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Electronics Principles 5.0

A COMPLETE PC BASED ELECTRONICS COURSE
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Aitematively, use those from any standard

Outoud ) Topic Hotes. | [ Ecuivalont NPN Tronsitor Croadt electronics text book to see the results os
frequency response curves, calculations,
i | Tee] | ek | _Toevam | L| 3“55“'"‘ il ‘ogic states, voltages and currents efc.
Graphics presentation has been enhanced and speeded-up with ACL SERIES: AC AL Seiics Cucilt

new menus and indexing which enables a quicker access and
more informative description of the extended range of five hundred
and sixty electronics and mathematics topics.

The PIC16C84 microcontroller hardware and instruction set has been
infroduced and brought to lite through colourful interactive graphics
where you can study the architecture of this device by changing the
data values to simulate all of the registers, direct/indirect addressing,
program/data memory and input/output port configuration.  Along
with those analogue to digitat functions of the PICT4C71. If you
would like to lean more atout the principles of these poputar
microcontrollers then it could not be made eagsier.
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World’s fastest PC-based 16-bit A/D

system runs at 10 msps

Strategic Test has brought out the CompuScope 1016 PC-
compatibie 1SA bus card, the world's first and fastest 16-bit A/D
system capable of sampling at speed of 10msps on one channe!
with a banadwidth of 5 MHz, while maintaining an 85-dB spurious-
free dynamic range (SFDR). No other product on the market, say
the makers, including stand-alone scopes, VX or VME cards, can
digitise analogue signals at 10MHz with a 18-bit resclution.

At the sampling rate of the 1016 is faster than the ISA bus can
handle, the A/D data is stored in on-board memory, which can
hold up to 8 milion sampies, to be read by a PC later. The muttiple
record mode allows “stacking” of data from successive triggers.
This mode is ideal for high Pulse Repeat Frequency (PRF) systems
in which data cannct be downloaded to the PC's memory in
between triggers. ©

Compuscope comes a standard with the award-winning
GageScope software which enables users to operate the card lke
an osciloscope without writing a line of programming code. Users
can store, analyse and print their data and convert is to an ascii
format for export to spreadshests and mathematical software

| packages.

Software drivers are available for-all popular operating system
and are supplied with sample programs demonstrating use.
Sample programs are provided in source code. CompuScope
does not need a GPIB or IEEE 488 interface to transfer data to the
IBM PC environment. The on-board memory is mapped into the
80x86 processor's memory map. Data can be transferred from
CompuScope 1016 to the PC extended memory at up to 500
ksps on a Pentium system using software drnivers.

Electronics technicians offereg.'l gp;
prizes in Top Technician competition

Valuable prizes are being offered this year to the UK's top
technicians in industrial electronies. The winner of the
Top Technician in Industrial Electronics competition will
win a top-of-the-range laptop PC and will represent the
UK at the International Youth Skills Olympics in Canada
in 1999,

With the help of sponsorship from the DTl Sector
Challenge, and industrial sponsorship from British
Aerospace, Racal, Oxford Instruments, Defence
Evaluation Research Agency (DERA), Farnell and Vision
Engineering was well as SME (small and medium sized
enterprise) sponsors Chemotronics and Celab, all
competitors will take prizes away from the contest.

Director of the Fed?ration of the Electronics
Industries and Chairman of the Top Technican Board
Brian Arthur said: “All the technicians who enter the
skilis contest are winners because they represent the
very best of the UK industry’s skills and training. This
year we shall be able to recognise that, by giving reaily
good prizes to all of the competitors, not just the
winners.”
| The 1998 Top Technician contest will hold five regional

Listed key features of the device Include, among cthers:

- True 16-bit analogue to digital conversion

- Up to 10 msps sampling

- Jp to 8 Mega-samples on on-board memory

- Multipie record mode for optimising the on-board memory

- Free GageScope ‘scope emulating software

- drivers in DOS, QNX, Windows 31, ‘95 and NT

- Support for LabView, HP VEE, | abWindows CVI and MATLAB

Numbered among the typical applications listed are infra-red
imaging, radar, lightning testing, cellular communications, uttrasonic
testing, vibration analysis, laser diode characterisation, etc.

For further information contact Bob Giblett, Strategic Test and
measurement Systems Ltd., 11 Ashton Road, Wokingham, RG41
1HL. Tel 0118 979 5950 fax 0118 979 6951 emall
BobG@strattest.co.uk

finals in Scotland, Northern Ireland, Wales and the North
and South of England on the 1st and 2nd of July, with the
winners going on to the Electronic Components industry
Fair ‘98 which will once again host and sponsor the UK
final as a major event in the exhibition. Brian Arthur says
that this year's stand will be a high-tech design reflecting
the important status of the electronics industry. :

The competition is co-organised by the Engineering
Training Authority (EMTA), The Federation of the
Electronics Industry {FEI), The Institution of Electrical
Engineers (IEE), and the new Institution of Electronics
and Eiectrical Incorporated Engineers (lIE), and is
recognised by UK Skills as part of the national framework
of skills competitions covering every industry sector.

Suitably qualified technicians seeking to enter the
competition should contact The Competition Organiser,
IEE, Michael Faraday House, Six Hills Way, Stevenage,
Herts SG1 2AY. Tel 01438 767 283 fax 01438 742856 email
sstewart@iee.org.uk

Companies wishing to support and benefit from the
contest should contact Brian Arthur, Director -
Components and Manufacturing, FEI, Russell Square
House, 10-12 Russell Square, London WC1B 5EE. Tel
0171 331 2004 fax 0171 331 2056 email barthur@fei.org.uk
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RD Research B2Spice Agents in UK

SPICE circuit simulation B2SPice and B2Logic
(mentioned by Owen Bishop in Spiced Circuits part
7, ETI 4/1998) is available in the UK directly from
the UK agent, RD Research, For more information
and prices, contact RD Research at Research
House, Norwich Road, Eastgate, Norwich NR10
4HA. Telefax 01603 872331 email
rd.research@paston.co.uk

RD Research also handle computer modelling,
network and Internet products and Year 2000 date
compliance.

Sub-credit-card sized RF smart card
incorporates its own coupler and
antenna

The Micro680 contactless smart card reader from Gemplus
is smaller than a credit card. The reader is designed for use
in small devices such as handheld card readers, card
refoading terminals and vending machines, as well as larger
devices such as bus validators and ticket machines. The
Micro680 is based on the widely accepted MIFARE
contactless standard.

Contactless card technology is becoming more
widespread and Is not starting to appear in new card
applications such as teleticketing, toll collection, access
control and electronic purse systems.

As well as small size, the Micro680 is easier to install
because it is in a single piece, combining the coupler and
antenna, and occcupies less space in the hardware.

Contactless smart cards do the same work as protected
memory cards, but use RF technology to communicate with
the card reader instead of being inserted into the reader.

The card transmits transaction data, and records data
received when passed within 8 to 10 cm of the reader,
Contactless cards can reduce transaction times by 20 or 30
times compared to insertion cards.

For more information contact Lisa Coley at Gemplus
Ltd., New Lane, Havant, Hants PO9 2NR. Tel 01705
486444 fax 01705 472 081. Website www.gemplus.com

BT one-handset phone system for home

and mobile to launch this autumn

British Telecommunications will launch this autumn the
first telephone service which merges a GSM mobile
handset with a domestic telephone line at a single
number for members of the public. The business version
of BT’s OnePhone was introduced last year after on-site
trials in June 1997.

Around the house, the OnePhone iogs onto the fixed
phone network like any digital cordless phone. Once
outside its 300-metre home range, the phone switches
to a GSM mobile network to act as a fully functional
cellular phone. Users can have a new, single number
that reaches the phone in either mode.

BT is pleased that the release gives it (and the UK) a
lead over the rest of the world in integrated phone
networks. Swedish company Ericsson has been working
with BT’s own research laboratories to develop the
technology. The OnePhone service will gradually be

developed to include further services such as-access to
email, fax and the Internet.

BT Mobility Solutions General Manager Eric
Guilloteau said at the release: “Up to now, the emphasis
has been on making products smaller. We are now
moving to an exciting, practical new dimension - we're
making them fewer.”

BT’s new style service follows closely in the wake
of many mobile users who have given up using
fixed-line telephone services altogether, preferring
to rely on their mobiles. Around the house, it has
long been known that the old Rabbit ex-cellular
digital phones, used as home cordless systems,
provide a much higher quality than most domestic
cordless phones.

For more information about the BT OnePhone please
contact Band & Brown Communications, tel 0171 419
7000 fax 0171 419 6969 email martin@bbpr.com
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Smaller and lower cost from
crystal suppliers

Advanced Crystal Technology are
featuring “the first genuine surface
mount voltage controlied crystal
oscillator (VCX0)” (shown) as well the
smallest reai-time clock module (both by
Epson) and the lowest-cost crystais for
surface mount in their list of product on
show in the first half of 1998.

ACT maintains one of Europe’s
fargest stocks, and is currently
extending its range of Epson products,
inciuding technical data and price
information in its enquiry response
information, to provide quick quotations,
competitive pricing and technicat
support. B

For more information contact Wayne
Axten, Advanceq Crystal Technology
Ltd., 9 Kingfisher Court, Hembridge Rd.,
‘Newbury, Bertks RG14 55J. Tel. 01635
52820 fax 01635 528443. Email
info@dryden.co.uk

Multi-channel graphics card can handle
a mixture of monitor sizes

Specialist display technology and digital video company
imagine Graphics has announced the Jeronimo J3 series
of multi-channel graphics cards for PCs. This release
follows the 1997 introduction of the Jeronomo J2 series,
which has been quickly superseded by the J3 series. The
new series cards start at £470 plus VAT for a 2-channel,
2MB per-channel card to £925 plus VAT for a 4-channel,
AMB per-channel card.

The Jeronimo J3 cards use the high-performance 64-bit
Laguna 2D and 3D graphics processors from Cirrus Logic.
These address directly ultra-fast 2- or 4-MB rdram
memory with a bandwidth of 450MHz. The card will
display up to 1600 x 1200 resolution at 75Hz refresh with
4MB of memory per channel fitted. A bridge chip from
Digital ensures that the Jeronimo cards are fully
compatible with the latest Pentium Il motherboards
compliant with the PCi 2.1 standard.

Special driver and utility software HydraVision is
supplied with the cards, enabling users with Windows ‘95
and NT4 to control precisely the positions and sizes of
multiple windows on multiple screens. HydraVision alsc
enables different resolutions and refresh rates to be set up
for each monitor, so that a mix of monitor sizes and makes
can be used on the system - a feature which Imagine
Graphics announce as unique to the Jeronimo family. Up

to 16 screens can be driven from four Jeronimo J3 cards
In one PC. Drivers for Windows 98 and NT5 will be
available on the formal reiease of these new operating
systems.

Imagine Graphics has developed special 16 x 9 drivers
for the Jeronimo cards to drive wide-screen CRT and flat
panel plasma displays for use in public information and
dealing-room applications.

For further information contact Norman Garland,
Managing Director, Imagine Graphics, Lancaster House,
61 Lancaster Road, St. Albans AL1 4ER, UK. Tel 01727
844744 fax 01727 811660 email ngarland@imagine-g.com
website www.Imagine-g.com
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Incorporated Engineers get a new
Institute from merged threesome

Three engineering institutions representing incorporated
engineers and engineering technicians are to be merged
into one engineering institution.

Minister for Science, Engergy and Industry John
Battle launched the new Institution of Incorported
Engineers in electronic, electrical and mechanical
engineering {IIE) in April. The new institution is merged
from the Institution of Electronics and Electrical
Incorporated Engineers (JEEIE), the Institution of
Mechanical Incorporated Engineers (iMechlE} and the
Institution of Engineers and Technicians.

It is hoped that with the increasing demand for
engineers at incorporated {IEng) level a new combined
Institution will provide incorporated Engineers and

Engineering Technicians with a unified and enhanced
voice in the engineering community.

Incorporated Engineers are seen as maintaining and
managing the application of current and new
technologies, and help to drive technology-ted changes
in Industry and business.

The President of the new Institution is Dr. A A Denton
CBE FEng, and the Secretary and Chief Executive is P F
Watson BSc(Eng) CEng, FIEE FIMechE FIMgt. Copies of
the lIE's promotional literature can be obtained from the
Membership Secretary, The Institution of Incorporated
Engineers in electronic, electrical and mechanical
engineering, Savoy Hill House, Savoy Hill, London WC2R
OBS. Tel 0171 836 3357 fax 0171 497 3006 Email
iie@dial.pipex.com Not to be confused with the IEE
{Institution of Electrical Engineers).

T—High;r memory-density flash memory
| cards from Hitachi

Two new units have been added to Hitachi Europe’s range of
| flash memory cards. The 45-MB HB286045C3 CompactFiash
card and the 150-MB ATA format HB286150A3 ATA format
| card provide very fast transfer rates of up to 8MB per second

to and from the host, and exceptionally low power
| consumption of only 150mW.

This style of flash memory reflects demand for greater

storage capacity in applications such as handheld PCs and

| digital cameras. Higher density is a particularly important factor
for these applications. A picture taken with a “megapixe|
digital camera, for example, can take up to 1MB of memory.

Hitachi now offers CompactFiash cards with 8, 15,30 and
45-MB capacities and ATA cards with 8, 15, 30, 45,60, 75, 90
and 150MB. All the cards are based on Hitachi's 64-Mbit AND-
Flash device and single-chip microcontroller, which combines
high programming speed of 400kbits per second, high
capacity and very low power consumption.

Hitachi is the only company that designs and manufactures
the flash memory chips, the controller and the component
packaging in-house, allowing it to optimise speed, power and
capacity.

The very low power consumption offered is important to
extend battery life in portable applications. The third generation

| HB2860XXC3 and HB28BXXXA3 series dissipate 150nW, 40

Year 2000 PC analysis software from
Maplin

Maplin have brought in a software package, Prove It 2000,
to help with the Year 2000 date problem that is likely to
affect many computer systems at the turn of the Millenium

or sgoner.

A recent independent survey rated the 2000 test product
best out of 16 tested. it is suitable for us on all IBM-
compatible PC hardware and runs on a single floppy disk
so that the operating system and hard drive applications
are not interfered with. The user is guided through eight

percent less than the previous generation of flash cards.

The company expect that reduced manufacturing costs and
higher density will widen the applicaticns field to including
applications like network hubs and routers, Point of Sale
systems, text and measurement equipment and LCD
projectors. All the cards are available ex-stock in small
quantities.

For more information contact Vince Pitt, Hitachi Europe
Ltd., Whitebrook Park, Lower Cookham Road, Maidenhead,

! Berks Si6 8YA. Tel 01628 585163 fax 01628 585160.

tests, including checking the real time clock, the BIOS and
the operating system, as well as leap year and non leap
year compliance. A hardware report gives a clear indication
of pass or fail, will a full explanation of each test. In many
cases, the BIOS problem will be automatically fixed.

The disk also has a help file with additional
rhanufacturers’ phone numbers and website URLs.
Technical support and advice is supplied by Softbank
Services Group.

Prove It 2000 costs £34.99 from Maplin stores and mail
order catalogue. For further information call 01702 554155,
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LCD controller takes a messages in

many languages via Windows 95

“User Interface Magic® - Lascar Electronics has launched
the DMX C4 LCD character display controller to allow panel
builders, even those with a modest level of electronics and
programming skills, to integrate a message display into
their products with a minimum of time and complexity.

The DMX C4 is deisgned to work with most industry-
standard 1-, 2- and 4-line LCD character displays, and can
safely store up to 100 messages, each up to 80 characters
| long, in permanent memory. The card combines a

character display controller with a message storage area.
| The storage area can be divided into language pages,
| allowing the end-product to be easily reconfigured for a
particular country or language region without the need for
reprogramming.

Messages stored in the DMX C4 can be recalled on the
character display via the card's serial or paralel port, or by
connecting microswitches or sensor switch outputs to the
card.

No specialist software is needed, as all text messages
are written on-screen and downloaded into the card via the
Windows 95 built-in HyperTerminal package. A separate
programming cable is available to connect the card to a
Windows 95 PC.

For more information contact the manufacturers, Lascar
Electronics, Module House, Whiteparish, Salisbury,
Wiltshire SP5 2SJ. Tel 01794 884567 fax 01794 884121

New version of pro UK-develqped

SPICE simulator ~

Newbury Technolegy have released V2 of their
analogue simulation package SIMetrix, The new
version offers Monte Carlo analysis, components
sweeping and a set of advanced post analysis
features such as automatic rise and fall time
calculation.

Based on Spice 3, SIMetrix is developed in the UK
and features a full Integrated schematic editor with
multi-level undo, comprehensive waveform analysis
capabillities such as FFTs, schematic cross-probing
and real time waveform display. It also supports
transient, dc¢, dc sweep, ac, noise and transfer
function analyses while device support includes lossy
transmission lines, arbitrary sources and Gaasfets.
Newbury Technology have carried out further
development of the simulator core and claim much
improved convergence performance allowing a wider
range of circuits to be analysed than other PC-based
packages.

Other features supported include a full-featured
Basic-like scripting language allowing automation and

customised post simulation analysis; user definable
keys and menus; annotation of schematic with bias
point voltages, and a new Mosfet model designed for
vertical devices with non-linear gate-drain
capacitance.

A model library containing around 1500 devices is
supplied, comprising bipolar transistors, diodes,
Mosfets and simple logic devices. In addition, a
number of op-amp models from various
semiconductor manufacturers are also provided.

Full support by phone, fax or email from the
developers of the software is provided free of charge.
Newbury Technology maintain a web page providing
the latest information on the package including new
version releases, FAQs (frequently asked guestions)
and Internet sites for manufacturers’ device models.

The package was marketed at £295. A free demo
version of the full working program with some more
advanced features disabled and a simulation run-time
limit is available on CD-rom

For more Information contact Newbury Technology
Ltd. Tel 01635 866395 fax 01635 868322 email
jrw@newburytech.co.uk

OVERSEAS READERS

To call UK telephone numbers, replace the initial 0 with your local overseas access code plus the digits 44.
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Getting to Know

Surface Mount

DIY construction with surface mount components is a definite option
these days. Robin Abbott describes the basic processes and offers a
couple of useful examples for experimentation.

urface Mount Technolegy {SMT) is a relatively

recent development that is now alimost universal in

manufacturing industries. Traditionally surface

mount has been ignored or avoided by the non-

industrial press because surface mount
technology has a reputation of being a "black art”, too difficult
to handle by manual technigues. In this article | shall look at
various forms of surface mounting, and the technigues that
can be used by the amateur constructor with surface mount
components. | hope to show that it is quite possible to use
surface mount technology for projects and not just in
commercial production.

Traditionally, printed circuit board technology has been
based on through-hole mounted components. This type of
component has a limitation on its minimum size, because it is
mounted on its wire connectors, and these must be strong
enough to support the component body. Further restrictions on
how close cne hole can be to another also limits the minimur?
distance between component wires, and so also limits the
minimum compenent size. With surface mount technology, the
components, which may be made as small as possible, are
mounted directly on to the copper side of the printed circuit
board. As components do not necessarily reguire wire
connections, but simply a termination built into the component
body, they can be made much smaller than through-hole
components.

Because the components are mounted on the surfaced of
the pcb, and not through it, different sets of components can
be mounted on each side of the board. Component densitles
can be more than doubled just by this method.

The primary reason for using surface mount technology
Is this reduction in board area. Smaller boards ¢an be
built, or greater functionality achieved in the same area.
The smaller board size, together with the lower materials
cost for surface mount components, reduces production
costs. For some semiconductors the very high pin count
required can only be achieved by using surface mount
techniques.

Surface mount components

Most two-lead surface mount passive components fit into
rectangular packages, where the termination of the
components is formed around each end of the package.
Figure 1 shows a typical package.

SOLDER END CAPS

\

Figure t: two-leaded surface mount package

These component package sizes are normally described in
the form xxyy, where xx represents the length of the
component in hundredths of an inch, and yy is the width of the
component in hundredths of an inch. A popular surface-mount,
resistor size is 1206, giving a package 12 hundredths of an
inch long, and six hundredths of an inch wide. In metric
dimensions, this is approximately 3mm by 1.5mm. The height
is usually so low that it is not normally quoted in the package
type.

Resistors are supplied in a number of package types, with
1206 as the largest, and 0805 quite common, Smaller devices
such as 0603 and 0402 are alsc available, with 0201 being
used for very specialised applications, mainly in Japan.
Components smaller than 0603 probably too small to handle
manually reliably, even by the most dextrous constructor.

Resistors normally have their value printed directly on the
package. The value is given as a three digit number, the first
two numbers being the first significant digits of the value, and
the last number being the power of 10 to which the first digits

ELECTRONICS TODAY INTERNATIONAL




are multiplied. Fot example a 10k resistor will be printed with
the value "103, and a 470R resistor with the value 471. The
resistor value can be very hard to read without a magnifying
glass, and on the very smallest components it Is not printed at
all. You know the value by reading the packet {usually a plastic
strip supplied in a roll). Once the component is separated from
its packet, it has no readable identlty. Keeping a junk box of
used surface mount components is pretty thankless.
Capacitors come in a similar package 1o resistors, but can
be bigger for the higher values and the height may be greater
than a resistor for the same length and width. Electrotytic
capacitors are much bigger than resistors, reflecting the
increased complexity of construction. Larger electrolytic
capacitors are becoming more widely available, particularty in
tantalum form, however, there-are a number of circuits which
still use through-hole techniques for large capacitors, with
surface mount for the rest of the board. Surface mount
capacitors can be much more sensitive to board flexing, and
thermal effects, than the through hole versions. Capacitors are
also rarely marked with their value, and it Is important to keep
track of capacitor values from the moment they are bought.

Transistors and semiconductors

The maiority of small transistors are supplied in SOT23
packages. This package type has three leads (Figure 2). The
{eads of a SOT23 package are formed already bent over, and
are soldered fiat to the board.

Figure 2: SOT-23 transistor/diode package

The larger packages used for surface mounted
semiconductors have a lead spacing half the width used for
through-hole components. The leads are usually on a pitch of
1.7 millimetres, or one-twentieth of an inch. The width of the
package is half the width of the normal through-hole package,
so is 3.8 miltimetres, or 0.15 of an inch. These packages are
also soldered to the board using the guil wing leads (figure 3).

Some larger semiconductors are supplied in square
packages which have leads on each side of the package. The
connections can be gull wing, J tead, or simply small copper-
plated connection points on the side of the package {figure 4).
These packages types are Quad Flat Pack (QFP), or PLCC
{Plastic Leaded Chip Carrier). The PLCC package may be fitted
into a socket which mounts on to a PCB using conventional
through hole technology, or may be fixed using solder paste.

The largest semiconductors are now supplied in ball grid
arrays {BGA), which have small solder connection points on the

Figure 3: SOnnn ic packages

underside of the ic package, and it is the heating of the board
which melts the solder connections of the Ic directly to the
board. The connections are not visible once the package has
been soldered. These package types are PBGA, CBGA., and
TBGA, standing for Plastic, Ceramic, and Tape Ball Grid Arrays
respectively. The different types of package have different
melting temperatures and therefore can require different
handling techniques.

There are becoming available even smaller packages for
smaller semiconductors, described as VSO {very small outline)
packages. These packages have lead spacings of less than
one milfimetre.

Companies such as Mapiin normally only supptly the smaller
components in quantities of 25 or more. Components come in
tape carriers with a peel-off plastic seal. The seal prevents the
components from being affected by atmospheric
contamination, and components should only be removed from
the tapes immediately before for use (this also helps to prevent
them getting lost). Not only are many surface mount
components not marked, but a number of SOT23 tape cariers
are labelled not with the component type, but with the
manufacturer’s code, or a date. For thils reason it is worth
labeling all tapes as scon as they are purchased.

SM for small production projects

Currently the majority of components are stil- available in
through-hole as well as surface mount packages. This situation
seems likely to continue for some time to come, due 1o the
large number of existing equipments which still use through-
hole techrology, as well as the equipment currently in use
which still requires maintenance. In addition it is still far easier
to build and maintain prototype circuits built using through-hole
technology than it Is to use surface-mount. The largest
semiconductor packages in the square packages are the only
components generally available in surface mount form only,
because there are no through-hole technologies suftable for
the very large number of connections reguired by these
devices. Even here there are sockets and adapters available to
allow the devices to be mounted on a through-hole board.

It is possible that in future some devices will only be
available in surface mount form, and when this time comes
then it will be necessary for amateur and educational
constructors to become more familiar with surface mount
techniques.

The other time when it is essential to use surface mount
components for non-production projects, is when the
advantages of gained in the small physlcal circuit size are the
only way in which components may be fitted intc a certain
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space: In this article we shall look at two simple projects which
fall into this category. At present it is almost certainly not worth
using surface mount components for any other use than in
commercial production.

Even with this constraint it is still the case that for clrcuit
development where designs are to be tested, or where
functionality is not certain then prototypes must still be built
using through hole technigues, and once operating
successfully can be transferred to surface mount.

Obtaining SM components

Mapiin now stock a variety of surface-mount components, and
are a good source, Surface-mount components are usually
available more cheaply than their through-hole versions,
because they are simpler to make and contain less material.
For hand assembly it Is usually worth getting the larger*
packages. For example 1206 resistors are reasonably easy to
solder by hand, but smaller devices can be very difficult.
Surface-mount componants with a lead pitch of one 20th of an
inch are probably the smallast that it is a feasible to fit reliably
by hand.

Please note that surface-mount resistors and capacitors are
not usually available in the same tolerances and voltages as
their through-hole equivalents. Care must be taken to make
sure that the surface mount components are sufficiently highly
rated for the task.

e
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Figure 4: chip connections

Designing SM boards
Although surface-mount prototyping boards are available, the
most sensible method of construction for surface-mount fs a
printed circuit board. The prototype board loses the
advantages of small component sizes when the components
have to be wired together with leads which require larger pads
to connect them to the board.

PCB design for surface mourt Is different from designing for
a through-hole board. The lead spacing of components is much
smaller than for through-hole, and it is usually not possible to run

the pcb tracks between the leads of components with the same
ease as on a through-hole design, However surface-mount
designs have the advantage that there Is no drilling required
except for through connections between the sides of a board.

The ability to place some circuit areas on one side of a
board, and others on the opposite side, allows for circuit
designs not previously possible. For amateur construction of
through-hole pcbs it has normally been very difficult to get
registration between the images on both sides of the board.
With a double-sided surface-mount board this may not be so
important. For example a radio receiver may be constructed
with the RF/IF sections on one board side, and the audio
amplifier sections on the other side of the board. Connections
between the two sides of the board are limited to power and
the audio connection.

| have constructed surface-mount boards using both
photographic techniques, and the Press’'n’Peel system. For
those who are unfamiliar with the Press’'n'Peel system, this is a
proprietary method of producing printed circuit boards without
having to go through a photographic process. The pcb track is
printed in mirror image on to a special sheet using a laser
printer or photocopier. The image is then transferred directly on
to blank pcb material by carefully Ironing the reverse side of the
sheet. It may then be etched in the normal way.

The photographic technlque is considerably harder, but
results in a cleaner board construction. The Press'n'Pesl
technique requires less equipment, is considerably faster, but'|
have found that it resuits in slightly more ragged tracks.

PCB design is possible by hand, but for surface-mount it is
almost essential to use a computer due to the smail size of the
component pads and tracks. | have found that tracks as
narrow as one point, or 0.36mm, are the smallest that can be
used with simple photographic technigues, or the Press’n’Peel
system. The component pad size can be extremely small, in
fact it is possible to use component pads which are the same
size as the termination on the component. However, it is better
to allow a small area, 0.5 milimetres typically, around the
component termination to ensure a good joint. Figure 5 shows
pad sizes, which are shown at the very minimum size, for a
number of component types. PCB design packages normally
have surface-mount outlines in libraries supplied with the
package. You are not restricted to CAD. | have successfully
used drawing packages, including Micrographx Designer and
CorelDraw, for designing surface-mount boards.

Constructing SM by hand
Probably.thé most important tool for the construction of a
surface-mounted board is a good soldering iron with a fine tip.
It is a very hard to remove a component once two or more
ieads have been soldered to the board, and it is only toc easy
to destroy a component by attempting to remove or replace it.
A small hand-operated vacuum holder is very useful for placing
the component, and a component is lot easier to manoeuvre
using a vacuum holder than a pair of tweezers (which will also
take heat away from the component leads).

| recommend the following technique for hand assembly of
a surface-mount clrcuit board:

if the board is not tinned, tin the connections on the board
for your component using a very small amount of solder. If the
solder forms a small bump above the board surface, use a
solder pump to remove the excess solder. Now the component
may be positloned using a vacuum holder or pair of tweezers,
it is very difficult, if not Impossible, to manipulate a component
using your fingers.
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Figure 5: outlines for use in laying out pcbs. Minimum sizes are shown: in practice, reat outlines for hand séldering are best made

somewhat larger than the dimensions shown

Now use the soldering iron to solder the comgponent's first
lead to the tinned board. Usually there is sufficient solder to
ensure that the component is firmly fixed to the board. if the
component is not correctly positicned, then reheat the joint
with the soldering iron, while carefully and precisely re-
positioning the component using the tweezers. Once the
component is correctly soldered to the board by one of its
leads, then the other leads may be soidered to the board using
fine solder, and the briefest application of the iron. Once this
has been completed successfully, then the first lead may also
be re-soldered to ensure that it is properly fixed.

L et me warn you again that it is almost impossible to
reposition a componeQ reliably ane two or more connections
have been soldered. Positiontfie component correctly while
soldering only one connection, then do the other connections.

If you are using solder paste, this is normally supplied in a
syringe. The paste may be applied to each of the component
pads, using a small amount - sufficient just to stick down the

vVa

-

LED1-10
Q1-Q3

Resistors
'R1-8,R10,R12  330R 1206 Mag
'R9,R11,R13,R14 10k 1206 Map

Sl 9],

Maplin JB70
Maplin DC71

component and sgueeze a small amount of paste around the
connection. The soldering iron may then be used to meit the
paste on each pin. This technique has the advantage that
components may be positioned more accurately before
soldering, as the paste holds them in position quite well, but
make sure that the component is not “riding up” on a blob of
‘paste, or it may float out of position when soldered). Also,
using this technique, several components may be placed first
‘and then soldered at the same time.

It is quite possible to mix through-hole and surface-mount
technigues on the same board, but care must be taken to
ensure that pads are large enough for the through-hole
components. This construction technigue allows through hole
‘and surface mount components to overlap on different sides of
the board.

'Example projects

There are two surface-mount projects presented as examples
of surface-mount technology. The first is a 20-channel logic
probe, the second is also a diagnostic tool for PIC projects.

The logic probe

This is a simple logic probe for {through hole!) ics of up to 20
pins. Although it is a simple circuit without many components it
may find use in diagnosing circuit problems, and demonstrates
the use of surface mount technology using capacitors,
resistors, transistors, an ic and LEDs.

The logic probe consists of an ic test clip with a small circuit’
board soldered to the top of the clip. There is one LED for
each pin of the clip. The middle 8 pins of each side of the ic
are latched, and normally the level-triggered latch is enabled,
so the LEDs show the state of the pin, however, a latch input
may be used to hold the state of the LEDs when it is taken
low.

In practice the clip is attached to the top of a chip, and
the power leads connected to a suitable 5V supply on the
board. The LEDs will light to show those pins which are
high. To hold the state of the pins the button may be
pressed. Alternatively there are two hold inputs {one hold
low, one hold high). The hold inputs may be connected to
any pin on the circuit so that the LEDs will show the state of
the pins when the hold pin is in a specific state. This is
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useful to check the output pins of a device when the clock
is triggered for example. One board may be connected to
each side of the clip if it is reguired to examine both sides
of a chip simultaneously.

The circuit diagram is shown in figure 6. The heart of the
circuit is a surface-mounted HCT573 device. This is an 8-bit
level-triggered octal latch. It is used here because its pinout
has the latch outputs on exactly the opposite side of the chip
to the input, which allows the pcb design to be more
straightforward. An HCT device is used instead of the HC
device because it has TTL compatible Inputs as well as
accepting standard CMOS levels. The outputs of the chip are
sufficient to drive LEDs at about 13mA through resistors R1 to
R8. The two end pins {cne of which will normally be a power
pin) are not latched, and simply drive LEDs through transistors
Q1 and Q2. The latch input of IC1 is pulled high by a 10k
resistor so that it is normally enabled. It may be disabled by
pushing button 1, by pulling the pin directly to ground, or by
pulling R14 high which disables the latch input through
transistor Q3.

The circuit board overlay is shown In figure 7. Note that IC1
is an SO16L package 10mm wide, which makes it easier to
handle than smaller devices. The first component to be
soldered is !C1. Carefully tin the pad for pin 1, and position the
device on the board. Now solder pin 1. If it is not exactly
placed, melt the solder again and carefully manoeuvre it into
position. Now hold the device so that all pins are exactly over
the pads, and solder pin 11 into place. Ensure that the device
is now correctly positioned on all sides, and then sclder the
other pins. If solder shorts out two pins then the iron may be
replaced, and a solder pump used to remove and clean the
tracks.

Follow this by soldering in the resistors, C1, and the
transistors. Check any component connections which run
close to adjacent tracks with a multimeter to ensure that there
are no shjort circuits as each device is soldered. Finally the
LEDs may be fitted. Note that LED 9 and LED 10 are fitted in
the opposite direction to LEDs 1 to 8. Note also that the
cathode of thie LED (which on a traditional round LED is
marked with a fiaf) is marked with a small indentation on the
corner of the square LED package. This indentation should be
to the right for LEDs 1 to B8, and to the left for LEDs 9 and 10.

Finally, solder the board to the top of the IC test clip. The
board is powered from two flying leads which should have
miniature test clips on the end to the 5V supply on the board.
The board has very little to go wrong, and provided that there
are no short circuits will cperate immediately.

A serial diagnostic tool

The second project is the diagnostic serial interface used in
this issue’s Advanced PICs series. Surface mount technology is
used to fit a small circuit with eight components on to a board
just 13 millimetres square. The circuit diagram is shown in
figure 8. This is a straightforward circuit and is not described
here. Its use is described in the PIC article in this issue. The
board is intended to be fully fitted into a 3-pin D connector
case with four leads which connect ta the circut under test
using crocodile clips.

Figure 9 shows the board layout. This style of construction
is used to achieve the minimum size for the project. All the
components are surface-mount devices except for C1 which is
a 100uF capacitor mounted externally. The board is mounted
by pads which are directly soldered to three of the pins of the
nine-way serial socket.

Note that this board is considerably tighter than that for the

first project, and greater care must be taken in its construction.

The pcb can be made by photographic or Press'n’Peel
techniques. Ensure that the tracks are separated with a sharp
knife after etching.

The gap between the rows of pins is narrower than the
width of the pcb, so the end of the circuit board which is
soldered to the serial connector must be carefully filed, or
pared with a knife, to reduce its width so that the board can-fit
between the pins as shown in figure 10.

The surface-mount components may be placed and
soldered first, the order of construction is not important. This
board is quite hard to build, and it is worth checking all the
connections for short circuits with a muftimeter before
continuing.

Pin number 1 of the 9-pin socket should be cut off with a
wire cutter so that it does not touch any of the components of
the board. The board may then be soldered to the serial
socket. Note that the three pads on the board are scidered to
pins 2, 3 and 5 of the socket. C1 may now be wired between
the ground connection and the capacitor connection of the
board. Note that the ground wire is scldered into the same
hole as C1, and therefore it may be better to twist the lead of
C1 and the ground wire together before inserting into the
ground hole.

There are four wire connections to the board, two power
connections, and two data connections. For the prototype
tests leads with a crocodile clip at each end were used, cut in
haff before soldering them to the board. The board may be
tested (as described in the Advanced PICs article in this issue},
and then fitted into the connector shell. The best way to fix the
wires and board into the shell is to fill it with potting
compound, or to giue the wires into the case using silicone
rubber, or epoxy cement.
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simultaneously solders all the
IC TEST CLIP ;';0’3 Ax components on the board at
2 o he o ° ; once. As the components have
! e i A g a low mass, and a lower
3O s | Pt R10 density than solder, they tend
7 1 X et to float into position on the
G T TP [
L ICTESTCUP 10k solder pads pulled into place
s O—% 14 ’ ar by surface tension. This is
° o i known as the self-centering
s o— B e e | effect, or “swim-in". It actually
D n I |/'|/' ' T p pulls larger components such
o ” as Ball Grid Arrays into place
8 O>—2 18— B4 227 as well.
ik R12 At the heart of an automated
» [o—4 ¢ 3308 surface mount production line is
Tﬂm s e T . the pick and place machine.
€ 10 o These machines can
" - " automatically place thousands
of components per hour onto
boards. Component placement
Y rates of 8 to 10,000 pieces per
%On hour are not uncommon. The
. pick and place machine has at
its heart one or mere vacuum
placement heads which pick up
| i - components from a cassette
Figure 6: the logic probe circuit tape, move the board as
necessary, and place the

Commercial SM techniques
Production lines make use of highly automated assembly tools
to construct circuit boards very rapidly. PCBs for production
equipment may be double sided, or for very high density
appligations may have a number of buried track layers to
ensutie connectivity without the need for wire links and
jumpérs. As for a normal through-hole board, the surface-
mount pab will be plated and printed with a solder mask.
However, the surface-mount board will then be screen
printed with solder cream on the component terminations.
The components may be placed on to the board and held in
place by the solder cream, which is slightly sticky. For bigger
components, glue may be used as well. Once all of the
components have been placed on the board, it is passed
through a hot oven which melts the solder cream and

components to an accuracy
which can exceed 0.5 micrometers in the more advanced
machines. Typically there may be up to 150 tapes for a pick
and place machine. Where there are more component
varieties than this, pre-sorting of more than one component
type per tape is required.

