as
EPROM PROGRAMMERS Universal Editing GP P400
&API0O €150
Portable Safety lsolating Transformer SOOVA Input
240VAC — Output | 10VAC Via Socker s
Lie Votage Condition for Micro and PC Computers
Input 204- 276 — output 240v + 6% at 2.5A €99.50
HPB410C/84128 Network Analyser/Phase Magnitude
€420

Dusplay... . e
HPB4108/841 LA Network Analyser/Phase Magnitude

Display 420
HPB44TD RF AMpIfier,m oo - e €275
HPB447C Amplifier RR————. 1

HP35601A Spectrum Anaiyser IMerface ... £ 150
HP 17298 Carrier Notse Test Set..... -
TELSONIC M4000 Ultrasonk Weld
230x!76mem, Weld ratings up to 3kW, Stroke hmit
25mm (POA
TEKTRONIX AMS03S Current Probe System with
A6302 Probe. Bandwidth De to SOMHz 1,495

ROTADIP RD3" Solder Pot with Solder £295
ROTADIP RD&” Solder Pot with Soider £495
HOLLIS ASTRA 16 Dual Wave Solder Machine. Foam
Fluxer with variable control. Air Knife. Adjustable angle

finger conveyor £4,450
SOLDERABILITY TESTER CEMCO €475
HOT AIR Rework Station 1000 495

HOLLIS FUTURE | SMT Dual Wave Soider Machme
Temperature contro, Foam Fluxer with Fluxer Arrknde.
Adpustable Finger Conveyor Call
EPM HD327 Bench Top, Pallet, Foam Fluxer with
5.G. Controlier, 3 Phase Solder Machine 4,750
SENSEBY LGC-400-CU. Gemeni Wave. 18" Board,
Automatic Soider Filling, Foam Fluxing Station with
Circufation Pump, Automatic Solder Refilt (POA
UNIFLOW JEM 410 10" Reflow oven. Asnew  £Call
ELECTROVERT ECONOPAK It 400 PLV Wave
Soider Machine, Flux Controller. Full Soider Pat, Carriers.

Good Conditian €4.975
VITRONICS SMD318N Reflow Oven with Nitrogen

Atmosphere €l6,750
SURF IRMI00HP Reflow Oven 4,950
SURF UV/IR300 Curing/Reflow Oven €,950

WIRE BONDERS

HUGHES 2440-11 TAB Bonder. Excellent Condition.
New 1990 €Can
KULICKE & SOFFA 1419-3, Gold Wire Bonder.
Software DHYB2m 4°x4" X-¥ Table, 4320A 2 Channel
Ukrasolic Generator, 815-1-00 Crosshair CCTV System.
Camera & Monitor. Bourch & Lomb Stereczoom 4
Mic-oscope Fibre Opuc Light Source €4,950.

POWER SUPPLIES

FARNELL TOPS| Power Supply €60
FARNELL Gé. 6V 40A €45
FARNELL GI2. 12V J0A 45
CLAUDE LYONS LVC 250 Line Yoltage Conditioner.,
Output 240V L.5A, Input 204-276V 48-63Hz €195
FARNELL L30-5. 30V 5A Bench Top

MONITORING

CLAUDE LYONS “Compuhine” Line Condition
Monitor, LCMI 245, 240V Printer. As New.

ttery Operation

Size 66.3'u3.4"x9.9" Depth TOTAL Weight 4.4Ibs,
Is the Optimum Oscilloscope for Field Service,
Several Powerful Features Including Auto Aet-up,
RS232, Fult Proramma.billty and Flollinso
Measurements | 0 MS/s, Dual Digitizers 100 Ns
Giltsch Capture, Autorigger, Save Reference
Memory: Fioatable to +400V/CH, Complete With
Carrylng Case and Bactery Charger, Power

£99!

Adapter
KANE MAY 1000 Hand held ‘Infratrace’ Infra Red
Thermometer. 0°C to 1000°C. Recorder Output, Variable

pitch tone, Last reading Memory. Carry case. 395
PLOTTER
SCHLUMBERGER 1834-5, Al Plotter €1,500

OCE 613 DIE LINE PRINTER. Perfect for Plans/
Circuit D!L
AARQUE 202 Dye Line a9s

PCB ASSEMBLY

PANASONIC AY NM2011B Axial Inserter. New

2
8

1991. 6,000 Hrs Run Time Loader/Unicader PoA
ROYONIC 410/401 Assembly Table with

Programmer (Call
MAMIYA ECM 8400 Automatic High Precision IC
Placer with Vision Systems & Board Conveyor  (Call

MAMIYA ECM 83INW. Table Top Machine with
£

omputer
MAMIYA ECM 8300. With Glue Dispensing Head.
Component Squaring & PC Computer €Catl
MFP7000. Small Manual Pick & Place Machine  €Call
SIEMENS HS180 Line. High Speed Surface Mount
Assembly Line with Screen Printer and IR Oven  (Calt
SVECIA PRINTER SSMPC Sem: Automatic Screen

Printer. $50x750mm Prine Area €4,950
SIEMENS MS72 Automatic Pick & Place Machine
Feeder Package Calt
SIEMENS MS90 Automau Pick & Place Machine with
Feeders (Call
UNIVERSAL MULTIMOD 6772A €18,500
ROBIN AMBOTECH Axual/DIL

Inserter cat

ASSEMBLY WORKFRAMES From (45
COAXIAL CABLE/CUT & STRIP Bench Top €995
AXIAL Lead Forming Machine €295
HELLER 7S Automatic Axial Lead Forming Machine
Completely refurbished 3,95
DEK 245 Sermi Automate Printer. 254x203mm Print
size 3,950
KERSTEN Screen Printer. 430x400mm frames size &
frames available £Can
TRESTON PA-40L Paternoster Assembly Station with
10 sheives. Motorized component tray, Anti statk

bins £Cal
FUJ1 8336 36 Feeder Stations, Controller, Loader!
Unloader PO
DYNAPERY MPS318/MPS3I8HR 60 Way Feeder
Bed, Vision System, Various Feeder Combinations.
Available, Loaders/Unloaders Price from (14,500
DYNAPERT MP52500 High Spced SMD Placement
Machine, with Linear Feeder Bed, Full Spec Machine with
Current Upgrades. Range of Feeders Excellent Condition.
Package Prices from £79,000
CONTAX CS400A Light Guided Assembly Station. 10

» =

Compornent trays, rotary ba, LC. fecder (Cal
WEIGHDATA ASC Electronc Component Countiny
Scales, As New has
HP 33254 0-21MHz Function Generator €1,645
HP331SA 200Hz to 81MHz Syntheszed/Level
Generator €3,450

HPB662A |0KHz to 1280MHz Signal Generator  £9,750
HPB3S0A/862908 1-18.6GHz Sweep Generator £4,950
HPB640B 0§ 1o 51 2MHz. Signal Generator  From (995

OSCILLOSCOPES

HPS4501 A Digrtizing
TEK2201 Digital Storage
TEK222 10MHz DSO Batt. Poruble

PHILIPS 3320 200MHz DSO
HP 541207 20GHz Digital

D | DM
fy fy R
HP35824 0.02Hz2-25.5KHz £3,750
HPJI585A 20Hz-40MHz €5,750
MARCONI 2380/2382 400MHz £4,950

ATE SYSTEMS

GENRAD 227X Systems. Can be configured to st most
applications. POA
MARCONI 510 Checkmate. 1xDVS. IxICT. 1xRCC.
7xICR 1xDMM, {xUTC. IxPWS Monrtor. Printer,
Vacuum Pump, Keyboard Call
HP1065 Configured to surt From (13,000
GENRAD 2275 640 Test Points 2,500
GENRAD 2276E Board Test System Call

METERS

RACAL 9919 UHF Fraquency Meter
FLUKE 8520A GPIB Mulumeter
HP3478A HP 1B Multimeter

HP 53508 20GHz Counter

WANTED - If you have manufacturing equipment to sell,
give us a call. We can turn your under-utilised assets into cash.

| Subscribe Now for Your FREE Copy

See latest issue of Buyers News for full listing and Terms & Conditions.
Prices exclude VAT - Buyers Premium not included

ALTERNATIVE DISTRIBUTION (UK)LTD
Tel: 071-284 4074 (UK) Fax: 071-267 7363 (UK)
146 Camden Street, London NW | 9PF
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SYSTEM 200 DEVICE PROGRAMMER

Programs 24,28,32 pin EPROMS, EEPROMS,
FLASH and Emulators as standard,
quickly, reliably and at low cost.

| Expandable to cover virtually any pro-

grammable part including serial E2, PALS,
GALS, EPLD’s and microcontrollers from all
manufacturers.

Not a plug in card but connecting to the PC
serial or parallel port; it comes complete
with powerful yet easy to control software,
cable and manual.

UK design, manufacture and support. Same
day dispatch, 12 month warranty. 10 day
money back guarantee.

LGy =

MQP ELECTRONICS Ltd. -
Park Road Centre

’ SYSTEM:

DESIGN:

SUPPORT:

ASK FOR FREE
INFORMATION
PACK

‘GERMANY 089/4602071
NORWAY 071-17890

| | Malmesbury, Wiltshire. SN16 0BX. UK DN Dl
TEL. 0666 825146 FAX. 0666 825141 R o VENGRPERD UK

‘ CIRCLE NO. 109 ON REPLY CARD
L

All our products are easy to install - they connest dT_l

either the printer or serial port and require no power sog o
They are supplied with easy to use software which & ]

for either display or print-out.

