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The tortoise and the hare

f you said that the capacity of mobile

telecommunications networks could overtake fixed
wire phones in the next five years or so, you'd risk
being thought crazy. After all, terabit per second data
rates for cable have been demonstrated in laboratories
while the guaranteed GSM capacity is only 9.6kbit/s.

But although the potential of fixed link
communications is vastly greater than wireless,
commercial considerations seem to be driving the
mobile people to higher capacities faster than the fixed
link people.

The technology bane of the age has been the leaden
pace of advance of the fixed wire telecommunications
service providers. Most of us still have the 28.8kbit/s
rate offered by the standard twisted pair wires running
into our houses, despite the fact that technology to boost
that capacity by more than ten times has been around
for some fifteen years.

Of the two most suitable ways of increasing carrying
capacity — ISDN and ADSL - 384kbits/s ISDN has been
deployed grudgingly and expensively, costing an extra
£80 or so on your quarterly bill, while 2Mbits/s ADSL
remains some way off.

“We’ve completed year-long ADSL trials in Ipswich
and Colchester. Consumer trials start in September and
we're currently looking for 30 content providers to join
in those trials,” says a BT spokesman.

Yet the world’s mobile operators have inked in 2000
as the date for having third generation mobile
technologies called UMTS (universal mobile telephone
systems) running. And they’ll run at 384kbit/s — the
same as fixed wire ISDN. Moreover, the mobile people
are talking about an accelerated move to 2Mbits/s,
which takes capacity into the territory of [ISDN’s
successor technology ADSL.

A wild card in the equation is the world’s first ‘global
wireless LAN® — the broadband, 288 satellite
constellation Teledesic — backed by Bill Gates, Craig
McCaw, Motorola and Prince Talal of Saudi Arabia,
which is expected to begin its service in 2003. Capacity
and cost of use is not yet known, but it could provide
global access to a network for voice communications,
datacommunications, video communications and
Internet access which would make every other network
redundant - if the others don’t provide at least
equivalent carrying capacity.

The thing is that the mobile people seem to be
moulded from more entrepreneurial clay than the fixed
link people with their 100 year legacy of being
government-controlied monopolists.

Furthermore, as the government wises up to the
benefits of promoting competition by auctioning off

licences to operate mobile telephone networks, they’ll
probably be getting more competitive.

In May, Barbara Roche, minister of state at the
Department of Trade and Industry, announced that
UMTS licences would be sold off in an auction in 1999.

Roche was following the example of the Americans
who raised, or thought they had raised, an amazing
$16bn in auctions of mobile phone licences in 1995 and
1996.

‘Thought they had raised’ has to be said because a
number of the buyers of American licencees
subsequently withdrew, realising they had overbid.

Roche has more modest expectations, expecting only
£1.5bn for the UK licences, which seems about right in
view of the 5:]1 population difference between the UK
and US, less generous financial arrangements for
bidders, and more stringent qualification provisions. In
the US auctions only very modest amounts of money
had to be paid up-front, and almost anyone, regardless
of antecedents, could bid.

A second wild card in the equation could be the
satellite systems which are to provide digital television
broadcasting. Regulators permitting, these satellites can
also be used to provide telecommunications services.

It looks as if the regulators are going to be permissive
because the EC has agreed to allow Rupert Murdoch’s
BSkyB and BT to set up a joint venture called British
Interactive Broadcasting to provide interactive tv and
telecommunications services using the Murdoch
satellite constellation.

All these people spending money on expensive
mobile network licences, and on even more expensive
satellite constellations, will be anxious to see returns on
their investments. That’s why it’s possible that the
aggressively profit-conscious mobile operators could
out-bandwidth the fixed wire operators still hampered
by their monopolist mental legacy ]
David Manners
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development. g £85.00+f£5 P&P + VAT

microprocessor containing an
operating  system  and

erasable non-volatile memory.
Physical protection against
unauthorized tampering with
the card is provided through
the  following  scheme:
The microprocessor and
memory are created as a
{ single chip. This insures
there are no data paths that
can be monitored or probed. This chip is

NEW CHIPDRIVE -micro connected to a thin circuit board and
Fully Compatible with TOOLBOX for application encap_sulasa’d with ?n Zpoxy'J’ﬁe module”
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and Toolbox
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.
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The microprocessor operates under
control of a “built in" program called
an operating system. A senal interface
- which make it impossible to access
the memory directly - is employed to
communicate with the card. An ISO

(International Standards

Organisation) protocol is used to

exchange commands and data with

the card.Finally, Holograms, signature
stripes, photos, etc can be applied to

Xo0wroo-

Driver and application software is available for the

32 Bit DLLs with just one function call to the
“CardServer”, a powerful Background task which

CHIPDRIVE family of terminals including the command
set DLL for Windows 3.11/95NT, easy to use 16 and

card for additional security. And the
card can be custom printed with your
artwork. Crownhill can supply OPEN
ARCHITECTURE cards, that will allow
you the end user to create your own

relieves the application programmer from device and
card administration. Featuring automatic protocol and
card type detection. Allowing severa! applications to
access one terminal dependent on the type of card
inserted.

£29.95 + £5 P&P + VAT

operating system, to control access to
the EEprom memory of up to 64Kbits
(8Kbytes) in size. Crownhill have off
the shelf operating systems for Control
access, Electronic purse and Portable
Document applications. Others can be
written to your specification.

SMARTCARDS Available from Stock:
GemPlus, Atmel, Xicor, Siemans, SGS Crownhill and more. . .
SLE4442, 4432, 4418, 4428, 4404. ATBBSCxxx, AT24¢c01-16.
GPM103, GFM1K, 2K, 4K, GPM416 Phone Cards, Loyalty Cards

THE SMARTEST SOLUTION
Crownbhill can offer a broad range of smart cards from just £1.00 and Smart Card'
sockets for just £1.45 each. PIC Microchip based Smart Cards now available at just
£3.50 each ... DEVELOP YOUR OWN SMART CARDI Crownhill can supply over 150
different types of IC from more than 12 silicon suppliers, which can all be
incorporated into smart card format. Some cards are available from stock, most are

‘ manufactured to the customers’ specification
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Mobile video phones: Japan leads Europe

apan looks set to steal a march on

Europe in the development of
mobile video phones.

Since Japan’s third generation
mobile services (IMT-2000) — based
on wideband code division access
(W-CDMA) — will be compatible
with Europe’s UMTS services,
Japanese developed video handsets
will also be suitable for use in
Europe.

European third generation UMTS
services are due to start in 2001, a
year later than Japan’s, so European
suppliers accept that Japanese
manufacturers will be in a strong
position in the market for next
generation handsets.

“Whereas the US led with first
generation wireless phones (AMPS)
and Europe with second generation
GSM, Japan is looking to lead with
the third generation IMT-2000,” said

an industry observer. “However,
Europe is fully aware of the threat.”

Matsushita Electric Industrial is
developing an MPEG-4 core for a
mobile video handset available from
2000, once third generation mobile
phone services begin in Japan.
Matsushita and NEC have also been
selected for an IMT-2000 handset
trial being undertaken by Japanese
phone operator NTT Docomo.

Texas Instruments — which claims
to have its dsps in over half of all
GSM handsets — is acutely aware of
the importance of video and the
MPEG-4 audio visual standard for
mobile phones.

“Video is the next medium for
cellular,” said Eric Dewannain, TI’s
semiconductor’s group European
multimedia programme manager.

He admitted that the advent of
IMT-2000 places Japanese firms on

an equal footing with European.

This is also the view of UK
consultancy The Technology
Partnership (TTP). “The power base
is definitely shifting East,” said
TTP’s Dr Tony Milbourn, who
added, “Don’t underestimate the
position of European firms.”

TI's Dewannain confirmed that the
company was undertaking MPEG-4
simulation work but would not be
drawn on when its expects to have
MPEG-4 silicon. Will it have silicon
for the Japanese market by 20007 “I
cannot say,” he said.

Other companies in Europe
undertaking r&d work on video
coding algorithms for handsets
include Siemens and Bosch.
However neither has revealed time
scales for any video coding
hardware.

Roy Rubenstein, Electronics Weekly

Fingerprint ICs suit phones and laptops

TMicroelectronics is preparing to

put its fingerprint recognition IC
into production for products such as
mobile phones and laptop pcs. A
prototype was first shown in May
last year with 390dpi resolution. This
latest version ups the resolution to
508dpi.

“Our product is based on a sensor
which detects capacitance between
the finger and a plate. This can
recognise the difference between
ridges and valleys of fingerprints,”
said product manager Herve Martin.

All the associated electronics,
including a-to-d converters, is
integrated, so the sensor can easily
be interfaced to a controller using an
I°C bus.

Resolution and sensitivity of the
sensor are high enough to detect the
difference between — hold onto your
breakfast — a live or dead finger.

Martin expects the sensor to be
integrated into phones and laptops
next year. It is small enough for such
applications because the entire
sensor is constructed on silicon.

Low-cost radio links for
Infer-pc comms

A specification for low cost radio links between
electronic equipment has been announced by a group
of companies headed by Ericsson.

Developed with the help of IBM, Intel, Nokia and
Toshiba, the technology code named Blue Tooth will
provide wireless links between pcs, mobile phones,
digital cameras and printers.

Data rates will be 432kbit/s full duplex between up
to eight devices per network. Two simultaneous
voice channels will be possible. The technology uses
2.4GHz microwave links and is estimated to cost $5
in semiconductor costs to implement in each product.

Far left,
STMicroelectronics’
fingerprint sensor has
gone into production.

Left, resolution and
sensitivity of the
sensor are high
enough to detect the
difference between a
living finger and one
that has been chopped
off!
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UPDATE

ITC warns digital tv set-top makers

he government's broadcasting

watchdog has issued a warning to
set-top box receiver manufacturers and
broadcasters as it draws up the
technical guidelines for the
introduction of digital television
services later this year.

The Independent Television
Commission (ITC) wants to ensure
that viewers know what they are
paying for when they buy the digital
set-top boxes needed to receive digital
tv services. “What the viewer plugs in
must be able to do what he expects it to

do.” said Peter Rogers. ITC chief
executive. “We don’'t want the
consumer to be confused.”

Action against a digital tv
broadcaster that does not fulfil its
licence conditions can be taken by the
ITC. but the watchdog cannot stop set-
top boxes being sold that do not
conform to the document. ~“We are not
all powerful and don’t aspire to be.”
said Rogers.

The ITC is hoping to clarify
standards for the interoperability and
open access of digital television

ADSL for Web access is imminent

igh-speed Internet access.

manager for dsl technology at

based on asymmetrical
digital subscriber line
technology. or adsl, will start to

STM. The company expects up
to 400000 lines to be connected
this year. increasing to three

roll out this year, claims SGS-

Thomson Microelectronics
(STM).

Telecoms firms in several
countries — including the US

and Denmark — have
committed to using the
technology which gives
Internet access at up to
6Mbit/s.

“The volume deployment of

adsl starts this year.” said

Pierandrea Borgato, product

million by the year 2000.
Although originally
developed for the tv industry,
particularly video-on-demand.
adsl has more recently been
championed by Internet users.

“The need for more and faster

Internet access is driving the
development of adsl.” said
Borgato. “There will be 100

Internet in the year 2000.”
Because of the switch from

million people connected to the

video-on-demand to Internet, a
lower speed version called
ADSL Lite has been specified
by Intel. Microsoft and
Compagq. It has a 1.5Mbit/s
downstream speed and
384kbit/s upstream.

“The Lite version has come
into favour because of its lower
speed and hence simpler
installation.” Borgato added.
The system uses all existing
wiring and phone sockets. The
lower data rate also enables
longer runs of standard copper
wiring up to several miles.
Richard Ball, Electronics Weekly

services from competing satellite and
terrestrial broadcasters with the
publication of a consultation
document. It proposes a framework of
digital transmission standards as well
as a requirement for service providers
to support reception of their services
on open standard integrated digital
televisions.

According to the ITC. satellite
broadcaster British Sky Broadcasting
(BSkyB) has concerns over open
access creating difficulties in making
receiver chips piracy proof. But, the
ITC does not accept that open access
makes piracy any more likely.

Last month BSkyB issued a writ
against digital terrestrial TV
broadcaster British Digital
Broadcasting (BDB) following BDB's
decision to use the SECA conditional
access system which it believed was
incompatible with its own and which
was not part of an agreement struck
when BSkyB agreed to quit the BDB
consortium before it won the licence.

There has now been positive dialogue
between the two on the issue of
interoperability. according to the ITC.

Standards for terrestrial. satellite.
cable and microwave digital
televisions are all covered in the
document which the ITC is inviting the
industry to comment on by 10 July.
Melanie Reynolds, Electronics Weekly

NHS year 2000 problems could cause deaths

on-Year 2000 compliant

microcontrollers embedded in
NHS equipment threaten
widespread disruption in hospitals
and surgeries with potentially fatal
consequences for patients, the
National Audit Office (NAO) has
warned.

Some 15 per cent of Trusts
admitted to the NAO that they
could not be confident of ensuring
that their clinical equipment would
continue to function normally in
the year 2000 despite predicted
spending on the year 2000 for the
NHS as a whole of £230m

Embedded micros are the key
threat, says the report.

David Davis. chairman of the
House of Commons Public
Accounts committee. to which the
NAO reports. underlined the
warning: “Much of the equipment
used in diagnosis and treatment.
for example. intravenous infusion
pumps used commonly in the NHS.
contain embedded
microprocessors. Failure of such
vital pieces of equipment could
have even more serious
consequences for individuals than
failure of major computer
systems.”

Many of the more sophisticated
laboratory. X-ray and other
diagnostic and treatment services
rely on electronic equipment with
embedded computer chips.
“Failure of these systems could
have serious consequences for
patients.” said the NAO.

The NAO's report concludes that
“some parts of the NHS remain at
risk of failing to achieve year 2000
compliance”.
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STORAGE OSCILLOSCOPE
SPECTRUM ANALYZER
VOLTMETER
TRANSIENT RECORDER

The HANDYSCOPE 2 connected to the
parallel printer port of the PC and
controfied by very user friendly software
unger Windows or DOS gives every-
body the possibility to measure within a
few minutes The philosophy of the
HANDYSCOPE 21s
“PLUG IN AND MEASURE'

Because of the good hardware specs
(two channels, 12 bit 200 kHz sampling
on both channels simultaneously 32
KWord memory, 0 1 to 80 volt full scale,
0 2% absolute accuracy software
controlled AC/DC svatch; and the very
complete software ioscilioscope
voltmeter, transient recorder and
spectrum analyzer) the HANDY SCOPE
2 is the best PC controlled measuring
instrumentinits category

The four Integrated wvirtual instruments
give lots of possibilities for performing
good measurements and making clear
documentation The software for the
HANDYSCOPE 2 1s suitable for
Windows 3.1 and Windows 85. There 18
also software avaitable for DOS 3 1 and
higher

A key point of the Windowss software is
the quick and easy control of the
instruments Thisis done by using

- the speed button bar Gives direct
access tomost settings

- the mouse Place the cursor on an
object and press the rnight mouse button
for the correspondingsettings menu

&

TiePie introduces the HANDYSCOPE 2
A powepful 12 bit virtual measuring instrument for the PC

- menus All settings can be changed
usingthe menus

Some quick examples.

The voitage axis can be set using a drag
and drop principte. Both the gain and the
position can be changed in an easy way.
The tme axis is controlled using a
scalable scroll bar. With this scroll bar the
measured signal (10 to 32K samples)
can be zoomedlive in and out

The pre and post trigger moment Is
displayed graphically and can be
adjusted by means of the mouse For
triggening a graphical WY SIWYG trigger
symbol 1s available This symbol
indicates the trgger mode, slope and
level These can be adjusted with the
mouse

The oscilloscope has an AUTO DISK
function with which unexpected
disturbances can be captured. When the
instrument Is set up for the disturbance,
the AUTO DISK function can be started
Each time the disturbance occurs, It is
measured and the measured data is
stored on disk When pre samples are
selected, both samples before and after
the moment of disturbance are stored

The spectrum analyzer is capable to
calculate an 8K spectrum and disposes
of 6 window functions. Because of this
higher harmonics can be measured well
(e g for power line analysis and audio
analysis)

The voltmeter has 6 fully configurable
displays. 11 different values can be
measured and these values can be
displayed in 16 different ways. This
results in an easy way of reading the
requested values. Besides this, for each
display a bar graphis available.

When siowly changing events (like
temperature or pressure) have to be
measured, the transient recorder is the
solution. The time between two samples
can be setfrom 0.01 secto 500 sec, so it
is easy to measure events thatlast up to
aimost 200 days.

The extensive possibilities of the cursors
tn the oscilloscope, the transient
recorder and the spectrum analyzer can
be used to analyze the measured signal.
Besides the standard measurements,
also True RMS , Peak- Peak, Mean, Max
and Min values of the measured signal
are available.

To document the measured signal three
features is provided for. For common
documentation three lines of text are
available. These lines are printed on
every print out. They canbe used e.g. for
the company name and address. For
measurement specific documentation
240 characters text can be added to the
measurement. Also “text balloons" are
available, which can be placed withinthe
measurement. These balloons can be

spreadsheet program. All instrument |

settings are stored in a SET file. By
reading a SET file, the instument is
configured completely and measuring
can start at once. Each data file is
accompanied by a settings file. The data
file contains the measuredvalues (ASCII
or binary) and the settings file contains
the settings of the instrument. The
settings file is in ASCil and can be read
easily by other programs.

Other TiePie measuring instruments are:
HS508 (50MHz-8bit), TP112 (1MHz-
12bit), TP208 (20MHz-8bit) and TP508
(50MHz-8bit).

Convince yourself and download the
demo software from our web page:
http:/Awvww.tiepie.nl.

When you have questions and / or
remarks, contact us vta e-mail
support@tiepie nl

Totat Package:
The HANDYSCOPE 2 is delivered with
two 1:1/1:10 switchable oscilloscope

1
|

probe's, a8 user manual, Windows and |

DOS software. The price of the
HANDYSCOPE 2is £ 299.00 excl. VAT.

TiePie enginering (UK), 28 Stephenson
Road, Insdustrial Estate, St. lves,
Cambridgeshire, PE17 4WJ, UK

Tel: 01480-460028; Fax: 01480-460340

configuredto your own demands TiePie engineering (NL)
Koperslagersstraat 37

For printing both biack andwhite printers 8601 WL SNEEK

and color printers are supported. The Netherlands t

Exporting data can be done in ASCII Tel:+31515415416

(SCV) so the data can be read in a Fax+31515418819

e =

ol ) l‘kﬁm zone
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UPDATE

Electronics sector fares well

he relative strength of the

electronics manufacturing sector
has been emphasised in a new set of
government statistics.

Further evidence that
manufacturing in the electronics
sector is fairing better than the rest of
the UK’s manufacturing industry is
provided by the Office for National
Statistics.

Its Index of Production report
claims that while the overall
engineering manufacturing output
fell by 0.1 per cent in the first quarter
of 1998, the output from the

electrical and optical equipment
industries (underpinned by

electronics) increased by 2.3 per cent.

This agrees with the findings that
electronic manufacturers are bucking
the trend that has seen many small
and medium sized enterprises suffer
a fall in orders in the last four
months. The gloomy findings based
on a Confederation of British
Industry survey does not appear to
reflect the current experiences of
electronic firms.

The relative strength of the
electronics sector is also confirmed

by the Engineering Employer’s
Federation. “While engineering per
se is taking a hammering, the higher
value segments of electronics and
aerospace are buoyant,” said an EEF
spokesman.

The EEF is optimistic about the
segments’ longer term prospects.
expecting electronics and aerospace
to grow at between 2.5 and 3 per cent
over the next two years. Engineering
in general is expected to grow by
only 0.5 per cent, a marked drop on
last year’s 3.5 per cent growth.

Roy Rubenstein

UK digital tv held back by politics

hip makers are being frustrated
by political delays in launching
digital terrestrial tv in the UK.

Some were complaining at this
week's Cable & Satellite show in
London that they do not know when
products would be needed despite
having silicon about to go into
production.

“It is frustrating to find things
going on so long.” said Nigel
Pritchard, technical marketing and
business development manager for
SGS-Thomson Microelectronics
(now known as STMicroelectronics).

“There are a lot of things that are

taking a long time to get started.
These are political rather than
technical. People are looking at the
Christmas period but whether we
will be up and running by then
remains to be seen. If not it won’t be
silicon preventing it,” he added.

But doubts about technology were
expressed by Anthony Simon.
product market manager of VLSI
Technology subsidiary Comatlas.
“It is an extremely difficult
technology.” he said. “The BBC is
still finding echoes that are longer
than expected. It is not going to be
an easy market.”

Another supplier, LSI Logic, was
in London to show off its single chip
receiver product developed with the
BBC. The chip does not include
error correction circuitry which is
still on a separate IC. LSI Logic
plans to combine the two but
because of uncertainty in the digital
tv market it will not give a date.

Jean-Luc Droitcourt, LSI
marketing director for digital tv
said: “We want to make them into
one chip. It will depend on the
market. It is not difficult technology;
if the market takes off we will do it
quickly.”

Barclays trials ‘Screenphone’ home banking

UK trial involving a Screenphone that

offers banking and a range of home
delivery services is been launched by
Barclays Bank.

The six month trial, set to start in the
summer, will involve 2000 of the bank's
customers in ten areas in the UK.

“We hope to glean from the pilot how
much value a customer would put on a
service like this.” said a spokeswoman. If
everything goes to plan, the service will be
rolled out next year.

In addition to 24-hour access to the bank
account, customers will be able to order
foreign currency. CDs, videos, tickets. wine
or book holidays.

The Screenphone plugs into the telephone
line and communicates with the server using
the analogue display services interface
(ADSI) protocol which allows the phone to
receive and display digital text and services.

Security for the system will include a
membership number and a personal ID.

The screenphone, developed in
conjunction with Matra Nortel and New
North Media. is priced at £99, and will have
a £5 monthly service charge.

Phone banking... The Barclays Bank Screenphone gives customers access to banking details
and other services without requiring a home computer. The ADSI protocol used specifies
how voice and small bursts of data can simultaneously share the one analogue telephone line.
The data transfer rate is 1.2kbit/s.
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Fast, clean

and powe

AUDIO DESIGN

Giovanni Stochino has
enhanced his ultra fast, low-
distortion power amplifier
for audio use. Delivering
100W into 8, this design
slews at over 300V/ps and
features 0.0026% distortion
at rated power. In addition,
Giovanni has refined the
design to make sure that this
performance level can be
replicated.

riul

S ince the publication of my article on the 100W into

8Q low distortion audio amplifier. I have received a
number of letters from EW readers interested in
implementing a low thd fast amplifier.

I must stress that special care is essential when imple-
menting this amplifier design, since all stages are capable of
providing extremely high currents. Wrong connections or
occasional shorts during testing can have catastrophic con-
sequences.

Here I present a functionally optimised design, and
include instructions for the implementation of a suitable
powering scheme. I have also designed and fully tested a
pcb. details of which appear later.

Circuit enhancements

Figure 1 shows the detailed circuit diagram of the amplifi-
er which has been implemented. Compared with the corre-
sponding diagram presented in my previous article. i.e. Fig.
3a. some minor changes have been introduced in order to
add more flexibility to the design.

In particular, 1 have introduced dc decoupling into the
feedback network via capacitor Cyp and Cs3. This is to
keep low the output offset voltage even when using a rel-
atively high value of resistor R),. which both provides a
return path to ground for the base currents of input tran-
sistors T, and T3, and sets the level of the overall ampli-
fier input impedance.

The output offset voltage contribution due to R)3 is given
by,

- Iﬁ(ﬂr —ﬂ")

Wi =

" BB

where 1, is the bias current of the input stage transistors,
Try.3, By and By, are the current gain of n-p-n and p-n-p
bipolar input transistors, respectively. Finally, G, is the
closed-loop dc gain of the amplifier.

Typical gain figures when /,=2mA are ,=150 for the
n-p-n 2N5551 transistor and B,=70 for the 2N5401 p-n-p
device. While G4=32, with Ry, connected to ground, equa-
tion (1) yields 2.3V for R|3=4.7kQ.

This offset is unacceptably high. The insertion of dc
decoupling reduces G, to almost unity. so that the worst

R,G, (1)
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-55V
case Vs is limited to few hundred millivolt. This represents 1
an acceptable level of output offset. Ju= 21R,C,
Filtering added. Another change made to increase flexibil- and
ity is to allow the possibility of incorporating an input pass- 1
band filter, via components C) and C,), together with R, for T —d
. " : 27R,C,,
the high-pass section and Rg+Cs,4 for the low-pass section.

In the following analysis, C| and C,, are considered equal  respectively, where Ry is the sum Rj3+Ryg, and Ry is the par-
to 2Cy. With component value shown, the -3 dB bandwidth  allel R,//Rq. They are easily adapted, and the low-pass sec-
is 1Hz to 120kHz. Assuming that the signal source resis-  tion can be bypassed by omitting Cy4 and shorting Ry.
tance, which is usually lower than 300Q, has no influence, ~Improved temperature sensing. The temperature-sensing
high-pass and low-pass frequency corners are given by network TS incorporates an additional transistor. This adds
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+55V

AUDIO DESIGN

Fig. 1. Detailed circuit diagram of the chosen practical implementation of the 100W/8Q audio-power amplifier, featuring a
speed higher than 300V/us and rated power thd figures of 0.002% and 0.018% at 1kHz and 20 kHz, respectively. All diodes
are IN4448 Diodes D4 and Do marked 1N4448HY are still 1N4448, but selected for a reverse voltage higher than 120V.
This selection is made by applying a reverse voltage of 130V via a resistor of 10k and measuring the current, which has to

be less than 10mA. The yield is normally higher than 50%.

-55V

o . _ FA3
© +a8v
+_L Cy; + 1 Cyy + L Cy
470pn 470pn 470pn
63V 63V 63V
q & 716
Tfue\'3> 100n 100n
2N5551 i
Tns > 33R E>
2N5551 — \WVW—
TF;'2£640
Ryo
b 33R
|TRr1F9640 Rae
p
¢ I = A R ;3\7 Table 2. Slewing performance of the audio
—~— — 34 35 power amplifier for a source resistance of
220n 220n 0R33 0R33 "
aw 3w L 50Q and an 8Q load. Pulse input was 6V
: ! Fa;lt' peak, as in Fig. 4 of my previous article.!
Ray A Characteristic Measurement
R g 1K3 é Rog Ry SRy En% _out results
1k3 gc‘vss gc‘vss ;3:‘ -T_ Positive slew-rate +320V/ps
Negative slew-rate  —300V/us
19
p_—'\/\N\,——‘E 100n FAQ
Rag E)
33R Tryy Trp, Gnd - PS
IRF9640|  |RF9640 FA10 Table 3 . Total harmonic distortion figures of the
——AAM— final 100W/8Q audio power amplifier for a source
Ra2 E) resistance of 50Q and an 82 load. Quiescent current
= 33R ’_-L was 150mA and bandwidth 80kHz.
17 c, !
2N5401 4 c
(v T 100n j RoH Vour Pk-pk  1kHz 20kHz
e " 5 0.0030% 0.0043%
2N5401 10 0.0028% 0.0047%
20 0.0023% 0.0061%
FA4 40 0.0028% 0.0110%
* * *»—0 _48V 80 0.0026% 0.0170%
- l - Ca Note: Total harmonic distortion remains virtually
470p 470p 470p constant when source impedance R; varies in the
+I 63V +I 63V +I 63V range 50Q to 5kQ. The instrumentation limit,
thd+noise, was 0.002% at 1kHz; 0.003% at 20kHz.

extra flexibility to the mounting mode of the temperature-
sensing network relative to the power output devices Trg.5;.

In my original prototype, the three sensing transistors
were mounted very close to output power mosfets. A total
AV1s/AT of -6mV/°C was adequate.

However, when a more practical scheme for mounting
the temperature-sensing network on the heat sink is need-
ed, like the one presented here, you have to allow a loos-
er thermal coupling with power devices. Because of this,
AV1g/AT will be higher and it may turn out that a greater
number of temperature sensing transistors will be needed.

In the layout scheme proposed, four transistors provid-
ing a AV1g/AT of -8mV/°C were x found adequate to pro-
vide a fairly stable — within 20% — output power mosfets
bias setting under a wide range of operating conditions.

The quiescent current of output devices has been set to
150mA, which further contributes to the thermal stabili-
ty of the operating point of the output mosfets. The

current and 80kHz bandwidth.

Characteristic

Measured output offset voltage

DC open-loop gain

Low-frequency closed loop gain

Small-signal bandwidth before the output filter

(-3dB)

Unity gain frequency before the output filter
Open-loop gain at 20kHz

Closed-loop amplifier phase margin before the output filter
Output noise (BW=80kHz, input terminated with 50€2)
Slew rate

Total harmonic distortion (thd)

Table 1. Main characteristics of the fast audio power amplifier for 150mA quiescent

Measurement results
+32mV

110dB

32dB

20Hz (-0.1dB), 1.3MHz

22MHz
66dB

+76°

42pV rms
See Table 2
See Table 3
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scheme is flexible in the sense that a different AVg/AT is
easily achieved by bypassing one or more thermal sensing
transistors. Remember to make sure 1o set trimmer Ry, i.e.
VR, in Fig. 3a of my previous article.! to its highest value
before applying power to the amplitier.

Better stability. Gate resistors R443. needed to prevent high
frequency oscillation of the output mosfets, are shown in Fig.
1. They were also used in my first prototype but were not
reported. inadvertently, on the earlier circuit of Fig. 3a.! This
oscillation is very likely to occur, mainly due to parasitics in
the implementation, but it is not usually evident during Spice
simulation.

More decoupling. Power supply decoupling capacitors, for
both unregulated 48 V and regulated 55V rails. have been
included in Fig. 1. Regulated supply rails can be varied up to
58V in order to increase output power to 120W/8Q. Of
course adequate heat-sink has to be assured.

Is board layout critical?
The amplifier layout was designed for compactness, ease of
assembly and alignment. and. finally. to ensure the same
level of performance as the prototype.

It has not been an easy task. As a matter of fact my first
pcb layout had to be slightly modified. since measured total
harmonic distortion was 6dB worse than the original bread-

boarded prototype. The reason for this poor thd performance
was found in the return path for the load current. which was
not well controlled.

The final design. however. has proved effective and the
amplifier performances are more or less the same as those
reported in my previous article.

The value of inductance L; should be in the region of 3-
SmH. I suggested wire diameter of 1.5-1.8mm. On my pcb,
the board area for this inductor, at 25 by 45mm, is enough for
all practical implementation options.

Determining the value of L, is carried out as follows:

2

where / and 4 are the length and the diameter. both in mm, of
the coil former — assumed to be cylindrical — respectively,
and N is the number of turns.

I suggest:

[=45mm

d=16mm

d(diameter of the wire)=1.5mm
N=30

In this case, equation (2) yields L =4pH.

3A
Fig. 2. Complete circuit L ; * /O -0 +48V(A)
diagram of a possible power 10n + % el 3 x 4700W/100V
supply scheme. Bypass 400V o T T T
transistors shown are >+ 949 oo ——0 0V(A)
TIP33C. However they can | A, = ‘L +;. +L—l—, +£, 3 x 47000100V
be replaced by any - T T 3A
equivalent general purpose | @PProx. 2 x 40V, 2.5A * . . oo 0 —48V(A)
100V/10A n-p-n power | 5Q/3W
bipolar device. £ 2
1A 33V1 47R
’
Metallic :
e il Y MB17T Ut g o 0 +55V(A)
'{chassis) .
2.5A ‘ L 1000 ref
———0 +l,1oovILl ak7 220R »
N 220
Input filter o 10k 20k 100V
o— - ::V 1kV 10n L S~
230V AC K , a0ov[* |\ ¢
#15%) | n, ———] - = o 47-‘-‘ o9 o9 +—9—00V(A)
| | n Vil gy 10k J
v || 20k +
254 } + 4k7 220R 220u
o 0—o o ] approx. 2 x 50V, 0.2A = 1000y 100V
0——, 100V ret
inf | M337T [OU o4 o 0 —55V(A)
" includes overvoltage protection 1A 47R 33V1
/o AMA—¢ B
Power supply 5Q/3W
‘ Channel A
Power supply
Channel B
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Fig. 3. A practical grounding scheme.

I
! Power amplifier Power supply |
| Channel A Channel A
I
Output | |
SrEntic A Power ground
¢ o . e |
LI—" Y |
I 11 J GB
| I
Input T v |
Channel A | . .
Fig. 4. Photograph of the amplifier
| / Sec. | printed board assembly prototype.
I Channel A |
| |
[
| Earth conductor | !
/\/ | |Pr.1 l
| T4
230V AC : 1 Power
/\/ [ I transformer
=
| |
le g !
| 7l7 [ Sec.
1 Channel B
I [
|
Input Y
Channel B
I I_—l
I = l_t_a
¢ I [ Power ground
Output g
Channel B |
o GB
| Channel B Power supply
| Power amplifier Channel B

Power supply
Figure 2 shows a suggested power supply scheme, which is
simple, effective and low cost.

Separate power supply sections are recommended in order
to avoid ground loops and ensure the optimum signal to noise
ratio. One section — channel A - only is shown in detail in
Fig. 2.

Regulators LM317T and LM337T are bypassed by a pro-
tection-clamping circuit made up from a 33V zener diode of
a few watts, a power resistor and T/P33C power transistors.
This prevents the maximum input-output voltage difference
from being exceeded, which is 40V tor both regulators.

Note that, in order to avoid ground loops, the ground ref-
erences of channel A and channel B have to be joined at a
single point. normally at the inputs of the two A and B ampli-
fiers. Connection to the metallic enclosure. i.e. chassis
ground. is also usually made here.

Safety is assured by connecting. as usual, the chassis to the
safety ground . The chassis also acts as a metallic shield.

Figure 3 shows a suggested grounding scheme. where the
power ground of the power supply < is connected to the sig-
nal ground - of the corresponding power amplifier.

The outer conductor of the input signal connector of both
channels is connected — the usual mechanical connection pro-
vides good electrical contact 100 — to the chassis ground of
the mechanical enclosure.

Finally, Fig. 4 is a photograph of the prototype of the
power amplifier used for all measurements.

Verified amplifier performance

Measurements have shown that the performance of the pro-
totype assembled on the final version of the pcb are as good
as the performances of the first experimental prototype of the
low thd, very fast audio power amplifier.

This fact, in conjunction with the observation that even
combining n and p-channel output power mosfet coming
from ditferent vendors did not affect distortion performance,
is additional proof that the chosen architecture for very fast,
low distortion audio power amplification is robust and rela-
tively insensitive to component tolerances and mismatches.

Finally, it is worth mentioning that the amplifier is stable
for any value of the input signal source impedance Z,. con-
sisting of a resistor in parallel with a capacitor, R//C;.

Reference
1. Stochino. G. *300V/us Power", Electronics World, April 1997,
pp. 278-282.
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Power amplifier

circuit boards

£42 per pair

fully inclusive
or £25 each

Professionally designed and manufactured printed circuit

boards for Giovanni Stochino’s no compromise 100W power amp are

available to buy.

These high-quality fibre-glass reinforced circuit boards are
designed for Giovanni Stochino’s fast, low-distortion 100W
power amplifier described in the August 1998 issue. Layout
of the double-sided, silk screened and solder masked
boards has been verified and approved by Giovanni.

This offer is for the pcbs only. The layout does not
accommodate the power amplifier
scheme shown in the article.
Note that a copy of the
article and a few
designers’ notes
are included
with each
purchase, but
you will need
some
knowledge of
electronics and thermal
management in order to
successfully implement this design.

Giovanni’s high-performance power
amplifier mounted on its heat sink.

Please send me___ pcbs @ £25 each or £42 a pair.

I enclose my cheque for £

Please debit my creditcardforg

Card type MasterCard/Visa.

Card number Expiry date

/

Signature

Name
Address

Tel
Cheques made payable to Reed Business Information.
Post to: PCB Offer, Electronics World, Quadrant House, The Quadrant,
Sutton, Surrey, SM2 5AS. Please alow 28 days for delivery.

Specifications
Power into 8Q2 load

Small-signa bandwidth before the output filter

Unity gain frequency before the output fitter

Output noise (BW=80kHz, input terminated with 50Q

Meosured output offset voltage

Distortion performance
Voutr Pk-pk TkHz

5 0.0030%
10 0.0028%
20 0.0023%
40 0.0028%
80 0.0026%
Slew rate

Positive slew-rate ~ +320V/ps
Negative slew-rate  —300V/ps

20kHz

0.0043%
0.0047%
0.0061%
0.0110%
0.0170%

100w

20Hz (-0.1d8),
1.3MHz (-3dB)
22MHz

42V rms
+32mV
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COMPONENTS

Cyril Bateman looks at measuring capacitors
at rf via the reflection bridge and discusses
fault finding, handling and dielectric
absorption in this final article.

Understanding

capacitors

were described in my last article. These techniques are

useful to 10MHz, although there are specialised LCR

meters capable of measuring at higher frequencies. There’s
more on this in the panel entitled ‘Capacitor bridge.’

Measurements at higher frequencies can be made using the

reflection bridge technique with a vector network analyser to

0 i

Test device

c onventional capacitor bridge measurement techniques

©

Fig. 1.
Wheatstone
bridge, left, falls
down at higher
frequencies but
the reflection
bridge on the
right and below
produces useful
readings at rf.

50Q source

Attenuator

50Q measurement channel

50Q source
Reference channel

A=fe

Capacitas 0.9uF 100v MMK PE.T.

— |

04

N

X Dinlactiic

0.2

0 a 2 3 4 5
Recovery Tame in Minutes

measure the ‘S’ parameters of a capacitor. Developed in the
sixties, this technique was intended for characterising high-
frequency semiconductors. With suitable jigs, reflection
bridge techniques can be used at up to at least 40GHz using
an HP8510 or 6GHz using the HP8753.

