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Dataman’s new S4 programmer costs £495
You could have one tomorrow on approval*

If you’ve been waiting for S4 we have
some good news. 1t’s available now.
S4 is the 1992 successor
to Dataman’s S3
programmer,
which was
launched in 1987.
The range goes
back through S2,
in 1982, to the
original Softy
created in 1978,
Like its predecessors,
Softy4 is a practical
and versatile tool with
emulation and product
development features,
S4 is portable, powerful
and self-contained.
Design and manufacture are
State of the Art. S4 holds a huge
library of EPROMS, EEPRON?S,
FLASH and One Time
Programmables. Software upgrades
to the Library are free for the ﬁfe of
the product, and may be installed from
a PROM by pressing a key. §4 makes
other programmers seem oversized,
slow and outdated. S4 is now the
preferred tool for engineers working
on microsystem development.

Battery Powered
S4 has a rechargeable NICAD battery.
On average, you can do a week’s work

without recharging. On a sin%{/elt
charge, up to a thousand PROMS can

be programmed — and charging is fast:

itonly takes an hour. Normal
operation can continue during the
charging process.

Continuous Memory

Continuous Memory means never
losing your Data, Configuration or
Device Library. You can pick up S4
and carry on where you left off, even
after a year on the shelf. If the
NICAD battery loses all of its charge,
RAM contents are preserved by the
LITHIUM backup Eattery.

Remote Control

S4 can be operated via it’s RS232
Serial Port. The standard D25 socket
connects to your computer. Using
batch files or a terminal program, all
functions are available from your PC
keyboard and screen.

Free Terminal Program

You could use any communications
software to talk to S4. But the
Terminal Driver program, which we
include free, is tﬁe best choice. It has
Help Screens to explain S4's functions
and it sends and receives at up to
115200 baud — that’s twelve times as
fast as 9600 baud. At this speed a 64
kilobyte file downloads in 9 seconds.
There is a memory resident (TSR)
option too, which uses only 6k of your
recious memory, and lets you "hot
ey" afile to SZ Standard upload and

download formats include: ASCII,
BINARY, INTELHEX, MOTOROLA
and TEKHEX.

S4 loads its Library of
programmables from a PROM
in its socket,
like a computer
loads data from disk.
Software upgrades are
available free. Download the
latest Device Library from our
Bulletin Board.

Microsystem Development

With S4 you can develop and debug
microsystems using Memory
Emulation. This is an extension of
ROM emulation, used for prototype
development, especially useful for
single-chip "piggy back" micros.
When you unpack your S4 you will
find an Emulator Lead with a 24/28/32
pin DIL plug and a Write Lead with a
microhook. Plug the EMULead in
lace of your ROM. Hook the
rite-Lead to your microprocessor’s
write-line. Download your assembled
code into S4. Press the EMULate key
and your prototype runs the program.
S4 can look like ROM or RAM, up to
512K bytes, to your target system,
Access-time depends on S4’s RAM.
We are currently shipping 85ns parts.
CIRCLENO. 101 ON REPLY CARD

Your microprocessor can write to S4
as well as read. 1f you put your
variables and stack in S4's memory
space, you can inspect and edit

them. You can write a short monitor
program to show your internal
registers,

S4’s memory emulation is an
inexpensive alternative to a full MDS
and 1t works with any microprocessor.
Many engineers prefer it because their
prototype runs the same code that their
product will run in the real world.

Dimensions & Options

S4 measures 18 x 11 x 4 cm
and weighs 520 grams.

128k x 8 (IMB) of user
memory is standard, but
upgrading to

512k x 8 1s as easy as
plugging in a
4MB low-power
static CMBS
RAM.

The stated price
includes Charger,
EMUIlead, Write
Lead, Library ROM,
Terminal Driver Software
with Utilities and carriage in U.K. but
not VAT,

*Money-back Guarantee

We want you to buy an S4 and use it
Jor up to 30 days. If it doesn’t meet
with your complete approval you will
get your money back, immediately, no
questions asked.

HTE
VISA g 5

Call us with your credit card details.
Stock permitting, we are willing
send goods on 30 days sale-or-return
to established U.K. companies on
sight of a legitimate order.
Customer Support

Dataman’s customer list reads like
Who's Who In Electronics.

Dataman provides support,
information interchange, utilities and
latest software for S4, S3, Omni-Pro
and SDE Editor-Assembler on our
Bulletin Board which can be reached

atany time, day or night,
o]

uATAmAn .5

Station Road MAIDEN NEWTON
Dorset DT2 0AE United Kingdom
Phone 0300-20719

Fax 0300-21012

Telex 418442

BBS  0300-21095
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A product can always benefit from being
smaller, faster, cheaper or simply more
efficient.

But the route to these improvements is
often through new technology.

What worries engineers is the amount they
have to invest on the way before their new
design passes the test.

So we turned the tables by developing the
Falcon Programme with its guarantee of fast
yet low-cost ASIC development. It works like
this:

Firstly, we provide you with a software
package. It allows you to design analog/digital
arrays using 5 or 2 micron digital, or 3 micron
mixed technologies, and, most important,
verify the design/performance yourself.

Additionally, we can help you design at a
functional level by providing you with a range
of components for breadboarding critical
analog functions.

As a result, you'll end up with a high
degree of confidence that your design is going
to work before you commit yourself to a
prototype.

When you are satisfied and send us your
prototyping brief, we again keep costs down
by manufacturing in batches with many
customers sharing the expense.

Your prototyping is then returned to you in
as little as 28 days.

Finally, once the design is proven, we can

provide you with production parts in any

volume from very low to very high, and to any

screening level under BS9450 approval.
So if you want it guaranteed right first time,

make sure you talk to Mike Goodwin this time.

Micro Circuit Engineering

A Smiths Industries Company

Micro Circuit Engineering, Alexandra Way, Ashchurch, Tewkesbury, Gloucester GL20 8TB. Telephone: (0684) 297277 WD
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Spoiling the picture

he time has come to stop fooling

about with analogue television

standards. There can be no long
term future in analogue transmission
and thus there should be no further
money invested in any technical
television standard which is not based
on all-digital coding. In short, there
must be ne more financial support for

either Dmac or the Eureka Eu95 system.

All further etfort must be directed
towards digital European TV.

There are plenty of reasons for going
digital. Programme media such as
video. music. telecommunications and
computing sources already store their
information in digital form. The major
developments at the electronic
component level will be in digital
systems ot higher complexity and
performance. Software based
customisation readily resolves the
present problems of differing
international standards. The spectral
efticiency of compressed digital coding
and its immunity to co-channel
interference makes it the only sensible
way ahead.

This last point should not be
underestimated. The scarcity of
frequency resource for both terrestrial
and satellite broadcasting is already
acute: digital processing makes
frequency reuse highly practical.

National Telecommunications — the
old IBA. Crawley Court engineering
facility — has already demonstrated high
quality digital television in a standard
terrestrial channel space. An American
competition run by the FCC for new US
TV standards has already produced
similarly spectacular achievements. It

seems likely that when the FCC
announces a replacement for the crusty
old NTSC standard towards the end of
next year. it will be digital. The
principle is already here and mass
manufacturing technology just around
the corner.

So why does Europe persist in going
for an analogue based mac system? The
short answer is European politics. An
even shorter one would be “the French™.
Their premier electronics company,
Thomson Consumer Electronics, lost
some £270 million in 1990 and, having
bet heavily on mac based HDTV . is
pulling every single string it can in
Brussels to place mac impositions on
Europe’s broadcasters aided in no short
measure by Philips. The public view
from this lobby maintains that mac is
here (the French are selling wide screen
TVs at £3000 a time but are said 1o be
disappointed with the sales) while
digital isn’t, and thus mac is the only
logical choice for Europe.

The public’s desire for widescreen
HDTV is an entirely different issue —
one suspects that any nation which can
happily watch programme material
derived from a VHS video recorder can
hardly be ready for high definition TV —
yet the debate does touch on digital
standards. Because digital televisions
can be sottware reconfigurable, a single
set can receive, decode and display
digital transmissions of any standard,
aspect ratio or size.

The time has surely arrived when we
should all stick two digits up at those
who would look no further than national
politics.

Frank Ogden
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REGULARS

UPDATE

Desktop computing: riscy battle hots up

he Ace (Advanced Computing

Environment) group established last year
to establish a standard for risc-based desktop
computing has been hit by yet another body
blow. In late April, Compagq, once the leader
of the pack among IBM PC compatible
makers. pulled out. Its departure followed
that of French computer maker Bull. which
effectively withdrew from the group around
Christmas and began a courtship with rivals
which culminated in a technology and
investment dcal with IBM.

Standards in the computer business can be
arrived at in one of two ways. In one,
several interested parties can agree on a
minimum set of requirements to which all
will adhere; in the other, a product will be
sold in such large quantities that it becomes
established as a de fucto standard.

Ace was an attempt by some industry
leading lights to arrive at a standard for risc-
based desktop computing via the first route,
that of prior agreement of ground rules. The
approach was in marked contrast to the
means by which the IBM PC established
itself as an industry standard — a fact which
sceptics of Ace were quick to point out.

Principal members were computer makers
DEC and Compaq, microprocessor designer
Mips Computer Systems, and software
producers Microsoft and the Santa Cruz
Operation. A set of standards was agreed to

allow computer makers to build machines
around the Mips R4000 microprocessor.

These would run Windows NT, a new
operating system to be developed by
Microsoft which would transfer the
Windows front-end GUI (graphical user
interface) familiar to millions of PC users
onto Mips-based single and multi-processor
machines. They would also run SCO’s
version of Unix. and both operating systems
would run on Intel-designed processors,
providing an upgrade path to risc machines
for millions of PC users.

“It will end in tears™, the sceptics said at
the time: too many diverse interests, two
operating systems and (wo microprocessors
to weld into one cohesive standard.
Following the withdrawals of Compaq and
Bull, they now say “It has ended in tears™.

High end shake up
In February, DEC announced its Alpha
microprocessor as a high-end alternative to
the Mips device and wheeled out two
customers who had agreed to build it into
their computers. One of these was Kubota
Pacific. then Mips’ largest shareholder, who
promiscd to build graphics workstations to
compete in a market dominated by Silicon
Graphics, a big Mips customer.

Some weeks later Silicon Graphics and
Mips agreed to merge. Analysts interpreted

Eye fidelity: Two different image qualities,
due to much more than just the night before
and morning after a hard night's squawking
by the hombill in question. The bright-eyed
version is an 8 x magnification, of an original
picture, produced by a lossless technigue
from lterated Systems (0734 880261) called
fractal transform resolution enhancement
(FTRE).

High resolution enhancement is provided
by expanding the pixel resolution of digitised
images. Excellent detail and high quality are
generated by the transform, which builds
losslessly on the original image data,
maintaining texture and crisp images.

The technique allows users to zoom in
indefinitely without getting caught out by
"blocky pixelation" (lower picture). As far as
FTRE goes - the eyes have it

Robert Millar, Chairman, President and CEO
of Mips Computer Systems, is bullish about
the company’s link with Microsoft.

this at the time as a desperate defensive
move by SG to secure its hardware source.
Not surprisingly. many of the Ace bashers
were 1o be found among rival companies. In
the risc computing arena they number Sun
Microsystems and other Sparc vendors,
Hewlett Packard — which has its own PA-
risc processor and which bought workstation
maker Apollo in 1989 — and IBM, still the
world’s largest computer maker although it
lost billions in 1991.

Sun Microsystems is similar to Mips in
many ways. Neither company actually
makes its microprocessor; instcad each has
licensed its basic architecture to chip makers
with varying agreements as to how it can be
made and to whom it can be sold. Sun’s
Sparcstations, fitted with Sun’s own design
of Sparc processor, run a version of Unix
which, bundled with a graphical front end,
has recently been renamed Solaris 1,

By 1990, Sun had a 36% share of the
market for technical workstations — a market
that it now leads. It also had a market share
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of some 71% for risc-based workstations
where its competitors largely used
Motorola’s 68000 processors. Since then.
IBM and Hewlett-Packard have brought out
the RS/6000 and the PA-risc architectures
respectively. In terms of performance. both
outmatch Sun’s processors. A Sun Vice
President, Anil Gadre, admitted to
journalists recently: “If performance were
all that mattered. our business would have
shrunk to zero starting last year™.

In fact Sun remains profitable and has
some big allies. ICL. now owned by Fujitsu.
is committed to using Sparc processors and
has had early access to the Viking, a single-
chip Sparc implementation built by Texas
Instruments and due tor faunch this summer.
Sun has also recently announced that it will
license its own silicon designs. as opposed
to the basic architecture. to “level the
playing ficld for clone makers™.

Sun’s software division SunSoft is also
due to announce its Solaris 2 operating
system, which, like Windows NT. will run
on Intel-designed microprocessors.

Ultimate price performance?

Hewlett Packard's PA-risc powered
workstations vie with IBM s RS/6000°s for
primacy in desktop performance. HP
launched its Series 700 range of computers
in January, claiming the ultimate in price
performance and promising a machine rated
at 100 Specmarks before the end of the year.
In April IBM responded by announcing that
just such a machine. the Powerserver 970,
based on the RS/6000, would be available
from June.

Both companies have their own form of
Unix. HP’s called HP-UX and IBM’s called
AlIX, although HP is committed to installing
the Open Software Foundation's OSF/t on
its machines.

Both companies also see the importance of
partnerships. Apart from Bull. IBM allows
Wang to resell its risc machines and is
working with Apple and Motorola to build a

UPDATE

The potential -
and problems —
of radio-based TV

Mounl a small. low-power microwave or
millimetre-wave transmitter on the
Blackpool Tower and you could provide a
large part of the town with instant multi-
channel television coverage. A mm-wave
band wolld give over 100,000 people in
thousands of homes immediate access to
thirty or more TV channels.

Contrast this with the difficulty. time and
cost involved in digging up the streets to
provide a cable distribution system of
cquivalent capacity. Where the radio system
could start making returns on the investment
almost trom day one. the cable installation
might take vears to reach equivalent
financial performance.

Of course there are snags. A radio
multipoint video distribution system (MVDS
- sce note) would have some very difficult
frequency allocations to work with. In the
UK these come down in practice to two
bands: 12 and 40GHz. The first is already
heavily occupied, primarily by the DBS
service. making sharing necessary.

The second (40.5-42.5GHz) — which Cept
recommends for Europe and the DTI sees as
the ultimate goal for the UK — presents some
other problems. In Blackpool rain is not an
unknown phenomenon and 40GHz
propagation is particularly vulnerable to rain
attenuation. Also, technology.
manufacturing and operational experience is
almost non-existent in this mm-wave band.

The Blackpool scenario — mentioned in
passing at a recent [EE colloguium —
illustrates several aspects of MVDS which

are currently exercising the minds of British
clectronics engineers. administrators and
business people. This kind of system is seen
principally as a stepping-stone. supplement
or alternative to cable TV distribution.
though it has other uses as well. It does not
yet exist in the UK. but the DTI has set up
all the official machinery to allow potential
operators to make system proposals and
apply for licences.

Blackpool happens to be one of several
urban areas which at present have no cable
TV :ranchise in operation. Under current
legislation a company would have to get a
licence tor local delivery of television
services from the Independent Television
Commission (ITC). This could be for cable
or MVDS. or a combination of the two.

In 1988 Touche Ross Marnagement
Consultants reported to the Government
that: "MVDS is a feasible. and potentially
competitive. means of delivering additional
TV channels™. The opportunitics for using
this radio method in the UK do. in fact,
seem very open. Cable TV is currently
available to only 22% of homes in Britain —
2.2 million "homes passed™ by cables — and
less than halt a million of these are actually
connected. This means that the potential for

Fig. 1 Outline of transmitter for Marconi
Electronics’ 12GHz MVDS proposal. Use of V
and H polarisation allows interleaving of
frequency-overlapped 26 MKz MVDS
channels between five DBS channels. Cross-
polar spacing between MVDS channels is
14.75MHz.

PC powered by its risc technology. HP also O .
courted Bull and has licensed its PA-risc VERTICAL POLARIZATION 11710 12.1 GHz
technology to semiconductor makers Video JV ) N Power
Hitachi, Samsung and OKki. Audio modulator |~ NG e

So. at the moment in the Risc workstation 1dBm _ > 1 25 5 {upconverter Output
market, Sun has the installed base: Ace has i > & % Wiy
Microsoft: and IBM and HP slug it out for 20 input > 8
performance and have their own particular GUEICS &
advantages: IBM its sheer size, HP (via 10.75 GHz s
Apollo) long cxperience in the technical HORIZONTAL POLARIZATION e
workstation market. Video 1V = ponen

Mips® CEO. Robert Millar. said recently: Fogies ] Mmodulator [ _ amp
“The key alliance in Acc is that between 10Bm | es 5 > Output

o g ot Ac . o . > 2> pconverter
Mips and Microsoft.” As long as the world’s Similar > P& fitter
leading software house is committed to Chanies N ©
portling operating systems 10 a processor i
architecture, Ace has a chance. 1~ 10.75 GHz

David d Arcy. Electronics Weekly
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UPDATE

1L

future local delivery services is
considerable.

It is not just a matter of connections. The
potential capacity of TV channels is
enormous. Present broadband cable systems
with bandwidths of S5S0MHz allow up to 45
channels. while the newer ones with
860MH 2z bandwidths can provide up to 70
channels. In the future. the possibility of
IGHz cable systems and digital compression
techniques giving up to an eight-fold
multiplication of channels could swell this
capacity to gigantic proportions.

Scope for MVDS

In such a wide-open situation, and with the
free-market ““technology-neutrat™ approach
of the 1990 Broadcasting Act. it looks as
though there is plenty of scope for MVDS in
the various roles mentioned above.

At the IEE colloquium (*“MVDS: the way
forward™). Don Hayter of the ITC and Ken
Yard of the DTI said its main use will
probably be in outer suburban arcas. small
towns or villages, with systems carrying
about 30 channels. At 40GHz. transmitiers
would service areas with a radius of up to
3.5km. Possible interference between
adjoining franchise arcas would inhibit
frequency re-use at distances less than 40-
50km. or in some situations 20-30km.

If @ 12GHz scheme were adopted, the rain
attenuation which afflicts the 40GHz
bandwidth would be avoided. and
transmitter coverage would increase to about
6km radius for stations in town centres or
10km in other situations. Chris Wildey of
Marconi Electronics described such a
proposal. which he said the DTI had
accepted in principle.

This would interleave around 12
orthogonally-polariscd MVDS channels
(Fig.1) with the existing five UK satellite
broadcasting channels in the band 11.7-
12.1GHz. Future expansion to 19 or 20
channels might be possible. he said, if the
UK managed to secure a turther five DBS
allocations in the 12.1-12.5GHz band. Both

The 20W transmitter and modulator used in
the Irish nationwide MVDS system.
Manufactured by ITS Corporation, its 2.5GHz
RF output stage uses GaAs fet power devices.

the 40GHz and the 12GHz proposals use
FM in 26MHz bandwidth channels to carry
pal or D2-mac signals.The number of homes
that would actually obtain satisfactory TV
service within the coverage area of a MVDS
transmitter would. of course, depend on
various propagation and topographic factors.
Hayter and Yard thought a 40GHz system
would deliver a satisfactory service to 40-
70% of homes. Wildey said that a 12GHz
system could be expected to do this for 60-
80% of the homes.

Systems in place

Although the UK is hampered by frequency
allocation difficulties. it does at least have
the advantage of being able 1o look at the
expericnce of other countries which have
already installed MVDS. Worldwide, the
five bands which are either in use or
proposed are around frequencies of 2.5, 12,
17/18. 29 and 40GHz.

Very close to home, for cxample, since
1989. the Republic of Ireland has been
pushing ahead with a nationwide MVDS
scheme which aims to cover the 64% of
homes with no access to cable TV. Ireland
has been able to use the much more tractable
2.5GHz band becausc it is not already
occupied by communications as it is in the
UK.

At the colloquium, Patrick Keys of Off
Air Electronics (Co Dublin) revealed that, in
the 30 service areas licensed by the Irish
Department of Communications three years

Note: MVDS also stands for the earlier
term "microwave video distribution sys-
tem" and embraces "millimetric
microwave multipoint video distribution
system" (M3VDS).

ago, 10 main transmitters were now in
operation. By the end of this year, 16 should
be working. Service areas range between 24
and 48km radius.

The 2.5-2.68GHz band contains 22
channels. sub-divided into two separate
groups of interleaved channels. Each
transmitter site can provide 11 pal television
channels. Use of AM/VSB avoids the need
for demodulation and remodulation at the
receiver and allows direct interfacing with
existing TV sets.

For its part. Ireland has had the advantage
of drawing on the established 2.5GHz
technology and operational experience of
the American educational MVDS scheme,
Instructional Television Fixed Service
(IFTS). This has been running in cities and
suburbs since the 1960s.

According to Keys, the Irish systems have
had no significant reception problems as a
result of rain. snow. ice or man-made
interterence. except for some fading on
over-water paths and slight interference
from microwave ovens. Ghosting has been
less serious than with UHF television. At
30km from SOW transmitters. C/N ratios are
better than 50dB.

But 2.5GHz is not 40GHz and in the UK
the prospect of using the official Cept/DTI
millimetric waveband does not look at all
good at present. Two research groups. at
Essex University and Rutherford Appleton
Laboratory. are still doing propagation
studies and experiments for the DTI and ITC
and have yet to produce firm results. Several
speakers at the colloquium questioned the
practicality of this frequency band. “It’s
very optimistic to think the 40GHz proposal
is actually usable™, said one. Another
wondered if this frequency “is a mistake if
it’s intended for cable television™. Yet
another suggested it was “a blind alley™.

Representatives of the DTT's
Radiocommunications Agency seemed
distinctly uncomfortable about it. They
expressed doubts but at the same time, as
civil servants, had to defend the
Government's 1989 decision to adopt this
frequency band. Ken Yard, for example,
suggested that a 40GHz system will at least
“get you by ™ until a full cable system
becomes available.

In contrast. Chris Wildey was full of
optimism about the 12GHz proposal he had
been working on.

It was, he declared. “the only currently
viable frequency band for rapid
implementation of MVDS, leading to future
widespread cabled services”™. An important
problem here. though, as he acknowledged,
is the control of possible interference
between MVDS and 12GHz DBS and
television outside broadcast services.

Tom Ivall
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RESEARCH NOTES

Giant stereo plays sonic booms

Pussengcrs travelling on Concorde are
occasionally subjected to minor tremors
as bits of the aircraft rudders fall off. But
that is nothing compared 1o the effects of
sonic booms at ground level. especially it
seems when you are indoors.

To measure the cffects of sonic booms on
people and buildings. scientists at Georgia
(USA) Tech Research Institute have built a
small house in what scems 10 be a nice quiet
residential area. Quiel. that is. until you step
outside and came face to face with the
biggest ghetto-blaster in the world.

The monstrous 8 x 20 x 1511 stereo speak-
er system is not part of a new hate-thy-
neighbour campaign. Itis in fact part of a
twelve month study into whether the US cun
deyelop its own fleet of supersonic civilian
aireraft.

Much sonic boom research was done back
in the sixtics and early seventics when
Concorde first entered service, but most of it
concerned human reactions out of doors.

Georgia Tech rescarcher Krishan Ahuja
says there is some evidence that people find
sonic booms more objectionable when they
are indoors because of the associated vibra-
tions of objects and buildings.

Indoor research has tended to involve
placing the boom-generating sound sources
actually inside the building. an entirely arti-
ficial situation when the source of real sonic
booms is invariably external.

Continued...

Georgia Tech research engineer Clarke
Stevens sets up a microphone to measure
noise emitted from the large speaker system

during sonic boom experiments.

Tuning the infra-red

Researchers at the US National Institute
of Standards and Technology have
made a significant step forward in infra-red
detection, using a combination of supercon-
ductivity and receiver techniques more
familiar to microwave engineers. Nist
physicists Donald McDonald, Erich
Grossman and Joseph Sauvageau have
opened up the possibility of making tunable
devices that can scan the infra-red wave-
bands with the same ease now possible at
radio frequencies.

Most infra-red detectors are based on
semiconductors that are physically large in
relation to the wavelength being received.
The size ensures a large capture of the sig-
nal. But largeness does not make for partic-
ularly great sensitivity. (Imagine an RF
diode 1km across and you have a good
scale model of many of today’s infra-red
detectors!)

McDonald and his team realised that the
answer to a highly sensitive infra-red detec-
tor lay in making a device smaller than the
received wavelength and then cooling it in

liquid helium. Superconducting niobium
proved to be the ideal material, becoming
more sensitive as size of the detector is
reduced. The reason for the effect is quite
simply that an incoming photon of radia-
tion makes a proportionately greater elec-
tronic perturbation, the smaller the device it
hits — a fact well known to all workers in
the field of sub-micron electronics.

There is only one snag in making
micron-sized infra-red detectors — they may
be sensitive, but they have such a tiny cap-
ture area that not much radiation impinges
on them. Here Donald McDonald and his
team had an inspiration — do what is done
with a physically small radio set: fit an
antenna.

To achieve the signal-concentrating func-
tion, the team designed a spiral antenna
60um wide, made out of gold and deposit-
ed directly on the niobium using standard
lithographic techniques. McDonald admits
that the idea of using an antenna at infra-
red wavelengths is not entirely original, as
nature apparently got there first. Some

insects have spiral antennae of approxi-
mately the right dimensions which proba—
bly act as infra-red amplifiers.

The researchers are hopeful of outdoing
nature and building a complete detection
system of unparatleled senstitivity, combin-
ing the gold antenna and the niobium
detector with a squid amplifier, all in a
cryogenically-cooled package. They also
plan to take this infra-red technology even
further into familiar RF territory by adding
a local oscillator — the idea being to create
a highly sensitive narrow-band super-
heterodyne receiver.

As yet, there are still many questions sur-
rounding the performance of such a system,
not least its bandwidth and sensitivity.

But prospects are good for applications
such as astronomy where tunability and
ultimate sensitivity are vital. McDonald
says that an infra-red telescope based on
the new technology could well be used for
detecting molecules in interstellar gas
clouds or, nearer home, for identifying pol-
lutants in our own atmosphere.
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RESEARCH NOTES

In the Georgia Tech experiments the artifi-
cial sonic booms — with various dilferent
wave-shapes — will be generated by the
speaker system outdoors and experienced by
volunteers seated both inside and outside the
test house.

The speaker for the experiments sits on a
concrele pad covered by a melal roof and
shrouded in plastic when not in use. to.pro-
tect it from the weather. It took (wo years for
an outside company to produce and is under-
going final refinements at Georgia Tech.

Researchers plan to use noise produced in
the 3-4000Hz Irequency range.

During the research trials. u computer will
generate truck, helicopter, aircraft and sonic
boom noises through the speuker in random
order while subjects inside and outside the
house pass time reading or engaging in other
activities. Alfter each experiment, the sub-
jects will answer guestions to show which
types of noise they found most unsettling.

About 150 people of all ages with pertect
hearing will be chosen for the study, and

Changing attraction of Jupiter

N asa may still be struggling to unfurl the jammed high-gain
antenna of its Gulileo space probe now en route 1o Jupiter,
but valuable data on the planet is already being returned from the
joint European/US Ulysses mission.

Ulysses recently circumnavigated Jupiter using the giant plan-
et’s gravitational attraction to fling it out of the plane of the Solar
System, towards the Sun.

The slingshot operation was not without its hazards. The planet
is surrounded by radiation belts in much the same way as the
Earth is ringed by the van Allen belts, though the Jovian radiation
belts are much more intense. They pose an obvious threat to elec-
tronic systems, so Ulysses was carefully routed to minimise the
amount of radiation it received. Also, during the closest approach
on February 8. two very sensitive instruments, a low-energy ion
detector and a gammua ray burst detector, were switched off for 24
hours.

Measurements made by Ulysses. when compared to those of
earlier missions, suggest that Jupiter’s magnetic field is contract-
ing and expanding. The magnetopause is now aboul seven mil-
lion kilometres from the planet on the sunward side — twice the
distance it was when the last Voyager spacecraft visited Jupiter in
1979 — but in the same position it was when Pioneer-10 flew by in
1973. (Pioneer-10, incidentally, has just celebrated its 20th year in
space and is now the most distant man-made object in the
Universe.)

Current speculation is that these variations are a result of alter-
ations in the density of the solar wind, the stream of charged par-
ticles from the Sun. A reduction in the force of the wind may
allow the magnetic field to expand. Ulysses’ observations have
revealed a cyclic variation in the strength of Jupiter’s magnetic |
field with a period of 10h — the length of the Jovian day. L

Ulysses also began to detect radio emissions when it was stilia |
considerable distance from the planet. It used the directional capa-
bilities of its radio and plasma wave experiments to search for the
still-unknown sources of these emissions and also the X-ray emis-
sions from within the magnetosphere. Possiblc candidates include
the auroral zonesand a strange ring of plasma that surrounds the
mysterious moon, lo.

With all these fascinating unanswered questions, it will be a
desperate disappointment for space scientists it the problems of
the Galileo probe cannot be righted before it reaches Jupiter in

seven day intervals.
1995.

will participate for two to three one-hour tri-
als. Their hearing will be 1ested before and
after each session.

Ahuja foresees additional research uppli-
cations for the giant speaker. It might be
used 1o broadcast sound into the sea or the
sky so scientists could study how sound
travels under water, as well as how wurbu-
lence in the sky affects sound propagation.
But please... not in any back yard!

ULYSSES

REGION
EXPLORED BY
P10, V1, V2
(OUTBOUND)

Ulysses left the jovian system via the dusk segment of the
magnetosphere, a region not traversed during previous encounters
by the Pioneer 16 (P10) and Voyager 1 and 2 spacecraft. Dots show
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RESEARCH NOTES

Will polymer diodes challenge colour LCD?

emiconducting polymers have

made enormous strides over the
last half decade or so with devel-
opment of totally organic transis-
tors and all-polymer leds. Their
attraction — apart from potential
cheapness — is that polymers,
unlike inorganic semiconductors,
can be configured in almost end-
less variety. Polymers can also be
manufactured in a variety of sizes
and shapes without the constraints
of wafer size.

The latest development in semi-
conducting polymers is a family of
conjugated co-polymers developed
from poly(p-phenylenevinylene)
or PPV. This family, which can
imitate the electronic properties of 111-V
quantum well structures, can be chemically
“tuned” to provide an almost infinite range
of properties, including variation in colour
of light emission when configured as clec-
tro-luminescent diodes.

Now organic chemist Andrew Holmes and
colleagues from Cambridge University

Light emission form a 5 x 3 pixel display
showing the number 3. The individual pixels
are Tmm? and are driven at around 0.5mA to
produce a level of brightness appropriate for
displays under ambient lighting (500cd/m?).
Efficiencies, measured as photons out per
electrons injected are in the range 1.5% —
higher than for commercial inorganic 11-V
green leds.

Chemical Laboratory, along with
physicist Richard Friend and
rescarchers at Cavendish have
reported (Nature, Vol 356,
No.6364) that the luminous effi-
ciency of devices that include co-
polymers can be made comparable
with inorganic devices in the blue-
green part of the spectrum. At
slightly lesser efficiency, emission
has been demonstrated over the
range of blue-green to orange-red,
almost the whole of the visible
spectrum.

The tcam emphasises that a great
deal of work remains to be done,
not least in respect of the metallic
electrodes used to inject electrons
into the polymers. Nevertheless, the poten-
tial of a range of fast responding electrolu-
minescent materials that can be manufac-
tured casily and robustly must surely be
cnormous. The team says that variations at
the molecular level should enable the pro-
duction of multi-colour displays that will be
more than competitive with LCDs.

_The ULF spike that could save thousands of lives

he Turkish earthquakes of a few

months ago have provided yet more
impetus for discovery of a reliable way of
forecasting these natural disasters. Yet, in
spite of considerable efforts, the best
earthquake predictors still seem to be neu-
rotic dogs and electrodes attached to
house-plants. But there has been tantalis-
ing evidence for some time that big quakes
are preceded by bursts of low frequency
radio waves.

Evidence has come from a variety of
satellite and ground station measurements
in the ELF and VLF ranges, ic from
300Hz to 30kHz. No reliable connection
has been established between natural emis-
sions on these frequencies and subsequent
earthquakes. But new findings presented at
a recent meeting of the American
Geophysical Union suggest that more
dependable RF prediction of big quakes
might be possible if we target the ULF
range, especially the band between 0.01Hz
and 10Hz.

Antony Fraser-Smith, an electrical engi-
neer at Stanford University’s Space,

Telecommunications and Radioscience
Laboratory, reports a strong precursor sig-
nal to the Loma Prieta earthquake in 1989,
found while he was involved in a navy-
sponsored study to determine how natural
noises interfere with satellite communica-
tions. He believes the ULF band could be
a better predictor of quakes because sig-
nals in this range can penetrate 10 to
20miles of earth without significant atten-
uation,

Fraser-Smith’s equipment was set up in
the Santa Cruz mountains to monitor ULF
radio waves produced primarily by the
solar wind as it distorts the Earth’s mag-
netic field. Twelve days before the Loma
Prieta Earthquake. the detector went wild,
indicating a signal 20 to 30 times bigger
than anything previously recorded. Since
that time analysis of chart recordings made
in the republic of Georgia (formerly the
USSR) has revealed a similar ULF spike
that preceded the big Spitak-Armenia
quake in 1988 that claimed more than
30,000 lives.

Clearly two swallows don’t make a sum-

mer. Even so, scientists from Greece,
France, China and Japan all presented
findings at the American Geophysical
Union meeting, supporting the contention
that ULF signals may precede major earth-
quakes.

No-one knows what causes the signals,
though numerous theories abound. These
include the suggestion that ground-water
carries currents as it pushes through rocks
and fissures in the earth. Another explana-
tion proposes that when rocks of different
conductivities slide past one another they
generate electricity.

But while theorists pursuc an explana-
tion. Antony Fraser-Smith, with the help
of the US Geological Survey, has taken
the practical step of setting up two ULF
detectors in California. Dubbed the .
“Watched Pot™ by geologists, the equip-
ment could soon put the theory to the test.
Parkfield. the equipment site, is already -
overdue for a “biggie” quake of magnitude
greater than 6.0.

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

Valve power amplifiers
could never use the
values of open-loop

gain which even the
most basic transistor
configurations routinely
achieve. Phase shift in
the high impedance
circuitry and reactance
in the output
transformer associated
with valves creates
havoc in a very closed
loop. However, this
lack of feedback may
actually enhance sound
quality by suppressing
transient
intermodulation
products. Andrew

Hefley uses the lessons

of valve design to
produce a highly linear,
low gain, wide band
transistor power
amplifier.

HIGH FIDELITY,
LOW FEEDBACK,
200 WATTS

ost power audio designs over the

last twenty years have used large

amounts of negative feedback to

ensure Jow closed-loop harmonic
distortion. The main contributors to this type
of distortion are the output devices. Other
sources derive from the drivers, or devices
preceding the output devices and the high
voltage gain stage, also referred to as the
transconductance stage.

A side eftect of a high open-loop gain is that
wide bandwidth is very difficult to achieve
with two gain stages, therefore most of these
high gain designs have an open-loop band-
width of less than a few kilohertz. This means
there is a need for even more than necessary
gain mid-band (referring to the audio band) to
get a low distortion number at 20kHz in the
closed-loop condition.

One approach is to use lower open-loop

vollage gain sections and increase the open-
loop bandwidth to 20kHz. Better still might be
to install multiple output devices to keep the
current excursion low for each device so as to
stay within a lincar range of gain. Although a
popular approach, it is a costly solution. A
new pair of complementary Motorola bipolar
power outpul transistors, the 2SC328/ and
28A1302, exhibit a high degree of linearity
over their specified current range; enabling
them to replace multiple transistors. The
amplifier circuits which follow make use of
this. Other attributes include a wide open-loop
bandwidth with less than 25dB of ncgative
feedback.

Low feedback, low distortion

A circuit diagram of a 100W amplifier is
shown in Fig. 1. This design begins with the
MPS8099 and MPS8599 complementary pair
for the input stage. These devices are arranged
as dual differentials. A 24V zener with 10k
resistors supplies approximately 2.25mA of
current to each pair. This scheme supplics
enough current to achieve the bandwidth nec-
essary in the first stage while keeping the bias
current low enough for an acceptable amount
of input voltage offset error.

The second stage of voltage gain. sometimes
referred to as the transconductance stage, is
made up of a darlington pair. The input
devices of the darlington pairs are the
MPSW06 and MPSW56 respectively. ldling
current is approximately 3.5mA which in turn
sets the idling currents for the 285C3298B and
2SAT300B at approximately S0mA or 2.4W in
cach of these devices. A small heat sink is
required to keep case temperatures down. The
transconductance stage is loaded by both the
output stage and a pair of 2.7k resistors
which sct the voltage gain of this stage.

Looking at the input stage and the second
stage respectively, their gains are approxi-
mately 18.5dB and 34dB, producing an over-
all gain of about 52dB. Compensation net-
works arc used on the outputs of both stages
to provide adequate gain and phase margin for
the closed-loop condition. The closed-loop
gain of the amplifier is set at 27.8dB giving an
input sensitivity of one volt.
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The output stage is a complementary dar-
lington configuration. This stage uses three
28C3287 NPN devices and three 2SA/302
PNP devices connected in parallel. These are
driven by the complementary pair consisting
of an MJF15030 and MJF 1503 1. The output
devices are rated at 15A and 200V with power
dissipation ratings of 150W. The drivers are
8A. 150V transistors with power dissipation
ratings of 36W. The voltage ratings are ade-
quate to handle the 100V nominal supply volt-
age. The MPSO50 and the MPS750 devices
arc used for current limit protection. Both
devices are rated at 2A producing excellent
saturation and gain characteristics at 100mA.

Doubling the power

The circuit diagram of a 200W version of the
amplificr is shown in Fig. 2. The 200W gain
stages are very similar to the 100W amplificr
with a few minor exceptions. Due to higher
power supply voltages. a cascode conligura-
tion was used for the input stage. The level
shifter portion of the cascode is tied to the
33V zener supplies which are used for the
input current resistors.

One change is the use of paralleled pre-
drivers. or transconductance stage transistors.
This accommodates the increased current
needed to bring the dual 2.7k€ load and
increased base current requirement of the out-
put stage to the higher supply voltage. The
benefit is a small increase in the voltage stew
rate and an increase in the open-loop gain by
approximately 4dB. This matches the extra
gain needed for full power at one volt input.

Another change is the use of a cascode out-
put stage. By effectively doubling the number

Fig. 1. 10LW amplifier schematic. Open-loop
gain is about 52dB which restricts feedback to
less than 25dB. Like valve amplifiers, which
exhibit similarly low levels of feedback, this
contributes to the amplifier’s low transient
intermodulation distortion and its resulting
‘clean’ sound. Measured THD is around
0.02% at fuil power.

of output Jevices without increasing the volt-
age seen m operation, secondary breakdown
will not ke a concern. The outside, or slave-
devices, are driven by a series resistive divider
network tied 1o the output of the amplifier.
This divider network forces the string of out-
put devices to share the voltage and power
delivered to the toad.

Output transistors
Arcas of design importance include break-
down voltage. power dissipation, sale oper-
ating area (SOA). current gain lincarity. and
{T. At present, there are a limited number of
complementary devices rated at 100V in
plastic packages. Additionally. very few of
these devices have good current gain lincari-
ty in the region beyond one amp. Most
exhibit second breakdown points that usual-
ly fall between 20 and 40V. They may be
classitied as 150W transistors, but operate
etficiently onty up to 40V: then their power
handling capability drops off rapidly. The
output devices selected are the Z5C3287 and
25A7302 NPN and PNP transistors rated at
200V. I5A Power dissipation ratings are
150W in the T0-3 PBL package. a high
power plastic encapsulation with an isolated
mounting hole.

Setting the current limits of an output stage

in an audio amplifier is not an casy task.
Calenlation may be used to find a starting
point. but the actual results must be deter-
mined through experimentation.

There are two limitations to consider when
dealing with the power handling ability of a
transistor: the average junction temperature
and second breakdown. In a class AB output
stage. the output devices are not really ina
50% duty cycle situation. The bias current
needs 1o be added 1o the caleulated current that
the load may present to the device. At higher
frequencies the peak power can be consider-
ably higher than the average power. At low
frequencies the duration that one side of the
output stage may endure during a load condi-
tion may be several hundred milliseconds.,
which nearly constitutes a DC condition.

The second breakdown of a transistor can
severely limit the power dissipation capabili-
ty of that device. When the supply voltages of
an ampliticr are greater than 100V the output
devices are pushing their limits. By configur-
ing the output devices in a series-parallel con-
figuration. rather than configuring them all in
parallel. one can obtain an increase in output
power from a set of devices. The load lines of
the 200W amplifier indicate a constant pow er
curve of 750W. which is twice that of the
100 amplifier. There are twice the number
of output devices connected in a series-paral-
lel configuration resulting in the same 125W
criteria for cach as in the 100W amplifier.
Since these devices do not see more than 80V
cach in operation. second breahdown is of no
coneern. Although the devices can be operat-
cd in a series connected output stage, ils oper-
ation is similar 10 a bridge configuration but
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the low impedance performance is diminished.  shaped extrusion weighing about 3kg/metre. It Fig. 2. The 200W amplifier version uses an
This amplifier docs current limit when driving  has a surface area of 80cm2 per linear cm and oulput transistor tree to keep the peak voltage
a 2€2 load where the 100W amplifier does not.  a convection heat transfer rating of 1.8°C/W ezc‘jlrs:orlz‘acr(;'ss ‘tjhe_outplut devices to around
per 8cm picce. The use of two 18cm extru- geco’nlgzr’;%(:i:wnez%zfemlzl)f)ttggllg(l)”t,ﬁem
Heatsink requirements sions in the 100W amplifier gives the output cascode tree at the input s'tage limiting the
Choosing lh(? right I)culsmk 18 important. stage the ability to dlssxpzllc uboul 90W while voltage swing across individual devices. There is
churdless of the requirements of size. s.hap‘c. keeping a temperature rise of less than 35°C virtually no distortion penalty in using the
form factor and cosmetics, the bottom linc is  above room temperature (TA = 25°C). Tests  circuit arrangement.
heat transfer. The heatsink chosen for these  run have shown that with the 100W amplifier
two amplificrs is a standard aluminium tree  running at full power, the heatsinks remained  below 60°C. The addition of a fan blowing
across the heatsinks will allow the amplitier to
e operate at a 4€ [oad continuously. [ |
" S~ h Further reading
CURRENT LIMIT M~ \ Motorola application note AN1308.
SSL TR~ K, 375 WATT CONSTANT POWER CURVE
] < N —~ne
g \\\ \\ \\
g 6|l [~ N\ This diagram shows the load conditions for the
2] . .
Z M ~ o e —— entire output stage of the 100W amplifier. The
~ M . .« g
E s SN ~ \ T —— T load line for an 80, 45 degree load indicates
A o T Sa AN [ — 8 N
2 3 \ T~— T\ — the need for 6A of collector current dropping to
E N TR \\ 4A of collector current when the collector
50 ~ = " 6245 DEG LOAD LINE voltage drops to 50V. The diagram also shows
% \ \\\\\N ~ the peak currents at lower resistive load
z 4 e~ N\ \\\\\ M conditions. Most loudspeakers present a load
= . .
& \'N\, N S~ e impedance of less than 8C); however, most
Y et G i L =] i don’t present a reactive load of less than 8. A
3 - \\ ~d = 90 reactive 82 load is handled easily and
© \ <5 S o RESISTVE resistive loads as low as 2Q) do not present a
~L  “\20RESISTVE ~o| |
-9 =<3 problem. The constant power curve shown at
CURRENT LIMITATION —~ o POWER\SUPPLY LMITATION 375W is drawn along the line where the
12 N S~ current limits were set for this amplifier. If this
N T~ power is shared between three devices, they
15 \ will each be required to dissipate 125W.
20 40 60 80 100

VOLTAGE ACROSS OUTPUT TRANSISTORS (VOLTS)

Detailed design attention must be paid to
output device heatsinking.
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Micro AMPS

£99 8051 ‘C’ COMPILER £99 £99 8051 BASIC COMPILER £99

* Preprocessor, compiler, optimser * Integer BASIC compiler

* Integer implementation

* Inline assembler

* Assembler level simulator and monitor

* Includes 8086 compiler for the PC

* Single chip to fully expanded memory

* Micro-C is not a re-worked small C

* Other code generators available:
68HC11, 6809, 8085/280

* Low cost cross assembler available:
6800/01/03/05/09/11 8031/8051
8085/Z.80 8086/96

* Over 350 pages of documentation on disk

*

*

* Supports single chip mode
* 8051 cross assembier included

* High level debugger runs on PC

* Standard Basic commands supported
* Specific functions to access 8051 SFRs and
internal memory

* Line editor included, accepts text files

Generates INTEL hex format output
Output suitable for 87C751
8052AH-BASIC compatible compiler available

8051 ICE (ICE51™)

* Low cost 8051 In-Circuit Emulator

* Low power, 5 volt operation

* Plugs directly into the 8051 processor socket

* 32k bytes RAM for program/data

* Single step and break points

* Assign memory and SFRs

* Upload/download INTEL hex files

* 1°C drivers available

* Real time clock version available

* PC host software communicates via serial port

ICBS1 1s a trademark of 1ntel Corp

87C751 ICE (ICE751)

* Low cost 87C751 In-Circuit Emulator

Plugs into the target 87C751 socket

* On-board programmer, PLCC adapter available

Monitor uses only 48 bytes of program memory
Upload/download INTEL hex files
Assign memory and SFRs
Break points
* 1°C drivers available
PC host software communicates via serial port

The 8051, An Introductory Course

* 1 Day course aimed at introducing the User to
the 8051 microcontroller

* Discussion of the 8051 Architecture and
instruction set

* Use of I/O, Timers, SFR’s and Memory

* Each User will have the use of a PC and ICES1
to carry out the Workshop exercises

* Course run every month with a maximum
attendance of 8 people

* Fee includes the 8051 Book described opposite

* A voucher worth £50 to spend on any of our
8051 products

r L2 -

N

|

*

*

OTHER PRODUCTS

* 8051 BOOK - The 8051 Architecture,

Programming and Applications (£49.95). This
book includes a free assembler and simulator for
personal or educational use

* PEB552 - The Philips evaluation board for the

80C552 processor variant, a monitor and
programming adapter are available for this
product

MACHI! - An RTX200/1 PC based evaluation
board

[CC2000 — An 8 channel 10MIPS PC based
intelligent communications card using the
RTX20001 processor

* FORTH + + — A low cost RTX2000/1 compiler.

66 Smithbrook Kilns, Cranleigh, Surrey, UK, GU6 8JJ .
Tel: +44(0)483 268999, Fax: +44(0)483 268397

CIRCLE NO. 115 ON REPLY CARD
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DESIGN

Programmable digital
sine wave generator

It was Fourier who first described how square
waves are made up from sine waves of odd-
multiple frequency compaonents; the reverse of
this theorem produces sine waves from square
waves. A high frequency square wave put
through a lowpass filter can produce a sine
wave. The result of Fourier’s transform can be
demonstrated in a single chip. Gordon Lindsay*.

*Gordon Lindsay is an applications
engineer with Sierra
Semiconductor

he single  chip SCI1313  pro-
grammable sine wave generator incor-
porates a square wave generator and a
filter designed with a cut-off frequen-
¢y below all higher harmonics of the square
wave signal. Typically a fourth order filter
provides sufficient attenuation. The lower
order harmonics, particularly the third. may
require further filtering. The Sierra chip uses a
fifth order bandpass filter combined with a

notch filter to attenuate the third harmonic of

the required sine wave signal.

The chip is partitioned into a square tone
generator and filter section. The sixteen LLSBs
of a 32-bit control word are used to sct the
squarc wave frequency using a programmable

divider from a master clock. The actual fre-
quency of the square tone is equal to the mas-
ter clock divided by twice the programmed
value: the divide by two stage ensures a sym-
metrical output for the square wave tone. The
tone is then passed through an anti-aliasing fil-
ter to attenuate very high frequency harmon-
ics. This is available at an external pin where
it may be additionally filtered or used to pro-
vide timing for other circuits.

Twelve bits of the 32-bit control word pro-
gram the bandpass filter by setting the sample
clock frequency F, for the switched capacitor
bank. Again, a divide-by-two state is added to
the filter clock generator to ensurc a symmet-
rical output. This means that the master clock
frequency can be divided by an even number
from 4 to 8190.

The filter is designed to have the centre of
its passband at F /51 and then a notch at
3F/51. The minimum attenuation outside the
passband is 50dB. The four MSBs of the 32-
bit control word set the attenuation of the out-
put signal. The maximum attenuation is 15dB.
The sincwave output is thus produced at a fre-
quency of Fi/51, from DC up to a maximum
of 8kHz. An uncommitted op-amp with an
output impedance of 600€2 is available on the
chip to usc as a smoothing filter for the output
signal. Switched capacitor filters often exhib-
it staircases on the output waveform because
of the sampling action used by the filter: this
is easily removed by passing the waveform
through a low pass analogue filter.

The resulting sine wave enjoys crystal sta-
bility. The SC//31/3 has an amplitude varia-
tion of only *0.1dB from DC to 3.5kHz
increasing to £1dB up to 8kHz. Gain error is
kept to £1dB over the complete frequency
range. Total harmonic distortion is below
30dB even with a 10V pk-pk output signal.
Third harmonic is less than —45dB.

Practical design

To usc the SC//313 a simple evaluation cir-
cuit can be made. The board has three distinct
sections. The data registers. the clock and the
analogue circuits. The data registers consist of
four 7418165 shift registers. These are asyn-
chronously loaded with the data from the
swilches by pressing the load button. The shift
registers are looped back so that the data is
held in them cven when it is sent to the
SC11313.