Some pick and place machines include optical recognition
systems which are capable of determining the exact
orientation and position of a component as it is lifted from a
cassette. This allows a wider variety of components to be
recognised and used. For example, figure 11 shows the wide
variety of component types which can be placed by the
Panasonic NM2544,2545 pick and place machine. Most of
these components are too specialised to be available to the
smali scale constructor. Figure 12, on the other hand, shows
some SM components that are available to the home
constructor - life size.

Figure 7: the logic probe component layout

Figure 8: the diagnostic sernal interface circuit
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Reworking and
maintaining SM bdards
Clearly with the smaller component
sizes used in surface-mount, specialist
tools are reguired when reworking
boards to replace failed components,
or to make modifications. The two-
leaded components are relatively easy
to remove provided that both ends of

COMPONENTS

9 PIN D-SOCKET

P

g

PINS

the component can be heated at the
same time. It s virtually impossible to
remove surface mount components by
using a desoldering pump, as there is
nearty always residual solder under
the component which holds it in

BOARD

R
O
/

BOARD FILED

Figure 10: fitting the board to the socket

place.
Semiconductors and other components with a large
number of legs are much more difficult to remove.
Components with gull wing legs can usually be removed by
heating each leg in turn and bending it up from the board
with a sharp knife. However, this is much easier If it is
permissible to destroy the component in the process. A hot
air gun may be used to meft the solder on all the legs of a
component at once, at which point it may be removed.
However, a hot air gun can be indiscriminate. One of the
snags with surface mount assembly {and this is true for

Figure 9: the diagnostic serial interface component layout

industrial machinery as well as small scale construction) is
that it is only too easy to disturb surrounding components
when treating a small area.

PLCC or QFP devices can be removed with a special
soldering tool incorporating a frame which fits around the
entire device heating all the terminations simultaneously. The
complete device may then be lifted complete from the
board.

Ball Grid Array devices are much harder to remove as the
solder connections are hidden under the device. Figure 13
shows a rework station for BGA components, in this case
the Weller WQB 2000. At the heart of the device is a
vacuum head with a hot air soldering tool. There is also an
infra-red heater in the base plate of the unit. A board
containing a BGA for repalr is placed on the base unit and
heated through the board. The BGA is also heated from
above by the soldering tool. After a predetermined time the
vacuum pump is activated and the BGA is automatically
lifted from the board. Both the BGA and the board are then
thoroughly cleaned, and a stencil is used to apply solder
paste to both the BGA and the board in exactly the right
positions. The BGA may be heated with a hot air gun to
reform the soldgr-balls, and then all the processes are
reversed to resolder the device.

Ball Grid Arrays are a relatively new development, and are
only used on the most expensive egipment. For these
reasons, the manual rework process is still cost effective.
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Figure 11: component types used with the Panasonic Panasert NM2544/2545 component placement machine
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Figure 12; Life-size surface mount SOT23 and SOT223 transistors
plus 1206, 0805 and 0603 resistor packages. The 0603s can be
soldered by hand - but we don’t recommend it for first timers

Further information

The purpose of this article has been to demystify surface
mount technology, and to show that in the right place surface
mount is straightforward to design and use. | recommend that
interested constructors build one of the example projects just
to assist in familiarisation with the technology.

The surface mount components for the projects described
in this article are all avallable from Maplin: PO Box 3, Rayleigh,
Essex SS6 8L. Tel 01702 554161. Press’n’Peel etching
supplies can also be obtained from Maplin.

(1) waB C Time Control Module: Time data taken from
temperature profiling of a component is stored to control the
temperature during the reworking process. 6 parameter steps
and up to 20 process programmes can be stored in this
module

{2) wQB P Pre-Heating Plate supply. Analogue temeprature
control gives Infinite variable temperature settings betweel 50-
450 degreesC.

(3) WQB A Hot Gas Unit powers the hot gas temperature and
gas flow (compressed air or inert nitrogen) to the rework
nozzles.

(4) Base plate with substrate pre-heating plate. The infra-red
induced pre-heating plate has an output of up to 280W,
allowing heavy duty boards to be reworked.

(5) Tool selector, Three vertical slides adjust the soldering toot
onto the requried reflow zone

(6) WQB V soldering head with rapid-change tool holder and
vacuum lift. After the required reflow time, the component is
raised automatically from the PCB inside the nozzle housing

(7) Enclosed Hot Air Nozzle casing design ensures that the
required heat is guided precisely to the area to be reflowed.
Nozzles are interchangeable for component size

(8} Alignment templates, vacuum nozzle and printing
templates. A BGA alignment template is fixed to the board in
the gap left by the removal of the defective component. The
new component is dropped into the template; a vacuum nozzle
then lifts and retains it while the solder paste is printed within
the alignment template area. The vacuum nozzle then lowers
the component into the exact position for reflow soldering.

Figure 13: The Weller WQB 2000 BGA/QFP, an industrial solder reworking system for ball grid array and fine pitch SMT components.
Difficult repair processes: desoldering, printing a new solder paste layer, component placement and resoldering are carried out on a pre-
heated base tabie. Exact repositioning of the component is achieved with a vacuum pick-up nozzle that lifts and lowers the new

component before and after the solder paste printing process.
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30% discount for ETI readers
on a digital multimeter

LP310 £49 including vat & delivery

Vann draper is offering over 30% discount to readers of
Electronics Today International on their LP310 digital

multimeter.

The professional quality LP310 normally sells for
£69.33 but for readers of ETI the price is just £49 fully
inclusive of vat & delivery.

The meter is supplied ready to use complete with test
~ leads, rubber holster, battery, instructions and a 12
month guarantee.

To order simply post the coupon to Vann Draper

~ Electronics Ltd at Unit 5, Premier Works, Canal
Street, South Wigston, Leicester LE18 2PL.
Alternatively tel 0116 2771400, fax 0116 2773945 or
e-mail sales@vanndraper.co.uk

DC volts

AC volts

DC current
AC current
Resistance
Capacitance
Frequency
Continuity
Protection

Size
Weight

Key specifications

: 0.2, 2, 20, 200, 1000v basic accy 0.25%
: 0.2, 2, 20, 200, 750v basic accy 1.2%
: 200uA, 2m, 20m, 200mA, 2A, 10A

: 200UA, 2m, 20m, 200mA, 2A, 10A

: 200, 2k, 20k, 200k, 2M, 20M, 2000M

. 2n, 20n, 200n, 2u, 20ufF

: 2k, 20k, 200k, 2M, 20MHz auto ranging
: <300hms

: 500v resistance ranges

: 2A &10A fuses on current ranges

: 200 x 95 x 55mm with holster

: 5009

Features :

3.5 digit 44 ranges

AC & DC volts

AC & DC current to 10A
Resistance & capacitance
Frequency to 20MHz

Diode, continuity & transistor test
Logic test

Auto power off, data & peak hold
Overload protection

Input warning beeper

Gold plated switch contacts - long life
Protective rubber holster

-

Vann Draper Electronics Ltd

The test &measurement specialists
www.vanndraper.co.uk

Use this coupon for your order
Please supply me :
.......... LP310 multimeter(s) at £49 inc vat & del
Name :

Address :

Tel No :
Total £

Cheques payable to Vann Draper Electronics Ltd
or debit my visa, mastercard or switch card :

Card type :
Card No. :

Expiry date : Switch iss No. :

Signature :

Overseas readers can still obtain this discount
but carriage charges vary according to country.
Please telephone, fax, email or write to
Vann Draper.




WIND GENERATORS 380 WATT

1.14 metre dia blades, carbon matrox blades, 3 year warranty, 12vdc
output. 24v verson avallabie, CONroi econics InChuded. brushiess
neadymium cutue curve afternator, only two moving parts, maintenance
free, simple roof top installation, start up speed 7mph, max output
{30mph) 380w, £499 ref AIR1

HYDROPONICS

DO YOU GROW YOUR OWN?
We have a full colour hydroponics catalogue
available containing nutrients, pumps, fittings,
enviromental control, light fittings, plants, test
equipment etc
Ring for your free copy.

PORTABLE X RAY MACHINE PLANS Easy to construct
plans on B Simple and cheap way I bulkd a home X-ray machine!
Effective denvice, X-ray sealed assemblies. can be ussdfor expenmental
purposes. Not @ wy or for minors! £6/set. Ref FAXPY.
TELEKINETIC ENHANCER PLANS Mystfy and amaze your
friends by creating mobon with RO NOWN apparent means Of cause
Lites RO slectncal of Mechanical connecbons, NO Special gimmicks. yot
produces positive motion and effect. Excellent for science projects,
megic Shows, Darty CemOnstratons of senous research & geveiopment
of this strange and smazimg phychic pHeNOMenon
£a/set Ref FITKEY.
ELECTRONIC HYPNOSIS PLANS & DATA This deta
shows several ways D put subsects under your contral Included s a full
volume reference text and several construction plans that when
assembied can produce highly sffactive sttmull. This matenial must be
usea cautiously. Tl (o USe AS entertainment at pardes eic only, by
those experienced in s use £15/set Ref FIEHZ
GRAVITY GENERATOR PLANS This unique plan demonstrates
a simple slectrical phenomena that produces an ant-gravity effect You
can pctually build 8 small mock spaceship out of simple materals and
WIthOUT any visidie means- cause it to levitare £10/set Ref FAGRAT.
WORLDS SMALLEST TESLA COILLIGHTENING
DISPLAY GLOBE PLANS Produces up to TS0,000 vors of
discharge, expenment with extraordinary HY affects, ‘Plasma in s jar,
St Eimo's fire, Corona, axceiient science profect of Comversation owece
£5%set Ref FBTCIAGS
COPPER VAPOUR LASER PLANS Produces 100mw of
visibla green hght High coterency and specttal quaiity s:milar to Angon
iaser byt easier and less costly Ip bukd yet far more efficent. This
parcuiar design was developed at the Atomi: Energy Commision of
NEGEV it israel £10/set Ref FACVLI.
VOICE SCRAMELER PLANS Mingture 60/ state System tums
speech sound into indecipherable nose that cannot be understood
without @ 5econd matching unit L'ee on telephons ID prevent third party
listening and bugging. £6/set Ref F/VSS,
PULSED TV JOKER PLANS iftte hand held device utfises
pulse techniques that will complatety disrupt TV picture and sound|
works on FM toot DISCRETION ADVISED £8/set Ref F/TJ5
BODYHEAT TELESCOPE PLANS Highly directional long
range device uses recent technciogy to detect the presence of living
bodies, wanm and hot spots, heat leaks stc. Intended for security, aw
anforoement, research and development, atc. Excelient secunty devica
of very interesting science project L8/set Ref F/BHTL
BURNING, CUTTING CO2 LASER PLANS Projects an
invisibie beam of heat capabis of buming and melting matenals over a
considerabie detance. This iasec is one ofthe most efficent, comverting
10%. Input power into useful output NOt Oty il this déniCe § wonMone
In welding, cutting #nd heat processing materials but i s aiso a Hkely
candidate as an effectrve directed snergy Deam weapon against
migsiles. aircref, ground-to-ground, etc. Pardcie beanms may very wall
\nilize a laser of this type Ip biast a channe In the atmosphere fof a high
energy stream of neutrons or oher partickes. The device IS easily
applicable to buming and etching wood. Cutling. plasbcs. texbles etc
f12/set Ret FACT,
DYNAMO PFLASHLIGHT irteesting concagt, i battenes nesded just
squaaze the ingger for instant ight apparently evan wOrks UNOeT water
in an emergency sithough we havent tred R yet! £6 99 ref SC152
ULTRASONIC BLASTER PLANS Lsboratory source of somc
shock waves Blow holes In metal, produce 'cokd steam, Stomaze
Iiquides. Many cieaning uses for PC boards, jewilery, comns, smail parts
etc £ovset Ref FAULBY.
ANTI DOG FORCE FIELD PLANS Highly effectve circuit
produces ime vasable pulses of accoustical energy that dogs cannot
tolerate £84et Ref FIDOGZ
LASER BOUNCE LISTENER SYSTEM PLANS Allows you
te hear sounds from a premises without gaining sccess. £12iset Red Fi
LLISTT
PHASOR BLAST WAVE PISTOL SERIES PLANS
Handhekd, has |arge transducer and battery capacity with external
contros. £6/set Ref FPSP4
INFINITY TRANSMITTER PLANS Tewphone line grabben/
room monitor, The uibmate i homa/office securily and safetyl simple
10 use! Call your home of office phone, pUSh & wBCcTel 1DNe ON YoUI
tetephons to access ether A) On premites sound and vokes of B)
isting convarsation with break-in
£7 Refl F/TELEGRAS
BUG DETECTOR PLANS is that someone getting the goods on
you? Easy to construct device locates any hidden source of radio
enesgyl Snifts out and finds bugs and athes sources of bothersome
interference. Detects low, high &nd UHF frequencies £.5/et Ref Fj
BDY.
ELECTROMAGNETIC GUN PLANS Promects a metal object
2 considerable distance-requires adult supervision £5 ref FIEML2
ELECTRIC MAN PLANS, SHOCK PECOPLE WITH THE
TOUCH OF YOUR HAND! f5set Ref F/EMAYL
SOLAR POWERED WIND UP RADIOS BACK IN! These
FM/AM radic's have a solat panel and 8 hand operated charger £47 95
rof SOLRAD
PARABOLIC DISH MICROPHONE PLANS Listen to drstant
SOuUNds And woloas, Open WINdOwWS, sound sources n ‘hard to get' or

for emengancy

nostile premisas Uses satellfe technoiogy to gather distant sounas
and focus thern 10 our ultra Sensitve Slectronis. Plans also show an
opbonal wireless link system. £8/set ref F/PMS

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY
AND HIGH DC VOLTAGE, SOLID STATE TESLA COIL
AND VARIABLE 106,000 VDC OUTPUT GENERATOR
PLANS Operates on 9-12vdc. many possibie expsriments. £40 Ref
FHVM?! TCLA

COLOUR CCTV
VIDEO
CAMERAS,

BRAND NEW AND, CASED, FROM £99.
Works with most modern video's, TV's,

Composite monitors, video grabber cards.
Pal, 1v PP, composite, T6chm, 1/3" CCD, 4mm F2.8,
500x882. 12vdc, mounting bracket, auto shutter,

100x50x180n) ., 3 months warranty,1 off price £119
ref XEF160, 18 of more £88 ea 100+ €89
Packs of 25 cucult diagrams covering lasers,

SW radhion, gaigers, bugs, char efe. Pack !, Peck?, Packd £4.99 asch
SMOKE ALARMS Mains powered, made by the famous Gent
company, sasy fit next to fight fitlings . power point. £4 99 nef SMI(
CONVERT YOUR TV INTO A VGA MONITCR FOR £26]
Conrverts a colour TV info a basic YGA screen Complete with built in
Pau, leac Bnd shware. xdeal for laptops of a cheap upgrade Supphad
in kit form for home assembly. SALE PRICE £2%5 REF SA34

*45 WATT FM TRANSMITTER Afrsady assembled but some
RF knowieoge will be useful for sefting up. Preamp req'd, 4 stage 80-
108mhz, 12-18weic, Gan use ground pisne, yagl of dipoke £69 ref 1021
“4 WATT FM TRANSMITTER KIT Small but powerful FM
transmitter kit 3 RF stages. mic & audio preamp inctuded £24 ref
1028

YUASHA SEALED LEAD ACID BATTERIES 127 1544 at
£18 ref LOTS and below spec ©v 10AH at ES a pan

ELECTRIC CAR WINDOW DEJCERS Comptlete with catie,
plug etc $ALE PRICE JUST £4.9% REF SA28

AUTO SUNCHARGER 155x300mm solar panel with diode and
3 metre lead fitted with a cigar piug T2v2watt £12.99 REF AUGT10P2,
SOLAR POWER LAB SPECIAL You get 2 6" 6v 130mA
celis. & LED's, wice, buzzer, switch + 1 relay or mator. £7.39 REF
SA27

SOLAR NiICAD CHARGERS 4% AA si2e £9.99 ref 6P476. 2%
C size £9.99 ref 6P477

GIANT HOT AIR BALLOON KIT Build a 4.5m circumfrence,
Huity functioning baliaon. can be aunchaed with home made bumer etc
Reusable (until you loose if) £12.50 rel HAY

AIR RIFLES .22 As used by the Chinese ammy for training
puposes, 50 here 5 @ ot about! £39 95 Ref EFT8. 500 pellets £4.50
rel EFBO.
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ORDER TERMS: CASH, PO OR CHEQUE
WITH ORDER PLUS £3.50 P&P PLUS VAT.

24 HOUR SERVICE £5.00 PLUS VAT,
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INFRA RED FILM 6 square piece of fexibie infra red film that will
only aliow IR ight through Perfect for comverting ordinary torches.
lights, head ights-etc to infra red autput only using standard ght bulbs
Easily cut to shape. 6" square £15 ref IRF2

HYDROGEN FUEL CELL PLANS Loads of informetion on
hydrogen storaga and produchon Practical plans to buikd a Hydrogen
fuel cell (ood workshop faciities required) £8 set ref FCP1
STIRLING ENGINE PLANS tnteresting information pack
covering alt aspects of Surling engines. prctures of home made
engines made from an 2er0sot ca runhing on a candiel €12 ref STIR2
412V OPERATED SMOKE BOMBS Type 3is a 12vingger and
3umoke CANNMISS, BACH CANNSIST wil fill 2 TDOM In & very shortspace
of trme! £14 99 ref SB3, Type 2 15 20 smalier cannrsers (Butable for
simulated squipmant fires etc) and 1 tngger module for £29 ref SB2
Type 115 2 12v tngget and 20 large cannmters £49 rel S81

HI POWER ZENON VARIABLE STROBES Useful 12¢PCB
fitted with hi powe! Strobe tube and coONtrol alectronics and speed
control potentiomater, Perfect for interesting projects etc 7(hkS5mm
12vdc cperstion, £6 ea ref FLS1, pack of 10 £49 ref FLS2
RUSSIAN BORDER GUARD BINOCULARS E£1799
Probably the best binoculars in the worid! ring for colour brochure
NEW LASER PCINTERS 4.5mw, 75 metre range. hand heid unit
runs on two AA batteries {supplied) 870rm £29 ref DEC43

HOW TO PRODUCE 36 BOTTLES OF WHISKY FROM
A SACK OF POTATOES Comprehensive 270 page boOk
covers all aspects of spint production from everyday matenals
includes construction detars of simple stills etc £12 ref MS3
NEW HIGH POWER MINI BUG Wih » range of up o 800
metres and g 3 days use from 8 PP2 this 18 our top selling bugl less
than 1" square and a 10m voice pickup range. £28 Ref LOT102.
BUILD YOU OWN WINDFARM FROM SCRAP New
publicaton gives step by step guide to buliding wind genedatars and
propeliors. Armed wih thts publicaton and § good local scrap yard
could make you self sufficrent in evectncty! £92 ref LOT81

NEW LOW COST VEHICLE TRACKING TRANSMITTER
KIT E29 range 1.5-5 miles. 5,000 hours on AA batteries, transmits
info on car direchon. jeft and night tums, start ahd s1op inforMmanon
Works with any good FM radio. £29 ref LOT101a

CCTV CAMERA MODULES 46X70X29mm, 30 grams, 12v
100mA. autc slectronic shutter, 38mm F2 jens. CCIR. §12x492
preels, video output 1s 1v p-p (75 ohm} Works directly into a scart of
video input 0n 2 Iv of video 1R sensitrve £79 85 ref EF 137

IR LAMP KIT Suitabie fof the above camara, enables tha camars
to be used in tota! darkméss! £6 ref EF138

UK SCANNING DIRECTORY As supplied to Police, MODM15
ard GCHQ coverers everything from secret government frequencies,
wye in the sky, prsons, miltary sviabon etc £18 50 ref SCANB
INFRA RED POWERBEAM Harcheid battery powered lamp. 4
inch reflector, gives out powerful pure infrared light! perfect for CCTV
use, nighisigits etc £29 ref PB1

SUPER WIDEBAND RADAR DETECTOR Detects both
redar and laser , X K and KA bands, speed camerss, and alf known
speed delection systems 360 degree coversge, front

Bearwaveguides, 1192 77xd 6 fits on sun visor or dach £149 cet

CHIEFTAN TANK DOUBLE
LASERS 9 WATT+3 WATT+LASER
OPTICS

Could be adapted for 1aser iistener, kong range communications ot
Double beam units designed 1o fitin the gun barrel of a tank, each unit
has two semi conductor 1asers and motor ditve units for aiignemant
7 mile ranga, no circurt diagrams due 1o MOD, new prce £50,0007 us?
£199. Each unit has two gallium Arsenide injection lesers, 1 x 9 watt,
1% 3 watt, S00nm wavesength, 20wac, 600Nz pulse frequency. The
unfs alsc Contain an slectromc recerver to detect reflocted sgnals
from targets. £199 for one. Ref LOT4
NEW LOW PRICED COMPUTER/WORKSHOPIHIFI
RCB UNITS Complete protection from faulty equipment for
everytodyl inline unit fits in stancarg IEC iead {extends it by 750mm),
fted in wss than 10 seconds. resettes! button, 10A rating £6 95
each ret LOTS. Or a pack of 10 at £49 90 ref LOTE. If you want 8 box
of 100 you can have one for £2504
DIGITAL PROPORTIONAL B GRADE RADIO
CONTROLLED CARS From World famous manufacturer thess
are retums SO they will need attention {usually physical damage)
theap way of buying TX and RX plus servos etc for new progects etc
£20 each soid as seen ret LOT2DP,
MAGNETIC CREOIT CARD READERS AND ENCODING
MANUAL £3.95 Casad with fiylmads, designed 1o read standard
credit cards! complete with contral elctroncs PCB and manual
covening everything you could want fo knew about whats fuciden in that
magnetc stip on your cardl just £9.95 ref BAR31
WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? We have collaied 140 business manuais that gve you
information OR Seng LP dfferent DUSMEsses, YOU peruse Maese ot
your letsure using the text editor on your PC. Also included is the
cortficats snabling you to reproduce [and sel)) the manuals as much
as you like! £14 ref EPT4

HIGH POWER DC MOTORS, PERMANENT

MAGNET

12 - 24v gperation, probably about 174 horse power, body measures
1007 x 75mim with a 60mm x Smm output shaft with a machined flat on
it Fodng Is Simpie usingthe two threaded boits protruding from the front

£22¢a REF motd




In-Line Mains

Monitor

Are you unplugged? Have you hlown a fuse?
Find out first with Terry Balbirnie’s warning circuit.

his monitor emits a loud pulsing sound if the

supply to a piece of equipment fails. One obvious

use would be for kitchen appliances such as

fridges or freezers. However, you will no doubt find

other applications such as for video recorders and
possibly for computer and security items. It could also be
handy for office equipment such as fax machines and
answerphones.

This is a mains control project. If you do not have
much mains construction experience, seek advice from
a more experienced constructor before building this
project.

Cut off

Aithough the mains supply in urban areas is generally reliable,
people living in rural places might experience the power cuts
due to overhead power lines coming down during storms.
Having said that, the most usual reason for failure is that
someone has unplugged the appliance - for instance, to plug
in a vacuum cleaner - and forgotten to replace the correct plug
afterwards. The fuse also occasionally fails inside the UK-type
plug simply due to old age. Readers with an RCD (residuat
current device) in their household mains feed may experience
the odd “trip” for no apparent reason and not notice it during
the day when no lights are on.
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appliance are connected 1o a piece of
screw terminal block inside the unit.
The system is suitable for use with
items up to BA rating {about 1400W
on a 230V supply). In practice, this
means that most pieces of equipment
which could benefit from being
monitcred may be connected.

Puilsed operation

The piezo buzzer used in the
prototype unit has a very low current
reqguirement (10mA maximum) and the
red LED requires a similar smali
current. Since their operation is
pulsed, it effectively reduces the total
average current to around 10mA, and
the specified nickel-cadmium batteries
will provide a full-power waming for at
least 10 hours. They wili then give a
signal at reduced power for much
longer. The prototype unit maintained

Loud warning

Whatever the reason for an interruption to the supply, this
monitor will make a foud noise, and a red LED will flash when 1t
happens. This should attract attention before any damage has
been done. The warning will continue for several hours until
power is restored. if there is no prospect of an early
restoration, the audible warning can be swtiched off. The fault
condition is then indicated by the flashing LED. When power is
restored, the buzzer sounds continuously to remind you to
switch to “normal® again. Then (you will be relieved to hear!) it
falls silent once more.

The monitor will sound if one of the fuses on its own circuit
board blows (providing the batteries are in reasonable state of
charge). In this case the appliance will be cbserved still to be
functioning, so it will be clear that the fault is in the monitor
itself. However, it is most unlikely that the fuses in a well
constructed monitor will fail.

Remember that it is the mains that it being monitored, so
the monitor will not give a warning if a fault develops after it, for
example, if the appliance itself is switched off or if one of its
internal fuses fails.

The Mains Monitor is wired in line with the equipment being
used. The incoming mains feed and wire leading to the

a weak signal for more than 24 hours
and for some time after the battery
voltage had fallen to the point where the LED went out.
Obviously, the full-power operating time depends on exactly
which sounder is used and the state of charge of the battery
when the fallure cccurs. Readers wishing to double the
operating time could omit the red LED. There is alsoc a way of
extending the pericd even further but at some expense of
loudness. More will be said about this later. When the mains
supply is restored, the warning is cancelied and the batteries
charge ready for the next time.

How it works

The circuit diagram for the Mains Monitor is shown in figure 1.
Providing a mains supply exists, transformer T1 gives a
nominal 18V AC output by connecting its twin 8V windings in
series. The result is converted to direct current by bridge
rectifier REC1 and smoothed by capacitor C1. This gives an
on-load supply of some 20V. The mains and low-voltage
sections of the circuit are protected by fuses FS1 and FS2
respectively.

The input of regulator IC1 s connected to the nominal 20V
supply. The output then provides a fixed 12V, C2 and C3 are
necessary to ensure stable operation. The output operates the
monitor's green on/off indicator LED1, with its current limited

FS1
1A

,.
L4

2%V v

230V MAINS IN

ov

z
q

T

Figure 1: the circuit of the Mains Monitor
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PINHOLE CAMERA MODULE WITH AUDIO! Superb board
camera with on board sound! extra smatl Just 28mm square {including
micrephone) ideal for covertsurveitiance Can be hidden inside anything
. &ven @ matchbox! Compiete with 15 metre cable, psu and tviver
connnectors. £73.95 rof CCE

BBC SELECTORS WITH SMART CARD SLOT ANDVIDEO CRYPT
interesong new rtem m this week is this Selector. Onginally made for the
BBC 10 send encrypted video films 10 your YCR 8t night tme  The
project seems to have failed. Very compilex units consrshing of a smart
card siot in the front plus several switches and an IR recerver. Fully
cased and measuring 230 % 430 x 30mm, new and boxed. On the back
ofthe unft s 8 scart socket pius 8 UHF input and output Achannettuning
control numbered 2810 40 and an IR socket (nside 15 8 comprehensive
tuner sechon, smart cand reader mechamsm and control slactyonics.
PIUS & pOwer SuDPiy sechon.. These unis are SokJ as StNpEe™s but we
mgine you could use one to convert 8 monttor into a TV or maybe use
the videocrypt sx36 of things for something eise Supplied compiete with
manua! and mains iead Clearance pnce just £9.95 ref BBCIX
INLINE RCB UNITSThis in line miature earth leakage unft
Instantly shut off the mains supply in the event of any current fiowing
between live and sarth thus preventing a potentially lethal shock IEC
plug one end, socket the cther, fifted in seconds. feset tutton. The
uftmate safety ad whan workang on slectronic equipment, computers
e As these unis are fitted with an in-itne IEC Dlug on one end and
socket on the other than could even be used 10 extend standard IEC
computer leads Pack of 3 £9.99 ref LOTSA

THE ULTIMATE ENCLOSURE for your proyects must be one
of thesaiWall rmads ABS screw together Deiga case measuning 120 x
150 x 50mm Aiready fitted with rudbber feet and front mounted LED.
Insicie 15 a peh fited with other bits and pieces you may find useful Soid
eher 25 & pack of five for £10 ref MD1 pack of 20 for £19.95 ref MDZ
17 WATT 12V SOLAR PANEL A solar panel desigred to grve 8
norminal 12v. The solar cells are iaminated within a gh guaitty resin
materail which offers. excellent protection against UV and mossture:
Mounted oniempered giass in an alauminium frame. The pansi is weal
for charging sealed lead acid battenes and @ prolecton dode in the
eyt prevents ravecsed currant flow, Mounting is by four adjustabie
hooks and connection I8 by screw erminals Max power 17 wattts, 35
cells, 17vde peak, 433x402x15mm, 1000mA max_ 1.9kg Solar panel
£415 ref SOLA

SOLAR POWERED AM/FM RADIO A compact, AMFM mono
radio compiete with sarphone and a solar panel that recharges the built-
in bettery when placed in direct sunkgt or under @ strong lamp R
features & rotary Volume/OnvOIT control (which must be set to “OfFf for
recharging}, AMA M selector switch, rotary tuning control, metal belt clip
ana socket for external 3V OC supply Solar Radio £7.95 ref SR23
MOTOR CYCLISTS RADAR DETECTOR New i 5 the YWhistier
1560 Laser/Radar detector complete with a speaker for motorcycle
heimets. Super wid band covering XK and Kg piys lasers at 950nm+/
~10nm 360 deg total penmeter Drotection, detects laser, radar and VG-
2 wherever they come from £159.95 ref RD4

MAGIC EAR Unlike previous sound-magnifiers’ wa have offered.
Magx Ear fits unobtrusively behind the ear mself, Magic Ear's micro
technology 15 very advanced, #s Duilt-it mICRophone 1S exTeMaly
sensfrve and there's also @ volume control 10 heip you adjust ¥ el
conditions In use Magk: Ear is startingly effectrve 1711 hetp you 10 follow
every word of conversabon even at a distance, and enjoy theatre,
cinema or Iive Music with stunning new sound Cormes fitted with 3 tong:
Iffa batteries, afres trave! pouch, pius a choice of 3 dffferent ear preces
designed to fit all shapes of ear. Magic ear £16.99 ref MAGEY
RADIQ METER Perhaps the best of the scientfic knick-knacis of
the past and weill overcue for revivall Fescingting, soothing and edu-
cational In the vacuum instde the imened bulb fike container the vanes
revotve, driven round by ight particies aloned {each vane s biack on
one s«3¢ white on the other), Radlemeter £9.99 ref SCI1208
SATELLITE NAVIGATION £119 The GARMIN- GPS 38— i the
one navigathonal ool 1of the great outdoors that offers bip features n
a small, ightwsight package - ai at a truly afforgable price. Mark your
favorite fishing SPOX. tree stand orcamp site. Or retrace your steps. back
10 the safety of your starting pommi using our afl - e TracBack feature
The GPS 38 shows you exactly where you ae, where you v been and
where you're gong. The GPS 38 teatures easy, one-thumb operation
and wexght only 2559 There's a resettabie np odometer, graphc
compass’ and highway steenng guidance And Rt provides up 10 20
hours of use on @ set of 4 AA pattenes.  The GARMIN GPS 38, The
affordabie way to bring you back £119 ref GPS1
DIFFERENTIAL THERMOSTAT KIT An electronic seif as-
sembly kit designed for use in SOlr heating SyStems, heat recovery
systems etc. The pnncipie of the it s that # has two thermistors that
are placed on the mems to be measured (typically a solar panel and 8
waler storage tank] the comrofier then operates a relay all the time
one temperature 1s higher than the other. The temperature dference
s adjustable A typical use would be to cperate a pump all the time &
solar panel was at & higher temperature than the water storage tank
Differential thermostat kit £29 ref LOTS)

10 WATT SOLAR PANEL Amorphous silicon panel fitted in &
anodized aluminium frame. Panel measures 3 by 1' with screw termi-
nals for easy connection. One of these panels will run our solar water
pump in lull sunbght aithough we woukd recommend that for epbmum
perfarmance two panels would be prefersabie. 3 x 1 solar panel £55
ref MAGHS

12V SOLAR POWERED WATER PUMP Perfact for many 12y OC
uses, ranging from solar founrtains & hyoropomics! Smail and compact
yet powerful Wil work direct from  our 10 want solar paned in bright
suniight Max head 7 ft Max fiow rate : 8 1pm Current:1 5A (Ref AC8)
£18.99

BOOST CELL PHONE RECEPTION ON THE MOVEI
Compared 1o gh-p P hand-portable mobile phones.
don't atways work I00 well in maving vehicles. Sometimes the signat
‘drops Out’ during a call, other bmes thare's too much nterterenceto get
through at all However, the affordable Cell Patch provides & major
improvement, dramatcally Doosting sgnal recepbion without wires of
battenes. The 9.5 9 Sem (3.3" X 3 37 microthn anterina adheres 10
YOUr ¢ winGOw Sulvisor, Kieally within 81-122cm (2-4') of the handset,
of can be cafmied 0 a pocket Works with all types of portabie cellular
phone Ceil Patch £11,99 ref CELY

CAT SCARER produces a blanket of hegh sonic and low uhrasonrc
£ound, which s inaudible 10 humans, irds and fish - 50 R s «Geal where
you want to protect your bard table or fish pond aganst feline predators.
It will deter cats from your garden and ofher protected areas 1t wall also
deter foxes mains operated. 10 m of cable Runming cost will be
approximately 1 p per day Garden watcher £42.45 ref GW2

VIDEC PROCESSOR UNITS ?/6v 10AH BATTS/24V BA
TX Not toa sure what tha funchon of thase units is but they certainty
make gond stnpparst Measures 390X320X120mm_ on the front are
controis for scan speed, scan delay, scan made, loads of connections
oh the reat. inside 2x 6 10AM seakd lead acid batls, pco's and a BA?
24v torroachat transformer {mams in). soid as seen. Mmay have one or
two broken knobs etc due 1 poor storage. £985 ref VP2X
SOLAR MOTORS Ancthe: new (ine for us are these tiny motors
which run quite happity on voitages from3-12vdc. We have tned one
on our Bv amorphous B paneis and you can run them from the sunl
32men dia 20mm thick £1 50 each

TELEPHONES Just in this week s & huge deirvery of telephones,
&1 brand nevw and boxed Two pece CONSITUCHION with he following
features- lNlum:nated keypad, nice clear easy o use keypad. tone af
pulse {switchable), Teacall, redual ang pavse, mghiow and off ringer
swiich and quality construchon. Each telephone s fimished in 8 smart
off white colour and s supphed with a standard internatonal isad
(same as US or mocem card sockets) I you wish to have a BT lead
supphed to convert the phones thete afe ako avalable at£1.55 each
ref BTLX Phones £4.99 each ref PH2

INFRARED CAR PHONE KIT £7.99 interesting box of
goodhes! this kit was designed i comvert car phones to enable hands
free diatting, the il contains the foliowing tems. 1} A keypad desighed
0 mount i the centre of he steerng wheel, Rk requires 8 v PP3
battery and transmits the NuMbens using three on board Migh power
infra red LEDs. 140 x 120mm 2) An infra red receiver module
contaimng a IR photo dicde, R fiter and controt slectromics. 60 x 30
X 15mm (cased) 3) Control box (hice case) 100 % 170 % 35mm whch
we ungderstand i the (nterface between tha infra red and the car
phone. ! 5 atso supposed to adjust the volume of your car stareo at
the same timel made for Pllips car phones {but we don't know the:
maodel)Complete kit 1 L7.99 ref CP1

Hi power 12v xenon strobe vanabie rate fasher modules and
tubes £6Usafut 12v PCB fifted with control alectronics and a powerful
Xenon tubet just apply 12v DC 15 he input &nd the tube wall flash On
the board 15 8 small poterntiometer which can be used to vary the flash
rat! PCB rreasuiws [ust 70x 55mm and could be incorporated into
many interesting projects! £8 ref FLS1 Pack of 10 is £49 ref FLS2
WANT TO MAKE SOME MONEY? Stuck for an idea” We
have colated 140 business manuals that gre you informabon on
seting up different businesses, you peruse these at your lersure
using the text editor on your PC. Ao included s a certrficate enabiing
you to reproduce the manuals as Much as you liketf14 ret EP74
TALKING WATCH Yes, Rt actually teils you the time at the push
ofa button Also features 8 voice alanm that wakes you up and tells you
what the time &} Lithiwm cell included. £8 99 ref EP26A
POWERBEAM INFRA RED Lamp Adl thes iamp gives out is infra red
light. and lads of 1 perfecttor suppimamng night sightand survesliance:
equipment. Most mano CCTV videa cameras are infra red sensitive
s0 used in comunchon with thes lamp would greatly enhance their
operatng performance Water ressstant case and rubber covered
Switch make this un perfect for all weathers Krypton buld 4 D celis
required Powerbeam lamp £29 ref PB1

GIANT SCREEN VIEWERTum your TV picturs into 8 supersize
screend This high precision Fresnel lens convers even the smallest
screen up 10 3 massive 26°, gang a crystai cioar pictisre at & rachon
ot the cost of a big TV. Easily fitted in minutes Also idea for PC
monftors etc £.26 95 ref SVGA2

NOGALIGHT NIGHT VISION £129 Open up a new world of
adventures and expenences Wildife enthusiasts and adventurers in
the widemess, amateur astToNOMBrs. hunters, wargamers, private
eyes on surveillance, ali find Nightspy thdispensabie for their use.
Nightspy's unique features include @ special tube protection device,
10 eliminate over exposure, and infrared Humingtor used in total
darkness, Such as in clive exDIOration and operations in dark rooms
The Nightspy s light and hand held, or can be mounted on @ standard
npod. 1 uses two standard AA battenes and can be operated by left
Or Fight hand users, with of without oplical glasses.
Opbcat Magnificaion: X 17 Field of View 10Degrees Focusing
Range 25cm to firty obwectve Focal Length. 50 mm FIN: 1.6
Dwonter Range +- 3 Mechanical Lengthr 152 mm Width 85mm
Height 100 mm Wesght 700 gr Electncal Power Source 3VDC. 2AA
battenes Battery Life. 40 hours Infra-red lluminator buit-in imaging
Device: Night Vision Image Imensiier Tube £129 ref NOGA

Register with us at
www.bull-electrical.com

for your free e-mail

NEWSLETTERS!