Reflection-bridge measurement

For many years, the reflection bridge' was the only practical
method for making precision measurements at frequencies
above 30MHz.

Based on 50Q standards, such reflection bridge measure-
ments provided excellent accuracy for medium impedances.
But accuracy suffered when measuring very high or low
impedances. Since many design and measurement laborato-
ries already had access to an HP8753 though. this method
was popular.

I have assumed use of either the HP8510 or HP8753
analysers. since | am familiar with them and both include 12-
term accuracy enhancement as standard. Other similar
instruments — provided they include 12-term accuracy
enhancement. sometimes known as “full 2-port correction’ —
should also be suitable.

Why this emphasis on 12-term accuracy enhancement ?
The accuracy of vector network analyser measurement
systems is specified assuming ‘well matched’ test devices.
When used to measure a severely mismatched load. such as
a capacitor, the source generator has to drive into effectively
a short circuit, but having a mismatched phase. The 12-term
accuracy enhancement method corrects for this. Analysers
having less than 12-term accuracy enhancement result in
increased measurement error.?

As frequency increases, it becomes more difficult to
measure the test currents and voltages applied to the
component being measured, at the exact point where the
component has been inserted. Even small changes in
electrical length when connecting components. cause
considerable measurement phase changes — hence major
errors — at high frequencies.

Reflection bridge in practice
A reflection or directional bridge, comprising three 50Q

Fig. 2. Dielectric absorption is not a fixed number, it varies
according to measurement method. With any given
capacitor, dielectric absorption also varies according to the
“volts per micron’ stress applied.
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precision resistors with a wideband 1:1 balun. has the ability
to discriminate between signals passing to. and reflected
from, a transmission line.’

A loss-free transmission line having a matched load
absorbs all incident power and reflects nothing. Terminated
with anything other than this matched load, a retlected
signal is returned to the signal source. This reflected signal,
which is separated from the incident signal in the reflection
bridge. can then be measured. Fig. 1.

When terminated by an open circuit. the reflected signal is
identical in amplitude and phase with the incident signal.
Terminated in a short circuit. this reflected signal is identical
in amplitude but 180° out of phase with the incident signal.

Measurements of these three ‘standards.’ i.e. of a known
value. of a short and of an open circuit. at each frequency of
interest can be used to mathematically define a “calibration
plane.” Subsequent measurements of a test component are
then corrected to this exact measurement insertion point in
the transmission line. ensuring accuracy.

When the line is terminated in a pure capacitive or
inductive load, the phase of the reflected wave depends on
the load. but the amplitude of the reflected wave will equal
that of the incident wave.

When the line is terminated in a lossy capacitive or
inductive load. the phase of the reflected wave depends on
the phase of the load. The amplitude of the reflected wave
will be dependent on the resistive losses being measured.

These measured reflection values. *I'x xIy of a test
component. can easily be converted into the conventional
R+jX format. by substitution into two standard equations.

l—(Fr’ +l'_\'2)
R=Zx——— -7
1-2Tx+Tx +Tv
X=2,x 2y

*T1-2Tv+Tx* +Tv

Once in the R+jX format. any other desired parameters can
simply be derived.! There’s more on this in box
‘Conversions and equations’ in last month’s article.

In 1994. Hewlett Packard marketed the first high frequen-
cy voltage/current based impedance meter. the HP429/A. Tt
offered a basic measurement accuracy of 0.8% and a wider
impedance range than was possible for reflection measure-
ments using the HP8753. But it had a similar price tag.

Measuring from |MHz to 1.8GHz and having dedicated
capacitor test jigs, this instrument avoided the need to design,
make and calibrate, high-quality, low-loss. test jigs.

The HP4286 meter introduced a year later was the first
dedicated radio frequency LCR meter capable of measuring
from 1MHz 10 1GHz. It offered a broadly similar capacitor
measurement ability but at lower cost. The panel “Capacitor
test instruments” in last month’s article details this topic.

More accessible measurement methods
Experimenters’ methods trade off cost for accuracy and mea-
surement speed, but commercial LCR meters are able to main-
tain measurement accuracy even at volume production rates.
Perhaps you need an intermediate approach. i.e. better accura-
cy than is possible with experimenters’ methods cheaper than
buying state-of-the-art equipment?

Good quality second-hand low frequency LCR meters are
extremely rare. but higher frequency rf impedance measure-
ment instruments are ofien available from used equipment sup-
pliers. A typical example is the discontinued HP4/91A, which
measures from 1MHz to 1GHz. Using accuracy enhancement
techniques. it is still able to provide a useful measurement capa-
bility at low cost.

The companion lower frequency HP4/93A was equipped
with an internal generator and test probe. Components could be
measured in sitie on a circuit board. from 400kHz to 110MHz.

COMPONENTS
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The conventional Wheatstone
bridge used to measure the ac
impedance of a capacitor involves
a fixed known capacitance stan-
dard and two calibrated variable
resistances, Fig. 1. It measures the
unknown capacitor as a ratio of
this standard by balancing out the
detector voltage to near zero.!

This configuration has been used
commercially, but it suffers from
interaction of the two balance
controls when measuring high tand
capacitors. It needs repeated
rebalancing, and achieving a true
balance is slow.

The transformer ratio-arm bridge
was a successful early attempt to
eliminate this interacting balance
problem, but it is best suited to
values less than 10uF. Venerable
examples of Wayne-Kerr bridges
often appear at good prices.
Replacement of every capacitor in
the power supply and detector
circuits, followed by routine
recalibration, usually restores the
bridge to its original accuracy.

One manual capacitor bridge
which is most successful for all
capacitance values can be easily
built. It is a variation on the
Wheatstone bridge, but with one
balancing arm using a variable
capacitor. If care is taken in choos-
ing close tolerance and lowest-loss
foil with polypropylene or
polystyrene capacitor standards,

good basic accuracy can be
obtained.

My version is optimised for
values of 10pF or above, but it can
measure down to 100pF when
needed. The arrangement shown in
the schematics can be used to
measure capacitors having a dc
polarisation of up to 100V.

Assuming care is taken to min-
imise stray capacitances and series
resistances in the bridge, good
measurement results are possible
from 20Hz to 20kHz. Higher
frequency measurement is possi-
ble, but requires some care in
arranging guards and in screening
the bridge components, See Fig. 5
of last month’s article.

For these reasons, and to min-
imise noise, the internal untuned
detector shown in the schematic
has been restricted to audio fre-
quencies. | also have an excellent
General Radio Corporation 1232A
tuneable high-Q external detector,
measuring up to 100kHz, which
can be used with this design. It can
also be used with either of my two
transformer ratio arm bridges. See
Fig. 6 of last month’s article.

These three bridges, combined
with my reflection bridge/phase
meter, an HP4815 «f vector
impedance meter and HP8405
vector voltmeter, provide good
accuracy measurements of an
extremely wide range of capaci-
tance values over a range of 20Hz
to 1GHz.

Dielectric absorption

A degree of dielectric absorption is exhibited by all solid
dielectric capacitors. but just what is dielectric absorption?
My first demonstration of dielectric absorption resulted from
a colleague saying ‘catch’ and throwing me a discharged
high voltage ceramic capacitor. which gave me a nasty jolt.
Between the time it was discharged and my catching it, it had

recovered a most noticeable voltage.

This is the practical result of dielectric absorption. The
cause is the dielectric’s ability to store more charge than can
be instantly released. This property is fundamental to the
dielectric material and depends on the symmetry of its

molecular structure.

A symmetrical-molecule dielectric has electrical charac-
teristics effectively constant regardless of frequency and it
exhibits minimal dielectric absorption effects. An asymmet-
rical molecular structure dielectric has a dipole moment.
resulting usually in increased dielectric constant. Such an
asymmetrical dielectric’s electrical characteristics are fre-
quency dependent and it exhibits notable dielectric absorp-

tion effects.’

Dielectric absorption obviously depends mainly on choice
of dielectric materials. but is also related to the degree the
dielectric material is stressed in volts per micron. The thinner
the dielectric the greater effect for any one charging voltage.

Fig. 2.

How is this effect measured? For consistency. the capaci-
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tor should be charged to a known voltage for a set time. It is
discharged at a known rate using the same resistance value,
for a controlled time or to a known voltage. Next it is
allowed to rest for a set time with open-circuit terminals.

Common dielectric comparisons

Finally. the recovered voltage is measured using a high
impedance voltmeter.

Test circuits of various complexity have been defined in
national military standards and customer specifications.

However, useful comparative tests can be performed using

the simplest means of a 9V battery or power supply, a 10 kQ
resistor for charging and 100S2 for discharging, a two-pole
three-way rotary switch and a 10MQ input impedance digi-

Using a much higher input impedance meter, the recov-
ered voltage can be observed to rise quickly initially, but
continues to increase slowly for several minutes. Many dig-
ital voltmeters on their most sensitive range have an input
impedance approaching 100MQ, which is ideal for this

Practical dielectric absorption testing is best performed in
a manner matching your application — especially when
choosing a sample and hold or similar capacitor. You might
also need to repeat your test sequences at higher ambient
temperatures. Many years ago, Bob Pease published a circuit
he liked to use for this task. It provided variable charge and

A . discharge rates and completely automated the test switching

4

4.0
11 63V
Polar Al tal voltmeter.
§ 30 ]
a
[=]
2 0.1y 500V
3 X7R Ceramic
3 20 Ry UL AL | 1  experiment, Fig. 3.
3 —F=
] i
a .} 0.14 63V
®* po N e FoilPP | 0.1p 100V
L bipolar Al MeVPET
1.0 H{ — "
0.047p 200V
J COG ceramic
---------------- Deseeeeed
) ity Solnlaeis r , sequences for you.
0 1 3 4 -]

Recovery times in minutes

Fig. 3. Measurements using the 100MQ impedance meter
used for Fig. 2. All capacitors were charged to 10V. The
effects of self discharging leakage currents can be seen on
the two electrolytic capacitor curves. However this plot
demonstrates how dielectric absorption varies widely with
change of dielectric materials.

Capacitor fault finding

The most common failure mode is that a capacitor fails short

Capacitor 1uF 2.2uF 4.7uF
63V polycarb.  0.038Q 0.018Q  0.012Q
50V bipolar Al.  2.0Q 1.5Q 1.0Q
63V polar Al. 2.6Q 1.9Q 1.1Q
450V polar Al.  24Q 1Q 5Q

Capacitor 1000uF 2200uF 4700uF
25V polar Al 0.060Q 0.036Q2  0.024Q
63V polar Al. 0.040Q 0.025Q 0.011Q

Table 1a). Typical impedances, in ohms, as measured at 100kHz - low capacitance values.

10uF  22uF  47uF  100pF
0.010

07Q  025Q 020  0.12Q
0.95Q 04Q  022Q 0.18Q
38Q 150  0.5Q

Table 1b). Typical impedances, in ohms, as measured at 100kHz - high capacitance values.

10000pF
0.022Q
0.010Q

circuit. Aluminium electrolytic types are the exception. They
usually fail as a higher than normal impedance, when the
available oxygen in their electrolyte has been consumed. In
such a state. they are commonly referred to as ‘dried’.
When measured using the low-frequency charge/discharge
capacitance measurement now common in many digital mul-

timeters, capacitance of a ‘dried’ capacitor may
appear unchanged.

A completely open-circuit failure can be
exhibited by a fuse protected tantalum. Having
blown its fuse, it then becomes an open circuit.

While much less common, a metallised-film
capacitor can also fail as a high esr. When sub-
Jjected to excessive current pulses, the ‘schoop’
metal spray end connection degrades. Initially.
the weakest metallic connection paths burn-out,
creating local higher resistance paths. With con-
tinued application of current, these high resis-

Independence Electronics® has designed a
low-cost 100kHz impedance meter aimed
at servicing personnel. It simplifies in-

Test signal levels have been tailored to
permit in-circuit measurement of suspect
capacitors without being of sufficient
voltage to turn on semiconductor junctions.
A supposed ‘good’ capacitor sounds a
beeper. While this beeping impedance
level can be adjusted, the factory default
sounds the beeper for impedances less than
0.5Q2. A meter scaled from 0.1Q to 30Q
indicates the approximate impedance
measured.

Claimed to be usable for capacitors of
1uF and above, | found some care was
needed even with capacitors of 10pF.
Many new stocks of modern miniature
electrolytics have an impedance near 1,
and so did not sound the beeper.®

Similarly, some large-value capacitors

circuit capacitor impedance measurements.

The Capacitor Wizard esr meter

known to be high esr failures, but having
an impedance less than 0.5, sounded
the beeper, wrongly suggesting they were
still good.

This of course is to be expected.

Unfortunately, the test meter and its
accompanying literature incorrectly states
that for most capacitors, an impedance less
than 0.5 indicates a good capacitor.

Putting these problems to one side, does
the meter work ? | performed three quite
different tests. First of all 1 compared its
readings using electrolytic capacitors
previously tested for esr at 100kHz using a
capacitance bridge. Capacitance values
used, ranged from 1pF to 10000pF

Within the limitations of its meter scale,
electrolytic capacitors larger than 1pF,
displayed good agreement for both
methods.

Using a low loss 1pF polypropylene
capacitor in series with a variety of low

value non-inductive resistors, | again found
good agreement, confirming acceptable
factory calibration.

By chance my son arrived with his
Grundig tv, which had developed an
intermittent colour decoder fault, so | took
the opportunity to try this meter on his set.
All but two electrolytic capacitors in this
chassis caused the beeper to sound. The
“failures’ were 0.47pF, 100V and a 4.7pF,
350V components, both of which were in
fact good when removed for a bridge
measurement.

The user needs to generate a realistic
table of expected impedances by
capacitor size, capacitance value and
voltage rating. Armed with such a table, |
consider this meter could then be most
useful in a repair workshop with no better
facility for measuring esr.

The impedance tabulations supplied
with the meter, in my view however, are
simplistic in the extreme and so are best
ignored.

642

ELECTRONICS WORLD August 1998



tance areas grow in size until eventually the capacitor has
either a much increased esr, or becomes completely open cir-
cuit.

While a completely failed ‘open’ capacitor is easily iden-
tified, a degraded esr. incipient capacitor failure is rather
more difficult. How then can a high esr capacitor be quickly
identified?

Highly stressed capacitors in power supplies, and in mon-
itor or tv eht and line-scan circuits are obvious first suspects.
Another very common failure mode — albeit less well known
— is in electrolytics used to block dc while coupling irregular
pulse waveforms into the base of a switching transistor.
These can become internally reverse polarised and so fail
very quickly. Study of the circuit diagram will help you tar-
get the most likely suspects.

A dried aluminium electrolytic capacitor usually exhibits
clearly visible signs of failure. The most common are dete-
rioration of the end sealing rubber, discoloured insulation
sleeve and lead out wires, or signs of leaked electrolyte on
the printed circuit board.

Removing a suspect capacitor to test on a capacitance
bridge capable of measuring tand or esr can be time con-
suming. Once you have removed the capacitor, it is far eas-
ier to simply replace it.

Having assessed the most obvious failure points, can a sim-
ple test be applied to check the remaining capacitors in situ?

COMPONENTS

become a low impedance, almost flat bottomed, curve by 10
or 100kHz. being dominated by the capacitors esr. So a 10 or
100kHz impedance measurement can be used as a rough
check on the capacitors high frequency esr. You need only a
signal source, a known resistor for comparison and a suitable
millivoltmeter or oscilloscope to measure the signal levels.

A practical measurement of this high frequency esr can be
made using a 1V signal source fed to the test capacitor via a
1k resistor, giving a direct reading of milliohms, 1mV
equalling 1m€. With some organisation of leads. etc., this
test can be performed while the capacitor is in circuit.

Having measured a capacitor’s impedance at 10 or
100kHz, it is essential to compare this result with the maker's
claims. Many electrolytic capacitor data books table a max-
imum 10kHz or 100kHz impedance value for each capacitor.
A capacitor exhibiting double this value should certainly be
replaced.

A few minutes study of such a databook proves the impos-
sibility of applying any global rule of thumb impedances to
Jjudge whether a capacitor is good or bad. The 100kHz esr for
a given capacitance value varies according to the capacitor’s
rated voltage. quality and physical size, Table 1a).

With large-value power supply electrolytics, it is important
10 ensure accurate measurements down to only a few mil-
liohms. A 10000pF 63V capacitor as used in the power sup-
ply of an audio amplifier should have a typical esr at 100Hz
around 12m€, and at 100kHz around 10mQ. Increase in

Most aluminium electrolytic capacitor impedance curves

l

Intermittent failures

Most capacitors failures are identified as a permanent and very
low resistance or short circuit. Exceptions are found in
aluminium electrolytics which usually fail as a higher than
normal impedance and high equivalent series resistance,
symptomatic of a ‘dried’ capacitor. A completely open circuit
failure can be demonstrated by a failed, fuse protected,
tantalum.

A metallised film capacitor subjected to excessive current
pulses can also fail as a high esr. The sprayed metal end
connection degrades as the weakest metallic connection paths
burn-out, creating local higher resistance paths. With continued
application of excess current, these high resistance areas grow
in size until eventually the capacitor has either an increased esr,
or becomes completely open circuit.

A multilayer ceramic capacitor which has been cracked by
handling or soldering, with change of temperature or flexing of
the printed board, can sometimes exhibit an intermittent short
circuit effect. There’s more on this in the panel called ‘Capacitor
handling.’

A fault location in a metallised film capacitor used at low
voltage and with such high circuit impedances that it does not
receive sufficient energy to permit self-healing, might exhibit a
reduced insulation resistance.

During manufacture, such capacitors are ‘cleared’ using
overvoltage, so should not need to self-heal in normal service.
However moisture or solvent ingress during washing, or surface
wash residues can contribute a problem. This lower than usual
insulation resistance may be intermittent in nature, or vary with
temperature or humidity.

One reader who suspected he had a problem with a
metallised polycarbonate capacitors possibly having an
intermittent lower insulation resistance asked how this might be
measured.

An extremely simple test circuit should suffice. ideally, the test
capacitor should be subject to the same voltage as seen in
service. Assuming this lies within the range 3V to 15V, an
HEF40448B set-reset latch can be used to test four capacitors
simultaneously.

In Fig. 4, | have used 470kS2 resistors to present a high source
impedance to the capacitor under test. Higher or lower values
could be used, to replicate your circuit conditions.

Having installed the suspect devices, the reset switch is briefly
closed to reset the circuit. Any intermittent low insulation
resistance in any of the capacitors being tested turns on the
respective led. This led remains lit until the reset switch is again
activated.

Normally, current drain is extremely small so if necessary,
batteries could be used to power the circuit continuously for
several months.

It may be that your suspect low insulation resistance is not a
capacitor but a track on a printed board. It could have halides
remaining on its surface due to improper washing. Change of
temperature or humidity can then produce an intermittent low
resistance condition. The test circuit is suitable for tracking this
problem too.

With suitable matrixing methods, the circuit could be easily
expanded to test large numbers of capacitors simultaneously, as
a form of low voltage high impedance ‘burn in’ having
automatic indication of failure.

v —]r_ 470kx4
I 1k

5 kx4
—p— 2z 2 e

2 o .Y
D A Z g S Reset

A

77 S
vz ¥ <D

2 S
>—H—’W\H 7

Fig. 4. Simple test circuit designed to indicate an intermittent low
insulation resistance at low test voltages in high impedance
circuits. While test capacitors are shown, these could in practice
easily be suspect printed circuit board tracks.
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Capacitor handling

Incorrect soldering methods can damage capacitors, but since
most capacitor makers’ catalogues specify acceptable soldering
times and methods, | do not propose to cover soldering methods
in detail.

Remembering that all plastic film dielectrics used to
manufacture film capacitors soften and expand at temperatures
below that at which solder melts, excessive time and
temperature must obviously be avoided.

Ceramic capacitors are probably the most easily damaged by
incorrect soldering. Almost all makers specify a pre-heat period
sufficient to allow the capacitor dielectric to stabilise at a
temperature intermediate between room and soldering
temperature. If not observed, thermal shock can cause
microscopic or larger cracks which cause the capacitor to fail,
usuaily as a short circuit.

Note that this damage may not result in immediate capacitor
failure.

Because many capacitors look mechanically solid or rugged,
many users crop or form leads in such way that damage results.
If the capacitor maker specifies minimum bending, cropping or
soldering distances, these should be strictly observed.

Good practice is to always support the leadwires close to the
capacitor body, when bending or cropping leads. Again this is
most important with ceramic dielectrics, which can easily
become damaged by incorrect handling - especially bare chips
intended for surface mounting. Many early failures have resulted
from poor handling or cropping methods.

Remember also that humidity protection of encapsulated or 'E’
cased capacitors can be seriously reduced by incorrect lead
bending or forming. Most lead wires are solder coated or plated
with materials not easily ‘wetted’ by plastic resins and the
moisture resisting path lengths may be quite short.

Peculiar early failures can result if handling damage allows the
ingress of moisture or board washing solvent.

Should you find early failures occurring, a good rule of thumb
is to assume that almost certainly, these will result from poor
handling or soldering practices in your assembly.

impedance 10 36mQ at 100Hz obviously triples the power dis-
sipated in the capacitor as heat. In such a case it should be

replaced, Table 1b).

In summary
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RF DESIGN

Richard A. Formato,

Are genetically designed
Yagis worthwhile?
Richard Formato
investigates.

Genes and Yagis

he genetic algorithm is a
Tpowerful new antenna design
and optimisation tool that is
receiving progressively more attention.
A natural question is “How good are
genetic-algorithm-designed antennas?”
This note looks at that question by
comparing four 12-element Yagis
designed using genetic-algorithms. It
does not examine how genetic
algorithms work because there are
many good references. Several are
listed later.!-6
Here I emphasise Yagi performance,
and how it changes in response to
changing the parameters.

Genetic algorithm in action
The genetic algorithm searches a

specifying minimum and maximum
values for each antenna parameter.
Only antennas falling within these
limits are allowable solutions to the
optimisation problem. This is a
characteristic of genetic algorithms that
gives the antenna designer exceptional
flexibility.

Each element in a Yagi-Uda array
has three design parameters: length,
spacing, and radius. The
minimum/maximum range of each
parameter can be set on an element-by-
element basis, but the usual approach
is to restrict all elements in the same
way — with occasional exceptions as
discussed below.

For the arrays described here, the
element lengths were restricted as

wavelengths, or ‘waves’.

reflector 0.35-0.65 wave
driven element  0.35-0.60 wave
directors 0.3-0.6 wave

Element spacing was 0.05-0.5 wave,
thus limiting the longest boom to 5.5
wavelengths. For designs 1-3, the
element radius was constant at
0.003369 wave, while design design 4
allowed driven-element radii from
0.001 to 0.0075 wave.

The standard Yagi configuration is
used. Here, element 1 is the reflector,
and element number 2 is the driven
element.

Figure of merit
The ‘goodness’ a particular Yagi

Ph.D., WWIRF  ‘decision space’ which is defined by  follows. All dimensions are in design is determined by a figure-of-
merit which is specified by the
Table 1. Performance analysis of the four Yagi designs. designer. For the arrays in this note, the
Ant# L G HPBW  Z, SWR F-to-B F-to-R MaxSLL figure-of-merit was:
1 2.53 13.56 35.5 47.9+j09 1.05 10.5 10.5 -17.4 aG—bIZ -R I_CiX' h
2 3.44 15.28 31.0 19.8+j0.4 2.53 20.5 20.5 -16.2 FoM = - - =
3 345 1586  27.6 5.3+179 131 13.6 136 -16.3 atbtc
4 3.29 14.53 32.0 48.8-j0.1 1.02 17.7 17.7 -16.4 Variable G is the forward gain - zero
646 ELECTRONICS WORLD August 1998



degrees azimuth — in dBi, while Z, is
the feed system characteristic
impedance, in this case 50Q resistive.
Variable R;, and X;, are the Yagi's
input resistance and reactance,
respectively.

This figure-of-merit is used in
reference 1, which is why it is used
here. A genetic algorithm allows the
antenna designer to choose any figure-
of-merit that reflects the desired
balance between various antenna
performance parameters. For example,
front-to-back or front-to-rear ratio, or
maximum sidelobe level could also be
included if the designer wished to
optimise against these parameters.

Weighting coefficients a, b and ¢
determine the relative importance of
each antenna performance parameter.
For all designs below, the coefficient a
is 40. For designs 1 and 2, b=c=1,
which are the values suggested in

Genetically optimised 12-e! L 9o GMax=13.56dBi, HPW=35.5°
F/B=10.5dB F/R=10.5dB
Zin=47.9+).9Q SWR=1.05//50Q
SL1=—17.4dB, Az=49.5°
SL2=-19.1dB, Az=129°
SL3=—41.8dB, Az=75°

Yagi E-plane (Az) pattern.
Design #1 |
Chromo #1, generation #50
Figure-of-merit=12.843
Array length=2.53 wvin

AT —

reference 1.

In design 3, the Yagi input
impedance was removed from the
figure-of-merit by setting b and ¢ equal
to zero. In design number 4, the input
impedance was weighted somewhat
more heavily by increasing the
coefficients to b=2 and c=3.

Optimised Yagis
Optimisation was done by a piece of
software called Yagi Genetic
Optimiser’ which computes antenna
performance using the Numerical
Electromagnetics Code, Version 2,
double-precision, or NEC-2D .8

Seven segments were used for each
array element in the NEC-2D model.
Performance of the genetically
designed arrays shown in Table 1.
Important parameters include the boom
length (wavelengths), forward gain
(dBi), half-power (-3dB) beam width

e 4

Genetically optimised 12-el
Yagi E-plane (Az) pattemn.
Design #2

Chromo #1, generation #50
Figure-of-merit=13.823
Array length=3.44 wvin

(degrees), input impedance (ohms),
standing-wave ratio relative to 500,
front-to-back and front-to-rear ratios
(dB//G), and maximum sidelobe level
(dB//G).

Designs 2, 3 and 4 are the optimised
Yagis, corresponding to the three sets
of coefficients b and ¢, (1,1), (0,0) and
(2,3), respectively. Design number 1 is
a suboptimal design that appeared in
the optimisation run for design number
2. It is included to illustrate another
important genetic algorithm
characteristic: a genetic algorithm does
not produce a single ‘best’ design, but
instead produces a group of designs,
with each design in the group ranked
from best to worst.

This feature can be very useful,
because even suboptimal designs may
be attractive. Design number 1, for
example, may fill a real need because
of its short boom length and excellent

RF DESIGN

Performance
plots of the four
genetically
designed Yagi
antennas.

Gmax=15.28dBi, HPW=31°
F/B=20.5dB F/R=20.5dB
Zin=19.8 + .4Q SWR=2.53//50Q
SL1=16.2dB, Az=42°
SL2=—26dB, Az=61°
SL3=—26.5dB, Az=132°

T SL4=-29.2dB, Az=152°

1/4 wave ticks =270

Genetically optimised 12-el
Yagi E-plane (Az) pattern.
Design #3

Chromo #1, generation #70 |
Figure-of-merit=15.86

Array length=3.45 wvin +

|

+90 Gmax=15.86dBi, HPW=27.6°
F/B=13.6dB F/R=13.6dB

Zin=5.3 + }.179.3Q SWR=130.85//50Q
SL1=—16.3dB, Az=38°

SL2=—21.8dB, Az=152°
SL3=—23.1dB, Az=135°
SL4=—24.1dB, Az=118°
SL5=—28.1dB, Az=69°

R

5dB/div

et

1/4 wave ticks

5dB/div 0 180

Genetically optimised 12-el

Yagi E-plane (Az) pattern.

Design #4

Chromo #1, generation #32

Figure-of-merit=12.857 i

Array length=3.29 wvin 1
!

SL5—~.29.4dB, Az=109°

1/4 wave ticks i270

T ——— )
y 5dB/div

F/B=17.7dB F/R=17.7dB
Zin=48.8 — j.1Q SWR=1.02//50Q
SL1=—16.4dB, Az=43°
SL2=-23dB, Az=141°
SL3=—23.8dB, Az=63.5°
'SL4=—25.6dB, Az=116°
SL5=—29.9dB, Az=79°

}90 Gmax=14.53dBi, HPW=32°
|
!
l

1/4 wave ticks
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Table 2. Dimensions and spacings for the four Yagi designs. In summary
Design #1 Design #2 Design #3 Design #4 This note describes four genetically
Element L s L s L S L S designed Yagis that illustrate how
1(REF) 0.4794 0.0000 0.5006 0.0000 0.5006  0.0000 0.5006  0.0000 effective a genetic algorithm can be in
2(DE) 0.4853 0.1824 0.4549 0.2388 0.5784 0.1082  0.4588 0.2741 designing complex antennas. Amateurs
3 0.4165 0.1135 0.4388 0.2671 0.4400 0.2671 0.4365 0.2247 interested in antennas are likely to hear
4 0.4329 0.0924 0.4318 0.3006 0.4188  0.4047 0.4341  0.3006 more about genetic algorithms, and may
5 0.4341 02388 04141 03641 04188 03871 04259 0.3076 wish to learn more about them.
6 0.4047 04329 0.3624 02582 0.3624 0.2476  0.3647 0.2582 The genetic algorithm is a state-of-the-
7 0.4224 02847 03718 03218 03718 0.3218 0.3718 03218 art design tool that is truly revolutionary
8 0.4176 0.2194 0.4012 0.1806 0.4012 02088  0.4012 0.0959 in nature. Its potential in antenna design
% Sims 01y Odom Oasro 0dods oase odoss 04sre i guat s Gojlelosnlorel. i
11 03906 02706 04176 03218 04176 03218 0.4176 0.3218 L‘:}?’sgl“;{:&;ﬁge e St
12 0.3847 0.4735 0.3471 04559 0.4224  0.4559 0.3482  0.4559
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How is it possible to
pass data down a
twisted pair in both
directions
simultaneously?

lan Hickman explains.

Phantom data

n telephone lines over fewer than 1 physical pairs. I
demonstrated that using phantoms — both full phantoms
and an earth phantom - 2" lines could provide 2"*' circuits.
But of course, one takes it for granted that a telephone cir-
cuit is ‘full duplex’ — capable of carrying information in both
directions simultaneously. This means that both parties to the
call can speak at the same time if they so wish, and each will
hear the other — except on some very long connections where
echo suppressors are used. So if you count ‘one way’ chan-
nels, 2" lines can provide 2"*2 circuits.
Data connections are often simplex; that is to say that data
can be sent from A to B, and also from B to A, but not at the

T he prelude to this article, last month, looked at running

same time. This obviously simplifies matters, since a
send/receive switching function at each end of the link,
together with some protocol to control the communications,
gives each sender a clear line and each receiver an input con-
sisting solely of the desired data.

In the earliest days of telephony, the same scheme was
used, the handset being provided with a "press-to-talk’, or ptt,
switch. With the exception of the military ‘Pressel,’ this
switch was rendered obsolete with the introduction of a
wound hybrid. Until recently, such a hybrid could be found
in the traditional black rotary-dial telephone. The Pressel ptt
still survives though in military comms, both line and radio.

How the hybrid function is implemented nowadays in your

650
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Hybrid Four wire line

_—é_
Two —— é

wire
line

a)

nine pounds ninety five pastel coloured all-in-one hand-
set/phone 1 don’t know, but the traditional arrangement was
with a transformer hybrid. This separates the signals on the
bidirectional two wire subscriber’s line — or sub’s loop — to
the local exchange into a four wire line. The go pair connects
to the microphone and the return pair to the earpiece. Fig.
1a).

Two- to four-wire interface

The way it works is illustrated in Fig. 1b), in highly simpli-
fied form. Direct voltage applied to the sub’s line by the
Central Oftice Battery at the local exchange causes current 10
flow through the microphone. traditionally of the carbon-
granule type.

Sound pressure from the speaker’s voice impinges on the
diaphragm. varying the mic’s resistance and resulting in
audio frequency components of line current. Audio signal
current flows into the primary centre tap of the hybrid trans-
former. Some flows to the left 10 the exchange and ultimately
to the other party to the call. and some to the right, into the
‘line balance’.

It these two currents are equal, there is no net resultant flux
on the core of the transformer. As a result. none of the audio
appears in the earpiece. Half of the audio is delivered to the
line, and half wasted in the line balance.

In practice. the loss in the line balance is reduced by off-
setting the tap. so that more than half of the audio goes to the
line. This means that the cancellation is not complete. so a
small fraction of the audio appears also in the earpiece. This
is quite deliberate and is called ‘sidetone’.

Too little sidetone causes the circuit to sound "dead’,
encouraging the speaker to shout, while too much causes the
speaker to lower his voice unduly.

In principle. the line balance could be a 600€2 or 1402
resistor. depending on whether the sub’s loop is an overhead
open wire line or a pair in an underground cable. But life is
not that simple.

In practice the line impedance varies with frequency, so the

Send
data

Sub's loop
(subscriber's

COMMUNICATIONS

Fig. 1a). A hybrid converts a
bi-directional two wire

Ear interface into a four wire

piece interface having separate go
and return paths.
b). Skeleton simplified voice
circuit of a telephone,
omitting dialling and other
features.

Hybrid
transformer

Line
balance

Mic.
line) b

R

b)

line balance will include some reactive components, and of
course will be dc blocked by a capacitor. This avoids draw-
ing unnecessary current from the central office battery. But
the fact remains that the purpose of the hybrid is to provide
the two- 1o four-wire intertace indicated in Fig. 1a).

Sending data by wire

Data is commonly sent over a subscriber’s loop. as when the
Internet is accessed via a modem. But for shorter links,
between buildings on a common site. or rooms within a large
building, there is often a requirement for faster data transfer
rates than can be accommodated on a phone line.

Various protocols are used for short links. such as RS232,
RS4xx, etc, while for local area networks, protocols such as
Ethernet. Token Ring. etc are used. Many of these protocols
use simplex working. and I wondered whether duplex work-
ing, complete with the use of phantoms. could permit the
transfer of more data over a given circuit. This could be use-
ful in special circumstances. where it was difficult or expen-
sive to install extra cables to cope with an increase of traffic.

Various manufacturers now produce special-purpose
drivers and receivers for sending high speed data over bal-
anced twisted pairs. A good example is the EL2/4x series
from Elantec, some samples of which I recently acquired.
Both EL2140 and EL214] accept input data in either bal-
anced or unbalanced format and provide a balanced output
drive for lines such as twisted pairs — with or without overall
screen.

The EL2142 is a matching line receiver featuring a com-
mon mode rejection ratio, or cmir, in excess of 60dB at
10MHz. and a frequency response extending to beyond
100MHz.

Figure 2 shows a pair of these devices being used to trans-
mit data over a twisted pair, which is driven from — and ter-
minated in — its characteristic impedance, to avoid reflections
occurring on the line. In principle, the same line can carry
another, entirely independent, data stream, using a phantom.

The arrangement is shown in the Typical Applications sec-

Rfb

twisted pair
(screened ' . .
4 999,
otherwise)
R = Zo, say EL 2142
100 ohms typ.

Fig. 2. Sending high speed data over a balanced line such as a twisted pair, using ICs designed for the purpose.

e
Recovered
data
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R/2
Vout
Send ;
Vin AAAA
data A
r VinB
Send Vref A
data B VoutB R/2
EL2140

Fig. 3. Sending
two streams of
data over a

twisted pair, using
an earth phantom,
as shown in the

EL2740 data
sheet.

a)

mrr

tion of the £L2]40 data sheet, and is reproduced here as Fig.
3. In the data sheet. the characteristic impedance of the bal-
anced line is assumed to be 100Q. The four resistors shown
as R/2 in Fig. 3 are therefore each 50Q.

The scheme works because of the internal arrangement of
the £L2/40. Gain of the device is fixed at one to one from
Vin 10 Vg and one to minus one from Vi, to Vg, assuming
VinB is grounded. Data A would usually be applied to Vi, and
Ving as an unbalanced signal. as shown in Fig. 3. but could
be applied as a balanced signal if so desired.

So. assuming Vs is grounded, 1V applied at Vi, would
give 1V at Vg, and ¥1V at V5. But if V ¢ were held at
+1V, then the two antiphase output signals would both be
riding on a standing level of +1V. In other words, Vi sets
the common mode output leve! of the two outputs.

Now the Vi input itself has a bandwidth of over 100MHz.
almost as large as the bandwidth of Vi,. So high speed data
can be fed to Vi.r, and will appear as a common mode output.
simultaneously with totally independent balanced mode data,
applied via V,,.

Two circuits, one way on one pair
In practice. certain limitations may spoil or even prevent such
operation entirely.

The first point concerns the return path for common mode
data carried on the phantom. The data sheet simply shows an
earth symbol at each end of the link. But as I noted in my
earlier article. an earth return phantom may be subiject to
excessive noise injected between the two ends of the link, via
the earth path. That possibility could be largely negated here.
by using a screened twisted pair. with the outer screen form-
ing the earth return path.

The second point concerns the characteristic impedance of
the phantom circuit. Assume for the moment that the cable is
equipped with an overall screen. which is used as the return
path for the earth phantom. Now. the common mode data.
data B. uses a circuit consisting of the two twisted wires -

R/2

-
Recovered
% data A
l EL2142
R/2
l——‘ Recovered
data B

| EL2142
Veecd

considered as effectively shorted together — as the go path
and the screen as the return.

This circuit will itself have some characteristic impedance:
probably not the same as that of the balanced twisted pair,
but probably not differing from it by a large factor.

But as shown in the data sheet. and reproduced in Fig. 3,
the phantom is effectively unterminated at the receive end.
Reflections will therefore be experienced on the line. This
will make it unsuitable for high speed data — the longer the
line the lower the data rate will have to be to allow any ring-
ing to subside before the data is sampled.

Owing to the common mode rejection afforded by the
EL2142 operating on the balanced data. this speed limitation
will not apply to data A in Fig. 3 - only to data B on the
phantom circuit.

Termination issue

To avoid this speed limitation on data B. the phantom circuit
needs to be properly terminated. This involves knowing the
impedance of the cable in unbalanced mode. i.e. considered
as a coaxial cable with a two strand inner. This will depend
on the impedance from line to line Z,. and the impedance
from each line to ground Z., Fig. 4a).