The clock circuitry is used to clock the data
into the SC/7313. It consists of a 4060 counter
and a 7474 flip tlop. The 4060 has a built in
oscillator and the external time constant sets
the clock frequency to about 90kHz. This data
clock frequency is not critical but it should not
exceed 1.5MHz. On power up. the preset line
on the 7474 will be pulled low and the Q out-
put will go high. resetting the 4060. When the

Response from the internal switched capacitor
filter. The tailored response provides band pass
at Fc and notch rejection at 3Fc. The band pass
response is centred on F¢/51.
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DESIGN

program button is pressed. the Q output will
g0 low and the counter will run. The Q output

of thvc 7474 ul.\‘(‘\ provides the /wRr signal for DIN 12 Typical application
the SC//1313. After 31 clock pulses the D-type WR D0-D3t circuit. The extra
will be clocked forcing the Q output high and WRCLK 8 logic shown in the
resetting the 4060 again. 7 Um-ms U D16-D27 diagram merely
- . pGND — ;

The SC//313 is connected to a standard ‘. ARE S provides the means
3.58MHz colour burst crystal. This provides VDD — ETONE SAMPLING of serially
the clock signal. The output sine wave signal » GENERATOR CLKGEN. [MCLK programming the
1s passed through the uncommitied op-amp VS5 — g’gﬂ;’;;n the
connected as a 2nd order lowpass filter. MCLK E’zj :

It is rccommeended that the power supplies VDD
for the digital and analogue sections are sepa- s
rated. For decoupling. O.14F on cach of the AGND —=

3| et © R ifici e 3~ ORDER 2
digital uuum_xho.uld be sufficient, however e ANTHALIASING + ASOO1
the analogue circuits should be de-coupled as TNl FLTER 2275V

shown in the schematic using both 0. 1pF and 3 (AalBtk,
10pF capacitors.

: MCLK
Sierra Semiconductor Ltd, Terminal 3, 1
A oF1 —
3B2, Stonehill Green, Westlea,
Swindon, Wilts. SN5 7HB. Phone:
14 D28- _»f LOSS _ CLKIN o
12 FILTER 3
. VOUT = ouT Ll VN
Block diagram of the SC11313CN. The
frequency of the tone generator, determined by
programmable division from a master clock,
would normally be linked to the similarly
programmed filter to produce sinewaves from
the input square wave.
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AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
£179 (PPC1512DD). £179 (PPC1640SD). £209
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR
PSU.

HIGH POWER CAR SPEAKERS. Stereo pair output 100w each
4ohm impedance and consisting of 6 1/2" woofer 2" mid range and
1"tweeter. Idealto work withthe amplitier described above. Price per
pair £30 00 Order ref 30P7R

2KV 500 WATT TRANSFORMERS Suitable for high voltage
experiments or as a spare for a microwave oven etc. 250v AC input.
Now anly £4.00 ref 4P 157

MICROWAVE CONTROL PANEL. Mains operated, with touch
swiches Complete with 4 digit display, digital clock, and 2 retay
outputs one for power and one for pulsed power (programmable).
Ideal for all sorts of precision timer applications etc. Now only £4.00
ref 4P151.

FIBRE OPTIC CABLE.Stranded optical fibres sheathed in black
PVC. Five metre length £7.00 ref 7P29R

12V SOLAR CELL.200mA output ideal for trickle e 2
charging etc. 300 mm square Our price £15.00 ref e
15P42R <l

PASSIVE INFRA-RED MOTION SENSOR.
Complete with daylight sensor, adjustable lights
on timer (8 secs -15 mins), 50' range with a 90

deg coverage. Manual overide facility. Com- Y 7" \,,’
plete with wall brackets, bulb holders etc. Brand .ﬁ}i’i,,’-; e
new and guaranteed. Now only £18.00 ref Rt

19P29

Pack of two PAR38 bulbs for above unit £12.00 ref 12P43R
VIDEO SENDER UNIT Transmit both audio and video signals
from either a video camera, wdeo recorder or computer to any
standard TV set within a 100" range! (tune TV to a spare channel).
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref
S5P191R

FM TRANSMITTER housed in a standard working 13A

mee™ =
LAA S

adapter (bug is mains driven). £26.00 ref 26P2R X -
MINATURE RADIO TRANSCEIVERS A pair of fkvoi %‘;
it NS
measure 22x52x155mm. Complete with cases. £30.00 ‘; i| J
ref 30P12R IR
FM CORDLESS MICROPHONE.Small hand held unit with a 500"
receiver. Our price £15 ref 15P42AR e
12 BAND COMMUNICATIONS RECEIVER.9 shon 'ﬁﬁ
bands, FM, AM and LW DX/local switch, tuning 'eye’ mains L(
NOW ONLY £19.00!! REF 19P14R.
CAR STEREO AND FM RADIOLow cost stereo system giving
5 watts per channel. Signa! to noise ratio better than 45db,
ref 19P30
LOW COST WALIKIE TALKIES.Par of battery op-
erated units with a range of about 200'. Our pnce £8.00
7 CHANNEL GRAPHIC EQUALIZERbus a 60 watt power amp!
20-21KHZ 4-8R 12-14v DC negative earth. Cased £25 ref 25P14R
NICAD BATTERIES. Brand new top qualtty. 4 x AA's £4.00 ref
£6.00 ref 6P35R
TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The ultimate equivaients book. Latest edition £20.00 ref
CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3.00 ret
3P104R. Bumper pack of 1,000 ties £14 00 ret 14P6R
GOT A CARAVAN OR BOAT?
2,500 NEW LINES FREE WITH ORDER ON REQUEST
OR SEND £1.00

GEIGER COUNTER KIT.Complete with tube, PCB and ail compo-
FM BUG KIT.New design with PCB embedded coit. Transmits to
any fM radio. 9v battery req'd. £5.00 ref 5P158R
FM BUG Built and tested superior 9v operation £14.00 ref 14P3R
separate H sync, V sync and video 12v DC £8.00 ref 8P39R
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 rpm 6"x4" 1/4"
O/P shaft. New. £20.00 ref 20P22R.
toothed nylon belt drive cog £40.00 ref 40P8R
SINCLAIR C5 WHEELS13" or 16" dia including treaded tyre and
innertube. Wheels are black, spoked one piece poly carbonate. 13"
ELECTRONIC SPEED CONTROL KITor ¢5 motor. PCB and alt
components to build a speed controller (0-95% of speed). Uses
pulse width modulation £17.00 ref 17P3R
AA nicads tn 8 hours. Brand new and cased £6.00 ref @
6P3R
boat, car, caravan etc. £5.00 ref 5P206.
ACORN DATA RECORDER ALF503 Made for BBC computer
but suitable for others Includes mains adapter, leads and book
VIDEO TAPES. Three hour superior quality tapes made under
ticence from the famous JVC company. Pack of 5 tapes New low
price £8.00 ref 8P 161

walkie tatkies with a range of up to 2 kilometres. Units
range! 2 transmit power levels reqs PP3 battery. Tuneableto any FM
or battery. Complete with shoulder strap and marns lead
wow and flutter less than .35%. Neg earth £19.00 l J
afa

a parr ref 8PSOR :
4P44R 2 xC's £4 00 ret 4P73R, 4 x D's £9.00 ref 9P12R. 1 x PP3
20P32R

NEW 80 PAGE FULL COLOUR LEISURE CATALOGUE
nents to build a battery operated geiger counter. £39.00 ref 39P1R
COMPOSITE VIDEO KITS.These convert composite video into
As above but with fitted 4 to 1 iniine reduction box (800pm) and
wheel £6.00 ref 6P20R, 16" wheel £6 00 ref 6P21R.
SOLAR POWERED NICAD CHARGER.Charges 4
12 VOLT BRUSHLESS FANs 1/2" square brand new ideal for
£15.00 ref 15P43R
PHILIPS LASER. 2MW HELIUM NEON LASER TUBE.

BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS }.

POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4R.
12 TO 220V INVERTER KITAs supplied it will handle up to about
15w at 220vbut with a larger transformerit witthandle 80 warts Basic
kit £12.00 ref 12P17R. Larger transformer £12.00 ref 12P41R.
VERO EASI WIRE PROTOTYPING SYSTEMideal for design-
Ing projects on etc. Complete with tools, wire and reusable board.
New low bargain price only £2.00 ref B2P1

HIGH RESOLUTION 12" AMBER MONITOR!2v 1.5A Hercu-
les compatible (TTL input) new and cased £22.00 ref 22P2R

VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 53P4R

25 WATT STEREO AMPLIFIERc. STK043. With the addition of
a handful of components you can build a 25 watt amplifier £4.00 ref
4P69R (Circuit dia included)

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827R.
ALARM TRANSMITTERS. No data avaliable but nicely made
complex radio transmitters 9v operation £4.00 each ref 4P81R
12V 19A TRANSFORMER. Ex equipment but otherwise ok Our
price £20.00

GX4000 COMPUTERS. Customer returned games machines
complete with plug in game, joysticks and power supply. Retail price
is almost £100 Ours is £12.00 ref B12P1

ULTRASONIC ALARM SYSTEM. Once again in stock these
units consist of a detector that plugs into a 13A socket in the areato
protect. The receiver plugs into a 13A socket anywhere else on the
same supply. Ideal for protecting garages, sheds etc. Complete
system £25.00 ref B25P1 additional detectors £11.00 ref B11P1
IBM XT KEYBOARDS. Brand new 86 key keyboards £5.00 ref
SP612

IBM AT KEYBOARDSBrand new 86 key keyboards £15.00 ref
15P612

386 MOTHER BOARDS. Customer returned units without a cpu
fitted. £22.00 ref A22P1

[

“

BSB SATELLITE SYSTEMS
BRAND NEW
REMOTE CONTROL
£49.00 REF F49P1

- J

286 MOTHER BOARDS. Brand new but customer returns so may
need attention. Complete with technical manual £20.00 ret A20P2

286 MOTHER BOARDS. Brand new and tested complete with
technical manual. £49.00 ref A4GP1

UNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and
PP3 nicads. Holds up to 5 batteries at once. New and cased, mains
operated. £6 00 ref 6P36R.

iN CAR POWER SUPPLY.Plugs into cgar socket and gives
3,4.56,7.5.9, and 12v outputs at 800mA. Complete with universal
spider plug. £5.00 ref SP167R.

RESISTOR PACK.10 x 50 values (500 resistors) all 1/4 watt 2%
metal film. £5.00 ref 5P170R

CADACIIOD DACK o -

BEPE eI i

=N

MIRACOM WS4000 MODEMS
v21/23
AT COMAND SET
AUTODIAL/AUTOANSWER
FULL SOFTWARE CONTROL
TONE AND PULSE DIALLING

. _
IBM PRINTER LEAD. (D25 to centronics plug) 2 metre paral el.
£5.00 ref 5P186R.

COPPER CLAD STRIP BOARD 17" x 4" of 1" pitch "vero" board
£4.00 a sheet ref 4P62R or 2 sheets for £7.00 ref 7P22R.

STRIP BOARD CUTTING TOOL.£2.00 ret 2P352R

50 METRES OF MAINS CABLE £3.00 2 core black precut in
convenient 2 m lengths Ideal for repairs and projects. ref 3P91R
4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precut into convenient 1.2 m lengths. Ref 2P365R

TWEETERS 21/4" DIA 8 ohm mounted on a smant metal plate for
easy fixing £2.00 ref 2P366R

COMPUTER MICE Originally made for Future PC's but can be
adapted for other machines. Swiss made £8.00 ref 8P57R. Atari ST
conversion kit £2.00 ref 2P362R.

6 1/2" 20 WATT SPEAKER Built in tweeter 4 ohm £5.00 ref
5P205R

WINDUP SOLAR POWERED RADIO! FM/AM radio takes te-
chargeable battenes complete with hand charger and solar panel
14P200R 5

& <

PC STYLE POWER SUPPLY Made by AZTEC 110v or 240v
input. +5@ 15A,+12@ 5A-12 @ .5A -5@ .3A. Fully cased with fan,
onjolt switch, IEC inlet and standard PC fiyleads. £15.00 ref F15P4
ALARM PIR SENSORS Standard 12v alarm type sensor will
interface to most alarm panels. £16.00 ref 16P200
ALARMPANELS 2 zone cased keypad entry, entry exit tme delay

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

CIRCLE NO. 116 ON REPLY CARD

etc. £18.00 ref 18P200

MODEMS FOR THREE POUNDS!!

Fully cased UK modems designed for dial up system (PSTN) no datal
or info but only £3.00 ref 3P145R

TELEPHONE HANDSETS

Bargain pack of 10 brand new handsets with mic and speaker only
£3.00 ref 3P146R

BARGAIN STRIPPERS

Computer keyboards. Loads of switches and components excellent
value at £1.00 ref CD40R

DATA RECORDERS

Customer returned mains battery units builtin mic ideal for Computer
or general purpose audio use. Pnce 1s £4.00 ref 4P100R
SPECTRUM JOYSTICK INTERFACE

Plugs into 48K Spectrum to provide a standard Atari type joystick
port. Our price £4.00 ref 4P101R

ATARI JOYSTICKS:

Ok for use with the above interface, our price £4.00 ref 3R402R
BENCH POWER SUPPLIES

Superbly made fully cased (metal) giving 12v at 2A plus g 6V supply
Fl);% and short arcuitprotected. For sale atlessthan the gost of the
casa! Our proa.is £4.00 ref 4P103R =
SPEAKER WIRE

Brown twin core insulated cable 100 feet for £2 00 REF 2P79R
MAINS FANS

Brand new 5" x 3" complete with mounting plate quite powerfull and
quite. Our price £1.00 ref CD41R

DISC DRIVES

Customer retumed units mixed capacities (up to 1.44M) We have not
sorted these so you just get the next one on the shelf. Price is only
£7.00 ref 7P1R (worth it even as a stripper)

HEX KEYBOARDS

Brand new units approx 5" x 3" only £1.00 each ref CD42R
PROJECT BOX

5172 x 31/2" x 1" black ABS with screw on bd. £1.00 ref CD43R
SCART TO SCART LEADS

Bargain price leads at 2 for £3.00 ref 3P147R

SCART TO D TYPE LEADS

Standard Scart on one end, Hi density D type on the other. Pack of
ten leads only £7.00 ref 7P2R

OZONE FRIENDLY LATEX

250m| bottie of liquid rubber setsin 2 hours. Ideal for mounting PCB's
hxing wires etc. £2.00 each ref 2P379R

QUICK SHOTS

Standard Atari compatible hand controller (same as joysticks) our
price I1s 2 for £2.00 ref 2P380R

VIEWDATA SYSTEMS

Brand new units made by TANDATA complete with 1200/75 built in
modem infra red remote controlted qwerty keyboard BT appproved
Prestei compatible, Centronics pnnter port RGB colour and compos-
ite output (works with ordinary television) complete with power
supply and fuily cased. Our price is only £20.00 ref 20P1R

AC STEPDOWN CONVERTOR

Cased units that convert 240v to 110v 3" x 2* with mains input lead
and 2 pin American output socket (suitable for resistive toads only)
our price £2.00 ref 2P381R

SPECTRUM +2 UGHT GUN PACK

complete with software and instructions £8.00 ref 8P58R/2
CURLY CABLE

Extends from 8" to 6 feet! D connector on one end, spade connectors
on the other ideal for joysticks etc (6 core) £1 00 each ref CD44R
COMPUTER JOYSTICK BARGAIN

Pack of 2 joysticks only £2.00 ref 2P382R

BUGGING TAPE RECORDER

Small hand heid cassette recorders that only operate when there is
sound then turn off 6 seconds after so you could leave itin a room all
day and just record any thing that was said. Price s £20.00 ref 20P3R
IEC MAINS LEADS

Complete with 13A plug our price s only £3.00 for TWO! ref 3P148R
NEW SOLAR ENERGY KIT

Contains 8 solar cells, motor, toots. fan etc plus educational booklet.
ideal for the budding enthusiast! Price is £12 00 ref 12P2R

286 AT PC
286 MOTHER BOARD WITH 640K RAM FULL SIZE METAL
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUP-
PLY £133 REF 139P1 {no /o cards or drives included) Some

etal work reqd phone for details.

35MM CAMERAS Customer returned units with built in flash and
28mm lens 2 for £8.00 ref 8P200
STEAM ENGINE Standard Mamod 1332
engine complete with boiler piston etc £30
ret 30P200

TALKING CLOCK

LCD display, alarm, battery operated
Clock will announce the time at the
push of a button and when the
alarm is due. The alarm is switchable _—
from voice to a cock crowing!£14.00C ref 14P200 R

HANDHELD TONE DIALLERS

Small units that are designed to hoid over the mouth piece of a
telephone to send MF dialiing tones. Ideal for the remote control of
answer machines. £5.00 ref 5P209R

COMMODORE 64 MICRODRIVE SYSTEM

Complete cased brand new drives with cartndge and software 10
times faster than tape machines works with any Commodore 64
setup The orginal prnce for these was £49.00 but we can offer them
to you at only £25.00! Ref 25P1R

ATARI 2600 GAMES COMPUTER Brand new with joystick and
32 game cartridge (plugs into TV) £29.00 ref F29P1 also some with
1 game at £19 00 ref F19P2

BEER PUMPS Mains operated with fluid detector and electronic
tmer standard connections. Ex equipment. £18.00 ref F18P1

90 WATT MAINS MOTORS Ex equipment but ok (as fitted to
above pump) Good general pupcse unit £9.00 ref FOP1

HI FI SPEAKER BARGAIN Originally made for TV sets they
consistof & 4“ 10 watt4R speaker and a 2" 140R tweseter If you want
two of each plus 2 of our crossovers you can have the lot for £5.00
ref FSP2.

VIDEQ TAPES E180 FIFTY TAPES FOR £70.00 REF F70P1
360K 5 1/4"'Brand new drives white front. £20.00 Ref F20P1

IN SUSSEX? CALL IN AND SEE US!



Building
bricks into
brick wall
filters

Analogue to digital conversion
normally calls for steep filters to
remove alias components. The
sharp cutoff characteristic is
usually achieved by elliptic
designs. The frequency dependent
negative resistance elements
normally found in low frequency
elliptic filters can become too
involved for a novice filter
designer. Dr Bashir Al-Hashimi
introduces a simplified approach
to the design of elliptic filters.

nalogue to digital conversion

involves sampling a signal, a pro-

cess that can accurately represent a

conlinuous time varying signal with
a bandwidih no higher than half the sampling,
frequency. This bandwidth limit is called the
Nyquist frequency. For example, in a digital
audio broadcast system with a sampling fre-
quency of 32kHz, the Nyquist frequency is
16kt z. When frequencies above the Nyquist
frequency are sampled, the sampled compo-
nents “told-back” below the Nyquist frequen-
cy. This means that signals beyond the
Nyzjuist frequency generate unwanted signals
with the passband.

These unwanied signals are commonly
calied alias components. An anti-aliasing low-
pass filters is used to remove any signals that
cause altasing i.e band limiting the input sig-
na! to below Nyquist frequency.

Although anti-aligsing filters have different
forms and characteristics, the scope of this
article is limited to elliptic filters. Such filiers
can provide the near ideal lowpass character-

TRACEY MARTIN

istic, the brickwall response, which is needed
to maximise bandwidth and minimise aliasing.
The problem is shown graphically in Fig. 1.
There are a number of methods which can
be used to design low frequency active elliptic
filters. The Irequency dependent negative
resistance (FDNR) technique 1s the popular
choice, since this approach, which was firsi
introduced by Bruton’, involves the simulation
of the low sensitivity ladder LC filters. An
investigation was made to find out if the
FDNR design process could be simplified.

Conventional FDNR lowpass filter design
This usually involves the following sieps:

1) Choesing a normalised minimum induc
tor LC filter that meets the required specifi
cations;

2) Transforming the LC filter to its dual cir-
cuit;

3) Frequency and impedance scaling;

4) FDNR transformation and magnitude
scaling

June 1992 ELECTRONICS WORLD + WIRELESS WORLD
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Fig. 1. When trequencies above the Nyquist
frequency (the value of which is half the sampie
frequency) are sampled, the sampled components
“fold-back” helow the Nyquist frequency. This
means that signals beyond the Nyquist frequrency
generate unwanted signals within the passhand.
These unwanted signals are commonly calle: alias
components. An anti-aliasing lowpass filter is used
to remove any signals that cause aliasing i.e band
limiting the input signal to below Nyquist
freguency. The area of spectruim occupied by afias
frequencies is equal fo + the handwidth of the
sampled signal about the sampling frequency. An
anti-alias filter must remove these.

AMP
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DESIGN

c2 c4 C6 Cc8
[ (] [ 1
LL| |
0.1468 0.9232 1.2671 0.5543
L2 L6
W L4 —fUW L8
Rin = 1 W
—_— AN —— 1.2157 ﬂm\_ 0.6296 —/'mb'\_
J 0.7674 0.8932
C1 ke C3 mkm C5 ke C7 mtem Co
1.3763 1.7090 1.1914 1.3622
Fig. 2 shows the normalised required filter in LC
form used as the model for an active version Cm R1 R3
created with frequency dependent negative ML | Y AV
resistors. The LC version is easy to scale. The L] i
q o ., q R2 R4 2
author claims the same facility with the active b2
implementation.
- . C1 C3 e
Performing the above steps usually proves ™
time consuming and error prone unless com-
< < +
puter programs are uscd.A However, such pro- Ax 3 " a Ry 3 e
grams are cither not easily or cheaply avail- - =
able. or are too involved for a novice filter = =
. - . . A2 < A4 <
designer. Tt was found that. while step 1 s N REES N Ry
essential, steps 2.3 and 4 can be minimised.
Rx Ry EE
’Tlew des'gn mlelhoid losi hod b FDONR element
o [EY 71 diedix ‘thod starts
IS (UERY Ehp ||lL'.( (L\l‘ill methe a llll\‘ 3 o . o
choosing the required LC lowpass filier. This T
filter can be obtained from filter tables which
are readily available in text books™?,
Consider as an example. a filer with the fol-
lowing specifications: g',” z gg"“:‘ o - 08 = 100 .
aesh: e 1 - 6085k, R2 - 0649k, R3 - 7.555k, R4 = 4.08%
i)"““{"““i r'II’PlL <%I(dI\BI Ro - 8267K P - 560k R7 - 60220 F8 - 245
ASSD cdue= 3. RS = 4.755k
REIEHIY GRES Okl Re - 538k Ry - 3.30k Rz = 278k, Rw = 3.95k

Stop band cdge= 4k,

Stop band attenuation >60dB

The tables” indicate that a 9th-order fitter
will be needed. Fig. 2 shows the normalised
required [ilter. It is equally erminated (i.e. R,,,,
R, =182y and is chosen in preference (o the
singly terminated filter (i.e R,,=0€Q. R,,,,=1€2)
since the former has lower sensitivity to com-
ponent variations, essential when designing
filters 1o tight specifications. The filter of Fig.
2 is normalised 1o cutoff frequency of one
rad/s and impedance of 1€Q. To obtain filters
with practical component values and  the
required cutolT fregquency. a Irequency and
impedance scaling must be used. This repre-
sents the next step of the new design method.

Table 1. 3.6kHz LC filter, all capacitors in nF
and inductors in Henries

Rin = Rpy= 10kQ

c, 6.085
Cs 0.649
Cs 7.555
Cy 4.081
Cs 5.267
Cs 5.602
c; 6.022
Cq 2.451
Cq 4.755
Ly 0.538
Ly 0.339
Ls 0.278
Lg 0.395

The scaling is done using the equation: where Z is the impedance scalar, F, is the

R=Rx/ required cutolf frequency. and the prime val-

1%/ ucs are both frequency and impedance scaled.

== In our example, F,=3.6hkHz and Z (which
2l npie. £

: can be set arbitrarily) was chosen to be 10K€2,

= N 7 because this value of Z leads (o capacitors in

Date/tima run 01/08/92 14:56:43 Temperatura: 270

Fig. 4. Pspice
simulation of
the 3.6kHz
filter
implemented
in both its LC
and FDNR
forms for
comparison,

=404

-80

=120
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the FDNR filters with preferred values. Using
equation 1. the denormalised filter values are
given in Table 1. Once the denormalised L.C
filter is obtained. it is now possible 10 go
directly to the FDNR filter as shown in Fig. 3.
without the need to go through the FDNR
transformation and the magnitude scaling (step
4 of the conventional method).

The resistors R, and R, of Fig. 2 arc
changed to the capacitors C,, and C,,,, of Fig.
3 respectively., the capacitors (C; - Cy) are
changed to the resistors (R; - Ry), and the
inductors are changed 1o the FDNR clements.
The FDNR element consists of two op-amps.

three equal resistors and equal two capacitors
(see Fig. 3). The component values of the
FDNR filter are found as follows:

Resistor values (R ;-Ry) are the capacitor val-
ues (Cp-Cyrin nF x 1(kQ):

Resistor values of the FDNR element are the
inductor values in Henries x 10(k€):

C,, and €, are always 10nk. This capacitor
value was chosen because of practical conve-
nience and to yield filters with practical resis-
tor values working at audio frequencies. For
filters working above these frequencies, see
reference [4] in relation to the choice of capac-
itors.

RS R7 Ro Vout
o A AMA
Re T R8
com c7
q_
T
< + + Cout
Rz g As A7 e
—- - q-
Rz EE
Rz 2
£

Fig. 3. 9th order FDNR 3.6kHz lowpass filter implementing the LC design

of Fig. 2 in active form,

Ref level Idiv Marker 50-00CH2
10-00048 10-000d8 Mag {UDF) -0-114d8
=

Start 50-000Hz
Amptd -6dB/m

1
Stop 20-600 Hz

DESIGN

Table 2. FDNR filter table

LC filter muitiplier FONR filter
C-CulnF) 1 Ry-Rg (kQ)
R; Fixed Cin (10nF)
Rout Fixed Cout {10nF)
L, (Hanry) 10 R, (kQ)

*These are the FDNR elements resistor equal
values, taken the capacitor values to be 10nF.

Capacitor values of the FDNR elements are
taken to be 10nF.

Again this value is chosen becausce of prac-
tical convenience. However, if another capac-
itor value is preferred, then multiply all the
FDNR clement resistor values by the factor
(old capacitor/new capacitor)”. while leaving
the other filter resistors unchanged (R;-Ry),
and C,,=C,,=10nE. These apparently arbi-
trary multipliers and component values have,
in fact. been calculated or chosen to provide
optimum designs in the range of 1kHz to
S0kHz. We now have a FDNR look up table
which can be used in a similar way to the LC
filter look up tables. The FDNR filter table is
given in Table 2.

Practical realisation

Examination of the cireuit in Fig.3 shows that
the non-inverting inputs of amplifiers A;.A;.A¢
and Az do not have a DC path to ground. Such
a path is nceded in order to supply the ampli-
ficrs with the required input bias current. A
solution to this problem is to connect a resistor
across cach of the input and terminating
capacitors (C;, and C,,,). This resistor needs
to be sufficiently large so as not to interfere
with the filter performance: for audio filters
IMQ2 is acceptable. Being an cqually termi-
nated filter a 6dB loss is incurred.

For practical circuits. input and output
buffers can make up the 6dB loss if necessary.
The FDNR filter of Fig. 3 can be built using
dual ep-amps (I'L072) and 1% resistors and
capacitors.

Figure 4 is a Pspice simulation of the L.C
and the 3.6kHz FDNR filters which verify the
new design method. Modcls of the TLO72 op-
amps supplied by Texas Instruments were
used in the simulation. Figure 5 shows the
measured response of the 3.6kHz FDNR filter.
The notch frequency of the LC filter is given
by:

|
F OH L = (2)
" gL
where L and C comprise the tuned circuit. The
notch frequency of the FDNR filter is given
by:

1
F,

natch = W

(3

Fig. 5. Pspice simulation of LC characteristic
against the active FDNR form together with the
measured response of the active filter (Fig. 6).
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Datettime run 12/18/91 13:37:47

Temperature:27-0

Fig. 6. Pspice
simulation

4

showing a
calculated
response of an
FDNR filter scaled
for 2.5kHz using
the method
described by the
author.

Kh

where R, is the series resistor with the FDNR
element and € and R are the capacitors ansl
the resistors of the FDNR element (Fig. 3).
Table 3 gives the notch frequencies of the LC
parent filter together with the predicted and
the measured 3.6kHz ['DNR filters. This
shows a good agreement between the theore(-
ical and the practicul response. The small dif-
ference in the notch trequencies between the
practical and the simulated designs is
explained in reference [3].

Filter scaling
Once a lilter has been designed. it often needs
scaling in frequency and passive filters do that

casily. Traditionally, the same can’t be said of

scaling FDNR. aclive filters. Using the new

Kathy Lambart
081 652 3139

design method, scaling the active filter can be
easily achieved by multiplying all the resistors

including the FDNR elements - by the fac-
tor (F/F "), where F_ is the existing cutot! fre-
quency, and F,.” is the new cutofl frequency;
all  existing capacitor values remain
unchanged.

In our example, il we require lo scale the [il-
ter 10 a cutoff frequency of 2.5kHz with the
same characicristics, then we need to multiply
all the resistor values by (F /F " )=1.44. Figure
6 shows a Pspice simulation of this [ilter. The
notch frequencies of this filter are found by
dividing the notch frequencies of the 3.6kliz
filter by 1.44. Experience and computer sim
ulations have shown that common use op-
amps such us the TLO72 or the NE5532 can be
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Table 3 Notch frequencies of the 3.6kHz filter

LC Simulated FDNR Measured
FDNR
F2(kHz) 8.517 8.376 8.20
Fa(kHz) 4.279 4.266 4.251
F6(kHz) 4.033 4.024 4.022
F8(kHz) 5.115 5110 5110

used 1o design lowpass elliptic filters with cut
off frequency up to 20ktiz. Beyond this fre-
quency the open loop gain of such amplitiers
is not high enough which is essential for the
correct operation of the FDNR element’. m
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I I LC I O N 21st Century Electronics // \
] 56b Milton Park \\
ELECTRONICS S
: e - - : Oxon 0X14 4RX
Test equipment, video monitors, amateur radio gear, printers, I ——— w/
power supplies, communications, disk drives, multimeters,
oscilloscopes, scientific instruments, connectors, component o z
bridges, frequency counters, signal generators, computers. R 0 M EM U LATO R S
SAGE 2-WAY CO-AX SWITCHES SAN2120 N CONNS £95 LOGIC ANALYSERS, VARIOUS Fram £4610 £95
UDI 2026 SONAR SCANNER, SURFACE UNIT £895 AVO CZ457/5 LCR COMPONENT COMPARATOR  £75 B Fastest download Paallel output for Battery-backed Large capacity
B&K 1013 BFO & 2305 LEVEL RECORDER £195 ANALYTICAL BALANCES WITH WEIGHTS £69 on the market - chaining up to memory for memory
UPA CAVIDERM CD6 P.TH. TESTER £750 MARCONI TF2331 DISTN FACTOR METER £175 € 8 units { portability 128 Kbyte and
GOULD BRUSH 260 6-PEN CHART RECORDER ~ £95 LIGHT BOXES 230V 10x12" area £49 over 500 Kbits/ 1 Moy
CANON ZOOM LENS C-MOUNT V6x17 17-102mm  £95 DECADE RICV BOXES From £15 second versions
SONY HVC2010P COLOUR CAMERA £95 KAYE DEE PNEUMO UV EXP UNIT 39(x250mm €175
MILITARY RADIOS, RING FOR DETAILS VACUUM PUMPS TYP 100MBAR (28LMIN) £95 B Connects to PC
MARCONI MARINE KESTREL 3 POA RHODE & SCHWARZ PZN PHASE METER £125 parallel port - no
WIRELESS WORLD CIRCARDS SER 1-25 cased  £49 R&S SOR UHF SIG GEN 290-1020MHz £175 P
CONSTANT VOLTAGE TRANSF'S 150VA2KV  POA R&S SCR UHF SIG GEN 950-1300MHz £195 special interface gl”‘en“; ':’9“ A
TEK 5458, 585, 5354, S41A, etc From£49 R&S SMLM POWER SIG GEN 30-300MHz £165 card required I 1)
TEK 545/585 SERIES PLUG-INS From£10 R&S SMLR POWER SIG GEN 1-30MHz £130 1 e Y
IBM POLAROID PALETTE, CGA £195 CALIBRATION STANDARDS CVLR POA B Supports 8/16/32  perormance /4
COMMUNICATIONS RECEIVERS, VARIOUS POA  COSSOR CRM533A VHF NAVICOM RF SIC GEN | erc bit applicatiors F A5
HP 1340A X-Y CRT DISPLAYS £145 COSSOR CRM511 ILSVOR AUDIO SIG GEN 3 ,- i
W Portable - p il &
Visit our bargain corner in shop. battery backed NN 4
Many valuable items at knock-down price_s. memory 7 e
VALRADIO FCB23(v200 50Hz TO 60Hz 200W £95 TOPAZ 91007-11 75KVA 120/240-120/240 £249 B Comprehensive
WANDAL/GOLTERMAN SPM-2 SEL LEVEL METER £169 KINGSHILL NS1540 15V 40A PSU CASZD £295 downloadiupload
GAUGE BLOCKS (SLIP GAUGES) VARIOUS ~ Fromg5 HP 6168, 618C, 6264, 6284 SIG GENS £35ea software for [; -
WAYNE KERR RA200+ADS1 DISP STORE £995 TEKTRONIX 7403N, OF1, 7D01 LOGIC ANAL  £495 . YRR
HONEYWELL 612 HUMIDITY/TEMP RECORDERS  £95 OSCILLOSCOPES DUAL TRACE S/STATE  From£110 Binary, Intel Hex
TEK 5L4N 100KHz SPECT. ANAL 5110MF, ETC  £750 MARCONI TF2303 AMFM MOD METER 5:0MHz  £245 and Motorola
SIEMENS XTC1012 2PEN CHART RECORDER  £395 ROBIN 4112 PHASE EARTH LOOP TESTER £75
RUSH RT2 EN CU WISTRIPPER 28-45AWG £195 ROBIN 5402 DIGITAL RCCB (ENTLCB) TESTERC £75 S-Format
RUSH DCF4+VAR SPEED CONT 9-20AWG £95 B&T LAB OVENS 12x13x14 INTERNA_ 2 (°C £195 3 nc e Optional e
BBC-B & MASTER COMPUTERS From£99 REDPOINT 6E-1, H'SINKS 15°C/W. (Q7Y 204)  £1.50 ® Optional add-in tar oﬁ?;&e; r pi;(_’]g;ljbacked cg;‘:lecotison via
MARCONI TF2300 FWAM MODULATION METER  £195 STAG PP41 EPROM PROGRAMMER £495 board for full trget ROM ol 2wy C paral d
TEKTRONIX 834 PROG DATACOMMS TESTER  £395 MARCON! TF2330 WAVE ANALYSER £150 2-way host-target o Sammoraiions o
VARIABLE OUTPUT PSU's HV & LV From£35 LEADER LBO-9C ALIGNMENT SCOPE £249 o P
TEKTRONIX 520 521A PAL VISCOPES From£475 SIGNAL GENERATORS AF TO 21GHz From £15 communications board
i LIST AVAILABLE, BUT 1000'S OF UNLISTED BARGAINS FOR CALLERS
QUALITY ELECTRONIC EQUIPMENT BOUGHT. ALL PRICES EXC. OF P&P AND VAT CALL, WRITE OR FAX FOR MORE INFORMATION:
] A Diwvision af 21st Century Entertainment Limited
.30 MON-SAT. TEL 081-542 6383.
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Are You Operating
In The Dark?

IMAGE PROCESSING is the only European publication written
specifically for image processing professionals - whatever the
application.

e From medical imaging to remote sensing, industrial inspection to document imaging,
IMAGE PROCESSING can brief you on advances in your area while giving a refreshing
insight into the way imaging technology is being used in other disciplines throughout
industry and science.

¢ Available at the special offer price of £14.95 for five issues - a saving -of over £10 off
the normal subscription price of £25.

¢ The special offer price is valid if subscriptions are returned within three weeks:

The only authoritative voice in the market

YES, | would like to take out a ease tick one box (either
subscription to IMAGE PROCESSING at Please invoice my company for £7495  OR Please debit my credit card account by £14.95
£14.95 for one year.(inc five issues) Plezse inacate wich credit card
[ ] Access [ i [ American Express Diners Club
NAME
= - ————— — = Please give credit card number
JOBTIE S B - S
COMPANY NAME - S - borydte 0000000000000
ADDRESS e B - -
Signature o -
T B o o ) o - = Date L e pa——— | y—
POSICODE TELNO

Please tick here if your do not wish to receive-direct mail promotions from other compan s

PLEASE RETURN TO: MAGE PROCESSING SUBS DEPT, FREEPOST, ROOM H320, @ REED
REED BUSINESS PUBLISHING, QUADRANT HOUSE, THE QUADRANT, SUTTON, SURREY SM2 5BR 'O PUBLISHING
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Those who would
audition their audio
equipment for the effects
of dielectric material in
the coupling capacitors
and oxygen in their
speaker cables have long
been ridiculed by the rest
of us who merely use our
hi-fi to listen to the music.
Ultra-sensitive audio
measuring
instrumentation seems to
provide evidence that the
golden ears brigade might
be right after all. Audio
consultant Ben Duncan
reports.

PROOF FOR THE GOLDEN
EARS HYPOTHESIS?

udio Precision. a US company founded
Aby ex-Tektronix engineers, presently
makes some of the world’s most
advanced audio test equipment.
Highly dependent on complex digital signal
processing to produce its results, AP’s recent
software update has introduced challenging

new tests for analogue audio, using DSP sam-
pling at up to 192kHz. This can eke error sig-
nals out of the noise through steep but fast
settling filtering with a degree of precision not
previously possible.

One of the new tests enables individual har-
monics up to the 10th to be plotted against fre-

quency, down to some 0.00006% (60ppm).
The other prods the DUT with a tone, typi-
cally 1kHz, which it cancels to <—130dB, and
plots the resulting spectra. This shows both
harmonics and intermod products. The sensi-
tivity of the new tests is producing seemingly
objective evidence of effects previously held
to be utter rubbish by hard line objectivists.

Ben Duncan Research  1KSA3DUT AMP1(dB) vs FREQ(Hz) 11 JaN 92 23:19:24| Fig. 7 Before Figure 1 shows the output spectra of a

Sl —'—’—'—y— T T T T T T as]| | thecapacitor  Rauch DVT-50s professional power amp at
; | change. The - 13dB below clip into 8Q. Under these condi-
. | outpat 4 p . .

T I N I L1 ] et P:’ i tions, odd harmonics dominate. In Fig. 2, the
! [ || Z,:‘:CdrraDoV;- 00UF DC blocking capacitor in the ground-
| 50 ing arm of the amplifier negative feedback

-188.8 — 50s . )

| professional loop I}as been c]}anged tor_hack—lo‘—_bacl\‘clcz}ps
‘ »Ni\]’l [ power amp at  otalling 165UF. The sonic benefits of doing
118.8 1+ — T 13dB below this have long been recognised. All other con-

II | clip into 8C). ditions remain the same.

_szp.8 | Nio | e Al 1 Under these Figure. 2 clearly documents differences that
L AP ‘ ¥ il r** ol JM conditions, corroborate the audible change. Looking care-
vy I IR 'll YT de . fully, one can sce that the reversible elcap

SEELR) I 1 1 ] Armonics increases all the even harmonics up to the &th,

| | [ dominate. . .
| J | [ making them almost dominant. It also changes

-148.8 — L L : S N D D O the residue so the odd harmonics above the

1.88k 3.8k 5.8@k 7.88k 9.88k 11.8k 13.8k 15.8k 17.8k 19.8k 9th slope off monotonically. The full eftect of
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Fig. 2. And afterwards... the 100uF DC blocking Ben Duncan Research  1KSA4DUT AMP1(dB) us FREQ(Hz) 11 JAN 92 23:31:41
capacitor in the grounding arm of the amplifier -80.00 -
=

negative feedback loop has been changed for
back-to-back elcaps totalling 165pF. Looking
carefully, one can see that the reversible elcap
increases all the even harmonics up to the 8th,
making them almost dominant. It also changes ~190.9
the residue so the odd harmonics above the 9th
slope off monotonically.

-90 .00

-118.8 }

b f‘f Ly !ﬁ

: o f : -120.0 l ‘
this change can be more fully appreciated by Ui Iﬂ [
overlaying psychoacoustic weighting'. but the \ H’
principle is clear enough. Figure 3 shows how -130.0 |

a traditional THD+N vs frequency measure- ‘
ment misses the point; THD in the modified 1408
unit {upper plot) appears to be unchanged 1.06k  3.80k 5.08k 7.0k 9.8k 11.6k 13.@k 15.0k 17.8k  19.8k
below 1kHz and slightly higher above 1kHz.
leading 1o talse conclusions. The new tests are Be“an';"ca“ LRyl
so sensitive that the effects of changing and )
upgrading individual components can be seen.

i
=
=

THDF4ADVUT THD+N(%) vs FREQ(Hz) 11 JAN 92 23:47:41
Ap

T
I
I
1

Reference ]
1. ].R.Stuart, Psychoacoustic mocdels for -
ovaluating errors in audio systems, Proc 1OA =
Vol. 13 Pt.7, 1991. o
0.010

RN

Fig. 3 shows how a traditional THD+N vs =SB E s
frequency measurement misses the point: THD
in the modified unit (upper plot) appears to be |
unchanged below 1kHz and slightly higher l

above 1kHz. Even so, general opinion holds that
the modified amplifier with the apparently 8.001 |
higher THD levels sounds better. dd 109 1K 16K S0k

Many Radio Amateurs and SWL's are puzzled. Just what are all those strange signals you can hear but not identify on the Short Wave

Bands? A few of them such as CW, RTTY, Packet and Amtor you'll knaw - but what about the many other signals?

Hoka Electronics have the answer! There are some well known CW/RTTY decoders with limited facilities and high prices, complete
with expensive PROMS for upgrading etc., but then there is CODE3 from Hoka Electronics! It's up to you to make the choice — but
it will be easy once you know more about Code3. Code3 works on any IBM-compatible computer with MS-DOS 2.0 or later and
having at least 640k of RAM. The Code3 hardware includes a digital FSK Convertor unit with built-in 230V ac power supply and
RS232 cable, ready to use. You'll also get the best software ever made to decode all kinds of data transmissions. Code3 is the
most sophisticated decoder available and the best naws of all is that it only costs £299!

@ Morse - Manual/Auto speed follow. On screen WPM indicator @ ARQ6-90/98 - 200 Baud Simplex ARQ @ FEC-A - FEC 100A/FEC101

@ RTTY/Baudot/Murray/[TA2/CCITTZ plus all bit inversions @ SI-ARQVARQ-S - ARQ 1000 simplex @ FEC-S - TEC1000 Simplex

@ Sitor — CCIR 625/476-4, ARQ, SBRS/CBRS FEC, NAVTEX etc @ SWED-ARQ/ARQ-SWE - CCIR 518 variant @ Press DPA - 300 Baud ASCIl F78C

@ AX25 Packet with selective callaign itoring, 300 Baud @ ARQ-E/ARQ1000 Duplex @ Wirtschafidienst — 300 Baud ASCH F78C
@ Facsimile, all RPM/IOC (up to 16 shades at 1024x768 pixels) @ ARQ-N - ARQ1000 Duplex variant @ Sports info. - 300 Baud ASCll F78C

@ Autospec — Mk’s | and 1| with all known interleaves @ ARQ-E3 - CCIR 519 variant @ Hellscreiber — Synch./Asynch

@ DUP-ARQ Artrac - 125 Baud Simplex ARQ @ POL-ARQ - 100 baud Duplex ARQ @ Sitor RAW - {Normal Sitor but

@ Twinplex - 100 Baud F7BC Simplex ARQ @ TDM242/ARQ-242 - CCIR 242 with 1/2/4 channels without synchronisation)

@ ASCH - CCITT 5, variable character lengths/parity ©® TDM342/ARQ-M2/4 - CCIR 342-2 with 1/2/4 channels @ F78BN — 2 channel FDM RTTY

All the above modes are preset with the most commonly seen baudrate setting and number of channels which can be easily
changed at will whilst decoding. Multi-channel systems display ALL channels on screen at the same time. Split screen with one
window continually displaying channel control signal status e.g. Idle Aiphas/Beta/RQ’s etc., along with all system parameter
settings e.g. Unshift on space, Shift on Space, multiple carriage returns inhibit, auto receiver drift compensation, printer on, system
sub-mode. Any transmitted error correction information is used to minimise received errors. Baudot and Sitor both react correctly
to third shift signals (e.g. Cyrillic) to generate ungarbied text unlike some other decoders which get ‘stuck’ in figures mode!
Six Options are currently available extra to the above standard specification as follows: 1) Oscilloscope. Displays frequency against
time. Split screen storage/real time. Great for tuning and analysis. £29. 2) Piccolo Mk 6. British multi-tone system that only we can
decode with a PCl £59. 3) Ascii Storage. Save to disc any decoded ascii text for later processing. £29. 4) Coqueiet — French multi-
tone system, again only on offer from Hoka! £59. 5} 4 Special ARQ and FEC systems i.e. TORG-10/11, ROU-FEC/RUM-FEC, HC-ARQ
(ICRC) and HNG-FEC. £69. 6) Auto-classification. Why not let the PC tell YOU what the keying system is? £59,

NEW VERSION 4.00 JUST RELEASED - Now with improved user interface and even more features!

Please add £5 to the above prices for Carriage by fully insured First Class postal delivery (default mode).
Call or write for our comprehensive information leaflet — there is just not enough room here to tell you everything about Code3!
Professional users — please ask about our new CODE30 DSP unit available soon! {Piccolo down to — 12dB S/N!!)
Prices start from £1250.

HOKA ELECTRONICS (UK)
26 Bury Road, Shillington, Hitchin, Herts., SG5 3NY

Phone (0462) 711600 or Fax (0462) 711769
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Sorting out the plumbing
with directional couplers

Which way is the
power travelling along
the line? Couplers will
provide the answer.
Dick Manton
examines this most

- useful piece of RF
plumbing. ‘

irectional couplers are found in most
Dlransmission systems, where they act

as samplers of transmitted power or
give indications of mismatched loads or anten-
nas. On a transmission line, a mismatched ter-
mination causes waves to be reflected back to
the transmitter!, resulting in a loss of available
transmitter power and increased voltage on the
line. But a directional coupler used to monitor
forward and reverse powers can minimise
losses and voltage problems.

Most amateur radio transmitters incorporate
them in some form or another to ensure that
maximum power is transmitted. At the other
end of the power range, in high power-televi-
sion transmitting stations, voltages derived
from precision couplers are used to trigger
executive circuits. The circuits ensure that
economically-designed antennas do not
become overloaded with power under trans-
mitter fault conditions and they alert the oper-
ator if the antenna voitage reflection coeffi-
cient exceeds 1-2%. Greater levels of
reflection coefficient than this may result in all
viewers receiving perceptible ghost images on
their screens.

The sampling systems

Directional couplers can be used for more than
just monitoring power flow, and may take
many forms ~ depending on frequency bands,
power levels and required bandwidths.

But all wide-band versions operate by sam-
pling the voltage V and current / (or the cor-
responding fields £ and H) in a transmission
line.

Equal co-phased currents /; and I are then
derived from these samples and are used so
that, when power flows from A to B (Fig. 2),
they add in load C and subtract load D.
Reversing direction of power flow changes the
direction or sign of either the voltage or the
current (but not both). Derived currents then
add in the load on port D and subtract the load
on port C.

The current transformer in Fig. 3 is suitable

|
. forward wave —»

¢ <«— reverse wave

4

transmitter > A l‘ B
directional
coupler load
C D

1
T

50 ‘ 50
|

Fig. 1. Directional coupler showing the four
ports.

50 50

—»m
-« T
O
O

Fig. 2. Currents derived from the E and H
fields within transmission lines rearranged to
add or subtract in loads C and D.
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load

Fig. 3. Low-frequency directional coupler,
using a current transformer.

L 50
50
VA% /
load c
-

forward reverse

I 1

t

Ie Iy

i

load

-

Fig. 4. Familiar form of the Maxwell bridge,
and drawn as a directional coupler.

wall of transmission line
Ly

(a)
coaxial
trimmer /OUtpr
resistor fine-threaded
N rotating
wall of § cylinder
transmission N
line §/
\

g E E

plate $
—»@®H HP =
power power
flow flow

Fig. 5. Adjustable loop directional coupler
showing (a) the essential parts and (b)
practical form.

for use at frequencies below 3MHz. Current is
sampled by a current transformer, and voltage
is sampled by capacitor C,. Loads R¢ and Rp
are the forward and reverse power loads
respectively and a variable capacitor C, acts
as a potential divider to allow the level of /¢ to
be adjusted. A further control may be needed
to adjust relative phases.

Maxwell bridge

Figure 4 shows a Maxwell bridge in its usual
configuration and then redrawn as a direc-
tional coupler. Voltage is again sampled by a
capacitor C, and the voltage developed across
inductor L is a measure of current.

The coupler is suitable for use at frequencies
below 30MHz. In a 50Q system the theoreti-
cal condition for perfect directivity and input
impedance at all frequencies is that L/C = 507,
Coupling factor k, which increases with fre-
quency, is given by k = 2010g10§m/\/(]+m2))
where m = 1100rfC.

Adjustable loop

The essential parts of an adjustable loop cou-
pler, suitable for examining the fields within
large diameter coaxial transmission lines up to
frequencies of I000MHz, are shown in eleva-
tion in Fig. 5a; a practical version is shown in
Fig. 5b.