DRILL OPERATED PUMP Fits to any
drillin seconds, uses standard garden hose,
will pump up to 40 gallons per hour! £8.99
ref DRL3

L

BULL ELECTRICAL

250 PORTLAND ROAD, HOVE, SUSSEX .
BN3 SQT. (ESTABLISHED 50 YEARS).
IL. ORDER TERMS: CASH, PO OR CHEQUE
WITH ORDER PLUS £3.50 P&P PLUS VAT.

24 HOUR SERVICE £5.00 PLUS VAT.
OVERSEAS ORDFRS AT COST PLUS £3.50

(ACCESS, VISA, SWTTCH, AMERICAN EXPRESS)

phone orders : 01273 203500

FAX 01273 323077
__Sales@bull-electrical.com

STEREOC MICROSOPES BACK IN STOCK Russian, 200x
complete with lenses, lights, filters elc efc vety comprehensive
microscope that would normalty be around the £700 mark, gur pnce =
Just £299 (ull money back guarantee) Ml cdetairs bt catatogue
SECOND GENERATION NIGHT SIGHTS FROM £748
RETRON Russian night sight. t 8x, infra red lamp, 10m-inf, standard
MAZ ises, 1.1%Q. £349 ref RETY

MAINS MOTORS 180 RPM 90X70mm, S0XSmm SOxSmm
output shalt start cap included, £22 ref MGM1{

PC POWER SUPPLIES, CUSTOMER
RETURNS, ALLFAN COOLED, OUR CHOICE,
BARGAIN AT 8 PSU'S FOR £9.99 REF XX17

LOW COST CORDLESS MIC 500 range. 90 - 105mhz. 115,
193 x 26 x 39mm. v PP3 battery required. £17 ref MAG15P1
JUMBO LED PACK 15 10mm brcolour keds. pius 5 guant (55mm)
Seven segment dispiays ati on 8 peb £8 ref JUM1. Pack of 30 §5mm
seven seg dsplays on pobs s £19 ref LEDA, packof 50 £31 ref LEDS0
12VDC 40MM FANS MADE BY PANAFLO, NEW. £4 REF
FANT2

ELECTRONIC SPEED CONTROLLER KIT For the abowe
motor is £19 ref MAG17. Save £5 f you buy themm both together, 1
motor plus speed contraller rp s £41, offer price £36 ref MOTSA
RUSSLAN 900X MAGNIFICATION ZOOM MICROSCOPE
matal construchion, burlt in ight, mirmor efc. Russian shnmp farmi,
group viewing scraen, lots of accessodies £29 ref ANAYLT.

AA NICAD PACK Pack of 4 tagged AA nicads £2.99 ref BARM
RUSSIAN NIGHTSIGHT S Mosel TZS4 with intra red luminater,
views up to 75 metres in full darkness i ifrared mode, 150m range.
45mm lens, 13 deg angle of view, focussing range 1. Smipinfinty. 2 AA
battenies required 9500 waght £199 ref BARG1. 1 years warranty
LIGUID CRYSTAL DISPLAYS Bargain prices,

20 character 2 line, 83x19mm £3.99 ref SMC2024A

18 character 4 line, 6225mm £5.99 ref SMC1640A
TAL-1, 110MM NEWTONIANREFLECTOR TELESCOPE
Russian Supeth asrononncal 'Scope, everything you need for some:
senous star gazingl up to 169 magnfficabon. Send or fax for further
rformation. 20kg, S85x800x1850mm  ref TAL-1, £249

YOUR HOME COULD BE SELF SUFFICENT IN
ELECTRICITY Comprebensive plans with loads of info on
adesigning systems, panets, control electronics eic £7 ref PV
PHOTOMULTIPLIER TUBES Boxed and unusad stragnt from
the ministry of defence Made by EMT with 2 MOD pert no of 1OVCV/
5114 and packed almast 30 years 2ga | Do You have a use? do you
want 10 court hght parbcles? They wouid look mce on the mantie
peacelOffered 1o you at £45 sach (we think the MOD paid more than
thes 1 19581 £15 each ref PM3

CLOCK CAMERA WITH AUDIO Onscretely menitor fving
moms, reception, office, tiis of any other area Fuily worong ciock
houses an Invisible spy camara complete with sudio Complete setup
includes clock, CAMera, MICrophone, clock battery. 15 metres of cabie
power supply, adapter for efther scart or phono. Everythng you need
no saldenng required Fullinstrucbons inctuded Easily instatied in just
a few minutes. Plugs strnght into VCR or TV (scart or phono)Clock
camera with audio £89.95 rnef CC3

AUTO RECORD KIT This automabc system will instruct your
VCR o start recording when movement is detected via the PIR. Re-
cording will stop 30 seconds afler your vilitor has left which saves
nours of tapes as the woeo Dnly recorts what you want 10 ses. Com-
plote SyStam with PIR, will work with ail remote control video record-
ers €89 ref CVC2

TELEPHONE VOICE CHANGER Changes your vorce to &
new OF ynfamiliar one. SIMply place over the telephone Mouth [iece
and speak into the changer, Fully adjustable for differant voices. Sup-
phed complete with battenes. ready o go. Unit measures 90 X 50
*20mm Telephone voice changer £14.95 ref CC3

EXTERNAL CAMERA introducing the Bulidog modet 4 vandal
resstant camera In haavy sheel case for intenior Of extenor use Top
quality cese housing a 420 line camera module. Each camars s sup-
phied with @ 15m cable terminating m Scart and phond plugs. Mult
angle bracket for easy instaliation in any situation. A 12vdc psu 15
alsoincluged Easity nstaiied in a few minutes, plugs straght iMoo VCR
or TV (phonc or scart) Bargain price £89.95 ref CC1

GIANT INSULATORS Justin this week are 50me grant caramic
INSUIATOTS, each one Measyres 130mm high and about 170mm diam-
ater, Finhed i @ high gloss brown and black glaze In the base of
each nsuldtor 15 a hreaded hole approx 1° diameter, rather ike &
mop/ronm head thread ff yoy are into shortwave radio, crystal sets
or high voRage expenments then Mese are for you. (We've got one
as a door stop) Nat too sure what thesr onginal purpose was, all we

| know = they were made for expon about 25 years ago. never ex-

ported and been in Store wince then Price is €8 each ref INSX
NATO RADIATION MONITORS imecesting new linet These
are small modules that strap on your wiist (strap suppied) and mon:-
tor radabon We have stnpped one apan and they contain @ smail
piece of "crystal” this could be something ke Naphthaiene of any
other rare radiation senstrve crystal When radiation stnikes the crystal
R scintiliates and 8 small amoutt of kgt is produced in the crystal in
reaction o the raciation exposure That Mght s then picked up by 2
micro pv cell measuring about 2mm square! Also i the unit 15 8 sheet
of foil, a circutar metal plate {insutation between the two) and 8 small
pair of addibonal paraliel Metal plates NATO part no ts 6665-99-225-
2314 any information gratefully necerved! Atternatrvely i you wish 1o
buy one they are just £3 each rel NATOX

WE HAD 38,000 'HITS'

ON OUR WEB SITE
IN FEBUARY "9....

BULL-ELECTRICAL.COM
See our live camera!




by R1. Current also flows through D1, fixed resistor R3 and
preset VR1. This aliows a small current to “trickle charge”

battery pack B1. B1 consists of two 4.8V nickel-cadmium units

connected in series giving a nominal terminal voltage of 9.6V.
When fully charged, this will rise to some 11.2V. D1 reduces
the voltage available for charging to 11.3V. When the batteries
are fully charged, their terminal voltage will therefore almost
match that of the supply. The current will then drop to a very
low value which may safely flow continuously.

When the batteries are poorly charged, their terminal
voltage will be less than 9.6V and there will be a considerable
difference between this and the supply voltage. This will result
in a relatively large charging current. RV1 will be adjusted at
the end to limit it to a suitable value. D1 also prevents current
flowing back from the battery into IC1 and LED1 when the
supply faiis, as the voltage at IC1 output would then be zero.

Astable pulses

If the buzzer is off, a small current flows from the supply to
power CMOS timer IC2. This current may be regarded as
negligible and will have virtually no effect on the battery

charging aspect of the circuit. IC2 is configured as an astable -

that is, it provides a string of pulses from its output, pin 3,
providing there is a supply to pin 8 and its reset input {pin 4)is

high (that is, Close to positive supply voltage). However, while a

mains supply exists, no pulses will be given, because R2
allows current to flow direct from the regulator output to the
base of transistor Q1, turning it on. The collector therefore
goes low and keeps IC2 reset input low also. This inhibits the
operation of the astable.

When the mains fails, a supply is established by the battery
pack. No current enters Q1 base because the path to R2 is
blocked by D1, and R4 keeps it low. The collector, hence IC2
reset input, is maintained high by resistor R5. This enables
operation, the output delivers pulses and red LED2 connected
to it flashes. R8 limits its operating current to a safe working
value. If SW1 is in the position shown, the buzzer will also
sound.

Time period |
The astabte time

quieter signal, so such a diode is best used only if it is
essential to extend the operating time.

To cancel the buzzer, switch SW1 to its other position.
When the mains supply is restored, the buzzer is
connected direct to the regulator output, and sounds
continuously. This is the prompt to return the switch to
“normal”.

Construction

The Mains Monitor board is a single-sided PCB on which
all components are mounted except for two pieces of
screw terminal block, TB2 and TB3. More will be said
about these later. The full component layout is shown in
figure 2.

Begin by drilling,the four mounting holes. Then solder
the transformer, fuseholders, switch, terminal block TB1
and the ic socket in position. If the switch is not of the
specified type, solder short pieces of wire to its three pads
so that it can be mounted off-board instead. Note the two
unconnected pads near the edge of the pcb. These simply
provide anchorage when using the specified switch.

Solder the other components, but do not solder the
batteries or LEDs In yet and do not insert IC2 into its
socket. Check the orientation of bridge rectifier REC1,
capacitor C1, regulator IC1, diode D1, transistor Q1 and
the buzzer. The flat face of the specified regulator will be
the one closest to the top edge of the PCB. Then solder
the LEDs in position taking care over the polarity. Bend
their end leads so that the tops are level and aligned with
the centre of the switch bush. This will give a neat layout
on the front panel. Adjust RV1 to approximately one-third
of its total clockwise rotation (as viewed from the top edge
of the PCB). If you wish to minimise the current
requirement as mentioned above, connect a 1N4148 diode
in parallel with R7 using the pads on the PCB. The
cathode (striped) end should be connected to the lower
pads, leading to IC2 pin 6.

LED1 LED2

0.7Hz - that is, rather

period depends on

the values of C4, R6 Q - 5 i e
and R7. With the ‘ swi
specified components e AN

this will be about | aaov \ S cz Y calf, @ $

provided as the exact
rate is not important.
There is space on the
pcb to add a diode in
parallel with R7. This w '

more than once per
second. No
adjustment is L

R3

o

(o}]
ke SEE
% B1 Cc4 1

i ov

would reduce the
mark/space ratio of

the pulses so that the o (7 ]

TEST WIRES

“on” period would be

much shorter than the |

the current
requirement markedly.

|

:

“off" one, reducing e @ B ‘
N i

This also give a Figure 2: the component layout for the Mains Monitor
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possibly touch mains
connections.

Place the pcb on the base of
the box and support it on pieces
of scrap wood of suitable
thickness. It will be best if the face
of the buzzer ends up near the lid
of the box when this is in position,
as this will give the loudest sound.
Mark the positions of the holes
needed in the front panel for the
switch and LEDs. Remove the pcb
again and drill these holes
through. Hold the PCB in place
and check that the switch and
LEDs locate correctly in their
holes. Make any adjustments as
necessary so that the layout iooks
neat. Mark the pcb mounting
holes, remove the pcb again and
drill them through. This will be
easier if the pcb is not actuaily
mounted In position yet.

Fuse arrangements

Finishing off

Insert the fuses in their holders. Note that the high- Refer to figure 3. Make up the input and output leads
rupture ceramic type must be used in the mains and fit them through their holes using strain relief
fuseholder, FS1, and a plastic cover fitted to it. This bushes to prevent them breaking free in use - pull on

will make it impossible to touch any mains connections on the wires to check that they are secure. Wire up

the topside of the circuit panel.

terminal block TB2 using 3-core wire appropriate to the

Solder the batteries in place (each one is labelled “1/2 load. Using a piece of mains-type earth wire, connect

B1" taking care over the orientation. Be
careful to avoid short-circuiting them,
because they are likely to contain some
charge and a large current could flow. A
short circuit could cause a piece of wire
or pcb track to overheat and burn your
fingers, as well as damaging the
batteries. Solder pieces of wire to the
pads marked “test wires" - the battery
circuit will not be complete until these
have been connected together later. For
the moment, do not allow this to happen
by using the 2-section pisce of 2A screw

terminal block, TB3, without the link wire.

Making holes
Note: This project must be housed in
an earthed metal case.

Drill holes for the strain relief bushes
in the rear of the box as shown in the
photograph. Drill a hole for the solder
tag and attach it. Make holes for
mounting terminal blocks TB2 and TB3
and attach them. TB2 consists three
sections of 15A rating. TB3 has two
sections of 2A rating and should be
already connected to the test wires.
Make sure TB3 Is at least 20 mm clear
of any mains connections. It is
essential to use TB3 (and not simply
tape over the test wires) because it
makes certain that they cannot find
their way under the pcb and

LINK
WIRE

MAINS OUT

M SOLDER TAG

MAINS IN

Figure 3: wiring connections to the mains
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the mains earth to the solder tag making sure that it is
securely attached. Make the mains connections
between TB1 on the pch and TB2 noting that the live
wire is connected to the right-hand terminal of
TB1. Fit a mains plug on the end of the input lead and
insert a fuse appropriate to the equipment being
connected.

Mount the PCB using ptastic insulators on the
bolt shanks. Make certain all soldered connections
on the underside are at least 10mm clear of the
metalwork - remember, mains voltage is carried on
the transformer primary and FS1 tracks. Insert IC2 in
its socket taking care over the orientation. Since this is a
CMOS device, it could be damaged by touching the pins
if static charge existed on the body. To prevent this
happening, touch something which is earthed (such as a
water tap) before handling it. Measure the position of the
buzzer on the PCB and drill a hole in the lid of the box
to correspond. This should be rather larger than the hole
in the buzzer itself.

Terminal block TB3 allows the charging current to be
measured. For the moment, simply connect its two
sections together using a fink wire (see figure 3).
Providing the batteries are sufficiently well charged, the
LED will begin to flash and, if the switch is on {upper
position), the buzzer will sound. The warning operates
because the circuit interprets the lack of a mains supply
as a fauit.

Testing

Do not connect the circuit to the mains unless the
PCB is mounted securely in position and all checks
have been carried out to make certain that it is
impossible to touch any mains connections. As a
precaution, switch off and unplug the unit from the
mains whenever touching anything inside the case.

Plug the unit into the mains - the green LED will light
up, the red one will stop flashing and the buzzer will
stop sounding. If the batteries are flat, leave the supply
switched on for an hour or two so that they receive
enough charge to work.

You may now check the charging current by
connecting a multi-tester, set to a suitable current range,
to TB3. If you do not have a multi-tester, leave things as
they are. To measure the current, remove the link wire
and connect the multi-tester probes instead. Plug the
unit into the mains and switch on. When the batterias
are discharged, the current should not exceed 11mA.
However, it may be as high as 20mA or so as long as it
drops to 11mA or less for most of the charging cycle
and remains cool. When the batteries are fully charged
the current should not exceed 1.1mA. Adjust RV1 if
necessary and re-test - clockwise rotation reduces the
current. When satisfied that the charging aspect of the
circuit is satisfactory, replace the link wire again.

The batteries should last for several years. it will do
them good, and prevent any “memory effect”®, to allow
them to discharge completely, say, twice a year. This
would aiso allow a check to be made on the operating
time to see if there has been any deterioration. After a
long period of use they will need to be replaced.

If the circuit is not to be used for a long time or the
supply is going to be off for a few days, disconnect it
and remove the link wire at TB3.

N
'
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LED1 3mm green LED

LED2 3mm red LED
Miscellaneous !
T PCB-mounting mains T

transformer 2VA rating, 230V
primary and twin 9V
secondaries. Maplin KU95D
20mm chassis fuseholder, plastic
cover and 1A ceramic mains-
type fuse.
20mm chassis fuseholder, plus
200mA fuse to fit.
2 x 4.8V 110mAh PCB-mounting
g ium batteries Maplin

ing SPDT toggte
‘action. Maplin
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wanted for cash!
SPECIAL BUY '

'AT 286" ¢ L ]
40Mb HD + 3Mb Ram s .

Industrial grace 12Mhz HI GRADE 286 systams Mads in the USA
1o an industrial specification, the system was designed for tolal relia-
bilty. The compact case houses the motherboard, PSU and EGA
video card with single 5%" 1.2 Mb floppy disk drive & Integral 40Mb
hard disk drive i¢ the front. Real time clock with battary backup is
provided as standard, Supplied in good used condition complate with
enhanced keyboard, 640k + 2Mb RAM, DOS 4.01 and 80 DAY
Full Guarantee. Ready fo Run |

Order es HIGRADE 286 ANL Y £ 99. 00 (&)

Opticnal Fitted extras: VGA graphics card £29.00
1.4Mb 3%" floppy disk drive (instead of 1.2 Mb) £19.95
Wordperiect 6.0 for Dos - when 3% FDOD option ordered  £12.50
NE200C Ethamet (thick, thin or twisted) network card £29.00

INTEL 486DX-33 SYSTEMS

Limited quantity of this 2nd user, superb smali size desklop unit,
Fully featured with standard simm connectors 30 & 72 pin. Supplied
with ke rd, 4 Mb of RAM, SVGA monitor output, 256k cache and
intagral 120 Mb IDE drive with single 1.44 Mb 3.5" floppy disk drive.
Fully tested and guarantead. Fully expandable Only

Many other options availabie - call for detalls. £199.00 ©

FLOPPY DISK DRIVES 3%" - 8"

Massive purchases of standard 5%" and 3%" drives enables us 10
present prime produdt al industry beating low prices| Ak units {uniess
stated) are SRAND NEW or ramoved from often brand new equip-
ment and are fully tested, aligned and shipped to you with a fufl 90
day Quarantee. Cafl for over 2000 unlisted drives for spares or repair,

3%" Panasonic JU363/4 720K or equivalent RFE £24.9 Bi
3%" Mitsublshl MF355C-L 1.4 Meg. Laptops only £25.95(B
3%" Mitsubishl MF355C-D. 1.4 Meg. Non laptop £18.95(8)
$%" Teac FD-55GFR 1.2 {tor |BM pe's) RFE £18.95(B)
5% Teac FD-55F-03-U 720K 40/80 (for BBC's elc) RFE  £29.9: Bi

5%" BRAND NEW Mitsubishl MF5018 360K zzz.ggis
Table top case with integral PSU for HH 5%* Flopp or HD £29.85(8
8" Shiigant 800/801 8" 5S refurbished & tested £210.00(E
8" Shugart 810 8* SS HH Brand New £195.00(E
8~ Shugart 851 8" double sided refurbished & tested £250.00(E.
8* Mitsubishl M2894-63 double sided NEW £295, E}
8" Mitsubishi M2896-63-02U DS slimline NEW OO0E.
Dusl 8" cased drives with integral power supply 2 Mb £499.00(E)

HARD DISK DRIVES

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES

OBSOLETE - SHORT SUPPLY - BULK

6,000,000 items EX STOCK

For MAJOR saviNgs - CALL FOR SEMICONDUCTOR HOTLIST

VIDEO VIONITOR SPECIALS

One of the highest specification

* monitors you will ever see -
At this price - Don't miss itl!

Mitsubishl FA3415ETKL 14" SVGA Muttisync colour manitor with fine
. 028 dot prich tube and resolution of 1024 x 768. A

variaty of inputs allows, connecton 19 a host of

S ors 1BM PC's in CGA, EGA, VGA &

facapiate, X swichng
spectiication. Fully guarantaed, supplied in EXCEL-

Thi e s 075 Only £119 5 (O0e,

Tt & Swivel Base £A.75
VGA cabie for BM PC Included.

Extarmnal cables for other types of computers CALL
As New = Ex Demo

17" 0.28 SVGA Mitsublshi Diamond Pro monitors
Full muitisync etc. Full 90 day guarantee. £325.00 (E)

Just In - Microvitec 20" VGA (800 X 800 res.} colour monhtors.
Good SH conditlon - from £299 - CALL for Info

PHILIPS HCS35 (same style as CMBE33) aftractively styled 14~
colour monitor with both RGB end standard composlte 15.626
Kiz video Inputs via SCART socket and separate phono jacks.
Integral audio power afr:\'? and speaker lor all audio visual uses.
Will connect direct to Amiga

video monitoring / security applications with direct connection
to most colour camaras. High auality with many features such as
(r:gcl’ concsalad||l'?yp controls, VCR et:;?jrmcﬂon button ete. Good
u condition - lully tested - guarant
Dimensions: W4 x H12%" x 15%" D. Only £99

PHILIPS HCS31 Utra compact 9° colour video monitor with stan-
dard composite 15.625 Kha video input via SCART socket Ideal
for all monitoring / security applications. High quality, ex-aquipment
fully tested & guaranteed (possible minor screen bums). in atirac-
tive square biack plastic case measuring W10" x H10" x 13%" D.
240 V AC mains powered. Only £79.00 o

KME 10~ $SM10009 high dafintion colour monitors with 0.28° dot
pitch. Superb clarity and modern styling. 4
Operates from any 15.625 khz sync RGB video

Surplus always
wanted for cashl

"RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart
Less than Half Price!

Top quality 19* rack cabinets made in UK by
Optima Enclosurss Ltd. Units feature
dasigner, smoked acrylic lockable front door,
full height lockable half louvered back door
and louvered ramovable side panels. Fully
adjustable internal fixing struts, ready punched
for any configuration of squipment mounting
plus ready mounted integral 12 way 13 amp
: socket switched mains distribution strip make
these racks some of tha mos? versatile we
have ever sold. Racks May be stacked side by side and therefore
require only two side paneis to stand singly or in multipie bays.
Overall dimensions are: 773%" H x 321" g x 22" W. Order ns:
OPT Rack 1 Complete with removable side panels. £345.00 (G)
OPT Ra Ra g ide panel £245,00

Ove;' fOOb ra.cks, sﬁelves, accessories
19" 22" & 24" wide 3 to 46 U high.

Available from stock !!.

and Atarl BBC computars. Ideal for all®

Made by Eurocraft Enclosures Ltd to the highest possibls spac,
rack features all steel constructlon with removable
side, front and back doors. Front and back doors arg
hinged for easy access and all are lockable with S
five secure 5 laver barrel locks. The front doer
is constructed of double walled steel with &
‘deslgner style' smoked acrylic front panel to
enable siatus indicators 10 be seen through the
panel, yet remain unobtrusive. Internalty the rack
featuras fully slofted reinforced vertical fixin
members to taks the hsaviest of 19” rac
aguipment. The two movable vertical fixing stnds
;snras avaitabie) are Pra punched for standard
cage nuts’. A malns distribution panel internal-
ly mounted to the bottom rear, provides 8 x IEC 3
pin Euro sockets and 1 x 13 amp 3 pin switched
utility socket. Overall ventilation is provided by s
fully louvered back door and double skinned top section

with top and side louvras. The top pansl may be removed for fitiing
of Intagral tans 1o Ihe sub plate stc. Other features include: fitted
castors and floor levelers, prepunched utility pane! at lower rear for
cable / connactor access etc. Supplied in excellent, slightly used
condition with keys. Colour Royal blue, External dimensions
mm=1625H x 6350 x 603 W. (64" H x 25" D x 23%" W )

Sold at LESS than a third of makers price {f

S

2%" TOSHIBA.(19 mm HJ MKZ101MAN 2.16 Gb. New  £199.00
2%" TOSH.(12.5 mm H) MK1002MAV 1.1 Gb laptop. New £115.00
2" to 3%"° conversion kit for Pc's, compiete with connactors £15.95
3%* FLWI FK=305-26 20mb MFM I/F R

3% CONNER CP3024 20 mb |DE UF (or equiv.) RFE

3%" CONNER CP3044 40mb IDE I/F (or equiv.)} RFE

3%* RODIME RO3057S 45mb SCSI UF (Mac & Acom)

3%" QUANTUM 40S Prodrive 42mb SCS| I/F, New R

3%" WESTERN DIGITAL 850mb IDE IIF New

5%° MINISCRIBE 3425 20mb MFM IfF {or equiv.) RFE

5%"* SEAGATE ST-238R 30 mb RLL IF Refurb

source, with RGE analog end composite sync
such as Ateri, Commodore Am gl, Acarn
An_:himedes & BBEC. Measures only 131" x 12° x
11". Good usad condition. only £125 1G]

20" 22" and 26" AV SPECIALS
Superbty made UK manufacture. PIL all solid state colour monitors,
compiate with composhe video & optional sound nput. Altractive

teak style case. Perfect for Schools, Sheps, Disco, Clubs, etc.in
EXCELLENT little used condition with full 90 day guarantee.

A superb buy at only £245.00 ©
42U version of the above only £345 - CALL

BATTERY SCOOP - 50% off I!

A special bulk purchase from a cancelled export order brings you
the most amazlng savings on these ulira high spec 12v DC 14 Ah
rechargeabie batieries. Made by Hawker Energy Ltd, type SBS15
featuring pure lead plates which offer a tar superior shaff & guaran-

5% CDC 94205-5% 40mb HH MFM UF RFE tested
5%* HP 97548 850 Mb SCS| RFE tested
5%* HP €3010 2 Gbyte SCSI differential RFE tested
8° NEC D2246 85 Mb SMD interface, New
FUJITSU M2322K 160Mb SMD I/F RFE tested
& FUJITSU M2392K 2 Gb SMD IF RFE tested £345.00
Many other drives In stock - Shiipping on ail drives s code (D)

THE AMAZING TELEBOX

Converts your colour monitor Into 8 QUALITY COLOUR TVl

TV SOUND &
VIDEO TUNER

CABLE COMPATIBLE *

The TELEBOX is an aftractive fully cased mains powsred unit, con-
taining all electronics ready to plug into a host of video monitors
made by makers such as MICROVITEC, ATARI, SANYO, SONY,
COMMODORE, PHILIPS, TATUNG, AMSTRAD gic. The composite
video output will also plug directly into most video recorders, allowin

reception of TV channeis not normally recelvable on most telev

sion raceivers® (TELEBOX MB). Push button controls on the front
panel allow recaption of 8 fully tuneabis 'off air' UHF colour television
channels. TELEBOX MB covers virtually all television frequencias
VHF and UHF including the HYPERBAND as used by most cable
TV opersors. A composite video output is located on the rear panel
for direct connaction to most makes gt monitor or deskiop computer
video systems. For complete compaltibiity - even for monitors with-
out sound - an Integral 4 watt audio amplifier and low Javel Hi Fi
audio output are provided as standard.
TELEBOX ST for composite video input type monitors £36.95
TELEBOX STL as ST but ficted with integral speaker £36.50
TELEBOX MB Multiband VHFAUHF/Cable/Hyperband tuner £69.95
For overseas PAL versions state 5.5 or § mHz sound specification.

*For cable / hyperband signal reception Telebox MB shoukd be con-

nected to a cabls type service. Shipping on all Teleboxe's, code (B)

DC POWER SUPPLIES

Vlrtu?lly every type ?l pswe.:
supp ou can imagine.Over
10,0%02" Y

ower Supplles Ex Stock
all for Info / list.

Visit oar London shop for a fall range of Test Equipment and other bargains

Open Mon
Dapt ET1,

-ELECTRONICS
= &

Al prices for U
Unnersities and

Upper Norwood
LONDON SE19 3XF

Local Authorities - minimum aoccount
(B)=£5.50, (C)=£8.50, (D)}=£12.00, (E}=E15.00, (F)=£18.00, |
and uniass stated guarareed for 90 . Al guarantaes an A retum 10 base basis. All rights reservad 1o change prices /

20"...£135 22"...£155 26"...£185(p
SPECIAL INTEREST ITEMS

MITS, & FASASETKL 14° Industrial spec SVGA monitors
1kW to 400 kW - 400 Hz 3 phate powos SOLICES - 8X StOCK
1BM 8230 Type 1, Token ring base unit driver

Wayne Kerr RAZ00 Audio frequency response analyser

IBM 53F5501 Token Ring ICS 20 port lobe modules

IBM MAU Token ring distribution pansl 8B228-23-5060N

AIM 501 Low distortion Qscillator 9Hz2 to 330Khz, IEEE
Trend DSA 274 Data Analyser with G703(2M) 64 Vo
Marcon 6310 Programmable 2 to 22 GHz sweep generator
HP16508 Logic Anaiyser

HP3781A Pattemn generator & HP3782A Error Datector
HP6621A Dual Programmable GP1B PSU 0-7 V 160 walts
HPE6264 Rack mount variable 0-20V @ 20A metered PSU
HP54121 A DC to 22 GHz four channel lest set

HP7580A A1 8 pen HPGL high speed dium plotter

F&B Wardrobs size, insurance spec 1 hour rated fire sate
EG+G Brookdeal §5035C Precision lock in amp

View Eng. Mod 1200 compulenised inspection system
Sony DXC-3000A High quaiity CCD colour TV camefa
CSZ VERY l.arg? 3 cavity thermal shock chamber

Phllips PW1730/10 XRA' ?enarator with accessories
Kelthley 590 CV capacitor / voltage analyser

Racal ICR40 dual 40 channel voice recorder system
Fiskers 45KVA 3 ph On Line UPS - New batteries

CI R5030UV34 Cleanline ultrasonic cleaning system

Mann Tally MTE45 High speed line printer

Intel SBC 486/133SE Multibus 486 system. BMb Ram

Intel SBC 486/125C08 Enhanced Multibus (MSA) NEW
Zeta 3220-05 AC 4 pen HPGL fas? drum piottefs

Nikan HFX-11 (Ephiphot) exposure control unit

Motorola VME Bus Boards & Components List. SAE / CALL EPOA
Trio 0-18 vdc linear, matered 30 amp banch PSU. New €55
Fujitsu M3041R 600 LPM band printer £1950
Fujitau M3041D 600 LPM printer with network interface £1250
Perkin Elmer 2998 Infrared spectrophotometer £500
Perkin Elmer 597 Infrared s| vog:ggnalar £3500
VG Electronics 1035 TE| ing Margin Meter  £3750
LightBand 60 output high spec 2u rack mount Video VOA's £495
Sekonlc SD 150H 18 channel digital Hybrid char recorder  £1995
Taylor Hobson Tallysurf amplifier / recorder £750
System Video 1152 PAL waveform monitor £485
Slemans K4400 64%Db to 140Mb demux analyser £2950

£245
£PO.
£760
£2500
£750
£95
£550
£POA
£6500
£3750
£POA
£1800
£875

teed 15 year service life. Fully BT & BS6290 approved. Supplied
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 deep.
M6 boft terminals. Fully guaranteed. Current makars price over £70

sach!Our Price £35 each ) or 4 for £99 )

A RELAYS - 200,000 FROM STOCK

Save £££€'s by choosing your next relay from our Massive

stocke covering types such as - Mliltary, Octal, Cradls,
Mermaticaliy Sealed, Contactors, Time Delay, Rsed, Mercury
Warted, Solld State, Printed Circuit Mounting, CALL US WITH
YOUR

NEEDS. Many obsoilete types from stock Save ££££'s

LOW COST RAM & CPU’S

INTEL "ABOVE' Mamory Expanslon Board, Full length PC-XT
and PC-AT compatible card with 2 Mbytes of memory on board.
Card is fully seiectable for Expandad or Extended (286 processor
and above) memory. Full datm and driver disks auE%Iled. RFE.
Fully testad and guaranteed. Windows compatible. 8.95

Half length 8 bit memory upgrade cards lor PC AT XT expands
memory either 256k or 5§12k in 64k staps. May also ba used to fill

in above 640k DOS limit. Complate with data.

Ordar as: XT RAM UG, 256k. £34.95 or 512k £39.85

SIMM
1 MBx9 SIMMI chip 120ns

Only £8.50
1MB x9 SIMM 3 chip 80 ns £40.50 or 70ns £11.95
1MB x 9 SIMM 9 chip 80 ns £10.50 or 70ns  £11.75

4 MB 70 ns 72 pin SIMM_-with parity- Only £35.00
INTEL 486-DX33 CPU £19.95 INTEL 486-0X86 CPU £59.00
FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR £2€

MOTOROLA 25 Mhz 88040 {(XC68040RC25M) CPU'S £59.00
shipping charges for RAM / CPU upgrades |s code B

- SOFTWARE SPECIALS

NT4 WorkStation, complete with service pack 3
and licence - OEM Fackaged.
Speclal Price ONLY £99.00

Microsoft - Windows lor Workgroups 3.11 & DOS 6.22. Supplied
on 3%" disks with license & documentation documentation. £39.95

DOS 5.0 on 3%° disks with concise books c/w QBasic . £14.95

Wordperfect 6 for DOS supplied on 3%° disks with manual £24.95

shipping charges for software is code B

- Frl 9.00 - 5:30
32 Blggin Way

Open Mon - Sat 9:00 - 5:30
215 Whitehorse Lane
South Norwood
{In 684 Bus Routs
N Thomton Heath &
Selhurst Park SR Ral Stations

Mainiand. UK customers add 17.5% VAT

order £50. Chequas over £100 are subjedt to 10 C
(G)X=CALL Alow approx 6 days for shipping - faster CALL. Al goods suppled to our

Visit our web site
www.distel.co.uk
emall admin@distel.co.uk

1o TOTAL arder amount Minimom order £10. Bona Fide account orders accapted from

ALL B ENQUIRIES

0181679 4414

FAX 0181 679 1927

Govwermment, Schocls,
{(A}=£3.00. (A1)=£4.00,
d Condiions of Sale
specifications withcut prior notice, Ordors subjed 1o

stock. Discounts for volume. Top CASH prces paid for sumpius goods. All radermarks et acknowledged. © Display Electronics 1997. EAOE. 018




HOW DOES YOUR EQUIPMENT MEASURE UP?

AT STEWART OF READING THERE’'S ALWAYS ‘SCOPE’ FOR IMPROVEMENT!

PHILIPS PHIZ96A Dual Trace 00HHZ Qo I
CANYOU BEUEVFEOI; .:J LE:(SSBEXTRONIX TTRAEEN s '&MT?WM % msn

rmmmmsmmm
TEKTRONIX MASZUSA 4 Ch 1 o-hys-mpmomu: nnm
TEXTROMY TAS4ES Duai Trace 10HHZ Detay Curtort

TEKTRONG, 2235 nurrammouys-w mo
IWATSU §55711 4 Ch 106MHZ -sec £550
PHILIPS 2055 241 Ch SOMHY Delay [T
GOULD 05100 Cun Trace 0HH2 £200 W Delay 260
GOULD 05300 Dual Trace 202 £20

DROMHZ: STHHZ Sweep Detay

OTHER COMBINATICNS AVl E

mmmsmmsm
e WARGOM 2046 Syn AMFN: Ssé Gan B0G-T-1DOMHZ 1400
HARCOM 2077 Phasec Lock AMFH Signs Gon 106-0- 10042 21750

CAN YOU BELIEVE IT - A 1GHZ GENERATOR
FOR ONLY £450

0540 AT S Gon OO0 (2T . s Ot
FARNELL SSG520 Sy AWFN Sanel Gan (0-520M87 18
;Muws,.mmsgw-mupm £4S0
i:}ncmgl‘mw 220G £4500

Gand1 pooiin £150
PHILIPS PUSIEY SN Fiec GanQIMHZ-S0MT D150
PHRLIPS PAISY
HLP. 33254 Sy Functon Gen 2{Ml 01250

Func Gan 0.1WHZ-20MKZ £1000
PHRLIPS PMS134 Sweep Func Gen 0.001HZ-20MHZ 0
WPSPMSYJZSWMMUIHZM 1250

Pllr.:S Fm;l Dual Trace S0MH2 Deiay
2 very good
| Mq".?’mmmlﬁmw

| TEKTROMD 400 SEAIES
Awwomnsamw«
Owwm enesllil.mﬂs

LOOK!!