© 8 - bit resolution
o one channel
 10-25K samples per second

@ Osdilloscape /Voltmeter software
© 0-5V input range
 Connets ta printer port

10 - bit resolution
® ] chonnel

© 5-10K somples per second
© Data logger software
® 0-2.5V input ronge

o Connexts o printer port

© 8,12, 16 bit resolution + sign

8 s/e or 4 differentiol inputs

© 216 or 300 8-bit samples per second

o 1 2:5V input range l

* Dato logger software |

o Connects fo serial port ¥
£99,)

All prices ex«lusive of VAT,

PICO TECHNOLOGY LTD

Broadway House, 149 - 151 §1 Heols Road, Nardwick, Cambridge (B3 7QJ

s TEL: 0954 - 211716 FAX: 0954 - 211880
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DESIGN

Rewriting the rules with
current mode amplifiers

Current mode
amplifiers open up new

ircuits working at video frequencies
‘ used to depend largely on discrete or
hybrid designs. But now, better fabri-
cation techniques coupled with novel circuit

design have given rise to a new family of inte-

designs for wide
bandwidth circuits
while retaining

grated circuit amplifiers based on the current
feedback approach! (CFA).

Performance of these monolithic amplifiers
matches or surpasses their hybrid counterparts

This is the first, and possibly most impor-
tant, difference between CFAs and VFAs.

With CFAs, the feedback resistor sets the
amplifier bandwidth and the frequency
response shape, as well as defining the gain of
the circuit. Rr and R; must not be arbitrary.

Table 2 Typical specification of a HDTV

at a fraction of the cost. amplifier
sim ,Ia rities Wlth To minimise deviation from the stgnd?rd R ———_—— Target
i approach, CFA manufacturers are designing specification
Conventlonal their products to be used directly in text-book
A . op-amp configurations — in spite of their sig- Bandwidth DC to 30MHz
oper ational ampllfler S. nificantly different internal design from con- ~ Gain flatness <0.1dB
Group delay ripple <2ns

Bashir Al-Hashimi uses
commercially available
devices in design

examples of high 8-pin device (Fig. 1, Table 1) from Elantec. in- [2] 7] v+
R As an illustration, we will look at the
per formance, wideband requirement for a HDTV system amplifier In+ [3] 6] out

amplifiers.

ventional op-amps. So obtaining optimum per-
formance with the various commercially
available CFAs? 3, (Table 1), has meant a
new set of design rules has been formulated. It
is these rules for design of wideband ampli-
fiers that will be considered, using the EL2030

(Table. 2).

HDTV amplifier design

The HDTV amplifier (Fig. 2) needs a gain of
2 to provide matching to its termination. and
uses the standard non-inverting op-amp con-
figuration where the gain is (1+Rg/R)).

'O signal level output

1V (pk-pk) into 75Q

i

- [

5]

design rules.

Fig. 1. The EL2030 8-pin device from
Elantec used to test out the new

Voltage feedback amplifiers (VFAs) allow an R1
almost arbitrary choice of feedback — provid- Vin AWy 750
ed the ratio of Ry to R; is correct. YWY Vour

AAAA
YYYY
P
mn

Table 1. Typical list of commercially available CFAs. 750 §§ $75Q

< Load
3dB bw SR ST Opcurrent Quiescent Diff gain =

Company Partno (MHz)  (V/us) (ns) (mA) current (mA)  and phase SR

Elantic EL2030 120 2000 4010 0.25% 65 15 0.01%, 0.01

Harris HA-5020 100 800 4510 1% 60 75  0.02%,0.03 LC

Linear Tech  LT1223 100 1000 75100.1% 50 6 0.02%,0.12

Comlinear ~ CLC410 200 2500 1210 0.05% 70 16 0.01%, 0.01 Fig. 2. The HDTV amplifier has a gain of 2 to

Analogue Dev  AD811 140 2500 50t00.1% 100 15 0.01%, 0.01 3 =,

Bur-Brown OPA603 100 1000  50100.1% 150 21 0.03%,0.02 '::,:sgéfr:f;m;"‘:'l‘;" "c"‘,i,f‘."szs ‘Z.Z m’;::ar:adthe

Nat Semi LM 6181 100 2000 50100.1% 100 8 0.5%, 0.4 B0 IIDICOTIZUTIAUOIY.

gain is (1+Rg/Ry).

October 1993 ELECTRONICS WORLD + WIRELESS WORLD 843



DESIGN

Design rules to tackle disadvantages

Compared to VFAs, CFAs have several advantages and disadvantages. Advantages are:
Bandwidth largely independent of the closed loop gain;
Superior AC performance, including high slew rate and low settling time;

Linear phase response.

Disadvantages include:
Feedback resistor must be optimised
Unstable with capacitive feedback
Supply voltage affects performance.

But by following certain design rules, CFAs can be used much more effectively, with

disadvantages largely overcome:

Choose the feedback resistor to set the amplifier bandwidth and the shape of the

frequency response;

@ Choose the other resistor (R;) to set the amplifier gain;
@ Do not use capacitive networks in the feedback path, since this drives the amplifier into

oscillation;

@ Use maximum allowable supply voltage since this allows CFAs to achieve optimum

performance;

@ Always terminate the amplifier input and output;

@ Use RF layout techniques (see box).

REF LEVEL /DIV MARKER 100 000.000HZ
0.000dB 2.000dB8 MAG (UDF) ~-0.011dB
w =

T i
ﬂ =

)

-~ RF=8209

L i llm )

START 100 000.000Hz STOP 150 000 000.000HzZ

AMPTD 15.0dBm
Fig. 3. HDTV amplifier frequency response for
different values of RF. Adjusting R, for correct
gain shows that RF affects the amplifier
bandwidth and the frequency response peaks.
R1 has no effect on bandwidth and frequency
response, only affecting the gain.

REF LEVEL /DIV MARKER 30 000 000.000HZz
=-0.073deg 10.000deg PHASE (UDF) -44.031ideg
i f =
1

|

- -y

RF=820%

/

RFmlk2

TR ]

i .

< = ] i}
START 100 000.000HZ STOP 30 000 000.000HZ

AMPTD 45.0dBm

Fig. 4. Examining the phase response of the
amplifier shows good phase linearity at high
frequencies and the phase shift increases as the
bandwidth decreases.

Frequency response of the HDTV amplifier at
three different values of Rp (560€2, 820Q and
1k2) — adjusting R, for correct gain — shows
that R (Fig. 3) affects the amplifier band-
width and the frequency response peaks. R,
has no effect on bandwidth and frequency
response, only affecting the gain’. But it
becomes clear that optimum bandwidth and
maximally flat frequency response at a gain of
+2 is obtained when Rp = 820€2, the measured
-3dB  bandwidth being approximately
110MHz. Higher values of R decrease the
bandwidth: lower values increase bandwidth
at the expense of peaking in the amplifier fre-
quency response. The minimum value for a
given CFA - below which the CFA becomes
unstable — is usually given in its data sheet.
For example, lowering Rg in the HDTV
amplifier below 400Q causes the amplifier to
oscillate. So, to change the amplifier gain, R,
should be varied not Ry.

Good signal fidelity will depend on a video
amplifier exhibiting linear phase shift or a flat
group-delay response. Examining the phase
response of the amplifier for the previously
used three different values of R (Fig. 4), we
can see good phase linearity at high frequen-
cies and the phase shift increases as the band-
width decreases (or Ry increases).

Another difference between CFAs and
VFAs is the effect of power supply. For exam-
ple, lowering the supply voltage of the HDTV
amplifier from 15V to 7V reduces amplifi-
er bandwidth from approximately 110MHz to
96MHz (Fig. 5).

Returning to the target specification (Table
2), for the required gain flatness and group
delay ripple, R must be 820Q2. Both require-
ments for the gain flatness and group delay are
met (Figs. 6 and 7).

As with VFAs, the ratio of the feedback
resistor to the input resistor (~Rg/R;) deter-
mines the CFA voltage gain (Fig. 8). Rr sets

MARKER 113 628 000.000H=>
MAG (UDF) ~-2.992d8

REF LEVEL
~-0.040dB

e ‘—“_7'—"_T~_'—T'_——"rm_'1
= = =~ e |
B \ N
A

/01V
1.000dB

i

\\ Vecag15V
1

L s

| I E— - - Y SR I
START 100 000.000H=z STOP 160 000 000.0O0OH=z

AMPTD 15.0dBm

Fig. 5. Lowering the supply voltage of the HDTV
amplifier from £ 15 to +7V reduces amplifier
bandwidth from approximately 110MHz to
96MHz

REF LEVEL /01vV MARKER 30 000 000.000HZz
-=0.009dB 0.400dB8 MAG (UDF) =0.122d8
[

RFR1=8200
Vea=315v

-

START 100 000.00OHz STOP 30 000 000.000Hz

AMPTD 15.0dBm

Fig. 6. Requirements for gain flatness...

/DIV MARKER 1 588 500.000Hz
1.000NSEC DELAY (UDF) 3.644nSEC

REF LEVEL
3.500nSEC

[

1
q

k_ % L _‘%*”'1—'“ﬁ “ e '@# ; '_f

RF=R1=8208 |

e d L

4
-

H
e i

STOP 200 Q0C CGOO.O0O0O0OHZz
DELAY APER 489.5kHz

=
START 100 000.00O0OHZ
AMPTD 15.0dBm

Fig. 7...and group delay are both met.
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R1
Vin —WW—

Vom

1\__
Fig. 8. Ratio of the feedback resistor to
input resistor determines the CFA
voltage gain.