A small metal plate, parallel to the screening
wall of the transmission line, together with
resistors R and Ry form a rectangular loop of
area a;, which couples with the magnetic field
H. Electric field E couples into area a, of the
plate. Suitable choice of areas a; and a, will
result in the system having directional prop-
erties. The loop, supported on a cylinder (Fig.
5b), can be rotated on a fine screw thread to
increase the E coupling by penetration and
also to vary the H coupling by changing the
angle of the loop relative to the direction of
the H field.

Change of angle gives coarse adjustment of
directivity and a trimming capacitor at the cen-
tre of the loop provides fine adjustment.

One load is built into the coupler, so that it
is inaccessitle, and a coaxial line is brought
out to provide the coupled output. Separate
couplers are required for forward and reverse
indications.

The coupling factor of this type of direc-
tional coupler is rarely made greater than
about -26dB (k = 0.05) because increased
penetration would lead to significant mismatch
on the line. & increases almost linearly with
frequency. Subject to the built-in load having
negligible reactance, directivity of the coupler
remains good at all frequencies, once it has
been set. (Both versions of UCL’s directional
loop antennas' are actually free-space direc-
tional couplers and bear close relationships to
the above.)

Coupled transmission lines
Any two transmission lines, running parallel
so that their £ and H fields can interact, can be

RF ENGINEERING

Coupler components

s
A !yplcal dlrccnon.xl coup]?:r has tnur poﬂ%*
A, 3. C, and D (Fig. 1). Most power flows .
= -from the transmitter on port A to the load on
!“pott B. But a fraction of this forward %
; “travelling power is delivered to a matched y
o load on port C, and no power is deiwercd 104
s the load on port D. = # e ke %‘23
o “he circuit is symmetrical ‘about the
w.mcal centre line, so the same fraction of #
" anv power flowing from B to A in the 5%
reverse direction is transferred to the  * 2
¢ matched load on port D, _¢3”
For convenience, gssume a 508 system
§$ “and that a matched load implies a 50Q ¥
i res:stance with zero reactance. Insertion of -
?’ a perfect directional coupler into a « %%
% traasmission system will not disturb the 3‘3’5 @(
£ imoedance match of the system. By
mezsuring voltages Vi~ and Vi across loads 7,
v C end D the ratio of reverse-te-forward
.yoiage or power can be calcuated. If the ..
o mlplmg ratio is known, the actual forward %:
4

i |

and backward powers can 2 alsc be .
ki 8
- calzulated. g 2»* * o
Fod, Ok &
ey 3&;@ Bt o By
: TR £ MR | N P
(L LR i 4 %‘gﬁg ¢ g
& s SR Y et PERTT g
e o oow refs g Wi
load

cross-section of
coupled length

® ®
- [¢]
® Q
odd mode even mode
Zoo Zoe

(b)

Fig. 6a. Coupled transmission line directional
coupler; (b) cross-section of the coupled
length driven in odd and even modes.

made to form a directional coupler. The easi-
est form to describe is the symmetrical
arrangement, Fig. 6a, where two similar coax-
ial lines are made to share the same outer
sheath over a portion of their length 4.

The resulting directional coupler is useful at
all frequencies between 3MHz and 1000MHz.
Main features are:

+» Coupled forward power is delivered to the
coupled port closest to the input;

» Coupling factor increases almost linearly
with frequency when the coupled electrical
length d is very short compared with the
wavelength A; within the coupled section.
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Coupling ratio: Assuming all ports are
appropriately matched (Fig. 1), the voltage
coupling factor k is defined as V/V4, usually
expressed in dB as 20log;o(V/Vy). It varies
with frequency.

Directivity: In an imperfect directional
coupler, even if there is no actual reverse
power, a fraction of forward power may be
delivered to the reverse power load on port D.
Directivity, in dB, is defined as
20logo(Vp/V ). Directivities of some types of
directional couplers are fairly constant with
frequency, but all are seriously affected by
any mismatch or change of impedance of the
load on port C (the negative sign of the
coupling factor or directivity in dB is often
omitted).

Sometimes the loads C and D on a
directional coupler are replaced by
appropriately matched detector circuits and
meters to give indications of the levels of
forward and reverse power, or circuitry is
provided to take action if the power levels
stray outside predetermined limits. The whole
device is then referred to as a reflectometer.

Otherwise the coupling factor varies cyclical-
ty with frequency. The coupling is zero when
electrical length is an integral number of half-
wavelengths long and reaches a maximum
when it is an odd number of quarter-wave-
lengths long. For optimum constancy of cou-
pling factor with frequency. the coupler is usu-
ally designed to be a quarter-wavelength long
at mid-band;

* Provided the relationship between cross-
sectional dimensions obeys certain rules, the
input match and directivity remain perfect at
all frequencies, until these dimensions become
comparable with a half wavelength.

The rules to be obeyed concern the charac-
teristic impedances. Zg) and Zpg. of trans-
mission lines having the cross-sections of the
coupled section, but driven in either odd or
even modes (Fig. 6b).

If Ay, is the maximum coupling factor
obtained when d = A, /4, the values of charac-
teristic impedance for a 50€2 system are:

d
/A AY
T )
= d  load
™° °r
(N1 ) A
J J
reverse forward
50 50

Fig. 7. A pair of capacitively-coupled
transmission lines forming a narrow-band
directional coupler.

I+,
Zyy =25 \[-I—— /\""“ and

a

=%

7 =100 | AT
o1 V 1+

mua

ie ZpoZor = S0°. Expression for the coupling
factor at any frequency is:

(= / k., sin" @

\j =k cos @

where 0 = 360°d/A; and A; = the wavelength
within the transmission line. In any coupler
much shorter than A;/4, & is almost propor-
tional to frequency. When the required &,,,,,, is
less than -30dB (0.032), an acceptable dirce-
tional coupler can be forimed by simply cutting
away portions of the outer conductors of two
coaxial transmission lines and then bonding
the two lines together.

Capacitively coupled transmission lines
A simple directional coupler, operating rea-
sonably well over a small band of frequencies,
can be formed by connecting capacitors
between the inner conductors of two lines at
two separate points (Fig. 7). Expressions for
the values of C and d are:

d = tan™m/360° line wavelengths
and

C = 10¥rfin pF
where

o

[—
nm=4|—
V&

and f'= the frequency in MHz. A -20dB cou-
pler of this type has a directivity better than
—30dB and an input reflection coetTicient bet-

e

|

d
> directional ‘(}
coupler coaxial ine -l load
[Val
50 50
(a)

Fig. 8a. Directional coupler arranged for
o determination of its directivity when only
amplitude or voltage can be measured;

(b) Measured variation with frequency of
apparent reflected voltage .

ter than 0.3% within a £2% bandwidth.

Adjusting directivity

Directivity of a directional coupler should be
sct and fixed at manufacture — any subsequent
unauthorised adjustments may require a com-
plicated procedure to restore the directivity.

If directivity is only =20dB (10% voltage)
and measured reflection cocfficient is 25%,
the real reflection coefficient could be any-
where between 5% and 35%. If a load is avail-
able to take the test power and is known to
have a negligible reflection coetficient, adjust-
ment of the directional coupler is simple: it
can be adjusted to give a zero reverse power
reading.

It the reflection coefticient of the test load is
finite but unknown, it is still possible o elim-
inate it by using a swept-frequency method. A
signal generator and the directional coupler
should be connected to the load through a
length of transmission line ¢ which has the
correct impedance and which is, preferably,
several wavelengths long at the mid-band fre-
quency of the coupler (Fig. 8a). Amplitude of
the reverse voltage should then be measured
as the frequency is swept through a band of
frequencies which is greater than df, . where
&fy = (150 x velocity fuctor)d MHz

Provided the reflection coefficient of the
load is small and is practically constant over
the swept range, the resulting plot of reflected
voltage against frequency will generally com-
plete a full cycle after 8f) MHz. Figure 8b
shows the resultant amplitude when the error
introduced by the coupler’s finite dircctivity
adds vectorially to the reflection from the load
as the latter changes its phase with frequency.

It is not immediately obvious whether the
constant component or the ripple results from
the reflection coefticient of the load. However,
a slight change in the reflection cocfficient,
brought about by unscrewing a connector
slightly or by changing the load. will resotve
the ambiguity and the directivity can be
adjusted.

A more advanced method of eliminating the
reflection coefficient of the load makes use of
a vector voltmeter. Two measurements are
made at the same frequency, one through a
short length of transmission line and the other
through the same length plus an extra quarter-
wave. In one case the two complex voltage
vectors add and in the other they subtract. So
it is relatively easy to separate them on a com-
plex diagram. |

References

1. Manton, Dick. “Impedance transformation
with standard 5(€2 coaxial feeder”, EW +
WW, October, 1991, pp. 820-822.

Next month: Hybrids and couplers in
power applications.
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HEWLETT PACKARD

RALFE - ELECTRONICS

36 EASTCOTE LANE, S. HARROW, MIDDLESEX HA2 8D

£2000

£5000

£6500
DOWN £2250

£3250
DOWN £1950

HP182C/85588 0.1-1500MHz
HP182T/8559A 21GHz system
HP3585A 40MHz analyser
MARCON! TF2370 110MHz analyser
MARCONI TF2371 200MHz analyser
HP1417/85528/8554B 1250MHz system
HP1417/8552B/8555A 18GHz system DOWN £2950
HP1417/8552B/8556A 300kHz AF system DOWN £1250
HP3582A dual-channel 25kHz analyser £4500
MARCONI 2382/2380 400MHz system DOWN £5750

MARC! STRUMENTS

2019A synthesized signal generator 10kHz-1040MHz ~ £2250
2091C/2092C white noise receiver/transmitter, pair
2015 signal generator AM/FM 10-520MHz
2015/2171 above but with synchranizer

2017 10kHz~-1024MHz AM/FM signal generator
2356/2357 level oscillator/level meter

2380/82 400MHz spectrum analyser

2388 1GHz active probe

2437 100MHz timer/counter

2501 RF power meter 0.3W DC-1GHz

2503 RF power meter to 100W DC-1GHz
2828A/2829 digital simulator/analyser

2833 digital in-line monitor

2870 data communications tester,

2955 mobile radio test set

TF2600B video voltmeter

TF2908 bianking & sync mi

TF2910/4 non-linear distortion (video} analyser
TK2374 zero-toss probe kit for 2370 analyser
TM4520 inductor set

URGENTLY REQUIRED —
‘HIGH-END’ test Equipment
by brand names. TOP prices paid
for HP, TEK, MARCONI etc.

TEL 081-422 3593. FAX 081-423 4009

TEST EQUIPME

AIM 501 low dstortion oscillator GPIB/RS232
ANRITSU MW9BA/MH925A optical TDR

AV CB154/5 electrolytic & tant’ cap’ bridge
AVD RM215L-2 ac/dc breakdown tester to 1 2kV £695
BRANDENBURG Alpha il 507R 0-5kv

BRUEL & KJAER 4416 response test unit

FAINELL PSG520 signal generator AM/FM 1

FLJKE BO10A digital multi-meter

£500
DOWN £1500
£450

generator 1.5-520MHz syntresized
RF micro-wattmeter 0.02pW-200mW
9300 RMS voltmeter —80dB to +50
ACAL Store 4 4-channel tape recorder

RACAL 9341 LCR databridge component tester
ROHDE & SCHWARZ CMT54 mobile radio test se GPIB
SCHLUMBERGER 1250 frequency response anals/ser
SCHLUMBERGER 4021 mobile radio test set
SYSTEM VIDEOQ TV vectorscope/waveform monitor
TEKTRONIX J16 digital photometer
TEKTRONIX 1485R full spec’ TV waveform monitar
TEKTRONIX 1503B/03/04 TDR cable tester
TEKTRON!IX SG503/PG506/TG501 calibration system
TEKTRONIX 7623A 100MHz storage scope 7B5:A
7A18s
TEKTRONIX 7613/7A19/7B10 storage scope sy=tem
TEKTRONIX 7A13, 7A26, 7B53A, 7A18, 7885, 7B87.
7CTIN
TEKTRONIX AFG5110 arbitrary function generater
TEKTRONIX 576 transistor curve tracer

116028 transistor fixture for S-pararme-er test ~ £250
rter for 8640B £500

z spectrum analyser

£2

oireque analyser \
Hz
0 Y o V!s 20Hz-4M

meter H\
er, programmable
unter with DVM and HP! i
z counter with High-| marce DVM opt. £350
me-interval probes £250
16A >ower supply [o5% £250
rator plug-in unit £3000
mixer £2750
£650
2A 250MHz pulse generator £1500
B8405A szctor voltmeter, voltage & phase to 1000MHz ~ £1250
B406A -omb generator £1000
B503A 3-parameter test set £1500
B505A tetwork analyser £5000
8556A. ~41T/85528B spectrum analyser system a.f
8558B. -82C 1500MHz spectrum analyser s+stam
8559A, 82T 21GHz spectrum analyser system
B8566B spectrum anaiyser
B590A 1500MHz spectrum analyser GPIB orticn
B600A zigital marker generator for 8601A
B614A sgnal generator BOOMHz—2.4GHz
83508 sweeper matn-frame
B6222.4 sweep generator plug-in 10MHz—-2 £GHz
B8640A =ignal generator 5-520MHz AM/FM
8640B <ignal generator from £1500
B750Astorage normaliser £750
8903B-audio analyser options 001/010/051 £2750
Ba54A transceiver interface £500

£1750

PLEASE NOTE: ALL OUR EQUIPMENT IS NOW CHECKED
TO MANUFACTURERS' SPECIFICATIONS BY INDEPEND-
ENT LABORATORY TO BS5750 Certificates of calibration
ths standard can be supplied at very r2asonable cost. Al
items guaranteed for 3 months (90 days) and 7-days return
for fu refund’ warranty. URGENTLY REQUIFED FOR STO K
hizn end test eguipment, cash
secowd-user Instruments. ALL PRDCES SIJBJECT To ADDI
TIONAL VAT.

WAYNE KERR 3245 inductance analyser GPIB ortion
YDKOGAWA 3061-21 6-channel chart recorder

PLEASE CALL.

CIRCLENO. 122 ON REPLY CARD

With 50 years' experience in the design ard manufacture of
several hundred thousand transformers we can supply:

AUDIO FREQUENCY TRANSFORMERS OF

EVERY TYPE
YOUNAMEIT!  WE MAKE IT!
OUR RANGE INCLUCES

Microphone transformers (all types). Microphone Spitter/Combiner transfor-
mers. tnput and Output transformers. Direct Injection wransiormers for Guitars.
Multi-Secondary output transformers. Bridging transformers. Line transformers.
Line transformers to B.T. Isolating Test Specificatior. Tepped impedance match-
ing transformers. Gramophane Pickup transformers Audio Mixing Desk transfor-
mers {all types). Miniature transformers. Micromin atu-e transformers for PCB
mounting. Experimental transformers. Ultra low frequancy transformers. Ultra
linear and other transformers for Valve Amplifiers up to 500 watts. Inductive Loop
transtormers. Smoothing Chokes. Filter. Inductors. Amplifiers to 100 volt line
transformers (from a few watts up to 1,000 watts). 10C voit line transformers to
speakers. Speaker matching transformers (all powersa. Cclumn Loud-speaker
transformers up to 300 watts or more.

We can design for RECORDING QUALITY. STUDIO QUALITY. HI-Fi
QUALITY OR P.A. QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND
WE SUPPLY LARGE OR SMALL QUANTITES AND EVEN SINGLE
TRANSFORMERS. Many standard types are in stcck and normal dispatch
times are short and sensibie.

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING
AUTHORITIES. MIXING DESK MANUFACTUREFRS. RECORDING STUDIOS.
HI-FI ENTHUSIASTS. BAND GROUPS AND FURLIC ADDRESS FIRMS.
Export is a speciality and we have overseas clients inthe COMMONWEALTH,
EEC. USA MIDDLE EAST. etc.

Send for our questionnaire which. when corrpleced. enables us to post

quotations by return.

PO Box 36, Ipswich IP1 2EL, England.

Phone: 0473 252794 & 0473 219390 —
Telex: 987703G Fax: 0473 236188

CIRCLE NO. 123 ON REPLY CARD

nsnsslbilly

Logic Boy

racsns
Loge armisrr

LOGHC BOY IS A FULLY FEATURED
LOW COST HAND-HELD LOGIC ANALYSER
DESIGNED FOR FULL DEBUGGING AND
TROUBLE-SHOOTING OF DIGITAL CIRCUITS

¢ 16 channels ¢ clock qualifier
+ spaeds up to 50 MHz « printer port
* 1Kx16 acquisiion & reference memory
« Intemnal or external clocking ¢ externai trigger
¢ 20 lead probe assembly ¢ 10 hour NiCd batteries

NOHAU UK tel 0962 733140

OWTER

EXTARUISHED 1841

TRANSFORMERS

CIRCLE NO. 124 ON REPLY CARD
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Connoisseurs of
semiconductor data
books will appreciate
that data conversion
products feature some of
the most convoluted and
arcane specifications to
be found anywhere in
the component world.

Data acquisition sounds
easy but most fully
functional systems are
highly complex. Until
now, that is. Simon
Prutton of National
Semiconductor explains.

Easier access to the

igital processing, be it performed by a
D conventional microprocessor or DSP

device, is often frustrated by the ana-
logue nature of the real world. If the signal
you want lo measure is liable to change during
the conversion then a sample & hold amplifi-
cr becomes essential; such
changes can produce large
crrors il they are allowed
to reach the ADC during a
conversion cycle.

Anyone who has chosen
a sample & hold in the past
will know that chip speci-
fications provide a fairly
impressive list of defini-
tions: droop, aperture time,
aperture delay, ctc... Next,
to measure more than one
signal, you are going to
need a multiplexer — cer-
tainly simpler to select
than the ADC and S&H
but a signiticant step in the
chain of data acquisition.

Finally the last analogue
block required in any A/D system is a voltage
reference. On top of the definition for these
basic blocks, you may need to review the
power supply board to sec it you have gener-
ated all of the voltages needed by your ADC
and we haven't even begun to look at the host
processor interface. It is not surprising that
designers scarch for simpler solutions.

The commonest alternative is o buy a com-
plete board that you can plug into the mother-
board. In general, this approach reduces
design time although such boards don’t come
cheap. What is required is an integrated solu-
tion, putting all functions on a single chip.

National Semiconductor calls this solution
the LM12458, a complete 12-bit plus sign,
monolithic data acquisition system running
from a single +5V power supply.

A brief look at Table 1 and the block-dia-
gram in Fig. 1 gives a fair idea of the
devices's potential. The A/D at the core of the
device uses an innovative self-calibrating
architecture which, unlike most 12-bit ADCs,
means 12-bit performance can be guaranteed:
the LM/2458 is specified over —40°C to
+85°C as standard.

The incorporation of various smart features
have minimised the need for the host-proces-
sor intervention. For instance, the internal
multiplexer can be configured either as eight
single-ended inputs, four differential inputs or
any combination of the two. Another example
is the way in which the user can change the
resolution of the output from tull 12-bit 10 8-
bit in order to optimise the system throughput.
Most importantly, these facilities and just
about everything elsc on the chip can be pro-
grammed in real time on the fly.

However, the real power resides in the dig-
ital circuits. The LM 72458 incorporates an 8 x
48-bit instruction RAM which may be pro-
grammed to specify which channels should be
accessed, whether to do a 12- or 8-bit conver-
sion or a simple comparison versus two user-
set limits (watchdog mode - see Fig. 2) and
how fast to do this conversion.

A 16-bit programmable timer and sequencer
carry out the instructions, and a programmable
length fifo (32 word maximum) stores the out-
put data until the user wishes to access it

Table 1. Potential of the IM12458

12+bit « sign Self Calibrating Core
Operating Modes- 12:bit + 5190 (13 5us max)

8-bit + sign (4 2us max)
Watchdog Mode (2.2us max)

Accuracy/Linearty typical Unady' Error +1LSB
8-Channel Mux with Differential Input Capabiity

Built-in Sample & Hold and Voltage Reference

On-board 8-Instruction Set-Up RAM & 16-bit Timer

On-Board 32-word FIFO for Conversion Results

Power Dissipation from +5V Active 30mW
Sleep 50uW
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Perform
Check Run Acg’ Conversion
Get Cal & Delay & Perform 1st Get or 2nd Total Total
Inst Inst Pause  Get Limit 1 Comparison Limit2  Comparison Cycles Time
1 1 1 9 44 55 1.0
2 1 9 44 55 11.0
3 1 1 9 44 55 11.0
4 1 1 2 4l 25 50
5 1 i 2 i 1 5 15 3.0
6 1 1 3 21 26 52
7 1 1 3 1 1 5 16 32
TOTALS: 247 49.4us

Also need to allow time to transfer data from. the FIFO. 30 read cycles are required which adds 5
clock cycles per instruction set {assuming a 200ns CS).

Therefore, TOTAL CYCLES REQUIRED PER INSTRUCTION SET

= 252 cycle

= 50.4us at 5MHz

Therefore, to meet the 50Hz throughput, the delay between finishing on e execution of the

instruction set and starting another must be

1 unit of timer delay = 6.4us

20ms - 50.4us = 19.9496 ms

Therefore, timer coefficient should be 19.9436ms/6.4us = 3117.

This gives a 50.002 Hz throughput.

Listed above are the number of clock-cycles required by the LM12458's sequencer to carry out all of

the required instructions. The first two steps involve retrieving the relevant instruction from the
on-board RAM and then checking to see if a re-calibration has been called for. Note that the next
step (the programmed setting for the acquisition delay) has been incremented by 1 cycle for the
high impedance sensor which is accessed in instructions 6 and 7 - the assumption being that the

Table 2. Sequencer steps,
starting with an internal
flag check

clock is running at 5SMHz and therefore one clock cycle = 200ns as required in the specification.
These steps can be facilitated through the use of the free design software discussed in the text.

through the microprocessor interface. All of
this plus the self-calibration and other fcatures
helps to reduce design and debug time through
the effective integration of components. The
whole thing fits into a 44-pin PLCC running

from a single 5V supply. The device dissipates

30mW when fully active.

A practical application

To get a better understanding of how the

The ins and outs of self calibrating ADCs

Most 12-bit A/D converters are laser-
trimmed during the manufacturing
process to ensure sufficient accuracy.
Unfortunately trimming is only done at
room temperature — so the accuracy
and linearity only holds for that
temperature.

National Semiconductor sees the
solution in a self-calibrating ADC. In
this type of converter, extra circuits are
integrated onto the chip to calibrate the
ADC, the advantage being that the
converter can be recalibrated during
normal operation. Thus, if a large
ambient temperature change is
encountered, the host system can
request the A/D to re-calibrate itself to
compensate for any temperature
induced changes.

known as successive approx mation.
The mzin source of offset errors in a
succes¢ive approximation ADC is its
compa-ator: the first half of the self-
calibra-icn routine involves frimming
this offse- using the offset correction
DAC wh ch is driven by the modified
successive approximation register.
When :h= optimum value is
deternined, that data is stor=d in the
offset correction register. Similarly, the
lineari-y of the device can be trimmed
and acditional data stored in the
linearizy correction registers such that,
when 1~ 2-bit conversion is performed,
the va ues stored in these registers are
called-u» to ensure that a 12-bit precise
output is forthcoming.

The values in

architecture

The diagram - these registers may
. ®o— — — — _ )
d_|splqys a [ - b_e chdnged at any
simplified l — U oo | o time by issuing a
representation of s RS O re-calibrate
the LM12458's — L. g{.@&?@'gg@g command
core — basically a 7ﬂ o e — — =T al ensuring 12-bit
variation of the T.;.Lf:*’i B e performance over
work-horse A/D i the —40 to +85°C

temperature range.

LM12458 works it is worth tooking at a design
example. Figure 3 shows a turnace which
requires precise temperature profiling and con-
trol to function correctly. Three temperature
sensors are included — T/, 72 and 73 — and
these are required to give temperature feed-
back with full 12-bit resolution. Two further
sensors are required (this time just to 8-bit pre-
cision) to provide feedback of pressure (P) and
gas-flow (F) through the furnace but since
these parameters can cause a major system
faiiure, an alarm function should also be
implemented to indicate critically high or low
values.

Additional design criteria include a through-
put on all sensors of approximately S0Hz i.e.
all sensors should be checked once every
20ms; the sensors should be digitised as close
to simultaneously as is possible; the gas-flow
sensor has a high source impedance and so
requires an additional 200ns acquisition time
before conversion. Figure 4 shows five of the
LM12458 s inputs in use to convert the ana-
logue sensor outputs to digital information;
seven of the chip’s instructions are used to
sequence through each measurement in turn —
including the two watchdog commands to
indicate alarm conditions. Given that five
results have to be stored each time the instruc-
tion set is executed, the 32 word FIFO can be
written to six times before it needs to send
data out to the host processor. The FIFO inter-
rupt register indicates to the host when 30 con-
version results have been stored there.

Table 2 shows each step taken by the
sequencer in this particular application — start-
ing with a check of some internal flags and
culminating in either a conversion stored in
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= = [ = = DO (LB oo L
NT e |nferrupt _ Statux - BE( ' the FIFO or a limit check when operating in
DMARQ o i a B B
MARG | control logic YIS B o the watchdog mode. Without dwelling too
— — D3 . P -
i I interrupt buftet 08 much on the details of each step. sutfice to say
VEIOU e 25V enable eecister . 07 S
reference - = = o that the individual clock cycles can then be
T B D9
Vietin+ 32'5?5 Data gl added up to calculate how many cycles are
et — 5 bb‘f‘fs b1 required to exceute the whole sequence of
T l ufter D11 . .
0 emm _ o D15 {MSB) mstructions.
N1 — A r i _ . . . o/
2 e Multiplexer 12-bit + sicn — It is interesting to note how the difterent
03 @t jnyits can be either | SH i+ Sig 40 B s .
&= " single-ended or | ADconverter Select & & commands tal\e.u d|t.fcrenl number of clock
n® e—— differental s b — control ) cycles: the 12-bit + sign measurements necd
o _ — Sequencer logic g{’ne nine clock cycles to acquire the signal to the
Ch @y a . B required precision while the 8-bit acquisition
‘;* == = - - time is usually two clock cycles but can casi-
(‘g]s(“ Instruction Conﬁgutration I ly be extended to three clock cycles to acquire
{ register . r . .
T _ g the signal from the sensor with a high source

impedance. Also, since the device uses a suc-
cessive approximation architecture to perform
the conversions, an 8-bit conversion can be
carried-out significantly faster than a [2-bit
conversion. Finally, Table 2 also shows how
the LM 2458 operates in its watchdog mode,

Fig. 1 gives an idea of the device’s potential. The ADC at the core of the device uses an
innovative self-calibrating architecture which, unlike most 12-bit ADCs, means 12-bit
performance can be guaranteed.

o - retrieving the two user programmed limits
Iy - - > + Comparator Al'rom .mlcrnal ram before compzlring Alhe
Ing - Mux S&H = — incoming signal to each in turn. This provides
:,':;53 - = 2 : output a guarantee that neither of the defined alarm

e - conditions has been violated.
Vit + = Vigy| Vg + — Veg| As_ shown, the total number of C_lock—cyFles
. required to loop around all seven instructions
Vo N s Limit 2 Limit 2 is 247 but we also have to allow for the data to
DAC be transferred from thelimcrnal F!FO by ic
V- . - Limit 1 host. 30 read cycles will be required which
- adds five clock cycles per instruction set
9-bits Limit 1 (assuming a 200ns chip select and SMHz sys-
o ov ov tem clock). Therefore the total number of

Limit RAM

clock cycles is increased to 252 which is
equivalent to 50.4us on the SMHz clock. To
Fig. 2. The LM12458 can be programmed into watchdog mode. In this mode,

the user can set eight programmable voltage windows (one for each input) and
then set up the device to scan the inputs checking that the signal at each input

remains within the defined window limits.

— [ Instruction RAM

|

g Inst 1. Acquire & Convert T1 12-bit ! [
| Inst 2. Acquire & Convert T2 12-bit

= Inst3.  Acquire & Convert T3 12-it |

| Inst 4. Acquire & Convert P 8-bit

InstS. Check P is below limit Watchdog | |

= O Inst6. Acquire & Convert F 8-bit |
N/A = 1L : Ing OO I Inst7. Check F is within limits Watchdog |

7 | NcﬁztﬁUsed

In - L - ¢
\4\\\\\\\» WA\ ® o

® e o
F T2 T T3 P

Fig. 3. Single chip furnace control. This
application requires precise
temperature profiling and control to

Required measurements
Absclute Temperature at T1
Relative temperature at T2

12-bit + sign resolution
12-tit + sign resolution

Fig. 4. Allocating the chip’s
resources in the furnace
example. Five of the
LM12458’s inputs are used
to convert the analogue
sensor outputs to digital
information; seven of the
chip’s instructions are used
to sequence through each
measurement in turn —
including the two watchdog
commands to indicate alarm
conditions.

function correctly. Three temperature
sensors are included - T1, T2 and T3 -
and these are required to give
temperature feedback with full 12-bit
resolution. Two further sensors are
required (this time just to 8-bit
precision) to provide feedback of
pressure (P) and gas-flow (F) through
the furnace but since these parameters
can cause a major system failure, an
alarm function should also be
implemented to indicate critically high
or low values.

Relative Temperature at T3 12-bit + sign resolution
Pressure (P in the Chamber 8-bit + sign resolution
Gas-Flow (Fy through the Chamber  8-bit + sign resolution

Alarm Conditions
High or low Gas-Flow through the Chamber
High Pressure in the Chamber

Additional Design Criteria
Required throughput 1s 50Hz (=20ms execution time for whole loop)
Measurements to be taken as close to simultaneously as possible

Gas-flow sensor has a high output Impedance so an additionai 200ns acquisition
time will be required before conversion.
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mecet the SOHZ throughput target. a delay of
19.9496ms is required between the execution
of cach instruction set and the internal 16-bit EW + WW PROFESSIONAL
timer can be used to generate this. One unit of
timer delay is equivalent to 6.4us so the timer SER VICE OFFER

coefficient should be:

19.9496ms/6.41s = 3117 Readers of EW + WW czn obtain
This value actually gives a throughput of
50.002 Tz a free samrple LM12458 and data
Try it in your application pack to assess for themselves the
Most of these steps can be greatly simplified R o
by the use of design software written by potential of this powerful data
National Semiconductor to aid in the design of L
LM 12438-based systems. A disk containing acquisition system.
this programme will be despatched to you free . o
of charge together with a sample of the S«mply fill in the express reader
LMI2458 if vou complete the relevant post- .
card in the magazine. Additionally. should you reply card (all details must be
to wish to further investigate this device. an
evaluation board (LM2458EVALY is available completad please; and send off.
for purchase which. when plugged into an 8-
bit slot in an 1BM compatible personal com- Look for mo-e professional service offers in
puter. can be used (o excreise the LM /2458 forthcoming issues.Details of next month's
under software control. offer on page 498.

The LM 2458 is huge step forward 1n data- . .
acquisition but it is actually just the first of YOU Wl” flnd the I'eply Cal‘d
several in capturing analogue signals for pro-
cessing in the digital domain. Waich this space between pageS 496 and 497

for more developments. a

WE HAVE THE WIDEST CHOICE OF USED PHILLIPS PM2525 Mut Function DMM 4.3-5 "’ig;';""‘
N THE COUNTRY GPIBAEEE 488 e Oy £300
OSCILLOSCOPES IN TH THURLBY PL320T-GP Bench PSU. 0-30% 2-Amp Twice
TEKTRONIX 24458 Four Channel | 50MHz... £2000 | | enGPe. £150
TEKTRONIX 485 Duaal Trace 350MHz Delay £ oo || o HELD M .
SCHLUMBERGER/ENERTEC 5218 Three Trace - 3 ranges
Delay Sweep. Tester; Freq counter 4
TEKTRONIX 2225 Dual Trace 500MHz Delay - RACAL/DANA Syn Sig Gen 9084 0.01 -1 04-1Hz_ =
RACAL/DANA RF Power Meter §104....... ... N
RACAL/DANA 202 Logx State Analyser wth
0530004 y o =
TELEQUIPMENT D75 Dual Trace 50MMz Delay Sweep WAYNE KERR LCR Meter 4210. Accuracy 1.1% - 5
grvgth V4 & S2A) cC WAYNE KERR LCR Meter 4225. Accuracy 1.25' L .
LEQUIPMENT V3 Differencial Ampifier for 1bove........ £40 | AVO AC/DC Breakdown Leakage & lonisatien
HAMEG 605 Dual Trace 60MHz Defay Sweep. w00 | w5 e e C r nICS
GOULD
= @ MARCONI DIGITAL FREQUENCY  ETERS
Type 2430A 10MHz-80M-—z €125
Type 2431A 1OMHz-200-1Hz €130
R e e MARCON: umvzmn._‘c&u'_mn meens ' q I a
Dot o s A & Com Rad
HITACHI V209 Dual Trace 20MHz (AC/DC Operation).. Thpe 2438 DC_S20MHE £225 mateur ommercia aagio
THIS IS JUST A SAMPLE © MANY OTHERS MILABLE : .
THORN PSU 0-40V; 0-50Amps Meteced £300 . .
P Ty | FARIELL U a0 S0V A e g including VHF, UHF & HF fixed-links.
ELE BiPNE TELEQUIPMENT CT71 Curve Tracer..... .. €250
A.E.l. Corinth 500 — Transmision MARCONI TF2700 Universal LCR Brdge. fattery..

1.5, Super TITA - Scanning MARCONI TFL337A Auto Distort Hetar 00k o . |ntel'nati0na| mail, telephone & fax
ARG ORI 3410 Tres Ko Vot oo~ (000 | MAGINESHAN TALLY Poy 37 Ploc 37k 180 Y -
order specialists. 24hr service.
e Credit Cards accepted.

FARNELL 55G 1000 Sig Gen |0MHz2—|GHz LTIMETERS

MARCOM! 2019 Sig Gen 80kHz— | 040MH:

MARCONI 2022A Sig Gen | OkHz—GHz.. AvVO MU
MODEL 8 or 9 (where availsble)

FARNELL Syrchesized Osciiator DSG
9.

) 9NcHz £27% Test Set No. | 8% 95X ...
HmArf°N| TF2015 AM/FM 10-520MHz Sig Gen with racs :::zﬁma . (90
HARCON i K BT P T @ Importers of specialist equipment from

U.S.A. by: Palomar, GAP Antenna, |PS,

HAMEG OSCILLOSCOPE HM 1005 Triple Trace 100MHz D:hy

RACAL Instrumentation Recorders Store 4D and Store Timebase . . .
HAMEG OSCILLOSCOPE HM604 Dial T 30MHz Dela;

e T —— -] ot ition 1T B&W, Vectronics, Spiro, special RF
FERROGRAPH RTS2 Racorder Test St from £150 ('1""55 OSQ‘L‘L(OSCOP‘ HM203 7 Dua Traze 20MHz P N

e e ||| e e T feeder cables & Nicads.

FARNELL TTS520 Trammitter Test Set. Corsisting of RF/ All other models avaitable — all oscillossopes supphed with
! AFCoumar,F Mode;::PmMmu—.AF 2 probes N

Voltmeter; AF Distortion g yrchesiser OUIPMENT (P .
RSty e i e @ Approved Szles & Service Agents for:

interval etc

APOLLO 100 — 100MHz (As above with more functions;
SPECTRUM ANALYSERs | BT Hiphrt Spesnuisiie Kenwood, lcom, Yaesu etc.
METEOR 600 FREQUENCY COUNTER 600MHz..
ANRITSU MS68B 1 Oki1-4 4Gl : £4000 | METEOR 1000 FREQUENCY COUNTER 1GHz

ANRITSU MS628 | OicHz | 700MHz -©2000 1 ,1,pITOR 500 FUNCTION GEN 0.1 Hz-S00kHz
HP 141T with 8555A & IF Plug-in 10MHz-18Gl £110

S00KHz—| 250MHz ... £1500 - d
i 10T v S B Sooro- | somv  e1am | OWONCOLGUE AR CENERAToR P T v 220 High Street, Handcrass,

HP 141 T with 8556A & 85528 20Hz 300kHz ~ L4250 [ e PE BES Swrchable x | X 10 (P&P £3) L1
LLOSCOPE PROBES (P&P £3) west sussex, RH I 7 6Bw, U-K'

Used Equipment — With 36 days guarantes. Manuais supplied If possible.
This s 2 VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists, Please check availability before ordering

CARRIAGE all unves £16. VAT w0 be dded to Total of Goods and Carrage. Tel: 0444_400786.
EY  SlEwanioReADNG, o Fax: 0444-400604.

Telephone: (0734) 268041 Fax: (0734) 351696. Callers Welcome 9am~5.30pm Mon—Fri {until 8pm Thurs).
CIRCLE NO. 125 ON REPLY CARD CIRCLE NO. 147 ON REPLY CARD
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Tektronix 475 — 200Mc/s oscilioscopes — tested from £400 less attachments to £500 C/W manual

probes.

Marconi TF2008 — AM-FM signal generator — Also sweeper — 10K¢/s ~ 510Mc/s — from £350

tested to £500 as new with manual — probe kit in wooden carrying box.

HP DC Current source type 6177C - £200

HP Frequency comb generator type 8406A — £400

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

HP Vector Voitmeter type 8405A — £400 to £600.

HP Syntheslser/signal generator type 8672A — 2 to 18GHzS old or new colour £4000.

HP Oscillographlc recorder type 7404A — 4 track — £350.

HP Plotter type 9872B — 4 pen - £300

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

HP Signal Generators type 612— 614 — 618 — 620 — 628 — frequency from 450Mc/s to 21GHz.

HP Network Analyser type 8407A + 8412A + 8601A — 100K¢/s — 110Mc/s — £500-£1000.

HP 432A—435A or B Power Meters + Powerheads — 10Mc/s—40GHz — £200-£650

HP Down Converter type 11710B - .01-11Mc/s — £450

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

HP Modulator type 8403A — £100-£200

HP Pin Modulators for above-many different frequencies - £150.

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

HP Signal Generator type 8640B — Opt001 + 003 — .5-512Mc/s AM/FM —£1200

HP Spectrum Display type 3720A £200 — HP Correalator type 3721A £150.

HP 37555 + 3756A — 90Mc/s Switch - £500

HP Amplifier type 8447A — 1-400Mc/s £400 — HP8447F .1-1300Mc/s £800

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

HP 8410 — A —B - C Network Analyser 110Mc/s to 12GHz or 18GHz — plus most other units and

displays used i this set-up — 8411A — 8412 - 8413 - 8414 - 84188740 8741 — 8742 — 8743

— 8746 - 8650. From £1000.

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

HP Signal Generator type 8656A — 0.1-990Mc/s. AM/FM — £2250.

HP 3730B Mainframe £200.

HP 8699B Sweep Pl —0.1-4GHz £750 — HP8690B Mainframe £250.

HP Digital Voltmeter type 3456A — £900.

Racal/Dana digital multimeter type 5001 - £250

Racal/Dana Intertace type 9932 - £150.

Racal/Dana GPIB interface type 9934A — £100.

Racal/Dana 9301A-9303 RF Millivoltmeter — 1.5-2GHz — £350-£750.

Racal/Dana Counters 9915M —- 9916 — 9917 — 9921 — £150 to £450. Fitted FX standards

Racal/Dana Modulation Meter type 9009 — 8Mc/s — 1 5GHz — £250

Racal - SG Brown Comprehensive Headset Tester (with artificial head) Z1A200/1 - £450.

EIN 310L. RF Power Amp — 250KHz — 110Mc/s — 50Dbs — £250

Marconl AF Power Meter type 893B — £300.

Marconi Bridge type TF2700 — £150.

Marconi/Saunders Signal Sources type - 60588 — 6070A — 6055B — 6059A — 60578 — 6056 —

P.0O.R. 400Mc/s to 18GHz.

Marconl TF1245 Circuit magnification meter + 1246 & 1247 Oscillators — £100-£300.

Marconi microwave 6600A sweep 0sc., mainframe with 6650 Pl — 18-26.5GHz or 6651 Pl — 26.5-

40GHz —£1000 or Pl only £600

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

Thurlby convertor 19 — GP — [EEE - 488 - £150.

Phlilps logic multimeter type PM2544 — £100.

Microwave Systems MOS/3600 Microwave frequency stabilizer — 1 to 18GHzs & 18 to 40GHzs -

£1000.

Bradley Osciloscope calibrator type 156 —£150

Tektronlx Piug-ins 7A13 - 7A14— 7A18— 7A24 - 7A26 - 7A11 — 7M11 - 7811 - 7D10- 7512~

81— 82- 86— 852 - PG506 — SC504 — SGS02 — SG503 — SG504 —~ DCS03 — DCS08 — DDSO1 —

WRS01 - DM501A — FG501A — TG501 — PGS02 - DC505A — FGS04 — P.O.R.

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

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

Alhtech Stoddart receiver type NM65T - 1 to 10GHz — £1500.

Gould J3B Test osciliator + manual — £200.

Image Intensifiers — ex MOD — tripod fitting for long range night viewing — as new — £1500-£2000

Don 10 Tetephone Cable — 42 mile canvas containers or wooden drum - new — Mk2-3 or 4

Infra-red Binoculars in fibre-glass carrying case —tested — £100. Infra-red AFV sights £100

ACL Fleld intensity meter receiver type SR — 209 — 6. Plugs-ins from 5Mc/s to 4GHz — P.O.R.

Systron Donner Counter Model 6057 — 18GHz — £800.

Tektronix 491 spectrum anatyser — 1.5GHz-40GHz — as new — £1200 or 10Mc/s 40GHz.

Tektronix Mainframes — 7603 — 7623A — 7633 — 7704A — 7844 — 7904 — TM501 — TM503 —

TMS506 — 7904 — 7834 - 7104.

Knott Polyskanner WM1001 + WM5001 + WM3002 + WM4001 — £500

Alitech 136 Precision test RX + 13505 head 2 - 4GHz — £350

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

Ailtech 757 Spectrum Analyser - 001 22GHz - Digital Storage ~ Readout — £5000

Dranetz 606 Power line disturbance analyser — £250

Precision Aneroid barometers— 900- 1050Mb — mechanical digit readout with electronic indicator
- battery powered. Housed in polished wood carrying box — tested — £100-£200-£250. 1, 2 or 3.

B & K Sound Level Meter type 2206~ small — lightweight — precision — 2" microphone —in foam

protected filled brief type carrying case with windshield & battery + books + pistol grip handte

tested — £170 Carr: £8. - B & K 2206 Meter ~ Mike + Book ~ less carrying case etc. — £145. Carr:

£8. DISCOUNT ON QUANTITY

HP 141T Spectrum Analysers. All new colours supplied with instruction manuals

HP 141T-8552B — 8556A — 20Hz to 300kHz. £2000.

HP 141T-8552B —8553B — 1kHz to 110Mc/s. £1750.

HP 141T-8552B - 8554B — 100kHz to 1250Mc/s. £2250.

HP 141T-8552B — 8555A — 10Mc/s to 18GHz. £3000.

HP 141T — old colour mainframe + 8552A; 85538 — tkHz to 110Mc/s. Instruction manuals — £1250

or 8552B £1500.

HP 3580A LF-spectrum anatyser — 5kHz to 50kHz — LED readout - digital storage — £1600 with

instruction manual - internal rechargeable battery.

Spectrascope 11 SD335 (S.A ) realtime LF analyser — 20Hz to 50kHz — LED readout with manual
~£500 tested.

Tektronix 7D20 plug-in 2-channel programmable digitizer — 70 Mc/s — for 7000 mainframes —

£500 —manual — £50.

Datron 1065 Auto Cal digital multimeter with instruction manual — £500

Racal MA 259 FX standard. Output 100kc/s—1Mc/s—5Mc/s — internal NiCad battery — £150.

Tektronix TR503 tracking generator — 10Mc/s to 1800Mc/s + manual — £1500.

Aerial array on metal plate 9" x 9" containing 4 aerials plus Narda detector ~.100-11GHz. Using

N type and SMA plugs & sockets —ex eqpt —£100.

EIP 451 microwave pulse counter 18GHz — £1500.

Marconi RF Power Amplifier TF2175 — 1,5Mc/s to 520Mc/s with book — £100.

HP 8614A Signal Generator 800Mc/s to 2.4GHz — oid colour — £300. New colour — £600.

HP 8616A Signal Generator 1.8GHz to 4.5GHz — oid colour — £200. New colour — £400

HP 8620A or 8620C Sweep Generators — £400 or £900.

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

Schiumberger 2741 Programmabie Microwave Counter — 104z to 7. 1GHz — £750.

Schiumberger 2720 Progr le Universal Counter 0 to 1250Mc/s — £600.

HP 37203A HP-IB Extender — £150.

PPM 411F Current Reference — £150

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

HP 5363B Time Interval Prooes - £150.

HP 8900B Peak Power Callt rator - £100

HP 59313A A/D Convertor - £150.

HP 59306A Reiay Actuator - £150

HP 2225CR Thinkjet Printer— £100

TEK 178 Linear IC Test Fixtere — £150

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

HP 4437A 600 Ohm Attenuator — £100

HP 8006A Word Generator - £150,

HP 1645A Data Error Analyser—£150

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

HP 809C Slotted Line Carriages — various frequencies to 18GHZ — £100 to £300
HP 532-536-537 Frequency Wleters — various frequencies — £150-£250

HP 3200B VHF Oscillator — ¥0MC/S-500MC/S — £200.

Barr & Stroud varlable filter EF3 0. 1Hz-100k¢/s + high pass + low pass — mains — battery —
£150.

Krohn-Hite Model 3202R filter — low pass, high pass

Krohn-Hlte 4100 oscillator

Krohn-Hite 4141R oscillator - . 1Hz—-10,000kHz

Krohn-Hite 6880 programmable distortion ANZ-IEEE-488.

Krohn-Hite 3750 filter, low pass, high pass — 02Hz—20kHz.

Parametron D150 variable active filter, low pass — high pass — 1.5Hz~10kHz. £100.
S.E. Lab SM215 Mk 11 transfer standard voltmeter — 1000 volts

Fluke 4210A programmable voltage source

Alitech Stoddart P7 programimer — £200

Fluke 8500A digital muttimeter

H.P. 3490A multimeter.

H.P. 6941B multiprogrammer extender. £100

Fiuke Y2000 RTD selector + Fluke 1120A |EEE-488-transiator + Fluke 2180 RTD digital
thermometer + 9 probes. £356 all three items.

H.P. 6181 DC current source. £150

H.P. 59501 A — HP-IB isolated D/A/power supply programmer

H.P. 3438A digital muitimeter

H.P. 61775 DC current source.

H.P. 6207B DC power supply.

H.P. 741B AC/DC differential voitmeter standard (old colour) £100

H.P. 62098 DC power unit

Fluke 80 high voltage divider

Fluke 887AB AC+DC differential voltmeter.

Fiuke 431C high voltage DC supply

H.P. 1104A trigger countdown wunit.

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

Tektronix precision DC divider calibration fixture 067-0503-00

Tektronix overdrive recovery calibration fixture 067-0608-00.

Avo VCM163 valve tester+bock £300.

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

Marconi TF2163S attenuator — 1GHz. £200.

PPM 8000 programmabie scanner

H.P. 9133 disk drive + 7907A + 9121 twin disk

Fluke 730A DC transfer standard.

B&K level recorder 2307 — £500.

B&K 2113 audio frequency spectrometer — £150.

B&K 4815 calibrator head.

B&K 4812 calibrator head

B&K 4142 microphone calibrator — £100

B&K 1022 band FX oscillator — £100

B&K 1612 band pass filter set — £150.

B&K 2107 frequency analyser - £150.

B&K 1013BFO-£100

B&K 1014 BFO-£150

B&K 4712 FX response tracer — £250.

B&K 2603 microphone amp — £150.

B&K 2604 microphone amp —£200.

B&K 2019 analyser — £350.

Farnell power unit H60/50 — £400 tested.

H.P. FX doubler 938A, also 94CA — £300.

Racal/Dana 9300 RMS voltmeter — £250

A.B. noise figure meter 117B - £400

Ailtech 360D 11+ 3601+ 3602 FX synthesizer 1Mc/s—2000Mc/s. £500.

H.P. sweeper plug-ins — 86240A — 2-8.4GHz - 86260A — 12.4—18GHz ~ 86260AH03 — 10—
15GHz — 862908 — 2-18.6GHz. B6245A 5.9-12.4GHz

Telequipment CT71 curve tracer - £200.

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

H.P. 8750A storage normalizer.

Tektronix oscllioscopes type 2215A — 80Mc/s — ¢/w book & probe — £400.
Tektronix monitor type 604 — £100

Wiltron 560 network scaler + 2 heads + book — £1000.

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

HP5006A Signature Analyser £250 + book.

HP10783A numeric display. £150.

HP239A oscillator - £250

Ailtech 7009 hot—cold standard noise generator.

HP 3763A error detector. £250.

Cushman CE-15 spectrum anaiyser — LED Readout — 1000Mc¢/s £650
Tektronix SL4N spectrum analyser — 0—100kc/s £500.

HP1742A 100Mc/s oscilloscope £250

HP1741A 100Mc/s oscilloscope. £250.

Tektronkx 7104-7A29-7A24-7B15-7B10 - £2K.

Racal/Dana signal generator 9082 — 1.5-520Mc/s — £800.

Racal/Dana signal generator 9C82H — 1.5-520Mc/s — £900.

Claude Lyons Compuline — line condition monitor — in case — LMP1+LCM1 £500
HP1815B T.D.R. sampler+1817A head — 1104A trigger+ 1106B TD mount £500.
Texscan AL-51A spectrum anatyser — 4—1000Mc¢/s — £750.