NEW & HARDLY USED
BRAND NEW OSCILLOSCOPES - NEVER

USED LIMITED STOCK ﬁ |
.; m-.:ﬁs?, H-ram. |
ELC

e Ve A
PANASOMC ¥PEITTA FRVAM SIGNAL GENERATOR
100KHZ-1 lmmﬂ |Mw-wuﬁ-mwm:m
Memory: Dipts! Dty Fraquancy § Quiput

Un-Uned 750
KENWOOD FLTI0A WOWFLUTTER METER
mm;’.&m‘m

DS 3850 DRATAL STORAGEDUM
Hardrei LCD Display 2 Charrel SOMS'S. Ao range: 4 g el 9

1m-wmmw@mnmm B —

mngmmmw | P s e
o oot ey e
piami= “= ;f-i Dﬁm'mﬁwm
3 | ¥ Used {400 Un-Ussd E500
X POWER SUPPLY MODEL HS010
DTS 40 DOGITAL STORAGE 030 vols; 010 Amps
Cual Trace A0MHZ 20MS'S Cuewrs » On Scrwen Remiout. Swoeo Curert 20
wwnmwmhww\mmmz Used £180 Un-ved 200
Probes
AMAZING YALUE ll 40 el
cmng‘};gvmmn
1 ni2
W|Wmﬁ-q
Ueed £100 Urlisad 0126

m?ﬂDulllrumKllHq.Wth

- 4 GOOOWILL GFC 80106 FREQUENCY COUNTER
Uruned b bosec supphed wih 2 probes § Manal e

: - 1A
~rRerd] 308Dl i A Srubty

AMALOGUE WULTIIETER Model HC260TR ACDC Volts:
OC Cument 10Amps., 17 Conggty Buzzer, Trnestor Toser
£15

FARMELL PSGT000 10002 - 167

STEREQ AUDID BALANCE to UNBALANCED CONVERTOR
MWWMW 0 For Cat Fagio Servcing Un-Used £10
Undisad £1 Uned £995 -

mnqumuﬂmumm £650 FARMELL AMM2000 SOPHISTICATED
48 Ao Sormge Dl s 1ML Dy R Ly g R Moietn Veier 10HZ - 24667 s Do
o D T 24N oy S = h"m e s el i
Complol od [
455 Dl Traca 100MHZ Dey Sewmp £400 g s
POWER SUPPLES
FARMELL AP0 D-100%0R, 0-JCAmOS M Fungeny £1000
;mumm - 25N £400
FABKE] ¢ ¥ ; i
AL L12-40C O-2vols. O-1 o
nrzagmw-nm WATNE KERS, AMM25S rmnmumom £18)
Autormafic Mockialion Weker AMFM 1 SVHZ - 2GHZ 3172 g FARNELL LTXC1 0-30vols, O-tiveps Taich it
Un-Used £500 THURLBY-THANDAR TSX 1620 Prermron PSU 1nests, 20Amos £27
THUALEY.THANDAR 1593222 Programmetie ks 2s Twoe GRS Ol 8430
Mrmmsnvzwm D 05 S, soumouﬂnowmmlﬂ 45 DUNNY LOAD W TYPE THURLBY .20 0l O 2hvpn GPIB D 0%
SOLARTRON T15¢ DMM 61200 IEEE 0o 75 Warts THURLBY PLYIE3-XVols. S-1Angs 1o
Hardy Used £150 Unlsed £300 True RME Un-Used £30 MANY MORE SUPPLES AVAILABLE
STEWART of READING s @ Used Equipment - GUARANTEED. Manuals supplied

110 WYKEHAM ROAD, READING, BERKS. RG6 1PL
Telephane; (0118} 9268041. Fax: (0118) 9351696
Calkgrs Weicome § am ~ 5.30 pm Monday to Fridity (0ther Fmes by arangameant)

lﬂ a7

This & a VERY SMALL SAMPLE OF STOCK. SAE or Telepnone for lists, Please check availability before
ordering. CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage.

Professional CAD
for Windows 95 and NT

e Produce Complex Designs Faster

Revolutionary Time Saving Features
Dramatically Improve productivity.

Track and Component Editing - a dream!
Full links to our Analogue, Digital and
Electromagnetic Simulators.

e NO pin, net or layer limits!
o Powerful, high speed Shape based

Autorouters available.
Very Competitive Pricing.

Number One Systems

Tel/Fax: (408) 395-0249

Ask for demo disc or download
working demo from web site

UK/EEC: Ref: ETI, Harding Way, St.lves, Cambridgeshire, PE17 4WR, United Kingdom
Tel: 01480 461778 Fax: 01480 494042 International: +44 1480 461778 / 494042
USA: Ref: ETI, 126 Smith Creek Drive, Los Gatos, CA 95030

http://www.numberone.com
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Getting MORE
~out of PICs

Part 2

This month Robin Abbott looks at Diagnostics, Interrupts, and Background

communications - some PIC functions that give programmers difficulty.

his month we shall take a look at a method of
determining what is happening within a program
while it is running on a real circuit. | shall also take
a look at interrupts, and finally look at the use of
interrupts on PICs which have USART support
built in to perform serfal communications while the main
program is still running.

This month also includes a development board for the
16C74 and other 40-pln PICs on which the interrupt driven
serial routines will work. All the programs given in last month's
article will run directly on one of the two development boards
given in this series.

Diagnostics
The PIC series {like rost other microcontrollers) has
comprehensive simulation support for the PC in the MPSIM
and MPLAB programs. Simulators are also available from a
number of third party suppliers. These are normally useful for
checking program functionality, and for spotting common PIC
programming errors such as stack errors, paging errors, or
timing mismatches. However, simulators can never replicate
the operation of real hardware such as {IC devices, or devices
which operate using the SPI bus. When attempting to debug
programs which use these devices, it is necessary to simulate
the operation of the external devices using specific simulator
mechanisms such as injection files, which operate to place
bytes in to PIC memory at speclfic points during the simulation,
However this technique cannot assist in debugging a program
which does not write correctly to the external device.

in this circumstance is necessary to use alternative methods
of debugging. For most amateur developers the cost of a true
in-circuit emulator is impractical, and pseudo-emulators do not
often replicate all chip functions exactly. In this case the
developer is left to debug the program by frial and error, or by
using a development system such as the Basic Stamp, or the
Forest Electronics BASIC system to develop programs in an
environment which offers greater debugging capabilities before
translating to assembler.

Last month we looked at a serial interface capability for the
PIC. We can make use of a serial interface to assist in

debugging PIC programs. We shall develop three macros
which may be inserted anywhere in the PIC program, and
which will transmit information over a serial port to the PC
while the program is running. This can be a great help in
debugging. The serial port does not have to be included on the
application circuit - by use of surface mount technigues, it is
possible to put the complete serial interface circuit which was
presented last month into a 9-way D-Connector shell. The
power supply, and the transmit and receive connections to the
serial circuit are then made through four wires which connect
to the application circuit using test clips. In practice it is only
necessary for the PIC to connect to the serial interface circuit
using the transmit Ine as communication can be one way, This
debugging technique can be undertaken on any circuit where
the PIC has at least one spare input/output connector for the
serial interface.

The three macros are called _DUMP, _EXECUTION, and
LSENDNUMBER, They are used as described below:

GND

Vee

TxouT

PL1/5D1

PL12

Q2

Figure 1: the circuit of the diagnostic serial Interface
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DUMP

This macro sends a number of bytes from PIC memory to the
PC. It is used in the program with a start address/atﬁé length.
For example:

_DUMP 0,0x30

This macro will send the 48 bytes from PIC memory starting at
address C. Therefore it can be used to determine the values of
internal registers, and program variables during execution. In
practice it is best to use this macros sparingly, as the complete
program will stop for a period of 500 microseconds for each
byte transmitted. | have used this macro in two ways: the first
iS to send variable information at specific trigger points during a
program, such as when a measurement has been made. The
second method is to use the macro at the start of the program
before any other actions are undertaken. This is very useful for
determining the values of variables at any time during a
program’s execution by resetting the processor (achieved by
taking the reset pin to ground). Although ail of the internal PIC
registers will have been reset, the programs variables will hold
the values they had when the processcr was reset, and these
values are the ones sent to the PC.

EXECUTION

This macro has no parameters. It is called as follows:

_EXECUTION

It simply sends the program address from where the macro
has been executed. It is most useful to determine where a
program fails. By placing a number of _EXECUTION macro
calls at various points in the program, it is possible to show
which points have teen executed, and which have not.
Therefore it is possible to find out where a program may have
crashed or failed.

i e
& Tl
Semiconduct
Q1 BC846A NPN S
Q2 BC856B PNP SM
D1 ‘

Resistors
R1,R2,R5 10k Size 1206 Mag
R3 330R Size 1206 Maplir
R4 = 2k2 Size 1206 Maplin D

Capacitor .
C1 100uF 16V sub-miniature electrolytic

iscellaneous

9 pin D connector socket

is and crocodile clips x 4

‘meta " ed D connector shell Maplin JB68Y

.

SENDNUMBER

This macros has one parameter. It is called as follows:
_BEXECUTION Number
When the macro is hit, the number defined is sent to the PC.

Setting up the diagnostic program

There are three component parts for serial diagnostics. The
first is the serial interface, which is the only hardware
necessary. The second is the diagnostic macros, which must
be included within the test program. These macros use
approximately 50 words of program memory, plus up to seven
words of memory for each call of the macros. If the program
already requires & serial interface, then some of the program
memory may be reused in the main program. The last
component of the diagnostics is the PC program, which takes
information sent from the PIC and displays it on of the PC.

The serial interface
The serial interface is the same as that shown in last month's
article. The circuit diagram is shown in figure 1. The circuit
may be constructed on Veroboard, or the Development Board
from last month’s article may be used. The left hand area of the
board is the serial interface. in both cases the board should be
constructed with four flying leads, each of which should
terminate in a small test clip. The board is connected to the
application circuit by attaching the power supply leads, and the
transmit (Tx Out) lead to one of the pins of the PIC.
Alternativety, the circuit may be bullt using surface mount
techniques, and in this case may be fitted in to a S-way
connector shell, This technique is a very neat, The circuit board
and its construction are described in the article on Surface
Mount Technology to be found elsewhere within this magazine,
The components used within the circuit are not critical, and
any general purpose transistors may be used.

Incorporating the macros

Jo use the macros within a program, it is necessary to include
an additional header file at the start of the program, and one
additional code file at the end of the program.

The information transmitted by the PIC is preceded by two
header bytes, and one indicator byte which shows which
macro has been executed. This information is used by the PC
program to a show the type of information sent by the PIC.
The two header bytes are Ox19 and OxB6. This format ensures
that diagnostic information can be separated from normal
program information sent by the PIC if a common serial
interface is in use. Table 1 shows the information sent by the
PIC for each macro type.

Figure 2 shows the header file (SERDIAG.INC), which
should be included at the start of the program, and which
defines the macros. There is nothing special in this file. The
processor frequencies and the bit rates to be used on the
serial interface are defined in this file. The DELAY macro is that
shown in last month's article. The spare pin to be used for
serial transmission is also defined in this file using the serport
and txbit values. There are 9 bytes of program memory
required by the macros, and so these are defined by the code
block at the end of the header file. Please note that the code
clock has no address shown, and therefore the memory
variables follow those used by the application program. The
application program must therefore use a code block itself, as
is illustrated in the test program.
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Figure 2: serial diagnostic header - SERDIAG.INC

I R s et s L e R R L R R ]
i

; Header file for remote debugging of the application

B R R E R R SRS LR R R E N
i

i

; Set up the processor information

#define PROCFREQ .4000 ; Processor Frequency in kHz
tdefine BITRATE .19200 ; Baud rate in bps
BITTIME EQU {PROCFREQ*.1000/4) /BITRATE ; Time for A

bit in cycles

RxBit equ 2 ; Receive Dbit

TxBit equ 3 ; Transmit bit

SerPort equ PORTA ; Serial port

_PREFIX1 equ 0x19 ; lst header byte sent to
show a debugging frame

_PREFIX2 equ 0xB6 ; 2nd header byte sent to

show a debugging frame
: This maere dumps a number of bytes from memory to the
serial output pin 3

_bumMp maere Address, Length
movwf _Savew
movlw Length
movwE _Length
movlw Address
movwf _Address
call _SendBytes
endm
H
; This macre returns the current execution address
H
_EXECUTIGN macro
movwf _SaveWw
movlw ($-1}>>8
movwf _Length

movlw $-3
call _SendExec
endm

; This macro sends a number
i
_SENDNUMBER macro Number
movwf _SavewW
movlw Number
call _Sendw
endm
; This macro delays an exact
; number of clock cycles between
; 8 at minimum or 186420 at max

DELAY macro Cye
if (cye<.8 || cyc>.186420)
error “DELAY out of range”

exitm
endif
SmallCyc=Cyc
if Cyc>.775

BigCyc={Cyc-.730}

LoopDelay=BigCyc/. 728

movlw LoopDelay+l

call BigDel
SmallCyc=Cyc-{.730+LoopDelay*.728+3)
endif E
LoopDelay=(SmallCyc-3)-5 : Delay<=775 Cyc
novlw LoopDelay/3+1
call Delay0-LoopbDelay%3

endm

L T e T e R s e TR R I A NN N RS
i

i RAM variables

A2 0 pibiey a s oA AR SRR RS §E FEE RN AN Ot LA R e e n ¢ v

cblock ; Varlables in RaM
DelayIndex

DelayIndexH : Delay variables
RxByte ; Serial byte received
_Length ; Length of memory dump
_Address ; Address of memory dump
_Saveli

Temp ; Temporary variable
Templ ; Temporary variable
Temp2 ; Temporary variable
endc

The additional code file (SERDIAG.ASM} is shown in figure 3.

This includes the routines to transmit single bytes, and the ]
routines to action the macros. Please note that the macros |
preserve all of the registers {including W), but leave memory

addresses in page 0, and leaves the transmit pin in a low

Impedance driving state.

Figure 3: serial diagnostic code - SERDIAG.ASM

;
i
i
;

.,

i
[

R R R R e T R

Transmit and receive routines

At 4MHz one cycle is luS. For these routines we
will use a serial rate of 19200bps. So the time
per bit is 52 cycle

R R R R e e R SRRy X ]

Wait for a byte to be received

These routines are commented out because they are
not needed for the Serial Diagnostic, uncomment if
you want your own Serial Recieve routines

B R e R R R R R AR AR R AL R AR AR R R
v

;Receive btfsc SerPort,RxBit : 1/2 Wait for start bit
goto Receilve ) Avg 1.5 cycles here
movlw 8 e} piek up 8 bits
movwf Temp Awl
DELAY BITTIME*3/2-(BITTIME-7+2+4} ; Wait, middle

of stop

;RxLoop DBLAY BITTIME-7

b

¥

bcf sSTATUS,C el sample incoming bit
btfsc SerPort,RxBit : 1 |
bsf STATUS,C ANY
rrf RxByte 2l rotate data, LSB
arrives first
decfsz Temp g
goto RxLoop 7

;WaitEnd btfss SerPort,RxBit ; Wait for end of last bit

if it was 0.
goto WaitEnd
moviw RxByte
return

et e e T R R T R R R S RS e

i
v

H

Transmit routine

At 4MHz one ¢ycle is luS. For these routines we
will use a serial rate of 19200bps. So the time
per bit is 52 cycle

W R A R AN AR E R R A AR RN R AT AR A SR AL AR TR I NANAN T EITIRNT I E NS

Transmit single character in W

e R T S TR ST S N

TxW movwf Temp

movliw 9

movwf Templ

bcf STATUS,.C ; first bit is start bit
‘TxLoop btfss STATUS,C ; 1/2 Set output bit

goto ZBit 3.2

bsf SerPort,TxBit ; 1

gote NBit 0
ZBit bcf Serport,TxBit ; 1

nop ; 1 Make both arms of loop equal
NBit DELAY (BITTIME-9) ; Wait for next bit

rrf Temp B 1a

decfsz Templ & A1

goto TxLoop iR

bsf Serport,TxBit ; 1 stop bit

DELAY BITTIME ; 50 Stay idle after Transmit

return i 2

H
;
H

i

R R TR e e S X R X R

Delay routines

R T S R SR A R A T R A R RN SN R R A )

insert a delay of up to 772 Cycles
Loop time = 5 + 3*{W-1), minimum 5
Call Delay 1 to add 1 cycle

Call Delay 2 to add 2 Cyc

Remember it takes 2 Cyeles te call this routine,
and 1 cycle to load W before calling it
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Delay2 nop ’

1

Delayl nop i1

Delay0 movwf DelayIndex i 1

DelayLop decfsz DelayIndex ; 172
goto DelayLop > 2
return P2

; Big delays need an outer loop

; This delays 730 + (W-1)*728 Cycles

BigbDel movwf DelayIndexH Tl

BDLOP movlw Oxf0 gt
call Delay0 3 724
decfsz DelayIndexH T LA
goto BDLop y
return =z

R e R e A R A R R R S RS R L
i

; Serial Diagnostic routines

‘-.'t't'.*i"tf’!"t"tt"'D"'."'"."""""“'.t"'
; Send Header bytes - ‘E0, El, E2

; Send bytes from memory, called from macro _DUMP
_SendBytes moviw FSR ; Save FSR register
movwf Temp2

call init ; Initialise Serial o/p
movlw OxEQ

call Txw

movfw _Length

call Txw ; Send the length
moviw _Address

movwf FSR

call Txw ; Send the address
moviw 0O

call Txw

incf FSR

decfsz _Length ; And loop Length times
goto _SendLopl

moviw Temp2

movwf FSR

moviw _SaveW

return

_SendLopl

_RestwW

: Send Execution address, called from macro _EXECUTION
_SendExec movwf _Address
call init
movlw OxE1l
call Txw
moviw _Address
call TxW
moviw _Length
call Txw

goto _RestW

_SendLast

; Send Number
_SendwW movwf _Length
call init
movlw 0OxE2
call TxwW
moviw _Length
goto _SendLast

; Set Serial port bit as cutput

init bsf SerPort,TxBit

bsf STATUS,.RPO

movlw ~{1<<TxBit} ; set transmit output
andwf SerPort

bcf STATUS, RPO

movlw _PREFIX1

call Txw

movlw _PREFIX2

goto Txw

Figure 4 shows a test program which executes all three
macros when the processor is reset. This program uses bit 3
of port A for transmission. This program may be run directly on
a PIC16C84 or PIC16F84 on last month’s development board.

Figure 4: test program for diagnostic macros

#ifndef PICDE
Processor 16F84
#include *P16f8B4.inc”

#endif
cblock Ox0Oc ; Must set up cblock address
endc
#include “SerDiag.inc” ; Include this file last in the
include series
org 0
goto start
org 4 ; Interrupts
start clrf TMRO
clrw
option : OPTION_REG
goto ExecTest
ExecTest _EXECUTION ; Return execution address
DumpTest _DUMP Q,0x30 ; Send bottom 30 bytes from RAM
NumTest _SENDNUMBER 0x9b ; Send a number
lop goto lop : Simple Loop

org 0x200 ; Put diagnostic routines here

$ifndef _ _PICDE

#include *“SerDiag.asm” ; Include at end of all
assembler files

end

#endif

interpreting information at the PC

The information sent by the diagnostic program is useless if it
cannot be interpreted by the PC. Version 3 of the PICDESIM
simulator program from Forest Electronics interprets this
information automatically, _DUMP macros update watch
variables automatically. _EXECUTION macros cause the
program to display the execution point in the correct source
window.

For those who do not have PICDESIM, an alternative is
presented here using BASIC. Figure 5 shows the BASIC
program which interprets the information sent by the diagnostic
macros. Enter this program using a text editor, save it to the
filename “DIAGNOSE.BAS”, load it using the command line
QBASIC DIAGNOSE and press Shift and F5 to execute it.

Figure 5: the Basic diagnostic program

DECLARE SUB Number ()

DECLARE SUB Execution {)

DECLARE SUB DUMP (}

DECLARE FUNCTION GetSer' ()

OPEN “"COM1:19200,N,.8,1,RS,DS,BIN" FOR RANDOM AS #1
CLsS

PRINT *Press a key to terminate the program”

WHILE 1

in = GetSer
IF (last = 25 AND in = 182} THEN
BEEP

dtype = GetSex

IF (dtype = 224) THEN DUMP

IF (dtype = 225) THEN Execution
IF (dtype = 226) THEN Number
END IF
last = in
WEND
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SUB DUMP

PexrLine = 4

Length = GetSer - 1: Address = GetSer
PRINT

PRINT *“Received Memory Dump from : $°; HEXS$(Address);

" to $°; HEX$(Address + Length)
PRINT
FOR i = Address TO Address + Length
I¥ (PerLine = 4) THEN PRINT : PerLine = 0
x = GetSer
PRINT *$7; HEX$(i); *: $7; HEX$(x), &
PerLine = PerLine + 1
NEXT
PRINT
END SUB
SUB Execution
Address = GetsSer: Address = Address + GetSer * 256
PRINT
PRINT *Execution Address hit - §7; HEX$(Address)
END SUB 3

FUNCTICON GetSer

WHILE LOC(1l) < 1

IF INKEY$ <> ** THEN CLOSE : END
WEND
as =
GetSer =

INPUTS (1, #1)
ASC(a$)

END FUNCTION
SUB Number
PRINT

PRINT *Number received - $7; HEX$(GetSer)
END SUB

Figure 6 shows the screen dump ocutput from this program
when working with the test file of figure 4 on the PIC16F84.

Figure 6: a screen dump from the Basic diagnostic program

Press a key to terminate the program

Execution Address hit - $8

Received Memory Dump from : $0 to $2F

$0: $0 $1: §72 $2: $2A $3: $S1Aa
$4: $4 $5: $1F $6: SFF $7: s0
$8: SFD 59: S0 S$A: $0 $B: $5
$c: $0 $D: $BF SE: SFF $F: §21
$10: $0 $11: $0 $12: $0 913, 50
$14: S$7F $15: $0 $16: SO $17: $0
$18: SFF $19: SFF $1A: SFF ISPy WSRE
slc: $0 $1D: SF8 $1E: $99 $1F: $D9
$20: $D9 $21: $19 $22: SB6 $23: SE1
524: S8 $25: §0 $26: $19 527: S5B6
$28: SEO $29: $30 52A: S0 $2B: $0
S2Ca ST2 $2D: $2A $2E: $S1A $2F: $4

Number réceived - $9B

interrupts 1

As this series is reviewing some techniques for the advanced
use of PIC microcontrollers, the basic use of interrupts will not
be considered here, however, in this brief section we shall look
at some of the issues which arise with the use of interrupts in
more complex programs.

The first issue is that of saving registers during an interrupt.
Figure 7 shows the standard method of saving the W register
for the 16C73/74. Although Microchip identify the need for the
variable W_TEMP to be defined both in bank 0 and bank 1
{and banks 2 and 3 for the 76/77 devices), this is not shown in
their sample code.

Figure 7: context-saving during an interrupt

org 4

MOVWF W_TEMP ;Copy W to TEMP register, could be
bank one or zero

;Swap status to be saved into W
;Change to bank zero, regardless of
current bank

;8ave status to bank zero
STATUS_TEMP register

SYIAPF STATUS,W
BCF STATUS,RPO

MOVWF STATUS_TEMP

: (ISR)

SWAPF STATUS_TEME, W ;Swap STATUS_TEMP register into W

: {sets bank to criginal state)

MOVWF STATUS ;Move W into STATUS register
SWAPF W_TEMP,F ; Swap W_TEMP

SWAPF W_TEMP,W ;Swap W_TEMP inte W

RETFIE

A bigger omission is that Microchip have not pointed out that
the state of the PCLATH register on the occurrence of an
interrupt is critical. PIC programs for the larger devices use the
PCLATH register to define the top bits of the address used in
goto and call instructions. For small programs this is not an
issue - the PCLATH register will always point to the bottom
program memory page. For larger programs the PCLATH
register will be changed by the program to point to the
program memory page being currently used. On interrupt the
program will jump to location 4. Any jump or call made within
an interrupt will cause a crash if the PCLATH register points to
the wrong program memory page.

Figure 8: complete context-saving dyring an interrupt

cblock 0x20 i
Yi_TEMP
STATUS_TEMP
PCLATH_TEMP

Lower page

program variables here

endc

chblock 0xal ; Upper page
W_TEMP ; Copy of lwr page
Program variables here
endc
org 4

MOVWF w_TEMP : Copy W to TEMP register, could be

bank one or zero

SWAPF STATUS, W ; Swap status to be saved into W

BCF STATUS, RPO ; Change to bank zero, regardless of
current bank

MOVWF STATUS_TEMP ; Save status to bank zero
STATUS_TEMP register

MOVFW PCLATH ; Save PCLATH

MOVWF PCLATH_TEMP

CLRF PCLATH : Clear upper address bits

: (ISR) Can use any goto/call to lower memory page

routines here

MOVFW
MOVWF
SWAPF

PCLATH_TEMP

PCLATH

STATUS_TEMP,W ; Swap STATUS_TEMP register intec W
: (sets bank to original state)

STATUS i

MCOVWF Move W into STATUS register
SWAPF W_TEMP,F ; Swap W_TEMP

SWAPF VW_TEMP,W ; Swap W_TEMP into W

RETFIE
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Figure 8 shows a more comptete interrupt routine which
includes PCLATH saving and which should be used for all large
programs including goto/call within the interrupt routines.

Another issue which should be examined carefully is the
depth of the call stack. The 16Cxx PIC processors have a call
stack which is only eight levels deep. In view the limited stack
depth, coupled with lack of any capability to push and pop
data to and from the stack is a major limitation with the PIC - it
makes compiler writing considerably harder and limits the
flexibility of assembler programs. In practice the limited call
stack implies that calls should be restricted as far as possible
within an interrupt routine, and preferably only nested to one
level. When calculating stack call depths, always assume that
an interrupt may occur within the lowest level of call nesting in
the maln program, the interrupt will use one further stack level,
and any calls within the interrupt routine will use further stack
locations.

Never enable interrupts within an interrupt - on any
processor recursive interrupts can be  difficult to handle, but on
the PIC they are virtually impossibie. Every interrupt call uses
up all the temporary registers used to store status and W
registers, and so a recursive call will overwrite previously stored
values.

Finally, it probably goes without saying that an interrupt
routine must not modify vanables or registers modified by the
main program (for example FSR}, and if it does these values
must be stored in temporary registers during the interrupt
routine. More subtly, the main program may well read variable
values which are being changed by the interrupt routine. For
example, consider two variables set by the interrupt which are
interdependent (for example a flag showing a new
measurement has taken place and a counter of the number of
values recorded). If the main program reads one value and
then dependant on its value reads the second then consider
what would happen if an interrupt occurred between the two
reads - often program operation will be unpredictable. In this
type of situation disable interrupts whilst both values are read.

Interrupt-driven serial communications

So far all of the applications that we have examined have been
based on those PICs which have no built-in serial
communications support. Our final look at serial
communications will examine a full interrupt driven serial
communications program which will run on any of the devices
which have a built in USART.

The code for this program is too big to be included in this
magazine article, but is available either from the ETl web site,
or on the disk avallable from the author at the end of this
series. See the note at the end of the articie for details.

Within this article we shall look at the routines available, the
set-up of the seriat communications programn, and its use in a
very simple demonstration program.

Operation

While the interrupt-driven serial communications program
operates in the background, the main program can run and
perform normal operations, while bytes are transmitted and
received from buffers automatically. There are two buffers, one
for information which has been received, and one for
information which is to be transmitted. As each byte is
received it causes an interrupt, the interrupt routine reads the
received byte from the hardware and write it to a circular buffer.
Similarly as the main program requests a byte to be
transmitted, it is added to the end of the transmit buffer, and is

sent in turn with any other bytes due for transmission.

There are only four routines (apart from the interrupt handler) to
be used within the main program. They are documented in the
source code.

The first two routines return the size of the receive and
transmit buffers, so that it is possible to tell if one or more
bytes have been received, and if there is room to add one or
more bytes to the transmit buffer. The other two routines return
the next byte from the received buffer, and add a byte tc the
transmit power. If there is no byte waiting in the receive buffer
then the routine waits until one is received, and similarfy if there
is no room in the transmit buffer then the transmit routine waits
until a byte has been transmitted before returning.

The routines operate using Xon/Xoff signalling. This type of
flow control operates using two special characters, the Xon
and Xoff characters (code Ox11 and 0x13), to stop and start
transmission from the other end of the serial link. The Xoff
character is sent when the receive buffer is three quarters full,
and the Xon character is sent when the buffer becomes three
quarters empty.

To enable the Xon and Xoff characters to be sent and
received in the data stream, these characters are sent using a
simple protocel. If an attempt is made by the program to send
Xon, Xoff, or Escape (code Ox1b) characters, then an Escape
character is sent followed by the correct character with the top
bit set. The receiving routine decodes the correct character
whenever an Escape character Is received.

The buffers used for transmission and reception are circular
buffers. This type of buffer has two pointers to address it. The
pointers rotate seamilessly around the buffer so that there is no
end or beginning - for example, if a buffer was 4 bytes in
length the address would run in sequence 0,1,2,3 and then 0
again. The first pointer is called the head, items to be added to
the buffer are added at the address pointed by the head and
the head is then incremented. The second peinter is called the
tail, items to be taken from the buffer are read from the
address pointed by the tail, and the tail is then incremented.
When the head and the tail are the same, the buffer is empty.
When the head is at an address which is one less that the tail,
the buffer is full.

Using the serial communications program
There are two files to be included within the main program. The
first is “serial.equ”, which should be included after all other
include files. This file will need to be modified for the
application, and is shown in figure 9.

Figure S: Serial.equ - include file for interrupt-driven serial routines

)
; Various defines

PROCFREQ equ 4000 ; Processor freguency in kHz

BITRATE eqgu 19200 ; Baud rate

XON equ .17 ; XON and XOFF bytes

XOFF equ .19

ESC equ .27

RXBUFSZ equ .32 ; Maximum number of bytes in
rx buf - Power of 2

TXBUFS2 egu .32 ; Maximum number of bytes in
tx buf - Power of 2

rxtab equ 0ObOh ; Received character buffer -
RXBUFSZ in length

txtab equ 0d40h 5 Pransmit character buffer -

TXBUFSZ im length

; Calculate the values of BRGH bit, and SPBRG

SPLOW eqgu (PROCFREQ®.1000)/(BITRATE*.64)-1
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SPHIGH equ (PROCFREQ*.1000)/(BITRATE*.16}-1
#$if SPLOW>.25
DEFSPBRG equ SPLOW
BRGHVALUE equ 0
telse

DEFSPBRG equ SPHIGH H
BRGHVALUE equ 1

#endi £

+ Serial port bit rate generator

Serial port bit rate generator

b3

: Variables used in serial routines

cblock 20h

sertemp : Temporary variable, may be used elsewhere
rxhead ; Pointer to head of receive buffer
rxtail ; Pointer to tail of receive buffer
txhead pPointer to head of transmit buffer
txtail ; Pointer to head of transmit buffer
serflags ; Serial flags register
intw ; stores W in interrupt -
DO NOT USE ELSEWHERE
intflags ; stores flags in interrupt -
DO NOT USE ELSEWHERE
tempint : Temporary store used in interrupt routine

DO NOT USE ELSEWHERE
intfsr : Stores fsr in interrupt register -
DO NOT USE ELSEWHERE
endc
i

; Flag bit definitions within the serflags byte

XOFFSENT equ

(V] ; An XOFF has been sent
XOFFRX equ 1 : An XOPF has been received
SENDXON equ 2 ; Command tx routine to send XON now
SENDXOFF equ 3 ; Command tx routine to send XOFF now
ESCRX equ 4 : An escape character has just been
received

; Serial transmit and receive bits on PORT C

txv equ 40h
rXv equ 80h

The processor frequency in kHz, and the bit rate in bits per
second are entered in the lines which start PROCFREQ and
BITRATE. In the example these are set to 4MHz and 19200bps
respectively.

The receive and transmit buffer sizes are set up by using
RXBUFSZ and TXBUFSZ. These buffers must be a power of 2
in size. Typically the transmit buffer may be 8 bytes and the
receive buffer 32 bytes (note that if a PC is used with a receive
buffer of less than 128 bytes, the buffer size at which the XOFF
character is sent may need to be changed to one-third of the
buffer size as the PC serial card has a built-in buffer of 16
bytes which may be sent even after the PC receives an XOFF
character).

The start addresses of the receive and transmit buffers must
also be defined using the rxtab and txtab lines. These may be
in the upper memory page.

The demonstration program is included with the sample files
and is called demo.asm. The main loop of the program is only
three words long and simply receives bytes and transmits them
straight back to the PC. The main lcop is:

; Wait for a byte to be received
; Transmit it
; and loop

call waitrx
call addtx
goto infloop

infloop:

Development board for the 16C74

The demonstration serial interrupt program operates on the
16C74 device. Last month we presented a development board
for the 16C84, this month we shall show a board for the
16C74, which includes a serial interface for communications
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Figure 10: the circuit diagram of the 16C74 development board
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Figure 11: the pcb layout of the 16C74 development board

using the built in USART, and two sockets for IIC devices. This
board was originally presented as part of the ETl Basic
Controller series in 1995,

Figure 10 shows the circuit diagram of the 16C74
development board, Port C is used on the processor for the
support circuitry, as this is the port used by most of the
peripherals on the 16C74. The 16C74 uses the upper bits
of port C for the serial interface to connect to the internal
USART.

The IIC devices (IC2 and IC4) are an eeprom and a static
fam supported on port C pins RC3 and RC4, however any
itC devices with the same pin-out could be supported on
this port. A later article in this series will show the use of the
{iC port in PIC controlters. The static ram is an 8 pin device,
the Philips 8570, 256 x 8 static rams. The eeprom IC2 is
connected to be at address 0O on the 12C bus, and the static
ram is at address 1. This is achieved by using the AQ, A1
and A2 pins of the 12C devices.

The brown-out reset circuit based on Q1 is provided to
protect against errors caused by voltage drops in power up
and power down and has an external reset capability. If the
reset pin is taken high then the MCLR pin of the processor
will drop to ground and reset the processor. If the pin is
taken low, the brown-out reset circuit will be disabled.

There are three external connectors for I/0. PL4 is a 16-
pin dil socket which hosts all five bits of port A and the
three bits of port E together with the external reset line and
power supply pins. PL3 is the 20-pin IDC connector which
hosts port B and port D together with the external RTCC
input for the 8-bit internal timer (TMRO) on pin RA4. PL3
also has power supply pins. Finally a 3-pin header (PL5)
supports the bottom three bits of port C. These bits can
support an external crystal oscillator for Timer 1. This is
shown on the circuit diagram, but not tracked on the PCB.

R3 is provided to allow for hardware mcde programming.
It can be connected in one of two positions, low or high,
and the state can be read during start-up before the serial
port is initialised. In normal use it may be left open circuit.

Construction and testing

Figure 11 shows the PCB overlay. Use sockets for IC1, IC2
and IC4. There are four links to be fitted first, one under
IC1, one under IC2, and the others to the left of IC1. Follow
the links with the horizontally mounted resistors, then the iC
sockets, the other resistors, capacitors, IC3, and the
remaining components and connectors, IC3 is the power
regulator. A 78L05 or 7805 may be used depending on the
power consumption of the peripheral circuitry, and a
heatsink may be fitted to the 7805 if required. IC3 may be

removed altogether if an external regulated supply is
available.

Before inserting any 1Cs, connect the power supply and
check the voltages on the power supply pins of IC1, IC2
and IC3. Power down and insert those ICs which are to be
used (note that the orientation of IC2 is opposite to that of
IC4), power up, connect to the PC as shown in previous
articles and use the serial interrupt software to confirm the
operation of the module.

Next Month

In next month’s article we shall look at driving LED displays
- both multiplexed and non-multipiexed - directly from the
PIC, and using specialist driver devices to ease the task.

Obtaining software

The Software listings for this month’s and last month's
articles are available from the ETI web site at
www.aaelectron.co.uk, and will be available on a disk from
the author at the end of the series.
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POWER AMPLIFIER MOOULES-TURNTABLES-DIMMERS- * : v *F }

LOUDSPEAKERS-19 INCH STEREC RACK AMPLIFIERS

JUINHEE  THOUSANDS PURCHASED
18 INCH RACK BY PROFESSIONAL USERS

—

OMP MOS-FET POW
HIGH POWER, TWO CHANNEL

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)
MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.5. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: #independenl power supplies with two foroidal transformers # Twin LED. Vu meters %
Level controls ® Hliuminated on/ofl switch % XLR connectors % Standerd 775mV inputs % Open and short circuit
proot % Latest Mos-Fets for siress iree power dellvery Into virtuslly any foad w High slew rale * Yery low

distorfion # Aluminium cases & MXF500 & MXF300 fan cooled with D.C. loudspeaker and thermal prolection
USED THE WORLD OVER N CLUSS, PUBS, CINEMAS, DISCOS ETC.
SIZES:- MXF200 W10 xHa%" (20}xD11”
MXF400 W 19 xH5%" (3U)xD12"
MXFG00 W18 xHBY." (3U}D13"
MXFI00 W19 xHBY " (3U D1 4%,"
PRICES:-MXF200 £475.00 MXF400£233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 £ACH

[oMP X03 STEREO 3-WAY ACTIVE CROSS-OVE

Advanced 3-Way Stereo Aclive Cross-Over, housed in a 19" 2 U case. Each channel has three jevet controls:
bass, mid & lop. The ramovable fron iascia alows access 10 the programmable DIL swiiches to adjusl the
cross-over frequency: Base-Mig 250/500/800Hr. Mid-Top 1.8/3/SKHZ. sH 81 2448 per octave. Bass invert swilches
on each bass channel. Nominal 775m¥ input/outpul. Fully compalibie with OMP racs smplifier snd modules.

Price £117.44 + £5.00 P&P
N ———

ED FOR CATALOGUE #

OMP MOS-FET POWER AMPLIFIER MODUL SUPPLIED READY BUILT AND TESTED.

now snioy & Id-wide r ion lor quslity, a M a reslisnc price. Four
abis 1o Buit the needs of the profes! hobby markal , Loisure, InStrumentsl #nd Hi-Fi
[#ic. When co! ¢ing prices. NOTE that ail medelu includa taroidsl power suppty, integral heet sink. glaas libre P.C.B. and
Ldrive circuils 1o power & compatible Vu meter, All modets sre open and shor! circuit proot.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 400 Mos-Fet Outpul power 110 walls
R.M.S. into 4 ohms, Irequency response 1Hz - 100KHz
.3dB, Damping Factor >300, Slew Rate 45V/uS,
T.H.D. typlcal 0.002%, Input Sensitivity 500mV, S.N.R.
-410 dB. Size 300 x 123 x 60mm.
PRICE £40.85 + £3.50 PAP

nd pel
2 Indus

OMP/MF 200 Mos-Fel Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, input Sensitlvity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 watls
R.M.S. into 4 ohms, frequency response 1Hz - 100KHZ
-3dB, Damping Factor >300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity S00mY, S.N.R.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watis
R.M.$. into 4 ohms, frequency response 1Hz - 100KHz
.3dB, Damping Factor >300, Slew Rate TSV/uS,
T.H.0. typical 0.001%, Input Sensitivity 500m¥, S.N.R.
-110 dB, Fan Cooled. D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + £5.00 P&P

OMP/MF 1000 Mos-Fet Outpul power 1000 watls
R.M.S. into 2 ohms, 725 watts R.M.S. Into 4 ohms,
frequency response 1Mz - 100KHz -3dB, Damping
Factor >300, Slew Rate 75V/uS, T.K.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. «110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mn.