Clearly. if Z, is very much higher than Z. then the bal-
anced mode impedance Z, is approximately 2Z. and the
unbalanced mode impedance Z, /lower than this. at Z/2. But
if Z, is very much higher than Z,, then Z, is approximately
equal to Z,, and Z,, (=Z/2) could be much higher than Z,.

2K2
T
R/2 }
Rx
—— Recovered
data A
R2
EL2142
2K2
Fig. 4a). Characteristic impedance of a
screened twisted pair is different in balanced
mode - i.e. normal mode - from in
unbalanced mode, i.e. common mode. Re?‘:e';d
b). This arrangement allows both the -
balanced line and the phantom each to be b)
terminated in their own characteristic EL2142

impedance.
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In practice. Z, is likely to be less than Zy, but higher than
Z/4. So the phantom circuit can be properly terminated as
shown in Figure 4b). where R,=Z,~Z,/4. The value of R/2
can be adjusted to allow for the parallel value 2.2kQ.
although this is so high compared with Zy/2 as to be almost
out of sight.

The lower 2742, recovering data B, is effectively driven
from a source resistance of a little over 1k€Q. which is low
enough to support data rates well beyond 10MHz, given the
device's very low input capacitance of 1pF. It is true that the
phantom circuit will still be driven from a mismatched source
—i.e. Zy/4 instead of Z, — but with the receive end properly
terminated. there will be no problems due to reflections.

Using the phantom as above furnishes two data paths in the
same direction over the one twisted pair. It is also possible to
have two paths over the same pair, but in opposite directions,
giving duplex working.

But before moving on to that. it is worth clearing up one
obvious query: If you have two wires and an overall screen in
the cable, why not send data A down one wire and data B
down the other, both using the screen as a common return?

The answer is “crosstalk’. Capacitance between the two
wires. and their mutual magnetic coupling, mean that while
you might apply data A to one wire and data B to the other at
the send end, by the time they reach the receive end they are
likely to be inextricable entangled.

Two circuits on one pair — both ways

Providing duplex working, permitting independent trans-
mission of data in both directions simultaneously, simply
requires a two wire to four wire transition, as in Fig. la), at
each end of the link.

The hybrid-connected transformer. as used in telephones,
has limited bandwidth and is unable to pass dc or low fre-
quencies. But for data applications a wideband hybrid is
needed. Figure 5 shows just such an arrangement, imple-
mented with ICs and resistors. The way it works is very sim-
ple.

Assume that the amplitude of send data B is +2V. When it
is at the positive level. the voltage at points P and Q will be
+2V and -2V respectively. as in Fig. 5.

For the moment, assume that the other end of the link is
sending no data, so that the two R/2 resistors there are effec-
tively returned to ground. As the line. whose characteristic
impedance R, is now matched at both ends, the voliages at
points M and N will be +1V and -1V respectively. So. by
virtue of the 2.2kQ and 1.1k resistors, the voltage at V;, of
IC,4 will be zero, and zero likewise at V..

Assuming that the line is well matched at the far end, IC4 is
completely ‘blind" to data sent from data B. Points P and Q
are therefore virtual earths. and via the 1.1k€2 and 2.2Q resis-
tors, IC, sees the arriving data A at two thirds of its received
amplitude.

Incoming balanced data A sees a line termination of R in
parallel with 6.6k — in practice just slightly below the line’s
characteristic impedance. The position for outgoing data B
is slightly different. In addition to the line current flowing
from P to M via R/2, some antiphase current flows 10 M from
Q via 3.3kQ2. So the two half-termination resistors R/2 are
effectively R/2 in parallel with —3.3kQ. Thus the send end
termination is in practice just slightly higher than R.

And both ways at once?
In theory, it should be possible to combine the phantom-data
scheme of Fig. 3 with the hybrid data scheme of Fig. 5, to
provide two circuits over one pair in both directions simul-
taneously. The data on the phantom is sent by applying it to
the V,er input of an EL2/40. which also transmits the bal-
anced data, as in Fig. 3.

To receive the phantom data at the other end. a hybrid is

COMMUNICATIONS

August 1998 ELECTRONICS WORLD

Send
M +«tv R p +2V data B
A Vin
Vout
Far end .
termination iIc3 VinB
R ohms R/2 VoutB
A Vref
N -1V Q 2V
EL2140
Fig. 5. A hybrid junction
. . - ———
arrangement, interfacing Recovered
between the bidirectional data A
two wire line and the data
send and data receive
paths.
Send
M o+V  R2 P v ﬂ data C
WA Vin
Far end
termination IC4 VinB
R ochms /2
AN A Vref
N -1V Q -2V sand]
EL2140 data D
2K2
1K1
AN
————
VW Recovered
1K1 data A
2K2 ? 2K2
2K2
i —AMMN——
Send
Rfb data D bar
ANMA-
Fig. 6. In principle, the Vi
arrangements of Figs 3 vin
and 5 can be combined Ving IC6 J
. . ge . in
to permit bidirectional Rezoa‘::';
data transmission on Vref
both the balanced el
circuit and the
phantom.
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Send
data A 100n "
9.3MHz ! vin
squarei L]
2Vpp
100R VinB
2K2
Vref
J
EL2140
mrrr
10n 10u 10R 10u 10n
+5.5V MWN—e +5V
- & 5 Tk
27p
ov ov
1/2 74LS00 100n L
Send -5.5V. T T A T T -5V
1K2 data B 1on  10u  10R  10u 10n
5.2MHz
2:1 mk/sp To Fig. 8
2Vpp

Fig. 7. One end of an experimental link designed to explore the possibility of sending
and receiving two data streams in each direction simultaneously. This end is send only.

Data A and
Data b

Vin

Send
Data C

from Fig. 7

VinB __|_

Vref

Data D

330R
"l

EL2140

Send
Data D

+5V 100n

74HCT74 e

E=ile

CkR Q
Data /D

’ 2K2
56R 100n Data C

b —— >
Recovered
Data A

150R 100R

Fig. 8. One end of an
experimental link designed
to explore the possibility of
sending and receiving two
data streams in each
direction simultaneously.
This end is fully equipped to
handle the four data
streams.

1

Vb
Vin
IC6
VinB
Vref

EL2142

100R

2-10p

Data /D

Recovered
Data B

needed for the phantom circuit, in addition to the hybrid for
the balanced data shown in Fig. 5. This is arranged with the
aid of a second EL2742, shown as ICg in Figure 6.

Incoming common-mode phantom signal data B, arriving
from the far end. is accepted by ICg via the two 2.2k<Q resis-
tors connected to its Vi, terminal. It will also. of course, be
subject to the outgoing phantom data D. but this is outphased
by applying the inverse signal. data D, to Vj, of IC¢ via
another 2.2k resistor.

One important point to note is that here the possibility of
terminating the phantom in its own characteristic impedance
has been lost. In Fig. 6 the phantom circuit is terminated —
and driven — by two resistors R/2 in parallel, or just one quar-
ter of the impedance of the balanced pair.

Whether this would be a fatal flaw in the scheme was a
matter of conjecture. Even if not, there were plenty of other
potential snags and pitfalls. so the only way to be sure was to
try it out for real.

Would the theoretical link work?

I'managed to find a Sm length of screened twisted pair. 1 had
no information as to its impedance. either as a balanced pair
or as a two-strand-inner to screen. Nevertheless, in the
absence of anything more suitable, it was pressed into ser-
vice.

A full complement of transmit and receive channels, as in
Fig. 6, was made up at the right hand end of the link. For
speed, the other end implemented only the two transmit
channels, as in the left hand side of Fig. 3. This was fur-
nished with two independent data sources. data A and data
B, with different clock rates.

At the right hand end, an EL2/740 transmitted data C and
data D. at two different clock rates, both different from data
A and data B. As there were no receive circuits for these at
the left hand end of the link, their purpose was solely to pro-
vide outgoing signals, to test the efficacy of the hybrid
arrangements.

In the absence of any data on the impedance of the cable,
the correct value for the four resistors R/2 was determined by
experiment. Using a single signal. send-data A, various val-
ues were tried to find that which resulted in a clean wave-
form on the line, indicating an absence of reflections. The
appropriate value turned out to be 47€. indicating that the
impedance of the balanced line was 1002 or a shade under.

The circuits of the two ends of the link. as finally devel-
oped, are shown in Figs 7 and 8. In Fig. 7, two entirely inde-
pendent and unrelated sources were used. Data A was a
9.3MHz squarewave from a 10Hz to 10MHz video oscilla-
tor, and can thus be taken as simulating a repeated 0101 data
sequence at an 18.6MHz clock rate.

The 74L.S00 oscillator generated a 5.2MHz ttl output with a
two to one mark space ratio. It can therefore be taken as rep-
resenting a repeated 011011 sequence clocked at 15.6MHz.

At the other end of the link, Fig. 8. the two transmitted
data streams served solely to load the system, testing the effi-
cacy of the hybrids. So for convenience, a single 9.1MHz
data source was used, furnishing data C, and after a divide-
by-two stage. also data D. These may therefore represent
0101 and 0011 sequences at an 18.2MHz clock rate.

Data D was used to cancel the transmitted data D in the
phantom hybrid. circuitry associated with IC,. Capacitive
trims at ICs inputs were used to optimise the rejection in the
balanced hybrid circuitry associated with ICs.

What the waveforms look like

Figure 9 shows data D, top trace, and data C. middle trace.

The bottom trace, taken during a second exposure, shows

the line waveform at point M in Fig. 8. or point K in Fig. 7.
The upper two traces are at 2V/div., the lower at 1V/div.,

all at 100ns/div. For clarity, data A and data B were disabled
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for these measurements. Similarly, Fig. 10 shows data B (top
trace), and data A (middle trace). Although they both appear
- and indeed are — locked, this is due to the use of ‘normal-
mode’ sync facility.

In Normal mode, the oscilloscope displays channel 1 and
channel 2 alternately, each trace triggered from the appro-
priate channel. At the bottom is shown the combined wave-
form at point K in Fig. 7, with data C and data D disabled.
The bottom trace was recorded with the ‘scope triggered
from data A.

Since there is no relation between the frequency of data A
and data B - unlike in Fig. 9 — the lower trace shows pre-
dominantly data A, spread out and blurred by data B.

Figure 11, top trace, shows the line waveform with all four
data streams present simultaneously, triggered from data B.
Naturally, with four different frequencies present, it looks
rather a mess. with only the data B component discernable.

The lower trace shows the recovered data B at the output of
IC, in Fig. 8. Figure 12, top trace, shows the line waveform
with all four data streams present simultaneously, triggered
from data A. The lower trace shows the recovered data A at
the output of IC; in Fig. 8.

Snags and pitfalls...

The clarity, betokening a good signal to noise ratio, of the
recovered data A in Figure 12 shows that the hybrid for the
balanced signal works extremely well.

Recovered data B in Fig. 11 presents not such a good sig-
nal to noise ratio, although a fast comparator would clearly
extract the data adequately. But then the test circuit only
included some 5m of cable.

The poorer efficacy of the hybrid used on the phantom cir-
cuit stems from two separate causes. The first is the delay
experienced by data D in IC4 — a delay not suffered by data
D fed to hybrid ICq and its associated components.

Adding the 2-10pF trimmer effected a useful improvement,
although of course a first order lag cannot exactly compen-
sate for a pure time delay. An improvement would result
from passing data D through another EL2/42, to provide a
balancing delay.

...and a possible reprieve

The other factor is the mismatch experienced by the com-
mon-mode phantom signal, it being terminated by the two
47Q resistors in parallel, effectively 23.5Q.

I said earlier that with bidirectional data, the modification
to provide accurate termination of the phantom shown in
Fig. 4 was no longer possible.

And so I thought — until now. But it occurred to me even
while writing this article, that this is not so. In Fig. 8, ICg
extracts the phantom signal, data B found at points M, N.
Suppose now the recovered data B be applied, along with
send-data D, to the Vs input of IC4.

The result would be to bootstrap the two 472 resistors
with an equal voltage at points P and Q. Thus no component
of current due to data B would flow in them,; their value — as
far as data B only is concerned — has been effectively
increased to infinity.

If instead, only an appropriate fraction of the recovered
data B be fed back, the terminating resistance seen looking in
at M and N can be raised to the correct value for the cable.

But, you may say, in applying a fraction of the recovered
data B back to the Vi input of ICy, surely it will be sent back
down the line, the way it came? And it will indeed, but in an
amount and phase which exactly cancels the reflection which
would otherwise have taken place due to the mismatch.

Delays in ICq 4 will prevent the correct degree of boot-
strapping being instantly effective. This will set an upper
limit on the usable data rate over the link, as a degree of
edge shaping to control rise and fall times may be advisable.

COMMUNICATIONS

Old hat?

To engineers involved with data distribution, the foregoing
may be old hat; I honestly don’t know. But for me, it has
been an interesting and enlightening experiment. a

Fig. 9. Top is a),
data D, 2V/div.
Middle, b), is
data C, 2V/div.
Bottom, c), is line
waveform at
point M in Fig. B,
1V/div., 0V at
two divisions
below centre. All
traces are at
100ns/div.

Fig. 10. Top, a) is
data B, 2V/div.
Middle, b) is data
A, 2V/div.
Bottom, c), is line
waveform at
point K in Fig. 7,
1V/div., OV at
two divisions
below centre. All
traces are at
100ns/div.

Fig. 11a). Top, a),
is data
A+B+C+D,
2V/div.

Bottom is b), i.e.
recovered data B
at output of I1C6,
1V/div., OV at
two divisions
below centre.
Both traces
triggered from
data B, at
100ns/div.

Fig. 12. Top, a), is
data A+B+C+D,
2V/div.

Bottom, b),
recovered data A
at output of ICs,
1V/div., OV at
two divisions
below centre.
Both traces

August 1998 ELECTRONICS WORLD

triggered from
data A, at
100ns/div.
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Newnes
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e
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What’s in the book?

Radio Signals On The Move; Antenna
Basics; Wire, Connections, Grounds
And All That; Marconi and Other
Unbalanced Antennas; Doublets,

Dipoles And Other Hertzian Antennas;

Limited Space Antennas; Large Loop
Antennas; Wire Array Antennas;
Impedance Matching; Simple Antenna
Instrumentation & Measurements

Includes free CD
with antenna
design software

Antenna Toolkit
by Joe Carr

’

Combined with antenna design software on CD-rom, Newnes
new book Antenna Toolkit provides a complete design
solution. Prepared by antenna expert Joe Carr, this package is
written for beginners and advanced users alike.

On the CD-rom is a suite of powerful software running on the
pc. The software calculates the critical lengths and other
parameters of the antennas in the book by having the user
select the antenna type and set the frequency.

The main menu screen is in the form of tabs, one for each
chapter of the book plus other topics.

This 220 page work includes 185 illustrations and 23
photographs.

** HF propagation predictor included **

Also included is a Windows freeware package, from the
Voice of America organization, called VOACAP. This is an
hf propagation predictor which some commercial sources
have offered unmodified for hundreds of dollars.

UK Price: £27.50 Europe £30.00 ROW £32.50

** Price includes delivery and package **

Return to Jackie Lowe, Room L333, Quadrant
House, The Quadrant, Sutton, Surrey, SM2 5AS

Please supply the following title:

Newnes Antenna Toolkit
Total

Name

Address

Postcode Telephone

Method of payment [please circle)
Access/Mastercard/Visa/Cheque/PO
Cheques should be made payable to Reed Business Information

Credit card no

Card expiry date
Signed

Please allow up to 28 days for delivery




The Low Cost Controller

That’'s Easy to Use

The K-307 Module provides the features
required for most embedded applications

AHGIO?UG e 4 Channels in 1 Channel out

Digita + 36 Digital in or out & Timers
Serial » RS-232 or RS-485 plus 12C
Display » LCD both text and graphics
Keyboard + Upto 8 x 8 matrix keyboard
Memory s > 2Mbytes available on board
Low Power + Many modes to choose from

The PC Starter Pack provides the quickest method
to get your application up & running
Operating System + Real Time Multi Tasking
languages « “C*, Modula-2 and Assembler
Expansion + Easy to expand to a wide range
of peripheral cards

J "
Real Time Calendar Clock, Battery Back Up,
Watch Dog, Power Fail Detect, STE 1/0 Bus,
8051 interface, 68000 and PC Interface

Cambridge Microprocessor
Systems Limited

) ‘ Units 17 - 18 Zone ‘D’
' » Chelmsford Road Ind Est
\J Great Dunmow Essex CM6 1XG

E-mail cms@dial.pipex.com
Phone 01 371 875 644

<

CIRCLE NO. 113 ON REPLY CARD

Professional Electronics Design - 90% Discount!
« Genuine, professional EDA software with no limitations! - and YOU can afford it! %P;ou can't sell

. EDWin NC comes from Visionics: one of the longest established, most experienced producers it for that!
of professional EDA systems, so it’s fully proven in professional work.

« Now you can have this best-selling non-commercial version of the software at just 10% of the normal price,
with no limits in its capabilities.

. It does just about everything you could want! Schematics, simulation, PCB layout, autorouting,
manufacturing outputs and many more advanced features are available and it runs in Windows 3.x, 95 or NT.

. Where’s the catch? It’s for non-commercial use - but companies may order for evaluation purposes

Here's what you get.
. EDWin NC BASIC: Schematics, PCB Layout Basic Autorouter,

I \R manufacture outputs, Max. 100 componént database, 500 device Library £49.00
. EDWin NC De Luxe 1: BASIC + Professional Libraries

Eleg:%:;ilf;?izlgn and unlimited database £79.00
We aim to dispatch . EDWin NC De Luxe 2: BASIC + Professional
immediately we receive payment, Libraries and Mix-mode simulation £79.00
e R . EDWin NC De Luxe 3: BASIC + Professional Libraries,
ostage £5 UK; Overseas £10 - ; . ;
Prices inc. VAT, unlimited database, Mix-mode Simulation

and Arizona Autorouter £115.00

; . EDWin NC De Luxe 4: De Luxe 3 + Thermal Analyser,
Don’t forget - EDSpice Simulation, EDCoMX Spice model kit £199.00
Phone Today for Your | , EDWin NC De Luxe 5: De Luxe 4 + ED-EMA (EMC Analyser)
90% Discount! ALL FOR ONLY £235.00

Order hotline: 01992 570006 Fax 01992 570220 E-mail: visionics.eu@dial.pipex.com

) Swift Eurotech Ltd., Twankhams Alley, 160 High Street, Epping, Essex, CM16 9AQ VISA




CIRCUIT IDEAS

Over £600 for a circuit idea?

New awards scheme for circuit ideas

® Every circuit idea published in Electronics World receives £35.

® The pick of the month circuit idea receives a Pico Technology ADC42 — worth over £90 — in
addition to £35.

® Once every six months, Pico Technology and Electronics World will select the best circuit idea
published during the period and award the winner a Pico Technology ADC200-50 — worth £586.

How to submit

your ideas

The best ideas are the
ones that save readers
time or money, or that
solve a problem in a
better or more elegant
way than existing circuits.
We will also consider the
odd solution looking for a
problem - if it has a
degree of ingenuity.

Your submission will be
judged on its originality.
This means that the idea
should certainly not have
been published before.
Usefufmodiﬁccﬁons to
existing circuits will be
considered though -
provided that they are
original.

Don't forget to say why

you think your idea is o d
Worfhy' We can cccepf B s 10120 2 3 3w s 50 P
anything from clear hand | (SIS TRR = T R (e = (T | OO OO

iti d handd . p, .
cineul &g ho back of an | Turn your PC into a high-performance virtual

?nge't?PeBT¥r?tehW1ri"en fffexf instrument in return for a circuit idea.
:ﬁe ?d:crx' isuor: di(:kp?nuos " | The ADC200-50 is a dualchannel 50MHz digital storage oscilloscope, a
Fopular pc or Mac 25MHz spectrum analyser and a multimeter. Interfacing to a pc via its parallel
ormat. Include an ascii port, ADC200-50 also offers non-volatile storage and hard-copy facilities.

fjllrz\?,?:ghc?sri-c:ﬁ;y net Windows and DOS virtual instrument software is included.

and please label the disk ADCA42 is a low-cost, high-resolution ato-d converter sampling to 12 bits at
with as much information 20ksample/s. This singlechannel converter benefits from all the
as you can. Qstrumenfaﬁon features of the ADC200-50. )
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+5V (B37)
. Re —

6 9

47k, 1% RS 15k, 1%

Try
BC858B +
-4 o C;
Try 220u/10V

) BC858B

R1
15k 82k, 1% Output
-5V, 400mA
L1
33uH"
I
. 1 v+]8
4.2V sequencing threshold LBO 7
5 2| g LX
3FB GNDIE l-—ﬂ—«
41SHDN  REF|2 D;
ESIB
R4 R3 MAX761CSA 03 = C1
39, 1% % 33k, 1% 100n T T 68u/20V
. o
*Coiltronics -

Maxim’s MAX761CSA used as a negative buck regulator to provide -5V from a
~12V supply, the -5V appearing in sequence with a separate +5V supply during

switch-on and switch-off.

Sequenced step-down converter

his =12V to -5V converter only

provides the -5V output when a
separately regulated +5V has made
its appearance. shutting down the
—5V output if the +5V is not present.
A-to-d and d-to-a converters often
need this sequencing to avoid latch-
up.

Regulator IC,, a MAX761CSA, is
an efficient, switching boost device
used here as a negative buck
regulator. The boost regulator
arrangement is correct for the
switching control. But the feedback,
being referred to the positive rail
and compared with a reference from
the negative rail. needs a voltage
level shift, which is provided by the
current mirror Tr3 4. emitter resistors
Rg g reduce mismatch error.

An internal comparator and 1.5V
reference in the 76/, which are
intended for low-battery detection
on the low-battery input and output
pins, monitor the +5V rail. Current
from the Tr) , current mirror
develops a voltage across Ry,
proportional to the +5V rail, that is
applied to LBL.

If this drops below a nominal

4.2V, LBO pulls Rs to the negative
tail, causing an increase in current
through the diode-connected Try,
this is mirrored in Tr3 and develops
a voltage across R3, applied to the
teedback pin of the regulator. The
action indicates that no further
output is needed and the regulator
shuts down, a minimum of 10kQ
load preventing D, leakage charging
up C2.

This buck-regulator arrangement
delivers around 400mA at -5V,
instead of the 1S0mA when used as
intended as a boost converter, driven
by +5V. Efficiency is 90% at
400mA, down to 85% at 100mA;
ripple under 25mV at any load and
accuracy dependent on the internal
reference and tolerance of Ry 339.

Different Vgg in Trj 4 introduces
more errors, but these can be greatly
teduced and the need for Rg.g
eliminated, by substituting dual
transistors such as the Rohm
UMTIN.

Tim Herklots

Maxim Integrated Products
Reading

B37

CIRCUIT IDEAS

Universal
active filter

wilching a capacitor in the manner

shown in Fig. 1 simulates a
resistance having the value
Req=1/fCy, f; being the clock
frequency. In this case, the simulated
resistance is used to control the cut-
off frequency and Q of a universal
active filter.

Figure 2 shows the circuit, a low-
pass filter of the second order with the
possibility of interchanging the
connections to pins 1 and 2 to make a
band-pass filter, also of the second
order.

In addition, with pin 2 grounded and
pin 3 taken to pin 1 — shown by the
dotted line — an all-pass filter is the
outcome; adding C, turns the circuit
into a band-stop filter. To get a high-
pass filter, interchange C) and R,
place C, in parallel with R, to pin 4
and take the input to C.

For all versions, fo=f.C,/C, and
Q=C,/C,. Frequency range lies within
the audio band, although the use of
current-mode op-amps such as the
OPA 603 would extend the range into
the megahertz region.

Kamil Kraus
Rokycany
Czech Republic

fC
1
R.. =
a fCCu
o = o1
jcu
{B19a)

Fig. 1. Switched capacitor simulates a resistance, variable with
switching frequency.

in

Fig. 2. Extremely flexible filter circuit, R,
using the simulated resistance to make

a universal active filter with variable 3_1_
cut-off and Q.
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Underground radio or, “You thought you heard what?”

A medical friend wanted to listen to her mains-powered impression of industry and innocence.
radio in her office between patient visits while coping Door-mounted switch D has its contacts open when the
with the paperwork. but didn’t want it to be known — door is closed, as in the type used for cupboard lights. As
patients can be impatient. This circuit arrangement switches  the door opens, the switch shorts the latching relay coil,
the radio off when the office door is opened. leaving an opening the contacts and turning the radio off. When the
coast is clear. the relay may be
m_ B B relatched and the Archers brought
—0 o —0 o— (B33)  back by momentarily closing
switch B, which can be anywhere
——— D 230 convenient.
s — The 240V ac, 15-100W lamp acts

l E l as a current limiter to prevent
damage when the coil is shorted.

o/D | flashing as the door opens. A 6-

) 48V dc relay may be used with a

Radio | series 400V dc (i.e. 250V ac) IuF
capacitor with a IMQ bleed

§ 100 resistor.

Switch B will need the 10Q
series resistor to limit inrush
current. Take care with the switch
wiring; both are at mains potential.
Hugh T Wynne
Glasgow

240V ac Radio

240V
lamp

. -

Clandestine radio switch switches off the radio as soon as
the door opens, leaving a lot of very baffled people.

€ -~

F or a low-frequency ssb cave radio. I wanted 10 use a

pair of balanced mixers that needed no balance control
without resorting to multiplex ics or analogue gates, which

___________ need trimming to reduce the effect of unbalanced inputs.

No-trim If balanced mixer

10k 1k 1k 10k /X/ This circuit is probably familiar to instrument engineers.
1 /\/ [— but I have not seen it used in a radio design.
. ' The right-hand op-amp’s non-inverting input gain is 11
v % and its inverting input sees a gain of 10: the other
amplifier has a gain of 1.1. so that the overall gain is 11.
+ + With 1% resistors. balance is excellent.
150p 1k2 1k2 150p Series 1.2k<2 resistors and capacitors perform the
'j_ sample-and-hold at our 87kHz frequency. Oscillator drive
) to this circuit and its partner is at 12V digital level in
5 Osc drive phase-quadrature.
o 4053 Output is very pure and the circuit is difficult to
g =00 overload.
a=utlRhl s ——— John R Hey
(832) MIE Medical Research Ltd
-3 Leeds
(] [
Alte rna'hve a Ud'O Clgc lessey’s 6270 gain-controlled microphone
preamp having been discontinued. I had to
(B32a) .
>——t + find a replacement for an audio agc system
out and have found other ics to be somewhat
- expensive. This circuit works well and is
- cheap.

Gain in the non-inverting op-amp is set by
the 22kQ feedback resistor and the return via
the 1uF capacitor and fet, whose local
feedback prevents waveform distortion.
Overall feedback comes from the other op-
amp with a gain of 10. its output being
rectified and smoothed.

1N4148 I have tried various fets, but have settled on
the 3819 and MEF103. which work well:
s signal levels in the 4mV-4V range all output
2N3819 1u 8k2 at about 200mV.
or MEF103 John R Hey
. e MIE Medical Research Ltd
Leeds
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CAN YOU BELIEVE IT — 4 TRACE TEKTRONIX 77044 PHILIPS PM3296A Duaf Trace 400z Dusl 6,

Delas Cursors EEE etc £2250
FOR ONLY £350 FLUKE PM3082 242 Ch 100WHz Delay TB, Cursars £999
TEKTRONIX 2465 4 Ch 300MHz Delay Sweep Cursofs etc £2000

g TEKTRONIX 2445/24454 4 Ch 150'4Hz Delay Sweep
: : Cursors etc from £1000
~ EKTRONIX TS lli].‘) Dusl Trace 100MHz Delay Cursors £300
B -~ KTRONSX 2235 Dual Trace 100MHz Delay Sweep E750
== IWATSU SS5711 4 Ch 100WHz Delay Sweep £550
® e » PHILIPS 3055 2+1 Ch 50MHz Dual TB, Delay £A475
f » GOULD DS1100 Dual Trace 30:4Hz £200 With Delay £240
- GOULD 05300 Dual Trace 20iHE £200

2 x 200 MHZ; 2 x 75 MHZ Sweep Delay Graphics etc.
OTHER COMBINATIONS AVAILABLE

TEKTRONIX 2215 - DUAL TRACE 50 MHZ

— T —

MARCOM) 2019 Sym AMEM Sijmal Gen BOrHz 104042 £1400
MARCONI 2017 Phased Leshiod AWM Signal Gen 10KHe 1024MHz £1750

v

% =5 CAN YOU BELIEVE IT — A 1 GHZ GENERATOR
; FOR ONLY £450
.
e
Sweep Delay Incfudes 2 probes ONLY £400 e
H.P. BS40A AWM Sig Gen S00KHz - 10248z Aucio Option
FARNELL 556520 Sym AM/YM Signal Gen 100Hz-520MH; [=F:]
FARNELL PSG520 Sym AMTM Signal Gen 10002-528%Hz Portable 1450
MARCOMI 6311 Programmable Swasp Gen 10MH? 203Hz £4500
WP, 86564 Syn Signal Gen 0 1 990Miz £1500
PHILIPS PM5193 Programmable S Func Gen 0 1Mkz 50Nz £1500
PHILIPS PMY192 Programmatie Syn Func Gen 0 IMhe 20z £1000
PHILIPS PM3217 - Dual Trace 50 MHZ Delay. AP S35k e foten G stz
. w 2w
THIS REALLY 15 A VERY GDOD OSCILLOSCOPE including s e e o o o scrsn i

2 Probes, Pouch & Front Cover ONLY £400

CLASSIC AV0 METER
A DIGITAL AVO DA116 3% DIGIT

Complete with Batteries & Leads
. LONLY £30

TEKTRONIX 400 SERIES

K

HOW DOES YOUR EQUIPMENT MEASURE UP? AT STEWART OF READING THERE’S ALWAYS SCOPE FOR IMPROVEMENT!

LOOK! +«~

BRAND NEW OSCILLOSCOPES!
NEVER USED!! LIMITED STOCK!!

DMS 38504 Digital Storage/DMM
Handhetd LCD dispiay 2 Channel 50MS/S. Auto Range. 4 digit
DMM/Capacitance/Frequency Counter. Battery Gperation or
extenal 7.5-9VDC ie. AC Adaptor {Not supplied). R$232

NEW AND HARDLY USED

PANASDNIC VP8177A FM/AM SIGNAL GENERATOR
100KHz-100MHz: FM 0-100KHz; Output -10dB8-99d8 AM
0-60%; 32 Preset Memery; Digital Display Frequency & Qutput.
Used £450 Un-used £750
KENWDOD FL180A WOW/FLUTTER
METER 0.003%-10%; Freq
3KHZ/3.15KHz RMS/AVERAGE/

of rpm; 4 digit Freq Counter
{0.01KH2-9.999KHz

Commes In Black Carrying Pouch complete with 2 scope 0/01KHz-55KHz)
probes; DMM leads; Manua) Used £400 Un-usad £500
For Only £400 e
D POWER SUPPLY Model HSP3D10

0-30Volts, 0-10 Amps Current

Rzl 2
—~—r Limtting. 2 Meters,
Used £160 Un-used £200

DTS 40 Digltal Storage
Dual Trace 40MHZ. 20MS/S Storage. Cursors + On Screen BO0DWILL GYT427 DUAL
Reagout. Sweep Delay, tnterface etc. etc. Suppiied Unused in
original box complete with 2 Probes & Manual. r 10pV 300V in 12 Ranges

CHANNEL AC MILLIVOLTMETER
Amazing Value at £400 - vw Frequency 10Hz-1MHz
Used £100 Un-used £125
G000WILL GFC 8010G FREQUENCY
COUNTER Range 1Hz-120MHz 8

Diget Display 15m¥ RMS Sensttivity
Un-used £75

- - = 2.
g;@: F

DTA 20 Dual Trace - 20 MHz
Alt Mag TV Tng etc Unused & Boxed

with 2 probes & Manual £225 ANALOSUE MULTIMETER Model HC260TR AC/DC Volts; DC
== Current 10Amps, 17 Ranges: Continuity Buzzer; Transistor Tester
5 Un-Used £15
: STEREG AUDIO BALANCE TO UNBALANCED CONVERTOR
458 Digital Storage Dual Trace 100MHz Delay £650 ¥
466 Analogue Storage Dual Trace 1004Hz Delay £395 : pelpolCaiRact Seie iised[c10
495 Dual Trace 350MHz Oelay Sweep £750 FARNELL LF1
475 Dual Trace 200MHz Defay Sweep £500 METROKM 94 — 500V Baggery Meggar Farnell PSG1000 10 KHz-1 GHz Sl sinersq Oscilizto 10 Hz - 1 MHz
465 Dual Trace 100MHz Delay Sweep £400 {a useful back up for fault finding) AM/FM Synthesised Signal Generator Portable L -~ 75 1
Complete with Batteries and Leads Un-used £1500 Used £995 e -
............................................. £35 e T POWER SUPPLIES
SOLARTRON 7045 Sophisticated Automalic Koduaton Meter 10 Hz-2.4 GHz FARNELL AP106/30 0 100 Yolts, 0-30 Amps Autoranging £1000
4% digt Bench with (Looks similar to above PSG1000} Un-used £1250 FARNELL W6L/25 0 60 Voits; 0 25 Amps 00
leads £80 FARNELL TSVZOMK2 70 Vaits § Amps/35 Voits 10 Amps £200
- FARNELL L12-30C 0 12 Y5its, 0-10 Amps £175
HC3502 - FARNELL 1730-20 30 Valts, 0-2 Amps Twice £150
- : F FARNELL LT30-1 0-30 Yoits, 0-1 Amps Twice £130
Catliace JOME Sl LD 03 SUORIRON7 L1 [DAM et IEEEREA50 — - THURLBY-THANDAR TSX1820 Precision PSU 18Y. 20 Amps £215
Sec/Dwv, X-Y; X5 magnifier; TV Sync etc SOLARTRON 7150 DMM 6 digit IEEE £300
Hardly Used £150 Un-used £200 Troe RMS Wayne Kerr AMM 255 THURLBY-THANDAR TSP3222 Programmable 32: 2 Amps Twice
Automatic Modulation Meter AM/FM 1.5 MHz-2 GHz. 3 Digit GPIB Digeat £450
Un-used £500 THURLBY PL320 0-30 Yoits, 0-2 Amps GPIB Oigital £150
ST EWART of READING THURLBY PL310 0-30 Votts, 0-1 Amps Digital £

DUMMY LOAD ‘N’ TYPE 50 ohm 75 watls Un-used £30 MANY MORE POWER SUPPLIES AVAILABLE

110 WYKEHAM ROAD, READING, BERKS. RG6 1PL  =yisa
Telephone: (0118) 9268041. Fax: (0118) 9351696

Callers Welcome 9am-5.30pm Monday to Friday (other times by arrangement)

Access
A‘

Used Equipment - GUARANTEED. Manuals supplied.
This is a VERY SMALL SAMPLE OF STOCK SAE or Telephone for lists. Please check availability before ordering.
CARRIAGE all umits £16. VAT to be added to Total of Goods and Carriage.

CIRCLE NO.115 ON REPLY CARD

The Balance Box

Microphone or line level amplifier for
balanced or unbalanced signal lines

Professional portable units operating from an internal
PP3 battery or external mains adaptor

% Precision true floating transformerless balanced input and
output at microphone or line level % Simple interfacing and
conversion between balanced and unbalanced signal lines
 Low noise and distortion % High common mode rejection
% Switchable gain selection % Extensive RFI protection

The Phantom Power Box — The Headphone Amplifier
Box - The OneStop DIN rail mounting radio
frequency interference filter and voltage transient protector
for voltage and current loop process signal lines

Conford Electronics Conford Liphook Hants GU30 7QW
Information line: 01428 751469 Fax: 751223
E-mail contact@confordelec.co.uk
Web http://www.confordelec.co.uk/catalogue/

CIRCLE NO.116 ON REPLY CARD

STEREO STABILIZER 5

@ Rack mounting frequency shifter for how! reduction
in public address and sound reinforcement.

@® Mono box types and 5Hz fixed shift boards also

available.

 Broadcast Monitor Receiver 150kHz-30MHz.
* Advanced Active Aerial 4kHz-30MHz.

* Stereo Variable Emphasis Limiter 3.

* 10-Outlet Audio Distribution Amplifier 4.

% PPM10 In-vision PPM and chart recorder.

+ Twin Twin PPM Rack and Box Units.

* PPM5 hybrid, PPM3 microprocessor and PPM8
IEC/DIN -50/+6dB drives and movements.

% Broadcast Stereo Coders.

SURREY ELECTRONICS LTD
The Forge, Lucks Green, Cranleigh GU6 7BG
Telephone: 01483 275997 Fax: 01483 276477

CIRCLE NO.117 ON REPLY CARD



CIRCUIT IDEAS

ADC42

WINNER

Fast, dc-stable
amplifier with a
high input
impedance,
suitable for
applications such
as driving video
cable or data

Wide-band,
variable-gain fet
amplifier

ffering high input impedance and very

good. unconditional dc stability. this fet
amplifier has a ~3dB bandwidth of 40-60MHz,
depending on the gain setting.

i oR7 converters. Design of the amplifier is simple. Tr, ,
_T_ 2N3906 forming a high-speed input buffer. with the fet
< . o as an emitter-follower and Tr, as a current
2N2222 Try Vour  source to set the fet channel current. There
2N3904 2R7 R follow simple gain and output stages with
1 1°M_T_ overall negative feedback, values shown giving
a gain of unity.
Dc stability is the function of the OP-77 op-
Rg amp, which compares the filtered output signal
5K6 ;:\?3906 1K with the filtered input. the difference being used
to set the bias of 77, and therefore the fet
. ¢ P +—0-15V channel current. Gate-source voltage of the fet
must now become whatever value is needed to
match input and output potentials.
The CR network at the OP-77 output
A eliminates high-speed transients from the input
10k + -L signal via Tr, C-B junction.