Efratom Atomlc FX standard FAT — FRK — . 1-1-5-10M¢/s. £3K

Mulrhead fax receivers K649 — TR4 — solid state — speed — 60-90—120-240-auto — IC 288-576
—auto. £250 with book.

Racal 4D recorder - £350

HPB350A sweep oscilloscope mainframe + HP11869A RF £l adaptor — £2.5K.
Ailtech — precision automatic noise figure indicator type 75 — £250.

Adret FX synthesizer 2230A - 1Mc/s. £250.
Tektronix—7512-7514-7T11-7811-51-552-553.

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

Tektronix 7L12 anaiyser —- 1Mc/s—1.8GHz. £1500.

Clark Scam Heavy Duty 40' Telescopic Pneumatic Masts — retracted 7'8" — head load 40Ibs -
with or without supporting legs & evection kit - in bag + handbook — £200-£500.
Clark Scam Heavy Duty 70’ Telescopic Pneumatic Masts - retracted 13’5 — head load 90lbs -
with or without legs + erection kit + handbook — £500-£800

ITEMS BOUGHT FROM HM GOVERNMENT BEING SURPLUS. PRICE IS EX WORKS. S.A E. FOR ENQUIRIES. PHONE FOR APPOINTMENT OR FOR DEMONSTRATION OF ANY ITEMS. AVAILABILITY OR PRICE CHANGE. VAT AND CARR., EXTRA.

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

Real vocal point

We were fascinated to read Andy
Wright's article "Analogue data
storage: speaking of the future?”
(EW + WW, Feb. 92).

The reason for our interest is that
at PA Comimunications we have
been building and selling PCM-
based announcers since the mid 80s.
Our systems are to be found in
companies and authorities, from the
Atomic Energy Authority to the
RAF.

We are writing to take mild
exception to the sentence used in the
introduction to the article: “Phone
callers on hold could be greeted with
a real voice on the end of the line
thanks to a new technique for
storing analogue data™.

We rather thought our systems
(and those of our imitators) had been
doing this without benefit of these
fascinating devices for some years.

[ suspect that it all depends on
what one means by “real voice”, but
[ venture to suggest that an /SD/016
with its 35dB Sinad figure would
not sound “more real” than a PCM-
codec system — it all depends on the
noise and distortion spectra.

This is in no way to decry the
achievements of ISD - it seems a
wonderful device, and well worth
further investigation. But we
continue to oftfer real voice
announcers to the discerning, and
yield to no others our right to claim
this!

Ben Mullett
PA Communications
Milton Keynes

Fluxgate
magnetometer

Following Richard Noble's article
“Fluxgate Magnetometry™ (EW +
WW. September 91) and our letter,
December 91, Terry Arnold and
myself wish to thank Noble and
correspondent Gote Flodquist for
their subsequent letters in February
and March this year.

They point out that 47uT is the
magnitude of the total vector for the
Earth's magnetic field, inclined at
67° and that the horizontal
component, as measured by our
tangent magnetometer, would be
18.4uT (cos 47). This could account
for the apparent “two times error”.

[ have since modified our tangent

Playing chicken with power lines

Your provocative “Power politics: playing with lives?” (EW + WW,
April 1992), raises two important questions. Since a little knowledge
is a dangerous thing, why is more urgent and reliable research not
being performed? Secondly, why do we the consumers, not try to
help ourselves?. Can I not, figuratively, clad myself in metal armour
to keep out harmful rays and radiations?

1 can well imagine my younger and more agile neighbours placing
looped and earthed galvanised iron sheeting in their attics. Similarly,
new buildings could easily include their iron reinforcing rods as part
of a suitably earthed and inter-connected iron mesh of galvanised
wire, (chicken wire). in walls and roofs.

The use of twisted conductors in electrically shielded conduits
would also improve our safety without adding to building costs.

Rather than confronting the utilities I would suggest a politically
co-operative approach in dealing with non-ionising radiation. Thus
industry, government and academe could all work well together to
further the objectives of the metal interests together with our own.
Yes, Minister?

Peter Hirschmann
Haifa
Israel

Power politic

Alasdair Philips’ article “Power Politics:Playing with Children’s
Lives?” (EW + WW, April 1992) coincided with the publication of the
NRPB Advisory Group on Non-ionising Radiation’s report on
“Electromagnetic Fields and the Risk of Cancer”.

The group, whick is under the chairmanship of Sir Richard Doll of
the Imperial Cancer Fund Cancer Studies Unit, concluded: “The
epidemiological findings that have been reviewed provide no firm
evidence of the existence of a carcinogenic hazard, from exposure of
paternal gonads, the fetus, children, or adults to the extremely low
frequency electromagnetic fields that might be associated with
residence near major sources of electricity supply, the use of electrical
appliances, or work in the electrical, electronic and
telecommunications industries.”

Similar conclusions have been reached by the Science Advisory
Board of the US Environmental Protection Agency.

I suggest that your readers should take note of the views of these
expert and independent groups and discount the less informed
interpretations of Philips® article.

D E Jeffers
The National Grid Company

magnetometer by mounting the
compass needle between a pair of
bearings (escapement bearings
salvaged trom an old clock) so that
the device can be inclined at 67° to
north: about twice as much current
is required to deflect the needle by
45° than when horizontal. So,
taking imperfect balunce of the
needle, bearing friction and
alignment errors into account, these

results do agree with the comments
made by Noble and Flodquist.

G Pickworth

Kettering

Model answer

I read Ben Duncan’s article " A
sound Model for Audio Design?”
(EW + WW April 1992) with
amazement. My impression is that

LETTERS

Duncan knows quite a lot about the
software he is using, but hasn't a
clue about how to model a real
circuit. At best, his models are
wildly extravagant, and at worst
they are simply wrong.

Fairly early in the article, Duncan
states ... the performance (of
emitter or source followers) is
critically dependent on being hung
from a low supply impedance”.

Actually, emitter or source
followers have excellent PSRR of
the order of many tens of dB. So
their supply impedance doesn’t
really matter as long as the collector
or source voltage neither falls so low
that the device saturates nor rises so
high that over dissipation or second
breakdown becomes a problem. It is
thus necessary only to check the
supply voltage at the trough of
ripple waveform at minimum AC
line voltage and maximum load. and
at the peak of the ripple waveform at
maximum AC and minimum load.

Next, Duncan tries to model his
power supply, consisting of a mains
transformer, bridge rectifier and
reservoir capacitor. It is of course
difficult to consider the circuit as
having any meaningful small-signal
impedance looking back at its output
terminals; but without doubt the
circuit he chooses to represent the
power supply (his Fig.1) is simply
wrong.

The transformer inductances (with
series winding resistance and diode
incremental resistance) do not
appear across the output, in parallel
with the reservoir capacitance.

If Fig. 1 were correct, the diode
bridge resistance could be set to zero
together with transformer winding
resistance; at very low frequencies
the “looking back™ impedance
would be inductive.

On the other hand, elementary
circuit theory with the same perfect
transtormer and diodes suggests the
output impedance to be resistive and
of magnitude approximately
1/{4fC,e) — the peak output always
being V2Vius - Ly (2Cre).

But Mr Duncan, your Figs. 1 and
2 are wrong — you have a good
computer but haven't used it
properly. I note you are aware of
your model’s shortcomings. May [
suggest that if you are worried about
supply impedance at high
frequencies, you take it to be that of
your reservoir capacitor alone. This
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COMPUTERICS

2817A-20 (2Kx 8) EEPROM ex eqpt. .
AM7910 Modem chip ex. eqpt £5 ne
80C8BA-2 used ............
27C64-25 used/wiped
275191 PROM ...
IMS1400P-45 ..
80C31 MICRO
P8749H MICRO .
D8751H USED
NEW 4164-15 .
USED 41256-15 .
USED 4164-15 ...
BBC VIDEOULA

9 x 4125615 SIMM .
8 x 4164 SIP MODULE NEW ..
HD 146818 CLOCK IC ..
2864 EPROM ................
27128A 250ns EPROM USED .
27C1001-20Z NEW 1M EPROM

FLOPPY DISC CONTROLLER CHIPS 1771
FLOPPY DISC CONTROLLER CHIPS 1772
68000-8 PROCESSOR NEW ..

. €5
ALL USED EPROMS ERASED AND BLANK CHECKED
CAN BE PROGRAMMED IF DESIRED
2716-45 USED ....
2732-45 USED
2764-30 USED ...
27C256-30 USED
27C512 USED .......
1702 EPROM EX EQPT ...
2114 EXEQPTS50p 4116 E
6264-15 8k STATICRAM .................
GR281 NON VOLATILE RAM EQUIV 6116 .
Z80A S10-0
TMS27PC256-25 ONE SHOT 27C256 ..
P80387-16 CO-PROCESSOR
M27C1024-12XF1 (40-pin 1 MEG EPROM)
NMC9306EN EEPROM 256 bits

REGULATORS
78H12ASC 12V 5A .
78MO05 5V 0.5A ...
LM317H T05 CAN ...
LM317T PLASTIC T 0220 variable .
LM317 METAL ....
7812METAL 12V
7805/12/15/24V plastic
7905/12/15/24 plastic ..
CA3085 TO99 variable re
LM338 5A VARIABLE 1.2-30V ..
L387 5v Y2A WITH RESET QUTPUT ..

CRYSTAL OSCILLATORS
1M000 1M8432 1M0O0Q 4M0D0O 10MDOO 16MO00
18M432000 20M500 56M6092 ........................ £1.50 each

CRYSTALS
1MO 2M77 4M000 4M4336 4M9152 SMOEB8 6MO000
8MO000 12M000 14M31818 15M000 16M0OO 16M5888

25p 100+ 20p 1000+ 15p
25p 100+ 20p 1000+ 15p
. 2/81

.. £8
.. £1ea £50/100

17M000 20M000 21M855 22M1184 49M50 .......... £1 each
TRANSISTORS

BC107 BCY70 PREFORMED LEADS

RUISPEC ... £1 24/100 £30/1000
BC557, BC546B, BC238C, BC308B ........ £1/30 £3.50/100
2N3819 FETS short leads ........... . 421
POWER TRANSISTORS

P POWER FET IRF9531 8A 60V . 381
N POWER FET IRF531 8A 60V 2/£1
25C1520 sim BF259 .. 00/£22
TIP141/2€1 eaTIP 11 .. 281
TIP35B/TIP35C ............cu........... £1.50
SE9301 100V 1DA DARL SIM TIP121 .. 2/21
PLASTIC 3055 OR 2955 equiv 50p 100/£35

2N3773 NPN 25A 160V £1.60 .
2N3055H

TEXTOOL ZIF SOCKETS

28 WAY ZIF EX NEW EQUIPMENT .

SINGLE IN LINE 32 WAY CAN BE GANGED F OR USE

WITH ANY DUAL IN LINE DEVICES . . . COUPLING
SUPPLIED ....cooet ittt 2/£1.50

CAPACITORS COMPUTER GRADE

2200F 160V SIC SAFCOFELSIC CO38........... £4 (£1.20)
28,0004F 50V .o . £3(£1.30)
10,000uF 100V SPRAGUE/PHILIPS ... £6 (€2.00)
QUARTZ HALOGEN LAMPS

12V 50watt LAMP TYPE M312 ... £1 ea HOLDERS 60p ea
24V 150 WATTS LAMP TYPE A1/215 ........... £2.50 ach
NEW BITS

36 CORE 7/0.2mm OVERALL SCREENED ...... £50/100m
LITHIUM CELL 1/2 AA SIZE . .. 2FORE1
PASSIVE INFRA RED SENSO OR +

CIRCUIT £2 each

EUROCARD 21-SLOT BACK PLANE 96/96-WAY  £25 ea
"PROTONIC 24 VARIBUS" 16.7"x5" FIBREGLASS
MULTILAYER PTH PCB

EUROCARD 96-WAY EXTENDER BOARD 290x100mm

£10
“PROTONIC 24" ¢c/w 2 SUPPORT ARMS/EJECTORS.

KEYTRONICS

TEL. 0279-505543
FAX. 0279-757656

P O BOX 634
BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX

DIN 41612 96-WAY A/B/C SOCKE T PCB RIGHT ANGLE

£1.30
41612 96-WAY A/B/C SOCKET WIRE WRAP PINS

. £1.30
DIN 41612 64-WAY A/C SOCKET WIRE WRAP PINS €1
DIN 41612 64-WAY A/C PLUG PCB RIGHT ANGLE ...... £1
DIN 41612 64-WAY A/B SOCKET WIRE WRAP (2-ROW

BODY) £1

MISCELLANEOUS
BT PLUG+LEAD ...
PC PARALLEL PRINTER CABLE .
13AMOULDED PLUG+2m lead ..
MIN. TOGGLE SWITCH 1 POLE ¢/o PCB type 5/2
LCD MODULE sim. LM018 but needs 150 to 250V AC for
display 40x 2 characters 182x35x 13mm . .
TL431 2.5t0 36V TO92 ADJ. SHUNT REG
6-32 UNC 5/16 POZI PAN SCREWS .......
NUTS ........

Di

RS232 SERIAL CABLE D25 WAY MALE CONNECTORS

........... . £5.90 ea (£1.30)
25 FEET LONG, 15 PINS WIRED BRAID + FOIL
SCREENS

................................. INMAC LIST PRICE £30
STICK ON CABINET FEET RS NO 543-327 .. ... 30/£1
LEMAG EARTH LEAKAGE TRIP 35A 35mA TRIP ........ £9
FANS 240V 120MM £6 (£1
(OTHER VOLTAGES/SIZES USUALLY AVAILABLE)
AMERICAN 2/3 PIN CHASSIS SOCKET ..
HUMIDITY SWITCH ADJUSTABLE ..

WIRE ENDED FUSES 0.25A .............

NEW ULTRASONIC TRANSDUCERS 32kHz pr
12-CORE CABLE 7/0.2mm OVERALL SCREEN

........... 70p/metre
POWERFUL SMALL CYLINDRICAL MAGNETS . 3/81

BNC 500HM SCREENED CHASSIS SOCKET
SMALL MICROWAVE DIODES AE1 OC1026A ..
D.I.L. SWITCHES 10-WAY £1 8-WAY BOp 4/5/6-W,

80|

180VOLT 1WATT ZENERS also 12V & 75V ............. 20/21
VN 10LM 60V %A 5 Ohm TO-92 mosfet ....... 4/£1 100/£20
MIN GLASS NEONS . 10
RELAY 5V 2-pole changeover looks like RS 355-741
marked STC 47WBost
MINIATURE CO-AX FREE PLUG RS 456-071 ...
MINIATURE CO-AX FREE SKT RS 456-273 ..
DIL REED RELAY 2 POLE n/o CONTACTS .
PCB WITH 2N2646 UNIJUNCTION WITH 12V
RELAY ..
400m 0.5
megohms)
STRAIN GAUGES 40 ohm Foil type polyester backed
balco grid alloy ..........cocovvvvevicieveriieinnn. £1.50 ea 10+ €1
ELECTRET MICROPHONE INSERT ....................... £0.90
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304-
267 it £2.50 100+ £1.50
HALL EFFECT IC UGS3040 + magnet .
OSCILLOSCOPE PROBE SWITCHED x1 x10 .
1 pole 12-way rotary switch .....
AUDIO ICS LM380 LM386 TDA
555 TIMERS £1 741 OP AMP
ZN414 AM RADIO CHIP
COAX PLUGS nice ones
COAX BACK TO BACK JOINERS ..
4x4 MEMBRANE KEYBOARD
INDUCTOR 20uH 1.5A ........
1.25" PANEL FUSEHOLDERS .
CHROMED STEEL HINGES 14.5x 1 OPEN
12V 1.2W small w/e lamps fit most modern cars
STEREOCASSETTE HEAD
MONOCASS. HEAD £1 ERASE HEAD
THERMAL CUT QUTS 50 77 85 120°C .
THERMAL FUSES 220°C/121°C 240V 15,
TRANSISTOR MOUNTING PADS TO-5/TO-18
TO-3 TRANSISTOR COVERS .
PCB PINS FIT 0.1" VERO .
TO-220 micas + bushes
TO-3 micas + bushes ....
PTFE min screened cable .
Large heat shrink sleeving pack
IEC chassis plug filter 10A ..........
POTS SHORT SPINDLES 2K5 10K 25K 1M 2M5
40k U/S TRANSDUCERS EX-EQPT NO DATA
LM335Z 10MV/degree C ..
LM234Z CONST. CURREN
PAPST 18-24V FAN 120MM WOR 2v
BNC TO 4MM BINDING POST SIM RS 455-961 .
BUTTON CELLS SIM. AG10/AG12 4/81
EMN PCB POWER RELAY 12V COIL 6V CONTACTS 2 P

/0 1.25
AVEL LINDBERD MOULDED TRANSFORMER TYPE
0B10 15+15V 10VAQTY. AVAILABLE ................... £2
BANDOLIERED COMPONENTS ASSORTED Rs, Cs,
ZENERS £5/1
LCD MODULE 16 CHAR. X 1 LINE (S|
HITACHI LM10) ..
KYNAR WIRE WRAP WIRE (1orrroeoooeeroeo

DIODES AND RECTIFIERS
A115M 3A 600V FAST RECOVERY DIODE ............... 4/21
1N5407 3A 1000V ..... 1
1N4148 .........
1N4004 SD4 1A 300V ...
1N5401 3A 100V
BA158 1A 400V fast recovery
BY127 1200V 1.2A ...
BY254 800V 3A .
BY255 1300V 3A ..

SEND £1 STAMPS FOR CURRENT IC+SEMI STOCK LIST — ALSO AVAILABLE ON

32" FLOPPY DISK

MAIL ORDER ONLY

6A 100V SIMILAR MR751
1A 600V BRIDGE RECTIFIER
4A 100V BRIDGE ..
6A 100V BRIDGE ..
8A 200V BRIDGE ..
10A 200V BRIDGE
25A 200 V BRIDGE £2 .
25A 400V BRIDGE £2.50

SCRS
PULSE TRANSFORMERS 1:1+1 .
2P4AM EQUIVC106D ..................

TICV106D 800mA 400C SCR 3/£1
MEU21 PROG. UNIJUNCTION ..

TRIACS ....................
NEC TRIAC ACOSF 8A 600V T0220
TXAL225 8A 500V 5mA GATE .........
BTA 08-400 ISO TAB 400V 5mA GATE
TRAL2230D 30A 400V ISOLATED STUD ...
TRIAC 1A 800V TLC381T 16k AVAILABLE

............................................................. S5FOR£1£15/100

CONNECTORS

D25 IDC SOCKET FUJITSU .....ccooveerrierire v £2

DIACS 4/£1
. §/£2 100/£30
. 2/£1 100/£35
... 90p
£5 ea

CENTRONICS 36 WAY IDC PLUG

CENTRONICS 36 WAY IDC SKT ......
BBC TO CENTRONICS PRINTER LEAD 1.5M ..
CENTRONICS 36 WAY PLUG SOLDER TYPE ..
USED CENTRONICS 36W PLUG+SKT

PHOTO DEVICES
HI BRIGHTNESS LEDS CQX24 RED
SLOTTED OPTO-SWITCH OPCOA OPB815
2NST77 oo,
TIL81 PHOTO TRANSISTOR .
TIL38 INFRAREDLED ...........
4N25, OP12252 OPTO ISOLATOR
PHOTODIODESOP .............con.......
MEL12 (PHOTO DARLINGTON BASE n/c) .
LED’s RED 3or 5mm 12/€1 ........
LED's GREEN OR YELLOW 10/1 .
FLASHING RED OR GREEN LED i

895 . s £10 ea

STC NTC BEAD THERMISTORS

G22 220R, G13 1K, G23 2K, G24 20K, G54 50K, G25
200K, RES 20°C DIRECTLY HEATED TYPE ............ £1 e
FS22BW NTC BEAD INSIDE END OF 1" GLASS PROBE
RES 20°C 200R £1
A13 DIRECTLY HEATED BEAD THERMISTOR 1k res.
ideal for audio Wien Bridge Oscillator ....................... £2 ea

CERMET MULTI TURN PRESETS %"
10R 20R 100R 200R 250R 500R 2K 2K2 2KS 5K 10K 47K
50K 100K 200K 500K 2M .....roevvver oo 50p ea

IC SOCKETS

32-WAY TURNED PIN SOCKETS 7K AVAILABLE  3/g1
6 pin 15/£1 8 pin 12/£1 14/16 pin 10/€1 18/20 pin 7/£1
22/24/28 pin 4/21 40 30p

SIMM SOCKET TAKES 2X30 WAY SIMMS .. £1
SOLID STATE RELAYS
40A 250V AC SOLID STATE RELAYS .....cocoevevveveeennne £10
)/E1 100/€3
1r1/3n3/5n6/8n2/1 0n 1% 63V 10mm ... 100/£8
10ny15n/22n/331/47n/66n 10mm rad . 100/£3.50
100n 250V radial 10mm . .... 100/£3
100n 600V Sprague axial 00/£6 (£1)
2p2 160V rad 22mm, 2u2 100V rad mm -

10n/33n/47n 250V AC x rated 15mm .
11 600V MIXED DIELECTRIC ........
110 100V rad 15mm, 1.0 22mm rad

RF BITS
RG179B/U 100m PTFE RF CABLE ................... £35/100m
CONHE X 50ohm PCB RIGHT ANGLE PLUG
ITT/SEALECTRO 051 053 9029 22-0 4K AVAILABLE
TRW 50watt 500hm DUMMY LOADS .
ALL TRIMMERS

. £50
. 3for 50p

TRIMMERS larger type GREY 2-25pF YELLOW 5-65pF
VIOL 105pF
SMALL SpF 2 pin mounting

SMALL MULLARD 2 to 22pF

TRANSISTORS 2N4427, 2N3866 70p
CERAMIC FILTERS 4M5/6M/9M/10M7 . 60p sa

FEED THRU’ CERAMIC CAPS 1000pF
SL610

MINIATURE RELAYS suitable for RF
5 volt coil 1 pole changeover
5 voit coil 2 pole changeover ..
12 volt coil 1 pole changeover ...

MONOLITHIC CERAMIC
CAPACITORS

10n 50V 2.5mm ....
100n 50V 2.5mm o
100n ax short leads .
100n ax long leads ..
100n 50V dil package 0.3"rad ..
1xF 50v 5mm ............

STEPPER MOTORS

2 CENTRE-TAPPED 9 VOLT WINDINGS 7.5° STEPS  £4

MIN. CASH ORDER £3.00. OFFICIAL ORDERS WELCOME - T
UNIVERSITIES/COLLEGES/SCHOOLS/GOVT. DEPARTMENTS

MIN. ACCOUNT ORDER £10.00
P&P AS SHOWN IN BRACKETS (HEAVY ITEMS) OTHERWISE 65p

VISA

ADD 17'2% VAT TO TOTAL —
ELECTRONIC COMPONENTS BOUGHT FOR CASH
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will be true for much of the time.
and will give a conservative figure
for the duration of the diodes’
conduction time. AC mains should
also be modelled as having a source
impedance equivalent to a series L-
R network (250puH and 0.2€2 should
do). Forget about parallel
capacitance which vary so much
from one place to another that it is
pointless to give them values -
fortunately their effect is negligible
anyway.

Forget, too, about transformer
magnetising inductance — it simply
has no effect on output (unlike
leakage inductance. which was not
taken into account).

[ can offer no constructive
comments about the voltage
regulator analysis. except that |
think Duncan is wasting his time. It
is very easy to sct up three-terminal
regulators like the LM317 so that
they work. and circuit optimisation
is then best carried out by playing
with the circuit itself which will
always be better than any computer
model.

I can also not see why anyone
should want to simulate a short-
circuit at the end of a 30m output
cable. The stress on the output
transistors will be far greater if the
short occurs at the amplifier end of
the cable— just as likely to happen in
practice — so the cable can be
neglected (which would have been
done far more accurately as a
transmission line rather than a three-
stage RLC network).

[ approve of the ability to see that
the output devices operate always
within their safe operating area — a
really valuable use for the computer
and I quite agree that simulation
here can pay dividends. It is no use
trying to prove a design for real if it
keeps failing.

Finally I'm puzzled by the
reference to beryllium dust. Neither
beryllium nor beryllia (beryllium
oxide ceramic) is used in any audio
devices  have come across.

I think Duncan is trying to avoid a
danger that just does not exist.
Peter F Vaughan
North Devon

Golden
memories...

Alisdair Philips™ article “Power
Politics: Playing with lives?” (EW +
WW. April) returns us to the killing
fields about which you have devoted
a good deal of space.

Whatever the merits of the case, |
do protest at sloppy editing.
Whether you wish to be persuasive.
or merely informative, EW + WW
readers deserve better than you gave
to a topic that you obviously believe
important.

Philips makes it hard to verify his
sources. For example. his first
reference is to Segal ez al. but he

does not quote the Journal. date or
page numbers. There were other
examples of incomplete citations
and annoying inconsistencies.

It seems that EW + WW staft
leave the office without looking at
the final made-up copy. Please take
alook at some early issues of EW +
WW, they were not glossy. but were
impeccably produced.

H W Shipton
Washington University

...fatally flawed

[ was surprised to read (Letters,
“Forty year delay™ EW + WW April)
about JM Chapman’s vitalised
valve-voltmeter, because 1 well
remember the design.The balancing-
circuitry was used in commercial
instruments, such as the Marconi
valve-voltmeter. which carried their
quaint number: test-fixture /041,

It is unfortunate that the
correction to the circuit, in Wireless
World, February. 1951, p.33 - was
missed.

T J Wynn
Newport

Sculpting the
quantum world

1 would like to comment on George
Ho-Yow's response (Letters. EW +
WW, April 1992) to Dr Millar’s
article “Scratching the surface of
electromagnetism™ (EW + WW,
December 91).

The magnetic lines of torce
represent the space derivatives of the
scalar quantity (gradient) of the
magnetic field surrounding the bar
magnet. Hence the lines do not
“move” as suggested by Ho-Yow
and in reality do not exist, but are
analogous to the contour lines on an
ordnance survey map. They
represent the strength of the
magnetic field at equipotential
points.

But nobody understands the
fundamental nature of magnetism,
and the underlying reality is buried
in the mathematics.

Kinetic energy of a body is
defined as the capacity it has by
virtue of its motion for doing work
against a resistance. Or kinetic
energy may be defined as the work
which must be done on that body in
bringing it from a state of rest to a
velocity v.

In fact energy is an invention of
scientists to allow the state of a
system to be quantitied. Whether the
quantity of energy relates to energy
levels in an atom (to use solid-state
physics jargon) or the kinetic energy
of an express train. is not important.
The energy of a system is an abstract
entity that does not exist in
observable form. It is simply a
measure of the ability of a system to
do work. Therefore kinetic energy

itself cannot be affected by gravity.

As regards the nature of an
electron, the current perception is
that it is something that sits outside
of the nucleus possessing a certain
amount of energy and some other
properties. Electrons, as well as
other particles, have an inherent
wave particle duality which has
resulted in one of the most
fundamental mysteries of physics.

Returning to Ho-Yow's question
on the nature of magnetism the
accepted explanation regards
permanent magnets as magnetic
dipoles which exert a couple on gach
other. It is this couple that reveals
the presence of a magnetic field.
Many people find this explanation to
be extremely unsatistactory as
regards the undertying reality of the
magnetic force.

If all particles are considered to be
steady-state structures in the
quantum field then the fundamental
forces ot nature must inevitably be
the result of a disturbance in the
vacuum. Nobody has evar “seen’ an
atom and all we perceive are
experimental results which are
interpreted to be a nucleus
surrounded by an electron cloud.

The strong nuclear force was
hypothesised as the mechanism for
binding the protons of the nucleus
together against their natural
tendency to repel one another. By
using the vacuum curvature analogy
it is much easier to picture the
interlocking of vibrational nodes
which are strong enough to
overcome the dual repulsion effect.
The atomic structure then becomes a
group of interacting vacuum
vibrations that exist as a stable
entity, with electrons confined to
null node points outside the nucleus.

In this alternative picture of
quantum reality. all matter and all
forces are the result of vacuunm
fluctuarions which obey a
fundamental set of rules that are
only partially defined by the subsets
of classical EM relativity and
quantum theory.

The apparent creaticn or exchange
of particles in accelerator
experiments must then be due to
interference between the stancing
wave structures we perceive as
particles,

For example, production of a
temporary standing wave structure
in the vacuum caused by interaction
of two electrons would apparently
result in the exchange of a photon.
In fact the photon is a fleeting
interaction between two quartum
field fluctuations.

Our experimental apparatus
detects the temporary standing
wave, caused by an overlap in the
two interacting fields. and interprets
this structure as a photon.

Clearly. if gravity can be
described by geometric means as the
bendiag of space-time (ie the

LETTERS

What a caution!

I was delighted that Jan Chapman
(Letters, “Forty year delay™, EW
+ WW, April) had retrieved from
the attic the simple valve
voltmeter described in Wireless
World. December 1950.
Correcting the value of R;3 made
it work at last in the 1990s.

With the wisdom of hindsight
many of us now wish that we had
waited for the corrections betore
building the latest circuit
offerings from EW + WW. In the
case of this voltmeter the
corrected value of R;; was
published on page 53 of the
February 1951 issue.

Do 1 now build the AC
magnetometer described in
p.281-283 of the April issue - or
would it be better to wait?

Roy Fursey
Dorset

vacuum) then magnetism, electric
charge, etc may also be a localised
manifestation of the same
underlying mechanism. albeit of a
different flavour and with different
properties. Hence. the old ideas of
action at a distance can more readily
be rationalised with the notion of
particles as carriers of the force. In
this alternative approach the vacuum
disturbance explains the presence of
a force whereas the messenger
particles of quantum theory are
explained by interference between
interacting stable vacuum structures
ie particles.

If this theory is correct, then the
accelerators of high energy physics
are simply equivalent to a sculptor’s
chisel. The use of the same tools in
an identical manner will always
provide the same result consistently.
Thus the plethora of particles that
have been “discovered™ in recent
years may be of artificial origin. in
as much as they represent a
momentary interaction between two
or more stable vacuum structures.

At present, modern physics can
only offer the unsatisfactory
conclusion that there is no
underlying reality. The idea of
vacuum fluctuations as the basis for
all particles and fundamental forces
provides a model of reality that can
be more readily pictured than the
abstract world of probability waves
and wave tunctions. More
importantly. it could prevent our
headlong tlight into accepting the
“many worlds™ interpretation of
quantum physics and its inevitable
links with Eastern mysticism.
George Overton
The Anti-Gravity Society
Hants
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COLOURJET 132

COLOUR INK JET PRINTER

Compatible with:~ LOW COST

IBM pc VT, LIST PRICE

ﬁ!ﬁfﬂf,":des from £579 + VAT

BBC Micro
Amiga
Apple Mac

(serial version)

rating
"Cost
Windows 3

Driver
Available

EMULATES OTHER COLOUR PRINTERS EG. IBM 3852, Canon PJ1080A, Quadiet
PRINTS OVERHEAD TRANSPARENCIES

EDUCATIONAL DISCOUNTS AVALIABLE

INTEGREX LTD., CHURCH GRESLEY, SWACLINCOTE
DERBYS. DE11 9PT

Tel (0283) 551551

Fax (0283) 550325

T/x 341727 INTEGX
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By summer next year
the US should have
selected a standard for
high definition
television (HDTV)
broadcasting which
will almost certainly
be digital. What
happens in the US
could well affect
European television
standards. Aubrey
Harris takes a good
look at the competing
systems

TRACEY MARTIN

HDTV

PUTTING THE RIGHT
NUMBERS INTO HDTV

US’s Advanced Television Test Centre

for evaluation as a future HDTV stan-
dard. One is intended as an interim standard
for extended definition only; one is based on
transmitting signals in analogue form, and the
remaining four use digital processing and dig-
ital transmission formats.

One of the main considerations is that the
Federal Communications Commission has
ruled that any system must operate, without
interference, inside the existing American
standard 6MHz-wide TV channels.

There are 68 such channels, twelve in the
VHF band and 56 UHF, on which existing
stations transmit in the NTSC format. In any
one region, not all are occupied because inter-
ference considerations allow only every other
VHF channel and every sixth UHF channel to
be assigned. The new HDTV service will be
carried on these “taboo” unused channels.

Six systems have been submiitted to the

HDTV terminology
High definition television is a term generally
used to describe systems able to transmit and
display pictures with far higher detail and clar-
ity than is possible with current TV broad-
casting. Systems (Tables 1 and 2) may use a
thousand or more scanning lines on the screen
(possibly twice the number of a pal system), a
wider screen and produce an improved signal-
to-notise ratio with higher quality sound.
Higher resolution at the receiver is the prime
aim, and this is achieved by increasing the
active scanning lines, providing more resolu-
tion in the screen’s vertical dimension, and
using wider video bandwidth to match the
improved resolution across the screen.
Factors determining transmission bandwidth
are the picture aspect ratio (displayed image
width to height), whether interlaced or pro-
gressive scanning is used, frame rate and the
square of the number of lines in each frame.
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HDTV

Analogue

RGBto
nput Ato-D YUV )
video conversion  matrix Multiplexer

Discrete
cosine
transform

Variable
length

coder Buffer

}_

Quantizer

Decimators fnverse DC T
pass
filters
Motion Inverse
compensator quantizer
Digital
audio System
encoder multiplexer
Analogue audio input
Forward
N error
correction Madulator

Control channel data

Text/ data

This last factor sets high bandwidth require-
ments for HDTV, since if the number of lines
is doubled, the required bandwidth is quadru-
pled. Progressive, rather than interlaced, scan-
ning also doubles the bandwidth requirement.

The present UK 625-line 50-ficld/s pal
interlaced system with an aspect ratio of 4 by
3 requires a video bandwidth of 5.5MHz.

Doubling the number of lines would require
a bandwidth of 22MHz, and conformance to
the internationally agreed HDTV wide-picture
aspect ratio of 16 by 9 (1.78:1) would bump
that up 1o 39MHz. Progressive scanning
would push the bandwidth up 10 78Mlz
(almost ten times a single pal channel) and
could not be accommodated in the present
broadcast spectrum allocations.

Fig. 1. Simplified block diagram, although
specific for the Digicipher system, illustrates
many elements common to other systems.

Clearly bandwidth reduction techniques are
nceded. Broadeast TV uses interlaced scan-
ning to reduce bandwidth, so that odd-num-
bered lines are transmitted in one field and
even-numbered lines in the next, one twenty-
fifth {or one thirticth) of a second later. The
criticism of interlacing is inter-line flicker and
undesirable motion artifacts.

Bandwidth reduction

Exploitation of psycho-visual and statistical
attributes of images, combined with various
signal processing techniques, can significant-

Table 1. Comparing technical characteristics of digital HDTV

ly reduce the information/bandwidth needed.

For example, the eye does not need a high
degree of colour information in an image as
long as the full detail is presented by the
brightness (luminance) signal. Pal, NTSC and
sccam use this phenomenon to reduce the
transmitted chrominance bandwidth by 50%
or more.

Detail is a main attraction of HDTV, and
systems must be able to reproduce fine detail;
but not usually over the whole of a frame. The
portion of a typical — and even demanding —
image requiring high frequency spatial
response is usually small. In any case fine
detail cannot be observed while an image is in
motion.

In addition most TV images have a high
degree of correlation between adjacent picture
elcments (pixels), both vertically and hori-
zontally, and temporally between adjacent
frames. Significant portions of pictures remain
static over many frames and, even where
motion is present, areas frequently remain
unchanged for relatively lengthy periods:
“talking head” pictures for example.

Digital electronics atlows complex process-
ing of signals (eg filtering) —~ cumbersome if
not impossible in analogue form — and it is
these advantages that make possible the com-
pression of HDTV signals into the narrow
channels available. Raw digitised HDTV data
involves data rates of hundreds of megabits
per sccond Compression reduces this by fac-
tors of 30-40. Combined with modulation
techniques which allow multiple bits per hertz
of bandwidth, the reduction makes terrestrial
transmission of HDTV possible.

Digital proposals: Atva-Digicipher

Atva-Digicipher (Fig. 1) operates with an ana-
logue RGB input at 1050-lines, interlaced 2:1,
and a 59.94Hz field rate. Twice the NTSC line
ratc was chosen to allow easy conversion of
bascband signals between the two systems.
After digitising, compression and multiplexing

Digicipher ADTV DSsC Atva-P
Scan Lines/frame 1050 1050 787.5 787.5
Frames/s 29.97 29.97 59.94 59.94
Scan format 2:1 interlace 2:1 interlace Progressive Progressive
Line scanning frequency 31,468.5kHz 31,468.5kHz 47,203kHz 47,203kHz
Active luminance pixel format 1408 x 960 1440 x 960 1280 x 720 1280 x 720
Active chrominance pixel format 352 x 480 720 x 480 640 x 360 (unspecified)
Luminance bandwidth 21.5MHz 24 5SMHz 34MHz 34MHz
Chrominance bandwidth 5.4MHz 12.25MHz 17MHz 34MHz
Video data rate 12.59/17.47 Mb/s 17.73 Mb/s 8.6/17.1 Mb/s 15.64 Mb/s
Sync data - - 292/544kb/s -
Audio bandwidth 20kHz 23kHz 20kHz 20kHz
Audio sampling rate 48kHz 48kHz 47.203kHz 47.203kHz
Audio data rate 503kb/s 512kb/s 500kb/s 500kb/s
Auxiliary data channel 126kb/s 256kb/s 413kbrs 126kb/s
Error correction burden 6.17 Mb/s 4.96 Mb/s 1.3/2.4 Mb/s 3.042 Mbr/s
Control data rate 126kb/s 40kb/s 40kb/s 126kb/s
Transmitted data rate 19.51/24.39 Mb/s 23.46 Mb/s 11.1/21.0 Mb/s 19.43 Mb/s

Note: All systems operate with SMPTE 240M colorimetry and with an aspect ratio of 16 by 9 (1.78:1). The Atva-P
system is currently in design revision and some technical details are subject to modification.
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Table 2. System names and proponents.

System Name

Digicipher

Advanced digital television (ADTV)

Digital spectrum compatible (DSC-HDTV)

ATVA-progressive (ATVA-P)

DIGITAL BENEFiTS

Digital signalling formats for HDTV
systems have many advantages:
eRegeneration of the digital bit stream at
various processing points in the
transmission path renders the signal
virtually immune to degradations which
plague current analogue TV systems.
*Muitiple CD-quality sound channels are
easily incorporated.

s Additional bit streams for text, data, and
control can be interleaved with the vision
and sound data.

eMultipath (ghost) images can be
cancelled, and ignition noise and other
impulse interference can be greatly
reduced or eliminated at the receiver.
sInterfacing with future digital data
communication and recording protocols
should be easy.

the video data with four digital 20kHz audio
channels, a data/text channel and a control
channel. the data transmission rate is
24.39Mbit/s.

Analogue signals from programme origina-
tion equipment are low-pass filtered, A-to-1>
converted and fed through an RGB-to-YUV
matrix to provide a luminance and two colour-
difference signals. Resolution of the chromi-
nance signals is reduced horizontally by a fac-
tor of four and vertically halved — the latter
accomplished simply by discarding each alter-
nate chrominance field.

Luminance and chrominance signals are
sequentially muitiplexed and then follow
either a path to a motion-compensator stage.
or after combination with the motion com-
pensated product to a discrete cosine trans-
form (DCT) stage. Coeflicients in the DCT
frequency array are significant for the DC
(grey level) component or low frequencies,
and can be low or zero for the higher fre-
quencies in many images.

Cocfficients of the frequency array are read
out serially in a zig-zag fashion, so that they
become arranged in ascending frequency and
(usually) decreasing amplitude (Fig. B, see

Proponents

American Television Alliance (ATVA)
General Instrument Corp., Massachusetts
Institute of Technology

American Television Research Consortium (ATRC)
National Breadcasting Company, Philips, Thomson

Consumer Electronics, David Sarnoff Research Center,

Compression Laboratories incorporated

Zenith/AT&T
Zenith Electronics Corp. and American
Telegraph & Telephone Co.

American Television Alliance (ATVA)
General Instrument Corp., Massachusetts
Institute of Technology

"Disrete cosine transform", p.494). “Run-
length coding™ assigns code words specitying
the value of each non-zero coefficient and the
number of zero value terms between it and the
succeeding non-zero coefficient. The result is
that a considerable reduction in data is needed
1o describe the majority of pixel blocks.

In a quantising process. weighting factors
adapt the eutput under particular signal con-
ditions to give priority to higher magnitude
(low frequency) coefficients.

Motion estimation/compensation

The other path from the multiplexer goes 1o a
motion-compensator for compression in the
temporal domain.

In many television images the difference in
picture content from frame to frame is small,
particularly where there is little motion. Even
with quite fast movements. where there is not
a great deal of detail, frame-to-rame correla-
tion is still high. So the difference in picture
content between successive frames can be
determined by comparing the current frame
with the previous reconstituted {inverse-trans-
formed and inverse-quantised) frame. A dif-
ferential pulse code signal is gencrated and
subtracted from the incoming current frame
betore DCT. Only the estimated differences

Why 29.97 and 59.94 2

HDTV

Lines/frame Scan format
1050 2:1 interlaced
1050 2:1 interlaced
787.5 Progressive
787.5 Progressive
Video
compression Transport
encoder encodsr
] S
1 channel
X'_"_f’_"_, H Pmodu!alor
—+ —> —>1
Audio Prioritization
encoder sp
2—— Audio —
g—Pencoder
—
Control data

Fig. 2. In ADTV, approximately 20% of data
goes into the HP stream, radiated by the
transmitter at a higher power level.

Sync Adaptation

To
transmitter
—

Forward error

byte header correction
\ v 2
|1|1| 4| 120 Bytes lzl 20 ]
T ¥
Service header  Audio, video, data & contro!  Frame check
sequence

Fig. 3. ADTV’s transport cell is similar to ATM
data packets.

between frames need be transform coded,
rather than cach individual frame.

The data rate is turther reduced by assigning
short code words to certain values that statis-
tically occur more often than others in the data
stream. Longer code words need only be used

The surprisingly odd frame and field rates developed for NTSC in the early 1950s are
alsa being proposed for US HDTV. They will probably remain because of the benefits
of having a simple integer relationship between NTSC and HDTV.

Frequency of the NTSC sub-carrier was chosen, for minimum picture visibility, to be
an odd-multiple of half of the then-current 15,750kHz monochrome line scan
frequency. Development tests were made using a sub-carrier frequency of
3.583125MHz, the 455th-multiple of half the line rate. But at the time certain

monochrome TV sets showed an objectionable beat between the sub-carrier and the
4.5MHz sound carrier. Experiment showed that making the beat signal frequency an
odd-multiple of half the line scan rate would reduce visibility of the beat, so the sound
carrier frequency should be an even-multiple of the line rate.

Line scan frequency was changed to 4.5MHz/286 = 15,734.264kHz; the sub-
carrier frequency became 15,734.264 kHz x 0.5 x 455 = 3.579545MHz; and (still
maintaining 525 lines per frame) the frame rate had to drop to 15,734.264kHz/525 =
29.97Hz. The field rate became 59.94Hz.
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HOTV

{'ey scale DC value
1

0 |12.5] 25 [37.5! 50 |62.5| 75 |87.5 43.5|-40| 0 |-41| 0 |-1.1] 0 0
0 |12.5] 25 |37.5| 50 |62.5| 75 |87.5 0 0 0 [1] 0 0 0 0
N 0 |125] 25 [372.5| 50 |62.5| 75 |87.5 0 0 0 0 0 0 0 0
] 0 [12.5] 25 |37.5| 50 [62.5| 75 |871.5 0 0 0 [1] [1] 0 0 0
0 |12.5| 25 |37.5]| 50 |62.5| 75 |87.5 0 0 0 0 [1] 0 0 0
= 0_[125]) 25 |37.5| 50 [62.5] 75 |87.5 0 0 0 0 0 0 0 0
N 0 [12.5] 25 |37.5| 50 {62.5| 75 |87.5 0 [1] 0 0 0 0 0 1]
0 |12.5( 25 |372.5| 50 [62.5| 75 |la7.5 0 0 0 0 0 0 0 0

Fig. A. Brightness (left), amplitudes (middle) and frequency coefficients (right) for gradual increase in brightness. Horizontal frequency

terms increase from left to right; vertical frequency ferms increase from top to bottom.

DISCRETE COSINE TRANSFORM

Discrete cosine transform (DCT) is not in
itself a compression. Its primary function is to
convert an array — representing amplitude
levels of a given number of spatial elements
in an image area ~ to an array of the same
number of frequency coefficients.
Conversion forms the basis for subsequent
reduction of the number of terms and
amount of data necessary to define the
image.

Analysing and dividing TV pictures into
64-pixel blocks often shows that very little
high frequency information is contained
within each block. Processing pictures in the
frequency domain instead of the spatial
domain allows advantage to be taken of this,
and sometimes the low value HF
components can be ignored.

Typically, spatial arrays of picture
elements, representing intensity levels of
portions of a video image in blocks eight
pixels wide by eight pixels high, are sampled
in turn and subject to DCT until the whole of
the image frame has been transformed.

The transform turns the luminance or
chrominance intensity block into a two-
dimensional array of sixty-four frequency
coefficients, representing amplitudes of the
spatial frequency components of the original
block (Fig. A). The zero-frequency (DC) term,
defining the grey level of the whole image
block, is placed at the upper left side of the
block. Other coefficients relating to the
increasing frequencies in the horizontal
dimension of the spatial array are arranged

from left to right in the transformed array.
Those representing values of increasing
vertical frequency are arranged from top to
bottom.

Coefficients in the transformed (frequency)
array are often read out serially in a zig-zag
manner (Fig. B) so that, following the DC
term, the second coefficient gives the
amplitude of the lowest frequency in the
horizontal dimension of the array. The next
coefficient is the amplitude of the lowest
frequency in the vertical dimension, and
succeeding values reveal magnitudes of
incrementally higher frequencies.

The final value, the 64th coefficient,
indicates amplitude of the highest frequency
in both the horizontal and vertical directions.

Dependent on the total number of pixels in
the image, a 64-pixel block covers an area of
the order of less than one twenty-thousandth
of the full picture. For many TV pictures a
large number of 8 x 8 pixel block images will
be made up of areas of similar brightness or
similar chrominance value and there is a
high degree of horizontal and vertical
correlation between adjacent pixels. For
example, in pictures containing the human
face, clothing or outdoor scenes, many
transformed blocks are described completely
by the DC level.

Other blocks contain low frequency
coefficients and low magnitude higher
frequency coefficients. High amplitude, high
frequency terms only occur where there are
marked, sudden changes in intensity in the
televised image. When typical TV pictures

are analysed, the number of areas in the
image containing these kinds of transitions is
surprisingly small. Therefore the number of
data bits required to define such pixel blocks
is drastically lower in the frequency domain
than in the spatial domain.

1 [ = £ e :
5' (grey level)

i
434! 0N 3 0 23 o o0
L@//D/;D/ /g/:,a/j;/;vjﬂ
0101704040401 070
(0,400, OO
1/[1/"//[]'//[]Y/’/l:l//[’]‘/"/l:l//l?l/')l:l
ﬁl//l;//l;//{l//l,l//ﬂ//ﬂ /0
VDIV IL
0]0]/0]0]/0]0|0l0)

Fig. B. Zig-zag serial readout

Fig. C. DCT horizontal white line, and
amplitudes and frequency coefficients.
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for less frequent values. Huffman coding in a
variable length coding stage (VLC) uses the
minimum number of bits (compared to other
methods) to represent given data.

Changes in TV pictures with time and the
resulting response of the coding and quanti-
sation processes, means the bit rate in the data
stream, after the VLC. is not uniform. A first-
in. first-out buffer regulates the varying data
rale and provides a constant-output bit rate
into the system multiplexer, where  data
streams from the audio, control and data/tele-
text sub-systems are appended.

Forward crror correction minimises the
effects of transmission channel errors on
integrity of the received signal. and helps
eliminate car ignition and other impulse noise
pulses of up to 3ps duration.

The Digicipher quadrature amplitude mod-
ulation (gam) system operates at two different
data rates. A lower mode (l6-qam) at
19.51Mbit/s aims to provide error-free recep-
tion at a carricr-to-noise ratio (CNR) as low as
12.5dB. At the higher rate of 24.39Mbit/s (32-
gam), higher video quality is received but a
CNR of 16.5dB is required for error-free
reception.

ADTV - advanced digital television

Baseband input for the ADTV system is 1050-
lines, 2:1 interlaced. 59.94 fields/s. Source
coding is based on the ISO MPEG (Moving
Picture Experts’ Group) draft specification for
transport of moving images over communica-
tion data networks. ADTV has called its mod-
ificd MPEG. handling the more stringent
requirements of HDTV, "MPEG++".

Where the encoding system needs to pro-
cess a lot of new data (in scenes containing
much motion and/or fine detail) prioritisation
separates information into data streams reflect-
ing their importance to overall system opera-
tion. Data critical to the basic integrity of
received pictures — grey scale levels, audio
signals. data cell headers and motion descrip-
tors — are assigned high priority (HP): low fre-
quency cocftficients and the higher frequency
(fine detail) coefficients form the standard pri-
ority (SP) data stream. Assignment states are
adaptive, and SP data may transcend to the HP
strecam when HP loading is light.

The two streams are formatted into separate
148-byte data transport cells (Fig. 3) similar in
structure o asynchronous transfer mode
(ATM) data packets on data communications
networks. The ADTV cells are readily
transcodeable for transmission on broadband
integrated scrvices digital networks (ISDN).

Both data streams are quadrature amplitude
modulated onto separate carriers contained
within a 6MHz band (Fig. 4). The HP channel
is 960KHz wide: the SP channel occupies
3.84MHz and is filtered to have minimum
power at the NTSC carrier frequencies.