L

AA
v

R1
V n "‘V"" .
— Vout
| ® {
s Rx [

Fig. 9. There is no problem in
simultaneously achieving the amplifier I
input resistance and the gain because a

shunt resistor can be added.

>

<
ST

A2

AAAA
AAAAS

Vom

RF

Fig. 10. In CFA-based buffers the output !
must be connected to the inverting

amplifier input through the

recommended feedback resistor.

REF LEVEL
0.0894dB

/DIvV
1.000dB

MARKER 100 000.000Hz
MAG (UDF) 0.144dB

— -+

_J

[ e S
STOP 120 000 000.000HZ

— B SR SR TPy
' START 400 00O .OOOHZz
AMPTD 15.0dBm

Fig. 11a. Modifying the circuit to a gain of +1
causes frequency response peaking due to stray
capacitance to ground from the inverting input.
11b. Adding 2pF results in a further 2dB
peaking, implying that 2pF of equivalent strays
originally existed.

| 11c. Changing RF to 960 provides a flat
response.

the bandwidth and frequency-response peak-
ing, while R/ sets the gain. R; also determines
the input impedance of the amplifier, so a
maximum input impedance is possible for a
given amplifier gain. For example, take a 75£2
input impedance amplifier with a gain of 4.
We know that the £L.2030 requires R = 820Q2
to achieve maximally flat frequency response
and optimum bandwidth. This gives R, =
205Q.

Clearly there is a no problem in simultane-
ously achieving the required amplifier input
resistance and the gain because a shunt resis-
tor (R,) can be added (Fig. 9). Amplifier gain
is still (-Rg/R)), and the value of R, is given
by:

R.X = (R IRiH)/(RI_Rin)

where R;, is the required amplifier input resis-
tance.

Referring back to the example, if R;, = 75€2,
Rp=820Q and R ;=205 (to achieve a gain of
—4), this gives R, = 118Q2. Care needs to be
taken when using CFAs in applications requir-
ing low impedances and relatively high gains.
If in the previous case the gain required was
—-30, R; would be 272 which would provide
too low an impedance, and a buffer would be
necessary.

Common practice in voltage feedback
inverting amplifiers is to connect the non
inverting input to ground through a resistor of
value equal to Rg/R,, giving bias current can-
cellation. Unlike a voltage feedback amplifier,
a current feedback amplifier does not have
two high impedance inputs!'.

The non-inverting input is a high
impedance, of the order of IMQ, while the
inverting input is a low impedance, around
30€2. It means that the two CFA bias currents
are unrelated and no attempt need be made to
minimise them through the impedance match-
ing of the inverting and non inverting inputs.
In CFA-based inverting amplifier circuits, the
non-inverting input should be connected
directly to ground or through a small resistor
(<30Q) to ensure stability®-

Buffer amplifier design

A common application of CFAs is in buffer
amplifiers driving high speed flash A-to-D
converters. These amplifiers must have wide
bandwidth; fast settling time; low output
impedance and the ability to drive large and
variable capacitive loads.

Current feedback amplifiers meet all these
requirement (Table 1), but to realise the full
capabilities of an A-to-D converter, bandwidth
of the driver amplifier should be at least three
times the Nyquist frequency (half the sam-
pling frequency), minimising gain and phase
aberrations’. Also, the driver amplifier should
be able to settle within one-half LSB of the
correct value within the sampling period. For
example, the driver amplifier must settle to
02% within 10ns, for use with an 8-bit
100MHz flash A-to-D converter.

In voltage feedback buffer amplifiers, the
output may be connected directly to the invert-

DESIGN

Board layout and passive
components

As with any high frequency device, care
must be taken in board layout to
maximise performance of current
feedback amplifiers. Key points include:

@ Use a large ground plane to asure that
low impedance ground is available
throughout the layout.

® Do not extend the ground plane under
nodes which are sensitive to stray
capacitance, in particular the inverting
amplifier input. Make short and wide
connection tracks to minimise losses.

® Bypass power supplies very close to
the amplifier pins. For best results,
bypass the power supplies with 1 to
10pF tantalum capacitors in parallel with
100nF ceramic capacitors. The power
supplies should be well stabilised.

® Use surface mount passive
components since they have the lowest
inductance and capacitance.

@ Avoid use of IC sockets.

Fig. 12. Pulse response of the buffer amplifier
shows excessive overshoot. (Top trace input,
bottom trace output).

Vin + Rs

AAAA
YVYy Vout

L, |
l EE ~<— Capacitive load
T 3

= T

Fig. 13. To reduce overshoot, insert a series
resistor between the amplifier output and the
load.

October 1993 ELECTRONICS WORLD + WIRELESS WORLD
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DESIGN

50ns/div

Fig. 14. Much improved performance is the
result of adding the series resistance. (Top trace
input, bottom trace output).

ing input, but in CFA-based buffers, the out-
put must be connected to the inverting ampli-
fier input through the recommended feedback
resistor (Fig. 10), ensuring amplifier stability.
Current feedback amplifiers are sensitive to
stray capacitances, in particular stray capaci-
tance to ground at the inverting input. Effect
of this capacitance is shown in the form of
peaks in the frequency response (Fig. 11).

From the previous results outlined for a gain
of +2, the optimum feedback resistor Rg is
820Q2. Modifying the circuit to a gain of +1 by
removing R, causes frequency response peak-
ing to take place (Fig. 11a), due to stray
capacitance to ground from the inverting
input.

When gain is employed, R; shunts the
effects of strays, and adding a capacitor to
simulate larger strays gives the results in Fig.
11b. Here adding 2pF results in a further 2dB
peaking, implying that 2pF of equivalent
strays originally existed. Changing Rg to
960Q2 provides a flat response (Fig 11c).

An important feature of CFAs is that once
Rg is chosen correctly, the —3dB bandwidth of
the amplifier is approximately 116MHz with a
gain of +1, and 110MHz with a gain of +2.
Gain-bandwidth limitation of VFAs is not fol-
lowed by CFA’s.

Input impedance of flash A-to-D converters
is highly capacitive, so that a typical 8-bit,
20MHz video flash converter will have an
impedance of 25pF//100kQ.

Pulse response of the buffer amplifier driv-
ing directly a 24pF//100kQ2 load (Fig. 12)
shows excessive overshoot, and increasing the
load capacitor further results in the amplifier
becoming more unstable. One way of reduc-
ing the overshoot and boosting the buffer-

capability to drive higher capacitive loads, is
to insert a small series (R;) resistor between
the amplifier output and the load (Fig. 13).
The result is a much improved performance
(Fig. 14), when R = 47Q. Value of resistor
(R,) depends on the value of the load capacitor
and should be determined from manufacturer

data.

The drawback to this method is a reduction
in amplifier bandwidth. [
Reference

1. Application Note 300-1, “A New Approach to
Op Amp Design”, Comlinear Corporation,
March 1985.

2. Ogden, F. “Current Alternative to Operational
Amplifiers, EW + WW, August 1992,

3. Finnegan, T. “Analysing Performance of
Current Mode Op Amps”, EW + WW, April
1993.

4. Swager, A. “Video Amplifiers Set Sights
Beyond Large 3-dB Bandwidths”, EDN, June
1992.

5. Application Note OA-13, “Current Feedback
Amplifier Loop Gain Analysis and Performance
Enhancements”, Comlinear Corporation.

6. Application Note OA-15, “Frequent Faux Pas
in Applying Wideband Current Feedback
Amplifiers”, Comlinear Corporation.

7. Application Note 103-1, “Flash Analog to
Digital Converters: Optimising Performance”,
Comlinear Corporation.

WE HAVE THE WIDEST CHOICE OF
USED OSCILLOSCOPES iN THE COUNTRY
TEXKTRONIX 7000 SERIES OSCILLOSCOPES
Duai Trade Plug-in with TB from £200
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Breaking Windows

With the profusion of Windows
software being marketed and
reviewed in the computer press, I'm
struck by the paradox that so few
people that actually like and use it.

Everyone seems to have their tale
of woe regarding installation
followed by the realisation that the
cost in computer memory and disk
space appears to be too great in
comparison to any benefits gained.

Although computer magazines
offer plenty of technical criticism of
Windows, I don’t ever recall seeing
the need for its very existence being
called into question. The truth of the
matter I believe is that Window’s
hungry demand for high
performance machines is the driving
force behind the computer sales
market today. And the personal
computer magazines that depend on
the industry’s advertising budgets
are hardly likely to bite the hand that
feeds them.If the trend is for
software producers to concentrate
their efforts only on Windows
compatible versions, I suppose all of
us will eventually be forced into
buying expensive upgrades to
maintain compatibility.

It seems a pity that the steady
improvements in PC price and
performance should be soaked up by
such a cumbersome and gimmicky
operating system rather than more
powerful applications.

In the meantime is there anyone
else out there prepared to stand up
and say “I'm sorry I don’t do
Windows”.

John Carrey
Malvern

Clunky versus cost
Having spent a large proportion of
the past six years investigating the
perfect audio switch for use in high
quality music recording consoles, |
would like to add a few comments to
Mike Meechan’s article on the
subject (EW + WW, July).

First, I’'m afraid that you cannot
dismiss the mechanical switch or
relay too lightly; it still provides the
closest we have to an ideal
automatable switch. In both
laboratory and listening tests I have
found no problem with either speed
or wear with modern relays. Power
consumption, too, can be overcome
by using either reed or latching
relays, although the latter can cause
a problem if the system forgets how
they are set.

The problem is a trade-off between
clunkiness and cost. A clunky relay
and its driver cost about the same as

a decent semiconductor switch, a
reed relay rather more. The
Focusright console, regarded as
having extremely high audio purity,
uses as far as I know only reed
relays for signal routing.