VN — OoP-77 " 100n Voltage gain is Ra/Rg, | in this case. Slewing
— . is faster than 1000V/us and with a gain of unity,
T wer " | I —3dB bandwidth is 60MHz: at a gain of 10,

2n2 100n 40MHz.
I Frantisek Michele
(B39) B
rno
Czech Republic
ATl (B35)
D, Dx, windings
1N4007 BYF406 in the power
A1 To the main 1 transformer
| converter
Housekeeping +Vp "x
supply for a = T Dx, L0,
L 50Hz BYF406 |
switched-mode r «
power supply 47k 2W
provides A2 D,
undervoltage 1N4007 ™ Auxiliary
protection duririg 1(():6” SUI?PW
turn-off. o vo+ Vaxge
oo T
Auxiliary supply A
for smps Lo
3
R equirements met by this auxiliary supply for use in Z, 0.1y
switched-mode power supplies are: to provide 10V 0.5W - I
auxiliary voltage before the main converter starts: 2

operation if the main converter is short-circuited: no
overvoltage; low power dissipation; and undervoltage
shut-down if the frequency becomes less than an
acceptable value during shutdown.

On switch-on, diodes D, , rectify the mains input to
charge C, through R, the main circuit starting once C,
has enough charge to feed the control circuit.

As Z) turns on, Try begins to conduct, feedback
around T'ry turning both transistors hard on and Tr,
applying the voltage on C) to the output V,. As the
main converter starts. the auxiliary transformer

18V 0.5W

windings supply power to the circuit. If the voltage on
C) falls below the threshold set by Z;, Tr| remains in
conduction, since its base current is supplied by Tr,
through Z; and R;. However, if the C; voltage is less
than that on Z,. Tr turns off. also turning off Try and
the rest of the circuit.

H E Tacca

University of Buenos Aires

Argentina
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from

Milford
Instruments

Scenix

@ Fastest 8-bit micro
® 50MIPS i

@ Flash Eprom

< , O
STk <
pin replacement . of worldwide space
= ? : O funding comes
‘ ) | from the commercial
ot ioiit 2:16 | o use of space hardware,
J ' which could be used in the

CONTROL
ROBOTICS

BASIC Stamps-
@ Re-Programmable
@ BASIC language
@ RS232 Serial ports
® 8 or 16 1/0 lines
@ SPI/DTMF

@ Fast development A

New Scientist

STARTLING
STATISTIC NO.38

Serial LCDs

@ RS232 Serial interface ‘
® 2x16 to 4x40 1
@ Simple 3-pin connection §
@ Integral Keypad option

® Large Numerics option Robotics |
@ Driver chips available for OEM use ® Humanoid fiialle. 18 provlde ooy o
® 5-Axis Arm

. . pharmaceuticals.
3-Axis Machine

@ Stamp 2 based
@ Drills PCBs
@ 3-Axis movement
@ Stepper drive
@ 4 thou resolution
® Win 3.1

software

@ Walking Insect 48"
\

Servo Controller
@® Control up n
to 8 servos
+] ®RS232
Commands

IR Decoder

@ Uses any remote
@ 7 digital outputs
@ Toggle/momentary
@ Re-Programmable

Milford Instruments 01977 683665 www.milinst.demon.co.uk

CIRCLE NO.118 ON REPLY CARD

PHONE DISTRIBUTORS OF ELECTRONIC VALVES FAX
0181 684 TUBES AND SEMICONDUCTORS AND I.C.S. 0181 684
1166 1 MAYO ROAD e CROYDON e SURREY CRO 2QP 3056
24 HOUR EXPRESS MAIL ORDER SERVICE ON STOCK ITEMS
email: langrex@aol.com

£ p KT66 China 10.00 524GT 3.00 6V6G 8.00
AZ31 6.00 KT88 China 12.00 6AQ5 2.00 B6VEGT 5.00
CL33 10.00 N78 8.00 B6ARS 20.00 6X4 3.00
EBBCC 8.50 0A2 3.00 6AS7G 7.50 B6X5GT 3.00
E180F 3.50 0B2 3.00 6AUSGT 4.00 12AT7 3.00
EB10F 20.00 0c3 3.00 6AU6 2.00 12AU7 3.50
EABC80 2.00 0D3 3.00 BAWBA 4.00 12AX7 5.00
EB91 1.50 PCF80 2.00 684G 22.00 12AX7A 7.50
EBF80 1.50 PCL82 2,00 6BA6 1.50 12AXTW 6.00
EBF89 1.50 PCL85/805 2.50 6BE6 1.50 12BA6 2.00
EBL31 15.00 PCL86 2.50 6BHE 2.00 12BE6 2.00
ECC33 12.00 PD500 6.00 6BQ7A 2.00 12BH7/1 10.00
ECC35 12.00 PL38 3.00 6BR7 4.00 12BY7A 7.00
ECCB1 3.00 PL8Y 2.00 6BR8 4.00 120W7 15.00
ECC82 3.50 PL504 3.00 6BW6 4.00 12E1 10.00
ECC83 5.00 PL508 3.00 6BW7 3.00 13E1 85.00
ECC85 3.50 PL509/519 10.00 6BZ26 3.00 572B 85.00
ECC88 6.00 PL802 4.00 6Ca 2.00 805 45.00
ECC808 15.00 PY500A 3.00 6CB6A 3.00 807 7.50
ECF80 1.50 PY800/801 1.50 60C6G 5.00 B11A 25.00
ECH35 3.50 QQv02-6 12.00 6CL6 3.00 812A 55.00
ECH42 3.50 QQV0e3-10 5.00 6CG7 7.50 813 27.50
ECHB1 3.00 QQV03-20A 10.00 6CHE 3.00 B833A 85.00
ECL82 3.50 QQV06-40A 12.00 6CW4 6.00 866A 20.00
ECL86 3.50 [V13:) 8.00 60Q5 17.50 B872A 30.00
ECLL800 25.00 UABC80 1.50 60Q6B 10.00 931A 25.00
FE37A 3.50 UCH42 5.50 6F6G 6.00 2050A 12.50
EF39 .75 ucL82 2.00 6FQ7 7.50 5751 6.00
EF40 4.00 uCLB3 2.00 6GK6 4.00 5763 6.00
EF86 10.00 UF89 4.00 645G 6.00 5814A 5.00
EF91 2.00 uLat 12.00 6J5M 4.00 5842 12.00
EF183/4 2.00 uLs4 3.00 6J7 3.00 6072A 6.00
EL33 15.00 uyal 4.00 6JBEA 27.50 6080 6.00
EL34 8.00 uYss 2.00 6JE6C 27.50 6146B 15.00
EL34G 6.00 VR105/30 3.00 6JS6C 27.50 6201 8.50
EL36 5.00 VR150/30 3.00 6K6GT 4.00 6336A 35.00
EL4Y 3.50 759 10.00 6L6G 15.00 6550A 25.00
EL84 2.25 2803V 15.00 6L6GC 15.00 6883B 15.00
EL95 2.00 2021 3.50 6L6WGB 10.00 7025 7.50
EL360 15.00 3828 12.00 6Q7 3.00 7027A 25.00
EL509/519 12.00 4CX250B 45.00 6SA7 3.00 7199 15.00
EM34 15.00 5R4GY 7.50 6SC7 3.00 7360 25.00
EMB14/7 4.00 504G 10.00 65G7 3.00 7581A 15.00
EN91Y 7.50 50U4GB 10.00 6SJ7 3.00 7586 15.00
E280/81 3.50 5vaG 4.00 6SK7 3.00 7587 20.00
G232 8.50 5Y3GT 2.50 6SL7GT 5.00
GZ33/37 6.00 523 5.00 6SN7GT 5.00 Prices correct when
KT61 15.00 524G 6.00 6UBA 1.50 going to press.

OPEN TO CALLERS MON-FRI 9AM-4PM. CLOSED SATURDAY
This Is a selection from our stock of over 6,000 types. Please enquire for types not
listed. Obsolete items are our speciality. Valves are new mainly original British or
American brands. Terms CWO/min order £10 for credit cards.
P&P 1-3 valves £2.00 4-5 valves £3.00
Add 17.5% VAT to total including P&P.

CIRCLE NO.119 ON REPLY CARD

August 1998 ELECTRONICS WORLD

CIRCLE NO. 120 ON REPLY CARD

663



CIRCUIT IDEAS

Simple, linear thermoregulator

A Dc4 2 his very simple arrangement keeps Sensing is done by the nic which is controlled by the
small objects to within +0.1°C in thermistor Ry. which has a resistance temperature. Power applied is
W| N N E R ambient-temperature variations of of 10kQ at 25°C. Transistor Tr,, a P=V¢cRg, Rg being the thermal
around +10°C. In my case, it TIP122 darlington. is the heating resistance between the system and its
stabilises the temperature of pressure-  element and is fastened to the object environment. An exponential
meter measuring head. to maintain it at the temperature set response from the thermistor gives
by the bias resistors R, and R|. For the transfer function,
(B36a) +‘<$V the gain needed to achieve the
Fig. 1. A simple circuit 4'?(17 regulation quoted, the transistor Tr is  Ip=f(T)=Vg/{ Roexp[B(1/T+1/Ty)]},
to maintain a small b needed,; for less demanding
object at a closely Rg application, it may be omitted. Figure  in which Vj is the voltage at B.
controlled 100k 2 is the block diagram. As the gain is high, base current
temperature. ls, Base current is the difference may be neglected and output
B between /s and IT; voltage at B is temperature is approximately that
Ird approximately fixed at 1.8V or determined by the inverse of (7). so
Ry 3xVgE, so that /g depends solely on that setting the temperature means
iy Tr, the value of Rg and /1 on that of Ry, simply setting /g=IT at the
10k TIP122
T temperature needed. o
S If the thermal characteristics of the
Fig. 2. Principle of the +l object cause instability, reduce Ve

thermoregulator, in + b |\ 4 's| vee | P| Ro [AT T and, to reduce the possibility of
which T is the object’s ls —sH  }—>— Prerhrez | —— '+< ) T damage to the darlington during

temperature and T, transients, ensure that the power

the ambient It supply is current-limited or has a
temperature, T being im | T series resistor.
fed back as control. > nte a Giorgio Delfitto
(B36b) University of Padova ltaly
(]
Accurate zero-crossing detector
At the output of this circuit appears a positive-going pulse, the trailing edge
of which is within 8ps of the time of zero-crossing when driven by a
50Hz waveform of 190-250V ac amplitude.
In Fig. 1, diodes D) 3 conduct during most of the negative half-cycles of the
input and Dy_g during the positive half-cycles; the two sets of three diodes .
need about 3V across them for conduction. Diodes Dy 5 provide a path for the : ' o ‘
conducting diodes. 3 u — .L_l
Figure 2 shows the waveforms, with the input at the top. Waveforms 2 and 1 i '
3 would occur at point A on alternate half-cycles if each transistor were in 4 H I—L m I
circuit alone; at 3 is the 100Hz result of both being present. n n A I'l
Clearly, zero crossing is more
or less in the middle of the pulse ('—) N
at 3, so that after inversion in Tr
the pulse triggers the 555 *??V
monostable flip-flop, the time |
constant being set to give the
falling edge of its output — O 820RS R
waveform 4 — at the correct time. 1 L] -
If the width of the 555 output Dsk D, L{ us 6 s P+
pulse is set to 30ps, accuracy is % { 555 | -
within 8ps. By +5V 3 4 RC set for
Jayant Kathe ) 30us with
Bombay MCT2E EZkz +—— 2 formula 1.1RC
India » 2
B40 e - ﬁmn
Load | o L
: r— > onzow
Warning o i LI
Using an opto-isolator alone $ (B40)
does not constitute mains B f - Tr,
safety isolation. Be D4’! i
conversant with the Accurate mains
. Dy MCT2E .
appropriate safety zero-crossing detector.
regulations before attempting §
to apply this circuit.
D, to Dy 1N4007
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New Scientist New Scientist

STARTLING STARTLING
STATISTIC NO-65 STATISTIC NO.§57

1 Ofy SVING
O

Scientist is an essential tool in today’s
changing, modern business world. It’s full of surprising and
interesting articles written in an easily digestible style.

How could enzymes from dead whales affect the
global detergent market? Or chicken feathers change
consumers’ perception of nappies?

Every week, New Scientist will intrigue, amuse and
inform, keeping you up-to-date with the latest scientific and
technological breakthroughs worldwide.

And, perhaps most important of all, New Scientist
allows you to evaluate how

New Scientist

these developments might
affect you and your business
now, and in the future.

Subscribe to New

- 85-CAL. N Scientist now by filling in the
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Hotline number, and find
out what tomorrow’s world
holds, today.
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+Vpp

" (regulated) ©

DC sample of ¢, 3 g Jggr?
of stepped-down IC, | 8 IC, polarised
line voltage LM311 © 4047
10k 24
Set
ref 1M
-
——

If you have to record the time of events, for example the
drops in mains voltage, and don’t need ultimate accuracy, a

talking clock and a tape recorder are the answer.

Time recording by talking clock

O

ne of the inexpensive talking clocks and a tape
recorder will record the times of events over a period,

if the time to an accuracy of a minute is good enough,

since most of these clocks simply give hours and minutes.
In this case, the circuit detects and records power-line

drops.

A comparator looks at a rectified and smoothed sample
of the line input and triggers the 4047 monostable when
such a drop occurs. The time of the monostable is such
that its output stays high for around 6s, long enough for

(Ba1)

NO2

NO1
AC mains
o Powerin

|- -
Talking clock
Audio |
tape-rec

in
L—p ¢ e—
o record

{ | mode ;AC'power
input | | inlet

the recorder to switch on and record the output from the
clock, the recorder being powered, and the battery-

powered clock being actuated, by the relay.

Mumbai
India

Sanjay Chendvankar
Tata Institute of Fundamental Research

Dl
FH —9 = Z, Z,= BZX79C5V1, Warning
3 i .
i 100p otheRr dlo:ti:s;Ndma Note that the whole of this
1 = 10m: - .
+ - &2, _IR | ® 4-terminal circuit is connected directly to
1 | 5V1 3 i i i
1000 3Bk %o, the mains 50 insulate and test it
16V W A appropriately before use.
L> AN
D;A D3
R - 2.5A rms
+ 7§0R - e, 1 1 typical
C, T Ze N OP191GP
100 5V1 TDG
16V
LOAD
D2
»—H *
R,
%ko
R R
AR 3
=—275VAC
Xejratedilf @02 A W | [ CEEEEEEEE L SCEE S T S B © e et - & SSCES
N +5V
. . I Ry, 75k
lee current sensmg Rs LRs L Ry C. 100p
A n earlier circuit described in the November 1994 issue, | SSPTONRISOK -
p. 921. took the form of a differential amplifier to detect
signals sitting on the mains live line, such as the voltage -
5 g . o AV v, = 22mV/A
developed across a current-sensing resistor. The circuit shown 1 IC,a
here increases the sensitivity by more than an order of R. C 2%
magnitude by adding amplifier /C, on the live line itself, 660K m&)I . Ul
thereby allowing the use of a very low-value sense resistor — R,<Rs< Ry
10mQ, for example. . N | 10kS10KS 100k Ce — 13
Power for the low-power amplifier comes from a capacitive T1 00p T1 00n
o 0V

current pump, to avoid the use of a transformer or

optocoupler, both of which pose their own problems. Since the

pump comes before the sense resistor, the pump’s current

waveform does not add to the legitimate one being sensed.
This arrangement was used to measure the current drawn by

atriac-controlled load. A further benefit is that the differential

amplifier /C, may be grounded, as opposed to being at mains

CJD Catto
Cambridge

neutral, assuming that R, 54 are of good quality. Take note that these
resistors are split across the safety barrier.
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Yet-Summer Specia

Audio Analyzer

HP 8903 A 20 Hz-100 kHz, IEEE £ 1,250
HP 8903 B 20 Hz-100 kHz, IEEE £ 1,650
Calibrators
FLUKE 5440 B Voltage DC 0-1100V £ 3,260
FLUKE 5450 A Resistance 1 Q-100Q unused £ 1,350
HP 4140 B Picoamperemeter/DC voltage source £ 2,150
Communication Test Sets
MARCONI 2946 for avionic use, incl. options £ 5,950
R+S CMS-52 0.4-1000 MHz, IEEE, incl. options £ 5,950
R+S CMT 0.1-1000 MHz, IEEE, AM/FM, phase £ 4,990
Schlumberger 4040 400 kHz-960 MHz £ 2,200
Schlumberger 4922 Radiocode analyzer
for use with Schlumbeger 4040 £ 950
Schiumberger 4040/4922 Set price! £ 3,000
Component Test System
HP 4274 A LCR-bridge, resolution 5%: digits £ 2,750
HP 4280 A Semiconductor tester £ 3,290
Counters
EIP 451 300 MHz-18 GHz £ 690
EIP 548 A 10 Hz-26.5 GHz, GPIB £ 1,750
EIP 575 0.01-18 GHz, Source locking, IEEE £ 1,750
EIP 578 10 Hz-26.5 GHz, IEEE £ 1,990
EIP 585 0.3-18 GHz, microwave impulse, IEEE £ 2,190
PHILIPS PM 6680 high-resolution, 225 MHz, GPIB £ 750
RACAL 1992 1.3 GHz, TCXO, IEEE new boxed £ 695
RACAL 1992 as above, fully tested used £ 450
RACAL 1998 10 Hz-1.3 GHz £ 325
RACAL 9918 10 Hz-560 MHz £ 99
Digital Multimeter
FLUKE 8506 A Thermal RMS, 6" digits, IEEE £ 1,190
FLUKE 8520 A 5" digits, IEEE £ 459
FLUKE 8840 A DVM, 5% digits £ 399
Logic Analyzer
HP 1650 B 32 channels, 25 MHz timing, IEEE £ 1,990
HP 1652 B 80 channels, 100 MHz timing,

35 MHz state, DSO 400 MS/s, IEEE £ 2,690
Measuring receiver
R+S ESH-2 9 kHz-30 MHz, level range >165 dB £ 3,350
Modulation analyzer
HP 8901 A 150 kHz-1300 MHz, AM/FM, IEEE £ 1,150
HP 8901 B as above, fitted for sensor-connect £ 2,400
Network analyzer
HP 3577 A 5 Hz-200 MHz, IEEE, direct plot-out £ 7,750
HP 8753 A 300 kHz-3 GHz, IEEE £ 7,500
Oscilloscopes
PHILIPS PM 3217 100 MHz, 2 ch., dual time base £ 295
TEK 468 DSO 100 MHz, 2 ch., 25 MS/s £ 599
TEK 2246 100 MHz, 4 ch,, dual time base £ 950
TEK 2465 300 MHz, 4 ch,, alphanumeric £ 1,750

Power Meters

HP 435 A tested, used
HP 435 B tested, used
HP 436 A tested, used,

HP 436 A as above, with IEEE
HP 438 A 2 channels, 50/75 Q, IEEE

199
299
590
650
2,650

no interface

mmommm

(various sensors on request)

Pulse/Function genera
HP 8111 A 1Hz-20 MHz

HP 8112 A up to 50MHz, IEEE

Selective level meter

HP 3336 B 10 Hz-21 MHz, IEEE

HP 3586 B 50 Hz-32 MHz, [EEE

W+G PS-19 Transmitter, 80 Hz-25 MHz, IEEE

W+G PSM-19 Receiver, 50 Hz-25 MHz, IEEE

W+G SG-4 Display for use with PS-19/SPM-19

W+G PS-19/SPM-19/SG-4 Set price!

Signal generators

FLUKE 6060 A 10kHz-520 MHz, IEEE
GIGATRONICS 900 50 MHz-18 GHz

HP 8640 A 500 kHz-550 MHz, analog scale
HP 8640 B 500 kHz-550 MHz, with opt. 01.03
HP 8656 B 100 kHz-990 MHz, HP-IB

HP 8657 A 100 kHz-1040 MHz, HP-IB

HP 8673 B 1.95-26 GHz, HP-IB

HP 8683 B 2.3-6.5 GHz
Spectrum analyzers

ADVANTEST R 3361 A
ADVANTEST TR 4131 1
ADVANTEST R 9211 E

ANRITSU MS 2601 A 10 kHz-2210 MHz
HP 3582 A FFT, 0.02, Hz-25.5 kHz
HP 8559 A/HP 953 A System, 10 MHz-21 GHz

tors

m
i
w
©
©w

mmmmmm
-
Y
©
©

FacBac iR e B e B oo B o2 I a2 B o2

new boxed

9 kHz-2.6 GHz, IEEE
0 kHz-3.5 GHz
FFT. 10 mHz-100 kHz, IEEE

mommmOHNm
i
©
©
o

HP 8565 A 10 MHz-22 GHz 3,295
HP 8566 B 100 Hz-22 GHz, IEEE £23,500
HP 8567 A 10 kHz-1.5 GHz, HP-IB, direct plot-out £ 4,990
HP 8568 A 100 Hz-1.5 GHz, IEEE £ 5,860
HP 8590 A 10 kHz-1.8 GHz, HP-IB £ 3,450
HP 8590 B as above £ 3,999
HP 70000 system consisting of HP 70206 A display,
HP 70900 A local oscillator,
HP 70902 A IF-section, 10 Hz-300 kHz and
HP 70904 A RF-section, 100 Hz-2.9 GHz £ 7,990
TEK 494 P 10 kHz-21 GHz, alphanumeric, IEEE £ 8,750
TEK 495 P 100 Hz-1.8 GHz, alphanumeric, \EEE £ 4,600
TEK 2710 10 kHz-1800 MHz, 50/75Q £ 3,495
TEK 2712 10 kHz-1800 MHz, 50Q £ 4,800
Sweep Generators
HP 8340 A Synthesized sweeper up to 26.5 GHz £12,990
HP 8350 B Sweeper mainframe new boxed £ 2,350
HP 8360 B/83592 B opt. 002
Sweeper system up to 20 GHz Set price! £12,500
R+S SWP Synthesized sweeper and generator

0.1-2500 MHz, level +10 dBm to -110 dBm £ 3,350

Europe’s no 1 test equipment leader — CALL US FIRST!

This is just a small selection of our present inventory. More than 10,000 units available direct from stock.
All instruments are in fully operational condition. Prices includes packing/handling, + shipping costs.

Visit us on the web! http://home.t-online.de/home/rosenkranz.elektronik/

ROSENKRANZ

|y

ELEKTRONIK GMBH

CIRCLE NO. 122 ON REPLY CARD

Gross Gerauer Weg 55
64295 Darmstadt
GERMANY

Phone : xx49 6151 3998 0
Fax : xx49 6151 3998 18



CIRCUIT IDEAS

Fig. 1. Voltage-
controlled current
source for general-
purpose use.

o RS,
> *—AA—
R‘.
10R
R
R, +
33k
R
= M
Vr
GR GR
AWV
(B21a)

Voltage-controlled current source

Ithough designed to produce constant brightness from

the control being affected,

a led by maintaining a constant current through it, this v,
is equally suitable as a general-purpose current source. dosx & R +R
L s

In Fig. 1. the action of the circuit is to equalise the

voltages at the inputs of the integrator. The output of the

integrator changes the bias of Q. changing the output

current /, and consequently the voltage across R, and the

inputs to the op-amp, the output of which will equal the
control voltage to the integrator. G being the amplifier
gain. GxIxR=V,, so that /,=V,/GXxR,, output current
therefore depending only on fixed quantities.

To avoid Tr, going into saturation and the linearity of

so that,

Voo < ( GR
0 =R+ R

The relationship between the supply voltage V,, and the
control voltage V; to avoid saturation can therefore be
expressed as,

< Vr(ma\l ' | +B:,_\
plmin) — G \ R )
. . . Figure 2 shows the minimum supply voitage as a
’-C IWlen'b"dge’ OSCI"C"OI‘ funcgtion of the required current, with R =10kQ and
Apropos of a comment by Linfoot in the December 1997 letters column, R=1Q.
it may be that Wien oscillators are old-fashioned and that they may be E Ahmad
incapable of further improvement, but replacing the RC network by an LC Damascus-Harista Syria
filter produces a sine generator with lower distortion.
It is unnecessary to use physical inductors, even at low frequencies; a 1000 -
gyrator is a more practical proposition. To avoid clipping at the supply rail, 900 | 7 | Fig-2.
a diode limiter stabilises the output amplitude and the high Q of the band- Current
pass filter removes the consequent distortion. 800 variation
R, This generator produces a 1kHz sinewave at 700 is almost
47k an amplitude ot 1V rms. Frequency adjustment perfectly
AW~ is by VR,. .. 600 linear
R, +15V B Van den Abeele £ 500} L | with
e Evergem ° supply
Belgium =~ 400 voltage.
300
1V rms
sine output 200
100
Dl DZ
‘ 1N4148 1N4148 00 1 8 12
Vi (V) (B21b)
o, o) 250
R4§ 1N4148  1N4148
33k Rs
390 200
[
[ ?0 <150
I n Wien-bridge oscillator £l
rises again, this time 3
without its RC network. 3100
An inductor, simulated
by a gyrator, improves
the waveform. S
0 I |
0 200 400 600 800 1000
Ry () (B21¢)
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New and Used Surplus Equipment

Digital Counters

HP5314A 7 digit 100Mhz £50
Racal Dana 9918 9 digit 560Mhz £75

Signal Generators

Marconi TM9262 video sweeper £75
SCG50 Synth Clock Gen NEW

15-50Mhz Special price £125
Farnell DSG20. 1mH-110Khz £195
Marconi TF2015 10-520Mhz £195
Marconi TF2171 Synchroniser for 2015 £195
HP8640A 100K-512Mhz £245
Farnell PSG520 10-520Mhz synth £299
Farnell SSG520 10-520Mhz synth £299
HP8683A 2.5-6.5 Ghz £395
Giga GR1128A-D 2-8Ghz £395
SFG25 Synth Function gen 0.001Hz-Mhz
NEW Special Price £495
PSG1000 Prog Synth Sig gen 10Hz-1Ghz
NEW Special Price £995

Oscilloscopes

TEK 5112/5A22/5B10N Special £150

TEK T922R 2 trace 20Mhz Special £150

Gould OS3500 2 trace 2 tbase + 3010 DMM
50Mhz. Special £250

HP 1741 2 trace 2 tbase 100M. Special £275

Hameg HM1005 3 trace 2 tbase 100 Mhz £295

TEK 465B 2 trace 2 tbase 100Mhz £295

lwatsi SS5711 4 trace 2 tbase 100Mhz £345

TEK 475 2 trace 2 tbase 200Mhz £395

TEK2445A 4 trace 2 tbase Cursors 150Mhz

Special Price £995

TEK2465 4 trace 2 tbase Cursors 300Mhz

Special Price £1250

Video Equipment

Panasonic AG-6200 VHS Edit decks
Loop/repeat play. Jog/shuttle

Special Price £110

Sony VO-9850 HiBand Umatic deck
Full edit facilities

Special Price £650

Mitsubish P71R Video Copy Processor
Copies Video on to A4 thermal paper
FAX paper is OK. Frame grabber
Special Price £95

Audio Equipment

Revox Pr-99 Reel-Reel Pro decks

In “used” condition. Phone

Special Price £225

Studer B67 Reel-Reel Pro decks

Used condition. Phone

Special price £225

Sonifex Micro HSX cartridge players

For Jingles etc £200

Uher CG300 Stereo cass deck. Mint £50
Studer A710 cass decks £445

Misc Equipment

Kingshill variable power supplies
0-100V @ 5A £50

Hanau Suntest Light exposure unit
1.5kw halide. Interlocked cab £50
Benchline PB720 20x12 PCB processor
7 baths to take up to 24" PCBs. Remote
Mint condition. 1 only

Special Price £445

Batteries

Genuine Dryfit

12V 9.5Ah Used OK £9

Special...2 off the above fitted into a metal "flight
case" & IP68 conn. Complete £25

12V 3Ah NEW Only £6 each

12V 5.7Ah NEW Only £30 each

Yuasa 12V 2Ah NEW Only £4 each

NEW Test Equipment
(All scopes c/w leads/probes)

DTA20 Scopes 2 trace 20Mhz ONLY £225
DTA40 Scopes 2 trace 40Mhz ONLY £299
DTS40 Scopes 2 trace Storage 40Mhz £399
DSM3850A PortaScope, Multimeter,
Logic Analyser all in one, LCD 5"scn...
Complete...ONLY £399
352C Spectrum Analyser 1000Mbz...
Reduced ONE ONLY £999
TTS520 Transmitter Test Set ONLY £750
PSG1000 Prog Signal Generator 10Hz-1Ghz
GPIB fitted Few Remain Now:-ONLY £995
SCG50 50Mhz synth clock gen FEW £125
AMM255 2Ghz Auto mod Meter ICD £495
SGIB Sig Gen Interface FEW £150

ANCHOR SUPPLIES LTD

The Cattle Market, Nottingham NG2 3GY

Tel: (0115) 986 4902 FAX: (0115) 986 4667

All prices exclude Delivery and VAT.

This is just a small representative selection of our stock...many more items available to callers.
Visit our WEB site for more information...
http://www.anchor-supplies.ltd.uk eMail: sales @anchor-supplies.|td.uk
Also at Peasehill Road, Ripley, Derbyshire DE5 3JG (01773) 570137 FAX: (01773) 570537




LAB-VOLT EQUIPMENT

FM/PM Receiver 9415-10
Indirect FM/PM Generator ... -9414-00
True RMS Voitmeter/Power Meter 9404-00
SSB Recetver 9412-00
AM/0SB Recerver 9411-00
RF/Noise Generator . -9406-00
AM/0SB/SSB Generator 9410-00
Direct FM Muitiplex Generator ... 9413-00
Spectrum Anatyzer ..9405-00
Frequency Counter . .8403-00
Indirect FM/PM Generator 9414-00
Please phone for pnce
NEW STOCK

Power Supplies.
HP6264B DC Power Supply 0-20v 0-20A . . £250.00
Power Ten Systems Power Supply 0-30V 0-60A £300.00
Sorensen Power Supply Type: DCR3009B 0-400V 0-10A .£450.00
Powerline Power Supply Type: LAB510 0-30V 0-10A £175.00
Powerline Power Supply Type. LAB532 SV-5A, +15V-0.5A.

~15V-0.54, 0-30V-2A £200.00
Famedl 30/100 30V 100A. £700 00

MISCELLANEOUS

HP54503A Digetal Storage Occieecope SO0MIZ £2.000 00
Textronx TAS455  60MHz Dual Channel £600 00
Blackstar 5Hz-100MHz Frequency Counter . £45.00
Keithley TRMS Muttimeter . £150.00
Fluke 5220A Transconductance Amplifier £3,000.00
Bruel & Kjaer 2636 Measuring Ampilfier £4,000.00
Bruel 8 Kaer 5935 Dual Microphone Suppty £650.00
LLX Lightwave Equipment
LDTS910B Temperature Controlier
PDAB424 Photo Drode Amplifier
LDX3742 laser Diode Controller
LOX32078 Precision Current Source
Anrttsu MW920A OTDR + MHG51A 8500M Plug-In + MH952A 1300nM

Plug-In
3M Fibre Spiice Preperation Kit

Cossor Optical Cable Fault Locator Type: OFL108L

Laser Precision Type: 082900 Single Mode Vanable Attenuatr
Schiumberger Type: $17780 O0TOR + $177822 + S177823 Plug-ins.
Nakamichi Discrete Cassette Decks:

Types: BX300E, 2X9, 6802

TEKTRONIX
5010 Waveform Digitizer £400.00
7403N B0MHz Mainframe. £17500
7704A 200MHz Mainframe: £350.00
7aN Intermal Probe Ampiifier 150MHz £100.00
7A12 Oual Trace Ampifier 120MHz £120.00
7A13 Differential Comparator . -£200.00
TA15A Singte Channel Ampiifier 80MHz £80.00
TAI5N Single Channel Amplrfier 75MHz £60 00
TA16A Singte Channel Ampifier 225MHz £11000
7A18 Dual Trace Ampirfier 75MHz £7500
TA18A Dual Trace Ampirfier 75MHz £85.00
7A19 Single Channel Ampifier 600MHz £200 00
7A26 Oual Channet Amplifier 2008z £125.00
7A42 Logic Triggered Verticat Ampiifier 350MHz ....£500 00
7850 Time Base.. £100.00
7851 Delaying Time Base £125.00
TB53A Dual Time Base 100hHz £100.00
870 Time Base 200MHz .£200.00
7B80 Time Base 400MHz Delayed £125.00
7885 Time Based 400MHz Delayed .£140.00
7887 Digital Time Base 400MHz £32500
7001 Logie Analyser. £10000
7002 Personality Module PM100 Senes £100.00
7010 Digrtal Events Detay Unit . . £300.00
701 Digrtal Deiay Unit £50.00
7020 Programmable Digrtizer £400 00
%1 Sampling Unit £275.00
OFY Display Formatter .£50.00
DF2 Display Formatter £50.00
S1 Sampling Head 1000MHz £150.00
7603 100MHZ Mainframe. £275.00
7633 100MHz Mainframe (Fast Storage) £400.00
7854 400MHz Maintrame (Digital Storage) £800.00
7904 500MHz Manframe £450.00
CONTINENTAL MICROWAVE
Down Converter
Type: DC421
Down Converter
Type: DC221
DC117A203
OSCILLOSCOPES
Gould 4030 Digtal Storage 20MHz 20MS/S . £350 00
Gould 05300 20MHz £120.00
Hitachi VC60150S.0. £300 00
Hitachi V222 20MHz . £225.00
HP541110 500MHz Digrtal £1.950.00
HP54200A 50MHz Digrtal £750.00
HP54501A 100MHz Digital £1.600.00
tso-Tech ISR640 40%Hz .£300 00
Iso-Tech ISRB40 40MHz £22500
Iwatsu OMS6430  Digital Memory £475,00
Iwatsu SAS8130  Waveform Analyser DC-3.5GHz -£1,500.00
Leader LB0-522 20MHz £200.00
Ptulips. PM3217 50MH2 . £350.00
Ptulips PM3340 2GHz Digital . £3,000.00
Philips. PM3305 35SMHz .£250.00
Philips. PM3325A BOMHz D.5.0. 100MS/s .£1,200.00
Phulips PM3262 0C-100MHz .£250.00
Philips PM3352A 50MHz Digital Storage £1,200.00
Tek 2215 60MHz -£350.00
Tek 2225 50MHz £375.00
Tek 2235 100MHz ..£600 00
Tek 2236 100MHz £750.00
Tek 22454 100MHz £950.00
Tek 2336 100MHz . £750.00
Tek 465 100MHz -.£350.00
Tek 466 100MHz -.£300.00
Tek 475 200MHz .£425.00
Tek SC502 15MHz ..£300.00