PRICE £259.00 + £12.00 P&P

NOTE: MOS-PET MODULES ARE AVAILABLE IN TWO VERSIONS:

STEREO DISCO MIXER SDJ3400% % ECHO & SOUND EFFECTS*

STEAEQ DISCO MIXER with 2 x ¥ band
L & R graphic equalisers with bar graph
LED vu meters. MANY OUTSTANDING
FEATURES:- including Echo with repesi &
speed Control, DJ Mic with talk-over
switch, & Channels with individual taders
plus cross fade, Cue Headphone Monitor. 8
Sound Effects, Usetul combination of the
tollowing inputs:- ) turntables {mag), 3
mics, B Line for CD, Tape, Video stc.

Price £144.99 + £5.00C P&P

SIZE: 462 2 240 x 120mm

STANDARD - INPUT SENS 500mY, BAND WIDTH 100Kke.
PEC {PROFESSIONAL EGUIPMENT COMPATIBLE) - INPUT SENS
¥73mv, BAND WIDTH S0KHz. ORDER STANDARD OR FEC.

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, iINCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HiGH POWER, HIGM
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLEYE LIST.

McKenzie and Fane Loudspeakers are also available.

LOUDSPEAKEFRS]

0 R MOTOROL/

Join the Piezo revolution! The tow dynamic mass (no voice coll) of a Piszo tweeter produces 8a improved
| iransieni rasponse with a lower distortion Ivel then ordinary dynamic tweelers. As a crossover is not required
Ihese units can be added to existing spesker sysiems of up to 100 watts (more il two are pul in serles. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACM TWEETER.

TYPE ‘& (KSN1036A) 3° round with protective wire mesh. Ideal for
bookshell and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P,
TYPE ‘8' (KSN1008A) 3% super horn for general purpose speakers,
disco and P.A, systems efc. Price £8.99 + 50p P&P,

o TYPE ‘C' (KSN1018A) 2°15" wide dispersion horn for quality Hi-Fi sys-
%% tems and quality discos efc. Price £6.99 + 50p P&P,

TYPE ‘D’ {KSN10258A) 2"x6" wide dispersion horn. Upper trequency
response retained extending down to mid-range (2KHz). Suitable for high
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P.

TYPE ‘E' (KSN1038A) 3% horn tweeter with aftractive silver finish trim.
Sultable for Hi-Fi monitor systems etc. Price £6.99 + 50p P&P.

LEVEL CONTROL Combines, on a recessed mounting plate, level control
and cabinet inpul jack socket. 85285mm. Price £4.9D + 50p P&P.

ALL EMINENCE UNITS 8 OHMS IMPEDANCE
8" 100 WATT R.M.S. MEB-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, bisco.

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97d8. PRICE £32.71 + £2.00 PAP
10" 100 WATT R.M.5. ME 40-1400 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.

RES, FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS874B. PRICE £33.74 + £2.50 P&AP
10° 200 WATT R.M.5. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 PP
13" 100 WATT PLM.S. ME1 2-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 49Hz, FREG. AESP, TO 6KHz2, SENS 100dB. PRICE £35.84 + £3.530 P&P
12° 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A, VOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10K K2, SENS 9808, PRICE £36.87 + £3.30 P&P
12" 200 WATT A.M.S, MEY 2-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID.

RES. FREQ. 58Hz. FREQ. AESP. TO 6KHz, SENS 98d8. PRICE £48.71 & £3.50 P&P
12" 300 WATT A.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICEE70.19 + £3.50 PAP
18" 200 WATT R.M.S. ME18-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR,

RES. FREQ, 46Hz, FREQ. RESP. TO 5KHz, SENS 98d8. PRICE £50.72 + £4.00 PP
15" 300 WATT ALM.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P

ARBENDERS:- Hi-FI. STUDIO, IN-CAR. ETC]

ALL EARBENDER UNITS 8 OHMS (Except E88-50 & EB10-50 which are dusl Impedance tsppec @ 4 & 8 ohm)

TYPE D . {
; a—
t LIGHT CASED LOUDSPEAKERS

& new range of quality loudspeakers, dasigned to take advantage of the latest
speaker technology and enclosure designs. Both mogels utilize studio quaiity
12" cast aluminium loudspeakers with lactory fited grilles, wide dispersion
constant directivity horns, extruded aluminium cofner protection and sleel
ball corners, complimented with heavy duty black covering. The enclosures
are fitted as standard with lop hats for optional ioudspeaker slands.

A —

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz

ibl FC 12-900WATTS (100dB) PRICE £159.00 PER PAIR
ibl ¥C 12-200WATTS (100d8) PRICE £175.00 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

OPTIONAL STANDS PRICEPER PAIR £49.00
Delivery £6.00 per palr
SUPERB L]

N-CAR STEREO BOO JULE
CARSTEREO BOOSTER AMPLIFIERS

j 150 WATTS (75 75) Stereo, 150W
Bridged Mono

250 WATTS (125 + 125) Stereo, 250W
8ridged Mono

400 WATTS (200 + 200) Sterso, 400W
Bridged Mono

ALL POWERS INTO 4 OHMS
Features:

= Slereo, bridgable mono % Choice of
high & low level Inputs % L & R level
controis w Remote on.«wff & Spesker &
harmal srotection.

POBTAL CHARGES PER ORDEA E1.00 MINIMUM. OFFICIAL
ORDEAS FROM SCHOOLS, COLLEGES, BOVT. SODIES, PLCs ETC. |
DRICEE INCLUBIVE DF V.AT. SALES CDUNTER. VISA AND |

ACCESS ACCERPTED BY POBT, PHONE OR FAX. 1

PRICES: 150W £49.99 280W £96.99
A00W £106.85 PAP £2.00 EACH

BASS, 5INGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

8" BOwatt EE3-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 PAP

10° SOWATT EB10-50 DUAL IMPEDENCE, TAPPEO 4/8 OHM BASS, HI-F), IN-CAR.

RES. FREQ, 40H2, FREQ. RESP, TO 5KHz, SENS. 9948, PRICE £13.65 + £2.50 P&P

10" 1 0OWATT EB10-100 BASS, HI-F), STUDIO.

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB,

12° $0OWATT EB42-100 BASS, STUDIO, HI-F1, EXCELLENT DISCO.

RES. FREQ. 26Hz, FREQ, RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&FP

FULL AANGE TWin CONE, HIGH COMPLIANCE, ROLLED SURROUND

8v," BOWATT EB5-80TC (TWIN CONE) HI-F1, MULT|-ARRAY DISCO ETC.

RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92d8.

8%, BOWATT EBS-80TC (TWIN CONE) HI-F1, MULTI-ARRAY DISCQ ETC.

RES. FREQ. 38Hz, FREQ. RESP, TO 20KHz, SENS 34¢B.

8" 6OWATT EBB-60TC (TWIN CONE) HI-F1, MILTI-ARRAY D!8CO ETC.

RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz. SENS 89dB. PRICE £42.99 + £1.50 P&P

10" 6OWATT EB140-80TC (TWIN CONE) HIF1, MULTI ARRAY DISCO ETC.

RES. FREQ. 35Hz. FREQ. RESP. TO 12KHz. SENS $8dB. PRICE £10.49 + £2.00 P&P

——
ANSMITTER HOBBY KIT
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARO AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS

IW  TRAMSMITTER §B108MHr VAAICAP CONTROLLED PROFESSIONAL

PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 5 12mm. SUPPLY 17V @ 0.SAMP,
PRICE €14.85 + £1.00 PAP .

FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH

VERY SENS FET MIC_ RANGE 100-300m, SIZE 56 x bmm, SUPPLY 8Y BATTERY.

PRICE £30.39 + £3.50 PAP

PRICE £6.99 + £1.50 P&P

PRICE £10.99 + 1.80 P&P

PHOTO: 2W FM TRANSMITTER

PRICE £8.80 + £1.00 P4P

B.K.ELECTRONICS

UNITS 1 & 5 COMET WAY, SOUTHEND-ON-SEA.
ESSEX S5S2 6TR
Tel. 01702 - 527572 Fax: 01702 420243
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Homebuilding a PC today could be described as “easy - but with boobytraps”.
Robert Penfold starts this month with the basics of buying compatible parts and
fitting them together.

t one time custom, do-it-yourself PCs were very

much the domain of the computer enthusiast, and

not at all for the average PC user. Things have

changed in recent years, and a fair percentage of

PCs today are either home-buitt or upgraded by their
owners to the point where they have what is virtually a home-
assembled PC. Some PC market surveys seem to put home
builders as a whole roughty on a par with some of the major PC
manufacturers for numbers of PCs produced in the last year or
two! Building up your own PC is simpler than it used to be, and the
general level of computer competence has increased over the
years. There are now marny more people with the basic
competence to undertake this type of thing.

This is not to say that anyone can successfully build and set-up
their own PC. The bad news is that PC systems are not auite so
“plug and go” as they are sometimes described. Actually building
the computer is not very difficult at all. PCs have progressed well
beyond the stage where you could seriously set about building
your own circuft boards, Building a PC now is truly a matter of
botting ready-made circult boards into a ready-made case. itis a
simple assembly job that cften requires nothing more than a
screwdriver, and is probably easier than putting together some
screw-it-yourself fumniture. The skill required lies in selecting sutable
components, and in getting the finished computer correctly set up
and running your applications. DIY PCs are not really a practical
proposttion for those who are rew 1o PCs, or even for those of
limited experience. Someone who has been using PCs for a few
years can sort out the minor difficulties that will inevitably arise. The
same problems would probably baffle a new user.

Modern motherboards have integrtaed parts of various types. Make sure th board is
supplied complete with a basic set of matching cables

It Is only fair to point out the realtties at the start. Some
people undertake this task in the hope that they will save
money. With careful buying from discount mail order suppllers,
a DIY PC might be somewhat cheaper than a ready assembled
equivalent. it should certainly cost ne more. Some of the
saving is because you are not paying someone to spend a few
hours putting the thing together. Not paying for helplines and
other customer support accounts for much of the saving but,
bearing in mind that the first rule of buying PCs for the
uninitiated is “buy from somewnhere that provides support”, you:
will be largely on your own if things go wrong.

.= = = A

You might think that, if you chocse reputable components,
nothing much could go wrong, but this would be putting trust
in optimism over experience! PCs are complex system and,
despite increasing standardisation, they are still notorious for
obscure hardware incompatibility prablems. Putting together a
set of perfectly functional components will not necessarily
produce a totally functional PC. If you should run into this kind
of problem, the supplier of the component that is giving you
difficuity will almost certainly deduct a testing and restocking
fee from any refund offered. If the offending part works when
tried in their test computers, they will be unlikely to accept it as
faulty. It is helpful if the DIY PC builder already
has at least one reasonably modern PC. |
recently ran into problems with memory
modules that seemed to be faulty, but
worked fine when tested by the supplier.
When | swapped the memory from the new
computer with the memory from an existing
PC, they both worked finel Juggling the
components of two PCs will often banish
obscure incompatibility problems.

The right stuff

| reckon that most PC builders fall into two
basic categories: those who put a PC together
from whatever they can get cheaply at the
time, and those who select the components
carefully for their ideal PC. Either way, but
particularly with the cheap approach, you must
plough quite a bit of effort into buying
components that will work properly together.
This is a list of the components needed to
produce a fully operational multimedia PC:
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This gigabyte motherboard uses the standard AT layout, The large ZIF socket is

for the CPU,

A case with power supply and accessories
A motherboard with leads

A microprocessor with heatsink and fan
Memory or memories

A monitor

A video card

A 3.5-Inch HD disk drive (optional but still very useful)
A hard disk .drive

A CD-ROM drive

An operating system

A keyboard and mouse

A sound card and speakers

Obviously do not need the sound card and speakers if you
are not into muttimedia applications (or if you have a family and
want a quiet life), but these days you will need the CD-ROM
drive because virtually all software is supplied on CD-ROMs.
Your applications will probably require further components,
such as a printer or a modem, but at the moment we are cnly
concerned with the basic PC and not with extras of this type.
Cbviously a lot of these components, such as the mouse and
monitor, are standard items that should not give experienced
computer users any trouble. Video cards are a rich source of
compatibility problems. You often have the choice of
ordinary PCI or AGP (advanced graphics port) versions. The
AGP version is likely to give better 3D performance, but you
then have to be careful with your choice of motherboard. An
AGP port is not yet a standard motherboard feature.

Choosing the motherboard and processor present the
main challenge. With sc many different microprccessors
currently available for PCs, and new ones coming along al!
the time, this is a confusing area. There seem tc be dozens
of different motherboards on offer. The safest option is to
use an Intel processor and a motherboard from one of the
larger manufacturers such as Gigabyte, QDI, Asus,
Supermicro, and Chaintech. On the other hand, compatible
processors from IBM/Cyrix and AMD have proved
themselves to be very viable alternatives to the Intels. | have
personally never experienced any maijor difficutties with
inexpensive no-name maotherboards, but many of these are
supplied with rather limited documentation. Beginners would
probably be in safer hands with well-documented products,
such as those from Chaintech and Gigabyte.

There are two distinct types cf Intel Pentium
processor, These are the standard MMX
processors, which fit into a square holder on the
motherboard known as “Socket 7", and the
Pentium |l processors which fit into a connector
that looks rather like a large memory module
socket, and is known as “Slot 1". The two types
of processor are not hardware-compatible, and
motherboards take only cne or the cther, The
normal Pentium il processors operate at speeds
of 233, 266, 300, and 333 MHz. Two higher
speed versions operating at 350 and 400 MHz
have just been announced, but these chips
require special motherboards that cperate at
100 MHz (and a correspondingly fast memory),
as opposed to the 66 MHz of the earlier
Pentium |l processors. The new processors and
motherboards are not in the shops as | write,
but the latest “turbo” technology is best left to
the experts and is not really a suitable starting
point.

Intel is expected to kil off its “socket 7" processors by the
end of this year, and replace them with low-ccst Pentium |l
processors (the “Celeron” processors) that lack the added
512K of memory cache of the normal Pentium iis. At the
moment it is unclear how much this will affect their
performance, but full Pentium Il processors look like a better
bet if you need any kind of high performance. Socket 7 MMX
processors are an attractive proposition at present if you can
get by with less than the ultimate performance. The processors
and motherboards are available at very low prices, and they
will run virtually all current software property (but check when
buying). Also, they use well-tried and tested technology that is
less likely to produce any unpleasant surprises for the DIY PC
builder.

Any modern Pentium motherboard should work with Intef
166MHz, 200MHz, and 233MHz MMX processors, but if you
opt for a compatible processor make sure that you do buy a
motherboard that can operate with it. MMX processors operate
with twin supply voltages, and the genuine Intel chips need a
potential of 3.3 volts for the circuits that connect to the outside
world. The main circuit of the processor requires a core voltage
of 2.8 volts. Processors from other manufacturers malnly use
different core voltages.

Most CPU fans tap power from a disk drive
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Over-clocking

There are also differences in the clock
speeds used for non-Intel processors.
The subject of clock speeds often
confuses newcomers to PC assembly,
and one reason for this is that there are
actually two clock rates within the PC.
The processor cperates at a clock
frequency that is several times higher
than the clock frequency used for the
motherboard. For example, an Intel 200
MHz MMX processor operates with a
motherboard clock rate of 66 MHz and
so-called x3 operation. In other words,
the processor is clocked at a rate that
is three times higher than the
motherboard clock frequency. Note that
the clock speeds quoted for the
IBM/Cyrix processors are not the actual

clock frequencies used, but are given

as a guide to the effective speed when
running typical applications. For instance,
the IBM/Cyrix 200 MHz MMX chip is
actually clock at 150 MHz, but runs applications at a speed
which is comparable to an Intel 200 MHz MMX processor.
Rather unhelpfully, some of these chips exist in two versions
operating with different clock speeds and (or) core voltages.
Where appropriate, the chips themselves or normally marked
with details of the required clock rates and operating voltages.

The choice of processor depends on the processing power
you require and how much you are prepared to pay, but you
clearly need to be careful that the motherboard you obtain is
fully compatible with your processor. This is especially
important with the IBM/Cyrix chips, because some of them
require high motherboard clock rates that are not supported by
all recent motherboards. There is a slight problem with
processors that require board frequencies of more than
66MHz, which is simply that Intel VX, HX and TX support
chipsets do not support these higher frequencies. There are
alternative support chipsets, but many boards use the Intel
chips together with so-called over-clocking. In other words, the
chips are used beyond their designed maximum operating
frequency. The manuals for these boards explain how to set
the higher board frequencies, but usually include a disclaimer
advising against doing sc. In other words, you can use these
boards at high clock rates if you like, but the manufacturers
accept no responsibility if things go wrong. If you are going te
use a processor that requires a high motherboard clock
frequency, and especially if you are using one of the new
Socket 7 chips that operate at more than 233MHz, the safe
option is to buy the processor and motherboard as a package.
Get a guarantee that they will operate properly together.

There are three normal methods of setting up the board to
operate with the appropriate processor. The two old-fashioned
ways are to use either jumper connectors or DIP switches. The
manual for the miotherboard should show how to set up the
available clock frequencies and core voltage options. in most
cases the settings required for each supported processor
would be provided, making it easy to set up the board
correctly for your chosen processor. The modern alternative is
for the motherboard to automatically detect the type of
processor fitted and to provide the correct settings for you.
Manual control is still possible via the BIOS set-up program. |
think there is no doubt that the automatic detection method.is

SDRAM in the form of 168-gin DIMMS (top) are now replacing 72-pin EDO SIMMs (bottom)

the most convenient, and | would guess that before too long
practically all motherboards will use it. incidentally, the same
three methods of control are used with Slot 1 motherboards to
set the clock frequencies.

All Pentium class processcrs consume a fair amount of
power and require a heatsink and fan to prevent overheating.
In general, the higher the clock frequency the larger the
heatsink required. The IBM/Cyrix chips, despite their lower
actual clock frequencies, require larger heatsinks than
equivalent chips from other manufacturers. It is advisable to
buy the heatsink and fan together with the microprocessor and
an assurance from the supplier that the heatsink is adequate
for the particular processor you are using. Modern
motherbeards have a 12-volt output for the fan, but most
heatsink fans take the alternative route of taking power from
one of the supply’s power connectors for a 5.25-inch drive. A
pass-through lead is normally included, so that the connector
can supply power to both the fan and a drive.

Where it's AT

These days PC cases are normally supplied complete with a
power supply unit of a fairly generous power rating of around
230 watts. Varicus styles of case are available, and the best
type is largely a matter of persconal preference. However, |
would not recommend using the smallest types because these
are cften difficult to work on, and they can also be rather
limiting due to their small number of drive bays. In the
catalogues you will find AT and ATX cases listed, and it is
important to understand the differences between them. AT
cases are what | suppose could be regarded as the traditional
PC cases, and they are equipped with standard PC power
supply units. Most modern cases of this type will only accept
“baby” AT motherboards, but the full-size variety is either not
manufactured any more, or has become extremely hard to find;
a situation which should make buyers cautious. AT cases will
not normally accept ATX format motherboards.

ATX cases are primarily intended for use with ATX style
motherboards, but in most cases they will also accept
standard AT boards. With an AT motherboard the voltages
required by the processor are provided from the +5 volt supply
by an on-board voltage regulator. The power supply of an ATX
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SIMM SOCKET

SIMM IS INSERTED FROM THIS SIDE OF SOCKET

Figure 1: SIMMS must be inserted from the correct side of the socket

case has a 3.3-volt output, which reduces the need for
regulators on the motherboard. Note that the standard AT and
ATX power supply units use different connectors, so there is no
risk of connecting the wrong type to the motherboard. Modem
AT motherboards mostly have both types of connector so that
they can be used with either type of supply.

Apart from differences in the power supply reguirements,
ATX boards differ from standard AT types in other respects.
Modern motherboards have one parallel and two serial ports
as standard. With AT boards, ieads connect the board to the
port connectors fitted on the rear of the case. Most cases have
ready-made cut-outs for these connectors, but it is often more
convenient to mount then in special blanking plates which can
be fitted in place behind any unused or “dummy” expansion
slots. In fact most motherboards are supplied complete with a
basic set of leads, which includes serial and parallel port leads
with connectors ready fitted into blanking plates. In most cases
there is no difficulty in removing the connectors from the plates
and fitting them on the rear of the case instead. This is all
academic with ATX boards, since they have the serial and
parallel port connectors on the rear of the motherboard, and
these match up with cut-outs in the rear of the case, much like
an ordinary PC keyboard connector. The interior of a PC tends
to be a mass of cables, and the ATX approach eases this
problem somewhat,

Another major difference between AT and ATX
motherboards is that ATX boards have a totally redesigned
layout. There is a slight problem when the traditional layout is
applied to modern PCs with heatsinks and fans fitted to the
processors. These appendages effectively increase the height
of the processor, and can make it impossible to fit some of the
longer expansion cards into certain of the expansion sockets.
The situation is worse with Pentium Il computers due to the
large size of the processor, which looks more like a
videocassette than an integrated circuit. The ATX layout places
the microprocessor to the side of the expansion slots where it
will not get in the way. The ATX layout is also supposed to
make it easier to get at the memory sockets, but in practice
things do not always seem to work out this way.

So far, ATX boards and cases have not been very popular,
which is probably due to their refatively high cost. The price
differential between AT and ATX components Is now guite
small, and an ATX case and motherboard probably represents
the most practical choice, particularty if you are building a
Pentium It computer. if you are building a PC based on a
Socket 7 processor it is stilt probably worth using an ATX
motherboard. Unless you are working on a really tight budget,
it is worthwhile buying a board based on the TX support chip

set, which should offer USB support and so on. Incidentally,
Pentium It motherboards operating at up to 333MHz are
normally based on the LX chipset, but some early designs are
based on the old FX chips. !t is definitely advisable to buy one
of the latest LX boards, which should have “all mod cons”.

Assembly

Assembling all the components shouid be reasonably
straightforward but will be fiddly. Having nimble fingers is an
asset! Bear in mind that the motherboards, processors and
many of the expansion cards are static-sensitive, and that they
require the same handling precautions that you would use
when dealing with MOS integrated circuits in a normal project.
Due to the relatively high cost of PC components it is only
prudent to take more care than normal. it is probably not
worthwhile paying out for expensive anti-static mats,
wristbands, and so on, but it is essential to have an earthed
metal worktop so that you can work safely on the
motherboard. Something as basic as a large piece of metal
cooking foil on the worktop Is all that is needed. You can use a
crocodile clip lead to earth the foil to the earth output of a
bench power supply, to the metal case of a mains powered
project, or any gadget that has an earthed case. It is a good
idea to touch the foil occasionally, and before handling any PC
components, so that any static build-up in your body is
discharged to earth before it has a chance to do any harm.

It is a good idea to do as much work on the motherboard
as possible before it is fixed inside the case, because the
board will be much less accesslble once it Is in the case. Don't
find out the difference the hard way if you can help it! Each
situation must be taken on its own merits, but the preliminary
work on the mothertoard will normally include fitting the
processor and memory modules, and where appropriate
setting up any jumpers or DIP switches.

If you are building a Pentium !l computer the motherboard
will only accept DIMMs (dual in-line memory modules}, but it
will probably work with both EDO and SDRAM versions of
these modules. There is no point in using EDO DIMMs, as they
are more difficult to obtaln, are likely to be more expensive, and
will give inferior performance. Sockets 7 motherboards mostly
have provision for four SIMMSs (single in-tine memory modules})
or two DIMMs. The SIMM sockets will usually accept fast page

“memory or EDO memory, but as EDC memory is cheaper and

faster there is no point in considering the fast page variety. In
fact there is probably no point in using any form of SIMM
memory, because SDRAM DIMMs are likely to cost no more
but will give slightly better performance. Note that unbuffered,
not buffered, SDRAM DIMMs are required, but this is the only
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type offered by most suppliers.

Fitting DIMMs is very easy, and it is impossible to fit them
the wrong way round because a polarising key is cut in the
circuit board. From this, and the matching bar in the DIMM
socket, it is easy to determine which way around the module
should go. The module simply drops into place vertically and
as it is pressed down into position the plastic levers at each
end of the socket should start to close up. Pressing them both
into the vertical position should securely lock the module in
place. Virtually all Pentium motherboards require SIMMs to be
used in pairs, but DIMMs can be used singly.

SIMMs are slightly more awkward to fit and, although in
theory it is Impossible to fit them the wrong way around, in
practice it does happen. There is the usual polarising notch in
the module and key in the socket, but they are small and only
slightly off-centre. Note that Pentium motherboards are only
compatible with 72-pin SIMMs and that they will only take the
old 30-pin variety via adapters. With the current low cost of
memory there would seem to be little point in using these
adapters, which have a reputation for problems. When fitting
SIMMs orient the motherboard so that the sides of the
sockets, which have the metal clips, are facing towards you
and the plain sides are facing away from you (figure 1). Take a
SIMM and fit it into the first socket {the one that Is furthest
away from you), and note that it must be leaning toward you
slightly and not fully vertical. Once it is right down into the
socket it should lock into place when it is raised to the vertical
position. If it will not fit Into position properly it is probably the
wrong way round. Tum it through 180 degrees and try again.

Unlike some previous Intel processars, the Socket 7 chips
can only be fitted the right way round. if you lcck at the socket
you will notice that one corner does not have a hole for a pin
whereas the other three do. Similarly, the processor itself has a
“missing” pin in one corner, and this comer of the chip is
usually marked on the top surface by a dot. But be very careful
when handling the processor, as getting even one pin slightly
bent will prevent it from fitting into the holder. There is a large
lever at one side of the socket and this must be raised to the
vertical position before the processor can be fitted into place.
Once aligned with the socket, the processor should drop easily
into place. Once the processor is properly seated in the
socket, return the lever to the horizontal position to lock it in
place. The heatsink and fan have spring-clips that fit onto
plastic fugs on the socket. The heatsink will sometimes be a
rather lose fitting, but you will probably find that the clip can be
adjusted to an afternative height setting that gives more reliable

results. It is essential that the heatsink fits securely onto the
socket, because the processor could easily be destroyed if the
heatsink comes lose in use. Some motherboards have built-in
processor temperature monitoring and safety circuits, but this
is by no means a universal feature. Pentium |l processors
simply plug into a polarised socket that Is rather like an
ordinary expansicn slot.

Stand-off

It is generally easier if the motherboard is fitted into the case
first, and then the drives are fitted. The case should be
supplied complete with fixings and stand-offs for the
motherboard. In most cases there will be one or two holes in
the motherboard which do not match up with fixings in the
case, but provided the board is supported at about five or Six
points there should be no problems. Every case seems to use
a slightly different mounting arrangement, so you have to use a
little ingenuity (or guesswork) here. With modern cases there Is
no need for any mounting rails on the drives. They simply slide
straight into the bays and are bolted in place using the screws
supplied with the case.

Connect the power supply cables, drive cables, and su on
before fitting the expansion cards, because the cards tend to
severely restrict access to the interior of the case. The 3.5- and
5.25-inch drive power connectors are polarised and can not be
fitted the wrong way round. The same is true of ATX
motherboard power connectors. AT motherboards have two
polarised power connectors, but be careful not to get them
swapped over. The convention is for the four ground {black)
leads to be in the middle of the line of 12 ieads. The floppy
drive controller is integrated with the motherboard, and the
board should be supplied with a “twisted” lead for two drives.
This is connected in the manner shown in figure 2. The two
drives have the same set-up, and it is the twist in the cable
that determines which is drive A and which is drive B. lf only
one floppy drive is fitted, simply leave the drive B connector
unused. Computer data leads are made from grey ribbon cable
that has a red lead at one end. The convention is for this lead
to carry the pin 1 connection. The instruction manuals will
indicate which pin on each connector is pin 1, but this
information is usually marked on the motherboard and drives
as well.

Modem motherboards have two IDE connectors that will
each take two IDE devices such as hard drives and CD-ROM
drives. There will probably be just one IDE data lead provided
with the motherboard, but this wilt have connectors for two

|
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Figure 2: a twist in the data cables determines which floppy disk drive is A, and which is drive B.
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drives. It does not matter which drive connects to which
connector, as it is the drive settings that determine which one
is the master and which is the slave. The hard drive would
normally be set as the master with the CD-ROM drive its slave
device. The drives' instruction manuals will give details of the
jumper settings required. In theory there could be a slight
advantage in buying a second data cable and installing the
CD-ROM drive as the master device on the second IDE port.
In practice this does not make any obvious difference in
performance.

Where appropriats, the serial, parallel port and (possibly)
mouse port connectors should be fitted to the case, and
connected to the motherboard. The ribbon cables attached to
these connectors follow the normal rule of having the red lead
carry the pin 1 connection. if not marked on the motherboard
itseff, pin 1 of each connector should be indicated in a diagram
in the manual. There are various switched and LEDs fitted to
the case that must also be connected to the motherboard.
These include such things as power and hard drive LEDs, and
the reset switch. It is unlikely that the miscelianecus facilities of
the motherboard will precisely match those of the case. The
case may have a "turbo” switch and LED, but these are not
usually implemented on motherboards {or do not actually do
anything it they are). Some 'eads may therefore have to be left
unconnected. Provided the computer has the power and drive
LEDs, the reset switch and the loudspeaker connected, it
should be perfectly usable. There may be “+" marks on the
leads and motherboard connectors to indicate the LED
polarities, but it is sometimes necessary to use the “suck it and
see method"” to get them connected the right way round. No
damage will occur if you get it wrong at the first attempt.

Finally, add in the expansion cards, and if you have one, fit
the audio lead that connects the CD-ROM drive to the audio
board. With the mouse, keyboard, monitor, and power leads
connected, the computer is ready for testing. However, before
switching on it would be a good idea to give everything a final
check. Also, you may wish to use cable-ties or double-sided
adhesive pads to stop loose cables from flapping around inside

The interior of the finished PC tends to be cluttered with leads. Take particular care to secure
any leads that might get into the fan

the case. Make quite sure that there is no risk of any
c¢ables jamming in the CPU's cooling fan. Due to the large
number of leads going here, there, and everywhere, it is difficult
tc make the interior of the unit look really neat. Anyway, it is
best not to overdo it when fixing cables to the case as this can
make life difficult if you wish to make changes to the computer
later on.

The BIOS

When you switch on the computer it should produce the usual
start-up messages, but you should exit the start-up sequence
and go into the BIOS Setup program by following the
appropriate on-screen instruction {which usually tells you to
press the “Del” key). A modem BIOS provides control over all
manners of things, but to a large extent it is just a matter of
setting the time and date, and specifying the floppy drive or
drives present. The BIOS can auto-detect things like the hard
drive type and the amount of memory fitted. You might have to
indicate the type of memory fitted, and it might be possible to
make a few improvements to the settings later on, but initially it
is a good idea to et the BIOS use what it considers to be the
optimum settings.

The hard disk will be suppiied with the low level formatting
completed, but it will need high level formatting and the
operating system added. We will look at hard disk drives in
detail in a subsequent article dealing with PC upgrading, but
the process is quite easy. Some hard disks are supplied with
software that simplifies the process, and it clearly makes sense
to use this software if it is available. If not, you will need an
MS/DOS or Windows 95 boot disk, which also contains the
Format and Fdisk programs. Use the disk to boot-up from dive
A, and then run Fdisk. This is used to partition the disk, and to
set the active partition (the one that the system will boot from).
Note that you must still run Fdisk even if the disk will only have
a single partition, because the operating system will not accept
the presence of the hard disk until Fdisk has done its stuff.
When using Fdisk you simply choose the required option and
follow the cn-screen Instructions.

Once Fdisk has processed the
disk it can be high level formatted
using the Format program, using the
/s option to transfer the system files
to the disk. It should then be possibie
to boot from the hard disk. Once the
drivers for the mouse and CD-ROM
drive have been installed it is possible
to run the installation disk for
Windows 3.1 or Windows ©5.
Obtaining Windows 95 for your new
computer can be difficult because the
full Windows 95 program (as
opposed to the upgrade version) is
only sold with hardware. The
important poirt to note here is that
*hardware” does not necessarily
mean a complete computer and it
should be pessible to obtain the full
version when buying the motherboard
or the processor. Once your selected
operating system is installed, it is just
a matter of spending a few hours
installing your applications software,
and the new PC is then ready for
use.
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COAST ELECTRONICS |

12 BIT PRINTER PORT A/D INTERFACE
WITH WINDOWS 95 SOFTWARE.

2VS INPUT RANGE. USES 10x SCCPE
PROBE TO GIVE 25V RANGE.

40MHz SAMPLE RATE MIN. (PENTIUN).

COMES WITH SCOPE/METER/DATA LOG.
GER/SPECTRUM ANALYSER SOFTWARE
ON CD-ROM. £80

PENTIUM 2 AGP VGA CARD 4MEG 49

EPSON 100 MEG 7IP DRIVE 90 £1 BARGAIN PACKS
PENTIUS § COMPUTERS CALL
MAINBOARDS/PROCESSORS/SIMMSDIMMS  CALL (o4 ITEM CODE
SCANNER 30 BT A4 FLATBED PRINTER PORT 80 2 TIP298 TRANSISTOR P10
CD-ROM DRIVE 32 SPEED IDE INTERNAL g9 12 2ZN3702 TRANSISTOR P11
CD-ROM WRITERREWRITER SCSI INTERNAL 262 12 2N3703 TRANSISTOR P12
HARD DISK DRIVE UDMA IDE 8 4 GIG 266 12  2N3704 TRANSISTOR P13
HARD DISK DRIVE UDMA IDE 32 GIG 122 12 2N3705 TRANSISTOR P14
VGA CARD PCI 30 4MEG 29 10 2NITO7 TRANSISTOR P15
PC SOUND CARD 16 BIT ISA 1g & 1ADIP RECTIFIER P16
PC MAINBOARD NON MMX PENTIUM! 40 2 LM334ZIC TEMP SENS P17
2  CROC RECVBLK LEADS P18
TRIPLE OUTPUT TENS UNIT 85 1 TRIAC TIC253M Al
PIC1BCTAA-10P 510 1  COMWM CATH 78EG LED P20
DPM LASCAR DPM200 20 1 NTC TEMP PROBE P21
PC EXTENDER CARD ISA AT t8 2  BCD THUMB SWITCH P2
PC EXTENDER CARD I5A PC g0 5  1N5404 3A RECTIFIER P23
12 PA LOUDSPEAKER 40HM 200W 55 1 KBUA4D A BRIDGE P24
STEREQ PREAMP BOARD KIT 20 6  1BMBACK PANELS P25
MONO PREAMP BOARD KIT 15 2 TP121 TRANSISTOR P2E
PRESSURE UNIT SENSYM SCCOSDN 15 1 GALIEVBA-15LNCIC p27
PRESSURE UNIT SENSYM LX060020 10 2  BY1841.8A BRIDGE P28
STEPPER CRIVER IC L298N 5 5  100nF POLY CAPS P29
B7CTS2 OF 751 EPROM MICRO 18 5 2200F POLY CAPS P30
CRYSTAL OSC MODULE 1MHz 2 1 BNCT.PIECE P31
SOLID STATE RELAY 3A 240VAC g BNC BULKHEAD JACK 50 P32
12817 AD IC AD574 95 5 4700160V POLY CAP P33
12BIT BCH A/D K LTC1260 18 10 100n 160V POLY CAP £34
7 SEGMENT RED LEDS 1 INCH 2 10 270n 250V POLY CAP P35
MAINS ADAPTER 172 A UNIVERSAL 730 10 330p 160V PSTY CAP P36
ETRI FAN 240VAC 10W $T0 80mm FIT 5 1  SP0256 SPEECH IC P37
100 WATT MOSFET AMPLIFIER KIT 35 1 3V6PCB NFCAD VIR P38
Mlgimuén ovc}elr...J 5}.‘ Cam'zagfe..small &1 COAST ELECTRONICS
orders £2.50/ large ftems next day £10.
VAT to be added to tofal of goods & 48 SUNDRIDGE DRIVE
carriage. Phons/ fax/ visi the web site o WALDERSLADE
email us (Iis1@coastel.demon.co.uk) for a KENT MES 8HT
larger current slock list. We aiso offer TEL:01634 660157

design/ PCB layout/ gas analysers/
industrial DIN rail interfaces/ device
programming services.

FAX:01634 672093
WWW.COASTEL.DEMON.CO.UK

Video Surveillance

Pinhole Board Camera (B&W) 12v

DC, 0.1LUX,
380 TV Resolution
Size: 35mmx35mm £35.00

Pinhole Board Camera (Color) 12v
DC, 0.5 LUX,

420 TV Resolution

2 board foldable

£190.00

Size: 40mmx40mm

Audio/Video Transmitter module
12v DC, 4 Channel Selection
900Mhz-1200MHz, FM Modulation
£120.00

4 Channel Receiver + Switcher
12v DC, Composite Audio/Video
Output £150.00

TFT 4" Colour Monitor

12v DC £150.00

We also stock:
Time & Date Generalor, Minature PIR etc.

Confidential Communications Limited
344 Kilburn Lane, Maida Vale
London W9 3EF
Tel (44)(0) 181 968 0227 Fax: (44)(0) 181 968 0194
Email: 106075.276 @ Compuserve.com

CROWNHILL ASSOCIATES LIMITED

The Old Bakery, New Barns Road,
Ely Cambs. CB4 7PW

Tel: +44 (0)1353 666709 Fax: +44 (0) 1353 666710

Low cost professional quality Smart Card Systems

Lot
Intelligent programmar for Sman Cards using the International Standard
T=0 or T=1 protocols also Memory and Secure Memory using IPC, 2-wire &
3-wire imterfaces
Supplied with software to read and write to most popular
sacure smart cards ., inc GSM. PAY PHONE and

ACCESS CONTROL cards.
T=0 or T=1 @ 3.579MHz £69 + VAT
£7.50 P&P

— st 1 e
[Ria Y8 g L F -l

RS232 @ 9600 -11500 bps
Hntarnal Supply / Ni-MH

| Bize: 100x70x80 mm

| Weight 60 Gram

Supplied with CardServer API for easy
developmaert of SmariCard Applications
using Visual Basic. Dalphi or C++
Supplied with Sample Memory cards &
Secure Smart cards

LCE Compliant

Chip Drive intern

3.5" floppy bay version of the CHIPDRIVE,

Applications are available to provide SmarnCard con-
trolied access of data on Hard drives or “PC-LOCK", to
control access to the whole PC Fully Compatible with
TOOLBOX for systems development, Supplied with

cardserver.dll A £865 4 £5 P&P + v

Most popular smart
cards are plastic,
the size of a credit
card, with an embed-
ded microprocessor
containing an oper-
ating system and
arasable non-volatile
memory.