ADTV HDTYV receivers would have similar
functioning filters so that a co-channel NTSC
station would not intertere with HDTYV recep-
tion.

HP would be radiated 5dB higher than the
SP. so that where transmission is impaired

High
priority
signal

HODTV

Standard priority signal

Vision carrier

nl

ADTV HDTV SPECTRUM

N TS C SPECTRUM

Sound
carrier
Colour
sub - carrier

‘1”;

L 125MHz i 4.5 MHz %
‘§< 6 MHz

Fig. 4. Qam transmitter output filters and gam receivers have minimum response at the NTSC
vision and sound carrier frequencies, reducing likelihood of mutual interference.

with the CNR of the SP channel dropping
below threshold but with the HP signal still
above threshold, the received service would
degrade grucelully. Quality would decline
(less detail being temporarily displayed) but
there would not be a complete loss of signal.

Digital spectrum compatible — DSC
Baseband/camera origination signuls to the
digital spectrum compatible (DSC)y HDTV
system operate at 787.5 linesfframe, 59.94
frames/s. progressively scanned. Line scan
rate is 47,203Hz, three times NTSC, allowing
easy conversion betwecen the two systems.

Progressive scanning climinates inter-line
tlicker and motion artifacts — but video band-
with is doubled.

Practicable video compression limits dictate
that DSC must operate with only 787.5 lines
(1.5 times NTSC) rather than doubling the
NTSC rate to 1050 lines. DCT coding is used
for spatial compression.

For transmission. compressed data are for-
mulated into frames corresponding to NTSC
time parameters. Coded data are embedded in
two fiel:ds with field and segment sync, test
data and parity check signals.

Data are formed into two streams. High pri-
ority data 1s radiated at higher power. provid-
ing a more robust received-signal and having
a 7dB lower CNR threshold advantage over
the low priority stream. The technigue, similar
to other proposed HDTV systems, counters a

frequent criticism of digital transmission sys-
tems: that minor decreases in carrier signal
level can cause error rates to rise abruptly to
the noise threshold, givirg little margin
against a sudden loss ol received signal.

A further claimed advantage is that DSC
transmitter power is 14.5dB less than lor an
NTSC transmitter to cover a similar service
area. Less risk of interference o other stations
operating in the vicinity, both NTSC and
HD'TV, could be the result.

Atva-progressive
American Television Alliance’s Atva-p oper-
ates with the same baseband standards as
DSE. s the only system out of the Tour pro-
posals for digital HDTV not to use DCT for
frequency  derivation.  Instead. following
moiion compensation, YUV components are
individually analysed by a two-dimensional
set of band-pass filters ard down-sampled
(sub-band coding). Resulant coefticients,
relsting to diserete fractions of the spatial fre-
quency spectrum in the sampled block. are
then weighted and coded to exploit the
attributes (and deficiencies) of the human eye.
Atva-p. the final system tested by the
ATTC, is undergoing design revision and
many of its technical features have yet 1o he
disclosed ]
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EASY-PC, SCHEMATIC and PCB CAD

Over 12,000 Installations
in 70 Countries Worldwide!

eRuns on:- PC/XT/AT/
286/ 386/ 486 with
Hercules, CGA, EGA or
VGA display.

BRITISH

DESIGN

AWARD
1989

Options:-500 piece Surface Mount Symbol Library £48,
1000 piece Symbol Library £38, Gerber Import facility £98.

eDesign:-Single sided,
Double sided and
Multilayer (8) boards.

eProvides full Surface
Mount support.

eStandard output
includes Dot Matrix /
Laser / Inkjet Printer,
Pen Plotter,
Photo-plotter and N.C.
Drill.

eTech Support - free.

e Superbly easy to use.

DIGITAL

SIMULATION €195

ANALOGUE

SIMULATION  £195

SMITH CHART CAD
£195
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oAt last! A full featured Digital
Circuit Simulator for less than
£1000!

e PULSAR allows you to test your
designs without the need for
expensive test equipment.

e Catch glitches down to a pico
second per week!

eincludes 4000 Series CMOS
and 74LS Libraries. 74HC/HCT
libraries only £48.00 each.

eRuns on PC/XT/AT/286/386/486
with EGA or VGA,

N Usclor'hes/Aie  Grow  Aulo  fel.to 0 B Y-icaleds

e NEW powerful ANALYSER Il has
full graphical output.

eHandles R’s,L’s,C’s, Bipolar
Transistors, FET's, OP-amp’s,
Tapped and Untapped
Transformers, and Microstrip

and Co-axial Transmission Lines.

oPlots Input / Output Impedance,
Gain, Phase & Group Delay.

eCovers 0.001 Hzto > 10GHz

eFor PC/XT/AT/286/386/486 with
EGA or VGA.

o Very fast computation.

¢ Z-MATCH Il simplifies RF
matching and includes many
more features than the standard
Smith Chart.

eHandles transmission line
transformers, stubs, discrete
components, S Parameters etc.

eSupplied with many worked
examples.

e Superbly easy to learn and use.

eRuns on IBM PC/XT/AT/386/486,
CGA,EGA,VGA.

eldeal for Education and Industry.

For full info Phone, Fax, or use enquiry card!

Number One Systems Ltd.
REF: WW, HARDING WAY, ST.IVES, HUNTINGDON, CAMBS, ENGLAND, PE17 4WR.

o TECHNICAL SUPPORT FREE FOR LIFE!
o PROGRAMS NOT COPY PROTECTED.
oSPECIAL PRICES FOR EDUCATION.

Telephone: 0480 61778 (7 lines) Fax: 0480 494042

International: +44 -480-61778, Fax:+44-480-494042 ACCESS, AMEX, MASTERCARD, VISA Welcome.
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MC4 PUTS THE CAP
ON CIRCUIT ANALYSIS

In building MicroCap-1V, Spectrum Software has added a wealth of
finds the latest version pushes

features to MicroCap-Ill. -

PC-based simulation into new realms

*or sormewhere around £2500. Spectrum Software’s
newly launched MicroCap-1V (MC4) handles Spice

% type entry. emulates the more useful Spice facilities and
lays claim to run-speeds up to four times ftaster than other
Spice-based simulators. With that kind of performance it is
probably the fastest analogue simulator running in dos: while
working in the extended dos mode it can handle up to 10,000
nodes.

But these major additions aside, it is worthwhile looking at
improvements in the crucial details that determine everyday
ease of use.

Many of the criticisms made of MC3' were tackled in later
versions of the program and these improvements have been
carried forward into MC4. Text editing is aided by toggling
to INSERT mode and the dos environmental variable SET
MC4DATA=|PATH] in the command line, allows work to be

contained in any number of sub-directories, all hung off the
data directory, which can contain just libraries.

Colour can now be used to distinguish nodes from text, and
connectivity can be highlighted to aid beginners. Screen
colours are selected globally — there are no longer separate
sub-menus for each analysis mode — and colour mixing is
simplified using three faders to combine the video primaries.

Fig. 1. Trensient analysis of a power supp.y’s output and
ripple vollage, and peak and RMS current. Running
computation of RMS is a new feature of MC4, as are the
boxed and italicesed graph labels, and the ability to have
more thao two full-width graphs on the screen. Fach
graph car conta'n six or more waveforms. Intelligent
auto-scahng can be used to make plots fifl their graph.

Fig. 2. Ci-cuit ot the power supply plotted in Fig. 1. Note
the expressions and Ry, dummy resistor used to step two
components by separate ratios. Log stepging is now
supported. The 50Hz signal sources on the left provide a
first order approximation of bi-phase AC from the
transforraer’s secondary.

Overall, screen graphics are much finer. allowing a bigger
schematic and more information to be packed in at the I:1
zoom level.

Prologue (set-up) screens for analysis can be printed in
plain text. MC4 annotation of analysis graphs is improved,
and text can be placed relative 1o a graph’s inflexion, so it
stays with the graph if the scale is changed. Bold. italic and
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PC ENGINEERING

underiined text as well as an outline box can be selected (Fig.
1) to clarity presentation, and for better identification, a title
block option automatically puts the file name and date onto
hardcopy. For large schematics, the page number and number
of pages into which it is split appear on the copy, while
schematics can also be autoscaled to fit the page. For those
with 24 pin dot-matrix printers, the results are sharper.

Better multiple circuit handling

Opening of multiple circuit files has been vastly improved
through TILE mode. Unlike CASCADE , where just the edges of
all but the current circuit are seen behind the front window
(unless it is scrolled to one side), TILE can display three cir-
cuits on the screen in equal, vertical strips. If four circuits are
loaded, TILE displays them as four rectangles — like a TV
broadcast control monitor.

Screen zoom now extends to 8:1, though only about 40%
of the area is useable unless working in the extended dos
mode. Throughout the program, every window now has a
menu to define its position and size.

Fig. 3. To examine a symmetrical follower circuit, the transient analysis option
OPERATING POINT ONLY was used. On returning to the schematic, quiescent (or end-of-
run) nodal voltages can be viewed, as seen here. Note the DC conditions are slightly .. . .
askew, as happens in real circuits. Node numbers can be viewed at the same time, if S.Chema“( entry and libraries

desired.  Libraries now contain an impressive range of semiconduc-
tors, with some European and Japanese parts making a first
appearance. But power engineers will still lament the non-
inclusion of the thyristor/triac/UJT family, though Spectrum
has outlined a cogent modelling method, using switches, in a
past newsletter?,

Simple clicking and dragging of a line, around a corner if
necessary, makes for a faster line drawing, while the pull-
down menu containing components has a “hot-list” which
can hold the eight parts most needed. Parts include new vir-
tual components — notably an arrow which can be used to
show signal flow — invisible to the net-listing. For a sequence
of numbered parts (eg R, R;...), MC4 increments the number
automatically as the next part is called up.

Semiconductors and cores drawn from libraries have to
have a .MODEL statement appended to the screen. The state-
ment (which lists all parameters different from Spice default
values) is written automatically by selecting the part and
clicking on the .MODEL command, so parts can be adjusted
locally with the text editor specific to the file being worked
on. A disadvantage of the approach is added screen clutter,
especially if many different parts are in use. But .INCLUDE
Fig. 4. AC analysis supports original variables. In this graph, the current draw of 2 does allow the model lists to be displaced to a text file for the

two-way speaker is plotted against swept frequenc'y, showing the region's of peak program to call on during analysis.

draw and worst case demand for a waveform of fixed magnitude. Previously, an The number of parts can seem bewildering but it is easy

exponentially swept sine wave had to be employed in transient analysis, and plotting . - . g
took much longer. Drive level is normalised to 1V (pk). At 100V drive eT‘Ol(;gh tg pick t};]e few parts wantf(ti’ from the libraries sup

(corresponding to a nominal 600W into this speaker) current would be exactly 100 P IIS K a? ;fgi t en]l()t(())t; cSusltomol rari,b le GaAs fet d
times greater, ie about 17A at 135Hz. ew 10 are © spice-compatible § fets, an

& Level-1II op-amp models (after Boyle) — the latter being far

easier ta enter than makers” Spice lists and promising similar

accuracy. Any number of items can appear in a library list
SYSTEM REQUIREMENTS —100 op-amps consume about 38k — and to keep libraries

| tidy, a PACK command re-orders the listings in alphanumer-
i Any PC or PS/2 ’ ic order, ie. 1-9, A-Z. The component editor contains approx-
Zggi ::aiﬁ | imately 80 types of component shapes and definitions,
I 1.2Mbyte or 720k 5.25in drive required to load ! mclgdmg common macros, with space for 40. O.r more DIY
| Executable and library files supplied occupy approx 3.3Mbyte (extended dos) or | entries. Custom shapes can be created for original compo-
| 2.5Mbyte (standard mode) ' nents and macros by the shape editor.
| Coprocessor mandatory for 8086, 286, 386 CPUs
| 8086+8087, upwards. | Analysis
! 80386/486 users can opt for extended version, using up to 16Mbyte extended DC analysis is little different to MC3, except in the range of
ram, to increase all-round capacity and handle circuits up to 10,000 components | expressions that can be plotted.

| or nodes (otherwise circuits limited to 100-150 components).

Up to 1Mbyte expanded memory to buffer schematics and analysis waveforms.

Auto graphics recognition and manual command line option encompasses all
common video maodes, including SVGA.

Output to dot matrix, laser, HP/HI plotters, or .pL¥ files. |

]
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The separate Fourier analysis sub-routine has disappeared,
while the AC and TA (transient analysis) routines have been
considerably enhanced: more variables have been added, and
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MQP ELECTRONICS SYSTEM 200
UNIVERSAL DEVICE PROGRAMMING SYSTEM

@ Fast and reliable programming
Low cost

Expandable system — buy only
what you need

Virtually all programmable
devices covered

Easy to upgrade
Manufacturer approved
algorithms

Efficient and attractive
software interface

@® Special batch mode for production

® Nota plug-in card

larsiey/ s3] PO AR ’

8-bit Analog to Digital Convertor
for IBM PCs & compatibles

* 10-25 kHz typical sampling speed

*0-5 v input range

® Emula

® Bipola

tors

@ 8-pin Serial EEPROMs
@ PALs, GALs, EPLDs etc

r PROMs

System 200 is one of the most versatile programming systems
available. At the heart of the system is the award-winning Model 200A
programmer. Designed to quickly connect to the serial or parallel port
of any PC compatible, the Model 200A is controlled by PROMDRIVER,
widely acclaimed as the best driver software available for any
programmer.

# EPROMSs, EEPROMs and FLASH memories up to 8Mbit
and beyond
@® Microcontrollers from most manufacturers including
—~ 8748 Family
— 8751 Family (including 87C751/2 and 87C552)
— Z8 Family
— PIC16C5X Family

Write or phone today for Free Information Pack:
Ph

one: (0666) 825146 Fax: (0666) 825141

VISA

MQP ELECTRONICS LTD,
PARK ROAD CENTRE,
MALMESBURY,
WILTSHIRE SN16 0BX UK

uropean Distributors: Digitron, Norway Tel 071-17 890;
Synatron, Germany Tel 083/4602071; Elexind, Italy Tel 02 92 1G 35 54
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£49

+ VAT
(including p+p)

* Plugs directly into parallel printer port

* BNC input connector

oscilloscope, plus Turbo C and Pascal drivers

Pico Technology Limited
Broadway House, 149-151 St. Neots Road,

Hardwick, Cambridge CB3 70J
Tel. 0954 211716 Fax. 0954 211880
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* Supplied with software to use as a voltmeter &
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Fig. 5. Similar circuit to Fig. 3, seen in prose mode. Click the mouse on any node or
part to see the waveform. In this plot, voltage has been selected, and probing on the
C-E portion of the upper transistor has plotted V. If current had been selected, I,
would have been plotted instead. The graph is progressively autoscaled as more
waveforms are added, up to the ceiling of six. In the figure, the voltages across Ry and
at R; are scaled too small, but the scope function is available to magnify them. The
circuit segment in the left window is scrollable.

Fig. 6. MC4’s auxiliary moDEL program. After entering data into the upper right table,
pressing F10 prompts an optimisation routine to fit a curve to data (lower left), which
can immediately be checked against the data sheet. More interpolation data and
iterations will improve the fit of the hy, vs I curve, at the high current corner (IKR).
Many parametric curves show less inflexion and typically reach 10% curve-fit

cardinal electrical quantities now include charge (C). and the
Flux (X), B-ficld and H-field associated with cores. A much
broader range of quantities related to common device termi-
nals includes Iy, I, Vi, and Vs and the charge on a mostet
gale.

Therc are more mathematical operators and signal pro-
cessing functions too. Fourier functions (FFT, IFT, cross-
spectrum, auto-spectrum, cross- and auto-correlation. plus
coherence), are supported, as well as average, RMS and sum
(running integral) quantities. Most functions, operators and
expressions can be used to define both X and Y ficlds in TA
(Fig. 7).

Figure | illustrates the RMS option, used to establish the
heating cffect of ripple current against load current, in a
power supply where impulsive current draw is forestalled by
an NTC thermistor. Figure 2 shows the circuit and the
cxpression used simultaneously 1o step the load resistor and
an NTC resistor between their respective endpoints. The
Polysource artefact in MC3 has been replaced by a dummy
resistor, R, to which the stepping ratios arc tied.

Analysis prologuc screens are considerably simplified,
notably for TA, by omitting fiddly seitings governing speed
Vs accuracy. Some seltings are now optimised automatically;
others (like the number of iterations) are controlled globally.

Stepping ol component values and other parameters can
now be logarithmic, as well as linear, cnabling broader yet
detailed sweceps of many decades — if there is some uncer-
tainty when the relevant parameter begins to “bite”, for
cxample.

TA and AC runs can be awoscaled simply by cniering
AUTO in the X and Y range columns. MC4 makes an initial
run on a generic scale, then replots with the full-screen scalc.
Five or more separate graphs can be chosen for simultaneous
plotting and display. The penalty is, naturally, the loss of
detailed scales — though SCOPE overcomes this. Alternatively,
up to ten plots can be made to run on one graph/five on two
graphs. etc. The scale is the union of the biggest span, so at
first the option appears only to be useful if the waveforms are
the same order of magnitude — in digital simulation, for
example. But the expression *100 (say) could be included in
the Y entry for 100x magnification.

After a TA run, node voltages can be viewed simultane-
ously by returning to the schematic — a handy feature last
scen in MC2 (Fig. 3).Potentials can be either static operating
point (by selecting OPERATING POINT ONLY in the TA pro-
logue), or instantaneous voltages at cessation of the run; or
SCoPE: will home in on portions of the graph. Routines to pick
out peak and valley have improved SCOPE — giving a lot of
ancillary numeric data, according to cursor position.

AC analysis handles more expressions than previously and
is no longer limited to the regular magnitude/phase/group-

CONTINUED OVER W

accuracy (indicated in top left box) with only six or so data points and two iterations.

Components: R, C, L, transformers, cores,

include complex non-linear elements; eg

appended to all types. Level-1ll (Boyle) op-
amps and Spice-compatible GaAs fets.
Libraries supplied expanded to 998 BJTs

ferrite cores (Philips, Toko). Nearly all

transmission lines. Excepting R, all types can

during TA, inductance can be modified by an
arbitrary function of any valid time-domain
variable. Tol (%) and tempco {(ppm/°C) may be

(Motorola and NSC), 1714 jfets and mosfets
{Hitachi, IR and NSC), 270 diodes (Motorola),
540 op-amps (LT, NSC, PMI, Texas) and 260

parameters can have tolerances appended.
Other parts: As MC3 with addition of
exponential pulse and FM waveform sources;
Spice sub circuits, and an expanded range of:
analogue behavioural building blocks, eg
hysteresis, multiplication and VCO macros.
Expressions: Used to define parts and analysis
dimensions. Operators and functions include .
common math, Boolean, Relational, Complex
and Signal Processing. -
On-line utilities: Help, with interactive access
from any location. Paste board. Scientific
caiculator. Title block with auto-dating.

Utilities via dos: Model utility computes
parameters for semiconductors and cores,
based on optimised piecewise approximation
from tabular entry of data points. Interactive
screen graphs provide validative feedback.
Completed models are exported to MC4.
CONVERT utility converts MC2 and MC3 circuit
files and libraries to MC4 format. Tospice utility
converts MC4 schematics to Spice format.
Spice files of circuits and waveforms can be
imported directly.
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Take the Sensible Route!

BoordMoker is a powerful software tool which provides a
convenient and fast method of designing printed circuit
boards. Engineers worldwide have discovered that it provides
an unparalleled price performance advantage over other
PC-based and dedicated design systems by integrating
sophisticated graphical editors and CAM outputs at an
affordable price.

{ij? 3 , BTV

i SHERV KETS
Inthe new version VV2.40, full consideration has been given to
allow designers to contfinue using their existing schematic
capture package as a front end to BoardMaker. Even
powerful facilities such as Top Down Modification,
Component renumber and Back Annotation have been
accomodated to provide overall design integrity between
your schematic package and BoardMaker. Equally, powerful
features are included to ensure that users who do not have
schemaric capture software can still take full advantage of
BoardMaker's net capabilities.

i ’;Q

BoardMaker V2.40 is a remarkable £295.00 {ex. carriage &
VAT) and includes 3 months FREE software updates and full
telephone technical support.

5 — T T R—

BoordRouTer is a new integrated gndless ouTorouTe module
which overcomes the limitations normally associated with
autorouting. YOU specify the track width, via size and design

based on these settings in the same way you would route it
yourself manually.

This ability allows you to autoroute mixed technology designs
(6MD, cnalogue, digital, power switching etc)in ONE PASS
while respecting ALL design rules.

1 ING |

No worrying about whether tracks will fit between pins. If the
tfrack widths and clearances allow, BcardRouter will
automatically place 1, 2 or even 3 fracks between pins.

You can freely pre-route any tracks manually using
BoardMaker prior to autorouting. Whilst autorouting you can
pan ard zoom to inspect the routes placed, interrupt it,
manuaily modify the layout and resume autorouting.

FREE software updates and full telephone technical support.
BoardMaker and BoardRouter can be bought together for
only £495.00. (ex. carriage & VAT)

Tsien (UK) Limited

Cambridge Research Laboratories
181A Huntingdon Road
Cambridge CB3 0DJ UK

Tel 0223 277777

Fax 0223 277747

All trademarks acknowledged

rules for individual nets, BoardRouter then routes the board |

BoardRouter is priced at £295.00, which includes 3 months |
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+b.3131H Track

Full analogue, digital and SM support - ground and
power planes - 45 degree, arced and any angle
tracks with full net-based Design Rule Checking.

Back net B
Full DRC %
Renunber
Nutoroutc I

= H NRS (L IR
Optimized placement by displaying ratsnest per
i component. Lines indicate the unrouted nets.

1

HIGHLIGHTS

Net list import from OrCAD, Schema etc.
Graphical and manual netlist entry

Top down modification for ECOs

Forward and back annotation

Component renumber

Effortless manual routing |
Fully re-entrant gridiess autorouting |
Simultaneously routes up to eight layers |
Powerful component placement tools
Copper fill |
Curved tracks |
Extensive Design Rule Checking |
Full complement of CAM outputs. |
Support and update service

Reports generator

Gerber, PostScript & DXF output

Full SMD support

— S A —_ DLy SR

Don'’t just take our word for it. Call us
today for a FREE Evaluation Pack and
judge for yourself.

CIRCLE NO.

132 ON REPLY CARD
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DIFFERENT FAMILY

Spectrum Software’s MicroCap family has always differed from basic Spice
systems, by working from a schematic and plotting results during (not after) a run.

Over 10,000 copies of MC1, 2 and 3 have been shipped to date.

MicroCap-1V reads Spice 2G files directly, and emulates the more useful Spice
characteristics, while building on the intuitive, graph and schematic-based
friendliness of MC3. Like later versions of MC3, it is written in C. A Mac version of
MC4 is expected in the 3rd quarter of this year. Spectrum says that MicroCap-Iil
will remain available and continues to be developed if demand warrants it.

delay/noise set (Fig. 4). Bode plots and Nichols™ charts are
included. but the implicit “virtwal™ AC driving source is no
longer supported. Instead. a sine generator, or any other
source. has to be supplied. MC4 reads the peak magnitude,
ignoring source resistance and frequency. etc.

Spice aid

Spice’s dependent sources are now covered, aiding entry of
SUBCKTS Spice netlists. Presently. these are readily available
for numerous AD, PMI, SSM and Texas op-amps.

After entering (or importing) the Spice text listing, SUBCKT
provides rapid access by linking the netlist to a suitable com-
ponent shape. as in ordinary macros. MC4’s level Il op-amp
routines may be preferred, as they are simpler to enter and
give the same level of detail

Command statements have been extended: the .DEFINE,
MUTUAL and .MODEL statements common to MC3, and the
regular Spice command statements, are now joined by
AINCLUDE, .PARAMETERS, and .PINS. MUTUAL couples inductors;
PARAMETERS passes paramelers to macro circuits, and PINS
defines cxternal nodes connected to the macro’s shape.
INCLUDE causes statements to be read from an external text
file and so stops model statements from cluttering the
schematic.

Spice’s 1€ fixes node voltages during a DC operating point
calculation: NODESET does not. and both are helpful for tricky
simulations. Other Spice statements include AC, DC, OP, TEMP
etc but these rather clumsy commands are used solely when
emulating Spice.

Perhaps the most important option is PROBE, allowing a cir-
cuit to run blindly (as in Spice). Saved as a file, the circuit
can be recalled at any time, and by pointing the mouse at any
node or nodes, the relevant waveform displayed dynamical-
ly (Fig. 5). Assuming comprehensive modelling by a manu-
facturer, PROBE has potential for augmenting service and
training handbooks.

Semiconductor model development
The MODEL utility derives the esoteric parameters for semi-
conductors and magnetic cores from information commonly
presented in data shects. Its value can be gauged by the fact
that the Ebers-Moll and Gummel-Poon parameters needed
for simulating bi-polar transistors are still only readily avail-
able from only a handful of transistor makers, notably Zetex
in the UK and PMI/SSM (USA). Excepting op-amps, the
analogous level 1, 11 and IIT Spice parameters needed for
other devices are not recognised by most semiconductor
manufacturers.

MODEL is accessed via dos and has the same windows for-
mat as the main program. Device parameters are stored in

SUPPLIER DETAILS

- Micro-Cap 1V is produced by Spectrum Software, 1021 S.Wolfe Rd, Sunnyvale,
CA 94086, USA. US cost is $2495. Distributed in UK by Datech, Sidcup, Kent.
Tel: 081 308 1800. Cost is expected to be around £2500 + VAT. An evaluation
version will cost $250 in the US; UK price not yet available. UK users receive a
quarterly cae newsletter, dealing with modelling and technical tips. Program
updates are free unless features have been added, in which case there is a small fee.

libraries for the 3000 or so parts supplied, grouped according
o manutfacturer ~ but more can be created, in model librarics
dedicated to (for example) specific makers, projects or peri-
ods.

Once inside a given library, a pull-down window selects
the type of new part to be entered. The main screen (Fig. 6)
principally comprises (upper right) a box to enter subsidiary
data points, (lower left) a graph of these, and (lower right),
the numeric parameters derived from the data entered.

To derive a model, find a curve of the initial parameter —
eg I. vs V. for bipolar transistors — then pick some data
points and enter [, and Vy, in the table. Up to 100 points can
be entered, but accuracy will often be within an acceptable
10% or so with only 2 to 5 points defined (according to
inflexion) — providing these are reasonably spaced on a log
scale.

After the first “page” of data is entered, scroll on to the
next. E-M, G-P and Spice parameters are derived from a rel-
atively small number of graphs of common measurements, so
only half a dozen or so data-sheet parameters need entering
to generate 40 or more of the esoteric parameters. On entry
completion, MODEL computes the parameters automatically
following INITIALISE and OPTIMISE. Using Powell’s direction
set?, the modelling utility adjusts the curve to fit the numer-
ic data entered. If the fit is not good enough. try again (Fig.
6); the number of iterations needed and the present curve-fit
accuracy is displayed. In the example the error is still quite
high at 16%, and more points will need to be added 1o track
the hg.’s high-current corner, with its strong inflexion.

Model also handles finding, sorting, duplicating and delet-
ing part models and merging of libraries, and the completed
component model can be exported into any MC4 library, or
exported into MC4 or elsewhere, as a Spice library file.
Entire libraries can be exported into MC4,

Fine tuning

Monte-Carlo statistics gathering, building on MC3, allows
entering of both LOT and DEV tolerances for semiconductors
and cores — the tolerances indicating group and individual
variations respectively. For example, if a number of transis-
tors are labelled O/, LOT=X% can be set to vary all their hys
by X% in tandem. Adding a DEV=5% statement would also
vary them individually by up to +5%.

For simpler parts (R, C, L etc), LOT is used on its own. The
collating function used to create the 3-D statistical data’ is
limited to the defined X, Y window. MC4 highlights this area
on the graph and typically it is set up to capture the -3dB fre-
quency, rise-time, or peak gain.

Complex... but not daunting

To complete this review within a month of Micro-Cap IV’s
worldwide release, [ was working with Beta versions of the
software. Even so I met surprisingly few bugs and idiosyn-
crasies for such an ambitious program. Having seen how
rapidly MC3 was refined in succeeding versions, [ think we
can be reasonably confident that the released versions will be
fine. Spectrum points out that the small number of explicit
shortcomings — no noise analysis for op-amps, and a limited
diode library — will be conquered later in the year.

A program of this size and complexity could easily seem
daunting — MicroCap IV aims to upstage Spice simulators
costing over £6000 — but the cogent manuals, interactive help
screens, extensive and informative error messages and robust
analysis go to build on the friendly nature of its predecessor.

References

1. Micro-Cap It under test, EW + WW, July 1990.

2. SCR modelling, Spectrum CAE Newsletter, June 1990.
3. Numerical recipes in C, The Art of Scientific Computing,
Cambridge University Press, 2nd ed, 1990.
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LOW COST RANGER1 PCB
DESIGN FROM SEETRAX

Circuit Schematic
" Circuit Capture
PCB Design
Host Of Outputs
All-In-One Design System

£100

' Fully Integrated Auto Router

£50

__Ask Us About Trade-In Deals
Call Now For Demo Disk on 0705 591037

5

Seetrax CAE * Hinton Daubnay House Pay by Visa or Access
Broadway Lane * Lovedean ¢ Hants ¢ PO8 0SG _Iii’
Tel: 0705 591037 » Fax: 0705 599036 - . < Y

CIRCLE NO. 133 ON REPLY CARD

KESTREL
ELECTRONIC
COMPONENTS LTD

¥ All items guaranteed to manufacturers’ spec.
% Many other items available.

‘Exclusive of V.A.T. and post and package’

SHERWOOD
Data &ystems

. . the single board computer people

Our rugged
industrial PC 1+ 100+ 1+ 100+
compati ble EPROMS STATIC RAMS
2764A-250 148 1.20 62256LP-100 3.00 2.15
Eurocards now 27C64-150 1.65 1.25  62256LP-70 420 245
include: 27C128-150 185 155  6264LP-100 150  1.35
: 27128A-200 1.45 125 6116LP-100  0.75  0.65
27256-250 1.45 130  628128LP-80 12.60 1150

27C256-200 1.85  1.45
27C512-150 250 1.90 DRAM

286 and 386sx cpu cards, SVGA/NGA 27C010-150  3.10 235  4164-10 100 081

display cards, multi /O cards, PC-AT 41256-100 1.05  0.85
. ) MODULES/SIMMS 511000-100  3.40  2.85
card adaptors, case frames, industrial 2E6Kx9-70ns 11.60 8.30  44256-80 350 2.95
I/0O cards, backplan . TMx9-70
! [RIELIES G (3 chip) 27.60  23.60

FOR INDUSTRIAL

74LS, 74HC, 74HCT Series available
Phone for full price list

CO N TRO LL E RS CO N TACT U S All memory prices are fluctuating daily, please phone to
TO DAY! confirm prices
178 Brighton Road,
Shervood Data Systems Lid., Tel: 0494 464264 Purley, Surrey CR8 4HA

soncuco purog Sfsrs poomISH@= RiGNdicD PuBoq U =« POOAIR » LFNALOD PIBC] U « POORIYD «

[J:f;rduoopmaqqﬂm-poommp-wrdmp;wqqﬁw-poomgqg-emtdumpmqgﬁm-poofmgl@.

Tel: 081-668 7522. Fax: 081-668 4190.
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PC ENGINEERING

SYSTEM
REQUIREMENTS
PC compatible
640K memory
EGA or VGA
screen

Mouse

Roller ball or tablet
pointing device
Full parallel port
for dongle
Outputs to pen
plotter, photoplot-
ter and dot matrix
printer

Ranger’s main job
menu looks
unattractive
compared with the
rest of its GUL.

ob 1

Circuit Schematic

Plane & power assignments
Component Outline editor

PROFESSIONAL PCB
DESIGN AT A
BUDGET PRICE

Can Seetrax’s Ranger1 entry-level PCB design software really offer a
fully-fledged PCB design system for £100?

John Anderson has no doubts.

ver 2000 sales of Ranger 1 point to the strong fol-

lowing won by this low-cost but powerful package.

The Scetrax product is surely one of the best valuc,
highest performance PCB design packages available.

All aspects of its work produce results with a professional
style worthy of products costing ten times as much (apart
from the menu system looking weak compared with its GUI).

Indeed comparison with other products at the budget end
of the market is rather difficult as Ranger 1 offers facilities
such as project control. autorouting and photoplotter support
that other packages either do not have or supply as expensive
add-ons.

Starting first with one of the package’s weaker attributes,
operation is controlled through selection from simple text list
mienus. Bearing in mind the slick graphics user interface that
characterises the rest of the product, this seems rather poor —
though to be fair, with mouse sclection, it is a fairly quick
and simple process.

The three-option main menu presented at start-up is the job
control menu, allowing an old job to be sclected or a new
one generated. No editing takes place in this process, but the
approach docs represent an excellent solution to the file man-
agement problem of PCB work — keeping tabs on the large
numbers of schematic. netlist. PCB, wiring and associated
files and their back-ups.

Having sclected a job, a more complex menu shows all the

DEMONSTRATION JOB

Edit Pad/Track Drill Sizes Table
Edit Part Code Table
Part Renumbering

Partzs—Wiring List functions

Board Profile Editor

Part Placement

Line/Pad Digitizing
Artwork generation
Plotting functions

Delete files

Photoplotting functions

Punch Drilling Tape

End job

UPGRADES

Range- 1 has a simple upgrade path to the Ranger 2. But
why Ranger 2 when Ranger 1 is so good? The listed
benefis are 100% rip-up and retry autorouter, file transfer
to dxf “iles (Autocad), auto-placement and gate and pin
swap. But these benefits also show that the main
functicnality of Ranger 1 is comparable to the more
expensive product in terms of its fundamental attributes
such as layers, libraries and interlinked schematic and
PCB layout. A slightly annoying omission from Ranger 1,
available in Ranger 2, is the area copper fill. With Ranger
1 it can only be achieved by laying down a series of fat
tracks.

possible options for schematic editing through to artwork
plotting. Selecting CIRCUIT SCHEMATIC brings up the next
menu allowing editing of the schematic and components to
be used on the schematic.

Graphics editor

Like other PCB design products. Ranger’s graphic editor
appears in different guises when editing schematic, compo-
nents or artwork. But the editor is undoubtedly a good one,
with functions activated by moving the mouse onto onc of
the simple vertical and horizontal menus.

Once perfected, the approach is very ctfective. though
inadvertently moving the mouse from the schematic on the
mcnu area may trigger commands unintentionally. For exam-
ple. toucning PAGE with the graphics cursor will require an
annoying keyboard input. Zoom and pan arc quick. with a
very good redraw speed even with quite complex diagrams.
But exit from the graphics editor is only possible with
enforced save; there is no reference in the index 1o exit with-
out save, so the only way to abandon work appears 10 be
CONTROL-ALT-DELETE!

No integral help system is available, and this will be
missed by first-time users as the manual is not well organised
and a context sensitive help would have eased the initial
steep learning curve. However a single example is supplied
on disc. and there is a helpful design section in the manual
which goes through the processes step by step.
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Editing artwork

The artwork editor is basically the same as the schematic edi
tor, with the one quirk that it a small-pitch grid is defined
then al some zooms the grid only covers part of the screen.
But the same neat row and column menu system is used
although some of the shortened action prompt names are
slightly cryptic. Up to 15 layers can be used, with power
planes assigned to any layer.

One drawback is that all data. netlists, component lists,
outlines etc are stored in binary format. Data can be output
pre-formatted in ascii to a printer. but this limits the ability 1o
edit or review job data outside Ranger.

Autorouting and libraries

Ranger’s autorouter is supplied at extra cost. At £50 it is not
going 10 break the bank and cven at such a low cost the prod-
uct is a good router, with separate power (wide track) rout
ing, memory single sided routes, and orthogonal routing ie
horizontal and vertical routes
through vias as nccessary. Oper
ation mode is selected at a set-up
menu, controlling layers for rout-
ing clearances, routing resolution
and cost factors.

The router attempts to find a
route between the source pad and
the target pad and allocates costs
for each move possibility. Costs of
vias, 45° angles ctc arc evaluated
for each movement and the mini-
mum cost path chosen once the tar-
get is rcached.

Algorithms used are channel
routing — a direct routing method
used 1o achicve high complction
speced and minimal deviations
followed by the well known L.ce
algorithm used to achieve maxi-
mum completion.

Reasonable  libraries  include
device data. schematic and artwork
footprints, und graphical aspects of’
a device can be edited or created in a similar graphical envi
ronment to that used for schematic capture or artwork gen
eration.

22| Toon| coman|

omon|

Emulating more expensive products

Design rule check, based on the simple criterion of maxi

mum allowable distance, is rather weak, as clearance dis-
tance depends on whether a pad is drilled. It can work quite
efficiently, through a textual screen outside the graphical edi

tor: when the clearances are OK the filter completes within a
few seconds. But when errors are found. the program slows
to a crawl and a moderately-sized PCB takes several minutes
to complete.

In a neat touch, errors are all logged onto the artwork as
green arrowheads, allowing location and rectification to he
completed quickly. A similar filter is used to check the
schematic data for unused pins. producing a list of single
nodes which can be output to the printer.

One very impressive facility of Ranger - usually available

June 1992 ELECTRONICS WORLD + WIRELESS WORLD
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Schematic capture
note the list of
components used at
the right hand side
of the screen

Editing the master
outline library, in
this case a PCC68
pin package

PCB layout manual
editing is easy to
achieve.
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only on much more expensive products such as Pads — is
back annotation, a scheme to update wiring and schematic
data from the layout. It is established at a text editing session.
where devices are listed as they are currently assigned, and
the user can then re-code them as required. Another boon is
that device prefixes can be set up as desired. So if all tran-
sistors are to be referred to as Uxx rather than Ty, this can be
installed into the database of the system.

The job-based concept includes some job-specific file
manipuiations, including delete and copy. Since a job com-
prises a large number of files, the whole job methodology
should ensure consistency of version control.

Best available
Other packages in the same price brack-
et are simply outclassed in almost all
departments by this exceptional product.
Weak points are few. and each part of
the PCB design process has been care-
fully considered from a user standpoint.
As an entry level product, it is hard to
beat. But for many users, where designs
are small enough not to run out of space
on the PC, Ranger | might be the only
product they will need to buy.
-

SUPPLIER DETAILS

Ranger 1 interactive: a PCB design
system £100. Ranger 1 Autorouter:
artwork router £50

Upgrade Ranger 2 £999 Supplied by
Seetrax CAE, Hinton Daubnay,
Lovedean, Portsmouth PO8 0SG.
Tel: 0705 591037

orizontal routing layer
ertical routing layer

Autorouter setup menu.

inimum clearance in Mils

dge clearance in Mils

Routing resolution

Router time limit (secs)
Orthog2 Router Costs.

rong way for side

lia hole

puay from target

A5 degree track

Direction change

Autorouter set-up
menu showing
the user-definable
routing costs.

Artwork editing
after design rule
check. Green
triangles indicate
clearance errors.
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New Version 4 - send for FREE Demo Disc
Pascal, C and Modula2 Compilers

Simulator, Cross-Assembler, Linker and Editor
Hardware Debug options

Multitasking Support

Integrated environment - or command line g%
IEEE Floating Point Support \
Supports ALL 8051 variants

—including 80751, 80552 etc

NNSNSNSNANANN

Relocatable - fast assembly
Caters for ALL Microprocessors and Controllers

—from Z80 to RISC 2000
—or add your own
Iterative macros
Intelligent jump facilities
Linker and MAKE facility

NSNS

2 Field End, Arkley, Barnet, Herts, ENS 3EZ Telephone : 081-441 3890

CIRCLE NO. 135 ON REPLY CARD

@Dﬂ]&@ UNTVERSAL ASSENELUER

./
7/ Instruction sets for many microprocessors included

-

EMULATORS - SIMULATORS - COMPILERS - ASSEMBLERS - PROGRAMMERS

77C82 8085 Z8 68000 8051 32010 68HC11 6301 6502 87C751 6805 Z80 6809 8096 740 Series 7720 MIPS R2000 etc . . .

EMUIFATIOR! mmow£99
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SIMUIMATIORS

4
4
4

Rom sizes from 16 kbit to 64 Mbit!!!

Full bi-directional communications

Emulates all 24, 28, 32 & 40-pin devices

Fast download - loads 1 Meg in under 3 seconds
Split and shuffle and paged ROM capability

Extensive dewce support

—PALs, GALs, PEELs, FPGAs etc . . .

— Serial PROMs, BPROMs, (E)EPROMs
—and microcontrollers

DIL, QFP and P_CC packages

Tl and NatSemi approved

Gang adapters available

Debug microprocessor and controller
software on your pc

Break points and trace

Free run or single step
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DESIGN

DC accurate filter plays
anti-alias role

lan Hickman shows how a five-pole switched capacitor filter built around an eight-

pin dip can produce a zero DC offset with no 1/f noise contribution.

igital signal processing chips offer a

wide choice of speeds. number-of-bits

and architectures — especially at audio
and video frequencies. But hefore a signal can
be processed with a DSP it must be digitised.
preferably after lowpass filtering.

[t may be that in a particular application,
frequency components in the signal are not
expected at or above the Nyquist rate. But
there is always the possibility that extrancous
interference could enter the system, and so
only the foolhardy will dispense with an anti-
alias filter.

Passive LC types used to be the main filter
choice — latterly displaced by active RC filters
doing exactly the same job (subject to dynam-
ic range limitations) much more cheaply. But
like LC filters, they are still not casily vari-
able or programumable.

Switched capacitor filters overcome this
practical difficulty. but their time-discrete
nature means aliasing can be a problen. Clock
frequency is fifty or a hundred times the fil-
ter's low-pass cut-off frequency. so a simple
single-pole RC roll-oft ahead of the filter often
suffices. with another after to suppress clock
frequency hash in the output. Even where a
variable clock frequency is used to provide a
programmiable cut-off. a fixed RC may still be
cnough it the cut-off frequency variation is
only an octave or two — particularly if the fol-
lowing A-to-D converter only uses eight bits.

But aliasing problems are avoided entirely if

a time-continuous filter is used, such as the 8th
order/dth order Max274/275, with devices
available in IC form requiring no external
capacitors.

Cut-off frequency and response  type
(Butterworth. Bessel, Chebychev ete) are pro-
grammed by means of external resistors and
frequencies down to thHz or lower are real-
isable with manageable resistor values. But the
cut-off frequency cannot be varied once set.

MAX280 DC ACCURATE LOWPASS

iN P—‘lﬁip—b ZERO
[

Fig. 1. Connecting
up the Max280 to
act as a
capacitance

)

L2
)

RV

though a limited choice of corner frequencies
can (rather cumbersomely) be accommodated
by using analogue switches to seleci different
sets of resistors.

Good compromise

An interesting alternative filter type can be
built with the “DC accurate™ Max280 plus a
few passive components — producing a sort of
halfway house between pure time-continuous
filters and clock-tunable filters. The combi-
nation results in a five pole low pass filter with
choice of approximations to Butterworth,
Bessel or Elliptic characteristics. Since the RC
passive single pole is located right at the fil-
ter’s input. it also serves as the anti-alias filter,
providing 42dB of attenuation at the Nyquist
frequency.

In an unusual filter arrangement (Fig. 1) the
“earth™ end of the RC's capacitor goes not to
ground but te a pin labelled -8 (feedback). 11 it
were groundad. the stop-band response would
show the usaal 6dB per octave roll-oft. But
the chip actually acts as a capacitance multi-
plier so that C appears ¢ver greater as we
move higherup the stop band. The result is a

multiplier, with C
appearing ever
greater with
progress up the
stopband.

fifth order 30dB/octave roll-off.

Exactly why this works is not entirely clear.
Filter cut-off frequency is set by the clock fre-
quency, from a free-running internal oscillator.
The oscillator may be over-ridden by an exter-
nal clock applied to the C terminal. pin five
(11) on the eight- (16-) pin dip package. and
swinging close to the V+ and V- rails.

Without additional C,... the internal clock
runs at 140kHz nominal but as this can vary
by as much as +25% over the full range of
supply voltages. it is as well to add stabilisu-
tion.

To chieck clock frequency with a “scope.
turn sensitivity up to maximum and fold the
probe iear 1o the Cy. pin — even the 1pF or
so of a x 10 probe can pull the frequency down
20% if connected directly.

With no additional C,. the filter's —3dB
point will be a little over IkHz with the
divider ratio pin connected to V+. Connecting
to ground or V—, divides the internal clock
Fo. by two or four, lowering the cut-off fre-
quency by one or two octaves.

An external C .. can give an cven lower fil-
ter cut off frequency but for a cut-off fre-
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Fig. 2. Typical operating characteristics:
(a) passband gain vs input frequency; (b)
phase shift showing that this
characteristic has already reached 180°
at 0.85 of the 3dB cut-off frequency f,
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27AC 100 x 163
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Fig. 3. The Max280/LTC1062 used to create a notch. The input signal can be
summed with the filter's output to create the notch.

quency higher than [kHz, an external clock of
up to 4MHz may be used.

Filter response shape in the region of the
passband/stopband transition is determined by
the relation between the clock frequency
applied to the SC network and the time con-
stant of the passive RC. Being a fifth-order
network, the phase shift has already reached
1802 at about 0.85 of the filter’s 3dB cut-off
frequency f. (Fig. 2) and a notch filter can
readily be implemented (Fig. 3).

Trying out the circuit with R = 39k, C =
6n2, and R, to Ry all 100k, gives a nice deep
notch at 890H 2.

Checking with a scope shows the internal
clock to be running at 105kHz — which makes
sense.

Far below the notch frequency, circuit gain
is x2. Well above — where the path through the
fitter is dead — it is x1.

Targeting fastest response

As alrcady noted. when used as a lowpass fil-
ter the response type is set by the CR time
constant relative to the clock frequency — giv-
ing approximations to a Butterworth or Bessel
response. Fig. 4. But where the fastest possi-
ble rate of cut-off is required in the stopband,

PROFESSIONAL SERVICES OFFER
'FEATURED NEXT MONTH:
Motorola’s innovative MC33102 sleep mode operational amplifier.

This device runs as either a micropower amplifier or, depending on the output
current required by the load, will switch automatically to high slew rate, high

performance operation.

Illustration:Tracy Martin
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Fig. 4. Using a lowpass filter to give an
approximation to (a) a Butterworth and (b) a
Bessel step response.

Fig. 5. Modifying the lowpass filter circuit,
60Hz notch (a) with R = 39k, C = 5n6, C- =
1n, Ry ;4> =100k and Ry 5 = 47k gives the
response shown in (b).

a response with a finite zero is the aim.
Modilying the values in Fig. 5a to R = 39k: ¢
= Sll(\: C7 = In; [\)3._:'(,'7 = 1()()]\ R_/._\‘ = 47k
gives the response shown in Fig. 5b.

1" the output from the basic filter (Fig. 2y is
fed back to its input via an inverting amplifier.
there will be zero phase shift at 85% of the
cut-oftf frequency and an osciltator should
result. Using a pair of diodes for amplitude
control (Fig. 6) results in a very convineing
looking sine-wave. Measuring with a total har-
monic distortion meter indicates 2% — which
sounds disappointing — but using the “scope to
look at the residual shows it to consist almost
entirely of switching hash.

Switching the THD meter’s bandwidth from
80kHz to 20kHz gives the more respectable
figure of 0.18% THD. virtually pure third har-
monic.

Practical considerations
A number of practical points arise when
applying the Mux280).

I it is only the AC component of the signal
that is of interest. the output can be taken from
the buffered low impedance output at pin
cight. But it the DC component is also impor-
tant. there may be an offset of up to 2mV. In
this case. the DC accurate “output™ at pin
seven should be connected directly via R 1o
the filter’s input: the bulter’s typical input bias
current ol 2pA is not likely to drop a signili-

(3
RE — —
19.35k
R3 ha Re A7
20k 10k 20k
ViN >
- RS
10k
A1 J'A‘A -
o A2 —» Vour
J .
Fig, 5a PR B | -
27RC 100 x 1.62
0dB
-6dB/oct
-201 due to (7
-60
0 100 1k 10k Hz
Fig, 5b
A=
100k
MAX 280
pin8 Yy pum— D R MAX 280
47k pin 7

“_me

6n2

Fig. 6. Turning a filter into an oscillator. Feeding the output from the basic filter to its input via
an inverting amplifier, using a pair of diodes for amplitude control gives a good sine-wave.
Switching the THD meter’s bandwidth gives a “virtually pure” third harmonic.

The DC accurate output should still be
bufiered before feeding to. for example. an A-
to-D converter. since the pin-seven to pin-one
path is part of the filter. and capacitive loading
ol even as little as 30pF at pin seven may
affect the filter response. A passive RC post
filter is aiso recommended o suppress the

hash. At the other end of the spectrum, the fil-
ter contributes no low frequency or 1/1 noise.
since in the active circuitry it would have to
pass from pin one to the output via a passive
CR highpass filter.

For critical filtering applications. two
Max280s may be cascaded to provide a 10th

cant voltage across R. HOmV pk-pk (typical) clock feed-through  order DC accurate lilter. |
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THE ORIGINAL SURPLUS WONDERLAND! (G&ia:)

BBC Model B APM Board

£100 CASH FOR THE

WIN E100 MOST NOVEL
cASH! DEMONSTRATABLE
APPLICATION!