Tek 105420 150MHz 4 Channet 100MSS . £2,950.00
TELFORD ELECTRONICS
SPECIAL PURCHASE :
Marconi 2955 Old Officers Mess, Hoo Farm, Humbers Lane,
Radio C°“"£"1“g;’;33"5 Test Set Horton, Telford, Shropshire TF6 6DJ, UK
,850.
Phone: (00 44) 01952 605451 Fax: (00 44) 01952 677978
Marconi TF2015 + TF2017 e-mail: telfordelectronics@telford2.demon.co.uk
10MHz - 520MHz Signal Generator A
With Synchronizer Carriage: £10+VAT @17.5% to be added to all UK orders
525000 Overseas orders welcome - Please call
N ——— ALL OUR EQUIPMENT HAS A 30 DAY GUARANTEE.
Oigrtal Microwave 12GHz TX/R {new) . £1.200.00 (EXCEPT CLEARANCE ITEMS WHICH ARE SOLD AS-IS)
HPH 7524 Directional Coupler 308B. £150.00
:: 1’(‘ :g ‘23 ;i':ﬁm‘:mim G 12460z ‘:;gx HP33aR Drstorbon Anatyzer 25000 HPTSS0A Piofter - 25000
HP116920 Dual Oirectional Coupier £700.00 HP339A Drstortion Measunng Set £1,200.00 Racal Recorders  4DS & 70S . -..from £200.00
HPI1720A Puise Modulator 2-18GHz £720.00 HP3581C Selective Voit Meter £600.00 HP2225A Thinkjet Panter HPIB
M pha e P 0 024z-25 999KHz Spectrum Analyzer ... £1,500.00  HP2225D Thinkjet Printer RS323C. £POA
HP89038 Audio Analyzes £3,200.00
HPAS304%  Programmable Atlenuator 186H: 01145 .. 17500\ oo ons pguiaton Meter. £2,00000 SEMI-RIGID CO-AXIAL CABLE
HP33305A Programmable Atienuator 18GHz 0-110d8 ._€17500 - TYPE: UT141/A
HP33320A Attenuator 1108 :
HP333208 Attenuator 2108 238242380 400MHz Spectrum Anatyzer ftmﬁ 0-20GHz 3M Lengths
TR A— Marconi 2601 In;e :ems me:lgs - ono Brand new: £10.00 per tength
HP3350 VHF Aftenuator 12008 DGC-16HZ - m: ﬁ::m ‘?;MN:*:::;%“:“ Ml:;‘w isovoo Discount on Qty: (100pcs = £500.00)
HP5328 Frequency Meter - st R
(AL ey ey ey R&S Ure RMS Volimeter £80000
HPS36A Frequency Meter 3 7-12.4GHz R&S ZPV + E3 P\ Vector Analyzer 0.3-26Hz.......£2.000.00 GOOD SELECTION OF 1B-20 GHz COAXIAL
HPS4111A 26Hz-S/S Test Set.. R&S CMS52 Comms Serwice Monitor £6.500.00 SWITCHES [N STOCK: £65.00 EACH
:::“’5“ Ve Racal 9302 RF Millvoit Meter . £350.00
Hm‘ﬁ Racal Dana 9702 Spectrum Anatyzer 1-1GHZ £1,300.00 FARNELL MP30-80 1KW 30V 80A AUTD
o e g e 3 mzﬂl S0 ?;'o b If{-gﬁ RANGING POWER SUPPLY. PRICE: £500.00
500KHz-3.36Hz £750.00
WPSTA  Reflecton-Transmission TestSet Unt JeeDad0s i1 Progannape (Rioion relveeia £700 PYE CHARGERS TYPE: BC21C NEW & BOXED.
2-1246Hz £600.00 HP8657A PRICE: £25.00
HPBT45A S-Parameter Test Set 0.1-26Hz... £660.00 Signal Generator
xaw g;go g:gategma::;ﬂxw 12.4-186Hz ... §§$$ 0.1-1040MHz MOTOROLA BATTERY CHARGER; TYPE NTN49224,
Jarcont ion; " . . 3
Marconi 6052/3  Ratary Vane Atenuator 8.12-12.4GHz .........£120.00 £3,500.00 ECCDLCONDTIOHIERIGEIE8, 00
Marcoms 6960-+6910 Power Meter 10MHz-20GH? . .£900.00
Maury Microwave Sliding Terminabion 8035H up to 20GHz..........£600.00 DATA/TELECOMS MATCH BOX: MATCH EFFICIENCY METER MODEL:
e A T POT T T— — MBB0O. MADE BY HELPER INSTRUMENTS: PRICE:
Racal 9303 True RMS Level Meter . .£800.00 BT(Fulcum) 71020 Network Transmission Performance £150.00. FREQUENCY RANGE: 775-1025MHz
TEX TR502 Tracking Generator £750.00 e £500.00 SWR (VSWR) INDICATION RANGE: 1.0:1 T0 5.0:1
Waveguide X Band V/G16 101t Lengths £3000  ogman CE24 FX Selectrve Lovel Meter £400
Wewnschel Adaptor APC7-SMA (new) 26500 pataian 0L1000  Programmabie Transient Recorder. £25000  Adet 5104 Orving Synthesizer 90-120MHz ....... . £125,00
Wittron 87A50 VSWR Bridge 2-18GHz -£60000 oy EymEPR31  POM Signalling Recorder £5,00000  Aertaa Type: TE307 Eectric & Magnetic Field Sensor £150.00
ity 64NF50 VSWR Bridge 386z 40000 yp13sn Graphics Translator £20000  Big Coaxal Attenuator 300B 50 2KW. £300.00
HP16310 toge Analyzer £650.00  Boonton 82AD Modulation Meter £200 00
RACAL RA1784 + MA1072 HP3336A Synthesizer/Level Generalor 130000 Famel E350 Stabibsed Voltage Supply . £12000
HF Remote Controlled Receiver HP3497A Data AcquisiorvControl Uit £400.00  Famel AB1030/35 Electronc Load 1kW 30A 35V ... £300.00
£500.00 HP35868 Selective Meter _From £850.00 Famell TSV70 MK2 Stabiised Power Supply .............£180.00
HP3TITA 70MHz Modulator/Demodulator €POA  Femograph RTS2 Recorder Test Set... .£200.00
HP37201A HP-18 Extender . L£300.00  Fluke 8520A Digital Mutti Meter . -£250.00
RADIALL POWER ATTENUATOR HP37204 HP-18 Extender £30000  Fiuke 8860A Digital Mutti Meter -£150.00
3dB 30W 0-4GHz HP3762A Data Generator £350.00  GeneralRagio  1265A OC Power Supply 0-400V 0-5A ........£475.00
Brand New & Boxed HP3763A Eror Detector .£800.00 General Radio 13084 Audio Oscilator + Power Amplifier ..£1,500.00
£50.00 HP3764A Digrtal Transmission Analyser .£3,200.00 General Radio  1633A Incremental Inductance Bridge ......... £375.00
HP37708 Telephone Line Analyzer _£200.00 Giga GR1101A 12-18 GHz Microwave Signal
HP3781A Pattern Generator £50000  Giga GU1328A 2-8GHz Microwave Signal
Adret 71008 300KHZ-650MHz £70000  orraon Ermox Detector £500.00 Generasll £150.00
Adret740A  0.1-560MHz £750.00  ypggasa Transmission Tester £110000  Hams RF/2305 Recerver/Exciter -£20000
Cushman CE12  Two Tone Generator £15000  ypyggen In-Service Transmission Impairment HF Multicoupler 1 input &/16 Outputs 1-40MHz £300.00
Famell DSG2  Synthesized 0.1MHz-110KHz £185.00 Measuring Set .. £POA HP 117134 Attenuator Switch Oriver £300.00
Fameli PSG1000  10KHz-1GHz £1.200.00 HP50058 Signature Tester £850.00 HeP 17414 100MHz Oscilloscope. £300 00
Flann 4311A  12-18GH: £5000  ypsooen Signature Anatyzer £5000 WP 1742A 100MHZ OSCHIOSCOPe.................. £275.00
Fiuke 6010A 10Hz-11MHz Synthesised £175.00 HP6942A Multprogrammer £200.00 HP 181A Main Frame cAw 1840A+1825A £12500
HP117108 Down Convertor (HP86408). -£275.00 HP8170A Logic Pattem Generator £600.00 HP 3400A RMS Voit Meter £120.00
HP2148 Pulse Generator 100V 2A £1.20000  ypggsap Trancewer intertace 60000 WP 35704 Network Analyser S0Hz- 13MHz £150.00
HP3325A Synthesizer Generator Hz-21MHz .........£1.500.00  hyatgy OM2350  Digital Memory 10 B/20ns. (40000 WP 43334 Distribubon Analyser £300.00
HP4204A Osciltator 10Hz-1MHz £12500 Marcon 2828A  Digital Simulator . £200.00 HP 435A Power Meter _£175.00
HPE54A Test Oscillator 10MHz £2500  Macomi 2829 Digelal Anaiyzer £20000  HP 4358 Power Meter £250.00
HPB005B 0.3Hz-10MHz £300.00 Marconi 2831 Channel Access Switch . £200.00 HP 489A Microwave Ampifier 1-26Hz .£12500
HP8008A 10Hz-200MHz.. £450.00 Marconi 0A2805 PCM Regenerator Test Set.. £250.00 HP 53154 Universat Counter 100MHz . £200.00
HPBO15A THz-50MHz Pulse £450.00 WMarcont TF2019C  Norse Generator - Many Fitters Avastable ....... £250.00 He 5328A Unwersat Counter 100MHz . £120.00
HPB165A Programmable Signal Source £1,200.00 Marconi TF2092C Norse Recerver £250.00 HP 53634 Time Inferval Probes....... £150.00
HP8520C Marconi TF2808/2 Pattem Generator and SLMS (Brand Hp 84128 Phase Magnitude Dispiay . £175.00
+HPB6222B  0.01-2.4 GHz Sweeper . .£1,500.00 New/Boxed) £120.00 HP 8443B Tracking Generator/Counter £250.00
HPBGAZM 0.1-2100MHz -£12,500.00 Marconi TF2807A P.C M. Multplex Tester £200.00 Hp 84458 Automatic Preselector .£300.00
HPBB4TA 250KH2-1000MHz £2300.00  Marcom TF2830  Muftiplex Tester. £20000  HP 85528 IF Section £250.00
HPBB3B 5.4-12.56Hz £195000  Meguro MKE12AVTR Jiter Meter £75.00  HP 85538 RF Section 0-100MHz £200.00
Marconi 20194 80KHz-1040MHz £1,450.00 Phoenix 55004 Telecommunications Analyzer £1.500.00 HP 8553L RF Spectrum Analyser 0-110MH;........£200.00
Marcom 2022 10KHz-1GHz £1.250.00 Racai 202.205  State Logic Analyzer £150.00 Hp B556A LF Spectrum Analyser £200.00
Marcon 6057 Signal Source 5.5-8 5GHz £200.00 Schiumberger 7700 140 m Bit/s Fitermeter/Generator £12500 HP B6601A RF Section 0.1-110MHz £300.00
Margoni 60594 12-18GHz Signal Source £200.00 Schiumberger 7710 Mainframe Set 34140 M Bit's . £12500 HP 8750A Storage Normahzer -£200.00
Racal 9053 Two Tone. £120.00 Siemens 02155 Level MeterW3155 Tracking HP 491C Microwave Amplfier 2-4GHz £125.00
Racal 9084+934A 0.01-104MHz £500.00 Oscillator £150.00 WP 84134 Phase Gain indicator Uni................ £175.00
Racat 9087 10KH2-1.3GHz £2.300 00 Siemens P2032  Bit Error Measunng Set . _£900.00 HP3488A Swatch Control Unet .£800 00
Systron Donner Tek 834 Programmabte Date Comms Tester £150.00 HPBS08A Vector Voltmeter . £2,500.00
1702 Audio- 1GHz.. £600.00 Thurlby LA4800 Logic Analyzer £500.00 Iwatsy SC/7103 Frequency Counter .£160.00
Tek 504 0.001-240MHz £350.00 WaG SPM15 Level Meter £800.00 Keithley 192 Programmable Digrtal Multimeter ........... £200 00
Tek FGS01A 2MHz Function £25000  WaG PS12 Level Generator .£30000  Marconi 60568 Signal Source 2-46Hz .. £150.00
Wavetek 1080 1-1000MHz Sweeper £800 00 WaG SPM12 Level Meter £POA Marcond TF2337A Auto Distorbon Meter £150.00
Wavetek 157 Programmable Waveform . £150.00 WaG PCM2-3 PCM Test Set .£300.00 Megger Pat 2 Portable Apphance Tester cAv Calibration ......£420.00
Wavetek 159 Waveform Generator THz-3MHz £300.00 WG SBG-1 SSB Level Generator £150.00 Polarad 1105E/FT 0.8-2.4GHz Signal Generator ......... £250.00
Wavetek 171 Synthesizes/Function. .£400 00 W&G DLM3 Data Line Test Set . .£500.00 Racat 9104 RF Power Meter .£200.00
Wavetek 185 Sweeper/Function 0-5MHZ . £350 00 WAG SPM19 Level Meter £2500.00 Racal 9300 RMS Voit Meter £175.00
Wavetek 2001 1-1400MHz. £600.00 WG MU3 Test Point Sefector . LEPOA  Racal 9301A RF Milfivotimeter True RMS £180.00
Wavetek 907A  7-12.4GHz £900.00 WaG PJM-1 PCM Jitter Meter £250 00 Racal 9921 UHF Frequency Counter £275.00
Witron Racal MA1720 Drve Unit £30000
6100462238 Sweeper 4 12.4GHz £500.00 ROHDE & SCHWARZ Racal 9081 5-520MHz Synthesized Signat Generator £375.00
CMT 54 Racal Dana 9478 Frequency Distnbution Unit.. £200.00
. HP3708A 0.1-1000MHz Schiumberger 7055 Micro Vot Meter £15000
Noise & Interferance Test Set Communications Test Set Systron Donner  5000A Sweeper cAw Oscillator 5014/26
£11,500.00 £3.250.00 3.26.56Hz £250.00
— Tektronix 464 Oscilloscope. £300.00
Tinsiey 5761 Resistance Bridge .£200.00
SIGNAL AN wa T e £12000
T E000 W OHSI7 e st
Advantest TR4132 Spectrum Analyzer 1-1GHz . -.£1,800.00 HP Draft Master RX.. £500.00 wa) 565 Recetver - £200.00
B&K 2033 Signal Analyzer. £2000.00  HP Colour Pro £4500  WaJ DM/112 Demodulator £250.00
HP1B2T+HPB5S57A Spectrum Anatyzer .01-350MHz .£800.00 HP DraFt Pro-OXL  75754.. .£250.00 waJ MTF/106A Microwave Tuning -£15000
HP182T+HPBS5588 Spectrum Analyzer 100KHZ-1.56HZ ...........£1.350.00 HPTA75A Piotter RS232 .. £150 00 waJ WJF518AE/9 FOM Demodulator £250.00
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EasyPC & Multirouter

Maker; Number One Systems, Ref
WW, Harding Way, St Ives,
Cambridgeshire PE17 4WR.

Tel; 01480 461778 fax 01480
494042.

Price; EasyPC £595, 2 layer
Multirouter £295.

http//www .numberone.com,
e-mail sales@numberone.com

Rod Cooper analyses a well
established Dos pcb CAD
package that has recently
been upgraded for Windows
platforms - Easy-PC.

The route

his review investigates a new Windows version of the
T Eusy-PC package. reviewed in its Dos version in

Electronics World July 97. Tt has a recommended
minimum hardware/software requirement of a Pentium 100
with 16Mbyte ram, and needs 20Mbyte free hard-disk space
to install, plus Windows 95 or NT.

Although 32 bit, this software is not intended for use with
WIN32s and Windows 3.x. The basic schematic
drawing/pcb layout program comes on four floppy disks and
installation is straightforward. The MulriRouter autorouter is
on two more floppy disks. Security is by the name and
number method.

Euasy-PC’s manual is well written and is better arranged
than the Dos version. The more detailed information on the
design process is kept for later in the book and, as a result,
the manual is more readable. You are first given an
overview, and then a more comprehensive explanation of the
system.

A short chapter entitled ‘Getting Started’” contains most of
the essential operating instructions and is laid out logically,
with schematic drawing first, progressing (o rat's nest and
then pcb design. Operation of the autorouter is in a separate
manual.

An appendix lists all the library symbols and footprints
both in text and graphics, with associated function: few
manuals give such comprehensive treatment for all this
useful information.

MultiRouter’s manual is one of the most readable instruc-
tion books on autorouter operation. The section on
autorouter hints and tips is excellent and it is the only
manual in this review with a dedicated chapter on single-
sided routeing. Together, these two sections will be of
considerable help to those new to autorouters.

Schematic capture

Number One Systemns has managed to produce a good
balance between icons and menus. As Fig. 1 shows, there is
just a single row of a dozen icons in the schematic drawing

to pch cad
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section. A ‘tool-tips’ method is used to identify them.

Although the controls are clearly in Windows format,
those familiar with the Dos version will recognise the
schematic symbols and style. A glance at Fig. 1 shows these
are the same as, or at least similar to, the Dos symbols. With
respect to both icons and symbols, it is interesting to note
that this is the same route taken by Seetrax in their approach
making Ranger2 for Windows.

Panning is done by scroll bars, but panning, zooming and
un-zooming can be done with the keys P, Z, and U respec-
tively. This is the keyboard system as used in the Dos
version, and is actually quicker and more convenient than
selecting these functions with the mouse. The available
drawing area is good at 9in by 5.5in on a 14in monitor.

Selecting symbols is done by opening one of several
libraries and picking a component in text. You don’t get a

L3

Fig. 1. Close-up
view of a
schematic
drawing, showing
the new
Windows
controls. Note
the balance
between icons
and menus and
how similar the
symbol/drawing
style is with
previous versions.
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Fig. 2. Typical
two-axis linear
rat’s nest dump
from schematic
capture, which
has to be
manually
arranged.

Fig. 3. Rat’s nest
from above screen
shot after being set
up manually for
single-sided routeing.
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graphical representation until the symbol is on the screen. If
you want such details, you can either edit the library or refer
to the manual. If you choose to edit a library component,
you get presented with both the schematic symbol and its
peb footprint simultaneously, which is a good idea as you
can compare symbol pins with the pcb pins.

Initially, the symbol trails the mouse to its selected
position, and is placed with one click. You can place copies
of the symbol with a single click at this stage. At later stages
you can duplicate symbols by left-clicking on them, then
right-clicking.

Any subsequent moving is done by the drag and drop
method, modeless and therefore quick. Moving multiple
symbols — i.e. block move — is done by pressing control and
shift together on the keyboard during selection and then
dragging and dropping. Connections stay intact and orthogo-
nal while moving.

Handling parts

There is no parts bin, so to continue placing other symbols
you have to return to the library. This is rather slow com-
pared to the parts-bin method if a large number of compo-
nents are involved.

Symbol annotation is done auwtomatically as you go along.
A right click on a symbol or a track brings a pop-up menu to
enable editing.

Symbol text rotates if you rotate the symbol, which is done
with the keyboard ‘R’ or from the right-click menu. The

Eary PC Numbes One Systems |PCB Detign ~=Fusty 2|
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rotated text can be un-rotated similarly, and is generally
manoeuvrable if you wish to tidy the diagram up.

Wiring symbols up can be done by selecting the ‘add,
connection’ menu, or by selecting the equivalent button, in
which case you can start a connection line with a single
click. You can also start a line by double-clicking on a
symbol terminal. This enables you to draw the line with the
mouse o another terminal elsewhere, double-clicking to
finish.

An audible tone confirms that you have made a connec-
tion. If you want to continue the line on to another symbol
terminal, a single click instead of a double will enable you to
extend the line. Any corners on the way are done by single-
clicking.

Click-click

Making a connection relies on getting the double-click to
finish right. If you miss-fire then you have to revert to a
menu, with a single right click, and terminate the line with
another click in the menu.

This is a slightly more complex system compared to other
programs such as Proteus, which uses a single click both to
start a connection and finish, and has no menu entry. It
assumes — this being the most common operation in CAD —
that you wish to made a connection. CircuitMaker also uses
a single click to start and finish, once you are in connection
mode with a single click.

I found the Easy-PC method acceptable once I got used to
it, but [ think it will not have much appeal those who are not
strong on double-clicking. How are you on double clicks? I
advise those of you interested in Easy-PC to check this
system to see how you get along with it — especially if you
use a graphics tablet instead of a mouse.

There is no alternative system, such as the auto-wirer of
the type found in CircuitMaker, EDWin and Proteus.

The drawing system is orthogonal with snap-to. Miss-
drawn lines are not inhibited, and are not removed by
refreshing the screen.

Adjustable auto-save has now been added. There is no
map showing where you are on the drawing sheet, but you
can retrieve lost drawings with the ‘zoom-all’ function.

There is support for multi-sheet schematics, which can be
stored in a ‘Project File’ along with the pcb design. This is a
system similar to the Project, Job or Database themes
already discussed in other programs.

Laying out circuit boards

There are three options for making a layout. First, there is a
plain manual system for starting layout from scratch, i.e. not
using schematic capture. Secondly, it is possible to route a
rat’s nest produced from schematic capture by the interactive
method. Finally there is MuliiRouter — the Windows version
of Number One’s rip-up-and-retry autorouter. These options
are dealt with in turn.

The manual pcb routeing system is straightforward and
much like the schematic drawing section as regards compo-
nent placing and putting traces in place. It is easier to use
than the Dos version.

For example, compared to the dos version, interactive
editing is quicker as you can swap from track editing to
component moving with a mouse click i.e. no menus/but-
tons. When moving components, tracks stay attached and
orthogonal.

As an alternative to manually composing the artwork, a
peb layout can be routed interactively from the rat’s nest by
the rubber-banding method. Generation of a rat's nest {rom
the schematic is very simple — just one click in the tools
menu and the components are dumped as shown in Fig. 2.

This rat’s nest is based on a linear system much like its
Dos predecessor. There is no assistance for sorting out the
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components such as force vectors or autoplacement as
featured in several of the other programs reviewed here. At
present, users have to use their own skill at sorting, so it is a
slow system needing a relatively high input of eftort.

One indirect way to check if you are building the rat’s nest
on the right lines is to run the autorouter in ‘preview’ mode.
It will make a single, relatively rapid pass to route the rat’s
nest, and the results will indicate where there are difficulties
in routeing.

Autorouteing

MultiRouter was reviewed in its Dos form in the last set of
reviews and like that autorouter, this Windows program is a
capable rip-up-and-retry and push-and-shove shape-based
autorouter without pin limits. For comments on shape-based
autorouters, see the first set of reviews.

Setting up and operating of MultiRouter is simple. Such
things as routeing layers, track widths and clearances are set
up from the layout section, and the strategies set up in the
autorouter menu. One point of interest here is the ‘smooth-
ing’ strategy which removes any jagged edges and improves
track spacing.

The autorouter is slightly unusual in that, when it has been
started, the operator does not see the tracks being formed
and reformed as you would in, say, Ares IV in Proteus,
TraxMaker or Ranger2. Instead, a table shows the progress
of the autorouter.

When autorouteing has finished, the table is completed and
the autorouter results are then transferred back to the pcb
section as a layout. Only then do you see the routed tracks.

Has this any advantage? If you see the tracks being
formed, you can get some idea about which parts of the rat’s
nest the autorouter is finding hard to route. However, this is
only useful if the run is reasonably short, because observing
an autorouter at work is about as interesting as watching
clothes going round in a washing machine.

In my experience, observation is only practicable for about
15 minutes. For longer runs, a tabular system may well be
better. Personal choice will play a large role here.

The design rule check is run after routeing and is presented
as a text report, and marks errors on the design.

The autorouter can autoneck — or track-fatien — which is a
great help in finding routes. It has no gate/pin swap feature.
This will hold it back, but only when swappable gates/pins
are in the design.

Like its Dos counterpart, it could easily complete the test
circuit, which puts it firmly in category A. To give it a more
realistic trial, Fig. 4 shows a typical result on a more
complex board. Overall, this autorouter performed well.

Output

The usual Gerber and NC drill outputs are available, and
artwork output can be made via Windows’ printer drivers or
from Easy-PC’s own pen-plotter driver for HPGL. The set-
up for both printers and plotters provides plenty of control,
including the ability to mirror the output.

Some thought seems to have gone into control of the plot
positioning, which is a difficult area with some programs
when large boards are attempted. It was nice to see that pen-
plotting has its own short chapter in the manual.

Unfortunately I was unable to verify plotter results as the
driver was not compatible with my particular HPGL plotter.

In summary

This Windows version of Eusy-PC for Windows is sure to
attract attention, especially from those who have the Dos
version and wish to up-grade. However, compared to other
programs, the current schematic drawing and rat's nest
sorting stages are labour-intensive. For example, it is one of
the few programs still without a parts-bin option, and un-

Previous review subjects

PC ENGINEERING

Fig. 4. Single-
sided routeing
of the rat’s
nest of Fig. 3
with
Multirouter
took just 15
minutes on a
133MHz
Pentium with
32Mbyte of
ram. Note that
the amount of
track mitreing
is controlled
from the
configuration
menu and this
pattern is my
own personal
choice.

rotating symbol text is time-consuming.

Some computer assistance to sort the rat's nest — particular-
ly one based on a linear dump — is definitely needed. I think
most designers would expect to see vector forces or auto-
placement. or preferably both, in a program at this price
level, bearing in mind that even EDWin at £114 and
TraxMaker at £20X) both have autoplacement.

Several features like automatic back-annotation and gate-
and-pin-swap that one takes for granted in other programs
like Proteus and Ranger2 are absent. However, with
Number One Systems’ policy of continuing improvement. it
is likely these features, and others, will be added in due
course.

MultiRouter is a good autorouter, easy to operate and
giving reliable results. The presence of a dedicated pen-
plotter driver for artwork output is a definite advantage over
those programs that rely on Windows drivers.

Easy-PC with Multirouter is a relatively expensive
package when compared to the other programs reviewed
here. In fact it is slightly over the stated budget limit. Bear in
mind, though, that there is no pin limit on the system. Also,
as pointed out when previously reviewing the dos system,
you have to look at the whole package complete with
simulators to assess its worth. .

Systems Ltd, tel 0161 449 7101 -
reviewed December 1996.

Propak: Labcenter Electronics, tel
01756 753440 — reviewed
December 1996.

Proteus: Labcenter Electronics,
Schematic capture and pcb design
— reviewed January 1997.

EasyPc Pro XM: Number One Systems,
tel 01480 461778 — reviewed
January 1997.

Challenger: Ultimate Technology, Tel
01594 810100 - reviewed June
1998.

Ranger 2: Seetrax CAE Ltd, Tel 01730
260062 — reviewed June 1998.

EDWin: Visionics, UK supplier Swift
Eurotech, Tel. 01992 570006, fax
570220 - reviewed July 1998.

Traxmaker & Circuitmaker. Microcode,
UK supplier Labvolt Tel. 01480
300695 - reviewed July 1998.

PCB Designer: Niche Software Ltd, tel
01432 355414 — reviewed
September 1996.

PIA:AW Software Ltd, Germany tel
+49 89 6915352 — reviewed
September 1996.

Easytrax: Protel International pty,
Australia. Available from PDSL, tel
01892 663298 — reviewed
September 1996.

Ranger 2: Seetrax CAE Ltd, tel. 01705
591037 - reviewed October 1996.

Electronics Workbench: Interactive
Image Technologies Ltd Canada,
tel. 00141 69 775 550 — reviewed
October 1996.

CircuitMaker: MicroCode Engineering
USA, UK agent Labvolt, tel 01480
300695 - reviewed November
1996

Quickroute 3.5 Pro+: Quickroute
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Easy-PC

Cover CD-ROM
Special Reader Offer

Compomerthame UZe Abs 10610 13787 Sow

From simple analogue designs . . .

To install the program, place the CD-ROM in your CD-ROM
drive and run the Setup.exe program in the CD-ROM root folder.
(This would normally be D:\Setup.exe if your CD-ROM is
configured as drive D.)

All the information you need to run the program is available in
the manual supplied on the CD-ROM. This manual can be found
in the CD-ROM root folder in both Word 6.0 (Demoman.doc)
and Adobe Acrobat (Demoman.pdf) formats. If you don’t already
have an Adobe Acrobat reader, you can install one from the CD-
ROM by running AR32E301.exe in the Acrobat folder.

The demonstration program can be completely uninstalled using
the Add / Remove Programs icon in Control Panel.

Special discount order form

Electronics World readers using this order form are entitled to
over 15% discount on orders placed before 15th August 1998,

Please supply the New Easy-PC for Windows........................
Usual price Special Price  Including VAT + P&

UKE  595.00 495.00 590.43
Overseas customers, please contact nearest sales office
Check here if you wish to pay over three Months..................

Visa MasterCard__ American Express |
Card NUMDeT ......ccoooovviiiiriiiiiececctc e
Expiry Date.................... Signed.......cccoovvieiinncneee

Please send me information on Autorouters..........................
Please keep me informed of future developments................

Name:
Company:
Address:

Postcode/Zip:
Tel:

Special upgrade prices are available for current users - contact sales office

Country:

Number One Systems and Electronics World are offering
readers the chance to try out the Schematic and PCB design
system that everyone’s talking about.

The cover CD contains a working demo version of the latest
Easy-PC for Windows 95/NT, reviewed in this months issue.

It is a fully functional copy of the program, less the ability to
save designs or output to Photoplotter, Pen Plotter or NC drill.

The 32 page Demonstration Manual can be printed, using
either Adobe Acrobat (supplied), or MS Word.

A range of sample designs are included for you to try out.

Try loading your old Easy-PC, Professional or ‘XM designs
and see how easy 1t 1s to edit and add to them.

~ cum nan
"

... To complex surface mount layouts

Number One Systems

Head Office, worldwide sales
Harding Way, St Ives,
Cambridgeshire, PE17 4WR
United Kingdom

Tel: +44(0)1480 461778
Fax: +44 (0)1480 494042

E-mail: sales@numberone.com
Internet: http://www.numberone.com

USA sales office

126 Smith Creek Drive
Los Gatos CA 95030
Tel / Fax: (408) 395 0249



PROTOTYPING

Like any conductor
carrying current, a
ground plane has

o
r o u “ I “ o “ u voltages across it and
these voltages can

cause emc problems.
lan Darney explains

different plune e

by system designers. As an aid to the practical prob-

lems of controlling interference. however. it owes
more to mythology than science: its usefulness is about the
same as a talisman brandished to ward off evil spirits.

The purpose of this article is to prove the validity of the
last statement, and. in so doing. 10 introduce a method of
analysing interference in electronic systems — a method that
cannot be found in any book.'

Essentially. this method is a procedure for deriving the
capacitive and inductive parameters of wiring assemblies.
and creating circuit models.

The formulation is introduced in terms of the coupling
between two wires over a ground plane, but can be devel-
oped to cater for more complex configurations. Even so. it is
not complicated.

Anyone whose eyes have glazed over at the mention of
div. curl. del, Maxwell equations, or boundary conditions.
can relax. Most of the mathematical operations involved in
the formulation are simple addition and subtraction.

T he “equipotential ground plane’ is a concept often used

Method of analysis

Traditionally, the effect of the ground plane is simulated by
image conductors, and this treatment is no exception. For
two wires over a plane, the number of conductors to consider
must be four; two real and two image conductors.

A set of four ‘primitive’ equations is defined, relating volt-
ages on the wires to the currents they carry. When this set of
conductors is configured to carry signals. two loops are
involved. This leads 10 two ‘loop” equations, which can be
replicated by two “circuit” equations, derived from a circuit
model.

‘Primitive’ parameters relate to the performance of the
conductors as antennae. ‘loop’ parameters can be measured
using test equipment. and ‘circuit’ parameters are those
found in a circuit diagram. This distinction is important.

A circuit model is created to generate two mesh equations.
Components of the circuit model are then related to the
inductive, capacitive and resistive elements of the primitive
equations. Acknowledgment of the fact that current varies
along the length of any signal carrying conductor leads to the
use of T-networks in the final circuit model.

A simple example is used to illustrate the response of a
*victim’ circuit in one conductor/ground-ioop to the presence

IP/
-
Ve -
Ip2
/
Vp2
Vpa

Fig. 1. Primitive - i.e. absolute - voltages and currents in four conductors

VL11A
Vit

Fig. 2. Loop voltages and currents involved when two voltage
sources are applied — one to the ends of conductors 1 and 2,
the other to conductors 3 and 4.

of a step voltage in the other loop. No tedious calculations
are involved, since mathematical and circuit analysis soft-
ware is used to full advantage.

This first example demonstrates conclusively that there is
no such thing as an equipotential ground plane in a func-
tioning system.

Shielding of any signal conductor is achieved. simply by
routeing a second conductor along its length. and grounding
this second conductor at both ends. Characteristics of the

(Anticlockwise)

August 1998 ELECTRONICS WORLD

675



p

N

Ground plane &

Formulations

Consider the four isolated wires of Fig. 1. The configuration can
be visualised as a section of a long structure, allowing end
effects to be ignored. Assuming sinusoidal voltages and currents
exist in the conductors, then,?

Vi = Zpyy Xipy + Zpiy Xipy + Zpyy Xipy + Zpyy X,
Vir = Zpsy Xipy + Zpsyy Xipy + Zpgy Xipy + Zpy, X,

Vs = Zpyy Xipy + Zpyy Xipy + Zpyy Xipy + Zpyy Xp,
V.

P

(1)
W = Zpy Xipy + Zpgy Xipy + Zp 3 Xipy + Zpyy Xip,
where the subscript ‘P identifies all primitives. If the integers i

and j identify individual conductors, then the primitive
impedances can be defined,

ZF'I = ijP’i + RPU + E (2)
(
I 2]
D ;—[lnl —,—] - 1] 3)
T

C, = 2rel

i ( [ ]
In|
\%

R, = conductor resistance i (5)

(Rpy =0 ifi % j)

(4)

where j is the complex operator,  is the angular frequency, r;
is the separation between the axes of conductors i and j, r;; is the
radius of conductor i, /is the length, while € and p are the per-
mittivity and permeability of the insulation.

Assumptions inherent in equations (3) and (4) are that />>r;;,
that the charge and current are evenly distributed on the surface
of each wire, and that the concept of ’action at a distance’ is
valid.

The formulae for primitive inductors (3) and capacitors (4) may
seem unusual, because these parameters are used to describe the
characteristics of the conductors when the assembly is acting
like an antenna. They relate the surrounding magnetic and elec-
tric field to current in the structure. Quantities defined in terms
of henries or farads can have more than one interpretation!

One feature of primitive impedances is that they are symmet-
rical. Since rj=rj;, it follows that Zp;j=Zp;;. Now assume that a
voltage source, 2V, is applied between the ends of conductors
1 and 2, and that a voltage source, 2V, ,, is applied between the
corresponding ends of conductors 3 and 4, as shown on Fig. 2.
Loop voltages with subscript ’L’ can be related to primitive volt-
ages,

2V, = Vo =V

2V =V, -V,

Relationships between loop currents and primitive currents are
defined in Fig. 2.

H T il =Sy

(6)

(7)

lpa = =lp3 = lpy

Conductor 1

- Conductor 3

V-

t
R C C

~L_

Return current = Iy y-I 2 -

Fig. 3. Here. conductors 2 and 4 are replaced by a ground plane.

If conductors 2 and 4 are replaced by a ground plane and V{; is
replaced by a short circuit, the picture changes to that shown on
Fig. 3. The relationships of equations (6) and (7) continue to
apply. Substituting them in equation set (1) and taking account
of symmetry of the image conductors leads to the loop equa-
tions,

Vi =2y Xy +Zy, Xy,

0=2Z,, Xiy+Z5 X, @
where,

2y =2y~ Zppz

Z,=2p~Zp3 =2, 9)

2 =2y~ Zpy

The main characteristic of loop parameters is that they can be
measured with test equipment. Another characteristic is that they
are symmetrical; Z,1,=2 2.

So far, the formulation has been in terms of electromagnetic
theory. To create a circuit model, it is necessary to indulge in an
exercise of lateral thinking and consider the question; “what
configuration of components could be used to mimic the rela-
tionship between loop voltages and loop currents of equation
(8)2“

Given the problem in these terms, it does not take long to
sketch out Fig. 4, where the subscript ‘C’ identifies circuit
impedances. Comparing this with the equivalent circuit of a
magnetic transformer identifies an earlier application of the con-
cept.

Mesh analysis of Fig. 4 gives rise to the circuit equations,

Vi =(ch +ZCI2)XiLl =Zcyy X, (10)

0=-Z,, xiy, +(ZCI2 + Zc::) Xip
Correlating the terms of the circuit equations (10) with those of
the loop equations (8) allows each circuit impedance to be

defined in terms of loop impedance. Using equations (9), the cir-
cuit impedances are then related to the primitives.

Zepy =2 =2Zp3— 2y,
Zey =2y Y2y, =Zp —Zpyy—Zp3+ 2y,
Zen =2yt Zip=2Zpy=Zpy —Zp3+ Ly,

an

Since each primitive impedance is defined in terms of induc-
tance, capacitance, and resistance in equation (2), each circuit
impedance will also contain £, C and R parameters. Using equa-
tions (3), (4), and (5), the formula for each component can be
derived. For resistors, the derivation is simple,

R =Ry,
Rq,=0 (12)
R = Rpy

It is possible to write out the formulae for reactive components
merely by inspecting equation set (11). These are listed in the
Appendix, under the heading “derivation of electrical parame-
ters”.

Detailing the elements of Fig. 4 leads to the initial circuit
model, Fig. 5. This is rather crude, since it overcompensates for
the fact that current in the capacitors will alter the voltages in the
inductors. A better model can be formed, using the familiar T-
junction. This leads to Fig. 6.

By invoking the star-to-delta transformation shown in the
Appendix, the node at the junction of the three capacitors can
be removed, giving the final circuit model of Fig. 7.

Using equation set (12), the resistors of Fig. 7 can be related to
hardware.

With a one-to-one correlation between the conductors of Fig.
3 and the horizontal branches of the circuit, Fig. 7 can be treat-
ed as a section of a three-conductor transmission line. The sim-
ulation is surprisingly accurate?.

)
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new configuration are assessed without difficulty.
Using this technique with modern software, the design of
equipment can be tailored to meet emc requirements.

Coupling via the ground plane

To put flesh on the bones of the dry theory in the panel enti-
tled "Formulations’. the first action is to assign dimensions to
the physical parameters of Fig. 3 shown in the panel. One
example is shown in Fig. 8.

At this point the value of mathematical software” becomes
evident. When such software is accessed, the relevant equa-
tions can be typed on to the computer screen as easily as
words when a word processor is used. The Appendix pre-
sents the entire calculation process, including the input data
and the tabulation of results. Plugging these values into Fig.
7 gives the basic structure of Fig. 9.

In this example, conductor 1 is defined as the “culprit’. and
fed with a 5 V step voltage, Vi,, via a 1002 resistor. The
load at the far end is 1kQ. Conductor 3 is nominated as the
‘victim’ conductor.

The victim circuit is shorted at one end and loaded with
1k€2 at the other. Voltage V,, across the resistor is deemed
to be the signal under review. No conductor has zero resis-
tance, so a finite value has been assigned to the ground
plane.

Having created a circuit model. the next step is to analyse
it, and this brings into play the processing power of circuit
analysis software®. In this application, such software is even
more impressive than the mathematical variety. because it
obviates the need to check any equation.

All that is necessary is to draw the circuit on the screen and
define component values. The computer program generates
the necessary vectors for use in the analysis. The type of
analysis, the test limits, and the signals to be examined are
then selected, and at the touch of a key the output is pre-
sented on the screen.

For the circuit of Fig. 9, the transient voltage V,,, is shown
in Fig. 10. This should be no surprise to anyone who has
monitored logic signals on an oscilloscope using a voltage
probe. The spurious signal has the classical damped sinu-
soidal waveform, indicating an oscillatory condition.

Reflections

No need to puzzle very long to identify the reason for this:
the loads at each end of the transmission line are causing
reflections.

Charges are surging backwards and forward along the two
metre line, mostly along the ground conductor. Energy is
stored dynamically in the electric and magnetic field sur-
rounding the conductors.

With the ground plane acting as an inductor and oscillatory
current flowing in that inductor, a significant voltage is
developed along the length. Since the victim loop utilises the
ground plane to form its return conductor. this voltage
appears in series with the expected signal in that loop.

A spurious signal. V,,, is received by any circuit which
monitors the voltage across Ry;cim. From the point of view
of the victim circuit. current in the structure is emanating
from an external source. Circuit theory tells us that the same
effect can be achieved by a voltage generator in series with
the ground conductor. The ground plane acts as a voltage
source. It is anything but an equipotential surface.

However that is not the only deduction. In addition to pre-
dicting the existence of a ringing signal, Fig. 10 provides
information on the frequency of oscillation (about 33MHz)
and on the amplitude, peaking at about 200mV. This par-
ticular resonance correlates with the quarter wave frequency.