Secondly, the humble jfets.
Meechan passes over these rather
quickly, yet they have been the
standard for top-of-the range mixing
consoles for many years. They have
the advantage over cmos switches of
a lower on impedance, higher
voltage range, and infinitely lower
propensity to blow up when you
look at them. Simply switching the
gate via a [OMQ resistor gives good
results. However, if the gate drive is
bootstrapped, as Meechan shows,
then high frequency distortion will
improve due to the negation of the
gate-drain capacitance.

Bootstrapping the gate can also
avoid the other annoying problem of
jfet switches, that the gate current
appears in the channel, requiring it
always to be fed from a source of
low dc¢ impedance. It was as a result
of our development at Solid State
Logic of the bootstrapped jfet
arrangement that Analog Devices
developed the SSM2402, and the
derivative 2412 mentioned in the
article.

Last, but definitely not least, a
J112 jfet costs about a quarter the
price of a VN88 mosfet.

As a final thought, having finally
escaped from the audio industry I
am now able to start using cmos
switches seriously. Can anyone
explain why they seem to be so
much more prone to static damage
than other modern cmos devices?
Andy Millar
Whitstone, Devon

Sounding out the
critics

I was pleased to see Drs Blake-
Coleman and Yorke report on their
investigation into fancy speaker
cables (EW + WW, May). Their
results seem to be pretty much in
accord with what Davis', Greiner?
and others have been trying to tell us
for years. In fact, I was personally
involved in a similar test recently
that produced pretty much the same
result. I am pleased that the good
doctors have publicly put their
weight behind a more informed
approach to hi-fi interconnections.
I also read with keen interest Ben
Duncan’s article on op-amp
distortion “How clean is your audio
op-amp?” (EW + WW, January)3. It
was a thought provoking piece,
more for the explanation of the

Power to protect

On reading R Gough’s letter (EW + WW, August), I was struck by
several points. I study with a group of people that doesn’t know that the
human body is tuned to a cosmic keyboard, but there you are; there’s

just no telling some people.

However, | was most perturbed to read that certain music sounds can
stimulate the pancreas, pineal glands and so on. Clearly there are
unsuspected dangers in listening to music or indeed any other sound,;
unlooked-for stimulation of the pancreas is likely to send us into insulin
coma while nudging the pineal is going to cause sudden uncontrollable
attacks of jet-lag, or possibly mass hibernation.

The hazards are obvious, and I think that Mr Gough has a clear duty to
specify which frequencies have these hitherto unsuspected effects, so
that we audio engineers can guard the public against them with suitable

banks of filters.

Seriously though, what is this kind of wretched nonsense doing in EW
+WW? Without wishing to be catty, surely the “I’ve out-thought
Einstein” contingent are enough of a cross to bear.

Douglas Self
London

As editor, I have a duty to allow heretical discussion and presentation of
controversial views. This is not just a result of some woolly liberalism,
but the shameless desire to give entertainment to other readers - FO.

exercise than the actual data. I was a
little amused, however, that Duncan
has been unable to uncover any
harmonics generated by resistors.

Resistors are about the most linear
circuit components around. I think
his time might be more productively
spent investigating the non-linear
behaviour of electrolytic capacitors!
There are also many other factors,
such as circuit layout, more
important to distortion than resistor
non-linearity.

I disagree with Duncan’s idea that
the “Cause of the difference is...
relatively unimportant”. Before we
can accept his hypothesis as
anything more than conjecture, it is
essential that we establish any
genuinely audible effects and to
ascribe them accurately to
differences in the circuit. For
example, it is pointless to measure
differences in distortion if listeners
respond only to a change in mains
noise.

As far as Chris Daly’s remarks go
(EW + WW, April), I think he has
the wrong end of the stick. One does
not need a hot soldering iron nor any
practical application to recognise a
poor argument.

My criticism of Duncan’s is that
he proves nothing much. Since there
is no scientific evidence that the
effects are audible Duncan has
furnished us with no more than
hypothesis. Unsubstantiated
anecdotes are not proof. It is often
the lack of theoretical and
experimental rigour that renders
claims from the golden eared or
subjectivist club invalid.

Reproducible experimental results
and a firm basis in theory are needed
before we can take them seriously.

For the record, I consider it to be
very bad practice to trust critical
signals to the quite dubious
performance of a reversed biased
electrolytic capacitor. In fact it
would be better if electrolytic
capacitors were not used in the
signal path at all. The only good
features of electros are their
relatively small physical size and
their cheapness, and in all other
respects their performance is pretty
lousy.

Also, I have no doubt that some
people will think that using this
circuit makes their amp sound more
euphonious, but that does not mean
that they can actually hear any
differences, whatever the cause. The
levels of distortion that we are
discussing are probably inaudible to
the vast majority of people*. The
fact is that average enthusiasts
cannot perform properly controlled
listening tests in their own living
rooms. They very rarely have the
facilities or the expertise.

For example, it is necessary to
control the effects of room
acoustics, extraneous noise and the
position of the listeners. It is
essential that the sound level and the
frequency response be maintained to
within 0.2dB? (that is about 2%
across the audio band, which is
outside the capabilities of most
multimeters and oscilloscopes).

Also from my own experience I
know the sound will depend upon
the age and experience of the
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listener, as well as their state of
health and fatigue, and whether they
have had any stimulants or
depressants (such as coffee, tea,
alcohol, cigarettes,and so on) within
hours before any auditioning.
Lipshitz and Vanderkooy even
suggest that the source material
often has greater effect on the sound
than the performance of the
reproduction equipment’.

Based on the evidence that Duncan
has published it is unlikely that the
new harmonic structure is due to
harmonics from the mains. If it were
caused by mains we would see many
more spectral lines at multiples of

50Hz, not just the 1kHz spacing that |

we do see. I think Duncan would
probably agree with me there.

It is interesting then that Daly
claims “the near total absence of
mains noise (hum)” when Duncan’s
results show no effect on mains
noise. Duncan shows that the
reverse biased capacitor causes an
increase in even harmonic distortion.
Daly on the other hand says only
that he “noticed no sonic
degradation”. One cannot say that
Daly’s claims support Duncan’s
results, since Daly’s experience with
this modification is quite at odds
with what Duncan seems to be
saying. If anything Daly’s claim that
he “noticed no sonic degradation”
tends to suggest that these levels of
distortion are inaudible.

However, I am perplexed by a
philosophy that seems to be telling
me that some distortion is acceptable
because it makes the music more
euphonious (to some people), but at
the same time tone controls should
not be allowed because they
introduce distortion, even though
they reduce sonic aberrations and
make the music more euphonious
when properly used. Such an
illogical and inconsistent philosophy
is not likely to maintain much
credibility.

Drawing error

Phil Denniss
University of Sydney,
Australia

Authors wanted

There are a number of subjects and ideas that I have
not seen in print that couid provide the base for some
interesting articles. For example information on
surface acoustic wave resonators; they come in one
and two port configurations. One manufacturer of
these, Siemens, is fully booked through 1994. I would
like to see a list of other possible suppliers.

Incidently did you know saw resonator oscillators
hold the record for noise floor/spectral purity, they
give a better figure than the best crystal oscillators. It
is not only Q that matters, saws can operate at much
higher power.

A review of university departments would be
interesting for prospective students and people with
research money. Who is an expert at what and where?

Good technical information means finding out what
is not on the manufacturer’s data sheet. This is
possible if its made in the UK and almost impossible
from elsewhere. Few distributors are interested in
providing technical information on products from
their suppliers that are outside the range they stock.

What MPs have a technical background? To whom
are we to write if we wish to complain about the sale
of the UK’s last truly world class electronics
capability — STC Submarine Cables.

Submarine fibre optic cables are preferred by
telecommunications companies worldwide to satellite
for commercial and user convenience. The
competitors ATT and Alcatel are regarded in their

theory

A question of

own countries as critically strategic. They are directly
supported and control would never pass outside their
national boundary.

Inertial sensors could only be afforded by the
military. An inertial platform for a submarine could
set one back £0.5m. Accelerometers are available to
the automotive industry for a few pounds. Angular
rate sensors (the equivalent of a rate gyro) are
required to sense car turning for computer control of
steering geometry, suspension rotation, steering
wheel spin (the Magimix effect), and to interpolate
between GPS fixes.

Who makes these low cost sensors, what
specification parameters are important, and what
other applications could ride on low cost automotive
devices?

The department of the government chemist is really
useful in letting interested parties communicate in the
field of chemical sensors; this should be a model for
the rest of the DTI which in most things is truly
appalling.

Douglas Dwyer
Okehampton, Devon

If any readers are interested in taking up some of the
above ideas for articles, may I remind them of the
writers’ award scheme that we run. Turn to page 813
to find out move - Editor.

pick the simplest one has itself
proved to be a useful principle.

theories will fit the observations; to

|. Fred E Davis, “Effects of cable,
loudspeaker, and amplifier interactions”,
J. Audio Eng. Soc.. vol. 39, pp461-468
(1991 June).

2. RA Greiner, “Cables and the amplifier
interface”, pp46-53, Audio, 1989 August.
3. pp42-46, EW+WW. Jan 1993.

4. Stanley P Lipshitz and John
Vanderkooy, “The great debate:
subjective evaluation™, J. Audio Eng.
Soc., vol. 29, pp489 (1981 July/August).
5. ibid, p484.

6. ibid, p485.