BBC Model B type computer on a board. A major purchase U

alfows us to offer you the PROFESSIONAL version of the BBC
computer at a parts only price. Used as a front end graphics
system on large networked systems the architecture of the BBC
board has so many similarities to the regular BBC model B that
we are sure that with a bit of e xperimentation and Inge nuity many
useful applications will be found for this boardll It Is supplled
complete with a connector panel which brings all the VO to "D’
and BNC type connectors - all you have to do Is provide +5 and
112 v DC. The APM consists of a single PCB with most major
ic's socketed. The ic's are too numerous to list but Indude a
6502, RAM and an SAAS5050 teletext chip. Three 27128
EPROMS contain the custom operating system on which we
have no data, On application of DC power the system boots and
provides diagnostic information on the video output. On board
DIP switches and jumpers select the ECONET address and
enable the four extra EPROM sockets for user software. Appx.
dims: main board 13" x 10”. YO board 14" x 3". Supplied tested
with circuit diagram, data and competition entry form.

Only £2995 or 2 for £53 ®)

MONITORS

MONOCHROME MONITORS
THIS MONTH’S SPECIALI

There has never been a deal like this onel
{7 Brand spanking new & boxed monitors
1 trom NEC, normally selling at about £140I
These are over-engineered for ultra
reliability. 9" green screen composite Input
with etched non-glare screen plus switch-
able high/low impedance input and output
for dalsy-chaining. 3 front controls and 6 at rear. Standard BNC
sockets. Beautiful high contrast screen and attractive case with
carrying ledge. Perfect as a main or backup monitor and for

quantity usersl - £39 95 each (p) or 5 for £185(G)
CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
COLOUR MONITORS
Decca 16™ 80 budget range colour monitor. Features a PiL tube,
beautiful teak style case and guaranteed 80 column resolution,
features usually seen only on colour monitors costing 3 times
our price} Ready to connect to most computers or video outputs.
75€2 composite input with integral audlo amp & speaker. Fully
tested surplus, sold in little or hardly used condition with 90 day
full RTB guarantee. kdeal for use with video recorder or our
Telebox ST, and other audlo visual uses. £99(E) 3E275(G)
20", 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solid state colour
monitors, complete with composite video & soundinputs. Attrac-
tive teak style case. Pertect for Schools,Shops,Disco, Clubs.
In EXCELLENT titde used condition with full 90 day guarantee.

20"....£135 22"....£155 26"...£185
CALL FOR PRICING ON NTSC VERSIONS!

HI-DEFINITION COLOUR MONITORS
Brand new 12" mutliinput high definition
colour moniters by Microvitek. Nice tight
0.31" dot pitch for superb clarity and
modem metal black box styling. Operates
from any 15.625 khz sync RGB video
source, with either individual H & V syncs
such as CGA IBM PC's or RGB analog
with composite sync such as Atari, Com-
modore Amiga, Acom Archimedes & BBC. Measures onty 14" x
12" square. Free data sheet including connection information.
Will also function as quallty TV with our RGB Telebox.

Only G
Brand new Centronic 14™ monitor for IBM PC and compatibles
at a lower than ever pricel Completely CGA equivalent. Hi-res
Mitsubushi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz
bandwidth. A super monitorin attractive style mouided case.Full
90 day guarantee. Only £129 (E)

NEC CGA 1BM-PC compatible. High quality ex-equipment fully
tested with a 90 day guarantee. In an attractive two tone ribbed
grey plastic case measuring 157L x 13"W x 12"H. A tenlfic
purchase enables us to pass these onatonly.... £79 (E)

V22 1200 BAUD MODEMS

Master Systems 2/12 microprocessor controtied V22 full duplex
1200 baud modem. Fully BT approved unit, provides standard
V22 high speed data comm, which at 120 cps, can save your
phone bill and connect ime by a staggering 75%! Ultra slim 45
mm high. Full featured with LED status indicators and remote
error diagnostics. Sync or Async use; speech or data switching;
built in 240v mains supply and 2 wire connection to BT. Units
are In used but good condition. Fully tested prior despatch, with
data and a full 80 day guarantee. What more can you ask for -

and at this pricell ONLY £69 (D)

IBM KEYBOARD DEALS

A replacement or backup keyboard, swilchable for IBM PC,
PC-XT or PC-AT. LED's for Caps, Scroll & Num Locks. Standard
84 keyboard layout. Made by NCR for the English & US markets.
Absolutely standard. Brand new & boxed with manual and key
template for user slogans on the function keys. Attractive
beige,grey and cream finish, with the usual retraciable legs
meath. A generous length of curly cord, terminating in the
standard 5 pin DIN plug. A beautiful clean plece of manufac-
turers surplus. What a deall £39 (B) 5£175 (D)

Brand new and boxed 84 key PC/XT type keyboards in standard
IBM grey with very attractive mottied finish and "dicky” solid feel
keys. 10 function keys on side. English layout and £ sign. Green
LEDs for Caps, Scroll & Num locks. £29.95 (B) 5£135 (D)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

FLOPPY DISK DRIVES

Superb Quality 6 foot 40u

19" Rack Cabinets

Massive Reductions
Virtually New, Ultra Smart!

Less Than Half Price!

Top quality 19" rack cabinets made in UK
by Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front
door, full height lockable half louvered back
door and removabile side panels. Fully ad-
Justable Internal fixing struts, ready
punched for any configuration of equipment mounting plus ready
mounted integral 12 way 13 amp socket switched mains distribu-
tion strip make these racks some of the most versatile we have

ever sold. Racks may be stacked side by side and therefore
BARGAINS GALORE ' require only two side panels or stand singly. Overall dimensions

NEW 54 Inch from £29.951 are 77-1/2°H x 32-1/27D x 22"W. Order as:

Massive purchases of standard 514" drives enables us to Rack1 Complete with removable side panels...... £275.00 (G)
present prime product at Industry beating low prices| All units Rack2 Less slde panels ..

{unless stated) are removed from often brand new equipment " POWER SUPPLIES

and are fully tested,aligned and shipped to you with a 90 day
guarantee and operate from +5 & +12vdc, are of standard size Power One SPL200-5200P 200 watt (250 w peak).Semi open
and accept the standard 34 way connector. frame giving +5v 354, -5v 1.5a, +12v 4a (8a peak), -12v 153,
E::ON T?Cn?o%g :grgmrﬁash‘b‘f lig gor ggg:g; +24v 4a (6a peak). All outputs fuily regulated with over voltage
y etc. ight.olate 40 or d protection on the +5v output. AC input selectable for 110/240
TEAC FD-55-F.40-80 DS half height. BRAND NEW £79.00(C) vac. Dims13” x 6" x 2.5". Fully guaranteed RFE. £85.00 (B)

;;B; Sﬁacdadd / * Power One SPL130. 130 watls. Selectable for 12v (4A) or 24 v

. (2A).5v @ 20A. 1 12v @ 1.5A. Switch mode. New. £50.95(B)

TEAC FD-55 hall helght serles In your choice of 40 track | Astec AC-8151 40 watts. Swilch mode. +5v @ 2.5a. +12v @

double sided 360k or 80 track double sided 720k. Ex-equip- | 2a. -12v @ 0.1a.6-1/4" x 4" x 1-3/4" New £19.95(B)
ment fully tested In excellent condition with 90 day warranty.

Qrder TE-36 for 360k £29.95(C) or TE-72 for 720k £39.95(C

CHOOSE YOUR 8 INCH!

Shugart 800/801 SS refurbished & tested £150.00(E
Shugart 851 double sided refurbished & tested ~ £225.00(E
Mitsubishi M2894-63 double sided switchable

hard or soft sectors- BRAND NEW

SPECIAL OFFERS!!

Dual 8" drives with 2 megabyte capacity housedin asmart case
with built in power supplyl Only £499.00 (F)

Ideal as exterior drives|
End of line purchase scoop! Brang new NEC D2246 8" 85
megabyte of hard disk storage! Full CPU control and industry

standard SMD Interface. Ultra hi speed transfer and access time
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Greendale 19ABOE 60 watts switch mode.+5v @ 6a,412v @
1a,+15v @ 1a. RFE and fully tested. 11 x 20 x5.5cms. £24.95(C)
Conver AC130. 130 watt hi-grade VDE spec.Switch mode. +5v
@ 15a,-5v @ 1a,412v @ 6a.27 x 12.5 x 6.5cms.New.
£49.95(C)

Boshert 13090.Switch mode.Ideal fordrives & system. +5v@ 6a,
£29.95(B)

£250.00(E) +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a.

Famell G6/40A. Switch mode. Sv @ 40a.Encased £95.00(C)

Please specify 110 or 240 volts for AC fans.
AC. 112" thick £ 8.50(B)
AC ETRI slimiine.Only 1" thick. £ 9.95(B)
AC 230 v 8 watts. Only 3/4” thick £12.95(A)

3 inch
312inch
31/2inch

leaves the good old ST506 interface standing. tn mint condition 4 inch AC 110/240v 112" thick. £10.95(B)
and comes complete with manual. Only.....................€399(E) 10inch  AC round. 312 thick. Rotron 110v £10.95(B)

10inch  As above but 230 volts £24.95(B)
Ll L Y R DRI RO IS AEEET 60mm DG 1° thick No.812 for 6/12v.814 24v.  £15.95(A)
A fantastic deal - 10mb (formatted) Winchester for £39.95| 8 mm  DC 5 v. Papst 8105G 4w. 38mm. RFE.  £19.95(A)
Tandon TM502 full helght ST506 Interface. Use It as a second 92mm DG 12v. 18 mm thick. £14.95(A)

DC 12v. 12w 112" thick
DC 24v 8w. 1" thick.

THE AMAZING TELEBOX!

hard drive on your present driver card or as a starter Into
Winchester land - see the driver card listed below. In excellent
used condition, guaranteed for 90 days..................... £39.95(C)
Hard disk driver card, complete with cables ready to plug into
our PC or compatible. Supports two Winchesters......£29.95(A

No Break Uninterruptable PSU's

TV SOUND
Brand new and boxed 230 volts unintertuptable power supplies & VIDEO
from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD TUNER!
1085-AHBH s 1 kva. Both have sealed lead acid batteries. MUK .

are intemal, MUD has them in a matching case. Times from Brand new high quality, fully cased, 7 channel UHF PALTV tuner
interrupt are 5 and 15 minutes respectively. Complete with full System. Unitsimply connects to your TV aerial socket and colour
ration manuals..........MUK......£249

RECHARGEABLE BATTERIES

£525 video monitortuming sameinto a fabulous colour TV. Dont wo
oL D s & if your monitor dees’'nt have sound, the TELEBOX even has raYry1
integral audio amp for driving a speaker plus an auxillary output
for Headphones or Hi Fi system etc. Many other features: LED
Status indicator, Smart moulded case, Mains powered, Built to

BS safety specs. Many other uses for TV sound or video etc.

LEAD ACID
Maintenance free sealed long life. Type A300.

12 volts 12 volts 3 amp/hours £13.95(A) gynnlied BRAND NEW with full 1
year guarantee.
6 volts 6 volts3 amp/hours £ 9.95(A) 1 x ST for composite video Input monitors.........
12 volts  Centre tapped 1.8 amp hours. RFE. £ 5.95(A) telabox STL as ST but with integral speake!
12 volts 12 volts 38 amp hours.7-1/2"L x6"S.RFE £35.

00(B) Telebox RGB for analogue RGB monitors.... ..£68.95(B)
EXTRA HI-CAPACITY NICKEL CADMIUM RGB Telebox also suitable for IBM multisyine monitors with RGB
Super high capacity Chloride Alcad 12 analog and composite sync. Overseas versions VHF & UHF call.
volts refillable type XL1.5. Electrolyte is SECAM / NTSC not available.

readily available Potassium Hydroxide. In BRAND NEW PRINTER

banks of 10 cells per 8"H x 247 x 5.5"D wooden case. Each celf heel printer renowned

for its reliability. Diablo type print mechanism gives superb
registration and quality. On board micmrrooessor gives full
Diablo/Qume command capabiilty. Serial RS-232C with full
handshake. Bidirectional 25 cps, switchable 10 or 12 pitch, 136
£2000 cpl in Pica, 163 in Elite. Friction or tractor feed. Full ASCHI
£ 470 Including £ sign. Font and ribbon Diablo compatible.......£199(E)
g£2950 DED DPG21 miniature ball point pen printer plotter mechanism
¢ 150 with full 40 characters per line. Complete with data sheet which

includes drcuit diagrams for simple driver electronics......€49(B)
£6500 Centronics 150 series. Always known for their rellabiity in
¢ 650 continuous use - real workhorses in any environment. Fast 150

measures 8°H x 1.75°L x 4°D. Can be easily separated. Ideal JEC Starwriter Model FP1500-25 daisyw

for all standby power applications. Ex MoD, like new..£43.95 (E
SPECIAL INTEREST
Newton Derby frequency changer 3 phase 50hz to

3 phase 400hz. mva output. As new.

Trlo 0-18 vdc bench PSU. 30 amps. New
Fujitsu M3041 600 LPM band printer

DEC LS/02 CPU board

Rhode & Schwarz SBUF TV test transmitter
25-1000mhz. Complete with SBTF2 Modulator
Calcomp 1036 large drum 3 pen piotter

I alyser ¢ 375 cps with 4 fonts and choice of Intertaces at a fantastic pricel
I_hs‘::vb 1l§C s’gg? Iogé:’asr:)ume ¢ 950 158-4 Serial up t0 9.5" paper, fan fold tractor...............E 89.00(E}
Tektronix R140 NTSC TV test signal standard. ¢ 875 1504 Serialup to 9.5‘I>aPer, tractor, roli ors/sheet.....£129.00(E)
Sony KTX 1000 Videotex system - brand new € 650 152-2 paraliel up to 14.5" paper, tractor or s/shee....£149.00(E)

ADDS 2020 VDU terminais - brand new

Sekonic SD 150H 18 channel Hybrid recorder
Trend 1-9-1 Data transmission test set

Kenwood DA-3501 CD tester, laser pickup simulator

£ 225

CALL FOR THE MANY OTHERS IN STOCK.

VISIT OUR SHOP FOR BARGAINS

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOW!

£ 525
£ 350

CHEEL Y

-ELECTRONICS -

MAIL ORDER & OFFICES
Open Mon-Fri 9.00-6.30

Dept WW, 32 Bliggin Way,
Upper Norwood,
London SE19 3XF.

All prices for UK Mainland. UK customers add 17 .5% VAT to TOTAL order amourt. Minimum order £10. PO orders from Govermment, Universitie s, Schools &‘ Local l_\umormes
welcome-minimum account order £25. Carriage charges (A)=£2.00. (B)=£5.50. (C)=£8.50. (D)=£11.50. (E)=£14.00 (F)=£18.00 (G):Ca_ll . All goods sq:)pllod subject lq our
standard Conditions of Sale and unless otherwise stated guararteed for 90 days_ All guarartess on a retum to base basis We reserve the right to changa prices & specifications
without prior notice. Orders accepted subject to stock. Quotations willingly given for higher quartities than those stated. Bulk surplus always required for cash.

LONDON SHOP
100's of bargains!
Open Mon-Sat 9-5.30
215 Whitehorse Lane,
South Norwood,
London, SE25 .

DISTEL ® The Original
Free dlal-up database!
000's of items-+info On Line
V21, V22 & V22 bis

081-679-1888

ALL ENQUIRIES
081-679-4414

Fax- 081-679-1927
Telex- 894502
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EDN DESIGN SPOTLIGHT

Circuits, Systems & Standards

First published in the US magazine EDN and edited here by lan Hickman.

Design method yields low-noise,
wide-range crystal oscillators

Tradilionally. designing crystal oscillators with wide
tuning range and acceptable noise performance has
required time-consuming trial-and-error methods. But
there is a straightforward design procedure for achieving a
tuning range of hundreds of ppm without compromising
noise performance. By characterising the tuning range of
the frequency-determining network of a crystal oscillator.
the effects that determine oscillator performance can be
accurately quantified and included in the design.

This extends the traditional approach which relies on a
crystal’s equivalent-circuit model — a model that does not
characterise the crystal in difficult designs. The
cquivalent-circuit approach simply fails to accommodate
such relevant effects as off-resonance lossiness. crystal-
model clement variation with frequency and spurious
modes. These effects are usually lumped into a vague term
called “crystal pullability".

Here we will concentrate on feedback-type oscillators
using crystals configured in the series-resonant mode (Fig.
Ta). though the design techniques are applicable to other
topologies. In the block diagram, H(f) is a low-bandpass
filter that selects the desired harmonic. G- is a buffer that
provides a low-impedance termination for the frequency-
determining network. and G is a non-linear gain block
providing variable gain or the amplitude limiting
necessary for stable oscillation. Gain of G, decreases
monotonically as a function of signal level.

When the circuit turns on (and signal levels are low), G,
varies to provide an open-loop gain greater than three to
ensure that the circuit oscillates. Once the circuit is
oscillating and signal levels attain a steady state condition.
G’s gain is approximately unity.

The frequency-determining network contains the crystal
and associated tuning elements and the circuit block is a
one-port network, ideally described as Zy(f). For optinum
performance. minimise undesirable admittances, such as
those attributable to stray capacitance and varactor-
isolating resistors. The dotted ground connection (carrying
negligible current) from the frequency-determining
network is an example of a low-admittance stray network
path.

For the circuit to oscillate. open-loop phase shift must

Crystal oscillator design

It is easy to use one of the commonly used circuit arrangements
to throw together a crystal oscillator — and the result may well be
adequate for an undemanding application. But if low noise
and/or wide tuning range is a requirement, a slightly more
scientific approach is called for. This article will provide food for
thought for anyone needing to design a crystal oscillator.

IH

H(f)
MARMONIC-SELECTING
Gi(Va) FILTER
Re
Vy O—g Qr-10
Rn FREQUENCY-DETERMINING
NETWORK
B CAYSTAL AND | Z41)
TUNING NETWORK
l Isram~0
(a) =
L(fm)
LOG SCALE
~
apar
200) 2P0 R
s [_‘v_]’ .
2P | 20um
[
P,
OFFSET FREQUENCY
(LOG SCALE)

Fig. 1. Circuit including two frequency-dependent blocks, so
a number of harmonic-selecting filter- and frequency-
determining-network phase combinations will provide an
overall loop phase shift of 0° — a necessary condition for
oscillation.
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EDN DESIGN SPOTLIGHT

cqual 0°. Because the circuit in Fig. 1 contains two
frequency-dependent blocks. a number of harmonic-
selecting filter and frequency-determining network phase
combinations will provide an overall loop phase shift of
0°. A 0° phasc shift in each network is best for two reasons
— maximum loop gain and minimum phase noise. The
design method shown here uses 0° phase shift as a

condition.

Concentrating on the crystal loop — the closed path
around Ryy. the frequency-determining network, and R —
it is this that partially determines the oscillator’s phase
noise and completely determines the frequency tuning.
The trequency-determining aspect of the loop is true
because everything outside the crystal loop is independent
of frequency over the narrow frequency range of interest.
In the model, G,’s input impedance is infinite, and G-"s
output impedance cquals zero. 11 1STRAY is negligible. the
frequency-determining network can be considered to be a
one-port impedance Z«(f). Theretore, the relevant equations
for oscillation and noise become

Lz, cn)=0

fo

0.(H=

2R, + R,y +RI,IZ, ]

dl,,,’Z/ ( /‘)] ,
df -

where Q;(f) is the Q of the frequency-determining
network. This parameter is also known as the “loaded Q™
of the crystal. The dominant parameter under designer
control, Q; (f). determines the oscillator’s noise level.
According to Leason’s equation, the single-sided phase

noise cquals:

Fig. 2. Because a
series tuning Zd)
capacitor can only e ——— = —
raise the oscillation i i e
frequency above the | ta  Cm <
series-resonant o—¢~ — vy 1
l
frequency of the }
. i oy
crystal, oscillators i - & 1
using this L Jl
configuration are DO S
only tunable to ®
frequencies above
their crystal’s series-
RelZ:(1)]
resonant frequency.
Rm
Tt
RefZi(1)] VS FREQUENCY
(®)
i) ch‘-/ Comm
/v'. 1 | !
y |
| [
TUNING BAND
© Im{Ze{f)} VS FREQUENCY

L= H[L] {HL} 3
ZP” i f,,,zQ[. fm
_ kT f_ } forf, < f,, < h
28 (1,20, =
= F,\,,I‘_/—‘.'HL} forf, < f; < L2
L ARIUN Y AT . 2)

where fy=oscillation frequency, f,=f-fy=offset frequency,
1= noise corner (<fy/2Q )=rcsonator half bandwidth,
kT=thcrmal noise tloor=—174dBm/Hz, F=noisc figurc of
the circuit, Py=output power, and Q; =loaded Q.

Figure 1b illustrates this phase-noisc characteristic. It is
worth noting that the crystal itself can contribute noise
excecding that predicted by Leason’s equation. Noise is
generally attributable to contaminants in the crystal. Proper
crystal manufacturing technigues (in a clean room) and
cold- or resistive-weld scaling techniques minimise the
problem.

Inspection of equations 2 and 3 suggests that for
mininum phase noise over the entire tuning range, ZAf)
must have an imaginary part with a large slope and a real
part that remains small.

Ideally, oscillator loop gain remains constant over the
tuning range, ensuring oscillator start-up and minimal AM
noisc over the tuning range. Constant loop gain can be
realised by sclecting Zy(f) such that it has a small and fairly
constant real part over the tuning range. A constant Q; is
also desirable becausc it provides consistent noisc
performance over the tuning range and also simplifies
design of the tuning network. For constant loop gain and
optimal noise performancc over the tuning range, a Z(f) is
nceded that has a large slope, an imaginary part that is
fairly linear, and a real part that is small and fairly
constant.

One final requirement must be observed for stable
oscillation — the imaginary part of Z(f) must equal zero at
only one frequency over the entire frequency range in
which sufficient loop gain exists for oscillation. To meet
this requirement, a erystal must have a monotonic
reactance-vs-trequency characteristic.

Frequency determining network

To attack the design problem, first consider an ideal
(Cy=0) crystal connected in series with a variable tuning
capacitor (Fig. 2). As Fig. 2 illustrates, this network meets
all the requirements. The variable tuning capacitance Cg
shifts the crystal reactance down by a variable amount that
is essentially independent of frequency, over a small
fractional frequency range. Oscillation occurs at the point
where the shifted reactance curve crosses zero. A
straightforward analysis yields the equation:

¥ G [
foo 2C Cr

where Af'is the tuning range and Cy is the tuning
capacitance ratio (C g, /Conin)-

Clearly, a series tuning capacitor can only shift the
oscillation frequency to a valuc above the series-resonant
frequency of the crystal. Therefore, most VCXOs (voltage-
controlled erystal oscillators) using this configuration are

smin
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tuneable to a frequency above the series resonant
frequency of their crystals. Tuning frequency can be
lowered by adding an inductor in series with the tuning
capacitor. Although adding inductance helps avoid the
spurious modes that typically occur at frequencies above
the crystal’s series-resonant frequency, the addition
introduces susceptibility to magnetic-pickup problems.

Consider a network (Fig. 3) where the ideal crystal’s Cy
is greater than Opl=. Clearly, this circuit fails to meet two of
the previously cited requirements — the real part of Zy is
not constantly low, and the imaginary part is not linear.
The effects of Cyy can be removed by adding an appropriate
inductor Ly to form a parallel-resonant circuit.
Unfortunately. Ly's value cannot be selected based on
measured or specitied values of Cy. because the crystal
model is not adequate for ditficult applications.

The best design approach is to measure R [Zx(f)| and
1l Zx(H] over the entire tuning range. Then
mathematically (or physically) add enough parallel
inductance to satisfy the design requirements. Although, in
theory. it is possible to meet. precisely. the crystal’s
requirements. in practice the crystal could deviate
substantially from any modelled performance. But the
approach does allow quick evaluation of crystal prototypes
in environments that mirror the actual application — a real
time saver.

80MHz VCXO

An 80MHz VCXO for use in a phase-locked loop must
accommodate a £15ppm absolute error in its reference
frequency. Typically, fow-cost crystals specify a +5ppm
absolute frequency error, a £16ppm aging error over ten
years. and a 10ppm variation as a function of temperature
(over an industrial operating range). To accommodate all
these error sources, the oscillator must have a 245ppm
uning-range capability — that is. A/=90 ppm. This is
considered a very wide tuning range for a low-noise,
80MHz VCXO.

In some cases. two devices could be used to develop the
required overall tuning capacitance —a mechanical
trimmer capacitor for crystal-frequency error and aging,
and a varactor to satisfy the remaining tuning requirement.
In this example, however, the design uses a varactor for
the entire 90ppm tuning range. Equation 4 shows that a
wide tuning range requires a large varactor capacitance

EDN DESIGN SPOTLIGHT

RefZ(N)] P

]
|
1
3 {

Re{Zu1)] VS FREQUENCY

Im{ZdN]
Fig. 3. Tuning range
is limited (and
oscillator noise is
inconsistent) when
the ideal crystal’s
Cy is greater than
OpF, because the
real part of Zy is
not constantly low

|
Im{Zu) VS FREQUENCY

| and the imaginary
| part is not linear.

ratio (Cp), a small Cy,,,;,, and an appropriately large crystal
motional capacitance Cyy. Increasing Cy, may decrease the
unloaded-crystal (. so some trade-offs must be made to
realise the optimum combination.

To obtain a large varactor Cg. use a hyper-abrupt diode.
For a hyper-abrupt VHF varactor like the BB105. Cp=5.5
and Cy,,;,=2.2pF. From equation 4, thercfore, Cyy must be
at least 0.5tF to ensure A=90ppm. The mean frequency
(80MHz by design in this case) over the tuning range is:

- C 1
=fy| 1+ 21+ — 5
P ]

a G
“T 62 pF

.||._

Ly
D1 100 nH

s

.
AN

~

Cz
I~ 62 pF

.I.j
AA
\/ |
AL

L2
Q4 1.9 pH

AAA.
VWV

79.9846 MHz
>
4 n

AAA.

&, ) Fig. 4. C;, Cy and

AAA—@
WV

L; combine to set
t
[ 80 MHz+45 PPM the desired
o | | BBI05 Ve 0.1 uF crystal harmonic
0

— frequencx in this
D2 two-transistor
10k 2 feedback
1 oscillator. The
network

—Vee O

‘b
$ 10k

TUNE

l comprising the
0.3 uF 10 uF crystal, Ly and D,

I determines the
oscillator
frequency.

4
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EDN DESIGN SPOTLIGHT

From equation 5, the crystal’s series-resonant frequency
comes out 1o 79.99462MHz, or 67ppm below 80MHz. The
crystal must have no spurious modes or aberrant
characteristics over the tuning range — between 22 and 11
ppm above the series resonant frequency.

This design is based on the properties of an idcal crystal.
In the real-world. a real crystal must be measured to
determine the tuning-band measurements of the frequency-
determining network. That data is then used to select the
correct varactor and a crystal with the proper frequency.

To add detail to the theory. Fig. 4 illustrates a transistor
fecdback oscillator that effectively implements the block
diagram of Fig. . L;. C,. and C> combine to sct the
desired crystal harmonic frequency. D, isolated from the
crystal, provides amplitude limiting. D,’s impedance
decreases with signal level, a drop which reduces Qs
voltage gain and thereby implements the G, variable gain
block of Fig.1. The network. comprising the crystal, L>,
and D>, determines the oscillator's frequency. Q5 isolates
the tank from the crystal and provides a low-impedance
termination for the crystal’s closed loop, composed of R,;.
the crystal, D,, and R,5. Q, supplics the voltage gain
nccessary for oscillation and also provides a low
impedance termination for the crystal loop.

To start, adjust the oscillator’s frequency-determining
network to run at 0° phase: substitute an AC-coupled
resistor whose value is equal to the typical value of
R.[Z(f)] over the tuning range. Then select C; and/or C,
Lo cstablish the oscillator’s desired operating trequency —
80MHz in this case — and complete the design by replacing
the resistor with the frequency-determining network.

When physically adding the frequency-determining
network, stray admittances should be minimised. This can
be done by removing the ground plane from beneath the

frequency-determining network and using large impedance
values for the varactor’s bias resistors. Note that some
nodal impedances in the frequency-determining network
arc very high — 900€2 in this casc. To maintain this high
impedance at high frequencies, pay strict attention to the
physical layout.

At this point, the oscillator’s tuning range should be very
close to the design goal. In addition, noise performance
will be fairly constant over the tuning range.

Several mechanisms will act to limit attempts to achicve
greater and greater oscillator tuning ranges. Spurious
operating modes are inevitable with attempts to tune
further away from the crystal’s series-resonant frequency.
Other crystal characteristics can also cause problems.

Crystal reactance, for example, may become non-
monotonic with frequency and thus cause unstable tuning.
Maintaining high impedance at high frequencics is another
problem area. The crystal’s high-impedance node has a
design impedance of:

7(-/‘)E RI! +Rm +/#

’U‘(;Cm

Stray capacitance and the varactor-bias ports will
cventually limit attempts to increase the design impedance.
In addition, accuracy of measurements of the frequency-
determining network decreases as attempts are made to
devcelop very high impedance levels.

For example, using an HP3677A vector network
analyser and an HP356P77A s-paramelter test sct,
measurements will have adequate aceuracy for impedances
between 0.5 and 1000€. [ ]

Tim L Hillstrom, Hewlett-Packard Co

Electronic Circuits, Systems &
Standards

ELECTRONIC
CIRCUITS, SYSTEMS
& STANDARDS

House,

Edited by lan Hickman, published b
Butterworth Heinemann ﬁl
7506 0068 3. Price £20.

ewnes. ISBN O

Since its appearance in 1956 the US-based
EDN has established itself as a leader in
controlled circulation electronics magazines.
Now this “best” of EDN — with usefu
information on components, equipment,
circuits, systems and standards is available in
a 216 page hardback publication

Available from bookshops, or direct by
postal a \/5

Fﬁ/icaﬁon to E

+WW, Quadrant
e Quadrant, Sutton Surrey SM2

S5AS. Cost £20 plus £1.50 post and

packing. Cheques payable to Reed Business
Publishing Group.
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YOUR PERSONAL

m—sul‘fer ~Fanulacturer Device Test ®ACIO

[wa

Informatio

UNIVERSAL PROGRAMMER

Superpro is a low cost programmer which can easily

A: Binafy file

"1 B: Intel (Extended)
€1 Motorola S1

| P: Motorola S2
E: Motorola $3

F: Tektromix

be attached to your PC for use in R & D. It comes with [

its own half card for high speed communication so you
can still use your parallel port.

Superpro comes from California so you can be sure the
latest devices will be supported. In fact the software is

Running
Tile Hame
Al Buffer startl address
ii Save si

ze o
Enter Save size )

updated on an almost monthly basis. The extensive
device list covers most popular logic and memory
families such as Amd’s Mach series as well as the

s

popular Altera range EP310 to EP1810. Support is ST Function select o

also included for popular gals such as 16V8 and
20V8 from a variety of manufacturers. Standard 24,
28, 32 and 40 pin e [e) proms are also catered for in
the 40 pin universal ZIF socket. An added bonus is the
ability to program a range of microcontrollers. PLCC
devices can be programmed with special adaptors.

So before spending thousands of pounds on a new stand alone programmer why not have a look at Superpro for a fen

day trial period?

LLOYD RESEARCH LTD

Tel: 0489 574040 for a device list

CIRCLE NO. 150 ON REPLY CARD

Field Electric Ltd. Tel: 081-953 6009. 3 Shenley Road, Borehamwood,
Herts. WD6 1AA. Fax: 081-207 6375, 0836 640328

Tandon half-height 10mb hard disk drive. IBM compatible. Sold with no guarartee.
£17.00 c/p £4.50.

3.5" floppy disk drive Chinon BBC compatible, new £35 c/p £4.00.

Astrolux Mono Headset New £15.95 c/p £3.50

Astrolux Headset with boom mic £19.95 c/p £3.50

Tektronix 7403N Mainframe only £80

3.5" floppy disk drive NEC IBM compatible. Full height unit. £39.95 new & boxed,
1.6Mb, ¢/p £3.00.

Switch mode power supplies 240V AC input 5V DC 40amp £29; 12V DC 10amp £46;
5V DC 40amp —12V DC 4amp +15V DC 11amp £48.

Western Digital 3.5” hard disk drive new 40Mb RLL ST506 £120 c/p £6.00.

H.P. 4328A millohmmeter £450 c¢/p £11.00.

H.P.3400A RMS voltmeter £225 c/p £11.00.

NEC new & boxed 5.25" floppy disk drive model FD1055-311 BBC compat. /2 height
£48 c/p £6.00.

Tektronix 191 constant amplitude sig.gen. £175 ¢/p £12.00.

Tektronix 067-502 standard amplitude calibrator £120 ¢/p £12.00.

Plantronics (Auralite) type headsets very lightweight new BT approved ideal for
comms: £25 c¢/p £3.00.

12" colour VGA monitors on swivel & tilt base.

Farnell fan-cooled PSU 240V AC input +12V DC 4amp — 12V DC 1amp +5V DC
10A —5V DC 5amp £16 ¢/p £7.00.

SVGA card 16-bit Realtek 256K new & boxed with software etc. £37.50 c/p £2.50.

Lambda power supply model LMG12 OVRV 12V DC 56A linear £200.00
KSM power supply model SCT 200-15 0-240V 0-15A £160.00
Hewlett Packard 618B SHF signal generator £75.00.

Hewlett Packard 606B signal generator £75.00.

Hewlett Packard 612A UHF signal generator £75.00.

Hewilett Packard B6A personal computer new £95.00.

Hewlett Packard 5000A logic state analyser £60.00.

Hewlett Packard 3450B multi-function meter £65.00.

Hewlett Packard 693D sweep oscillator £175.00.

Hewlett Packard 651B test oscillator £75.00.

Hewlett Packard 9868 I/O expander £55.00.

Iswatsu SS5705 40 MHz O'scope £295.

Kikusui COS 5040 40MHz O'Scope Caito 1-92 £350.

Hameg HM605 60MHz O'Scope £400.

Hitachi V212 20MHz O'scope £230.

Hitachi V202F 20MHz O'scope Calto 1-92 £230.

Hitachi V509 50MHz O’Scope £400.

Tektronix 455 O'scope £350.

Tektronix 7B70 time base plug-in £100.00.

Tektronix 7D01 logic analyser piug-in £100.00.

Singer spectrum analyser 20Hz to 35kHz £275.00.

Singer Alfred 0'scope ¢/with sweep network analyser 7051 £175.00.
Paratronics Model 532 logic state analyser 32chn £165.00.

All above prices +17'2% VAT. Please ring for ¢/p rates.

We would like the opportunity to tender for surplus equipment
Officlal orders credit card telephone orders accepted with
Access, Amex, Diners, Visa cards. Overseas enquiries weicome

B‘ ¢/p rates U.K. mainland only.
Please ring for c/p rates not shown.
" ! All prices Inc. V.A.T. unless stated. Stock list available.

VISA
L

CIRCLE NO. 140 ON REPLY CARD

FULL SPECTRUM
MONITORING

SR RN

BN

The world is at your fingertips with ICOM'’s new IC-R9000 radio
communications receiver with continuous all mode, super wideband range
of 100KHz to 1999.8MHz and a unique CRT display that shows frequencies,
modes, memory contents, operator-entered notes and function menus. The
revolutionary [C-R9000 features IF Shift, IF Notch, a fully adjustable noise
blanker and more. The Direct Digital Synthesiser assures the widest range,
lowest noise and rapid scanning. 1000 multi-function memories store
frequencies, modes, tuning steps and operator notes. Eight scanning modes
include programmable limits, automatic frequency and time-mark storage

of scanned signals, full, restricted or mode-selected memory

scanning priority channel watch, voice-sense scanning and a

selectable width around your tuned frequency

Post to: lcom (UK) Lid. Dept WW
I Saa Street Herne Bay Kent CT6 8LD
Tel:0227 741741 (24hr). Fax: 0227 360155

CIRCLE NO. 141 ON REPLY CARD




INTERFACING
WITH C

HOWARD HUTCHINGS

Interfacing with C can be obtained from Lorraine Spindler, Room
L333, Quadrant House, The Quadrant, Sutton, Surrey SM5 2AS.
Please make cheques for £14.95 (which includes postage and
packing) payable to Reed Business Publishing Group.
Alternatively, you can telephone your order, quoting a
credit card number. Telephone 081-652 3614.

A disk containing allf the example listings used in this book is
available at £25.50 + VAT. Please specify size required.

C HERE!

If you have followed our
series on the use of the C
programming language, then
you will recognise its value
to the practising engineer.

But, rather than turning up
old issues of the journal to
check your design for a
digital filter, why not have all
the articles collected
together in one book,
Interfacing with C?

The book is a storehouse of
information that will be of
lastinz value to anycne
involved in the design of
filtars, A-to-D conversion,
convelution, Fourter and
many other al[:fllicatﬁons,
with not a soldering iron in
sight.

To complement the
published series, Howard
Hutchings has written
adcitional chapters on D-to-
A and A-to-D conversion,
wavefoarm synthesis and
audio special effects,
including echo and
reverberation. An appendix

rovides a “getting started”
introduction to the running
of the many programs
scattered throughout the
book.

This is a practical guide to
real-time programming, the
Erograms provided having

een tested and proved. It is
a distillation of tEe teaching
of computer-assisted
enginearing at Humberside
Pofytechnic, at which Dr
Hutchings is a senior
lecturer.

Source code listings for the
Ero rams described in the

ook are available on disk.




REGULARS

50W “Blomley”

Stirred into action by the letter from W Groome in the January
issue, Hans Hartsuiker presents his own design. which is

based on the Peter Blomley amplifier from 1971. Mr Hartsuiker
built this one in 1984 and has been pleased with its performance

on Quad ESL-63 electrostatic speakers. It is based on the original

proposition that Class-B switching should be done carly, rather
than in the output stage.

To take advantage of advancing op-amp design and 1o reduce
the component count. the low-noise 5534 is the gain stage. Ry
and C3 determining its gain and frequency response: the two
diodes protect TRy ;) during clipping. Transistors Trg ;g which
must be switching types, compose the phase splitter to drive the
output triplets formed by 7r» ; 4 — “a supertransistor” with the

load in the collector which, together with Trs. takes the form of a

R4
P1 1M2
100K

+15y  —an—-15v

T8
2N2222

R7
Vin 10R
1N4148

Tr10
2N2907

CIRCUIT IDEAS

L2l
BD140

R2C
560R

R21
220K

r————(zi :) D5
+15v R25

1K LA

R26
- 100R
'
| ¢4
100n L1
1Kk L 10R ﬁﬁns LS
R8 ¢ R9

current mirror, Inductor L; and the filter at the output reduce the
possibility of RF into or out of the amplificr.

Points in the design’s favour are that no emitter {ollowers are
at the output. with capacitive loads in mind; that all the bipolar
transistors are current amplifiers: and that the output-stage
devices are always on. Against, there is the onset of hard clip-
ping: the fact that this is an inverting amplifier: and overall gain
is about 48, chosen for stability: feedback factor about 200.

To set up, adjust P, ; to maximum: set the output voltage to
zero by P : sct output current 10 60mA by P; (33mV across R»5);
adjust P to the point where the output current starts to increase.

As regards construction , the usual precautions should be
observed and the need to mount D 4. Tr; 4 7.4 on the same heat
sink.

Hans Hartsuiker
Eindhoven
The Netherlands.

22CK
R31

560R
R30
B

D139
Trs

Amplifier employing the ideas put forward by Peter Blomley 20
years ago, in which phase splitting is carried out in an early stage.
Output transistors are permanently conducting.
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(IRCUIT IDEAS

Frequency
doubler

his cireuit will provide frequency
doubling over a wide range of
frequencies.

Two monostable flip-flops contained in a
4528 use the same timing circuit — P, R,
and C; in the circuit diagram. They trigger
on opposite edges of the input waveform
and. working with the Nand /Cs . give an
output pulsc on cach transition ot the input.
Low time constants from the 4528 allow a
large frequency range.

Adding the inverter IC-;, and integrator
1C5 as shown permits adjustment of the
duty cycle by P, 1o give symmetry. With
component values as shown, the input can
vary between 300Hz and 8700Hz. and £20%
without affecting output mark:space ratio
once it has been adjusted.

W Dijkstra
Waalre
Netherlands

Frequency doubler working over a wide range
(300-8700Hz in the case shown) and with
adjustable mark:space ratio, which is constant
over £20% frequency change.

Signals in chaos

U sing a bipolar transistor as a feedback
element as in Fig. 1, in conjunction
with a few passive components, produces a
logarithmic function. Since the circuit is
unstable. it is usable in a “chaotic” signal

GNDo—Hcx

GNDo—
o

N |

no—

4011U I

N
N
o
c
o2}

il L] L e, LI LT LI LT
L] L 216, l l
2 S O ) I O
VT T T T T T DT +V
101C,
O———————m—mmmmmm—— Y e 0
tends to longer pulse tends to shorter pulse
generator to give an output which, although Ro 100K
not white noise, has a similar nature when ve e
—AA—

heard.

Figure 2 shows such an arrangement. -

The output from the Fig. | circuit is T3

delayed by the phase shift of the filter and

fed back 1o the input, whereupon a BC108

continuous oscillation is set up. Varying R X

alters the characteristic of the basic block; o | L e
some seltings give a periodic waveform at 741 P L
X, but most give a non-periodic output. .Y 1 Wigae aWPNINe o0 o
Fine adjustments are possible by Ry, . . .

1 2

. wlw]
Fig. 1. Circuit often described as a logarithmic = L L
amplifier, which is inherently unstable. = =

Fig. 2. Chaotic signal generator uses Fig.1 circuit
and phase-shifted feedback.

R7 100K
ve +Ve
R1
10K
BC108
X
+ve 16 >e
R7 10K
100K -~ S
ve Cc4 =—
100n

c2
100n
52 3 741
10K 10K
o
- Y
ci R4 @
10n 10K i

Fig. 3. Simpler circuit gives same result as Fig.2,
but some inductor tweaking might be needed.

which may be omitted altogether, if
desired. When set to give a “chaotic”
output, the circuit is well-behaved in a
chaotic sort of way and gives a continuous
signal. lts behaviour becomes elear if X
and Y signals are applied to the X/Y plates
of an oscilloscope.

Figure 3 is a simpler circuit. but the
inductor values need selection by trial and
error.

D Ayers
Buxton
Derbyshire
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Constant-gain tuned filter

In the classical state-variable filter. a
summing amplificr is followed by an
integrator train. the inpult, output, integral
and differential of the output being summed
at separately weighted inputs to give the
required response. In the circuit of Fig. 1. a
variable element is common to both input
and output terms, so that the ratio of the two
is fixed at the resonant frequency at any
circuit Q.

Frequency-determining components are
able 1o take a wide range of values. since
they are isolated from the rest of the cireuit
and do not interact with its Q value.

High-pass and low-pass characteristics are
at Ay and A; outputs respectively: it a non-
inverting. high-input-impedance amplifier
with a gain of 4 is connected (o the junction
of the T network. a high-Q notch is
produced.

Figure 2 shows a sccond-order
Butterworth high/low-pass filter. bascd on
the previous circuit but with a fixed-gain
summing amplificr. Both characteristics are
provided and a band-pass tilter of maximum
gain [/N2 is obtained from A>. To make a
notch filter. feed either of the Ay inputs 1o a
buffer amplificr of gain [+V2. The summing
amplifier gain is accurately set using
preterred-value resistors: for example.
3.6k€2 and 5.1K€2 give a gain of V2 within
less than 0.2%.

John D Yewen
Leighton Buzzard
Bedtordshire

CIRCUIT IDEAS

o

-
QuTPUT
CONTROL SETTING
LINEAR WITH
1K BANDWIDTH
ov

Variable Q and frequency, constant gain tuned filter

Fig.1. Constant-gain tuned filter with a wide frequency range and variable Q. High and low-
pass characteristics are available and a band-pass type results from a further amplifier.

INPUT 5K1

High pass/Low pass/Bandpass Butterworth filter

Fig.2. Variation of the Fig.1 circuit to give a second-order Butterworth high and low-pass, band-

pass and notch filter outputs.

RS-232C monitor without power supply

ith a little work on the RS-232C serial
. . TD(2)
port found on many PCs, one can RD (3)
monitor received and transmitted data. RTS (4)
Two bidirectional switches form the cir- CTS (5) RS.232C
. . DSR (6)
cuit, cach composed of two opto-couplers SG (7) LINK
connected in reverse sense and two diodes DCD (8)
to connect the data to the correct switches. DTR (20)
One pair sees the TD line of the port, while Al (22)
the other looks at the RD line. The TD mon-
itor is activated when pin two of the monitor Y 1N4148 1N4148 & i[ 1N4148 1N4148 &
connector (TD) is low, the second pair when _W ——— IC, ﬁ —_— Ic,
pin two goes high to monitor RD. Since the 6 8 |2 3| _6NI36 5 6 8 [2 3 BNI36 5
o aevia i e e v s IC,
opto couplc.r leds are in series wn_h cach ] ~y snids v §
other and with R, current from pin two of + z + 'y
the monitor connector is only about 2mA, T\ e
so no power supply is needed. 6N /36 cou- o 5 IC, 3 2| 8 5 5 3 2| 8 6
plers were chosen for low drive-current Circuit to 6NI36 ! -
needs. monitor ~
The monitor connector is an equivalent to transmilte ol ’ ]
] ] . and received 1N4148 ¥
a null modem and a microcomputer set 10 data from an +
the same baud rate as the link witl monitor 232C li L ] 2
. ‘ ‘ RS-232C link P s
!hc TD or RD Im_es. I baufl rate of the mon- without the R,
itor is at least twice that of the RS-232C need for a S 1
link, full-duplex monitoring is possibte. power supply. o ___ | _ {_ - _L _—— _1_ - _i_ S l_ .
Frantisek Michele Circuil takes ! 6 P i
Brno 2mA from \TD(2  RD(@) SG (7) RTS(4) CTS(5) DCD (8) DSR (6) DTR (ZO)J
Czechoslovakia onion h manitor connector
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PSST...

Powerful Software Saves Time!

ISIS - Intelligent Schematics

ISIS DESIGNER.......ccooteereteeeer et £275

An exceptionally easy to use schematic capture
package designed for use with ARES or other EDA
software. Provides facilities for single button
integration to any DOS application.

ISIS DESIGNER+ ..ottt et £475

Adds advanced design management features
including hierarchical design, fully automatic
annotation/packaging, Design Global Annotation and
ASCIl Data Import for handling component stock
codes, prices etc.

Auto wire routing, dot placement and label generation.
Powerful editing facilities.

Object oriented 2D drawing with symbol library.
Comprehensive device libraries provided.

Device editor integral to main program .

Output to dot matrix, pen plotters, lasers, POSTSCRIPT.
Export to DTP packages in IMG, BMP, DXF or EPS formats.
Multi-sheet and hierarchical designs held in one file.

Netlist output to most popular EDA software.

Bill of Materials and Electrical Rules Check reports.

ANNOUNCING ARES VERSION [l AND SUPER FAST ARES 386

Our high performance PCB design products have been enhanced with further time saving
features such as Auto Track Necking - ARES will automatically replace sections of a wide
track with narrow segments where design rules dictate. Other new features include further
support for netlist driven design modification, multiple package libraries, multi user (network)
operation, Gerber viewing, DXF export and curved tracking with full connectivity support.

ARES 386 is a 32 bit version of ARES AUTOROUTE offering a 300% increase in speed on
many operations, 1024x768 graphics and, for practical purposes, unlimited design capacity.

Topological Route Editor (another Labcenter innovation)
= Unlimited user configurable pad, track and via styles.
Fult surface mount and metric support.

10 copper + 2 silk layers.
1 thou resol stion.

30x30 inch max board size.

Object oriented 2D drawing for silk screen graphics.

Full connectvity and design rule check functions.

Drivers for dot matrix, pen plotters, lasers, POSTSCRIPT,
Photoplot (Gerber), NC drill (Excellon).

Graphics export in IMG, BMP, DXF or EPS formats.

Budget Price CAD Software

ISIS SUPERSKETCH......coceoeerreeenen, from only £69
Our highly popular schematic drawing program has all
the editing features of ISIS DESIGNER and our
Graphical User Interface makes it exceptionally easy
to learn and use.

Diagrams produced with SUPERSKETCH can be
rendered on all common printers/plotters including
POSTSCRIPT and graphics export to most DTP and
Wordprocessing packages is also possible

An extended device library containing TTL, CMOS,

Memory, Microprocessor and Analogue I[Cs is
available for £30.
PCB Il sesesecevene s only £69

An exceptionally easy to use manual PCB drafting
package offering most of the features of ARES
(including Auto Track Necking & Curved Tracks)
but without the netlisting capabilities.

PCB |l shares the same user interface as ISIS
SUPERSKETCH and both packages plus the
extended device library are available for just £149.

IGbCEﬂCEP

E | e ¢ct r o ni c s

COMBINATION PRICES
ISIS DESIGNER & ARES
ISIS DESIGNER & ARES AR .
I1SIS DESIGNER+ & ARES
ISIS DESIGNER+ & ARES AR .
ISIS DESIGNER+ & ARES 386 ........ £995
Prices exclude p&p {£2.50) and VAT.

s

14 Marriner's Drive, Bradford. BD9 4JT

Call for demo packs
Tel: 0274 542868
Fax: 0274 481078

CIRCLENO. 138 ON REPLY CARD
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REGULARS

ACTIVE

A-to-D & D-to-A
converters

Digital colourspace
converter/corrector. Three parallel
12-bit colour components can be
processed at up to 40MHz by the
TMC2272 from TRW LS| Products
Inc. The device is said to be the first
monolithic 36-bit colourspace
converter/corrector. which converts
moving camera, video, monitor and
PC graphics and images in real time.
It converts any set of three colour
components into any other set with
nine user-programmed coefficients
stored on-chip, which may be varied
to allow pixel-by-pixel correction.
Ambar Components Ltd. 0844
261144,

Digital trim for op-amps. Max528/9
are multi-D-to-As, in which eight
converters and eight buffers with their
serial control interface are collected
on one chip. Three operating modes
include unbuffered. in which output
buffers are bypassed in the presence
of high-impedances to reduce power
and errors; full buffered, in which

buffers are in circuit to provide +5mA. -

2mA load currents: and half buffered
for single-supply working and when
+5mA output is needed. A shutdown
pin drops supply current to 50uA with
no loss of data. Maxim Integrated
Products Ltd, 0734 845255.