Pnysical protection
agalnst unautho-
rired tampering with
the card is provided
through the foflowing
scheme:

The microprocessor
and memory are creatéd as a sin-
gia chip. This ensures there are no
data paths that can be monifored
or probed. This chip is connected
to a thin circult board and encap-
sulated with an epoxy. The
“nodule” is then glued within a weli
milied into the plastic card. This
prohibits physical access to the
microprocessar and provides a
more durable medjum than mag-
netic stnpe cards.

ChipDrive Developer Kit
micro, sample cards and Toolbox
£99.95 + P&P + VAT

http://www.towitoko.co.uk
http:/www.crownhill.co.uk
http://edsim.cambs.net

The microprocessor operalas
under control of a “bulit in® pro-
gram callad an operating sys-
1em. A senal interface - which
makes It Impossible to access
the memory directly is
ampioyed to communicate with
the card. An ISO (international
Standards Organization) proto-
col is used to exchange com-
mands and date with the card.

Finally, Holograms, signalure
stripes, photos, etc can be
appied to the card for aaditional
securily. And the card can be
custom primted with your artwork.

Crownhili can supply OPEN
ARCHITECTURE cards, that
will ailow you, the erdd user to
creale your own operaling sys-
tem. to control access to the
EEprom memory of up to
64Kbits (8Kbytes) in sire.
Crownhilf have ofl the sheifl
oparating systems for Conirol
access. Electronle purse and
FPortable Document applica-
tions. Others can be wriiten lo

your specification.

NEW CMIPDRIVE - micro

Fully Compatible with TOOLBOX for
appllcation developmant. Featuring the
same functionality as Chip Drive Extern
but in a emall neat low cost package,
similar in size to a sman card. Supplied
with cardserver.dif

£65 + £5 P&P
+ VAT

»QWrOOH

Driver and application software is availabie ftor
the CHIPDRIVE family of terminals including
the command sel DLL tor Windows 3. 11/95/NT,
easy to use 16 and 32 Bi DLLs with just ona
function call to the “CardServer”, a powertul
Background task which ralieves the application
programmer from device and card administra-
tion. Featuring automatic pretocol and card
type detection. Allowing several applications to
access one lerminal dependent on the type of
card inserted. Supplied on CO ROM containing
cardserver.dil, applications and source code
examplas.

£29.95 + £5 P&P + var

SMARTCARDS Available from Stock:
GemPlus, Atmel, Xicor, Siemans, SGS Crownhill and more.......
SLEI442,4432,4418,4428,4404. ATBBSCxx, AT24c01-16.
GPM103,GFMIK 2K, 4K, GPM416 Phone Cards, Loyalty Cards

THE SMARTEST SOLUTION
Crownhill can offer a broad range of smart cards from Just £1.00. and
Smart Card sockels for just £1.45 ea. PIC Microchlp based Smart Cards
now avafiable at just £4.50 ea.......DEVELOP YOUR CWN SMART CARD !

| Crownhiil can supply over 150 different types of IC from mare than 12

silicon suppliers, whickh can sil be incorporated into smart card format.
Some cards are avallable from stock, most are manufactured to the

| customers’ specification.
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T E L N E T

8 CAVANS WAY,
BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF
Tel: 01203 650702
Fax: 01203 650773
AR  Mobile: 0860 400683

(Premises situated close to Eastern-by-pass in Coventry with easy access
to M1, M6, M40, M42, M45 and M69)

OSCILLOSCOPES

Beckman 9020 — 20MHz - Dual Channel
Cossor 3102 — 60MHz Dual Channai
Gould OS 245A/250/255/300/3000/3351/4000
Hewlett Packard 180A/180C/1B1A/182C .
Hewlett Packard 17404, 17414, 17444, 100MHz dual ch
Hewiett Packard 541 UDD ~1GHz Digitizing....

Intron 2020 - 20MHz Dlgtal Storage (NEW)
watsu $G 5710/55 5702 — 20MHz ... -
Kikusui COS 8100 — 100MHz. 5 Channal, 12 TACo e
Kikusul 5100 — 100MHz = Dual Channel . -
Meguro — MSO 1270A - 20MHz Dlgrlal Slorage (NEW)_
Nlcolat 310 - L.F. D.S.0. with twin Disc Dnve .

Nicolat 3081 - LF. D.S.0.
Lecroy 9450A ~ 300MHz/400 Ms/s D.. S0.2d
Phliips PM 3211/PM 3212/PM 3214/PM 3217/PM 3234/PM 3240/PM 3243/PM 3244/PM 3261/
PM 3262/PM 3263/PM 3540..... i AtOM £125
Philips PM 3295A - 400MHz Dual Channel .. s e

Phillps PM 3335 — 50 MHz/20Ms/s D.8.0. 2 ch
Phillps PM 3055 — 50 MHz DUAL Timebase .
Tektronlx 434 — 25MHz - 2 Channel Analogue StCrage ...
Tektronix 454 — 150MHz — 2 Channet ..

Tekironlx 468 - 100MHz D.S.0..
Tektronix 2213 — 60MHz Dual Channel .
Tektronlx 2221 — 60MHz Digtal Storage hannel
Tektronix 2215 — 60MHZ Dual trace ................
Tektronix 2235 — 100MHz Dual trace .
Tektronix 2335 — Dual frace 100MHz {poriable}
Tektronix 2225 -~ SOMHz dual ch ..
Tektronlx 2440 — 300 MH2/500 Ms/s D. SO 2Cn
Tektronix 455 — 50MHz Dual Channei ..
Tektronix 464/466 — 100MHz An Smrage .
Tektronix 465/485B — 100MMHz dual ch
Tekironix 475/475A — 200MHz/250MHz Dual Channel.........
Tektronix 485 — 350MHz - 2 channel ..
Tekironix 5403 — B0MHz — 2 or 4 Channol
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch
Tektronix 7704 250MHz 4 ch.
Tekironix 7904 - S500MMZ .
Trio C$-1022 ~ 20MHz ~ Dual

SPECIAL OFFER
HITAGHI] V212 = 20MHZ DUAL TRALE .......oisvominsiesissmstnisas s s abiasis semsosesioss
HITACHI V222 - 20 MHZ DUAL TRACE + ALTERINATE MAGNIFY .

SPECTRUM ANALYSERS

Advantest 4133B — 10KHz — 20GHz (B0GHz with external mixers) + Ex!. Keyboard ....£7250

Advantest 41318 — 10KHz - 3.5GHz . £4950
Anda AC8211 — Specirum Analyser 1, TGHz . ..£2950
Anritsu MSGI0B — 10KHZ - 2GHzZ — {MINY) ..o aprsen coa s s £4750

Anritsu MS341A + MS34018 - (10Hz - 30MHz ...
Anritsu MS62B = 10KHz - 1700MHz ...
Avcom PSAG5 S — 1000MHz — portabls,
Hewiett Packard 3580A — 5Hz-50KHZ

Hewlatt Packard 182T with 85594 ('10MHZ— ZIGHz)

Hewlett Packard 35601 A — Specirum Analyser [nterdace . —. S em—— VR
Hewiett Packard 3582A Oual Channel Dynamic Sig. Anabysar . £7500

Hewlett Packard 35624 Dual Channel Dynamic Si). Analyser... £7500
Hewlet! Packard 853A + 85588 - 0.110 1500MHZ —: Fe = £3250
Hewlett Packard 182T + 85586 — 0.1 10 1500MHz . £2750

Hewlett Packard 8754A — Natwork Analyser 4-1300MHz.
Hewlsatt Packard 8591A — 9KHz — 1.8GHz...
Hewlett Packard 8594E — 9KHz - 2.9GHz.
Hewlett Packard 35824 ~ 0.02Hz — 25.8KHz (dual ch.)
Hewilatt Packard 35854 -20Hz = 40MHz....
Hewlett Packard 87544 {opt. H26) ~ 4MHz 2 8GHz.
IFR 7750 10KHz = 1GHz ...
Marconi 2370 — 110MHz
Marcon| 2371 = 30KHz — 2000MHz ..
Meguro MSA 4901 — 1-300GHz (AS NEW)
Meguro MSA 4812 — 1-1GHz (AS NEW) ..
Polrad 641-1 — 10MHz — 18GHz.

Hewlett Packard 435A or B Power Mater {with 8481A/BABAA)Y . .....co.ccovrcicssiceicie e frOM E750
Hewlett Packard 42794 — 1MHz G-V Meter
Hewlett Packard 49484 — (TIMS) Tmsmlsscon impairmant M/Sat ..
Hewlett Packard 4972A — Lan Protocol Analyser .

Hewlett Packard 5420A Digital Signal Analyser.... —
Hewlett Packard 5335A - 200MHz Parformance. Syslsms Counter
Hewlett Packard 5314A — (NEW) 1 Hz Universal Counter.
Hewlett Packard 5316A — Universal Counter (IEEE} .

Hewlett Packard 5183 -~ Wavelorm Recorder ..

Hewilatt Packard 52338A Frequency Counter 100MI
Hewilett Packard 5370A — 100MHz Universal Timer/Cou
Hewlett Packard 5384A — 225 MHz Frequency Counter ...
Hawlatt Packard 5385A Fraquency Counter = 1GH2 - (HPIB) with OPTS 001/003/004/005 ...
Hewiett Packard 6253A Pawer Supply 20V —=3A Twin ...
Hewlett Packard 6255A Power supply 40V - 1.5A Twan. ... .
Hewlett Packard 62668 Power Supply 40V — 54
Hewlett Packard 627 1B Power supply 60V - 3A ...
Hewlett Packard 6622A — Power Supply, Dual O/P
Hewlett Packard 6623A = Power Supply, Triple O/
Hewlett Packard 6652A ~ Pawer Supply {0 ~ 20V. 0 - 25A
Hewlett Packard 62648 — Power Supply (0 — 20V, 0 - 25
Hewlett Packard 7475A — 6 Pan Plotter
Hewlett Packard 7550A - 8 Pen Plotter

HEWLETT PACKARD 62618
Power Supply 20V-50A £450 Discount for Quantlities

Hewiett Packard 835554 — Millimeter — Wave source Module 33 5OGHz WIS
Hewiett Packard BO18A — 50MMz Pulse Generator ........ o

Hewlett Packard BADSA — Vector Voltmeter ...
Hewlett Packard 8165A - 50MHz Proq‘r:mmable Slgnal Source ...
Hewlett Packard 83508 — Sweep Oscillator Maintrame (vanous Plug -ins uvanlabie) oxtr:
Hewlett Packard 8152A - Optical Average Power Mater ... -

Hewlett Packard 81588 ~ Optical Attenuator (OPTS 002 + on)

Hewlett Packard 8180A - Data Generalo« -

Hewlett Packard 8182A — Data Analy
Hewlett Packard 83508 ~ Sweep Oscullalm Mainframe (vanous plug in options available)

Hewlett Packard 83554A — Wave Source Module 26.5 to 40GHz ..£3500
Hewlett Packard 8620C Sweep oscillator mainframe .

Hewlett Packard 8656A — Synthes:sed Signal G (QQ(NHz)

Hewlett Packard 8656B — Synthessed Signal Generator R b=

Hewlett Packard 8750A £375
Hewlett Packard 8756A — ScaTar Nerwcrk Amlyser“ 5 ot - “
Hewlett Packard 8757 A — Scalar Natwork Analyser .
Hewiett Packard 8903A — Audio Analyser (20Hz — 100KHz
Hewiett Packard 8203E — Distortion Anatyser (Mmt) ...
Hewiett Packard 8958A — Cellular Radio Interacs ...
Hewlett Packard 8901A — Modulation Analyser ..
Hewlett Packard B920A - R/F Comms Tesi Sel ..
Hewlett Packard B322b — GSM Radio Comms Test Set .
Hewiett Packard P382A Vnnable Attenuator ..

Hewlett Packard 1630D — L. Analyser (43 ) £

Hewlett Packard 16500A - Fitted with 16510N|6515N|6530N|653|A Logic Analyser ......L4000
Hewlett Packard 117298 - Carnar Noise Test Sal, £2000
Krohn-Hite 2200 LlnfLo?a weep Generaior . » £995
Krohn-Hite 4024A Osaill 250

Krohn-Hite 5200 Sweep, Funcﬂon ‘Generator ..
Krohn-Hite 6500 Phase Meter
Leader 3216 - Signal Genetator {100KHz - 140KH z) "AMUFAM/CIA! with buit-i FM stereo
modulator {mint)...
Marcon| 2018 — BOKHz — 1040MHZ Symhes;sedsilg.

Marconi 2019A — 80KHz ~ 1040MHz - Synthesi! Sgnai Generator.
Marconl 20224 ~ 10KHz — 1GHz AMWFM Signal Generalor ....... ...
Marconi 2043 — {10KHz - 2.7GHz) Low Noise
Marconl 2305 = Modulation Mater .
Marconi 2610 - True AMS Voltmete.
Marconl 2871 Data Comms Ana
Marconi 2955 — Radio Comms Test Set
Mareonl 8960 - Powsr Meter & Sensor
Philips PM 5167MHz function %n
Philips 5190 L.F. Synthesiser (G.P.L. B)
Philips 5189 Synthasised Function Gener or..
Phillps 5518 Synthesised Function Generator....
Philips PM5518 — TV Pattern Generator ...
Philips PM5716 ~ 50MHz Pulse Genarator
Phillps PM6652 — 1.5GHz Programmable High Rasofution Tmerlenlar
Philips PM8573 — 120MHz High Resclution Unrversal Counter

Prema 4000 — 6 % Digit Multimeter (NEW) . 1
Racal 1992 - 1.3GHz Fraquency Countér
Racal Dana 9081/9082 Synth. 5ig. gen. 520MHz
Racal Dana 9084 Synth. sn? "gen TBAMHE vooiiimeai s
Racal Dans 9303 R/F Level Meter & Head..

Racal Dana 9917 UHF frequancy meter 560MH1
Racal Dana 93024 R/F multivolimeter (new version) ..
Racal Dana 9082 Synthesised am/m sig gen (520MHz)
Racal 9301A — True RMS R/F Multivoltmeter
Racal 611t/6151 ~ GSM Radio Comms Test Set.......48
Rohde & Schwarz LFM2 — 60MHz Group Detay Sweep Gen
Rohde & Schwarz Scud Radio Code Tast Set .
Rohde & Schwarz CMS 54 Radio Comms Monnar
Rohde & Schwarz CMTA 94 GSM Radic Comms Analyse
Schatiner NSG 203A Line Vohiage Variation S
Schattner NSG 2224 Interference Simulator ..
Schaffner NSG 223 Interference Generator ...
Schatiner wSG 431 Electrostanic Discharge Simulaler.
Schiumberger 4031 ~ 1GHz Radio Comms Test Set..
Schlumberger 2720 1250MHz Frequency Counte

flohde & Schwarz - SWOB 5 Polyskop 0.1 — 1300MHz

ger 7060/7065/7075 M

Tokeda Riken 4132 — 1,0GHz Spectrum Analyser ..
Yektronlx 7L18 with mainframe (1.5-60GHz with mixers)
Tekironlx 495P = 100Hz — 1.8GHz programmable

Adret 740A - 100KHz — 1120MHz Synthesised Slgnal Generator .
ANRITSU ME 4628 DF/3 Transmission Analyser...............
Danbridge JP30A — 30KY Insulaton Tester
Anritsu MG642A Pulse Pattern Genefalor ..
Dranetz 826 — AC/DC — Multifuncton Anllys.er
EIP 331 — Frequency counter 18GHz.
EIP 545 ~ Fraquency counter 18GHz .
EIP 545A — Frequency counter 18GH!
EIP 575 — Frequency counter 18GHz ...
Farnell APT0-30 Power Supply (0-70v130A) Auto Ranging ...
Farnei! TSV-70 MKl Power Supplré70\f 5A or 35V - |DA)
Farneil DSG-1 Synthesised Si enarator

Farnell ESG-1000 Synlhesaseg

Flure 5100A — Calibrator
Guildline 8152 — T12 Baf
Hewistt Packard 331A — Distortion Analyse
Hewlett Packard 3336C - Synthesisad |gna! Generator (10Hz = 21MHZ)....
Hewlett Packard 3437A System voltmeter
Hewlett Packard 3456A Digital voltmeter
Hawleit Packard 34384 Digital multimeter < o
Hewlatt Packard 3388A — Switch/Control Un#t. ... A e

Signal Generator 1GHz (as new).....

hi Stabilock 4040 Radic comms Test Set
Solartron Igo req Responsa syse
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High Quality 100W
Mosfet Power Amplifier

Mosfets used in power amplifiers give rise to fewer and less severe distortion
products for the designer to eliminate. As a result, a moderately complex design
like this one by David N J White can perform superbly.

he original motivation for this project came from my

decision to upgrade my 20-year-old hi-fi. 1 am still

perfectly happy with my source players and

loudspeakers. The rest of the system consists of a

preamplifier of my own design and construction
and a pair of Blomley 30W power amps. The amplifier and
loudspeakers still sound fine, but the relentless improvements in
semiconductors and other devices over the years prompted me
to think that | could probably improve on these components in
my system. An additional goad was the fact that | didn’t design
the power amplifiers and loudspeakers myself. | get a lot of
satisfaction from the use of things that | design and build. As
designing and building loudspeakers is much more difficult and
expensive than dolng the same for power ampilifiers, | decided
to tackle the amps.

My plan was to build & reasonably simple power amplifier to
give excellent sonic and measured results. Using large numbers
of semiconductors in pursuit of high performance is all very well
but multiple components, and complex, double-sided pcbs
push up costs. | wanted another solution.

Mosfets or bjts?

My next decision was whether to use bipolar junction transistors
{bjts) or mosfets as the output devices. The arguments either
way are finely balanced. Power mosfets have a much better
high frequency response, are easy to drive from simple voltage
sources, and are not prone to thermal runaway. Power bjts
suitable for high quality audio are cheaper, and give a higher

power output in the emitter-follower mode than an audio mosfet
in the source-follower configuration, unless recourse is made to
expensive multi-rail power supplies. This is because the power
mosfet gate would need to rise to around 8-10 volts above the
mosfet power supply voltage in order to turn the mosfet fully on.
Power bits saturate when Vbe is around 2-3 volts at high
collector currents. The output of emitter follower bjts can
therefore swing closer to the power supply rails than the output
of source follower mosfets, and so deliver more power into the
toad.

The measured performances of power amplifiers with mostet
and bit output stages do not seem to differ greatly, so the onty
remaining consideration is: do they sound different? | made up
a pair of the Maplin 150 W/4-ohm power amplifiers (these are
very creditable performers considering their simplicity and low
price} and compared them in fistening tests to my bit output-
stage Blomleys. To my non-golden, but still pretty effective, ears
the differances were small. The Maplins sounded a little brighter
than the restrained smocthness of the Blomleys. | think this has
more to do with the Maplins’ wide-open bandwidth compared
to the sensibly limited Blomleys than with any inherent
differences in bjt and mosfet sound.

Power mosfets seem to produce power amplifier output
stages that give good measured resuits, sound good, and have
other advantages mentioned previously. | therefore decided to
go with the power mosfets despite the lower cost of the roughty
equivalent bits.

What's gone before

PR

Dnz
- 2 r[] 3
c R9
il

C1 R6 l

sy
RY m [ Qz Eﬁ4

L e

= ]

I—ll

R10

Having decided to use power mosfets, my next
step was to choose a circuit topology. It is always
profitable to look at semiconductor manufacturers’
application notes and other published designs
before embarking on a new one. Mosfet power
amplifier designs frequently use an arrangement
similar to that in figure 1. The input long-tailed pair,
Q1 and Q2, is followed by a voltage ampilifier
stage, Q83, with a bootstrapped collector load,
R&/R9 (bootstrapping increases the effective
impedance of the collector load, which leads to
better linearity). As the power mosfets are voltage-
operated devices with a high-input impedance,
they need almost no input current and can be
driven directly from the low-current voltage amplifier
stage (but this is not quite true, as we shall see
later). The variable resistor RV1 between the gates
of the mosfets is adjusted to give a current drain of
around 100 mA through the mosfets, which blases

'W\l‘_>

Figure 1: a simple discrete-component power amp

thern for class AB operation.
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Although the circuit in figure 1 gives reasonable
performance and probably sounds OK, there is room for a
number of improvements. The current through the input long-
tailed pair is better set with a constant current source (Q1 in
figure 2) than the simple resistor R2 shown in figure 1. The
open locp gain can be increased, and the linearity improved, by
using a pair of modem high voltage "super” transistors, Q4 and
Q5 (hfe of 300-500 as a long-tailed pair voltage amplifier stage)
in figure 2, rather than the single standard high-voltage
transistor Q3 (hFE in the 50-200 range) in figure 1. This increase
in open loop gain leads to a reduction in the closed loop
distortion of the power amplifier. Loading the voltage amplifier
pair with a constant current source/current mirror, D1/Q86, gives
a higher collector load impedance than the bootstrapping of
figure  and leads to a further improvement in linearity.

The biasing of the power mcsfets can be improved by
replacing the RV1 in figure 1 with the “amplified diode”, Q, in
figure 2. Driving power mosfets directly from the voltage
amplifier transistor is not a good idea because of the relatively
high input capacitance of power mosfets (of the order of 400-
1000 pF). These capacitances will take a relatively long time to
charge and discharge in the power amplifier of figure 1 because
of the limited current drive available from the voftage ampilifier
transistor, These long charge/discharge times lead to an
increase in distortion at higher frequencies. Its much better to
use individual driver transistors, Q8 and Q9, interposed
between the collector of the voltage arnplifier transistor and the
gate of each power mosfet, as shown in figure 2. The driver
transistors should have high gain, so as not to load the voltage
amplfier transistor; good high frequency response; low input
capacitance, and a reasonable current drive capability (around
100 mA)}. This circuit arrangement also has the incidental
advantage that the power mosfets are no longer operating as

source followers, and so the power output will be greater than
for the figure 1 circuit with the same power supply voltage.

If all these improvements are implemented, we end up with
the circuit shown in figure 2. A number of designs similar to
figure 2 have been published and are capable of very good
performance if properly constructed. The question remains; can
we improve on the circuit of figure 27 Yes, we can, but here
things start to get complicated, with refinements such as
complementary pairs of long-tailed pairs on the input,
complementary cascode voltage amplifier stages, and so on,
untit the circuit begins to ook like a commercial high-
performance op-amp. So why not use an op-amp for the input
and voltage amplifier stages of the power amplifier?

Integrated or discrete?

Why not indeed? The op-amp analogue of the power amplifier
in figure 1 is shown in figure 3. How good is the figure 3 power
amplifier? Once again, with the right op-amp, it is capable of
very goocd performance at very low cost, but it has a number of
shortcomings and limitations. One reason you don't see many
high-quality audio power amps with op-amp voltage ampiifier
stages is that, until relatively recently, common op-amps were
not up to the job. Most of the currently available op-amps were
not designed for audio, and are deficient in one or more of the
following areas: gain bandwidth product, slew rate, harmonic
distortion, noise and output swing. However, the op-amp
manufacturers have noticed the market and given us modestly
priced (around £1.00 each) op-amps such as the TL.O71,
NE5534, LF351 and LF411, which all have gain bandwidth
products (gbwp) of around 10 MHz, slew rates of around 10
V/us, distortion of around 0.01 percent, reasonably low noise,
and an output swing of around +/-13V. The best of all the low
cost “audio” op-amps, however, is the OPAS04 with 20 MHz
gbwp, 25 V/us slew rate, 0.0003 percent distortion, 10
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Figure 2; an improved discrete-component power amp
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nV/fsquare rcotjHz of noise and an output swing of +/-13 V.

Using one of these op-amps in the circuit of figure 3 will give
you a good power amplifier, with some easily remedied
drawbacks. Driving the power maosfets directly from the op-amp
is not a good idea, for the same reason that driving the power
mosfets directly from the voltage amplifier transistor, as in figure
1, is not a good idea in a high quality power amplifier. The op-
amps generally do not provide enough output current to charge
and discharge the power mosfet input capacitances quickly
enough at high frequencies, leading to the previously mentioned
increase in bf distortion. The remedy is the same: use driver
transistors. The resistors R6 and R7 (figure 3) which connect
the output of the op-amp to the +ve and -ve power rails will
load the output of the op-amp and give rise to slightly increased
distortion. Replacing the resistors with high dynarmic
impedance, constant current sources reduces the load on the
op-amp, and consequently reduces the distortion.

The one remaining problem with the circuit of figure 3
concerns power output. If the cp-amp has an output swing of
+/-13 V, corresponding to approximately 9 V rms with a
sinewave input, then the theoretical maximum output power
into an 8-ohm load is G[squared)/8 or about 10 W! Obviously
we would prefer a higher power output, which could be
achieved by using an op-amp with a higher output swing, such
as the +/-35 V obtainable from the OPA445. But this would still
only give us about 75 W/8-chm output at the price of increased
distortion, because the OPA445 is not optimised for low
distortion. Also, the OPA445 costs around £8 and is not
commonly available. Mapiin have now stopped selling them,
and most other distributors favoured by hobbyists never did.
The solution is to use one of the high-performance restricted
output-swing op-amps mentioned earlier, together with an
output stage which has a voltage gain of around five. This will
give us a theoretical maximurm output power of about 250
W/8R, which is much more satisfactory. However, we won't
actually get that much out, because we are only using a power
supply of +/-50 V, rather than the +/-65 V necessary to get 250
W/8R. In any case, the power mosfets we're going to use
would not handle that much power without using pairs of
devices.

The final circuit
The final circuit incorporates all the refinements discussed
previously {figure 4). The main features are as follows: the input
capacitor C1 is composed of between one and four 1uF
stacked film capacitors, depending on the desired bass
response and depth of pocket {the caps are 50p each). | have
deliberately chosen not to use an electrolytic in this position
because they give a marginally different and inferior sound
compared to polymer film capacitors (they actually give
marginally poorer distortion measurements, too). | tend to come
down fairty heavily on the engineering side of the
measurement/subjectivist debate, but | believe the subjectivists
may sometimes be correct, and this is one of those instances.
Thou shalt not put electrolytics in the signal pathi
R1 and C4 form an input low pass fiiter to restrict the
bandwidth of the input signal and reduce intermodulation
distortion. The +/-15 V power supply for the op-amp IC1 is
provided from the main +/-50 V supplies by the resistor/zener
diode combinations R3/ZD1 and R4/ZD2 and is smoothed and
decoupled by C9 and C10.

The resistors R7 and R8 together with C12 ensure that the
bases of the upper and lower driver transistors Q4 and Q5 see
the same signal. C12 also helps to iron out small changes in the

R2 wam C2

(1]

—ky

Figure 3: a simple op-amp power amp

bias voltage developed between the emitter and cotiector of the
“amplified diode” bias transistor Q2. Notice the way that the
preset, used to set the power amplifier quiescent current, is
connected into the circuit. If the slider of RV1 doesn’t make
contact with its cermet track for any reason, the bias voitage
and quiescent current will fail-safe to zero. If the open end of
the cermet track is connected to the slider, as is often seen,
failure of the preset's slider will result in a quiescent current of
several amps. Not desirable!

The high impedance load for the op-amp is provided by the
complementary constant current sources R6/R10/C11/LD1/Q1
and R9/R12/C13/LD2/Q3. Note the use of LEDs as voltage
references. These give better temperature compensation than a
pair of silicon diocdes, and generate less noise than zener
diodes. The configuration of the driver transistors Q4 and Q5 is
tairly standard and the voltage developed across their collector
load resistors R13 and R16 provides the gate drive for the
output mosfets Q6 and Q7. The gain of the output stage is set
to approximately five (R19+R20)/R20) by negative feedback via
the resistors R19 and R20. C15 serves to roll off the high
frequency response of the output stage before the MHz region
(this is not, after all, a radio transmitter).

R18 and R21 are “stopper” resistors which help to prevent

high frequency oscillation in the output mosfets. All mosfets are

prone to high frequency oscillation because of their extended
frequency response. The zener diodes ZD3 and ZD4 provide a
measure of short circuit protection for the power mosfets by
limiting the gate/source potential difference to 7.5 V, and so
limiting the maximum drain current to a little under 8 amps. This
is usually enough to prevent destruction of the output devices
{prolonged shorts are handled by a fuse).

The Zobel network R22/C18 and the small inductor L1
enable the power amplifier to deal with awkward (that is, heavily
capacititive ) loads while maintaining stability and low distortion.
The power supply lines are heavily decoupled by
C2/C7/C16/C19 and C3/C8/C17/C20. The polyester film
decouplers are necessary because the impedance of large
electrolytic capacitors, while close to zero at low frequencies, is
not low enough at high frequencies.

The overall gain of the power amplifier is set to
approximately 20 by negative feedback via RS and R17 (gain =
(R5+R17)/R5) while the overall bandwidth {excluding the input
fitter) is determined by C14. The values of the various feedback
resistors RS, R17, R19, R20 may be lower in valug than those
you are used to seeing (a gain of approximately 20 is often set
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Figure 4: the final op-amp power amp circuit

by a 22k/1k resistor combination), but this is deliberately done
to reduce high frequency distortion. The only penalty for using
low value feedback resistors is the requirement to use high
power devices for the larger resistor in each feedback pair,
because of the magnitude of the ac current that flows around
the feedback loops at high power outputs. In fact the amplifier
would not fry R17 and R19 at fuli output even if they were the
standard 0.6 W devices, rather than the specified 2 W, although
they would get hot at full power. Howaver, the constantly
changing temperature of the smaller resistors with real
programme material played at high volume would continually
alter the value of the resistor and so modulate the gain of the
power amplifier. Not desirable! Using a higher power resistor
than is strictly necessary is equivalent to fitting a heatsink on a
lower power device, reducing the gain modulation to
insignificant proportions.

Construction

The prototype for this design was originally made on
stripboard, but | would strongly recommend the use of a glass
fibra pcb, and that is the design given here. If you do use
stripboard it is essential either to solder thick copper wire, or to
run solid solder, along the tracks which carry heavy currents,
such as the power rails, between the drains of the power
mosfets, to the Zobel network, to the output inductor, and so
on. if you make your own pcbs you will need to use the
component layout shown in figure 5 to place your parts. If you
use the boards that | have had commercially manufactured, you

will have a component overlay silk screened onto the pcb. Take
care to orient the transistors, zeners, leds, and particularly the
electrolytic capacitors, the correct way round. Electrolytics wil
pop open and spread their messy contents all over the place if
they are inserted with the wrong polarity (tantulum capacitors
explode like small firecrackers if you mistreat them in this way,
with ail the risks entailed).

Construction is fairly straightforward and follows the usual
customs: solder in the small discrete components first, then
small actives, foliowed by larger discretes, and finally large
actives. Be careful not to let polystyrene capacitors and active
components get too hot when soldering. | find that the best
kind of soldering iron for delicate (such as small surface mount
parts) and general electronic 2ssembly is a high wattage (50 W)
type with a fine tip. This can get plenty of heat to the soldering
site very quickly and complete a joint in under a second. With a
low wattage iron it takes much fonger to get enough heat into
the peb and component to mett the solder property, and all the
time the heat is damaging your components.

if you intend to experiment with various types of op-amp
then it is best to solder an 8-pin IC socket in the IC1 position. !
have tried a number of moderately priced op-amps (and some
expensive ones) for IC1 and recommend the TLO71 as the best
cost/performance compromise, or the slightly more expensive
OPAB04 for the highest performance. IC1 is probably the most
important single component as far as good measured and
audible performance is concemed,

The constant current loads for the op-amp will track
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changes in temperaturs much better if Q1 is in Close thermal
contact with LD1, and Q3 is in close thermal contact with LD2.
Q1/LD1 and Q3/LD2 are adjacent to each cther on the pcb,
and each transistor/diode pair should be clipped together either
with a cable tie or a short length of copper strip. (Cut a5-10
mm wide hoop from a length of 15 mm copper water pipe, cut
the hoop to make a narrow strip, cut the strip to the correct
length, and wrap the strip around the devices). Alternativety
stick them together with a blob of quick setting epoxy adhesive.
Only fix the devices together with aghesive when you know the
power amplifier works and that you are not going to tinker or
experiment with the constant current loads, as getting the
devices apart without damage once the epoxy has set is aimost
impossible. Best performance is obtained if @1, Q3 and LD1, Photo 1: the 100W power amplifier built on a manufactured
LD2 are matched for Vbe/hfe and Vf respectively, but this is printed clrcuit board

more expensive than using randomily picked parts. You would

need to buy 5 or 10 of each component to be reasonably sure while the less readily available, and slightly more expensive,

of getting a match (and even that is not guaranteed). The PSAQRB/2SC2238 pair (available from Viewcom or Grandata)
performance degradation as a consequence of using randomly have similar hfe but much higher ft, which leads to better high-
chosen parts is very small, and matching is really only for frequency performance. Using a matched pair of driver
perfectionists (ike mel). transistors will give the best performance, but once again there
The quiescent current is most stable with temperature if Q2, is only a very small penalty for using randomly chosen pairs. If
Q4, and Q5 are in thermal contact. This is easlly arranged by you use the MUE340/MJEB50Q pair (TO126), they must be
putting a suitabily drilled aluminium strip (usethe pcb as a mounted on the pcb with their metal faces up, followed by the
template) on the pch, putting greaseless semiconductor insulating pads and the aluminium strip on top of the pads. If
insulators on top of the aluminium strip, and putting the you use the 28A968/25C2238 pair (TO220), the aluminium strip
horizontally mounted transistors on top of the insulators. The goes on the peb first, followed by the insulating pads, and then
transistors, aluminium strip, and pcb are then fixed together the transistors, with their metal sides down, These different
with 3-mm nuts and boits, Finally the transistors are soldered to arrangements are necessary to accommodate the different
the pcb. The aluminium strip is not a heatsink, as the driver pinouts of the TO126 (ecb) and TO220 (bce) transistors.
transistors barely get warm even at high power outputs. Q2 need not be a power transistor. | used one as the sasiest
There are various possibilities for Q4 and Q5. The cheapest way to ensure good thermal contact between Q2, Q4 and Q5.
and most readily available are the MJE340/MJE350 You can use just about any small signal npn plastic transistor

complementary pair which have reasonable hfe, but fairly low ft, (such as the BC184L, flat face down) with epoxy adhesive to
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Figure 5: the component layout for the 100W power amplifier
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glue it to the aluminium strip between
Q4 and Q5.

L1 is made by wrapping 10 turns of
0.8 mm enamelled copper wire around
the body of a 3w wirewound resistor
(the square cross-section, white
ceramic body variety) and soldering
each end of the wire to the
corresponding resistor lead.

If you intend to drive low impedance
loads such as 4-ohm loudspeakers at
high levels with this power amplifier, you
might prefer to use Exicon
ECF20N16/ECF20P16 power mosfets
with 250W of dissipation capacity rather
than the 125W ECF10ON16/ECF10P 16
pair specified. The voftage rating of ZD3
and ZD4 should then be increased to
8.2 V. There are undoubtedly other
power mosfets which would work
reasonably well in this design (such as
BUZS00/BUZ905). | have not tried them
myseif, because none have
specifications as good as the Exicon
parts, and all are more expensive.
Exicon mosfets are designed and
manufactured in the UK specifically for
hi-fi audio power amplifiers.

The power mosfets are bolted onto a
pcb-mounting, thermal transfer bracket
which is then botted onto the heatsink
proper {usually with the case back panel
in between). | would recommend that you
enlarge the holes fixing the thermal
transfer bracket to the heatsink to take
MS nuts and bolts. Insert the central,
locating M3 nut and bott first when
mounting the power mosfets onto the
thermal transfer bracket and pcb. Then
insert the power mosfets on top of their
greaseless insulating pads and bolt them
loosely to the thermal transfer bracket and
pch with M3 nuts and bolts. Put an
ordinary washer (not a lock washer, they'll
¢chew up the pcb) under each nut on the
pcb side. At this point, check that the
power mosfet cases and pins are not in
electrical contact with the thermal transfer
bracket. This shouldnt be a problem if
yOu are using a pcb, but extra care is
required if you are using a stripboard
layout. In the latter case, use the thermal
transfer bracket as a driling template.
When the power mosfets are property
seated, all the nuts and bolts can be
tightened up. | usually then solder the nuts
in place on the botts; they often need a bit
of scraping before they will take soider.
Soldering ensures that the nuts and bolts:
don't work ioose due to the inevitable
thermal cycling of the power mosfets and’
thermal transfer bracket. If you ever need
to remove the power mosfets, the solder
on the nuts and botts can be removed
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Figure 6a: a suitable power supply circuit for a single power amplifier

with a solder sucker or solder wicking braid. When finally botting
the power amplifier 1o the heatsink or case back panel/heatsink,
use heat transfer grease between the thermal transfer bracket and
heatsink, or between the thermal transfer bracket and case back
panel, as well as between the case back panel and heatsink.
Photograph 1 shows a completed power amplifier built on a
manufactured pcb.

The power mosfets can be mounted directly onto a heatsink
and connected to the pob by wires if desired. Keep the wires as
short as possible. Although nat quite as elegant as using the
thermal transfer bracket, direct mounting probably provides better
heatsinking. The heatsinks are usually chosen to fit in with the
power ampiifier casing, which is a matter of individual taste, but
shouid be rated at no more than 2.0 degreesC/AW for domestic use
or no more than 1.3 degreesG/W for continucus sinewave use.

| used a 2U 19-inch rackmount case from Maplin (order code

XMBBY) to house a stereo pair of power amplifiers together with
their associated power supplies and protection circuitry (of which
more later) in conjuriction with 1.8 degreeC/W heatsinks from Cirkit
{Stock Number 21-08035) for domestic use. | used white dry-
transfer paint lettering {available from most good art supply shops,
followed by three coats of water-based spray vamish, to annotate
the power switch and indicator lights on the front panel.