Surely messrs Catt, Elmendorf, and
Goldberg (EW + WW, August) have
missed the point. It is rare indeed for
a scientific theory or formula to be
proved correct or even incorrect, as
the continuing big-bang versus
steady-state controversy illustrates.
All one can generally say is that
the predictions of one tend to fit the
evidence better than those of others.
The other reason for preferring a
theory is simplicity. Generally a

| very large number of possible

This provides the different configurations needed
for the two types of microphone and results in a

Unfortunately there is an error in the redrawing of the
circuit diagram in my article “Audio induction
technology for the deaf” (EW + WW, September).

The universal preamp should have shown separate
Jjack sockets to different points in the circuit for the
dynamic (M) and electret (E) microphone inputs, the
former being open circuit and the latter being short
circuit when unused.

similar overall sensitivity.

Specifically, for M, the E input is grounded giving a
low noise, low impedance input and a higher gain for
lower impedance microphones. For E, M is open
circuit giving medium gain, medium impedance input
and providing dc to power the fet in the microphone.
JP Wilson
Keele University
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The Michelson-Morley experiment
indicated the aether to be stationary
with respect to the Earth, a
circumstance untenable in the
prevailing philosophy. Another
possibility not considered by
Goldberg or anyone at the time is:
that the aether is viscous, and
stationary wherever it is measured -
rather like air, which tends to attach
itself to moving bodies. Of course
this makes nonsense of the
constancy of the velocity of light,
and can be dismissed lightly; its
only value as an explanation would
be if it fitted reality better than
current theories.

We sometimes forget that our
theories — and indeed basic concepts
like particle and wave — are only
convenient fictions to describe
complex behaviour.

I could go on, but since challenges
seem to be in fashion, I challenge
Elmendorf to indicate first with
respect to what is the Earth’s
rotation to be measured, and
secondly, if he finds our weather
systems unconvincing, what
conceivable type of evidence he
would accept as absolute proof that
it does?

AM New
Bristol
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INTERFACING
WITH C

HOWARD HUTCHINGS

Interfacing with C can be obtained from Lorraine Spindler, Room
L333, Quadrant House, The Quadrant, Sutton, Surrey SM5 2AS.
Please make cheques for £14.95 (which includes postage and
packing) payable to Reed Business Publishing Group.
Alternatively, you can telephone your order, quoting a
credit card number. Telephone 081-652 3614.

A disk containing all the example listings used in this book is
available at £29.96. Please specify size required.

C HERE!

If you have followed our
series on the use of the C
programming language, then
you will recognise its value
to the practising engineer.

But, rather than turning up
old issues of the journal to
check your design for a
digital filter, why not have all
the articles collected
together in one book,
Interfacing with C?

The book is a storehouse of
information that will be of
lasting value to anyone
involved in the design of
filters, A-to-D conversion,
convolution, Fourier and
many other am)lications,
with not a soldering iron in
sight.

To complement the
published series, Howard
Hutchings has written
additional chapters on D-to-
A and A-to-D conversion,
waveform synthesis and
audio special effects,
including echo and
reverberation. An appendix
provides a “getting started”
introduction to the running
of the many programs
scattered throughout the
book.

This is a practical guide to
real-time programming, the
Erograms provided having

een tested and proved. It is
a distillation of tﬁe teaching
of computer-assisted
en§ineering at Humberside
Polytechnic, at which Dr
Hutchings is a senior
lecturer.

Source code listings for the

rograms described in the

ook are available on disk.

349



CIRCUIT IDEAS

SEND YOUR CIRCUIT IDEAS TO THE EDITOR, ELECTRONICS WORLD, QUADRANT HOUSE, THE QUADRANT, SUTTON, SURREY SM2 5AS

IITHIS MONTH'S £100 CIRCUIT IDEA™S

FSK receiver has auto
decision-threshold control

DO YOU HAVE A £100
CIRCUIT?, EACH
MONTH'S TOP CIRCUIT
IDEA AUTHOR WILL
RECEIVE £100. ALL
OTHER PUBLISHED
IDEAS WILL BE WORTH
£25. WE ARE LOOKING
FOR INGENUITY AND
ORIGINALITY IN THE USE
OF MODERN
COMPONENTS

his low-cost, low-power PLL receiver
for FSK binary-coded data

automatically sets the best decision-
threshold level for recovering the data.

Ideally, V,;, should be midway between
V), and V,, the upper and lower peak
voltages of the demodulated signal, which
are not usually stable due to the effects of
drifts and gain inequalities. Signal from
the LAM568 demodulator passes to
comparators /C5, 3, Which work in
conjunction with current source 77 3 and
sink 77,5 as positive and negative peak
detectors, tracking variations of the peak
voltages. Their outputs are combined and
averaged by R, ; to put V,;, half way, this
voltage going to the output comparators,
which also accept the input from the
demodulator. Current generators improve
the dynamic range of the peak detectors.

With a 100mV carrier at 110kHz, the
local oscillator at 2F . and frequency
deviation between 500Hz and SkHz, drift
was simulated by adding a 0.1Hz signal to
the 300b/s digital modulation. When V,, -
V, is between 100mV and 600mV and V,;,
1-3V. data is always recovered with
negligible jitter.

G Stochino
Ericsson Fatme Spa
Rome

Italy

Simple method of adapting data-recovery
decision-level threshold to take account of
noise, drift and gain variations in the
amplifiers and demodulator.
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CIRCUIT IDEAS

Cheap mosfet audio power

To provide very good performance using
cheap mosfet output devices, this circuit
uses an op-amp driving a conventional
source follower output stage.

Transistor T7; sets the quiescent current,
the two leds dropping a fixed 3.2V; a single
zener would be just as suitable. There is a
small drift, but since quiescent current is not
critical, there is no correction.

Since the output stage voltage gain is less
than unity, the op-amp should be chosen to
have enough internal frequency
compensation (o avoid instability: it shouid
also have a high slewing rate and reasonable
current drive. Capacitor C5 reduces gain at
higher frequencies.

Power output depends on supply voltage;
at 22V, power is 15W into 8Q.

Being a low-cost circuit. it may be feasible
to use several with active crossovers, rather
than one higher-quality amplifier.

Andrew Southgate
Sutton, Cambricgeshire

No-loss tuned circuit

he circuit shown is (ideally) a loss-free

parallel tuned circuit, for use as part of
a band-pass filter or as a reasonably
accurate sinewave oscillator if the dotted
resistor is in place, although a diode limiter
across one of the capcitors may be needed
in the oscillator form. With component
values normalised to unity, the dotted
resistor would be typically 50.

Frequency control is also unity, R being

the top half to give

R
0= —.
I-R
Varying the control gives a fairly straight
line over around two octaves, accurate
enough for use in a simple spectrum analyser.
McKenny W Egerton jr
Owneys Mills, Maryland, USA.
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-z Y0 H-) Tr
Cy — 2
100 n as (Cy IRF531
o AN =z Yo, 334
IC1>—- ‘
100k = )
R ] L
- 2’?)4k5§ T
Rq ™ 3Bu g {r—)
3k BC107 { [ T
— 3
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Loss-free parallel tuned circuit with one frequency control to give a nearly straight

resistance/frequency response over two octaves.

An op-amp and a dual fet
combine to give output

kv;2 when v;>0.

National Semiconductor’s
2N5452 n-channel dual fet has
good matching between the
two devices and low output

adjustable by means of the

Transconductance squarer

Output voltage must lie within
the 5-15V range.

Including an absolute-value
detector at the input produces a

5kQ input variable, the two Arlington
diodes and the 4.7kQ resistor Texas,
ensuring that iy, does not USA

University of Texas at

Current at the

exceed Ipgs and affording SUlERlSY ’hlcs:rsg::’t,';
negative feedback should v;* proportional to the
become greater than 1V . square of the input

voltage, for inputs
greater than zero.
Absolute-value
circuit makes it a

conductance. Normally. the true squarer: either polarity of true squarer.
voltage between the fet gates input gives the same output.
and the non-inverting op-amp With a
input is constant at V,,, the UA741, the viz0 | Absolute viz0
pinch-off voltage of the two circuit works O—1 value f--—=
: . - detector 5k

transistors. Vgsa is (v;* + V) at several
and iy, is proportional to v;°. kilohertz.

The coefficient k is Alexandru Ciubotaru 1k

Q y+
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T T = \
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CIRCUIT IDEAS

Zero-crossing detector

Al every zero crossing, this circuit
produces a 150us pulse, centred on the
crossing, the output being optically isolated
from mains input.

Diodes D, _, rectify the input current,
which is limited by R, 5 to around 1.3mA;
power dissipation is minimal, so virtually
any kind of resistor will suffice. Output from
the rectifier powers the quad Nand /C,,
zener Dg limiting the voltage to about 12V.

Since input to /C; is normally high, output
from the three parallel gates is high, except
for the period around each zero crossing,
when input to /C; is low and so is the
output, which turns the led and output
transistor on. Resistor R, avoids trouble
caused by stray coupling at the transistor

Ry Dy
100 k 1N4148

O©—ww | g

Ds
1N4148
Bl

IC,
Opto-isolator

D

2
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Ll
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&
>
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QOutput

Y Pin 14

IC4
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3

1N4148

la
T

l

Ry Dy 3
100 k 1N4148

AAAA i

AAAA
Yyy
De

12 V 400 mwW

©

Y¥Vy

©

10 UF/25 V

el

\AAAZ L §

base. Capacitor C, takes about 100ms to
charge at switch-on.