Discrete active devices

Dual pin diode. Diodes in the Bar64
series from Siemens are available in
single and four-dual versions. They
have a reverse voltage rating of 200V
and are meant for RF attenuation and
switching at frequencies between
1GHz and 2GHz. T otal capacitance is
0.23pF with reverse 20V at 1MHz,
and forward resistance at 100MHz is
0.85¢). Charge carrier lifetime is
1.55us. Siemens pic, 0932 752323.

Digital signal processor

FIR filters. Harris's HSP43168 dual
finite impulse-response filter performs
multiple functions to outperform asic
designs in flexibility. It contains two 8-
tap FIR filters, configuration control
and storage of up to 256
programmable coefficients. Available
operating modes include high, low
and band-pass, complex, 2D
convolution, interpolation and
decimation. Further, it can be used as
a building block in adaptive and
polyphase filtering. Harris
Semiconductor UK Ltd. 0276 686886.

Linear integrated

circuits

Low-voltage regulators. Toko's
TK114/5 are regulators with a voltage
drop of 0.2V and are meant for
battery-powered equipment that lives
most of the time in a state of
suspended animation. taking only
0.1uA when the control terminal is at
off. They are available in ten voltage
ratings of 2-5.5V and output currents
of 180mA, although best under
100mA. Dissipation is up to 200mwW
(114) and 600mW (115). Cirkit
Distribution Ltd. 0992 444111,

Low-power op-amp. LTC1C47is a
dual chopper-stabilised op-amp that
takes only 60uA supply current per
amplitier. Offset voltage is 10uV and
drifts 50nV/*C maximum.-Ng other
components are needed, sirice
sample-and-hold Cs are on-chip.
Common-mode and power-supply
rejection ratios are 110dB. Since itis
pin-compatible with standard dual op-
amps. it can be used in place of
practically any precision device.
Linear Technology UK Ltd, 0276
677676.

Digital video interface. Three
chips from Hakuto allow existing
coaxial cable to handle digital
data at 200-300Mb/s. SBA1601A
(encoder), SBX1602A (decoder)
and CXA-1389AQ (cable driver)
can also be used for strip lines on
boards, twisted pairs for b-oard-to-
board transmission and ootical

Logic building blocks
5GHz dividers. GPS's range of fixed-
modulus dividers now includes the
SP8900 series, with ratios of 2.4,8.10
or 16 at up to 5.5GHz (A grade) or
5GHz (B grade). Input sensitivity is -
2dBm and, since the devices are in
the HE bipolar process, power
needed is only 350mW from one 5V
supply. The process also confers a
noise floor of -144dBc/Hz — much
less than GaAs techniques. B grade
1000-off price is £18; A Grade £33.
GEC Plessey Semiconductors. 0793
518000.

Memory chips

3V eeproms. Two eeproms from
Hitachi. HN58V257 (256K} and
HN58V 1001 (1M), are guaranteed to
work with a 3V power supply. Both
are byte-wide devices in cmos and
accept 2.7-5.5V. taking 1CmA and
15mA respectively. with access times
of 250ns and 200ns. A new i/c circuit
allows direct interfacing with other
cmos devices. Hitachi Europe Ltd.
0628 585000,

Burst-mede eprom. AmZ27HB010 is
claimed by AMD to be the fastest
burst-mode eprom in capiivity, hawing
a random access time of 30ns an:
burst access time of 15ns. It affords
unlimited sequential access: burs:
mode car: be entered without regard
to page ar word boundarizs up to
128kbytes. Kudos Thame Ltd. 0734
351010.

fibre for distances. The encoder
converts 10-bit parallel cata and
clock to serial emitter bzlance pair
output, with PLL lock dezection
and sync. word generation; the
cable driver is a videc anplifier
with one input and three 75Q
outputs; and the deccder converts
back to 10-bit parallet farm.
Hakuto International (UK) Ltd,
0992 769090.

Microprocessors and
controllers

Televis on controller. Zilog's Z86127
is a low cost, 8-bit digitel TV
controller. meant for consumer use,
which has a 1.5us instruction po nter
with stoo and halt modes. A mazk-
programmed rom facilitates volume
product on of custom-programmsd
devices. It supports on-screen d splay
of 8 rows by 20 charactars in 52y 7

NEW PRODUCTS CLASSIFIED

or 11 by 15 resolution. PWM ports
provide for voltage synthesiser tuning
and control of audio and picture
levels. Gothic Crellor. Ltd. 0734
788878.

Microcontroller with largest
memory. Hitachi's H8/500 series of
16-bit cmos single-chip
microcomputers has a new member
— the H8/536, whict possesses
62Kbyte of rom/prom‘eprom and
2Kbyte of ram. claimed to be the
largest on-chip memory in mass
production. There are several timers
for ease of measurement and control.
three channels with two comparator
outputs and input capture register. an
8-bit timer for event counting. a three-
channel PWM timer and a watchdog
timer. An eight-channel A-to-D
converter is on-chip, as is a data
transfer controller. Hitachi Europe Ltd.
0628 585000.

4-bit microcontroller. Toshiba's
TLCS47E series of 4-bit single-chip
microcontrollers are small in both size
and cost. They are compatible with
the TLCS47/470 families. the first
being the TMP47C24 1. which runs at
4.2MHz, has 2Kbyte of rom, 128 by 4
bits of ram, 21 i/0 pins, a 5-bit led
driver. 22-bit interval timer, two 12-bit
counters, watchdog timer and A-to-D
converter. Toshiba Electronics (UK)
Ltd, 0276 694600.

Mixed-signal ICs.

Voice messaging by PC. A send and
receive fax chipset from Sierra will
also digitise telephone voice signal
and feed it to a PC in data form. the
PC providing a greeting to the caller.
Voice data is 8-bit u-law at 9600 or
4800 sample/s and the chipset
behaves as fax. data modem or
answering machine; the normal AT
command set is expanded to handle
the voice system. Using other modem
chips, a gquattro modem with fax and
the voice messaging can be built.
Demo boards are available from
Amega. Amega Electronics Ltd. 0256
843166

Hali-effect IC. From Seiko
Instruments. the S-8143A cmos Hall-
effect IC drives TTL and cmos
directly. It is controlled by a smali
magnet of 100gatss for low-to-high
and 400gauss for high-to-low output
transitions. Supply requirement is
4.5V to 16V at "low current” and the
device is said to be ideal for non-
contact motor switching. Amega
Electronics Ltd. 0256 843166

Dual high-side driver. LCT11551s a
mosfet dual driver delivering up to
12V gate drive from a 5V supply. Both
channels are short-circuit-protected,
gate drive being rapidly removed in
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the event of increased dran current
and held off until the input is recycled.
Its mnternal voltage multiplier needs no
extra components and the chip takes
only 8uA from the supply, dropping to
8uA when inputs are at off. Linear
Technology Ltd. 0276 677676.

Continuous-time active filters. Two
low-noise. continuous-time active
filters from Maxim. Max275,274.
contain two and four independent
second-order sections respectively.
which are configurable as fourth or
eighth-order filters, with centre
frequencies from 100 to 300kHz.
Sections will implement Butterworth.
Bessel or Tchebyshev responses.
centre frequencies with
programmable Qs. There is no clock.
so no clock noise or aliasing. Noise
fioor 1s 120uV RMS and dynamic
range 92dB. Frequency setting i1s
guaranteed to within 1%. Maxim
Integrated Products Ltd. 0734
845255,

Shrunken chips. Since PCs are
being made smaliler by the day. Sierra
decided to match the shrinking
process by condensing its modem
chipsets into plastic quad flatpacks.
For example. modem advance
controllers. normaily in 68-pin PLCCs.
are now in 80-pin PQFPs, saving
more than 65% in area. "A V42bis
modem with fax occupies the same
size as two Christmas stamps side by
side”. says Sierra. Sierra
Semiconductor Ltd. 0793 618492.

Optical devices

Sensitive CCD imager. Twice the
sensitivity of the ICX039AKA-6
interline transter CCD imager is
offered by the Sony /CX039BNA-6. It
possesses the features of its
predecessor in filtering. shutter and
the hole accumulation diode sensor,
and also has a floating diffusion
amplifier in the output stage which
allows a reduction in lens size without
loss of brightness and therefore a
smaller camera.Sony Components,
0784 466660.

_TIME_ELECTRONICS 5075 PRECISTON MULTIMETER

Power semiconductors

Low-power regulators. High-current,
low drop-out micropower voltage
regulators from National
Semiconductor provide 250mA output
as against 100mA for earlier versions.
LP2952/3,4 give output voltage
accuracy within +1%. stabiiisation
10.2% and regulation +0.2%, with "A"-
grade devices offer £0.5%, +0.1% and
10.16%. Pin-strapping produces a 5V
output or, with external resistors.
between 1.24V and 29V. There is a
low-battery flag and a “snap-on/off”
feature to allow operation only when
input voltage is high enough. Jermyn
Distribution. 0732 740100.

Power mosfet driver. Design of low-
voltage, switched-mode conrtrollers
using n-channel power mosfets is
considerably eased by the Linear
Technology L T7158 half-bridge driver.
which has synchronously controlled
high-side and low-side drivers
working from 0 to 100kHz. One pin
controls two n-channel power mosfets
in totem-pole. adaptive non-overlap
gate drives. eliminating mosfet
matching. A 3000pF capacitive load
can be switched in 150ns: 10000pF in
250ns. There is protection tor output

Multimeter. 5075 is claimed to be
the first seven digit multimeter able
to measure nV to 10kV; pA to 30A;
nQ to G2, capacitance from 1pF to
400uF at 0.2% accuracy, frequency
and temperature — to give 80
ranges for under £2000. 1-3-10
range sequence means
measurements need never be less
than 30% full scale. Digital auto-
dynamic filter tracks the input,
allowing large changes to be
followed immediately while noise is
filtered out. Fluorescent display can
be set to different modes including
dual display where two parameters
eg AC volts and frequency can be
displayed simultaneously. Time
Electronics Ltd, 0732 355993.

Switches and relays

Miniature relay. FEME M15is
the first of a family of efficient
miniature PCB-mounting relays by
Carlo Gavazzi, having only two
ferromagnetic parts. It is smaller
than usual (29 by 10 by 15mm),
but is provided with a coil in the
range 1.5-110V DC and switches

up to 2000VA, or 8A at 250V. Coil
power consumption is as small as
100mW, due to the fact that the
armature is operated by a push
rod from the coil centre to give a
50% power saving. Carlo Gavazzi
Electromatic, 0252 29324.

shorts and under/overvolitage. Micro
Call Ltd, 0844 261939.

Isolated power mosfet. An n-
channel. enhancement mode. power
mosfet from Toshiba. the 25K 1365, is
meant for high speeds and high
currents and 1s encapsulated in epoxy
resin with no exposed metal surfaces.
It is rated up to 1kV and is therefore
suitable for 240V AC switched PSUs.
Current rating is 7A and on resistance
1.542. Toshiba Electronics (UK} Ltd.
0276 634600.

PWM controller. UC3856. a current-
mode PWM controlier by Unitrode. is
an improved version of the earlier
UC3846 with higher speed and better
accuracy. reduced input-to-output
delays and reduced noise sensitivity.
It offers a low-impedance TTL-
compatible sync. output with a tri-
state function when used as a sync.
input. fast 1.5A peak output for rapid
power fet switching and 2kV minimum
ESD protection on all pins. Unitrode
(UK) Ltd. 081 318 1431.
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Passive components

Ceramic discs. Very small ceramic
disc capacitors from Murata in the
DDO003 range are rated at 100V in
values between 1pF and 22.000pF.
with a 47.000pF type in a 12V rating.
NPQ. SL. 2B4 and 2F4 dielectrics are
available. ESD Mercator, 0493
844911,

Tantalum chip capacitors. Matsuo
type 269 capacitors are equipped with
an internal fuse to eliminate resin
decomposition caused by shorts or
thermal overload. They come in
capacitance values of between 1ufF
and 68uF and in ratings of 10-35V. all
with a tolerance of +20%. Operating
temperature 1s from -55 C to 125 C.
Murata Electronics UK Ltd. 0992
444111,

Connectors and cabling

Filtered connector. MDMT multi-pin
D connectors from ITT Cannon
incorporate transverse monolithic
filters to eliminate noise between
10MHz and 1GHz. They also use a
twisted pin form having seven-point
contact to withstand vibration. The
one-piece aluminium shell is sealed
with siltcone-based rubber and
insulated by glass-filied
diallylphthalate. Four standard
capacitance values allow matching to
most filter requirements. ITT Cannon,
0256 473171.

Dual-readout PCB sockets. A 0.05in
pitch PCB socket from Methode will
take the latest double-sided
SIMM/SIP memory and SIP sub-
circuit modules. Vertically mounted
sockets come with up to 100 contacts
for single-in-line modules. Methode
Electronics Europe. 0535 603282,

Coax. terminations. A novel type of
termination for coaxial cables from
Verospeed uses crimping to effect a
mechanically sound connection

~1
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between the braid and terminal. Tab
ferrules. either surface mounted or
with tapered legs to afford an
interference fit for wave soldering and
with one or two legs, are crimped, the
coax. inner forming the other terminal
itself. A variety of forms are available
for popular cable types. Verospeed,
0703 641111,

Displays

Dual bicolour leds. Series 550-3007-
220 displays contain two 5mm leds
which each have a red and a green
chip, so that each led shows two bits
of information individually or as four
bits simultaneously. Temperature
range is -55°C to 100°C. Dialight
Corporation, 0638 665161.

Instrumentation

Phase-angle voltmeter. Two phase-
angle voltmeters from Inertial
Aerosystems are digital and
microprocessor-controlled, but are
totally fuss-free; Models 4001C-1/2
offer measurement at the touch of
one button. They operate from 10Hz
to 25kHz and 26Hz to 54kHz
respectively and need nothing extra
for phase-angle measurement,
synchro/resolver testing. in-phase and
quad voltage measurement, amplifier
test and the measurement of
impedance angle. Phase accuracy is
within £0.5 and voltage
measurement within 12% FSD over
the frequency range. Model 40071C-2
also provides for ratiometric
measurement for direct indication of
amplifier gain, line loss or transformer
turns ratio. Inertial Aerosystems Ltd,
02518 2442.

6GHz oscilloscope. The new TDS
820 from Tektronix is a 6GHz. two-
channel digitiser with 0.4ps timing
resolution and graphical user
interface. priced at £14,986. said by
Tek to be the lowest ever cost for an
instrument of this type. The TDS 820
1s meant to fill the gap between
existing high-level digitising 'scopes
and lab.-type research equipment. in
which high-speed logic lies. It
possesses a 14-bit A-to-D converter
and digital error correction and
includes two delay lines with trigger
pick-off and a hold-off control. Trigger
bandwidth is 2GHz or 8GHz without
the delay lines. As is usual with Tek
instruments. it is not possible to
describe it fully here. Tektronix UK
Ltd. 0628 486000.

Small oscilloscopes. Should anyone
need to carry an oscilloscope around
in a briefcase. one of the LBO-315
range would probably fill the bill.
Using 95mm tubes and either 2kV or
12kV acceleration. depending on the
model, they have bandwidths of
60MHz and 20MHz. Y sensitivity is
5mV/6.35mm division, with a five
times multiplier. All the usual
functions are offered. with a delayed

PHILIPS

Analogu=/digital oscilloscopes
While preserving the familiar
operatior of an analogue
instrument, the Philips PM3394
series also offers the advantages
of a 200Msample/s digita storage
type. The range includes 100MHz=
and 200MHz versions, ccsting
between about £3500 an31 £600C

sweep on the 60MHz models. Power
is from the mains, external DC or by
the NiCad pack supplied. Trurlby-
Thandar Ltd, 0480 412451,

interfaces

RS232-to-current-loop converter.
Amplicon’'s CM200is a p ug-in unit to
convert serial data from RS232 to
20mA current-loop form. It works in
full duplex up to 9600bacd in links up
to 8.5km. is mains-powered via a
supplied adaptor and uses opto-
isolated current-loop transmitters and
receivers. The RS232 interface can
be either DCE or DTE and the loop
active or passive, modes being
switchable. Amplicon Liveline Ltd,
0273 608331.

Literature

Hitachi catalogue. Five sections
include research and development,
information systems and electronics,
power and industrial systems,
consumer products and materials in
84 pages. "An encyclopaedia of the
state of the art”, says Hitachi. Hitachi
Denshi (UK) Ltd, 081-202 4311.

Interterence shielding. IVC's latest
catalogue describes a range of
RFI/EMI shielding and ESD protective
coatings. It provides an introduction to
vacuum coating, including sputter
coating and the Elamet aluminium
deposition process for & variety of
substrates. Applications include
transparent RFI/EMI sh.elding and
reflective coatings. The company also
has available data sheets giving
detailed information. Ineo Vacuum
Coatings, 021-511 1115,

Wire and cable. Carol Cable is an
American company making wires and
cables and is perhaps the only
company of its type so
comprehensively in control of its
affairs that it doesn’t even buy its
copper — it mines it. Verospeed now
has the UK handling ol the company's
products and includes them in its new
catalogue. Verospeed, 0703 641111,

and the-e is a *Math+" facility fo-
integrat ng, differentiating and
FFT analysis. All the usual
functiors of a high-level
instrumant are present and
include a “touch hold ard
measur=" button on the probe and
an 8K memory, expandable to
32K, which holds 200, £00-
sample traces. Philips Test &
Measurement, 0923 243511,

Power supplies

Custom power supplies. Power
supplies often receive scant
consideration from equipment
designers and consequently have to
be fitted n wherever possible. Tc
meet this lack of respect for the prime
mover. Astec has produced the Rack
Power System — a range of 18in
units with a large variety of pane's,
outputs, connections and metering,
built to customers’ specifications
Linear and switching types are
available. Astec Standard Power
Europe, 0246 455946.

Programmable power. Genera-
purpose, single-output supplies rrom
Coutant-Lambdaare said to be useful
for IEEE-488 application. Twenty
models nthe LLS-GPIB series of
units work in the range 28-800W,
offering constant voltage/constant
current operation up to 120V or 100A.
Remote sensing avoids lead loss and
the outgut displays read the reniote
value. If the outputs vary outside set
window limits, an alarm signal i sent
to the host controller that normally
programs the unit; a keypad is
provided for manual operation, when
needed. Coutant-Lambda Ltd, ¢271
863781.

UPS with battery test. UPS90D0
series uninterruptible power supplies
by Fiskar offer the facility of either
manually or automaticaily testing
battery condition. Every 30 days, a
25s discharge test is carried out
automatically. during wnich the UPS
works normally; anything untoward
cancels the test for anather 18h. In
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the manual test, batteries discharge
to 1.6V per cell and the time 1s
recorded. After this, the rectifier takes
over again. Fiskars Electronics Ltd,
0734 772599.

Laboratory power supply.
Incorporating both GPiB and
addressable RS232 (ARC) interfaces,
the TSX35-10P programmable power
supply 1s @ 35V, 10A unit, the ARC
system allowing up to 32 supplies to
be daisy-chained together for
individual addressing and control from
one RS232 computer port. In this
way, voltage set, cuirent set, OVP
set, on/off and voltage/current read
are all under remote control. The
regulator in the TSX35-10P1s a
combined switcher pre-regulator and
linear post-regulator. The former
reduces input-to-output capacitance
and, therefore, common-mode noise,
while the latter gives low output noise
and good regulation. Thurlby-Thandar
Ltd, 0480 412451.

Radio communications
products

Tx design kit. To assist designers
realise low-power transmitters that
meet the required standards,
Quantelec has produced design kits
based on the RF Monolithics RO2021
single-port quartz saw resonator for
418MHz. Since layout can be critical.
camera-ready artwork is included,
together with a parts list and help with
assembly, alignment and tuning. The
unit's 75kHz bandwidth makes the
transmitters ideally suitaed to use in
a wide variety of applications — such
as car alarms. Quan:elec. 0993
776488.

Transducers and
sensors

Pressure transmitter. In the 634
senes of transmitters from Dwyer. a
new device provides for field
adjustment of range from 0-100bar to
0-400bar. Other models have ranges
down to 0-1bar with accuracies within
+2% of full scale, two-wire operation
and 4-20mA output. The Bourdon
tubes are beryllium copper and the
housing is in nylon, filled with mineral
and glass. Dwyer Instruments Ltd,
0734 753808.

Photosensor. A cylindnical
photosensor with a range of up to 3m,
the MF18from Matsushita is available
in 5V to 264V AC.DC working
versions and provides either n-p-n/p-
n-p or 100mA fet output transistors. It
works at temperatures of -25°C to
55°C and is avallatle with a nght-
angle mirror. Matsushita Automation
Controls 0908 231555.

Data communications
products

Optical-fibre link. A microwave
package with 18GHz bandwidth, the
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Lasertron QLINK from Lambda. is
meant for EMI/EMP-immune Ku-band
radar, remote antennas and other
high-speed analogue links. The
18GHz laser transmitter converts
microwave signal into optical signal
for transmission on a 9um fibre. the
receiver performing the reverse
function. Typical link loss is less than
40dB. The diode laser is kept at a
constant temperature for stability and
there is automatic transmitter power
control.  Lambda Photometrics Ltd.
0582 764334.

Development and
evaluation

Microcontroller emulation.
Picmaster development system is a
real-time emulation tool for the
Microchip PIC 8-bit risc
microcontrollers. It runs on a PC in
Windows 3 at up to 20MHz, Real-time
traces can be captured and displayed
without stopp ng emulation. an
unlimited number of breakpoints are
settable anywhere in memory and
registers may be displayed and
modified. Arizona Microchip
Technology. 0628 850303.

| cOMPUTER

Computer peripherals

Windows graphics board.
Pixelworks have a graphics board
intended to accelerate Windows 3.0
and 3.1. AT-based Whirlwin
generates non-interlaced 1280 by
1024 resolution when used with
Pixelworks's Windows 3 driver and
supports 1024 by 768 in applications
compatible with the IBM Al graphics
interface. such as AutoCad and
Microstation. It is claimed to be up to
385 times faster than Super VGA for
raster operations and up to 30 times
faster for line drawings. GST Ltd.
0531 631163.

Software

Lossy lines by PSpice. PSpice. the
circuit simulator by MicroSim, now
supports transmission-line modelling.
adopting the distributed-model
approach. Particularly significant in
high-speed circuitry. one can simulate
behaviour caused by attenuation and
dispersion. The distributed model 1s of
a complete line with distributed C.L.R
and conductance. the behaviour
being obtained using pulse
responses. A speed increase Is
thereby obtained over the lumped
model. which simutates segments of a
line separated: a tendency to oscillate
at transitions is also avoided. The
company’'s Design Center suite of
programs has also been extended to
support the synthesis of passive. as

well as active, filters. MicroSim
Corporation, (USA)800 245-3022.

Satellite television. Satmasteris a
PC program {Dos 3.0 or higher)
intended for the design of satellite TV
receiving systems. It finds dish angles
from any global position, calculates. a
full link budget. including dish size.
and plots beam width and lobe
patterns to give an idea of possible
interference. There is an on -screen
guide and results can be printed.
Swift Television Publications, 0793
750620.

All-Spice. Zetex is to provide a Spice
model for every new device the
company introduces. Already. 126
models exist for the more popular
transistors, Darlingtons and variable-
capacitance diodes, including some
second-sourced devices, which Zetex
consider are currently incorrectly
modelled. Spice models are available
free to equipment designers. Zetex
plc, 061 627 4963.

Testing asic designs. Fastis a
software package that enables ES2 to
accept asic design from virtually
anyone's design tool. It comprises a
set of tools that allows standard cad
packages to gain access to ali the
data needed for test and verification

Rack-mount disk drives. Two
5.25in or 3.5in hard disk drives in
one 19in rack are now offered by
Blue Chip in the Racknet range.
Combined capacity of 1070Mbyte
is possible and the drives can be
specified to run Compsurf.
Independent 40W power supplies
with short-circuit protection confer
a degree of immunity to drive
failure. Power and “active”
indicators are on the panel of the
2U unit. Blue Chip Technology,
0244 520222.
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Data acquisition. DagWare fromr
National Instrumentz is data
acquisition software for NI's
multifunction boards for PC
XT/AT/eisa and PS/2 computers.
Itis dos-based and interactive,
with an intuitive men , requires
no programming and will handle
strip-charting, tempe -ature
measurement. wavetorm
generation and streaing to disk
in binary, ascii or Lotus 1-2-3. The
package was developed using
LabWindows, so that users can
obtain DagWare source code and
use LabWindows to modify it.
National Instruments UK Ltd,
0800 289877 (free).

of standard cell asic designs and als>
allows access to new cad suites. The
software goes further than existing
layout-checking and tes: interfaces.
which leave further wort. to be done
before manufacture can start.
European Silicon Structures, 0344
525252,

PC process control. A combination
of Sigma I} software and DM 4000
“smart” indicators allows central PC
control of up to 99 temperature
measuring points. An operator can
communicate with individual
indicators to upload, download or edit.
Sigma Il exploits VGA graphics to
provide real-time or historical XY or
bar graphs. mimic displays. alarm
summaries and up to five reports and
four simultaneous logs. Four displays
can be run on one screen. All data is
captured or transmitted vis a
communications port. Status
Instruments Ltd. 0684 296818.

Schmitt optocouplers. TCSS
optocouplers by Telefunken provide
active-high or active-low Schmitt
trigger outputs. A light source with a
wavelength of 950nm and a detector
face each other in a plastic case,
detecting anything that breaks the
beam in the gap. Aperture sizes are
0.25mm, 0.5mm or 1mm and the units
are mounted on a PCB or screwed in
position, Telefunken Electronic, 0635
30905.

PCB fault diagnosis. On unpowered
boards, impedance signatures are a
viable method of diagnosing faults.
T6000 from Polar Instruments uses
current-limited AC as a stimulus and
compares the impedance of circurt
nodes with a stored set of responses
from a known good board under PC
control. The instrument is happy with
complex ICs and simpler circuits. In
its stand-alone method of working. the
T6000 presents analogue waveforms
from the board on screen. this often
being enough for diagnosis. Further. it
can compare these responses with
those from a good board on its dual-
channel display. Polar Instruments
Ltd. 0481 53081.
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ANCHOR SURPLUS LTD
THE CATTLE MARKET
NOTTINGHAM
NG2 3GY
TEL: (0602) 864902 & 864041
FAX: (0602) 864667

TEKTRONIX 2445R 150MHz OSCILLOSCOPES
ON SCREEN READOUTS QUAD CHANNEL
DUAL TIMEBASE
CALIBRATION VERIFIED £1250

PHILIPS PM3217 50MHz OSCILLOSCOPES
CALIBRATION VERIFIED £325

HP 1746 100MHz OSCILLOSCOPES
DUAL TRACE AND TIMEBASE
CALIBRATION VERIFIED £599

MARCONI TF2015 SIG GEN WITH 2171 SYNCHRONISER
10MHz-510MHz AM FM £325

MARCONI TF2016 SIG GEN WITH 2173 SYNCHRONISER
10kHz-120MHz AM FM £275

MARCONI TF2008 SIG GENS 10kHz-520MHz AM FM
CALIBRATION VERIFIED £325

RACAL 9082 DIGITAL SIG GENS AM FM
1.5MHz-520MHz CALIBRATION VERIFIED £499

HP VHF 8660A SYNTHESISED SIG GEN FRAME
WITH 86632A AM FM MODULATOR & 86601A RF SECTION
0.01MHz-110MHz £575

BOONTON 102D SYNTHESISED DIGITAL SIG GENS
AM FM 0.45MHz-520MHz £599

FARNELL LAS520 WIDE BAND LINEAR AMPLIFIERS
1.5MHz-520MHz £95

RACAL THERMIONIC ‘STORE’ RECORDERS
VARIOUS IN STOCK PHONE!! FROM £100 EACH

SAYROSA 252 AUTOMATIC MODULATION METERS
1.5MHz-2GHz AM FM (SAME AS FARNELL AMM)
CALIBRATION VERIFIED £125

HP 4951A PROTOCOL ANALYSER WITH HP18179A
INTERFACE MINT CONDX £525

Service/User Manuals . .. 1000’s in stock . . .
Send 30p SAE marked MANUALS CATALCG

g~y  EALSOBUY YOUR TOP QUALITY SURPLUS EQUIPMENT. oumm
| N | TRY US ... YOU WILL NOT BE DISAPPOINTED! —

All prices excluding VAT & carriage.

CIRCLE NO. 139 ON REPLY CARD
June 1992 ELECTRONICS WORLD+WIRELESS WORLD 515




REGULARS

APPLICATIONS

Filtering reference voltages

Burr-Br()wn REF 102 buried-zener 10V
reference lays claim to better stability
and five times lower noise than a band-gap
reference. But noise is still around 600uV
pk-pk at a noise bandwidth of 1MHx.
Bulletin AB-003. Vol t.No 1, points out
that filters and buffers go some way towards
reducing noise and its bandwidth. but not tar
enough in many applications.

Figure 1 shows a typical example — a
single-pole filter and an op-amp buffer. One
problem with this is that capacitor leakage
current goes through R, and is variable with
temperature, particularly in large capacitors
needed for this job: the resulting DC error
will drift.

The bufier. too. puts in its own noise
contribution, over its full unity-gain
bandwidth. So even if the lilter output is
silent, unacceptable noise still appears at the
eircurt output.

To solve both problems at a stroke, use the
circuit of Fig. 2. The filter is now at the
outpul of the buffer. where its =3dB point is
21k C (reducing noise bandwidth by. say.
100 reduces noise by 10). The R-C»
arrangement maintains stability and R-C»
should equal 2R, C; to escape amplilier
noise zain peaks. Resistor R should be hept
fairly low, since it takes bias current and
could cause DC error and noise: R shoutd
also be low, since it takes load current and

its volts drop. increasing the required output
swing. It should drop less than 1V full load.

Since the filter is now in the feedback
loop. leakage current voltage drop across R
is divided by the loop gain, DC output
impedance is very low and the voltage
across (s s almost nothing, giving rise to
negligible leakage current. When driving
large capacitive loads, (Cyap+C R, must
be less than 0.5K-C5.

Burr-Brown International Ltd, 1 Millfield
House, Woadshots Meadow, Wattord,
Herttordshire WD 8YX. Telephone 0923
33837,

RZ .
Fig. 2. An
T2+15V T ey G, ‘Q{!\{‘ in;gpngd Zl:;:;r
avoids bot e
Vi 2 1 I ‘ problems of Fig.
REF102 V+ 0.05u R 1. The filter
sovle R, —O +10Vgyr REF102 ! reduces noise
out 1ov |6 '——\N\/‘—;’—O AWVour from reference
Out 50Q =G and op-amp.
c, :[__: 1pF Output
Com I - Tantalum  jmpedance is
_Ji = Com low over most of the frequency range. Leakage current
. s . 4 from C, is no longer a problem. Peak in output impedance
= Z'ags :1ts Z’::WZ:C‘/I:?ZS;??’ZZZC‘Z:;’.I:;';g;’.%ter = near f::liar pole frﬁquenpc.y of about 35Q is‘ re",ducedpby
temperature and noise from the buffer. reducing R; and increasing C,. The peak is 0.7R,.

L)
Optical-fibre comms
Application Note AN846 from Motorola is v
one of those general ones that gives one an
overview of a subject. In this case, the
subject in question is optical fibres and
their use in communications work. It
covers the field from the physics of light
itself and optical fibres to the use of
semiconductors in light transmission and
reception, ending with a description of a
basic system. In comparison with some of
the textbooks in current circulation. this
paper by John Bliss and Joseph Slaughter is g;':“
of much greater use to the practising
engineer, even though it is now 18 months =
old. 1
Motorola Ltd, Europ ean Literature A simple data receiver using the A%Z)[t)zo;ola (IBI]
Centre, 88 Tanners Drive, Blakelands, integrated detector preamplifier.
Milton Keynes MK14 5BP. =
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APPLICATIONS

DC-to-DC
converter
transistors

ctex Note ANST describes use of its hi-

Zrcl range of E-line bipolar and mosfet
transistors in DC-to-DC converters
providing up to about 10W for small
cquipment such as fluorescent tubes and
ITash guns.

With high current capability. these devices
will casily function in a single-transistor
converter such as the 8W fluorescent lamp 22
inverter in Fig. 1. Here. load comes well W
inside the “awkward™ category. since it
needs a high voltage to strike. but promptly
becomes a low-impedance load taking up to
about 3A for this size of lamp. Instead of an
expensive TO220 type device. the Zetex -
line ZTX652 handles the variable load.
supplying the current without ahigh Viepy o

Figure 2 is the circuit of a minimal
converter giving +12V and =5V for
memory. interface and display circuits from
a SV supply. Two ZTX449s working at
25kHz have 1o supply up to 1.5A peak at
Vit 0F 250mV to give decent efficiency
from SV.

Capacitors are another type of difficult ) 3

load since. in a typical tlashgun. for —{ 11—

example. the voltage across them varies 13 S

from 0 10 400V during the charging cycle. A

Myback converter. isolating the load from 20

the switching cireuit is one answer (Fig. 3).

The higher peak-switching-current needed in
D
[ ]

+12V
'I

Z5179

270

+

I 250V

POLYESTER

BW
FLUOR-
ESCENT

TUBE
2-2
W

100pF
25V o

—— ZTX652

0-22puF
35V TANT

0-068uF
250V
POLYESTER

0Ve

Fig. 1. Single-device 8W converter for a fluorescent tube, using Zetex E-line ZTX652 to pass
high current at I»w saturation voltage.

O ¢12v
ZTx449

68F
16V

© ov

100uF

+T10V

680

O .sv

a flyback converter. compared to a forward LRI
converter. puts the high current and low
. . L +
saturation voltage of the transistors to good I[}
usc. A shutdown sensor avoids overcharging
100pF [
v +5V

4

Tir1

of output € and increases battery lile. L
Zetex plc, Fields New Road, Chadcderton, oV
Olctham OL9 8NP. Telephone 061-627
5105.

* REVERSE POLARITY IF
— 12V SUPPLY IS REQUIRED

Fig. 2. Five-watl converter for memories and interfaces, powered by a 5V supply.

RM 6 CORES

D3
o e ° 0.15mm GAP V R
1 . !
O TS 5 S
390 20/C128 RS
i 1 ZTx el
6V m—— 650 750uF L o XENON
= 100uF 4 TR2 o——— ——O o--. TUBE
R2 , 3 350v
1ov 65 e
. 0.02pF
p ra| | soov==
300 D2 ™ ca ‘
INA148 O 1pF .Icz
D1 ! Fig. 3. Flyback converter for a flashgun.
" ) Shutdown sensor conserves the battery and
’_{—%ﬂ" prolects output capacitor. '
680K
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APPLICATIONS

Range and
direction by
infrared

igh-gain preamplificr

SLA486 1s intended o
receive the output of an infrared
diode and to feed the amplified
and processed signal 1o a
remote-control receiver. Figure
1. 1aken from GEC Plessey’s
latest consumer IC handbook.
shows both a voltage regulator
and a pulse stretcher. The latter
is meant Lo increase the length
of IR pulses. with widths ol a
few microseconds to about
2.5ms for use with
MICTOProcessor inpult.

Figure 2 shows how the
SLA86 can be used to measure
the direction and range of an
infrared transmitter. AGC has a
68dB range and is taken o an
output. Bursts of IR radiation
are received by the SL486.
producing an AGC voltage as
shown in Fig. 3(a). shaped to
avoid the effect of noise on the
received pulse. The AGC
waveform has a 0-300mV

“shelf™ and sits on a DC level of

2V. The level varies slightly
with background lighting and so
is removed by an ambient
sample-and-hold circuit to
produce the signal shown at (b)
for different ranges.

This is now subtracted from a

GYRATOR 2N0 BTAGE ATH STAGE oumsT
Yo DECOU™LE Yeeo
4 2 I3 7 -
[ e e Qe e O e O e e Qe e e ——— O — |
! [
: |
|
STRETCH
p———-C 1
| J— ST, [ e
I °n ~uT
| |
| !
owrmmeena d O_I DIFFERENTIAL oy . \ <|J
» oums
Ana':elo— STAGE / i
| [
| |
| acc | |
| Reeax REGULATOR i
I |
I |
| |
e e e e e S e b — . b 4
" 1 . 'Ea:‘m
o::t‘"m 18T STAGE m‘m i

Fig. 1. GEC Plessey SL486 high-gain preamplifier for infrared diode signal processing for a remote-control
receiver or microprocessor. The pulse stretcher lengthens pulses for input to micros and the AGC is shaped
to reduce gain to noise during IR reception.

2 sLas6

HIGH
— IMPEDANCE
BUFFER

Fig. 2. Circuit used to gauge
distance and direction of an

infrared transmitter. Sync pulse —
generator is triggered by AGC

outpul.

]

P>

SYNCHRONISING

GENERATOR

AMBIENT
LEVEL
SAMPLE & HOLD

ouTPUT

n
'S SL486

IMPEDANCE
BUFFER

HIGH

SAMPLE PULSE
GENERATOR

OuTPUT
SAMPLE & HOLD 1-©
RHS

:D— SAMPLE & HOLD ©
LHS

10ms wide sample pulse (c).
triggered by the AGC

waveform, to produce the 10ms

pulses (d) whose height

corresponds 1o the shelf height

of the AGC wavetorm and
therefore represents range
information. At (e) the range

av 0 300%
ov
a.
MAX gV
20 ms-p
oV
A b.
v
10m
— -
ov
C.

pulses are sampled and held to
give the output of the unit — a
DC level giving the range of the
transmitter.Connecting two such
circuits in parallel. but with the
IR diodes mounted at 90° 1o
cach other gives differential

signals, identical when the

MAX 9V

MAX 9V

>

diodes point 45° either side of
the transmitter and varying
proportionally 1o allow a
measurement of direction.

GEC Plessey Semiconductors,
Cheney Manor, Swindon,
Wiltshire SN2 20QW.
Telephone 0793 518000.

Fig. 3. Waveforms showing operation of infrared direction and
range measurement.
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£1 BARGAIN PACKS

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

5 13A spurs provide a fused outlet to a ring main where devices
such as a clock must not be switched off. Order Ref. 2.

4 In flex switches with neon on/off lights, saves leaving things
switched on. Order Ref. 7.

2 6V 1A mains transformers upright mounting with fixing cla
Order Ref. 9.

1 6Y%in speaker cabinet ideal for extensions, takes our 6%2in
speaker. Order Ref. 11.

12 30 watt reed switches, it's surprising what you can make with
these — burglar alarms, secret switches, relay, etc. Order Ref. 13.

2 25 watt loudspeakers two unit crossovers. Order Ref. 22.

2 Nicad constant current chargers adapt to charge almost any
nicad battery. Order Ref. 30.

2 Humidity switches, as the air becomes damper the membrane
stretches and operates a microswitch. Order Ref. 32.

5 13A rocker switch three tags so on/off, or change over with
centre off. Order Ref. 42.

1 24hrtime switch, ex-Electricity Board, automatically adjust for
lengthening and shortening day. Original cost £40 each. Order Ref.
45,

1 Mini uniselector, one use is for an electric jigsaw puzzle, we give
circuit diagram for this. One pulse into motor moves switch through
one pole. Order Ref. 56.

2 Flat solenoids — you could make your multi-tester read AC amps
with this. Order Ref. 79.

1 Suck or blow operated pressure switch, or it can be operated by
any low pressure variation such as water level in water tanks. Order
Ref. 67.

1 Mains operated motors with gearbox. Final speed 16 rpm, 2 watt
rated. Order Ref. 91.

1 6V 750mA power supply, nicely cased with mains input and 6V
output leads. Order Ref. 103A.

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

10m Twin screened flex with white pvc cover. Order Ref. 122.

12 Very fine drills for pcb boards etc. Normal cost about 80p each.
Order Ref. 128.

2 Plastic boxes approx 3in cube with square hole through top so
ideal for interrupted beam switch etc. Order Ref. 132.

5 Motors for modet aeroplanes, spin to start so needs no switch.
Order Ref. 134.

6 Microphone inserts — magnetic 400 ohm also act as speakers.
Order Ref. 139.

4 Reed relay kits, you get 16 reed switches and 4 coil sets with
notes on making c/o relays and other gadgets. Order Ref. 148.

6 Safety cover for 13A sockets - prevent those inquisitive little
fingers from getting nasty shocks. Order Ref. 149

6 Neon indicators in panel mounting holders with lens. Order Ref.
180.

1 in fiex simmerstat — keeps your soldering iron etc. always at the
ready. Order Ref. 196.

1 Mains solenoid, very powerful as Y2in puli or could push if
modtfied. Order Ref. 199.

10 Keyboard switches — made for computers but have many other
applications, Order Ref. 201.

1 Electric clock, mains operated, put this in a box and you need
never be late. Order Ref. 211.

4 12V alarms, make a noise about as loud as a car horn. All brand
new. Order Ref. 221.

2 6in x 4in speakers, 4 chm made from Radiomobile so very good
quality. Order Ref. 242.

2 6in x 4in speakers. 16 ohm 5 watts so can be joined In parallel
to make a high wattage column. Order Ref. 243.

1 Panostat, controls output of boiling ring from simmer up to boil.
Order Ref. 252.

50 Leads with push-on Yain tags — a must for hook ups — mains
connections etc. Order Ref. 259.

2 Oblong push switches for bell or chimes, these can switch mains
up to 5 amps so could be foot switch if fitted into pattress. Order
Ret. 263.

1 Mini 1 watt amp for record player attached to unit that will also
change speed of record player motor. Order Ref. 268.

3 Mild steel boxes approx 3in x 3in x lin deep - standard
electrical. Order Ref. 283.

50 Mixed silicon diodes. Order Ref. 293.

1 6 digit mains operated counter, standard size but counts in even
numbers. Order Ref. 28.

1 In-flight stereo unit. Has 2 most useful mini moving coil
speakers. Ex BOAC. Order Ref. 29.

2 6V operated reed relays, one normally on, other normally closed.
Order Ref. 48.

2 Plug in relays with 3 changeover contacts. Coil operated by 12V
DC or 24V AC. Order Ref. 50.

1 12v pcb mounting relay. 2 changeover. Order Ref. 77

1 Cabinet lock with 2 keys. Order Ref. 55.

4 Dolis house switches or use them for any other low voltage
application. Order Ref. 57.

1 Magnetic brake for stopping a motor or rotating tool. Order Ref.
66.

1 Time reminder. Set 1t for anything up to 60 minutes. Order Ref.
77.

1 Shaded pole mains motor. ¥ain stack so quite powerful. Order
Ref. 85.

2 5in aluminium fan blades. Could be fitted to the above motor.
QOrder Ref. ??

— BARGAINS GALORE —

DON'T MISS THIS BARGAIN You b have until the 31st July to buy a umt which
must have cost w'eéQVer £60, for less than £10! It 1s a switeh mode power

supply by Astec. Itthas normal mains input and outputs + 12y at 4A, +5v
at 16A and — 12v A 500mA. tt is a really beautiful unit en: Ina
plated steel case. Wad- Q,Lbably made to poweL. fisive computer, is

still Wonly £8.50, Order
€1. 9.5P1. After 31st July, the price will be

VARIAC — This infinitely variable unit gives any voltage frovrm t

LoA. Obviously an invaluable piece of equipment which shold be in eve?y .

workshop and probably would be except that the usual price 10r this |
plus VAT. Now is your chance to buy one, brand new uding VAT,
Order Ret. 15P428.
SW ARGAIN made by Astec, their model no.
51052. PCB mounted and wired up ready for use but not cased. Normat
230v AC input, outputs are +5v at 3A, +12v at Y2A and - 12v at 100mA.
Secondary outputs, +5v at 20mA and + 10v at 50mA. This also has a
thermostatic overheat protection against overioad. Expensive unit but
yours for £5, Order Ref. 5P188.

HEAVY DUTY MAINS FLEX — 3-core 15A flex. Price is 10m fr £2.50, Order
Ref. 2.5P/3. You can have this in longer lengths, multiples 3f 10m up to
100m. Available tn black or white, please state which. Alsg available,
3-core 20A flex, 10m for £3, Order Ref. 3P103 and 2-core 2JA flex, 15m for
£3, Order Ref. 3P110

0SCILLOSCOPE 3018 developed for testing transmission lines, it makes
and displays pulse echoes to find shorts and breaks in cabte networks,
this uses a 3”7 CRT to display the type of fault and a LCD tc read out the
distance from the tault. The instrument is powered by 12V of
rechargeable nicads located in base, and it generates 1.5TV internally. It
is housed in a high impact plastic case size approx. 944" < %" x §*.
Ex British Telecom in very good condition and working order, £49.50 plus
£5 insured delivery.

WANT T0 EXPERIMENT WITH BISC DRIVE You can have a couble sided
JAP-made model, brand new for only £10! Why, because it was made for
a very compact unit and consequently uses a small non-s-andard disc
(We stock these at £1 each). it requires 5V 300mA power supply {(we can
supply). The drive is micety cased and has output and inpt leads,
originally listed at over £100, so it's a real bargain.

LITHIUM BATTERIES 3.5v penlight size, 2 mounted on p.c.J. with diodes,
other bits. Lithium batteries as you may know are virtually everlasting
{until they are put in circuit of course) so they are ideal for alarms and
similar devices that do not draw current but do rely on it : lways being
available. 4 panels that is 8 batteries altogether £2, orde ref 2P2588.
POWER SUPPLY WITH EXTRAS output 12v 1amp, mains input is fused
and filtered and 12v output is voltage regulated, very wel made on p.c.b,
and also mounted on the board but easily removed are two 12v relays
and a der. Made for exp i it but never installed.
price £3 order ref. 3PBOB.

12 VOLT 1.9 AMP-HOUR rechargeable battery by Jap YUACHA brand new,
charged ready for use £6.50 each. Solar charger to house this and keep
it ready £29.50.

100 WATT MAINS TRANSFORMERS all normal primaries. : 0-0-20 volt
2V2A 30volt 3V9A, 40volt 2Y/2A and S0volt 2A all upright nounting, ail £4
each, good quantities in stock.

PHILIPS 9” HIGH RESOLUTION MONITOR black and white in metal frame
for easy mounting, brand new still in makers packing, of ered at less
than price of tube alone, only £15 plus £5 delivery — good discount for
quantities.

16 CHARACTER 2 LINE BISPLAY screen size 85mm x 36mm. Alpha-
numeric LCD dot matrix module with integral micro processor made by
Epson their ref 16027AR brand £8 each, 10 for £70, 100 for £500.
INSULATION TESTER WITH MULTIMETER internally generates voltages
which enable you to read insulation directly in megohms The multimeter
has four ranges. AC/DC voits, 3 ranges DC milfiamps, 3 “anges
resistance and 5 amp range. These instruments are EX British Telecom,
but in very good condition, tested and gntd. OK, probabi~ cost at least
£50 each, yours for only £7.50 with leads, carrying case £2.00 extra.
BRUSHLESS B.C. 12V FAN tiny, only 60mm square, good air mover but
causes no interference £8.00.

2MW LASER Helium Neon by PHILIPS, full spec, £30, power supply for this
in kit form with case is £15.00, or in larger case to house tube as well
£17.00. The larger unit, made up, tested and ready to use, complete with
laser tube £69.00 plus £5 insured delivery.

MAINS 230V FAN best make “PAPST” 414" square. metal blades £8.00
SOLAR CHARGER holds 4 AA nicads and recharges thesz in 8 hrs., In very
neat plastic case £6.00.

SOLAR CELLS with terminals for joining in series tor higher volts or
parallel for extra current: 100mA £1, 400mA £2, 700mA £2.75, 1A£3 50.
SOLAR MOTORS 144-9V precision made to operate from. low current off
solar cells £1.50. solar generator to drive this £7 00, hzs provision for
battery back up when sun 1s not shining!

AIR SPACED TRIMMER CAPS 2-20 pf ideal for precisior tuning uhf
circuits 25p each. 10 for £2. 100 for £15.

1Khz. TONE GENERATOR this is PP3 battery operated ard has a 1khz
output that can be continuous or interrupted at a rate wariable by a
panel mounted control. Constructed on a pcb and front panel size approx
105x 50mm ex equipment but in as new condition £2 each.

MAINS ISOLATION TRANSFORMER stops you getting “to earth” shocks.
230V in and 230V out. 150 watt upright mounting £7.50. ,

MINI MONO AMP on pcb size 4" x 27 with front panel 1olding volume
control and with spare hole for switch or tone control, cutput is 4 watt
into 4 ohm speaker using 12V or 1 watt into 8 ohm usitg 9. Brand new
and perfect only €1 each or 12 for £10.

5 RPM 60W MAINS DRIVEN MOTOR AND GEARBOX this has a 3tn square
mounting plate and is 4in deep. It is a shaded pole mctor. Price £5
POWER SUPPLY UNITS mains in, dc out, based 4.5v 180mA regulated £1,
6v 200mA regulated £1, 6v 700mA €1, 12v 2A £6, 24v 200mA £2.
TORROIDAL MASNS TRANSFORMER with twin outputs, 5.3v 2 amps and
12v 1 amp, one use would be power supply, price £5.

AMSTRAD POWER UNIT 13.5v at 1.9A encased and with leads and output
plug. normal mains input £5 each, 10 for £45.

AMSTRAD 3.5 FLOPPY DRIVE Reference FD9 brand new and perfect, £35.
ATARY B4XE COMPUTER at 65K this is quite powerful so suitable for home
or business, unused and in perfect order but less PSU, only £19.50,
Handbook £5 extra.