Further development of the circuit model to include the

PROTOTYPING

Zc1y Zca2

i Zcyp .
VL11 i 2

Fig. 4. This circuit gives a set of equations similar to loop

equations.
Lci1 Renr Cery Fig. 5. Initial circuit model,
_i identifying individual components.
VL1fO q ‘
C
| Lew P - I
| N
Ceaz
Leo  Reoze <—J
Acii  Len Acii Len
2 2 @ 2 2

Fig. 6. The model is
improved by
converting each
branch to a T network.

Rcin Len Rcir  Len
WM Conductor 1
Lciz T Lciz
N\g\n : @ mgv\_Groundeane
Cdz| | Caig

Rozo Loz Roze Leze
. 5 Z - Conductor 3
&)

Note: Circled numbers identify nodes common to Figs 6 and 7

Fig. 7. Final circuit model after transformation from star to delta.

cuiprit conductor

diameter = 0.6mm |.l'13 = 20mm’l

victim conductor
diameter = 0.6mm

@ D

1 3
h =20mm

length of section = 2m
Image conductors

2 4

Fig. 8. Physical dimensions of the two wires over a ground
plane used in the example.

August 1998 ELECTRONICS WORLD

677



PROTOTYPING

active components which interface with the conductors is a
simple matter. If the signal across Ry 18 to be monitored
by a logic gate. then simulation will show whether or not the
device will generate a spurious pulse in response. Measures
can be taken. at the initial design stage, to prevent such an
occurrence.

100Q2 818nH 30m 818nH
Y A

culprit conductor

Reulprit |V,
1kupl ‘ out

ground plane
{ |

1995 = =308 §

818nH 30rpr _m\H_ J

Fig. 9. Circuit model of two wires over a ground plane.

30m e
victim conductor

200
Fig. 10. Response Vout
of victim circuit to
a 5V step in culprit 100
circuit.
5
©
2 0
E
-100
-200

—20 0 20 40 _60 80 100 120 140 160 180 200

Time - nanoseconds
conductor 3 = return conductor

2mm
diameter = 0.6mm
@@=

conductor 1 = signal conductor
diameter = 0.6mm

d h =20mm
length of section =2m

v

Fig. 11. One way to reduce interference is to allocate a
second conductor to carry the return current. This should be
mounted as close as possible to the one carrying signal

current.
Source
50Q 30m 379nH 30m  379nH .
VW signal conductor
| Load
-'-22p3‘ 1oon§ L
30m  379nH 3om 379nH]
——————AMW— — return conductor

a—
14p1 == ==14pf

0.1m 599nH T | 0.1m
_O,_/\/\/W_NW\_..‘__.

-

599nH

ground plane

Vin
1V sine wave

Fig. 12. Circuit model for the two wires over a ground plane configuration
shown of Fig. 11.

Shielding: the first step

Perhaps the most important way of reducing interference is
to allocate a conductor to carry return current, and to route
that conductor as close as possible to the one carrying signal
current. Figure 11 shows the new wiring configuration.

Exploring the implications of this is quite a simple task.
Going to the Appendix and altering the value of ry3 from
20mm to 2mm will change all the reactive values in the tab-
ulation of results.

The simplest way of ensuring that conductor 3 acts as a
return conductor is to link it to local structure — the ground
plane — at both ends. Values of 50Q and 1002 are fairly rep-
resentative of the source and load resistors. Figure 12 illus-
trates the effect of these changes to the model.

Inspection of this circuit reveals that the inductance of the
return conductor is less than that of the ground plane, even
though it presents a relatively high resistance. So this con-
ductor is indeed the preferred return path for hf signal current.

Capacitance between signal and return conductors will
enhance this effect. As the frequency increases. the perfor-
mance of the wire pair approaches that of the ideal trans-
mission line. the most efficient way of carrying electrical
energy from source to load.

To determine the effect of interference. Fig. 12 includes a
sinusoidal voltage source of 1V in series with the ground.
Carrying out a frequency response analysis. again using
computer aided design.* results in Fig. 13. This shows that
between 10kHz and 10MHz, the attenuation of any spurious
signal is more than 10dB.

Above 10MHz capacitive effects cause the attenuation o
increase further. but beware of resonance peaks! The model
predicts one at 43MHz. pointing towards the half wave res-
onance. The dip in the curve correlates with quarter wave
resonance. Actual tests would determine the frequency of the
dip and peak more accurately.

Even in the presence of resonance, a wire pair will reduce
interference.

Implications
Treating the structure as a large diameter conductor results in
three primitive equations and two loop equations. Circuit
model Fig. 7 remains valid. even though component formu-
lae change. By increasing the number of conductors in the
configuration. more complex circuit models can be created,
allowing all the usual circuit interconnections to be analysed.?
Using general-purpose test equipment such as the oscillo-

P

Vout across 100Q load
or common mode voltage
of 1V in ground/cable loop

-18

-20
100 1k

10k
Frequency - Hz

100k 1M 10M  100M

Fig. 13. Differential-mode response of wire pair over a
ground plane.
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scope, signal generator and toroidal transformer, it is possi-
ble to make practical measurements and build up circuit
models of actual hardware?, Circuit analysis of the models
will allow system performance during formal emc testing to
be predicted.

Transient analysis and frequency analysis of complex cir-
cuits are simple tasks with modern software*. Anyone who
can design electrical equipment can learn to analyse emc.

In summary
Two conclusions of practical importance are,

@ It is a bad mistake to assume that the ground plane is
an equipotential surface, or that two points marked
with the earth symbol are at the same voltage.

@ A significant improvement in emc can be realised.
simply by allocating two conductors to every signal
and routeing those conductors together.

Of even greater importance is the fact that circuit modelling
can be used to assess the merits and failings of any particu-
lar system, allowing design decisions to be based on analy-
sis rather than on a debatable set of guidelines. [ ]
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Appendix - coupling calculations.
These are calculations for coupling between two wires over a ground
plane. Mathcad was used to compute the results.

PW=4mt0" H/m &:=8854x10" p:=1.7x10"ohm.m (resistivity of copper)
n,=20x10

r,=03x10" r,:=03x10"

Derived dimensions

N, =2Xxh = \(r,'.,)1>+(r, ,)1 Ly =T,

Derivation of electrical parameters

Loy = Blygf i Xfis | g B A Ly, =

P24 haXha ) 2n | ns ) 2n s X/ )
2rel 2mel 2rel

CC,I I=‘7 - ’—\ CCI.I = 7 .—\ CCZ.’ =~y —\

In| R LER 1 L'l.a ; In| haX1hy,

\ha X hi) \haXh,)

Re,, = p_lz Re,, Pl

27r(r, ) 2”(’3.3)
Star to delta transformation
iy X iy o CEXCs

’ Cegiti CeACEN; ’ CcPErCar +1Cc, ),
Cdllim Ccabd@c,
= Ccy +Cc, +Ccy
Results
Lc (8.176 107" 1.609x10°
& - henry
2 L 0 8.176 x 10
0 1.953x107"" 3.844x107")
Ca=| * | farad
0 0 1.953x107" )

Re (003 O .
—_—= Ol
2 Lo o003 o

h:=20x10 1:=2m

{ .
W Inl fiaXh,

ADVERTISE FREE OF CHARGE

Subscribers* to Electronics World can advertise their
electronics and electrical equipment completely free of charge

Simply write your ad in the form below, using one word per box, up to a maximum of twenty words. Remember to
include your telephone number as one word. You must include your latest mailing label with your form.
* This free offer applies to private subscribers only. Your ad will be placed in the first available issue.
This offer applies to private sales of electrical and electronic equipment only.
Trade advertisers - call Joannah Cox on 0181-652 3620

All adverts will be placed as soon as possible. However, we are unable to guarantee insertion dates. We regret that we are unable to enter into
correspondence with readers using this service, we also reserve the right to reject adverts which do not fulfil the terms of this offer.

Please send your completed forms to:

Free Classified Offer: Electronics World, L333, Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS

August 1998 ELECTRONICS WORLD

679



Reader offer
Kenwood oscilloscopes

Model shown: CS4125

For a limited period Vann Draper is offering readers of
Electronics World special discount on the Kenwood
range of high quality oscilloscopes.

The CS4125 20MHz 2 channel oscilloscopes normally
sell for £361.33 but is available to Electronics World
readers for just:

£319 including vat and delivery.

The CS4135 40MHz 2 channel oscilloscope previously
sold for £596.33 including delivery but is now available to
Electronics World readers for just:

£479 including vat and delivery.

All oscilloscopes are delivered ready to use complete
with two x1/x10 probes, mains leads, operating manual
and a 12 month guarantee.

To order simply post the coupon to Vann Draper
Electronics Ltd at Unit 5, Premier Works, Canal St,
South Wigston, Leicester LE18 2PL.

Alternatively tel 0116 2771400, fax 0116 2773945 or
e-mail sales @vanndraper.co.uk

Key specifications
3dB bandwidth 20MHz (CS4135 40MHz)

CRT size 150mm rectangular, graticule 8 by 10 div
CRT voltage Approx 2kV (CS4135 approx 12kV)

Vert sensitivity 1mV - 5V/div, 12 ranges, 1-2-5 steps, fine adj
Timebase 0.2ps - 0.5s, 20 ranges, 1-2-5 steps, fine adj
Mode CH1, CH2, Alt, Chop, Add, CH2 invert
Trigger Auto, Norm, Fix, TV frame, TV Line

Weight 7kg (CS4135 7.2Kg)

Size 300 by 140 by 415 excluding protrusions

Features

2 channel 20 & 40MHz versions
High withstand input — 400Vpk
Relay attenuators

Scale illumination (CS4135)
Vertical mode triggering

Fix synchronisation

External trigger

TV line & frame triggering
Calibration output

Complete with two probes

Also available, ask for details
50MHz 3 channel

50MHz 3 channel with cursor/readout
60MHz 3 channel

60MHz 3 channel with cursor/readout
100MHz 3 channel

100MHz 3 channel with cursor/readout
100MHz 4 channel with cursor/readout
150MHz 4 channel with cursor readout

;Use this coupon for your order

' Please send me:

o898 a0l CS4125 20MHz oscilloscope(s) at £319 inc vat & del
| .......... CS4135 40MHz oscilloscope(s) at £479 inc vat & del
X

Name:

Address:

|
|

u
Tel no
| Total £

Cheques payable to Vann Draper Electronics Ltd
Or debit my visa, master, access or switch card
Card type:

' Card No:
‘Expiry date: Switch iss no

| SIGNALUTE. ...

| Overseas readers can still obtain this discount but details
vary according to country.
L
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DSCILLOSCOPES HP J)20A frequency synthesser 04 Hz-13 MHz HP 5134A universal systems counter €500
41110 500 MHz drosng scopa {colour display) 21850 HP 1314A 0001 Hz:1999 t1Hz foncion/waveosm moneor HP S328A uorversal requency counter ¢ dvm 300
42010 300 MHz 2 channel dritng (27 channels lopc state tnggenng) 0,750 HP 13124 0.4 Hz-13 Mz function gemaracor HP SEB0A waveform recorder €50
T40A 100 MHz 2 channel 350 HP 33108 00005 Hz-5 MHz funcuon generator HP SO8TA discribution amplifer {new) £600
T1SA 200 MHz 2 channe) aoo HP 32008 10 MH2-500 MHz oscllator HP S004A signature analyser £150 HP 500SA wgnature mulumeter £200

TEXTRONIX 7903/7A26 x2/7BS0 200 MHz 4 channel €450 POLARAD | 105 ELF 800 MHz-2400 MHz wich polse modulator HP 49544 protocol analyser + HP 18135A pod £2,000

TEKTRONIX 7403/7A 18A x27BSIA 4 charviel 350 ADRET J42A 100 KMz 24 GHr Opt 01 HP 3761A error detector £200

TEKTADNIX 7A26 200 MH: 2 channel unw (boxed new ¢ manual) a1s ADRET 2230A 200 Hz-1 MHz synthesised source HP J754A seiectrva level meter £300

TEKTRONIX 24484 |50 MHz 4 chanoel . 1,000 THURLBY TGI010 programmable 10 MHz DDS funcuon generator HP 370283705 IF/BE Recener +3710A3716A IF/B8 transmacter €400

TEKTRONIX 2448 150 MH1 4 channel GP-18 1,200 TEKTRONIX 2901 time mark gencrator HP ISOIA 15 H1-50 KHa seiicove vokmeters as naw £500

TEKTRONIX 22464 100 MHz 4 channes ainocal o £1,000 MARCONITF2022 10 Kiia: 1050 M wgnal genaraear HP 34604 55 digt muitimessriuio cal (LCD) €400

TEKTRONEX 2245 100 Mz 4 channel (NEW) N £ 1 HARCONI 201980 KHz-1 GHz o HP 4164 RF powes mezen €650

TEKTRONIX 2238 100 MH: 2 chanael e 2650 HMARCON| TF2018 80 KHz-520 MHI ugnal HP 4)SBIB4I A/BAS4A/ | L0BA 10 MH1-18 GHz (new HP casefmamuais) €1,000

TEKTRONIX 2230 £00 MHz 2 channel digitat storage e 01,500 MARCONI TF2017 10 KHz- 1024 MHz u.l%-u HP 43507843 1A 10 MHz-18 GHz RF power meter 800

TEKTRONIX 2228 50 MHz 2 channel P-4 £450 MARCONITF2014 10 KHz-120 MHz (£200) TF2016A HP 435A/8482AH 100 KHz-4 2 GHz RF power meter £500

TEKTRONIX 2220 60 MHz 2 channei dignal scorage a—— €,200 "MARCONITF1018/217) 10 MHz520 Mz with spachroniser HP 432A/470A |0 MHz-0 GHa RF power meter aso

TEKTRONIX 2215 60 Mz 2 channel . —— 218 HARCONITF20S (0 MH2-520MHz o o HP 400 & 0 Ha-10 MHz AC yohmetsr azs

TEKTRONIX THS04 4 slot mainframe | .. (15T MARCONI TF2008 10 KHz-510 MHa RF gereracor HP JSSC RE step atenaions 0-12 B DC-1 GH1 (NEW) 9

TEKTRONIX 47SA 250 MH: 2 chanewsd —— - T FARNELL $5G1000 100 Kiz-1000 MMz i HP 355D RF step attanuators 0-120 d8 DC-1 GHr (NEW) €9

TEXTRONIX 475 200 MHz 2 chancel e e from (4Ot FARNELL $SGS10 |0 MH2.520 Mite: A HP 3314 distoraon analyser €298

TEKTRONIX 488 100 MHz 2 channel diprtal SO b e £800 FLUKE 6011A 10 Hz-b1 Bz syr eacor HP RI2J2 senes R concrolier £1,000

TEKTRONEX 486 100 MH2 2 channel ol il Q50 RHODES & SCHWARTZ APN62 01 Hz- LE gon (rew) HP 10SB guorz oncllacor £200

TEXTRONIX 4858 100 MHz 2 channel 0pt 08w £500 GIGA GRLIOIA §2 GHz-18 GHa puise -— KEMO OPE | Ha-100 KHz phase meter (new) £100

TEKTRONIX 485 100 MHz2 2 channel sLorage - from €50 PHILIPS PM5326 100 KHz 125 Mt RF generazor LINIPLEX FI-2 HF recerver 195

TEKTRONIX 434 26 MHz 2 channel stomge S Qo0 PHILIPS PHSI90 | MHz1-2 MHE LF synthesier fnew) HMARCONI 6950/6910 10 MHz2-20 GHz RF powsr meter £800

PHILIPS PH 3310 60 MHz digca) storage o — £600 WAVETEK 193 20 MHz sweep modulacon generator MARCONI| 6593A VSWR indcator €250

3264 50 HHz 4 channel = £300 WAVETEK 182 0,002 Hz-? MH: funcuon generator - MARCONI 6440/6424 10 MH2-12 GHz RF power meter €250
3263X 100 MHz delayfevencs - €400 SAYROSA MA 30 10 Hz-100 KHz ot N HMARCONI TF2871 data commurcatons monor €50
3217 50 Mz 2 channel o1 TEST IPMENT MARCONI TF2610 true RMS voltmeter €600
3057 50 MHz 2 channel £400 ANRITSU MSSSA 2 Ghx error detactor = (950 HMARCON) TE2432A 10 H1-560 MH2 frequency counter €100
PH 3055, 50 MHz 2 channel a5 ANRITSU MS09C | valcaband monweor {boned new with oanuals] 750 HARCONI TF2306 p. ble interface unet €250

IWATSU SS 6122 100 MHz 4 channel with cursors. - :‘o AVO 215-L/2 ACDC breakdown 1onsanon tester . —taoo HARCONITF230S meter S0 KHz-2.3 Ga £2,000

IWATSU S 5710 60 MHz 4 channel A0 AVO CT 160 vahe tester + mio b £150 MARCONI TF8938 2udio power meter {150

NECOLET 4094/4562/F4) drtal cope o oo BALL EFRATROM MRT-H rubidwm frequeacy standard €4,000 NARDA 044B-0 3.7 GH1-8 3 GHz 20db direcuonal coupler (new) €150

HITACHIVH100 100 MH2 4 channel wth cursors S (750 BIRD 8922 S000W 50 OHM coaxaal resestor €1,000 NARDA 3004-10 4.:0 GHz 10dB drectionsl coupler €100

HITACHI VI 10 MHz storage o Q00 BIRD 8329 300W 10dB awtenuator r . 500 RACAL RAITTZ 30 MHz roceivers 750

GOULD 4038 20 MH; digral storage * remore keypad 500 BIRD 8123 100W 30dB actenuator - €200 RACAL RANTU 30 MHz valve recewers £150

GDULD 084000 10 MHr drptal storage 1 channel —— . L1%0 BRADLEY 192 oxaouor calbrator — £500 RACAL DANA §921 10 Hz-1000 Mz frequency counter 50

GOULD 1401 20 Mz dgztal storage 2 channel 4 3 phase sensve detecton sOUrTe (250 RACAL DANA 9919 [0 Hz-] 100 MHz frequency counter (298

GOULD 0§00 20 Mz 2 channel 03,400 RACAL DANA 9916 10 Hz-520 MH2 frequency counter €50

SPECTRUM ANALYSERS €300 RACAL DANA 9915 [0 Hz-520 MH frequency counter 95

TEKTRONIX 496P 10 KHz- 1800 MHz 2 £400 RACAL DANA 9914 [0 Hz-200 MHr frequency counter 83

TEKTRONIX 4% - 2,000 RACAL DANA 9908 {0 Hi-1100 MH universal councer umer €00

TEKTRONIX 492F 10 Kis.21 GHa OPT 0170027003 £5,500 mucrowive counter {350 RACAL DANA 9904M 50 MHz univecsal counter tmer €15

TEKTRONIX 491 10 MHz-40 GHz with muxers £500 FARNELL PDD3502 dwal powcr supply 0-35v 2 smp = .. &aso RACAL DANA 9301 A true RMS RF ter €400

TAKEDA RIKEN TR4 72 400 Hz- 1800 MHz spectruminetwork analyser 1,000 FARNELL RB 1030/35 electronst load - €400 RACAL DANA 93008 RMS vokmeter (New Instrument) €250

ANRITSU MS810A 10 KHz-2 GHz spectrum analyser £2,750 FAR| L TSVTO power 0-70v 0-10 amg. - .. £250 RACAL DANA 9300 RMS voltmeter £200

HP CALAN 1010R sweephngress analyser £1,750 FARNBLL LT30-2 21 0-30v 1 amg 198 RACAL 9343H LCR dauabridge 095

HP 890JA 2udo analyser €1,500 FARNELL LT30-5 030+ S amp \w— 145 RACAL 9008 | S MHz-2000 MHz automate modulauon meter Q00

HP 8590A 10 MHz-1.5 GHz spectrum analyser £4,250 FARNELL D100 0-100v | amp - - oo RACAL DANA 1992 10 M1.1300 MHz nanosecond counter 595

H FLUKE 850SA mulmeter — p £750 AL DANA 1991 10 Hr- 160 MHz uneversal counter tmer ¥ digrt £395

$58B 100 KHz-1.500 MHz analyser ¢ manirame FLUKE 0S08A thermal RMS mubumeter o o == £1.000 RACAL DANA 6000 mecroprocesuing digraal vokmeter 4250
SS7A 100 KiHa-350 HHz analyser ¢ FLUKE 54408 dhract volts Calibraton i o b £4,950 REDIFON RAS00 100 H2-30 MHz receivers €400
407A/84128 network analyser 0 1110 MH: FLUKE S20SA precision power amp v Q150 RF MICROSYSTEMS INC ANTRC-178 VHF/UHF KL fiters €400
S82A 002 H2-25 S KHz dual channel ugnal analyser FLUKE 5200A AC calibratos, - > S—— 02,000 RHODES & SCHWARTZ GA082 FSK ansyser €300
T/85528/8SSSA 10 MH3-18 GHz FLUKE 13308 prog con-ant eurrent/voltage callbrator 450 RHODES & SCHWARTZ URE 10 Hz-20 MHz RMS volumeter €400

HP 141 7/85528/85548 100 KHz-1250 MHz HP 59403A HP-IB/commom carmer intectach . s SAYROSA AMM | 5 MHz 2 GHz automatic modulation meters ars

HP 140T/85528/85S1B 10 KHz-110 MHz HP $9401A bus system analyier - £195 SCHLUMBERGER 7702 transmussion analyser {new) 500

MARCONI 23807282 100 H1400 MHx o HP 37701 A Theéugiom test o8 —~ £,750 SIEMENS 02108 200 KHz-30 MHz level meter aso

MARCONI TF2370 30 Hz-110 MHz digrat storage (a3 naw HP 1 1710A down conmerter - (250 SIEMENS W2 108 200 KiHz-30 MH3 level oscilator €50
MAL GENERATORS HP 116658 150 Mbz-18 Gz modiseor €50 TEKTRONIX A6902A wotacor £450

HP | (SO2A stranumtor see DC 18 GHr S — £500 TEKTRONIX 1141/SPGII/TSGI ) pal wdec generator £1,500
HP 8970 nouse hure meser . e 3,500 TEKTRONIX 521A vector scopes £300
HP 87504 starage rormakser — p—_—300 W & G SPM31 200 Hz-620 KH1 leve) meter 750

HP 8640 20 Ha- 084 vestor volpnecer i L6325 SPECIAL OFFERS

HP 8620C/862420 $.9-9 GHI sweepee HP B4TTA RF power meter calibrator —— (223 BIRD 43 RF wattmeters. 095

HP 8620C/86241A 32:6 5 GHz sweeper . - HP 6448A OC power supply 0-600v/0-1 § amp o €750 BIRD 43 RF wattmeters with 6 inserts & case {13 new) €100

0C/86230B | 8 GHr-4 2 GHI sweeplt - o HP $291A DG power supply 0-40v/0-S amp c1as FLUKE 28 hgh spec diptal multimeters wath manual & probes {as new) €19
20A 10-1300 MHz sweeper il HP 6263 DC power supply 0-20/0-10amp & S €250 FLUKE 77 dipital mufometers with manual probes + case 445
swoepar manframes (a3 new)  — HP 53708 unwensal nme iernal counter > 4750 MARCONITF2)71 digral synchronisers {flor MARCONI 2015) €75

HP 8008 03 Hz-20 MHz pulse generator HP 5)45A 5 Mhz-26 5 GHr counter’S 1SSARISEA®B scnion €2,000 RACAL RA 7L 30 Mz recemers €150

HP 3S84C 50 Hz-32.5 MHz sebective level metar HP $341A 500 MHz- 18 GH2 macrowave frequency meter from {900 SIMPSON 447 True RMS dipital mulometers with caze & probes L60

HP 33348 10 Hz-21 MHz synthesser/level mecer HP S33SA unwversat systems counter high stabiey OPT (S €200

ALL PRICES PLUS VAT AND CARRIAGE @ ALL EQUIPMENT SUPPLIED WITH 30 DAYS WARRANTY Visit our Web site

86 Bishopsgate Street, Leeds LS1 4BB http://www.mb-radio.co.uk
Tel: (O113) 2435649 Fax:(0113) 2426881 e-mail info@mb-radio.co.uk
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Designing filters?.

Whether you choose to start with or zero-in on your poles...
Even if you are lost in the

complex plane, don't
worry. If you prefer to cast m m d
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aside your polynomials, you can start with gain or phase, impedance,
corner frequencies or a network: whether it is for a low pass, band pass,
high pass, all pass or notch filter or a combination, with the built-in Filter
Manager, you can see the effect of chaining your stages together. With ‘e :
order virtually unlimited, SuperFILTER puts you in charge of specifying the solution to really tricky problems. It includes
frequency and time domain simulation (with Monte Carlo tolerances, preferred value optimisation with controlled
relaxation, non-ideal capacitors, opamps and inductors) and your choice from active, passive, digital and switched
capacitor networks. The filter networks are synthesised accurately and quickly. Full Windows cut and paste for
document creation + of course SpiceAge links for in-circuit simulation - they are all standard in this stunningly
comprehensive program. No wonder it is the tool used by famous names.

For a demonstration disk or for help with your circuit problems, talk to Those friendly Engineers.
Those Engineers Ltd, 31 Birkbeck Road, LONDON NW?7 4BP Te!l 0181 806 0155 FAX 0181 906 0969
E-mail Those_Engineers@compuserve.com Website http://www.spiceage.com
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John Watkinson asks why, now that power
amplifiers are so cheap, are passive
crossover networks still being used?

ne of the problems with loudspeakers is that every
Oelectronic engineer thinks loudspeaker design is

easy. The easiest part ought to be the crossover,
because, hey. it’s only electronic components.

Looking at commercially available loudspeakers reveals
the truth, which is that most of them have sub-optimal
crossovers because in reality it’s not that easy.

The traditional approach shown in Fig. 1 was to have one
large wideband amplifier with a passive network between
that amplifier and the drive units. Passive filters would be
somewhat easier to design if they fed a load having a con-
stant impedance. Unfortunately a drive unit presents anything
but a constant impedance and this affects the filter response.

A further problem is that passive crossovers have to handle
power. Power inductors and capacitors are physically large,
and if they are 10 be free of distortion they will also be

HPF —I I
L Passive
filters
Single
power | LPF
amplifier I [

Fig. 1. In a traditional loudspeaker, a single wideband amplifier feeds
two or more drive units via a passive crossover network.

\

Active
line-level
filter

) S

Fig. 2. Power amplifiers are now relatively cheap. An active crossover
and multiple power amps allows much more precision than a single amp
and passive crossovers. So why are passive crossovers still popular?

>0
=]

_/

expensive. When power amplifiers were difficult and expen-
sive to make, this was acceptable.

Why not have an active solution?

But times change. High-quality audio amplifiers are now
extremely cheap and it makes sense to adopt the approach of
Fig. 2, where the crossover is performed at line level and
each transducer has its own power amplifier.

Now the filters drive a constant impedance and so will per-
form as designed. With no high power passive components,
the system could actually cost less for the same quality.

Distortion is lower for two reasons: each amplifier is work-
ing over a narrower frequency range, and each handles less
current. The vastly superior results obtained with active
crossovers mean that, where quality is paramount, passive
speakers are obsolete.

The only future for the passive speaker is in so-called high
end hi-fi where enthusiasts love to mess about and replace
perfectly serviceable parts with gold plated ones.
Unfortunately active speakers don’t lend themselves to this
kind of thing and so the high-end freaks don't like them on
principle. It’s their loss.

An ideal crossover ought to be inaudible. For this to hap-
pen, the crossover and the drive units must form a system
which is ideal in the frequency, time and spatial domains.
Traditional loudspeaker designers think they are doing well
if they meet the first criterion. Unfortunately the other two
are just as important.

Time response is critical

As | mentioned in an earlier piece, the time response is crit-
ical if transient waveforms are not to be linearly distorted.
Thus the speaker system should be phase linear. This means
that the time taken for a signal to pass through the speaker
should be the same at all frequencies - including the
crossover frequency.

The conventional high-pass/low-pass of Fig. 3 can never be
phase linear. Irrespective of the order of the filters, if the out-
puts are added back together, the original waveform is not
obtained and the criteria for inaudibility cannot be met.

One solution to this was the development of the filler driv-
er. This was an additional drive unit which would add signals
around the crossover frequency only, allowing a passive sys-
tem to accurately reconstruct the input waveform. The extra
drive unit adds to the cost and may worsen directivity prob-
lems.
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The only crossover topology to meet both the frequency
and time criteria without a filler driver is the so-called con-
stant-voltage crossover. This uses subtractive techniques
developed in analog computing to produce complementary
outputs.

Spatial response

Even if a constant-voltage crossover is created. having out-
puts which sum back 1o the original signal. there is another
hurdle to overcome. This is the spatial response.

The crossover frequency will be audible if there is a change
in directivity at the crossover. At the crossover frequency,
each transducer is providing half of the acoustic output. Thus
the acoustic size of the resulting combined transducer is
roughly the distance between the two driver axes.

If this distance approaches a wavelength. the radiation at
the crossover frequency becomes directional. This can be
heard because even if the on-axis response remains flat. the
reverberant field will be impaired.

Thus in theory — and in practice — the only way a crossover
can be made inaudible is 10 make the crossover frequency
sufficiently low that the spacing between the drivers is much
less than the wavelength. In practice this means that the

AUDIO

HPF OutH
Passive
e filters
LPF OutL
|y #

In # OutH + OutL

.

\

Fig. 3. The
conventional
high-pass/low-pass
solution can never
be phase linear -
regardless of filter
order.

W

only the lowest crossover can be inaudible. This explains
why two-way loudspeakers often score high marks for real-
ism and stereo imaging and why dual-concentric or coaxial
drive units also have a strong following.

A loudspeaker which retains linear phase through the

crossover cannot be much above a few hundred hertz.
Thus the speaker with three or four drive units each han-
dling a different frequency range is fundamentally flawed as

crossover region is currently rare, but the realistic handling of
percussive instruments and natural transient sounds makes it
well worth the effort. ]

Simulation Circuit Capture
PCB Autorouting CADCAM

Imagine an electronics design system that lets you draw
schematics onto the screen and then simulate them at the
touch of a button. Now imagine pressing another button
and seeing the schematic replaced with a PCB rats-nest.
Pressing another button starts the autorouter, and finally
you can click on File then Save As to create a complete set
of CADCAM files.

QUICKROUTE

wwWw.quickroute.co.uk

Too easy? We hope so. Quickroute has always been
designed first and foremost to be easy to use. That's why
simulation, circuit capture, PCB autorouting and CADCAM
support are all integrated into one package, so that you
only have to learn one package.

If you would like to find out more about Quickroute, why
not call us on FREEphone 0800 731 28 24, or visit our web
site on www.quickroute.co.uk. Prices start at under £100
including UK P&P and VAT for a complete system.

"modern, powerful
and easy to use"
Flektor Electronics 97

FREEphone

0800 731 28 24

Int +44 161 476 0202 Fax 0161 476 0505
Copyright © 1998 Quickroute Systems Ltd Regent fouse Heaton Lane Stockport SK4 1BS UK
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PC ENGINEERING

___Windows B4

If you are using Windows 95, or you didn’t upgrade to it because
you were worried about its lack of polish, Windows 98 is for you.
But many engineers are still happy with Windows 3.x. Should they

Fig. 1. View of
Control Panel via
Windows
Explorer with the
“Web-look”
option turned on.

#2 Explotng - Contiol Ponel

upgrade? Rod Cooper wonders.

much hype. with great expectations of replacing Windows
3x entirely and establishing itself as the o/s of choice.

Despite the tlaws in Windows 95. which the critics have
delighted in exposing. it has enjoyed considerable success.
But the really astonishing thing is that so many people have
stayed with Windows 3.x — millions of them.

This phenomenon is so apparent that a major program pro-
ducer — Corel - recently announced that it had produced a
new program for Win 3.x, Wordperfect Suite 7. with most of
the things that you would expect in the equivalent Corel
Windows 95 product - including Internet connectivity.
Shock horror!

To perpetrate this heresy, there must be a money incentive.
implying a large. stable market for potential Windows 3.x
products — a fact that will not be lost on other program mak-
ers.

Where, then. does Windows 98 fit in this scenario? If you
look at Windows 95 when it first appeared and then the lat-
est version, you will see that today's Windows 95 is a much
changed and added-to program. What Windows 98 does is to
rationalise the ad-hoc changes made to Windows 95 since
the first release and to add a further batch of minor improve-

Il is now three years since Windows 95 arrived, amid

so]x]
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Windows 98 — installation

Comes on cd only

Needs 120MByte of hard disk space to install and
occupies about 75Mbyte depending on options. Takes
about an hour to up-grade from Windows 3.1.

ments to Windows 95 rather than introduce any big advance
in technology.

Those of you who were expecting to find integrated voice
recognition in Windows 98 will be disappointed! Of course.
voice recognition is available as a third-party Windows
application. but the proponents of voice recognition maintain
that the best method is to have it imbedded in the operating
system, as with OS2/Warp for example.

Integrated browser

What is integrated into Windows 98 is Internet Explorer 4.0.
Followers of the recent court case between the US Dept. of
Justice and Microsoft will realise that this addition appears to
get round the main legal objections of pc manufacturers hav-
ing IE 4.0. compulsorily foisted on them, bundled with
Windows 95.

So is the inclusion of Explorer 4.0 inspired by political or
technical merit? Probably a bit of both.

What is interesting is that Microsoft has gone one stage
further by offering a web-based desktop in Windows 98. Yet
another GUI to learn, most people will cry, but fortunately
this isn’'t compulsory and you can have the so-called “clas-
sic”” Windows look if you want.

This does seem to indicate a general trend by Microsoft to
make Windows less of a stand-alone operating system, but
more of an Internet engine. If you are an Internet enthusiast,
this approach will appeal to you. If you just use your pc as a
stand-alone work-horse, this trend may ring alarm bells.

98’s general features

Windows 98 maintains support for 16-bit programs just as in
Windows 95, but is orientated away from the FATI16 file
system and towards the new FAT32 system. More about this
later.

If you choose the “classic” look as mentioned above the
appearance of the desktop is very similar to Windows 95.
Figures 1 and 2 shows what you get with *“Web Look™".

Operation is slightly smoother and faster than Windows
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95. For example you can launch programs with a single click
and the forward and back buttons shown in Fig. 1. This can
make life easier. System startup is said to be faster. but sub-
jectively the saving is so small | didn’t notice it. System
shutdown took slightly longer.

One of the big gripes in Windows 95 was that the min-
imise. maximise and close buttons were so close together
that accidental operation was possible. but this remains the
same. Why on earth these have not been altered. considering
the widespread criticism. is anyone’s guess.

Those of you who were expecting an advance in reliabili-
ty in multi-tasking will also have to console yourselves. Has
this aspect been improved on in Windows 987 | could detect
nothing in the literature or in operation to suggest this.

Better reliability?

Claims for better reliability in Windows 98 do not centre on
improved multi-tasking. but on testing and automatic error-
fixing the hard disk. system files and configuration. Here.
there has been a significant improvement with Registry
Checker and System File Checker. Windows 98 can check
itself on loading with Registry Checker and correct itself
from a set of backup tiles that it holds.

Svstem File Checker. as the name implies. checks
Windows system files for corruption and can restore them
from the ¢d or from a backup set.

The most likely cause of trouble is badly-written third-
party programs interfering with the system files. This used
10 be a problem with Windows 95. However. with both reg-
istry and system file checkers. if the sysiem is so corrupt it
won't load. then you are back 10 square one.

Disk enhancements

Disk Cleanup is a new tool which displays files deemed 1o
be unnecessary and invites you to delete them. This is a big
time-saver on sorting through files for removal yourself.
From what 1 could see of Cleanup. it tended 1o be conser-
vative. i.e. you are unlikely to delete anything vital.

Disk Defragmenter would be better named fragmentation
control, as it not only defragments the hard disk drive in
the way everyone is accustomed to. but can also do the
opposite!

The defragmenter may re-arrange program files in order
10 start programs quicker and this may give the disk the
appearance of being fragmented. In this situation. third-
party defragmenters may report the hard disk to be heavi-
ly fragmented when there is actually no need to defrag-
ment. If you then run a conventional defragmentation. you
will lose the optimum configuration for a faster start.

Tune-Up is another good idea. This tool runs the defrag-
menter, ScanDisk and Cleanup on a scheduled basis. like a
tape back-up utility.

You could set it to run during the lunch-hour for exam-
ple. With the huge size of current hard disks and the "bloat-
ware’ that goes on them. Defrag and ScanDisk take a lot of
time 1o run, so this is a welcome addition.

Task Scheduler is an easy-to-use device for starting
almost any event — for example a program or file — at a sel
time.

Support

Support is included for the Universal Serial Bus. and for
DVD-ROM as a storage device to the SFF8090 specifica-
tion. including DVD movie playback.

There is a whole raft of new device drivers, including sup-
port for some scanners and cameras. and support for infra-
red links. Many other small enhancements have been incor-
porated which cannot be included here for lack of space.
But one of the most significant changes is in the FAT sys-
tem. FAT32.

? Windows Help

O e oo
Hide Back  Forward

2 B

Opticns  Web Help

PC ENGINEERING
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True Web integration

3 ‘Welcome to Help
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New file allocation table

Much emphasis is laid in the Windows 98 notes on the use
of FAT32. the new file system for improving hard disk per-
formance.

This is the preferred system for Windows 98, but you
don’t have to use it if you don’t want to. There are some
good reasons for sticking to the established FAT16 standard.
mainly because most operaling systems can recognise it and
it is compatibie with all the software intended for pc use to
date.

FAT 32 introduces some fresh incompatibilities. Although
you can dual-boot between FAT 16 Windows 98 and other
operating systems. you can't dual-boot with FAT 32
Windows 98 and such o/s as Windows NT. Windows 3.1 or
MS-DOS6.x or OS/2.

Drives formatted under FAT32 cannot be seen by other
operating systems — even if you do manage 1o dual-boot
from a FAT 16 drive. FAT 32 drives cannot be compressed
with programs like DriveSpace. And if you do convert to
FAT 32 you can’t go back to FAT 16. unless you buy one of
the add-on third-party converters.