AJ Flind

Taunton, Somerset

Electrocardiograph simulator

his simple ECG simulator has been
useful for some years in teaching and
equipment test and development.
1Cp 1, form an astable flip-flop at 20Hz to
drive the clock input of the decade counter
{C5, which produces sequential highs on its
(.9 outputs. The voltage at the common
point of the output resistors is determined by
the potentiometer action of one on resistor
and nine off, the values being chosen to
form the required pulse shape.
When Qg goes high, it inhibits the IC,,.,

Electrocardiograph simulator, variable from

30 to 160 pulses per minute, pulse shape
being synthesised by sequential outputs
from decade counter and resistor bank.

monostable for a time set by the 2.2MQ
variable resistor, so controlling the pulse
rate from 30pulses/min to 160p/m. At each
pulse, led D3 blinks.

The 10kQ resistor and |.5uF capacitor
smooth the stepped output from the resistor
bank and the 10k2 pot. sets the output to

Simple zero-crossing detector produces an isolated
pulse, used by the author to synchronise a sawtooth
generator.

0.2mV-2mV pk-pk. Over 4kQ output
impedance could trigger the “lost electrode™
alarm on some cardiac monitors. ]
Alberto R Marino

Madrid

Spain
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Electronic Designs Right First Time?

See us on Stand P29 EDS Wembley 5-7 Oct

Integrated Electronics CAD  Affordable Electronics CAD

i —]  |EASY-PC: Low cost PCB and Schematic CAD £98.00

I ilii EASY- PC Professional: Schematic Capture and £195.00
) PCB CAD. Links to ANALYSER il and PULSAR. :
J Schematic Capture PULSAR: Low cost Digital Circuit Simulator
= Z i £98.00
~ 1500 gate capacity. B

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

ANALYSER IlI: Low cost Linear Analogue Circuit
Simulator ~ 130 nodes

ANALYSER lll Professional: Linear Analogue
Circuit Simulator ~ 750 nodes

Z-MATCH II: Smith Chart Program for R.F. Engineers £195.00
No penalty upgrade policy. Prices exclude P&P and VAT.

T iy viema e =

-: | I Number One Systems Ltd.

£98.00

*| Analogue
-| & Digital |
= Simulation |

£195.00

| B
g_} _ .‘ Ref: WW, Harding Way, St. Ives,
And PCB Design % Huntingdon, Cambs. PE17 4WR, UK.
For Full Information Please Write, Phone or Fax.
e — L)

Tel: 0480 461778

For Less than £400! Fax: 0480 494042

CIRCLE NO. 113 ON REPLY CARD

Micro-Controller Development Systems
8748/9 Series and 8751 Series
No Emulator or Programmer required

This is what a customer said: Please nate no charge is made for software, and will
“Your system has proved an excellent and very economic way  require registration for continued use. Buitt £64.58 + VAT,
for a hobbyist to get into embedded microprocessors”™. Kit £49 + VAT
DS, (C.Eng MIEE) Southend-on-Sea KARE 51 8751 System. As above, but using 8751 OTP Micro
‘h I v I ‘o KARE 48 8748/9 System, Recommended for beginners with Monitor Downloader Program. Built £75.74 + VAT, Kit
e mer a 'e mpan, Inchudes Single Board Computer. Using 8749 OTP Micro with ~ £59 + VAL
built in Monitor/Downloader prog. Allows downloading of B8HC11 Oev Kit available soon.
progs to latile 2K memory. Edit individ SINGLE BOARD MICROS
. . bytes and examine memory. Switch to external memoryto run  SBM 40 Single board micro-controlier with 80C40 micro,
Worldwide s up Pl ier loaded program. Comes complete with Shareware Editor, Latch, 2K memory. Built £23.00 + VAT, Kt £19.95 4 VAT,
ith 3 ° ea r’s ex e rie nce Assembler and Comms package. RS232 inter-connect lead. SBM 30 Single board micro-controller with 80C32 micro,
w AIC's socketed. In fact all you need, is an IBM compatibie Latch, 2K memory. 16 1/0s available. Buitt £29 + VAT, Kit
y P PC and a 5v power supply. Software available on 3%2 0or §%.  £19.95 + VAT.

PC EPROM PROGRAMMER

@ Electron tubes: Transmitting,
Industrial, Microwave, Audio,
Receiving, Display, etc, etc.

Internal Card for PC, XT, AT, 386, 486 or Compatible
£128 + VAT “Special Offer”

@ For Maintenance, Spares or
Production. * Affordable

* Easy to instal, just plug in

@ Semiconductors: Transistors, * Programs E(E)proms and flash memory

Thyristors, Diodes, RF, Power I/C’s, * Supports 2716 through 27C2001 EPROMS
etc. * Reads, programs, verifies and saves to disk

* Accepts Intel hex, Motorola S, and binary format

® We have s :': t:’eil(argeSt stocks * Requires 8-bit bus slot of MS-DOS PC with 512K ram.

in the U.K. * Supplied with software and 60 page handbook
* 1 year warranty
* TRY US! * * MICRO ADAPTORS AVAILABLE
STAND-ALONE PROGRAMMERS also available
T A .. a—— Call us today for further information and DEMO DISK

130 NEW LONDON ROAD, CHELMSFORD,

ESSEX CM2 ORG, ENGLAND KARE ELECTRONICS %

Telephone: (0245) 355296/265865

Telex: 995398 SEEVEEG  Fax: (0245) 490064 32 Pear Tree Avenue, Ditton, Aylesford
Kent ME20 6EB Tel: 0732 844633
CIRCLE NO. 114 ON REPLY CARD CIRCLENO. 115 ON REPLY CARD
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oo | RADIO MODEM
b —— * MPT1329 licence exempt.
m - e * Range up to 20km in free
- i space or 1km in buildings.
: * Half duplex
asynchronous
' transmision at 4800/
9600 bits/sec.
* Serial interface with
PS120 PS140 PS304 RS40X | gggg rfstgg ::1;29060(50
P VOLTAGE | 230/117 230/117 230117 * 4K of buffer memory.
OPVOLTAGE | 315 138 1-15 1-15 + Brelt R
O/P CURRENT 12 14 30 40 error checking
BRSRATED - I 2 = * Automatic repeater
RIPPLE MV MV MV MV mode to extend range.
SIZE (WHD) |128x104x225|128x104x225]175x150x225|280x140x225 % Station addressable.
WEIGHT SKG SKG 8KG 10KG * Analogue and digital
PRICE INC VAT*  69.96 65.00 129.95 189.00 interfaces.
*Carriage extra * Low power battery
B Compact and lightweight e operation. :
B Cost efficient SC
B Rapid delivery Warwick Industrial Electronics Ltd
The Manor  Aston Flamville
SOUTH MIDLANDS COMMUNICATIONS LIMITED si hi
S M House, School Close, Chandlers Ford Ind Est. eicestershire
i Eastleigh, Hampshire, SO5 3BY I Tel: 0455 233616
Tel: (0703) 255111 Fax: (0703) 263507 ’ .
CIRCLE NO. 116 ON REPLY CARD s CIRCLE NO. 118 ON REPLY CARD 3
m&_ st LANGREX  *$7
GOULD (54200-DIGITAL STORA! it R TEKTRONIX453 100MHz DUAL CHANNEL
HEWLETT PACKARD 1740A- lOOMHz DUAL EKTRONIX 475-200MHz DUAL TRACE...
TEK'I‘RON!X 7313-100MHz 4 CHANNEL WT
s SRR SUPPLIESLTD
L S HANNEL TE! Tchl)\(‘ 7623-100MHz § CHANNEL WITH ANALOGU£§°0
2]11-18MHz DUAL CHANNE] TEKTRONIX 7904-500MHz 4 CH HANNEL.

217-50MHz DUAL CHANNE
226-15MHz DUAL CHANNE]
3240-50MHz DUAL CHANNE W
261-120MHz DUAL CHANNEL rom
RON SCHLUMBERGER CD1740-20MHz 4

TEKTRONIX 465 100MHz DUAL TRACE ...
TEKTRONIX 4658 100MHz DUAL TRACE
TEK’I'R%N[X 468 100MHz DIGITAL

TEKTRONIX 466 100Miiz STORAGE,
TEKTRONIX TlN 350M.‘Hz 4 CHA.N'NEL

One of the largest stockists and
distributors of electronic valves, tubes

RACAL DANA - . . -
$002 WIDERAND LEVEL METER - T e e — and semiconductors in this country
5003 DIGITAL MULTIMETER 9824 UHF FREQUEN —0-560MHz
5000 MICROPROCESSgﬁSTlM}ZR/COUNTER SO00MH: ggg? MPCY%UN%R I(\'l'!rl-é}')_HSGOMI'Iz I ;. n 3
$303 S0Miis UNIVERSAL COUNTER TIMER Over 5 million items in stock covering more than
9905 FREQUENCY COUNTER - 200MHz 1

sslqgg'REOUENCY METER (UHF FREQ. COUNTER -

6,000 different types, including CRT’s camera
tubes, diodes, ignitrons, image intensifiers, IC’s,
klystrons, magnetrons, microwave devices, opto

HEWLETT PACKARD _ 41SESWRMETER G A s =

1o0TR Wiriraasn- SWED b T e Gt g electronics, photomultipliers, receiving tubes,
(RACK MOUNTED..... 651B TEST OSCILLATOR 0-10MHz 5 oge .

R TONCEAE 5 10108 X ¥ RECORDER i £150 rectifiers, tetrodes, thryatons, transistors,

3406 A BROADBAND SAMPLING VOL’I’M}?I‘ER § 86905 SWEEP OSCILLATOR WITH 894 PLUG-IN (B
TRANSMITTER FITTE

500 transmitting tubes, triodes, vidicons.