9" CATHOOE RAY TUBE Philips M24/306W, which is nct only high
resofution but 1s also X Ray and implosion protected, regular price over
£30, you can have them at £12 each. Tubes are guaranteed unused.

80 Watt MAINS TRANSFORMERS two available in good guality, both with
normal primarses and upright mounting, one is 20V 4A the other 40V 2A
only £3 each or 10 for £27 carriage paid.

PROJECT BOX size approx 8" x 4" x 44" metai, sprayed grey. louvred
ends for ventilation otherwise undrilled made for GPC so best quality,
only £3 each or 10 for £27.

12V SOLENOID has good Y2 pull or could push if modified, size approx
149" long by 1" square, £1 each or 10 for £9.

WATER VALVE 230V operated with hose connections, ideal for auto plant
spray or would contral air of gas into tanks etc, £1 each or 10 for £9.

HANG UP PHONE won't clutter up your desk or workbench, current model,
has push buttsn dialling, last number recall, intemal alarm etc., £x B.T.
1n good conditon and fully working ready to plug in. £5

HI3H YOLTAGE CAPS if you use these ask for our 1-20 Kv Capacitor list,
we have over <4 mitlion in stock and might save you a lot of money.
ELECTRONIC RUMP & 60 SPACESHIP sound and impact controlled
responds to cBps and shouts and reverses or diverts should it hit
arything! Kit with really detailed instructions, will make ideal present for
ing-youn ¢ electrician. Should be able to assemble but you may have
OE"EID with t) e soldering of the components on the PCB. Complete kit
£8.95.

580V BRIDGEMEGEER developed for G.P.0. technicians the Ohmeter 188
is the moderr equivalent of the bridge meggar. 9V battery operated it
500V ion for insulation testing and a null balance
bldge for verr accurate resistance measurement. Ex B.T. in quite good
cendition witt data & tested. Yours for a fraction of original cost £45+
£3 insured ddivery.

ETPERIMENT NG WITH YALVES don’t spend a fortune on a mains
transformer we can supply one with standard mains input and secs. of
250-0-250v t 75 mA and 6.3V at 3 A. price £5.

15Watt 8ohn 8” SPEAKER & 3" TWEETER made for a discontinued high
quality musia centre, give real hi.fi. and for only £4 pair.

ULTRASONIC TRANSMITTER/RECEIVER with Piezo alarm, built into
preformed case, is triggered by movement disturbing reflected signal,
intended for burglar alarm, car alarm etc. has many extras, time delay,
auto reset, sucret off device etc. A £40 instrument yours for £10.
MOVEMENT ALARM goes off with slightest touch, ideal to protect car,
cycle, doorway, window, stairway, etc. etc. Complete with piezo shrieker
ready to use Only £2 (PP3 battery not supplied).

STEREQ HEADPHONE extra lightweight with plug £2 each or 10 pairs for
£18.

B.T. TELEPHONE LEAD 3m long and with B.T. flat plug ideal to make
extension for phone, Fax, etc. 50p each, £40 per 100, £300 per 1000.
WATER PUMP very powerful and with twin outlets, mains operated,
£10.00.
STUDIO wo by Amstrad, the ultimate disco control panel, has four

and metered ch Is, twin M/FM radio,
stereo aud:c amplifier, phono & C.0. inputs, etc, etc, etc, regular price
over £400 we have a few still in maker's packing, brand new and
guaranteed yours for £99.
ROTARY POSITION CONTROLLER for aerials, ventilators, dampers,
rheostats, dampers or applications requiring 180 degrees clockwise and
anti-clockwise movement. We have the Sauter MVE4 154 servo motor
drive ref AR30W3S regular price over £70 brand new, £15 each.

12 VOLT 8 AMP MAINS TRANSF £4, waterproof metal box for same,
£4.

110 WATT SWT 0DE POWER SUPPLY 230v Mmains operated, outputs of
38v 21%A aad bv 3A, we have a lot of these and need the space so you
can have thesé\at a fraction of their cost if you order before pec 31 price
is £6
10 VA MAINS TRANS

ERS all p.c.b. mounting, all th, 10 for £9,
100 for £75, for output 12- Qv order ret WA3,

18-0-18v rot p.c.b. motinting Iy shrouded same price order ref

FULL VISION PANEL METER'

2% squar, scaled 0-100 bu-scale
easi emuved for ng £1 each,
10 for €9 r£75.

PANEL AMF METERS 80 x 70mm

beautiful instruments £5 each, 10

amp order et WAG, 5 amp order ref

WAT.

Vu METER illuminate this from behind becomes on/off indicator as well,
19" square 75p each, 10 for £6. 100 for £50.

EDGE-WISE PANEL METER ideal when short of panel space only 40 x
14mm. also have built-in led, 500 uA f.sdd, scaled 0-5, £1 each, 10 for
£9, 180 for £75.

VIBRATING REED FREQUENCY PANEL METER 4” square, 55-65 Hz only £9
each,

P.C.B. DR LLS 12 assorted sizes between .75 and 1.5mm £1 the lot.

LOW PRICED FIELD TELEPHONES. Ex-GPO modeis, not quite so nice-
looking but quite efficient, and have the big advantage that the ringing
is done by means of a hand operated internal generator. This saves a fot
of battenes. These 'phones have the normal type of rotary dial built in
and can <ill be connected into a normal B.T. system. Tested, guaranteed
in good odder, price only £9.50 each. Order Ref 9P5.

HAND GEBERATORS as fitted in the above held telephones, this hand
generatoris a permanent magnet type and has an AC output of .
approxim ately 50v depending on how quickly you wind it. i you want a
higher vodage then simply connect the output to a transformer. We have
Iit a 60 wett bulb quite successtully. The hand generator, complete with
handle, £3.00. Order Ref 4P51.

DRY BATERIES CAN BE RECHARGED but not with a normal dc charger,
it must be a periodic current reversal type. We can supply the kit, with
data, £3.30. Order Ref 6P3B.

THE COMPUTER GRADE CAPJCITOR ideal for low volt_ high current
experiments, 75p each or 1 for £6.00. Two types avallable, 15000pf 10V
or 10000t 15V.

SUPER MULTS-METER Ex British Telecom, this is a 19-range 20K 0.p.v.
top grad: instrument, cyfvers AC & DC voltages, current and resistance,
very goos condition, fufy working and complete with leads £3.50, leather
carrying :ase £2 ext(A (batteries not included but readily available).
SOLAR E4ERGY EDUCATIONAL KIT — an ideal present for electronics
studente it shows how to make solar circuits and electrical circuits, how
to increase the voitage or current, how to use solar power to work a radio,
calculat r, cassette player and to charge nicad batteries. The kit
compris« s 8 solar cells, one solar motor, fan blades to fit motor and
metal fr .me to hold it to complete a free-standing electric fan. A really
well writen instruction manual makes this a lovely little present. Price
£8.00. C-der Ref 8P42B.

WANT Tt KNOW HOW FAST IT'S TURNING? - Made by the famous
Muirhead Company, we have OC tachometer generators which have an
output Witage depending upon its speed. At 1000rpm for instance, the
output wltage is 3. Ex-equipment, price only 2 for £1.00. Order Ref 246.

Prices include V. A, Send cheque/postal order or ring and quote credit
card number Xd £3 post and packing. Orders over £25 post free, unless
postage quoted separately.

M&B ELECTRICAL SUPPLIES LTD
12 Boundary Road, Hove, Sussex BN3 4EH
Telephone (0273) 430380 Fax (0273) 410142
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HISTORY
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Tottenham |
Wireless Society’s |
exhibition at |
Tottenham Town |
Hall in 1926.
Identified are |
Messrs Wroth and |
Vickery with
shortwave |
receivers.

wircless socicties — for example, the Tottenham
Wireless Society in particular missed no opportunity
to keep Wireless World informed of its doings.

We know that in 1926 it held an exhibition ai Tottenham
Town Hall. In May the following year the sociely enjoyed
a field day near Hoddesdon, Herts. which included a three-
way telephonic link-up between a boat. a car and a fixed
station. Other members went out by motorcycle o pick up
signals.

Unlicensed amateur transmitlers were at risk from Post
Oftice patrol vans, although these purported 1o be for the
purpose ol locating oscillating receivers. Bearings were
taken from three points within about a mile. using a
rotating frame aerial. The van could then cruise down the
suspect sireet, until direction-indicators pointed 10 the
suspect house.

‘i_‘he 1920s was an extremely active decade for amateur

| The shortwave transmission stand at the Tottenham Town
| Hall exhibition.

e —
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A boat, with

i

o

aerials rigged
rrom the masts,
was used in a
three-way link-
up during the
Tottenham
society’s 1927
field day.

Other members

| went out by
| molorcycle to
| pick up signals.
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HISTORY

On the right is a
three-valve
receiver-amplifier;
its tuning
capacitor dial can
be seen at its left-
hand end, above a

small handle used |

to hold it secure
against vibration.
Above, below the

clock, isa |

halancing tuner, to
compensate for

errors. |

= o i

1927 Post Office patrol vaa. supposedly for the puspose o

locating oscilla*fig rec=i ers, but aso useful for wracking |
urlicensed trawmitte=s. The fraan= aerial on the roof ot |
*he van was rotaten by the larze wheel within to take |
b=arings. |

B ATER e STF iy = %

Oge of the mcs* popud e home-build amateur receivers
was the four-valve Wreless World Everyman 4. This
picture, frorm fwe March 1927 issue, shcws one
corstructed by a veader.
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RF CONNECTIONS

Wide screens — narrow benefits?

Lis now ten years since the first closed-

circuit demonstrations were given in

Europe of NHK's 1125-line. 60Hz, 5:3
(later 16:9) wide-screen HDTV system. The
first was in Dublin, followed a few months
later by further demonstrations by Sony at
IBC&2 in Brighton. The pictures were truly
spectacular and made a profound impression
on all who saw them. If only we could
receive such pictures in the home without
having to use £100.000 large-screen projec-
tion displays.

Since the demonstrations, lively debate
has been continuing as to which of three
paths should be followed by broadcast tele-
vision: is the domestic picture from 625-line
pal good enough even for DBS?: should we
aim to overcome specific defects of pal and
mtroduce a system (such as mac) more suit-
able for future DBS and the nexat generation
of farger. fTatter screens?: or should we
introduce a radically different HDTV system
capable of providing pictures akin to those
of widescreen cinema film, taking mnto
account the possibility of using such a sys-
tem for electronic video-cinema production
and presentation?

In 1982, the issues seemed reasonably
straightforward: 4:3 pal would continue for
terrestrial broadcasting. Mac as a hybrid
analogue-digital system seemed the logical
choice for DBS and could be upgraded to
widescreen enhanced-mac without affecting
viewers with 4:3 mac displays. 1125-line
HDTV required too much spectrum for
broadcast transmission. except possibly for
DBS above 20GHz but deserved considera-
tion as a production standard for master
tapes and electronic film-making.

But it was not fong before the basic issues
became blurred and the intervening years
have raised more questions than answers,

The Japanese set out to prove that their
non-compatible system could be digitally
compressed in bandwidth and developed a
series of muse compression systems that can
dramatically reduce the bandwidth (at some
loss in picture quality) while maintaining a
16:9 aspect ratio.

For technical and commercial reasons, the
Europeans developed the HD-mac 1250-line
system capable of fitting into a 12GHz FM
satellite channel with 16:9 aspect ratio but
tully compatible with 625-line 4:3 D-mac.
An ambitious project with an all-digital
HDTYV objective has also been launched.

But the UK"s attempt to establish first mac

and then entac on BSB's Marco Polo has
collapsed (for commercial rather than tech-
nical reasons) and is due to be taken out of
service by BSkyB at the end of the year —
though D-mac and D2-mac remin official
European standards for DBS.

In the US. the FCC is followirg a “simul-
cast” track and has just about completed
testing of six competing systems (see
“Putting the right numbers into HDTV™, this
issue). including four fully-digital systems.
The systems are all designed to fitinto one
or more standard FCC 6MHz channels with-
out attempting any compatibility with exist-
ing 525-lme NTSC but being suitable for
terrestrial. satellite or cable distribution of
16:9 widescreen pictures.

Disruptior. without benefits
But within the North American broadcast
industry there is a growing belief that
DTV or enhanced systems. far from bene-
fitting the industry. are threatening to disrupt
it.

Writing in the SMPE Journal earlier this

4:3 Receiver :

Black Bands 4%

Tahle 1. Equidistant viewing experience

Screen Viewing Screen Viewing
diagonal resolution* width distance**
635mm (4:3) 330 510 6t08x
790mm (16:9) 330 685 6108 x
1070mm (16:9) 450 940 4t06x
1650 (16:9) 700 1450 2to 4 x

*In TV lines/picture height
** In multiples of picture height

year Stan Baron of NBC suid: ~For
American broadcasters, HDTV has many
portents of catastrophe. Current HDTV
cquipment costs are too high for terrestrial
broadcasters to absorb. Furthermore.
although the plan for terrestrial broadcasting
calls for simultancous broadcasting of
NTSC and HDTV services. many of the cur-
rent HDTV production equipment otferings
are nol compatible with current NTSC stan-
dards..Simultaneous broadcasting of the two
services means that a single broadcast centre
must provide two different services from the

15:9 Receiver :

Masked by overscan

How 16:9 pal-plus pictures appear on a conventional and a widescreen receiver (action area
5% border, safe area 10% border). Most receivers are adjusted for 4% overscan at the factory

but this may not be maintained over a set’s life.

4:3 Receiver :
e —

| \m

Masked by Receiver

Aa%

16:9 Receiver :

overscan

Black Bands

4:3 pal pictures on a conventional and a widescreen receiver. (Source Gardiner, ITC)
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SAMEe programming sources...”

Where does all this Teave pal-plus (see
Tom hvall's “Additional consumer benefits
for pal plus?™ £W + WW. March 1992,
pp.182-3)?

FFor the vast majority of existing viewers.,
the only partially compatible system of
widescreen transmission, although technical-
ly feasible and ingenious. might more aptly
be renamed pal-minus. 1t will surely alienate
viewers, particularly those with relatively
small-screen displays (5SOmm or less diago-
nals) who will have to watch 16:9 pictures in
letter-box format — not just widescreen lms
but run-of-the-mill studio productions with
talking heads ctc.

Industry pressure

There is little doubt that once pal-plus sets
and production equipment are available, and
the system becomes operational (if in fact it
ever does in the UK). there will be strong
pressure from the consumer-electronics
industry to extend wide-screen transmissions
to most programmes. allowing retailers to
create a market for new. relatively high-cost
widescreen sets.

It is no secret that UK broadcasters had
hoped the pal-plus specitication would have
avoided the letter-box format in favour of
side-pancls. or a compromise between the

two. but were foreed to recognise that this
would have introduced further complexitics
into an already complex system.

In the studios, pal-plus requires extensive
re-equipping. including use of a new digital
component-standard 1o cope with the addi-
tional luminance bandwidth and a new gen-
cration of videotape machines. Ideally. pal-
plus also requires a new generation of CCD
cameras — though attempts will probably be
made to use anamorphic lenses which per-
form horizontal image compression though
lose resolution.

All this expense to provide wide-screen
pictures to an audience that has consistently
voted in tavour of pan-scan presentation of
widescreen cinema tilm and believes that the
major drawback to pal picture quality is that
imposed by weak or multipath signals. Pal
picture quality could be improved by using
the BBC-developed Weston Clean pal sys-
tem which. as Richard Storey has stressed
on several occasions. "has progressed to the
stage where complete transparency and free-
dom from cross-eftects can be achicved
using non-ideal separation filters. In other
words it has moved out of the realms of
mathematical possibility into the real
world".

Clean-pal techniques. which compensate
for basic errors in the theory of conventional

luminance-chrominance sharing (mixed
highs). could be applied to standard pal or
indeed to wide-screen pal. But its applica-
tion to +:3 pal would not alicnate existing
viewers, while opening the way for a new
generation of improved quality 625-line scts.
Now the project seems to be in abeyance.

Can’t see the difference?

More than a decade ago. a study by Dr
Raymond Wilmotte showed that lor domes-
tic viewing there is no point in increasing
the number of TV lines above about 600-
700 for 660mm displays viewed at the usual
distance of 4 1o 6 times picture height. A
more recent study has concluded that no dif-
ference between an NTSC (525-line) and an
HDTYV display would be discernible by the
untrained viewer when shown on a 635mm
diagonal as "normally™ viewed in the home
at six to cight times picture height. (See also
Table 1. Stan Baron's comparison of
equidistant viewing cxperience.)

As aresult. how logical is it to provide a
high-cost system based on the belief that
viewers may want to sit close (three times
picture height) to a large display while the
option is available only at costs well beyond
consumer budgets?

Pat Hawker

FREE TO SUBSCRIBERS

Electronics World offers you the chance to advertise
ABSOLUTELY 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, as this free offer applies to subscribers only. Your ad will be

placed in the first available issue.

This offer applies o private sales of electrical and electronic equipment only.
Trade advertisers should call Pat Bunce on 081 652 8339

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 info correspondance
with readers using this service, we also reserve the right to rejectadverts which do not fulfil the terms of this offer

Please send your completed forms to:
Free Classified Offer: Electronics World, L1333 Quadrant House, The Quadrant, Sutton
Surrey SM2 5AS
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MATCHLINE D2MAC/PAL SATELLITE RECEIVER

A
A

PHILIPS

P e ]
| STl‘J‘ 901 v

VWV V¥V vV V vV VvV VvV VvV VvV V V VVVW

|

e | Jomac] | ES ] [ | [em | [seo] [mase] [aoon] [aoan] [ovms ] [ [aes] [ &% ] [sws]

PRODUCT PROFILE

¥

=

D2-MAC/PAL satellite receiver.
98 preselections.

Menu control for user-friendly
operation.

Full remote control.
Parental lock.

Eurocrypt scrambling/conditional
access system.

Internal Smart Card reader
for conditional access.

Headphone Connection.
Dual-band LNC Switching.

1l s

BT

M|

[PHILIPS

N\

SATELLITE SOLUTIONS

®* D2-MAC processing includes : Various connection possibilities :
- Digital Hifi sound processing
- Automatic language selection

2 Euroconnectors for TV

- Digital video processing and Video.
compatible with future * S-VHS output.
(H'_:gDIj“Iz:f(l:r)ntmn TV broadcasts ® 2 Dish antenna inputs.

- Wide Screen picture processing e Magnetic polarizer control.
> AU e, e Audio outputs CINCH.

® PAL processing includes : .
o (3 Tere S ek ® Terrestrial antenna loop through.
(main and multilingual) e PAL Baseband output.
- 3 stereo sound channels

- PAL encoding.

PHILIPS

35 QUARRY PARK CLOSE NORTHANTS 0604 670900
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CLASSIFIED

TEL 081 652 8339 FAX 081 652 8931

ARTICLES FOR SALE

TO MANUFACTURERS, WHOLESA
LARGE QUANTITIES OF RADIO, TV AND SECOND USER EQUIPMENT

[/

ELECTRONIC COMPONENTS FOR DISPOSAL ON NEW |
SEMICONDUCTORS, alltypes, INTEGRATED CIRCUITS, TRANSISTORS, DIODES, / H UGE SAVING PRICES |

RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc. CAPACITORS,

SILVERMICA, POLYSTYRENE, €280, C296, DISC CERAMICS, PLATE CERAMICS, etc. PCB ASSEMBLY

ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES SCREENED R T RO Al o mseriers” 00 ACE 200 1o0C Enaber £2.900
WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, ETC ALL ATKNOCKOUT PRICES DYNAPERT 318HR Pick and Place Machine.  £20.875  BLAKELL LS210c/w 534 Assombly Station €895
—Come and pay us a visit ALADDIN'S CAVE UNIVERSAL 6241A Sequer cer/Axial Inserter £48,000  Screen Printer £5.000

TELEPHONE 081 445 0749/445 2713 UNIVERSAL 3434 Seavercormacio masrer - call  Storage Systam. oo "R g1 190
R. HENSON LTD e S
i DYNAPERT VP$3023 Vapo.r Phase Reflow o g

. FASCHER Bet: 870C With Z5NGB2
21 Lodge Lane, North Finchley, London N12 8JG. ok 4900 piorm <+ £2.908
- ’ ERSA ESV250 Benchtop Wave Solder IC1 SCREENKLENE A0 Solder screen cleaner  £1,450
(5 minutes from Tally Ho Corner) Machine £1.998 1€} 1214 Vapour Phase Reflow Tank £2,550

TREIBER 7008 Wave Solde-Machine. £3.850 ¢) 2818 YV 28 Ultrasonic cleaning plant £1,996

SCREENED ROOM KERRY 250/2HPF Ultrasonic Cleaner £1,650
BELLING LEE 8ftx 8ft Shielced enclosure £4 950 KERRY 300/2HPF Ultrasonic Cleaner. £2,750
Many more makes/modets of Production, ATE PHILIPS 3320 250Ms/s

Fabricatiors. Envil Test, T&M, Digital Storage Oscilloscope. £2,995
Soldering and Cleaning Eq-npmanl available PLANER GB7 Gas bonder £178
Calt for full listing TEKTRONIX 2445 150MHz Oscilloscope £1,350

See latest issue of Buyers haws for full Ilstlng and gﬁéggxl;&zgspa?OMHz‘Os;moscc;?eA ” c1é:gg
= : : s e oo e o AT B Tt oot e-hams
A i = [ ] HUGES-AVINGS N
COOKE INTERNATIONAL Manuhdusenw i De E’_ BUYERS NEWS Tel: 071-284 4074 (UK)
SPECIAL JUNE OFFER ,o,.m.,ﬂ.t,‘.!‘,,?!,“e Fax: 071-267 7363 (UK)
Telequipment D83 Oscilloscopes ® DC-50MHz @ Dual Trace Amplifier oLt TN 146 Camden Street, London NW1 9PF
@ Dual Sweep Timebase @ Large 62" CRT @ Operator's and Service Manual
PLUS TURN YOUR SURPLUS
TRANSISTORS, ICS ETC, INTO CASH
FREE P.S.U. Immediate settlement. —G OE&C@R%QGE
Weir Minireg 0-30 volts 0-1.5 amps @ Metered Output qW:t thzor g:r'g&r&ee ltgfztggypglfgg;ﬂv to CRYSTALS | OSCILLATORS FILTERS
- U ance. L .
All for £250 inc. VAT & P&P Contact: 650 ek Tnes. Speciale mede o ordar 1"
MUCH MORE AVAILABLE, VISIT, PHONE OR S.A.E. FOR LISTS COLfbsa-gAR‘gigG «SI-(CO- (O o rond Gl BT, PRGNS G0 |
rin ities, production schedules.
COOKE INTERNATIONAL Wisbech, Cg:'lbs PE14 ORJ. Personal and export orders welcome.
Unit 4 Fordingbridge Site, Main Road, Barnham, Bognor Regls, West Sussex PO22 0EB ESTABLISHED CVER 15 YEARS SAE for our latest product information sheets.
TEL: 0243 545111 FAX 0243 542457 Buyers of Surplus Inventory GOLLEDGE ELECTRONICS LTD  Tel: 0460 73718
We are aiways looking to purchase good S/H stock Tel: 0945 584188 Fax 0945 475216 Merriott, Somerset, TA16 5NS  Fax: 0460 76340
1 2 3 4 5 6
7 8 9 10 11 12
13 14 15 16 17 18
19 20 21 22 23 24
25 26 27 28 29 30
Place a lineage advertisement in next months issue and it will cost, for Lineage advertisements under £60 have to be pre-paid by credit card or
a single insertion, only £2.50 per word cheque.
S : ; ALLRATES QUOTED ARE EXCLUSIVE OF VAT: All major credit cards accepted
DECI8| rates: Please debit my. card a total of £

et can o vy mores o oy oo EXAMPLE SIZE TT T T T T T T I I 1T T]

month only} 12 insertions £1.80 per word/ 3cmx 1 column
issue. {Advertisement to run every month For 1 insertion cost Expiry Date:
only}. is: £60.00 Please ensure that address given is where your credit card statement goes to.
WHY NOT PLACE A BOXED ADVERTISEMENT
TO GIVE MAXIMUM IMPACT? —»

For 6 insertions costs
are: £51.00 per issue ADDRESS. ...eeeveeteereeieses weieeeesesseresseesssessmesssasesss st s ss s s st ss e e st s e

FOP 12 INSEITIONS COSES | corrreereereneieereereen i setretretse e s tsets e st ses s e e eee e ee s e e e se b e b en b bbb b b s bbb st b b

Extras: are: £42.00 perissue TEL NO v sesreeee e SIGNATURE eovereeeeees s eeeeeeesseees s

All advertisements must be received 5 weeks prior to publication date.
PO COIOUP cotsrcrsesresrsssrsssins 2% All cancellations must be received by 8 weeks prior to publication date after that. No
advertisement can be cancelled.
Please send to Electronics World & Wireless World, Classified, Room L329, Quadrant
House, The Quadrant, Sutton, Surrey SM2 5AS. Tel: Pat Bunce on 081-652 8339.

Box number service.............ccerrnennnnn £22.00
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ARTICLES FOR SALE

VALVES AND C.R.T.s

(alsp Magnetrons, Klystrons, 4CX250/350)
Minimum order charge of £50 + VAT

One million valves in stock. Obsolete types a speciality! Fax or phone
for quote.
Special prices for wholesale quantities.
Orders from government departments, overseas etc. most welcome.
Many other types in stock. Please enquire re any type not listed.
CATHODE RAY TUBES 400 different types in stock.
Please enquire if your reguirements are not listed below. M28.13LG ... ... £45.00
3UPT .. ... POA D10.230GM ...... £45.00 E723(EEV). ... POA MB31.182GV .. .. £45.00
12CSP4 ... ... . £35.00 D13.611GH £59.00 F28-130LDS ... POA M31.184W £55.00
1074H £45.00 D13.630GH €59.00 F31.12LD .......... £75.00 M31.190GR ....... E45.00
1396P ... POA D14.200GM £75.00 LD708 .. .. £75.00 M31.191W £55.00
8931 (WH) . . POA D16.100GH97 ... £65.00 M7.120W ... £19.50 M31.325GH ........ £35.00
CMEB22W ... ... £7.00 DG7-5. - M14.100GM .. .. £35.00 M38.100W ... POA
CME1523W . . £9.50 DG7-6. .. . M17.151GVR ... £175.00 M40.120W .. £59.00
CRE1400 ............ £29.50 DG7-32 ... M23.112GV .. ... £45.00 MV6-5(Mul) ........ £50.00
D9.110GH ... ..£45.00 DG7-36. M24.121GH .. ... £55.00 SE5FP31 £45.00
CME1431W .. POA DH3-91 ... M24.122WA ........ £55.00 VLS429AG POA
4CX250B ITT. used but fully tested . £20+VAT Discounts for 10 ar n'rnrepcs
4CX350A Eimac, used but fullytested ............................. 50+ VAT
VALVES Prices on application. Please enquue re any type not llsted heiow.
A2426 EC158 M8162 Mul zaoau 6F33
A2521 ECCB1 M5138 6L6GC
C1149-1 ECCB1 SpecQ Magggtrons 1 BSSA 6SL7GT
C1166 ECCS8: PCi 2K25 6SN7GT
CCS1 ECC82 Spec Q PCC89 3828 12BH7
CVTYPES:Many  ECC83 PD500 3J-160E 12E1
in stock. Not all ECC83 Spec Q PL509 4-65A 13E1
listed below. ECCB8 QQV03-10 4-125A Eimac 19AQ5
Please ECCB& Spec Q QQV03-10 Mul 4-400A 211
inquire QQV03-20A 4C28 805
Cv48s EF73 QQVO3-20AEEV ~ 4CX2508 807
cv1881 EF91 QQV06-40A 4CX250BC 811A
CVv2355 EF92 QQV06-40A Mul 4CX350A 813
Cv4014 EF93 QY3-125 4CX1000A 4635
Cv4024 EF95 QY4-250 4CX5000A 5763
V6087 EL34 Qvod-7 5B-254M 6336A
CVv7180 EL38 10 58-255M 6973
CX1140 ELB1 SU2150 5B-257M B056
DA42 ELBT Mul TT21 5B-258M 8122
DET22 EL84 SU1E12 5U4G Sockets:
DET23 EL5070 TDO3-10E BAKEW B9A PCB
DF91 GY501 9 6A56 B9A chassis
EBOL KI¥strons uBC41 6BH6 Octal chassis
EB3F K161 ucL82 6BJ6 Many others
E88CC KT81 uYss 6BM6
E180F KTB8/6550 VL5631 6CHB
EB10F M8136 Mul 759 6CJ6

Testing to special quality — Mllitary/CV, low microphony etc avallable on request

BILLINGTON EXPORT

Unit.F2: Oakendene Industrial Estate. Near Horsham. Sussex RH13 8AZ.

Callers by appointment only.
Telephone: 0403 865105 Fax: 0403 865106
Min, UK order £50 + VAT, Min. Export order £50 + Carriagé.

Technical & Scientific Supplies
Data Exchange for RS232 serial data CASE DCX 840 witis 6 LSC and 5410

4t rack. manual efc EPHA
CASE 0CXD25 concentratir/expander 16 channel EPOA.
MODEM ¥29. Motorola/Codex LSIESE 280
MODEM Blach Box {Micora} AS!-Ill £50
MODEM € ASE 470/144 with isolating bamier £130

MODEM CAS.E. 9629. Sychronous 9600 bps full duplex aver 4 wires,
dignostics, loop back local/remote
Data Cartridges. Used, good condition 4™ 600ft. DC60A type HP etc. tList
oew £17} £4.20 each or 10 for£30
Miai Cartridges. Used gand condition 015" DC100A, HP200 etc. (List new
£12 uwnorwmﬂs
Spoech Synthesiser WP N2967A. Boxed/manual
Graphics Tablet HP 91114 HPIB E!ﬁ
All above iters are used but are in working order and are offered with full
refunc if unsatistactory for any reasor:
Ak prices sxciwde carriage and YAT.
Pleasa eaquirs — write/taz/phone (aay time)
Technical & Scientific Supplies, PO Box 19, Hythe, Southampton,

Hampshire S04 €0 Tel: {0703) 848 §66. Fax: (0703) 837 079

ARTICLES WANTED

STEWART OF READING
110 WYKEHAM ROAD,
READING, RGE }PL.
TEL: 0734 68041
FAX: 0734 351696

TOP PRICES PAID FOR ALL
TYPES OF SURPLUS TEST
EQUIPMENT, COMPUTER

EQUIPMENT, COMPONENTS

etc. ANY QUANTITY.

WANTED

Receivers, Transmitters, Test
Equipment, Components, Cable
and Electronic, Scrap. Boxes,
PCB's, Plugs and Sockets,
Computers, Edge Connectors.
TOP PRICES PAID FOR ALL TYPES OF
ELECTRONICS EQUIPMENT

A R. Sinctair, Electronics, Stockholders,
2 Normans Lane, Rabley Heath, Welwyn,
Herts AL6 9TQ. Telephone: 0438 812 163.

Mobile: 0860 214302 Fax: 0438 812 3&7730

WANTED: VALVES, TRANSISTORS,
L.Cs (especially types KT66, KT88, PX4.
PX25). Also capacitors, antique radios,
shop clearance considered. If possible,
send written list ‘for offer by return.
Billington Valves, phonc 0403 865105.
Fax: 0403 865106. See adjoining advert.

WANTED: HP 8555A Plug-in, HP 8640B-
002 Signal Generator. Best Prices Cash.
Paul 0442-843240.

SERVICES

SERVICES OFFERED
of an
ENGINEER

for installation, commissioning
and maintenance.
UK/overseas.
Daily Rates.

MOBILE: 0831 869788
TEL/FAX: 0333 424797

To advertise in
the Articles for
Sale section
Call Pat Bunce
on
081-652 8339

FREE PRIVATE CLASSIFIED

HMV 1824 Model 14” TV Circa 1954.

One owner from new complete

with Service Manual and 14 Channel Tuner!
Needs Good Home Offers

Telephone 0675-442432.

For Sale. Marconi Video Sweep Generator
TF-1099 100Hz - 20MHz with markers £40.
Telephone: 0702-522929

Trio R2000 with VHF+ narrow CW compare £800
new. First Offer £400

must collect. Lancashire.

Telephone 0706 218290 Evenings

Printer MX 100-I11 £40.00 Used Eproms 27256
£1.25 27512 £2.00

Used 80186 with Socket £5.00

Telephone: 0243-823754 Evenings.

Tektronix Oscilloscope Model 475 DC to 200MHz;
Dual Channel;

Checked Calibrated January; Cost £750; Must sell
£550 inc VAT;

Telephone0792-361753

This offer only applies to private sales of electrical and electronic equipment.

All adverts will be piaced as soon as possiﬁle. However, we are unabie to guarantee insartion 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

INSIDEIN

DRMATION

is the only magazine in Britain that provides
omprehensive up-to-date coverage of video
and TV technology for both the amateur
rihusiast and the professional engineer.
C call our subscriplions hatline teday for your

SERVICING - VIDED - SATELL-E

DEVELOPMENTS
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matMmos
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TATUNG TCS8000 386 COMPUTER SYSTEM at £299
Full 386DX system complete with 102 keyboard and manual. Includes 210 watt PSU, /O card, hard and floppy
controller {please state MFM, RLL, IDE or SCSL.), 1.2 or 1.4 Mbyte floppy drive, 1 Mbyte RAM upgradeable to 16 Mbyte
on the motherboard, eight expansion slots, C and T "CHIPS™ chipset, co-proc. socket, MS-DOS 3.3, GW BASIC and
manuals. 16 MHz clock £299, with 2 Mbytes RAM £319, 4 Mbytes RAM £359.
20 MHz version of above with 2 Mbytes RAM £439. Fitted with 62 Meg hard drive add £100.

MATMOS HIGH PERFORMANCE 286 SYSTEM at £279
A quality 286 system running at a speed of 16 MHz. 1 Mbyte RAM expandable to 4 Mbytes. Serial and parallel ports,
101 keyboard, mono card, 1.44 Mbyts 3.5-inch drive, IDE hard drive controller {add £20 for MFM or RLL unless
purchased with Matmos hard drivel, eight slots. AMI bios with setup and diagnostics, well-made styiish case, futi
manuals included £279. Fitted with 62 Mbyte hard drive £379.

TOP SPEC. 386 AND 486 SYSTEMS
40 MHz 386 system, 64K Cache RAM, 1 Mbyte RAM, 1.44 Mbyte floppy drive, /o card etc. £579.
33 MHz 486 system, 64K cache RAM, with 2 Mbytes RAM £779, 50 MHz 486 system £979.
Phone for details: carriage on systems £15. See below for add-ons and other stock items.

486 CAD/DTP SYSTEM WITH 1280 x 1024 MONITOR

486 33 MHz cache system with 91 Mbyte Seagate hard drive, 3.5-inch 1.44 floppy, 4 megs RAM {upgradeable to
32 Megs), tower case, 102 keyboard, 2 serisl 1 parallel ports, OPTI chipset, AMI bios, Microfield Graphics T8 cotour
graphics controller with 2 Mbytes video RAM and 8 MIPS processor, Hitachi 15-inch ultra high resolution monitor to
display 1280x 1024 il Wwill drive 3.1, ACAD etc. Cancelled defence order limited stocks £1625.
Ask for colour laaflett or quote for machine to your spac.

386-20 CAD system, with 2 Mbytes RAM, 1024768 colour monitor. 62 Mbytes hard drive, co-processor, witl drive
Windows 3, ACAD etc. £949 . . . phone for details and colour leaflet.

HIGH SPEED FLATBED SCANNER
AVR-302 high-resolution flatbed scanner. Linear CCD element scans 300 DPI with 32 grey shade dithering Supplied
complete with Megascan high-speed card with 1.3 Mbyte of RAM on board and powerful image manipulation
software. Will output to Page Maker, Ventura etc. or provide OCR function. £299 {original cost over £1500) (carr £9.50).

FLOPPY DISK DRIVES
360K 5.25-inch IBM standard half-height drive £29.95 (carr £3.50).
720K 3.5-inch Citizen OSD third-height drive for XT or AT {NOT Amstrad 1512/1640) £27.50 (carr £3).
1.44 Mbyte 3.5-inch Citizan OSDA39C third-height drive for ATs, grey bezel £45.95 (carr £3).
1.2 Mbyta 5.25-inch Panssonic haif height £49.95 (carr £4)
Fitting kit for 5.25-inch space suitable for all Citizen 3.5-inch drives inc. cable adaptors £4.99 (carr free with drives).
IBM standard floppy disk drive cable £3.

HARD DISK DRIVES
IDE: 20 Mbyte Western Digital WD9302BAD 3.5-inch half-height £69.
MFM: 10 Mbyte NEC 5124 5.26-inch £39, 20, 62 Mbyte Micropolis 1324A 5.25 full height £129 - £100 in systemns.
RLL: 30 Mbyte NEC 5127 5.25-inch £89, 65 Mbyte NEC 5147 5.25-inch £149.
SCSI: 20 Mbyte Miniscribe 82255 3.5-inch £69.95. 91 Mbyte Seagate/lmprimus ST2106N §.25-inch £199, 330 Mbyte
Seagate 5.25-inch full height £409.
ESDI: all with 16-bit high speed controllers — 94 Mbyte Seagate/imprimus ST2106N 5.25-inch £219, 141 Mbyte
Micropolis 1355 5.25-inch full height £239, 160 Mbyte Micropolis §.25-inch half-height £289, 320 Mbyte Micropolis
1658 5.25-inch full height £399 (carr on hard drives £5). HDD cable set £5.

DISK DRIVE CONTROLLER CARDS (carr £2.50)
XT MFM £37.50, XT RLL £37.50, XT SCSI £29.50, AT RLL £37.50, AT MFM £39.95, AT IDE £12.95, AT SCS) £37 50, AT
ESDI {Cache) £49.
Muiti SCSI card for hard drive, CD, WORM, tape etc. Future Domain firmware. £59.
High transfer rate inteligant SCSI card; supports all devices under MSDOS, Unix, 05/2 and Netware. £139.
As above with SCSI and IDE interfaces on one card £149.

IBM COMPATIBLE AT MOTHERBOARDS, CARDS etc
33 MHz 486 Very latest B048€ baby size motherboard with extra 64K cache. Floating point co-processor built into
CPY. Eight expansion slots, CPTI WB chipset, £475 {carr £5). 50 MHz varsion 256K cache £749 (carr £5).
40 MHz 386 motherboard, 80 86-40 cpu, up to 32 Mbytes SIMMS RAM £299 {carr £3.50).
20 MHz 386 motherboard, accepts up to 8 Mbytes SIMMS RAM, £159, 25 MHz £179 {carr £3.50).
1 Mbyta RAM for 386/486 £28
12 MHz 286 motherboard, 8 sibts, AMI BIOS, 80287 socket, Landmark 16MHz, up to 4 Mbyte of SIPPS RAM on board,
£79 (carr £3.50}.
16 MHz 286 version of above 79 (carr £3.50). 20 MHz £125.
AT MULTI IO card with 1 parallel, 2 serial, 1 game, 2 floppy. IDE hard drive £19.95.
AT 1/Q card, parallel, 2 senal, game £14.95.
Mono graphics card £12.95 (a | carr £2).
Mouse Microsoft compatible, serial with all software £19.95 (carr £4)
Keyboard 102-key UK, top que ity click action, £29.95 (carr £4).

NETWORK PRODUCTS
Ethernet card Noveil NE-2000 compatible 16-bit £89 (carr £2). Novell Lite network software £65. All network cables
and connectors in stock.

AT/XTCASES WITH PSU
Desktop with 3x5.25-inch and 1x3.5-inch bays, latest styling, £34.95, With 200W psu £59 (carr £6.50).
Luxury desktop as above, with psu, but to accept fuil size motherboard, small footprint, £89, mini tower £89 (carr
£6.50)
Full size tower with 6x5 25-incn bays, 230W psu, digital speed display, suits all motherboards inc. 486. £129 (carr £10}.

(386 and 337 processors extracted from new systems and guaranteed 1 year)
20 MHz 386-20 DX cpu £79 {(carr £1).
20 MHz 387-20 co-processor £59. 26 MHz £69 (carr £1).

MONITORS
MONO HERCULES: 14-inch arrber screen, high res. display, £59.95 (carr £6.50).
MONO VGA 12 or 14-inch paper white high resolution, £79 icarr £6.50).
MONO SVGA A4 15 inch Screen 800 by 1000, full VGA and Windows compatibiiity with card and drivers, £125 (carr

£6.50).
COLOUR SUPER VGA: 14-inch Hyundai 1024 by 768 multisvnc., 0.28 dot pitch, high quality display, £229 (carr £10)
CAD COLOUR

20-inch fixed frequency monitors (1024 by 768 and 1280 by 1024} - phone for current stocks.

15-inch fixed frequency 64kHz riitachi HM4115 with Microfield Graphics T8 driver card for Autocad and Windows 3
at 1280 by 1024 {new) £399.

14-inch fixed frequency 48kHz. Seiko 1024 by 768 non-interlaced, very high res. top quality monitor, requires mod.
to run from VGA card. Brand new but sold without technical support or guarantee. £59.

(p.o.a. for carriage for above)
VGA CARDS

16-bit VGA card, 256K, ali emulations, Up to 800x600, with software to run all major packages. Qak chip set.
Switchable for use In XT's £32.50.

16-bit 1024 x 768 super VGA card. Very high resolution with 512K and drivers for Windows, Acad, VP etc. Full manuals
and disks. Latest version of the industry standard Trident chip set. £59; 1 Mbyte version £72.50 {carr on cards £2.00).

MODEM
Hayes Compatible 2400BPS internal modem fuily compatible with MNP error correction Auto dial/answer and speed
sensing. Works with Windows 3, Procom, Crosstalk etc. £79 (carr £4).

POWER SUPPLY
Astec BM140 IBM XT/AT compatible 150W; +5V at 154, +12V at A, ~5V at 0.3A, ~12V at 0.5A; fan cooled, rear
panel switch, good value at £19.50 (carr £4).

DIGITISERS
Hitachi large tabiet digitisers, 24-inch by 36-inch, and 36-inch by 48-inch, both £299 {carriage details on request).
SOFTWARE AND DISKS
DR DOS 6 Latest operating system from Digital Research with many extra features including file compression and
good memory handling. £39.95. MS DOS & £49.95 (carr £4).
WINDOWS 3.1 Latest version fram Microsoft on 3.5-inch disks £69.95 (carr £4).
3.5-INCH DISKS Box of ten 1.44 Mbyte preformatted £9.95 (carr £2),

NB » VAT and carriage must be added to alt items {quotes for carriage overseas).
* Everything new, and guaranteed one year unless stated; ex-dem. products guaranteed 6 months.
+* Access and Visa telephone sarvics.

MATMOS LTD., UNIT 11, THE ENTERPRISE PARK, LEWES ROAD,
LINCFIELD, WEST SUSSEX RH16 2LX.
0444 482031 and 0444 483830 (Fax: 0444 484258).

Matmos Ltd. has been trading successfully since 1976.
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TOTAL PROGRAMMING SOLUTIONS FROM CITADEL

-~
Wt 5 by Eraugr

£395.00 |

I PC82 UNIVERSAL PROGRAMMER

| M25 BULK FAST ERASER £199-00

@ Universal programmer —the complete designers kit.

® Over 1,500 devices —call for list on FREE disk.

@® EPROM, EEPROM, Flash, BPROM, GAL, PAL, MPU etc.

® Serial EEPROM, EPLD, MACH, MAX, MAPL, CMOS
EPAL.

@ Device testing — 74XX, 40XX, 45XX, DRAM, SRAM.

@ PAL vector test.

® Clear menu driven software

@ Text mode only, suits any video card.

@ 40 pin Zero insertion force socket.

@ Device testing — 74X X, 40XX, 45XX, DRAM, SRAM.

@ Small half card to install in PC may be left in place.

® Secure round cable and locking D connectors.

@ Proven reliability —over 100,000 units sold.

® Programmer pod size — 260x140x38mm.

ADAPTERS FOR THE PC82 From £85.00 I

® Extend programming facility for special devices.

@ Allows alternative socket types eg PLCC.

@ Multi-gang adapters for fast programming of EPROMS, GAL, PAL and
popular CPU types.

FEATURES ALL PROGRAMMERS

For the IBM PC, install the interface card and programming socket, load
the menu-driven software and you have a complete design system at
your fingertips. The programmers will run on any compatible IBM
machines such as XT, AT, ‘386 or '486. Whether it be an Amstrad or
Compagq the system will work. All features are software driven and
supplied on 5Y4" disks, these may be copied onto your hard disk using the
DOS copy command. All control of the programmer, programme
voltages etc are menu driven by selecting manufacture, type number, and
selection of a suitable speed algorithm. Blank check, read & modify, verify,
programme, auto programme, security blow etc.

FREE SOFTWARE UPDATES as new devices become available.

| FILE CONVERSION FACILITIES |

@ HEX to BIN File conversions for Intel, Motorola
and Tektronics.

® 2 way/4 way Bin file splitter for 16/32 bit data.

® Dumpfileto Console, modify and re-programme.

For further information and your FREE PC82
Simulation and device disk.

PHONE SAMANTHA
NOW ON:

081951 1848
081951 1849

@® Same advanced UV source as the M1 but 4 lamps.

@ Very large capacity 64x 32 pin chips or one double Eurocard.
® All other features as M1.

@ Low profile steel case finished in powder coat.

@ Size 365x240x65mm high.

I M1 FAST ERASER £99-00

@® Advanced UV source.

@ Typical erase time three minutes.

@ LED display of set time and countdown.

@ End of time indicated by beep and display.

@ Large capacity 13x28 pin devices.

@ Sturdy construction, plated steel & aluminium
® Small footprint only 65X225x100mm high.

N

| PC86 HANDY POCKET DEVICE TESTER £99-00

@ Tests and identifies virtually all TTL & CMOS.

® Test many DRAM and SRAM memory chips.

@ LCD display of type number and results.

@ Battery operated (PP3)and completely self-contained.
@ Zero insertion force test socket.

® Dimensions 90X 140X 30mm.

| PC84-1to -8 ROM PROGRAMMERS  From £139-00 |

@ Low cost EPROM programmer — devices up to 1IMb CMOS and NMOS.
® One to eight gang versions.
® To program 2716 to 271000.
@ 32 pin Zero insertion force sockets.

ORDER INFORMATION

Please include £7 for carriage by overnight courier (£20 for exports) and
VAT on all UK orders. ACCESS, VISA or CWO. Official orders welcome
from Government bodies and local authorities.

= B3 g4 | BN

CITADEL PRODUCTS LTD
DEPT WW
50 HIGH STREET
MIDDLESEX HAS8 7EP




Let’s tal
...AND THE BEST IN OSCILLOSCOPES.

Our new range of precision laboratory oscilloscopes
offer not only the best features, but also prices. From
the sophisticated 20MHz 7025 to the delayed sweep
40MHz 7046, advanced design and high quality
combine to bring you features such as; TmV/div
sensitivity, advanced 6-inch CRT with percentage
markers and internal graticule, elim-

inating parallax error and ensuring a
highly accurate display. X-Y mode
allows lissajous patterns to be pro-
duced and phase shifts measured.

The 7025 has all the capabilities
required of a general purpose oscillo-
scope and will accept signals from
DC to at least 20MHz with a high degree of accuracy.
The 20MHz 7026 incorporates a delayed sweep time
base, which can be used to magnify a portion of
the waveform, and makes accurate time interval
measurements and the study of short duration events

Mal ln GL29G [H] 20MHz scope 7025...£299.95. GL30H [H] 20MHz
‘ scope 7026 ...£349.95. GL31) [H] 40MHz scope 7045...£449.95.
ELECTRONICS  GL33L [H]40MHz scope 7046...£499.95 (illustrated).

All items subject to availability. Handling charge £1. [H] Indicates carriage charge of £5.30. All prices inclusive of VAT.

waveforms...

possible. The sophisticated 40MHz 7045 includes a
40ns delay line to help show very short duration
events in their entirety. A delayed sweep oscillo-
scope of advanced design and high quality is found
in the shape of the 40MHz delayed sweep 7046,
having an increased magnification along with a
40MHz bandwidth and capable of displaying
complex signals with precision and
accuracy.

Full details of our oscilloscopes
and all other test equipment can be
found in the 1992 Maplin catalogue,
available from WHSMITH or Maplin
shops nationwide £2.75 or by post
£2.95. Mail Order to: PO. Box 3,
Rayleigh,  Essex,
SS6 8LR. Credit &
Card Hotline, 0702
554161 or visit
your local store.

Visit our stores at: BIRMINGHAM; Sutton New Road, Erdington. BRIGHTON; 65 London Road. BRISTOL; 302 Gloucester Road. CARDIFF; 29 City Road. CHATHAM; 2 Luton Road.
GLASGOW, 264-266 Great Western Road. LEEDS; Carpet World Building, 3 Regent Street. LEICESTER; Office World Building, Burton Street. LONDON; 146-148 Burnt Oak Broadway,
Edgware. 120-122 King Street, Hammersmith. MANCHESTER; 8 Oxford Road. NEWCASTLE-UPON-TYNE; Unit 4, Allison Court, The Metro Centre, Gateshead. NOTTINGHAM; 86-88 Lower
Parliament Street. READING; 129-131 Oxford Road. SHEFFIELD; 413 Langsett Road, Hillsborough. SOUTHAMPTON; 46-48 Bevois Valiey Road. SOUTHEND-ON-SEA; 282-284 London
Road, Westcliff. Plus new stores in COVENTRY and SOUTH LONDON opening soon. Ring 0702 552911 for further details.
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