One final point concems the gain of the ampiifier, which was set
to 23 to work with my relatively high-output preamplifier. This may
be a little low for some users and may be increased to 30 by
reducing RS from 100 to 75 ohms, at the expense of a very slight
increase in distortion.

Figures Ba and b show two suitable power supply circuits The
power supply, loudspeaker protection and testing will be discussed
in the next issue, and the source and price of the professionally
made PCBs will.be given. See you next month.

FS1
5A

e

\.‘ ORANGE

FSS
‘—W+5OV
4700p

T 63V

; 4700y ‘l‘! 4700p
Teav 63V

>0V

+| C4 + $ 036
4700y 4700},1 4700p

T 63V T 63V 63V
J—W -50V

300VA

5A

FS4
3A
0230V MAINS [
'<}’ N FiLTeR EJ 4
'FS5
It AR £
\o ORANGE L ] L 2 » Q/H+50V
P b ey .ilce +] C9
FS2 RED 4700y 4700p 4700p

Figure 6b: a sultable power supply circuit for dual power amplifiers
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Contemporary logic

design for test

The logic system in some modern products is so complex that traditional design
approaches do not work and new tactics must be found, as Andrew Armstrong describes.

ogic design is relatively simple, right? There is
none of that complicated undefined stuff about
analogue levels, biasing, frequency response, and
80 on. You can revel in the simplicity of ones and
zeros, where the exact voltage does not matter.

Even so, sometimes logic designs don't work first time. At
least occasionally, you will find that a small logic design with
only a dozen 74HC series chips in it will not work, because
somebody overlooked the result of what would happen if a
clock pulse occurs too close to the clear line going inactive.

Still, it is normally fairty simple to discover what is going
wrong by, for example, finding a short negative glitch in the
signal between 1C4 and ICS5. In a commercial environment you
might use a logic analyser with glitch capture turned on to
examine a number of signals at once and track down the
problem in one step.

A question of scale
What would happen if you could not attach probes to the logic
signais? Clearly you would use a simulator before building
anything. This would help you to avoid the kind of mental glitch
which causes you to overlook things that you know perfectly
well, if only you ask the right question, Still there are problems
which may not be discovered in this way.

An example of this happened to me when using a pulse
resynchroniser designed as part of an AMD MACH-family (big
brother tc pregrammable array logic) chip. Incorrect operation
could occur only when an arbitrarily timed pulse was timed
close enough to the 500kHz clock to set the flip-flop into a
metastabie state. An easy mistake to make, | would contend,
even it it looks silly in retrospect. Fortunately there was enough
spare capacity in the MACH to add an extra flip-flop to remove
the problem,

The cause of the problem was not immediately obvious.
Just about the only way to find it was to think through each
step of the operation, and ask what could possibly go wrong.
The flip-flop was not accessible from the outside of

With complicated logic designs, there are at least two major
categories of test requirement. It is necessary to be able to test
large logic devices, both for design verification and for
productlon test; and it is necessary to be able to test the pcb
on which the chlps reside, particularly for production test.

Boundary Scan

One important test technology is called Boundary Scan, a
technology strongly supported by JTAG (the Joint Test Action
Group - look at http://www.jtag.com ). This is the application of
a scan path at the boundary (that is, the VO} of ics so that test
signals can be applied and measured through scan operations.
Figure 1 illustrates this idea. Here an IC is shown with an
application-logic section and its input and output, with a
boundary scan cell interposed between the application logic
and the data input and output pins. Extra connections for test
data input (TOI) and test data cutput (TDO) are aiso added.

In normal operation, the BSCs are transparent, and signals
flow through freely. However, during boundary test the
following operations are possible;

A test word can be shifted in and fed out from each
boundary scan cell cutput (NDO).

A test response can be latched at each boundary scan cell
input (NDI) and shifted out for inspection. :

Connecting tracks and neighbouring ICs on a boar
assembly can be tested by thls means. Also, the application
logic internal to the chip can be tested by applying test
stimulus from the input BSCs and capturing test response at
the output BSCs. This can enable quick and efficient testing of
ftems which would otherwise be difficutt or impossible to
access.

Of course, programming the test signal sequence could
easily turn out to be a major task in itself, but nevertheless it Is
much more economic than employing skllled technicians to
spend long periods manually checking signals, and it can find
faults which the technician could not.

the MACH, though it might have been possible to

design it so that it was. The only reason to do that
would have been as an aid to test - had it been
clear that access to that point would provide a
useful test signal.

The above problem occurred in a fairly simple
piece of logic, at least by comparison with some of
the asics (application specific integrated circuits)
designed into fancy bits of mass produced

NDI --D—-Esﬂ—.
! --[>—

Y

BSC |—-{>-»NDO
——D—-—TDO i

Application
Logic

consumer hardware. There, a more advanced test

technology Is needed, both for development and
production testing.

Figure 1: the principle of Boundary Scan
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be tested to a worthwhile extent, To
make this work well, it is necessary-to
look at the board level design from
the polnt of view of being able to
probe as many as possible of the
necessary point to prove that each
part is working, via the boundary scan
system.

A more vital part of design for test
is to structure the logic of asics, as far
as possible, so that there are no logic
nodes inaccessible to the outside
world which cannot quickly be tested.
So, if a particular logic node inside a
complicated asic can be stuck at 1 or
at 0, and this cannot be discovered
by applying signais to and testing the
response from the ic pins, then we
need either a test connection which
can determine the fault, or a redesign
of the internal logic to minimise the
node-checking test seguence. This is
a very complicated subject, and, in
order to do this in a practical way,
EDA (electronics design automation)
tools incorporate tools to simuiate the
logic, and even to generate
sequences of test signals (often called
“test vectors”).

In order to bring very complex-logic
controlled products, often containing
one or more processors embedded
somewhere in the logic, to market
while there is still a demand, a
carefully structured design process is
needed. There is a heavy reliance on
various types of simulation, to
minimise the costly and time-
consuming stages of physical

Output
pins

Figure 2: Boundary Scan architecture

The simple example of figure 1 is the simplest possible
implementation of a boundary scan system. A more useful
example is shown in figure 2. Here data is shifted into
and out of the boundary scan cells, so that an extra test
pin for each input or output is not actually needed, as
might have been implied by figure 1. Figure 2 shows the
IEEE 1149.1 architecture (the IEEE is the USA institute of
Electrical and Electronic Engineers).

The architecture comprises an Instruction Register, a
Bypass Register, a Boundary-Scan Register (the tinted
area in figure 2), an optional User Data Register, and the
Test Access Port {TAP). The boundary scan register is a
set of serially accessed test cells at the input and output
boundaries of the application part of the ic.

The Instruction reglster and data registers are
separately accessible, so that the test access port can
load tnstructions and data independently.

Design for test

Another advantage of boundary scan is that, if a
reasonable proportion of the chips on a pcb incorporate
boundary scan, other non-boundary scan chips can also

prototyping. Figure 3 illustrates a view
of the modern digital design process,

HDL

It is not practical to design complex logic asics by the
traditional methods used for small arrays of 74-series
combinational and sequential logic chips. The complexity
would defeat most or all designers’ abilities to
understand and check. The favoured design approach in
many cases is to use a hardware design language, or
HDL. This looks rather like computer code, but it Is
compiled to logic circuitry rather than to an executable
binary file.

The HDL code can be run on a simulator, to see what i
will do as written. A chip design can be produced, and
that can be simulated to find out what real hardware will
do. Although the HDL code specifies the operation of the
logic, it is possible that timing constraints on the actual
chip will prevent it from functioning as first designed. The
procedure then is the rewrite the relevant part of the HDOL
code into something which will compile to a different logic
structure - one which will avoid the particular timing
problem Identified by the asic simulation. The HDL and
asic simulation processes continue in parallel until ait
works correctly in simulation.

ELECTRONICS TODAY INTERNATIONAL

55



Timing requirements identified during this simulation
phase will very fikely impact on the layout of the pcb,
which will be carried on in parallel because of the need to
bring products to the market swiftly. EDA tools now in use
in this sort of design environment can simulate the effects
of delays in tracks, signal coupling between tracks, and
suchlike electromagnetic phenomena. This area of concern
is often referred to as signal integrity, and it is closely
related to the requirements of electromagnetic
compatibility mandated by European law. In effect, proper
attention to signal integrity issues will take care of many of
the requirements for a pass at the EMC testing stage.

As an aside, it is strange to note that hardware
designers are being obliged to work more in the manner of
programmers, | would hazard a guess that this may limit
the design fiair which, for many engineers, seems to arise
from visualisation of the problem. It is a strange irony that,
as hardware designers start to use what looks like
computer code (perhaps because the design tools are
written by programmers}, some programmers are starting
to use diagrammatic programming, because it is more
intuitive, and easier to see what is happening.

Processor testing

Development and test of complex processor based
designs adds extra requirements. Emulators have long
been used as an aid to code development. An emulator
generally offers many useful aids to debugging, such as
reat time trace, and breakpoints set in to the code without
interfering with execution. The ability to single step
through a program, and to change the contents of a
register then continue, can also be valuable.

The increasing speed of processors has made it more
difficult to build emulators. It is relatively easy to make a
dil-pluggable module which can: run all the problems of a
simpie 8-bit 4MHz processor
in real time, while allowing —

Even that imposes some problems, because connecting
such a load to the bus outputs of the processor
constitutes adding an unterminated transmlssion line. At
the high frequencies at which modern processors work, it
is nacessary to view connections as transmission lines,
unless thay are extremely short.

To make this approach work, space must be
deliberately left to permit the interface to be connected to
the processor. With conventional surface mount packages,
approximately 10mm around the processor will normally
permit connection to the debug port and the bus by
means of a probe adaptor designed for the purpose. The
outputs from this can be connected to logic analysers,
oscllioscopes, or whatever is needed.

In some cases it is better to design in a processor
connection, in which case it must be decided in advance
which pins need to be accessible. Usually the debug port,
address bus, data bus, and control/status lines will need
o be avallable. This can be used both to debug the code
at the system integration phase, and as an aid to test in
production.

in conclusion

You may wonder why all this test complexity is needed. In
complex logic designs, the effect of certain faults can be
very subtle and hard to find rapidly by other means. In one
batch of nominally identical PC motherboards, there was
one which would run any operating system correctly
except Window 85, and would run Windows 95 in safe
mode only, while all the others worked correctly with any
system. Perhaps these advanced test technologies could
have identified and eliminated this problem before the
motherboard wasted over half a day testing the installation
before identifying the motherboard as the source of the
problem.

break points to be set and
sending information up the
cable to the main body of the
emulator. To do that for a
processor running at well
over 100MHz is much more
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Part 2: More about astables

Timing signals are used in many electronic systems, and can vary from the very
accurate to the approximate. Here Owen Bishop moves from RC oscillators of
limited accuracy to much more accurate and stable crystal oscillators.
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Figure 1: a pair of diodes are used with the 555 ic for obtaining
mark:space ratios of 1 or less

If you remember, our old and dear friend the 555 was used in
the first episode of this series last month to illustrate the two
basic types of timing circuit:

Monostables for producing a single output pulse of precise
length.

Astables for producing a pulse train of precise frequency.

The monostable circuit is limited for many purposes because it
is difficult to produce a pulse several seconds or minutes long
with reasonable precision. For timing long periods, it is usually
easier to use an astable to produce a train of pulses, and then
oount the number of pulses. We will look into circuits of this
type in the next episode. For now, we will examine variations of
the astable circuit, look at another monostabie, and build an
astable which operates on a different principle.

Duty cycle

The ‘duty cycle’ of an astable describes the relative lengths of
the periods during which its output is high and low. This is also
known as the mark:space ratio, where the ‘mark’ is the
duration of the high output, and the ‘space’ is the duration of

the low output, We saw last month that the basic 555 astable
circuit necessarily has a mark-to-space ratio greater than 1.
Now we can examine ways of obtaining different ratios.

The reason the basic astable has a ratio greater than 1 is
that the capacitor charges through two resistors (with output
high) but discharges through only one of them (with output
low). We can avoid this situation by using diodes to direct the
current through different resistors, depending on whether the
capacitor is charging or discharging. Figure 1 shows a circuit
that does this, When the capacitor is charging, current flows
through R1 and D1 to the capaciter C1. The duration of the
high period thus depends only on R1 and C1. To be more
precise, twr = 0,69R:Ch.

When the capacitor is discharging, current flows from the
capacitor through R2 and D2 to pin 7 of the ic. The duration of
the low period depends only on R2 and C1. The duration of
the period is the same as for the simple astable, that is, tlow =
0.89R2C1. The values of R1 and R2 can be chosen
Independently, making it possible to obtain any mark:space
ratio, whether greater or less than 1.
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Figure 2: another way to obtain mark:space ratios of less than 1 is
to use an inverter

556

Figure 3: a flip flop converts a signal with any mark:space ratio to
a signal at half the frequency and a ratio of exactly 1
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Figure 4: the waveforms of the circuit in figure 3

Another approach to obtaining 2 mark:space ratio of less
than 1 is to invert a signal that has a ratio that is greater than
1. This is particularly convenient when warking with digital
circuits, as there is often a spare INVERT, NAND or NOR gate
that can be used for the inversion {figure 2). The main snag of
this is that a logic gate sources or sinks much less current than
the 555 timer. For example, a standard TTL gate can source
16mA and sink only 0.4mA . Gates of other logic famities sink
or source less than this. This compares very unfavourably with
the 555, which can sink or source 200mA (100mA for the
cmos versions). However, this is not a problem if the inverter is
being used to provide input only to subsequent logic circuits.

Often we need a mark;space ratio of 1 exactly. This can be
done using the circuit in figure 1, with resistors of equal values,
but a simpler way is to use a toggle flip-flop (figure 3). Toggle
flip-flops, as such, are not manufactured, but can be made
from a D or J-K flip-flop, as shown in the figure. Figure 4
shows the waveforms; the flip-flop changes state (toggles) on
every rising edge of the astable, and therefore has a
mark:space ratio of 1. The frequency of its output is half that of
the astable, so the astable is set up to run at twice the
frequency required.

Other timing circuits

The 555 is purpose-designed for precision timing but there are
other ways generating reasonably good single pulses or chains
of pulses. Figure 5 shows a monostabile built from two cross-
connected transistor switches. The transistors operate so that
when ane is ON the other one OFF. Beginning with Q1 OFF
and Q2 ON, the output is low. The trigger input is normally high
{figure 6) but a short negative-going trigger puise momentarity
turns Q2 OFF, by making its base voltage fall rapidly from
about +0.7V to about -8 V. Turning off Q2 makes the output at
its collector rise to +9V. The increase in voltage at the collector
of Q2 also causes Q1 to be turned ON, so pulling down the
voltage at the collector of Q1. The low-going pulse at the

TRIGGER D—NWJ

1N4148

Figure 5: ¢cross-connected transistor switches are used to build a
monostable

collector of Q1 is passed through the capacitor, holding Q2
OFF even though the trigger pulse has ended.

The next stage is that current flows through R3, gradually
charging C1 and raising the voltage at the base of Q2. Figure
6 clearly shows the exponential rise of voltage across the
capacitor. As soon as this reaches about 0.7V, Q2 begins to
turn ON again, pulling down the voltage at its collector, which
turns Q1 OFF, which raises the voltage at its collector, and
turns Q2 more fully on, The effect is cumulative and results in
the circuit rapidly returning to its original state, The output fails
o zero.

Summing up, a low level on the trigger causes a high
output pulse, the length of which is the time taken for the
current through R3 to charge C1 from -8.3V to 0.7V. The
length of the pulse depends on the values of R3 and C1,
approximately:

t = 0.7R:Cs
With the values:shown in figure 5, the pulse length is:
0.7 x 5.6k x 100u = 530 ms

Note that this monostable produces an inverted output from
the collector of Q1, a feature that may be useful in some
applications.

Taking this circuit apart, it can be seen as a palr of inverting
sub-circuits based on the two transistors, The inverters are
cross-coupled. The output of one inverter (Q2) is coupled
through the R4 to the input of the other (Q1). The output of the
Q1 inverter is fed through a capacitor to the input of Q2. This
configuration can be used to build monostables from other
types of inverter. But if we are going to start using logic gates
or op amps to provide these, we might just as well go back to
the 555, which gives precision, and freedom from the effects of
power supply variations,

Astabies too may be built from pairs of logic inverters by
coupling each of them to the other one with a capacitor, as in
figure 7, which uses transistor switches as inverters. The
circuit now has two capacitors. A trigger input is not needed
because, owing to slight asymmetries in the circuit caused by
slightly differing valuies of nominally identical components, the
circuit will always go straight into one of its two states at
switch-on, with one transistor fully ON and the other fully OFF.
From then on it continues indefinitely, alternately charging and
discharging the capacitors.

The charging time for each capacitor depends on the value
of the capacitor and the resistor through which it is charged.
The two capacitors and resistors may be made equal in value
to obtain a mark:space ratio of 1, or may be unequal if a
mark:space ratio greater or less than 1 is required.

Cutput is high while Q2 is OFF and C1 is charging through
R2, so that:

tron = 0.7R:CH

Conversely output is low when Q2 is ON and C2 is charging
through R3, so that:

tew = 0.7R:C2
Combining these two equations we obtain:

f = 1.4/(R:Cr+ RaGa).
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pendulum swinging, {2) counts the number of
swings, and {3) displays the result on a dial, in
terms of the elapsed time. In a purely mechanical
clock there is an escapement to release the
energy stored in the hanging weights or in a
coiled spring, swing by swing. The energy is also
used to drive a systemn of gear wheels. The gears
have hands attached and move them over a
circular dial. A mechanical watch has much the
sarme mechanism, but with a balance wheel
rotating to and fro instead of a pendulum. The
energy to keep this in motion comes from the
mainspring. Another spring, the hairspring,
attached to the balance whesel, alternately stores
and releases the rotational energy of the balance
wheel as it continually rotates in one direction and
then reverses. Such mechanisms can be coupled

Figure 6: the voitage levels in figure 5 following a triggering pulse

Figure 8 is another astable based on inverters. This time we
have only one capachtor because the action of this circuit is to
charge the capacitor in one direction, then discharge it and
recharge it in the opposite direction. This circuit is a very useful
one for producing clock pulses to drive logic circuits. R1 and
C1 are the timing components and the period is 2.2R:Cy. R2
should be approximately ten times the value of R1. fts function
is to counteract the effects of the diodes that protect the gate
inputs from static charges. Without R2, the frequency of the
astable is more dependent on supply voltage and the ocutput
has rounded corners. The third gate is not an essential part of
the astable. It is used as a buffer to prevent the driven circuit
from loading the astable and altering its timing.

Crystal oscillators

All the timing circuits we have described so far rely on the
timing of one particular physical process, the charging and
discharging of capacitance. This is a convenient process to
use because it can be directly coupled to electronic counting
and display circuits. The period of swing of a pendulum is
physical process that has been used by clockmakers for
centuries because a long pendulum ¢an be made with
sufficient precision for accurate timing. Thermal contraction
and expansion can be compensated for in various ways. It only
remains to couple the pendulum to some kind of mechanism
which (1) provides a regular input of energy to keep the
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Figure 7: two cross-connected transistor switches form an
astable. Compare this with figure.5

Base of Q2
Output | Baseot@2_—
2000}
s goa |
6.000 | g
-8 000 L L . 2 . L "
00000 100.0m 2000m  3000m 40G0m 5000m  6000m  7000m  900Om  900.0m
~A" - *GND" Vour - “GND’) (%3* . *GND"

to electronic circuits, usually by electromagnetic
means.

Another mechanical device for timing is the
tuning fork. A tuning fork is used by musicians as
a convenient and portable way to produce of note
of precisely known frequency. A tuning fork may be used as
the basis for timing in & clock or watch. The fork is made to
vibrate continuously by supplying it with energy, usually by an
oscillating electromagnetic field. The fork vibrates at its own
natural frequency {not necessarily in the audio range) which is
detected electromagneticaily and used to drive a counting
circuit and hence a display.

For present-day clocks, except for those of the highest
precision, pendulums, balance wheels and tuning forks have
been replaced by another more compact and more conveniant
mechanical device, the crystal. This is usually a crystal of that
very common and durable material, quartz. A quartz crystal
consists of atoms of silicon and oxygen arranged in a regular
three-dimensional lattice. Forces exist between the atoms, and
some of these are electrical forces of attraction and repulsion.
The total effect of these forces is very strong. They hold the
atoms of the crystal into a firm and solid shape. All matter is
wnown to consist of relatively small atorns with large amounts
of empty space between them, but this may be hard to believe
when one has just accidentally hit one’s head on a low branch
of a tree.

The inter-atomic forces in a quartz crystal hold the atoms in
position in the lattice, but the lattice is not completely rigid.
There is some elasticity, and they are free to move a certain
amount, like a three-dimensional trampoline, when the crystal
is subjected to mechanical force from outside. A sudden force
will set the crystal vibrating for a while. Compression of the
crystal squashes the atoms closer together. The result is an
imbaiance of the electrical fislds within the crystal which
causes a potential difference to develop between opposite
tfaces of the crystal.

E - |
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Figure 8: an astable may be built from two logic inverters, with a
third inverter as an output buffer
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Temperature coefficient

The frequency of a crystal is dependent on
temperature, the tempco (temperature
coefficent) usually being of the order of 30
ppm per degreeC. The average tempco of
the crystals used in cheap watches is about
200 ppm. This is usually of no concern, as
the tempco varies with temperature and is
almost zero at about 25 degreesC, which is
close to the temperature at which most
digital clocks and watches are called upon to
operate. For lowest tempco and minimal
resonance at harmonic frequencies the best
quality crystals are those cut at an angle of
31.35 degrees from the axis of the lattice.
This is known as the AT-cut and most
crystals (except those used in most clocks
and watches) are cut in this way. For the

| highest precision the crystat is cut as

J accurately as cutting technigues allow, then

Figure 9: the astable of figure 8 is used here with a crystal to control its

frequency. This is the paraliel circuit

This is known as the piezo-electric effect, and it the basis of
the action of crystal microphones and similar transducers. It is
detected by evaporating a thin metal film on opposite faces of
the crystal and measuring the changes in the potential
difference between them. Mechanical energy is converted to
electrical energy by this means. Perhaps the simplest example
is the piezo-electric gas-lighter, which produces a spark when
we press the trigger lever.

The piezo-electric effect operates in the reverse direction
to0. If we apply a voltage between opposite sides of the
crystal, we reinforce some of the intermolecular forces and
weaken others, causing the crystal to change shape. Electrical
energy is thus converted to mechanical energy. This effact is
used in piezo-electric sounders, including some used in
security sounders capable of emitting ear-piercing shrieks.

The piezo-electric effect is widely used in electronic timing
devices. The heart of these is a small quartz crystal, cut from
a larger synthetic crystal of pure guartz to such a size and
shape that it will vibrate most strongly at one particular
frequency. This is equivalent to adjusting the period of a
pendulum by carefully adjusting its length. Fortunatsly, it is
easy to machine a crystal with a very high degree of
precision. Inexpensive crystals are readily available with
tolerances as small as 15 parts per million. In a cheap digital
watch or clock, this is equivalent to about 40 seconds a
month, far surpassing the performance of a mechanical
watch or clock of cornparable price.
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Figure 10: this network is the electrical equivalent of a piezo-
electric crystal

put thorugh a sealing process in a
thermostatically-warmed container or ‘oven’.
This eliminates the effects of tempco, and the
best of such clocks have an accuracy of 0.0003 seconds
a year.

Reference to clocks and watches raises the matter of
finding a suitable frequency of vibration. All crystals vibrate
at high frequencies, usually several megahertz, so a timer
requires a digital frequency divider to produce a signal
capable of driving a display. For the majority of
timekeepers we use a crystal cut to vibrate at 32.768 kHz.
The significance of this figure becomes apparent when we
realise that 32768 is equal to 2*. The signal from the
oscillating crystal Is passed through a 15-stage binary
divider and emerges as a 1 Hz signal, all ready for timing
in seconds. Below we describe a practical project which
uses this system. Two further stages of division, both by
60, give us minutes and hours. An alternative time source
is a 4.194304 MHz crystal followed by a 22-stage divider.
Many other crystal frequencies are available off the shelf,
including 6.5522 MHz for driving TV video circuits and a
range of crystals with high frequencies used for driving
microprocessors and timing the operations of their
peripherals, and other crystals generating accurate carrier
frequencies for radio transmitters.

Crystals are cut for operation in one of two differerit

Figure 11: the series circuit for a crystal oscillator
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Figure 12: a 1Hz clock module deriving its frequency from a digital watch crystal

modes. Crystals for parallel operation are used in circtits
such as figure 9. This circuit makes use of two logic
inverters and is very similar to the oscillator in figure 8.
The vaiues of R2, C1 and C2 are chosen so that the
circuit resonates at the specified crystal frequency. The
essential point is that the output of the resistor-capacitor
network being fed back to the input of inverter 1 is exactly
180 degrees out of phase with the input to the network
taken from the output of the inverter. The output of the
inverter is always 180 degrees out of phase with its input
so there is resonance. Without the crystal it is an oscillator
in its own right, but at a frequency dependent on the
rather Imprecise values of the resistor and capacitors. The
addition of the crystal ferces the circuit to resonate at the
crystal's own natural frequency. It is rather the same as
jumping on a trampoline. You can leap higher if you time
your actions to its natural frequency. The oscillations of the
circuit cause the crystal to vibrate but it will only vibrate
strongly at a frequency very close to its natural frequency.

We say that the crystal has a very high Q.

To explain the matter of Q, figure 10 shows the
electronic equivalent of the crystal. There is a capacitance
C. between its leads and between the electrodes on
opposite faces of the crystal. Then there is the equivalent
of a series RCL resonant circuit due to the response of the
crystal lattice to mechanical deformation. In this, C is low
but L is high and, since:

Q = (DCL/R

where (- is the resonant frequency of the crystal (high
100), we obtain guality factors up to 100000. High Q
results in high selectivity, that is, strong resonance at a
given frequency and a sharp fall-off at frequencies on
éither side. The result is that the crystal dominates the
circuit, forcing it to resonate at the crystal's own
frequency. f C2 is a variable capacitor, it is possible to use
it to tune the circuit more finely and compensate for

+9V

Figure 13: the stripboard layout of the clock module
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the vaiue of C1. If you
prefer you can substitute
a miniature variable
trimming capacitor here
(maximum of 65pF), to
allow fine tuning of the
frequency. Pin 12 of the ic
is the reset pin which

- must be held at OV for the
divider to run.

The output of IC1 is
taken from the fourteenth
stage, and runs at 2 Hz.
This is fed to a D-type
latch (there are two in 1C2)
wired with its Q-bar

Figure 14: the reverse of the stripboard layout, showing the cutouts

tolerance errors in-the crystal, but only small deviations
from the crystal's frequency are possible.

The parallel circuit is suitable only for use with high-
impedance devices such as the cmos gates we use in cur
project below. Its main disadvantage is that it takes an
appreciable time (a second or more) after power-up for
oscillations to build up to maximum amplitude. This does
not matter in a digital watch or clock which runs for years
once powered, but there are applications in which almost
instant oscillation is essential, for example, a
microprocessor clock should be active at switch-on. For
this purpose we use the series circuit (figure 11). This
takes more current than the parallel circuit,

A Practical Crystal Clock

This is a 1 Hz clock (figure 12) based on dividing the
output of a 32.768 kHz crystal by a 15-stage binary
counter. A convenient way of doing this is to use the
CMQOS 4080 which has a built-in oscillator circuit and 14
stages of division. A 4013 fiip-flop is added to this as the
fifteenth dividing stage (figure 12). The clock circuit is
uses an inverter which is inside the ic and has its terminals
at pins 10 and 11. R1 provides feedback so that the
inverter snaps sharply from

cutput fed back to its
data input. This converts
it to a toggle flip-flop,
which changes state on every rising edge of the signal
from IC1. The output at pin 13 of IC2 is a 1 Hz signal. A
small part of this is shunted off through R3 to switch an
LED. This is optionat but it is often helpful to have an
indication that the timer is working properly.

Figure 13 shows a suggested stripboard layout. The
components of the oscillator are soldered close together
and with short leads to minimize lead capacitance. The
capacitors used in this circuit were both sub-miniature
ceramic types with NPO dielectric. This has a tempco of
zero, so the effect of temperature is limited to the tempco
of the crystal which is about -0.04 ppm/degreesC when
ambient temperature is 25 degreesC. This is small enough
to be ignored. Note that the strips beneath the board are
cut at various places, but NOT at F8. There are important
cuts at H23 and J22, Solder blobs are used tc make
connections beneath the board, particularly where pins 2
to 8 of IC2 are all grounded by solder to inactivate the
unused flip-flop. The parts are all straightforward to get
hold of.

In this and the previous parts we built two astable
moduies. In the next and subsequent parts we will build
them something to drive.

one state to the other. The
drive to the crystal goes by
way of R2. It may be
necessary to use a resistor of
lower or higher resistance
than 56k. If the resistor has
too low a value the oscillator
may not start, so try other
values if your oscillator
produces no output. C1 and
C2 provide with XTAL1 a
tuned circuit. C1 should be
around 15pF normally,
depending on the load
specified for the crystal. The
circuit works best If C1 has
the specified value, but we 7
have found that it works weil
enough with a value
reasonably close to this. C2
should be two or three times

6
{
i
i
l
t
t
t
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AQUAPROBE

Politically correct, environmentally sound and kind to green growing things: Bob Noyes’
aptly-named Aquaprobe lets you know when your potted plant is gasping for water.

he Aquaprobe was designed in response to a

local school's request for a low cost project that

would be both useful and the focus of some

electronics lessons on understanding the

principies. There were other conditions as well: the
project must not be sexist or have anything to with gambling or
religion; and to cap it all, if it were tc fail (not totally unknown
with school-built projects!) there must be no health or safety
implications. Oh yes ... and it had to be an all-year-round
project, because different groups of pupils would be building it
throughout the year.

After a few days of head scratching and furrowed brows
Aquaprobe was born. It is a device that detects when a potted
plant needs watering. Aquaprobe sits in the soil, minding Its own
business, until it detects that the plant requires water, which
Aquaprobe indicates by a pulsing sound and a fiashing LED.

Because of the financial limitations, the good old PP3
power source was ruled out. This had me thinking: one of the
reasons that projects become expensive is the box; the bigger
the box the bigger the bill just to house the battery; so ... we
can make the battery small, but this will mean changing it toc
often. To keep battery life to an acceptable level the residual
current consumption had to be minimal; this meant CMOS in
order to work at low voltages well below 9V and have a long
battery life.

It also meant that for most of the time nothing in the way of
sound or light could be produced - no ON LED. When
anything happened, it had to be low power in terms of watts
but high In terms of volume. This meant PIEZO. A plezo
sounder can be loud but it consumes minimal power. Because
the sound would have to be given out in very short bursts with
a long break in between, to keep power consumption low the
problem of having several of these things going off and

wondering which plant is in distress lead me to include a LED
(sorryl). Although LEDs can consume significant amounts of
powar, if they pulse with an extremely low duty cycle,
consumption can be made acceptable. So now we had a
device producing very short pulses of sound and light.

As can be seen, the constraints of cost, size and power
consumption set the design - and that is what electronics s all
about.

Cost strikes again

When starting the design | noticed that there is a specialist
chip on the market designed as a water detector; this chip has
two disadvantages: the cost, which is well out of our price
range and the need for a stable supply of above 10V. So, back
to the drawing board.

In the end a standard CMOS nand Schmitt was chosen, the
4093, which has an extremely fow current consumption as well
as the capacity to be configured into the design blocks
required to function as a dampness detector. And all it was
cheap.

The supply then had tc be finalised. To keep the size down
hearing aid batteries were chosen. These are reasonably priced
and at about 500 mAh each, will give an acceptable battery life
as well as being quite small.

The next thing to sort out was the box. On many occaslons
cheaper boxes could have been used if the dimensions of the
PCB had been slightly different, so in this project the PCB has
been designed to fit the box, rather than the other way round.
The box chosen was 75 x 56 x 25mm, costing around £1
(cheaper if bought in bulk).

Now we had the box, the supply and methed of sound and
light output, and all we needed was the circuit. Figure 1 gives
the full circuit, comprising basically three stages:

PROBE SLEEVE

1C1 = 40106

D2
1N4148
14
13
=] 1C1d
R1
pROBETIP K7 7
- C2
T 100n
INPUT BUFFER MARK TO SPACE' INVERTER SOUND AND LIGHT OUTPUT
AND INVERTER GENERATOR

Figure 1: the circuit of the Aquaprobe. The probé€ sleeve and tip apply if a jack plug is used as the probe.
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+2.8V

%
PRCBE DRY | |JACK
ABOVE 1.5M (R0 | | PLUG (Rx)

INPUTLOW _j———— 'c"’)” OETS.S”
BELOW 40%

L — P

RV1
2M2
{SET TO MID-POSITION 1M)

ov

Figure 2a: the Probe in high resistance mode. In dry soil IC1a
pins 1-2 see junction as a low, giving a high out on pin 3.

428V

PROBE WET JACK
BELOW 668k (Rx) PLUG (Rx)

pia g Cia OuTPUT
INPUTHIGH 4 ——— Low

ABOVE 60% .

Rv1
2m2
(SET TO MID-POSITION 1M)

ov

Figure 2b: the Probe in low resistance mode. In damp soil IC1a

pins 1-2 see junction as a high, giving a low out on pin 3.

1. input buffer and inverter.
2. Mark to space generator and inverter.
i Output stages sound and light.

InDut Buffer and Inverter

The principle used in this project is that damp scil conducts
electriclty more readlly than dry. To sample the soil a probe is
required; the easiest and cheapest is the humble jack plug
which is normally made from some sort of brass material that
will not rust, It is pushed into the soil, and the resistance of the
soil is taken between the sleeve or screen and the tip. This soil
resistance is then used in a potential divider with RV1 to
determine if the soil is moist enough. DI and D2 are used as
protection devices to ensure that stray electrical interference,
such as nearby mobile phones and any electrolysis, do not
interfere with the clrcuit’s operation. R1 prevents any possibility
of a direct short across the supply if the probe is shorted out
and RV1 is at minimum setting.

The junction of the potential divider, soil resistance RX and
RV1, is fed into the input of 2 NAND Schmitt gate. ICla pins 1
and 2, as with all Schmitt devices, have two threshold trigger
points, rising edge 60 percent and falling edge 40 percent.
With RV1 set at about 1 meg {about half way) the resistance of
the soil must rise above 1.5 meg to active the threshold point
of 40 percent high to low and when watered must fall to below
666K or 80 percent low to high threshold. See figures 2a and

CONTROL — OUTPUT

CHARGE
< Ra
R

e
o
DISCHARGE

+

Ry CHARGES AND DISCHARGES

+V
QUTPUT ) I
WAVEFORM

Figure 3a: oscillator wavetorm: normal 1:1 mark to space

CONTROL —
} OUTPUT

CHARGE
‘_R
4 Nt £
—
DISCHARGE
D3 R3
+
c1 =5 DISCHARGE
T
S et

R2 CHARGES AND DISCHARGES
R3 ONLY DISCHARGES, AS D3
PREVENTS IT FROM CHARGING C1

+V
OUTPUT l
WAVEFORM

ov

Figure 3b: oscillator wavetorm: modified mark to space

2b. As can be seen, these resistance figures change if RV1 is
altered.

Assuming the soil is dry and abave 1.5 megohms, the input
to IC1a will be read as a low and the output pin 3 will be a
high, enabling the mark to space generator. if the soil is damp,
that is, below 666 kilohms, the input will be read as a high,
consequently the output pin 3 will be low, not enabling the
mark to space generator.

Mark to space generator and inverter
From the previous stage we now have a digital output low if
the soil is damp, high if dry, that is, make & sound and light
output.

The problem is that both sound and light (LED) outputs
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PIE\ZO MOUNTED ON BOLTS ABOVE PCB

PROBE TIP PROBE SLEEVE

WATCH BATTERIES

Figure 4: the component layout

_. MALE PCB SPADE
" CONNECTORS

to charge CA as well as discharge it. This charging
and discharging is only between the two trigger
points of 40 percent and 60 percent of rail. if two
resistors couid be used, one to charge CA and one
to discharge it and they were of different values then
the mark to space would alter accordingly.

This is basically what is happening in figure 3b. C1
is charged only by R2, 4M7. R3 cannot pass charge
current because D3 is reversed biased, but when C1 i
charged both R2 and R3 help discharge it. R3 is much
smaller than R2, so it is discharged much more qulckly.
This is how the output waveform is generated and, in
this case, has a duty cycle of around 40:1. Because of
the PCB layout of the circuit this waveform is inverted
to the one required by the output devices. This inverted
waveform is brought back to the correct orientation by
IC1d, an inverter (both input pins 12 and 13 connected
together). The waveform, when triggered by dry soil, is
normally low pulsing high with a duty cycle of around
40:1.

consume power and with two small hearing aid batteries we
have a limit on the length of time this can be maintained. The
solution is to pulsate the outputs; if a 1:1 mark to space output
was used the outputs would be off for as long as they were on
{in dry conditions only), effectively doubling the active output
life. The trouble is that even this would not be enough, so a
duty cycle of around 40:1 is used. This increases the output life
approximately 40-fold.