Bear in mind that you cannot get a FAT 32 drive onto any-
thing less than 514Mbyte. so if your hard disk is smaller than
this. it means buying a new. larger hard drive.

The reason for creating FAT 32 is due to the cluster sizes
created under FAT. The cluster size depends on how large
the drive is. These are as shown in the Table 1.

If a file is just one byte over the size that one cluster can
contain, then it occupies one whole further cluster. With the
small number of files in older programs. this waste of hard
disk space did not really matter. However, with the huge pro-
grams of the present day. it matters a lot because there will
be a large number of these partiaily-filled clusters and con-
sequent waste of disk space.

If the cluster size is large, say 32Kbyte. then you could in
theory have just ten excess bytes from ten files occupying
320Kbyte. clearly a ridiculous waste of space. It pays there-
fore to have a small cluster size.

Better FAT means smaller clusters

In FAT 16, a cluster size of 2Kbyte. using a 128Mbyte drive.
would use up only 20Kbyte in this situation. However. the
downside is that you would have a large number of clusters
and this imposes an extra overhead on the cpu. But this
applies to FAT 16 and FAT 32. On today’s ever-faster
machines you probably would not notice this.

windows 98 Explorer and Internet Explorer 4.0 integrate local
and web-based resources in a single view.

Fig. 2. A similar

view to that in

Fig. 1 but under

the Help tool,

showing just how
much emphasis is
being put on Web

integration.
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Fig. 3. Windows 98
desktop showing
the sub-menus.
Initially looks the
same as Windows
95, but note the
number of Internet
features and the
increase in the
number of system
tools.

It pays dividends therefore to divide any hard disk into
drives C:, D:. E:. etc. to get the cluster size down. Many peo-
ple put their operating system on one drive. C:. with perhaps
an alternative operating system on D: if they are dual-boot-
ing. Applications can go on drive E:. and data on F:.

An extra benefit of this scheme is that backing up with
tape backup is easier. For example. on FAT 16 with a clus-
ter size of 2Kbyte. drives C: D: E: and F: each of 120Mbyte
or less were convenient 1o back up on the cheap and popular
120Mbyte QIC DC2120 cartridges.

Backing up drives individually also had other benefits. It
got round the problem of the long time taken to back up a
single large drive when only part of the drive needed back-
ing up.

Note that with FAT 16 you can get the cluster size down to
a lower size than with FAT 32.

Of course. the need for an improvement in file handling
has been triggered by the very large size of the current crop
of programs. Many would argue that more efficient pro-
gramming could reduce the size and ease not just this prob-
lem but many others as well.

As Table 1 shows. FAT 16 can allocate up to only 2Gbyte
for any one partition. With today's large capacity hard
drives. and the trend for them to become ever larger. this
limit could become an obstacle.

But do you really need partitions of more than 2Gbyte?
Admittedly. at this size of drive. FAT 16 becomes less effi-

Table 1. FAT 16 versus FAT 32.

FAT 16

Drive size in Mbyte
16 to 128

Cluster size in Kbyte
2

128 to 256 4

256 to 512 8

512 to 1024 16

1024 to 2048 64

FAT 32

Drive size in Gbyte Cluster size in Kbyte
0.513t0 8 4

8to 16 8

16 to 32 16

32 and above 32
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cient at a cluster size of 64Kbyte compared to FAT 32's
4Kbyte. FAT 32 overcomes both these shortcomings with a
maximum drive allocation if 2Thyte and a maximum cluster
size of 32Kbyte. But are these advantages worth the incom-
patibility problems?

Is FAT 32 faster?

FAT 32 does not speed up the system performance when
running applications. This was proved with a series of
benchmark tests in the magazine PC Direct (Joseph Moran,
May "97).

What is claimed for FAT 32 is that loading the application
is faster. If you have long loading times. this could be attrac-
tive. If not. this feature is wasted.

The main advantage of FAT 32 seems (o be that some hard
disk space is recovered. How much is recovered will depend
on exactly what is on your hard disk. And if modern hard
disks are providing vast amounts of space anyway, is this
important?

Windows 98 and the Internet

As you can see from Fig. 3. the Internet and Explorer 4 both
feature prominently on the Windows 98 desk-top. Besides
incorporation of a Web-based look and feel into the operat-
ing system. there are several more interesting features.

Internet Connection Wizard provides an easy step-by-step
route to signing up with a service provider. This is particu-
larly useful for first-time users who may feel a bit nervous
about this.

Microsoft Outlook Express is a general-purpose e-mail and
news reader. but it cannot yet be used with certain services.
notably AOL and CompuServe.

Update Wizard is a web-based method of keeping abreast
of developments for Windows 98 by providing access to up-
dated system files. hardware drivers. patches etc.

Report Tool is a similar Web-based tool, but works in
reverse — you use this to send details of any bugs you come
across to Microsoft.

Need more screens?

For some applications. like CAD, more screen area is desir-
able. One way to do this is to spread the desktop over two
monitors. In the past, it was not uncommon in CAD to see
the drawing area and the program controls on different
screens.

To do this with Windows 98. your motherboard must have
a PCl or AGP chipset. and of course you need an extra video
card for each monitor.

Up to nine monitors can be run like this. It is possible to
use different resolutions. colour depth. etc for each monitor.
The literature claims that applications need no modification
to use this type of display. but that application developers
can take advantage of some new APIs provided in Windows
98. presumably to optimise the application for two-screen
operation.

While any PCI card can be used for the primary display.
the second PCI card must comply with Windows 98 sec-
ondary drivers. Table 2 from the Windows 98 literature gives
the cards are suitable;

in summary
There are some users for whom Windows 98 will have
instant appeal;

® professional CAD users. for whom there are advantages in
using more than one screen

® Those who regularly use the Internet and who would like
to see Internet features embedded in the operating system.

® Windows 95 users whose applications or methods of oper-
ation cause problems. who will welcome the new fault
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Il Windows 95
Windows 3.11

PC ENGINEERING

Fig. 4. Speed of

Windows 3.x
compared with
Windows 95 on

various pcs. Note that
the vertical axis is
relative time, so taller
bars are slower.

386DX40

checks and system tools.

But is Windows 98 sufficiently atiractive for existing users of
Windows 3x to buy it? For them, it would aimost certainly
mean considerable expenditure in up-grading hardware.
There is of course, the irrational fear of “missing out™ on
something new to contend with.

Those of you who stayed with Windows 3.x have certain-
ly been enjoying a recent and on-going bonanza of free or
very cheap 16-bit programs from such sources as the front
covers of magazines — particularly during the period that the
program makers were shifting over to 32-bit software.

And these stick-in-the-muds haven’t had to expend time
and effort to re-learn the new and much-criticised Windows
95 interface or buy large amounts of new equipment.

Of course Windows 3.1 will not run as fast as the 32-bit
Windows 95, will it? Well. this is not necessarily so, as Mike
James proved in the November 1995 issue of Compuier
Shopper with his set of benchmark tests, Fig. 4.

Naturally, things have moved on since November 95. with
faster pes appearing on a regular basis. But every increase in
hardware speed increases Windows 3.x’s speed as well. and
Windows 3.x owners know it. They also know that their
existing 16-bit programs do not run as fast on a 32-bit oper-
ating system.

Recently, I went back to Windows 3.1 to compare some
more recent offerings in 32-bit office suites with their older
16-bit counterparts. When it comes to word processors,
spreadsheets and the like. the subjective advance in speed is
not all that noticeable. all other things being equal.

In some cases, the advances in programs themselves were
not all that apparent either.

To persuade people to move to a new operating system,
and buy replacement software 1o match, the new option must
offer really significant advantages — not just hype. And any
advantages must be applicable to themselves in their every-
day computer usage, rather than be theoretical.

As a prime example of this, one of the major features of
Windows 95 was the improvement in multi-task ability. In
Windows 3x, this was a difficult area, so you would think
that this would be an inducement to up-grade. But comments
in the pc magazines indicate that most ordinary people with
pes tend to do things one ar a time. In real life. it is rare

486DX2-66

Table 2. PCI cards suitable for secondary monitors.
Suitable drivers:

ATI Mach64 GX

S3 764V+ (765), Trio 64V2

S3 VIRGE

S3 Aurora (S3M65)

Cirrus 5436, 7548,5446

AT! Rage 1 and 2 (VT and greater)

ATI 3D Rage Pro

Trident 9685/9680/9682/9385/9382/9385-1 PClI

These drivers have DirectDraw support:
ATI Mach64
S3 VIRGE

This driver has Direct3D support:
S$3 VIRGE

The following cards cannot be used as a primary display adapter:
Permedia (Permedia NT and Permedia-2 OK)
ISAJEISA cards

indeed for the pc in the office or home to be called on to
multi-task. The only time 1 have noticed it in offices is during
a long database search.

For some engineers, however, it is very handy to run a
lengthy CAD routine. or some number-crunching program or
lengthy analysis, in the background in order to continue
working — writing a technical report in a word processor for
example. Windows 3x is not for them.

But if you are not one of these people, why move to
Windows 95 — or Windows 987

As for current users of Windows 95, I think many will
want to change 10 Windows 98. They will already have
most of the necessary hardware. Perhaps they will have to
buy a new hard disk to accommodate FAT 32, which can-
not install on anything smaller than 514Mbyte.

But apart from that, Windows 98 runs well on a Pentium
with 16 to 32Mbyte of ram. The various enhancements
detailed above will make life much easier for them [ ]
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Fig. 1. Faster clock
speeds, the MMX2
additional
processor
instructions and
floating point
improvements all
provide improved
processor power -
provided that your
applications are
designed to take
advantage of
them.

Year 2000 is not only a bios problem. Even NT users can suffer, as
Cyril Bateman has been finding out. And he has news of a
company searcher, a dos-based simulator for analogue plls and
Motorola’s field-programmable analogue chip.

Hands-on

Internet

early next year. Targeted for use in high-performance

desktop systems, Katmai is expected to run initiaily at
500MHz using a 100MHz system bus.'

Apart from speed enhancement, Katmai introduces some
70 additional instructions for increasing performance. To
enable software development using these instructions,
prototype chips and development tools are scheduled this
summer, Fig. 1.

New surfers often have difficulty locating a desired
corporate Web page. It may be possible to deduce a
company s web address as “www.name.com’. When this
fails, a search on the company name or trademark usually
works.

Alta Vista has introduced a tool called ‘Real Name’. It
uses a dedicated database of company names and
trademarks. which takes the user directly to the Web site
having information about the company or product they are
seeking.?

fle W View Go Bookmarks Links Oplions Diecory Window
B
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Help
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The Nat processors along wath related software tools this summer,
Comasting as part of [ntal effortto get the ball roling on 1ts next
Inivanats genetaton of chip technology.
Ansmau
Iecaster Intel outhned the Katmai toadmap to apptoximotely 50
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Pexpactives Computer Game Developers °
Mawsmakers ‘ =~ Sl Conference this week in
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Allthe Hoades B ASCOM Lawins, racaive demonstration
 Dodktop News systems running the chips, as
-. well as a host of tools to speed the writing of code.
'._-” el
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Microsoft under pressure

As I write. both Microsoft and the Department of Justice
are racing the Windows 98 deadline.? To attain a 25 June
release date, Microsoft needs to ship oem software by 15
May. This puts a deadline on any plans the DoJ might
have to resist the release of 98.

Eleventh-hour discussions have taken place, resulting in
Microsoft agreeing to hold shipments until Monday the
18th. By the time you read this, the outcome should he
resolved.

Microsoft has continued to integrate technology into
Windows NTS5 that was previously available as third party
add-ons. Popular opinion* is that NTS is soon to receive its
share of anti-trust attention from the DoJ, Fig. 2.

Clean up your hard drive

What has been described by Microsolt as a feature is being
hailed by some critics as ‘the most destructive software
bug in years'. FrontPuge98 users are warned by
News.Com? that it is possible 1o designate their entire hard
drive as a FroniPage file folder. Deleting this folder then
wipes the hard drive.

FrontPage’s default work folder is placed in the root
directory as c :my_web making it easy to rename as c : .
If deleted, this file wipes the disk. Microsoft now
recommends users to create “web’ files in a sub-folder and
not as part of the root directory of their disk.

While looking for “Y2k’ and “operating systems’ I came
across an article entitled “Auckland - Your Y2k Beta Test
Site’ . This described the effects that the two month
electrical power outages have had on the city of Auckland.

On first reading this piece, I wondered whether the text
was pre-Y 2k alarmist fiction. Not so. On checking the site
of Mercury Energy, the utility company concerned,’ I
found it was only too true. The business centre of
Auckland had been seriously affected.

Year 2000 and operating systems

Most advisors agree on the methods you should use to test
bios and real-time clock year 2000 compatibility, but
advice on operating sysiem tests varies. Some writers
believe that operating system Y2k date problems cannot
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exist, others have identified problems.

Client/Server Technologies Inc® has tested PCDos.
Windows 3.x. Windows 95. NT 3.5 and 4.0 and several
Unix platforms. It identifies six layers. from hardware to
application. in which time and date failures can occur.

The company's test results suggest 5% of time and date
errors result from the real time clock or bios; the
remaining 95% occur at the operating system layer.

Last September IBM? issued tables listing year 2000
compliance for each of its operating system products, with
‘fix-packs’. For IBM hardware users, this site also
suggests appropriate test sequences, according to date of
manufacture.

The Microsoft Year 2000 Resource Centre, established
in April '98,'0 has a manager for year 2000 solutions and
should help resolve your problems. Jason Matuso'! said,
“technically it's a very simple problem to deal with. Only
5% of the world’s code has dates in it, but that small piece
affects 85 to 95% of the rest of the code.” Fig. 3.

Most popular operating systems require a patch or
fix-pack be installed to ensure year 2000 compliance. My
advice is 10 1o download all relevant files before taking
any action.

MS-Dos 6.22 is compliant. It will sort files correctly. but
cannot display a four-digit year. Additionally the
msbackup file does not recognise dates greater than
1999.10

Windows 3.1 with Dos 6.22 and an updated version of
winfile.exe is compliant. but is still left with unspecified
“minor issues”. If not updated, file manager shows
incorrect dates after 1999. Download W31 filup.exe from
the Microsoft Software Library to update winfile.exe.'?

Windows for Workgroups 3.11 with Dos 6.22 and
updated winfile.exe is compliant but also with “minor
issues”. Download WFWHtilup.exe from the same library.
Similarly. Windows 95 with updated winfile.exe and
command.com needs the file win95y2k.exe from the
library.

Windows NT 4.0 Workstation with service pack 3 and
nty2k.qte fixes is compliant but again with minor issues. If
not updated. User Manager will not recognise 2000 as a
leap year so 29 February will not exist. There will aiso be
problems with "Find File' dates and Office file custom
dates. Download service pack 3 and Y 2kfixes.asp.

Fig. 4. This site has made good progress towards solving the
Year 2000 problem for its internal systems. Visit it to obtain
practical guidance.
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Fig. 2. Recent
storms
surrounding
Windows 98 and
Explorer could
become
overshadowed as
Windows NT5
starts receiving
attention.

Fig. 3. Better late
than never,
Microsoft has
now organised ifs
Year 2000
support for users.

Fig. 5. This
operating systems
overview is worth
reading, whether
or not you plan
to upgrade your
operating system.
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Fig. 6. Motorola’s
field
programmable
analogue array
has the potential
to simplify many
analogue circuit
designs.
Download the
manual and FAQ
for your
introduction to
this system.

e - [Motorola’s Programmable Analog Arays]
» - . .

Microsoft’s newest operating systems have a built in
workaround that converts a reported year 1900 into 2000.
Depending on your machine and its bios, this may not

work correctly. In any case, it can only work during year
2000.12
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sensible evaluation program and year 2000 toolkit. The
site’s pages are dated November "97 which may be a slight
problem. Alternatively. perhaps UoT used different
hardware from that used by Cinderella.

For example the UTHSCSA operating system page
reports OS/2 as having no known problem and capable of
correcting a bad date at rollover. In comparison, the
Cinderella testing reported OS/2 as being compliant but
did not correct the real time clock. Fig. 4.

It is essential 1o test all aspects of bios and operating
system using your actual hardware. When resetting your
real time clock manually to test for rollover. avoid re-
setting it 100 close 1o 24:00 since test problems when the
clock is re-set 10 23:59:58 or 23:59:59 have been
reported.’?

Perhaps. like me. you have pondered whether to upgrade
your present Windows 3.1 or 3.11 to "98 or NT4. A series
of articles under the title “High command"'® compares the
merits of all Microsoft operating systems and OS/2 Warp
4.0 from IBM is valuable pre-reading.

While comparing the benefits of these systems. it also
outlines the hardware and application software upgrade
implications to be considered when choosing a new
operating system. Fig. 5.

Before committing to a software and possible hardware
upgrade to Windows NT. Windows 95 users are advised to
first read a nine page Microsoft article:'”. Some Windows
95 applications used on Windows NT. may not perform as
expected.

Those of you already using Windows 95 and planning to
upgrade to Windows 98 might find the critique ‘Don’t pay
for Windows 98" in PC Magazine by John Dvorak
interesting.'® John complains that because of the number
of bugs in Windows 95 and the small number of unique
enhancements in Windows 98, it should be free.

Applications

To complement its field-programmable gate arrays.
Motorola'? has introduced a field-programmable analogue
array with design software and evaluation kit. Having
some facilities in common with the Zetex TRAC module
recently featured in EW. both arrays are complementary
rather than competitive.

The TRAC module includes log and antilog functions,
not available in the Motorola version. Motorola’s
MPAA020 module has a 100kHz signal bandwidth and is
based on switched capacitor technology. This facilitates
the design of sample-and-hold or track-and-hold functions
or switched integrators.

Technical information on this module. its FAQ.
overview of the design software and a tutorial is available
on the Web page. The EasyAnalog design software can be
downloaded as easyal08.exe. at 2.4Mbyte. and the full
design manual as the 1.3Mbyte easyal08.pdf file. Fig. 6.

Early phase-locked loop integrated circuits. such as the
c-mos 4046 design, used mostly analogue techniques. This
old chip. usable at IMHz and lower frequencies. offered
simplified design methods. but was inherently sensitive (o
change of supply voliage or ambient lemperature.

For improved performance unaffected by supply voltage
or temperature change. many recent chips use mostly
digital techniques. One early all-digital design which
extended operation to above 20MHz. the 74HC/HCT297.
was described more than 15 years ago. 20!

Even faster operation is provided by the Texas TLC2932
range which reverts to an analogue voltage-controlled
oscillator. The pin compatible TLC2933 extends operation
to the 100MHz region. Fig. 7.
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Simulation

One possible difficulty designing analogue phase-
locked loop systems with voltage controlled oscillators
is component interaction. Repetitive calculations are
needed to optimise behaviour.

Spice simulations help little. since the required
macromodels either do not exist or are elusive.
Recently | spent considerable time on-line seeking such
models.

To help designers use their 74HC/HCT4046A/7046A
chips in 1989. Philips offered a stand alone pll
design/calculation program. The original version )1
called pll.exe can still be found.

The updated version. 2.0. provides for the
4046A/7046A and 9046A chips and includes Lotus123
spreadsheets that can be used to calculate output
frequency for any R and C combination. Version 2.0 is
available by download as pli.zip.??

These dos based programs need few resources so run
on any pc. Calculated results are quickly tabulated on
screen and loop optimisation is provided. If your
graphics card is compatible. a bode plot of your
designed loop can be plotted to examine loop stability.
Fig. 8. [ ]

Fig. 8. A quick and easy ‘what if’ design method dedicated
to Philips phase-locked-loop chips.

Fig. 7. This new, fast,
phase-locked-loop
chip uses an analogue
voltage-controlled
oscillator.

Optimize 7 (Y/N): Y

INPUT PARAMETERS
eC i 2 fin (Hz) : 1.563E+04 Spread input freq. (z) : 0.0
N : 1 2fR (Hz) : 6.510E+03 Part-to-part spread (x) : 20.0
Filter : 2 fo (Hz) @ 1.62BE+04 Ucc (Uolt) : 5.0
UCO and FILTER PARAMETERS ?4HC/HCT 4046A/7046A
T1 (sec) : 2.6E-04 T2 (sec) : 3.6E-04 T3 (sec) : 3.7E-05
f1 (Hz) @ 6.0E-03 f2 (Hz) : 4.4E-02 f3 (Hz) @ 4.3E.03
R1 (Ohm) : 1.0E+05 R3 (Ohm) : 4.3E+02 R4 (Ohm) : 5.8E+02
RZ2 (Ohm) : 9.9E+04 C2 (Far) : 6.2E-07 C3 (Far) @ 6.4E-08
C1 (Far) : B8.2E-09 Rp (Ohm) : S5.3E+05
DYNAMIC PARAMETERS
Wns2u (Hz) : ?.S5E+062 pull-in time (sec) : 7.1E-04
W_0dB/2n (Hz) : 1.4E+03 pull-in range (Hz) : 3.3E+03
zeta S pull-out range (Hz) : 3.3£+03
overshoot (z) : 20.61 hold range (Hz) : 3.3E+03
Kv . 5.8E+03 settling time (sec) : 2.3E-04
Winput/W_odB : 11.3 lock-in range (Hz) : 3.3E+03
phasemargin with C3 (deg) : 56 ripple suppr. with C3 (dB) -56
without C3 (deg) : 7?2 without C3 (dB) : -56

W-3dBs20 closed loop (Hz) : 1.5E+03

Philips Semiconductors
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS - RING US FOR YOU R REQUIREMENTS WHICH MAY BE IN STOCK

HP New Colour Spectrum Analysers

HP141T+ 8552B IF + 8553B RF -1KHZ -110Mc/s - £700.
HP141T+ 8552B IF + 8554B RF -100KHz -1250M - £900.
HP141T+ 8552B IF + 8556A RF - 20H2-300KHz - £700.
HP1417T+ 8552B IF + 8555A 10 MC'S-18GH2S - £1200.
HP8443A Tracking Gen Counter 100KHz-110Mc/s - £200
HPB445B Tracking Preselector DC to 18GHz - £250.
HP8444A Tracking Generator ® 5-1300Mc/s - £700.

HPB444A OPT 059 Tracking Gen  5-1500Mc/s - £950.
HP35601A Spectrum Anz Interface - £500.

HP4953A Protocol Anz - £400.

HPBI70A Noise Figure Meter + 346B Noise Head - £3.5k.
HP8755A Scalar Network Anz Pl - £250 + MF 180C - Heads
11664 Extra - £150 each.

HB903A Audio Anz - £1500.

HPB656A 100KHz - 990 Mc/s, S/G AM-FM - £1450.

HP3709B Constellation ANZ £2k.

HP11715A AM-FM Test Source - £750.

FARNELL TVS70MKII PU 0-70V 10 amps - £150.

FARNELL PSG 520 S/G 10 Mc/s AM-FM - £150.

TEK 475 Oscilloscopes 200Mc/s - £300.

TEK 475A Oscilloscopes 250Mc/s - £350.

MARCONI 6500 Network Scaler Anz - £750. Heads available
to 40GH2 many types in stock.

HP3580A 5H2-50KHz Spectrum ANZ £750 - £1000.

HP3582A .02Hz to 25.6KMz Spectrum ANZ £1.5k.

TEK 7L5 + L3 - Opt 25 Tracking Gen - £900.

TEK 7L12 - 100KHz-1800Mc/s - £1000.

TEK 7L18 - 1.5-60GMzs - £1000.

Mixers are available for the above ANZs to 60GHz.
HP8673D Signal Generator .05-26.5GHz - £15k.

Systron Donner 16188 Microwave AM FM Synthesizer
50Mc/s - 18GHz £2k.

ADRET 3310A FX Synthesizer 300Hz - 60Mc's - £600.
HP5316B Universal Counter A+B.

HP Plotters 7470A - 7475A. Up to £250.

HP3730A + 3737A Down Convertor Oscillator 3.5 - 6.5GHz.
HP Microwave Amps 491-492-493-494 495 -1GMHz -12.4GHz-
£250 each.

HP105B Quartz Oscillator + HP5087A Dis Amp £500.
HP6034A System Power Supply 0-60V 0-10A - £500.
HP6131C Digital Voltage Source + 100V Amp.

HP3779A Primary Multiplex Analyser - £200 qty.

HP3779C Primary Multiplex Analyser - £300 qty.

HP1631D Logic Analyser - £500.

HP5316A Universal Counter A+B.

HP8901A Modulation Meter AM-FM - £1.5k.

Marconi TF2374 Zero Loss Probe - £200.

Marconi TF2305 Modulation Meter - £1.5k.

Racal/Dana 2101 Microwave Counter - 10H2-20GHz - with
book as new £2k.

Racal/Dana 1250-1261 Universal Switch Controller + 200Mc's
Pl Cards.

Racal/Dana 9303 True RMS Levelmeter + Head - £450.

IEEE Interface - £500.

TEKAB902A also A6902B Isolator - £300-£400.

TEKFG5010 Programmable Function Genr 20Me's - £600.
TEK2465A 350Mc/s Oscilloscope - £2.5k + Probes - £150.
TEK2465 300 Mc/s Oscilloscope - £2k + Probes- £150.

TEK CT-5 High Current Transformer Probe - £250.

TEK J16 Digital Photometer + J6523-2 Luminance Probe -
£300.

HP745A+746A AC Calibrator - £600.

HP11729C Carrier Noise Test Set .01-18GHz - LED - £2000.
Marconi TF2008 - AM-FM signal generator - also sweeper
10Ke/s - 510Mc/s - from £250 - tested to £400 as new with
manual - probe kit in wooden carrying box.

HP Frequency comb generator type 8406 - £400.

HP Sweep Oscillators type 8690 A+B + plug-ins from 20Mc/s
to 18GHz also 18-40GHz.

HP Network Analyser type 8407A + 8412A + 8601A - 100Kc/s
- 110Mc/s - £500 - £1000.

HP Amplifier type 8447A - 1-400Mc/s £200 - MP8447A Dual
£300.

HP Frequency Counter type 5340A - 18GHz £800.

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

Racal/Dana 9301A-9302 RF millivoltmeter - 1.5-2GHz - qtyin
stock £250-£400.

Racal/Dana Modulation Meter Type 9009-9008 - 8Mc's -
1.5GHz - £150/£250.

Marconi RCL Bridge type TF2700 - £150.

Marconi/Saunders Signal Sources type - 605B-6070A-6055A-
6059A-6057A-

6056- £250-£350. 400Mc/s to 18GHz.

Marconi Microwave 6600A 1 sweep osc., mainframe with
6650PI - 18-26.5 GHz or 6651 P! - 26.5-40GH2-£750 or P! only
£600. MF only £250.

Tektronix Plug-ins 7A13-7A14-7A18-7A24-7A26-7A11-TM11
7511-7D10-7512-51-52-56-552-PG506-5C504-5G502-5G503-
5G504-DC503-DC508-DD501-WR501-DM501A-FG501A-
TG501-PG502-DC505A-FG504-7B8O + 85 - 7B92A.

Gould J3B test oscillator + manual - £150.

Tektronix Mainframes - 7603-7623A-7613-7704A-7844-7904-
TM501-TM503- TM506-7904A-7834-7623-7633-7844-7854-
7104,

Marconi 6155A Signal Source-1to 2GHz - LED - £400.

Barr & Stroud Variable filter EF3 0.1Hz-100Kc/s + high pass +
low pass - £150.

Racal/Dana 9300 RMS voltmeter - £250.

HP 87504 storage normalizer - £400 with lead + S.A. or N, A
Interface. Board fitted.

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRIGE IS EX WORKS. SAE FOR EN

TEKTRONIX - 7514-7T11-7511-7512-51-52-539-547-S51-552-
S53-7TM11.

Marconi mod meters type TF2304 - £250.

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

Farnell electronic load type RB1030-35 - £350.

Racal/Dana counters-99904-9905-9906-9915-9916-9917-9921-
50Mc/s-3GHz - £100 - £450 - all fitted with FX standards.
HP180TR. HP181T, HP182T mainframes £300 - £500.
Marconi 6700A sweep oscillator - 18GHz Pis available.
Racal/Dana VLF frequency standard equipment. Tracer
receiver type 900A + difference meter type 527€ + rubidium
standard type 9475 - £2750.

HP432A-435A or B-436A-power meters + powerheads to
60GH2 - £150 - £1750 - spare heads.

HP8614A signal gen 800Mc/s - 2.4GHz, new colour - £400.
HPB616A signal gen 1.8HG2 - 4.5GHz, new colour £400.
HP3336A or B syn level generator - £500 - £600.

HP3586A or C selective level meter - £750 - £1000.
HP8683D S/G micorwave 2.3-13GHz-opt 001 - 003 - £2k.
HP8640B S/G AM-FM 512Mc/s or 1024Mc/s. Opt 001 or 002
or 003 - £800-£1250.

HP86222B Sweep Pl -01-2.4GHz + AAT £1400-£1750.
HP86290A Sweep PI-2 - 18GHz - £1000 - £1250.

HP86 Series Pls in stock - splitban from 10Mc's - 18.6GHz -
£250 - £1k.

HP8620C Mainframe - £250. IEEE - £500.

HP8615A Programmable signal source - IMHZ - 50Mc/s - opt
002-£1k.

HPB6O1A Sweep generator .1-110Mc/s £300.

HPB349A Microwave Amp 2 - 20GHz Sofid state - £1500.
HP1980B Oscillascope measurement system - £300.
HP3455/3456 A Digital voltmeter - £400.

HP5370A Universal time interval counter - £1k.

HP5335A Universal counter - 200Mc/s-£500.

HP5328A Universal counter - 500Mc/s - £250.

HP6034A Power supply -0-60V-0-10 amps - £500.

HP3710A 3715A-3716A-3702B-37038-3705A-3711A-3791B-
3712A-3793B microwave link analyser.

HP3552A Transmission test set - £350.

HP3763A Error detector - £500.

HP3764A Digital transmission analyser - £600,

HP3770A Amp delay distortion analyser - £400.

HP3770B - £450.

HP3780A Pattern generator detector - £400.

HP3781A Pattern generator - £400.

HP3782A Error detector - £400.

TEKTRONIX 577 Curve tracer + adaptors - £900.
TEKTRONIX 1502/1503 TDR cable test set - £400.

Racal 1991-1992-1998 - 1300Mc/s counters - £400-£900.
Fluke 80K-40 high voltage probe in case - BN - £50-£75.
EIP545 micorwave 18GHz counter - £1200.

Fluke 510A AC ref standard - 400H2-£200.

Fluke 355A DC voltage standard - £300.

Wittron 610D Sweep Gen + 6124C PI-4-8GH2-£400.

Wiltron 610D Sweep Generator +61084D PI - 1Mc/s
1500Me;s £500 - 10 Mc/s - 18GHz - £1000.

HPB699B Sweep P YIG oscillator .01 - 4GHz - £300. 86308
MF-£250. Both £500.

Dummy Loads & Power att up to 2.5 kilowatts FX up to
18GHz - microwave parts new and ex equipt - relays
attenuators - switches - waveguides - Yigs - SMA - APC7
plugs - adaptors etc. gty. in stock.

B&K Items in stock - ask for list.

Power Supplies Heavy duty + bench in stock - Famell - HP
Weir - Thurlby - Racal etc. Ask for list. Large quantity in
stock, all types to 400 amp - 100Kv.

Marconi 2955 Radio Test set - £1800.

Marconi 2955 + 2958 Tacs radio test set - £2000.

Marconi 2955R Radio test set - £2000.

Marconi TF2015 S/G 10Mc/s - 520Mc/s AMFM - £100.
Marconi TF2016A S/G 10Kc/s-120Mc/s. AMFM - £100.
Marconi TF2171 Digital syncronizer for 20152016 - £50.
Marconi TF2017 S/G .01-1024Mc/s. AMFM. High grade - low
noise - LED readout. - £1500.

Marconi TF2018 S/G 80Kc/s-520Mc's. AM/FM - £800.
Marconi TF2018A S/G 80Kc s-520Mc/s. AMFM - £1000.
Marconi TF2019 S/G 80Kcis-1040Mc/s. AMFM - £1250,
Marconi TF2019A S/G 80Ka's-1040Mc/s. AM/FM - £1500.
Marconi TF2022E S/G 10Kc/s-1.01GHzs. AMFM - £1500.
Marconi TF2022E As above but as new + Cal cert - £1800,
Marconi TF6311 Microwave Sweep S/G 10Mc/s - 20GH2 ¢ w
TF6501 amplitude Anz. plus heads 10Kc/s-20GH2. Heads
available to 40GHz - £4000.

Farnell S/G ESG1000 10H2-1000Mc/s. AM FM - £800.
Farnell $/G PSG1000 10Hz-1000Mer's. AM/FM - £900.

IFR 1200S Communications radio test set - £2500.

TF2370 Spectrum Anz's 30Hz-110Mc/s. Large qty to clear as
received from Gov - all sold as is from pile complete or add
£100 for basic testing and adjustment. Callers preferred
Pick your own from over sixty units.

A. Early Model - Grey - Rear horizontal alloy cooling fins - qty
of 5 - £750 lot - singly - £200.

B. Late Model - Grey-Vertical alloy cooling fins - £300.
Marconi TK2373 Extender 1o 1.25GHz - £300 - £400.
HP3325A Synthesized function generator - £1000 - £1500.
HP3325B Synthesized function generator - £2500.

HPB405A Vector voltmeter - late colour - £400.

HP8508A Vector voltmeter - £2500.

HP8505A Network Anz 500KH2-1.3GMz - £1000.

HPB505A + 8502A or 8503A test sets- £1200 - £1500.
HPB505A + 8502A or 8503A + 8501A normalizer - £1750-
£2000.

HPB557A .01Mcis-350Me's - 85588 0.1-1500Mc/s - 8559A .01
21GHz 180T or 180C-D-T £500 - £2000.

TEK492 Spectrum Anz-OPT 2-50Kc/s-21GMz - £3000.

TEK492 P S.A. opt 1-2-3-50 Kc/s - 21GH2 £4500.
TEK495 S.A. 100Hz - 1.8GMz - £3.5k.

TEKTRONIX - HP Oscilloscopes - 100Mc/s-465-4658-1740-
1741 etc - £300 - qty in stock.

Phillips 3217 50Mc/s oscilloscopes - £150-£250.
Phillips 3296 350Mc/s IR remote oscilloscope - £1000.
Hitachi VC6041 Dig storage oscilloscope - 40Mc/s - £500.
TEK2430A Dig storage oscilloscope 100Mc/s - £2000.
TEK2440 Dig storage osciltoscope 400Mc/s - £2200.
TEKTRONIX 2245A Oscilloscope 100Mc/s - £750.
TEKTRONIX 2445 + DMM - 250Mc/s - £1000.
TEKTRONIX 2445A - 150Mc's - 4 CH - £1000.
Schaffner NSG 200E Mainframe - NSG203A low voit var
simulator - NSG22A. Interface simulator - NSG226 Data line
simulator - all six items at £1500.

Schaffner NSG200E - NSG203E low volt var simulator
NSG222A interface simulator - all three - £1000.
LIGHT AND OPTICAL EQUIPMENT

Anritsu ML93A & Optical Lead Power Meter.

Anritsu ML93B & Optical Lead Power Meter.

Power Sensors for above MAS6A - MAJBA - MAS13A
Battery Pack MZ95A.

Anritsu MW37A Pulse Echo Tester.

Pl available - MH914C 1.3 - MH915B 1.3 - MH913B 0.85 -
MHI25A 1.3 - MH929A 1.55 - MH925A 1.3GI - MH914C
1.35M.

Anritsu MW98A Time Domain Reflector.

Pl available - MH914C 1.3 - MH915B 1.3 - MH913B 0.85 -
MH925A 1.3 - MH929A 1.55 - MH925A 1.3GI - MH914C
1.35M.

Anritsu MZ100A EO Converter.

+ MG912B (LD 1.35} Light Source + MG92B {LD 0.85)
Light Source

Anritsu MZ118A O E Converter.

+MH922A 0.8 O/E unit + MH923 A1.3 O/E unit.

Anritsu ML96B Power Meter & Charger.

Anritsu MN95B Variable Att, 1300.

Barr & Stroud LS10 Light Source.

BT Power Unit 850 - 1300 - 1500.

Photo Dyne 1950 XR Continuous Att. 1300 - 1500.
Photo Dyne 1800 FA. Att.

NKT Electronic QAM30 Att Meter {MN3032TX} 1300 out.
Electo Optic Developments FO-500 TX Laser.
Cossor-Raytheon 108L Optical Cable Fault Locator
0-1000M 0-10kM.

Intelco 220 Single Mode Att 1532.

TEK P6701 Optical Converter 700 MC/S-850.

TEK Orionics 7000 Type Pl OTDR-103A.

HP81512A Head 150MC'S 950-1700.

HP84801A Fibre Power Sensor 600-1200.

HP8158B ATT OPT 002+011 1300-1550.

HP81519A RX DC-400MC/S 550-950.

STC OFTX-3 Laser source.

STC OFRX-3.

STC OFR10 Reflectometer.

STC OFSK15 Machine jointing + eye magnifier.
Anritsu ME453L RX Microwave ANZ.

Anritsu ME453L TX Microwave ANZ.

Anritsu MS420B Network Spectrum ANZ.

Anritsu MH370A Jitter Mod Oscillator.

Anritsu MG642A Pulse Patt Gen.

Complete MS65A Error Detector.

System MS02A Timer & Digital Printer.

Anritsu ML612A Sel Level Meter.

Anritsu MS2802A Spectrum ANZ 100H2-32GHz.
Anritsu MS2601A S.A. 10Mz - 2.2GHz - £2.5k.

Anritsu ML244A Sel Level Meter.

Advantest TR98201 Signal Gen.

Advantest TR9402 Digital Spectrum ANZ.

Siemens D2108 Level Meter.

Siemens D2150 Bit Error Meter.

W&G PCM3 Auto Measuring Set.

W&G SPM14 Sel Level Meter.

W&G SPM15 Sel Level Meter.

W&G SPM16 Sel Level Meter.

W&G PS19 Level Gen.