WITH 3716A B/B TX. .. 81505 STORAGE NORMALISERS... 400
i T e i
3T10K AND 51028 MAXE Uh i ANALYSER. ....o.c..... ] £3000 All from major UK & USA manufacturers.
MICROWAVE LINK ANALYSER 854 2 e £5K
Siean g}?gc?RG[?EN'FERgTER $761R PRROR DETEGTOR - 8 }ESSO/pﬂx Wh till ilabl
B ONR-COR 37795 PRIMARY MULTIPLEX ANALYSER .. £l ere stili available.
L T O e 84435 TRACKING GENERATOR COUNTER 500
400 F AC VOLTMETE! 844SB AUTOMATIC PRESELECTOR....... 750 l . - . .
400E AG VOLTMETER "f18  S01IAPULSE GENERATOR......... = Obsolete items a speciality. Quotations by return.
MARCONI I5 ithi
TF OY% O MILLIWATT POWER METER............£25 gggg;ggmgg,sgggggy&on 120 Telephone/telex or fax despatch within 24 hours
. TF 2008 AMEMSIG, GEN g

’ on stock items. Accounts to approved customers.
Mail order service available.

LANGREX SUPPLIESLTD

TF 22)3/1 X-Y DISPLAY
-£100  TF 2300 FM/AM MODULA
70 TF 2330B FM AM MODULA
TF 2330 WAVE ANALYZER
TF 2370/1 110MHz SPECT LYZER..
TF 2432A 560MHz DIGITAL I(LUU =NCY M

TF 2600 SENSITIVE VALVE VOLTMETER

METER.....
TF 1247 20-300MHz OSCILLATO
TF 2016 AM/FM SIGNAL GENE

3
2
8
=
=]
1<
[=]
pe
o
2
5
g
3
4

e Rem:m;mmm”- |
ol 5 e S 1 Mayo Road, Croydon, Surrey CR0 2QP
NEW £50K) NOW ..... WAVETEK 650 2MHZ VARIABLE PHASE
SEND LARGE SAE FOR LIST OF EQUIPMENT, TOO NUMEROUS TO LIST HERE Tel : 08 1 -684 1 1 66

[ ALL EQUIPMENT IS USED, WITH 30 DAYS GUARANTEE ] .
PLEASE CHECK AVAILABILITY BEFORE ORDERING. CARRIAGE + VAT TO BE ADDED TO ALL GOODS Telex 946708

TELNET Coicimevcvasse o o A ESTATE Fax: 081-684 3056

(Premises situated close to Eastern Bypass in Coventry with easy access to M1, M6, M40. M69)
Telephone: 0203-650702 Fax: 0203-650773

CIRCLENO. 117 ON REPLY CARD CIRCLE NO. 119 ON REPLY CARD
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NEW PRODUCTS CLASSIFIED

ACTIVE

Asics

Mixed-signal asics. Fulitsu has a
new family of mixed-signal, standard-
cell asics in 1.2 and 0.8micron cmos,
which includes two layers of
polysilicon and three metal layers for
the integration of analogue and fast,
dense logic. Fujitsu Microelectronics
Ltd, 0628 76100.

A-to-D & D-to-A
converters

12-bit, 2MHz ADC. Datel's ADS-
132/883 analogue-to-digital converter,
qualified to MIL-STD-883, is a high-
speed A-to-D combined with a fast
sample-and-hold amplifier in a small
32-pin TDIP package. It has its own
reference, three-state outputs, digital
correction circuitry and internal clock.
Total harmonic distortion is —80dB.
Datel (UK) Ltd, 0256 880444.

Discrete active devices

13.5GHz transistor. The industry’s
highest gain/bandwidth product of
13.5GHz is achieved by Hitachi’s
2SC5080, which also offers a noise
factor of 1.1dB at 900MHz, 5V and
5mA. At a bandwidth of 2GHz,
forward transfer gain at around
900MHz is 11.7dB. The device is in a
miniature SM resin moulded MPAK-4
package. Hitachi Europe Ltd, 0628
585000.

SM rectifier diodes. 1W surface-
mounting rectifier diodes by Temic-
Telefunken are available in the 50V-
1000V range in standard, fast and
ultrafast versions. ITT
MULTIcomponents, 0753 824212.

UHF mesfet. SGM2014M is a GaAs
dual-gate mesfet by Sony, intended
for UHF low-noise amplifiers, mixers
and oscillators. Noise figure is 1.5dB
at 900MHz and gain is 18dB; cross
modulation is low and there is a gate-
protection diode built in. The device is
packaged in a standard four-pad
SOT-143. Sony Semiconductor
Europe, 0784 466660.

Linear integrated
circuits

VHF linear amplifier. RF2103is a
medium-power linear amplifier for

digital or spread-spectrum
transmitters operating in the 800-
1000MHz region, or as an exciter for
higher powers. The IC is self-
contained, with a power-down facility,
and produces 800mW CW or 400mW
average for two-tone input, at 6.3V
DC or 3V (135mW CW). Gain is 25-
30dB. Anglia Microwaves Ltd, 0277
630000.

Current-feedback op-amp. Burr-
Brown OPA623 has a large-signal
bandwidth of 350MHz at 2.8V pk-pk
and +70mA output. Quiescent current
is 4mA. An external feedback resistor
sets open-loop gain for best
frequency response and constant
bandwidth with varying gain. Slew
rate is 2100V/us. Burr-Brown
International Ltd, 0923 233837.

Power-factor controllers.

MC34262/33262 are power-factor
controller ICs meant for use as
preconverters in electronic ballasts
and in off-line power converters. They
include start-up timer, single-quadrant
multiplier for near-unity power factor,
zero-current detector,
transconductance error amplifier,
trimmed bandgap reference and
output for power mosfets. There is a
full range of protective measures.
Motorola Ltd, 0908 614614,

Logic building blocks

Modems. Hitachi has released three
new single-chip modem ICs,
HDB819003/04/10, based on the
earlier 81900. They conform to CCITT
V.29, V.27ter and V.21ch2 standards
and carry out G-Il fax mod./demod.
operations. Functions now on-chip
include touch-tone telephone control,
transmission message record and
playback and reception data error
correction. Hitachi Europe Lid, 0628
585000.

Bus interface. IDT's IDT74 FC1625
11T is said to be the fastest buffered
parity generation and checking device
available, and can be configured as a
register, latch or transceiver,
supporting 16 bits with byte-level
parity generation and checking. The
56-pin IC replaces up to eight chips.
Integrated Device Technology, 0372
377375.

RS232/562 transceiver. Designed for
low-power application, the Linear
LT1331is a three-driver, five-receiver
interface IC that keeps only one
receiver alive during shut-down. It
operates in 3V and 3V/5V systems
and includes +10kV electrostatic

discharge protection, which Is clalmed
to be the industry’s highest. Using
0.1uF charge-pump capacitors, the
device supports data rates to
120kbaud into 3Q and 2500pF in
either mixed 5V/3V or 3V only modes.
The active receiver wakes the system
up on receipt of data. Linear
Technolgy (UK) Ltd, 0276 677676.

CD interface/audio processor.
MCD220 by Motorola interfaces CD
drives with the CD-| system bus,
performing all CD-| base case audio
functions; it is compatible with CD-
DA, CD-ROM, CD-karaoke and
Photo-CD standards. The device runs
at normal, double or quadruple speed
and supports JTAG boundary scan.
Motorola Ltd, 0908 614614,

Home automation modem. S77537
by SGS-Thomson is a modem IC
intended for the control of domestic
heating, security and other functions
in the home. The use of frequency-
shift keying makes for reliability, data
rate being 1200b/s at a carrier
frequency of 132.45kHz. Data is
conveyed by AC power cables in
compliance with Cenelec EN50065-1
and the US FCC standards. Multiple
devices operate on the same power
line. SGS-Thomson Microelectronics,
(Italy) 39-6035-597.

Fifos. TI's new first-in-first-out
families are expressiy designed for
communications and digital signal
processing, using multi-stage clocked
architecture to handle data at up to
67MHz clock speed. One-bit fifos are
available for telecomms, in which
users have been forced to specify up
to 9-bit devices, wasting memory. For
DSP, there is a 36-bit design, the
SN74ACT36XX, running at 67MHz.
Texas Instruments, 0234 223252.

Memory chips

64Kb eeprom. AMT's 24C65 is
claimed to be the world's first 64Kb
device and is the first in a new series
of smart serial eeproms. Bus rate is
400kHz, there is a 64Kbyte data-input
cache and up to eight devices can be
on the same bus to give 512Kb. A 4K
block of one million cycle erase/write
memory is provided, as is a 60K block
10,000-cycle memory. Arizona
Microchip Technology, 0628 850303.

Microprocessors and
controllers

Floating-point accelerator. An
arithmetic co-processor board using
the risc machine’s floating-point
accelerator chip is meant for use with

Telecomms controllers.
HD404638/9 are low-power
telecommunication system
controllers operating from
voltages down to 2.7V, several
power-saving stand-by and
stop modes being provided, as
well as a 32kHz "sub-active”
clock. The two devices have 8K
and 16K by 10 bits of rom
respectively and 1152 by 4 bits
of ram. The HD4074639 has
16K of one-time-programmable
memory, and all three have
DTMF generator, timers, serial
interfaces, a voitage
comparator and input capture.
Hitachi Europe Ltd, 0628
585000.

the Archimedes A540 and A5000 and
the R260 Unix station. The FPA10
interfaces with the ARM family of
CPUs,implementing often-used
instructions on-chip and a-
software/chip combination for the rest.
The chip fits a socket on the A5000
motherboard and the A540 card to
Increase floating-point performance
by about 50 times; double and
extended precision calculations are
accurate to 14 and 18 decimal places
respectively. Acorn Computers Ltd,
0223 245200.