The heart of this mark to space generator is iCl b, see
figures 3a and 3b. Figure 3a shows the basic oscillator
circuit, which gives a 1:1 mark to space ratio as RA is used

Output sound and light
The sound output consists of an oscillator built around IC1c.
This time the mark to space ratlo required is 1:1, so only one
resistor, R4, is used to charge and discharge C3. The sound
output device is a passive piezo sounder which comes in a
range of sizes and styles. In this project, because it is going to
be mounted above the PCB, a piezo with wire leads is used. It
can be connected directly to the output of IC1 pin 10 which
most of the time is high {while the soil is damp). Sound is only
produced when this point goes low at a frequency set by R4,
C3. The value of R4 can be changed either up or down; down
increases the frequency and

. HOLE TO SUIT
JACK PLUG PROBE

O

PIEZO MOUNTED ABOVE PCB ON 2.5mm OR 6BA BOLTS
M3 CAN BE USED IF FIEZO IS ORILLED QUT

PIEZO LEADS
/

PCB CUT TO
AT BOX

SMALL LINK MAY BE REQUIRED
TO CONNECT PINTO TIF
CONNECTION

SOLDER SLEEVE (QUTSIDE) TO PIN

DRILL AS TIGHT AS PCSSIBLE
SECURE WITH GLUE GUN GLUE
'JACK SLEEVE

JACK TIP

Figure 5: the built PCB mounted in the box

LED MAY BE MOWUNTED ON FRONT

OR REAR OF PCB {MOUNT TO SUIT BOX}
IF ON THE FRONT IT WILL REQUIRE LONG
LEGS TQ REACH THE FRONT PANEL

2 x 2INC AIR BATTERIES
SMALL SURFACE -VE, METAL CASE +VE

increasing R4 decreases it. This
is a little hard to judge, because
it is on for such a short period of
time. If the +ve of C1is
temporarily shorted to the +ve
rail with a link and the probe
connections are open, the
oscillator will operate
continuously, making it easier to
select an alternative value for R4.

While this is being done, it is a
good idea to remove LED1 from
the circuit as this draws
significant current if left on.
Remember it will be on
continuously while the oscillator
is on. Once a better value has
been found for R4 that effectively
makes the output sound louder,
that is, nearer to its resonant
frequency, the temporary link
from C1 +ve to +ve rail can be
removed and the LED re-fitted.
This adaptation is purely optional,
as 22k will work for R4.

The light indicating that the
soil is dry is also powered from
the mark to space generator but,
as it draws more current,
requires a transistor Q1 to
provide this boost. The best type

___IC1 MAY BE MOUNTED
IN A HOLDER

MALE PCB SPADE CONNECTORS
HOLD WATCH BATTERIES AND
ACT AS CONTACTS

SMALL ELASTIC BAND MAY BE
USED TO HOLD BATTERIES IN
PLACE. TH!S ALSQ KEEPS
PRESSURE ON THE CONTACTS
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ET/ can supply printed circuit boards for most of our current projects - see the list
below for boards available. For recent boards not listed, check the constructional
article for an alternative suppliet.

Plaase use this order form or a copy of it. Check that all relevant information is
filled in, Including the Unit Order Code, and that you have signed the torm if sending
a credit card number, Overseas customers please add postage appropriate o the
number of units you are ordering. Maka cheques/POs/money orders, in € sterling
only, payable to Nexus Special Interest Limited. Please allow 28 days for dalivery.
Access/Visa orders may be made on 01442 266551 (ask for Readers Services).

Only boards listed here are available from our PCB Service. For past issues of
magazines, or binders, please see page T4 or contact Readers Services for
infotmation. This department remains at Hemel Hempstead until further notice.

Name and issue of project Unit cq

EIl issue 7 1998

PIC 16C74 Development Board
Surface Mount Diagnostic int
Surface Mount Logic B
Mains Monitor
Aquaprobs

F Aol U b

PIC Developmen
Signal Generator

ET1 Issue 10 1997

The 1Q Tester E/1097/4 £5.64
Fake Flasher E/1097/2 £5.09
DC Motors (Part 2) E/1097/3 £6.77 !
Vatve Tester - Main Board E/1097/4 £21.22
Valve Te cket Board E/097/5 £5,09
Vaivg e He Regulator E/M097/6 £5.09
e VitVe Teste d E/1097/4/5/6 £30.30
e 1Q Tester {previousiy £/897/2 E/1087/7 £5.64
£11 lssue 9 1997
Eprom Emulator E/997/1 £16.49
The Power Supply E/997/2 £5.09
Electronic Door Chime E/997/3 £5.09
Digital Power § E/997/4 £10.11
ET] st
ke Light Tester E/897/1 £5.09
C Motors (3 experimental bo
DC Motors: The first Control E/897/3 £5.09
DC Motors: The 4046 Circuit E/897/4 £5.09
DC Motors: The Crystal Dri cuit E/897/5 £5.00
All three DC Motors baé E/897/3/4/5 £11.50
LETT jssue 7 150 "
board (double sicalill’s £13.32
board £5.64

Headlight Celay Unit
6-interval Ga

i

ransmitter (DS)

UMF Transmitter Encoder
UHF Receiver Front End (DS)
UHF Receiver IF stage (DS)
Fridge Thermometer

AVR Controller

27C16 Eprom Programmer
Guardian Light

-

58/1
'498/2
E/498/3
E/498/4
E/498/5

ED Voitmeter
B Rarqeg
B Range

gore Board

Medlum Wave Loop

AA Cell Etiminator

PIC Based Double Bass Tu
5 Range Capacitor Meter
MIDi Drum Pads

ETl issue 2 1998

Smartcam main board

Smartcam opto-sensor board

Both smartcam boards

Switched Mode Internal Power Supply
Auto Cupboard Light

ETl issue 1 1998
Control Centre Desk-Top Uni
Control Centre Main

ET1 Isaue 13 1997

E/0198/2

4-Go Rocket Launcher - E/1397/1
4-Go Rocket Launcher - relay board E/1397/2
Mighty Midget E/1397/3
1
ETl ssuo 12 1997 ]
]
PC Phonecard Reader: ITT Cannon only E/1297/1 £6.22 1
Minute Minder E/1297/2 £13.98 ]
Medium Wave Receiver - RF board E/1297/3 £11.76 |
Medium Wave Receiver - Tuning board E/1297/4 £5.09 :
Medium Wave Receiver - Audio board E/M297/5 £5.09 1
Medium Wave Receiver - PSU board E/1297/6 £6.77 :
1
ETl issue 11 1897 |
Total Harmonic Distortion Meter E/1197/1 £13.43 )
Alphanumeric Morse Touchkey E/1197/2 £5.09 :
1
1
1
1
1
1
L

ELECTRONICS TODAY
4 66

double sided): ET97/3
£%5.09; two modules: £7.90; three
e modules: £19.75; All six modules: £2!
which Eprorm modules you require. Modules are for 2716, 2732,
One order code/overseas postal change apphes whether a se

are ordanad.

Od

ps: £11.85;

0

Dr a8 8ix

: Your Lig

pn?

E/797/4
E/797/5

o

e

Please supply:

Quantlty Project | Unit Order Code Price Total price

H

Prices are inclusive of post and packing in the UK. Overseas Post and
Packing (if applicable): Add £1 per unit

i enclose payment Of £ w.....cccceeuu. g e {cheque/PO/money order in £
Sterling only) to:

PCB Senvice, READERS SERVICES DEPARTMENT, Nexus Specil interests Ltd.,
Nexus House, Boundary Way, Hermel Hempstead, Herts HP2 78T UK.
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size, care being taken not to damage any of the tracks. When
o) the PCB fits, the position of the hole for the probe can be
;%ﬁ: Frfskggw found, directly below the holes in the PCB for the probe
connections. Remember to allow enough room for the PCB
| when marking the hole position; a little too near the lid is better
than pushing into the PCB. Remove the PCB before drilling.
Ideally the hole should provide a snug fit for the jack plug
probe; it if is a little loose a couple of biobs of gue gun glue wil
hold it in piace. The lid of the box is drilled to expose the top of
| the LED and a few holes drilled over the piezo to allow the
sound out. One tip is to use a scrap piece of Veroboard to
position the holes in a pattern (figure 6). Keep these holes
small, 2mm, as they look neater and do not let in leaf debris
and so on.

This project has proved very popular, with some students
making more than one Aquaprobe for other members of the family.

When it is bullt and the batteries are fitted it will bleep and
the LED will flash. A jack socket can be used with the tip and
sleeve connections shorted, which will stop the output until
required. When required the jack socket is removed and the
Aquaprobe should bleep and flash because the probe is enly in
contact with the air, which has a very high resistance. Once
you have confirmed that it is working the probe can be pushed
into the soil in such a way that the body of the device is just
above it. If the soll is damp Aquaprobe will stop bleeping and
the LED stop flashing.

We noticed that with very sandy soil Aquaprobe worked
better with RV1 set to higher than mid way {more anti-
clockwise), and with peaty soil the sefting should be a little
lower, that is, further clockwise. Some soils “hang onto” damp
better than others; this is found by trial and error.

~ -

\8& ; e

b

PROBE

2mm HOLES TO
LET SOUND OUT

Figure 6: the front of the Aquaprobe case. Tip: you can use
| an old piece of Veroboard as a guide to get the holes lined

up

of LED is the clear plastic type. These come in red or green,
and normally can be found in bulk buy offers. The normal red
or green ones only brighten up when on and always retain their
colour when not on, but the type | suggest change from clear
to red or green when they light up, making it easier to see
when they are ON under low current conditions.

Construction

When the PCB has been built {figure 4) and tested and the
piezo mounted on 2.5mm bolts above the PCB it can be
instalied in the box {figure 5); it may need to be filed down to

NEW FROM NEXUS!

An Introduction to Robotics

A fascinating and unique book that
breaks new ground by exploring the
exciting world of robotics in a clear
and concise way. Both the theoreti-
cal and practical aspects are present-
ed in an uncomplicated fashion using
everyday English, which makes this
an ideal book for the amateur.
Divided into two sections, the first
part explains how and why robots
work and are controlled, while the

second shows you how to make a
simple two legged humanoid robot
that can be programmed to walk.

 There are no complicated formulas

. or equations to grapple with or

i incomprehensible circuit diagrams to
i decipher, - this robot can be built on

your kitchen table and can be run
from any personal computer! All you
need are model aeroplane servos, a
controller, a power supply and some

Telephone orders: 01442 266551 and ask for Nexus Direct

Please send me.

.copies of NB299 @..........

| enclose my cheque/PO for £............. made payable to Nexus Special Interests OR

please debit my Access/ Visa.
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plywood - and all parts are easily
available in the UK and the USA,
This is a book that will be of interest
to modellers and everyone with a

. fascination for things mechanical and

electronic.
This is the way of the future, stay one
step ahead and order your copy

i today!
: Only £11.50 UK & £12.50 Overseas

(Includes Postage & Packing).
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"
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Complete details and return coupon to: Nexus Direct, Nexus House, Boundary Way,
Hemel Hempstead, Herts, HP2 75T. if you do not wish to receive malling from ather companies, please tick box. ]
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Classilied

MarkColyer

01322 660070

Send your requirements to:

ETI Classified Depariment, Nexus, Nexus House,
Azalea Drive, Swanley, Kent BR8 8HY

Lineage: 85p per word (+VAT) {minimum 20 words)
Semi display: (minimum 3cms)
£12.50 + VAT per single column centimetre

Ring for informaticn on series bookings/discounts.

All advertisements in this section must be pre-paid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

VARIABLE VOLTAGE
TRANSFORMERS
INP

40V A
0-260V
P&P

17
OUTPUT

Price

PANEL MOUNTING
0.5KVA 25amp max £33.00  £5.00 {£45.83 Inc VAT
TKVA 5 ami max £45.25  £2.00 (f51 39 Inc VAT)

SHROUDED
O5KVA25amp max £34.00  £5.00 (£47.00 inc VAT)

TKVA & amp max £46.25  £7.00 (T62 57 inc VA
OKVA 10 ampmax  £95.00  £8.50 (£85.36 inc VAI
JKVA15ampmax  ©86.50  £3.50 (£111,63 inc VAI
BKVA 25 amp max  £150.00 Plys Cariage & VAT
10KVA 45 amp max  £300.00 Plus Carnage & VAT
BXVA 3 PHASE Star  £205.00 Pius Carriage & VAT
Buy direct rom The imporiars. Kesnast proes in the country
OMPREHENSIVE RANGE OF
TRANSFORMERS-LT4SOLATION & AUTO
{190-240Y At UansfeT Bilher Cased wilh AMEACAN socke and
eraing joad of open frame typs. Availabie for immedkalo davedy
500VA 'SOLATION TRANSFORMER
New minul ks T Gony tropcaiac el op plase snd sode
comeniorm. 0.0V AC Prm 5-0-100-110-120V & Scremn Gac W1 10510
Sorar H125 1 1552 135mm, Prce 235,00 Canr. £7.00/840.04 gk}

RANGE OF XEMCN FLASHTUBES
Write/Phone your enquires
ULTRA VIOLET BLACK LIGHT BLUE

FLUORESCENT TUBES
4h 40 waitl £14.00 (callers oniy) (£18 45 Inc VATY
2 20 wa't £8.00 {callers only) (£10.58 inc Vi
12in © walt £4 .80 ¢ 7Sp pap (E5.52 inc VA
i § watt €398 + 50p p3p {E5.24 Inc VA
Guh & watt £3.86 ¢ 50p pAp (£5.24 Inc VAT

230V AC B,
For sftner £m. Gmn or 12in lubes £6.05 ¢ £1.40
pho (£8.75 Inc VAT)

The above Tubes are 350074000 angs!. {350-

4Q0um) iaeal for detecting securty madungs, eflects
ighiing & Chemeca! ippibcaboris.

Other Wave L of LY. TUBE pvatabie

for

[ Sentvg ppRCations. -

1750 GPH 157 hiaed 9 amp £34.55

Aisg now svailabie 24V D.C, 1750 GPH 15 heat 5 35 55

Al dosgrmd i be ueed submened PRICES INCLUDE PSP & VAT
SUPER HY-LIGHT STROBE KIT

Dasiged for Dinco, Theatrical uses efc.

Approx 18 joulee. Acjustatie spesd £50.00 + £3.00 pdo

16228 inc VA

Case and refecior £24.00 « £3.00 pap (£31.73 inc Vi

SAE for lurnher detsils mchuding Hy-Light and in-

dustral Stobs Kits

Prase lelephone youl $0GRaneE
400 WATT BLACK UIGHT BLUE UV LAMP

with
£38.95 INCL.PAP & VAT

12V B.C. BILGE PUMPS
500 GPH 157 hesd 3 amp £14.98

SKVA ISOLATION TRANSFCAMER
As New Ex-equipment fully shrouded Ling Nose

Suppressson, Ukra |solafion Transformmer with tarmina
covers and Knock-pit cabie entnes. Primary $20/240V
Sacondary 120/240V 5050 H. .008 pF Capacitance

Size 137 x W.19 x H.160m Weight 42 Kilog. PRICE

£120.00 +VAT
ax-warshouss, Canige on requast.

24V D SIEMENS CONTACTOR

Type 3THB022 0B 2 x NO and 2 % NC 230V AC 104
contacts Screw or Din Rail fing. Size W 120 x W d5 x
0.75mm. Brand New Prics £7.63 inci. PAP and VAT,

240V AC WESTOOL SOLEMIODS

TT2 Mod 1Rt 1 MAx stroke 174 in. Base mounting 1/2in.
stroke Stos pull approx. TTB Mod 1 Ret. 2 Max siroke 178
in. Front mouring 1/2in. Front mounting /2 In. stroke
151s pull mogrox. Price incl. php & VAT. TT2 £5.88, TT6
£8.81. SERIES 400 £7.84.

AXIAL COOLING FAN

230V AC 120mm square X 38mm J blade 10 watl Low
Noise fan_ Price £7.28 incl. PAP and VAT. Other vOages
and sizes avalabie from stock. Please telephona your
ongLINes.

INSTRUMENT CASE
Brand new Marud by Imhof L31 x H18 = 18cm deep.

OIE CAST ALUMINIUM BOX
with internal PCB guides. Intemal size 265 X 185 x
S0mwn deep. Price £9.93 incl p&p & VAT. 2 off £17.80
inct

230V AC SYNCHRONOUS GEARED MOTORS
Brand new Ovaid Gaarbox Grouzel typa mators
H 85mm x W 55mm x D 35mm 4mm die shatt X
10mm long. & RPM anti cw £9.99 incl pAp & VAT.
20 RPM anti cw Depth 40mm £11.18 ncl pdo & VAT

SOLID STATE ENT UNIT
Tnput 23240V AC, Output approx 15KV, Procucing Omn
gpark. Built-n 10 sec bmer, Easily moified for 20sec, 30
sec 10 contnuous. Dessgnad for boilet igniion. Dozens of
waes in the fieit of physics and slectronce, ag suPPhyIG
neON of argon tubes elc. Prce less case
£8.50 « £2.40 php (E12.81 inc VAT) NMS

EPROM ERASURE KIT
Bulld your ownt EFROM ERASURE lor 8 fraction of the
proe ol 8 made-up unl kit of parts less case ncludes 12in
8 watt 2537 Angs! Tubo Bakast unit, pair of bi-pin leads.
neon IXICAtor, OnVOff gwiich, safety macroswich and
circult £45.00 « £2.00 pAp (£19 98 ine VAT)
WASHING MACHINE WATER PUMP

Beand rew 240V AC. fan cooled. Can be used lor a varety
of Iniet +44n. outiet 1 . AL Price nciudes php &

VAT. £11.20 each of 2 for £20.50 inciusive.

57 BRIDGMAN
o TEL 01
Mesrctary/F cictey

81-995 1560

SERVICE TRADING CO

ROAD, CHISWICK LOND%N W4 5BB
ACCOUNT CUSTOMERS MiN, ORDER £10

FAX 0181-995 0549 =
Paridng Speos

All Qur kats Include
Detailed Instructions with Schematice
High Quality Scresn Printed PCB2

High Quality Components
yur Product Range in
ransmitters frorm 0.08

FM Stereo Coders

Audio Compressor | Imiters

Antennas RF Power Amps

Link Transmitters and Receivers

Qur Kits Are Also Availlable
Fully Assembted And Tested
=
-7
[ m——
o T R R D WADE AD
ACCEFT MA JOR CREDIT CARDS

€5
to 220

Contact Us Now For A Free Brochure

Tel 01274 883434 Fax 01274 816200

amail veronicafdiegend.co.uk

SCIENTIFIC

S W WIRE COMPANY

ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 BAVEN
RD LONDON E18 THW

FAX 0181 559 1114

QUARTZ CRYSTALS

QUARTZ CRYSTALS 100 KH2 -
100 MHZ at low cost. Full list
available and technical advice.
Electronic Design Associates.
Tel: 0181-391-0545. Fax; 0181-
391-5258.

Broadcast

FM TRANSMITTERS & ACCESSORIES

VISA

FM radio kits, Prebullt kits. Custom built and Professional
FM broadcas! aquipment. In use by broadcasters woridwide.
Wa also ship worldwide and accept major credit cards.
Equipment hirs and R.S.L. consultation service availabie.

All equipment is fully guaranteed for 12 months.

call for your free brochure,
SEmmmm PHONE / FAX: 0181 2880192

TRANSMITTERS , AMPLIFIERS. STEREQ, R.D.S., ANFENNAS & MUCH MORE
SMITTER

1WATT LC.D, PLL TRAN

check out our products onfine
www,broadcast-warehouse.com

HOBBY, COLLEGE, HOSPITAL AND PROFESSIONAL RADIO

‘

ONLY £84.99 { KIT FORM }

-

49 Profeeasonsd PLL Fid Tranemster for Licenced Uee iR Ow UL

18 Victor ia St Quissretusry
www lagend.co.ul/~veronical Bradford B 1aR

—N A LA A
Veronica
M

e ]

PRINTED CIRCUIT BOARDS
DESIGNED & MANUFACTURED
« PROTCTYPE OR PRODUCTION QUANTITIES
= FAST TURNROUND AVAILABLE
* PCBs DESIGNED FROM CIRCUIT DIAGRAMS
+ ALMOST ALL COMPUTER FILES ACCEFTED
EasyPC / Anes / VuTrax f CadStar
Gerber { HPGL / IDraw and many others.
+ ASSEMBLY & TEST AVAILABLE
TELEPHONE 01232 738897
INTERNATIONAL +44 1232 738867

FAX - 01232 730897
- ager @ smorelia.

uk

sl Mo Has BRI B %ox

VALVES
@ WILSON *»@5«44»*‘“&5@T

{PROP JIM FISH GAMH)
QOver 50,000 valves stocked.
2000 different types.
virlage. miitary, audio, etc.
Fast service. Send SAE lor hist
VALVES WANTED FOR CASH
28 Banks Avenue, Golcar, Huddersfisld,

B Wast Yorks HD7 4LY E

Ted: 01484 654650
Email: wilsonvalves & surflink.co.uk

Fax: 01484 555699

ELECTRONIC PLANS,
designs, solar and
generators, high voltage teslas,
surveillance devices, pyrotechnics
and com-puter graphics tablet. 150
projects. For catalogue, SAE to
Plancentre Publications, Unit 7,
Old Wwharf Industrial Estate,
Dymock Road, Ledbury,
Herefordshire, HR8 2HS.

TRANSFORMERS
.VV] Variable Voitage

Technology Ltd
TRANSFORMERS

For valve and transistor circuits

HT Fiament chokes high & iow voltage
Standard and custom design

large and small quantities
Unit 24E, Samue! Whites Estate, Medina
Road, Cowes, isie of Wight PO31 7LP
Tel 01983 280592 Fax 01983 280593
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All adverts must be prepaid.
Cheques payable to:
Nexus Special Interests Ltd.

o T e e T L o= | b
DCATEIS. v oov v mennsns s ARTIRN. . o 1.8 1 iy e PR
Daytime Tel:No: .............coviiinnnn. vy e

20 words lineage
............................................. £19.97
BRI . .. . .0 . <ot atie o o e @ s n s R R s e e o,
IR . . . .. e ks0n P AR P W S LT 4 —
PLEASE DEBIT MY ACCESS/BARCLAY CARD No. 3x1
LT A | [ £44.06

vat

IR £, . s 41 o + o ek VIR

FOR SALE COMPONENTS PLANS OTHER—PLEASE STATE
Please ring the required heading.

ELECTRONIC TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT DEPARTMENT,
NEXUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST
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ATTENTION ALL V¢
NORTH AMERICAN CHELMER VALVE COMPANY

If you need Valves/Tubes or RF

READE RS! Power Transistors etc. ...then try us!

We have vast §tocks. widespread sources
and-35 years specialist experience in meeting our

Did you know that you can customers requirements.
order an annual subscription P
to this magazine direct from 7
our official U.S. subscription
representative?
For more information and _
rates contact: oy
Wise Owl Worldwide e . |
Publications P fexade i ertdcrisd i L
4314 West 238th Street, Tuned to the needs of the Radio Amateur
Torrance, CA 90505 4509 S o K
Tel: (310) 375 6258 Tol: 44-01245-355296/265865

Fax. 44-01245-490064

ELECTRONICS TODAY INTERNATIONAL
71




Amiga genlock peb (uncassa) for miing videos & has a 23pn
D iead 1o plug i e computer and peb ping for compoane

when the video inpul is added the white arsas O the scréen
Are 16LACEd Dy the video image. The pob is powsred irom Me
computes, £19.98

WATCH SLIDES ON TV

‘Liasgang diaty” aviomatic slide viewer with buill in high
quaity COIOU tv Camer, COMPORS VG SUILA with A BNC
phug. In very goco condibon with few signs of use £108.00

Board camerss af with $12x582 pumis 4.H3.3MMN $edor
With compaste visao oul. Ml nasa 10 be housad In your own
encicaure and have fraghe exposed suriscs Mount parts and
require 10 10 12vde powe: supply 47MIR size S0x0x27mm
with § infra Ted ledE (grvas the same fiuminaton as & smak
torch wousd) £50 00+var = £58.78

A0MP size 3x38:23mm apy camera wih a fixed foCus pin
hole lers ior hiding behind a very sma hole. £57sval =
£88.94

JOMC xze 39x38x20mvm camars for ‘G mount iens this gves
& much clearer picturo than with fhe smak ienses £68.78

siandard '€’ mourt lens F18 18mm for 40MC E26.43+val =
3108

walemproo! camarn with stylsh it A swivel caso
£92.76 + val » £109.00 of 10+ £69.32 4 vai = £104.95

DTAI0 Hand neld transisicr analysst § 18is you which iead is
the base tha coflector Bivd emifter ) if & I NPN of PNP of
oty HMA20 hand held MOSFET analvser identities gate
drairt and sowrce and il P of N channel  OTAJ0 & HMA2O
£38.34 sach DCASD componen! anafyser wih icd readout
idantifies ransistors mostets diooes & LE Ds lsed connactions
£60.95

Spsaker cabwnets 2 way Ipoaxer syslems with motorola
tweeters

speaker dia 15 2 r
power rating ZSOWHMS 1TSWAMS |00WRMS
aohm
‘Olr 2060z l&u M SCI\! 20khz

oquancy 1ange
uv-mmwnm 9708

2w in rom SO0 T20%340 Aso-sox:us 315-&0:230
weight 21.1kg 16 8xg T.ahg
prica sach for biack

vyt coating £139.95 £99.99 £54.94

grey fett coutmg  £$59.97  £119.97™ £64.99
[** = net normaly in stock akliow 1 week for deivery)
Power ampihers 19° rack mount with gisin controis
STA150 2xte0Wrma (4ohm lond) 14k)

STA300 2u190Wrms (dchm load) 11kg £330.00
STAD0 2x490Wrms (4chm load) 15kg £545.00
LEDs 3mm or Siwn red OF grean . 7p sach yaow 11p sach
cabio tes 1p eacn £5.95 par 1000 £49.50 per 10,000
Rechargabie Satenas

2n

AATHPT) 500mAH £0.99
AA S00mAH with soder tag £1.58
AA 950mA tTH7s
C(HP11) 1.2AH £220
C 2AH with poider ags £3.80
D(HP2) 1 2AK £2.60
D 4AH with sokitr tags £4.95
PP3 8.4V 110mAH £4.95
1/2AA with soider Lags £1.55

Sug C with solder 129§ 250

AAL (HP18) 1BOmAH s

178 AA with tags (phipeCTY) £1.95

Mickei Metal Mydryde AA cells high capacity with no memory
H charged =1 100ma and dschargsd at 250ma of less
1300mAH capacity (lower capacity for high descharge rites)
029

Special oflars piease check for availablity

stick of 4 42 & 18mm nicad batisnes 17 immx18mm da with
red 4 biack bbedi 4.8v £5.85
smuwzmmuymmrvmsm

Orbrtel 866 tanery pack m1mnwuomcm

open and was manutactured in 1904, £8.77 sach or 110.50
peor box of 14BCE box 120x106xS0ny wilh 84S 10 house B
pcb e Bd comama an adge connecior (12 way Brmm pllch)
Mg SCTew 1arTEnals 10 CONNAC! in wires and 5 siide I cable
blanks £2.95

7 sagmant common ancde ied dispisy 12mm £0.45

Gahs FET low ieakage curment 8873 £12.95 sach £9.95 10«
7.95 100+BC547A transstor 20 for £1.00

SLSSZ UHF Limiting amoliter LC 16 surface mounting
package with data shaet £1.95
DGC-DC conmvrtor Reliabity modsl VI2PS 12v in 5v 200ma
out 300w inpuk to output Isolation with data £4.93 each or
pack of 10 £39.50

Apax  AB2003-C large stepping molor 14y 7.5 atep 27ohm
wummﬁ&mwﬁ £8.95 or £200.,00for a box of 30
Polyester capaciors box typé 22,5mm wsd pach O0uf
250wds 180 sach 14p 100+ Sp 1000+1uf 250Vec 20p
SACh, 150 100+.10p 1000+Polypropylens 1yl 400vae (Wima
MKP10) 27.5mm pilch 22x29x17mm case 750 #ach 60p
100+Phiips 127 sanes soid stuminium axial leads 33ul 10v
& 22uf 40v 40p emch. 250 100+ Solks cA/DON ression very
fow nductance eal for AF arcults 2Tohm W, G8ohm 2W
26p eack 15p each 100« wa nave 3 range of 0 25w O 5w tw
and 2w solid Carbon resHHONS pleAse Bend SAE for kst MX 180
DigRal rudtmater 17 ranges 1000vdc 750vac 2iohm 200mA
transesior Hie 9v and 1.5v batmry tesi £8.95 Hand held
ultrasoni remote control £3.98

CV2486 gas reay 30 X 10men S with 3 wirs jermunals wil
280 work as g MO MONt 200 sach or £8.50 par 100 Varbatim
FR300NH Streamer (ape commonly used on ne machines and
prinding (esses §IC. I looia Bis & NOMMA) CASSETE with @ siol
culout of the lop £4.95 sach (3 75 100+}

Heatsink compound tubs £0.95

HY3-2405-E5 §-24v SOMA raguistor ig 18.264vac input B pin
DiL package £3.48 each {100+ 2.25}

all products acvertedd &l new BN LNHUE] LNESS OMarWISe
stated wide range ol CMOS TTL 74HC 74F Lneat
Transsicrs kA rechargabis Datteres capactors ook eic
always Ih B6ck

Please add £1.95 towards PAP (ordent from the Scohsn
Highiancs, Northam lreland Isie of Man. lsie of Wight and
overseas may b subject 10 righar PAF for heavy tams)

val inciuded In afl prices

IPG 278-278 Ci Road Cl 540
28H

Mastercard/Viss Orders {01246} 211202 fax 550959
caliers welooms §-30am ta 5-30pm Monday io Saturday

JPG ELECTRONICS

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

® Fast development

Serial LCDs
® RS232 Serlal interface
® 2x16 to 4x40

® Integral Keypad option
@ Large Numerics option

3-Axis Machine

@ Stamp 2 based

® Drills PCBs

® 3-Axis movement

® Stepper drive

® 4 thou resolution

® Win 3.1
software

@ Simple 3-pin connection

@ Driver chips available for OEM use

Servo Controller

@ Control up
to 8 servos

® RS232

Commands

&
:-‘wav;» ’ﬁ: .
,/

Scenix
® Fastest 8-bit micro
® 50MIPS /
@ Flash Eprom A
® 18/28 pins /
® PIC16C5x

pln replacement

Robotics

® Humanoid

@ 5-Axis Arm

@ Walking Insect

IR Decoder

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

. STEVENAGE

Electronics Industry

PCB Assembly (Conventional and
Surface Mount

Wave & Hand Soldering
Complete Equipment
Manutacture

Device Programming from hand
written shts or PC 3%%" disc
Cable Harness Assembly/loom
Manufacture

Card Cage and Module Wiring
Full Inspection

on (01438) 352742

Professional Sub-Contract Manufacturing & Suppliers to the

Do you have a requirement for any of the following services:

Phone Steve on (01438} 360406 or fax details of your requirements to us
£QT LTD, UNIT 5, First Floor, Caxton Point, Bessemer Drive, Stevenage HERTS SG1 2XT

Product Design/Consultation
Full Procurement Service

PCB Test & “Burn in® Facilities
Enclosure Design & Manufacture
PCB Artwork Manufacture
Clrcuits Drawn Professionally
Kit Procurement & Supply
Component Sales
Refurbishment a speciality

Top Quality Work at Reasonable
Rates

AganiBifctiits £- 3 8 8780 L2
Ambyr Ltd ...
B.K. Electronics...........cooccocouve.
Broadcast Warehouse ..............
Bull Electrical .........cooorvevves

Chelmer Valves............

Crown Hill Associates. ..

Display Electronics........

EQUineXese=atnEE

ADVERTISERS INDEX

.70
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Confidential Communications..45

EPT Educational Software ......IFC

ESR Electronic Components.....38

8 ] = = = - m
Milford Instrurments ...............72
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Plancentre Publications........... 70
Scientific Wire Co. ......acccc..... 7O

Service Trading CO........ ... 70
Stewarts of Reading .................. 26
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Variable Voltage Technology Ltd

.................................................. 70
Veronica FM.......cc.coocccoccenn 70
Wilson Valves ....

O e e 5 S 17

ELECTRONICS TODAY INTERNATIONAL

72




PRACTICALL

SPEA

TERRY BALBIRNIE

ast month we were

looking at the topic of :

fuses, and | shall .

continue with it here.

it is very important
to choose the right fuse for the
application.

Choose your fuse

if you are selecting a fuse for a new
circuit, you must first determine the
maximum current which will flow
through it. This can often be found
by calculation, but otherwise it will
need to be measured. A suitable ‘
fuse is then chosen to have a value |
slightly greater than this figure. If
there are components which

introduce a significant current surgeé |

Y .‘T.'.';-i;é‘!{-%{l?: o .;‘h

when the circuit is switched on,
such as transformers, large value
capacitors, motors and filament
lamps, it may be necessary to use a time delay (slow-
biow) fuse rather than the ordinary quick-blow type.

You wilt also need to decide the physical size of fuse
and whether it is to be of the glass or ceramic tube type.
The high-rupture ceramic type must be used where it is
to be wired directly into the mains. This is because, under
short-circuit conditions, a current of several hundreds of
amps could flow for a short time. This would result in the
fuse blowing very violently, and a glass tube would
shatter. The most convenient fuse length for amateur
circuits is 20mm. Such fuses are used throughout Europe
and are available in a wide range of values from about
50mA to 10A. They are also manufactured in standard
and quick-blow variants and with glass or ceramic tube
construction. In some pieces of equipment you will find
1.25-In {31mm) fuses with a diameter of 0.25in (6.35mm}.
These are popular in the USA and Canada.

Fuseholders

You will also need to choose a fuseholder. There are three
main types - chassis, pcb-mounting (which looks very like
a chassis fuseholder, but has downward-facing pins) and
panel-mounting. These are avallable to suit 20-mm and
31-mm fuses. A chassis type is used when the fuses are
mounted on the circuit board or fixed inside the case.
However, the lid of the enclosure must be removed to
replace it, and this will be inconvenient if the fuse blows
more than occasionally. Some chassis and pcb
fuseholders are of the self-contained (fuse block) type.
Others consist of a pair of clips, which are soldered on to
the PCB the correct distance apart. Clips save money and
some space but are less convenient than fuse blocks.
Fuse biocks can accept an insulating cover, which is

On the left is a panel fuseholder, mounted through a hole in the case and changeable
without opening the case up. On the right is a pcb-mounted fuseholdar.

absolutely essential when the fuse is used in the mains
supply.

Some fuses do not reguire holders at all - they are
simply “wired in” directly like a resistor. These are useful
where space is at a premium and, of course, where it is
not expected that they will blow very often. These are
available in values from around 100mA to 10A and may
be purchased in standard and slow-blow variants. A panel
fuseholder is mounted through a hole drilled in the case,
allowing the fuse to be removed from the outside. The
end can be removed either by turning with the fingers or
by using a coin or small screwdriver to allow the fuse to
be replaced easily.

Inherently safer

When a fuse is used in the mains supply, it is always
connected in the live wire. This is to ensure that, when
the fuse blows, it is the iive that will be disconnected, and
this is inherently safer than if the neutral was the
disconnected one. A further point is that when wiring up
the mains supply to a panel fuseholder, the bottom
connection is soldered to the incoming wire and the side
connection is taken on to the circuit. Of course it would
work if it the connections were interchanged, however,
this method is safer because if someone was foolish
enough to probe a metallic object such as a screwdriver
into the fuseholder while the mains was connected it
would be more likely to touch the side contact first. Also,
if the object was pushed right in, it would probably cause
a short-circuit and a fuse further down the line would
blow. However, the rule is this: before replacing a mains
fuse always unplug the circuit from the mains socket
{do not just switch off) first.
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that Appte have : o

remains that there is more electronics
software availabte for the PC than for other
personal computers. Most new software is
being written to run on a 32-bit version of
Windows, which means Windows ‘95 or NT.
From the user’s point of view, a prime
significance of Windows Is that it is a
standard. If one program can use your
monitor at full resolution, so can all others,
without the need for a custom video driver
for each program to run on each available
graphics card. Been there, done it. Not in a
hurry to do it again.

Even the user interface is similar, which
speeds up the learning process on a new
program.

The case against Microsoft has been
compared to the break-up of AT&T, the aim
of which was presumably to openup a
monopoly to competition. Competition is
known to drive improvements in service and
cost reductions.

However, to get people using new
technology in meaningful numbers,
standards are needed. The ownership of
VCRs rose after it became clear that VHS
was likely to stay the dominant system. |
personally thought that V2000 and Betamax
showed more technical promise at the time,

ore useful to most
0 system which
have a muftiplicity,

anufacturers can
and recorders, S0
out a monepoly. It has
from several
s by quick marketing
ce.
- phones are another
ituation where a good
mare useful than many
ng ones. The standard is determined
v an official body, and the result to date is
that most cellular telephones can operate
anywhere in Europe.

In the United States there are more
different systemns, and compatibility poses
more of a problem. if AT&T, with its massive
research resources, had not been broken
up. the monopoly might plausibly have
introduced standard cell ‘phones across the
United States. The benefits of improved
competition probably outweigh a few
compatibility problems, but a high grade of
technicat standards body might have been
able to work round this downside to the
company being broken up. A melee of
competing standards is cettainly better than
a poor technical standard designed by
bureaucrats proud of their lack of technical
knowledge, but we do have examples of
sensible standards which are largely
beneficial. | am hoping that the final digital
television broadcasting system turns out
well))

Meanwhile, back on the guestion of
Microsoft, | do not know what the right
answer is, but | hope that the principle of
standardising on a system which people find
easier to leam is retained. Perhaps it will ail
be resoived by the time this reaches the
newsagents, but equally it could take years.
Will it affect most of us significantly? Yes!
How? | doubt that anyone knows.
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* In-System Programming (ISP} Cable

» |ntegrated Windows™ Development Environment
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» Mains Power Supply Adaptor
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+ Atmel CD-ROM Datbook

Figure 1

» Not a Run-Time interpreter;
NO code overhead!
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with assembler
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s Integrated Editor
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®Produces aftractive schematics lkke you see in the magazines.
eNetlist, Parts List & ERC reports. ®Hierarchical Design. ®Full
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eNon-Linear & Linear Analogue Simulation. ®Event driven

Digital Simutation with modelling language. ®Partitioned
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