W&G DA20+DA1 Data ANZ.

W&G PMG3 Transmission Measuring Set.

W&G PSS16 Generator.

W&G PS14 Level Generator.

W&G EPM-1 Plus Head Milliwatt Power Meter.

W&G DLM3 Phase Jitter & Noise.

W&G DLM4 Data Line Test Set.

W&G PS10 & PM10 Level Gen.

HP8660C S/G AMIFM - Phase ® 01-110MC/s - 1300MC/s
2600 MC/s £1-£2k.

HPA4274A LCR Meter + Adaptor.

HPB566A High Performance S.A. - 100Hz - 2.5GHz - 2GHz -
22GHz - 300 GHz with mixers.

HPB754A Network ANZ 4-1300MC's + 8502A + cables.
HPB754A Network ANZ H26 - 2600MC/s + 8502A + cables.
HP8116A Pulse function Gen £2200.

HP3588A S.A. 10Hz - 150MC's opt 001-003.

HP54100A DIG Oscilloscope 1GHz - P.O.R.

HP54200A DIG Oscilloscope 1GHz - P.O.R.

HP54501A DIG Oscilloscope 100MCrs - POR.

R&S CMTA 54 Radio Comms. ANZ - 0.1 - 1000MC/s.
R&S PSA 5 Process Controller 1006-3008. 02.

TEK TDS360 200 MC's Oscilloscope. £2k.

TEK 2455-250 MC/s Oscitloscope.

TEK OF150 Fibre Optic TDR.

MAR S/G 20220 10KC's - 1GHz - White - £2000.

MAR S/G 2022C 10KC;s - 1GMz - £1500.
HP1630-1631-1650 Logic ANZs.

QUIRIES. PHONE FOR APPOINTMENT OR FOR OEMONSTRATION OF ANY ITEMS, AVAILABILITY OR PRICE CHANGE.

VAT AND CARRIAGE EXTRA. ITEMS MARKED TESTED HAVE 30 DAY WARRANTY. WANTED: TEST EQUIPMENT-VALVES-PLUGS AND SOCKETS-SYNCROS-TRANSMITTING ANO RECEIVING EQUIPMENT ETC.

Johns Radio, Whitehall Works,

CIRCLE NO. 128 ON REPLY CARD

84 Whitehall Road East, Birkenshaw, Bradford BD11 2ER. Tel: {01274) 684007. Fax: 651160




LETTERS

Letters to “Electronics World” Quadrant House, The Quadrant, Sutton, Surrey, SM2 5AS

Corner response
response

In response 10 Mr Howard's letter in
ihe last issue, he is of course correct
that the absorbent in a transmission
line attenuates high frequencies. As a
result the waveform shown in my
article is technically incorrect and [
apologise for that.

However, it is wrong 10 suggest
that the absorbent removes the
second step. Steps are used 10 lest
loudspeakers because they contain all
frequencies. They reveal that the
absorbent has no effect on the low
frequencies and the double step 1
described is definitely present: my
error is simply that the second step
should have been shown somewhat
rounded.

1t is well known that transmission
line, reflex. abr or bandpass speakers
add their own footprint to the sound.
audible as hangover on percussive
material such as the tympanum or
bodran. rendering these techniques
obsolete for precision applications.
The effect is absent on well-
engineered sealed enclosures. In
other words. to avoid hangover avoid
the port.

Mr Howard's misgivings may
simply be due to the fact that he has
never heard a phase linear aperiodic
woofer. The kindest interpretation of
his outburst which 1 can conceive is
that perhaps he doesn’t listen to live
music and so doesn’t realise how
unrealistic traditional ported
loudspeakers sound.

It is wrong to invoke the Haas or
precedence effect to suggest that a
second pulse 17ms later will be
inaudible. The precedence etfect
relates only to the localisation of a
sound source. not to the assessment
of its timbre. In any case localisation
works best on broadband sounds and
is very weak a1 30 Hz.

One definition of a linear phase
system is that all frequencies take the
same lime to pass through. When Mr.
Howard calculates that some of the

output takes 17ms longer than the
resl. he is defining ihe system as
phase non-linear. The only compact
low-frequency technology which can
ever be phase linear is one in which
the rear radiation of the cone is
completely contained.

1t is theoretically possible to feed
inverted echoes into a ported speaker
so that the echo cancels the port
radiation to make a phase linear
system. But then. by definition. the
port cannot supplant the cone
radiation making this a futile
exercise.

Mr Howard protests that internal
and cabinet edge retlections don’t
meril a mention. However, [ made it
clear at the beginning of the section
with which he has difficulty that 1
was considering low frequencies.

The assertion which causes me
most concern is that loudspeaker
units exhibit minimum phase. In all
electrostatic and electrodynamic
drive units. the phase response passes
through an inversion around the
fundamental resonant frequency. In
ported speakers this is also true of the
air mass at it's own resonance. Every
argument he bases on this fallacy
must fall down.

Mr Howard is right that the
ultimate low-frequency roll-off of a
simple sealed enclosure departs from
phase linearity, but he accepts that
this can be overcome with signal
processing. This is, of course, why |
stated that sealed enclosures “‘can be
made phase lincar” rather than
claiming that they were automatically
phase linear which would be
incorrect.

| stated that large enclosures are
unnecessary. but Mr Howard reads
this 10 mean small drive units which
is not what 1 said or meant. In a small
sealed enclosure the fundamental
resonant frequency of a given woofer
rises. If a signal processor is used to
return the system roll-off down 10 the
free-air resonant frequency of the
woofer. then it will have the same
output as it did in an infinite baftle.

Satellite first

Can anyone provide more details?
Andrew Emmerson
Northampton

Surrey SM2 5AS.

1 ve just been reading Arthur C. Clarke's 1945 article again. in which he
proposed geostationary communications satellites. What 1 didn’t spot
before was this: “While this article was being written. it was announced
that the Germans were considering a similar project. which they believed
possible within fifty to a hundred years.”

Please send any information you have to Andrew via Letters,
Electronics World Editorial, Quadrant House, The Quadrant, Sutton,

Remote control boost

T was interested in the circuit idea on page 206 of your March "98 issue for
an infrared remote control. This is because [ recently bought a cheap hifi,
with a remote control, which | wanted to operate from an adjacent room.

After much playing about with breadboard and oscilloscope 1 arrived al
the circuit shown.

Unlike your contributor I did not have the advantage of an optical filter to
block out ambient light, and so the opto-transistor is mounted in a
cardboard mask taped to the remote control body and with the transistor
directly against the IR window. Of course this does then tie the unit o a
pair of wires. but in my application this doesn’t matter.

The IR diode is mounted on a wall some 400mm from the sensor in the
hifi unit. Note also that no switch is included, since the unit in its passive

state lakc only a few nanoamperes.

contribuiors mention

From time 1o time 1 note that, as in the IR remote control item, your

that components are

available from RS
Components. For

those of you who do el
not have access to 4 x AA _%
RS. try Electromail T
on 01536 201 234. e
John Farbrother
Walsall

| * « Diode
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I Siemens
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West Midlands

Following his misinterpretation.
Mr Howard needs 10 raise the topic
of providing enough of what he calls
volume displacement. Loudspeaker
designers and acousticians use the
terms volume velocity and
displacement, but these have
different meanings.

It is well established that small
equalised enclosures can suffer from
air non-linearily. but equally there
are any number of solutions 1o that,
including feedforward predistortion,
motional feedback. the isobaric
principle or the simple expedient of
making the wooter motor non-linear
in the opposite sense.

In his penultimate paragraph there
is an argument from the general to
the particular which doesn’t hold. 1
agree that some active loudspeakers
are poorly engineered. not least due
10 poor crossover design. but this
doesn’t mean there is a fundamental
problem. I also agree that many
passive loudspeakers are designed
by bright capable people. What 1
don’t understand is why Mr Howard
has neglected the possibility that
bright capable people might design
active speakers.

Mr Howard refers frequently 10
what 1 believe. 1 should make it clear
that in the case of loudspeakers 1
don'1 believe anything. | either know
or 1 don't know. If 1 don’t know, 1
remain utterly silent. I think this
where 1 differ most from Mr
Howard.

Simple circuit for increasing the range of output
from an infra-red remote control unit.

In my research on loudspeakers |
have read in excess of 2000 pages of
learned papers. | hold a Master's
Degree in sound and vibration. The
quality of my loudspeaker research
and design is such that 1 have been
invited to write on the 1opic for this
magazine and for Studio Sound.
Sound Pro. Audio Media and TV
Technologv. 1 have been invited
several times to speak on the subject
by the Audio Engineering Society
and the Instituie of Acoustics and |
delivered the Hayden Warren
Memorial Lecture in 1996. In the
circumstances many of Mr.
Howard's remarks are offensive not
just to me but the above
organisations.

While 1 welcome informed debate
as a way of advancing
understanding, we are discussing a
technology here and it is utterly
inappropriate to personalise it.
John Watkinson, FAES
Burghfield Common

Gain-stage
investigations

I regret that there was a misprint on
page 583 of my article ‘Gain-stage
investigations’ in the July 1998 issue.
The theoretical minimum value for
the distortion introduced by my
notional amplifier should of course,
have read 0.0007% [2/2740}%.

John Linsley Hood

Taunton ]
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Hart Audio Kits and factory assembied units use the unique
combination of circuit designs by the renowned John Linsley
Hood, the very best audiophlie components, and our own
engineering expertise, to give you unbeatable performance
and unbelievable value for money.

We have always led the field for easy home construction to
professional standards, even iIn the sixties we were using
easily assembled printed circuits when Heathkit in America
were still using tagboards!. Many years of experience and
innovation, going back to the early Dinsdale and Bailey
classics gives us Incomparable design background in the
needs of the home constructor. This simply means that
building a Hart kit Is a real pleasure, resulting in a piece of
equlpment that not oniy saves you money but you will be
proud to own.

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

‘AUDIO DESIGN’ 80 WATT POWER AMPLIFIER.

This fantastic John Linsley Hood designed amplifier is the flagship
of our range, and the ideal powerhouse for your ultimate hiti
system. This kit is your way to get €K performance at bargain
basement prices. Unique design features such as fully FET
stabilised power supplies give this amplifier World Class
performance with startling clanty and transparency of sound, allied
to the famous HART quality components and ease of construction.
Standard model comes with a versatile passive front-end giving 3
switched inputs, with ALPS precision “Blue Velvet" low-noise
volume and balance controls, no need for an external preampl.
Construction is very simpie and enjoyable with all the difficult work
done for you, even the wiring Is pre-terminated, ready for instant
usel. All versions are available with Standard components or
specially selected Super Audiophile components and Gold Plated
speaker terminals and all are also available factory assembled.

K1100 Complete STANDARD Stereo Amplifier Kit, £415.21
K1100S Complete SLAVE Amplifier Kit, . £353.62
K1100M Complete MONOBLOC Ampiifier Kit, £271.20
RLH11 Reprints of latest Amplifier articles .. £1.80
K1100CM Construction Manual with full parts lists . £6.50

ALPS “Blue Velvet” PRECISION ALUDIO CONTROLS.

Ol
'..

P T

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

MANUAL POTENTIOMETERS
2-Gang 100K Lin. Lo £15.67
2-Gang 10K, 50K or 100K Log 00006 0offooo Mo £16.40
2-Gang 10K Special Balance, zero crosstalk and zero centre

loss. £€17.48
MOTORISED POTENTIOMETERS
2-Gang 20K Log Volume Control .. ... ... ... . . ... . .. £26.20

2-Gang 10K RD Special Balance, zero crosstalk and less than 10%
loss in centre posttion .. .£26.98

TOROIDAL MAINS & OUTPUT TRANSFORMERS
for EL34, 32W VALVE AMPLIFIER

Special set of toroldal transformers, 2 output & 1 mains for the *Hot
Audio Power" valve amplifier design described in the Oct. 1995
issue of “Wireless World". Total Wt 4.8Kg. Special pnce for the set.
£99, Post £8

RJM1. Photocopies of the Article by Jeff Macaulay. £2

PRECISION Triple Purpose TEST CASSETTE TC1D.

Are you sure your tape recorder is set up to give its best? Our latest

triple purpose test cassette checks the three most important tape

parameters without test equipment. Ideal when fitting new
heads. A professional quality, digitally mastered test tape at a
price anyone can afford.

Test Cassette TC1D. Our price only £9.99

The Home of Wé—?énme. Its not what you do,

its HOW you do it that counts!.

SHUNT FEEDBACK PICKUP PREAMPLIFIER

If you want the very best sound out of vinyl discs then you need our
high quality preamplifier with Shunt Feedback equalisation. The
K1450 also has an advanced front end, specially optimised for iow
impedance moving coil cartndges as well as moving magnet types.
Selected discrete components are used throughout for ultimate
sound quality. The combination of John Linsiey Hood design, high
quality components and an advanced double sided printed circuit
board layout make this a product at the leading edge of technology
that you will be proud to own. A recent review in “Gramophone”
magazine endorsing this view. Bought in kit form our step by step
instructions it is very easy and satistying to assemble, or you can
buy a factory assembled version if you wish.

This magnificent kit, comes complete with all parts ready to
assemble inside the fully finished 228 x 134 x 63mm case. Comes
with full, easy to follow, instructions as well as the Hart Guide to
PCB Construction, we even throw in enough Hart Audiograde Silver
Solder to construct your kit!

K1450 Complete Kit £116.58
K1450SA Audiophile Kit . £138.94
A1450SA Factory assembled Audiophile unit £188.94

“CHIARA” HEADPHONE AMPLIFIER.

Highest.quality, purpose designed, ‘single ended’ class ‘A’
headphone ampilifier for ‘stand alone’ use or to supplement those
many power amplifiers that do not have a headphone facility. Easy
mstallation with special sigpal link-through feature, the unit uses our
*Andante’ Uitra High Quaiity power supply.

Housed in the neat, black finished, Hart minibox it features the wide
frequency response, low-distortion and 'musicality’ that one
associates with designs from the renowned John Linsley Hood.
Volume and balance controls ‘are Alps “Blue Velvet” components.
Very easy to build, or available factory assembled, the kit has very
detailed instructions, and comes with Hart audiograde silver solder.
A valuable personal listening option and an attractive and
harmonious addition to any hifi system.

K2100 Complete Standard Kit . . Ceeee.. . 11250
K2100SA "Series Audiophile’ Kit with selected audiophile

components . . . £115.46
A2100SA "Series Audiophile’, Factory Assembied £€115.46
CM2100 Construction Manual . . . . . . £2.50

“Andante” Linear Technology

AUDIOPHILE POWER SUPPLIES
The HART “Andante” series power supplies are specially designed
for exacting audio use requiring absolute minimum noise, low hum
field and total treedom from mechanical noise.
Utilising linear technology throughout for smoothness and
musicality makes it the perfect partner for the above units, or any
equipment requiring fully stabilised £15v supplies.
There are two versions, K3550 has 2 +15v supplies and a single
15v for relays etc. K3565 is identical in appearance and has one
115v. Both are in cases to match our ‘Chiara’ Headphone Amplitier
and our K1450 “Shunt Feedback” Pickup preamp.

K3550 Full Supply with all outputs £94.75
K3565 Power Supply for K1450 or K2100 . . . £84.42
A3550 Factory Assembled Full Supply £147.25

SPEAKER DESIGN SOFTWARE.
VISATON “Speaker Pro 6" Is a complete speaker design program
for use on IBM machines. Covers cabinet and crossover design and
contains a full expandable database of drive units. Eaming a “most
reccommendable” accolade it tests this program is Ideal for the
professional speaker builder or serious audiophile.
0303 Speaker Pro 6. 3.5"Disk . £45.51

SPEAKER DAMPING MATERIALS

Polyester Wool and Pure Lambs Wool both have optimal damping
properties and are pleasant to handle. Standard 1259 bag is
sufficlent for 20 litres enclosure volume.
5070 Polyester Wool. 125g .
5069 Pure Lambs Wool, 125g

£3.20
£6.73

SPECIAL OFFER!. SOLENOID CONTROLLED
FRONT LOAD CASSETTE DECK SFL800

High quality (0.08%W&F) cassette mechanism with capability of
using standard or downstream monitor R/P head. Offers all
standard facilities under remote, logic or software control. The
control requirements are so simple that for many applications not
needing all functions manual switches will suffice. Power
requirements are also simple with 12v solenoids and 12v speed
controlled Motor, total power requirement being under 300mA.
Logic control and winng circuits are included free with each deck.
SFL800 Deck with Standard stereo head . . £29.50
SFL800D Fitted with High Quaitty Downstream montor head. £44.90
(The Head alone is normally over £601)

HART TECHNICAL BOOKSHELF
Try us for:- Blgger Range of Books, Better Prices.
NO “28 Day Wait”

New Titles.

‘A BEGINNER'S GUIDE TO TUBE AUDIO DESIGN" Bruce
Rozenbiit. A practical book that does exactly what its title says and
takes a modern look at valve amplifies construction. 132pp. ISBN 1-
88280-13-3 R . £18.20
“HIGH PERFORMANCE LOUDSPEAKERS” Edn.5. Martin
Colloms. Latest edition, just out. A really in-depth coverage of the
whole World of speakers and high quality sound reproduction, but
entirely readable in style. Just reviewed in “HiFi World". 478pp.

ISBN 0-4719-7089-1 5 . £24.95°
“AUDIO ELECTRONICS” John Linsley Hood £19.95°
“THE ART OF LINEAR ELECTRONICS”

John Linstey Hood. 1994 ... el s £19.95°
“THE ART OF ELECTRONICS™ Horowitz & Hill .. .. ... . £35.00°
“DIGITAL AUDIO AND COMPACT DISC TECHNOLOGY”
3rd.Edn. 0-240 51397 5 £19.95*

“INTRODUCING DIGITAL AUDIO Cd. DAT AND SAMPLING"

ISBN 1870775228 ........................ ... £7.95
ACTIVE FILTER COOKBOOK" Don Lancaster £19.95
“THE ART OF SOLDERING” 0-85935-324-3.0 . ° .£3.95
“TOWERS’ INTERNATIONAL TRANSISTOR SELECTOR"
0-572-01062-1 o £19.95°

“AUDIO” F.A . Wilson. BP111 cooa .£3.95
“HOW TO USE OSCILLOSCOPES & OTHER TEST EQUIPMENT"

R.A Penfold. BP267 ...£3.50
“THE HART PRINTED CIRCUIT BOARD CONSTRUCTION
GUIDE.” - . £2.50
“A SIMPLE CLASS A AMPLIFIER"

J.L.Linsley Hood M.I.E.E. 1969. RLH12 .. £2.75
“CLASS-A POWER?" Single Ended 15W Amp.

J.L.Linsley Hood M.L.E.E. 1996. RLH13 . £2.50
LOUDSPEAKERS; THE WHY AND HOW OF GOOD
REPRODUCTION. G.Briggs. 1949. 5 .£8.95
“THE LOUDSPEAKER DESIGN COOKBOOK"

Vance Dickason. (5th Edn.) . £23.95°
ELECTROSTATIC LOUDSPEAKER DESIGN AND
CONSTRUCTION Ronald Wagner BKT6 £15.95

“THE ELECTROSTATIC LOUDSPEAKER DESIGN COOKBOOK™
Roger P.Sanders. 1995 £24.95
“BULLOCK ON BbeS" Bullock & White £10.95
“AN INTRODUCTION TO LOUDSPEAKERS & ENCLOSURE

DESIGN" V. Capel. BP256 . o, . . £3.95
“LOUDSPEAKERS FOR MUSICIANS™ BP297 . .. . £3.95
“THEORY & DESIGN OF LOUDSPEAKER ENCLOSURES”
J.EBenson . £21.95
“QUICK & EASY TRANSMISSION LINE SPEAKER DESIGN"
LarryD.Shap .................. o £8.95
“THE COUPLED CAVITY HANBOOK” David Purton £4.90

“VISATON. HOME HI FI CATALOGUE.” Full Specifications and

Thiele Small Data on all Drive Units £4.50
“VISATON. CAR HI Ft CATALOGUE.” In car guide . £3.50
“VISATON. CABINET PROPOSALS" Book 1. In GERMAN £6.50
“VISATON. CABINET PROPOSALS” Book 2. In GERMAN £6.50
“SPEAKER PRO 6.” VISATON Cabinet Design Software . . £45.51
“SPEAKER PRO 6.” Demo Version with drive unit database £9.28

“VALVE AMPLIFIERS” Morgan Jones. 1995/6 £24.50
THE VTL BOOK David Manley 1994. BKVT1 £17.95
MULLARD TUBE CIRCUITS FOR AUDIO AMPLIFIERS BKAA27
. .£11.95
“THE WILLIAMSON AMPLIFIER.” 0-9624-1918-4 .. . £6.95
AN APPROACH TO AUDIO FREQUENCY AMPLIFIER DESIGN.
GEC 1957 £17.95
AUDIO ANTHOLOGIES, articles from Audio Engineering. Six
volumes covering the days when audio was young and valves were
kingl. BKAA3/1 10 6. All £12.95 each
“THE RADIOTRON DESIGNERS HANDBOOK" (CD} .. .. £49.00
“PRINCIPLES OF ELECTRON TUBES” H.D.Relch PH.D. £25.95
“POWER AMP PROJECTS" Anthology. 1970-1989. . . . £15.50
“WORLD TUBE DIRECTORY" 1996-7 Sourcebook of valve
related products . . £6.95
Fuller descriptions of the contents of all our books Is given in our full
catalogye, price . £4.50

Postage on all books, unless starred, is only £2 per book,
maximum £4.50 for any number, any sizel. Starred items are heavy
books costing £3.50 to send.

Don't forget No waiting at HART!. All listed books are normally
in stock!. Just ring with your Credit Card Number for instant
despatchl.

Fuller Details of ALL kits are given
in our List, FREE on request.

Send for Your FREE copy
of our LISTS

WILMSLOW AUDIO Tel. 01455 286603

Fax, 01455 286605

CIRCLE NO. 129 ON REPLY CARD

All Prices include
UK/EC VAT.
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PASSIVE AND ACTIVE
COMPONENTS

Connectors and cabling

Fire-resistant fibre. Easy-Strip+
optical cable from Pinacl
Communications Systems will not
support a flame, even when attacked
by a high-powered propane burner; it
does not drip molten plastic as does
polyester and will not give off chiorine
gas, unlike pvc. Being easy to strip,
this 900y Low-Smoke Zero Halogen
(LSZH) buffered cable reduces
installation time. The cable sheath is
water-resistant and needs no gel
barrier. It also bends easily and will
not easily kink.

Pinac! Communications Systems Ltd.
Tel., 01745 584545; fax, 01745
584780.

Eng no 501

Cable adaptor kits. AMP's M/A-COM
55009 inter-series adaptor kit for rf
work contains a range of interfaces,
couplers and cable assemblies in 50Q
and 75 impedances, 54 varants
including current and obsolete types
to provide more than 1300
combinations.

Aerco Ltd. Tel., 01403 260206; fax,
01403 259760

Eng no 502

50-mil pcb connector. Robinson
Nugent's PAK-50 board connector
has a pin pitch of 1.27mm and uses a
novel type of contact that distributes
wear, confers low insertion and
withdrawal forces and low contact
resistance. There are four types in the
range: two-piece board-to-board
connectors, low-profile types, surface-
mounted and input/output models. A
power ground pin at each end of the
PG units provides 2A/pin of
continuous current capability and
grounding for static.

Robinson Nugent (Europe) Ltd. Tel.
01256 842626; fax, 01256 842673.
Eng no 503

Discrete active devices
“Smallest” zener. Claimed to be the
world's smallest, Rohm's UDZ TE-17
zener diode series are in UMD2
packages measuring 1.7 by 1.25 by
0.7mm. There are 33 devices in the
range, rated at voltages between 2V
and 36V. Power dissipation is 200mW
and temperature range —55°C to
150°C.

Rohm Electronics UK Ltd. Tel., 01908
282666; fax, 01908 282528.

Enq no 505

Displays
Serial Icd controller. Any liquid-
crystal display up to 65ft away from

the host may be controlled by
Densitron’s SA-PIC series of RS232
interface cards or stand-alone chips.
All contro! signals for the display are
provided over a three-wire line, which
controls backlighting, software
contrast control and rates to 9600bit/s.
Each card will drive one or two
displays and a local keyboard with up
to 240 keys may be used and data
sent along the three-wire interface.
Densitron Europe Ltd., 01959 700100;
fax, 01959 700300.

Eng no 506

Large-character lcds. DM Electronics
offers the 2002 liquid-crystal display
module, which is a yellow-green
supertwist type, backlit or reflective.
Characters are 9.22mm high and
come in formats from 16 by 1 to 40 by
4. All of them have an 8-bit parallel
interface and are said to be readable
at a distance of 10 feet.

D M Electronics. Tel., 01235 811880;
fax, 01235 811889.

Eng no 507

Linear integrated circuits

Micropower op-amps. Burr-Brown's
OPA241/251 micropower, single or
dual-supply op-amps exhibit a 24pA
quiescent current and rail-to-rait
output. Input voltage offset is a
maximum of +250pV and common-
mode voltage extends 200mV below
the negative rail. Both work from 2.7 to
36V or +1.35 to £18V, the 241 being
meant for low supply voltages and the
251 for the higher range.

Silicon Concepts Ltd. Tel.,, 01428
751617; fax, 01428 751603.

Eng no 508

Programmable ‘trimpots’. Epads -
electrically programmable analogue
devices — are basically dual and quad
mosfets, the feature of this new type
being that the on resistance may be
programmed. ALD 17108E and ALD
1110E are electrically programmed by
the user either before insertion or in-
circuit by means of a programmer and
adaptor module, the programmed
value being stored in the device
indefinitely, even after shut-down.
These devices work in the 2-10V dc
region and may be programmed for a
bias of 0.1pA-300pA and from 1-3V in
0.1mV increments. Positive and
negative temperature coefficients are
exhibited, with zero at 68uA, drift over
ten years is less than 2mV.

Steatite Insulations Ltd. Tel., 0121 678
6888; fax, 0121 683 6999

Eng no 509

Silicon delay lines. Maxim has
produced silicon delay lines in the
MXD1000/1005/1013 family as direct
second-source components for the
Dallas DS units. MXD1000/1005 have
five equally spaced taps to give delay

from 4ns to 500ns to 3% or +5%, while
the MXD1013 has three independent
lines of equal length for delays of 10ns
to 200ns, each output coping with up
to ten 74LS loads. Voltage supply is
5V at around 20mA and the devices
are in UMAX 8-pin packages, which
are half the size of the 8-pin SO.
Maxim Integrated Products UK Ltd.
Tel., 0118 9303388; fax, 0118
9305577.

Enqg no 510

Logic

Low-resistance mux/demux
switches. Fairchild's FST family of
multiplex/demultiplex switches is
extended to include the FST16232/3
16-32bit devices. This type of logic
element enables separate signal paths
to be combined into or separated from
a single path, R, and propagation
time being critical; in this case around
4-11Q2 (typical) and under 10ns,
depending on conditions. The 16233
is a dual type to allow one 16-32 or
two 8-16 multiplexers to be formed on
two buses. Both devices are
compatible with cmos ttl togic.
Fairchild Semiconductor Corporation
Web site:
http://www.fairchildsemi.com.

E-mail:

logic.europe @fairchildsemi.com

Eng no 511

Digital signal
processors
C54x evaluation kit. A Design
Express Kit is available for the
Texas TMX320LC548 digital
signal processor, which runs at
100Mips. It contains application
software, training and data on a
cd-rom, a sample chip and
applications guides. The C548
has 32Kword of ram and
16Kword of rom, which allows the
integration of functions normally
performed by several dsps. There
is a 4Mword address space, so
that the device is able to adapt
itself in operation to run a variety
of software. It has a host port
interface, a tdm serial port, a
timer and two buffered serial
ports

Arrow-Jermyn. Tel., 01234
270027, fax, 01234
214674/791501

Enqg no 504

Materials

Getters for semiconductors.
Hydrogen and moisture getters by
Allied-Signal Inc for hermetically
sealed semiconductor packages are
available in the UK from Alpha. This
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material takes up moisture and the
hydrogen leaching in most types of
semiconductor material, which would
otherwise poison the device. The
getters come as cast or moulded
preforms in a range of standard sizes
or as paste in syringes and tubs.
Alpha Metals. Tel., 0181 6656666;
fax, 0181 6654734.

Eng no 512

Microprocessors and

controllers

Extended M16C range. M16C
microcontrollers by Mitsubishi are
now faster and the range has two
new types: the M16C/62 and
MC16C/61A. The 61A is an improved
61 and gives true 16MHz zero-wait
performance and a 62.5ns instruction
cycle time. There are now three
single-channel serial i/os for usart or
clock-sync.operation, one of them
supporting subscriber interface
module needs for smart cards and
mobiles, and eight 16-bit timers.
Power requirements are as little as
3V at 18mW. The 62 is a new version
of the 60, 61 and 61A with three more
timers, two extra serial i/o channels
and 4Mb addressing. It may be
arranged to control a three-phase
motor, including dead-time
generation, and will generate a pwm
waveform based on triangular or
sawtooth modulation. Interference
immunity is such that there is no
malfunction in the presence of 20kV
static discharge.

Mitsubishi Electric UK Ltd. Tel., 0990
134275, fax, 0171 3517633

Eng no 513

Motors and drivers

Dc motor control. VHFD dc motor
control modules by IXYS save space
and reduce assembly cost. They are
single-phase, half-thyristor bridge
types with a separate free-wheeling
diode and a separate diode bridge for
field current. There are three
members of the family to provide
currents of 16A dc to 37A dc ata
base-plate temperature of 85°C.
Voltage ratings are 800-1600V ac, so
that 240-575V mains can be
accepted.

GD Rectifiers Ltd. Tel., 01444
243452; fax, 01444 870722.

Eng no 514

Optical devices

Uncooled laser diodes. Mitsubishi
has an uncooled laser diode, which
performs as a cooled design but at
lower cost. The FU-436SDF-4M1B/C,
which are distributed-feedback
modules with built-in optical isolators,
are meant for use in catv networks
and mobile telephone systems. Both
provide constant power up to
temperatures of 85°C to within 0.3dB;
distortion and noise are low. Central
wavelength is 1290-1330nm, optical
power 2.5mW, or 4mW max. The
M1Bis for front-panel mounting and
the M1C for board use.

Mitsubishi Electric Semiconductors.
Tel.,, 01707 276100; fax, 01707
278837,

Eng no 515

Oscillators

Ovened crystal oscillators. Oven-
controlled crystal oscillators from
C-MAC maintain stability to an order
of magnitude better than the Stratum
Il requirement should the external
reference fail; CMO5000 units also
show whether the oven has failed.
The whole device is contained in a 36
by 27 by 13.5mm and is stable to
within 0.03ppm over the -10°C to
70°C range without the reference.
Frequencies available include
33.88MHz and 51.84MHz and power
requirement is 9-20V dc at 400mA
during warm-up and 120mA steady at
12V. Ageing is less than 0.35ppm
over 20 years and overall stability is

Very small photosensors.
Matsushita's UZB integrated
photosensor is claimed to be the
smallest available at 14.5 by 10 by
3.5mm. Light-on or dark-on
through-beam types provide a
500mm range in front and side
sensing versions, the slit mask
provided allowing the detection of
objects down to Tmm diameter. A
further, fixed-focus type senses in
the 2025mm range and will detect
objects of 0.1mm diameter. All are
independent of the colour of the
object and respond in 0.5ms.
Voltage needed is 12-24V dc.
Matsushita Automation Controls
Ltd. Tel.,, 01908 231555; fax,
01908 231599.

Eng no 525

within 0.51ppm. Tuning by voltage is
+12ppm.

C-MAC Quartz Crystals Ltd. Tel.,
01279 626626; fax, 01279 454825.
Eng no 516

Passive components

H-v muitilayer capacitors. High-
voltage, multilayer, ceramic
capacitors from Semtech come in
values from 100pF to 470pF at
voltages to 10kV and may be
mounted in chip form or as
epoxy-dipped leaded types
through-hole. Maximum temperature
is 200°C.

Advanced Power Components Ltd.
Tel., 01634 290588; fax, 01634
290591.

Eng no 517

Disc capacitors. Dubilier's WD2Y
high-voltage capacitors are approved
to EN 132400 and [EC 384-14 (2nd).
They are meant for ac work and
possess limited capacitance to reduce
the possibility of high current when
aiternating voltage is appiied. Rated
voltage is 250V ac and dielectric
strength 4kV ac for 60s. Capacitance
is in 10% and 20% values between
100pF and 10nF. Connected between
phase and neutral, the capacitors are
suitable to filter common-mode emi.
Dubilier Ltd. Tel., 01371 875758: fax,
01371 875075.

Eng no 518

Common-mode chokes. A range of
surface-mounted common-mode
chokes for rfi suppression is offered by
Vacuumschmelze. They are in the
compact 5024 package and provide
inductance in the 1-120mH range at up
to 600mA ; the company’s other family
of chokes are in the 5032 package and
are in values from 1 to 70mH.
Vacuumschmelze GmbH. Tel., 0049
61 81/38-26 29; fax, 0049 61 81/38-
28 60.

Eng no 519

250V ac chip capacitors. Murata’s
GHM2000 series of surface-mounted
ceramic capacitors are rated to 250V
ac to provide mains input decoupling
and suppression. Various national
and international safety standards are
met, including IEC384-14, and the
capacitors cope with machine placing
and wave soldering. They are
available in forms for connection
across live and live/neutral to earth
and in values from 10nF to 100nF and
470pF to 4700pF respectively.
Temperature range is —25°C to 85°C,
but the GHM3000 series offers -55°C
to 105°C in values from 100pF to
33nF.Surtech Distribution Ltd. Tel.,
01256 840055, fax, 01256 479785
Eng no 520

Power semiconductors

40V Schottkys. RBO60L-40 and
RB160L-40 are high-frequency
Schottky barrier diodes in the epitaxial
planar construction, having a forward
current of 1A and maximum forward
voltage drops of 0.4-0.55V; mean
rectified current is 2A for the 060 and
1A in the 160. Both show a maximum
forward surge of 70A and leakage is

Resettable fuses. Resettable
polymeric fuses in Schurter's RA
Series are drop-in replacements
in many cases and are made
from a plastic material that is a
mixture of carbon black and a
non-conductive crystalline
polymer in thin sheets. This
material conducts to a given
temperature and becomes a
virtual insulator until the fault is
cleared, whereupon it once
again conducts. These devices
may be tailored to requirements
in resistance and tripping time
and ageing is +5% change in
resistance over 1000h at 85°C
and 85% relative humidity.
Change after ten thermal cycles
is +10%. Various mounting
options are offered for the radial-
leaded devices.

Radiatron Components Ltd. Tel.,
01784 439393; fax, 01784
477333.

Eng no 522

typically 5pA at 40V/25°C. These
devices are contained in a 5 by 2 by
2.6mm surface-mounted package.
Rohm Electronics UK Ltd. Tel., 01908
282666; fax, 01908 282528,

Eng no 521

Protection devices

Moisture indicators. Brownell's
range of moisture controller/indicators
mount on panels and enclosures.
They possess a visual panel in two
halves, both being blue when
desiccant is active and relative
humidity under 30%, blue and pink
when it is partly saturated and pink
when it needs replacement at 50%.
The units are filled with either silica
gel desiccant, which may be re-
activated, for those applications
where adsorption is slow, or with
molecular sieves for 15/30% relative
humidity. These cannot be re-used.
Brownell Ltd. Tel., 0181 9659281 fax,
0181 9653239.

Eng no 523

Switches and relays

Photovoltaic relay. Consisting of a
two-pole, normally open solid-state
relay and a ring detector in one
package, the PVO402P photovoltaic
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relay by Solid State Supplies replaces
a relay and ac-input opto-coupler, yet
is still only 5mm thick and is suitable
for use with Type It PCMCIA
fax/modem cards. The relay uses a
Hexfet output device, the output
switch being activated by a gallium
aluminium arsenide led. Input/output
isofation is 3750V rms. Packaging is
an 8-pin moulded dip with gull wing
s-m pins. Solid State Supplies Ltd.
Tel, 01892 836836; fax, 01892
837837.

Enq no 524

Transducers and

sensors

Gear-tooth sensors. A range of
Hail-effect magnetic gear-tooth sensor
assemblies in Allegro’s ATS632
series provides accurate tooth-edge
detection in large-pitch ferrous gears.
They possess a self-calibration facility

and telemetry in
“high-volume work such

, monitoring and

. It is in a board-mounted
I-sitver enclosure, frequency
ing programmed by a serial or
parallel interface and stored in
non-volatile memory to eliminate
the risk of loss when the unit is
turned off. Output power is
adjustable from 10mW to 100mwW
and switching bandwidth is 5MHz
and analogue or digital input.
Wood and Douglas Ltd. Tel., 0118
9811444; fax, 0118 9811567.

Enqg no 534

NEW PRODUCTS CLASSIFIED
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and may be instailed in any plane to
work with a variety of tooth forms.
Signal processing includes self-
calibrating, 6-bit a-to-d converters,
whose thresholds adapt to the peak-
to-peak signal to maintain switching
accuracy. Detection at zero speed
does not exhibit the jitter normally
found in the digital circuitry normally
used for this purpose. Sensors are
available in a stand-alone cylindrical
package or as board-mounted
devices.

Allegro MicroSystems Inc. Tel., 01932
253355, fax, 01932 246622.

Eng no 526

Position sensors. Schaevitz has a
newly developed position sensor, in
the shape of the HCT 420 linear
variable differential transformer, which
contains all signal-conditioning
circuitry in its 0.75in diameter
stainless steel, hermetically sealed,
tubular housing. It operates with a
4-20mA two-wire system with loop
resistance to 700Q at 28V dc. The
housing withstands pressures to
70bar and temperatures from —25°C
to 85°C and may be used with long
cables, being designed for use in
noisy areas.

Lucas Control Systems Products. Tel.,
01753 537622; fax, 01753 823563.
Enq no 527
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Cameras

Memo