Microcontroller. An eight-bit risc
microcontroller by Arizona, the
PIC16C84 contains 1K by 14b of
eeprom program memory, 64Kbyte of
eeprom data memory and 38 by 8b of
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general-purpose ram. Supply is 2-6V
and the sleep mode current is 400nA.
There are four hardware interrupts,
including wake-up on keystroke and
the instruction set has 35 single-word
instructions to give a single-cycle
execution rate of 400ns. Arizona
Microchip Technology, 0628 850303.

Frugal micro. TMP68003F by
Toshiba is a microprocessor based on
the 68HCO00 microprocessor core,
but with two types of power-down and
a clock generator. In power-down,
either the clock alone is left running to
support external circuits or the whole
thing is turned off, in which case
current drain is 0.1mA. The 80-pin
PQFP package has all the address
bus pins on one side and all the data
pins on the other. Toshiba Electronics
(UK) Ltd, 0276 694600.

Mixed-signal ICs.

PC sound synthesiser. Yamaha's
YMF278 sound synthesiser generates
both PCM and FM sound through a
single device; PCM comes from a
16Mb rom. With the addition of a D-
to-A converter, an effects processor
and a wave rom, it forms a MIDI level
1 system. The FM generator is
compatible with the YMF278 sound
source LSI. Twenty-four tones may be
generated simultaneously at 44.1kHz
sampling rate, the data word being 8,
12 or 16bit. Output is in stereo. Polar
plc, 0525 377093.

Volice for modems. Rockwell’s
RC96V24ACW cmos modem chipset
allows a PC to act as a comms station
for data, fax and voice storage and
playback from one telephone line. It
conforms to the TR29.2 standard and
Rockwell has a development program
(VAPI) for Windows and dos which
provides a driver. VAPI stores data on
disk and has intelligent call
discrimination to sort out the use of
the single line. RCS Microsystems
Ltd, 081-979 2204.

Optical devices

Bright led. Tosbright TLOA156P by
Toshiba is an exeptionally bright led,
intended in the main for use as high-
mounted car stop lights, where it
offers size and placing advantage
over the more usual Incandescent
bulb, measuring only 5Smm diameter.
Intensity is 800mcd at 620nm over
30deg angle, with a forward current of
20mA. Toshiba Electronics (UK) Ltd,
0276 694600.

Programmable logic
arrays

5ns eecmos pal. Claimed by AMD to
be the fastest electrically erasable 20-
pin programmable logic device
currently being sold. Maximum clock
speed is 142.8MHz and the device
uses less power than bipolar 5ns ICs,
also offering the facility of frequent
and fast reprogramming.
PALCE16V8H-5 has pull-up resistors
on inputs and i/o and is a plug-in
replacement for the PAL16R8 and
most of the PAL10H8 series.
Advanced Micro Devices UK Ltd,
0483 740440.

600MHz DSO. With a sampling
rate of up to 5Gsample/s,
LeCroy's 9360 digital
oscilloscope is able to digitise
waveforms completely in one
shot, bandwidth being 600MHz.
Smart triggering offers edge,
window, glitch, pulse width,
interval width, state and edge
qualified, dropout and television
triggers. Basic waveform
processing is included, with
enhanced processing a firmware
extra. A built-in printer produces
screen dumps in 10s. LeCroy
Ltd, 0235 533114.

PCMCIA PLA. EPM7032 is Altera's
first entry to the personal computer
memory card market and is one of the
multiple-array matrix 7000 family of
high-speed EPLDs, having 32
macrocells and 36 i/o pins. Pin-to-pin
delay is 7.5ns. The devices are
supported by MAX+PLUS Ii software
for PCs and workstations. Altera UK
Ltd, 0628 488811.

Power semiconductors

95% efficlency regulator. Linear's
LTC1147is an 8-pin step-down
switcher exhibiting 95% efficiency at
an output current of 20mA-2A. with a
stand-by current of 160uA (quiescent
20uA). it comes in fixed 3.3V and 5V
versions, accepting 4V-16V at the
inputs. An external mosfet is driven at
up to 250kHz. Burst mode stand-by
power is 2mW with a 10V input.
Linear Technology (UK) Ltd, 0932
765688.

2A, 5V switcher. MAX726 is a step-
down switching regulator, accepting
8V-40V (60V in the 726HV) and
producing 2.5V-40V. ltis a buck
regulator and can be arranged as an
inverter, a negative boost converter or
a flyback converter with input down to
5V. Power switch, 100kHz oscillator
and control circuitry are built in.
Maxim Integrated Products Ltd, 0734
845255.

Transient suppressor. Semtech's
tranient voltage suppression diode
array handles 300W peak pulse
power per line, has data, signal and
DC supply line protection, and is
obtainable in unidirectional and
bidirectional forms. Reverse stand-off
voltage is 5-24V, leakage current 1pA
or 100pA and capacitance 63-550pF.
Semtech Ltd, 0592 773520.

Motor control. Siliconix’s S/9901
provides low-to-high-voltage
interfacing to the Si9911 and Si9914
high-side drivers, with built-in
protection for high-voltage motor
control. Si9901 low-side driver
includes the bootstrap diode,
protection circuitry, fault indication,
cmos-compatible input and a pump
oscillator. A 1pA quiescent current
reduces drain on the boostrap
capacitor. Siliconix, 0344 485757.

Power mos arrays. Under the name
POWER+ ARRAYS, Texas offers up
to seven power transistors on one
chip. In various packages,
TPIC5201/2202/2301/2701 contain
from two to seven devices. Those
with up to three transistors are 7.5A,
60V devices, while the seven-device
package (TPIC2701)contains 0.5A
types. Texas Instruments, 0234
223252.

PASSIVE

Passive components

Encapsulated transtormers. For
switched-mode power supplies,
MicroSpire has introduced the MPMP
series of transformers and MPLP
inductors, both of which offer high
power in a small size; 40W from 3400
cubic millimetres, for example. Height
is as litlle as 5mm above the board
and, since the core material touches
the board, it acts as a heat sink, so
that the units withstand 150°C.
Microspire UK Ltd, 0227 740368.

Tantalum chips. Ultra-miniature
tantalum-chip capacitors in NEC's
SVS range measure 2 by 1.2 by
1.25mm, but come in values from
0.33uF to 2.2puF at voltages from 2.5V
to 16V DC. Leakage current is 0.54A
maximum with a dissipation factor of
0.1. The existing R series covers the
0.047-330uF range at up to 50V DC.
NEC Electronics (UK) Ltd, 0908
691133.

Electrolytics. Nichicon's Muse
electrolytic capacitors come in nine
varieties, all of them intended for
audio use. Range of values is 0.1-
22,000pF at 4-100V DC. The ranges
have various levels of use: KZ, for
example, is meant for high-quality
audio, ES is non-polarised, FA is for
mid-to-top quality work and KV is a
6mm long chip type. Nichicon
(Europe) Ltd, 0276 685393.

Lithium batteries. High-performance
manganese dioxide lithium backup
batteries in button form for 3V
operation are available from P Caro.
Six sizes from 25mAh to 500mAh
provide continuous current of 2mA to
20mA. P Caro & Associates Ltd, 021
742 1328.

Current limiters. Surge-Gard
current-limiting devices from Rhopoint
handle steady-state current from 0.3A
to 30A and are meant for use in
bridge power supplies to limit the
inrush current for up to two seconds,
whereupon their resistance decreases
so that voltage drop is negligible.
Several may be placed in series.
Rhopoint Components, 0883 717988.

Chip capacitors. Solid tantalum chip
capacitors in the Matsuo Tanchip 267
range are resin moulded and
designed for surface mounting, being
as small as 3.2 by 1.6mm and
precisely sized. Capacitance range is
0.1pF-100pF at 4-35V, or up to 220pF
in a larger case. Operating
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temperature is —-55°C to 125°C.
Surtech Interconnection Ltd, 0256
51221.

Connectors and cabling

Edge connector. Methode has an
edge connector with a 0.05in pitch
and 0.3in off-board height. Between
20 and 132 beryllium-copper pins are
mounted on a 0.05 by 0.1in grid in a
heat-resistant polyphenylene sulphide
body. ITT MULTIcomponents, 0753
824212.

Filtered BNCs. Noise problems in
coax. transmission lines are reduced
by Oxley’'s BNC connector with built-
in filtering. The cable outer is not
connected to chassis, avoiding
ground loops, integral multilayer
ceramic capacitors providing AC
coupling, so that noise currents on the
screen can be decoupled to ground.
VSWR is better than 1.3:1 over 0-
4GHz and, with 10nF between cable
screen and equipment shield,
attenuation is over 30dB. Oxley
Developments Co. Ltd, 0229 52621

Euro V35 connector. St Cross now
stocks the Belgian CDM range of
products, including the CDM-V.35
connector designed for the V.35
CCITT interface, which incorporates
strain relief and RFI/EMI shielding. St
Cross Electronics Ltd, 0703 227636.

Displays

Panel meters. Digitron's new 440
series panel indicators work with a
variety of sensors, for which the
indicators provide a 12-24V supply.
Model 445 is a 3.5 digit led type, while
the 448 also has a single set-point
changeover relay. The units are
approved to BS 5750. Digitron
Instrumentation Ltd, 0992 587441.

Slim displays. Epson’s EG8501
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